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unumlugiifuiulagldinalialusiletinduasvsuaniulniing”
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piineendeu lnsanizussmalvetiuiianugauanysalveaninenssssueiadiiaaiy
marnmaenaiinIngs uenuilonnnineinsin ewnsandanuuda ninensssnABuY Al
Ummwﬁwﬁm@iamiaﬁfuaguﬁﬁmiiwwmegﬁa]LLaﬁﬁ%imﬁwmﬂmaw Faduuseifiuddfidosdinu
uagihaudlafieliiAnesdaudauansaaisnmiainasmainratenesdinwiiiluriosiu
Tneanzegnebslunivesnsidussloriniadinmaininenssssuaiisluaiiseg vedineimans
Fanmuazmsunmd elianusansulandmsiamunfidaiu lundvesnshminenssssumauniam
Tluaunifesundsnssy Mideulestunmauddamifetunssnulsafnideluilagiu dafds
Uszaudgmnismesesiiiuy axdunsinviiiedumansiainmedalndidioldlunsnulsaiade
Fududnmadeniiaula Weudlalgmguamvesyudldluszdulan Sanuinudlnddugadn
(antimicrobial peptide) tuasanmiléfuruadlafnuuasimulinaunuenfTmeietoan
PogmnsiesesUfTurluiiagtu esniuuinddugaindniiduazununddalussuugidudu
(immune system) aglunsilostunisindeliiuadidin uasilunumddalunsiauiivarnwane
[y anmssniay aneyyadasy Sudsnisaigvensadunis uarnisinmuiauna Wudu Taewuingas
vaneAulfiusnldfins@nuiudindduaainegisninansludaivaisiia Wy nu nszde uias
swidsdnifosnany

sssddafudniidosnauiifivunlng farwaunsalunisuivanmiumelunised sonan
anmeidestensinitonnundsiieg demninasdunasiszuugiduiuiiiiussavsnmgadsannin
fssaneiusaaidowundurgalumaauiedagiu fadulndiuatniofunnsaunindenis
novausduszuunifuiy waranssnddefinunnuinessdannsaaiauulnddugainlunszua
Fon Faduruusnlunmsdudinisindennidenelsa uazannisinuiteiieatuszuy nliduiumes
5zdiaen (Grocodylus  siamensis) Taelinidevesqudiselusiuuazlusiledindifiensmidivduay
PAAINNTIU (AUN.) ANYINYIANERNT UNINGITUVOULAY WUINBIAUTENOUVBUTDAITELUALIN LAKA
F5u wanaun ansamdindenn wazdlulnadu fanwamisalunisdudinissyreadeuuniie
wanewia uaxtosn veninifmuilusiuiudindluensssdanuianauiflumsdudsanseyya
S wardiquimudnaudnds veninissuuniduduresdaiasifiuthasinunuasdn Houdesis
nsfnwfsunumanudidglusdvesulndiugadnsonisnevauaslussuugiduiuguiy fdy
delitienudilansieweauulnddugatwsonisnevausduszuugiiduivluassidasy wazdnd
aufiuthaviiuun i idoudes walansuansulniinduasmadalusileiinds aduniosiod @y
Tunsnwuiielimsudeyadednseduusarsedulusiu Gsesdmnuitldanlasinsifed axlils
gmﬁé’fa:gaasé’u@mmm‘tmﬁﬁﬁﬁiy (big data) dmsuni1sesusisunuIMAITUTeslUsAiunsatUUlng
ponguisyatin lnsawizidlndiugadnluasad Sdunirdundresdenudiilédsanusadeson
mATodeRu iU lovdnnulnddugainlunivesmsiaunldunugufTuglusuan
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FINME WANIMLDIINNINYINTUT BINTUALNANIUKAD NINYINTTTTUIRBUY AlunumdIARyse
nMsatfuayuAansmMuAsYsAauayIiTAindinarnuats Juduussifuddyidesdinuinagyiany
ilaieliAnesdruiauaimisaaianuianesmanaatemsiinndidiluviesiu Tnetamy
agnsBalundvesnsliuseleminiadannanimenssssunanaluaiundneg sesinermansdanim
uaznsuing Wielrianunsameulandmsiamuniidsdu TuudvesmsthminenssssuvAsnsimunldly
anIdeiundunssy Mideulostunsufdgmuiotunisinulsafndeluilagiu Feids
UszaudgymnishedesuiToug agdunsanuiilefumansthameisluiiteldlunssnulsaia
o Fufudnmadeniiirauladfieudludgmaunmvesunauyuerd Gemuinudlnddugadn
(antimicrobial peptide) Huastinmildiuanuaulafnwuasinmunldvaumugujiusiioras

anlgyyinisaenseufdiugludagiu iWesnudlnddugadndndfuasunuimdiAglussuy

'
a

QiiAuu (immune system) Frglunistesiunisinelinuadidin wagliunuimdidglunisyieu

a 3

finannviane 19U ann13snIaU aneyyadasy fudanaaiyonsadunds uaznsnwuiauea
#u Tngnuintamanedutikiusnlafinmsfnuiudnddugadnedsnirsundudainansvia wu
AU N3zee uuas TaufediiFesaaiy
Ussinelnefunidudssmaiifinnuvainvaiemsdinmunndigaluussaussimeaundn
ondeu Lesaniseglutingiionniafeunasdu dwmalifiniumainvatsvesdaidindarunsn
Ufuiufieanuegsenliidfuanmuindeniiudsuutasly SsUsemalnedanuvannvaieais
wazdn Tnenuivuszanas 15,000 siafndu 8% vesdwuiviomniinuialan wasdeifinszgn
Fumdannnit 1,721 aneus Tnenungudniifesaanudszanm 325 wia luussmdnidesaau
nugdundudafifesaauiinuuiniianussuin 50.15% vossruiudnidesaaiusianunly
Ustinalneg sosaan i dnun e Anidudadau 36.6% vesaeiugimuniing vaeiiaseddu
naudidosnanuiiidiuiutesiian warSmudnidesaaiundusindn 27 wiia 9ndwau 257 finy
jilan wenaniusemelnedsdianunainvatsvesdefasfiuihasiuunannds 134 anewus An
W 95.05% vesdnsaviiuthaifivuniinuluusemalng Tuussadadaneg nuirdasidesaany
v faniiuthaniiuun wesdnideudes fauannsolunsudududifuanmunedeuiiuasuuag
§og1af vinliidnuaznadugiuinerivainvaisuaziinnuvainvatoniadinainel wgua
Usgmniloradlesnandnimariduinoeiissuugdduiuiiiussansnim iesananuisasiss
aeituslussuuinanesieiuiy famuinudlnddugadniuiunumddglunmsneuausves
iswqﬁﬁmﬁ’mwuﬁwamLwiﬁ’wL‘Dmﬁmmmmaﬂaaﬁuﬂwsamﬁdu?ﬁﬁ%ﬁmﬂaé’ (Van Hoek, 2014)
Wilnamugadn (antimicrobial peptide) gns1euIdiunumddasrien1snevauatves
spuugiiduiuialuddinnguluseslon wasganlen Tnsnuinuulndiugadwaiulngignuenin
91ndn3 (Pata et al,, 2011, Preecharram et al., 2010; Rollins-Smith wag al., 2005; Unckless et
al, 2016) @ednwazvonudlnddiugainiu fnasddmvinluanasuindnuasiamancfing
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nsafradudonlnd  nsdnwiuinuea dueyyadas: Fun1sdniau wazdudusaduzite
(Izadpanah wag Gallo, 2005) FatufiovharudlaasUssdudneninvesidlnddugain uas
osurenalnszduluanaidednlunisnevaussvossruugidutuvesdnidosaau dnfaziiiu
auifiuun uwardnideudes Insimsiteisadonld walansiuansulning (transcriptomic)  waz
watlalusAleding (proteomic) Wuirdesiloddnilunsinuilelilideyaidednsefuduuar sy
Tusiu Tasiamzmanouauowessruugiduiiluasad Wosnasuddndudnidosnauiifvun
Tng) Senwannsalunisufvanimiumelunsegsenananmeiidssiomsfinidornundsileg &s
painvssdinasisruuniduiuiiiussansningadsannsamssaeiusieomdurgalusa
ufadagtu audlnddugainieiduusinisaiuusndenisnevaussluszuugidudu wazain
seAfeiiumuissdansaaiadulindgugainlunssuaidon Sadudusnlunisduds
nsAnideanidedelsn uarannsinunideifertusruugiduiuvesasedasiy (CGocodus
siamensis) Tagiinifovesquéidelusiunarlusalefndiionsmduduazgnaimnssy (Aun.) Az
Weeans UnIngrdeveuiu nudtesduseneuveudendseitasy loua 35 wataun arsann
dadenv wardlulnadu dauamnsolunisdudiniseiyvendeuuaiiGeonatesin wazides
uenanifamuilusiuivdindludensssdasufinaaudflunisdudansoyyadase uasiiqnd
Fusniaudnde ueniniszuuniduiuvesdnfanivihasiuunuasdnidoudosifinisinuia
unumanuddylukivesuulndiugatnsienisnevauedlussuugiiiuiuuiu
Fedudtelifienudilanshausesudlndiugaindenisnovausdussuundduiuly

v v ¢ a = o v 1Y a a a § N a
AFLVAYIN LATARIALLNUUNFLLNUUN TINDERIVDUAD L%ﬂUﬂVlﬁﬂuaﬂiﬂI@iJﬂﬁLLﬁ%LV]F]UF]IU'W]IE]
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A e & A & ¢ ~ v v A = o ) a P I3 vay v
IindlsduasesilodAglunsnwuielinsudeyadnseauulasseaulusiu Feesrausile
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MnlasamIveil %‘wﬂﬁlﬁg’mﬁﬁayjaizﬁu5u€uum’£mjﬁﬁﬁ@ (big data) @%sun1985UIBEIUNUM
nsvinureslusfiuvdeiuinsoongrimedanm sl ndingadnluasad Selundndy
uéesdamlddanunsadesennuideionmuliusslovinnulnddugadnluniveanis
W ldunueujiuglusuias

[ (3
Tnquszasrvedlasng
1. efnwinisnevaussvendulndlussuugliduiuveassdasumemaiialusilednduay

nsuansuladng

2. WerunnUUlnednuaatinsialriannaseidasny
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azinthasifivunuazdnidevdeswansunumiugiaunu tngldinatialusiledind (proteomic)

saununsuaniUlaling (transcriptomic) Tawsvinnisantauuanisenalsa (Aeromonas

=

hydrophila) \WeynlHAsELUAALYe LAIAANINNTEUIUNITIBUANDIVDITEUUYTANAUNIUTEUY
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LHBAUD995EL a1 1 97139 hag 24 97134 wSsuisunuasenludnisieida (0 97lu9) Tae
AN5UNAE1LABANNYIINITANA RNA kA@93LA12N1SUAsuwUaswaIUsunuduwa s lUSAUNE
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Ao Femanivimaansiiinainiasinisiseilaviiliaunsarunuidilnanielusauasialuu
funumddgsanisuanseanluszvugiauiuiuuduneaudinde (innate  immunity) 9
aunsaasrndugiudeyavlvdAusiusuialng (big data) wenisurlulduseleviluounn

Tuwdvaanisiaunldidlnddugadin (antimicrobial peptide) Wivenssnwilsafineluauian

naleUaINIASINS

1. lasuuuuresgiudeyaiinndlelng (gene) waznsnoazilu (protein/peptide) fifgninig
T Immawwqw%‘lumiﬁmqa% (antimicrobial peptide) fia¥1vndnfidosnay da
aufiuthasiiuun wardnidoudes

2. nanuifuilunsansifoseiuunned sgatios 3 3o

3. awnseadniseniifnenin weilunadnsdfmensimunUssine eg1atios 3 AU

a. ldmnusuieuszieieriemaideuinideinalsema (Usemadu) ilonisuaniasuzoud
wazysannisnisideyalulduselerilunivesUssandldilulndsugadnluiauldadu
winnssuiduusglovidlueunan

5. Iinmsaaedetetunisnensuiinssudenenssdauilunivesnninanuiluldluns

asnuinnTIuLaznaniugian1ee Tusuiae
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2.1 Arumaavanemeanmuesdeldin

nszvUNsAuLaf faunsvesdelPinuuiuiudndnou nelmAndddinnnung
yann vianesUuuy anavanvangludsdiaveis dnf 9aunid Adamdon Tostubuaelely
szuufing Fonlaesandn AnumaInuatensinam  (biodiversity)  dafiegunnunglulan A
na1nnatenedaninvesdsiitiavulandainduiwinassdosrmilafiiat uaungnasives
s33u9R UszanatuindeiFieouelulanidfvssunn 10 Suvde wiitdunuudiiifiesdiutios
vieUszana 2 Sruvdia sieily driuazAunis fgndunuuagldsunmsdste deiulediaaddingndu
$rununnidinssenesmsfunuazaadeinenmans esuunuszinvvesddPinmeantseld

Ussinalneseglnduinanduaudgns ddotuiuuinaiiicnuvarnmaismsianings v

aaa

Tsewalnedununuimisulanfinisnszanefussdlidinainatesin F9n15natinddlans
A aAda

U’IUW“U‘UWL‘Uw}\lall’]‘ﬂ’mﬂiuU’J‘Uﬂ’ﬁVI’]\‘i’J’JWUWﬂ?iﬂ’]iﬂﬁ‘UW}LLa N1SANATININETITUYR mﬂmmm

[

vilawsn (original  species) Lﬂmﬂ’ﬂllLL‘U?NUU’WIUQMN%’JWUU@IWJ (new species) wagdeunuiy
AdiTinsudenuvarnvanswazU fEuiusgatuuas i sudmdunnumainuatenadanimduly
flan ngleanivonaiBongusenidedld Miduwndoutu wastliignuanysaidmaliinmi
MAINMANENIGITNY R TnTefiTnasdn s Sernuvainvatensdanmiuinannatedade
lauA ArunaInnalgvessliniug (species) AUNAINNA18YBIAIENUT (genetic) WanIs
WasuuUasvasszuuilnaine, (ecosystem) Hauwmaniitundeaunainnateniedanand
F1dudpsiinsdnnguuesdsiidin s qAun3d v wazdnd Imamﬁamm%‘lwaﬂmiwusmamﬂu
NISLUILEN emmmiaLLammwammmﬂawamammwmaaawmmuﬂaﬂLLauiuﬂﬁuwmlm Fam151991
2.1

| ° a a ada A Y
MA15199 2.1 1uuievesdalidininukartiulanwazluusemelne

dwuil viavesdeddin | Swoundeiuginuudalan | Swoundeiuginuudlulssine
ny
1 wuPLsY 4,000 ¥ 219 %iln
2 | Wi 80,000 fin 6,000 viin
3 ANNINY 17AN31 20,000 WA 1,600 wiin
4 ey 287,655 %1 12,000 %iin
5 | lddeu 8,000 %in 29 %in
6 | nauves vieekiu wiln Us¥31a4 300,000 viln Useaad 5,300 viln
7 W9 LAZ LI 17AN31 40,000 WA 1711A71 600 FUA
8 WA 9,600,000 il 111N77 10,250 %iin
9 Asfe Uszaney 12,000 vl 115 %l
10 | Yan 28,500 w19 2,820 w1
11 | dnfasiiuihasidivun 5,743 41 137 vl
12 | dnidounany 8,163 ¥ 350 %iin




Ui siavesded®in | Swourdaugiinuudolan | Swouedaiuginuudlulssine
ny
13 |un 9,917 %iln 982 i
14 é’mﬁgﬂagﬂﬁwum 5,416 ¥l 302 ¥l

1 doyannlasinisiawesdauiiasAnwulevienisdanisninenstinmludseinelng (BRT Magazine
December 2008)

oehdlsfnunavesnsUdsuuasnmafioniaseanuainuaneymaianimy fnnsdnw
LLazﬂ’@uuﬁ%msmﬂmaLﬁaﬂszLﬁummLUimwuaaawﬁuﬁ:ﬁiaﬂ'mﬂﬁwuﬂaaaquﬁmmﬂ
(climate change) fisseiilosuazaanisalludnlafauithae teannisgaudomnunainvaienis
Fanmsgiulan Fedneydnddndufesszymenudiiuunlduiesdmudsannigasenanseny
yesemimasundas mnnsAnwmuitunidusynsudsiuiinis@nvianniian sesasnde dnd
Aeosgnaisuy uazis luvnziidniliinszgndunds wuas dnfasifiudiasfiuun sauds
dniidesnatu %aﬁmsmﬁauufdawmmaﬁusjsiamiLUf?{auLLUaagﬁmmﬁﬁaamﬂ (gﬂﬁ 2.1)
(Michela et al,, 2015) Foyatiusdlidninguil Tnslamenguinideseauiuldfunansznution
1nnMsiUdsunlasaningfionna (cimate  change) wazdansdnuazdugiuineildodig
gruluangiaums Ssanedidninduiiinasissuugiduiuiiiussansamenannlumssiod
wazdosfumiesnnsdsuulasanmgfieniaveslan

351

Insects
Reptiles

Mammals

B Local
301
B Regional
251 B Continental
3
E 201 Global
vl
5
35 151 ,
E Ei .
= -
Z —
10 1 g
[ ]
O T T T T
k] z
= ol
£z
[=%
E
<

Other
invertebrates

o = a a ada A a a a ¢ a
EUV] 2.1 ﬂ'ﬁﬂﬂ‘l‘?ﬂauﬂiﬂjﬁqumaﬂﬁﬂusﬁjﬁLW@ﬂ'ﬁUi%LNUﬂ'J']@JLafJQIUﬂ'ﬁ'JLﬂi']gﬁﬂ'ﬁl,ﬂaﬁuuﬂaﬂsﬂaﬂ

FYUUTLAINEN
917: Michela Pacifici et al., 2015
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dofinnsandsdniidesnandaiudniidenduiiiuszffonunlusianinsvesdsdidiauy
Tan o1dvegldluanimgiionianieduuindouduusaninenieanundauazaningioiniafisouly
Uszimauauieleny Tusenidedld saufeanimgiienniadeudalunivuening Snwarinluves
dnifenaanu Aodudnifinsegndunds SRavdutodefinds fvuwauanssfudsusuadnie
3990 (hauselizard) aufiswuelugfiign Aeaszid (crocodile) uenanidsiingugdadudnilifszens
Tuaeifauinisdadifesaaiuiensfisiuiudszana 100 &1u7 wanausen1sudafiviale
fnidosanudaeifmuinissnuiuenadesnisruugiduiuuuuduneaudsiin (innate

immunity) A8UszaNSAmN

22 swunﬁﬁuﬁ'u'lué’mﬂgaaﬂmu (Immunity response of reptile)

fnidosaarudundudniidenfuifivainduiiedifitauinisvesssuugdduiusianiedi
Usgdvnmuazihauloegiann Jedlunumdfysenisdnuifeafunsiauvesszuugiduiu
warimunmavesssuugiduiuiifedesdiniudiussuuiing uenanidniifesaaudsdidnvas
nsfsadinilanduninnindniidenfudug uagdiiidnismsedinlumsduiugiinduuuun
gt ldfinsivdsunasdnuasduguduiesudnfaniiuihasiuunill edrlsfinu
foidosaarudungudnfidenduiditauinisnisdsdinfionnu Tasgaumadlusnanieas
Wasuulasugangivesdauindeuniuggnia uenanidnvassuresdnidesnaiu fe Rl
Fuuenasfinosiiu (keratin) Wussddszney dldwiludnifinsegndundsdug msfdufiovsfim
ddsnalsdaiidosrauannsatosiunmsgnynsniindudanuasuldfinindsdidindug dednume
wandienafinansenusiolinisdsdinsufnisinuressruugfiduiuresdaringuiidusgnaunn
5@LLﬁ’jﬂﬁfﬂ"ﬁaa]“wmmmﬁﬂwﬁvwﬂﬁﬁmﬁuwaﬁmitﬁammuashwimﬁaﬂ wiogdlsinudayasin
mﬁwasmmmaammﬁlﬁausmsnﬂum'ﬁmauauammmﬂumaqamLaaaﬂmumaiﬂ eliansnsassune
nsvuIuNsuiisafussuuniduturesdinguiegiedindanniu

duumsinuszuugiduiuresssduiinasdinafinudausd we. 2546 Tng Merchant wag
Aty (Merchant et al, 2003, Merchant et al., 2005., Merchant et al., 2006) wagaldanunse
a%msJﬂalﬂmivTNmmaﬁzUUﬂﬁﬁmﬁ’maaf\ﬁzLﬁé’ﬂé’asjwi'fml,f\m faAdevaroizesnenuii lussuu
mmmumaaaaammaiﬂi neusmyasneuauesfurad liun B-cell hae T-cell ity
uenInifmuhdnvaemduguinguasdnvasmagadingagiianuieatesduius fums
nuvesssuugiiduiuluaseddadinmesdndie (Mateo et al, 1984) egnslsfmuszuugifuiu
vosdniifesmanuiidnuazadiondeiusruugiduiuredddinduily SeUszneudie 2 seuu
il

2.2.1 syyuglifuiuuuudunaausiiia (innate immunity) Wunalndesiusiesmunsnves
AsiiFFannadiniidunenainiunow Aldlunisdedfuduvanvaeuisuidiafusnuasiinig
povauetag eI Tuanaidanuisdesiunsinuvesssuugliduiunuudunenusdiiia
loun  szuumeundiuud lalelel nsudinesu sonlediu (opsonin) uneinaseu (interferon)
Audu waziUlnddugadn (Brown, 2002) ledeiTinldsududanuasunszduainnieuenas
dwmanszdulieneainsszuunddusuiidumediZondt uoufued antibody) uenainiszuuaom
WaLLus (complement) ET@Lﬁuﬁﬂmﬁqﬁa%’ﬂﬁﬁmmﬁwﬁmmizwgﬁﬁmﬁ’mwuﬁummLLﬁiﬁﬂLﬁm R



UsznaudengulusiufifleglunanamniinruanasalunshaisidonueiiieviedulanUaond
138197 LOUALAU (antigen) Tnenszuiuntsduivdauvanuasulaenss (opsonization) W@y
nszurumshlfaaduan sgslsfiomumahaussuueeunduudsiatulnesiunaln 3 ng dail

1. Classical pathway LﬁuﬂalﬂﬁLﬁmsﬁuwé’qqm wildSunsAunureunalndue nalnil
Aeadesfunisiianurssneufvedlnenssainnisnszfulaelsiunguduylulnaydud
(immunoglobulin G; 1gG) waz Buglulnaydwdu (immunoglobulin G; 1gM)

2. Altermative  pathway  LJunalnfignnszduseluianasieg wu lada
lalulndudnenlsdfiduduussneutessadumuuvesuuaiide nalndliiferfestumevhaunes
LOURUDA

3. Lectin pathway Junalnfifeadestunsianuveddusiuaniu Jadulusiui
ausaduivlinananslulawmsanguinmausuluafidussdussneuuuiwaduniususuaiite

MsiuTessrUUABNNAUAludniAssgndeun Snsinwaunsuktdadanszuauns
a1 fie 1) AdndsdanUaeulnenseiun1sviia1uees membrane-attack complex  (C5b9
complex) 2) nsefumsaivansiidussdusznevvoaaluuiingn 3) nsedulitinmsmdnmvieadves
dsuvanvasuiinannisyianuresssuugiiduiuneluead 6) nszduszuugidudunuudifesd
ﬂ’]iﬂizﬁﬂiﬁﬁﬂ’]iﬁﬁﬁﬂlﬁa‘ﬁu (Gasque,  2004) LANTEUIUNITVIINIUVDITLUUADUNALUUA LY
dnidesraudshiduiivsuude innsinwiludnifesaanumuinsdssuunoundiumdifios 2
J%UU Ao classical pathway wag alternative pathway ity @138 Lectin pathway sziintuly
naudnTi enfi aanw Yaldfivinsslng dnfasiiuihazivun was ednivaridtaeiTamnnsd
Tndideafudnidosnau Selarnudululinaladinanidenafaludnidosnauldivuiu il
wundngunsAnufintdn (Sunyer et al, 1998) uenanildfinsfnussuuasundiuuivesased
TudsuvessadinmosiUisuiisuiudiuvosmusdnuin F3uvesssdiivszansnmlunsdvihaisds
wanUaou 1 uuailBeldd widsuvosmudlinuanandisnan Jaandifiuegiadaiaudn
sruuARLNALIUAYeTiTUsE AvBamgeionisThanedeuuaiFe uenansrUUADLNA AL
nquvengadifiaidondian luszuunyuiswdenvesdniifesnary Iiud ndueadifindenun
(leucocytes) L Tululgy (monocytes) Lawalsila (heterophil) tuleila (basophils) wazdledlu
Wla (eosinophils) waznguwadiliadonuas (erythrocytes) Tnowadidademnaniidauddnlu
msv‘hmus’mﬁuﬁ’uszwgﬁﬁuﬁumaaé’milﬁyaaﬂmu ilesafudaanyuasuiogadnnelsainag e
WUINTTUIUNITIOUAUDITIALTR fio nszurunsTidend vlnlelada (phagocytosis) TERRIV
fi3v3nasgreunsdenszuaunismevaussfinanludniidesaaiu uenaniiemelsilaves

dndidoymaiy UanaNILTIFUFINITUIYNTNAINLYRATNABLIALE FalldnSnadonszuIunIs

o
LY v a

fugamsdniaudneag (Montali, 1988) lnpanunsanansanuaizgusswadiindenvednibosnaiu

[ d‘

MU 2.2 azuldegdanuinguwadiladoninaianizsidndenunivesdnibosnaiudaned

Tawmdea uazdionguszanas 600-800 Tu (Claver et al,, 2009) Fwinsanwadilindenunivauysdi
flongifies 120 u wenantnarsauidde wudnwadiladonunsdlilusiuddgde wlulnalu
annsavimidudulnddiugatnledn  dedunadtliiuegistmauinssuunyuisuibonves

dniifegaa1ut1adAngnNINgaNnTEUIUAITADUAUBINIYTANAUNINITNBUAUDIVBITEUY
aliduiuwuvduneauiiiie wazszuugiiquiuwuuisesdinsnszduluwivesnisyiausauiudu

Y 9



sEuuiesafIugatinnelsa dwalidaiidosarauianuaiunsalunisusuduielviizinsenlannii
dnifinszgndundadue

gﬂﬁ 22 amuanaadidndenvesdniidesna (n) waddindeaunsassd () waddndonuas
i (A) waddinidenuaausi (1) wadnseululen () lewelsiiaassid (@) wmelsilawin
(%) Blagluilais (a) welwlsila (ay) Talulee () Gulwled (a) luleila
- duuaq, 2558

Mndnvairfiavreradifindenunmesdniidesaaiu insdiluadeanuiiuenainagsh
wthfivudseanBaulundnuds Issnunuitunumddgdnusenisveadinienuas Aonsieu
Aendedlussuugliduiu (Chico et al, 2018) Tnshlulunseuadonvesdniidogninsunayd
Snudaunannnidindesun dmsudnidosnaniinsinwnuit asud CGocodylus palustris
T3l daALAaUINNILIAEEAYY 120 Wi (Arikan and Cicek, 2014) %Qmimauauawm
szuugiduiulaevily ssuumuidsudonieifuunnsaunsnlunismevaussegiduiuluns
sogivaudanasu Fsenananliidindeaunsiaziunumdrdyannlunisnovaussvesszuy
pidutulnsanednifesnaunduassd 91nn13fnwivas Minasyan wagany (Minasyan et al,
2018) WuIgadLlndenLAEINTAMTARUATISBYNFNEIBIUIUNS oxycytosis Na1fe Tuszuy
vudsudeniadiindendeg azlimsedeuiinasanalrenuiilewadiiadonunundouiay
Aansruiulazvuiundiasaiden dawaliAnuszanislifiieeus fusnaiivenvadidinben
unsdsansnsowmieniliisadidadenunsamnsadnduwaduvafiieiininvadidulszqau uay
ofveandlauiiogluidadenunsinarswaduuafiielnevinlfiAneyyadas: Judennmsviane
wuafiSeuuuiidn oxocytosis dswaliwaduuaiidogninagluniueiuwadiiadenunsiifiuuay
AU Lﬁal,szjaa‘l,ﬁﬂLﬁammwmmqiﬁu ('g‘dﬁ 2.3)



Generalized Infection: Bacteria Enter The Bloodstream

Oxycytosis '.
Killing by oxygen

Kuppfer cells
& S
@ / Digestion
-
' | B : Killed
*‘é nrrrurgﬂon bacteria Lymphoid tissue
- Erythrocyte The spleen

du 009. o ° 08" !

$:°8
i .ooooo”ooooo% o% °°"':.
Jﬁl °oo 0%o a ooo.
%0030 a 'o 20 % %o ‘o"‘r

Bacteria overcome Iocc:l immune |0 | Killed bacteria are digested in the

defense and enter the bloodstream 0 reticuloendothelial system (RES)

< °o w S a §f < A A £ .
E'UVI 2.3 LLNUﬂ’]WLLﬁ@\‘]ﬂ’]iﬂ’WG’ILLUﬂVILﬁEJ‘UENL‘(JaaL!';JG”ILﬁi’]G”ILLG”I\‘]IUﬂiBLLﬁLﬁ@ﬂﬂ’JEﬂJ‘U’JUﬂWi Oxycyt05|s
N: Minasyan, 2018

Nndeyaiing1nin azfiuldegadnouindnindiwadidadenundiiandea amisasiay
nevauesensindelfegaiiusyansnm idlesnnwadiifanduaasnsamununisianioanyes
Sunarannsananlusiusiieneuaussienisinide ?z'iqmqmﬂLumaammmﬂamLamgﬂmsummlu
ApaaLaraInNIsAnwIved Chico wazmme (Chico et al, 2018) WU’jﬂLﬁaﬁmsﬁmﬁamaaﬂlu
izuugﬁﬁmﬁuﬂza§ﬂﬂiﬂiau PRR (pattern recognition receptors) Iﬂam‘ﬁgﬂﬂizﬁuéf’sﬁl PAMPs
(pathogen-associated molecular patterns) %QLﬁu%uﬁ’mﬂJmL%aﬁqﬂqﬂ U lipopolysaccharides
(LPS), bacterial flagellin, lipoteichoic acid from Gram-positive bacteria, peptidoglycan, e
nucleic acid variants tJusiu LLﬁ?ﬁﬂﬁﬁgﬁg’]ﬂM@lUgfﬁﬂdﬂﬂ’iﬁﬂﬁ@@:ﬂﬁﬁiéfﬂﬁiﬂﬁﬂﬂm fo Interferon
interleukin antimicrobial peptides (E‘U‘ﬁ 2.6) TngNIUTVIUNIT transcription tay translation lag
wagaTneRe MIaianstinmiiuhanedediyngn wu nsAnwludadenunsesla densedu
Fronuafidenuduiiadalusiu toll-like receptor (tr2, tlrd, tir5 waz tr21) Wiinty wazisiniden
LAsUBIUaImMI a5 wag LonkauRnuLTaNeuAiinIsuaneeniiuTuTesBY tr3 waz tro (Wessel
et al,, 2015)
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INVOLVEMENT OF NUCLEATED RBCs IN IMMUNE SYSTEM

Innate immune system i
0AS
° PRRS{TLRS =) IFN1 =) ISGs | P2 * PRODUCTION OF EFFECTOR MOLECULES
BLRS 15615 AGAINST PAHOGENS

I8
=) Interleukin production L1
IFNy-like

801 * CHEMOATTRACTANT FOR IMMUNE CELLS

Nkl )
= AMPs Hepcidin %
Histones Q}(

Hemoglobin A S
o Complement regulation o@ @

o Ay o a lo a 1 a & ¢ @& A Aa
zﬂﬂ 24 ﬂqiﬁaUauaﬂﬁﬂaﬁigUUQNﬂNﬂULLU‘UaUV]a@ILW}ﬂWLu@@]@ﬂ'ﬁm@lﬂf@ﬁﬂa\iL"?jaaLlI@ILa@@ILWIQVm

Jupded
7311: Chico et al,, 2018

agdlsinunisfnuszuugiAuiunuuduneaudinin wuitlungudnidnszgndunasd Toll-

q
o =

like receptors (TLRs) dudrudidglunisandrdsulantasuiiyngn 1wy gaiinanee lag TLRs
A10150NTEAUNINBUANBIITTUUYHANAURUUAUNEARAR LR WarszuuiAuiuLuURDIin1g

Y 9
[

n3zdu (Leulier et al, 2008) TLRs gnduunld 6 nau Fausaznguilanuamisalunisandidnuas
Tuanaviesuuvuvesdsudanuasslduandneiu ogrslsfinuusiin TLRs  agdiaudifyse
nszvIunsRevausspiduiulusrevsudy uidlsfidoyaiidaauisifunisuanseanvesiui
Aendastu TLRs ludniidosnaiulae ‘wﬁwﬁﬁﬂﬁmﬁﬂﬂizmi%ﬁzwgﬁﬁmﬁ’mwu?mmmLwiﬁm,ﬁm
fonsnevausadelduuinunaniefndoriunszuiunisdniay ludniideseaudeldsunis
nszduMmedatanUasuannieuen (extracellular pathogen) Wwadfiigdesfuszuuniiduiues
Fniliianisairaemelsidaunsylaun (heterophilic granuloma) laglunsedulviwadunlas
hanevauasldfity luniandufuidognnszdudiedanvandasuainaislu (intracellular
pathogen) L“Uﬁﬁ‘ﬁlLﬁlEJ’J”?JIENﬁUi%UUQﬁﬁMﬁUQ%%}ﬂﬁﬂﬁLﬁﬂﬂﬁﬁ%’]x‘]%ﬁﬁi@“gﬂaﬂLLﬂiﬂéIaiﬂ (histiocytic
granuloma) Wiewdeathliwad mﬂmﬂ’mmﬁaﬁuﬁﬁm%qLLﬂaﬂﬂaamiugﬂLLUUﬁL‘%aﬂ'ﬁ’l n13M"8
LW (necrosis) ﬂ'ﬁxmumsﬁ’mdnﬂfﬁmmmefmmﬂmsmauauawiamsé’ﬂLauslué’mil,gmaﬂ
freun Geazadrsimueaiiofinnisdniay arntdussiinaudsanslalnlen (cytokine) uas selulend
(chemokine) aunaevida agnlsfinudilinunszuiunismevaussnegiduiuieafuasmvani
TudniiAe8na1u (Zimmerman et al., 2009)

2.2.2 ssuugddufuuuuiidesiinisnssdu (adaptive immunity) vosdnidesnauiidnymzms
nevausIRdAdaiudniinssgndundsdy o Ae WuszuugiAuiuluusImzianzas uaziing
nddnuazvesdinszdu suduszuunmainudeidesnnssuugfiduiuiuudunesussiiaile
sumelFsudadantasuniadeqadndnads s1nmeazannsanevauadidodenng Tnenmsada
LouAuafan B-cell FsaznszduliiAnnsnouaussfuiad (cell-mediated immunity) Lagn1s
AeVALBIRIUANTI (humoral adaptive immunity) il
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v Y

1) szuugiiAuiusugad n13navauetvessruugiAuiuaugadludniidosaaull

Y 9
Y a

Auduiusinenssivaamgiinazggnialud1dyy Ineasdanuieidesiunisinnuressadidn

Y
o

Fenunngu T-cell Tngnuindniidosraruvanssdinfingadne T-cell Ifduwdeatudidugs Tdun g
d919m 6 uay 191 (Burnham et al., 2005) vihild1dnyues T-cell Ao el@i¥unisnszduainds
wanUasuvdeuoudian axlimsdsuuvassuiawadifu 2 via Ae cytotoxic T-cell (TO) uaw
T-helper cell (TH) @ nn1sAnwIlae Pitchappan wagaue Tul w.e. 2520 (Pitchappan et al,
1977) wuindenlsifaluszuuniduiues ds1dn (Calotes versicolor) finsasiasia cytotoxic-like
T-cell uag T-helper cell agndlsimmuiludnfidosnanliifiiemiindes Saduusnaiinfausiug
vouwadlusruugiiduiu (immune cell interactions) wilouludniidesgnieuudanindt T-helper
cell lufniiFosanuanafiunuimanuddfiuandsain T-helper cell lufniidssgnineus Tneas
Fmidisiuiu B-cell Lﬁas‘]’us"%ﬂﬁ%L%J@ﬂsﬁw,t,aw??adaisﬂﬁluq Famsifinduanves T-cell Tu
é’miﬁammu%ﬁmmé’mﬁuﬁmamqﬁ’uqmmaﬁLU?&JULLUNM IINIIBIUNITADUAUBIAUYAA b
§ striped sand snake (Psammophis sibilans) 1ay Farag wagauey Tul .. 2528 (Farag et al,
1985) wuindnsifindiuiues T- cell Tuthsnglulinauazngluliisrsnnninggniaduy

2) sruunidududuanni wldsumansedusiodesanssuundduiudueaddsssuy
addufuduansirdanuAeadestu Bcells Susiilumsnaausuued Tneluueuusives

dnidesaauuazdniifegniieunuszneusie weuRuefiaiedu (lisht chain) 2 ¥lia liun A was

K (Das et al,, 2008) Insuoufuefludnfifssgniouuazaidulalulnaydu vianua 5 win léud
IGM 19G IgA 1gD uaz IgE urludniidesnauazadiadios 2 adn Ao lgM was loY (Natarajan et al,
1985) 9MnnsAnwNUIn IeY vesdniidesnaiuIouiailou IsG uas Iek Guaﬁmil,ﬁquﬂé’wuu
(Leslie et al., 1969) &1 IgY maaé’miﬁammuﬁimaa%ﬁqLLmﬂGiwqmﬂé’miLngﬂé’wum Aaluluana
azlafiusnuuIuiy (hinge  region) UulouAUDAE18817 (heavy  chain) dWaly IgY 989
dniidesnauiinnuBangutiosnidnfifesgnisuy fewgiisilvssuunmnouauesgiduiu
Fruanstesdniidesaaiuiinuunninsandniiassgnéisunesnadaau duandugud 2.5 Te
wuhmInouauasiuasivesdidesrauasiAntuiinindn iidsgnisundeldfumansedu
nueuAaY osanazdinisadis 1gM Tussesusls (latent period) ununidaiidssgnisundoud
wiimsnsedulifeadlusyuugiduiuaing gy ilensuaussiodudanUasumisueufiauseld
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I9G

o

= IgM/
o e e e e e - - i
E h “ g

<C E "

]
8 13 18 23 28

Week

d ) ) ¥ a v U 1 v & A 1%
E‘U'VI 2.5 M5USEUIEUNITRBUAUBIN AN UANANAUTDIANTUITEUINENILADYARY (WEUUTE) WAy

Y 9
dnidesanieun (Huiv)

%NWEJL%G! . Lﬂ%@ﬂ%ﬂ’]ﬂ@ﬂﬂiua@ﬂﬁﬂigﬂgL?ﬁ?ﬂ’]iﬁ%’]\‘iﬂ“ﬁﬂﬂ U
731 : Zimmerman et al., 2009

nIzUIUNIMEVALEITRITrUUNTALAuLUUTiFesfinInsduaindudowadldsunianszdu
MnuouRiausunisiiauees antigen presenting cell (APC) Fuwadnauilazsiminilunis
UaualouflauLuuInnzlinu T-cell way B-cell lnsaiden1svingureslusiuusuuewan
RevALeY M38n31 major histocompatibility complex (MHC) &nwaugiiluveagad MHC ag1du
Uinafifiaunainnanevedesdusenauvenead (hishly polymorphic components) lnsiialy
Usznoudedu 2 vl fie MHC class | was MHC class || @svimrhiidsiudiuueufiau wu
wuaiide hhia ieususuauliiu T-cell Faffumumardnegrannlunszuiunsnouaussgifuiy
suwadludeitinszandundmnudn (Klein, 1986) Bu MHC class | azilimsuanseenldlunnisadi
Tedva uazaviauewauRauiiniainaisly (endogenous pathogens) 19y CD8™ uufn T-cell
(Bjorkman et al., 1990) @ugu MHC class I avthiauououRaufiunainntouen (extracellular
pathogens) T CD4” UuRAS T-helper cell (Kappes et al, 1988) Inevialunuin MHC i
nsAnwIfuANN e MHC class | uag class Il lesannilunumddglasnsaiunisneuaussas
sruunfidufunuuiidesiinanszdu uaziierdesfiuifauinisvesszuuiinadnde (Piertney et al,
2006; Alcaide et al, 2010) FafimsAnwuisatudu MHC agrentrndudaiidesgniiouy un
diaviiuihandiuun wasds uwilnsfnedesinnludniidesraulneianzasad

9819l5AMNAINTIB91UY4 Jaratlerdsiri wazamz Tul w.a. 2557 (Jaratlerdsiri et al., 2014)
yimsfnwiAeITUITamINITUes MHC class | luasad 20 aewus Tagvinmsnuaduiinnile
Tnalulassad1eBuaes exon 3, intron 3 WAy exon 4 UBNAINLEINUIN MHC Class | 199258147
AwiuuUsveanIsuanseeanvesdutiusgsunluassidaneiugaineg feglursdifeadu s
uanseONUBIEL MHC class | wuindl 3 nauluaszid Crocodiliae Tnewusia 3 Bulunsd crocodile u
wuifies 1 Buluned alligator fawandlumisnedt 2.2 %qﬂﬂiﬁuwuﬁﬁﬂawmﬁﬁﬁ’@@i@ﬂﬁﬂ%’wgqmUﬁué

9
[

A v ' a & = ! ' = X A9 v o °
LW@@']UV]']UG]@ﬂWﬁG]@L%@‘\}ﬁ%Wﬂ@IiﬁGﬂﬂﬂ ‘\]']ﬂﬂ']ﬁﬁﬂ@']UUQGUIWLﬂU'N MHC class | dunuvaiagy

o
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98190INABNTNBUANDILUTEUUYTANAULUUNADIEN1TNTEAU dnalin15noUaNDIVaITEUY
pifuiuresasudfinnunlussogrsnnlunisdediugatneine dwalmssiddaludaiibesaaiu
AnFuTTiesw iR dnsaeTinuinseuungnauandagiu Uaratlerdsir et al., 2014)

s

| 9 v o
ATA 2.2 NM5EULUSY09 MHC class | Tuaseld 20 @1ewus

3

a Gene b GenBank accession
Family Species name Class I, (N)
Prefix numbers

Saltwater crocodile Crpo 4(2) HQ158304, HQ158305,

Crocodilidae
(Crocoadylus porosus) HQ158308, HQ158311
Nile crocodile Crni 1(1) HQ158313
(Crocodylus niloticus)
Orinoco crocodile Cni 1(1) HQ158314
(Crocodylus intermedius)
American crocodile Crac 3(2) HQ158325, HQ158328,
(Crocodylus acutus) HQ158329
Mugger crocodile Crpa 3(1) HQ158330-HQ158332
(Crocodylus palustris )
Siamese crocodile Crsi 2(2) HQ158333-HQ158334
(Crocodylus siamensis)
Cuban crocodile Crrh 3(1) HQ158345-HQ158347
(Crocodylus rhombifer)
Freshwater crocodile Crjo 1(D) HQ158348
(Crocodylus jonson)
New Guinea crocodile Crno 2 (1) HQ158349-HQ158350
(Crocodylus
novaeguineae)
Morelet's crocodile Crmo 2(2) HQ158351, HQ158353
(Crocodylus moreleti)
Philippine crocodile armi 3(1) HQ158354-HQ158356
(Crocodylus mindorensis)
Dwarf crocodile Oste 1(1) HQ158365
(Osteolaemus tetraspis)
Dwarf crocodile Oste 1(1) HQ158365
(Osteolaemus tetraspis)

Alligatoridae | Cuvier's dwarf caiman Papa 2(2) HQ158315, HQ158317
(Paleosuchus
palpebrosus)
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Family Species name’ Gene Clabss l, GenBank accession
Prefix | (N) numbers

American alligator Almi 2(2) HQ158319-HQ158320
(Alligator mississjopiensis)
Chinese alligator Alsi | 3(2) HQ158339, HQ158341,
(Alljgator sinensis) HQ158342
Yacare caiman Caya | 2 (1) HQ158321, HQ158322
(Caiman yacare)
Spectacled caiman Cacr |3(2) HQ158335, HQ158336,
(Caiman crocodylus ) HQ158338
Broad-snouted caiman Cala |3(2) HQ158361, HQ158362,
(Caiman latirostris) HQ158364
Black caiman Meni | 2 (2) HQ158357, HQ158358
(Melanosuchus nigen

791 : Jaratlerdsiri et al.,, 2014

* Yoaly uarinIneransveaedaTeil

b o U a ¥ 1 LY [
UIUVBINITHULUTEU MHC class | vosasvitusaganaiug

dmuBu MHC class Il duiinms@nwiusnnludndifesgnateus un dndasiivinasiig
un wazlan widalifideyanisfnuilunguased (Kelley et al,, 2005) agabsinulainisfnuilu
dniiiaumalunguyiangg (Sphenodantia) Wigawintu

(cladogram) wuinaszdiiauvinalnaduimsluanedauinisAeutiaunn (3Ui 2.6) 3ndeyadl

LaztlaNaNTa luaeITAUINTTIRNUG

9
¥
P=1

21 Jululsin MHC class | Unagfiunumdrdguinnin MHC class Il #BNsEUIUAISABUAUBIAIY
wanluszuuNALiuwUUTReEinInseRuvesdnideunaulaglanvasel

ead

=
B

o~~~

-

N9N15

a ¢
AT

Eio

9/
7L

4 a v a v 6 v & ¥ U 6
JUN 2.6 wnunwWITRINIvIRiug (cladogram) Yesdniiieuaatuuazdnitn
711 : AakUasaIn Van Hoek et al, 2014
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a

2.3 syuugdl ﬁ,’uﬁ'u'lué’ma.,muu'nasmuun (Immunity response of amphibians)

U (3 =

dnddzLd) uﬁwaymuuﬂLﬂuamﬁawmmmmﬂaf[,umiammmiizmwammﬂsz@ﬂé’wé’ﬂ dnl

¥

Lﬁmaﬂmauwwamaﬂumawuﬁmaqmeml,umﬁumé’mﬂmm (Uanszqnesu) Bengudnilinszgn

Y
v

FUnaese muumi'ﬁwmmamumm’] 350 §1uT (Pough et al, 2002) dnfaziiiuiasiiivun
UizﬂaumEJaﬂwmwwmEJm‘WLLazmmWﬁLLmﬂsiwﬁuasmmammmﬂﬁuﬁ: LU NRUAULAZANIAN
(anurans) Taluulaes (urodeles) uaznauiilaifiun (legless caecilians) Tngmuinnsdnwiieiy
szuugddufuresdniasiivihanfiuundnlngagldnsfnussuunisnevauesgidusuainny
Xenopus spp. L‘ﬁaLﬁué’hLmumaﬂﬂdmﬁmiamﬁuﬁwamﬁuun (Jacques, 2016) 91NN1TANEY WUT1
ssuugidufuuuuduneaustiida (innate immunity) vesdmiasiiuhasifivuniisuadiondsiy
fnfidssgndeuy FedufiAeatestuniduiulisunsseylugiduilunves western clawed frog
(Xenopus tropicalis) wag african clawed frog (Xenopus (aevis) Fnsaniiuhaniivunasiisey
Issfafsaenseduls T-cell finmsiasuutasguin (differentiate) wagnuinduuesdnasifiuii

o w

aviiuunidueivrrdrdgiduiunuadedentiimdssndunuimlunmadugudnananissiudaiu

Y

2 A Y cal a v Y] Ay o
UYDILUALADAYIITIUYN B-cell thag T—Lymphocytes u@ﬂ'ﬂ']ﬂULLa’JL“(jaaVILﬂEJ’HJENﬂ‘Uig‘UUQlIﬂilﬂu‘ﬂ@ﬂ

€

v fasiuhanduundsnssnearanagmuuinudy T uay $118 waswuidnfasiuthaniiuun
Lifiseuniundasfiufiase (true lymph nodes) sflunumdfaiieatestumsifiuinviseuiiauly
seovenaziluaniuilwadnataunvzndnuoufivef (Ab-producing plasma  cells) iterindn
weuRunedslanUaeu agnslsfmumuitluny Xenopus spp. wiNTAS AT AL ALARLNTY
lalad (granulocytes) ﬁU%L’Jmi%ﬂiz@ﬂ (bone marrow) @3UN15a51919adLinLA0ALAS
(erythropoiesis) uaz B-cell avad1aiuUsnaITadsauLDnTaLTadsu (periphery of the liver) &9
ssdniideagnaneuniiasiinisadne B-cell Alanszan

31NNsANYINUINYUINAFIUgaTN (antimicrobial peptides)  HunumdAgyatuwsniunis
povauowsgiduiuresdianiiuiasiiuunlunstedfunuaiiBouasAsdantasy (antigen) 7
anansounsnduriunsinls wdlnddugadniinuludadasiinihanduun (1u) wu wWilndan
uaudiy (magainin) WuUlnd@deusu (xenopsin) gndaasiziuazifivliludeuinfividauaznas
senuhudloniflonsuauessdeninuasen nsuniu wiensiaide (Rollins-Smith et al, 2011)
dunMsThuTessTUUABUNaILR (complement) Tudniasiiuihasniiuun wuihdidnwaeadoiu
5@1‘&%@8%’114 FaUsENaUMMENITNBUALBIRUU classical pathway, alternative pathway Lag
lectin pathway Imawudﬂué’miﬂzjmﬁwﬁﬂﬁiﬁ%ﬂa%%’miﬂiﬁu%adﬂ ficolins (Fujita et al,, 2004) #if]
ArudAnyiensmeuauasnagidutuie uoninidmut uwelasaliifisudfugudnatsos
Qﬁﬁuﬁ’ul,vhﬁ?ué’aﬁmmﬁwﬁfgﬁm%’umiﬂ%’ugﬂLLUULﬁaLﬁa (tissue remodeling) ludnfazifiut
AL IUUNBNAIY LT mia@maEJSU@WNigﬁdﬂﬂﬂﬂiLU?&JuLLangﬂiwq (Godwin et al., 2013)
dusrvugddufunuuiidiosfinisnszdu (adaptive immunity) vesdniagifiuthasiiuunid

;Y

dnwuznIInavaueIndteadsiudniinszgndundaduy Ao Wuszsuugiduiuluudinizianzas

q

wazlin1sandnanvazedinseiu Fadussuumsvinnusadisninssuugiduiunuudunenus
Auia Inenuinfinisadrswaadaidonuniviia B-lymphocytes  way T-lymphocytes  iiniinng
nsgAulag recombination-activating genes (RAG-mediated somatic) 1U3HAAITURNITLOUALIY

#1817 B-cell receptor uaz T-cell receptor mMuaIAU wandamalunseduluiana MHC Uu antigen
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presenting cells (APCs) witeliAnnsnevausmnesuansinsell (Du Pasquier et al, 2002) &4
wuindnuwarlasiadraveouiued (Immunoglobulin; Ig) vesdniavifiuthasiivunadrefudns
L?:ENQﬂ@hauuﬁﬂszﬂaué”mLLauﬁuaﬁmsgu (light chain) wagueuRvefa1se1 (heavy chain) lon
IeM, IgX, IgY, 1gD, IgF Tnaweufivefianseniaunsadeslosiusoufivefasdy 3 via toun p-0-A-
ke @ loM uaz X uneufvedfiadretulngerdenisinnuvesseulsa (thymus-
independent) Tuvpued IgY %Qﬂa%ﬂﬂﬁuLﬁaﬁmwauaummﬂ T-dependent immune responses
fignnszduse cytosine deaminase (AID) AnMsARINUT IgX TiAnnanieatoslunisnevauss
Ui lduasdoyfiminednfaziiuhanfiuundufiay venandfmuin nanauisadaevds
IgM, IeX ua leY ndhuuazioeduy wu ln uas d1l& Ssnu Xenopus (aevis axiinisadne B-
cells fivhwiindu phagocytic cell %aawmimht,%aﬁ;%uw%ﬁlé’ (Li et al, 2006) %auuaﬁménﬁ
FduilumadTauinisves B-cells uag macrophages o1aidurinsaufuludnfasiiiui
asifiuun  waswudweuRved lgY  gnadiduegieriasa wardienwsmzgannidiofans
dinitrophenol Wfixdufies 10 s lusswisnsmeuaussgiiduiuduaniivesdnfasiuiasiiv
UN 96199 INN1TROUANDIVEY IgY IuﬁmiLgaqqﬂéhwmﬁé’faqmﬁamﬁﬁﬁmm dinitrophenol 14
10,000 Wi dmsuntsiaures T-cell ludndasiiuhasiiuun wudt Tcell Usznaudae o, B.y.
8-T cells FafimsiAsundasgusnsan precursors lusleslsifa Tag T-cell receptor (TCR) Tugiufis
fovosdnianfuthasiiuunaeddnuusiivarnvans (diverse) Wuieafudnidesgndaeun dofids
wlanUasuidndsnenie TCR asiimsdadyaaluds CD3y waz S, TCRE waziimsvihnusiuiu
CD28 uav receptors CTLAG ot anansliifiuinnmsnovaussas T-cell ludnfaziiiviaziiiuun
Wunuunsieusiuiu (cosignaling mechanism) dwsunsnTeRunTvinuYes T-cell lng
antigen presenting cells (APCs) uanninu1 Co8 u Xeno,ous spp- andAinwlaglyd mAbs
recognizing LW8Y@1ULAYY AB A-chain UU receptor mmmaaLﬂaammaﬁﬂswmLLUU
heterodimeric aUf3 ke homodimeric avat

a

ﬂ'ﬁﬂ’e)ﬂ’]L‘lJWU’eNiuUUﬂllﬂllﬂ‘lﬂ,‘l\lﬂﬁ]’lazLVI‘N‘N'WﬁuWI‘NUﬂGUuELIﬂ’NiJLLWﬂGﬂ\W']ﬂﬁW’JLﬁEJ\‘iﬁﬂWJEJUEJ

v a

Luaqmﬂamaymumaymumuua} LWU@Uﬂ‘UﬁQLLU@ﬂUﬁ@ﬂ%i@L‘U@Iiﬂ@QLLWENL‘U‘L!G]’J@B‘L! muumi

o

a a

fimunogerInivesszuuiduiuRivs s amiadudsdflurisiseulurisduresnsiaiy
Wi Xenopus spp. %U%’inugﬁﬁmﬁ’uuazﬁwmﬁaui’hu%aLﬁaLﬁauﬁ’Ué’miLgmqﬂﬁwum agsls
faufdsadddingn 12 u dwmdunisadie Bcell wag T-cell tieuntiasfseunduinnisufaus
(post-fertization) (3Uf 2.7) Fssnanreunthilfhseudesiomidadonuifieundosiaies (Chen
et al,, 2009) TugrsdUainsnieouariinsauleisizhe fu wazlsdd Ly B-cell ¥9e Xenopus
spp. iin1sadnetu 2 Franan $aausn Bcell %Qﬂa%ﬂq%ﬂui’uﬁ 2 quis Yufl 12 nduAanis
Ufaus luthanand I uaz mature B-cell asgnasislunazanunsognasianuliuszan 10 T
nEanntu Prefiaeses Bcell Budy 12 undsnnsufaus Wesseududinsimuinisiasey
Guaafhu w&an 2 dUavivesnIsRaLIaENy mature B-cell Sinsuwansoanisfuilusuuazinuvoss
§0U F99TNUNISUANID8NTY mature B- cel liuwamaﬂa'ﬂa (gut mucosa) ladfa wazlulunszan
Tngaznuiflefoauadydusudute mmaama Wiuhasivunesaiinioasu 1 T ssuunns
mauauaqmqqm@uﬂu%mmuamqauyjm WaspUU B-cell T-cell warsyUUABUNELILS MHC class
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| 59089 NK-cell agiimsuanseantunng wad wevinausiuiulunisnevaussvesvuugiiauiuly

9

dndaviiuihaviiuunlianunsamss@inedla (5Ui 2.7)

Tailbud stage
Innate-type myeloid-derived cells responding to bacteria

— 1wk Tadpoles

= Larval type BCR & TCR repertoire

* Very low or no surface MHC class | expression

| » Weak B cell and Ab responses, poor switch IgM to Ig¥

L 4 wk | * Incomplete skin graft rejection (e.g., tolerance to minor H-Ags)
| * No detectable NK cell and NK cell activity

* CD8 T cells but no detectable CTL activity

L 4wk * Prominent invariant TCR repertoire and invariant T cells

* Weak T helper-like mixed lymphocyte reaction (MLR)

* Band T cell Ag recognition but inefficient effector system

+ Delayed inefficient antiviral and antitumaor respaonses

— 6wk
Metamorphic to 6-month-old adult

* Thymic histolysis

* Thymus migrates towards the tympanum

* MLR impaired

— 8 wk * Weak anti-tumor responses

* NK cells but no NK cell activity

* Incomplete skin graft rejection

* Down regulation of immune responses

Long lasting immunological memaory
DNP-KLH, minor H skin Ags, and Tumor Ags

— 24 wk

One year-old adult or older
* Adult type BCR & TCR repertoire
* MHC class | expressed on all cells
* More efficient B cell and Ab response
— 1 yr = Acute rejection of MHC-mismatched skin grafts
* Slow rejection of skin graft with only minor H-Ag mismatches
= Potent NK cell killing
A J * CTLs against major and minor H-Ag
« Effective anti-viral and anti-tumor responses

4 a v U v 6 a % a .
JUN 2.7 M3R0UAUDIUBITTUULANNUTBIER @ IIULNEZIIUUN (Xenopus (aevis)
Iu7: Jacques, 2016

2.4 unumvadlusAusasUIndiugadwlussuugfiduiuvededitin
2.4.1 WiRuuasulnddugadnlussuugiduiuvesdndifdesnay
doidesaaruludnifidongiusnvianidusufusareiandnsvesdiidiauulan 3
auansalunismsadialuaninwindoudaq taduegned Fewandlifuinisiiaudi
UsgansnmaassruugiiduiuluitinmeresdniifosnaiuisUsznaudessuugiiduiuiuudunen
w1l (innate immune system) wagszUUATIANAULUUAFDsTinInsEdU (adaptive immune

A 1

system) Tussuugiduiuuuuduneaudnnds Wshuuwasulnddugadnteinluesduszney
ddnlumssnnaugavesszuugiidumusangny anmsinuiiisnvesininenmannaneviy
wm"]LUUIWT@TW@;a%w’[,ué’m'ilﬁyaaﬂmuﬁﬁy’ﬂﬂiauuamhﬂw? Toun lalalasl (lysozyme) wolulnaduy
(hemoglobin) AL6ATAU (cathelicidin) wagAludu (defensin) WussAusznounan saudaluseiu
wazUlndeangnsauy fimihilunisdugadneingg ﬁLﬁﬂicjéwﬂwmaaé’mil,g@aﬂmu U Am5e
AT (leucrocin) @UdAY (hepcidin) wagztalu@@u (hemocidin)
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v « &
1) WsAudugatinludaiidesnaiu

= a o e X =~ a Ao v ] Y &
GU']ﬂﬂ'ﬁﬂﬂ‘U'W]N']UN']W‘U’J']aW'JLﬁ@ﬂﬂaqumiﬂimuvmﬂﬁ']ﬂaqm'ﬁﬂG]']uzqasﬁwvlﬁl WUy 2

[ o

wilanane Ao lUsaulalgleduaziglulnadu lnelushunsassdadiniinvannelulwadaiunnmig

[

N

ﬁﬂ
be

lalgleyd Wueulwdviwihnlunsgesniusaduuaiise WWulsfulussuugiauiu
wuvduneauanitaidfgysdenisluddidionais laeilausanvieoulsdytadlaluiininay
asfavasaus) Janulalelesifivszandnnlunisvanesenvaiitelanainnatssiin Ingianiy
wuasawnsuuan dnsuluuyudlaleled avgnadawasiuliluunsyareswaddlinidenvivinils
nsila lunquuesdaitnnulaleledluldvnuazvimidnduddlnddugain dwludaiidesnau
lalelediluweulediidAyylianislussuunisnevauesvesglifuiuduneanulansluwadlinag
wandladony dnmsfnwegsasidunlulianiveusuazasniuaieyia wuiniiednisnszauly
YvenAIAIELalUATISanalsAvg i llin s uveseuledifvy waraunsavianeenalsaly
dnlaeenatulaegned (Ponkham et al, 2010) lneanglalgladlunsniuldniu (Trionyx
sinensis) WagRENIUaIU (Amyda cartilaginea) 1NNsANYIlATIATeTEAUUgU NI toulesllaly
lesiivnanelelanesudinafedesiuntilunmshaieiiogadniuanmeiu
wlulnadu Wulusiuluanalug Afisnesudn yenainagyimtdinudnlunisvuds
ponTaund dsanunsavimvihndudinddugadnlasie lnermzelulnaduvesdaidosnaiu
nquaszid Tud w.e. 2545 Hoffman wazany (Hoffman et al., 2002) s1ea1uinglulnatuaindadin
wWas (Alligator mississjppiensis) @u1309a18 W YATNIAALUATLTEUNTUUINUAL N TUAUTILEY
Wos Wneauautininanilivudundundussdvszneululasadne uenanilderinisuenans
wlulnadusenilulnaduaisien inlinuautinisdviaiedeuuaiiiselafvu aenndaatiy
n1sfnwnalulnaduainassidaneiugine (Gocodlus  siamensis) Tl w.a. 2555 lag
Srihongthong uazAz (Srihongthong et al, 2012) wuinslulnaduassidaneiugivevsmiy
TUsAuALLE (intact hemoglobin) wagduUdlng (fragmented hemoglobin) @315aviaeLde
LuATISERNIUUINLAR N1sTenuidenadesiuraissuideiinuit Wewslulnadugngeslmiu
Fudrudlndvuindn duasulilinuaudfnisdiiaie@osuafiselafuiniu Gsaenndesiu
. o . ” 1 I a Y [ ¢ & 1%
nowg) “tissue-specific peptide pool” na1ife iglulnatuaunsaunnvinidudlnddug loaegly
< A ' [ Y 1 LY ] v o
dinidonuns (vanov et al, 1997) agnslsfinny wiirlagtuashifinenunsnuntdindu 4 ves
wlilnaduludalideseaiu uwilinsAnwegvasduntisauaunsatunisiugadnvesalulnaiu
ndnidnszandundatugedus wWu 11 vy uywd (Fogaca et al, 1999) ueanianilduin1sAnw
lsfugluleefiu (hemocyanin) MulusAunanlussuuidenvesdnideudeas (arthropod)
a ! « a S gy ! a [ a ! v 1 1 Ao LY
Sendn “weludun” nudneluleendudulusiuvunlngUssneudie 6 miiedes Nliumdnluana
YaaufariiggegU sz 70-75 Alaaasu inmthivudieendiaulagedenisiuseninaduiana
a 1Y 1 2+ ! P v € \ Xaa 3 oa = o a v ¢
sonduiulessunsdiles (Cu) dwalvidenvesdninguiiiduntdu Fuinaduislulnaduvesdnd
< s A < 2+ a o DR A v oo a
Fuganvzdiaunsainlossuman (Fe ) wlulgerduvimihnidulusAusudnia (precursor) vaaly
Inasugadnla Fedimnufeitedlagnsaiunsvininuresssuugiinuiuvesdniteudasegredaay
(Munoz et al., 2003) Toustfnaiuansbiiulaogstnuii dildfinszandundingudeudesd
TsAualulgenfudulsiudAgvivthivanvaiguenmileannisuudeenBau wasigauud,
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Fualulgenduiunumddgluszuugiuiuwuuduneaudinds luwdvesnisduldsfuduiniea
YouUUlnasuaTn
2 Lﬂtﬂwﬁﬁﬂuqaﬂwluﬁmitgaﬂﬂaw (antimicrobial peptide in reptile)

Wilnddugadnlussuugfidutuvesdniifesaauiu nuideguanvaneeinannsn
agldmnae 23 leuansseazBenludmvsauulndning fail

2.1) Wulnddimdu Wudndfidwouianidunguvesudnddugadnludnifinssgn
Fundaduga (higher vertebrates) SlenanansvinangléfatowuaiiGe Wen wandelida Awududu
wilndvuadnddwiinluanaussanm 34 Alamadu fussqavsuulanaliuszquin Ussnaudg
nsmeriluBandu (cysteine) 91U 6 NsnaLilly JaLSawnuaenuseladalia (disulfide bond)
117w 3 Wusy Tadudnunziisimeveaudnddmuiu Tnssnnudndelindilaseadaduusudo
milassaadundomearifisndniios Wilnddazldtunsenstasusuanilundulusiviuiy
(pro-defensin) IntuazgnindeouleTusieah s fmuduiing oo ludnifinsegndy
wdaUUlnasmuduanunsoud el 3 ngumdng leun woanmmiudu (o-defensin) U (B-defensin)
waz@e (O-defensin) dmsulunywdnunazueniullndueariwiuiu laanwaddadesvnviiailng
Tlauazindenvmulinduy Insaiaiusyladalidiinsdigszminnsneiludandu dumisd 1
U 6 (Cys1-Cys6) fummisii 2 fiu 4 (Cys2-Cysd) uazsumisdi 3 fu 5 (Cys3-Cys5) (Ganz et al., 1985)
fhognadlnddnugaTnnguiiisdndud wu wulnd HNP-1 vieuoawAiudu 1 fefimuddaluead
dindesumililunmaiiaiedelse (ehrer et al, 2012) @ndmAmudy wuirinisasiusyla
%’alWéﬁﬁmm’J’ﬁ@ﬁdeﬂi@%mu%ﬁLmﬁu Fuvtaft 17U 5 (Cys1-Cys5) siuvtiadl 2 /U 4 (Cys2-Cysd)
wagsumiei 3 U 6 (Cys3-Cys6) (Sharma et al,, 2015) yenanBFmuUTBNUMsaES sy led Al
youUUlndTndwiudulusimea (Caretta caretta) Sswuiniimsidngseminensnesiluandu dumia
71 fU6(CyslCyss) Fumedl 2 Au5  (Cys2-Cyss) wasinunusit 3 U 4 (Cys3-Cysd)
(Chattopadhyay et al., 2006) azsiulsinmsassiuseladalndlulianaveauulndazunnanaiuly
Jufvunasiian nevaluudaduindnguiifimsuanseonluwadifiouiia (epithelial cells) wazu3nndun
fasneme veninifmunddldluAdiTingy 1 wu Jan dafidesran un uavdniidsgnieu
wgslsiwludeaniiuhendiuun dwsuuins@afviuiu Suudndiinunmsuanseeniamzlungy
2012) luduves
doidosaanuiilaifvenummuiuBuseandnuiuasnuifisdmfviuiusindy Sallmuediends
fufirduresdn i nuulnddmamudy BulinsAnuiidungme uaz Ssanviednun wasidelium

Yoalnsiun (primate)  waznuinliiimsuanseenluuywe (Coronado et al

.y

i lfinstumududmimudy fwensetuils 32 sdeluslumesheiniuentus (4nole carolinensis)
(Dalla et al., 2012) venmnidleldueuiveisirrusinese ABD15 FadudndTmamiudy via
Wiendean thunamedeumtmariudy Tudnddesrauniasie 4 wuiniinishiedues Tamawuy
1uLLﬂiﬂéaGU6ﬂL§j®L§QWU’YJ“U@&%W?] 4 Wi uagiiane (tuatara) walinuluwnsyavesdindenuivesased
uazln
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< s ~ o o & aa 1% v ~
A135197 2.3 Willnasugatinvesdiritesnauiniinenuluguteyaulnddugaiin

FUAVDY

Fowdlna funsaesiily s e qw‘ﬁ(ﬁﬂuﬁla%w
AdliTIn :
Defensins
TBD-1 (Turtle  YDLSKNCRLRGGICYIGKCPRRFFRSGSC turtle G+, G-, F
[-defensin 1) SRGNVCCLRFG
pelovaterin DDTPSSRCGSGGWGPCLPIVDLLCIVHV turtle G-
TVGCSGGFGCCRIG
Cathelicidins
OH-CATH KRFKKFFKKLKNSVKKRAKKFFKKPRVIG  Ophiophagu G+, G-
VSIPF s hannah
(snake)
derivative KFFKKLKNSVKKRAKKFFKKPRVIGVSIPF G+, G-
OH-CATH30
derivative KFFKKLKKAVKKGFKKFAKY G+, G-
OH-CM6
BF-CATH KRFKKFFKKLKKSVKKRAKKFFKKPRVIG Bungarus Cancer
VSIPF fasciatus cells
(snake)
derivative KFFRKLKKSVKKRAKEFFKKPRVIGVSIPF Bungarus G+, G-
BF-30 fasciatus
(snake)
derivative KFFRKLKKSVVKRFK Bungarus G+, G-
BF-15 fasciatus
(snake)
NA-CATH KRFKKFFKKLKNSVKKRAKKFFKKPKVIG Naja atra G+, G-
VTFPF (snake)
batroxicidin KRFKKFFKKLKNSVKKRVKKFFRKPRVIG Bothrops G+, G-
VTFPF atrox
crotalicidin KRFKKFFKKVKKSVKKRLKKIFKKPMVIG Crotalus G+, G
VTIPF adurissus
terrificus
Waprin
omwaprin KDRPKKPGLCPPRPQKPCVKECKNDDS Oxyuranus G’
CPGQOKCCNYGCKDECRDPIFVG microlepidot

us

(snake)
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(*) aSunemgorssianssunsvhnuveauUlng (activity abbreviations):
G, G #e awnsadudimsasyvadowuailiiounsuuin (G wazunsuau G )

G A a1w130duginsay NIzl uATIS BN TIAY
+

G A9 @a1130dUsINI RTINS UATIS BLNTUUIN
F D @1N1305UEINTRTYLRNIZLTD T

2.2) Wilnaasadau Judulvddugaininuluddidindugmunnludadibesnanu
weiogalsAmudsldnulUingtamamugululivesaszd annsenwiduinadafmudutaziulng

(% I~

Augatnyiindue) ludndidesraunazdnivindu ilimsuinssuugiauiuluuduneauanniad

a a

'
[y [y a

Tiwnnsheussuuiiauiukuufedinisnsedu eg1edey 750 Al FallanudAgesunnlunives

9

NSYINUNBUsTUUA R ALAULUUN Gl n1snTEduas s ndulun1svin liAnAMUI LIz YR U

piidufuuuudunenudiniin Savllndesngridenaniazgnadistuuddlaingomiu (ore-
propeptide) oy Wolsiunsinunsdueenseieulesl Fsagannsnviaulunsdngadnle Tusywd
wWilndausddiu axgninuliluunsyaszelsitdna (azurophilic granule) veuwadlaidanuyilailaing
flaluguvonuundfigslindeuvhn wudeudnitugeindun degndauduseouleisiion
Jeaverfluguiulndaisadauiinienvinnu Sondn wadiedl 18 (WCAP18) w3e LL-37 (LL-37) Fadumd
Indnlifinsnoriludawdu lassaiasesuyegiiduneariednd nsmesilulszan 1288 nsnowdl
Tu WuAsddAudinuludndidosnaruriainag Sn1suanseonuuueyinsuinuuaserilu (v
terminus) iUl nafiglingouviay (conserved cathelin domain) (Tongaonkar et al., 2012) 1
nsdvesnsasauanla avnuUlndilusadidadonumaiiaemelsila (heterophils)  TldFums
nazsuselalulndudnenlsd mndudindegldsunadlaoeuluidiulusiies evdesuulnsdaisa
Fhu finSemvhnueenin (Wang et al, 2009) wenanidmuuindaisadaulad (cathelicidin-like)
Tulnenesus Gallus gallus domesticus 3w 4 wiin lalA chCATH-1, chCATH-2 / CMAP27, chCATH-3
Wag chCATH-B1/ chCATH-4 (van Dijk et al., 2005) anMsfnwulng LL-37 andadenuives
uywd Fsannsaaslunummting ARdestumaiadlusdivesnsduudinddugatnnglusadle

Flaguil 2.8
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Modulation Microbicidal

of cytokines

activity

Enhanced ; ;
i ﬁ D Angiogenesis
i &

Cell proliferation

Cell death

wound healing

Anti-

endotoxic

[y

d °o w (3 a Yy a ada
UM 2.8 unumeuddnyveslulng LL-37 Tussuugliduiuvesdadldie
;. AnLUasIn Hiemstra et al,, 2013

s

2.3) wWillnaeudau Wuudlnanfigrsdugadniinuldludu Ussneumensnesiiludem

fudunu 8 namexdilu (4 Wustladalnd) fqvddugatwlivanssiin (Park et al, 2001) Sufifinng
semsaduulndisudiulad (hepddin-ike) WWimsfumuluassdaneiiuglne (C siamensi) Fad
InduilniUszneusensnoziiiusuau 26 nsnewillu (Cshepc) (FNSHFPICSYCCNCCRNKGCGLCCRT) wae
prindudlnddniingenian (Hao et al, 2012) uenanilanmsinumsuanteenvesduing
Fenanludedad nuindreuduuuiiudndidslalldvimawenuiandduiquisudninaiyues
WUATIBBWNSLIVIN WU Staphylococcus aureus waw Bacillus subtils wasdudinsisaueadowundSe
WNSUAY WU Escherichia coli wag Aeromonas sobria 9oneie uenanasstudululndieudfuladds
wuldludeidesraunguiientud @nole lizard)

2.0) wWillnsueadiof (LEAP-2) Wudlnddnuqadniifanuem 40 nsnexilu Usznousie
nsnoriludawBudnau 4 ninexily fauaudAdulszauin uasidwunsnorliluiumndaniudlng
BUTRY (Krause et al, 2003) Wilnsusadief 2 wuilmsuanwsenldorlusunaveSorzaug uinuing
msuanseannniiaaludu fqdsudsldvaueiifowsnton dedansiaidonnuuaiite nuinuy
nfdgnindenilfimauaneentonuindifisiu uvonnnddmuinuilnduendiefl 2 anisrinuen
Tud (A carolinensis) fimsuanseonludeiidesnaudnuanesin wu aswuldviu (Pelodiscus
sinensis) WU (Chrysemys picta belli) Saawnwesau (Allisator sinensis) WazdaalnABIIIT
(Alligator — mississjppiensis)  usiegnslsfinugnddiugadnviounuimmedinmvestulndly
dnidennamildilalladnsfine

2.5) wWillnalasmiiu (crotamine) Wudndiuenlsiaingmanszaa fianuen 42 nsnesd
Tu Usgneusensmeziluladu $1um 9 nsmeziilu uaznsnexiludawmdu 6 naneziilu Wuawulndn
Uszquanuuluana wasiivisdiuvedlassaiienaiaildlnasnugu Ineenigdiuves gamma-core
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motif (Kerkis et al, 2010) FalulndsnaniansadvhaedowundGelnemsaedlvluees
(cell-penetrating peptide) mu’i%’aﬁ?’j’%’m1Lﬂﬂlwm%imﬁuﬁﬂ'ml,amaaﬂﬁu'%Lazulfzjaél,?jaqﬁa (epithelial
cells) vaudlaiion (mucosal surfaces) uansemssuTouUATIBuNTIUINIT wavdsansaviliioad
waUTUTesuUAiiSe Ranudeme Fufuiserandnliinlasanii Wuudlndduqainues
fnridesrmuaiiovilsieniiunumddylussuuniduiuuuudunesutinialungudnidosaa

26) Wilnsaeserdu Juulnaidunuluwaddindenvmvesassdasa (Gocodylus
siamensis) Wilndngduainieaduiiiiddunsnesiluiiduesdussnoudios 7-10  nsnowiilu uasd
anuasiRliveuth fanuannsadudenolsaldifuesned (Pata et al, 2011) wdNThNsliasei
Srdunsnosilufifuesduszneuud ansouwdaddindngduilifuuindaindondu | (NGVOPKY)
twiinlanana 806.99 madu uazullnddansontu Il (NAGSLLSGWG) fimifnluana 9563 anadu
nnNsEnnalnnswhmewaduuafiselasedemeatiandegansiaudiannsourtindainsin (SEM)
wuindulnddinsenduaansaranedouuad Sounsuuanldedaiiusyansnim TnesvilfiAaam
Aunffiead  wsiuswvesuaiiGelusnuazianswesiinugad venniSmuiaudemeves
waduanusuilrnduiuslaensatunudy (concentration dependence) Mifiaureadulng &

asauansanunsnesliluveslulnddinsondulazayiug Auandumsii 2.4

o o & a a e & a o e a & a
M3 N 2.4 aﬂwmgwu;iqquﬂﬁﬂjLﬂumaﬂL‘Ulﬂmﬂa'ﬂﬂi@ﬂ%ULLagai‘éWUﬁﬂaﬂajﬂi@ﬂ‘fju

. . dwilnlana - .
wWylna aunsnesily o | Uszgvd | mnwliveuin
(Aanu)
leucrocin | | NGVQPKY 804.91 +2 43 (%)
NY15 | NKKAGLFVWQFPKY-NH, 1767.16 +4 40 (%)
KT2 NGVQPKYKWWKWWKKWW-NH, 2433.92 +7 53 (%)
NGVQPKYRWWRWWRWIWRRWW-
RT2 " 2545.97 +7 53 (%)
2

fan - dguuay, 2558

al

242 Tﬂimumutﬂtﬂwﬂmuﬁlaﬂw'lué'maumumaumum (antimicrobial peptide in amphibians)

dnfandiuiasiuun (h) HuadFinlunaifissuugiduiuiiitauinisgs G
ﬁuaﬁmﬂquﬂummmﬂfyamwmaﬂ'rﬁiﬂmamaﬁumﬁumma:] msmela uasnisaudsdlossud
Iudu  waznislesiugiiduiuvesiavidsazdnisvinusiuiuiunisnevausmeassine1ves
$19n18 nilunisteadunusssurfvesinfe nsasadulnasugatnainsien granular glands
FensUanUdowansiiv (toxin) 990 granular  elands %Lémé’uimaminszéjusuaué’uﬂizam
sympathetic nerves iileasadlndduaatnuinaimilvesdnfaniuhaniuunliimdily
nsllesfuannitelsnqdunisiyngn fufufvimesdniasiiuihasifiuunisfiunumanudidose
nsmpUAUBITatTFUUALAUAUISEUURdLuLIUAUTALAR LA (innate immunity) wagsEUY
aiifuAuLUUTiFeslinInsedu (adaptive immunity) 11danfimsFunullUlndiuganiidon
magainins 91NAINIIY89NU African clawed frog (Xenopuslaevis) %ﬁgﬂﬁuwﬂma Michael Zasloff

wazlin1sAnwdadnaunsiunalnmsidivianeweyadniuiiusulaeiinalnnisianewuy toroidal-



24

pore #§3431n1uN1 20 YsauntnineeansiadnisauaiiasfAnwiudlnadugadniuuinauly
nqudniasiiudiaziinunlagianizny Januindulnddugadnvesianlanuiivuiawandiaiull

Fawsuun 8-8 nsaedlu (Michael and Sonnevend, 2011) waziiewisufisudsunsneyily
voadulndfugadnesnudmau 11 wWilnd wuhudnafuansuiiugadnduiianueynas
1110 (conserved) (Abbassi et al., 2010) 9nmsAnwuUUInddugatnluny wudwuulndmdardidu
WulnduszguIN (cationic peptide) Tnghluagiiuszasening +2 8 +6 e pH 7 wazlulaseaing

wWilnadanudn Useneumenseeviiluladunasiinuaudlalasivdn 50% lngaznunsnesiludguy

waz lolesadusiuiuuinlulaseasne fanisiinnunainralenialasiasy (structure variation) 2

dwalnenssion1svinuluninisidninnegegadnikuuniing (broad spectrum) wagAUTNNE

dmTudaumsdane nnsfinyvihlianunsaaunuiazanunsadidlnddmugadniuenlaainions

vosnuluimunldlunisdudadeqfusdnelsanguiosufdiuglaegeliussdnanin (51 2.5)

a ¢ v A A v a Y] Y a g a
A1597 2.5 Wulnddugatindfiadanfvdwesdndasiuiiaziiivun (av)

aeRugny wWulnasugatin Tassaiauing WIntmang
o Multidrug-resistant
Midwife toad
Alyteserin-1c | GLKDIFKAGLGSLVKGIAAHVAN Acinetobacter
baumannii (MDRAB)
Mink frog Brevinin-2 Multidrug-resistant
GIWDTIKSMGKVFAGKILQNL .
A. baumannii (MDRAB)
. Extended-spectrum -
Tailed frog ,
Ascaphin-8 GFKDLLKGAAKALVKTVLF lactamase (ESBL)
Klebsiella pneumoniae
Paradoxical frog . Antibiotic-resistant
Pseudin-2 GLNALKKVFQGIHEAIKLINNHVQ

Escherichia coli

African running frog

Antibiotic-resistant

Kassinatuerin-1 | GFMKYIGPLIPHAVKAISDL |
Escherichia coli
California red- , Methicillin-resistant
Temporin-DRa HFLGTLVNLAKKIL
legged frog S. aureus (MRSA)
Green paddy frog o Methicillin-resistant
Brevinin-2 GVIKSVLKGVAKTVALGML

S. aureus (MRSA)

Hokkaido frog

Brevinin-2PRa

GLMSLFKGVLKTAGKHIFKNVGG
SLLDQAKCKITGEC

Antibiotic-resistant

Pseudomonas aeruginosa

Foothill yellow-
legoed frog

Brevinin-1BYa

FLPILASLAAKFGPKLFCLVTKKC

Fluconazole-resistant

Candlida spp.

fan - WauUasann Michael and Sonnevend, 2011
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2.4.3 Willvasnugadnludnidoudes @ntimicrobial peptide in arthropods)
TPUUNIINBUANDIYRITEUUYNANAULUUAUNaALANLEA (innate  immunity) vesdnive
U&es vide enlnmedn Welinsyngnueadeqdunidtu Tifmunismsiidudou nandadeirans
Arudegadniunelustinevesdnitoudes wWulnddgainazgnasstuiodnanyiianedogadn
agnsTnsa Tusewineiidnitoudosasiimsadrsansivaindendis (venom slands) 7iusznoude
ulweneg a1staanavunaién (low-molecular-mass compounds) @135Ng3 neurotoxins 3384
cytolytic peptides azﬁwmuéwﬁmﬁaﬁwmaL%aqa%w Twhusaiertudlodansinideludaide
Udoengy  afamdeu (crustaceans) azdiafradulndiugatnuaziuliluslyled (hemocytes)
Mnifuazanddesluanaidlndoonunlussuvumauieuden (hemolymph) fenseuaunisd
3uni1 exocytosis Turaiidniteudosnguuuasazadravdlnddugadndeqdunidyngnay
ANWZYBY immunogenic %@QQ@%W‘SM‘] ?5@Lﬂﬂlmﬁmmﬁfuwgﬂa%ﬂﬂ%ﬂu fat body VoA (gﬂﬁ
2.9) Tnognnszdusitu 2 38 Ausnsineiu fe 1) Lﬂﬂlmﬁﬁmﬁlaﬁ'ﬁwaﬂﬂsvﬁuiﬁa%’whu Imd pathway
mmummsmauauaammmmumLmﬂmsaLmsuammuu 2) wWulnddugadngnnszdulvasis
w7 Toll pathway Slafnnisindesuazuuaiidounsuuin (Hoffmann and Reichhart, 2002)

Direct entry through cuticle
Gut wall y ¢

Destruction of gut integrity?

Hemocytes
[Encapsulation]

Ingested worms

Fat body [AMP production]

Sessile hemocytes [resting state]
Inhibition of immune responses
- Apoptosis

=, - Tissue lysis

- AMP degradation?

. - Impaired phagocytosis

b Oral infection
~ns |
e Entomopathogenic Penetration through

bacteria released into the spiracles
gut and hemocoel.

| a Y a & o 5 v ]
JUN 2.9 d3sImevesiuauiielinsindegatinuariinisasralulnddugadng fat body
731 : fawdadann Castillo et al., 2011

Doy

wWilnddugadnlunuasifuinianis@nuunainulng cecropins sfinswenuians
uasFnweantinsaedeuuafiieesienhsrndunduusas danduiiinsdunudingd
Lfluauﬁuﬁ‘ﬁuaﬂwﬂlwﬁ cecropins laun 1Wulna sarcotoxins LWUlng hyphancin 1ulng enbocin
wagiulng spodopsm S’JﬂJmLiJ‘IJIVlm cecropin-like molecules Fanurnuulng cecropins 31N
wiasgnAunundiusnidenvesiiionansiu (Malophora cecropia) taeviludlndiugadnly
wuasazUsznaumensnesiily 29-42 nsnezillu ddnwasduddlvdidunse (linear-antimicrobial
peptides) Ailiifinsnozaludandu (cysteine) Wudruusenau (Steiner et al, 1981) wielvidnla
nalnmsuansgrmsiinmeeadulng fafunsinvuasrhunglaseaudindinasadieseiu

Ugugdl (primary structure) wazlassadasedunfenil (secondary structure) Fududsd1fiey 39
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=

wundagtuudlndsmugainisunuainwuadlagndnwlassaieveadlndnargviinneuiansly
SUN 2.10 uag 913199 2.6

A: Cecropin B: Thanatin

amphipatic h}'dmph_OblC
i a-helix .
a-helix P
VN | ; *\
/ ra
CONH; ;

NH:

C: Insect defensins

Phormia defensin Heliomicin Alo3

U 2.10 uansdnuaislassaraulnddugadnlunsas
731 : Bulet and Stécklin, 2005

4 o w al & Y
M1379M 2.6 wansansunsneziluvesuulndiugatnainuaas

viauia Faruulng Tassaieseaudgugil
ﬂl,?‘:aﬂmaﬁu Cecropin A KWKLFKKIEKVGQONIRDGIIKAGPAVAVVGOATQIAK
(Hyalophora cecropia)
LaasIU Sarcotoxin IA | GWLKKIGKKIERVGQHTRDATIQGLGIAQQAANVAATAR
(Sarcophaga peregrine)
WUAYIUNDY Cecropin A GWLKKIGKKIERVGQHTRDATIQGLGIAQQAANVAATAR
(Drosophila melanogaster)
g9ang Cecropin A GGLKKLGKKLEGAGKRVFNAAEKALPVVAGAKALRK
(Aedles aegypt)
YAYAIU Cecropin Al GGLKKLGKKLEGVGKRVFKASEKALPVAVGIKALGK
(Aedes albopictus)
qaﬁuﬂa'aq Cecropin A GRLKKLGKKIEGAGKRVFKAAEKALPVVAGVKAL
(Anopheles gambiae)
uaulny Cecropin D GNFFKDLEKMGQRVRDAVISAAPAVDTLAKAKALGQ

(Bombyx mori)
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FUALUAS

Fowulng

Tassaieseaudgugil

Pachyconadlylas goeldli

Ponericin G2

GWKDWLKKGKEWLKAKGPGIVKAALQAATQ

Cerratitis capitata

Ceratotoxin

SIGSAFKKALPVAKKIGKAALPIAKAALP

Stomoxys calcitrans Stomoxyn RGFRKHFNKLVKKVKHTISETAHVAKDTAVIAGSGAAVVAAT
Pseudacanthothermes Spinigerin HVDKKVADKVLLLKQLRIMRLLTRL
spiniger

‘ﬁm : Bulet and Stocklin, 2005

2.5 Tassadauavnalnnisinuvedlusiusasiulndsinugadin
Wilndgugadnduansialuanasuiadn fsuniendniuviedaannisdesluanaes
TsAuvualuglidvuiaidnas wazilusadusznouiidfgyluszuugliduiudunen (innate
immunity) 3vasaldedamnduarannsavmadedelsaegidlisime Wulnddugadndud
unumddnegrannlunalanmsviasdulanUasussezuanudsanidonslsadnginenis uanain
dudlndimanilsdignsaedonelsanaesiin Wy Weuuafiie e wasitelifa 1udy
uanandelsarneg wanidudrdmugrslunsiaewaduniednde Tnsnalnnisianewdousias
visveadulndazunnansiulunugadnsazuasuvaeiilulndgnasnadu fegrauiinndiinns

afauUlnadmugadn taun #Ivie seuumaiueImis ssuuiden kagszuumaaumela wenaindl
wuInUUnaduatindsanunsansedussuugiAuiuluufedinisnsedu (adaptive  immunity)
Tngangludadtugs asmulainuulnddugadn Sunumeasniiivainnany ananseasuilu

AmsmvssunumaNuddgvelllnamuadnluszuuginuiulansgui 2.11

Cell differentiation
Th polarization
Co-stimulatory molecule
expression

Direct killing in
azurophilic granules

Antimicrobial

Anti-endotoxic

Anti-inflammatory
Apoptosis

Peptides

Cytokine and
Chemokine secretion
Chemotaxis

Wound healing

> o v = Ay o a ada
JUN 2.11 unumenuddreslUlndduratnluszuugiduiuvedldia
N ;. audey, 2558

Y 9
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2.5.1 pruvannuaennlasaiveaulnddugatin
Tassasveadulnddugaindeinfidnuuziamzuazmainyats falunuimdifase
qvimstnin luagtunisfnulasiaiwenulindazerdomaiiafiiandn nuclear magnetic
resonance (NMR) @sfiodniluszansninuazarauduglunsiinseigs defumnerdonaauds
vosnsnoziluiifussdusznaunazdnvarmslassairseadulndlunsduuntszinnveadulng
Fruqadn azansnsondsldiiu 4 ndu el

1) Lﬂﬂiwﬁﬁﬁauﬁaﬂuﬂizﬁ;au (anionic peptides)
Wilnddhugadnuseyauduulnduuadndedidminluanaoglugag 700-800
anady sanuluansafnvesionis iellenvesszuunasna waziwadidoyrivesszuunauAy
mela [17-19] e ndngduinuifiesdndeslusssund annsovaedenuafiZelifaunsuuan
uazunsvay wiogslsfnumuinulinddazerdesalundulonsdongd (zn) Wulaunnweslunis
pongus segsrenulindlunguil 1Wun Wulndudndiuey 5 (maximin H5) nAavidsesnuan
Wiu§ Bombina  maxima wasUInAASuERY (dermcidin) - Auenldanarsdnnasmoseamiely
uywe 1usu
2) Wilnafiautmduvszquinidundeanoant  (linear cationic  OL-helical
peptides)
Wulnddiugadnissquanddnuasduansdug afinsnoziludaud 40 nsnexily
Jussdusznou wasduuinddugadniidunuinniian Tasdagiuldinisdunundadszana 300
vl Tnglsifnsnesiludawmdudussdusznovluluanauasiilassainafifonin kink egnssnansane
(Tossi et al., 2000) uaglassairundsiwoarazintuldlumsazanssumzunsein Tdud lnsrgee
15tenuea (trifluoroethanol) lateulandadainn (sodium dodecyl sulphate micelles) gaed
lafinuazlaluleu (phospholipid vesicles and  liposomes) waglafin A 1ussruszneu
(Gennaro et al., 2000) endaen 1wy wWilndueauea 37 wWulnaylwsu I (buforin 11) 1Wusiu

3) Wulndfifaud@duussquinuazdsznausensnoefilufisumie  (cationic
peptides enriched for specific amino acids)
Wulndguqadnlunduifunuudivssan 40 wia fdnvusluanadumeuas

laifiindeaueanlulassadns seddsflanifidulssquanuasagluluanainsnesiluuseinoglu
USnaudige (Otvos, 2002) 801 1wy WUlnduuafiildu (bactenecin) waziUdlnditens 39 (PR-
39) Baulndvsanswiiniinieluluanausenoudonsnosilulnsdugedsdonay 33-49 uasiingnes
fluositu Ussnadosay 13-33 uenanissdiudlndduladtau deiinsnesiluniulnmuegly
USuasnn mnnsiidnsaesilungsilivouthdiuaunlulassadedsdsmaliiuulndngsiifand
arulsiveuiluluianags autRiiiunumddylumadwiaedeuuniiGe

1) WulndndandidulssgauuazUszauindadinsnoziludandunazaiiaiusyla
FalnadussAusznou (anionic and cationic peptides that contain cysteine
and form disulfide bonds)

Wulndduqadwlunguilidunguillngffian fudlndfdunuudaseaa 380 vda
Tuanaenmasdauifduisussguinuasyszgau uenanineluluanassinsnesdludawnduiy
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psrUsenaurliiatusyladaliaviinaseanuiaiosveslassadisuuuuaudni (Brogden, 2005)
megrauulnalungud laun wWulndlusiiniu (protegrin) dnvaglassaiunsluluanaveaddlng
usznaumensnezdludamdu 4 suuis Fsasreiusyladalwala 2 Wuse uenanddsdivulnalu
A a < & sala Y a g Ay o & v a A 3
nauAmugudsduUUinaniunumuasnihndugiiduiudunenegieioy 3 ¥ila Ao wWilvduean
Auludy Jaiuseladalnadiuiu 3 fussnieluluana wasiulnagafuiudunnuludddinvile
DU 1w A9 wenanil nuihililulnsulendunusenaumeiussladaladiuiu 3 Wuse Rty
upillassasradung wu wWulndsmuduanuuas wWulnammuduaindy Dudu

2.5.2 nalnmavihaedeuuaiiSsveauulndfngain
ns@nwifeiunalnmaitwhaiswadvesulndiugatn finareisuasdeds
vanemadaUszneuiu mudnvazianzvenlUlnduaziwadidmune Taswaditdmsnefidouiisn
Anwwavarunsassuienalnnisitatevealilndiugadnliedsasiden fewwaduuaiise wazla
Wiwy Fadumadiusiusudiaes Tnglddnsdiuvoseallafinudazaianudadiusiduivad
wuAi3s MnmsAnmiinuen swinalamshaevesdulndaunsafaldfudunaiigedioy
Aeen Wy MmaviliAensgaidemnuaugavionsiingsifiwadimiusy aunsyvisisluiananiag
flognneluwad sndegnatu fMdule vielusiu MAsdedunszuiunssendin uaznszuiuns
\3gueawadiludiu (Yang et al, 2011) Ingnuinuulndazaansadnluumsnluderuadie 4
nalnndn dedl
1) wuudaes Toroidal-pore
ndsarndlndindouiudulndudnenlsdvosinvaduuafiioaslusaduiend
wusy Wulndagedeautianufulszquindhdudumitsituveslafinuuieviuwadiumiusy
ntulianavenudlndfioglndiuarasteg lnsnsuieniliannislédseveduanavesios
Tlafinnuuunsnsivesudindiunsndriuwadisadimiusu fgud 2.12 Meogradulndly
naul e wWulndgisdu 3.3 (aurein 3.3) wWillndessidu (arenicin) uasulnduninuiu 2

o o . ~ ‘
§1J°/I 2.12 1Luu1aes toroidal-pore UUNILGARLNNLUTU
fian - Aaes, 2558
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2) wuudnans Carpet

WUUSIaed carpet fidnvaradefu detercent Tngluszosfianududuvendulng
i Tuanaveadindazansilunmvunuluiiwaduusunagnszaneioenluseuy au
aaiuduiliiuty WeunaquihAwadiuusuludnuusynsy Wowdlndlinududugady
Tuanavesdlndiieglndruazsiliannslfuevemealnlafinuuieadiuuiusy sunseisinlman
nsugaoonvasdolusuansiuisdludnuuslumed (micelles) Hgudt 2.13 SaviliiAnguuad
WLlUTY Sunselsiseanduduigaeaziinsvuialnguueadiasiusu (toroidal transient holes)
V‘iﬂ‘ﬁﬁmLaqaﬁumLﬂﬂlwﬁﬁmﬁammaamwﬁwqjLedaa‘Lﬂmmﬂlﬁdw%u (Brogden, 2005) @rwg1aUy
ndifldnalnilunisvharewaduueiiGe wu Wllvifieadu 149 1o (Pn149a) wazildlndueauea
37 1Uudu (Dean et al,, 2010)

| ° a ¢
gﬂw 2.13 hUUINRDY carpet VURILGRALUNLUTY
fan - aduuag, 2558

3) WUUIN@e4 Barrel-stave

wuuaesilisldtuuindlunguiiiflasasadundeiuear Tnslassadraiasd
p3ailsiifiautfveutuagdnadsitliveuih lnslussezuanluanavenudlndsiieg aganesaly
wldfuisedumundesedousiimnssvieusyy andulianavesdinddiedlndiuas
Buadssitwaduusulaglnanavesutndarneiluwnfmnuasunsnidnguadiumusulag
ordvdwiliveuivendulndtuduiliseuivomealnlafin wé’qmﬂﬂu’uavLﬁml,iqwé’mvwm
Usrquinuuduiiveutmeadulndudasluanaauinvosiuresouan (aqueous channel) o
manganUURIadUTY K3Uil 214 Ssnsfnguueadannuniudnuued asdundinuin
UnAvoIntgadLuaiilse lmm 1) nMsdeaudivesnssnmanunduda (loss of polarization) 2)
nvigaeenvasdiulszneuneluiwadgniguen (leaking of cellular contents) 3) NMsaadgauga
yoamadumusuiloninnsnszaeivedlafindaund vie 4) mansdulszansammsiauves
uluflalnsiaalumsdvhaneadasadeurhliuueiiGeneluiian fegrveadulndlunguid wu
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wWilnalean 84 (SKsawUUlnatauton 1 (Hf-1) wazilulnddiandiawe (Ctx-Ha) wudiu (Lu et al,
2010)

A ° a ¢
ztl‘n 2.14 LLluU1ae9 barrel-stave UURNILLARLUNLUTU
fan - aduuas, 2558

4) uudNane Aggregate channel

wuudrassilfinuesuisnislduuidadiiinalanisiaswaditmunsves
Wulndfigrisiugadnlaiinnsfnldifissudnsilfinnsgadsaugaveadodontuiity
wuiassidnalndudunuuindiiduunuitlessuves Mg uar Ca”* Aifuegiuluanaves
lalundudnalsduuineaduuaiids ndudlndmardasiliiAndnuusitaunfivueadiu
\UTU (membrane perturbation) lid 1) nsadsudnadistimeseninaudlndfulafinuuRwad
wanusy 2) nsnszfuliAnnisuendavesealillafinnguilsifiuszgeananeallafinnguii
Uszgaulaemshauvesudlng uas 3) msaseeulviuanieallafinnguiifiuszqauseiulng
awhlfAntesuueadiumusy fgui 215 Snuuiameidmalifnnisiivedleoousiag 2n
meluwadesngnisuenead fegnseadulndlunduiliun wulnduaedu 1.1 (maculatin 1.1)
(Bond et al., 2008)
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gﬂﬁ 2.15 uuUd1a99 Aggregate channel UURILAAILILLUTY
flan - auUag, 2558

2.6 wnldunsvauuasnisussendldiudlnddingadnludaqiu
A28AINAILISIUNTTAN UL BABLSALAaINUa1eYinvandUlnaduaa

9

IS ]

W 99 Tdnnsn

Wulnddhugadnanldusslonilususineg Tnsamzmsiannlugnsliidueidusiiesnuilse
Tuayud venaniulnddwgadwandvadmuluddfindugaduioatuned Sadeinuding
wiantornulduayusldlagbidelfAasunelag dafuluunififouidinnuussasdfiazuans
Tduduulduvesmsimuidlnddugadngnisinluliusslewd sulvfansuszendldiuulng
fugadwlutagiulaemlunisudneililunsinulsalunyud dosefedoyanisdnuis
fiwinonndvingt uamnsnadn FaUszneumenisinusseznounnasslunyud (pre-clinical
study) wagnsANwIaRatnlunyee (clinical trials) WieUsziiuieudazvuruiannaasnds
Wiganesensiruildviels lutlagduensnulseiivenuriomaindiulvajindueilsannns
duarwity ndoyanindnelutaed we. 2556-2555  wuiUUlnddiugadnuszatas 500-600
vin eglutunounsinuiszegdeunnaadluiyed uaeiulnddn 128 wia eglufuneunsfine
mspdinlunywd Fasznaufemsnumneeddnszesd 1 S1utu 40 vl sveedl 2 d1uau 74
¥iln wazszosd 3 S1uau 14 wila  (Lax et al, 2013) dagiiumuin msdszgndldiudinddugadn
dmsuidusninwlsadudnivgiduduinddldnnmsduamsitasusuupauanifvisisnis d
utedrinfifluuylndausssund 1wy nmaddsuwlansaoziluvesasidulndangy L (L-
form) 1ugu D (D-form) 1esannsnezilulugy L Liades sngndesldlnetoulesivdasiieg 1usu
FatuluilagtuisdinnsuiuvsvdedsuulasniglulanavenudindifioifiuauaiesTisy
Tuanavesiudlng oun maiAunsaesfiluilsiflusssuena (introducing non-natural amino acids)
nmstesiularvanslulng (terminal protection) nsviliiAnlassasrsiuuleadn (cyclization)
uazmsiUABuLUaslAsIai1sununans (backbone modification) (Li et al,, 2013) F533nsUsuUss
aavtimaefifleiunaautinievesudngliity dmfunsssendldusslesianying
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iugadnlulagiuiuiinnunarnvaisussgalsianumisdeauiveonandinisussgndldusglov
Wilnasugadnlu 4 Ussidunan desialuil

2.6.1 mavssgniliensinelsninde
wWilndsugadnuwazoyiuseiee losuauaulalunisihunussgndidueujioue
desnguansindnvesudlndiugain fe nisvianeidenelsauasmansedussuugfiduiuly
sumevesdalidin sulludimsinalnmsdihanedevenudindiisimney Wy msvaneRuadi
wusuveawandming dwalviinnisgadvaunanaynisnivaunsniuidioanyasansangeg sauly
fedudimsduaseilusiiuviensaindon Wudu 9neusinvsasaavanaeenalnns
hansadithvng Jehldaudeduiesmsiesventorainiedindanas lneaadndulng
fugadnansssumANINndn 1,000 viia Memageiiazgnihaniannldlseisdusunan
Tutlgtusegondulnddugadnillifumssoniuuasiunsdoudue wu wWulnd
Inaludud (polymyxin  B) %aLﬂuLUﬂimﬁﬂizﬁ;mﬂﬁﬁ”LaﬁmL*ﬁluaqﬁﬂﬁzﬂau wanlAANLUATILSE
Bacillus polymyxa WmfﬂLUUI‘V]ﬁ@fﬁﬂdﬂ’aﬁﬂiz?m'ﬁquﬂumié’ﬂuL%aLLUﬂﬁL%‘sJLLﬂimaU flos9n
p1fn1sdnduiusgniaUlinanulalulndndnanlsauuwadaiuuiusursswuafiiulaagnedl
Usegansnn Lﬂumm@ﬁﬂﬁmaéuwﬁL%&JmeﬁamsJasJ'Ni'mL"%'JLLazmasluﬁqm (Falagas et al,
2005) wavsUUlndunsluddu (gramicidin) wenldainuuaiiie Bacillus brevis Fadugiildsaudu
59 Tuvarulndusulnludy (daptomycin) luUlnduszauiilafindussdusznouuasi
Snvalassairaduinan aunsedududouuaiiSenelsaunsuuinineliinnsindenisiamls
1§ uaniuUlnddulnadu (indolicidin) Fufuayiusuas migenix anmnsadudanmaiaiqmede
wualSe Propionibacterium acnes %ﬂLTJuLﬁ?’faﬁﬁJumLwyumﬂmﬁ@ﬁ’s (McInturff et al., 2005)
wand1nnN1stiUselasilundveanisnaununistdenu¥rusuds ludagdudednig
Uszgndldivulnddugadndaufueujiugdnse lnedingusrasindniioanyiuiunslden
UfTaugrlunisinuddasas frelunstestuniainngiesiierafatuldndaininislden
Andotudunaiuiu anmegnsnsdlfnwves Giacometti wavany Tul w.A.2542 (Giacometti et
al,, 1999) wuidesinslfuulnduszauan efiviu Wulndidalastuitle (cecropin PI) lWulnddy
TnaaRu wazwWulnalugu (nisin) saudueuiTiue 91lnaludud (polymyxin E) waz mﬂmﬂ‘wﬂu
Fu (clarithromycin) szviliUsEansnmmsvhaneide Pseudomonas aeruginosa L‘wuawu
uaﬂmﬂﬁﬁaﬁwwﬂlmymiu 1 (buforins-1) uagtUulndusundndu (ranalexin) Lﬁnammmimaqa
ﬂJENEnLGzJWﬂ%Su (cefazolin) wuansainUsEarsamlunsianedeuuaiise Staphylococcus
epidermidis fifnsaosnasTaau (methicillin) laanare13WuWLAGY (rifampicin) mm%am‘u
luanavesenanileduy nieAniinisldenevleduiistoguie iWudu uonNLeuUATiSof
AolmAnlsnlunywduan miﬁmﬂLﬂuaﬂmeﬂggwnaimnm‘[manwmwum INNTANYINIITZUIN
Ineesesdnmsaunsielan (WHO) wuirdiftaelsanisimidfaninideonuinisfesay 20-25 ves
Usgnslan (Vena et al, 1975) andoyadenannivilinisuszgndld  wWulnddugadnlunis
Snwlsafiinanlesilasuanuaulannnty fedhes  wWillnditanusadudesls wu Wy
Inadalasu %qﬁqméiumié’fuéy’qmmﬁfgsuaw?jyaiﬂuﬂfju Asperigillus spp. Waz Fusarium spp. 1§
(DeLucca et al., 1975) waziUulnainenagudu (dermaseptin) Afimuannsalunsyhaneides



Cryptococcus neoformans uenanidsiliulnaannsssusAsnunueNaunsadugin1sasgues

Wasinalsals aawanslunnsen 2.7

a7l 2.7 Wulndghuaadndifiguiduiden

wWilnd Ui nalnn1svhane Wosfignvhany
Gallinacin-1 1 M AgaawAN C. albicans
Lactoferricin-B m{t&é, 1A ylAaaLmn C. albicans
Defensin NP-1 waaknsylaleivemy M AaawAN C. neoformans
Defensin NP-2 wadunsylalyiveany lilgadunn A. fumigatus
Defensin HNP-1  wwagilalnsiavesuywd lviwadunn C. albicans
Defensin HNP-3  wwagilalnsilavesuywd lviwadunn C. neoformans
Protegrin Uy, ans M AgaawAN C. albicans
Tripticin uywe, gns lvigadunn A. Ravus
Thanatin UIUNLIANUDU - A. fumigatus
Magainin-2 ANAN MlAgaduan C. albicans
Metchnikowin WA Mlvgadumn F. oxysporum
Drosomycin LL@JaQ‘Vﬁ" MlAaaunn F. oxysporum
Dermaseptin WennzUn MlAwaauan C. neoformans

i Reddy et al., 2004

2.6.2 Myvszgnldiitensinunlsausids

lsauzsaduaimglududuiug lunisidedinvesysd annisdrsiagUaslsausiss
milan nuitugifelen uniSadiun wazuzdadldlug Wuusieiinuannige uiinlutagdu
walulad lunisinwilsauzseazinmiegiunn lireudunisshvlaenisiidn nsanessd uay
wiltinusnaniiede niooTuedfuunss asmliﬁmm%%ms%’ﬂmLwdﬂﬁﬁﬂﬂizauﬂmwﬂLLazﬁﬂwa
HraRewioftae earndedunsdetinssvineingn viewadidedeunifiogsouisadugiiegn
ManeaInn1sanesid nistalviianandynaenaniadinuiamnuAnluAITAUKILLINIG WazionIs
Snwuuulmiinysggndldsamiunssnnniluiogdy wmmieimdaduiaulasgramnnionis

i

ﬂizqﬂﬂ%’mﬂlwﬁéfmﬁ;a%wLﬁaqmﬂﬁmmLﬁulﬂlmaqﬁLﬂﬂiwﬁmé']ﬁwﬁﬂalﬂmwﬁwﬁ']mEJ

Y

waauy L%Q@EJIN%O’]LW']”iijLﬁﬂNaﬂi”WU@@L%aaﬂﬂMWaﬁaamﬁaU Hesnniwaduy Lﬁﬂmﬂ’]ﬁLLa(ﬂ\‘iﬂi"’ﬁ]

Y
[

andifuaveannuuigadadefueaduuaiife fafudsaansaiinudlnddugadivani
uennazdiudasaduniiling enadinalamadivhaewadusaniioundelndiesiunisias
LaARUATLSE
wingdlsinunalnnisidvhatewadueiiwaalulnadugadndslaiinisigawid
nnteyanarsaideuandiiiuinnalnnmsianewaduzidseauulnddugadinerafniidony
\waa (membranolytic mechanism) waglgadid muga1ee (non-membranelytic mechanism) Ty
aiAfores Hilchie wazaniy 1D n./.2554 (Hilchie et al,, 2011) atfuayuuwAniiaewuinuulng
NRC-03 waziUulnd NRC-07 fignsvanewaduzidadu Selidmansenuiuewadund uazidulng
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fanamannsadnduiifiiveseaduzildegisfianussseninsUsyafinsstusu uenanidany
wWilnadugadndnuaevila loud wWulnd SVS- (Gaspar et al, 2012) unuily I (magainin-)
(Liu et a, 2013) wazlUlng MPI ﬁﬁmmmmmiumiﬁwmaLezjaémL%qimmia%ﬁﬂgwquuuﬁa
wadwuzi3s uenannalnmmhanelwaduziislaemsvinliAnanudsediiisaduds Souiiuy
InddugadndnuarsviiniivinldiAnnismeveawaduzifeimnismeuuuiulasda (necrosis) 19y
wWilnAmeungufiu B2 (dermaseptin B2) (Zoggel et al, 2012) hazn13m18luvorneowlnda
(apoptosis) 1w WWulnd RT2 wWulng KT2 wazilng rRP9 Wudiu ievinsdeuuulndunuiu i
fuiulng Antp wuirdigrslunisidhanswaduzSegetu Tnswulnddinaniannsodiduldiy
chondroitin sulfate fifnieaduzds Tufeiiulndiugadnnsdaiianunsosudueadus sl
mansgfuszuugiduiulusnenie wiemsdudnisadiidue lneanunsoagunmsmasnalnns
fudusaduzifwanuulndiugadnldfegui 2.16
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31 : auUea, 2558

2.6.3 NM3UssgynAldlugnamnIsuemis
uonanmsUszgndlfiudinddiugadnlunisdnulsafndewarlsauziioudy
Wilndeangudimariinisuszgndlilugnamnssnoimade Tnsiamensdesiunsindees
pwnsioriatuldnnsuudeurendeuuaiifesag trglunisousuuarinumaua MM
freg1svondlnddugaindsininiunldlunsousnomis liun wWulndnguuuaimesledy
(bacteriocin) Wulnaludu wagiulnansaledu PA-1 (prediocin PA-1) lagawiziulnaludu
wazUlnani@ledu PA-1 felddndinsunluldusslevdegaunnlugaamnssunisuannadnsiueiuy
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uaveanszles (Cleveland et al, 2001) uenaniiinisuszendlduaalamedu Tnensléidy
drunanlununsgasinuUasdmiumsn daanlamodudwlngiimanlafusgadusinumsdlduas
ignszuadoniiiovhvihilumsvudssimandideindanududusensigiiulnvesmsnuazsi
nihilussuugidufulumsdestuielsameg foradhdsamenisnls

2.7 mslineila transcriptomic uag proteomics Anwin1siudeuuvasBuuaslusivludedidin

Transcriptomics  technologies iHuimafiafildlunis@nuidoyafuiimuavesdsdidinta RNA
transcripts wzwmmawnaa‘ Taun messenger RNA imﬁgﬂ non-coding RNA fiiinannnisuandoen
2038uluATuN T9AINLUANAIIYBINITLAAIBONLATTLIUNNINTHALUAIIEY RNA transcript (RNA
processing)  luiwadssilauasluaniizineg fu udadeddyiivilfiAnanunainuasuas
Fudeuremananvosdu Anunereuadasnlunisnvmsuasulnunanunisudutulugedy
nesse 1990 wagldfinnunmdmanaluladfusuateneasse 1990 egrenirevine Tnedlaes
wmafiafiddey 16w microarrays uag RNA sequencing (RNA-Seq) N1sfinwn1suanteantadus
Tinsrunalnvesdulunisnmismuaumsieusingeg angluwad nmsdnwifsafunisuanieonves
RNA transcript %38 ns1uaa3ulading (transcriptomics) SiusglewiagnannlunisiiaevilmAnany
dlaferfuiainevesiis dafuarayud sauanalnuazaunguodlsasiag fienaazinain
Wasuwasemuaaiulay

2.7.1 Mafinw transcriptomics ludarfidesnau

Trapanese WagAae (2017) ANBINIPIUANULANAID transcriptome 910 Italian
wall lizard ﬁ@ﬂﬁ’aagjﬁmmumaﬂmj WAZUULNIZNANIINARBINY transcripts  971UU 275,310
uag 269,885 lu gene ontology annotation 211 Italian wall lizard ﬁaﬁsjasﬂiu%L’;mm;iuﬁuimguaz
vunzauddy lusgfinusiuau SNPs wiiuludsddindiendoegivansundsdand s aanms
AnneinisuansonvesBuainiegsvinlinuBuiiainin lizard fendeeguuinizainaziiunliiud
221AnlsA Reversed Island Syndrome (RIS) 11091 lizard  fiendsaguiiausiuaulg Tnedu
wantiuldun Major Histocompatibility Complex class [, Immunoglobulins, Melanocortin 4
receptor, Neuropeptide Y uwag Proliferation Cell Nuclear Antigen (Trapanese et al., 2017)
n15AnwIuaY Tosches  WazAE (2018) ﬁﬂmmsﬁwmmaéﬂszmmamawaqé’wj‘ﬁﬁqﬁfméw
(amniotes) Tfimudenlostumsiannvessadusramvosanesosdnifeagninguuogsls lng
mia%ﬁaLLmuﬁsuaam3LLamaaﬂﬁuaa§ummLﬂﬁ@ﬂaummﬂé’migaaﬂmuaaaawﬂ’uﬁ HANIINAADY
V99U transcriptomics szq’jw%usuaqL%aéﬂszafmmaqLﬂﬁaﬂamawizmw glutamatergic neurons
Yo lAsegniisu gnas1eunInNnIEUILNTT ancestral gene-regulatory programs AnLadYin
Tl TuvailwaduszamvoaUdenaunsUszinn GABAergic neurons ¥esdn iansnany wandliiiiy
TiwadUszamvesuyssusUssaniuiegluvssnysuresanesvesdnifidgaiiagt @mniotes)
Yatsu kagAde (2016) AnwiAnuduiusvesnaveasuilanaug Allisator mississippiensis 59N
Lﬁmme]’mmim?i'&muﬂaﬁqm%ﬂ“ﬁ (temperature-dependent  sex determination; TSD) wWa
N1SANYINIAIU transcriptomics analysis vinldanunsaAunudy TSD wlalni 1ndee1eiioou
¥03 A mississippiensis Malugaindl 335 °C uaz 30 °C Mvilisseunanoidumaduazineide
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pudiu msldimedadanarvinliamsodunuanudenlesfuseninedlusvesassidaneiug A
mississippiensis (American alligator) Crocodylus porosus (ﬁ]izLﬁfJﬁf’]Lﬁm) way Gavialis gangeticus
(Indian gharial) #33amansanaInusINYyTuUsELANAII (archosaurs) (Green et al., 2015)
uaNINY Sarker uagAz (2017) lilémadia transcriptomic Tunseuneysyansamusaniduiiuy
witudnvesassdidleinnisinidelifa namamaaedlasaguisdieaduesnszidiinalnniseuey
nsandolasa Tneld mammatian TLR way cytosolic antiviral RNA signaling pathways adenale
Aensifinnisuandu type | interferon (IFN-omega) Fadu interferon 7ildEl5a

2.7.2 mairdeya transcriptomics vesdnfidesramluliusslon
nsfnwdniidesaaulunivesaunainvatensiininuasaududeuveaneiust
Uselewtiagnannlunmsvianudiladenii dnvagmenmenin saudanalnlunisuanseanniadinu
QiANAY warszeallunsinnsITauInsesadidin (Burke et al, 2002; Green et al., 2015;
Sarker et al.,, 2017) Trapanese uazAaz (2017) Wuan1siAnlsa Reversed Island Syndrome (RIS)
199 Italian wall lizard flerdweguuiniztuiiuunliiuninndt lizard flondeeguuusiufulg B
AUMARININLNAINNTUARI8BNYB melancortin receptor genes TuUSannng Gedanadusiug
funs?l Italian wall lizard Viawé’f&Jagjummzﬁé’m'}miﬁuamws ANATIY kaEANAINNTALUNIS
LLWiﬁuﬁ:ﬁqmdﬂ ltalian wall lizard ﬁmﬁaaq'uuur;iuﬁuimg uaﬂaﬂﬂﬁuﬁasﬂawwﬁm trascriptomics
é’fagﬂﬁmﬂﬁé’ﬂumimmmé’mﬂ’ué%ﬁmﬁgaaﬂmu LLazé’miLngﬂﬁwum 1ne Tosches WagmuE
(2018) leinn1sfinwn transcriptomics 210 single-cell Tusiregnaiufonauasvas lizard vy wag
UYWE NANIINAABIRAAILATININUNEINTEIENBIEIY hippocampus mﬂé’migﬂqqﬂﬁwumﬁuﬁag
Tuanosvesdniidosnaru bifisaidudniifesaarunaisnguduiomagiviodoniunis
L“tJaIEJuLLUaﬂ%a&qmwgﬁmﬁﬂumSWﬂﬁ? (temperature-dependent sex determination; TSD) et
NM3ANYIMNIAY transcriptomics Savilidnlanmsufieidestunisuanseenvesduntamely
sywinmsiindavesdniidesnaiuuisUssamdngae (Yatsu et al, 2016)

2.7.3 msfinw transcriptomics Tudndaviiubasidiuun

dnfasiuhaniuundudn finsegndundaiiiiaunisannisendeeglutituinedy
aguuun ldnismandannnendeegldiduiuazuuun feduifauinisfienunlusedy
Tuianavesdninguidaiimnunaula daunafia transcriptome WWuTasitondafignunanlddnuiiio
dilaludfaunmsvesssuugiiduiuludeiasfiuihaniiuun msfinyimuininisld transcriptome
Tunseneluiloifesiieg (ues shu ndwide, du, $ild, Sumy) Tuaandnyosamside Cane
toads (Rhinella marina) Wieltesuisifaunnisuazmsuiusaeandndesainside (Richardson et
al, 2018) #n15l4 transcriptome ieasunelUTsuiisuauanunsalunsususivesdaSasiiiugh
azifiuunlunguifieatu 84 transcriptome  aunsaefuieldindnfaniuhasfinuniiususalaad
ArusnAtsIiugnssfude fasiuhanduuniiufusldlifedneinau (Yang et al, 2016)

uanangamuindnisld transcriptome  LiensosuiesruLiduuesdnfagiiiu
azifiuunagaunsvany SanuirdnsnwAnuiusudioy transcriptome vosiamiisluny 3 nau
laun Megophryidae (M. sangzhiensis wag L. boringi) Rhacophoridae (P. megacephalus, R
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dennysi waz R omeimontis) W8z Ranidae (O. margaretae Wwag P. nigromaculatus) Nan13@nis

WU @wnsaesureienalnnia@anmiugiuvesdniaziiviiasiiuunlaiduedned Wy szuu

Jaaius szuugiauiu uasszuunismela danudinisuanseenvesdusiiaesatasanglungy
Wertulianumilauiy whaglinnuuandiuseninengy wasiiddgni1sfnudiaunuildlng
fudauuaiiseBneme (Huang et al., 2016) uananidansAnyUSeuiey transcriptome Y97

AMNULADIEINEYAU (Andlias davidianus) a13an (Bufo garearizans) Wax\len (Rana nigromaculata)

Jayaveq transcriptome vasiladm iazivhaziiuunuanbiiuBuineitesiuiunszsuiunis

VNNTININAI VOIHINUL LYY NTEUIUNITIAUDETULALSEUUTANAY Uashunlundntuds

nwullUlnadudauuaiiiseds 26 ngu (n13199 2.8) Bawulndngy Liver-expressed  antimicrobial
peptide 2 wansUszavsnnlanegedslunisdudaluaiiise (Fan et al., 2017)

| v . a o v ¢ a H a
AITNN 2.8 LANITEAUNITLENIDDNUDY putative AMPs Tufantevesdniagiiiudiagiiiuun

FPKM (fragments per kilobase of exon per million

Description fragments mapped)
A. davidianus | B. gargarizans R. Hallowell

Amolopin-9LF1 0.85 NF 499.08
Andersonin-9 antimicrobial peptide NF’ 4.92 7.23
precursor
Andersonin-U1 NF NF 0.59
Brevinin-1Ed 13.84 13.75 8954.91
Brevinin-2Rc NF NF 9.47
Cathelicidin-OH antimicrobial peptide-like 1396.72 1.55 0.74
Esculentin-1A 30.81 12.71 17936.24
Esculentin-1a/b NF NF 0.94
Esculentin-2P 29.42 18.92 18173.85
Histone 2A 228.44 124.83 109.37
Liver-expressed antimicrobial peptide 2 2.4 0.69 4.55
Lividin-8 NF 1.4 1732.92
Macrotympanain-E1 NF NF 18.92
Nigroain-A NF NF 456.92
Nigrocin-1 21.65 .77 5760.43
Odorranain-C7 antimicrobial peptide NF 0.74 393.16
precursor
Odorranain-M1 1.53 NF 475.86
Odorranain-M2 NF 14.07 NF
Odorranain-P2a NF NF 0.64
OHTI precursor NF NF 3081.13
Palustrin-2GN1 antimicrobial peptide NF NF 1.67
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o FPKM (fragments per kilobase of exon per million
Description
fragments mapped)
precursor
Palustrin-CU-A1 NF NF 124.15
Pelophylaxin-2 8.97 0.79 10851.88
Proteinase inhibitor PSKP-1 6254.12 8.15 6.65
Ranacyclin Cc 5.75 6.74 NF
Skin peptide tyrosine-tyrosine 0.57 NF 1.74

° not found. (Fan et al., 2017)

wananimaila transcriptome Fagnld@nwiiteasuleszuugilauiuseninnuitiigse

NSRS Batrachochytrium dendrobatidlis (Bd) uazdnumunsande wWevilninnsindely
AU wunuitlignuniusdenisindone nuls (Rana sytvatica) aviinnsuantesnvesdulusyuy
pldufuuisdafinduesinsanaswenunuodnuazesdusrnounisluwad Geuandlviiuds
szuugiiduiuusfdedifesUstansamuesnuldl (Rana  sylvatica) idsnalinsgayideviiniives
58UUAN99 (physiological dysfunction) Tummzﬁmaﬁu'ﬁjﬁé}"}umuﬂ']iamlﬁ?@ﬁa nuewsiuyansen
(Rana catesbeiana) wumsiasuuvaswesdulussuugfiduiudniies Jeuanslifiufanddufuus
Audafisluseansnn (Eskew et al, 2018) UDNINLEITIAWNUABSENETY (Andlas davidianus)
é’qgﬂﬁﬁmﬁﬂmmaaaqmﬁamL%Jal,mﬂﬁﬁsj (Aeromonas hydrophila) 39 transcriptome @nunsaild
osutsnalnuessruugiduiuseninmsindevedifussuugiduiuudinianasssuugddudui
Antunendaldednsiandae (Qi et al, 2015)

2.7.4 Msfinw proteome ludnfidosnau

msAnwlushlelutfiwesgiin deufudsddlundinsunmd esandiigngiuiniin
iludmadedinoghadeunduld Fafunsdilafsesdusznavvesiiy astilimsuianalnnisiia
fwiagmuwnslunssnwliegidlusednsain 1nnssiusinauideluiivgues Tasoulis uaz
Isbister (2017) Tutasanssuiliusnnugiififviomn 132 6034 uwadu 42 a03d a1n 360 a3d
Tunsdgfwidenih (Eapidae) 20 aUTd 910 101 a3 luasddesguanan (Viperinae) 65 alTd
910 239 @34 Tursddosgmanseis (Crotalinae) waxdn 5 adddlugnauitlaifidenguii (non-
front-fanged) annn1s@nwlusfulaslyinatiaigu reverse-phase  high  performance  liquid
chromatography (RP-HPLC) wag mass spectrometry (MS) wuatuszanusovag 90 URNTESN
Usgnoudaelusiu 8 naudniuisdgiiwaoad Tusiu 11 ngudwiulsddosguanian uaglusiu
10 ﬂ&jmﬁﬁw%’maﬁﬂaagmqmzaq Fanulusiu 4 ﬂfjmﬁﬁmmﬁﬂﬁzglﬁm phospholipase A, (WuuN
ﬁqmiugﬁﬁﬁm@j%ﬁw) metalloproteases serine proteases Wag three-finger toxins 31AN1TANLA
Lshudanaraiiiladedidnvedusiuluiiviuasaunsaimuieisiuiivlalueuan nsfnyilse
Tosludniidosranunguisinduluitemansanmdmanlusfundoulndinanldlunsiidavie
Snwlsalunud uenanidilfifufunuuiivosnuuuuazdumuelunisinufviiinandnfuing
INMIsANWIYeY Fry uwazame (2010) Tédunulusiufiv (venom protein) wialvallufiaingnila
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(Beaded lizard) wagiauauanas (Gila monster) luana Heloderma vivlyinsnuiisdimmuinismia
luanavedlusiu uasunumdAnvefiy wazaNNISANYIVEY Lozito wag Tuan (2017) law
Tusfuddylumsasismifanasaadadodonmaunuiignihatsuiogyme Ssgnihanldidu
funuvlunsfinuinsasuunaluiysd venanddusnisinuldsileuludniidosnaiunguisi
(Testudine) Smith wagag (2015) lavinsanwilusiuluanesweuan Chrysemys picta be/(//ﬁag'
Tuan1zaneen@iau wuiniin1sanasredlusiu creatine kinase hexokinase glyceraldehyde-3-
phosphate dehydrogenase Wag pyruvate kinase Fadunsnevavewesszuulszam miﬁuwuﬁ
p1alfiduuuudansnnfnarudemeludniFesgniouugudy
2.7.5 mM3fnw proteome Tudfasiuhasiiuun
dofavifiuihanfinunuasdniidesnaiududn s M INeEE LY Tneitdni

D

Aaa v

ae LVIU‘N’]ﬁ L‘VI‘lJUﬂ‘u‘IJL“LJ‘uaG]’JﬂallLLiﬂ‘VliJ’J’NN‘N'WﬂWiEU‘LJlI'WB'WﬂEJ@EJUu‘Uﬂ %QUQQQN?@Q?@S‘UBQﬂWi

ATUINTT LU mmmLmaamﬁamﬂﬂa‘ummmaaLmaqmmaﬁnmmjmmu lJﬂ’]’iﬁ]UﬂLLa’JiJﬂﬂiNﬂiJ

v
o [ e [

stuslndunasin vhnmsmdlalud uasfdoudsnsondvoglud iusu dndanfuhanduunagwy
Wluwndeunasansafsdinluniuiudaiosnnfmidmninstestunudould u
sumglvesdanndeuiiinadonisuninszangvesdnimail Ae dnfasifinihasfiuunagiingly
Avifslumsuanivdsuieimauidssuinaiienmaiu lnoweiemiazyinsvaudeuluuiinnd
farutuguilodigannedifa (hibenation) (Mayatl wazenad , 2016) Tudnfasiiiuthasiiuun
wiitdiniiuszneusetimesgndon (szuveou) wartidafiudy uarlimsiwdsuandisesssey
andealuiduszezlafuioNionin maasundasdnuazrdesusis (metamorphosis)  @4lunns
LiJ?isJuLLangﬂiNﬁu%ﬁmimU@mﬁ’waaﬂuu"l,maaﬁ(thyroid hormone) (Thekkiniath Jet al,
2015) anmsinlunsindesiivedn Batrachochytrium dendrobatidis (Bd) aviinisdsnane
nshuemnsvesgndeniesuniniinsindesviatiubidmariiling winisinuiinismeau
fennsmevesdniazifiuihasfivunifatuiesnaniinisvdsuaniaiuannisiaie Bd
uenanilunisfinge Bd Huldinisuanseandinmsnovauemesszuundduiuiiiinanouauasde
olsn nnisfinwnananlduansis Bd subtilisin-like serine protease finsvnaneseruulngd
sodugatn SsenaviiliiAanishdedossiind Fuden B0 aelimsnovaussdenislésuseslay
InsenanlaanlunsAnwiniu proteome ladnisnaaesnigluvaeannaaes (n  vitro) #sn3
nevauealesifusesluulnsosd (T3)  wavn1sldnisdnwidiu proteomics wagn1sfne
119614 phenotype L?‘im%mﬁ’ummquuﬁwmL%aiw Bd dsomsiinlsaludniasfiuiasiiuun
(Thekkiniath et al., 2015) luns@inudiu proteomics Tuidegatwiinelsaludnfazifiutaziiu
unlgnihaldlunsiienegitenmsviliiAalseansfuneidanmaeaidon 1wy Wes1 Botrytis
cinerea fireliinlsnuiuasidos Sclerotinia sclerotiorum fitelmAnlsaniuazifivnaiuarly
Hogatwiinolsaluuyud 1wy WWeBad Candida albicans l#finisuansisnisfinuidnu proteomics
Tuarudfyveslusiufiinisiestestunisivdsuainnisnsgaefainuinaianiadi il
3'1\‘1msJﬁumaJiéwés?fﬂ%daiﬁLﬁmiiﬂlﬁ (hyphal-yeast transitions) (Thekkiniath J,et al., 2015)
fulussuunfiduiuvesdnififinszgndundaasiiszdunisuansesniuandeiu wazanse
p3apuinnuanansvendelsafiinduldegnend ddusssumalundduiuasiiduiiviuga
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Faluguuuuresnistiosiulusiuuin (first line defense) fidnunsifnderdoqadniinofiy diuves
Suinvfmesdniaziiutianiuun Tnsamzeg1esluaed Pipidae, Hylidae,  Hyperoliidae,
Pseudidae Az Ranidae Aziin19duATIZLAL ‘maaL1J1J11/|mwquﬁiuﬂﬁmulfuaﬁ]aﬁuwaaﬂm Nfanau
nneziiluAueIUsZUIN 10-50 67 umwaqm5mmuaaﬂma%um’mmmauaﬂLwamvmmi
ﬂaaﬂuiumimmEJLﬁnafgaﬁuwammﬂisawﬁmmazimLi’ﬂumimuﬂuqaﬁuwwLﬂuaumw (Jianxu et
al,, 2007) ﬁmiﬁﬂmLﬁaaﬁULﬂﬂiwﬁ%ﬁﬂﬂuiuaqa Rana Wflannnin 250 avdd LLazﬂismsJazﬂuﬁIuﬁ
voweulivomivousnlfuaznumnnlulszmeooainside Sauulnsaidmitoradndniuuszan
160 wilntuldimsdunuium uaznuluied Ranidae fnmsnudlnddidugadnanndt 20 wia &
ﬂuiuaqﬁ?:lé’ﬁﬂﬁﬁﬂLﬂiﬂzﬁammﬂﬁﬁwmwé"amiaaﬂqw'é (multiple active components) @19879
nnsdifnwiluny Rana palustri wuindiudndfidudegadndmau 22 siadues 8 naui
Lmﬂﬁmf"fuﬁwﬂuﬁnm%qﬁwﬁwaqé’miauLﬁwfwaulﬂumﬁnﬁmﬁ Fregratu vurnveaUulngd
WANFA19U (size) Ueq (charge) Auiien (hydrophobicity) Tassas1sveadulng (conformation)
uaz spectrum of action mﬂwumuﬁummmuwu il 20-30 Wulnafidugadnidlunguuosdn’
aufuhaviiuunuanininswauuannuluaed Ranidae Uianxu et al, 2007)

2.7.6 MyUszgndlgnuniunsaaiUlading (transcriptomics applications)

n1sfnwmseunsuaasulaiindgniunuseenaldlun1siden1wenudinisunme
96191119719 TN Tdeuazn1sInviteyavedlsanieg lnensAnwisunsuaniulaind
Hunsfinwilunaniidunsnensirendiewerimannieluead smisiiaueu wasnsunaladigg
‘ﬁ'ﬁwﬁ’igiuﬂﬂil,ﬁmiiﬂLLasﬁﬂlﬂejmmLﬁﬁﬂﬂumiﬁﬂmLﬁmﬁ’umﬂﬁmiiﬂﬁm uanniinsAnwIEY
nsuaesUlafinddaaninsnszylsaiiAeadestu single-nucleotide polymorphism wagnsuandaen
vosdadafidumeiazyiliidlaieaivnuedsald (Lowe et al, 2017) uagnsAnwifunsuaniy
Tnfindvongadifiannsiulsefaunsniilugnisdunuduiifimauansooniiduiusiulsadus g
dovhmsnnisihfuazunuimvestuiifianuifsdestuininvessaeaaziilugnsimuinis
nsa9iladeniontsnensailsafituazusiuditu uaznisimuneionistdestuuasnuilsald
nMsAnwIveY Ruifang Li wagamy (2018) ladinsuunaliadunsiuansulafindunldlunisdnwinis
mansaimsiinaudsdunainlsauziealdvemynaassiigninienhliAnuaglifnlsadou
Foiliisensvisnalnludsdnlunsifisaudsdunsifauzifaeslsadiunaznsfnuives
Anita Annese wazany (2018) ladnmallansiuaasulaindunldlunisasiadeyanse
transcriptome  profiling ﬁuaaﬁziﬂaﬂimé“avlﬁnL@J@%ﬁﬁﬂﬁlé’wéwaﬁauﬂﬂuL%aﬁﬂ%aﬂm,ﬂ?aut,l,ﬂm
szeuluanasuthluganudlafientunsinlsadalomesvesias  1Husy

2.7.7 MmUszgndldnuniulusiledind (proteomics applications)
ns@nwlusilefinddedumeaiaiifininufoslunisinwegrunsvaneifieusylowd
Tuddinins maunmd suludadsguamnssy lunsdlafsnalnanuddyuesssuuludsdidin
wazn1sthluldusglen] Insmelumanisunms (medical applications) Lilesannisfneiniediu
Wsilefndanunsavendensuanteanvedtsiufiisrtedunalnuiy deanniznseladeiifinade
31359 Tinvesddi®in Feaziinnsuanseaniluandrefuesnluiufudadeduy wu innsinde
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(infection) 19ulsn (disease) MonsiAnanIzATen (stress) 1Wusu Fauunliunmsidemalusile
fndlutihgiulddatiluiinsinvmisiuiiiendesdensinlsae deldilusudnmilse
thug wie@i3unin “protein marker” isldduundnvarveinsidulsasonsuanioonvedusiiui
Wasuudasly venanddvldlunsmldsfuiifanuaiosgwonisiuniuuniue fnlsaly
AAMINTILEYNLNEYNTTY (pharmaceutical industry) 3néne fedunsnylusiledndludaiidin
JeilmnudAguasiimudnduetianndensiauiuazsesenssdanuifnariiiolmanuszlovd
GG

ynnamisinermansnisuwmdludagiiu mssnwilsefiendenisdlavesszuunionaln
nsdalsaiuiedudedidmuddgdvegiann wonanazdagliiaaeusingslunsddedouda
Haanunsoifiunuuiuglunsliesigy wagtglumsmausuiiednvilsafiAatuluduagld fedy
nsfnunlusilefndifielfidnlafenszuinnisduiaduiidenedisunsvargluudveanidnu
(Liumbruno, 2008) uazdinisAnulusilefindvadlsanainuaresiarauuuindeuaslifade ield
Tusyyrdinvedlsalumanisunng wu lsavasnidondusd (stroke and vascular disease) lsAuziss
(cancers) 15ALUMITU (diabetes) 1sALand (human immunodeficiency virus) 15awsa (herpes
simplex virus) lsanansilly  (Francisella tularensis infection) WagAURAUNRYDITEUUANBY
drunans (central nervous system disorders) iugu nonanddsfinsuszandldlusiledndman
AansusnIstadin (Transfusion medicine) luns@nwiiveadnidenuns (erythrocyte membrane
protein) vasfihedulsadinidenunsguidns (Sickle cell disease) wialdlunissuunnisiialsa
¥indl GemuinddulsiuiiimaSeusasiiuandatuis 44 sUuuu mndrduvestusiudaiana
22 3UuUU (Kakhniashvili et al., 2005) e?fﬁayjaﬁlﬁmmmﬁﬂﬂﬁﬂmﬁammL%amiﬂwaq‘[mqa%ﬁa
wasnihitveslusfusenalnnisasdyainiuy receptor I saulufsanunsavendnunsfiunnsneiu
yasfinsindonunaiioiinnsandounaise (malara-infected RBCs) lé8ndne (Florens et al,,
2004) 9 nfinanludsiuinuenanaziinsinwiiiessyviiavedlsands Salnsanvuiieldlums
wndvnsnilumsadssendieengvsliegisiivssansnmuazasafoanlsiuvesdaldin fignaiis
JusiitesiafuretadefiviliAnnisgdonievinaswaduedel@in Sedasdumnazdinisfinm
TusAledindvessruugiduiuvesdnidenisiuidoniomindulantasy wiilusiudiing
LLamaaﬂLﬁmﬁmmiamL%amﬂizqﬂm‘lﬁﬂumimﬁmm 1Hlea9nssTNvIANITIN AT LAY ATYTE N
fauuandrsanvesyed Sndniusazvinffiszuugidutunienisuanseanuoslsiud
wnsnsiudadieinnsinde enshegraty msRnme Mycobacterium bovis Tinastinfidudou
wandudosunsieredin viefliingnifanduind “iaulse” Ssn1sfnwilusilefindvesded@inusioy
Uszamazilimauisnnuuanisesszuugiiduiunazenudfguedusiuiivongvslunsd
dotalseld wazanunsnilusfumaniuinfnuamuaniBuasiannduinfuriesitestulsaid
Usgansnnsioly
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3.1 mavhldesadaeuinge

A hydroph/{a pnidesluemsidenteviaman Nutrent Broth (NB) ﬁam‘m:ﬁ 37 °C Wuan
18 dlus udiideuszana 1 % laluowns NB Tnd Umﬁum‘mammm 37 °C quUNTZINIAT ODeoo
WNAU 1 snwvummuwaimﬂﬁvmml x 10" cells/ml (Reyes-Becerril et al.,, 2016) mﬂuu
wuAfiisegnuUdldnasn micro tube fivaendeusuims 1 ml vhnstuiiedravaduuaiiiede
phosphate-buffered saline (PBS pH 7.4) 2 A aﬂiazmamaéumﬁL%‘aﬁm'%auﬁgﬂﬁmﬁﬂLﬁuLﬁam
5zdwie inoculation Tasunndfiieasguszsmy dlunismaassaieilldassdasu any
Usznas 4 T :nuisnaisnan Tud shdu $idn Smdevayd Medradenszgnifuieunisdnide
Lezndednde 1 war 24 Falus Insasimshnnsivsinawadidadenasadinuinandnden
wanaziadiindenuadieLaies hemocytometer wavinsiiusendiuusznevvesden (in
Fonun Windenuns 350 waznarau)dieldlunmsveasssely

a d o _a a
3.2 Mmyessinslsuwlasasdumemaiansuanivlniindg (RNA-Seq)
wadlaidionannidenyianun (whole blood) gnafin RNA daegaainain TRizol™ lasduneu
nsafinlaseyluaainvesusm Wels  total RNA 2nUwLAN DNAase Lievinats DNA 919199y
Yuidouseninadunaunisain RNA LaIRTId0UAMAINNDUNILYI1 RNAseq  lagldinTaq
nanodrop spectrophotometer Lag Agarose gel electrophoresis 201 RNA Qﬂa%ﬁﬂlﬂu cDNA
LaggninlviduatwazBaumeiliouse (adapter) MNT1UAGULE Waviin1swen cONA aanlu
1% a Y = a a g A Yy a . . o a &
b ULAE LLafmﬂizLmu@mmwmamLauLamLwalmmamﬁaq Agilent2100Bio Analyzer 110LaULD
N = 2 a da s s o a A v I3 s v & = =
aodeinsvudadanilnswesndumne nefduendeudonuasiaumasduluniduana 3
= dy [ (5 @ A = < A a a a s goj v aa ] o o aa 1 1
nildluanailazdvediudaiaviadaiaiuduudueluneaduniasdmiuiniigenieg
el dawasedujiseivdensuds Tunilmeafuezdfduesuwuuimiiouiududuyafnegi
@ A = o o w | o w Yaoa a J . . A
Wnda Feazthlumaduiuasely Tunmsmaiduiualdisiiteni sequencing by synthesis Liaw1
o w a v ¢ o ¢ a a =~ 1
avutuaaowe lagldouled DNA polymerase Tunisdauasigvansdueainfoueaisineli
JuAduieanag Sudumenisihfilduefifamedindea ldasly PicoTiterPlatetm (PTP) &3 PTP
Usznausienay lnendamquaiunsaussqusuasianuala 75 picoliters wazussylaiiesdinda
Weaity ssluniladindeduiieuldtiuni reads wdsnnisussydindndneduuds 1 PTP 11
LAT8Y 454/Roche F4LATDZLANANTAYANANN Sauud A, T, C, G wuudnludidlagiiuiinnale
Induinluiiagsin dndnafufduesuluuriniuinziuwasinuiisen Tuvaeitnalelnddiaun
zgnatseenil antwdledinsdeasfiduieriaiduled DNA polymerase agifinnsiUfsunias
neujAsenadl Feaziinisuandaesarsiulsvoaln (PP)  wazidulwd sulfurylase  azvimiinig
Wasuwlasarstulswaams fen1391UfA3811u adenosine 5 -phosphosulfate (APS) langasu
ATP eanunantu wulesd luciferease agldnwdsanu ATP Wuansassuuagld luciferin Tanandaus
I . . 1 Y a 1 I [ v = %
Wuas oxyluciferin - danalviiinnisUandaesuandudygyineanun wasaggnduiinais CCD
camera lagdygauainlanlanseonunazusdinidndiunea 1nuiindlelnaiieuls delusunsy
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wwadensmiuansmuitutuvesuasiiouldluusasiandlolnd Sondn Flow gram veausiagngui
oglu PTP 1l Wleviunsntsnouausswesssififlefinisindonuafiouas seydonagniives
unigene 7 grudeyagnltiiiesyyTonazdnngu unigene Uszneusie NR (NCBI non-redundant
protein sequences), GO (Gene Ontology), KOG (euKaryotic Orthologous Groups), KO (KEGG
Orthology), Pfam (Protein family) A1 Read count 91nn15IANISHLERAIDDNTDIBU Qﬂlﬁ?j’Lﬁaﬁwmm
uazszyBuinanseenuanssiulunsiazdisia Taegnuanadu Volcano plots Tneduanieen 7
log2(Fold Change) >1 wansi1 iuBuiluanisenifintunay <-1 wansinButunanoonanas il o
value < 0.005 LaglAanI91UIUIBY Unigene ﬁLﬂﬁuLLﬂaaiugﬂ Venn diagramThe threshold was
normally set as: [log2(Fold Change)] > or < 1 and g-value < 0.005 Iﬂﬂmﬁagmﬁﬁayja U4 KEGG
pathway  \ileszyuazyiunenalnnismevaussionisindeuuafifeluassdinunisuisuiioy
KEGG Tneazsey 20 pathway usniifisnuiusniian

3.3 nsuengasiliadonynuazdsud wiunisAnwuuunaulusiiumeweada proteomics

Fmsfiudonanasuidldlunasadasnide 15 ml fadeusie 0.89% EDTA udasaldit a°C
Hhuan 30 undiitel wanaun dindenvnazfindenunumendu anduldwnaeestivniiazonn
@m%u’w,ﬁmﬁammﬂdﬁaammaawmm 15 ml wérduiesit 5,000xg LWunan 10 unil figauvnd 4
°C iiovlidnidenunillduiavstsiulasgnduiidunaanuasdindonuasenn daunisusnifu
Fuaspidvinldlaidonassdfildldnantu EDTA  deiislifigumnd 4 «C ielhAnnisueniy
S¥INTSUAURZNaUTeden 14 steriled pastures pipette @91LLEJﬂEi’JuﬁILﬁﬂ%%ﬂ%ﬂlﬁuﬁhu%aﬂ
gaaumaafiiinsuenieenunanazneudenivll uariduiilunznewdenly thludumiesd
3000xg U 10 W17 garfiuiendudiduveanadl ihdsuluiuliieamai -70°C weiiusnwlAle
lunsveasmald

3.4 Mawieuiegnlusivanidindentiuasdsuiedinseiuuuunulusiugoy SDS-PAGE

Ry lysis buffer Fefiduusznaufa 1% SDS in 50 mM Tris-HCL pH 6.8 luwadifindany
wazdsy 9nthuunlagldiados homogenizer usslumsvinlilusiuiadeafuie Amplitude = 80%
aosnss afaar 10 3wt TnsTushugnanagnoudie osdlauudifu finan 10 (W) %
trichloroacetic (TCA) wa 0.07 (v/v) % [-mercaptoethanol wdaudlifi -20 °C aghatioy 16 Falua
nnuiumiesansararslusiu finnuids 10,000xg figauvigdl 4 °C 1unan 5 it iiudunznou
TUsiu uwddnzneulusiudnansads ¢ 50 mM Dithiothreitol (DTT) luesdlauutifu nznou
TUsiugnyilusiafigamaiiviosndrazaronduse 0.1% RapidGest SF surfactant 1u 20 mM
Armonium bicarbonate TUsfuaInwaddadenukasdsugnueneendu 2 dufe dauwsninly
AATIER proteomics WUV gel-free proteomics drufiaes aTaaURUULHLANYElUSALLAzIUY
Indlasnisuensne 4-20% gradient SDS-PAGE Tnsmnuituduedlusiiugninse Micro BCA'™
protein assay kit (Thermo Scientific, USA) lagld Bovine Serum Albumin, Factor V (Sigma, USA)
Julushiugmnsgiu (0-60 pg/ml)
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' ) ¢ . A a ° a
3.5 mideglushunaieules trypsin essysialusiuuasimuinmynnanisuanieanyes
Tshiu
N9 in-solution digestion gnAALUaIMINTZVeY E-Kobin et al. (2016) Iagyiin1siAu 1 mg

TUsAuaslu 5 mM Dithiothreitol (DTT), 10 mM ammonium bicarbonate # 60 °C 1Huan 1
Fala Wevinaneiuse disulfide wagvinliiAn alkylation A28 15 mM lodoacetamide (IAA) Tu 10
mM ammonium bicarbonate gaungivies Wuaan 1 Faludlunisa ndsainiu dalusiulidudue

A8 trypsin (Promega, Germany); Tudns1d@u 1 ng U84 trypsin ag 50 ng YoslusAu 7i 37 °C
Frudu andurilFansazanslsiuiigaut waazanendude 0.19% formic acid wdtenndesen
PPRERLE C18-ZipTip (Metler, UK) a1nduszanslunaduiienndae 15-60%
Acetronitrile/0.1%formic acid uddaduaTas LC-MS/MS spectrometer (NanoAcquity system)

3.6 AuIUIualUsAUAIY tandem mass spectroscopy (SynaptHDMS)

LUUVLVlﬁﬁEJ'aEJLLéJJQﬂ W H™ #e formic acid Waa@adn NanoAcquity system (Waters Corp.,
Milford, MA) Taglamaauil Cig 5 pm, 180-um X 20-mm Trap column W@y BEH-130 Ci5 1.7 pm.,
100-um X100-mm %ﬂLﬁu reversed phase column (Waters Corp., Milford, MA) lg9ms1nsiua
289613 400 nU/min SOULSATEGIE 0.1 % formic acid wazassil 2 4x@ae 100 % Acetonitrile u
0.1 % Formic acid Tngld quadrupole Wusainininvedlessy lunsiausuna intensity o
vonU3inalusiudiuansoan ald DeCyder™ MS 2.0 worduisdalunsiasudyana tin/
Usgq lUidu generic format (.mgf) G’ﬁﬁ%gmﬁﬂuﬁugm%}amﬁa NCBI-nr database (update August
07, 2015) Iagld MASCOT algorithm (Matrix Science version 2.2, London, UK) 984 Bruker
Daltonics BioTools 2.2 software (GE Healthcare Europe GmbH, Freiburg, Germany) lagfitnua
amnsfimeded 1) fadereulad trypsin 2) modification with carbamidomethyl Dearnidation
(NQ), Oxidation (M), Phopho (ST) and Phospho (Y), 3) Fananaalanilends

3.7 Mhasenadfvewansiuansuladng

AadeNskanseanvadlusAuluan 0 Falue 1 93lus 24 3lu gNUNANAIUIMAIULANATY
NNADRA f8 pair-wise ttest 91 95% (p-value <0.05). ALAAEAITLAAIDDNUDILUTAUNLNLTULAY
anasvedlUsiuain Wadonvniuasdsu gnasnene Hierarchical clustering agldluswnsy TMEV

MeV version 4.9.0 software

3.8 nsfinwmslaaudunasfinwnaantveaddlng Cathelicidin luassidagy
3.8.1 N1ain total RNA 91nidenassid

NeLLdDn9sTIdENLUSINAS 250 pl futihen TRIZOL LS Reagent 750 ul viliiwaduan
Fronslitungatu-as dilutud 15-30 °C unan 5 unit 9antduis Chloroform 200 pl udwve
wasanaassioaliun 15 3unft Uadl 15-30 °C Wunan 2-15 wift dumdesderinuns 12000xg
7i 2-8 °C \Juian 15 wni andulalalu tube Tnl 9t isopropyl alcohol 500 pl Wiludui
15-30 °C tHuan 10 wnit udrdumlsafemnua 12000xg 7 2-8 °C WWunan 10 it gadaulaiia
Audmmgnouly fin 75% ethanol 1 ml wdawendiein3es vortex mixer Juwissneamsa
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7500xg 71 2-8 °C Hunan 5 wiit arntuiialiuste @ir dry) Usvana 5-10 wiit udiu DEPC-
treated water 25-50 ul
3.8.2 n3rdn DNA fivudiousleieules! DNasel
g@13azan8 total RNA solution 1-8 il L#s 10x DNasel reaction buffer 1 pl uazieules

DNasel 1l thluusd 37 °C \Wuan 30 wiit aandhuiiu DNase stop solution (EDTA, pH 8.0) 1
ul Uusafl 65 °C funan 10 wndl

3.8.3 N9 first strand cDNA synthesis

NN5EUATIZA first strand cDNA lagle RT-PCR kit, Vivantis 19 total RNA template

10 pl oligodT primer 1 pl USuuSunnsaie RNase-free water T 12 pl 1dly Heat 7 65 °C \Ju
1281 5 W19l mﬂﬁ?m']wwfm%q 1 U9 UaLAY Reaction master mix (10X reaction buffer 4 pl,
10 mM dNTP mix 2 pl waz MuLV Reverse transcriptase 1 ul waslwgiu dluvnd 42 °C \Ju
181 60 Wit ud Heat 71 70 °C Wluiaan 5w

3.8.4 myvinUSnaiulesieweaila Polymerase Chain Reaction e PCR

2ONWUY primer MNUSI0M conserve 184 BuaLsadnu PntuasetesrUsEnauves
Uf)Ase9i@e13 10X Taq reaction buffer 5 pl, 10 mM dNTP mix 1 pl, 25 mM MgCl2 3 pl, 10 uM
forward primer 2 pl, 10 uM reverse primer 2 ul, Tag DNA polymerase (Vivantis) 0.5 pl, cDNA
template 5 pl U§uU3umssie RNase-free water 1Ju 50 pl wonduades PCR mulusunsy
(fap157991 3.1) as1980U PCR product 18 agarose gel electrophoresis fnuauvad PCR product
fideans ievh el purify f78 GF-1 AmbiClean Kit (Vivantis)

| ° ) o A a e aaa v
AITNN 3.1 dAL@NIUNITNT PCR INDUATIENYUANLTAYAUYDITLLUAYNL

Condition Temperature (°C) Time Cycle
Pre-Denaturation 95 3 min 1
Denaturation 95 30 sec

35
Annealing 45-60 30 sec
Extension 72 45 sec
Post-extension 72 72 3 min 1
Cooling 4 oC 1




ar

3.8.5 maideudy (Ligation) igwanadin pTG19-T vector
Vi"mm,%amﬁumLﬁﬁ%ﬁuﬁﬂéwmaﬁm pTG19-T vector (2X Rapid Ligation Buffer, T4
DNA Ligase 5 pl, pTG19-T vector (50ng) 1 pl, PCR product 3 ul, T4 DNA Ligase (3 units/ pl) 1
Ul USUUSIMM58e Nuclease-free water (Ju 10 pl thluusdl 16 °C Wunandwdu arniush
recombinant plasmid ﬁlﬁdﬂﬂiauvﬁ?d DH50L competent cells fnidanlaladiiadayuu LB agar
718733 blue-white colony selection Ul LB agar ﬁﬁmﬂﬁ%aus ampicillin IPTG wag X-Gal ¥inn1g
a@nm recombinant plasmid A28 GF-1 plasmid DNA extraction kit (Vivantis) L&1UI11052980U
§e restriction  enzyme  1agfindae BamHl  #3988uvunnvesieweiildsie acarose  gel
electrophoresis @1 recombinant plasmid ma&duiianalelng (Nucleotide sequencing) iiiedudiu
nadnAs
3.8.6 Mimanuidindlenavesduasd@iuuuy full-length
DNV specific forward primer 31ANAYBY sequencing (partial sequence) filann
59 PCR adausn andusih PCR 8nads Taeld oligodT primer U4 reverse primer A519@eU
PCR product 78 agarose gel electrophoresis finuauwes PCR product fifoenns wievh gel
purify a8 GF-1 AmbiClean Kit (Vivantis) ﬁwmn%au%umLﬁﬁ%am%”]gjwmaﬁm pTG19-T vector
WAds recombinant plasmid JAsizvimaisuiiinglelng (Nucleotide sequencing) aanALUU
specific reverse primer IMNNAYBY sequencing e wdwi PCR §ﬂﬂ§ﬂimﬂw NUP primer W
forward primer \ilomanduiandlelndmasutane 5’ insidien PCR product Lingwanadio
DTG19-T vector W&3@3 recombinant plasmid fiednsievimdduiandlolnddiudu (full-
length)

a

3.8.7 Wawsiaavindlelnavesdunisadiu

nwaved full length w89 BuANsaTAU vinn1swUasanaauiandlelnamduaisu
nsmexiily Mntunavesddunsaeziluvesasadnuluinszeigelusunsy BLAST wWisuiiiou
Srunsnezilunaiiudans Cterminus  iviudhiduaisadauddlng wWisldddunsaeziily
fananlunsduasmesidlndeisddiudmniulflunmeaeunmaduuindduidogadn vinns
Wisuiuddunsneziluvesnisadnuainassidareiusvesunsddnududanisin Amino
acid sequence alignment Wag Phylogenetic tree salusunsy ClustalOmega iuelATIase
ARgnliveIneaTANIINATEaeNusinelaelUsLNTL I-TASSER server wagvinunelassasianfend
voulUlndausadnu faelusunsy PEP-FOLD server vunetnsdidunsneziluiifianuaiunsely

n15.u antimicrobial peptide #18) Antimicrobial Sequence Scanning System
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3.9 mefnweaaiFlunssudininslyeategdunidveaidindasadfuvesessidany
yhmadsndouuaiSeiisioanismaaeuluang Mueller-hinton broth (MHB) 7 37 °C lvfe
Tur29 mid Log phase udanisidoaraidase PBS buffer Iildansazarsuuailise 10° CFU/mL
Wuasazansuuaiiise 25 ul aslu 96-well microtiter cell-culture plate uan@uansazarulng
11 25 pl (Felvidadudutumia () aslu 96-well microtiter cell-culture plate (¥
AuAuld antibiotic unuansagaeUlng) vufl 37 °C 1Buian 3 Falus aanifuidin MHB 50 pl Uy

7 37 °C Huan 18 Falus Wivansazats 0.015% resazurin 30 pl Undi 37 °C 1Huaan 2 42lug

S a adada

wuATiSenfiTinvzasudvesansasane resazurin Mndunduludvuy anududutiovanveady

(%
Y

Inavarusadudinisiasyidvinvesiuaiisela  @u1Eu) 15977 Minimal — inhibitory

concentrations (MICs)

310 msAnwnalansdudinaaiyresdeuvaiidevenuylndmisadiusendosqanssami
Bidnmsou
vilndaans1m (Scanning Electron Microscope; SEM)

MAIsmseuEplUATIS87ineIn1snaaaulilafn ODg, Useanu 0.1 anntuliungisavans

I3 P a q I3 a
WadwuAMSaUSuImS 100 pl (100 CFU/mU) wazarsazarewdlng 100 lulasans (1:1)  ashu
microtube wu1A 1.5 ml 1nUUYINNS incubated # 37 °C WuwatUssanas 2 3lue 3nTusinnig

fix Wwadde 2.5% glutaraldehyde (w/v) Usganas 1 93la wd2190U 0.2 Um polycarbonate
membrane filter (Sartorius AG, G ottingen, Germany) nTuE1RaE 10 mM PBS deansa wdaih
WAAUU membrane 11911A1S dehydrate A28 30% ethanol, 50% ethanol, 70% ethanol way
90% ethanol sgnsas 1 A%a adsas 15 Wil MudIRU antTudedae 100% ethanol 2 a%s afvaz
15 w1l 91ntuth membrane 1WA3eI CPD udavnsiadoumesasuuiamas uavdosdionass
9an3IALBaANTOULUVAINTIA (LEO1450VP, LEO Electron Microscopy, Cambridge, England)

3.11 minaasuauiuivvesdylndrsdBfudewadidadonuasyed (hemolytic activity)

WiraaiinldontanuesyBiu1ansnig phosphate buffer saline pH 7.4 (PBS) 3 A3 90ty
A a § A [ i & a ¢ & I~
WoanUsnasadliaiaenunsiig PBS  Tila 2% (w/v) antuingasidaidenwnsaslurasn
micro-centrifuge tubes nuuTUnasaza1elUnausunms 10 pl (3.13-200 pg/ml) asldly
ansavanewaalindenuns udruniigaugll 37 °C Wunan 1 9lug anduiuwiedianusisey
1,000xg tHut1a1 5 w1l ¥dau supemnatant 113nA1 Optical density (OD) 7 415 nm laglunis
nnaadld Triton X-100 u positive control WIAIUMIAT % hemolytic AENTHsl

% hemolytic = ([A415 nm, peptidel/[A415 nm, 1% [v/v] Triton X-100]) x 100
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3.12 nanegeuanuduiveesdulndrisidiudewad inlusuanadeinuywd (NHDF cell) lng33

MTT assay

FmsasasadUsinns 100 ul Tu 96-well plate ImwmwwmLLuuL%aaﬂlW‘[mumamaw
5x10°cells/well Usilug CO, Incubator fiffUTuas CO, ogf 5% gamgil 37 °C (WHuran 16 Falus
swiaiuinisideasiaegraudlng@aeds twofold serial dilution irududu 3.13-200
pg/ml §1891%15 EMEM laitdiu FBS wloasu 16 d2lusudavinnisga medium  eanlagld
micropipette wazifusagadonaszidatliluusasvau diluualug CO, Incubator 1Wuwian 24
Halus mﬂﬁummmiﬁaaéwaaﬂimw micropipette Wa1¥11n15LAL MTT  reagent _(0.5mg/mV)
Usums 100 ul asluTuusiay well ‘vnmilfumLms]ﬂaumlﬂuuium CO, Incubator Snass LUuL’Jm il
ﬁv’ﬂm NI0IUAANAN formazan ‘?Ju AnE13aYany MTT reagent ponlagldy micropipette mﬂuumu
a1sazans DMSO U3anas 100 pl adluluusiazvay iluduludie iunan 2 dalus ielsindn
formazan avaigagsanysal udhluindgandulasiinnnuenadu 570 nm  Iagldiaios
microplate reader uwarAIWINAINITRTINVOUTAE lasuanslugUTovazranqualunl (% of

control)

3.13 msfnwnguisiueyyadassuasqrsdusniavvadlalnslaiamalilnadusnessidany

nsiseilamidunmsaudennassluddeludnivaaswoamiine dovouuny il ACUC-
KKU-52/60 wdanasgidgniiuain usenessis luan 91dn dawdavays laeviinisgaidensaindiu
supravertibral branch 981 internal jugular vein Tuassidsznineeny 1-3 U lneidengninulunaen
Uasaite 1un 15 ml fiadeudisansiudenudiafie 0.08 ¢ EDTA anuidendzgnifiuil 4
LTJunmﬁﬁmﬁuLﬁdﬁLﬁmmiLLsm%’ju Imm‘ﬁmLﬁaﬂLLmﬁasJ'ﬁz?uudeaﬂLﬁulﬂwaaﬂﬂaam%aimﬁ 156!
amumaammq 3 ﬂ’iﬂ A phosphate buffer saline (PBS), pH 7.0 LLaaﬂu 3,000xg tuan 5 Wil
figaunndl 4 °C Pntudedeindy 5 whesslsinasdindenuns arntuwedunansieauns
LLaaUaaaiwaaumammﬂmﬂaouunm 10 w#t Jufl 10,000x¢ 1 Hutaa1 20 Wi wdnfivansazans
dwla (supernatant) waziiluviliuiessnemaia lyophilized wanfiulii 70 °C deuthdrets
Sulnaduluimsvnassiuseld

3.13.1 m3deslusiudlalnadumetoule trypsin uazioulesl papain

nsgeslusiumeaiouledyinniuds Yu (Yu et al, 2006) wazAuzAs  a@1sazaie

glulnadugneaemielusiu trypsin Wag papain AI88n51d9U enzyme #i9 substrate 1:100 (w/w)
figaungdl 37 °C an 2 4 6 8 Slusuazduiigamgil 95 °C Wunan 10 wnd wWiodudanisviauwes
wule] Tnennseesld pH 7.5 §9U5u pH #e 1 M HCL anndhuilumiesiinnnungs 7,168xe Wunan
20 ¥l wannuamzdulanazusu pH Tidu 7.0 se 1 M HCL wSe 1 M NaOH warirluyinlwuis
waufuli -70 °C

3.13.2 nsAnwseaiunstesvadlusiiu (degree of hydrolysis)

N157ND1989m117I8V0e Benjakul wazAmg (Benjakul et al., 1997) Aa 125 pl vaq

CHHs (1 mg/ml) waudu 2.0 ml 983 0.21 M sodium phosphate buffer, pH 8.2, My
ansazany 0.01% TNBS dhunaugnuulusieiigu 50 esausadoa 30 wif luannedoudufu 2
ml 984 0.1 M sodium sulfite iflevignufiisen anduiididu 15 wit Yadganduuasiiniuem
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AAY 420 nm Y89 Ol-amino acid content AzLEAIAUNUILVDY L-leucine 198 % SEAUN1SEBY
TUshudlansnisAuinmall

DH = [(Lt — Lo)/(Lmax — Lo)] x 100

Tagrmualit L, #io $1uau Q-amino acid fignuantdesiinailag
Lo Ao §717u Ql-amino acid flazaneegluuizensusiu
Linax #9 37121 a-amino acid fiAntuiesunisgosegnaauysal éne 5
M HCL#1 100 °C 1uiaan 24 47T

3.13.3 mafnwgvisiueyyadaseieds DPPH assay

Anuansalunsiueuyadaszvedlusiuslulnadulalaslaiangnvageudies DPPH
radical scavenging capacity mimaaaﬁlﬂﬁ%mﬁwmzﬁmmm:uﬂiaiuﬂmf]umié’ma%a@aiz
F1 Tdanrsarvas 2,2-diphenyl-1-picrylhydrazyl  (DPPH)  n1snaasdsuannmieudiegslusiu
lulnadulalaslaandinnnududusiieg Usues 50 pl nauasluansazats 0.0004 M DPPH U3u10s
50 pl Mntudaludidadunan 5 wift Yadfdeundasiidmaganduuasiinaueniadu 490 nm Tu
ﬂﬁiﬁﬂaaﬂﬁﬁ]ﬂ% vitamin C L‘flumj:u positive control I@ﬂi%ﬂfﬂﬂguLﬁUﬂdm negative control 1Al
&lUfaam % inhibition snuaunst

% Antioxidant inhibition = [(Abscont — Abstest)/Abscont] x 100

3.13.4 MsAnwgmsiueyyadasefies Ferric Reducing Power Assay
nsNAABUEFLeYYaBasEaedE ferric reducing power gnufulAsuaIninisues
Girgih wazamg (Girgih et al,, 2011) yhlalaiaisazarslusiudlulnadulalaslaanysuins 100
ul tiuaslu 0.2 M phosphate buffer pH 6.6 Usu1015 250 pl Mntuivasazans potassium
hexacyanoferrate 1% (w/v) UTinns 250 pl ansazansgnuaslyiiiniuse vortex wdruaiigumgd
50 °C \fuiian 20 Wit niungaufiseds 10% TCA U5uns 250 pl wagiialy 10 unit wéatludi
800xg 10 w1l W"F981991nUATEeN 30 pl NaufUT 160 ul wag 0.19% (w/v) ferric chloride (10
ub) TneufAsengnuaaatlu 96-well plate niunausosslidnfunasisliigangfivos 10 wf
nsnmaasiiagld glutathione 1u positive control antutamnspandunasiianiueniadu 700
nm Insusazdiegievinatud Tneanfiinldduieutua Trolox waggnAuImmNaNnITdunss
Y99§19814 positive control
3.13.5 nafinwqvsusyyadassedE Linoleic Peroxidation Assay
MINAABUMEFNUBYLaBaTEMETS inoleic peroxidation gnufulABuaINIBn1sUes
Ledesma wazAmug (Ledesma et al., 2009) ylalasulusaudlalnadulalaslaandsuing 50 pl
(5-500 pg/ml) thnasluansazane linoleic acid USuas 50 pl Vimauagﬂumsazma 0.07 M ABAP
U395 10 ul wawansazanelidndu 91nduiinnss acetic (20% vA) Usu1ns 150 ﬁmﬂgjﬁ%mﬁ
gaumgdl 70 °C Wunan 1 9alue 1hieg199nUFATeN 20 pl waudu 75% ethanol U330 160 pl
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fifiansazane 15% arnmonium thiocyanate U3uas 10 pl wagaisazaiy 10 mM ferrous chloride
(10 b Imaﬂgmmmwmaaﬂu 96-vvell ptate mﬂuumaumamﬂmLﬁmﬂuLLaumhmmmwaq 3
Tl mﬂummmmimﬂauLLawmmmmau 500 nm Tnsusiagfognevhanus, Imammmlmﬂu
\WguAUAT Trolox Wag)NAIMANNENNNSIHUATIVRIRIBENY positive control

% Antioxidant inhibition = [(Abscont — Abstest)/Abscont] x 100

3.13.6 nafinwgrisusniaufenisnnainlunineenled (itric Oxide) wasAnwin1ssen
Finvougas (cell viability)
Anwgnidunisdnauveslusiudlulnadulalaslaanlaonisnszduliioad RAW 264.7
TiAnnsdniaudae LPS daifiSnnsfie dousad RAW 264.7 Tuemwns RPMI 1640 fiusznaudie
10% (v/v) heat-inactivated FBS way 1% (v/v) antibiotic IuﬁjﬂmL%aﬁﬁﬁm%uaﬂﬂaaﬂl%ﬁ (CO,)
5 % (v/v) igaunindl 37 °C Wunan 12-16 F2lus uazuvsnisvaasseeniduaungy Tnenduivadi
lmaﬂﬂiumﬂmmmiamau (untreated) l#vhnisdsuomadsnsadeiaifuoeniagiinems
\Aoaadfififies 1% (vA) antibiotic nquauAa lavhnmsnszquliigadveaeuiiansdniauds
LPS Inerdpaeadluammns RPMI 1640 il LPS aududu 100 ng/ml iissagnafien wagna
naaes Ingyinsideaead RAW 264.7 Tuawns RPMI 1640 fiusgnaudae LPS fiennuidudu 100
ng/ml suiulusiudlalnadulalaslaianiienududusingg (125-500 pug/ml) Rniutuiigumad
37 °C §i5l CO, 5 % (v/v) Wuran 24 49109 nsasratau3una NO agvhnisasiatnlalnenssan
DINSIABAYAE dungnaumadrgninUAnKSnIIN1TTenTindae38 MTT assay Tnsn1sinusana
NO ﬁﬂ@&mmmmnﬁyaqL%aéﬂ%mm 100 pl naunuasazane Griess [2% (%w/v) N-(1-naphtyl)-
ethylened|am|ne waz 2% (%w/v) sulfanilamide Tu 4% (%w/v) phosphonc acid] Uimm 100 pt
Mndussidlifgumgifeaduia 10 il uErinANMsgAnduLAsT 540 nm FelAdesinAinis
@mﬂauLLamuuiuTﬂiLwam prneuwadivdsegazgnAnuinissendinvonead lngiinaisazate
MTT (a1aidiadu 0.5 me/ml) U3anms 100 vy aniutufigamad 37 °C iuaan 2 dalus ey
VT’]ﬂ’li@Jﬂ@’W’]iLgENL%aﬁ@@ﬂ wazavagnzneu formazan My DMSO UTuns 100 pl waztldin
Msganduuasil 570 nm lagidosindnsgandunauululasinan AuluAin1siTinsenves
wad Insuandlugu¥osazsonguenuau (% of control) fsil

% NFATINTOAVDUYAL = AINITAANAULAIN 570 Nm VemqULLATVAZOU X 100
AINIIAANTUIEIN 570 Nm YDIVQUIATAIUAY

3.13.7 manseiavsualelaladidedestunisdniay (L-10 and IL-6)
themnsiassgadainmsvageulude 3.13.6 wwhnsasiatadunaeansdenananis
snau Tnglumsmaaesiazinnisnsia¥au3anames Interleukin 10 (L-10) uag Interleukin 6 (IL-6)
P85 ELISA (R&D, Minneapolis, MN, USA)
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3.13.8 AATwivneatin
WiBuLisuauuAns1IvesAadssEniningunIuaiungunnasigniLAs1Lsifie3s
Analysis of Variance (ANOVA) Uy Dunnett’s test (Prism 5.0, GraphPad Inc., San Diego, CA,
USA) vaneiin: in3emsnenendu (*) Afdumileusuuuusnsvinnedaliunnsistumeaifuay
\n3emsngaenduLANAIILULLIINT AR IAANLANA i UIERANS TR UANLLToEY 95%
(*P< 0.05, ** P< 0.01, ***P < 0.001)

3.14 mylnnininesiluiiiussduseneuvediusiulilnadulalaslaananassidasy

msiegsinsnozilufiussduszneuluduudndlalaslaiamgniaszilagldinaia ion-
exchange chromatography laglunisnaassazinnsanaisazatslusiulalaslaanyiuing 100 pl
dluluades aC|d analyzer (B|ochrom 30+, Cambridge, UK) lagl® post-column ninhydrin
derivation a1niunsIainsefeiAdes spectrophotometric amino acid  analyzer Wa2A1u
USuaunsmezdlulumuig pmol/l

3.15 myeseinsasuilasweduvesnuuiiemeadansaeiulnind (RNA-Seq)

yhmafufeginuunanUamnsidsmenuiug arunivineluladnisuszas auzmalulad
gRaNvNTIINEAS uninerdennidus Inedniiudiutonuazduntdl 30 °C viuft snthuideide
Usnwasnuungniianada RNA feynainain TRIzol™ auisnsvesyaarin iieviinisdnwinng
wWasuulasdusemadansuaniulaind neviinismaassmudsildnanlludteiiluinde
nsAnwnsuaasUlaindluassidaeny (de 3.2)

3.16 mifinwn1suanteenvesduasadaulunun
3.16.1 mafiufegnnuin
yhnafufegranuunaintemnsifsaeuniiug aendvimeluladnisuszas aue
welulaBgaamnssuinens wnnedeniwdug (Uil 3.1) Tnedaiudiulenuagfuusil -30 °C
Viud

‘ .I'-.L' o o -
U7 3.1 fedranuuildlunisiinm
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3.16.2 nania total RNA
¥nnsafia total RNA m1i33n15849 total RNA extraction kit weq Vivantis st 49
Frogrstanuazfiuresnuun 0.3 niu azanelu Buffer TR 700 ul usliwadunn wdatludumies
Faepudy 10,000 rom unan 3 widt mniuindulaas column widunissieanunga
14,000 rpm tJulian 2 w1 Wi 80% ethanol 650 pl 2niudin RNA Binding column Juinies
feauEs 10,000 rpm Huan 1 wid i Wash Buffer 500 pl duwlessiennuss 14,000
rpm 1utaa 1 un# Tun DNase | Digestion Mix 70 pl fisliflgamgiiviondunan 15 wiit a1ntdu
{&y Inhibitor Removal Buffer 500 pl Yuwieadneninands 14,000 rpm WJuan 1 udt iy Wash
Buffer 500 pl Juwaadaeminands 10,000 rpm 1Wuiian 1 undl wdauiiu Wash Buffer 500 pl 8n
s Juisagieaius 10,000 rpm  tHuwaan 1 udl ntuthlumiesdnsouritovinl s
10,000 rpm Juiaan 1 ufl iy RNase-free water Juwileasneninunsa 10,000 rpm 1Human 1
7 WaNUaINTeY total RNA 311 column
3.16.3 N13%11 first strand cDNA synthesis
MN19d0ATIZI first strand cDNA lagld 2-steps RT-PCR kit 989 Vivantis Iagld total
RNA template 5 pl oligo dT primer 1 pl 10 mM dNTP mix 1 ul Us‘uﬂsmmma Nuclease free
water Ty 10 pl mlﬂiwmﬁmawammm 65 °C (Huran 5 uifl Mntuneuutuds 2 il uda
LAy 10 pl ¥83 cDNA synthesis mix (10X buffer M-MuLV 1 pl M-MuLV Reverse transcriptase
RNase H 1 pl (200 u/pl) 0.5 pl wag Nuclease free water 8.5 pl) wasuluiiu ﬂﬂlﬂﬂuﬁqmmqﬁ
42 °C \Yuan 60 mﬁué’ﬂﬁmm%@uﬁammﬁ 85 °C 1Juan 5 w1l
3.16.4 N13%11 Polymerase Chain Reactlon %39 PCR
9NWUU primer 99U3aT conserve vasEunsadnu MnunIoussAUsznauves
UHA381M@e15 10X Taq reaction buffer 5 pl, 10 mM dNTP mix 1 pl, 25 mM MgCl, 3 pl, 10 pM
forward primer 2 pl, 10 uM reverse primer 2 ul, Tag DNA polymerase (Vivantis) 0.5 pl, cDNA
template 5 ul U5uUSu1ms6a8 RNase-free water 10w 50 pl anfuufisenizes anulusunsy (A9
AN3749il 3.2) M573@9U PCR product 918 agarose gel electrophoresis @nLauvas PCR product i
Foans e gel purify §78 GF-1 AmbiClean Kit (Vivantis)

d ] (% o A a LS aaa
M19199 3.2 dN1IE1nIUNITNT PCR IWBILATIZRHUALTATAUYDINUU

Condition Temperature (°C) Time Cycle
Pre-Denaturation 94 2 min 1
Denaturation 94 30 sec
Annealing 50-57 30 sec 35
Extension 72 45-60 sec
Post-extension 72 72 5 min 1
Cooling 4 oC 1
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e rcCATH f?pnmer ‘

Cathelicidin-RC1 Hi§

Cathelicidin-RC2 @

Lf-CATH1 i:h’ll A T N \DGEY BN G FRR A 66

Lf-CATH2 ] (;H\Iﬁ Sl Y ! SDGEFY A0 SIEANCH 66

Cathelicidin-PY IR G LILE E | 2 | (| I

Cathelicidin=-AL I[SVMALYSTHY 13
80 * 100 * 120 4 140

Cathelicidin-RC1 5 4 F

Cathelicidin-RC2

Lf-CATH1

Lf-CATH2

Cathelicidin-PY

Cathelicidin-AL

Cathelicidin-RC1 VKKK

Cathelicidin-RC2

Lf-CATH1

Lf-CATH2

Cathelicidin-PY

Cathelicidin-AL

| a a Aaaa a9 Yo ) ¢ s
?UV] 3.2 L@nusked conserved GU'ENEJ‘UV’T]Lﬁa%@u‘ml%aq‘wsUﬂqi'ﬂ@ﬂLL‘U‘UIW?LN@?

3.16.5 mylanwsiasuiedlelnavesdunsddRuidudu (full-length) Aemaila RACE-
PCR
PONLLUU specific forward primer (gﬂﬁ 3.2) Wielseidvuiedlelvafudu (full
length) saemalin RACE-PCR  dusunisitasisiarduilandlalnasniu 3’ RACE 914 oligo-dT
primer U reverse primer 3211V specific forward primer a¥29&9U PCR product Amemnaila
agarose gel electrophoresis Mniufauauves PCR product 171|(;IJENﬂﬂiﬁﬂM%JUﬂﬂiLLﬁlﬂU%Eleé%uaLﬁu
1® (gel purification) #28 GF-1 AmbiClean Kit (Vivantis) uddsduauiduedinsgindisuiiang
Tolna (nucleotide sequencing) @unisiasizvainuiianalelnaniu 5’RACE 14 specific reverse
orimer 91U NUP primer 18w forward primer iitemanduilandlelndmesutans 5° s
nMeTzaRuiindlelng
3.16.6 Aipvinaanuiiadloindvesdunusidaulunuun
dlolggsuiedlelnsuuufiundy (fulllensth) 2e9duasadiu udwvhnisulasdisu
Shedlelnalidusdunsnezily (amino acid translation) antutnavessfunsneziluvesd
asagRulUTesAfiemasunsaezilumsinulans Cterminus At fiduansadauuding
dieldddunsmezilusinarlunisduasziudndaisddavdmsuldlunismaaeunsduuing
Fudeqadn densiieudfisudwunineriluresnisadauainnuuniuansadnududenis
Amino acid sequence alignment Wag Phylogenetic tree glusunsu ClustalOmega ¥iMune
lassasnRenivesnsagnuannuulaglusinsy I-TASSER server
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3.17 mseanuuukasmIdaaswiivulndasituvesnuun
dsunsaesiiluvesudlndansigauainnuuigninludiasslassasisaeanfsgilaae PEP-
FOLD server (http://bioserv.rpbs.univ-paris-diderot.fr/services/ PEP-FOLD/) \eAnwAuduly
lgves wWilwdaisadmilumsusudsulassarmenilidanuannsalunmseongvdvnadanin
fifuszansnimnniu n1seeniuudUlndlitinndnisiugduniseetu vildlnemaudsunsnesd
Tuedialuduuiing lngasmidnmautivemunliana Ussqans aanugeutiliveut
voadulnddunsest saiimshuweanuaansalunmsiaederuged laswulndieenuuuln
thggninlufnwiuieudiougimednmiuulndasadiuwiuuy

£ o ¢ aaa Y a 0.
3.18 MInTndeugvsduTauUATiSevenUUlndaisatiu #e38 Broth dilution assay
wupiisenlanaaeulunisvaassnssil lawn Bacillus megaterium TISTR 067, B. subtilis TISTR
124, B. cereus TISTR 1449, Staphylococcus aureus TISTR746, Enterococcus faecalis TISTRI27,

Escherichia coli DH5QL, Pseudomonas aeruginosa TISTR1287, Salmonella thyphimurium
TISTR147, Candlida albicans TISTR5554, Aeromonas hydrophila TISTR1321, Salmonella derby
DMST16881 uav Ednardsiella tarda DMST38217 ynsidsaide 12 aneiuglueims Mueller-
hinton broth (MHB) figaumadl 37 °C Trfeglutas mid Log phase wiawhmsideanadiody PBS
buffer pH 7.2 Tldasazarsnuafise 101 CFU/mL anduivansavansuunaiide 5 pl adly tube
PCR udfnansazareldlng S 5 pl adlu tube PCR (amuanldinduunuasazansy
Inéh) Uil 37 °C \Juman 3 Falus aandu inems MHB 90 pl Uufl 37 °C Wuian 18 alus
mﬂﬁ?uﬁﬂiﬂi’mmmi@mﬂﬁuuaqﬁmmm’m?{u 600 nm Faeiidudnisdiufinsasyvente
LuAi3nugnsdal

% Inhibition = [( OD600 control — OD600 test sample ) / OD600 control] x 100

3.19 Mylneinsdsuwawesdulhivieidefemedensuaniulniind
3.19.1 msannerfiuierimitivsevaide
inshsdenivvassienideniglanaesganssauiuvanasle ldasdlunasnvuin 1.5
ml harwazeaseufiudionisifiut DEPC uazgatnesnagnaseiingsds anduifiuans TRizol
reagent V31103 1 ml uasagndliiaziBenuarualifigumgiviesunu 5 unit nduifunaslsnesy
U3ams 200 pl ilfansazaefudofeatuudninludumisiinrunsisey 12,000xg figungi 4
°C 1Wuia 15 Wil gaanigansazaediulu (supernatant) ldadlunaeauddinnaulelelngmn
uea Uuas 500 pl Wansazaneduiilodeniuwastudislifigungivosun 10 und anduihly
Huwissfianuniiseu 12,000xg figumad 4 °C WHuinan 10 wift wansazaslaiundeifissnenon
yesen3idule udidy 75% Levuea U3uns 1 ml iledsihewareinnznoutetensidule fou
thludusissiinuisiseu 7,500xg fgamad 4 °C 1Juan 5 und wansavaneladis ¥inisdneh
Aruazeanenauosiiuednadinewilussmeuiafiotdnionueatidneglunasailgangivios
Mntuaratengneusniiuiedien DEPC U3inms 25 ml upgmstadoumiuuiansueseriidule
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fansosulunsey Tnedunndn A260/A230 Fodimnsening 2.0-2.2 uaz A260/A280 fifm1seming
1.8-2.0 mﬂi‘fumnaauwamiaﬁ“@mﬂﬁuw@mmmwﬁaEJLwﬂﬁﬂ agarose gel electrophoresis
3.19.2 n1saiviesayafidulegau (cONA library) uaznismandulua (sequencing)

Tudumeuiilddenetensduludauson BGl-Tech Usuimagasns Tneitunouetede
fail iegrsonfibuiiataldazgninludusuuuulunisdaunseifiBuedan (complementary DNA;
cDNA) shefislnsiuasledlndd (oligo-dT primer) Wialsufun13dunszst cONA niuensidue
(MRNA) waziinssiesaiden (adapter) Whilvanestiaosdnawes cONA AoulUifinsuaudaeis
PCR bridge amplification wagyinsviaduiuadaesnses Illumina Hi-Seq 4000 mﬂﬁ?mz"l,é’ﬁﬁayja
Auegraummadanedldiiasaume (bioinformatics) lunsliaseinasdnnsestoya lnslusunsy
ﬁiﬁumﬁmwﬁ%’a%a 1A InterPro, Basic Local Alignment Search Tool (BLAST) Gene
Ontology (GO) Kyto Encyclopedia of Gene Genomes (KEGG) EuKaryotic Orthologous Groups
(KOG) wag SWISS-PROT

3.20 n1sAnwwuuwuTUsiluh Rvsewidesemadalusiledind (Proteomics)
3.20.1 MawSemhivwariinseiuunlusiufeisnisves Bradford
nsfiufegisieridennutnuileue) sunedasnsin famiauasnuu Tngving
FushrerdennSseisnsivaenss anduhserideutudoiudl dmiutuneustuiuiifie
2514 forceps wenisiouivesnulavasn micro-centrifuge wadumisaiuiamzdiuthfiwmfui
fivlifgaumgfi 30 °C ntuliesgiviualusiudiemaia Bradford (Bradford, 1976) Tngnasil
Wrasazane Bradford dye 91u7u 1 ml aslunaoannass f\nﬂﬁ?ulﬁmiﬂsﬁuﬁaasmﬁi’mu 1-5 pl
uanlidnfu fefislidung 10 wit widwihnsindmaganduuasit 595 nm thefldluduanm
Uunalusiiuannnsmunsgiuuiunalusiu tngldlusiu bovine serum albumin (BSA) tulusu
1AsgIL MntunTeisUuuUTUsRudoaudewmaia SDS-PAGE
3.20.2 nmfinwkuuLuYesTUsAvluh Awdemneiln 2D-PAGE
3.20.2.1 N15%1 First dimension isoelectric focusing (IEF)

thieghsihiiwieradeuyinisuenivsiulufianausnddusfivaggnueniag
o1fvanTAuLAnAsTuYeIsEy (pl) vuluana Tngagyihnisivanlusfuasuu dry strip Tusas pH 3-
11 9wa 7 cm Mntvimsuenlysiugewrses Ettan IPGphor Fefltuneusiedl 19 strip holder a4
UuLASe Ettan® IPGphor (Amersham Biosciences) 9ni load asazanalusiu (20 ug/strip) 7
NANSNaUNU Rehydration buffer (7 M urea, 2 M thiourea, 2% (w/v) CHAPS, 2 mM DTT, 0.8%
(w/v) IPG buffer and 0.2% bromophenol blue) iivadly strip holder lngi1Usunsgavine@ea 250
ul w&39n15374 IPG strip v11a 13 wufiuns pH 3-10 adlu strip holder Tneaitlniiiaadulia
fuans sty overlay IPG strip 18 dry strip cover fluid Uszana 700 ul wda run program lag
Farin program @S run IEF Tngldnszualudth 9250 Vhr Wunan 12 $lus

3.20.2.2 N5 Equilibrate IPG strip

Incubate IPG strip 9u1@ 7 cm pH 3-11 AU equilibration solution UTuns
2.5 ml#il DTT 0.025 ¢ 1 1an 15 Wit 9anth incubate 1PG strip #aR2Y equilibration solution
U395 2.5 ml 913 1AA 0.0625 ¢ Wuan 15 wdl
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3.20.2.3 N13%1 Second dimension polyacrylamide gel electrophoresis (SDS-PAGE)
nasanuenlushuluiianiansnuallusiuae aﬂLLEJﬂgﬂﬂ%ﬂuﬁﬁvr]\‘iﬁﬁaﬂﬂﬂ
mﬂaammﬁuawmmﬁuaﬂmLaﬂammﬂmﬂﬂu Imﬂiumimmaaﬂmimﬂiﬁn 13% separating gel (SDS-
PAGE) Imaﬂ’limaamummmau 13% gel ¥®Y SDS-polyacrylamide gel mﬂuu'm strip Lay
nsgA1unsesil load  protein marker (W3ws 2 pl) 8391uUUYeL9s Usznaulaaltiiu
Electrophoresis set a2 run program 7 10 mA unan 15 Wit andwdinndu 20 mA wenlusiu
FOAULOUVDY dry ANLIANBA mﬂuumLﬁ]amlﬂmmmsaamiﬂai% Colloidal Coomassie Brilliant
blue G-250
3.20.2.4 m3ydoudlusfunie Colloidal coomassie brilliant blue G-250
dnaadildainnisuenTusiugae SDS-PAGE 1 fix Tu fixing solution (10%
acetic acid, 40% ethanol) Wunatedeies 30 w1 antutaaundeudis  colloidal
coomassie brilliant blue G-250 (8% ammonium sulfate, 0.8% phosphoric acid, 0.08%
Coomassie Blue G-250, 20% methanol, 500 ml) T1uAY ka3%11n1S destain Tneldinduauisiu
spot TUsAudaLau
3.20.2.5 mylaTevideyanniamelusunsy ImageMaster " 2D Platinum
deldgn (spot)  TUsAundsINNIseuALdMNTaLNULHUIAALAL AT E
ANLUANGA9UB390 (spot) TUsAuYenaEusaynauselUsunTl Image master 2D platinum
version 7.0 iielléqelusiuiiauls folushuiifinisuanieeniiuiu vieanas viefimsuansoon
angluunanguneans ievhmsisuifisuuuuunuredysiiuandonassdiivilifaidouuadiGe
AelsatunuuruvedUsiuandenasadiilifinige (control)
3.20.2.6 M3sryviinveclusiu
dlevniswseufisusuuuaunisuansesnveslusiunazidoniusiuiiinis
wanseanidorsudfaiteuuafifonelsauds antuagiinsdnge (spot) TWshuainiaa wdniun
AATIZWN peptide mass fingerprint 978 Mass spectrometry (LC-MS/MS) LLﬁ%ﬁ?ﬁijau‘]a%\‘i
peptide mass fingerprint Tlé 52u5TaAn MW uag pl vaalUsAuusazinduAuuugIuteyalusiu
Mascot (http://www.matrixscience.com/search_form_select.html) Lﬁaizq%ﬁmﬁuaﬂﬂiau
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4.1 nswasuulassunudindeandinisinde

il Order Crocodilia Usgneusie Crocodylidae, Alligatoridae, Gavialidae feoidungu
dnfidesrauiuraulelulundvesainuanunsalunisusuiidedawandeudiuasundasldodid
UszAnsnmeeniden veililosnnfudnifidusidamdusgalaluans uarannsaegsenta
aqiu (van Hoek, 2014) Uszneududnilu Order Crocodilia fiszuunfiduiisiunlaginiani
UsgAnsam  Fadufiinvesinidefisanuaulauasfauyfgiuiniunasiushudinsgduls
Lanseaniiieasudindelussoznandu Uhazdamarenszuiunsnsivasunasneluwadassd
Tnsamzwadidindeniiisrhoudusadnduusnmninliassdfadelnonisdanuaiiiadinssua
Fonvszd Tnawmadafildiiuinsiaasunisiveuntasdunaglusiiufe transcriptomic  was
proteomics J330u wailla transcriptomic kuu RNA-sequencing fomiunfnwinsasuslady
TuresdadiTinethaunsnans Aounthinsiimadatunldfuanuassdiieddinuise wu nsm
Suiasundasluiferfumevesassdszninenisiln (Yatsu et al. , 2016) n1smUSunaua GC Tu
EST (expressed sequence tag) UO4dmd A5¢LU UA LLauuu‘ws (Chojnowski et al., 2007) 3svinl#
Uunaiuluased iduduininisuanseanuay mmmmiauawmmaqaummuumﬂumaauuaEJ
miumswmaaquﬂLUuaﬂmamu%ammEJLﬂmagasuaaaumLLamaaﬂma’LuL%aameaamzmw
nsanieluassdle

TumsneaesillfassdinadoasiusasuengUszana 4 T wiedadouuaiise A hydrophita
wasiiudonndsdn 1 way 24 Falus ntuUeuiisunisuanseenveslusiuuaydu saudedans
Snvazvoasindeaunsazindenvludeaiiiuioudauuadide v3e 0 9w wazndeda
wuailide 91nnisdannassdieioutarndidndonuaiids 1 war 24 Falug nudnaszudlad
woAnTsunsednunzntsueniiudsuld WeAnwddnuurvendaunuazifinidonvsiundes
qansam nuindnuazvesiadadeauniazidadontilifiinisudsuutasesetaiauduiy
(Ut 4.1) uenanildsldvinsiudnurendaifonunuaniiadenyn e hemocytometer &s
wuinUsInasindesvafiusniudssunn 2 wiludedradondndeding 1 dalus Weifigudy
Frogadon 0 93l agnslsfmudig 24 Halus nuinUSunandadenriansiuiuasan 1 $alus
Tnefiusinannninfesns 0 $alus eudniies (gﬂﬁ 4.2A) dwsunansiusuudadenuaiy
wudnsins Lt uuRe Tl Taeft 1 Plumddadoldifiuduutudusiuiudssunn 2 wh
dewteuiu 0 Falus uily 24 Flumddadosuuaiilndidesiu 0 Falug (gih?i 4.2B)
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4 a wva L4 . . % 1 ¥
JUN 4.1 U§URNsaln1mawin 989013 inoculation karn1SURIEEIUGRATEIUAEY (A) YUIA
vl a aa Y N v Y 1 a
5zdnldlunisneaes (B) nsaauuaiiselingnszualionvadaseid (C) mMstiumeg1uien
lnagaa1n internal jugular vein (D) wadliindenvesassidillonsrvdaumendaiganssail
WBC=inLdanu13 RBC= LALEaALAd WOUAE1UININAUANNETI 10 pm

(A) (B)

4500 - a 100000 - a

4000 4 90000 -
= 3500 4 _ 80000 - b
S 3000 - 2 70000 4
B 2500 | b Q6000 | c
Z oo b a2 50000
e 1500 | T 40000 1
s S 30000 1

1000 4 20000 4

500 - 10000 -

0 . . 0
0h 1h 24h 0h 1h 24h
Time Time

o ° a = i o, . Y} N ., A
gﬂw 4.2 Srnumswdsuwlaswesdaidonnoulaynas inoculation Auluailise A hydrophila v 0
1 wag 24 Fa%a9 (A) Swuveadadenand (WBC) (B) Shuiuvaadnidenuwns (RBC)

) a & ™) " & e 2 A = o X oA
PAINITANYD 1 TALUI WU UIUIALA DAV AL ALAIANT UYL 2 Winkilawigy
funaun1sAnLe Wena1sanduiatPsiadenvrwiudule 1 $alue fadnsiiuduIuveyas

¥ ¥
I A a = 1

wailiintuegains Fioradutedenisiviilissuugiduiuniiunlaefiilavesaseidasiud

9
a

UsgAnnmgs mneluayedsuaudadonriiivsfiutundainsiadodu deddinamansdalus
vizeluiu (Honda et al, 2016) dmdusnudadonunsiiiiadu Minasyan (2014) 1§51e9197
dadenvnldanunsavharsuvaiiSoldedsilussansamlunszuadoniiuuaiiFoindeudisng
Arufias uwheadivhansuueiideldiredindeauns Middeieaduoandaidenunsiusyqgooun
NnMsvuiusasvuRvaoniden IwilvannsaduiuaiiSels wazerfveendiauiiogluiaibon
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wasvinane tnevilviineyyadase FadunnisvansuuaiiSenuuion exocytosis (Minasyan 2018)
uéazgnirdndleinidenuasuneigithuuazsu andwiudadoaunaifisdu 2 e
ndEdlinaumgraiiuidn mszuniudrdniiminuandedaidesuurendaienuasilally
i widmiudnifidssgndeiug wadidindeaunsgifiutuidesineiviinueendiautos vh
Iﬁﬂizﬁumwéﬁaﬁ slycoprotein cytokine #8731 erythropoiesis 11l Tunseruadlunszaniss
Msatradadonuns uinszuiunisidedddinategtion 3-4 Su (Major et al,, 1997) Fsluiunla
awfvilidadeaunafsdundsindelused uenandudsd wWulndildannismsaaeses
TUsfu U WUnd lactoferricin anmsaaelusiuluanalugjfie iron-binding lactoferrin eilgw3
Tumséuqadm (Femaud and Evans 2003) uay wWulnd HbbP-1 Fafuulndluansiusnues
Tusiuslulnaduilqnivhareileusan ichthyophthinus multifilis (ch) wazuenanilfanunse
Yaneouuadise A hydrophilal9 (Ullal et al., 2008) Fspnamanisiainlulsadiindonuns
wenaNeendiauiiauisaiatedowuaiiiels wWulaiildarnnisaarslusivauialag
slulnadulnaziidruvinansuaiiiee A Aydrophila \wunu

- 4 1 4 | 4 - )
4.2 nan19insevinisiagunlatvasduluifonssedasnumemeiiansuansdlning
(transcriptomic)

esnuszansnmuemsuansulning (transcriptomics) anunsaianisiasuwlamions
nevauDIensinouUATia e unTsLEneDnTeduT LT UM eanaswemaeBulunanien iy
wazldnafisinss Tnevsuansulng (transcriptome) vianeia RNA transcript aviavaasgad (I
messenger RNA 521913 non-coding RNA) fiiAnainmsuanseenvosdusineg Tusluy NT8YA
nsfnwdlunvesuyed Wninermanslaussanadiuiuguvesnyudlisn 30000 du udluaanudy
3muinandnvesdunisluad fanunainunatsuinnindiusuufivsenaliinn - Jea
LANFNUDINITUEAIDDNLAZIUIUNITNITAALUAIVDS RNA transcript (RNA processing) Tultagdaig
giafunarluanniganeg fu Judedeiddyduniaiiilffnanunainansvesmaninvesduly
uyudfana fadun1sdnwiieifunisuanieantas RNA  transcript %130 auaniulafing
(transcriptomics)  3afiusglenieenannlunisiagiliiinaudilaiesfuiainevesdadidia
(Fyad Adatan, u.u.U.)

4.3 Transcript Length Distribution

1NN15aNA RNA N899 8 9N aUkasnadlaSUBNalsARINa1I199u Wuln RNA Aaiale

(%
&Y

TulnunALLeYININ15HENAIY agarose gel electrophoresis (3UM 4.3) wagliaumvinzauiiag
inlUAnwiseludunou RNA-seq A18UTEN Novogene TulseinAIu 1nNaNIINARRINUIIAI9819
WEDANY 3 9294780 9PN NURAALUATISY Y158 0 T2LUY wasndIRnALUATISY 1 wag 24 Falug 3

U raw reads (F1UUTUAIU MRNA Feo199zlufndunivuaieadudn) total reads (3717

[

Fudiu mRNA Tlvidyauauastolndurudiuvedunuanioand3e) waz total mapped (total

&
d' Y& | o w a v 1 ' 1Y) A
reads Vla'uJ'ﬁﬂsg‘U‘l@ ']LUUSU'JQa']ﬂULUﬁVl@éﬂu Genome UBIATLLY) IQJLLWﬂ@qQﬂ‘UNWﬂ Na1IAY raw

]

reads HUsz0d 60 81U total reads Uszunu 58-59 a1u ay total mapped Usennal 48-49 a1u
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a9197 4.1 Teevia 3 e S5uau transcripts WU 107,679 wag unigenes WU 107,592
o388 uAuEIRaZS NI transcripts WaZ  unigenes ANy d1x1sadniSealdwatl 500-1kbp
>200-500bp > longer 2kbp > 1k-2kbp 7151371 4.2

o
s & &
N g
§ & &
g & &£
FFL S
A
bp - [} " oy
3,000—
- B <285 RNA
<— 18s rRNA
1,000— - -

500—

Ll ¢ Rt

d dl v U 1 =4 ¥ % [
?;UVI 4.3 NI IIVABDUAUNTNUBN total RNA NENAIINAIBY N DAVISLYANYNUTHYN

2| ° |
M15199 4.1 91LIUB9 read TU 3 FIIAVBINITNAADS

Sample name  Raw Reads  Total reads Total mapped
Oh 60866148 59436942 49655960 (83.54%)
1h 59042408 57560316 47761848 (82.98%)
24h 62101112 60556164 50115898 (82.76%)

Funuluindudie % 103 d1duiuaves total read s nglu genome vosasHLd
o o . . a | [
AT 4.2 91UIUVDN transcripts Lae unigenes TuruwinmLNALANAISTY

Transcript length interval ~ 200-500 bp  500-1 kbp 1k-2 kbp >2 kbp Total
Number of transcripts 27413 34514 20704 25048 107679
Number of unigenes 27326 34514 20704 25048 107592

4.4 nITsyY unlgene waEn1sdnsuunamThiishe 7 ﬁﬂuﬂaua (Gene Functional Annotatlon)

Unigene Wavue 107,592 ﬂﬂiu‘UﬁUaLLaufmmLLuﬂmuMuwﬂumaama 7 %m%:ua R
Usznause 1) Nr (NCBI non-redundant protein sequences) %aLﬂugﬂuﬁuayjaamUIUimuﬁum NCBI
%ﬂ'ﬁ’mﬁﬁamﬂaﬁﬁﬁﬂﬂiam’m GenBank, PDB (Protein Data Bank), SwissProt, PIR (Protein
Information Resource) way PRF (Protein Research Foundation) \Uufu 2) Nt (NCBI nucleotide
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sequences) LHugnuteyaddiuiiandlelyduss NCBI Gesafiatoyaddiuiianalelndain GenBank,
EMBL waz DDBJ (wilisiufadeyadnduiiandlalnaain EST, STS, GSS, WGS, TSA, PAT, HTG) 3)
Pfam (Protein family) tdugrudeyanmaiUieuiisuanuadieiuvesdiduivanaisasuazlung
Hiddens Markov (HMMS) Gsasoungulammuedlusiundedduiuaeyinytveslsiumnine 4)
KOG/COG ¥ COG (Cluster of Orthologous Groups of proteins) ag KOG (euKaryotic
Orthologous Groups) HuinanAuduiunseesinladvesiures NCBI 5) Swiss-Prot Liugude
yavosddunsnoziludldanunasteyavansunasseneumensneriiluiinlainainnseiiandan
waznIneziiluangudeyaduNIABElUNANYRIWIUINIA 6) KEGG (Kyoto Encyclopedia of
Genes and Genome) Wugudeyaritednwuazidlafeminfiszdugs saudanthiimisdanm 7) GO
(Gene Ontology) Lﬁugmﬁﬁagaﬁﬁmumﬁfuﬁm%’ua%mwwﬂaUﬂ’]iiﬁfmummmamﬁ’wﬁﬁu Lag
fﬁ’lLLUﬂQmﬁﬂwmzﬂﬁﬁﬂmu%ﬂmamﬁmsﬁguﬁmEJVLIJ‘fI Biological Process (BP), Molecular Function
(MF) wag Cellular Component (CQ)

dloth Unigene W 107,592 andnsuunauniniluwadsy 7 FudayaRInaIt1eRY
wuiannsaszydeuaring unisene 91nidenaszidiasuiegiudoya NT 16 49.13% grudeya
NR 10 40.83% gudeua SwissProt ta 35.42% giudeya GO 4 34.64% gruteyaPFAM La
34.56% g1uveya KO la 21.02% g1uteya KOG 1 18.99% laewudiwiu 11,912 unigene %30fn
Wy 11.07% AanansasyyBeuasminildnssfuanyngiudeya uas 60,912 unigene Fsanidy
56.61% fanusaszydeuazvinilldednstion 1 goudeya (151971 4.3) wazwu unigene $1u7u
2,212 unigene ﬁawmamzq%aLLawﬁwﬁlﬁe’hagmﬁmﬂa NR tigegIudayaLien uaz 9,961 unigene
flanunsasyyBouavwihitlddegiudeya NT ilssgrudeyaifion 5Ul 4.4 Tng unigene fiszyiiade
7 g1udoyagniiusisilu (Supplemental excel file A)

o ' v o . y 1%}
MM 4.3 5ﬂa'mmi‘5$qvlmmlm 107,592 unigene lluumazﬁ_W‘UmJa

Annotated in Number of Unigenes Percentage (%)
NT 52866 49.13
NR 43934 40.83
SwissProt 38118 35.42
GO 37270 34.64
PFAM 37187 34.56
KO 22620 21.02
KOG 20441 18.99
Annotated in all Databases 11919 11.07
Annotated in at least one Database 60912 56.61
Total Unigenes 107592 100

NR (NCBI non-redundant protein sequences), Nt (NCBI nucleotide sequences), KO (KEGG
Orthology), Pfam (Protein family), GO (Gene Ontology), KOG (euKaryotic Orthologous Groups)
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Foyafinanntrafunansiamsinuiu sutimsuansoonvesiuluaseddsdition Woifisuiy
nqudniidssgndioun Teiednauddeiliiunuideddudiug fezadeussloviogianndmiy
tin3defiezAnviminivesdunielusiuvesassidvelulusuian Tnslannznguduiiuanioen
ma‘uauawiamiﬁmL%Ja’[,ul,wﬂﬁl,%‘a %aﬁmﬁuﬂﬁﬁuﬁuﬁﬁﬂﬁw %ﬂumﬁmaaaﬂ%ﬁmmim yield
11nfie 50% AAveRuA 107, 592 unigene Fsfieinilduiuann uazilofinnsanisnuidediees
foyafiléann RNA-seq M3szyTeves unigene Feogiuteya Nr w3e NCBI Fadumaiisuifesdiiu
\UAYDS unigene GuawsulfuamuﬂuLuaﬁuawu’[,ugmﬁuaaga NCBI Lilefunnudnsadd Tnglddn E-
value tlemsuszifiupnutndetiovestoya fMunsiend Evalue <1.0e-45 1uinamivasniiy
Yidedovosnuidelundedl Feaenndosfuidees Song et al, 2017 Wefiansandn E-value wud
1nfa 72% w9 unigene (uteyaiiundefio ud E-value oglutie 1.0e-45-1.0e-5 wuifies 28%
(U 4.5A) dmsunnuadneessiusenitsdduiualy unigene vosaszidasufiugudoya nuind
ANUATEATINULLYIN 80-95% VB9 unigenes LlgURUFIUTBYA Nr iU 48.7% WazAIuARIY
F3efiu 95-100% winfu 25.6% dedeindoyatifudeyaiiundedeun Uil 4.58) etrdeya
unigene WNUSBUTBUATINAG ARG URINTInmN9 wududulngdneglunduased TneAnlu
65% FsUsenaulléng Alligator mississippiensis 36.7% wag Alligator sinensis 31.3% Jnogluisi
Chrysemys picta 6.6% Waglsin Chelonia mydas 3.4% daeglusywe 1.6% uazdaidus 24.4% (3
fi 4.50) Tsdedoyaynidauninietio uenanidsdinisssyFedudogiudoya Gene Functional
Classification (GO) Wu31 unigene ﬁ@gﬂuﬂdu Cellular process Metabolic process tag binding il
S1urunniign (U7 4.6) ileldgiudeyaves KOG function classification wuinBuiteglung

general function prediction Wag signal transduction mechanism ﬁ’wﬁmummﬁqm (E‘Uﬁ 4.7)
nr

2212

kog

nt

9961

go
pfam

| [ . a 1 1%
JUN 4.4 977U Unigene iszylaluusiazgiudeya
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0.2%

WO M 0-1e-100 M 1le-100-1e-60 M le-60-le-45 M 18%-40% M 40%-60% M 60%-80%
M le-45-1e-30 M le-30-le-15 M le-15-1e-5 B 80%-95% M 95%-100%
(€)
1.6%
3.4%
4.6%
= Alligator mississippiensis m Alligator sinensis
» Chrysemys picta ® Chelonia mydas
® Homo sapiens m other

| a v . . . . 2
E'U‘VI 4.5 N133AT181NE BLASTX U89 107,592 unigenes 10 C. siamensis transcriptome Tneld
§1udeya nonredundant (Nr) protein database WHUQHMNANLAAITINITNTEINLFAIVD

‘?J'auua (A) E-value (B) similarity distribution (C) species classification
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KOG Function Classification
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KOG Classification

| a A % v o Y Ay 1%
U 4.7 Buiissylduaznisdaduunmuniniidegiudeya KOG

{A) RMA processing and modification

(B) Chromatin structure and dynamics

{C) Energy production and conversion

(D) Cell cycle control, cell division, chromosome partitioning
(E) Amino acid transport and metabolism

(F) Mucleotide transport and metabolism

(G) Carbohydrate transport and metabolism

{H) Coenzyme transport and metabolism

() Lipid transport and metabolism

{J) Translation, ribosomal structure and biogenesis

(K} Transcription

(L) Replication, recombination and repair

(M) Cell wallmembrans/envelope biogenesis

(N} Cell motility

(O) Posttranslational modification, protein turnover, chaperones
(P} Incrganic ion transport and metabolism

Q) Secondary metabolites biosynthesis, transport and catabolism
(R) General function prediction only

(8] Function unknown

(T) Signal transduction mechanisms

(U} Intracellular trafficking, secretion, and vesicular transport
(V) Defense mechanisms

(W) Extracellular structures

(X) Unamed protein

(Y} Muclear structure

(Z) Cytoskeleton

99
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4.5 Unigene fifinsideuudamdnmnintouuaiie

Tuusiaz unigene a7 0 1 uay 24 Falus gbniUSsuliisuiiiomsziunsuan veadud
wen@9Aulumiag FPKM (Fragments Per Kilobase Million) ) TngseiunIsIanIoenuas 107,592
unigene uandlu Supplemental excel file B (mamamaamaaﬂmmusﬁmam TunsmBuiiuanioan
WANFISAU (Dlﬁerentlal gene expressions ; DGE) ‘m DEG VlLWQJEUULLauaﬂa\‘] Taea15a121nAn log,
summmiu,amaaﬂmmﬂmaﬂwuaumm unigene T 3 Frananfivhinismaaes mﬂmmuaamﬂ -1
LEAIIN unigene TuSlsyRUNNSUARIBENANaY LALIINTANLINNTN 1 UERII1 unigene e sz
nsuanseenLiuinty WewSeuiflsussnissuiuiitisssumsuaneoniifintunioanamn 0
Flua U1 Hlus WU 22 unigene flszunnsuERtERNTNTY uaY 6 unigene HsEAUNNS
uansooniianas (Ul 4.84) Wadsuifieusenindwnubuiifissfunisuanteeniiiuturioanas
910 1 Falug fu 24 $alus WU 372 unigene SnsuanseaninTuuaY 47 unigene nN3LARIBEN
anas (Ul 4.88) daun1sfsuiileussvidnuBuiisedumsuanseeniifistunieanasain 0
Flus fu 24 $alue WU 340 unigene fiMsuanseanifindy uay 82 unigene AiNMsUANIEBNANAS
(Ut 4.80) mnuFeuniiou DEG Inglaidiindssedumanansoeniiiintunioanadluusiazgage
watunas1 N un iUl (venn diagram) wud1 81 7 unigene fdouriufuszning (a) fu (b) waz
13 unigene Fouviusening (a) fu (), veusdidl unigene Faurfusewing (b) fu (0) 334 unigene
uaNNTUIISIUIY unigene voe (a) (b) waz (o) Ailifinsdouiu 8, 78 way 75 mwdy
(Ul 4.8D) Ty DEG Vawfintuuazanas vae 1 iieuifu 0 $2Tus 24 isuity 0 2lus wae 24 ey
fu 1 9219 wansly Supplemental excel file C D E mudsy (foyagnsruslunsiudises)
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Lﬁaﬁm'}ﬁLﬂﬁwﬁl,l,azé’fwmwyfum DGE f78 Kyoto Encyclopedia of Genes and
Genomes (KEGG) wiolidlatenalnansidsuulamuiunissneg lunisnevaussenisinidely
wadvoufindonrunisiasunlainisuanieanyesdunuin DEGs gninnauldnane pathway @
20 pathway w3nfiie gvalue <0.05 Yausinzn ST UgUgnUandly 'gﬂﬁ 4.9, 4.10 uaz 4.11
TunisiFoudieu DGE 910 0 Halus T 1 4alus wuin pathway Viumﬁqﬂﬁa TNF signaling
pathway Wag Osteoclast differentiation Prolactin signal pathway @1%5u 1 dalus WU 24 Hlug

Ao Staphylococcus aureus infection, Rheumatoid arthritis Wag Leishmaniasis Phagosome ag
70 lus U 24 $2lus pathway azaate 1 9alus U 24 $2lus ue pathway LuNIAe

inflammatory bowel disease
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Statistics of Pathway Enrichment

Toll-like receptor signaling palhway -
TNF signaling pathway < L ]
Salmenealla infection

Rheumatoid arthritis =

Pralactin signaling pathway - L
Perussis qua qu'm
Oxylacin signaling pathway - L . 0.75
Dsteoclast differentiation - . 0.50
MAPK signaling pathway 5 @ .25
Leishmaniasis - . 0.00
HTLV-l infection 4 @ Gene_number

Herpas simplex infection - @ - 2

Hepatitis & ; i

Dopaminergic synapse = . ®s

Colorectal cancer : ®:

Circadian entrainment -

Cholinergic synapse 5

Chagas disease (American trypanosomiasis)
B cell receplor signaling pathway =

Amphetamineg addiction -

T T T
0.010 0.015 0.020
Rich factor

o ° \ ' o o 1Y) vo X
JUN 4.9 91uuves DEG Tuusiag KEGG pathway ¥8393443a1 1 Flus ndsainaseidaeulasuiae
Wisueununaulasuda (1 h vs 0 h)



Statistics of Pathway Enrichment

Tuberculosis =

THF signaling pathway 5 »
Slaphylocaccus aureus infection o
Salmanella infection =

Salivary secrefion -

Rheumatoid anhritis =

Prion diseaseas <

Phagosome 5

Perlussis =

Malaria -

Leishmaniasis =

Legionellosis <

Inflammatory bowel disease (IBD) -

Hematopoietc cell ineage =

Cylakine-gytoking recaptor interaction 1 @

Complement and coagulation cascades -
Biosynthasis of amino acids -

Asthma -

Amoabiasis =

African trypanasomiasis -

0.08 0.08 010
Rich factor
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qvalue
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0.75
0.50
0.25
0.00

Gene_number

* 5
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® 15

@ 20

®:

o ° ' | Y o ¥ Yo
UM 4.10 917uves DEG Tuusiay KEGG pathway vae1ai3an 24 H1las nisanaseidagulasy
WarlSeugununaulasulds (24 h vs 0 h)
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Statistics of Pathway Enrichment

Tuberculosis I.
Staphylococcus aureus infection = -
Salmonslla infection S .
Salivary secretion = .
Rheumataid arthritis - ]

Prion diseases - . qvalue

1.00
Phagosome - » .
_ 0.75
Partussis - &
0.50
Osteoclast differentiation 5 @
0.25
Leishmaniasis - .
- 0.00
Legicnellosis o .
Gene_number
Intestinal immuna network for 194 production 5 . . 5

Inflammatory bowel disease (IBD) - * ® 10

Hematopoistic call lineage - L ® 15

, . . ) @ 20

Cytokine-cyloking receplor interaction 1 @
Complement and coagulation cascades - *
Chagas disease (Amarican (rypanasomiasis) - e
Asihma -
Amoebiasis = *
African irypanosomiasis s
T T T
0.04 0.06 0.08 010
Rich factar

d o 1 1 QIJ ¥ v Vo
JU# 4.11  97uiuves DEG luusiag KEGG pathway v849333a1 24 93lus wasanaseidaenulasu
WarlSeusunutiaian 1 97lue nasanasevasnulasuda (24 h vs 1 h)

uenanidlefinnsanianz DEG Miutulun1siieuiiiou 2 Faaan wui1ann 0 Falua
1 Falu9 WUﬂﬁjuguﬁmam transcription factor #3® transcription regulator %38 cell signaling Lu
ﬁagﬂu pathway Osteoclast differentiation TNF signaling pathway ia¢ Prolactin signaling
pathway (M157991 4.9) Iﬂﬂiumju Osteoclast differentiation TNF signaling pathway finaneead
Hu transcription factor fi1azifgadeaiunmsnseduliisadisindenndn mRNA iiea¥alusiud
waviaeuuafiSediynan (13197l 4.5) widmu DEG Aiutulunsieudieu a1n 0 Falus
24 #alus vide 910 0 Halus e 24 909 Tae 2 Fravanil ngu pathway Ao nguBufindnlusiud
vinaneuuaiiSe \wu Tuberculosis Legionellosis Leishmaniasis Malaria wagnguiinsefun1sdniay
LLazﬂizﬁuizuuqﬁﬁuﬁu WU Rheumatoid arthritis Phagosome Complement and coagulation
cascades Inflammatory bowel disease (15197 4.4) Hufivrauladn ﬁﬂfjuﬁuﬁmmiaa%’m anti-
microbial peptide wanenguaIndaya transcriptomic waamsnaansil i lalalesl (ysozyme),
ANuGu (defensin), Liver Expressed Antimicrobial Peptide (LEAP), Bee antimicrobial peptide,
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Frog antimicrobial peptide, Diapausin family of antimicrobial peptide, Ant antimicrobial
peptide, WUlné Hepcidin sauiie wWulns Cathelicidin (m137197 4.6) Wudu Tneseiunisuanseen
89 anti-microbial peptide 7iiin1suanooniiutundsldudofinat 1 $2lus way 24 Faluq il
Wisuifteutunduauaureuldsudonuaise (0 9alug) azfifufefsnes “b” ¥ewan Unigene
(Cluster) Faagldsnonunansnuluseasdunluidenol

dmdunisiFeulfiou DEG 1ilem unigene flanas MAenfu KEGG pathway #7499 #UT
527319 0 waz 1 Falua ldfauunnens (15197 4.5) wadlewFeudiou 0 fu 24 $2Tus way 1 fu
24 F3lue wuindl 2 pathway #® Intestinal immune network for IgA production wag Primary
immunodeficiency IagWU unigene mnﬁq@ AoUsanal 5-6 unigene  NITsERUNITHARIDBNTBY
unigene Tu pathway wWasuulasly 39 pathway  wsniieafunisasns antibody 1gA  uwawdn
pathway LﬂuguﬁLﬁmﬁuLLﬁzﬁNWﬂUi%UUQﬁﬁMﬁUUﬂWi'@WﬁﬂUgiJQﬁ druBufivhavly pathway
B fdwnufisadnies (st 4.7)
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A9 4.4 KEGG pathway DEGs yiWUUU Wallssuisuiuluumazannaivesnsiasuiievesassidasiy

1hvs0h

24hvs0Oh

2dhvs1h

Pathway

gene number

Pathway

gene number

Pathway

gene number

Osteoclast differentiation
TNF signaling pathway
Prolactin signaling pathway
Amphetamine addiction
MAPK signaling pathway
Circadian entrainment
Oxytocin signaling pathway
HTLV-I infection

Pertussis

Salmonella infection
Rheumatoid arthritis
Herpes simplex infection
Leishmaniasis
Dopaminergic synapse
Colorectal cancer
Cholinergic synapse
Toll-like receptor signaling
B cell receptor signaling
Chagas disease

Hepatitis C

NN DN DN N DN DNDNOODNDDDNDNDDNDPRP OO AN OO O o

Tuberculosis

Pertussis

Rheumatoid arthritis

Biosynthesis of amino acids
Phagosome

Cytokine-cytokine receptor interaction
Complement and coagulation cascades
Salivary secretion

Legionellosis

Leishmaniasis

Prion diseases

Malaria

Inflammatory bowel disease

TNF signaling pathway
Staphylococcus aureus infection
Osteoclast differentiation

Galactose metabolism

African trypanosomiasis

Amoebiasis

Salmonella infection

22
10
10
10

~N O U1 U»

Tuberculosis

Phagosome

Salivary secretion

Rheumatoid arthritis

Complement and coagulation cascades
Cytokine-cytokine receptor interaction
Pertussis

Prion diseases

Biosynthesis of amino acids
Staphylococcus aureus infection
Legionellosis

Malaria

Inflammatory bowel disease
Leishmaniasis

Collecting duct acid secretion
Amoebiasis

Chagas disease

Galactose metabolism

Alanine, aspartate and glutamate metabolism

Starch and sucrose metabolism
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| a v .. o a X Y Y a & N 1Y = 1Y)
#1999 4.5 DEGs 71d3724 transcription factors MiWNYU%a931N 1 TAUUBINTAALTDLUATIIELAIaAAIN 24 F2l39

Unigene Accession’ % query % Reptile Ortholog genef Oh 1h 24h | fold change | fold change
(Cluster)’ cover” | Identity” reference” (FPKM) | (FPKM) | (FPKM) 1h/0h 24h/0h
2754.36308 | XM 019484413.1 74 95 Alligator Jun B proto-oncogene 172.78 | 462.57 | 274.99 2.68 1.59
mississjppiensis | (JUNB)
2754.41660 | XM 019478752.1 37 95 Alligator Transcription factor 292 24.68 6.08 8.45 2.08
mississjppiensis | complex
2754.39612 | XM _026655036.1 71 85 Terrapene Transcription factor jun-D 82.18 221.19 | 61.88 2.69 0.75
mexicana
275436667 | XM 019552283.1 74 99 Crocoaylus Proto-oncogene c-Fos 1.88 18.11 2.03 9.63 1.08
pOrosus
2754.35538 | XM _019552283.1 92 99 Crocoadylus Fos proto-oncogene, AP-1 9.99 234.11 16.61 23.43 1.66
pOrosus transcription factor

subunit

*Cluster ¥4 unigene T C siamensis M@ transcription factors

b . A a ada A & v o o . . .
Accession number UasBudiFInaunlnalfesiu Unigene v83 C. siamensis

% query cover ¥asafuLualy unigene 184 C. siamensis Liiguifu Accession number

d . o w . . .o Y .
% Identity vasasuLuali unigene o9 C. siamensis LiguAU Accession number

¢ Accession number YasdRaasAA ULAALITIA

fd o o ) g oA
YYUN Accession number UUS) WaH

v




d % § v = dll k4 IS a dy 1 1
AN 4.6 szAuNsuanseanvadlllnddugatmilosssidasuiinshniolundazagiwian

Unigene Gene Expression level ) )
a Protein/peptide
(Cluster) Length Oh 1h 24 h
12297.0 6356 0.55 0.75 0.71 Chorion protein S19 C-terminal//BTB/POZ domain//Plant antimicrobial peptide
TMPIT-like protein//Frog antimicrobial peptide//Lipoprotein leucine-zipper//Fibrinogen
19408.0 429 0.52 1.44 0.99
alpha/beta chain family//Golgi transport complex subunit 5
21219.0 2515 0.32 0.38 0.57 Ant antimicrobial peptide
21343.0 827 0.73 1.08 0.57 Frog antimicrobial peptide//Popeye protein conserved region
23279.1 a7l 0.82 0.45 0.59 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
23520.0 994 0.44 0.59 0.84 TMEM9//Spider antimicrobial peptide
2355.0 581 1.44 0.71 0.51 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
24076.0 526 0.47 1.87 0.84 Nematode antimicrobial peptide
27043.0 822 0.59 0.7 0.5 Glutamine synthetase, catalytic domain//Diapausin family of antimicrobial peptide
Pseudin antimicrobial peptide//DNA polymerase (viral) C-terminal domain//ATP synthase
2754.10995 | 10301 | 2.88 2.6 2.71 , . o ,
protein 8//Plasmid replication protein
Tetratricopeptide repeat//Tetratricopeptide repeat//Tetratricopeptide repeat//TPR
2754.11417 3048 4.81 4.45 5.94
repeat//RNA helicase (UPF2 interacting domain)//Tetratricopeptide
2754.11788 1599 0.33 2.38 2.01 Pyridine nucleotide-disulphide oxidoreductase//Pyridine nucleotide-disulphide
oxidoreductase//Bee antimicrobial peptide
SSXRD motif//Cyclin, C-terminal domain//Tetratricopeptide repeat//TPR
2754.13178 | 5813 2.17 1.83 3.08 . . R '
repeat//Tetratricopeptide repeat//Frog antimicrobial peptide
2754.13356 1420 4.08 4.76 5.99 Bee antimicrobial peptide
2754.13567 1234 1.13 1.41 0.58 Frog antimicrobial peptide
2754.15467 2959 0.81 0.52 0.35 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)

GL



Unigene Gene Expression level Protein/beptid
rotei ide
(Cluster)’ Length Oh 1h 24 h pep
2754.15581 4924 1.15 1.38 1.69 Diapausin family of antimicrobial peptide
2754.15864 3182 0.51 0.58 0.55 Bee antimicrobial peptide
Nematode antimicrobial peptide//B-box zinc finger//Bromodomain//PHD-finger//zinc-RING
2754.17745 4328 2.08 1.99 1.36
finger domain
Armadillo/beta-catenin-like repeat//Liver-expressed antimicrobial peptide 2 precursor
2754.18501 2074 1.61 2.01 2.3
(LEAP-2)
2754.19290 4630 1.02 1.04 1.32 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Sulfotransferase domain
2754.19532 1877 2.89 297 34 BTB/POZ domain//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.20602 4475 1 0.61 0.74 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Sulfotransferase domain
2754.24447 632 0.56 0.84 0.33 Ant antimicrobial peptide
2754.24571 a527 6.39 6.28 7.64 Sulfotransferase domain//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
b Adenylate kinase, active site lid//Cathelicidin//Cystatin domain//Secreted phosphoprotein
2754.25118 881 47.8 55.68 811.1
24 (Spp-24)
2754.25966 6250 5.8 5.25 5 PLAT/LH2 domain//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
b Vitamin K-dependent carboxylation/gamma-carboxyglutamic (GLA) domain/ Frog
2754.26519 2828 355 36.2 83.85 o ' ,
antimicrobial peptide
b Cathelicidin//Cystatin domain//Adenylate kinase, active site lid//Secreted phosphoprotein
2754.26759 869 5.28 4.56 196.85
24 (Spp-24)
2754.26885 5561 0.64 0.55 0.48 Diapausin family of antimicrobial peptide
2754.27118 4579 8.04 6.63 9.83 Diapausin family of antimicrobial peptide
2754.28622 2745 0.52 1.22 0.97 Pardaxin//Frog antimicrobial peptide
2754.2876 1454 0.7 0.35 1.04 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)

9.



Unigene Gene Expression level Protein/beptid
rotel lae
(Cluster) | Length Oh 1h 24 h pep
2754.29639 628 0.46 0.49 0.33 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.29658 4840 3.29 2.73 2.15 Diapausin family of antimicrobial peptide
Prefoldin subunit//RNA polymerase Il transcription mediator complex subunit 9//Liver-
2754.30053 | 1632 59.7 65.15 58.6 S . '
expressed antimicrobial peptide 2 precursor (LEAP-2)//Autophagy protein
2754.30284 1516 0.49 2 24 Fibronectin type Il domain//Plant antimicrobial peptide
2756.32503" 670 79555 | 811.78 | 24464.57 | Phosphoribosyl-dephospho-CoA transferase MdcG//Cathelicidin
Protein-tyrosine phosphatase//Fibronectin type Il domain//Plant antimicrobial
2754.32765 4915 6.81 8.2 10.42 | peptide//Phage shock protein B//Dystroglycan (Dystrophin-associated glycoprotein 1)//Dual
specificity phosphatase, catalytic domain
2754.34614 3765 9.32 9.89 8.69 Bee antimicrobial peptide
P53 transactivation motif//Microfibril-associated glycoprotein (MAGP)//Frog antimicrobial
2754.3473 4686 1.72 1.37 2.3 ]
peptide
2754.35703" 1523 74213 | 787.64 | 1939.17 | Secreted phosphoprotein 24 (Spp-24)//Cathelicidin
Zinc finger C-x8-C-x5-C-x3-H type (and similar)//Protein prenyltransferase alpha subunit
2754.36610 4421 48.34 195.11 72.99
repeat//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.36631° | 1784 | 1141.36 | 1322.49 | 3673.06 | Secreted phosphoprotein 24 (Spp-24)//Fibronectin-attachment protein (FAP)//Cathelicidin
2754.37224° | 1321 | 1635.88 | 1850.03 | 2661.23 | Cathelicidin//Secreted phosphoprotein 24 (Spp-24)
Protein serine/threonine phosphatase 2C, C-terminal domain//Ribosome associated
2754.37864 5074 38.06 34.72 34.52
membrane protein RAMP4//Protein phosphatase 2C//Frog antimicrobial
2754.37926 5401 6.39 6.65 6.7 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.38759 2800 17.58 16.96 18.02 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.40045 5054 0.58 0.87 1.2 Diapausin family of antimicrobial peptide

L



Unigene Gene Expression level ) )
(Cluster)’ Length Oh 1h 24 h Protein/peptide
ERCC4 domain//Type Il secretion system (T2SS), protein M subtype b//Ant antimicrobial
2754.4278 4585 3.26 3.63 2.72
peptide
2754.44291 2894 11.53 11.13 19.94 | Pardaxin//Frog antimicrobial peptide
2754.45037 1866 1.97 2.44 2.05 Bee antimicrobial peptide
2754.46550 1423 1.09 0.92 1.9 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.46822 4870 2.11 1.34 0.62 Diapausin family of antimicrobial peptide//Gap junction alpha-8 protein (Cx50)
EF hand//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//EF hand//EF-hand
2754.47196 5814 3.58 3.05 491 domain//Copper transport outer membrane protein, MctB//EF-hand domain pair//EF-hand
domain pair
2754.48282 4034 0.39 0.49 0.31 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Sulfotransferase domain
2754.48444 2670 8.98 9.82 6.87 Nematode antimicrobial peptide
EF hand//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//EF-hand domain//EF
2754.50358 3501 0.9 1.19 6.75
hand//EF-hand domain pair//Copper transport outer membrane
2754.50809 5365 2.83 1.69 1.65 Diapausin family of antimicrobial peptide
2754.50862 1394 0.5 1.51 1.49 Nematode antimicrobial peptide
2754.51009 3717 1.32 1.31 1.05 Protein of unknown function (DUF3628)//Bee antimicrobial peptide
2754.51627 1500 1.07 0.78 0.89 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
Nuclear transport factor 2 (NTF2) domain//Type lIl secretion needle MxiH, YscF, SsaG, Eprl,
2754.55078 4198 0.45 0.37 1.86
PscF, EscF//Frog antimicrobial peptide
2754.56903 909 2.08 2.03 3.19 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.56972 533 0.47 0.51 0.6 Nematode antimicrobial peptide
2754.57603 408 1.8 4.02 3.68 Diapausin family of antimicrobial peptide

8L



Unigene Gene Expression level Protein/beptid
rotei ide
(Cluster) | Length | Oh 1h 24 h pep
2754.57674 2308 7.89 10.84 13.92 | Diapausin family of antimicrobial peptide
2754.58619 7370 0.36 0.43 0.37 Frog antimicrobial peptide//Microfibril-associated glycoprotein (MAGP)
2754.59032 1674 0.81 0.69 0.82 Bee antimicrobial peptide
2754.59161° | 2216 0.79 0.91 21.21 | Cathelicidin
Diapausin family of antimicrobial peptide//Anticodon nuclease activator
2754.61004 4597 6.02 6.49 5.78 ' , , ' ,
family//Uncharacterised protein family (UPF0182)//DHHC palmitoyltransferase
Nematode antimicrobial peptide//Pyridine nucleotide-disulphide oxidoreductase,
2754.67055 ar7 0.79 0.43 0.38 . .
dimerisation domain
Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//P5-type ATPase cation
2754.67397 2640 0.38 0.36 0.64 . .
transporter//TIR domain//TIR domain
Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//TIR domain//P5-type ATPase
2754.67399 2353 0.81 0.61 0.51 , '
cation transporter//TIR domain
FtsK/SpolllE family//Type II/IV secretion system protein//AlG1 family//Ferrous iron transport
2754.7998 3580 1.3 2.03 1.71 protein B//Ras family//50S ribosome-binding GTPase//Liver-expressed antimicrobial peptide
2 precursor (LEAP-2)//Septin//Protein of unknown function, DUF258
2754.9437 1791 0.5 0.81 0.86 Diapausin family of antimicrobial peptide//Picornavirus core protein 2A
28365.0 1030 0.69 0.34 0.79 Nematode antimicrobial peptide
Nematode antimicrobial peptide//Neural proliferation differentiation control-1 protein
29047.0 769 0.9 0.52 0.64
(NPDC1)
30109.3 384 0.36 0.82 2.38 Bee antimicrobial peptide
Redoxin//Mycothiol maleylpyruvate isomerase N-terminal domain//Nematode
30752.0 1249 0.98 0.89 0.85

antimicrobial peptide//AhpC/TSA family

6.




Unigene Gene Expression level Protein/beptid
rotei ide
(Cluster) | Length | Oh 1h 24 h pep
4045.0 803 0.84 0.97 1.04 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
5679.0 657 0.32 0.56 0.51 Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
7119.0 1197 0.7 0.78 0.73 Astacin (Peptidase family M12A)//TilS substrate binding domain//Frog antimicrobial peptide
b Protein tyrosine kinase//Hepcidin//Lipopolysaccharide kinase (Kdo/WaaP) family//Protein
2754.19709 2118 2.07 1.75 3.32
kinase domain
2754.19716 2060 1.72 1.89 1.11 Protein tyrosine kinase//Hepcidin//Protein kinase domain
2754.29609" 634 3.13 6.83 4.9 Hepcidin
b MIF4G domain//elF4-gamma/elF5/elF2-epsilon//NAD:arginine ADP-
2754.37440 7574 1.57 2.07 2.1 ' o
ribosyltransferase//Hepcidin
b Hepcidin//ABC transporter transmembrane region 2//ABC transporter//AAA domain,
2754.41095 4491 0.45 0.41 0.87
putative AbiEii toxin, Type IV TA system//IstB-like ATP binding protein
Syntaxin//Type Il secretion basal body protein |, Yscl, HrpB, Pscl//SNARE domain//Methyl-
b accepting chemotaxis protein (MCP) signalling domain//Synaptobrevin//Hepcidin//ABC
2754.47554 2239 18.78 20.5 21.86 ' ' ' '
transporter C-terminal domain//DASH complex subunit Dad4//cGMP-dependent protein
kinase interacting domain
tRNA pseudouridine synthase//IPT/TIG domain//Hepcidin//GTPase-activator protein for Ras-
2754.56380 6424 2.74 2.62 1.37

like GTPase//Sema domain//Fungal cellulose binding domain//Plexin repeat

“Cluster 994 unigene Tu C siamensis @319 antimicrobial peptide
b o sala o X vvve & & A Y o 44' - = o i i vy & a Y
syaunsianseenvesUllnandnisuansesniindiunadlasuldionsiaan 1 4alus uag 24 9alus L:uaL‘lJiEJ‘UL‘VlEJ‘Uﬂ‘Uﬂquﬂ’mﬂuﬂaulmuLsnaLLUﬂVlLin (0 Tlwa)
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mﬁqﬁ 4.7 KEGG pathway DEGs fanauiisusiulugewisan

24hvs0Oh

24 h vs 1h

Pathway

gene number

Pathway

gene number

Intestinal immune network for IgA production
Primary immunodeficiency

Asthma

Hematopoietic cell lineage

Dilated cardiomyopathy

Viral myocarditis

Staphylococcus aureus infection

Allograft rejection

Autoimmune thyroid disease

Leishmaniasis

Phagosome

Arrhythmogenic right ventricular cardiomyopathy
Systemic lupus erythematosus

Rheumatoid arthritis

B cell receptor signaling pathway
Hypertrophic cardiomyopathy

Inflammatory bowel disease

Tuberculosis

African trypanosomiasis

Graft-versus-host disease

5
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Primary immunodeficiency
Intestinal immune network for IgA production
Rheumatoid arthritis

Asthma

Leishmaniasis

Hematopoietic cell lineage

B cell receptor signaling pathway
Staphylococcus aureus infection
Allograft rejection

Autoimmune thyroid disease
Systemic lupus erythematosus
Salmonella infection

Viral myocarditis

Toll-like receptor signaling pathway
T cell receptor signaling pathway
Phagosome

Inflammatory bowel disease
Osteoclast differentiation

HTLV-I infection

Colorectal cancer

6
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4.5.1 3AUNIUAAI®BNTBY Unigene AWuBY (defensin)
Avlududnduddindauadnifuminluanalssuin 34 Alanadu 9

a

Usgnoumensnesiludiuiy 12-50 nsnesily uwaziusyyansuuluanailuuszquin (cationic

peptide) 31nnsneziilue153fu (arginine) wazladu (lysine) uaqluluanadalsznaulusie
nsneylluTaindy (cysteine) 31uu 6 nsnerilluludnifinszgndundawas 6 nsneziilulunguues
dnilaiinszgndundariy dasseiiumeiusyladalnadiuiy 3 suse vilvdlasaiawuy p-
sheet  fdudnuwazianizivonudlndeiad dslunainiusyladalrdudazduasninozdly
awduiandusivuaviavesiinudu Tnslunguuesdnifinssgndundsanumsonufinudulsd
3 sULUUAe o-defensin  SisUnuumailentusyladalydvesnsnesiludainduiumisd 1 fu
fumidedl 6 fiusiadt 2 Ausiumnied 4 uazsuvnisil 3 Fudumisd 5 B-defensin SisUuuumsidon
fiustladaludvesnsnordiludamdusiumsi 1 Audumiedl 5 duvdsdl 2 Audumisdl 4 uay
fumisit 3 Audunedl 6 uay O-defensin WusUuvUiAMLANAIIN AT UTIAesgULLY
wsnifuegnann esanidusuuuuiigndnusaiazifoudefuvesnsneriluauiisuuvuidurnan

wazidunsrurunsiiinduaindiu 9 nsmezdilunsnuesdlu mature a-defensin peptide uag

sy O-defensin Hansnsanuldianglunguues primate Wit (Li et al., 2014)
WilndRimuduanansanuldludelidin dadeTnszgndundauaylifinszgndunds
uludsishaunsanuUUlnammuduls lnglunquuesdainie wWilvaduudunulalugaduas
dedoifinnuiisadestunisnevauasdonisgnyninvesdogadneieg dsdaulugamsony
Wulnddmusuldlunayavesdadonsn elaidenvnldiviugadnuvandasuidrldly
phagocytic vacuoles nanyavvmihiinudaullndfvuduludnsiifidogatnuazudeniuting
Auludulioonuyiaeidegadnfignifaidonnaduiudenszuaunis phagocytosis waglunguues
paneth cell fifimsndsnanaiieransidoainlunisuntionsadusdiléidn uonamiudmy
Wilndfimudulunguues epithelial cell fifnsuanudlnddmuiuiudielflunismevauosionis
yngnvesteqatn (Li et al, 2014)
mmmsﬁnmqwémﬁamwmaaLﬂiﬂwﬁﬁLWu%uWU’jwﬁmmmmsalumié’ué’?qmi
Widulaveadegadnliiuuafidounsuuinuazuniuay \Wos1 uazsuluddhiavisda Fadinng
fudsnaaiyldnanssiuuy Ssdnalnanissudimemssiiinanauaudinisivszguinuazainy
\Ju hydrophobic veslUlnaamuduviiliaunsaiia interaction AU anionic phospholipid 284
dovuaduuaiiy udniuasiansunsndud lluderuisaduuaiite wagviliAnsiives
Bovuiwadtu veniniwulndfwududiansaunsniudevwaduuafiGeiiadwinnsduds
N3R89 RNA DNA Taulufslusiuvesuuaiise wagnalnaniedeuvesdiuduaiunsanssou
immune cell Whdndudadeuuaiienily innate immune wag adaptive immune 52ulUdan1s

NITAULATATUANNITHAAIDBNVBY Cytokines uar chemokines TusyuuiiAuiuvassanIedneme

q
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(Ulm et al, 2012) uenarnmsirdudauuadiBouda AvuBudaigniniadanmiug Wy msaanis
Snuau nMsanuLNaLaznsad adudenlua (Ulm et al, 2012) msdudavaduzids (Yang et al,
2002) \Judu

ﬁﬂﬁ%ﬂﬂﬂi%ﬂaaﬂiuﬂ%ﬂﬁ WU unigene U84 defensin 11N 69 unigene laBNU
Unigene Cluster 19154.3, 20270, 2754.22019, 2754.30007, 2754.303, 2754.36967, 2754.40936,
2754.42731, 2754.59689, 2754.6284, 2754.24604, 2754.32036, 2754.34283, 2754.38406,
2754.40290, 2754.41258, 2754.41259, 2754.41261, 2754.47999, 2754.49186, 2754.52185,
2754.61223, 6034, 2754.30575, 10104, 10267, 15595, 2754.28141, 2754.5332, 2754.53224,
30122.0, 4076.0, 2754.62579, 5592.0, 25944, 2754.9461 ﬁﬁﬁ%ﬁUﬂﬁﬁLLﬁﬂQ@@ﬂﬁLﬁN%ﬂMﬁﬂlﬁ%ﬁJ
FouvaitBedunan 1 Falus (1 h) WewSeudisufudeuldsuie (0 h) Sy Unigene Cluster
19154.3, 20270, 2754.30005, 2754.303, 2754.36967, 2754.40936, 2754.42731, 2754.59689,
2754.24604, 2754.34283, 2754.38406, 2754.41261, 2754.47999, 6034, 10104, 10267, 15595,
2754.28141, 2754.9461 filn1snevavenieasudasnulesuidonelsa lnoifiussfunisuansenn
sgmduilessadasuldfudodunan 1 $alus wazsziunisuansesnves Unigene wanijass
syfuananiienaiill 26 Hlumdsenasudldsudeuuaiide uonanidudadany Unigene
Cluster 2754.37463, 2754.47711, 2754.66528, 18521, 2754.24926, 2754.41256, 29538,
2750.4638, 2754.53097 fifinsmeuaussienisiinsziunisuanseenvesduiionanily 24
Fluavdansinde @9y Unigene Cluster 2754.22019, 2754.6284, 2754.32036, 2756.4029,
2754.41259, 2754.49186, 2754.52185, 2754.61223, 2754.30575, 2754.5332, 30122.0, 4076.0,
2754.62579, 5592.0 HunusTRUNsUAnIEDnTesBuintuTmdslasudeiian 1 dalus uax 24
s dewFeudsuiunguauauneuldudeuuaiize (0 Falue) (nsedt 4.8)

ANANITUANIBBNYDY Unigene AINA1IT19A Y LansliiiiuIl defensin - 1Ju
wWilnddnuilanisifinnudfyluszuunfidnuniuvesassd lagnu  defensin Anevaussly
manvatesULUL Wungy Unigene fimavuaussogneninianislunat 1 daluaileasudlisude
detaelunisidauuafisenelsafinszdlisu wasiissduniswansiianasesiesimiinielu 24

F3la FeapnnneaiuiuIdeves Lorenzo Alibardi wazAy (2012) MINUUTIUUHAYRINIAIEINTT
wansoanves B-defensin Nlgaand@idu antimicrobial barrier LANNNNTY IUTITILITURANTS

VMaa9ues Lorenzo Alibardi wagamy (2013) FslevinnisAnwa B-defensin (Tu-BD-1) a1nRauas
subdermal granulocytes aaa@n wu3n1 TU-BD-1 1HussAusznaundnlu granulocytes voaaadil

Netaaiusruugiauiuiimiuazaziinmsuanseandloinuinung
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4.5.2 F¥AUNTTLEAIDBNYDY Unigene taudAu (Hepcidin)

WBUEAY (hepcidin) Huulndiugadniifiussquan gnéunuafausnluuywd Tas
wudiviiflunssidauuaiide (antibacterial) wazitios (antifungal) (Hao et al., 2012) dayaan
NANINARBIASIT NuEueUTAUINGS 7 Unigene @sléun Cluster 2754.19709, 2754.19716,
2754.29609, 2754.37440, 2754.41095, 2754.47554 way 2754.56380 Taany Cluster 2754.29609,
275437440 uaw 2754.47554 fifsyRunnsuantoeniiiviuegesandinely 1 Flumdein
ssudaenulasudouuniionelsn 39 Cluster 2754.29609 uay 2756.37440 tuilsfunisuansean
fanauiionariuly 26 Frlumdnldsudeuuaiite 5197 4.9) FaduldlEineudu cluster
wianbazfudIndauusniiaznevausaiieddauuasnolsaluased a1ns1enunisnasswes
Hao et al (2012) @dlgdunusudauluassidasny (G siamensis) Tnaulnsuiaiusznaudne
nsneziluduiu 26 nsaezdlu (Cshepc) (FNSHFPICSYCCNCCRNKGCGLCCRT)  waza1aandu
Wilnddruiindenvhay uenanniainnisinwinisuansesnveaddlnddenaluiedas nuin
iﬂammmu‘mLﬂﬂlmmwmlmlﬂmmnwﬂmfmsuumqwﬁaummawamammmwLmimmﬂ LU
Staphylococcus aureus ey Bacillus  subtilis LLangJUgﬂmiLﬁ]%iyfuaﬂL%@LLUﬂﬁL?SLLﬂiNaU LU
Escherichia coliway Aeromonas sobria anaaeg (Hao et al., 2012)



d v &l a . ¥ d‘d a dgll 1 1
M15197 4.8 syaunisianseanvanlUlnannudy (defensin) Tuaseitaguninisansluwnazyiian

Unigene Gene Expression level ) )
a Protein/peptide
(Cluster) Length Oh 1h 24 h

19154.3 2278 0.9 1.3 0.75 Defensin propeptide
Potassium channel Kv1.4 tandem inactivation domain//Peroxisome

20270.0 2480 0.63 0.74 0.47 biogenesis factor 1, N-terminal//Big defensin//Aspartyl beta-hydroxylase N-
terminal region

2754.22019" 2166 1.95 24 3.1 Big defensin
Armadillo/beta-catenin-like repeat//Importin beta binding

2754.30005 2749 7.53 7.21 5.93 . o .
domain//Proteasome non-ATPase 26S subunit//Big defensin
Big defensin//Proteasome non-ATPase 26S subunit//Armadillo/beta-catenin-

2754.30007 2632 19.67 21.87 21.42
like repeat//Importin beta binding domain
ATP1G1/PLM/MATS8 family//Dystroglycan (Dystrophin-associated

2754.303 3348 1.55 1.87 1.61 . o . . .
glycoprotein 1)//Flavivirus non-structural protein NS4A//Big defensin

2754.34007 4329 154.64 | 158.99 | 159.05 | Defensin-like peptide family

2754.36912 861 203.05 | 194.68 177.33 | Big defensin//Protein kinase domain//Protein tyrosine kinase

2754.36967 4507 a1.77 44.65 38.97 | Defensin-like peptide family

Cobalamin biosynthesis protein CobT//Centromere protein H (CENP-

2754.37070 1991 4.32 3.05 3.43 H)//DHHA1 domain//Beta defensin//RNA recognition motif. (a.k.a. RRM, RBD,
or RNP

2754.37463 2934 4.18 3.56 4.46 Defensin-like peptide family

2754.40936 1436 2.69 a.47 1.02 Defensin-like peptide family

2754.41308 1910 12.53 12.34 10.62 | Molybdopterin-binding domain of aldehyde dehydrogenase//Big defensin

2754.42731 649 6.05 11.95 1.68 Defensin-like peptide family//FIgN protein

G8



Unigene Gene Expression level ) )
a Protein/peptide
(Cluster) Length 0h 1h 24 h
2754.46734 889 7.42 6.31 4.13 Big defensin
2754.47359 3471 1.5 1.55 1.59 Defensin-like peptide family
2754.47711 1499 0.59 0.52 1.13 Defensin-like peptide family
2754.59689 4319 0.75 1.41 1.06 HECT-domain (ubiquitin-transferase)//Defensin-like peptide family
b EF hand//EF-hand domain//EF-hand domain pair//EF-hand domain
2754.6284 3300 4.59 4.87 18.92
pair//Defensin-like peptide family//EF hand
2754.66528 960 0.8 0.79 1.34 Big defensin//Protein of unknown function (DUF972)
Zinc finger, C4 type (two domains)//Ligand-binding domain of nuclear
3069.0 3318 0.79 0.63 0.5
hormone receptor//Big defensin
31152.0 440 2.43 1.88 0.46 Big defensin
6306.0 1073 0.61 0.58 0.35 Big defensin//Lipoxygenase
18521.0 426 2.38 0.59 2.01 Beta defensin
2754.19385 445 0.67 0.44 0.38 Beta defensin//Acyl-CoA dehydrogenase, C-terminal domain
2754.24604 3453 0.52 0.81 0.71 Beta defensing
2754.24926 647 0.43 0.35 0.63 Beta defensin
2756.32036 1004 0.33 0.41 0.76 Beta defensin//S4 domain
2754.34283 4883 49.95 52.46 35.37 Beta defensin
2754.38260 3037 1.6 0.77 1.54 Beta defensin//Immunoglobulin domain
2754.38406 3297 3.59 4.36 2.56 Adenylate cyclase associated (CAP) N terminal//Beta defensin
2754.40290" 2271 0.88 1.03 1.46 Transducer of regulated CREB activity, N terminus//Beta
defensin//Bunyavirus non-structural protein NS-s
2754.41256 4486 1.8 0.65 2.16 PA26 p53-induced protein (sestrin)//Cobalamin biosynthesis protein

98



Unigene Gene Expression level ) )
a Protein/peptide
(Cluster) Length Oh 1h 24 h
CobT//Autophagy protein Apg6//RNA recognition motif. (a.k.a. RRM, RBD, or
RNP domain)//Frog antimicrobial peptide//Prolactin-releasing peptide//DHHA1
domain//Beta defensin//Centromere protein H (CENP-H)//RING-H2 zinc finger
Beta defensin//DHHA1 domain//Centromere protein H (CENP-H)//Cobalamin
2754.41258 2155 2.59 3.33 3.31 biosynthesis protein CobT//RNA recognition motif. (a.k.a. RRM, RBD, or RNP
domain)//PA26 p53-induced protein (sestrin)//Autophagy protein Apg6
Beta defensin//DHHA1 domain//Cobalamin biosynthesis protein
b CobT//Centromere protein H (CENP-H)//Autophagy protein Apg6//PA26 p53-
2754.41259 2030 3.67 6.5 10.47
induced protein (sestrin)//RNA recognition motif. (a.k.a. RRM, RBD, or RNP
domain)
Centromere protein H (CENP-H)//Cobalamin biosynthesis protein
CobT//Beta defensin//DHHA1 domain//RNA recognition motif. (a.k.a. RRM,
2754.41261 2458 3.13 3.66 3.02
RBD, or RNP domain)//Autophagy protein Apg6//PA26 p53-induced protein
(sestrin)
2754.44068 3160 1.6 1.58 1.19 Immunosglobulin domain//Beta defensin
2754.46071 667 1.94 1.27 0.31 Beta defensin
2754.47999 2913 1.11 1.44 1.19 Bunyavirus non-structural protein NS-s//Beta defensin//Transducer of
regulated CREB activity, N terminus
Beta defensin//DHHA1 domain//Cobalamin biosynthesis protein CobT//RNA
2754.48377 2003 2.4 2.2 2.3 recognition motif. (a.k.a. RRM, RBD, or RNP domain)//Autophagy protein
Apg6//PA26
2754.49186 ° 818 5.38 6.21 10.33 Beta defensing

L8



Unigene Gene Expression level ) )
a Protein/peptide
(Cluster) Length Oh 1h 24 h
RNA recognition motif. (a.k.a. RRM, RBD, or RNP domain)//Autophagy protein
2754.52185 ° 2042 5.09 5.81 8.54 Apg6//PA26 p53-induced protein (sestrin)//DDHD domain//DHHA1
domain//Beta
2754.53580 4293 1.07 1.02 0.6 AhpC/TSA family//Beta defensin
2754.5798 1073 0.96 0.37 0.64 Beta defensin
Bunyavirus non-structural protein NS-s//Transducer of regulated CREB
2754.58310 2811 1.99 2 3.65
activity, N terminus//Beta defensin
2756.61223" 1383 0.65 1.14 1.49 Beta defensin//Metal binding domain of Ada
29538.0 2239 0.84 0.73 1.03 Beta defensin//MIZ/SP-RING zinc finger
6034.0 551 0.44 0.94 0.56 Beta defensin
b EAT repeat//Mammalian defensin//Adaptin N terminal region//Man1-Srclp-C-
2754.30575 6644 13.22 16.52 63.06 , , _ _ _ _
terminal domain//Beta2-adaptin appendage, C-terminal sub-domain//Apoptosis
10104.0 664 0.62 1.1 0.4 Arthropod defensin
10267.0 1034 0.42 0.5 0.47 Arthropod defensin
15595.0 2927 0.53 0.73 0.69 Arthropod defensin
2754.28141 1845 3.06 33 2.2 Arthropod defensin
2754.46380 419 2.77 1.54 3.15 Arthropod defensin
2754.53097 2081 8.16 6.7 9.53 WD domain, G-beta repeat//Arthropod defensin
2754.5332" 1164 7.48 8.42 12.71 | Arthropod defensin//Peptidyl-tRNA hydrolase PTH2//Protein kinase domain
2754.53224 1711 3.36 3.7 3.43 Arthropod defensin
2754.5331 1244 0.99 0.7 0.43 Arthropod defensin//Protein kinase domain//Peptidyl-tRNA hydrolase PTH2
30122.0° 806 0.45 0.56 0.59 Arthropod defensin

88



Unigene Gene Expression level ) )
a Protein/peptide
(Cluster) Length 0h 1h 24 h
4076.0° 668 0.41 0.44 0.6 Arthropod defensin
2754.62579 ° 2781 0.39 1.12 2.11 Myotoxin, crotamine
5592.0° 5561 0.61 0.71 0.77 Myotoxin, crotamine//GDA1/CD39 (nucleoside phosphatase) family
25944.0 773 0.65 1.03 0.32 Viral DNA topoisomerase |, N-terminal//Myotoxin, crotamine
Ctr copper transporter family//Protein kinase domain//Protein tyrosine
2754.55873 5296 0.68 0.4 0.33 , ' ,
kinase//Myotoxin, crotamine
2754.62577 7131 2.12 1.47 1.29 Myotoxin, crotamine//WD domain, G-beta repeat
2754.62580 3895 1.53 1.41 1.45 Myotoxin, crotamine//WD domain, G-beta repeat
2754.9461 2058 0.82 1.18 0.78 Myotoxin, crotamine//TNFR/NGFR cysteine-rich region
Protein tyrosine kinase//Myotoxin, crotamine//Protein kinase domain//Ctr
2754.55874 5307 1.72 1.44 0.87 ,
copper transporter family
Ctr copper transporter family//Protein kinase domain//Protein tyrosine
2754.55873 5296 0.68 0.4 0.33 . . .
kinase//Myotoxin, crotamine

“Cluster ¥4 unigene T4 C siamensis @314 defensin peptide
b o sala a X vy vy & & A 1Y) o = ~ ~ Y} ' ' v & aa Y
sgaunsuanseanvaalilnaninsuansooniinduradlasuldenaiivagn 1 9alus way 24 Falug LiJE]L'LJiEJ‘UL‘VlEJ‘Uﬂ'Uﬂqmﬂ’JU@Mﬂ@ulﬂiUL‘U@LLUﬂ‘VlLiEJ (0 ‘U’JI?,N)

68



d (% (3 aa . qe 4 d'd a dy 1 1
MINT 4.9 sziumsianseanvaalUlnaleudnu (hepcidin) Tuaszilasundnisiadelusazdiasiad

Unigene Gene Expression level
a Protein/peptide
(Cluster) Length Oh 1h 24 h

Protein tyrosine kinase//Hepcidin//Lipopolysaccharide kinase (Kdo/WaaP)

2754.19709 2118 2.07 1.75 3.32
family//Protein kinase domain

2754.19716 2060 1.72 1.89 1.11 Protein tyrosine kinase//Hepcidin//Protein kinase domain

2754.29609 634 3.13 6.83 a.9 Hepcidin

b MIFAG domain//elF4-gamma/elF5/elF2-epsilon//NAD:arginine ADP-

2754.37440 7574 1.57 2.07 2.1
ribosyltransferase//Hepcidin
Hepcidin//ABC transporter transmembrane region 2//ABC transporter//AAA

2754.41095 4491 0.45 0.41 0.87 . . L . o .
domain, putative AbiEii toxin, Type IV TA system//IstB-like ATP binding protein
Syntaxin//Type lll secretion basal body protein |, Yscl, HrpB, Pscl//SNARE

b domain//Methyl-accepting chemotaxis protein (MCP) signalling

2754.47554 2239 18.78 20.5 21.86 . . o . .
domain//Synaptobrevin//Hepcidin//ABC transporter C-terminal domain//DASH
complex subunit Dad4//cGMP-dependent protein kinase interacting domain
tRNA pseudouridine synthase//IPT/TIG domain//Hepcidin//GTPase-activator

2754.56380 6424 2.74 2.62 1.37 protein for Ras-like GTPase//Sema domain//Fungal cellulose binding
domain//Plexin repeat

“Cluster w84 unigene lu C siamensis fia%a Hepcidin peptide

b Y s aa da s & A 1Y) 1Y) o a a & o 9 ' M a & o
53@‘1.1?7']5%?19]\1@@(1%@3LUUlV]@L@U‘?j@u‘ﬂllﬂ’ﬁLLaﬂﬂ@@ﬂLWiﬁﬂuwma'} 1 GU'_JIQJQ Way 24 SU'_JIlN 'Viaﬂllﬂ']i(ﬂﬂLSU@LV]EJUﬂUﬂ@uﬂavﬂuw‘luuﬂqimmlma (0 EU']IlN)

06
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4.5.3 SLAUNITUARNIDBNTBY Unigene woadio 2 (LEAP-2)

Taowlnsueadiof 2 (LEAP-2) iludlnddnuqadndifianuen 40 nsmexdlu
Tneuszana Ussneusiensnesillu@awdudiuiu ¢ nsneszily Sauaudfiduussquin uasiiandu
nsnordilufiumnansanudndieudiu (cause et. al, 2003) Wulndueasiof 2 wuilmsuanseanlsi
Tuduuaetenrdu 1 winuidinsuanseeninnitaalusdu SovssudsliiuunaiiGauanden Uoya3n
NansnAasIAsll wuduueadlof 2 ds 28 Unigene fauanslunisnsdl 4.10 Tnewu Unigene Cluster
2754.30053, 2754.3661 war 2754.7998 Ailsysunsuansooniiiutundsleyuideuuaiiie duan
1 dlus (1 h) dlewssuifisuiudeuldfude 0 h) wasszdunsuantesnves Unigene anhazil
syfuaanilonaiuly 24 Frlumdnassdldsudeuuaiiise wenainidany Unigene Cluster
2754.18501, 2754.19290, 2754.19532, 2754.20641, 2754.23168, 2754.38759, 2754.50358 ‘ﬁﬁ
1sReVALDIRIENTiNTE R uNTuanteanvasBundeldTularaiiian 1 Falus uay 24 $alus e
Wisuifeufunguauaureuldfudeuuniiie (0 43lu) (m3mefl 4.10)

NNANITLENIBDNUBY Unigene fanaidiadu uanaliiiuinuweadion 2 1Ju
wWilnadnudianiefifianudrdgluszuugifuniuvesassd Tnenisnevaussarunsanuldly
manviane3ULUy Wungy Unigene fimauauasognsninianislunat 1 daluadleasuidlisuge
diedaelunisidnuuaiiBenelsafiesadldsuegaiud wasdsedunsuanifianatoge5iny
melu 24 Hlus Inganmsinuiiummuideianisindennuueiide wWilndueadief 2 dgn
wiehlsnsuanseenveaUUindiiiuiy (Sang etal, 2006; Hocquellet etal, 2010; Henriques
etal, 2010)



| Y] s v A a & ] |
AN 4.10 igﬂUﬂ’]iLLaﬂﬂa@ﬂm@\‘]LﬂUimﬂ LEAP-2 quﬁglﬂlﬂ&ﬂﬂ‘ﬂﬂﬂqﬁmﬂLGUGELULLWagsUQQLfJaW

Unigene Gene Expression level
a Protein/peptide
(Cluster) Length | Oh 1h 24 h
23279.1 a71 0.82 0.45 0.59 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2355.0 581 1.44 0.71 0.51 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Phage small terminase
2754.15467 2959 0.81 0.52 0.35 ' , ' '
subunit//Mediator complex subunit MED14//Secreted phosphoprotein 24 (Spp-24)
b Armadillo/beta-catenin-like repeat//Liver-expressed antimicrobial peptide 2
2754.18501 2074 1.61 2.01 2.3
precursor (LEAP-2)
b Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Sulfotransferase
2754.19290 4630 1.02 1.04 1.32 .
domain
2754.19532° | 1877 2.89 297 3.4 | BTB/POZ domain//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Sulfotransferase
2754.20602 4475 1 0.61 0.74 .
domain
Prefoldin subunit//RNA polymerase Il transcription mediator complex subunit
2754.20641° | 1568 4.28 4.32 4.58 | 9//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Sensor protein
DegS//Sigma-70 factor, region 1.1
2754.23168° | 1838 21.94 | 23.85 24.5 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.24571 4527 6.39 6.28 7.64 | Sulfotransferase domain//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.25966 6250 5.8 5.25 5 PLAT/LH2 domain//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.2876 1454 0.7 0.35 1.04 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.29639 628 0.46 0.49 0.33 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
Prefoldin subunit//RNA polymerase Il transcription mediator complex subunit
2754.30053 1632 59.7 65.15 58.6

9//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Autophagy protein

44



Unigene Gene Expression level
a Protein/peptide
(Cluster) Length | Oh 1h 24 h
Apg6//Outer membrane protein (OmpH-like)//Sensor protein DegS
Zinc finger C-x8-C-x5-C-x3-H type (and similar)//Protein prenyltransferase alpha
2754.36610 4421 48.34 | 195.11 | 72.99
subunit repeat//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.37926 5401 6.39 6.65 6.7 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.38759 " | 2800 17.58 | 16.96 18.02 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.46550 1423 1.09 0.92 1.9 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
EF hand//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//EF hand//EF-
2754.47196 5814 3.58 3.05 491 | hand domain//Copper transport outer membrane protein, MctB//EF-hand domain
pair//EF-hand domain pair
Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//Sulfotransferase
2754.48282 4034 0.39 0.49 0.31 .
domain
EF hand//Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//EF-hand
275450358 | 3501 0.9 1.19 6.75 | domain//EF hand//EF-hand domain pair//Copper transport outer membrane
protein, MctB//EF-hand domain pair
2754.51627 1500 1.07 0.78 0.89 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
2754.56903 909 2.08 2.03 3.19 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//P5-type ATPase cation
2754.67397 2640 0.38 0.36 0.64 , ,
transporter//TIR domain//TIR domain
Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)//TIR domain//P5-type
2754.67399 2353 0.81 0.61 0.51 . .
ATPase cation transporter//TIR domain
FtsK/SpolllE family//Type II/IV secretion system protein//AIG1 family//Ferrous iron
2754.7998 3580 1.3 2.03 1.71

transport protein B//Ras family//50S ribosome-binding GTPase//Liver-expressed
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Unigene Gene Expression level
a Protein/peptide
(Cluster) Length | Oh 1h 24 h
antimicrobial peptide 2 precursor (LEAP-2)//Septin//Protein of unknown function,
DUF258
4045.0 803 0.84 0.97 1.04 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
5679.0 657 0.32 0.56 0.51 | Liver-expressed antimicrobial peptide 2 precursor (LEAP-2)
“Cluster vo4 unigene Tu C siamensis Nia@319 LEAP-2 peptide

b o ¢ A a X A 1Y) 1Y) v a & o Y ' A o a & o
i%ﬂumiLLﬁm@@ﬂ%dLﬂUlmﬂ LEAP-2 NUN1TLaARI0DALNUYUNLIAN 1 GU'JIlN ey 24 sﬂ'ﬂllﬂ ‘V‘aﬂuﬂ'ﬁmﬂlﬂ]@L‘V]?JUﬂUﬂQlIﬂ'J‘Uﬂqll‘W‘lllllﬂqﬁ(ﬂﬂLsﬂa 0 SU'JIlN)

14
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4.5.4 T3AUN1ITHaAIDDNYBY Unigene ALGA%AY (Cathelicidin)

wA3aFRwduUInddugadwinuludedTindugauulndvdadnuuinly
fnidiosnanu utegdlsimudsimuiuulndunsataululivesasad nnsnwiudindunsasiu
wazlnddugadnaiadu 4 ludridesrauasdnivlindu ilimsuisruugddutuwuudunen
wirnlafAfmunmsieussuugfiduiuuuuiidestimsnsedu enetfos 750 &1t eilanudfeyoeis
innluidvesmsdvhaunouszuunidufuwuuidesdmsnssduuazsndlumsiiliiAneud iy
vossruundAuTuLuUAUneauifuie Faudlndeengvsdindnilaggnaratuluguiilingewinnu
(pre-propeptide) oy WoldFumsdauisdrusendoieulel Fsazanmnsavitandunisdmgadls Tu
uudiUlIndunsadnu asnuliluunsyaszglsilan (azurophilic  granule) veugadiinidanu1iviin
TlnsAalugveaundfigilaindomin wuRoiudnitugeiindus Wogninuisdiudeteuled
Tusiiea (euluiBanama vide T3ulUsien) Fsavegluguinduesadauimiomiinu Faduulndd
Lufnsnexfiludawndu lasadwszdunfogiiluweaviiednd Snsnesliluuszana 12-88 nsnexdilu u
weRAdAuTinUludeidesrauaiianng 4 SnsuanseanuuueysnsuinaUaeesilu (Nterminus) Tu
U naRslsindeaninau (conserved cathelin domain) (Tongaonkar et al., 2012)

doyannuanisnaenssl nuBuuasatAunnds 10 Unigene #sldun Cluster

2754.32503, 2754.57712, 2754.37224, 2754.35703, 2754.591612754.36580, 2754.36631,
2754.36595, 2754.25118 way 2754.26759 lnewu 8 Unigene fiflsziunsuanseaniisuntanie
ssvdaeldsudouvaiiionolsa suandunsed 4.11 Taevs 8 wusziunisuanseanvesdy
disduiandsldsudeinat 1 41lus war 24 Falus deIsuitsufunduaiuauieuldsuide
wuafiSe (0 Halua) (519fl 4.11) eSeufieuseiunisuaniosnvesduunsadAuusay Cluster
Tuwazaianainuin Cluster 2754.32503 Siseiunisuanseenvesduiivan 24 Fluadleassidasy
$udouniign (Uil 4.12)
MnmsFeuifisudifuresnsnesiluresnisddaudaoglusudilindeasinu
(pre-propeptide) wuanuitauUats N vespnsddnuysyunu 30 nsneziluudiuves signal
sequence n&taNTUYsEIIN 90 nIneiluandutinmvoninosiluiiinisousntas (cathelin-
like domain) uagludiuvesuats C wuindudfunsnozilufiinisoyintsi (heterogeneous C-
terminal  antimicrobial domain) sty mature peptide dmdunsiuduuaiise

wendnuudamunseysnunsneziludamduds 4 dumi Fuduendnualienizvesnisddnu (Gao

=

et al,, 2015) (Un 4.13)
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Unigene code number

pu| a ~ Y s aaa . &
§‘UVI 4.12 wWSsususzauniseanteanvawlUulnensadau (cathelicidin) - Tuassdasy (C
siamensis) NNNSAMTBTULAREYINIAN



o o s aaa . v A a & ] |
AN 4.11 seauniseanseanvaalulnnnsadaiu (cathelicidin Tuasedagnuninisaneluwmazdiwian

Unigene Gene Expression level
a Protein/peptide
(Cluster) Length Oh 1h 24 h
b Adenylate kinase, active site lid//Cathelicidin//Cystatin domain//Secreted
2754.25118 881 a7.8 55.68 811.1 .
phosphoprotein 24 (Spp-24)
b Cathelicidin//Cystatin domain//Adenylate kinase, active site lid//Secreted
2754.26759 869 5.28 4.56 196.85
phosphoprotein 24 (Spp-24)
2756.32503" 670 79555 | 811.78 | 24464.57 | Phosphoribosyl-dephospho-CoA transferase MdcG//Cathelicidin
2754.35703" | 1523 742.13 | 787.64 1939.17 | Secreted phosphoprotein 24 (Spp-24)//Cathelicidin
b Mediator complex subunit 3 fungal//Cystatin domain//Cathelicidin//Procyclic
2754.36580 562 9.8 8.9 744.67 o N .
acidic repetitive protein (PARP)
b Secreted phosphoprotein 24 (Spp-24)//Fibronectin-attachment protein
2754.36631 1784 1141.36 | 1322.49 | 3673.06
(FAP)//Cathelicidin
2754.37224° | 1321 | 1635.88 | 1850.03 | 2661.23 | Cathelicidin//Secreted phosphoprotein 24 (Spp-24)
2754.59161 ° 2216 0.79 0.91 21.21 Cathelicidin

*Cluster w89 unigene u C. siamensis fla¥ns Cathelicidin peptide
iufﬂ‘umiLLamaaﬂ‘ﬂmLﬂﬂlwmmLﬁasmuw,wmuwmmmm

L6



Cluster-2754.32503 ~-cccccccccccccnrccmcrene - PTPSYRAQALATAVDVYNRGSGVDVAFRVLEA 31
Cluster-2754.57712 —-==--MKG--CWALVVLVGCM--APAAAAQSQLSSNEATISLAVDFYNRGLAVNNTFQLLRA 52
Cluster-2754.59161 ==--MKG--CWALVVLVGCM--APAAAAQSQLSSNEAISLAVDFYNRGLAVNNTFQLLRA 52
Cluster-2754,.35703 ---MGRR--GWVVLLGLATLVAAALASQRKLLSYGEAASFAVDFYNQQPGVDHTFRLLDV 55
Cluster-2754.37224 ---MGRR--GWVVLLALATLAAGALGSQHRTLSYEEAVSLAVDFYNQGPGIDHVFRLLRA 55
Cluster-2754.36631 -=-MGRR--GWVVLLALATLAAGALGSQHRTLSYEEAVSLAVDFYNQGPGIDHVFRLLRA 55
Cluster-2754.36585 -=-MGRR--GWVVLLALATLAAGALGSQHRTLSYEEAVSLAVDFYNQGPGIDHVFRLLRA 55
Cluster-2754.36580  -=———---mmmmmmmm e AQAQASYETAVATAVDIYNQEPGLAQAYRLLEA 33
Cluster-2754.25118 MOPCPRALLVLALVLGAAVAVAVALPAPPAPSGYQEALAAAVDTYNRESGQPQAYRLLEA 60
Cluster-2754.26759 MOPCPRALLV----LGAAVAVAVALPAPPAPSGYQEALAAAVDTYNRESGQPQAYRLLEA 56
* . kkk kk: Lk
Cluster-2754.32503 ESRDDWDASQDPLROQLEFTLEETECEVGDDQPLDQCGFEDGGAVLDCTATFSCSEASLMV 91
Cluster-2754.57712 APDGDVVSKPSEFRRLNFTIMETTCEVAGQLEPSEPCQFEENGLVRACVGFFSAQQVAPLI 112
Cluster-2754.59161 APDGDVVSKPSEFRRLNFTIMETTCPVAGQLPSEPCQFEKENGLVRACVGFFSAQQVAPLT 112
Cluster-2754.35703 EPQPAWDTMAKSCQEVRFVVRETVCPRAQDPPASECDFODNGLVENCTWLFSTELELPAS 115
Cluster-2754.37224 DPQPAWDMT SQPRQELRFVVRETVCPRAQDFPPASECDFQDNGLVRNCTGLFSTERESPTV 115
Cluster-2754.36631 DPQPAWDMTSQPRQELRFVVRETVCPRAQDPPASECDFODNGLVRNCTGLFSTERESPTV 115
Cluster-2754.36595 DPQPAWDMT SQPROQELRFVVRETVCPRAQDPPASECDFODNGLVRNCTGLFSTERESPTV 115
Cluster-2754.36580 EPQDSWNPASQARQPLEKFTVEETTCPIAQKGNLQQCDFEENGLIKDCSGLFTAGEKPPVT 93
Cluster-2754.25118 EPQPPWDPASQPVQPLRFSIKETTCLVSEKRDVGQCPFEDEGLVEDCTGIYSAEKKPPIV 120
Cluster-2754.26759 EPQPPWDPASQPVOQPLRFSIKETTCLVSEKRDVGQCPFEDEGLVKDCTGIYSAEKKPPIV 116
. S L S L :
Cluster-2754.32503 LVACQPAEPPPTRDRRGLFEELRKEKIKKAFKKVFERLPPVG-——————-————————— VGI 135
Cluster-2754.57712 VV I CEEAPSE -~~~ ———————mmmm e e e 122
Cluster-2754.59161 VVTCEEAPSEPVRVTRW---—————————— L= = memma=- LVRGGLEKL-AGWGLR---T 146
Cluster-2754.35703 IITCDTMTPGKDVHAKPEKPKP-—-——————— GKDERGWPGSG-—-————-——— SWIGKGTPF 156
Cluster-2754.37224 ITITCDTATPPPQGLCKGPVDL-———————— ASRLHQRPAPPLLRGS—---- SWGQLGQEE 161
Cluster-2754.36631 IITCDTVTPGQHARVRRS-GW-—-——————— EDRIKRRRGFGSRRGRFTLIAHGGKKGHGN 165
Cluster-2754.36585 ITITCDTVTPGQHARVRRS-GW-———————— RDRIKRRRGFGSRRGRFTLIAHGGKEKGHGN 165
Cluster-2754.36580 DVECVDASQEPELVTRR--KW--—-——-——-—— WKT----——— ALK---TAHDVI-LG----- 126
Cluster-2754.25118 TAVCEKDAGQEPELVERV--NW--—-——-———— RKI------—- GLG---ASYVMSWLG----- 154
Cluster-2754.26759 TAVCKDAGQEPELVERV--NW---—-————— REL======= GLG---ASYVMSWLG----- 150
*

Cluster-2754.32503 SVPLAGRR-- 143

Cluster-2754.57712 = =—=====-—=- 122

Cluster-2754.59161 YLNRNQ---- 152

Cluster-2754.35703 SFPITEKPVG 166

Cluster-2754.37224 MDAAA----~- 166

Cluster-2754.36631 YGNIA----— 170

Cluster-2754.36595 YGNIA----- 170

Cluster-2754.36580  -——--—----- 126

Cluster-2754.25118 =========- 154

Cluster-2754.26759 —=-----—e- 150

4 H . . aaa
U 4.13 Amino acid sequence alignment UBIALTATAL

dlofnwiaudfves mature peptide Wudn mature peptide fyuneglugae
Usganas 19-0 nsmeziily @analuianasgszning 2019.469-0609.254 g/mol) fUszRamdd pH 7
faugt +1 f9 +12 uazdl hydrophobic ratio #aud 21-45 WosiFud (15197 4.12) Uszquanuazaay
Hulslasindnveadundsinanuiiduaudidaduendnvaivesmisadauldlnddadudlngd
Jnaglunauusequan (cationic antimicrobial peptide) aglsfiniunudn Cluster-2754.57712 th
lignansafierinsziduulngld dau Cluster-27564.36631 way Cluster-2756.36595 tumuinma
2 Bu nenswaldUndiiadunsmezilumiloufufio RRSGWRDRIKRRRGFGSRRGRFTLIAHGGKKGHG
NYGNIA (115197 4.12)

Lﬁ'aﬁwms‘v'i']maﬁﬂmqa%ﬁmﬁaqﬁ%aadauﬁﬁmﬁwﬁlﬁu mature peptide WU
mature peptide filasasamAsgiuusesnidu 3 nqu Aenguilassasiaduuuy o-helix (Cluster-
2754.37224, Cluster-2754.59161, Cluster-2754.36580, Cluster-2754.36631, way Cluster-
2754.26759 ) WUy B—sheet (Cluster-2754.32503 way Cluster-2754.25118) waghuyu random coil
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(Cluster-2754.35703) (U7l 14) Sednuwazlassaisisanuuuuiinananiifulassaireiannsanuld

luwdlndnguansadnuuasiunumdidglunswansnalnlunisdudauuaiiise (Ling et al, 2014
Tomasinsig and Zanetti, 2005)

Cluster-2754.32503 Cluster-2754. 37224 Clusfer—275_4. 35703

Cluster—2754 59161 Cluster-2754.36580

2

Cluster-2754.26759

9\,

A b a a . (3 aaa v
UM 4.14 lassaiafggilves Candidate lWUlndAansadRuanaszidaey



d ) a wa (3 aaa
AT 4.12 nMsTeuiisuauaudivesUulnaaeasnu

Molecular | hydropho
o ) Number of Net charge i o
Name Cathelicidin Peptide ) weight bic ratio
residues atpH7

(g/mol) (%)
Cluster-2754.32503 FKRLPPVGVGISVPLAGRR 19 +4 2019.469 42
Cluster-2754.57712 - - - - -
Cluster-2754.37224 DLASRLHQRPAPPLLRGSSWGQLGQGLMDAAA 32 +1 3370.851 40
Cluster-2754.35703 HAKPKPKPGKDERGWPGSGSWIGKGTPFSFPITKKPVG 38 +6 4058.678 21
Cluster-2754.59161 TRWIGLVRGGLKLAGWGLRTYLNRNQ 26 +5 2999.52 38
Cluster-2754.36580 TRRKWWKTALKIAHDVILG 19 +4 2292.75 a7
Cluster-2754.36631 RRSGWRDRIKRRRGFGSRRGRFTLIAHGGKKGHGNYGNIA 40 +12 4609.254 22
Cluster-2754.36595 RRSGWRDRIKRRRGFGSRRGRFTLIAHGGKKGHGNYGNIA 40 +12 4609.254 22
Cluster-2754.25118 KRVNWRKIGLGASYVMSWLG 20 +4 2321.773 45
Cluster-2754.26759 KRVNWRKIGLGASYVMSWLG 20 +4 2321.773 45

00T
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o . d d )
4.55 3sAUN1TUanIaanYed Unigene YINEITDINUNITUIUNTT Autophagy Lay
Apoptosis

¥ U 1 a

1NN3ANITEUUYHAN AUV TEIUALUIALNTNTEAUTEUU AN URIUATSE

q

WauuATSY W UTeiiusEAUNITHANIaNUBIEUTINEIUR D TE UUYIANTUYDITELUALIN WU
nilslunalnifeadesiunsmdansearsenuaiiseiuraulade nalnvesnisiia autophagy &4
fowdunisuansoonlusedu innate  immunity  8nUszianuila laeialunalnndnvesnisiia

[ [y 1 a o a [y A
autophagy s JuMIsnYIANgaTesYadlunsgesaanglusiukarn suInsaezilunduunldlniiie

'
v a

nsegsen TluisnismindauvanUasunsauuaiisendnguwadladnaie (Valdor and Macian,

[ [y

2012) FelUsAundaudrAnantun1sinAnsAIAiBLUY autophagy kA autophagy-related

o

protein (Atg), LC3, p62 (sequestosome), polyubiquitin uag Beclin-1 laglusfumaniazdunuim
dfaylunnsadha autophagosome Fanszurunsusnlunisiinnisyitasidewuu autophagy 9l
N15a513 phagophore TnailusaundAglann conjugated Atg5-Atgl2 way LC3 wasaIntuuaziinig

aselnluguiuvisefisenin autophagosome 1nN13YUKAZNSEsdRy Ry IaIlUsAY Beclin-1,

'
a

p62 uay polyubiquitin Tun1svindauwdaniasy  autophagosome M@oY lysosome

waziin1sgegvinareiyelufign ¥seiisendn autophagic flux (Gump and Thorburn, 2011)

o w 1 1

wanANUIinT55eY Atg IRudAyeg1aundon1sin autophagy 1ne Atgl, Atgb wag Atg8 &4

<

1Y |

wunsAnwngufuiniaudrdysenisadne phagophore  Tasn1sdulusiusadug 1éud
Atg6/Beclin 1, Atgl/Ulkl wag Atg8/LC3 (Deretic et al, 2013) IINHANITNABDINUTLAUNIT
wanseanvaslUsiu Ats5 Atgé Ate8 Atgl2 uaz LC3 Hssfunisudnsesndfiuanniuil 1 $aluwsn
ndnmsande warilsviunsuanseenanasiionansinuly 24 $9lus (A15197 4.13) wasmuin
sEAUNSULAnIeanUeIlUSAU p62 uag polyubiquitin danwugluluiianadeiiuasinisuansesn
disdulu 1 Falueusn uazanananilonaniuly 24 Falus (Ms1eft 4.14 waz 4.15) uenaniss
WUsERUNsLEneonvedlUsiu Beclin-1 tuiinsiasundaniisadntios (5197 4.16) 91nwa

=1

nmsnaasadululdindevssdiinisiage ssvuniglusianeneienuiagiuyuazSnwiaunaves

[
o w A

waslduaudemelagldnalnuesnisiin autophagy Tuvaiieafuiiinismdadewuafise
NuN5E319 autophagosome  fatuRanUsERUNMSLERIRenvedlUsuTiAsTesTunalansiin
autophagy qﬂu%’ﬂmmﬂ waziilonamiuly 24 Faluanduiinisuaneenanas 3991n5ANYY
JEUUYDINNSLAN autophagy finuandy Sdinsnamdinuduiudussszuy autophagy Lagszuy
N13ANBKUY apoptosis $9uA8 1AETEULYBY autophagy @1150AIUANNISLANA apoptosis b6l Tu
Yuziieaiu N3LAn apoptosis AauNsaAIUANNIIAA autophagy tedwAeaiu (Thorburn 2008;
Gump and Thorburn, 2011) feifunanisnaaesdaldinnisinsed Unicene Miiieadostanisiin
ASAYLUY apoptosis 3618 alA caspase-8, BH3 interacting-domain (BID), Bcl-2, Fas-

associated protein death domain (FADD), Death associated protein kinase (DAPK),
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Cytochrome C, Jun kinase, inhibition of apoptosis protein (IAP) wag DIABLO (Elmore, 2007;
Gump and Thorburn, 2011) FAINNANITNARBINUTY Unigene fieadestunisiia apoptosis
WUU extrinsic pathway M'%amsmaLﬁagﬂﬂizﬁuﬁw?u%ﬂmauaﬂ lAuA caspase-8, BID, FADD,
DAPK, cytochrome C uag Jun kinase iinsuansooniiinduiionaduly 24 $alus luvasd 1
Hlususniinsuanieenanamsensd sauanslunasei 4.17, 4.18, 4.20, 4.21, 4.22 uay 4.23
AuEU wazdanudn Unigene IAP fidiniiilunsdiudanisiiin apoptosis Ssefunisuansesnues
Sufidsuuladluifisadniios wiefinsuanseeniiudniesdionariuly 24 $3lus (st 4.29)
Tuwnuzd DIABLO 7dwdushduds AP Afldnuwasnisuanseenvastundneiu IAP 8ndne (ns1ef]
4.25) uansliifiuin Unigene Milendasfiunisiiin apoptosis finsuanseanvessesuduiudugio
¥msanietiszeznaninuly 24 $alus uenanidmuin Unigene Bel-2 Fsflumumlunsiiudanis
\An autophagy Way apoptosis ﬁmsLLamaaﬂﬁumﬁuqﬁuLﬁ'anmm'mlﬂ 1 F9lu9 waefinsuaniaen
anasdlonaiiuly 24 $alus (Ms1eft 4.19) Feduainmantsnaaesiamaiinaniudadululdinge
sadinisfade nmeluaanm 1 Fluusnasdinenszdunissnunaunaveseaduaznistinde
LUATIGRIUTEUUYRY autophagy nieufuai1slUsAuTildlunisnszdunsiAn apoptosis AugY
s Juilenaniuly 24 %Im%ﬁmsmzﬁuﬁlﬁﬁmmiﬁwmaLLUU apoptosis Inefifinsansediu
¥04n194 70 autophagy  $udae eswinlusAuiiianuieadessonisiia autophagy  uay
apoptosis  srfunisuanseaniidenndesiy 1wy n1suanteanvedlusiiu B2 finuindng
wanseenveduiiuinntud 1 Fluawsn 39 B2 funuanlumsdiudsnsiin autophagy Taenns
Fudsnisinauwes Beclinl  luvaisiisasufidudnisiia apoptosis Tnensdudfinsantdes
cytochrome C aelululnaswnse (mitochondria) nsen1suandeanvedlusiy p62 lunisnsedu

luifin apoptosis 1gN13NIERAUNITYINNILYEY caspase-8 wazaunsagndudslamenisiuiulusiiu

¥
=

Atg Tuszuv autophagy wMlAnUIZAUNITUARAIRNVOIBUTRIUTAN Atg Nastuluy 1 Talususn

Y

Wudy (Gump and Thorburn, 2011)



Autophagy

o ) A A v a . = P aa a &
M15797 4.13 szaunsuanseanvesduiiasnalusiu autophagy protein 3o LC3 vesaseidanuiinisiniie

Unigene Expression level
a Gene Length Protein/peptide
(Cluster) Oh 1h 24 h
1112.0 3207 1.47 2.17 1.8 Autophagy protein Apg5//PAXNEB protein
13996.0 3531 0.51 0.71 0.8 ubiquitin-like-conjugating enzyme ATG10 [Alligator sinensis)
1973.0 519 0.88 1.94 0.74 Autophagy protein Apg6//FemAB family
Exonuclease VII, large subunit//Cyclin, C-terminal
2754.18425 3410 10.26 10.04 10.29 domain//Autophagy protein Apgb//SecA DEAD-like
domain//Lipid-A-disaccharide synthetase
2750 18027 3561 5 5s 555 587 Autophagy protein Apg6//Cyclin, C-terminal domain//Syntaxin 6,
N-terminal//Exonuclease VI, large subunit//Ezrin/radixin/
2754.18651 1019 0.89 0.74 0.49 autophagy-related protein 16-like [Alligator sinensis)
2754.19941 3647 0.57 1 0.36 ubiquitin-like-conjugating enzyme ATG10 [Alligator sinensis)
2754.21666 405 3.98 2.75 1.45 Alligator sinensis autophagy related 14 (ATG14), mRNA
2754.23745 2855 7.23 6.96 10.41 cysteine protease ATGAC isoform X1 [Alligator mississippiensis]
2754.24292 1158 2.69 2.83 1.48 GABARAP, ATGS, LC3
2754.24293 3373 19.76 19.82 12.45 Ubiquitin-like autophagy protein Apg12; LC3
2754.26892 4710 0.73 1.1 1.27 Cysteine protease ATGA4A, partial [Struthio camelus australis]
2754.29744 1767 17.94 17.62 41.63 ubiquitin-like-conjugating enzyme ATG3 [Alligator sinensis)
2754.29745 964 0.43 1.02 1.62 ubiquitin-like-conjugating enzyme ATG3 isoform X1 [Sarcophilus

¢01



Unigene Expression level
a Gene Length Protein/peptide
(Cluster) Oh 1h 24 h
harrisii
ubiquitin-like-conjugating enzyme ATG3 isoform X1 [Sarcophilus
2754.29746 897 2.05 0.78 1.18
harrisii
2754.32168 2675 7.73 8.04 11.63 autophagy-related protein 2 homolog A [Alligator mississjppiensis)
Alligator sinensis autophagy related 101 (ATG101), transcript
2754.33017 1729 32.25 31.45 18.76
variant X1, mRNA
2754.35873 2526 1.26 1.24 2.29 cysteine protease ATGAD [Alligator sinensis]
2754.38594 1572 15.13 17.67 15.1 cysteine protease ATGAD [Alligator sinensis]
2754.38654 888 261.71 | 238.27 190.26 Ubiquitin-like autophagy protein Apg12; LC3
2754.41073 6380 9.36 11.59 12.83 autophagy-related protein 2 homolog A [Alligator mississjppiensis)
2754.41467 2437 4.03 5.82 59 cysteine protease ATGAD [Alligator sinensis]
2754.43558 2506 0.47 0.48 0.45 cysteine protease ATGAD [Alligator sinensis]
2754.43559 2457 4.67 3.7 7.54 cysteine protease ATGAD [Alligator sinensis]
2754.48428 3045 411 35 6.35 Ubiquitin-like autophagy protein Apgl12
2754.49738 1667 4.81 5.43 13.6 autophagy-related protein 16-2-like [Alligator sinensis)
2754.60349 3082 2.18 3.15 2.96 cysteine protease ATGAB [Alligator mississjppiensis)
2754.66114 3635 1.02 0.77 0.62 ubiquitin-like-conjugating enzyme ATG10 [Alligator sinensis)
ubiquitin-like  modifier-activating  enzyme  ATG7  [Alligator
2754.6718 4173 1.28 14 2.58
mississjppiensis)

v01



Unigene Expression level
a Gene Length Protein/peptide
(Cluster) Oh 1h 24 h
Alligator sinensis autophagy related 7 (ATG7), transcript variant
2754.6719 682 0.89 0.95 1.83
X2, mRNA
2754.7495 2931 1.73 0.48 0.68 cysteine protease ATGAB [Alligator mississjppiensis)
2754.7497 3137 1.18 0.64 0.46 cysteine protease ATGAB [Alligator mississjppiensis)
33603.0 3299 0.54 0.71 1.27 Autophagy protein Apgh//PAXNEB protein
33603.4 1653 0.67 0.54 1.06 Autophagy protein Apgh
SOH1//Autophagy protein Apg6//Growth-arrest specific micro-
876.0 2032 0.47 0.59 0.6 tubule binding//Exonuclease VII, large subunit//Vacuolar sorting
38 and autophagy-related subunit 14

*Cluster w84 unigene Tu C siamensis 314 autophagy protein %39 LC3

o o | v v ] a ¥
M3 4.14 SrAUNTLAAIDONURIEUNASNIUTAU P62 Vo9TEITas NNTN1TAALTD

Unigene Expression level . .
(Cluster)b Gene Length oh ih 2ah Protein/peptide
Protein tyrosine kinase//Cytidine and deoxycytidylate deaminase
2754.18051 3961 0.95 1 2.15 zinc-binding region//Cytidine and deoxycytidylate deaminase zinc-
binding region//Dynactin p62 family//Protein kinase domain
2754.23468 5561 10.56 10.7 18.56 Dynactin p62 family
TilS substrate binding domain//Non-structural protein NS3/Small
2754.26463 6828 2.07 2.51 1.46
envelope protein E//Dynactin p62 family
2754.27994 2028 22.28 22.74 16.55 nuclear pore glycoprotein p62-like [Alligator sinensis)

0}



Unigene G Length Expression level Protein/oeptid
ene Len rotein/peptide
(Cluster)’ 0h 1h 24h Pep
Non-structural  protein  NS3/Small envelope protein E//TilS
2754.32998 7660 2.58 2.1 2.68
substrate binding domain//Dynactin p62 family
Cytidine and deoxycytidylate deaminase zinc-binding region//DNA
polymerase Il beta subunit, C-terminal domain//Cytidine and
2754.37613 2640 21.79 229 73.68
deoxycytidylate deaminase zinc-binding region//Dynactin  p62
family
Homo sapiens sequestosome 1, mRNA (cDNA clone
2754.4981 1740 0.52 0.46 0.43
IMAGE:3897870)
30715.1 617 1.06 0.5 0.34 Dynactin p62 family
Alligator mississippiensis sequestosome 1 (SQSTM1), transcript
2754.37233 1639 22421 | 23597 159.31
variant X1, mRNA

“Cluster 989 unigene lu C siamensis Nia3s p62 protein
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A5 4.15 SzAUNSUAAIDDNURIEUNAINIUIAU Polyubiquitin U89952Iasunin1RALYD

Unigene Expression level
c Gene Length Protein/peptide

(Cluster) 0Oh 1h 24 h

26883.0 753 0.34 0.63 0.9 Proteasome subunit
2754.11901 526 0.8 1.08 1.08 Ubiquitin family//Ubiquitin-like domain//RNA methyltransferase
2754.14046 590 2.81 3.67 5.07 Ubiquitin family//Ubiquitin-like domain//RNA methyltransferase
2754.36057 532 2967.64 | 3092.61 2399.79 | Ribosomal protein S30//Ubiquitin family
2754.36256 214 3638.8 4501.86 2900.18 | Ubiquitin family//RNA methyltransferase//Ubiquitin-like domain
2754.36586 228 15957.22 | 18059.28 | 12150.65 | RNA methyltransferase//Ubiquitin-like domain//Ubiquitin family
2754.37207 513 153.99 150.46 122.56 Ubiquitin-like domain//Ubiquitin family
2754.37290 436 2.73 2.48 1.42 Ribosomal protein $30//Ubiquitin family
2754.48829 251 14.33 17.42 593 Ubiquitin-like domain//Ubiquitin family
2754.60838 465 1.05 2.31 2.83 Ubiquitin family//Ubiquitin-like domain

“‘Cluster ¥4 unigene Tu C siamensis @319 Polyubiquitin

L0T
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ASNN 4.16 SEAUNSTHENIDBNVBITUNAS9IUTAL Beclin-1 Up995esldenunin1sAnLe

Unigene Expression level ) )
d Gene Length Protein/peptide

(Cluster) 0h 1h 24 h
2754.18425 3410 10.26 10.04 10.29 beclin-1 [Alligator sinensis]
2754.18427 3561 2.55 2.55 2.87 beclin-1 [Alligator sinensis]

Alligator sinensis autophagy/beclin-1 regulator 1 (AMBRA1), transcript
2754.47120 3845 4.13 4.92 4.52

variant X4, mRNA

Alligator sinensis autophagy/beclin-1 regulator 1 (AMBRA1), transcript
2754.49259 5003 4.28 4.44 3.81

variant X4, mRNA

Alligator sinensis autophagy/beclin-1 regulator 1 (AMBRA1), transcript
2754.49260 5273 5.39 4.5 4.59

variant X1, mRNA

Alligator sinensis autophagy/beclin-1 regulator 1 (AMBRA1), transcript
2754.51904 4196 1.16 1.67 1.31

variant X4, mRNA

Allieator mississippiensis RUN domain and cysteine-rich domain containing,
2754.52668 6324 1.44 1.92 0.74

Beclin 1-interacting protein (RUBCN), transcript variant X3, mRNA

run domain Beclin-1 interacting and cysteine-rich containing protein
2754.52669 4045 3.32 3.38 3.16 ‘ S

[Alligator mississippiensis]

Alligator mississippiensis RUN domain and cysteine-rich domain containing,
2754.52670 6249 0.85 0.42 0.97

Beclin 1-interacting protein (RUBCN), transcript variant X4, mRNA

d . ) Ay .
Cluster 984 unigene T & siamensis @314 Beclin-1
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Apoptosis pathway
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M3 4.17 33@‘Uﬂ']iLLE‘WNaaﬂﬂ@ﬂﬂuwaiqﬂiﬂimu Caspase VDIAVTLLVAYTIUNUNITONALYD

Unigene Expression level
R Gene Length Protein/peptide
(Cluster) Oh 1h 24 h
21140.0 918 0.5 0.4 0.8 CASP8-associated protein 2 [Notothenia coriiceps]
2754.19227 2234 0.65 0.46 0.65 Caspase domain
MYM-type Zinc finger with FCS sequence motif//Death effector
2754.19382 2153 2.09 2.35 2.62
domain//Caspase domain
Alligator sinensis CASP8 and FADD-like apoptosis regulator
2754.27873 6556 1.19 1.38 1.87
(CFLAR), transcript variant X4, mRNA
2754.27874 7423 576 7.06 5.5 Caspase domain//Death effector domain
2754.27875 7584 4.07 2.76 2.54 Death effector domain//Caspase domain
2754.53048 2419 591 594 7.93 Caspase domain//Death effector domain
2754.53049 4063 3.71 4.26 3.63 Caspase domain//Death effector domain
5366.0 2624 0.92 1.3 1.31 CASP8-associated protein 2 [Alligator sinensis]

“Cluster va4 unigene lu C siamensis Nia3s Caspase protein
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A15199 4.18 SEAUNISHLENIBBNYIBUNES19IUSAYL BID U9935219@81uNin1shnLae

Unigene
(Cluster)

Gene Length

Expression level

Oh

1h

24 h

Protein/peptide

2754.29714

10564

0.85

1.07

1.65

Type |l secretion system, cytoplasmic E component of
needle//BTK motif//BH3 interacting domain (BID)//Apoptosis
regulator proteins, Bcl-2 family//Translation initiation factor IF-3,

N-terminal domain

2754.29715

10405

2.35

2.64

3.17

BH3 interacting domain (BID)//Type Ill secretion system,
cytoplasmic E component of needle//Apoptosis regulator
proteins, Bcl-2 family//Translation initiation factor IF-3, N-terminal

domain

2754.33066

10381

2.36

2.05

2.34

Type Il secretion system, cytoplasmic E component of
needle//BH3 interacting domain (BID)//Translation initiation factor
IF-3, N-terminal domain//Apoptosis regulator proteins, Bcl-2

family

2754.34714

15916

1.74

2.24

2.1

Apoptosis regulator proteins, Bcl-2 family//Translation initiation
factor IF-3, N-terminal domain//NHR1 homology to TAF//BH3
interacting domain (BID)//Type lll secretion system, cytoplasmic E

component of needle

2754.36711

15053

0.83

0.39

0.58

Translation initiation factor IF-3, N-terminal domain//Apoptosis
reculator proteins, Bcl-2 family//BH3 interacting domain
(BID)//Type Il secretion system, cytoplasmic E component of

needle

017



Unigene Gene Length Expression level Protein/oeptid
ene Len rotein/peptide

(Cluster) 0h 1h 24h Pep
Translation initiation factor IF-3, N-terminal domain//Apoptosis
reculator proteins, Bcl-2 family//Type Il secretion system,

2754.48993 10590 2.59 2.54 2.07 . . . .
cytoplasmic E component of needle//BH3 interacting domain
(BID)

2754.55077 2251 0.55 0.53 0.93 BH3 interacting domain (BID)

f . . s .
Cluster 83 unigene lu C siamensis @514 BID protein

pu | ) { v v d a g
M15199 4.19 SEAUNTHEAIDBNVBIBUNASIILUSAU Bcl-2 109958 @e1uninsAnLde

Unigene Expression level ) )
g Gene Length Protein/peptide
(Cluster) Oh 1h 24 h
27531.0 697 1.14 0.81 1.21 | Nickel-containing superoxide dismutase//Bcl-2 homology region 4
2754.10866 2999 9.15 10.12 8.77 | Apoptosis regulator proteins, Bcl-2 family
2754.10867 2987 3.53 1.46 4.4 Apoptosis regulator proteins, Bcl-2 family
Protein phosphatase 2C//Stage Il sporulation protein E (SpollE)//Bcl-2-
2754.15166 4240 3.99 4.53 6.15 . .
binding component 3, p53 upregulated modulator of apoptosis
Bcl-2-binding  component 3, p53 upregulated modulator of
2754.15169 6228 0.55 0.31 0.36 ' ,
apoptosis//Protein phosphatase 2C
Transcriptional activator TraM//Laminin Domain [I//Bcl-2 homology
2754.15594 6446 1.46 1.25 1.2 region 4//RNA polymerase Il RPC4//Reovirus core-spike protein
lambda-2 (L2)
2754.16310 1714 2.03 1.96 1.29 | Alphaherpesvirus glycoprotein E//Bcl-2 homology region 4
2754.17183 2239 26.34 23.54 22.41 | Apoptosis regulator proteins, Bcl-2 family

117



Unigene Expression level ) )
(Cluster Gene Length oh ih 2ah Protein/peptide

2754.17186 2112 5.57 5.8 4.54 | Apoptosis regulator proteins, Bcl-2 family
Beta-amyloid peptide (beta-APP)//Apoptosis regulator proteins, Bcl-2
family//Transcriptional — activator  TraM//Amyloid A4  N-terminal

2754.19707 2591 3.87 5.6 2.44 | heparin-binding//Prominin//Copper-binding of amyloid precursor,
CuBD//Exonuclease VI, large subunit//Kunitz/Bovine pancreatic
trypsin inhibitor domain
Prominin//Copper-binding of amyloid precursor, CuBD//Amyloid A4 N-
terminal heparin-binding//Transcriptional activator TraM//Apoptosis

2754.19714 2537 5.43 5.69 3.18 | regulator proteins, Bcl-2 family//Beta-amyloid peptide (beta-
APP)//Kunitz/Bovine pancreatic trypsin inhibitor domain//Exonuclease
VII, large subunit

2754.20582 1302 2.65 4.12 1.8 Alphaherpesvirus glycoprotein E//Bcl-2 homology region 4

275093423 3610 54 544 4.5 Apoptosis regulator proteins, Bcl-2 family//Origin recognition complex
subunit 6 (ORC6)

2754.30218 2292 5.05 5.59 5.66 | Apoptosis regulator proteins, Bcl-2 family
HEAT  repeat//Mammalian defensin//Adaptin N terminal

2754.30575 6644 13.22 16.52 63.06 | region//Man1-Src1p-C-terminal domain//Beta2-adaptin appendage, C-
terminal sub-domain//Apoptosis regulator proteins, Bcl-2 family

2754.31260 1540 15.99 15.66 22.66 | Apoptosis regulator proteins, Bcl-2 family

2754.33165 1540 15.99 15.66 22.66 | Apoptosis regulator proteins, Bcl-2 family

2754.42572 1699 20.1 18.29 17.03 | Apoptosis regulator proteins, Bcl-2 family

2754.61302 918 1.94 2.63 2.53 | Apoptosis regulator proteins, Bcl-2 family

49"



Unigene Expression level ) )
(Cluster Gene Length oh ih 2ah Protein/peptide
2754.61304 580 1.62 1.18 0.87 | Apoptosis regulator proteins, Bcl-2 family
2754.61306 567 3.02 2.17 2.66 | Apoptosis regulator proteins, Bcl-2 family
2754.8052 877 1.57 1.7 1.45 | Apoptosis regulator proteins, Bcl-2 family

*Cluster Vo4 unigene Tu C siamensis fia51s Bcl-2

| 1Y N Ay a v A a &
M15919% 4.20 SEAUNISHENIBBNYIEUNES1LUSAY FADD U9935id@e1unin1shniae

Unigene G Length Expression level Protein/oeptid
ene Len rotei ide
(Cluster)" Oh 1h 24 h Pep
2754.15685 2242 2.23 1.53 3.39 protein FADD [Alligator mississjppiensis)

"Cluster 104 unigene U C. siamensis fi@%19 FADD (Fas-associated protein with death domain)

o ) i v . v i a ¥
M15199 4.21 SEAUNITHEAIEBNUBIBUNAS19LUSAU DAP kinase 199358:0@81U71IN15AALD

Unigene Gene Expression level ) .
i Protein/peptide
(Cluster) Length Oh 1h 24 h
11084.0 559 1.08 1.7 3.54 Ras family//Ras of Complex, Roc, domain of DAPkinase
Ras family//Ras of Complex, Roc, domain of DAPkinase//ADP-ribosylation
12485.4 964 1.35 1.28 2.67
factor family
Ras family//ADP-ribosylation factor family//Ras of Complex, Roc, domain of
15411.0 1083 0.71 2.08 1.96
DAPkinase
2754.11046 2015 1.39 2.06 2.41 Archaeal ATPase//Ras family//Ras of Complex, Roc, domain of DAPkinase
Ras family//Ras of Complex, Roc, domain of DAPkinase//ADP-ribosylation
2754.16512 2135 12.64 10.7 6.82
factor family//SOCS box//50S ribosome-binding GTPase

ell



Unigene Gene Expression level Protein/beptid
i rotei ide

(Cluster) Length Oh 1h 24 h pep

Ras family//Ras of Complex, Roc, domain of DAPkinase//ADP-ribosylation
2754.16961 1155 .07 8.99 18.75

factor family

50S ribosome-binding GTPase//6-phosphofructo-2-kinase//Ras of Complex,
2754.16962 453 10.8 11.64 26.02

Roc, domain of DAPkinase//ADP-ribosylation factor family//Ras family

Ras family//ADP-ribosylation factor family//Ras of Complex, Roc, domain of
2754.19667 2376 0.35 0.58 0.77

DAPkinase
2754.20707 3230 0.51 0.84 0.77 Ras of Complex, Roc, domain of DAPkinase//Ras family

ADP-ribosylation  factor family//Ras of Complex, Roc, domain of

DAPkinase//50S ribosome-binding GTPase//G-protein alpha subunit//Ras
2754.24127 1272 23.39 27.99 55.94

family//Gtrl/RagA G protein conserved region//Herpesvirus polymerase

accessory protein//6-phosphofructo-2-kinase

50S ribosome-binding GTPase//Ras of Complex, Roc, domain of
2754.2651 2211 5.76 6.28 5.51 DAPkinase//ADP-ribosylation factor family//Ferrous iron transport protein

B//Protein of unknown function, DUF258

50S ribosome-binding GTPase//Ras of Complex, Roc, domain of

DAPkinase//ADP-ribosylation factor family//ATPase family associated with
2754.26547 3682 6.99 7.14 9.61

various cellular activities (AAA)//G-protein alpha subunit//Gtrl/RagA G protein

conserved region//Ras family

Ras family//Ethanolamine utilisation - propanediol utilisation//Ras of
2754.27480 3010 1.74 3.37 8.78

Complex, Roc, domain of DAPkinase//ADP-ribosylation factor family

Ras of Complex, Roc, domain of DAPkinase//50S ribosome-binding
2754.27898 2095 12.41 12.65 28.06

GTPase//Protein  of  unknown  function, DUF258//emp24/gp25L/p24

vt



Unigene
(Cluster)

Gene
Length

Expression level

Oh

1h

24 h

Protein/peptide

family/GOLD//ABC  transporter//RNA  helicase//Gammaherpesvirus  latent
membrane protein (LMP2) protein//AIG1 family//Ferrous iron transport

protein B

2754.34438

5670

14.36

13.28

17.32

Presenilin//Protein tyrosine kinase//Photosystem Il 10 kDa polypeptide
PsbR//Protein  kinase domain//Ankyrin repeat//Death domain//G-protein
alpha subunit//Ankyrin  repeat//Ras of Complex, Roc, domain of
DAPkinase//Lipopolysaccharide kinase (Kdo/WaaP) family//ABC transporter

2754.36295

2383

621.15

563.15

436.49

G-protein alpha subunit//50S ribosome-binding GTPase//ADP-ribosylation
factor family//Ras of Complex, Roc, domain of DAPkinase//Protein of
unknown  function, DUF258//Ethanolamine utilisation - propanediol
utilisation//AIG1 family//Guanylate-binding protein, N-terminal

domain//Ferrous iron transport protein B//Ras family

2754.36876

2170

54.88

50.96

28.61

G-protein alpha subunit//Ras of Complex, Roc, domain of DAPkinase//50S
ribosome-binding GTPase//Protein of unknown function, DUF258//Nucleolar
GTP-binding protein 1 (NOG1)//AIG1 family//Ferrous iron transport protein
B//Ras family//Sprouty protein (Spry)

2754.37165

1423

232.25

272.87

360.37

Gtrl/RagA G protein conserved region//Ras family//ADP-ribosylation factor

family//Ras of Complex, Roc, domain of DAPkinase

2754.38532

2788

19.55

24.87

24.35

Protein of unknown function, DUF258//Gtrl/RagA G protein conserved
region//Ras family//Ferrous iron transport protein B//ADP-ribosylation factor
family//Ras of Complex, Roc, domain of DAPkinase//50S ribosome-binding
GTPase

GT1



Unigene
(Cluster)

Gene
Length

Expression level

Oh

1h

24 h

Protein/peptide

2754.41079

6330

8.3

594

13.39

Protein of unknown function, DUF258//Peptidase M66//50S ribosome-binding
GTPase//Ras of Complex, Roc, domain of DAPkinase//ADP-ribosylation factor
family//OB-fold family//FYVE  zinc

finger//Ferrous iron transport protein B

nucleic acid binding domain//Ras

2754.43628

1010

55.84

49.39

60.31

Protein of unknown function, DUF258//Ras family//Ferrous iron transport
protein B//Ras of Complex, Roc, domain of DAPkinase//ADP-ribosylation

factor family

2754.45055

2217

27.55

28.99

a7.6

Protein of unknown function, DUF258//RNA helicase//G-protein alpha
subunit//50S GTPase//Septin//ADP-ribosylation
family//Ras of Complex, Roc, domain of DAPkinase//Threonylcarbamoyl

ribosome-binding factor

adenosine biosynthesis protein TsakE//Gtrl/RagA G protein conserved

region//Ras family

2754.50239

2057

38.16

38.29

70.81

Ras family//Ethanolamine utilisation - propanediol utilisation//Ras of

Complex, Roc, domain of DAPkinase//ADP-ribosylation factor family

2754.41019

288

1.37

6.58

7.13

Ras family//G-protein alpha subunit//50S ribosome-binding GTPase//Ras of
Complex, Roc, domain of DAPkinase//ADP-ribosylation factor family

2754.39143

2837

69.58

81.18

50.71

Ras family//Gtr1/RagA G protein conserved region//CCCH zinc finger in TRM13
protein//6-phosphofructo-2-kinase//LEM3 (ligand-effect modulator 3) family /
CDC50 family//G-protein alpha subunit//Ras of Complex, Roc, domain of
DAPkinase//ADP-ribosylation factor family//50S ribosome-binding GTPase

2754.42570

1674

51.84

50.54

65.64

Ras family//Protein of unknown function, DUF258//Ferrous iron transport

protein B//ADP-ribosylation factor family//Ras of Complex, Roc, domain of

911



Unigene Gene Expression level ) )
(Cluster) Length Oh 1h 24 h Protein/peptide
DAPkinase//50S ribosome-binding GTPase//Thiamine pyrophosphate enzyme,
central domain
Ras family//Protein of unknown function, DUF258//Ras of Complex, Roc,
2754.38918 1602 26.4 24.36 38.52 | domain of DAPkinase//ADP-ribosylation factor family//50S ribosome-binding
GTPase//G-protein alpha subunit
Ras of Complex, Roc, domain of DAPkinase//ADP-ribosylation factor
family//50S ribosome-binding GTPase//G-protein alpha
2754.39590 1090 64.14 52.23 48.52 . . o . o
subunit//Ethanolamine utilisation - propanediol utilisation//Gtrl/RagA G
protein conserved region//Ras family
Ras of Complex, Roc, domain of DAPkinase//ADP-ribosylation factor
2754.50316 1031 15.59 14.58 21.43 | family//50S ribosome-binding GTPase//Ras family//Protein  of unknown

function, DUF258

Cluster 784 unigene T C siamensis Nie513 DAP kinase

L11
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AN 4.22 SEFunThanteenuaduiiaselusiu Cytochrome C vaaseidaenufiiinisinide

Unigene Gene Expression level ) )
j Protein/peptide
(Clustery | Length | Oh 1h 24 h
Cytochrome ¢ oxidase assembly protein CtaG/Cox11//Ubiquitinol-
10753.0 2236 5.15 5.56 7.72
cytochrome C reductase Fe-S subunit TAT signal
11050.1 2992 3.45 3.74 397 Cytochrome c oxidase assembly protein COX16
Cytochrome c oxidase subunit VIa//ATP synthase alpha/beta family, beta-
20348.0 387 0.71 0.4 1.33
barrel domain
21215.4 649 0.5 0.38 0.66 Autophagy protein Apg6//Cytochrome ¢
2754.10421 399 3.12 2.85 10.24 Cytochrome c oxidase subunit Via
2754.1473 361 1.36 2.6 2.09 Cytochrome c oxidase subunit Vlic
Cytochrome C oxidase subunit Vllc//NAD dependent
epimerase/dehydratase family//3-beta hydroxysteroid
2754.14876 1332 14.93 17.95 28.98 dehydrogenase/isomerase family//Saccharopine dehydrogenase NADP
binding domain//PEP-utilising enzyme, mobile domain//short chain
dehydrogenase
2754.15036 6008 1.65 2.39 2.6 Cytochrome c oxidase subunit IV
2754.15038 5864 1.17 0.78 3.88 Cytochrome c oxidase subunit IV
2754.17531 2545 491 4.48 393 Cytochrome oxidase ¢ subunit VIII
Cytochrome oxidase c¢ subunit VII//Ring finger domain//RING-H2 zinc
2754.17628 5359 0.4 0.55 0.72 finger//zinc-RING finger domain//Region in Clathrin and VPS//RING-like zinc
finger//Zinc finger, C3HC4 type (RING finger)
2754.17672 484 3.45 293 2.95 Cytochrome oxidase c subunit VIII//Ribosomal L37ae protein family
2754.18512 3311 261 1.82 2.4 Cytochrome c/cl heme lyase

811



Unigene Gene Expression level ) )
(Cluster) Length Oh 1h 24 h Protein/peptide

2754.18531 1407 4.66 2.81 1.7 Cytochrome c oxidase subunit Vlic

2754.18532 1334 6.44 6.18 13.31 Cytochrome c oxidase subunit Vlic

2754.18694 724 1.61 1.24 2.01 Ubiquitinol-cytochrome C reductase Fe-S subunit TAT signal

2754.18743 5243 3.56 3.57 4.73 Ubiquinol-cytochrome c reductase 8 kDa, N-terminal

2754.18785 441 1.45 1.86 0.46 Cytochrome c oxidase subunit Via

2754.20164 2925 2.55 2.95 2.12 Cytochrome C oxidase assembly factor 2

2754.20167 820 1.55 2.19 0.72 Cytochrome b(C-terminal)/b6/petD

2754.20478 1107 1.74 2.06 2.33 Ubiquitinol-cytochrome C reductase Fe-S subunit TAT signal

750.20549 1125 L a7 139 Laa Ubiquinol-cytochrome C reductase complex, 6.4kD protein//Primase zinc
finger

975091972 591 0.62 0.47 0.39 Cytochrome  C  oxidase, cbb3-type, subunit lll//Cytochrome
c//Cytochrome C1 family

2754.24184 1791 9.55 9.66 16.99 Eukaryotic cytochrome b561//Cytochrome oxidase assembly protein

2754.26360 879 121.75 | 110.41 191.82 Cytochrome C oxidase chain VIIB

2754.29929 699 11.57 10.4 7.31 TMEM9//Cytochrome C oxidase subunit Il, transmembrane domain

2754.30091 408 0.9 1.34 2.55 Cytochrome C oxidase assembly factor 2

2754.30486 11295 1.14 0.88 1.87 Cytochrome C oxidase chain VIIB

2754.31419 3408 0.49 0.71 0.61 Cytochrome c/cl heme lyase

2754.33042 3074 79.4 77.6 100.02 Cytochrome c oxidase subunit IV
Cytochrome ¢ oxidase subunit Vllc//Histone acetylation protein//Fatty

2754.33175 9958 4.47 4.64 4.42 acid desaturase//Zinc finger, ZZ type//Bromodomain//KIX domain//Creb
binding//KIX domain//TAZ zinc finger

611



Unigene Gene Expression level ) )
j Protein/peptide
(Clustery Length Oh 1h 24 h

2754.33372 3221 0.42 0.66 0.59 Cytochrome C oxidase, cbb3-type, subunit Il
Cytochrome C oxidase copper chaperone (COX17)//Outer membrane

2754.34475 568 151.77 | 132.83 108.64 protein  (OmpH-like)//NADH-ubiquinone oxidoreductase B18 subunit
(NDUFB7)

2754.34574 6351 5.99 5.27 6.15 Cytochrome Cytochrome b558 alpha-subunit

2754.34850 450 318.16 | 323.49 286.04 | Cytochrome C oxidase copper chaperone (COX17)

2754.35664 647 315.62 | 320.73 407.42 Cytochrome c oxidase subunit Vb//Adenovirus minor core protein PV
NADH dehydrogenase//Cytochrome C oxidase subunit Il, transmembrane

2754.36868 5121 1553.58 | 1526.72 | 2846.85 | domain//RNA polymerase Rpb5, C-terminal domain//Cytochrome C and
Quinol oxidase polypeptide |

2754.37171 966 22.47 19.23 13.08 Cytochrome c oxidase subunit IV

2754.37250 901 158.73 | 144.63 179.74 | Cytochrome c oxidase subunit Vllc//Glycosyl hydrolase family 71
Cytochrome C oxidase copper chaperone (COX17)//Cytochrome oxidase ¢

2754.37523 921 928.36 | 905.06 680.33
subunit Vib

2754.38894 754 187.55 | 207.73 402.63 Cytochrome c oxidase subunit Va

75039503 1730 454 12,3 - Cytochrome c¢//Cytochrome C1 family//Cytochrome C oxidase, cbb3-type,
subunit Il

2754.41054 2033 2.11 2.32 a4 Cytochrome c oxidase subunit Via

2754.41594 3142 0.71 1.19 1.72 Cytochrome C oxidase, cbb3-type, subunit Il

2754.41817 294 8.45 1.45 4.23 Cytochrome oxidase ¢ subunit VIlI

2754.44749 529 1.26 1.54 0.76 Cytochrome C oxidase, cbb3-type, subunit Ill//Cytochrome ¢

2754.45156 594 445.64 | 457.27 605.07 Cytochrome oxidase ¢ subunit Vib

0ct



Unigene Gene Expression level ) )
(Clustery | Length | oh | 1h 24 h Protein/peptide

2754.45339 3601 3.91 3.2 1.71 Cytochrome c/cl heme lyase

2754.45340 4373 0.44 1.02 0.74 Cytochrome c/c1 heme lyase

2754.45522 1089 66.24 67.65 158.81 Cytochrome c oxidase subunit Via

2754.45576 541 267.37 | 239.76 446.22 Cytochrome oxidase ¢ subunit VIII

2754.45752 11196 1.13 0.96 1.46 Cytochrome C oxidase chain VIIB

975045048 1980 176 1262 05 54 Cytochrome C oxidase copper chaperone (COX17)//Septation ring
formation regulator, EzrA//Anti-sigma-K factor rskA

2754.46058 1433 3.33 4.87 4.41 Cytochrome c oxidase subunit Vlic

2754.46439 1485 7.79 9.54 10.29 Cytochrome oxidase ¢ subunit Vib

2754.47955 3307 1.97 1.29 1.96 Cytochrome c oxidase subunit Vlic

2754.48254 726 2.39 2.13 1.84 Cytochrome oxidase ¢ subunit Vib
Cytochrome c oxidase subunit IV//Late nodulin protein//DEAD/DEAH box

2754.56810 4579 0.93 1.17 0.65 helicase//Type Il restriction enzyme, res subunit//Type II/IV secretion
system protein

2754.5683 462 0.43 0.71 0.41 Cytochrome c oxidase subunit IV

2754.56988 393 1.35 1.14 2.53 Cytochrome oxidase ¢ subunit VIII

2754.58898 1957 15.36 14.93 27.99 Ubiquinol-cytochrome C reductase complex 14kD subunit

175060567 875 36,67 12,80 29,82 Cytochrome C oxidase, cbb3-type, subunit lll//Di-haem cytochrome c
peroxidase//Cytochrome c//Fibronectin-attachment protein (FAP)

2754.60640 1092 0.89 1.92 1.45 Cytochrome C oxidase copper chaperone (COX17)

2754.62416 601 0.49 1.19 2.51 Cytochrome C oxidase assembly factor 2

2754.62590 670 3.05 3.26 2.28 Cytochrome C oxidase subunit I, transmembrane domain

11



Unigene Gene Expression level ) )
(Cluster) Length Oh 1h 24 h Protein/peptide
2754.67303 642 0.33 1.17 0.75 Cytochrome c//Cytochrome C oxidase, cbb3-type, subunit Il
5029.0 a57 1.1 0.48 0.63 Cytochrome c oxidase subunit Via
8259.0 394 1 0.38 1.26 Ubiquinol-cytochrome C reductase complex 14kD subunit
‘Cluster 204 unigene T4 C siamensis fia%a Cytochrome C
sl 4.23 seiunsuantesnvesiuiiasslusiu Jun kinase vesssdauiiinmsinde
Unigene Expression level . )
(Cluster)’ Gene Length oh 1h 2ah Protein/peptide
Alligator sinensis JINK1/MAPK8-associated membrane protein (JKAMP),
17003.0 1084 0.59 0.91 1.05
mMRNA
75019556 9538 25 )48 L5 Protein tyrosine kinase//Protein kinase domain//Helicase associated
domain (HA2)
975097518 2047 0.32 06 04 Protein kinase domain//Helicase associated domain (HA2)//Protein
tyrosine kinase
2754.35514 5212 21.51 20.38 25.81 TRAF3-interacting JNK-activating modulator [Alligator sinensis]
2754.37416 2052 20.7 20.31 19.59 TRAF3-interacting JNK-activating modulator [Alligator sinensis)
2754.37418 1375 10.8 10.59 8.85 TRAF3-interacting JNK-activating modulator [Alligator mississjppiensis)
2754.380 907 0.89 0.87 0.82 Jun-N-terminal kinase (JNK)
2754.39121 2180 0.79 1.64 0.52 TRAF3-interacting JNK-activating modulator [Alligator mississjppiensis)
2754.3937 1867 0.59 0.41 0.74 Jun-N-terminal kinase (JNK)
2754.40723 2026 0.71 0.36 1.19 TRAF3-interacting JNK-activating modulator [Alligator mississjppiensis]
2754.55450 2490 4.64 4.6 2.93 Mitogen-activated protein kinase (MAPK) kinase MKK7/JNKK2

(44"



Unigene Gene Length Expression level Protein/oeptid
ene Len rotei ide
(Clusten)" 0h 1h 24h Pep
TRAF3-interacting JNK-activating modulator OS=Mus musculus
2754.56891 1024 0.64 0.85 0.58
GN=Traf3ip3 PE=1 SV=2
Alligator mississippiensis JINK1/MAPK8-associated membrane protein
2754.9215 2388 3.83 3.74 a.71
(JKAMP), mRNA

k . ) A ¥ ;
Cluster 94 unigene Tu C siamensis @314 Jun kinase

A1 4.24 S2AUNTULARI98NYBUNASI9IUTAU IAPS U958l UaeNNiN1TAALAD

Unigene Gene Length Expression level Protein/pentid
ene Len rotei ide
(Cluster) oh | 1h | 2an pep
Alligator mississippiensis X-linked inhibitor of apoptosis, E3 ubiquitin
23974.0 378 1.06 1.81 1.51
protein ligase (XIAP), transcript variant X2, mRNA
Alligator mississjppiensis TP53 regulated inhibitor of apoptosis 1 (TRIAP1),
2754.22373 4334 0.48 0.57 0.92
mMRNA
Alligator mississjppiensis TP53 regulated inhibitor of apoptosis 1 (TRIAP1),
2754.22374 3841 5.28 4.52 4.06
mMRNA
Alligator ~ mississjpplensis  inhibitor ~ of  apoptosis  protein-like
2754.28817 1002 10.52 12.84 20.48
(LOC102562735), mRNA
2754.32693 7679 10.24 11.26 20.56 Alligator sinensis inhibitor of apoptosis protein-like (LOC102368067), mRNA
Alligator mississjppiensis X-linked inhibitor of apoptosis, E3 ubiquitin
2754.53999 1642 0.65 1.05 1.16
protein ligase (XIAP), transcript variant X2, mRNA
2754.54009 5698 3.25 3.12 3.08 Alligator sinensis X-linked inhibitor of apoptosis, E3 ubiquitin protein ligase

ecl



Unigene c Length Expression level Protein/oeptid
ene Len rotei ide

(Cluster) Oh 1h 24 h Pep

(XIAP), mRNA

Alligator sinensis X-linked inhibitor of apoptosis, E3 ubiquitin protein ligase
2754.7063 4873 0.56 1.51 1.5

(XIAP), mRNA

Alligator sinensis X-linked inhibitor of apoptosis, E3 ubiquitin protein ligase
2754.7063 4873 0.56 1.51 1.5

(XIAP), mRNA

Alligator mississjppiensis baculoviral IAP repeat-containing protein le-like
2754.17702 618 0.59 0.63 0.34

(LOC106737353), mRNA
2754.26010 1085 0.79 0.63 0.98 Apoptosis inhibitor IAP1 and related BIR domain proteins

Alligator sinensis baculoviral IAP repeat-containing protein 1-like
2754.33178 6641 0.69 0.73 2.22

(LOC102388542), partial mRNA
2754.3536 814 8.9 11.15 21.82 Apoptosis inhibitor IAP1 and related BIR domain proteins
2754.35824 5577 6 491 6.38 Alligator mississippiensis baculoviral IAP repeat containing 6 (BIRC6), mRNA
2754.36790 4908 1.38 1.1 1.19 Alligator sinensis baculoviral IAP repeat containing 6 (BIRC6), mRNA

Alligator sinensis cytokine induced apoptosis inhibitor 1 (CIAPIN1),
2754.42436 4964 0.81 0.24 0.35 transcript variant X1, mRNA

Alligator sinensis cytokine induced apoptosis inhibitor 1 (CIAPIN1),
2754.42437 4865 1.52 2.32 1.96

transcript variant X1, mRNA

Alligator sinensis cytokine induced apoptosis inhibitor 1 (CIAPIN1),
2754.42438 ar37 18.95 18.78 20.73

transcript variant X1, mRNA

Alligator sinensis cytokine induced apoptosis inhibitor 1 (CIAPIN1),
2754.42440 4708 391 3.98 2.61

transcript variant X1, mRNA

vl



Unigene

Expression level

Gene Length Protein/peptide
(Cluster) " on 1h 24 h Pep
Alligator sinensis baculoviral IAP repeat-containing protein 1
2754.51660 3357 0.37 0.58 0.63
(LOC102372974), mRNA
2754.59363 2489 1.75 1.16 3.23 Alligator sinensis XIAP associated factor 1 (XAF1), mRNA

Cluster 104 unigene Tu C siamensis 7ia$19 1APs (Inhibition of apoptosis protein)

A3 4.25 SEAUNTUARNI9aNUIBUNES19IUTAY DIABLO U89358ltaeuyin1shnie

Unigene Gene Length Expression level Protein/beptid
ene Len rotein/peptide

(Clusten)” Oh 1h 24 h Pep

Alligator mississippiensis diablo, IAP-binding mitochondrial protein
2754.34290 6141 3.98 4.21 4.16

(DIABLO), mRNA

Alligator mississippiensis diablo, IAP-binding mitochondrial protein
2754.38804 5960 3.31 2.7 4.63

(DIABLO), mRNA

Alligator mississjppiensis diablo, IAP-binding mitochondrial protein
2754.40427 8394 0.8 0.7 0.61

(DIABLO), mRNA

Alligator mississjppiensis diablo, IAP-binding mitochondrial protein
2754.49509 8686 0.72 0.45 1.29

(DIABLO), mRNA

"Cluster 909 unigene W C siamensis Tia%19 DIABLO protein

TAl



126

o . dd v o . .
4.5.6 F¥AUNITLENIDENYBY Unigene YNEIVBINUNITUIUNIT inflammation

vnsemeldFunuaiierieadnudantasy agiinsdsasunswineonin 1wy
lipopolysaccharide (LPS) wag lipoteichoic acid (LTA) tinn1snszfunisviauvsudadananilag
NUFISUULALYad (receptor) innnsvdalelalat (cytokine) wneq AAIfunITSIay (Margetic,
2012) winasdlduidenuaiiieduna 1 way 24 $lus nudrfinisuansesnvesdu toll-like
receptor type 2 uas 4 findu e receptor 1AsUN13NTEAUIINBIAUTENOUVBIRUATIS HILAS
5@@13%1464'1141%314%@ myeloid differentiation primary response 88 (MyD88) uag tumor necrosis
factor receptor superfamily member 6 (TRAF6) auddiu ViliAnnszuunisadsansdenand
nsdnauiuin luassdfszuugfifufuiidvssansnmlunsaanissniauiiAatulusanie Tae
szuufiduAunenELAIANNTEUIUNTATSENTABNANINTEALEUKILUNS AP-1 pathway 118397n
miamﬁ'g’a 1 FlanuNIsHEnI08n U mitogen-activated protein kinase 14 Fadumiegosuas
TWsiu p38  SwthitddnyRonuaunisaiisaisdenarsmssniauldun TNF-oL IL-1B wag COX-2
(Schieven, 2005) Uy wAinan 24 $lug Unigene waniininnsuanseenanas waydaenadaaiu
AFULEAANDBDNYDY Cc-jun  Wag AP-1 complex-associated regulatory protein iy transcription
factor d1Aty (AN5197 4.26) Taennsuanseenfianasad Unigene fananivdsnnldfuuuaiise 24
Hlus uandliifudsszuugiifuiuniiussavamuesasud



A9 4.26 SEAUNsuanieanvesduiiasnalusau DIABLO U993sellauuniln1sinide

Unigene Expression level
a Gene Length Protein/peptide
(Cluster) Oh 1h 24 h
2754.15052 24380 0.49 1.21 2.58 toll-like receptor 4
2754.39757 4589 14.41 19.47 43.57 toll-like receptor 2
2754.39063 3424 6.71 7.35 10.87 myeloid differentiation primary response 88 (MyD88)
tumor necrosis factor receptor superfamily member 6
10785.1 2176 3.01 3.39 5.75
(TRAF6)
2754.15935 1448 3.33 6.44 2.03 c-jun
5357.0 751 1.62 2.38 0.82 AP-1 complex-associated regulatory protein
2754.26380 3400 0.71 1.24 0.89 mitogen-activated protein kinase 14-like, partial

“Cluster 984 unigene U C siamensis @319 inflammation factor

L1
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4.6 MTeTsiuuUwlUTAUSIn1sRnige

UBNIMNNITANYINITABUAUBIVRITT UL AN AU IngiLlalagn15AnwIN1sURgULUAS

'
= 1

seauiulngldiwadandenianun (whole blood) Fedrulugdetvadiinidantag lasanisiseida

o

a ¥ I

ladanwnsasunlasszaulusaulagldimadia proteomics 8naae ualdlusiuainwadidnidona
Py N v ¢ & = a ) ~ ' a ~ Y
wazdfu lavddnaUszasdiiednuinisivdsundacluseaulusauiiaiTeuingunudaya
transcriptomics wagldidunvuunussdesnsiasuwdasiuseaulusiuveadinbanviuasdsumnds
a d’l’ v a f < & a o ] = 1 )
nsAnieluaseidasny WsAuannwaddiaidenvniuasdsugnuensenidu 2 dufe diuusninly
AATITY proteomics WUU gel-free  proteomics  @iuiians asivdeuuuULNuUdnvuzUUlnanTe
TUsAulaen1sheneie 4-20% gradient SDS-PAGE Han19398 WUIMMLUULNUUDILUTAUINNTTULINTT
wWasuulasiieaandesilieassdasulasuide (U 4.154) wslUsfudiaauin 25 kDa 210
#9819 inoculation 24 97119 (MA9a58LUa8UlASTUNTANTD 24 97139) aNAIPEITALIU AIWERAS
megnes di Tuvaeilusiuvuedszana 70 kDa fivswnaniivdudndesludiegne 24 43109 e
a [ o 1 ﬂ:l [ g = LY 1 a =3 & d'
Wiguiudiegne 0 war 1 93lu9 dalanssiganasdn wiluimegelusiuaindadenyina 24
Filue ddnwauzlusiuiunnstsegradaiauioiiguiu 0 vse 1 Miluandanisiniie (FUN 4.158)

124w

St s o Anti-B-Actin

Ul 415 Snwasuvuikulsiuveadonassidasuianounasvda inoculation fasuuadiie
A. hydrophila Tansnsiu () WsAuandsu (8) WsAuanifiaidenynn gnuendae
4-20% gradient SDS-PAGE gneasdsaeuiinndilusiuanas lusog1s Immunization
wardmfe Paslushuiiiutudodiousunou Immunization
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funeunenulaglidoyans transcriptomics iiaienunsidutglussuugfiduiu dey
JmTdsuluuLNulUSAU Tnawalla Tris-glycine SDS-PAGE mﬂgﬂﬁ 4.16 \lewsnlusiugne 10
WAy 12.5% Tris-glycine SDS-PAGE wulusaulu 3 919asszysiaiay Aa vu1m 80 §19 200 kDa wa
Turag 57 §9 69 kDa (3UTl 4.16A) uaz 923 25 kDa 14 30 kDa (3Ufl 4.168) fuTunalusfufindude
Waguiieuiuiiedns 24 Flumdimsiade fuiiedns 0 war 1 Flumdimsanie a"mgﬂﬁ
4.16C Fwmendny 18% Tris-glycine SDS-PAGE HauslusAufidnuwasluiumnsisiuunniin Lwia;mﬁ
taulafie aumudlngfidnndn hemoslobin (<8.5 kDa) wassniduudlnduundniiensazuans
AnuandRIuUInddugadniididy (antimicrobial peptide)

&
§’°b ﬁb §
& £ e‘?
A £ &8
£ &3
kDa
175— .

59----2

41—
31— -

gﬂﬁ' 4.16 WsAunndadenuasgnuendeinaia Trs-glycine  SDS-PAGE fewefiduiaadi
WANAIAU (A) 10% Tris-glycine SDS-PAGE (B) 12.5% Tris-glycine SDS-PAGE (C) 18%
Tricine-glycine  SDS-PAGE  Tasuaudsdnsaavinflendeusiaviedasvuinlusiui
\WasuLUas

_a d ) -
4.6.1 NMynTeinsasuwlasadlusiuludindenvmmemeaiialusaledng

TusuBndumilsfignuensoniniiessyfelusiunfeuiainuuunmaasuulamas
Msinide nuimdnnsdeslusiude trypsin udrdadaies LC-MS/MS spectrometer iild
spectrum 20lUsAULEIRINITEUAUI  spectrum TibdunsetulusRuedalnulagldlusunsy
Mascot search engine (http://www.matrixscience.com/) G’?j%\ﬂﬂSauLﬁauﬂzﬂwmﬁizq%ﬂﬁmaﬂﬁu
dssdiuiy Grocodylus porosus Ssfeinduteyadiiniede emnssdaeiudasuuazasad
iuiinnalndidestuluaeitamnisun foogflu Genus Crocodylus wiloufu aniufiansn
ilusiusialaiiuduvioanamdinsinde lnsfiansandenads 3 ase veasziunsuansesn
voslusiuluusariiildannisiadierdes LC-MS/MS spectrometer iowSeuifisunisuanseen
Tunandt 0, 1 uay 24 Salumdnasadasuldsudonelsn mnnsuansvedusiulaminnin wie
Hoonin 1.5 windlofleusu 0 Falusdeinlulusiuiivanafintundeanamdanisindeniudsiv
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S v A o v a & A v a ~ a A

uazusnNIINUUADINA1 p <0.05 nee TulUsAuaInlaldonv1295id WIANAT LBl UTAUTN
a X A o a & M Yo = = a X A = Y | a
WinTunTeanamdinsinelagliladdisnmsiudungiena 1 w3e 24 92lus wuandluseiu 109
yiaiutukar 7 viananas Wedadnuunlusiunamiilunisiaungluead augiudeys
UniProtKB https://www.uniprot.org/uniprot/ w3egudoya NCBI awnsadalusiveeniu 6 nqu

Wowdangulusiuiuanseaniiindundinisiadeludaidend ausawiisenladesngy
AD NANNLAAIRBNLNLTUAILG 1 FIUMSINITAALYD (115197 4.27) kaTNFUNRAALTNTUNEINTT
Anlae 24 Galud (119199 4.28) Tasnguuwsndl 59 TWsAu Useneuselushunviminily 1)

1 1 a ] d‘ d' 13 d‘ U . .

cytoskeleton/aglun1svudslusiu/dslunisindounuswad 2) INEIAUTUIUAIT transcription
translation 3) YUIUAITUATUBATN 4) nsasdayeyrad (signal transduction) 5) vireuaue 6) ld
aunsaseyntile wagdnngudlusaudiuiu 50 TUsiu waziloaiemnuduiusuainsuansesn
vaslUsiuntanuaensuanteanadeiuausndntinugui 4.17 Wumhawlaindlusiuuneiag
anwuznIsLanteoniutaulafoiuTuAILe 179l9aIN15RALToLaENITLAAIYDSLUTALIUAI
ufie 24 Falus Fawandluguil 4.18 Iaefelndunquivsfundrfgysdenisnevausnisiniie
wuafiseluszezisusiuvaanisinge delungquidiiushunvun 7 viia Iaelusiu 4 Tu 7 vl 1Ju
TUsAunyiaulunsdienanuasnandudu Ao mRNA  transcription  factor wag transcription
regulator Usznauluaie Transcription initiation factor TFID subunit 1, Zinc finger protein
castor homolog 1, Importin-9, signal transduction associated protein 1 (g‘dﬁ 4.18) usnanil
U a1 a A o a & 2 A a a ) A
Failnquivsiunuanseananawmainsiaeludaidenyidn 7 ¥ila Lanwnaw15199 4.29



(A) 0.0 5.0 10.0

Oh
1h
24h

099472374
09973619
1.0

|

a
o
a
a
g
a
Qi
ai
]

0.21368146

0.6068407

1.0

1121884878
1121888712
1121864870
1121923033
1121928835
1121919709
1121866820
1121854477
1121812082

i11121801341
11121850238
11121810931
i|1121888350

1121878367

i11121814530
ii1121838228
i11121841400
11121808431

1121814631

i|1121915605
i|1121906013

1121880482

i11121887933
i11121834000
11121804705
i|1121861252
i|1121800861

1121812407

i11121852039
11121892031
i11121917615
11121798781

1121930072

i|1121868048
i|1121798505

1121862190

i11121800713
i11121820145
111218068779
11121860261
11121828823

1121908360

i|1121808018
i11121811187
i11121902185
1121807300

1121833237
1121819552
1121875184
1121928835

i11121200401
i11121914504
11121799480
11121919755

1121827581
1121821053

i11121907972
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=t (3]
w o
e =] =T
==} (=]
-— (=]
() =
e > =
=] =] -—
| S I

Oh

50

1h

10.0
oy
=
(o]
0.12903559
0.5645178
1.0
9il1121828404
gi[1121814560

gi[1121708640
i[1121888705
9i[1121811985
gi[1121803854
gi[1121880343
9i[1121809837
gi[1121840804
91121900895
gi[1121918850
i[1121851137
i[1121917454
i[1121872008
gi[1121835483
gil1121848333
gi[1121827139
gi[1121870527
gil1121918448
gi[1121912072
i[1121923338
9i[1121880353
9i[1121821484
gi[1121854800
gi[1121925040
gi[1121831752
9i[1121802640
gil1121920208
gi|1121903035
0i[869017076

i[1121877613
9i[1121820735
gi[1121830033
gi[1121807570
gi[1121808693
gi[1121802807
i[1121818170
i[1121813418
gi[1121885052
gil1121862753
i[1121833632
gi[1121871440
gil11219215862
gi[1121885886
gi[1121800402
gi[1121880184
gi[1121844891
gi[1121840796
gi[1121905442
[ gi1121808090

Ui 417 nsudangudeyavessedumananieenveslusiufiuansooniivtuludaidonuna (a)
DEPs Fifindusiaus 1 Halawmdsannisdade Weududeudaide (8) DEPs fifiudud 24
Hlundaninnisdade Wsuduneudaide Tnsld Waunsu Mev  software  szdunns
wanseanvaslushunansdied lnefiGuuansisnisuanseandiingn (0.0)  ddde
Lanseansziunas (5.0) uardivissfeszdunisuanseaninniian (10.0) Jelusfuuans

1ne Gl numbr
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Gl number Protein Oh 1h 24h
Cytoskeleton/Trafficking/Cell movement
gi|1121928835 actin, aortic smooth muscle 3.55 7.22 8.74
gi|1121868048 actin, cytoplasmic 2 0.28 1.87 5.44
gi|1121908360 actin-like 1.23 2.51 9.08
gi|1121914594 alpha-adducin 0.00 0.22 10.07
gi|1121798595 armadillo repeat-containing protein 4 0.00 3.21 8.55
gi|1121923033 coiled-coil domain-containing protein 141 0.44 1.33 9.67
gi|1121878367 diacylglycerol kinase iota 2.45 6.53 9.06
gi|1121919709 dynein heavy chain 7 2.40 4.66 561
gi|1121860261 formin-binding protein 1 1.90 2.81 7.98
gi|1121820145 kinesin-like protein KIF2C 1.58 3.74 8.07
gi|1121814631 mitotic-spindle organizing protein 1 1.23 3.48 5.10
gi|1121862190 nephrocystin-4 2.17 a.17 9.03
gi|1121875184 protein piccolo 243 4.52 10.24
gi|1121810931 T-lymphoma invasion and metastasis- 0.00 4.73 6.76
inducing protein 1
gi|1121902185 T-lymphoma invasion and metastasis- 0.54 1.59 4.98
inducing protein 2
Gene expression regulator
gi|1121809861 breast cancer type 2 susceptibility protein 4.09 6.10 9.02
gi|1121854477 DNA (cytosine-5)-methyltransferase 3B 0.07 5.31 7.90
gi|1121827581 endonuclease 8-like 1 0.01 0.28 7.84
gi|1121852039 fibrosin-1-like protein 3.96 6.38 9.30
gi|1121799480 glucocorticoid-induced transcript 1 protein 0.00 0.54 10.42
gi|1121828823 high affinity cAMP-specific and IBMX- 1.18 2.25 8.36
insensitive 3’,5’-cyclic phosphodiesterase 8A
gi|1121809713 histone H2A-beta, sperm-like 0.23 3.01 9.80
gi|1121880462 histone H2B 7 4.26 6.50 8.44
gi|1121884878 importin-9 0.74 8.32 8.11
gi|1121866829 integrator complex subunit 1 393 6.95 8.23




133

Gl number Protein Oh 1h 24h

Gene expression regulator

gi|1121891341 KH domain-containing, RNA-binding, signal 2.01 6.51 8.14
transduction-associated protein 1

gi|1121887933 kin of IRRE-like protein 3 2.30 5.47 8.14

gi|1121821053 LOW QUALITY PROTEIN: plasminogen 0.06 0.20 9.02
activator inhibitor 1 RNA-binding protein

gi|1121807300 RNA-binding protein 7 0.10 1.93 8.52

gi|1121886350 RRP12-like protein 0.00 7.04 10.53

gi|1121812082 TGF-beta-activated kinase 1 and MAP3K7- 1.70 6.56 8.82
binding protein 3

gi|1121838228 transcription initiation factor TFIID subunit 1 0.57 .47 9.45

gi|1121806779 vitamin D3 receptor 1.79 3.78 7.90

gi|1121861252 zinc finger and BTB domain-containing 3.53 5.57 7.74
protein 26

gi|1121930072 zinc finger protein 135-like 2.25 4.18 7.50

gi|1121864870 zinc finger protein castor homolog 1 2.73 7.47 8.32

Metabolism

gi|1121819552 15 kDa selenoprotein 2.80 4.01 7.39

gi|1121841400 acyl-CoA dehydrogenase family member 9, 0.00 6.97 8.73
mitochondrial

gi|1121906913 aldehyde dehydrogenase family 16 member 0.53 5.14 9.25
Al

gi|1121878367 diacylglycerol kinase iota 2.12 6.53 9.06

gi|1121915605 NEDD4-binding protein 2 0.88 5.47 8.90

gi|1121898918 phosphatidylinositol-glycan biosynthesis 0.36 1.56 7.48
class F protein isoform X3

gi|1121917615 sepiapterin reductase, partial 3.56 6.92 11.15

Signal transduction

gi|1121834909 alveolar macrophage chemotactic factor-like 0.79 294 a.70

Signal transduction

gi|1121850238 ankyrin-3 0.30 5.55 7.50

gi|1121814530 ceroid-lipofuscinosis neuronal protein 5 2.35 6.01 8.25
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Gl number Protein Oh 1h 24h
gi|1121812497 gamma-taxilin 1.43 4.50 8.61
gi|1121811187 intersectin-1 0.00 2.17 7.64
gi|1121808431 pro-interleukin-16-like 1.40 7.04 8.54
gi|1121919755 receptor tyrosine-protein kinase erbB-4 0.00 0.67 7.53
gi|1121926835 rho GTPase-activating protein 22 2.54 4.14 8.56
gi|1121804795 serine/threonine-protein kinase Sgk3 2.38 5.88 8.72
gi|1121888712 spexin-like 0.19 8.26 8.63
Miscellaneous protein
gi|1121892031 ficolin-3 242 5.55 9.50
gi|1121833237 probable phospholipid-transporting ATPase 0.57 2.29 9.21

VB
gi|1121798781 sickle tail protein homolog isoform X11 0.12 3.24 7.17
Unknown function proteins
gi|1121824667 uncharacterized protein LOC109308304 0.00 1.51 3.39
gi|1121900401 uncharacterized protein LOC109319854 2.68 4.19 8.56
gi|1121907972 uncharacterized protein LOC109320983 0.00 1.05 7.37
w97l 4.28 Wsiuandadenvniiiiutundanstinide 24 43l

Gl number Protein Oh 1h 24h
Cytoskeleton/Trafficking/Cell movement
gi|1121903935 2'3'-cyclic-nucleotide 3'-phosphodiesterase 0.00 0.00 9.75
gi|669017076 ATP synthase FO subunit 8 (mitochondrion) 0.00 0.00 11.38
gi|1121917454 cilia- and flagella-associated protein 99 6.48 6.89 10.87
gi|1121844691 dystonin 2.67 3.43 6.55
gi|1121877613 F-actin-capping protein subunit alpha-3 0.00 0.00 7.73
gi|1121835463 hydrocephalus-inducing protein homolog 1.45 1.78 7.98
gi|1121929206 kinesin-like protein KIF11 1.53 1.52 9.54
gi|1121814560 LIM domain only protein 7 4.85 2.45 7.53
gi|1121831752 lipopolysaccharide-responsive and beige-like ~ 0.02 0.09 7.00

anchor protein
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Gl number Protein Oh 1h 24h
gi|1121829735 microtubule-associated protein 1A 0.00 0.00 5.02
gi|1121870527 myosin-10 4.45 4.88 10.63
gi|1121918650 nebulin 0.68 0.14 9.22
gi|1121918446 obscurin-like protein 1 4.70 5.02 9.84
gi|1121848333 paralemmin-1 0.60 0.00 8.82
gi|1121828404 protein unc-13 homolog C 5.12 2.69 10.03
gi|1121827139 spatacsin, partial 1.25 1.66 9.76
gi|1121796649 vimentin 2.53 1.39 a.14
gi|1121809837 WD repeat and FYVE domain-containing 4.69 4.14 9.35

protein 2
gi|1121811985 X-linked retinitis pigmentosa GTPase 1.72 0.83 8.38
regulator
Gene expression regulator
gi|1121830033 adenosine deaminase domain-containing 0.00 0.00 6.79
protein 1
gi|1121800402 CCR4-NOT transcription complex subunit 10 4.46 5.56 8.56
gi|1121802640 chromodomain Y-like protein 2.23 2.26 9.20
gi|1121923336 doublesex- and mab-3-related transcription 0.64 0.31 11.13
factor 2
gi|1121807579 Fanconi anemia group M protein 0.00 0.00 6.41
gi|1121880353 histone H1.01-like 4.93 a.75 9.91
gi|1121880343 histone H1-like 0.00 0.02 8.82
gi|1121840796 histone H1x 3.11 3.93 7.73
gi|1121808693 histone-lysine N-methyltransferase ASH1L 0.00 0.00 7.58
gi|1121889184 histone-lysine N-methyltransferase KMT5B 2.50 3.72 6.43
gi|1121872008 KRR1 small subunit processome component 2.68 3.36 9.06
homolog
gi|1121821484 single-stranded DNA-binding protein 2 4.54 4.50 7.75
gi|1121802807 zinc finger protein 40 0.00 0.00 10.47
gi|1121854609 zinc finger SWIM domain-containing protein 2.29 2.13 9.68
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Gl number Protein Oh 1h 24h
Metabolism
gi|1121816170 L-aminoadipate-semialdehyde 0.00 0.00 10.29
dehydrogenase-phosphopantetheinyl
transferase
gi|1121813419 LOW QUALITY PROTEIN: lysozyme ¢-like 0.00 0.00 10.40
gi|1121865952 NADH dehydrogenase [ubiquinone] 1 beta 0.00 0.00 8.04
subcomplex subunit 10
Signal transduction
gi|1121886705 adenylate cyclase type 10-like 3.60 2.38 8.61
gi|1121803654 AFG3-like protein 2 isoform X2 1.41 0.58 7.16
gi|1121840804 collagen alpha-1(VIl) chain 0.00 0.26 7.28
gi|1121912072 SNW domain-containing protein 1 4.40 4.59 7.30
Miscellaneous protein
gi|1121925049 E3 ubiquitin-protein ligase BRE1A 0.64 0.82 7.75
gi|1121900695 HEAT repeat-containing protein 58 0.00 0.37 8.26
gi|1121862753 MORN repeat-containing protein 1 0.00 0.00 7.45
Miscellaneous protein Oh 1h ah
gi|1121833632 PRELI domain-containing protein 2 0.00 0.00 11.25
gi|1121851137 probable E3 ubiquitin-protein ligase HECTD4 0.54 0.13 6.93
gi|1121871440 putative ciliary rootlet coiled-coil protein 2 0.00 0.00 5.27
gi|1121905442 retinoblastoma-like protein 2.50 3.12 6.14
gi|1121921562 solute carrier family 15 member 2 0.00 0.00 9.39
gi|1121885866 solute carrier family 26 member 9 0.00 0.00 9.94
Unknown function proteins
gi|1121808090 uncharacterized protein LOC109324692 4.36 6.06 8.18
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Gl number Protein Oh 1h 24h
Down-regulated protein
gi|1121916820 Alstrom syndrome protein 1 8.97 8.90 5.94
gi|1121907253 cation channel sperm-associated protein 10.46 9.79 572
subunit beta
gi|1121821684 coiled-coil domain-containing protein 68 11.71 10.92 7.59
gi|1121832357 high mobility group protein B2 7.04 7.51 2.99
gi|1121829845 la-related protein 1B 5.68 5.08 3.00
gi|1121875030 PRKC apoptosis WT1 regulator protein, 6.06 8.06 4.01
partial
gi|1121859423 syntaxin-binding protein 1 11.12 12.90 7.04
Expression Accession Protein
ff:—gn|1121854477 ’DNA(cﬂosme -5)-methyltransferase 38
e el gi|1121884878 \importin-9
| |0il1121891341 |"KH domain-containing, RNA-binding”
' 1gil1121838228 _|transcription initiation factor TFIID subunit 1
'\ 1gil1121864870 [zincfinger protein castor homolog 1
_,ﬁg.|1121303431 |pro-interieukin-16-like
e gl|1121888?12 |spexin-like
Oh 1h 24h

< { a X | & 5 i % T o g
JUN 4.18 Wshuiuanseaniiiufuegagaganauddiluei 1 udineiauis 24 9rlusvesnisaaely
diadenu

w1 lUsAuINNwadLiaL A1 (WBC)

lagnuuseanidu 6 nquiiuanaieiu ngende

§1ULBYAIIN UniProtkB Protein uay NCBI win1331uunuuldlusiuaindnidesgneieus

wyed ey dugiudoya Juludaddienvialnasinassd Anluddimsueudiisuiugiudeyadn

Asalmeld TUswnsu Panther (http://pantherdb.org/) LﬁEJUﬁu%@yjaiﬂiﬁumﬂédﬁ%ﬁmﬁlﬂﬁlﬁmﬁu

531t A I (Galus galus) waghsmIIWIn Anolis carolinensis Wosnndniassviintigninnaueg

T Sauria Fsaszidndneglunguil lnalusfiuain WBC a3 C siamensis $1uau 112 Wshufidnuwae
Adeadeiu 78 TWsfuainlauwazisni a1ntu 78 WWshugninnuianyidu 5 nquaiu PANTHER

ontology #141l (A) Molecular function (B) Biological process (C) cellular component (D)
Pathway (F) Protein class §U#1 4.19 91n3uilvhlanunsaszyniifvesusiuaszidaindaiden

A a X v a & vy 1 o & d' v g v & v o &l Y a v
GU']'J‘V]LW?J“UU‘V]a\WWIL%@lﬂLLﬂJu&ﬂNqﬂﬂJu Lu@ﬂ"ﬂ']ﬂﬂ']um@%ami“mﬂug']um@Nﬂaﬂ']ﬂaﬂ')miﬂaLﬂﬂﬂ"ﬂizl’“{]

Wniian



Biological regulation (G0O:0065007): 3

(A) Transporter activity ( B)

(G0:0005215): 1 Response to stimulus
Signal transducer activity | Binding (GO:0005488):5 (G0:0050896): 4 ~~
(G0:0004871): 2

Cellular component organization
or biogenesis (G0:0071840): 1

Receptor activity
(G0:0004872) : 2 ,
Multicellular
organismal process
(G0:0032501): 14~

Channel regulator Catalytic activity
activity (GO:0016247): 1 (G0:0003824): 11

Metabolic process Developmental process
(G0:0008152): © (G0:0032502): 1

(C) (D)

Plasminogen

activating cascade
(PO0050): 2
ganelle
(G0:0043226): 7 2
/ Blood coagulation
/" (PO0011): 2
“/"
Macromolecular complex CCKR signaling map
o (60:0032991): 1 _ T (P06959): 1
Membrane (G0:0016020): 2 Heterotrimeric G-protein signaling
pathway-rod outer segment
Calcium-binding protein phototransduction (P00028): 3
( F) (PC00060) : 1

Cytoskeletal protein
PCO0085): 2

Hydrolase (PC00121): 2

_ Nucleic acid binding
(PC00171):1

Receptor (PCO0197) : 2

Transfer/carrier protein Transcription factor
(PC00219): 1 (PC00218): 2
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| ' a & A P a X ~ ~ ) v oa & v
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Panther classification system lagifigufiugiuteyavesin lagldinasinisuenasil (A)

Molecular function (B) Biological process (C) cellular component (D) Pathway (F)
Protein class favuazdtuanluigduueniie Gene Ontology ID MLAUMATILEULARSDS

PuullsAuYeRsTnnsiuguteyavedii
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4.6.2 myaTgimiwdsusaedusiludfudemaiialusiteind
Snuwaznsuanteanvaslusiuludsursuandadulindensnn wnfiansanseiunis
wanseanvaslusaunsassialnglddidadaaarlunstinde (1 wie 24 Falue) wuidlsfusiuay
19 wlafiwanoenanat was 3 vaafuanseaniiududionIsudisufudeudndeliasudasnu O
Hlus) (5U 4.20) Fsnedelusiuuaznifinieluwaduanfiwnsd 4.30

0.0 5.0 10.0

i =
L —

24h

[ -0.21383834

- 039308083

-0.7a59222
- 01220389
1.0

[ 1.0

gij1121921112
gi|1121901553
gil1121808159
gi|1121871075
gij1121814203
Qi|1121805976
gi|1121923872
gi|112180842a6
gi|1121895002
gil1121220020
gi|11218614H1
gi|1121810373
Qi|1121922820
gil1121821387
gi|1121808879
gi|1121833237
gi|1121809122
gil1121875888
gi|1121888580
gi|1121924309
gi|1121878545
gil1121808400

Ul 4.20 nsuvingudeyavassziunisuansoonveslusiufiuansoondiutuludsy Tagldlsunsy
MeV software sesfunisuanseanveslusiuuanidied lneduduuansienisuanseandi
fan (0.0) AdAouanseenseiunans (5.0) uazdimaeafoseAunisianseanuniign (10.0)
FelusAunandlag Gl numbr
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Gl number Protein Oh 1h 24h

Down-regulated

gi|1121921112 1-phosphatidylinositol 3-phosphate 5-kinase 8.13 7.38 5.42

gi|1121861441 actin-related protein 2/3 complex subunit 5-  10.78 1.56 4.98
like protein

gi|1121810373 ADP-ribosylation factor-like protein 13B 6.88 1.50 1.16

gi|1121805976 beta-1-syntrophin 7.56 5.99 4.60

gi|1121898426 cilia- and flagella-associated protein 36 7.75 3.48 0.00

gi|1121901553 constitutive coactivator of peroxisome 8.33 7.21 543
proliferator-activated receptor gamma

gi|1121875688 C-type lectin domain family 1 member A-like 7.47 2.13 2.52

gi|1121898159 EH domain-binding protein 1 8.51 7.74 1.11

gi|1121809122 interleukin-27 subunit beta 8.08 2.18 2.32

gi|1121814203 KDEL motif-containing protein 1 9.45 7.33 4.95

gi|1121928820 leucine-rich repeat-containing protein 18 9.91 5.07 4.63

gi|1121821387 lipoxygenase homology domain-containing 10.24 522 4.52
protein 1

gi|1121871075 ovotransferrin-like 4.12 3.75 1.16

gi|1121923972 perilipin-2 9.22 4.83 0.82

gi|1121895002 piggyBac transposable element-derived 9.38 4.82 2.75
protein 5

gi|1121833237 probable phospholipid-transporting ATPase 7.62 2.44 3.35

gi|1121806979 protein RRNAD1 9.46 6.10 5.61

gi|1121820020 protein SZT2 7.49 3.86 2.38

gi|1121889580 spectrin beta chain, non-erythrocytic 2 8.49 2.19 2.64

Up-regulated protein

gi|1121878545 3-ox0-5-beta-steroid 4-dehydrogenase 4.62 8.11 7.70

gi|1121924809 acyl-coenzyme A amino acid N- 6.27 6.59 11.13
acyltransferase 1-like

gi|1121899400 usherin a.17 8.05 8.52
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uennidanulusiusuu 8 viin LAnagUT 4.21 Aflszdunsuanseenanamdsnia
Fo 1 Haluwarldivdounvasaunseiiafie 26 Falus Felusiu 3 lu s wilall vinmihilieaiu
UrIUNTNAIUeaTuN1eluad Usznausie ADP-ribosylation factor-like protein, lipoxygenase
homology domain-containing protein 1 probable phospholipid-transporting ATPase VB
function in lipid metabolism N fiveslusiusananndiadiu ummmuiﬂlmawiumaLﬁmmaa
mimmﬁna 5LUTAANTEUIUNITIUAIUDITY LwamuwaN'1uLwaisi’fluﬂiumumiaulumimmEma
Fwityngn

Expression Accession Protein
——— |0i[1121810373  |ADP-ribosylation factor-like protein 138
‘_\E_‘"—h&,_\__ 'gi|1 121875688  |C-type lectin domain family 1 member A-like
[— gi[1121809122 |interleukin-27 subunit beta isoform

k‘“ﬁaﬁ___ (gil1 121928820 leucine-rich repeat-containing protein 18 \
“h“--——____ (gi[1 121821387 lipoxygenase homology domain-containing pr... |
"‘*——-_h___ _g||1 121833237 |probable phospholipid-transporting ATPase VB |
[0i[1121806979  protein RRNAD1 isoform
gil1121889580  “spectrin beta chain, non-erythrocytic 2°

|_——"  10i|1121878545  3-oxo-5-beta-steroid 4-dehydrogenase |
. gi|1121899400 usherin |
I | |

Oh 1h 24h
| a A a X ' s ) = a & o
JUN 4.21 WsAunisduegegeganasinannsus 1aluei 1 vesnisinieludsy

PMNNUITLRHIULT NUAITANEINITINADINITABUAUDIVDIATELURBNTAALTDLUATISELAY
n158n lipopolysaccharide vaua?itsy Wnseuaden lngldmaiinlusiledind (Merchant et al,,
2009) wudulusAunaunsaseydeladussann 10 vlla wazlulusiuiiieatunsinaeud

¢ o Y aw A1 vo ° a aa N i va & A a2
Youwas d1msunIdeiliinisssyduulusfiuniinmavisuwlaseninnsedfndouuailise 9
My liaseidfnelnenisdanuaiiiseviliduiuwaddiadenuintudu 2 Wil 1 Tl
= A & o X | & a ¢ v v Y] A & o I3
Feternlunisiinduegnesiaiid wmazundlunywdneddiamaledilumioduiu sy
midlunalnvesszuugiiduiuifinloeiiieiiissvonmgdluassd wazilindenuruesiilungy

a ¢

sy a o a 1 o 1 1 a § & P
LGZIaaV]'i‘UNWUE]UIG]EJGﬁﬂUﬂTﬁV]']@']EJQ@UV]?EJVIUﬂ'ﬁﬂﬁ'Nﬂ’]EJ %QUWIUQQWQWNWE}'JWIU'WWL‘?JﬁﬁLfLIG]Laaﬂ

9 9
Y

P a ' PN a = P YR a & =
giimsWdsunlatednsls 1 1 uez 24 SlumdimsadeSouiiuiuieunsindovde 0
234 Lglilaias1eRlUsAUNaIAnD 1 F3Lue NUINEIUSANTIWIN 59 ve MNNTIWINTUNINAI
wsowiu 1.5 Wi Fanquilieiniaulamsigaztivasernudilalaenisissuiisuiiuiuiae
USinaadlusiuniuiuluassiduasdnivindunaziiludnisesuiessuugliAuiunidunlaenia
o a a v A A a X P ! oA a a oa v ) a PN
suilusyansnmadluasad Inglushuniutuasiasengulng e TUsiuilineitesiunisiadoud
Y@ (Cytoskeleton/Trafficking/Cell movement) LLasT,UsﬁuLﬁmﬁumsmuammmamaaﬂmaﬂ
a = a A a o X . Y ' a ' PN 2
gunTelusAuNYIuNanlUsAUTUNT (Gene expression regulator) shegelusAulunguusniinude
actin ¥93l 3 FITNAUAD Actin aortic smooth muscle Actin cytoplasmic 2, Actin-like Falu
druusznauvadlusAuauman microfilament (Lu et al, 2016) wazusnainddailusAudune
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kinesins waz dyneins Tag Kinesins aziadaudiun microtubules TunsvuasTusfiuanumananly
84 organelle W3RN UBNYAALABYINIIIUTINAULUSAU dynein (Henry et al., 2006) s?iﬂiﬂiﬁumajmﬁ
sgdaslunsindoudiveswadidaidenvnluduuaiifefiyngn viedunuafiFounduinvuiuns
phagocytosis Lﬁaﬁ’lmmwﬂﬁﬁa ?huﬂﬁjuiﬂiauﬁlﬂu Gene expression regutatorﬁLﬁu%{ﬂul
Flususnvesnsindons nNay transcription factor WU Zinc finger BTB domain-containing
protein, Zinc finger protein 135-like, Zinc finger protein castor homolog 1 Favagluvuiums
transcription \iowdn mRNA Tnilunismevaussienisinide (Fu and Blackshear., 2017; Gupta
et al, 2012) wenNTTany RRP12-lke protein and fibrosin-1-like protein MAgfUNTIUES
IﬂiﬁuﬁiﬁuﬁaLﬂ%&JaLﬁﬁwﬁﬁ’m%a wieldluauaunns transcription Uakel et al., 2002; Matsumiya
2013) waznulUsauiliAeadesfusuIun1sumueddy 1wy Acyl.CoA dehydrogenase family
member 9 mitochondrial Aldehyde dehydrogenase family 16 ?jﬂﬁ]izﬁmﬂﬁﬁﬂiaumdﬂiﬁm
ATP ioiJundsnuues cytoskeleton TUshuseninandeudl uaziin phagocytosis

nlUsiu 7 afefiiintuly 1 $lus udansuanseanduiniiluauie 26 $alus Tne o
WsAu fnihfiAeadeadiunisisslimanuuiunis transcription Ine KHDRBSL way 1PO9 1ulusiu
F28L39UUIUNT transcription waw TAF1, CASZ1 1y transcription factor Wsfiumaniuazdunse
ausanAulUsiudty Wevhausiudulusiuduiilunisadns mRNA dulusiufiudsuudadivly
Paaen 24 Fluwdsdadoludaidensntu dulngdudunduilifisrtestumaedeuiivenad
warlusiuRenfunmuansoonvesiunielusiiufidrondnlusiudumlnd dwiunguiiieatuns
\Aouiivouead 1y F-actin-capping protein, nebulin, &g myosin-10 1ng F-actin-capping
protein 2E3UAU actin filaments walaliAnnsiUasuulas nebulin, myosin-10 and actin 33U
fu ieaderuudause (Root and Wang, 1994) wigliuuiunis phagocytosis SUseanznm

&30 histone TuNUNE 3 isoforms @ histone H1.01-like, histone H1-like, histone
Hix Bslnerialuuda histone agshmiillunisasunvadlasufuudvhlfieadionguiniu s
nafusuwvesiusiunduilludadnuinBadfionguiudu (Feser et al, 2010) uenainidamy
TUsAU 2 ¥linfD A  histone-lysine N-methyltransferase ASHIL uay histone-lysine N-
methyltransferase KMT5B ﬁﬁ’saé’hsm&ju methyl group tUE3 lysine and arginine residues Tu
histone %ﬂLﬁu%um@uiummumimuQm transcription

4.7 mileauduuasAnwiuulng Cathelicidin Tuassidaeu
4.7.1 mimauihadlelndvesdunsddfuvessssidasu (C siamensis)
ihéeehadesvessadvindanseduineie Fonardsiella tarda 24 wag 72 Flua 11
fuuenaduues whole blood uay red blood cell wdmnTIImBuaLsagause RT-PCR tngld
desiesnuuuandriuiinaalelndd conserve vesBuAsaTAUIBY C porosus Hauanafagu
8.22 §emuuau PCR product ww1m 200 bp et PCR product fundnwmansuiaaalelng

nunasuirdlolnavesiauiiduesinan fanunsnezilunaisadsiu predicted cathelicidin-

OH (CPORG002468) w84 C. porosus 98% lngliideduisadnuainienassidiiin csCATH
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(%
v = o

Aetudevinnaseenuuulnsiwesainarduianalelnavesdu CPORGO02468 999 C
porosus \iefiavmdduiindlndueBunisddiunisinu 5 wae 3’ Ingldlnswesfioenuuuain
M19d 3’ YeaBuANSATAL CPORG002468 183 C. porosus (CP_2468 3UTRr) $ufiulndiuesi
MW RBC_24h-f (csCATH2 specific forward primer) ('g‘d‘ﬁ 4.23) Tneflonsiatn PCR product
A28 agarose gel electrophoresis WuLaUALBULBYWIAUTENIU 500 bp waawuiindlolnaveuay
Mduesnarnduddiumeinu 3’ vesduaisadiu ddduddusely lldasuiandlelndsndiilu
N1590NKUU specific reverse primer (csCATH2 specfstop-r) wialdsuiulnsiwesfioonuuuain
n19¢ 5’ YeaBuANsATAL CPORG002468 183 C. porosus (CP_2468 5UTR2-) waziilensaadn

PCR product @38 agarose gel electrophoresis WULAUALDULEVWIAUSEHN 500 bp (gﬂ‘ﬁ 4.24)

v a aaa

91nuanIsmaIsuiiipalalvaves PCR product v19 3 UfA381 (RACE-PCR) vinlvmsiuaduiiongle

aaa A

Indvesduasidiuaindendseduuin 501 wa wazwlaluilu 166 nsneviily wandluun 4.25

wonand Weh cDNA voudonasuid Meaiuveasadidaiionun (whole blood) uaviead
Sadenuns (red blood cell) dislkaszdinde A Avdrophiia \Hunan 24 uay 72 Falus wdnw
SEAUNTLANIDBNYBIEU Cs-CATH miemnaila Real-time PCR (SYBR-Green | fluorescence) lagilde
Tniaes Cs-CATH-F primer (5- CATGCCAAGCCAAAACCGAA-3) Wwag Cs-CATH-R primer (5 -
TGGGGAATGAAAACGGGGTT-3") wuinwadinidentanundl 24 uay 72 aluamdansanide nunns
wanseanvesBuiinTulszana 2 wh dleolsufuteuinde dnsudindenunmddade 24 $alus
WuEiAnsuanteenuesBy Cs-CATH Wiy 9 wh uindsdnlionisuanteonveduanasiiuszana
2 i U7t 4.26

1 kb
0.5 kb

—200b
0.1 kb P

o ° P ¢l a . = aa
§1JVI 4.22 paua9n1sN1 RT-PCR WJEJIWiLZJ@iW@E]ﬂLLUU‘\]']ﬂUiL’Jm conserve domain YaIgUALTAY
Aun C porosus (Lane 1 Wag 2; whole blood 24 h iag 72 h, Lane 3; red blood

cell 24 h ¥dNNINTEAUMILIYD Ldwardsiella tarda)
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M 1

1000 bp
500 bp

500 bp
100 bp

gﬂﬁ 4.23 WaveIN1IV1 3-RACE-PCR  Aaulndlues csCATHZ specificl(RBC 24h)f Ay

CP2468 3UTR-r
M 1
1000 bp
500 bp <«— 500 bp

guﬁ 4.24 waupIn1591 5’-RACE-PCR shglwsiues CP2468 5UTR2-f fiu csCATH2 specfstop-r
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atggggcgececgeggttgggtggtgttgetgggettggecacgettgtggeggeecgecttg 60

M 6 R R G WV VL L 6 L A T L V A A A L 20

gcttctecagegecaagttgetgagectacggagaggeecgegtegttegetgtegacttetae 120
A S QR KL L S Y G E AW A S VF AV D F Y 40

aaccaacagccgggtgtagaccacaccttecggetecetegatgttgaaccacagecegeg 180
N Q ¢ P G V D H TV F R L L D V E P Q P A 60

tgggacacgatggccaagtcatgtcaggaggtgeggttegtggteccgtgagacegtgtge 240
W D T M A K S C Q EV R F V V R E T V C 80

ccgcggacccacaagctcecccagecagegagtgegacttcaaggacaacgggetggtcagg 300
P R T H K L P A 8§ E C D F K D N G L V R 100
aactgcacgtggctgttctccacgaagctcaagttgeccecgecteccatcatcacctgegac 360
N ¢ T w L F 8 T K L K L P A s I I T C D 120
acaatgaccccggggaaggacatccatgccaagccaaaaccgaaacctgggaaagatgaa 420
T M T P G K D I H A K P K P K P G K D E 140
aggggacggcctggatcectggetectggattggaaagggaaccecegttttcatteccecata 480
R G R P G S G S WI G K G T P F S F P I 160
acaaaaaaacccgtggggtag 501
T K K P V G * 166

A 0O W a X (3 a aaa v o w )

JUN 4.25 uansanuihnalelnavesdunisddiuainaseitass csCATH Insanunsnezdlulunsou
a a . a aa Yy gy 1 A & . . d'
dwnfAe mature peptide ninezilundadulaneyieiilu signal peptide wazlAToINUNY
ABNTU (¥) STUFUNaes stop codon

10 -

Relative expression level of Cs-CATH
[—IE L = 7 R O - -
1

Whole blood Whole blood Red blood cell Red blood cell

after bacterial  after bacterial after bacterial  after bacterial
infection 24 h infection 72 h infection 24 h infection 72 h

A % = L2 = gj L3 & U
JUN 4.26 szAun1suanioanvedu Cs-CATH luigadannidennivunuwasisadifinidenwaands
ATLARAD 24 Ay 72 Fkalg
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4.7.2 MmangamunIneziilutesnisidnuresassitasa (C siamensis)
PnnmnskUasarsuindlelnavesdunsadnuaunsa encode Tiardunsnagiiluy
166 residue (U 4.25) Wethdwunsmeriilululinsizvisne ExPASy wuiiAsatAuvesaseLd
auuduun 18.24 kDa wazdlan pl windu 9.54 wan193tAT12e18 SignalP 4.0 Server LAASAIUTDY
signal peptide UShuNIABEdlUEUT 1 §9 20 (N-terminus site) wazdruvaaudlndaisadau
Cs-CATH (KP36) n19a1u C-terminal A11817 36 amino acid residue (Theoretical pl/Mw: 10.73
/3.82 kDa) (374 4.31)

d v (3 aaa k4
AN 4.31 quantininmeninvetlllndnsddnu (Cs-CATH) 91nasuidasny

Net Theoretical Hydrophobic
Peptide Sequence Length Mw
charge pl ration (%)
SRN15 RNCTWLFSTKLKLPA 15 +3 10.06 1778.15 46
SI16 SITCDTMTPGKDIHA 16 -1 5.19 1702.96 37
KPKPKPGKDERGRPGSGSWI
KP36 565 36 +7 10.73 3820.46 16
GKGTPFSFPITKKPVG

ANANITVT alignment WU prepro-Cs-CATH  flaunileudu ¢ porosus
cathelicidin CPORG002468 (Cp-CATHZ) 83 99% Wagiimnauiloudiu A sinensis cathelicidin
(ASN73763.1) (As-CATH3) Wwae A mississipplensis cathelicidin (KYO44087.1) (Am-CATH4) 75%
way 72% mwdIsy (JUA 4.27) sziiulddmadiu N-terminal cathelin domain asildnwae
conserve 9819170 TaganizadunsnesilufiunanalidilndiResiu uidu  Cterminal
cathelicidin ~ domain wanslifiufisnnudunysyesginunsnesily annan1silseuiiiay
mduiusvosdifunsneriluvesnsatiuainita Allicator uaz Grocodylus (U7 4.28) 91nU
phylogenetic tree @11150LLUY crocodilian cathelicidins panladu 4 cluster Ing cluster | 1Ju
cluster ﬁimyjﬁqm Usznause Cs-CATH, Cp-CATH1-2, As-CATH1-3, uag Am-CATH3-4 @au
cluster Il Usgnounie Cp-CATH3, As-CATH5, Am-CATH2 waz Am-CATH5 @15 cluster Il wag
cluster IV Tutszneuluferisada 2 wia fadunisadnuiitssunsnesiluunnsnsminanisas

Audue ey cluster Il Usznaunie As-CATHA wag Cp-CATHA du cluster IV Usznausiealsad

Au 2 vllna1n alligator Ao Am-CATH1 wag As-CATH6
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Ce-CATH
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Cp-CATH4
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o o . . . aaa v o
JUN 4.27 wav0an15¥1 amino acid alignment UBIANLSATAUVDIATELVABIN (Cs-CATH) Wiguiu

avunInezily maqmLﬁﬁ%auﬁnﬂ%wﬁmaﬁuﬁﬁu A. mississippiensis cathelicidin (Am-
CATH1<KYO43834.1>, Am-CATH2< KYO43835.1>, Am-CATH3<KY0O44086.1>, Am-
CATHA<KYO44087.1> and Am-CATH5<XP014466014.1>), A. sinensis cathelicidin (As-
CATH1<ASN73761.1>,  As-CATH2<ASNT3762.1>,  As-CATH3<ASN73763.1>,  As-
CATHA<ASNT3764.1>, As-CATH5<ASN73765.1> and As-CATH6<ASN73766.1>), C
porosus cathelicidin  (Cp-CATH1<CPORG000270>, Cp-CATH2<CPORG002468>, Cp-
CATH3<CPORG005374> and Cp-CATH4<CPORG009296>) and C  siamensis
cathelicidin (Cs-CATH< MHA425517>)
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w~ Cs-CATH

= L Cp-CATH2
Am-CATH4
; ) As-CATHS | Cluster I
[ Cp-CATHI
‘ 99 As-CATH2
.I IT‘_E Am-CATH3
s6— As-CATHI
— Cp-CATH3
Am-CATH2
m\—q-: As-CATHS Cluster I
5% Am-CATHS

——— As-CATH4 S
— Cp-CATH4 | Cluster I11

—— As-CATH6 | Cluster IV

100—— Am-CATHI1

o o g 0 o Y

§1Jﬁ 4.28 Phylogenetic analysis U831 A. mississjppiensis cathelicidin (Am-CATH1<KYO43834.1>,
Am-CATH2< KYO43835.1>, Am-CATH3<KYO44086.1>, Am-CATHA<KYO44087.1> and
Am-CATH5<XP014466014.1>), A. sinensis cathelicidin (As-CATH1<ASN73761.1>, As-
CATH2<ASN73762.1>,  As-CATH3<ASN73763.1>,  As-CATH4<ASN73764.1>,  As-
CATH5<ASN73765.1> and As-CATH6<ASN73766.1>) and C. porosus cathelicidin (Cp-
CATH1<CPORG000270>, Cp-CATH2<CPORG002468>, Cp-CATH3<CPORG005374> and
Cp-CATHA4<CPORG009296>) and C. siamensis cathelicidin (Cs-CATH< MH425517>)

Wetarunsneziiluves Cs-CATH  unvihunglassainfsiinlglusunsy F-TASSER

a

server Iassassauiiflaemluiidnwasiniiouduasadnudus) Nin1sAnuilassadsaudnuinan

TngLanIzdlu N-terminal  cathelin domain  MTANWME conserve  WHLHBINN  C-terminal

cathelicidin domain ¥auAazaUIATUTANULANANAY VINLAlATIAS1989 CsCATH Usenau O

I
v o

helix 1 ano wag B-strand 4 ane Bnvisiuszladalud 2 Wusy Usingsaguit 4.29

A o ¥ a a aaa v
JUN 4.29 n1sviunglassainanienivesasidnu csCATH - Alwlusunsu -TASSER  server

(N-terminal cathelin domain; @U8u way C-terminal cathelicidin peptide; @)
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\udimsuiuiieuls elastase axfidumisiavdsnsaesfilunau (Val) vie svaniu
(Ala) na1funInozilluves Cs-CATH Lﬁagﬂﬁﬂﬁw Elastase agyil#ila mature peptide 970 cs-
CATH @1utduAe RN15: NH2-RNCTWLFSTKLKLPA-COOH, SI16: NH2-SITCDTMTPGKDIHA-COOH
from cathelin domain uag KP36: NH2-KPKPKPGKDERGRPGSGSWIGKGTPFSFPITKKPVG-COOH
laswulng RN15 Useneu 15 nsnesdilu 1Useqans +3 wasdl hydrophobic ratio Wiy 46% W
Ind SI16 Usenau 16 nsmevilu Useqans -1 uasil hydrophobic ratio Wiy 37% dxuuulng
KP36 Usenau 36 nimezillu dUse9gns +7 wazdl hydrophobic ratio WU 16% 3 nvayaninga

a

T19AUNUTT RN15 HuslAn hydrophobic ratio IndlAesiuiuulnaaugadiniifisneauneuntninagn

a a 1%

wazileihaunsneziiluveslulnasaudunvihnelasaianiegdl aelusunsy PEP-FOLD

Y

server HAUTINGAIFUN 4.30

A B C

3
T S

U 4.30 msvhuelassairmFsgivesdlndansadiu RN15 (A), SI16 (B) way KP36 (O) e
lUsunsu PEP-FOLD server

N3UN 4.30 aziiulddnddindansanuduidnvugvedasiaiamieginuandieiu g

7 RN15 fidnwazlassasraduwuu a-helix SI16 dnwauzlassasradunuy random coil kay KP36

9 sala

fanvauzlassadradunuy o-helix waz B-sheet ogrdlsinuivlnafiidnvaglassasiaduwuy

a

OL-helix Wudluwildulunisilulassadamiegives antimicrobial peptide Usznauiunaainnisi

Y

Srvunsnesiluaes CsCATH  lodnszsiviinaiianuisadu antimicrobial  peptide  ée
Antimicrobial Sequence Scanning System WuIIdIRUNIABZALUUIIIA, NH2-RNCTWLFSTKLK-
COOH T&nwuairues bactericidal stretches #8 14% probability Faliddunseesflunsstuuding
RN15 fetudslivinnisdesdnnsedt RNLS Wiethamnaeugrsnisdudsnisiaiyresnieniddely
Wulng Cs-CATH gn simulate wWhiuuususialswnsy PPM server wandliviiugsiie
nemsfuivsUsuvesUlng Cs-CATH naUsngdsgudl 4.31 uandlyiliiuin residue ves Thrd
Phe7 Leull Lys12 Leul3 uag Prold wealulng RN15 amnsadainizidnlulumuiusuy aanluwea
WUlne RNL5 anansaunsnaslulusuasusuldiguiieaufudulng KP36 dsanansaunsnasidly

Juusulaan 4.6-4.5 99ansau Tuvazilulng Sit6 aunsawnsnashuluduuuusulean 2.5
NGGERH
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gﬂﬁ 431 Tawan1sganiziuaiusuraalulnnmsddnu RN15 (A), SIt6 (B), KP36 (Q) way
superimposition 903913 3 Wulwa (D)

4.7.3 Anwgrsnsdudimaisiyresdeiunidvesuilndasadiuvesessdas

Wulnd RN15 Aildanmsduasiesigninnuaaoumiuanselunisdudamaiaiy
mawéuw%éﬁaﬂﬁu Tne38 agar well diffusion assay TaeideRldlunsnagounanisianisei .32
Tnenamsnnasmuinuulng RN15 annsadudimsaiyiulmvesuaiieldnunsuuinuazunsy
au GaUulnd RN15 fauanmnsnlunisduininatguondonuaiieldunnsstu Juagiv
musnzveaUdlng RN1S dewdonunfideiu fuasdiuldaind MIC fisdedeunsuuvin 8
megaterium TISTRO67 and B. subtilis TISTR1248 (MICs =12.5-25 pg/ml) uaila1 MIC ﬁqwiav??a
B, cereus TISTR1449 (MICs = 400 pg/ml) (15197 4.32)

A | v ¥ ° 3 o IS . . . TR
M990 4.32 ﬂ’lﬂfnmsumumqmsuauﬂﬂlm RN15 Tumima’m?\;a%w (Minimum  inhibition

concentration; MIC)

. . MIC (ug/ml)
Microorganism
RN15 Ampicillin

Gram-positive bacteria

Bacillus megaterium TISTRO67 12.5 1.56
Bacillus subtilis TISTR1248 25 1.56
Bacillus cereus TISTR1449 400 50
Staphylococcus aureus ATCC25923 400 1.56
Staphylococcus aureus TISTR746 400 1.56

Enterococcus faecalis TISTR927 100 12.5
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MIC (ug/ml)
Microorganism —
RN15 Ampicillin
Gram-negative bacteria
Escherichia coli ATCC25922 200 12.5
Escherichia coli DH5a 200 3.13
Pseudomonas aeruginosa TISTR1287 >400 >50
Salmonella thyphimurium TISTR1472 >400 >50
Fungi
Candlida albicans TISTR5554 >400 >50
Aquatic pathogenic bacteria
Aeromonas hydrophila TISTR1321 >400 1.56
Salmonella derby DMST16881 >400 1.56
EFdwardsiella tarda DMST38217 >400 1.56

dlovuulng RN15 fieududuvesen MIC seuuaiiise 8. megaterium TISTRO67 wa
E coli DH50L umedeunavendUlndreiuiusuvetuaiiiens 2 win #1endss scanning
electron microscope (SEM) wuinidlevaiulng RN15 saufuideri 2 viln WHunan 15 wit Avead
vouuATiet 2 siaddnunrAngulvoghadiuldda (Ui 4.32)
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SCI KKU EHT = 13.00 kV WD= 12mm Signal A = SE1

SCIKKU EHT = 13.00 kV' WD= 12mm Signal A = SE1
SpotSize=150  Mag= B24KX  File Name = Be-5 if | — SpotSize =150  Mag= 2000 KX  File Name = Bt-4 tif

EHT = 13.00 kV = Signal A = SE1 EHT = 13.00 kV WD= 12mm Signal A = SE1
SCIKKU oot size = 150 = 1600KX File Name = Con-5 tif SCIKKU  gpotsize=150  Mag= 20.00KX  File Name = Et3.tf

Ul 4.32 navoaulng RN15 sefaiwadvesiuaiie Wensivaeusendesqanssmididnnsey
WUUABINTIN (scanning electron microscope (SEM)) (A) 3o B megaterium THailévy
saufuUUlng RN15 (B) e 8. megaterium Yusanfuudlng RN15 finnudiudu MIC 1y
nan 15 Wit (O) e £ col aildusaufudulng RN15 (D) e £ coli Yusaufuudlng
RN15 fiaudiudu MIC Wuan 15 wiil

4.7.4 wamivageumdufie (cytotoxicity) veaulng RN15 RewadinsiBeuay

wadlladonauns (hemolytic activity)

Fothwdlnddaasesi RN15 smaaeuanulufivdeisadidnidenaunsanuyud Tag
33 hemolytic assay 91nnsvaaasnuinUUlng RN15 fiaududuszning 3.13-200 pg/ml finy
Jufivdewaddadonunssi lnevhlmianisunnvesdadonunssyana 5-10% diadieudu 1%
Triton X-100 (3U71 4.33A)

dethwulndduassiumegeuanuifuiviowadinenaaeutuwadinlusuaianan

uywe (NHDF cell) Ing3§ MTT colorimetric assay a1nnsnaassnuinuulng RN15 dannuduiiy
Aowwad NHOF 61 Taefiaaududussning 3.13200 pe/ml §n351n155endinvenvadiiielssu
Wilnasidnsnnninfesas 80 WewSeuifieuiuisad NHDF Adesnilaedldlddossuiuduing
RN15 (3Uf 4.33B)



153

D
q’Q

A. 120 - B. 120 -
100 A 100 A
) -
z 80 1 X 80
2 60 = 60
= =
z z
g =
g 40 - Z 40 1
<
20 4 20
0 - 0 -
5 % o)
& Q‘b% oY AN A &@\ e oA
&{"‘ Concentration of RN15 peptide (ng/ml) oy Concentration of RN15 peptide (ng/ml)

A a (3 13 = 6 ¥ a
JUN 4.33 uansrnuduivresuulng RN15 wadldndeauwaosyed (A) Tluguwuuiasaznisia
hemolysis wazaruduiivrenddlng RN15 sawwadlnlusuaadanuywsd (NHDF cell)
TusduvuiesaznmssentinSeuiisuiuwadnldlasudlng (8)

4.8 wannsAnwgMBRUBYYadasy (antioxidant activity) WasqMBRUSNLAY (anti-inflamatory
activity) vaslusiudlalnadulalaslaanainassidasu
4.8.1 5AUYDINTSEDY (Degree of Hydrolysis (DH))

\ieliildl protein fragments ﬁﬁ@mamﬁamméfmmi crocodile hemoglobin agninan
goadeloulsmIudu (Trypsin) uazUily (Papain) M1a1 2, 4, 6 uar 8 47lue nen3uduasdily
goufi N-terminal w01 Arg way Lys Tuvasfivnduasdnldesdinsmesiluiitldseuth (Tavano,
2013) vavdudueulwindaludlduasduouluivinlussuudosevisvesdnitaguyed n3Udu

% vy A o | ! I calv v v o v oA a .
NﬂﬂggﬂlsﬁL‘W@"ﬂqa@ﬂﬂig‘UQUﬂqiﬁJ@EJ'EJ'TVH? ﬁ'ﬂu‘u’]L‘UuLTJHL@UIGZIQJVIIWVIWQﬂqﬁﬂqﬂgﬂi“mwamam active

a

peptides s¥AUNSEOY (Degree of hydrolysis (DH)) wanstednaiuvesiussilUlnaveslusiudign

Y

[

go8 1neds TNBS 1unsinszaunistgoslageidunisitujisenves primary amino  groups fiu
trinitro-benzene-sulfonic acid (TNBS) reagent (Adler-Nissen 1979) 21NNANIINAADINUIN
hemoglobin gndayseniudusesziunsdeniiiu 3.64%, 4.31%, 6.65% wag 9.61% aan 2 h,
4h, 6h uaz 8 h mudwu Tuvasfinsgesdaeluy hemoglobin gngesmesziunisteaidy
5.75%, 8.05%, 11.27% wag 18.94% a1 2 h, 4 h, 6 h waz 8 h MU (SUT 4.30) Hansgos
ansliiiuinnisiinnseesiludassuaslulnduundniifiunntuiisnainsdesiiumniy sesu
nMsgegiinanTuienauniy msdesfensuduiiausimnzannisdamwaliseumsdeoifiuiu
Endesiiolseuiisuiuinly wareauifesisnuiinistessensuiusasunduinlile
wﬁmﬁmsﬁﬁﬁqwéé’ma%aéaﬁs (Li et. al., 2015; Shu et. al., 2015; Afify et al., 2018) LALAIUNT

£

dntau (O' Sullivan et. al., 2017) kazgnssinanduiutuiossaun1sgoiuTy
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—e—CHH derived from
trypsin digestion

—a— CHH derived from
papain digestion

Degree of hydrolysis (% DH)

Time (h)

d U 1 = =Y a A ¥
UM 4.34 uanasgaunisgesvedlusiudlulndanifendseidasy

4.8.2 wan1sANwIgVSAUBYYadasy

v
v Y

4.8.2.1 uan138U8Y 2,2-diphenyl-1-picrylhydrazyl (DPPH)

' [
I v

aal @ aa 4 1 14 o U a LY
1% DPPH L“LJ‘LJ’Jﬁ‘V]ﬂﬂI‘U@EJ’Nﬂ’J’NGU’JNﬁ'Wii‘Uﬂ?iﬁ]i’l%ﬂ?ﬂ‘ﬂﬂiiﬂﬂUUﬂ@QNva

Y

¥
=]

daszaINAINaINNInlUNTANA1TOUYadaTEYesas (Shukla and Mehta 2017) lunsnaaeail
WERa b Crocodylus siamensis hemoglobin hydrolysates (CHHs) (15-62 pg/ml) LLamﬁﬁqwé
fueyyadasy Taswuin CHH fildannistesseuniuu (CHHp) uansianssusueyyadasldfngi
CHH ilda1nnisdessen3udu (CHH,) CHH fildannisgeedisunduiivian 8 4alus (8n-CHHp) 7
AN 15, 31 (IC50 value) uaw 62 pg/ml @mnsasnueyyadaszAndu 42.03, 56.86 uax
61.28% uandu lurais?i CHH 7ildannnseessensudu (Gh-CHHY) fianududu 15, 31 (1C50
value) way 62 pg/ml anunsadnueyyadaszAnidu 48.73, 51.68 and 54.66% muddu (U 4.35)
CHH fildannisdesseuivunansianssulunmsiueyyadassldfniufleioutu CHH #lsann
nsgesfenivdu wansliiduiinisifiusedunsdesiisunduansafiunisdeslniie
protonated peptides fianunsaviilinisiidn DPPH Fu nsMineyuadasy DPPH lagansanunse
Lﬂﬁauﬁmm@%aﬁaizmﬂﬁmqLﬂu?ﬂmﬁaﬁammmmni’mlé’ﬁ 490 nm (Yun-hui et. al., 2006)
uanani CHH  fildannnisdesdeuniuudsansnanayyadasy DPPH Ifmiioufulusiuain

Camellia oleifera seed cake MrumsgosseUnUy (Li et. al., 2015)
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100+

DPPH scavenging
(%oAntioxidant inhibition)

AESIESINNINNNSANNNNNNNNNY

S : & $ & &
\_\ -.,‘b@ & ‘bQ‘..\ *\Q &
& $ <& o8 <& <8
Sy Ty RO R R Q:.a* >
& E LSy o =
Cﬁ\ &S K& & & e & o
& O RS & 3 3
) & = & A
15 pg/ml 31 pg/ml 62 pg/ml
Concentration

< £ v a val v ¢ a o
UM 4.35 uansgrisnsdueyyadaszvedusiulalaslaananifenisaididesmetoulesiniuauy

wazUlu meas 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay

4.8.2.2 n1ineasy Ferric Reducing Power

33 Ferric reducing power \JuiETuanslidiudennuaiusovesanslsy
BudnaseulunisTiBidnnseuru ferric cyanide complex [Fe3+(CN-6] staviliuasmdu cyanide
complex [Fe2+(CN-)6] nan1svaasduandliiiuin CHH Aildannnisgeedensuduiina 4 dalus
WAy 6 Hlu3 (Gh-CHHt waz 6h-CHHY) waz CHH 7ildainnisgesden3uduiivian 2 uaz 8 2lus
(2h-CHHp uag 8h-CHHp) finudiudu 500 pe/ml wansauanansatunisTunislididnaseusdng
ftdvdnAty 2h-CHHp LLaQQQawmawuwsaiuﬂWiiﬁSLﬁﬂmsauqqﬁ'qmLﬁzmwh Trolox Usganas 0.99 mM
Tuaaued intact Hb, 4h-CHHE, 6h-CHHt uaz 8h-CHHp wansamaninsalun1saidnnseusfisuiin
Trolox Usganmu 0.82, 0.16, 0.05 and 0.81 mM nud1dy (3Ui 4.36) fiunlundniiu 500 pe/ml
glutathione (positive control) uansaNaLNTalunsldidnnsauTiBuwin Trolox Usyanel 18.60
M Ansgandunasiiiuiuiinuduiuslasasafuauannsolunslibiinaseuresansdiu
PUYABATY A1IAUAUYADATYATIAAUANTYT  potassium  ferricyanide  toform  potassium
ferrocyanide %ﬂLﬁﬂUﬁﬁ%mﬁU ferric  trichloride d@walwiin ferric  ferrocyanide Adadud
mmia@ﬂﬂﬁuuaﬂé’gqqmﬁ 700 nm fs1eeunuintusiiulalaslawniiuszneuldie te, His, Tyr,
Pro waz Lys Smnuanusagslunislididnnseutazuansfanssusinueyyadaseidsualiiinnis
Gﬁ’mmwwﬁﬁ'%mgﬂiszj'suaﬂa%aﬁais (Qian et. al., 2008; Han et. al., 2015)
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| £ Y a Y a . .
JUN 4.36 uansgvsn1sinueuLaBasEMmes Ferric Reducing Power vadlusiulalaslaianainiien
szidngemeeulyinIugukasU iUy

4.8.2.3 nan1sNsdudansiialaseandiaturedng (Linoleic Peroxidation)

n15AA Lipid peroxidation aathLﬂuﬂizmumﬂumiLﬁma%aﬁaszﬁﬁm%ﬁlu
nszuINenTnuresdindiliduds n1siin Lipid peroxidation @1unsaviiate double layer
cell membranes Fsdanaliinanssunsienalsvfinugy hydrocarbon compounds, ketone wag
aldehyde (neiannzognabs malondialdehyde, MDA) (Halliwell, 1987) NansNAaBILAAILELTILIN
CHHs (5-500 pg/ml) mmaawmmvmumsmmL1JaiaaﬂszjLmﬁuuﬁuaaawmlmmmumammLﬁumu
intudlowdeuiiieuiu Trolox CHH @ildannnistesdioan 8 Falue (8h-CHHY) fimududu 5
(IC50 value), 50 and 500 pg/ml LLamﬂ’lﬁ‘EJUENﬂﬁzlnumﬁLﬂﬂLﬂa’iaaﬂ%Lﬂ%U‘U@Q@IuLaaﬂﬂﬂLUu
76.34, 96.99 way 97.85% auaeu luvasd CHH fildainnsgosditaan 6 4alus (6h-CHH) finnu
Wt 5 (ICs, value), 50 and 500 pg/ml uansnistudinsyuaumsiinedeandnduvesaluasn
Anudiu 91.95, 100 waw 103% sy (3Ud 4.37) uenainidenuifiamdadudoatul Trolox
anansadudald 90.18, 92.73 way  93.99% mudisy wardlalnadudilisunisges (ntact Hb)
anunsadudsle 88.12, 88.99 and 91.55% MUV F991NHANIINARBITINATINT IR ANansved
Ihnstesseieuladuiiuansgrdlunmsiudinssuaunsineseondnduvesdluadnléainiy
Msteaden3udu Jwmaildaenndostunaiildainnistesiaaifuvediavaled (Mendis et. al,
2005)



157

100+

504

Linoleic peroxidation
(% Antioxidant inhibition)

I IIT I IS ITIIITIIINS

X [ O T

=

Trol

$ $ & $ & &
& & & & < &
< <& & 3 & q
& & & S &
& B Q\q\\ & \4*\ & \\*$ & N & \\-5‘ P
3 N R A SN AN A R A
OIS S RS
& & & & &
5 pg/ml 50 pg/ml 500 pg/ml
Concentration

o £ v a Y ad . . . . = S
JUN 4.37 uansgisn1siueusadaseriels Linoleic peroxidation veslusiulalaslaianainiien
sziidesieiaulyiviuTulazUiUy

4.9 wanminsavinlunineenled (nitric oxide) nyegsenveatad (cell viability) waglglalai
fifleatestunssniay (inflammatory cytokines, IL-10 and IL-6)

insAnwiauausalunisannsenaunarUssifiunuduiivees intact Hb uag
CHHs Tneldiwadimeidosuaalasrina RAW 264.7 cells) Lﬁ“fJuImma lAgagyIN1INIEAULA RAW
264.7 TAAANTENLEUMY Llpopolysaccharlde (LPS) lowadiAnnsdniavasiinisndn nitric
oxide (NO) mLUumiaamsaﬂLaUmeawu MnduinsUsyansamlunsdudensuda NO Loy
1%Im1ﬂummwuamumiaﬂLaumgﬂmamiuwaa RAW 264.7 cells 904 intact Hb Waz CHHs &4
auaansalunsdudinsudn nitic oxide (NO) anansnannaldefiinannszurunisdniauld
Pnuanisveaesnuiidlomionihlmannsdnauluead RAW 264.7 cells ¢ LPS «Juian 24
s luanmedtlifiansiegns wunisains NO ugedussnaiifsddey Feusina NO fignadady
fazgnAndutium 100% (30 4.388) udillewdenhlfiAnmssniavuasidsasadiudmi
intact Hb waz CHHs (125-500 ug/ml) wui1 NO finnsnantosauniiennududuvesasiedi
Wity CHHs Aldanmisteadetnduldud 2h-CHHp), 4h-CHHp, 6h-CHHp waz 8h-CHHp AiAy
gy 500 pe/ml @ansinUsanas NO Anu 46.86, 66.26, 52.27 uaz 52.94% mudeu Tuveasd
CHH Fildannseosdevsuduiivaan 8 4alus (8h-CHH) finanuudiudu 500 pe/ml aunsinusuna
NO Ay 76.50% ntanitedszdiunnundufivues CHHs sio macrophage RAW 264.7 cells 54
Ievhnsmeaeunisegsenveawadluaniizdill CHHs (3U7 4.388) wanisnaasemuin CHHs #ldain
nstosdeuuazysuiulduansanuilufiviewad RAW 264.7 cells dofiansan3auiieu
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ANEAI5alUNITaNNI5A519 NO  58W99 CHHs wudn CHHs  ildannnisgesdaeynuud
Usgansanlunisannisadis NO And1 CHHs fildannnisgessnen3uduy O’Sullivan et al, (2017)
3189771 bovine lung hydrolysates ﬁlﬁmﬂmiﬂaaé{wmL‘UuLLﬁﬂWﬁMﬂMiﬂhﬂﬁ%é'?ami
sniaulnen1sann1sasa IL-6, IL-1 B, uaz NO Tuiwad RAW264.7 ua IL-2 Tuiwad Jurkat T cells
wiogtlsinunisanaswesansnensdnaudinaniguiioussidunaunainfivrenddlvg  Aowwad
Phosri et al, (2017) wag Jangpromma et al, (2017) 578497431 crocodile Hb ansadedanis
SnEulaRIENITNANSLARIDBNYBY Nitric oxide synthase (NOS) dwwaliiinnisann13as1s NO way
NANISHANIBDNYDY inducible nitric oxide synthase (iINOS) uaﬂmﬂﬁ Lueangsakulthai et al,
(2018) Fauanslfifiuin hemosglobin hydrolysate Aildarnnisgesdeluduansadudimssnay
1nuN13aAN158319 pro-inflammatory cytokines wag cytokine mediator L2 NO, IL-6, |L—1B Y
PGE, Bsluviusafeafusuifeiuanddiifiuin 2h-CHHp wamsnuansafianlunisdudanis
%19 1L-6 (25.73 pg/ml) le3euiiisuifu LPS, 4h-CHHp, 6h-CHHp way 8h-CHHp dsanunsaduds
519 IL-6 TeAndu 28.36, 26.60 and  29.84 pe/ml AU (5UT 4.39A) wsiiduitindanndn
4h-CHHt, 6h-CHHt uwa¥ 6h-CHHp A111508AN158519  IL-10 Useunaw 90.41, 91.52 and 87.07
pe/ml dlawSeudisuiu LPS (g‘dﬁ 4.398) Tunauedl 2h-CHHp awnsa¥ausunas 1L-10 (109.30
og/mU) Ialalsetuegrediduddaiu LPS annanisnaassinanddiiiiuin CHH fildainnisdesdne
Unduuanimiuasnsaffigalunisannissniau wag 2h-CHHp Lansamaunsolun1sannis
Snaulaeusranenudufiviowad RAW 264.7 wazfinnuannsalunisannisasne IL-6 dadu
arsdnarslunisnszduliiAnnisadna Inflammatory  biomarkers fidsualvinisdniau Tuveed IL-
10 WUy anti-inflammatory cytokine fdnasulmannistudnissniay uenanisamuin IL-6 84
mﬁmﬁﬂﬁlﬁﬂmmamaaﬂﬁumﬂﬂ%’wms] Fdawadudsnssniay W IL-1R antagonist, soluble
TNF receptors, IL-10, slucocorticoids, protease inhibitors (1% tissue inhibitor 83
metalloproteinase-1), kagN1INANITANFYYIUVDI cytokine (SOCS); proteins (Ahmed et. al.,
2000) iile 1L-6 anasazdwaldinnisannisadng IL-10 fadumnaunsnannisaing IL-6 Aazdana
Tannsovzasnsoussmnssnauls (Mao et. al, 2011) nansvaassamunfinaatlunuised
wansliiiuinnisdedannssniauaes CHH anvasiendastu JAK/STAT pathway Tnefiansanain
ANENsalun1Tan pro-inflammatory cytokine (Yoshimura et. al., 2005)
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4.10 wansiessviesrusynevsessnsaesiilululusiudlulnadulslaslaananassitasny

asdUsEnovveinInerilududnuazed milwedUsiiu CHH fildannisgeedeniudu
7 4 F3139 (6h-CHHY wag CHH Aildannisgeedaeunluil 2 42lus (2h-CHHp) Jefiauanansaly
nMsiusyyadaszuariumssnauldfiniinisgesfenaidu indnuiderdes Tulives
aafUsznauveanaezily nan1snaasanuii ah-CHHt Usznauludensaaziily 10 ¥dia JaUsznou
Tuane Thr, Gly, Cys, Val, Ile, Leu, Tyr, Phe, His Lag Lys %ﬁmﬁu 61.11, 179.96, 32.76, 67.21,
137.30 and  101.24 pmol/l  m1udsu Tuvaiedi 2h-CHHp Uszneuludensaesdlu 15 ¥inda
Usenauluse Thr, Glu, Pro, Gly, Ala, Cys, Val, Met, Ile, Leu, Tyr, Phe, His, Orn uag Lys Fehn
WHu 32.96, 66.94, 400.44, 276.62, 594.30, 24.93, 294.25, 28.36, 77.07, 563.54, 143.83, 246.75,
259.23, 38.97 and 103.06 pmol/l mudsu (151971 4.33) nan153aszsiesdusznounsaesiilulu
ah-CHHt wag 2h-CHHp wandlifiuinnsgesshaunuiivinauarenuvannaievensnesiilui
1nNIMIgosseviUdu anmsAnuikiunnuilusiulelaslawviifgnidu. eyyadaseild
nmsgesdisUnlunazysuiuagd Pro, Ala, Leu, Tyr, Phe, Cys, Gly, His wag Val1u
29AUTENAUINWIULNN (Jun et. al,, 2004; Je et. al,, 2007; Kim et. al., 2007: Ren et. al., 2008; Ao
and Li et. al, 2012; Feng et. al, 2017) Fansmozilumaritfunsaeviilundndinuly CHH 7ildann
nstenseUuly AnmanssalumsiueyyadassuaziunssniauvedusAudildainnisdesdae
ﬂ’]LﬂuawL'flumammﬂnsmazﬁiuﬁﬁqméﬁuégaamgaga%aiz uaz thiol groups Milussdusznauly
luana nRan1sAneilag Qian et. al, (2008) Fas1997u71 Ile, His, Tyr, Pro wae Lys Wunseesd
Tuiidauanansalunislididnesevlulsivlalaslawn vonanddlndiia His way Tyr u
aeRUsenaudignitenuIndanuainnsalun1saiu lipid peroxidation (Moure et. al., 2006) fiann
TUnintunsmezdlufitenulavouth Wy Leu, Phe, Val uag Il 3’33J1U5Qﬂsmasﬁiuﬁﬁﬂssa;mﬂ LU
Lys, Arg waz His anunsauansunuimddglululndidiesunissnaulddnde (Vogel et. al,
2012; Nan et. al., 2007; Kovacs-Nolan et. al., 2012; Chatterton et. al., 2013; Majumder et. al,,
2013; Kwak et. al., 2016)
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d a a dl 2 a = a ¥
ANTNN 4.33 LansUsunanseazilunidusssusznavlulusiulalalaanaindlulnaduaseidasny

Sample
Amino acid (umolW)
ah-CHHt 2h-CHHp

L-Aspartic (Asp) - -
L-Threonine (Thr) 9.74 32.96

L-Serine (Ser) - -
L-Glutamic (Glu) - 66.94
L-Proline (Pro) - 400.44
L-Glycine (Gly) 48.91 276.62
L-Alanine (Ala) - 594.30
L-Cystine (Cys) 15.14 24.93
L-Valine (Val) 174.45 294.25
L-Methionine (Met) - 28.36
L-Isoleucine (Ile) 61.11 77.07
L-Leucine (Leu) 179.96 563.54
L-Tyrosine (Tyr) 32.76 143.83
L-Phenylalanine (Phe) 62.71 246.75
L-Histidine (His) 137.30 259.23
L-Ornitine (Orn) - 38.97
L-Lysine (Lys) 101.24 103.06

L-Arginine (Arg) - -
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a a a a a . R
5.1 uamsaanzinsasuwlasasturesleanuuismiamaiiansiuaaiulaiind (transcriptomic)

TnmsAnwiiaieveslennuuilnenisi RNA-sequencing @1315834A3 1298 11AU transcript
I§ieovun 105,228 uagsuau unigene Miranun 69,648 deansnedl 5.1 Teeflanuenasanves
transcript ag unigene AU 93,474,196 way 73,220,678 LUd AINA1AU Tneiflaueiadeves
transcript Wag unigene WU 888 uay 1,051 wa aua1du wdlosuundiuiures unigene lu
UABZA LYV IUIUTIAAIDLNA TE1I119199 200-3000 LUE KAZAIUETILINATT 3000 LUA WU
Tuaae 300-399 Lua%ﬁﬁi’ﬁmumnﬁqm A 19955 unigene 9INTUSIUIY unigene 400-3000 LUd 3
wwalduanvduiunSes kiAW1 Unigene  FU1NNTT 3000 LUA fisruauiionun 5500
unigene meﬁﬂgﬂﬁ 5.1

| ° . . ¥ A o
M990 5.1 Lamaa ulu Transcrlpt LLae Unlgene mﬂLﬁ@L@‘aﬂaﬂ‘U@ﬂﬂuu’]mﬂmi%’] RNA-

sequencing
Total total Mean GC
Number Length Length N50 N70 N90 (%)
105,228a 93,474,196 888 1,975 917 299 a4.47
69,648b 73,220,678 1,051 2,141 1,088 375 44.55

“Joyasieazidenved transcript
bs .
U031AT18a¥L8YAYDY unigene

Length distribution of FroglungA-Unigene
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o unigene  TanunuUTeULABURY 7 srutoya loszyTouazminiluiead
Usznounae Nt (NCBI nucleotide sequences), NR (NCBI non-redundant protein sequences), GO
(Gene Ontology), COG (Clusters of Orthologous Groups), KEGG Orthology Swissprot iLag
InterPro AaRaMS19T52 WUt nTienun 69,648 unigene AATIEAlFINgLTDNA Nr-
Annotated 5zyldunniigade 28,304 unigene TneAnilu 40.64% wazgruteya COG Annotated
szylétfosdianfie 10,170 unigene TavAndu 14.6% uaz unigene fiszyldamiulunsiazgudoya
Isuandlugy Venn diagram fauandluguii 5.2



> o . [ v o v al 1 v ¥
MITNN 5.2 LL@AI91UIU unigene ‘Viaﬂ’ﬂqﬂ’ﬂﬂﬁ]’]LLuﬂmWEJWUWV]IULLG@%E’]WUGHaLLa'J

Values Total Nr- Nt- Swissprot- | KEGG- COG- Interpro- GO- Overall
Annotated | Annotated | Annotated | Annotated | Annotated | Annotated | Annotated

Number 69,648 28,304 26,375 25,345 23,278 10,170 23,056 11,602 33,383

Percentage 100% 40.64% 37.87% 36.39% 33.42% 14.60% 33.10% 16.66% 47.93%

G91
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fleldgiudioya Nr-Annotated  LARINNINTLANBHIVOITILIU Unigene  YBINUL U
unigene YesnUUNTAIMAGBRU Xenopus tropicalis 1nndign fe 57.53% sosaunie Xenopus
laevis 13.2% Way Rana catesbeiana 1.94% A11a19U L‘Vimﬁ Xenopus tropicalis a1unsnszyleun
wamwsﬂumﬂumaua%wuLLawmsﬂﬂmmﬂ,u Xenopus - tropicalis s17 (U 53) uananissld
g1udoyadu fie COG Gene Ontology Waw KEGG ilaszy unigene mnuuuammmmu‘um
unigene Tuwsiagniivesnsiaululwadnamdninaminisutsesusazgiudoya deanansauts
wi#l unigene Tavendgiuteya COG  lafaandlusufl 5.4 wazuvamih unigene Tnsode
g1udoya Gene Ontology léfauansluguil 5.5 dwsunisutanth unigene Tnoendegiuteya
KEGG uanasaguil 5.6

InterPro

51
122 e

SwissProt
50

¥

gﬂﬁ 5.2 Venn diagram WamIgd1uIU unigene Vissumal,wiazgﬁu%u“a NR, COG, KEGG, Swissprot

9

e Interpro
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Species

Xenopus tropicalis
Xenopus laevis

Rana catesbeiana
Chrysemys picta bellii
other

| o 9 i oa { o Y a .
7U% 5.3 uansiegazvesgiuteyalundagdaildinmiung1a8alun1ssey Unigene
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COG Function Classification
(FroglungA-Unigene.fa)

1

Translation, ribosomal structure and biogenesis 1154

Transcription 1374

1118

Signal transduction mechanisms

Secondary metabolites biosynthesis, transport and catabolism 381

RNA processing and madification

1 L
| a

Replication, recombination and repair 1892

5

Posttranslational modification, protein turnover, chaperones

Nucleotide transport and metabolism

3

Nuclear structure

1 Il
I
~

Lipid transport and metabolism 332

B

Intracellular trafficking, secretion, and vesicular transport

Inorganic ion transport and metabolism 378

General function prediction only 4209

8

Function unknown

=
w

Extracellular structures

no
w
w

Energy production and conversion -

wm
©

Defense mechanisms

4]
W
&

Cytoskeleton

n
o
-4

Coenzyme transport and metabolism

Chromatin structure and dynamics

3

Cell wall/membrane/envelope biogenesis

Cell motility

-
—-
o

Cell cycle control, cell division, chromosome partitioning 1004

Carbohydrate transport and metabolism -

b |
w
L=

Amino acid transport and metabolism -

£
[=]
-l

1000 2000 3000 4000 5000
Number of Genes

o o . { v v A o v
JUM 5.4 Msduun unigene Miszyld snunthilagendegiudeya COG



behavior -
biological adhesion -
biological phase -|

biological regulation -

cell aggregation -

cell kiling -

cellular compenent organization or biogenesis -
cellular process |

detoxification -

developmental process -

growth -

immune system process -
lacalization -

locomotion -

metabolic process -
multi-organism process -
multicellular organismal process -
negative regulation of biological process -
positive regulation of biological process -
presynaptic process invol in synaptic transmission -
regulation of biological process |
reproduction -

reproductive process

response to stimulus -

rhythmic process -

signaling -

single—organism process -

cell

cell junction

cell part -

extracellular matrix -

extracellular matrix component
extracellular region

extracellular region part
macromolecular complex -|
membrane -

membrane part -|
membrane-enclosed lumen -
nucleoid

organelle

organelle part

other organism |

other organism part -
supramolecular fiber -

synapse -

synapse part -

virion -}

virion part

antioxidant activity |

binding -

calalytic activity -
chemoattractant activity
chemorepellent activity -
electron carrier activity |
metallochaperone activity -
molecular function regulator -
molecular transducer activity -
morphogen activity

nucleic acid binding transcription factor activity
nutrient reservoir activity -|
protein tag -|

signal transducer activity -|
structural molecule activity
transcription factor activity, protein binding -
translation regulator activity

transporter activity |

a ° . a P2 1% v o
;J‘IJVI 5.5 N1991LLUN unigene w’iquﬂma 31UUBYA Gene Ontology MUNUMN
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Cell growth and death -

Cell motility -

Cellular community -|

Transport and catabolism -
Membrane transport -

Signal transduction -

Signaling molecules and interaction -|
Folding, sorting and degradation |
Replication and repair

Transcription -

Translation -

Antineoplastic resistance |

Cancers: Overview -

Cancers: Specific types -
Cardiovascular diseases -|

Endocrine and metabolic diseases |
Immune diseases

Infectious diseases: Bacterial -
Infectious diseases: Parasitic -
Infectious diseases: Viral -
Neurodegenerative diseases -
Substance dependence |

Amino acid metabolism -
Biosynthesis of other secondary metabolites -
Carbohydrate metabolism -

Energy metabolism -|

Global and overview maps -|

Glycan biosynthesis and metabolism -
Lipid metabolism -

Metabolism of cofactors and vitamins -|
Metabolism of other amino acids
Metabolism of terpenoids and polyketides -|
Nucleotide metabolism -

Xenobiotics biodegradation and metabolism |
Aging

Circulatory system |

Development

Digestive system -

Endocrine system -

Environmental adaptation

Excretory system -|

Immune system -

Nervous system |

Sensory system -
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5.2.1 nsansuiedlelnavussduasadnuyasnuun

T
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585580014 |

wsiogeien

swejsig [ewsiuebig

vihnsiudenuaziuainnuuudiaia total RNA LiensiadeunmnmYes total RNA 7
laannsainseimadia Agarose gel electrophoresis W1 total RNA AnUenuazsiureny
uifinunmeglussiuiianmsothluldlunisfnwsuneudaluld GUA 5.7) anifuth total RNA vas
Uanuasfiureanuunlddmsunsdnnsieh ONA iensamniswaniosnvedunsadnugie
walla RT-PCR Tagldlnswesfioanuuuandiuiiandlomned conserve vosBunnsadiuves A
catesbiena (rcCATH-f) $3uffu Olicod(T) primer 1ilens79d8u PCR product #78 agarose gel
electrophoresis wulkau PCR product au1a 400 bp (g‘dﬂ' 5.8) Feflvumlndifesiudunisadny
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NNVIUY PIANANITNAADILAASATALAILINTNITUARINYRIBUAILSATAUTI I UUDALAZAUYDY
AU

M 1 2 3 -+

1000 bp

500 bp

o o o
§1JVI 5.7 Wavean15d@na total RNA 31nUaa (1 ay 2) wazau (3 wag 4) 999nuun

M 1 2

1000 bp

500 bp «— 400 bp

| = a aaa LY v
?Uﬂ 5.8 Nammﬂmmmamaaﬂmaﬂwmwa%ﬂuﬂam (1) agnu (2) va3nuuUInNIY rcCATH-f
primer ez Oligod(T) primer
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dietlostunnurainpdeuvesdiduiandlolnsssinisidonianizfiegs cONA 210
Voswosnuuwiiusnldlunisinwdsuinedlelnduesiunsadnu Ingldlnswe foenuuuain
deuiianalelvdil conserve vaddupnsaTRuves R catesbiena rcCATH-f wag rcCATH-r primer
1agania agarose gel electrophoresis Wulau PCR product 9119 300 bp FanTTUVLIAVOIRAU
ABweiinanisalliannnisiureslnuediigns Suinisdnuaumsuesenaiatiiodmndady
Tadlelns (3U71 5.9) wansmaduiandlelndanuauiiduedinaiuansuadaguil 510 uay
5.11 Sswuindiuihnalelnafildnsatudiuianalelndvesnsadiuifnemuluguteya

M 1

1000 bp

500 b
4 <«— 300 bp

d o ¥ s ¢ al a . IS aaa
E‘UVI 5.9 #an15vin RT-PCR mglnwsiuasyoonuuuainusian conserve domain 9838UALSATAUIN
R. catesbiena (rcCATH-f primer waz rcCATH-r primer)

[ b 0 40 50 60 ] 20 L 100 1o
<G TGATCATTGAGTOWGCTCCTCTS AOT CTCCAGAT CAGG AT GAGT GOAT CAGAGAGOCCT TAGATCTCT AC CCAG GGT AAT GG GTGCTTCTAT ac CTGTCC

[ | ! I'|

. ' bt ‘
I I Il || I-'||| l.‘| |?||| ||||| Ill "I' |I l' l i
L ..-II l"'“ | |I'l | ll! 'l.l.Jl l!ll i 'Illl.l Il_l! 1 \ .'Il.

' B8
AL LG ST Y Jhinh f

]

20 140 150 160 170 180 190 200 210 220 230
(.u]L (.(.Lu(.(.l(.-(.rL'(. rGo (.:..u Ler(.- (.-L (ILL(.(.(.I(_ (.r(.-ill(.l F T GOGAGACAG IrGCCcTC GTCTG GATATAG IJu(.:LL( (.:I(a(.v!..] (. GAAG

| | I .l |l I|_|.| i l’ 'i|,1 I r|-.|'l A i ||| || |
|f| L_‘“_l_lllllll | || . .l,l{lln l. |||(| II.-'.E. ||l | l |l_‘||ll|II Illlllllll Illl:l iI|II|| || L N I |

t‘ 'FF‘"‘“ fl‘"l" E‘G"l[ rm : |_E“| r r"r f“lr |(Cnrr Gacete 230 o r]"‘If {Iﬁ(‘f“]( r(‘ (‘ r.h ERY '|"|"r'l"."[':"|" 'I']TT'I""']'I' ]"T'J"I'l"'.'"I"T'I'f'l'l't" .ri_ﬁo
|| | || _'l
[ || | l | | ||||‘| f| \||| I ﬂ I| |__ | | II| || ‘||||
| |I|'||||Ju||l ! .'I| | || I|I | |
Y J Il ~5l t|n| LT J'|1.J||_____1__ -
‘UVI 5.10 Naﬂ'ﬁﬂ’]aqﬂUu’;ﬂﬁI@l‘ﬂﬂ’ﬂ’lﬂLLﬂ‘UﬂLSUL@‘*UU'W@ 300 bp ‘\]'Wﬂﬂ’]iim RT-PCR ﬂ'JEJi‘WiLlI@i
rcCATH-f primer
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10 20 30 A0 50 &0 0 80 90 100 1o
GUATG G O OO0 T C T 0E GG TC AT GEACAG GUCT TOCC TECCCAT COT TUT THIAGT CACAC T GG GLCAAGT CTAT AT CTTCAGACT T GAGGUAT TCT G LT CeT T TATAAAGAALE ]
i ) fs P iy |
5 [ I .
| Ry i i
A Aol lI || '| \ if | ||||| o
TRLE R 1 |
I i i i i |,"|II AL '|||II e I I| '\' | I || ||| | | P'l .'I'|| \
¢ 5.‘ JUEAL LAV !‘II JI pihl .I. LRI { l' U T

120 130 140 150 160 170 160 190 230
GACTGT GGG AGAGTCTTCCTCTTCOTCCAGGAT GCCAGCCGGGAGATCGGACAGTTGOTTATAGAAGCACTTTCCATT "l."l."'I'T(‘T‘E‘(‘T"‘(" vG ("T‘{‘T GG(‘?TCT(‘TG TCCAC
| . " .

il N i '
| I|| | 1 | -
h 1| Y \ | ﬁ || b l ||' H'rf',l,|||f |
| |||" |I I\ J [II ( ||| T i I||| || _||||| | I 'ﬂl \
iR '.I- LA I, 1 il | il
I "L'n'f il il Y '\' W ”"H l (L A 1'_ ""J""' l' ”' -“_'ﬂ'. ) '( "f L
||'3'“|]t'l'|("|l"' ::‘D_ WAACT CA ';G(nil "“l”'{l'fioﬁ'l” I |'J'|‘”8]D"{|l'('-' ing[( l"{'j‘f"‘l"["’" 3';]‘.|| ATA ‘Jlollllll ||]Dl| l||||l‘|&| ‘llll]‘slo TTTTI
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N n | | ‘ Nl |||| }|| Iph q ﬂ A '||.
I m’” AR
1Ll ‘llal.u‘ J‘H""u'l"‘. IM'H' III‘ ) "' | ' e

gﬂﬁ 511 wanmsmarwuiimdlelnaainuaufduevuin 300 bp 9111991 RT-PCR Indiwes
rcCATH-r primer

Mnduinseenwuulnswesfisimzandduianalelndvestunsadnuvenuun
iieflagmgiuiindlndvesduansddfunisdnu 3’ dren15%1 3 -RACEPCR  daglnsiues
frogCATH34-f  primer  Wag Oligod(T)  primer (iﬂﬁ 5.12) Wlensivdoudig agarose  gel
electrophoresis ‘Ui’]ﬂgLLﬂUﬂL@UL@%U’]@ 800 bp 600 bp War 450 bp INKANITNIEIAU
fhnadlelnares PCR product 719 3 wauddute nuitdnuinalelnaveuausduievuin 800 bp
asafuaduiiandlelnduesnsadauannanisnaasstounti (U7 5.13) Snvadiguinadlelng
flaenndeatudiuinalelndvesnsadauinugudeya vilimsuaduiiedlolndvesdunisad
AuaINUeAnuwl AU 786 bp (gﬂﬁ 5.14)

M 1

1000 b
g «— 800 bp

«— 600 bp

500 bp — 450 bp

gﬂﬁ 5.12 1ave9n15¥ 3’-RACE-PCR cglnsiues frogCATH34-f primer wag Oligod(T) primer
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fu

macrogen
File: F300bp_fregCATH34-fabl Rum Endsd- 2007/3/11 22:45:12 Signal G:1008 4:842 C:008 T-851 f)
Sample: FS00bp_frogCdTHI4 Lane: 36 EBase spacing: 15460221 727 bases in 5070 seans Page 1 gf 2

T GCG.JT AAA G ATCL TG ﬂ‘ﬁ AGTGG!]'(‘AG GAGQCCTTAGXFCTCTA[‘AACE‘\ GAAGG ATAATGGAAAIGT‘GCT”TCTATA AGRAACTG T{.‘C(IA.'TC NCCGGCNGCATCE‘TGGAGG

ﬁi | m '«»J‘ u'"*"% " ot daflon] NU Jal “

AﬁAGB 1.%(3.% TCTCC{.ACAG TC.‘\GGTTL'TTT-‘T.QA.QGG B nC-\G.-\-\NCC T(,A-‘GTCTGA.‘\GATAT.-\G:‘C TTGGCCC.‘\G TGT‘GM!T-\C-MG A-‘GGATGGGC 1GGT(3 AAGGEC TﬂTG{.P.T

T T e.mhw ]

2T
IGT.'\CCCGG g i) WGGGG A 1CCTC AAAGACTC TG AA ‘\TGCGTC AEUTTO u:‘c.a airl '\CCTCCCGTGTT\.\!\CG \TC AL \ThG.’\TCAC A \.CCCTUC LEGOGT BTCTTTTGTAG\’\CTGG LTe \G

A,

k] 450
AAGTCCGAT TGUCAAGCC A AU CAAAGACA ATTT AGTTC GGATUTC AT TGTC TTAAA AA.'\T 'l AATANG, -\WC CCOAGA l‘Q.C‘Z'C TTAAGATTICTGTGT ACTA 0 %TDT(' l‘Q.TC'GTTICITC ATCGT Gl' ATTA

e T

G.-\TTATTBGTGTAGAG -‘-.GCQTCT&AATCTCTGGBCTGGAAAT GTT“\AGGTC J\.ﬂ\u’\TAﬂl:iﬂh-\TG'l'(34\.°\C'G"I'TJZ'T TGTTCATA#«A -\TC ACCTCTGTCTC‘C GG‘TBBTAGr\ AT AC AGT ATC AGCT

A o0 Y A = 3] aaa 14 s s .
JUT 5.13 wansynanduihndlelnaguasidiuresnuuiielniiues frogCATH34-f primer

1 M K I W OO0 ¢ V F W I F A I T L Q@ S A H S

1 ATGAAGATCTGGCAGTGTGTGTTCTGGATTTTCGCAATCACATTGCAGTCAGCTCACTCT
21 E S P D QD EWTIREA AILDILVYNOQI KD
61 GAGTCTCCAGATCAGGATGAGTGGATCAGAGAGGCCTTAGATCTCTACAACCAGAAGGAT
41 N G K CF Y K QL S DL PAGTIULEEE
121 AATGGAAAGTGCTTCTATAAGCAACTGTCCGATCTCCCGGCTGGCATCCTGGAGGAAGAG
61 E DS PTVRU FUFTIIKUETEUT CLIKSTED
181 GAAGACTCTCCCACAGTCAGGTTCTTTATAAAGGAGACAGAATGCCTCAAGTCTGAAGAT
81 I DL A QCDY K KDSGOQV KA AT CA ALY
241 ATAGACTTGGCCCAGTGTGACTACAAGAAGGATGGGCAGGTGAAGGCCTGTGCATTGTAC
101 P E E G ET S KTULI KU CV S LTI KT S R
301 CCGGAGGAGGGGGAGACCTCAAAGACTCTGARATGCGTCAGCTTGACCAAGACCTCCCGT
121 V K R S N R S Q
361 GTTAAACGATCARATAGATCACAACCCTGCAGGGGTATCTTTTGTAGAACTGGATCCAGA
4 s P I AKPSKDNLVRMSLS -

421 AGTCCGATTGCCRAGCCAAGCAAAGACAATTTAGTTCGGATGTCACTGTCTTAAARAATA
481 AATAARGAGGCCCCAGAACCCTTAAGATTCTGTGTACTAGATGTCATCGTTGTCATCGTGT
541 ATTAGATTATTGGTGTAGAGAGCATCTAAATCTCTGGGCTGGAAATGTTAAGGTCAAATA
601 GGAATGTGAACGTTCITGTTCATAARATCACCTCTGTCTCCGGTGGTAGAGATACAGTA
661 CAGCTTGTACTTAATCTATATTTGTACCGAAATTAATATATACTATGGCTAAGAAATATG
721 TTAAATGAAATGATTATGGATAAAATTAATTAATAATATATTTCAATCTTTTTATATTT
781 TATTTA

d o U a aaa o U af aaa
JU 5.14 wansudasiduiiindlolvdguansidnududdunsaesiluvenuulndnsddfuves
nUWI (LaUAWN) signal peptide (InLdule) uag stop codon (FI9NWIALAQ)
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5.2.2 mimessiasuninasiiluveulllnaasidnuasinuun

PnnmnskUasarsuindlelnavesdunsadnuaunsa encode Tiardunsnagiiluy
157 wihe dletdsunsne:iululinszsise ExPASy ansadnuvesnuuniiouin 17.97 kDa wasd
A1 pl WINAU 6.59 Wan1TIATIZAIY SignalP 4.0 Server WAAIAIUTDY signal peptide USLIUNTA
ozfiluddiuil 1 §9 20 (U1 5.14) wazdruwaaUUlndansasAumaiiu Cterminal AN 29
e (Theoretical pl/Mw: 10.86/3177.75 Da)

NKNANITNN alignment  WUIIANLSATAUVDINUUN (cathelicidin-RT)  fA11uwilouny
cathelicidin-PY1 precursor (Nanorana yunnanensis) 62% ianuuslouniu cathelicidin-RC2
preproprotein U84 R. catesbeiana 54% Hip1uwiiouiy cathelicidin-BG (Bufo gargarizans) Wag
cathelicidin-DM (Duttaphrynus melanostictus) 41% Wag 39% MIUAIIU (E‘U‘ﬁ 5.15) agiulaan
1139611 N-terminal cathelin domain q¢iidnwaiz conserve agnaunn Tnsanzaisunsneziludiun
naUTaTindidesiu wadu Cterminal cathelicidin domain wansliifudernuiunysvosdisu
nsmewiily MnnamsSeuiisunuduiusvossiunsnosilurasaisadnudnfaziiuiasiivun
(3U7 5.16) anunsautseenleifu 3 cluster low cluster | Usznousie cathelicidin-RC
cathelicidin-RC2 cathelicidin-PY cathelicidin-PP (Polypedates puerensis) Wag cathelicidin-RT
cluster Il Usznaudie cathelicidin-BG wav cathelicidin-DM waz cluster Il Sadunisadaudia
adunsnezdluunndnInnAsadAuaLY Ao cathelicidin-AL (Amolops (oloensis)

cathelicidin-BG MRSWWLSLLLVSAVTLHGCLSDTAEPEVQDGRSIGDVIDLYNQREGVTYLYKSLDQLPPV
cathelicidin-DM MRSWRLSLLLVSAVTLHGCLSDPAEPEVQDGRSIEDVIDLYNQREGVTYLYKSLDQLPPV
cathelicidin-RT MKIWQC-VFWIFAITLOSAHSESPD----QDEWIREALDLYNQKDNGKCFYKQLSDLPAG
NP-CATH1 MKVWQC-ALWISALTLQAARSQSPD--—-REEWIKEALDLYNQREDGEFFFKFLSDLPAA
cathelicidin-PY1l MEVWQC-VLWISALTLOMARSQSPD--——-QDGWIREALDLYNQREDGEFFFKFLSDLPDV
NP-CATHZ2 MKVWQC-ALWISALTLOQAARSQSPD--—--REEWIREALDLYNQREDGEFFFKFLSDLPAA
NP-CATH3 MKVWQC-ALWISALTLOAARSQSPD----REEWIKEALDLYNQREDGEFFFKFLSDLPAA

cathelicidin-RC2
cathelicidin-RC1

cathelicidin-BG
cathelicidin-DM
cathelicidin-RT
NP-CATHL
cathelicidin-PY1
NP-CATHZ
NP-CATH3
cathelicidin-RC2
cathelicidin-RC1

cathelicidin-BG
cathelicidin-DM
cathelicidin-RT
NP-CATHI1
cathelicidin-PY1
NP-CATH2
NP-CATH3
cathelicidin-RC2
cathelicidin—-RC1

MKIWQC-VVWLCAITLEVAHSQSPD--—-REGWITEALDLYNQREDGEFLFKLLSELPAP

MKIWQC VVWLCAITLEVAHSQSPD***fREGWIREALDLYNQREDGEFLFKLLSELPGP
T L & U T ko akEkEkEE g BRI

PMEEDENPNRRGFIIKETVCLKSENPDLTQCDFKPDGDVKICSLDLGDE-DPEDIMCTSL
PMEEDENPNRRGFIMKETVCLKSENPDLTQCDFKPDGDVKICSLDLGDE-DPEDIMCESL
ILEEEEDSPTVRFFIKETECLKSEDIDLAQCDYKKDGQVKACALYPEEGETSKTLKCVSL
PLEEE-NNPTIAFLIKETECLKSEDINLEECDYKKDGEVKVCGLYPAEGETMKTLKCVGL
LLEEEGDSPAIGFLIKETDCPKSEDCDLEKCDYRKDGEVKVCTLYREEE--—-DVKCVSL
PLEEEGDSPAIGFLIKETDCPKSEDCDLEKRDYRKDGEVEKVCALYREEE-—---DVKCVSL
PLEEEGDSPAIGFLIKETDCPKSEDCDLEKRDYRKDGEVEKVCALYREEE----DVKCVSL
LLEEEGDSPAIGFLIKETDCPKSEENDLEGCDY SKDGEVKVCALHREDE--—--DVKCVSL

LLEEEGDSPAIGFLIKETDCPKSEEIDLERCDYSKDGEVKVCALHQEEQ--—--DVKCVSL
B T haakdhhk k kkks sk de kkakk Kk K . ok k

NEEVEVERSNRRRPCRGRSCSPWLRGAYTL--——-IGRPAKNQNRPKYMWV ---—
NKEVRMKRSSRRKPCKGWLCKLKLRGGYTL--—--IGSA-TNLNRPTYVRA-———
TKTSRVKRSNRSQECRGIECRTGS======= RSPIAKP-——--SKDNLVEMSLS-
TKANGKAESAVKI-VK-NVCKKAQ---SDGKDQ--WKAILOQWRNTPTVGMDSSC
SKNSRTRRAGTKRECN=EECKEKERERIVITS=H IDEVERPOG ——— ———————
SKDSRTRRSGTKRNCN-FLCKVKQRLRSASSTSHIGMAIPRPRG-—————————
SKDSRTRRSGTKRNCN-FLCKVKQRLRSASSTSHIGMAIPRPRG-—————-————
TAENSRSKRSSNKKCG-FFCKLKNKLKSTGSRSNIAAG--THGGTFRV-----—

TENSRSKRSSKKEECKSEFECKVKRETKSTGROT P IVST==PRK ———————————
*

aa

4 =) = o w ) aaa . o Qe U a
g‘U‘n 5.15 nan1siUseuiisuansunsnesdluveansasnuuaInuun (cathelicidin-RT) AUAILSATAL
Yosdnlaziutnasiuundue
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cathelicidin-RC2 {Rana catesbeional AHWS8221.1 |

cathelicidin-RCI [Rana catesbeianal AHW58220.1 |

cathelicidin-PY [Nanorana yunnanensisf AFX61592. 1

cathelicidin-PP [Polypedates puevensisf ASUZL943.1

cathelicidin-RT

cathelicidin-BG [Bufo pargariiansf ANV2I8414.1

cathelicidin-DM [Duttaphrynus melanostictusf AJQ207940.1

cathelicidin-AL fAmolops loloensis] AEI69698.1

_
0.20

a

g‘d‘w 5.16 Wan153LAT1¥% phylogenetic tree mmJﬂimaumiuﬁuaamLﬁ“szjﬁm’emum (cathelicidin-
RT) ﬂumLﬁa%mufuaqamaumumaumumau6]

idlerdunsneziluves cathelicdin-RT  nviunelassairsnfenfiselusunsy I
TASSER server lassadisanufiflaealuidnuasmileutuaisadnudug ifinnsdnulasadne
aufifuuds Tnsanizdiu N-terminal cathelin domain  #ifi§nuae conserve  ueikiiosann
C-terminal  cathelicidin  domain  vesusiavadddiuininuuansieiy flilassadees

cathelicidin-RT  Uszneu Ol-helix 1 aw waz P-strand 4 ane Snviawuseladalid 2 Wuse
(U7 5.17)

nddunsnesiluves cathelicidinRT Feuansdruvenlulndasadiu 29 amino
acid residue IlilA mature peptide fa1RunIARillufe PCR29 ; NH,-PCRGIFCRTGS
RSPIAKPSKDNLVRMSLS-COOH wazifiatasunsnesiluvaadulng PCR29  wivunelaseadig
yiqil sulusunsy PEP-FOLD server (Ul 5.18) aguiiuldindulng PCR29 fidnwaizlassairady
wuu B-loop- motif  edalsiniunasinnisiaunsnesiluves cathelicidin-RT u13LAs1e9
uiadianunsendu antimicrobial peptide A28 Antimicrobial Sequence Scanning System WU
aeunInosliluuIiin  NH2-PCRGIFCRTGSR-COOH (PCR12)  thay  NH2-LTKTSRVKRSNR-COOH
(LT12) fidnwazues bactericidal stretches a1e 13% Way 3% probability auaIdu (g‘lh?i 5.19)
Tnefl PCR12 uandlassadnauuu random coil structure luaausfi LT12 uansdnuaslasiadiauuy
Ol-helix (§U71 5.20) agndlsAmuulnanidnvazlassairaduuuy o-helix Fusluunldulunnsdu
lasaas1anAenives antimicrobial peptide Fuudsldinnsdidansziudndisanniiothan
maauqmmﬁwmmﬁmwﬁuamaumamalﬂ
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gﬂﬁ 5.17 wan1sviunelassasneauiifnsagfuvesnuun (cathelicidin-RT) A -TASSER program
signal peptide (@Wn4) cathelin domain (@udw) cathelicidin (@1de7)

A o ¥ a a 13 aaa ¥
UM 5.18  wanmsvimnglassaiimisgiveadulndansdtiuvesnuun (PCR29) Aae PEP-FOLD
program
Protein: Lung_rtCATH

Mean: 0.257

Stretch: 3
#1  From 2 To 13 Propensity 0.229 Prblly 12 % KIWQCVFWIFAI
#2 From 110 To 127 Propensity (0.212 Prbity 3% LKCVSLTKTSRVKRSNRS
#3 From 129 To 140 Propensity 023 Prblly 13 % PCRGIFCRTGSR

Stretches overview

20 40 60 80 100 120 140

:‘ a & a o w a aaa e e . a |
g‘lJVI 5.19 NAN1SIASIEUSIINYDIEIAUNIADLA I UYBIALSATAUTBINULN (cathelicidin-RT) 1A1A71
9z19u Antimicrobial peptide
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U 5.20 namsvihunelassadmenivesdndaisdiuvesnuu (PCRIZ way LT12) #y PEP-
FOLD program

5.2.3 nMseanuuuiulndlitiginmsdugdunisiatulagldivulndaisadauanauundy
wikuy
avuvensnezdluvenuulng PCR12 waz LT12 gnldiludlndduuduuulunis
ponuuuUInAlRTgndnnsiiugdunisgedu nswdsunsnesiluusiinluduende Helical
wheel diagram veaiUUlnd PCR12 (3Uf 5.21) uay LT12 (3Uf 5.22) iteidensiumisiitinanlasile
yihnsiasuulas ilesaniudlng PCR12 Suszaaniiande 3 (13197l 5.3) Feviniseonuuulid
Usgaaviifingstu uasulng LT12  fedifud hydrophobicity  #is Fsviinisoonuuulvd
Wosidust hydrophobicity fingstu (319t 5.3) Bnvisliuulndillnssairemfogiifnsaudty
(gﬂﬁ 5.23 WAy 5.24) nanseeniuuiUUlng wuinsiasundasnsneiiluifios 4 residue o3
Wulnd PCR12 anansavilsiuszqandifiadudu 6 Snviaillassadranfegiluzuuuuves ol-helix
structure flavysafindetu Hendlndfifauduldgeiiunasigninsiugdunieiat e
91fefn AGtransfer fisilgn wazd1 SVMACP Prob figaiignveaiuulnsdivinnisesnuuy vinlwldiuy
Ind PCR12mod6 wag LT12mod2 unldfnungvdnissugaunidivisuiisuiuulng PCR12 way
LT12 iuuiuuy

—
& -—

K ™ K
397 54
> V e N
7 7
re 3
= o0 B

PCR12modl1 PCR12mod2

K1 %
—
—
— .
Ka Ke =
wo K11 K11
cz
€7 c7
"3

we
se7
~
c2
/
a0 s

PCR12mod4 PCR12mod5 PCR12mod6

Ka -

c2

PCR12 template

gﬂﬁ 5.21 Helical wheel diagram veoaUulng PCR12s
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=

LT12mod2

Ko,

LT12mod4 LT12mod5 LT12mod6

§'L|ﬁ 5.22 Helical wheel diagram @aatUulng LT12s

PCR12 template
PCR12mod1 PCR12mod2 PCR12mod3
’1 _J
PCR12mod4 PCR12mod5 PCR12mod6

U7 5.23 Tassairamfenil veadlng PCR12s



LT12mod1

LT12mod4

£
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LT12 template \

~

LT12mod2 LT12mod3
g v
A4

LT12mod5 \ LT12mod6

€5

JUT 5.24 Tassasanfgil veauulng LT12s

a

o Yy Lo & a a & N eaAaX v I3
M350 5.3 nisesnwuululnaliligrsdudinissyiulavesieqdunsdnarulagldiudlng
PCR12 waz LT12 vasnuuniduuliuy
5.24 AnweuantRlumssudinsaigueadeqiunidveauulndaisadiuvesnuu

% Net Depth AGmeer SVMACP
Name Peptide sequence hy(:ir:ii):o- charge A) (icalimol) Prob
PCR12 template PCRGIFCRTGSR 33% +3 0.7+£1.5 -2.6 0.5394
PCR12mod1 PCRKIFCRTGKR 33% +5 2.7+05 -5.4 0.6528
PCR12mod2 PCRKIFCRTWKR 41% +5 1.5+04 -3.1 0.8172
PCR12mod3 PCRKIFCRWGKR 41% +5 48+1.2 -4.3 0.7860
PCR12mod4 PCRKIFKRWGKR 33% +6 24+04 -5.1 0.7857
PCR12mod5 KCRKIFCRWGKR 41% +6 32+13 -4.1 0.7231
PCR12mod6 PCRKIFCRWKKR 41% +6 5.0£0.2 -5.5 0.8489
LT12 template LTKTSRVKRSNR 16% +5 49+20 -3.4 0.4003
LT12mod1 LTKWSRWKRSWR 33% +5 31+1.1 -4.4 0.8138
LT12mod2 LKKWSRWKRSWR 33% +6 44+03 -5.9 0.8198
LT12mod3 LKKWSRWKRWWR 41% +6 20+20 -2.6 0.7817
LT12mod4 LKKWSRWKRKWR 33% +7 18+16 -2.5 0.8007
LT12mod5 LKKWWRWKRSWR 41% +6 33+18 -3.4 0.7823
LT12mod6 WKKWSRWKRSWR 33% +6 1.4+20 -2.8 0.7546
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L3 o

Wulnd PCR29 PCR12 uay LT12 filfanmsdunsizvigninmaaouamaiangoly
nsduanaiaiuesgdunidiosdiu Tag3s broth dilution assay wuiilfisaudlng PCR29
annsadudensialyventewuniile 8 subtils TISTR126G uaz £ faecalis TISTRI27 Insauise
Fudsmsadayivlnvesdesnanlais 50% wWilng PCR12 fauanansalunisdufsnsaiaves
Teuunfie S, aureus TISTR746 waw £ faecalis TISTRO27 Idiles 10% luvassdiudlng LT12 §
Arwaunsalun1ssudsnaiaiyuenide C albicans TISTRS554 Tiifes 10% (Uil 5.25) uenaind
WUlne PCR29 PCR12 waw LT12 llannsadudinsiasaiivinvendefivenldainianuwly (gﬂﬁ

5260 druUUlngdiildviniseenuuy wudn PCR12mods aunsadudanisiasaldfseide
B. megaterium TISTRO67 £. coli DH5QL LLazL%aﬁaIiﬂiuﬁm’jﬁ’l WU A hydrophila TISTR1321 uay
S derby DMST16881 lnsfilesiudnisdudsaglugag 60-90% (Ul 5.27) lusnifiuulng
[T12mod?2 anansadudansiaseldisete B cereus TISTR1449 £ coli DH5QL wax A Aydrophila
TISTR1321 Taefiedidudnsdudeglurag 60-00% (Uil 5.27) egrslsfinumuinuiingitlgan
nseonuuuiiuultidunstudimsaiadulnvendeldinindulndidunsduuy
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m Control = PCRI12 peptide mPCR29 peptide mLT12 peptide
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m Conrol PCR12 peptide mPCR29 peptide mLT12 peptide
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1600 - I |
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0.000
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d (¥ 5 a dy a N 6 (3
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5.3 nan1sinTIsinsasuulasvesduresdenhiviendedmadansuansulnind

(transcriptomic)

TnnsAnReRuRewdelaen13v RNA-sequencing @11M531AS1EWEILAY transcript
Idhanun 70,690 Lags1uay unigene Ighanun 47,977 §amseit 5.4 Taeiianuensinves
transcript Wag unigene WU 55,313,195 waz 42,874,455 Lua audau Tnefiannuenindeves
transcript wa% unigene WY 782 wag 893 wua AUy wikdlosuunsiuiures unicene Tuus
a¥ANYI8IINTIAALEINA SE1I19T7 300-3000 LUE LATAINEININNTT 3000 LUE WU
Tuta9 300-399 Lua%ﬁa‘hmummﬁqm fi® 14,986 unigene 9NTUSIUIY unigene 400-3000 Lud 3
LLmIﬁuawé’uﬁ’umﬁam LAAINEIIVDY Unigene f1nn71 3000 La Suiustevun 2,451
unigene LANFITUT 5.28

o 3 . . ' Y a 1w o
M9 5.4 LEAAIIIUIU Transcript  Wag Unigene NFABUUINYADRIUEDINNITN RNA-

sequencing
Total total Mean GC
Number Length Length N50 N70 N90 (%)
70,690a 55,313,195 782 1,525 732 282 35.9
47,977b 42,874,455 893 1,703 870 323 36.22

“Yayaseavidenved transcript
b & = .
Toyasieasidunral unigene

Length distribution of VE-Unigene
1e+05 C

14986

1e+04

1000

Numbers of VE-Unigene
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o unigene  TanupuUTeULABURY 7 srudoya loszyTouazminiluivad
Usznounae Nt (NCBI nucleotide sequences), NR (NCBI non-redundant protein sequences), GO
(Gene Ontology), COG (Clusters of Orthologous Groups), KEGG Orthology Swissprot iLag
InterPro mﬂwaﬁqmswﬁ 5.5 WUl mm;l'jwuﬂ 47,977 unigene ﬁami’wﬂéjﬁ]’mg’mﬁﬁamﬂa Nr-
Annotated szyldinniignde 27,837 unigene TasAndu 58.02% uargiudeya GO Annotated
seylétfosdiandie 5,550 unigene TasAnidu 11.58% uaz unigene fiszyldsamiuluusiazgudoya
Isuandlugy Venn diagram dsuandluguil 5.29



> o . [ v o v 1 1 (%
M99 5.5 LL@AI91UIU unigene Vi’sﬂ\i"mﬂ’ﬂﬁﬁ]’]LLUﬂG]WMWUWVISLULLG]ﬁzi'WUSUE]HﬁLLa'J

Values Total Nr- Nt- SwissProt- KEGG- COG- InterPro- GO- Overall
Annotated | Annotated | Annotated | Annotated | Annotated | Annotated | Annotated

Number | 47,977 27,837 36,474 21,260 22,047 19,780 18,755 5,554 39,335

Percentage | 100% | 58.02%% 76.02% 44.31% 45.95% 41.23% 39.09% 11.58% 81.99%
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loldfgudoya Nr-Annotated LAAIN1NT218FIV8IT1LIU Unigene  YBIrBILFD WU
unigene vasinfiwsiTadafiruadneiy Polistes canadensis wniian Ao 33.21% so9aAD
Polistes dominula 23.61% Way Lates calcarifer 3.17% MNaU ARl Polistes dominula
mmimwlmmrmamL‘wsflUu%mmaua%wuua“msﬂﬂmEJu Polistes dominula an (i‘LJ‘I/] 5.30)
uananissld grudeyadu fio COG Gene Ontology uay KEGG Lfiszy unigene mﬂuuLLamm
9IUIUVBY unigene 1uLLmammmaqmsmwﬂumaamwaﬂLﬂmemmnwwammaugwwa;&a B3
anansautaniing unigene Tnendogudoya COG Idfuanslugud 531 uazuimiing unigene
lngedegudeya Gene Ontology ”Lé'ﬁ'mamﬂugﬂﬁ 5.32 dmSun1sulaitid unisene Tnsande
g1udieya KEGG uamafaguil 5.33

InterPro

56

SwissProt et
132 A

KOG

< . o . o Y : v .
gtl'n 5.29 Venn diagram WeRd91U3U unigene NssymigkAazgIuvaya NR, COG, KEGG, Swissprot
g Interpro
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Species Distribution

37.46%

Species
Polistes canadensis
Polistes dominula
Lates calcarifer
Larimichthys crocea
other

2.55%

3.17%

23.61%

o % P I a ada Ao Y a .
Ui 5.30 uanslovazvasgrudeyaluwsazddidiniithuisnsdslunssyy Unigene



Translation, ribosomal structure and biogenesis -
Transcription A

Signal transduction mechanisms 1

Secondary metabolites biosynthesis, transport and catabolism -
RNA processing and medification 1

Replication, recombination and repair -

Posttranslational medification, protein turnover, chaperones -
Nucleotide transport and metabolism -

Nuclear structure -

Lipid transport and metabolism -

Intracellular trafficking, secretion, and vesicular transport A
Inorganic ion transport and metabolism -

General function prediction only -

Function unknown -

Extracellular structures -

Energy production and conversion -

Defense mechanisms -

Cytoskeleton -

Coenzyme transport and metabolism -

Chromatin structure and dynamics -

Cell wall/membrane/envelope biogenesis -

Cell motility -

Cell cycle control, cell division, chromosome partitioning -
Carbohydrate transport and metabolism -

Amino acid transport and metabolism -
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KOG Function Classification
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cellular process

metabolic process A

biological regulation -

regulation of biological process 4
localization

cellular component organization or biogenesis -
response to stimulus 4

signaling

multicellular organismal process 4
developmental process -
negative regulation of biological process -
positive regulation of biological process -
immune system process
multi-organism process 4

cell proliferation -

locomotion 4

biological adhesion -
reproduction 4

reproductive process 4

growth |

pigmentation -

behavior 4

presynaptic process involved in chemical synaptic transmission -
cell killing

detoxification -

rhythmic process -

cell aggregation -

cell 4

cell part4

membrane -

membrane part 4

organelle -

macromolecular complex 4
organelle part 4
membrane-enclosed lumen -
extracellular region -
extracellular region part 4
supramolecular complex 4

cell junction 4

virion -

virion part 4

synapse 4

synapse part

other organism -

other organism part 1

binding -

catalytic activity

transporter activity 4

structural molecule activity
transcription regulator activity -
molecular function regulator -
signal transducer activity 1
malecular transducer activity
antioxidant activity -

protein tag -

molecular carrier activity -

translation regulator activity 1
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Transport and catabolism

Cell growth and death

Cellular community - eukaryotes
Cell motility

Signal transduction

Signaling molecules and interaction
Membrane transport

Translation

Folding, sorting and degradation
Transcription

Replication and repair

Cancers: Overview

Infectious diseases: Viral

Cancers: Specific types
Neurodegenerative diseases
Infectious diseases: Bacterial
Endocrine and metabolic diseases
Cardiovascular diseases

Drug resistance: Antineoplastic
Infectious diseases: Parasitic
Substance dependence

Immune diseases

Global and overview maps
Carbohydrate metabolism

Amino acid metabolism

Lipid metabolism

Nucleotide metabolism

Glycan biosynthesis and metabolism
Energy metabolism

Metabolism of cofactors and vitamins
Metabolism of other amino acids
Xenobiotics biodegradation and metabolism
Metabolism of terpenoids and polyketides
Biosynthesis of other secondary metabolites
Endocrine system

Immune system

Nervous system

Digestive system

Development

Circulatory system

Aging

Excretory system

Sensory system

Environmental adaptation
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M Cellular Processes
B Environmental Information Processing
I Genetic Information Processing
B Human Diseases
] Metabolism
Organismal Systems

o o . a P 1% v o
U 5.33 n1s91uun unigene Nszylariey grudeya KEGG mumiind

5.4 mMywseilusiuluirfivseiidemeawmatialusaledind (Proteomics)

dmsunsanwuuusuldsiuluifivvesdetude (Vespa  affinis) daeinaila SDS-PAGE
wazmaila 20-PAGE wuiingulusiuvdnivuintsyana 45 32 26 kDa (U7 5.30)  daunis
Ansziihfiusemeaiin 20-PAGE nuiilusiuduluaiaziu basic proteins Tagdl pl 9EIENTIN
5 4 10 uazilvuntuiinegsewing 27-50 kDa U 5.3 5
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Marker gouiiy 1Ny

o = A 1w oA X a ¢ v A
§1JVI 5.30 LA UULKNUIUSAUYINYRRLED (I affinis) Iensiasienmeinaia SDS-PAGE

pH 3 H11 Marker
I 2 I kDa
.\ 97.0
¥ 66.0
. s ¥ 450
.
- 30.0
4 1
- 20.1

J w144

| a a 1w A . a 8% a
§'le| 5.35 LanauuuRUlUsAuYasiwsade (V. afinis) Wnen1sinsieviniemaia 2D-PAGE
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Dipeptidyl
petidase
13%

A a a A (3 g a 1 L | .
§1l°n 5.36 wansviavaslusaunidussdusznavlutiwuassawnds (I afinis)

MNMaNTATIEH spot Tusiufemeada LO/MS-MS ansnsassysiavestsiuluifivues
sohde Iiiinsned 5.6 wurdinvedlusiunguandny 1dun phospholipase (PLA) TudTunngadign
feforar 38 T9samAelUTAU dipeptidyl peptidase Sovay 13 lUsAULOUALIN 5 (Ag 5) uag
hyaluronidase (Hya) ¥ovay 12 usnainiseulusiiudug Aliannsnszyvinlddosay 26 (U
5.36) Tnewuinlusiu phospholipase \hilusiuddaiinuldvhlUlufivuosiase Swansisonded
d0nARBINU NamiﬁﬂmmiLwﬂﬁﬂﬁwawia Vespa basalis wag V. vulearis (Ho et al.,1998)
wandliiuilusiunguiifulsfundniidmasonudufiveesifviianssaildmdonsld
INNIFENETIRILIINUTY TUSFU phospholipase A Wulusiudililldideuseruasiulansa (non-
glycosylated protein) LLauL“LJ“L!I‘LJ36]14Vl§JU‘VlU’W|ﬁ’1ﬂZUI‘IJﬂ’]Sﬂ@ﬂ3JLL‘WLLauVI’]WLJ’WlLUuﬁ’]iWHMaﬂ‘UEN
N Luamwmﬁmaswmamaa 1UsAU phospholipase A mumim&mu acyl group aaﬂmm/m
phospholipid dssariliiAnaudemedeideread udtlugnnzindeauniunnogiaguuse
warilvszuumshauresilavesnioinaudumar uenanilusiusinidelfinns
swveundnden dmarenisvaivesniuioisuwasnansyiunafusuiweadsnde



M1 5.6 Msszyriinveslusfuluhfvsioidoseds 2D0-PAGE/LC-MS/MS

) ) a | Theoretical | Experimental ) d
Spots Match to Predicted high homologous molecules | Score c Partial sequence obtained
MW’ MW/pl
R.FSNNGFNDVQR.V
R.VIDKDNLDGILETODGQNLSK.E
R.YVIYDIELGGYDK.I
R.NVQEILYLHYGEPGNLVDQYPTEVK
Dipeptidylpeptidase IV of Vespa J
2,7 gi|110277461 P p' yipep P 108.28 88.49/5.69 47/8.13
basalis R.LTVIVDSSVMDDYIVSHYMLSPK.G
K.TEIVWYNK.Y
K.INLFFYK.Q
R.FLLIGYDFQK.G
KWAPLTDDLIYILDNDIYYMR.F
Hyaluronoglucosaminidase A or B K.INKDISIDLVR.K
8 gi| 74772895 (HyaluronidaseA or B) (Allergen Ves 10.23 40.07/9.31 43/9.86
v2a or Ves v 2b)
R.NECVCVGLNAK.E
R.LIGHSLGAQIAGFAGK.E
9, 10, ' Phospholipase Al 2 (Allergen Dol m 33.781/8.9 K.LVPEEISFVLSTR.E
gi|548449 24.20 34/9.58
16, 17 1.02) (Dol m 1) 2 R.LIGHSLGAHVSGFAGKK.V
R.LIGHSLGAHVSGFAGK.R
K.QECVCVGLNAK.K
K. TKEIGCGSIKY
12 gi|549193 Antigen 5 30.20 23.11/8.91 27/10.18
K.YIENGWHR.H

G617



Spots

Match to

Predicted high homologous molecules

a
Score

Theoretical

MW

Experimental
MW/pl”

Partial sequence obtained"

KVGHYTQMVWAK.T
K.FGISTKPNCGK.N

“Score obtained after LC-MS/MS analysis.
® Theoretical molecular weight (MW) obtained after LC-MS/MS analysis.

“The experimental MW and pl of the protein spots were determined by the 2D platinum software (GE Healthcare).

“Deduce peptide sequence obtained after LC-MS/MS with ClustalW2 (https://www.ebi.ac.uk/Tools/msa/clustalo/).
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Abstract

Cathelicidins aro offoctor molecules of vertebrate immunity
that play vilal roles against microbial invasion. Thay are

widaly identified in mammals, but fow have beon reported in
Crocodilians, which are considered to be species with a
poworful immuna system. In the present study, wo identified
and characterized a novel cathelicidin from the blood of the
Siamasa crocodile, Crocodylus sfamensis. A cDNA saquenco
{501 base pair} encoded a predicted 166-residue prepropeptide
of C. siamensis cathalicidin {Cs-CATH), which comprisad a
21-residue signal peptide, a 109-residue cathelin domain, and
a 36-residue matura cathelicidin paptida. Multiple saquance
alignment and phylogenstic analysis demonsiraied that
Cs-CATH shared a high dagrea of similarity with other
crocodilian cathaoliciding, Joint consideration of elastaso
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1. Introduction

Over the past decades, the offeet of drug-resistant bacteria has
become a crucial issue in global public health [1]; therefore,
it is essential to discover a novel drug to inhibit the growth of
pathogens. However, analog conventional antibiotics have been
following n similar drog-resistant pattern and might become
useless in the future [2]. Therefore, it is necessary to find a now
substance from nature with the sume potontial as antiblotics
that does not result in resistance. Antimicrobial peplides
(AMPs) have been established ns cupability-therapeutic drugs
owing lo the broad range of killing activity and decreasing of
bactorial resistance [3].

Cathelicidin is a group of peptides that have a variety
of structures and can inhibit the growth of microorganisms
that are found in almost all vertebrates [4]. These peplides
are produced as prepropepiides that comprise thoe conserved
amino-terminal domain named “cathelin®; and the variable
carboxylerminal mature peptide sequences possess antimi-
erobial properties [5). It has also beon found thal cathelicidin
is involved in many bialogical functions, including angiogen-
esis, cytolysis induction, and chemotaxis for immuone systom
eells 6],

In reptiles, five cathelicidins from elapid snakes have been
identified and characierized, such as BF-CATH from Bungarus
Jasciatas [T], OH-CATH from Ophiophagus hannah, NA-CATH
from Naja atra [8). and PLCRAMP1-2 from Psendonajo textilis
[91. Moroover. four vipericidins, catheliciding from venoms
of South American pit vipers, named batroxicidin, lutzicidin,
crotalicidin, and lachesicidin weore discovered in Bothrops
atrox, Bothrops Intzi. Crotalus durissus terrificns, and Lachesis
muta rhombecta, respectively [9]. In addition, Kim et al. [10]
reported and characterized five catheliciding from Python
bivittatus Pb-CATH1-5 using bicinformatic analysis of python
genome information. From annoiated crocodilian genome dain,
several cathelicidin genes have been identified from Alligator
mississippiensis, Alligator sinensis. and Croccodylus porosas
but only A. mississippiensis catholicidin {Am-CATH) and A
sinensis cathelicidin (As-CATH) peptides have recently been
reported to have antimicrobial fonction 111-13].

The Siamese crocodile (Crocodylus siomensis) is an
enormous reptile or a tropical animal that is not resistant to
cold weather. similar 1o othor crocodiles. Their environmenital
habitats contain & broad range of pathogenic bacteria. It is
possible that erocodiles can produce compounds that are de-
stroyable to pathogens or a [amilisr high-performance immune
system. i is well-known that crocodile blood s used in Chinese
medicine. Moreover, it has been elucidated that Siamese
crocodile blood is rich in powerful antibiotic substances.

. siamensiz serum can inhibit the growth of a wide range
of bacteria such as Salmonella typhi, Escherichia coli, Vibrio
cholera, Klebsiella pneamonia, Psendomonas aeruginosa,
Staphylococcus aurens, nnd Staphglococcus epidermidis [14].
Leukocyie extract peptides Loucrocin [ and Leucrocin 11 show
effective antimicrobial activity against both Gram-positive and
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Gram-negative bacteria by disrupting bacterial membrane
with concentration dependence [151. For plasma, a fraction of
€ siamenziz plasma from cation exchange chromatography
has exhibited antimicrobial activity against both 5. typhi and
¥, cholera growth [16]. In addition. the inlact and fragmented
C siamensis hemoglobin exhibited antimicrobial ac-

tivity against Bacillns subtiliz [17]. Lately, poptides

from pepsin-digested hemoglobin demonstraied an-
tioxidant and anti-inflammatory activity [15k however,
cathelicidin activity has never been seen in genuos
Crocodylns. Here, we roport the first cathelicidin from

C. siamensis and investigate the antimicrobial activities of a ©
siamensis catholicidin (Cs-CATH)-derived peptide.

2. Materials and Methods

2.1. RACE amplification and gene expression

A healthy captive adult crocodile was treated with Gram-
negative aquatic pathogen, Fdwardsfella tarda at 10° CFL/m]
by intravensus infection. Total ANA was extracted from
crocodile red blood cell and whole blood 24 and 72 H aller
infoction by using GF-1 Total HNA extraction Kit (Vivantis,
Selangor DE. Malaysia), following the manufacturer’s in-
structions, and then quantitated by spectrophotometer. The
experimental protocel was approved by the animal ethics
committee of Khon Kaen University (ethical approval num-
ber 0514.175%66). The firsi strand cDNA was synthesized
using Viva Z-siep reverse transcripiase polymerase chain
reaction (RT-PCR) with M-Mul¥ RT by oligonucleotide dT)
Vivantis). The cDNA was amplified with forward primer CS-F
(5 -GCTGTCAACTTCTACAACC-¥) and reverse primer CS-R
(5-CGTTGTCCTGGAAGTOGC-3), based on the design of the
conserved domain of saltwater crocedile C porosus catheli-
cidin (Cp-CATH) genes: 3-HACE was amplified using 5-specific
forward primer SF-F ("-GCTGTCAACTTCTACAACCAACA-T')
and 3I'UTR reverse primer (5-TGCTTTCTGGTCACTGGTGG-
), based on the designed dovmsiream untranslated region
of C porosus cathelicidin (Cp-CATH2: CPDO02468) gone. On
the other hand, 5-RACE was amplified using 5'UTH forward
primer (5-GCAGCAGACGCTCAGGG-3), based on Cp-CATH2 at
the 5-untranslaied region, combined with 3'-specific reverse
primer SF-R (5-00CCACGGGTTTTTTTGTTATGG-3), designed
from the ¥'-end specific site of Cs-CATH gene. PCR reaction was
carried out on T100 Thermal Cycler (Bio-Rad, Hercules, CA,
USA). The PCR products were purified by gel electrophoresis
with GF-1 AmbiClean kit (Vivantis). The cDNA sequence was

analyzed by standard nucleotide sequencing (Macrogen., Seoul,
South Korea). The level of Cs-CATH gene expression was ex-

amined by LightCycler® 480 real-time PCR systems (Roche,
Hotkreuz, Switzerland), The cDXA of infected crocodile red
blood cell and whole blood at 24 and 72 H was amplified with
Cs-CATH-F primer (5'- CATGOCAAGOCAAAACOGAA-T) and
Cs-CATH-R primer (5-TGGGGAATGAAAACGGGGTT-3. The
reaction mixtures were condocted in triplicate and each 10 gl
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toinl reaction volume contained 5 gl mixture of SYBR® Green
PCR master mix (Roche), (L5 ul of forward and reverse primer,
1 pl of cINA, and 3 gl of Dicibylpyrocarbonaie (DEPC-ireaied
water. The PCR conditions consisted of a denaturation step at
95 “C for 3 Min followed by 50 eyeles of 95 *C for 20 See, 58 °C for
20 Sec, and 72 °C for 30 Sec. A dissociation melting curve was
constructed in the range of 65-95*C. The g-actin gene was used
as the housekeeping reference with Cs-beta-Actin-F primer (5-
CTCTGGCATTCACGAGACCA-3) and Cs-beta-Actin-R primer
(5= ACCACOGGACAATACTGTGT-3). The relative expression
level of Cs-CATH gene was normalized by the expression of beia-
actin, and data were exhibited using the comparative 2-447
method.

2.2, Bioinformatic analysis

were obiamed from CrocBase (hitpferocgenome.hpe.
mesiate edw/crochasef and NCBI BLAST search. Then, the
amino seid sequence nlignments were buill using Clustalmegn
{httpzfwww eblac.ukTools/msa’clustalw2. Based on the
proregion and mature domuin, phylogenetic trees were con-
strucied using the neighbor-joining method (Mega, version
4.0: www.megasoftware.net) by calculating the proportion
of amino acid differences among all sequences. The ter-
tiary and secondary structures were analyzed by [-TASSER
[19] and PEP-FOLD servers [20], respectively. The stroe-
ture graphics were generated in PyMal (Schrodinger LLC,
Cambridge. MA. USA). The antimicrobial domain of the
protein was predicted by Antimierobial Sequence Seanning
System (AMPA) server (htipaficoffee.crg. catappsampal)
[21]. The physicochemical properties of peptides were an-
alyzed through the antimicrobial peptide database (APD)
(htipfaps unme edwAP/main.php) [22]. The predicted peptide
structure protein data bank (PDB) file formal was used for
calculating peptide positioning in membranes by PPM web
server (hitp2Yopm_pharumich edw’server php) [231

2.3. Peptide synthesis

RN15 peptide (NH:-RNCTWLFSTELELPA-COOH) with a molec-
ular weight of 1778.14 dalton was synthesized by GenSeript
{Piscataway. NJ. USA). Purity was analyzed by reverse-phase
high-performance hguid chromatography (RP-HPLC), and pep-
tide sequence was confirmed by electirospray tonization mass
spectrometry.

2.4. Antimicrobial activily assay

based Y-woll plate microdiution method [24]. The bacterial
cells were cultured in Mueller-Hinton broth (MHB) at 37 *C uniil
the middie log phase. Then, cells were diluted with phosphate-
bulfered saline (PBS). pH 7.2, for 10 CFU/ml. Then, 25 ul of
dituied bacienal solutions were added onto 96-well mcrotiter
cell-culture plates and followed by adding 25 pl of twolold
serial dilution peptide (400, 200, 100, 50, 25, 12,5, 6.25, 3.125,
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and 1.5625 pg/ml) and using ampicilhn as positive controel, and
then incubated at 37 *C for 3 H. The peptide reaction mixtures
were ndded with 50 gl MHB and culiured at 37 °C for 18 H.
The residual living bacteria cells were monitored by assaying
coloring against 30 gl of 0.015% w'v resarurin solution at 37 °C
for 2 H. Minimum inhibition concentration (MIC) was indicated
by a clear blue color at the lowesi peptide concentration.

2.5, Scanning electron microscopy
Scanning eleciron microscopy (SEM) was used for examination,
as previously deseribed [15]. Briefly, Bacllus megaterinm
TISTROGT and E. coli DH5e were grown in nutrient broth (NB)
at 37 "C until the logarithmic phase. The cultured cells were
then diluted with NB for 10* CFU/ml and were individually
incubated with peptides at MIC or without peptide (untreated
controll at 37 *C for 15 Min. Afterward, cells were fixed with
2.5% iwiv) of glutaraldehyde (Sigma, 5t Louis, MO, USA) for 1
H and then applied 10 a 0.2 gm cellulose acetate membrane
filter (Sartorius AG, Gottingen, Germany). Afler being washed
twice with PRS, the fixed cells were dehydrated with ethanol
solution series (30%, 50%, T0%, 90%, and 100%) for 15 Min
each. The bacierial specimens were then dried in a critical
point dryer (CPDT510: Thermo VG Scientific. Enst Grinstead.
England). The dried samples were conted using a spulter coater
(SCT620, Polaron, Watford, England) with gold palladium and
visualized under n seanning electron microscope (LEO1450VE,
LEOQ Electron Microscopy, Cambridge, England).

2.6. Hemolytic activily assays

The hemolytic activity of the RN15 peptide was dotermined
as previously described [15], Briefly, buman red blood cells
(hRBCs) were washed three times with PBS. pll 7.4, and then
diluted to 2% (v} in PBS The hRBC solution (100 gl was
aliquoted into microcentrifuge tubes, followed by additon of
10 gl of twafold serial dilution peptide. The reactions were
cenirifuged at 1,000 g for 5 Min after incubation at 37 *C for 1
H. Then, 100 gl of supernatants were transferred into a 96-well
plate for measuring at 415 nm. The hilBCs in 1% (w'v) Triton
X-100 and PBS were used as positive and negative controls,
respeactively. Percent hemaolysis was caleulated as ([A415 nm,
peplide IA415 nm, 1% [wv] Triton X-100D) = 100.

2.7. Cytotoxicily assays
Normal human dermal fibroblast (NHDF) colls were culiured

in 96-well plates with Dulbecco’s Modified Eagle Medium
(DMEM) at 37 *C under a humidified atmosphere of 95% air
and 5% C0; for 12-16 H. The cultured medium was then
removed and then placed with DMEM diluted peptide and
incubated at 37 °C for 24 H. The 3-[4. S-dimethylthiozol-2-
¥ll-2, S-diphenyltetrazolium bromide (MTT) solution was used
for colorimetric assay by adding 100 gl of 0.5 mg/ml MTT at
A7 -C for 60 Min. The formazan crystal was dissolved with
100 ul of dimethyl sulfoxide, and then optical density was
measured ai 570 nm using a microplaie reader. Percent cell



217

N C T W L F 8 T EKULUXKILWFAHAGE I

acaatgacoooggygaaggacatons

R &R P G & G .8
ACAsAssaRCCCQLYOOYLaAg
FEE F Vg .

The cDiNA seguéence and tha predict og
prpropaptice sequanc e of Cs-CATH, The

precti cled mature paptide Is dispiayad in the grey
Dox The prealcted SIQna pepdoss B UNOeATNAT.
An g5 sk () Indicxes the stop codon.

viability was calaulaled as ((AST0 om. peptidel{ASTD nm.
coptroll) = 100,

2.8, Slatistical analysis

Statistical anabysis was by ANOVA of Duncan’s Lest using
Statistix 8.0. Data were presented as mean £ SD. Pvalue <
0.05 was considered to be statistically significant.

3. Resuits

3.1, identification and expression of Cs-CATH

To identify a cathelicidin gene in £ sigmensis, crocodile blood
was collected after treating with E tarda, then analyeed

by RT-PCR with the conserve £ porosms catholicidin gens
primer. The 200 base pair (bp) product was [ound from the
PCR reaction, with 75% sequence similarity to prediclied
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cathelicidin-0H (CPORGOOZ468) from C porasus (Supploment
Fig. 1A). This nucleotide product was further wied as a templats
o obtain the complete ¥ and 5 ends of Cs-CATH gene by RACE-
PCR. The 5 and 3’ site was identified by using the 5 and 3
untranslated reglon of CPORGOOZ463 primers combined with
specilic Cs-CATH primers (Supplement Figs. 1B and 10, The
complets translale region of prepropeplids sequence Cx-
CATH cD¥A is shown in Fig. 1. The 501 bp prepro-Cs-CATH
nuclestide sncoded 166 amino acd residuss. To understand
Ca-CATH expression in Siamese crocodile blood upon bacterial
infection, the tolal RNA from whaole blood and red blood cells
24 H and 72 H after infection were used as templates for
the RT-PLR experiment. As shown in Fig. 2, Cs-CATH was
highly expressed only in red blood cells 24 H after bacterial
infoction, which implies that this peptide might be invelved in
the innate immune system, by directly killing bacteria upon
Invasion.

Inkection with E. tards

1.2, Amino arid sequence analysis of Cs-CATH

The analysis of a prepro-Cs-CATH amine acid sequence with
ExPASy showed a molecular weight of 15 24 kDa with 9.54
of pl. In addition. sequence analysis using SignalP 4.0 server
indicated the signal peptide is located at the first 21 amino acid
residoes on N-termings site. The conserved eathelin domain
comprised 109 rosiduss, whereas 36 amino acid residues

al the C-terminal end indicated that the mature Cs-CATH
(KP36) poptide was relsased from slastase deaving with &
moleculnr weight of 3.82 kDa and 10.73 of pl (Table 11 Amino
acid sequence alignment found that prepro-Cs-CATH showed
99% similarity with £ porosus cathelicidin CPORGOO2468
(Cp-CATH2) and 75% and 73% similarity with A sinensis

Nowel Caskebcidis from Stamese Crocodile
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Physicochenycal propertias of pap bdes

TABLET
Mat Theomtical Hydrophobic
Peptide Sequance Langth charge p! M ratio (%)
RM15 RMCTWLFSTELELFA 15 +3 10.06 1778.15 45
site SHPEDTMITCROIR 15 =2 55 J20458 3
KP35 KPKPKPGKDERGRPGSGS 36 +7 1073 3320.46 16
WIGKGTPFSFPITEEPVG

cnthelicidin (ASNT 3T63.1) (As-CATHI) and A. mississippiensis
cathelicidin (KYOM44087.1) (Am-CATH4), respoectively (Fig. 1),
The N-terminal catholin domain showed a highly conserved
spquence among Crocodgplus sp, and Alfigator sp. species, On
the sthor hand, the C-tarminal cathelicidin domain showed

a variely of amino arid seqoences. From phylogenetic tres
analyels (Flg. 4). erocodilinn catholicidins wors classifiod nio
four clusters. Cluster [ was the group with the largest number of
eniheliciding, consisting of Cs-CATH, Cp-CATH -2, As-CATHI1-3.
and Am-CATHS -4, Cluster Il comprised Cp-CATHS, As-CATHS,
Am-CATHZ, and Am-CATHS. Clusters [l and IV have twa
cathelicidin members sach: duster 1 included As-CATH4
and Cp-CATH4, whersas cluster 1V had two catholicidins from
only alligators, Am-CATH1 and As-CATH6. The predicisd
three-dimensional structures of Cs-CATH amino acid sequance
displayed the structure similar io ciher known cathelicidin
struciures with highly conserved ssquence cathalin domain.
The Cs-CATH structure contained one a-halical, four Z-strand,
and the C-terminal end random coiled, Besides, this strocturs
prosanted two disulfide bridges located on the cathalin domain
(Supploment Fig. 21

1.3. Analvsis of candidate Cs-CATH derived peptide

It was will knewn that elastase activity performed cat-
alytic cleavage position at Val or Ala. Hereby, we assumed
that threo types of peptides were reloased from the Cs-
CATH moleculs. The candidate three peptides are denotad
as [ANTS: NHZ-ENCTWIFSTRKLKLPA-COOH and ST16: NEiZ2-
SHITUTMTPGEDIHA-COOH from the cathelin domain, and
KP36: NH2Z-KPRPEPGRDERGRPGSGEWIGK GTPFSFPITRKIVG-
LOOH maturs eathelicidin peptide. The physicochamical prop-
erties and predicted secondary structure of thess peptides
are prescated in Table | and Fig. 5. respactively. The three
candidate Cs-CATH peptides, KENIS, 5116, and KP36, wors
eomposed of 15, 16, and 36 amine acid residues, respactively.
For total net charge, the ANIS and KPI6 peptides demon-
straied cationic peptide property with +3 and +7 net charge,
respactivaly, whereas the 5116 peptide pressnted anfonic pap-
tide with =1 toinl not charge. Although both RN15 and KP36
peptides expressad positive Lotal net charge, only HN1S peptide
prosantied a hydrophobic ratio percent ot the level of a major
oroup of AMPs. The hydrophobic ratios were 46%, 37%, and
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16% for ANIS, S116, and KP26 peptides, respectively. The
three peptides showed distinct charactaristics of the predicied
secondary structure. The RN1S peptide presented the e-holical
structure whereas the 5116 peptide showed a random coil loop,
Maroover, the KP36 poptide comprised both a-helix and 2=
strand models in their predicied secondary strocturs. However,
the prodicted o-helix structure and cationie propertios mnde
the EN15 peptide resemble common AMPs. In addition. AMPA
sorver analysis indicated that twelve amino acld residues (NH2-
ANCTWLFSTRLK-COOH) located on the AN1S peptide denoted
a bactericidal stretch with 14% probability (data not shown).
Furthermaore, the peptide pesitioning in membranes was calco-
lated for threo candidate peptides (Table 2). The results showed
that the EN15 peptide penstrated into the membrane the same
that KP16 peptide did with 4.6-4.5 A depth, whereas Sli6
pepiido stabbed inio the membrans with 2.5 A depih. Although
all tree peptides resorted to using 6-7 amino acid residuas for
membrane embedding, five rosiduss located on Ctorminal ond
of the RN15 peptide cansed the embedded region to atiack the
membrane (Fig. 6A). [n cnxo of the 8116 peptide, the membrans
interaction employed only a single site of peptide region for
insertion. However, this peptido showed forceless penetration
i(Fig. 6f). On the other hand, the longest streich of KP36 poptide
was found handling both f-turn structure and C-terminnl site
for binding (Fig. 6C). Moreover, preliminary results showed
that at high concentrations, KP36 peptide (4 mg'ml) could not
show antimicrobinl activity {data not shown).

3.4 Antimicroblal actvity of RN15 derived peplide
The RN15 poptide was chemically synthosired by solid phase
peptide synthesis. From mouss spectrum and RP-HPLC analyses,
RN15 peptide with 1778.55 observed molecular waight had a
purity of about 99.06% (Supplement Fiz. 3). The antimicrobial
activity of BKN15 peptide was examined by the MIC assay
(Mable 3), The results abviously showed that synthetic
BN15 poaptide inhibited the growth of both Gram-positive
and Gram-negative bacleria, wherewith the BN15 peptide
exhibited low MIC against Gram-positive bacteria such as &
megaterinm TISTHOGT and B subrilis TISTI 248, with MICs
ranging from 12.5 to 25 pp'ml These resolts indicated that
R15 showed a novel potont AMP. The offect of RN15 poptide
on the membrane of B megateriom TISTRDGT and E. coli DH5e
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Prodicted poplide secondary structure of RNTS [A),

FI6.5  S16(B). and KP36(C), using PEP-FOLD server,

was observed under SEM. From the results, the control cells
displayed n normal shape and smooth surface (Figs. TA and
TIh, whereas the bacterial cell showed morphological changes
after poptide t.rnum-nl.fw 15 Min. The membrane surface of
peplide-treated B TISTROGT cells became swollen
and rough (Figs. 7B and 70), While the surface of E. eoli DH5a
trented with peptide was severely damaged with cell shrinking
and membrane blebs (Figs. TE and 7TF).
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3.5. Hemolytic activity and eytotoxicity of
RN15-derived peptide
The hemolysis of RN15 peptide on human erythrocyte showed
that RN15 peptide displayed insignificant hemolytic activity—
less than 10%—oeven at a concentration of 200 pg'ml (Fig. SAL
Moreover, the determination of peptide cyloloxicity against
NHDF cells domonstrated that RN15 ranging from 3.13 to
50 pgfml slightly affocted the viability of the cell after 24 H
of exposure, as it could be seen that cell survival lovel de-
creased by approxumately 20%. compared with untreated cells
(Fig. 8B). However, the high concentrations of peptides (100
and 200 pg/ml) showed the ability to recover cell vinbility,
which was not significantly different from the unireated NHOF
cells (Fig. SH).

4. Discussion
Cathelicidins play an importani role in the innate Immune
syslem of animals, and can serve as the first defensive molecule
to kill n variety of microbes. Mammalinn cathelicidin was firsi
discovered from the neutrophil of cattle [25]. After that. a
large number of catheliciding have been identified from many
mammalian species such as humans, monkeys, mice, rats,
rabbits_ guinea pigs, pigs. cattle, sheep, goats, and horses [26].
In reptiles. there are many types of cathelicidins, which
might be employed in different biological functons [2T]. For
instance, crotalicidin from rattlesnake venom exhibited an-
titumor [28] and antifungal activity [29]. In addition, snake
catholicidins and their derivative have been reported to show
potent antimicrobial activity against drog-resistant bacteria
[8. 30]. For erocodilinns, several cathelicidin genes were re-
ported in the database. Recently, the role of cathelicidins from
alligator groups has been reported in AMPs; for example, a
cathelicidin from A. missizssippiensis exhibited antimicrobinl
activity against drug-resistant Acnetobacter bawmanii and
Kiebsiella pneumoniae [11]. Moreover, eathelicidins from A.
SIen S ﬂl:uhhdpul;eni antimicrobial ull;nlr.l:lﬂlbmnd
their ability as immunomeodulators [12] and alse peptide im-
munostimulants in erabs [13). Both A. misstssippiensis and
A sinensiz have various catholcidin sequences. which are
expressed (o perform different functions, Thus, cathelicidins
from crocodiles are diverse and might play many imporiant
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. The parameter of peptide positioming in the membrane
A Tilt
Peptide Depth (A) {keal/mol) angle (%) Embedded residues ibold)
RM15 46+1.0 52 FAES ANCTWLFSTELKLPA
KP3s 45402 22 71+4 KPKPKPGKDERGRPGSGS
WIGKGTPESFRITKEPVG
a. B

mm

ning modeling of pepiides using

f Wmhlm RNTE [A), SIT6 (B), and KP36&
0 peptide siruciures are :lqi.lpd inmagents.

yellow, snd mdm o -

v ey ek e

i ATCC25023
B _

roles. However, the proteins and poptides from the Siamese Enterococcus feecals TISTR927 100
ol e G
be discovered. This will lead to a betier understanding of the
functional role of these molecules within cells. This research ~_ Eschenchia coli ATCC25022
R T foe waw
crocodile blood 24 H afier bacterial infection, and disappeared
ut 72 H, which implies thit this peptide might be involved Pseudomonas aeruginosa
in the innate immune system by direct killing bacteria upon TISTR1287
gene was 501 bp encoding 166 amino acid sequences, 18.24
kDa, with 9.54 pl. The alignment result of Cs-CATH was 99%
identical to that of Cp-CATH2 from C porosus, differing only by
these catheliciding are conserved among Crocodylus genus,
and might be important for bislogical function, In addition,
Alligator genus was also found 1o have conserved cathelicidin
with 100% identity betwoen Am-CATHS and As-CATHS. These [R13 '
cathebeidin types exhibited a powerful peptide with potent DMST1
antimicrobinl, antibiofilm, and ant-inflammatory activity [12]. i o

P A e
enzymatically cloaved for maturation. This proteolytic cleavage
is processed by elastase in most of the cathelicidins but not
in human 11-37, which is mediaied by proieinase 3 [31]. In
general, elastase s preferred as it is sensitive to & valine or

T
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Hemalytic activity against human erythrocyta (Al have a vanety of secondary stroctures, & major group of AMPs
FIG.8  and qytotoxicty on normal human demmal display an alpha-helical conformation. The predicted Cs-CATH

fibroblasts (B) of RNTE peptide. mature (KP36) peplide presenied both e-helix and g-strand

structure, which is nol commonly found in the structure of
alanine residue. We assumed ihat elastase cleaved Crocodglus  AMPs (APD). Therefore, we reconsidered the valine and als-
cathelicidin at alanine position, though protealytic processing  nine located on cathelin domain as elastase-sensitive residus:
for cathelicidin remains unclear. Thus, Ala130 in the C-terminal  thus, three candidate peptides could be released in three posi-
domain of the propeptide Cs-CATH can generate Cs-CATH pep-  tions (Val99, Alal14, and Ala130) by elasiase, which are BEN15
tide with 36 residues. Although mature cathelicidin peptides (ANCTWLESTELEKLPA), S116 (SHTCDTMTPGEKDIHA), and KP36
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peptide (KPEPKPGKDERGRPGSGSWIGK GTPFSFPITEKPVG).
Although both EN15 and KP36 peptides expressed positive
total net charge, only BN15 peptide presented a hydrophobic
rafio percentage at the lavel of a major group of AMPs, which
is mostly in the range of 40-50% hydrophobic residues (APD).
Tha optimum hydrophobicity of peptides may enhance bac-
terial membrans penstration and disruption [32]. According
to the PEP-FOLD server program, the predicted secondary
struciures of these paptides presented as something complotely
different. Only predicied AN15 pepiide siructure displayed an
a-halix. ons of the most widsly distributed AMP structures,
which provided broad-spectrum and rapid killing activity 331
Moreover, the results from both bivinformatics tools, that is
antimicrobial region prediction by AMPA server and peptide
positioning in membranss by PPM server. also confirmed that
RN15 peptide is a polent candidate AMP. However, both AN15
peptide and KP16 mature cathelicidin poptide were chomi-
mw.ﬂmmmwrmm

The evaluation of the antimicrobial function of synthetic
HNIS peptide also confirmed the computer prodiction that
this peptide shows potent antimicrobial property. On the other
hand, KPF36 mature peptide could not exhibit antimicrobial
activity. similar to As-CATH1-3 112]. RN15 peptids inhibited
the growth of both Gram-positive and Gram-negative bacieria:
hewever, this paptide exhibits poor antimicrobial activilty on
Gram-negative bacteria. Nevertheless, our results coared that
this peptide is a proficient AMP against Gram-positive bacteria.
It is implied that this synthetic AN15 peptide is an AMP
specific to Gram-positive bacterin. Although a major group of
AMPs exhibited broad-spectrum antimicrobial activity, a small
number of AMPs exprossed Gram-specific antibacterial activity
[34]. However, the resulis of SEM exhibited that RN15 peptide
could disrupt both Gram-positive and Gram-nogative bacteria
membrane, which is similar to many reporied cathelicidins
15, 35]. From the antibacterial activity of RN15 peptide, it might
be inferred that the crocodilian long chain mature eathelicidin
probably was cleaved into small peptide fragments prior (o
it playing a rols in biclogical activity. Furthermore, the low
hemolytic activitios and cytotodcity are promising for the
wso of AN1S peptide as a template for the design of novel
peptide-basad antibiotics.

5. Conclusions

In conclusion, n novel eathelicidin peptide was identified from
the Sinmsse crocodile,  sizmensis, which offered new insights
into the role of catheliciding in the reptilian innate immune
sysiem. Sequence alignment and phylogenetic analysis revealed
that Cs-CATH shares a congerved sequence among crocodylian
cathelicidins. The AN15 peptide was expecied to be an AMP that
iz releasad from cathelin domain and exhibits antimicrobial
activity with no hemaolylic activity and low cytotoxicity. Our
resulis provide evidence for the function of the cathelin-domain

10
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[ragmented peplide as a contributor to the defence system
against bactorial pathogens in crocodiles.
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ABSTRACT

Crovedylur sizemensis hemoglobin kydrolysates (CHHs) were obtained by trypsin and papain digeston at
different meubation tumes (2, 4, 6 and & h) at 37 *C and subjected to antioxidant and inb-mfammatory acvity
asseszment DPPH scavenging actvity of CHH dermed from wypsin was simualar to intact Hb. CHH dermred from
papain hydrolysis by 8-h hydrolysis (8h-CHHp) thowed the highest DPPH seavenging activity at 56 86%: antioxidant
inhibinon with ICy, value of 31 pug/ml. CHH decved foom papain hydrolysis by 2-h hpdrolysis (2h-CHHp) showed
theh.lgh.est redumng Fau"uil.'ti:'it'_vr 2t 0,99 mAf Trolox equryalent and 4h-CHHt showed nednr.ing:cﬂuit:;it 0.16 mAl
Trolox equivalent (at conceniraton of 500 pg/ml). The hnoleic percxidaten actvay of CHH dermed from papain
hydrolysis by 6-h kydrolysis (6h-CHHp) and CHH derived from wypsin hydrolysis by §-h hydrobysis (3h-CHHT)
was increased in 3 dose-dependant manner with IC,, value of 3 pg/ml The strongest ant-inflammarory actviey
was found for Ih-CHHp, which displived a hiph efficacy in decreating NO producton of macrophape BAW 264.7
cells (46.36%) with no tomieity and sipnificantly reduced pro-inflammatory cytokines mterenkin-§ (IL-5) production
to about 25.73 pp/ml Taken collectively, the reruls of this work demonserate that CHHs derived from papain
Iypdrolysis possesses anbomidant and anti-inflammatory activites, which provides support for the application apamst
inflammation aod cxidatve streds-related disorders.

Eeyworde! hemoglobin bydrolysate, papain hydeolysis, trypain hydrolysis, anti-mfarematory, antioxidant

1. INTRODUCTION

Pree radicals are created as 2 consequence
of adenosine wiphesphate (ATF) production by the
mitochondra, These by-produets are generally reactive
oxypen species (ROS) as well as reactive nitropen
species (RINS). At low or moderate levels, ROS and
RNS exert beneficial effects on cellular responses and

immune functon. Athigh concentrations, they penerate

oxidagre stress, 3 deleterious process thar can damage
all cefl structures such 25 proteins, Iipids, ipoproteins,
and deoxyribonucleic acid (DNA) [1-2]. Oxidative stess
Pplays a major part m the development of chroric diseases
in humans sach a5 cancer, arthons, aging, antoimmiine
disorders, diabetes, infection, candiovaseniar, inflammation
and neurodegenerative diseases [J]. Within the human
body has various mechanisms o counteract oxidative
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stress by prodocne anticedants, wrhoch are either namealy
peodused, of extesnally supplied though foods aod/ o
supphmn Eudngn:mmdams:mmﬂ.mnm
a: “free rackeal seavenpea™ by preventng and repaktizg
ﬂJ.m:glriﬂlu:mmdh"RDS 1nd RIS [4]. Inflammiation
i3 the amemune svstem’s phyuislopesl respoate to muzy
or mfection [3]. Acnte inflammarion is 2 pare of the
body defente responie, choonie inflammaton is thoughs
to be lead co pumercns dizezzes for example cxneer,
diabetes, cazdiovaseular, pulmonary, and cearalogical
dizeases [3-0]. Howeres, kigh exprertion of mflammatory
cytokines such as twmer neceosis factora (TNF-a),
izreclenkin=1 3 (TL-17) and IL-# hare hees exhubized o
hree 3 role in onidatiee stress-mouced mfammation [7-
£]. The mbalince bormreen resctiTe SXTEeD 1pecies and
endogenons anticmdint defense mechanizms leads to an
ushealthr carele which may affect cellnlar component:

Provein brdoolyiase have began to amzacr a lot
of artenton becanye of the growing belef that protein
bydeolysate should postets health-promotog quakties.
Recent biochernical research has shoorn that the protein
bioxecre pepodes afrer digesdon [10-11). Contequenty,
bioacte peptdes produced from both animal and plant
souroes are pow bt mueavuTely mrveingated azd hare
been reported to have antioxidant [12-13] and ans-
imfammarory acuvisy [14-16].

Crocodylus rsmenrer, commonty called Sizmess
ceacodile, i1 2 1mall freskerater erocodilan populsting
partz of Southeast Aua Recenty, sevezal components
of € masennzblood, Le plisms, terum, white blood sells
:ndhgmugiubm hare been ::-p-urtnd.tul:mu:: a broozd
spectram of bislopeal propertes, musly arzibured to
the sbhondanse of a pumberof bislogicaTly aztve peptides
and proteins. Among these, hemogiobin constitutes
the most abundan: comeponent 2od bas been thown w
exhibiz snsemdant {1 T-23), antmuerebal [17-18, 23] and
anc-inAwmmyrory setiviey [1%, 23-23).

Thesefore, this stady s aimed at mvestzatins
the aptoxidant and aotrinfammatory of € saemwar
bemogichin bydoolysates (CHEL) desroed from trppain and
papaia digestion. 2,2-dipheyl-1-piccyirdraxyl (DFFH),
Lmh:p-ﬂnnh.h.nnuﬂ.fﬂm:uﬁumgpmﬂ assryioEE
eoadusted to determie the ansoxadant acwwey wheear
3-{4,5-dimethrithiazcl-2-71)-2,5-diphenltetazolmm
beomide (MTT), nimic oxide (NO) (of msczophage
BAT 3547 cells), IL-10 and IL-6 assays weee nsed to
compoution was anavzed to determine the aming acid
compoutson of protemn hrdrolyzate.

2. MATERIALS AND METHODS
2.1 Crocodile Hemoplobin Preparzation
Crocodils (T roemenry) blood was purchased from

Chiang Mai J. Sci. 2019; xx(x)

Srracha Mods Farm | Led | Chon Bud, Thalind The
zmimal ethas appooral cecesd mumber it ACUC-IEI-52,60
{reviewred and approved by the apima! ethies committee
of Khoz Kaea U 1ty]). Crocedile blood samples
were withdrymm from the szpravertibral boanch of the
amrernal pupalar ven of ceocedile: aped berween 1-3
yeer: Blood was collested and eransfeered oo §5-ml senls
tabes contuning 0.08 g of EDTA. Blood samples were
stazed 214 C orernight o allow blocd eells ro remle, Red
bload cells (bottom layer) wece collected in stenle tubes.
Ixplated ced blood ecll: were warhed thoes nme: with
phosphate baffer salme (FB5), pH 7.0, and centofaged
23,000 X pfor 5 min ar 4 °C, Tee-cold diyclled orares of
Ere-fold rolume was added to the REC pellet, folloored
br mgocon: mizmy aad allowing the mizrore 1o e fos
10 mm Afier centrifuganion at 10,000 » r for 20 min
ar+4 °C, the sepernatant wad eolected for lrophibmitica
and then stoced 2t -70 °C.

2.2 Trypsin and Papain Hydrolysis

to the meshod of Yu eral [26). Shordy, the hemoglobin
solution was digested by typam [/ papain with a rato
of enryme o wobrmte of 11100 (wiw) 3e 37 °C for 2,
4, &and Bk and boated az 95 *C for 10 oua to quench
the reaction by macuratay the enrpme. The hydrolyss
condition was performed at pH 7.5 (adpsted wih 1 AL
HCj, fellowed by semeral of izsolable componenn by
centrifuzation at 7,168 X g for 20 min The supematant
waz callesved and sdjumed v pH 7.0 by sdditien of 1
Af HCL oc 1 A NaOH. Finally, the supernatanis were
rophilired and svosed ar-20 *C.

2.3 Depree of Hydrolyziz

The degree of bydrolyzic was determined by
follewing the method of Benjabul el [27]. Bdefy, 125
pl of CHH: (1 mg/mml) were 2dded so 2.0 ml of 0.28 1
sodium phosphate buffer, pH 5.2, follooed by addition
of 1 m)of 0.01% TIWBS olution. The miztore mas
moabated oz water bath at 50 °C for 30 mm in the dark
thea ol of 001 M sodinm salfite was added 1o 1top the
peaction. The mixture was then alowed o cool for 15
mim, The absocbaase was measured a1 420 nm 2ad the
a-2ming zcid content exprested in tecms of L-leacine.
The pereentape of the depree brdoolrus was ealeulated
mring the formule: BH = [{Ly— Ly} /(L — Lyl % 100
where L, determuines the ameount of s-amine nsid
muﬂhm:mﬁhmnﬂwnﬂsmmm
of s-amine seid released artimerasd L desecemines
the mrzironm amonnt of z-aonno aeid afier bydsalvds
b SM HCIar 100°C forld b

2.4 2 2-diphenyl-1-picryihydrasryl (DFFPH) Radical
Scavenging Assay

Drouble dnﬁ.'ﬂ.ndmm{mpl}wu added to a P&
el plate. Wext, CHH: (50 i) and 0.0004 LI DPPH (30
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plj weee added and mixed for 5 min. The meacton was
kept aa durk for 25 moio xed sbiadbance was meanued
at 490 mmmgﬂf'?ﬁwiﬂ: double distilled water as
8 blzok Al zamiples were analyzed in wriplicare, Radieal
sczvengmy actriy was determmed a3 the perceniaze
sptoxidin: mbihitoa (VeAl) ralue thar was ealenlared
based on the following formmla; % Anticxidant
ahibiczon = {ﬂﬂbim—ﬂbwfﬁhw o 00

2.5 Pernie Reducing Power Azzay

Ferric :Ed‘l:u:ing POTEL 23337 W15 mpdifed
from the methed of Gigeh or ol (28] CHM: (100 uh
and Pﬂrﬁm eootrol {Ehhﬁ.m] {100 pul) were added.
Then 250 pl of 0.2 M phosphate buffiee pH 6.0 and
150 pl of donble disclled water were added. Fotyyziom
bexacranoferate 1% (w/7) 250 pl was added, vortexed
mnd menbeted 2t 50 °C, for 20 mun The reaction w2z
stopped by addmp 250 ul of 10% TCA and incubared
for 10 min before centrifuganon 2t 800 * g for 10 min,
Reactons were then performed m 2 9&-well plate. The
reactios goomin: mampls (30 b, double diclled orates
{160 I} and 0.1% (= v} ferme chloode (10 uI). The
reaction was maxed and lpeubated 2f room tempesztire
for 10 min The abzocbance vas measored at 700 om
zrd all samples were :.u!_ruﬂ:i.nm’gliﬂw.fh: aTLTiEe:
mmemneduthenqui‘rﬂmtmu'uhtﬂhzmdm
ealealazed bazed on the equanon of the mndasd curve
of the positre coniral

2.6 Linoleic Feromidation Assay

This assay was pecfocmed followmag the method
of Ledermn &2l [29] with modificztions. CHH: (3-500
pEfml) (50 ul) wece mized with 50 ul of Lacleie acid
uﬂﬂ.EIT_‘.IABAI'EIﬂ-M}.m solntion watr miwed fior
10 min Acetie acid 20% v/7) 150 Wl was added and
menbated 23 70 °C, for 1h and reactons weze pesformed
i a P&-zrell plare. The reaction contuns sample (20 ul),
Ta% ethanol (160 ul), 15% Ammonmm tugerenate (10
ply and 10 mid fecrous chlonde (10 ul). The reaction
w3t pmized and mcubated 3t room temperatre for 3
mun. The abiorbanee vas measured 2t 500 mm All
:amples were apalyzed o tmplicate, The asovity was
; bl at secsiddant inhibition (Y2AT)
raloe that was cxlevlaned nsiop the following fozovala;
%a Al (antiomidant inhibition] = [Abs,,, — Abs, )/
Abs ] ® 100

2.7 Meazurement of Mitde Oxide and Cell Viabiliny

This assaywas conducted acconding to the method
of Lusanpuakulshal el [25]. RAT 2d4.7 eells (1 ¥ 1
ea'l.l:,-"ml}wzu cultored on a Qﬁn-wdlpllte mrn.lﬂ:.t
CHH: (125-300 pp/ o) wece oo-Locabaved with LPS (100
ng.-"mg and the mmh:i.ng solntion meubated with BLAW
264.7 celli. Anothes incubition was 161 up between LS
md BAW 2647 cells 2t 37 °C in a 5% OO, bomidified
atmosphete foc 24 b After lncabation for 24 b VO assar),
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100 pl of calmare medomm from each CHH: were mixed
with 100 pd of Goess sezgent aad incubared ar 25 °C for
10 min The absorbancs was measured at 54 om, nsmg
& microplite reader (BioBad, Model 650, USA). MNimre
onde (NO) prodoction was calenlated as percentape of
conuol, After inevbason Soc 24 b (Cell wiabilier snaar),
the medom was discarded. 3-{4,5-domethyltiazol-2-51-
2 S-diphenritetmzolum bromide (AT T) (0.5 mg /o) waz
added to RAW 2547 eells and menhated at 37T "C o a
5% COy bumidifed aumorphere foz 30 oun befoce the
roedonm e dizrearded. DA S0 was added xod the reaction
mixtuce locubared at 25 *C for 30 min, The abrocbance
was mexsoeed at 570 nm and the eell vinbahiey evaluated
by companay the sbiochance with that of the contmel for

each 1amale, All samples were analyred in guadenalicare,

2.8 Measurement of IL-10 and IL-6

Abguot of cultuze medmm employed m the
WO sy were forher ned for dererminason of IL-10
and IL-8 expression using the ELISA ke and following
the marueton: = the mapaficmrers manas] (RAD,

2.9 Amino Acid Composition Anslysis

acrnes peid anadvres (Boockeom 30, Cambedpe, UK with
Pust—mh:mnmh:rdﬁnmuﬂ.lpaﬂmplmtnm:tﬁn
deteston. Ooe busdoed miszolaers of the prepaced mixrare
was antometcelly mpscted mto 1o amino ll‘:ﬂ..l.n.l!}'nl.

210 Seatistical Anaby=is

Sramsweal xnalysis was performed unngy ANOVA
and fallomred by Druaneees eear (FPosm 5.0, GraphPad Ine
Saa Diega, CA, USA). Data are peetented 30 mean = SEML
A value of P = 0.05 was accepted to be mppifican: *F
< 005, == P =< 001, *5P < 0.001).

3. RESULTS AND DISCUSSION
3.1 Drepree of Hydrolyziz (DH)

To obtzin active protein fragmenty, crocodile
bemsoplobo was Erdeolroed by tovpiis and papacs dupesnon
at different crachon times 2, 4, 6 2nd § b Trypsn prefecs
to hrdrolree az Acg and Lyz I-termunal positon, whie
P:Pmpm[ﬂstuh:rdmljunhgdmwhu&c:&ch:um
sl cetadues [30]. Teypuia o produced in the intesume
ln.disunenfﬂu-mﬂndjge:&vzmz_vmﬂj:ndu digz::i.'m
sratemn of bumans sod many other anomaly, Terpuia was
uzed tn ocdes to mimie the mrestmal dizeston, Papain iz
oot of the enzvees that uied in commentanl to prodoce
acure pepides. Diegree of hrdrolyuis (DH) is defined
as the propoction of cleaved peptide boods in 4 protein
bydrolysate. The TWES method it bared on the rexction
of prmary amins groaps with toiniteo -benzene-sulfonie
scid (TINES) reagent [31]. The exent of hemoglohin



h&uﬁ!ﬂmn:ghmm&rlhmmﬂ:hﬂdhrﬂe&m
of bydeelysls (DH) whickwas J04%, £.31%, 6.45% and
P.61% for 2h, 4 &, £ hand Bh of meubation, respectivein
The esteat of hemoglobia hrdeslysate uiag papain
digesson was 3.75%,, 8.05%, 11.27% and 1554% foc 2
b o4k 6handSh of meubanos, respectorely (Faguoe 13
BRemit: indicated thar elermapge of pepode boads, free
amme 30d and small peptides were higher content 1
leager enzremate brdrolyns, Degree of brdraly: oas

Degree of hydralysis (% DI

Chiang Mai |. Sa2. 2019, ==x(x)

mereaved when inrohation time rose. Trypsin has specific
krdiolyzed potitisa cesuliay in 2 slight insesse of DH
whtncanu\ﬂdeI.th'_rd:dpu. EHILIJ.P.I:ﬂt{.i.n
brdialraates that wese bydeolyzed by tivpiia and papaia
exbibuzed antomdan: [32-34] and mt-infamentery
sewry [35]. Alocesver, the radical seavenpmy actvites
of the hrdrolyzate: were posiorely conelated with che
DH (%) [34].

——CHH derived from
wypsin dipestion

~&=CHH derived from
papain digestbon

Time (h)

Figure 1. Degree of bydsolrsis (%DH) of CHH after typsia 20d prpain digestion for 2, 4, 6 154 & k. Hemoglobin
I:.]drﬂl}-ne:t mz_vrmal.:tau.:r d.l!.F!.l:_l‘!d a direct correlation hetseen the rate of !:jdlm!f!u fDI"I"‘, and the ume of

lzrubacoa (k).

3.2 2,2-diphenyl-1-picrylhydrazyl (DPFH) Radical
Scarenging Activity

DIFH sedied s widely naed fo: ansexdanty
screenmy because of i3 ability to seavenge oxdants
cempewad (37], I thas assar che diffecent conseatnton:
of CHH; (15-62 jgy/ mi) showed antiomdant actrvity. CHH
froen papaim Brdeoivias by b brdestris (Bh-CHEHp) az
the concentmtion of 15, 31 [Iﬂwmhz}:.udﬁzp.gfm]
shermed 4203, 56.56 and ¢1.28% acuoxidant inhibiten
AT, serpectrely, CHH decved from wypun brdsalyn
by 4=h brdrolyus (+h-CHHY) ar the concentration of
15, 31 (TCy, walue) zod £2 pp/ml shomred 48,73, 51,48
and 54.66% ansozadant inhibimon (AL), respectvely
(Figuze 2). CHH deaved fom papain hedrolyus had
better scxtenging effect when compared oith thit of
CHH degred from evprin brdoetray, This resel regpesin
Iinl:th-emu:uu-cd:ﬁ:g:m of h'fﬂ'.rul}':u of CHH desmed
froea papun brdeoimi: conid eabanee the hrdeolyzanon
I :m:ﬂpm!nm’hcﬁpcgﬁdﬂ i:::nlli:ngm:ln increate m
DITH seaveagnp actvisy: Seaveopging of DPTH sadical
by 2 protom donting subitance chinpes color from wialet
e yeiloes which o detectable a2 abiochanee of 450 am
[35]- Moreorer, CHH depred from papain hl','\dmi_rsn

shorwed the abiloy to quesch the DITH sadicals smilar
to the papain bydrolrred from Comelis slbgrs seed cake
pretein brdealrace [32],

3.3 Perrie Reducing Pomer Aszay

Feroe reducing poarer as5ay i the method that
tﬂuhL'ud an sbiliey to seduce fercie :T.l.u:&-l eomplex
[F= {C:\“‘,]m Eul:nu-: cyamde comples [Fe {m:‘],]hr
donatng electrons. The pesult thow thar CHHE decred
from trypsin kydeolyuis by +h Yydralysis ($h-CHHgj,
CHH desived from wypua bydealysis by &b bydealrais
{€h-CHH1), CHH derwed from papzin bydrelyus by
Z-b bydealrsis (Zh-CHHp) and CHH derived fom
papain brdeolysis by 8-k bydrolysi: (Bh-CHHp) at the
eoncentration (500 pg,/mi) displived significant ferne ioa
tedueing power. 2h-CHHp displared the hishe st reducton
settify eqaivalent to Trolox of about .99 mAl while
intaet Hhb, 4b-CHHe, §k-CHH: 2nd 8k-CHHp displayed
reduction equivalents of 052, 0.16, 0.05 and 0.51 mAl
Trelex, respeecrely (Figese 3). Moseores, 500 pg/ml
;E'nhrhi.nn: I:]JID‘I.EEI'FE EM.IIDI} effected :agn.:ﬁel.n.i ferrie
ion redussen equivalens o Trolox ar 18,60 el (dam
not shown). An abrorbance increase can be coorelased
to the seduinp abuliey of asnemidipr The compound
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form pomitinm feroeriacde and dus seacts wuth ferne
toichioode, pzl:l.:ugfﬂ:nc !'|='|.-.|::|-r:’.-.n:li.ﬂ.l-1 2 blue coloused
complex, with 3 mazmam abrorbaoce a0 TO0 oo, Irhas
been reposted thas protem hydrolyiates containme I,
His, Trr, Peo and Lys zesicues with high redusing pewer
showr antoxidynt activity as well 22 2 great abaliiy to donate
electrons 1o fom wable coasponnd: snd there by intesmist
the fiee radical cham peactions [37-409.

3.4 Lingleic Peroxidation Assay

Lipid peromdation is contidered o be s free madical
proee:: whizsh cecurs fzom uaamizated Lpid ondacoan
peocess. Lipid pecoxidabion ¢an damape double layer
cell membrane: leading o sumercus prodne wech as

h:pﬂmclﬂlnnmmpmnﬂurhm md:%:ﬁ: [e:.anﬂlT
malondiidelrde, MDA [41]. The remuls of the knoles
Pﬁru:bdiﬁnnuujm:lﬂﬂhh:ﬁﬁu:ntmmhﬁnm
of CHH1 [5-500 pp/ml) effected siguifeant inhibiden
of hnalew peroxidation n 2 dore-dependent manner
whea uun-p:utd witk Teolox. CHH ﬂ-ﬂi‘tﬂ.ﬂﬂﬁ'l?ﬁn
ﬂ.l' 5 ﬂcﬂflhmj,!-ﬂ:nd 500 pp/mlshewed TE.24, 499

and 97 Eﬁ%]:nnlﬂtﬁnunﬂlhmm]ﬁhﬂhﬁn,rﬂpecmtr
Mlezmorhide CHM decved from papain hrdoolysis br &b

LG

314

FETLL LTI ELLLD -

I e T T Y T T AL

Linoleie peroxidation
%% Antioxidant inhibition)
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Brdrolys ($k-CHEp) ar the eonceammuoa of 3 (I
value), 50 and 500 pp/ml showed §1.95, 100 and 103%
Leeleie poromsdanon mbibidon, serpeewrely (Figuee 4).
Aforsorer, Trolox (3, 50 nd 500 pp/ml} showed S0UE,
272 and PLEFY of Loolee peromidaseon bubives and
mtact Hb (5, 50 and 500 ,tg.-"mI_] shomred §5.12, BE.F9
aad §1.55% inhithison, The cesuls indscated thae CHE
Mpﬂnﬂnmmﬁ;‘bmmﬂmpudmmt
of CHH derived from trypain hpdrolrsis, The mishitory

effect of CHHp was simidae 1o the brdoolisate of hela
sz gelacn wh 2id comp aecha= Gly,
Poa, Gha, and Ala pesidhies [42].

3.5 Measurement of Mifric Oxide, Cell Viability and
Infammarary Crookines (IL-10 and IL-5) Preduction

The ant-mfammatory activaty of mtact Hb
zod CHH: weee evaluated oa the NO pooducson, cell
viabilisy and infammatory anﬁulPa:udncﬁml.gz.i:mt
asuezophage RATW m.?uhmnphmq’nﬁuﬁb&u;
efher the 1L'|1‘|:':I'|.T oz of orine oxde l;b«ﬂ"l
czn redace the dlu:.:nuu.l effects of indammartion.
After mduchon of mfammaton _umlcru?hngc RATT
284.7 cells by LPS additicn for 24 k, the pescentape of

1 gl

Figure 4. Linalre peromdason setreaty of CHH: decred from trypam and papan digestion at a concentraton

Sy g ml

Concentration

of 5500 pp/ml Each bas display: the mean T SELM of three demonitatioss. (** F < 001 and +== F < 0.001)

probabibity levels compared with Trobox.
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aitme cxade peoduction was defned az 10006 Fipaee 5a,
mtaet b and CHH: at concentmtions of 125-500 pg/
milshow a decresse ko altcic ozide producton in a doses
by 2-k byedeolrsis (ZheCHHp), 4b-CHHp, ¢h-CHHp and
Eh-CHHp ar » concenmtion of 300 pg/'mlthow nimic
omde producton at 46.58, 66.24, 5227 and 52.94%,
rezpeetrely. CHH denved from wypun bydeolro: by
B-h bydeolyso (Bh-CHEHY) at a concentrition of 500 g/
el thonr pitric oxide produsdon ar T4.50%. In ocdes 10
evaluate cytotoxie effects of CHH: aramst maczophaze

RAW 2647 eels, the wiahilizr of RAW 244.7 cells treaved
with defined concentations of CHEHy were examimed
{Figure 55). The resaln indicate that all CHED: decred
Eeom trypria bydsoinis aad papais Epdeolrsia kad 50
obiervable effect on cell visbiare. This resuls therss thar
CHH3 degred from papain brdrolvuiz had high effezey
to reduce nitte oxide production than CHH dered
from uypis brdrolyus The repor of O'Solivan mal
[25] showed that botine hung hrdralysates prepared unng
-4, IL-1§, and NO production in BEAW284.7 celis and

T
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Figure 5. (1) The effect of CHHy decred from trypam and papain digestion oo NO production in LFP5-actirated
mzecophare BAW 2647 cells and (b) the emote=teiry (ecd rabilizy) of CHH: deaved from wypun and papain
digestion on macrophage AW 264.7 cells decermined by the MTT assaw Each bar display: the mean = SEL of four

demoasmatisay (* P < 0,05, = P < 0.01 agd ==+ P < 0.001} peobabalry levels compazed with LIS weatmens alose.
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TL-2 production in Jurka T cells. However, the decoease
was Lkely due 1o errotoxsciry of dhis bydrolriate romwacd
theae eell bnes, With exeelent with Fhoin
&l [24], Janpprosuma o &l [23] reported thae coocodile Hb
peomides ant-mfymmatory activisy TR the ruppresnon
of mitoe oxude syothase (NO5), whoch mbohits the NO
prodaston aed decreates lndasihle pirrie oxide syathaze
(05 The peports of Lucangakulthal eral [25] pevealed
tha: hemoglobin bydsolyate with pepiin digestion
shosed ant-inflammatery actaty with decteasing pro-
tnflaeeenatory cTtokme s and orroline mediyens produstion

Chiang Mai J. Sci. 2019; x=(x)

such 23 NO, IL-6, IL-15 and PGE,. Similady, the curtent
tesults indieated that Zh-CHMp shoved the highest sctivier
o inkibit IL-§ preductan (25.73 pg/ml) compared to
LPS. 4h-CHMp, 6h-CHHp and Sh-CHHp showed the
acurity to kbt IL-6 predustion about 28,56, 26,60 and
29.84 pg//ml sespectively (Figure fa). MNotably, 4h-CHHz,
Sh-CHH:t and 6:-CHHp thowed sigmifecamily ability to
feduce IL-10 production to about 2041, £1.52 and 57.07
pg/ml compared o LPS (Figeee 6b). 2h-CHHp thowed
BOR-31F ability to rediuce ant-mfsmmatory
ertekine: IL-10 (108,30 pp/ml), The resnl: conclnde

() 804+
il = = ﬁ
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o
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i Ao e
r = 45 £ 7 & £ =
L2 &
& &
& a2
g g
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Figure 6. The efecrof CHH: derred from tryprin mad papais dipeition 313 copcenmton of 500 pg/ml oo LPS-
stmmlated (2 IL-& and L33 IL-10 Fm&mﬁum.ﬂlﬂh brar tepoesents the mean = SELL of three demonstrations. i F
< 0.05 2ad == P < 0.001) prebabiley levels compared with LPS meammeatf aleas
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that CHH derived from papain brdralyus has beteer
effzacy shan trvpiis brdeadrle, CHH degered from pagasn
bydrolyais by 2-b bydeelysis (2h-CHHp) was found to
exbibit anc-nflammaracy effects withour rems toward:
puecophage BAW 264.7 cells aod possested ability o
desseate promnfemmansry erielkoe IL-3 produeson.
The IL~6 i3 medixtor fior the producbon of mizmmamey
tnosarkess, whoch conteguendy faclizates the propieswoa
of mfammytion. TT-10 a0 anti-mAsmmarary evtokiee,
ahuch facchrates the propression of antinflammation.
IL-& alzo induce: the expression of muoltiple factor:
with ant-mfammatory properties, including IL-1R
mogonist, sobuble THF receprory, IL-10, soate phate
reactznts, glucocortooads, pootease inhibitozs (such a3
uirne mbubiros of menlopiotemate-l), 2ad suppeenioen
of crtokine signaling (S0CS)" proteins [43]. IL-6 =as
desrerted resulingin dae decgeating of TL-10 producuos.
Thus, the decreasing of IL-8 crtokmes could retard or
allerice imfammasen (4] The sollected rerules & thiz
wock indicate that the ant-mAsmmatocy actvity of CHEH
muphr be relaced o an ioreracson wich the AN/ STAT
pathrray by therr ablor to deereate pro-mfammatory
eveakine [43].

3.6 Amino Arid Composition Analyzis

The amine acid composifon ia o chareterts
feature of thiz protein CHEH dedred from trypsin
Ipeleaivis by b brdredviis (4h-CHHy) and CHH derived
from papaim hydrolrris by 2-h bpdbroirs (Z-CHFp) both
exhbized herbier sewmey than other brdroirsates sad the
Lifter showed betier 2ecoxidanr 2nd aob-mizmmeiosy
actrary. Both 4h-CHEMr and Zh-CHHp were evalaated
for their aming 2eid compormion, 4b-CHHt conming
10 amine sods, meluding The, Giy, C73, Val, Os, Len,
Tyz, The, His and Lys at 9.74, 48.91, 1514, 17445,
114, 17894, 32.76, 6721, 137.30 and 10124 pmel/l,
respeczreln Zh-CHEp contuns 15 amenn soids, meindee
Ths, G, Fro, GIr, Als, €3, Val Met, e, Lew, Trr, Phe,
Hiz, Ore and Ly 20 32748, 60.94, 400,44, 276,62, 594.30,
24903, 29425 2536, T7.07, 56354, 143,83, 24875,
25923, 36.97 and 103.06 pmel/l, respestenely (Table 1)
The prpan bydralyus showed higher antioxidant and
2ot~z fammen proey sctmiey than weypua brdselv:, the
amino acud composthon resulis revealed that papam
bydsolyai has mode amune acid rendues that conmn &
hisher guansty and vadety of amino aexd: than trypain
bredeeivais. Seveeal snuches showed thar aonexdast pooten

Table 1. Aming acid compoiibon of CHH desred from trypsim bydeolyiio by 4-h bydeodysas (4h-CHIE) and CHE
derred from papain brdzolysis by 2-h hrdeolysis (Zh-CHEp),

Sampix
Aming acsd {umal/T) 4h-CHHi 2b-CHHp
L-Asparte (Azp) . =
L-Threonine (Thr) 74 3298
L-Seqne (Ses) - -
L-Glataenie (Gha) - 454
L-Proline (Pro) - 00,44
L-Glycine (Giv) 45.91 27642
L-Alsaizne (Alx) - 594.30
L-Crrtize (C72) 1514 2493
L-Valme (Val) 174.45 284.25
L-AMethisnine (Afet) - 2538
L-Tielensine (T &1.11 707
L-Lenrime (Lex) 175.95 583.54
L-Trrosine (Th) 22,78 143,83
L-Pheoylalaaine (Fhe) §2.71 248,75
L-Histickine (Hiz) 137.30 250.23
L-Crnitne (Om) - a5.97
L-Lruoe (Ly3) 101.24 103,086
Leficgrame (A = =

- Defines son-detection
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bypdealrsazes hpdeoirzed by trrpan and papain are ennched
ia Fre, Als, Len, Trs, Phe, O, Giy, His 20d Val cesidues
[44-51] which are major constmaent mmine aeids i CHH
papas brdolysis The astiondan: aod sat-miemmaey
actwity of protem decved from papam hydrolyas resalts
feom clement: of muoxidint aminog acid reudne: aod
thiol groups that are presented in their molecule. In a
peerions qrudy, Oisa ral [3] reported thar e, His, Trr,
Fro and Ly are assumed to contobute to the reducing
pomer of protein hrdvelvzares In addition, peprades
to exbclur protesnre effest agranst Lpid preomdanes [32],
Hydrophobic amino acid side chains (e.g Lew, Phe, Val
and D) as well 2z posinvelr charged amioeg acds Ly,
.ﬁ.:gmd s} wrere documented to hare 2 mapor mivence
oo the antrinflammatory seurity of pepudes [33-35].

4. CoNcLUSION

Hemoglobin bpdrolysate was deored from
trypiin and papan hydeolysis of © iemeras bemoglobin,
CHH decred from papain brdrolrais iz ot only able o
attenuste radical secretions of DFFH, feroe reducing
and Encleis pezoxide, bat iz alio able to ruppee: LPS-
induced nitrie oxde production and pro-infammatory
eyrokane IL-4 wecretions in musine mastophager. Thete
findmgs cleady mndicate that CHH decred from papain
brdealrys poeties sonomdeat sed mu-mdammarery
activities, which provide suppost for the application
of bemogiobia hrdzalriame againsr aflammaton and
ondatre stress-related disocdens, however, further stadies
are pequured to Hennft setve peptide tequenses
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Highlights

-Proteomic analysis of WBC crocodile revealing cytoskeletal proteins and gene expression
regulators are main up-regulated proteins both 1 and 24 hours after bacterial inoculation.
-Cytoskeletal proteins may contribute WBC to phagocytosis while gene expression regulators
would accelerate synthesis proteins of bacterialresistance.

-Predominant serum proteins are down-regulated after bacterial inoculation which several of
them playing a role in cell metabolism.

Abstract

Crocodiles have amazing innate immunity, because they have frequent injuries from fighting
each other while living in pathogenic environments, but their wound healing recovery
undergo rapidly and deaths from infectious diseases are rarely reported. Previously our

observation found that RBC and WBC increase cell number around 2-folds after bacterial
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inoculation 1 hour and whole blood cell was subjected to transcriptomic analysis to
determine differentially expressed genes. The present study inoculated WBC and serum
were performed proteomic analysis. In WBC analysis, 58 differentially expressed proteins
(DEP) were up-regulated since 1h and other 51 DEPs also up -regulated at 24h when
compared with Oh. Bothprotein groups had mainly biological function involving cell
movement and gene expression regulators. This finding suggested that characteristic
effective innate immune response in crocodile may accelerate WBCs movement via
cytoskeletal protein to undergo phagocytosis along with preparing transcription machinery
proteins to arrange the synthesis of bacteria-defense proteins. For serum analysis,
predominant DEPs were down-regulated which those mainly played a role in metabolism
and signal transduction, suggesting during inoculation crocodile try to be silent and decrease

cell metabolism throughout the body for devoting energy to cope the pathogen.

Introduction

The innate immunity or non-specific immune system is the host defense mechanism
against pathogen infection by accompanying functions of cell-mediated innate immunity,
physical and chemical barriers, and humoral innate immunity mechanisms for eradicating or
slowing down pathogen growth or breakthrough. When a microbial pathogen infects the
host, the innate immune system initiates detection by pattern-recognition receptors (PRRs).
PRRs are host pathological detectors which screen microbial invaders (Kumar et al., 2011).
Innate immunity has been intensively investigated in mammals, but in vertebrates like
reptiles it is still limited although it is also important in the context of understanding the
evolution of primitive creatures to humans. Reptiles have an amazing physiological barrier
for preventing pathogen invaders including a special skin structure that forms a thick
epidermis (Alibardi et al., 2007), mucous cuticles which mainly are mucopolysaccharides,
glycoproteins, glycolipids and lipids (Riera Romo et al.,, 2016). In addition the mucosa is
basically biochemical and has low pH, hydrolytic enzymes that are highly capable at killing
invading pathogens. Furthermore, they can secrete microbicidal compounds, for instance
lysozyme and a variety of antimicrobial peptides (AMPs) which are the remarkable proteins
in innate immunity. The lysozyme protein is usually secreted accompanying mucus that has
a capable lysis bacterial cell wall. The reptile family, in particular turtle lysozyme, can
damage the cell walls of various bacteria, both Gram-positive and Gram-negative

(Thammasiriak et al., 2006). AMPs, which are small proteins, are mainly effective by damaging
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bacterial cell walls, but undergo various types of attack (Duplantier and van Hoek, 2013). In
reptiles, the relative conserved peptides group across the Reptilia Class includes defensins,
cathelicidins and hepcidin. Defensins and cathelicidins are present in the mucous secretion
of fish and reptiles like the European pond turtle (Emys orbicularis) and the banded krait
(Bungarus fasciatus) (Riera Romo et al, 2016). Naturally isolated ,B-defensin and
cathelicidin=BF from reptiles display antibacterial activity against Salmonella typhimurium,
Listeria monocytogenes, Escherichia coli and methicillin=resistant Staphylococcus aureus, as
well as antifungal activity against Candlida albicans (Stegemann et al., 2009; Wang et al,,
2008). There are other cationic peptides from different vertebrates such as piscidin,
pleurocidin and pelovaterins from fish and turtles (Lakshminarayanan et al., 2008).
Proteomics has been used broadly to study reptiles. Darville et al. (2010) conducted
a proteome analysis of WBCs used 2D gel accompany with mass spectrometry from the
American allisator (Alligator mississippiensis) and found 43 proteins that exhibit sequence
similarities to proteins from other vertebrate species. Notably, the proteins related to the
cytoskeletal system, which play a crucial role in cell mobility and phagocytosis. Another
study established the functional skin proteome of the Chinese giant salamander (Andlrias
aavidianus). The study identified 249 proteins from skin, 155 proteins from mucus, and 97
proteins from molting. Gene Ontology (GO) analysis suggests that there may be proteins
involved in various physiological processes (Geng et al.,, 2015). Proteomics screening of
Komodo dragons hosted numerous pathogenic bacteria in saliva and rapid wound healing
upon being injured was found, with 48 new cationic antimicrobial peptides from plasma.
Some of them showed experimentally effective bacterial resistance against P. aeruginosa
and S. aureus (Bishop et al,, 2017). There are a small number of proteomic studies in
crocodile and innate immune response studies in crocodiles are still limited. Herein, the
innate immunity response against A. Aydrophila, a heterotrophic gram-negative bacteria, was
measured in C. siamens/s. Then bacterial infection response-proteins during Oh, 1h and 24h

after the inoculation were profiled in WBC and serum by a proteomics approach.

Materials and methods
Bacterial preparation

A. hydrophila was pre-cultured in Nutrient Broth (NB) at 37 °C with shaking for 18 h, then
inoculated in the same medium and incubated at 37 °C until OD¢y equaled 1.0, which

corresponds to 1 x 1O9 cells ml_1 (Reyes-Becerril et al.,, 2016). The bacterial culture was
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centrifuged and then washed with phosphate-buffered saline (PBS 7.4). Bacterial cells were

re-suspended with PBS again and 1ml of 1x10” cells mU" was used for immunization.

Crocodile treatment

Male crocodiles (C. siamensis) around 4-year old from Sriracha Moda Farm Co., Ltd.
(Chon Buri, Thailand) were used. A blood sample was withdrawn from the supravertibral
branch of the internal jugular vein (pre-inoculation blood sample or 0h), while the
withdrawn blood volume from each crocodile was correlated to the size of the animal.
Immunization of the crocodile with A. hydrophila was done at a concentration of 1x109CFU
ml-l1 ml, by intraperitoneal injection into the bloodstream. At 1h and 24h after inoculation,
the inoculated blood was withdrawn. Each blood sample was examined including
observation of WBC and red blood cell (RBC) morphological change, WBC and RBC counts.

Preparation and extraction of crocodile protein from WBC and serum

In order to prepare WBC, whole blood was collected in 15 ml sterile tube containing
0.89% EDTA and left at 4 °C for 30 minutes or until plasma, WBC, and RBC level appearing.
Afterward, WBC level was gently sucked up. Serum, withdrawn from the whole blood
sample, was transferred to 15 ml sterile tubes and left for around 30 minutes. Clotting
blood appeared to have two layers; the upper part appearing as a clear red solution is
serum, and the lower part appearing as a red solid is RBCs. Serum was centrifuged to

completely isolate it from other components.

Sample preparation for gel-based proteomics analysis

Each crude protein of serum and WBC was added to a lysis buffer containing 1% SDS
in 50mM Tris-HCl pH 6.8. The solutions were homogenized with sonication ~ 10 sec, twice
(Amplitude = 80%). To concentrate protein and remove interfering compounds in the
electrophoresis step, crude protein was precipitated in ice-cold acetone, supplemented with

10 (w/v) % trichloroacetic (TCA) and 0.07 (v/v) % B-mercaptoethanol, and was left overnight

(for at least 16 hours) at -20 °C. The white platelet pellet was afterwards washed with
50mM Dithiothreitol (DTT) ice-cold acetone twice, being careful to not dislodge the protein
pellet. The pellet protein was air dried and consequently used in electrophoresis. For WBC
proteomics, inoculated and non-inoculated WBCs were isolated from other contaminants,

and then further divided into 2 fractions. The first was subjected to 4-20% gradient Bis-Tris
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SDS-PAGE to observe protein features and to compare how three protein sources exhibit
different aspects, and another fraction was subjected to liquid chromatography tandem-
mass spectrometry or LC-MS/MS mass spectrometry to quantitate and identify proteins. To
perform label-free proteomics analysis, the protein pellet was solubilized in 0.2% RapiGest
SF Surfactant (Water, USA)in 20 mM ammonium bicarbonate to enhance protein
solubilization. The protein concentration was estimated by Micro BCA™ protein assay kit
(Thermo Scientific, USA) using Bovine Serum Albumin, Factor V (Sigma, USA) as standard (0-
40 pg/ml. concentration range). The absorbance at 562 nm was measured to construct the

standard curve to evaluate protein concentrations.

Gel-free trypsin dligestion for the proteomics approach

The mixture proteins were subjected to in-solution digestion following E-Kobin et al.
(2016) with minor modifications. Briefly the sulfhydryl bonds were reduced using 5 mM
Dithiothreitol (DTT) in 10 mM ammonium bicarbonate at 60 °C for 1 hour and alkylation of
sulfhydryl groups using 15 mM lodoacetamide (IAA) in 10 mM ammonium bicarbonate at
room temperature for 1 hour in the dark. After alkylation, enzymatic digestion was
performed using trypsin (Promega, Germany); 1 ng of the enzyme: 50 ng of proteins was
added and incubated at 37°C to maximize enzymatic digestion activity overnight. The
tryptic peptide solution was dried under vacuum, then re-suspended in 0.1% formic acid in
LC-MS water, followed by desalting with a C18-ZipTip (Metler, UK). Eluted peptides (15% -

60% Acetronitrile/0.1%formic acid) were injected into the NanoAcquity system.

Protein quantitation using tandem mass spectroscopy (SynaptHDMS)

Dried peptides were protonated by formic acid before injection into the NanoAcquity
system (Waters Corp., Milford, MA). Symmetrical Cig 5 fbm, 180-lbm X 20-mm Trap column
and a BEH-130 Cjg 1.7 lm., 100-lm X100-mm analytical reversed phase column (Waters
Corp., Milford, MA) were used. Linear elution was performed with 400 nl/min using 2 eluents.
The first eluent was water with 0.1% formic acid and the second eluent was 100%
Acetonitrile with 0.1% Formic acid. 100 nanogram of protonated peptides (2 L) was eluted
using a linear gradient for 20 minutes. 200 fmol of [Gtul] fibrinopeptide B (Waters Corp.,
Manchester, UK) was used as an external lock mass for calibration. The positive mode of
peptides was analyzed using a SYNAPT™ HDMS mass spectrometer (Waters Corp.,

Manchester, UK). A quadrupole mass analyzer was adjusted to Data-dependent acquisition
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(DDA) mode to scan the range of mass per charge ratio from 300 to 1,800. For quantitative
proteomics, DeCyder™ MS 2.0 was used to convert the multiple MS/MS dataset including
the observed mass per change (m/2), intensity, and charge state of the precursor peptide
into mascot generic format (.mgf) files. The mgf files were identified by searching the MS/MS
data against the NCBI-nr database (August 07, 2015) using the MASCOT algorithm (Matrix
Science version 2.2, London, UK) available in Bruker Daltonics BioTools 2.2 software (GE
Healthcare Europe GmbH, Freiburg, Germany). The MASCOT algorithm had the following
parameters set during the MS/MS ion search; proteolytic enzyme was set to trypsin, fixed
modification was carbamidomethyl and variable modifications was Deamidation (NQ),

Oxidation (M), Phopho (ST) and Phospho (Y), 1 site was allowed for missed cleavage.

Statistical Analysis

Averaged protein intensities among Oh, 1h and 24h were subjected to statistical
analysis by the pair-wise #test with 95% significance level (p-value <0.05). The mean
intensity of the significantly different proteins both up-regulated and down-regulated from

WBC and serum generated a Hierarchical clustering using TMEV MeV version 4.9.0 software.

Result
Analysis of protein aspect from WBC and serum on SDS-PAGE

Whole blood is a mixture of various cell types, colloids and crystalloids. it is
generally divided into different blood components including RBCs, WBCs, platelets, and
plasma. In investigation blood count found both RBC and WBC number increase around two-
folds at 1 hour after inoculation compared with pre-inoculation (Unpublished data).
Noticeably Siamese crocodile has RBC number higher than WBC around 25-folds in blood
stream (Unpublished data) and whole blood cell after inoculation with A. hydrophila were
performed transcriptomics which mainly represent gene expression in RBC, thus this work
the material of interest was WBC and serum to determine in proteomic analysis. The SDS-
PAGE analysis of the WBC protein extract from Oh and 1h samples revealed patterns that
were little difference. For instance, the protein bands between Oh and 1h of 7-20 kDa range
had a similar range, but 20-29 kDa in 1h were thicker (Fig. 1A). However, the 24h protein
pattern was obviously different from Oh and 1h across small to big proteins, in other words
these proteins are probably responsible for playing crucial roles in biological mechanisms

against bacterial infection, thereby causing a dramatic change of proteins revealing both up-
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and down-regulation (Fig. 1A). For serum protein analysis in SDS-PAGE, the major protein
distribution was dispersed at high molecular weight from 70 kDa to 200 kDa, in which the
largest amount of protein in the fraction would be albumin, with apparent size around 80
kDa. Lower, from 7 kDa to 70 kDa, there was a low protein amount and the redundant
protein at 26 kDa corresponded to the Immunoglobulin (IgG) light chain. The protein pattern
of three time points was not much different. There were several protein bands obviously
exhibiting different intensities in Oh compared to 1h and 24h. For instance the protein size
around 70 kDa and 7 kDa had a bigger band at Oh over 1h and 24h. On the other hand, the
band around 22 kDa at 24h showed a thinner band than Oh and 1h (Fig. 1B).

Identification of WBC protein with LC-MS/MS

Besides SDS-PAGE analysis to determine protein profile, another fraction of WBC and
serum protein was subjected to LC-MS/MS. After performing solution tryptic digestion, and
then injecting trypsinized mixture peptide into the mass spectrometer, the spectra obtained
were blasted against the Mascot search engine (http://www.matrixscience.com/). The
obtained LC-MS/MS spectra of WBC mostly corresponded with saltwater crocodiles
(Crocodylus porosus). Regarding altered protein intensity with 1.5 fold change both up-
regulation and down-regulation and p<0.05 compared with Oh was considered as
differentially expressed protein (DEP). There were 109 up-regulated DEPs (Table S1, S2) and
7 down-regulated DEPs (Table S3) compared with Oh. Meanwhile for serum proteomic
analysis, there were 3 up-regulated DEPs and 19 down-regulated DEPs compared with Oh
(Table S4). AWl DEPs was further sorted according to their biological functions based on either
the UniProtKB Protein knowledgebase https://www.uniprot.org/uniprot/ or the NCBI
database.

The 109 up-regulated DEPs in WBC were further classified into two groups. First group
59 DEPs significantly increased expression since 1h of inoculation (Table S1), while another
group 51 up-regulated DEPs increased at 24h (Table S2). When 58 DEPs were sorted
according to their biological functions, included 1) cytoskeleton/trafficking/cell movement, 2)
transcription/translation, 3) metabolism, 4) signal transduction, 5) miscellaneous protein, 6)
unknown function proteins which number of protein ordered 15, 21,7,10, 3, 3 respectively
and 51 up-regulated DEPs were ordered 19, 14, 3, 4, 9, 1, respectively. Taken together
illustrated protein expression level of two groups were shown as a hierarchical clustering

(Figure 2A and 2B). Expression protein level was clustered according to level and similarity of
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expression pattern that is easily for comparison. For instance, (Figure 2A) i|1121884878 and
gi|1121888712 having similar expression was paced at the top, likewise ¢i|1121907972,
gi|1121821053 and ¢il1121821053 also were paced at the bottom. Interestingly, in up-
regulated DEPs since 1h, although there were 59 DEPs, 7 DEPs saturated expression since 1
hour of inoculation and plateau until 24 hours (Fig. 4A) which among four of them were
transcription factor (TFs) and transcription activators (TRs) including TFs; transcription
initiation factor TFIID subunit 1 (TAF1) and zinc finger protein castor homolog 1 (CASZ1) and
TR; importin-9 (IPO9) and KH domain-containing, RNA-binding, signal transduction-associated
protein 1 (KHDRBS1) (Table 1). This finding similar to our transcriptomic result that also found
increasing TFs gene expression level since 1 hour of bacterial inoculation. Although 1h
consisted of 59 up-regulated DEPs, their heatmap intensity was not different several folds
compared with Oh (Fig.2A), whereas intensity of Oh and 1h was comparable but obviously

differed with 24h several folds (Fig. 2B).This notice was consistently with SDS-PAGE analysis.

Sorting up-regulated WBC proteins with the Panther classification system

To annotate with a nearby evolutional organisms, the Panther classification system
(http://pantherdb.org/) was contributed using chicken (Galus galus) as references because
was phylogenetically grouped into Archosaur which includes birds and crocodilia (van Hoek,
2014). All 109 up-regulated DEPs could be hit to just 39 gene of G.galus following the criteria
of Panther classification system. These 39 genes further were grouped against the following
5 categories of PANTHER ontologies. A) Molecular function hit 22 proteins, B) In biological
processes corresponded to 46 processes, C) For the cellular component hit 17 component,

D) Pathway and F) the protein class had 8 and 18 number of hits respectively (Fig. 5).

Identification of serum protein with LC-MS/MS

Unlike WBC protein profile with almost up-regulating, in serum proteomic detected
19 proteins as down-regulated DEPs and 3 up-regulated DEPs. Their present levels during
inoculation were illustrated as a hierarchical clustering (Fig.3) and DEPs were sorted following
biological functions groups similar WBC rationale (Table S4). Interestingly, there were some
proteins having interesting pattern that may contribute to explain Siamese crocodile
response to bacterial inoculation. 8 proteins were immediately down-regulated after
inoculation since 1h and constantly expressed until 24h (Fig. 4B) which 3 of 8 DEPs function

in lipid metabolism including ADP-ribosylation factor-like protein, lipoxygenase homology
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domain-containing protein 1, probable phospholipid-transporting ATPase VB. The finding
suggested during initial bacterial infection response, crocodile may decrease cell metabolism

rate to keep energy for pathogenic fighting.

Discussion
Characteristics of WCB protein profile after 1h and 24h inoculation

After bacterial A. hydrophila inoculation by subcutaneous injection to Siamese
crocodiles, WBC number was increased around two-folds at 1h compared with Oh (in press
data). Straightforwardly bacterial immunization normally boosts up number of WBCs because
several types of WBC migrate from bone marrow pool to blood vessel to accomplish killing
invader. However, the interesting notice of bacterial challenging in Siamese crocodile is that
1h is too fast of the response compared with other organisms upon bacterial inoculation.
Generally in human WBCs initially increase in blood stream around 4-8 hours after infection
and their number are peaked around 48h (Honda et al., 2016). This may one of explanation
of crocodile having terrific innate immune system via WBC manner before pathogenic
spreading out through their body. Thus, it led to curious point how protein level responds to
inoculation. Proteomic analysis in WBC was performed to reveal protein expression profile
and may address why increase of WBC number and onset of pathogenic response proteins
in crocodile is very faster than other animals that spend time of provoking several hours or a
few days after infection (Causey et al., 2018; Waage et al., 1989). Bacterial inoculation at 1h
found up-regulated 59 DEPs. This group is quite meaningful to contribute understanding and
comparing the protein profile difference of innate immune response between crocodile and
other vertebrates that susceptible to bacterial infection. These proteins consisted of two
main groups, Cytoskeleton/Trafficking/Cell movement and gene expression regulator,
suggesting powerful pathogen eradication in crocodile in early response plays through two
group protein functions. The response with proteins in Cytoskeleton/Trafficking/Cell
movement tasks would be that WBCs undergo phagocytosis or move toward pathogenic
bacteria. First, 3 actins which are a monomer of microfilament and main responsibility being
cell strength and cell movement were up-regulated namely; actin aortic smooth muscle
actin, cytoplasmic 2, actin-like. For other cytoskeketal proteins were kinesins and dyneins.
Kinesins move along microtubules to carry cargo such as proteins from the center of a cell
to its periphery while dynein also move along microtubules in cells. They may contribute to

transfer cellular cargos which are bacterial response proteins, drive the beat of eukaryotic
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cilia and flagella (Henry et al., 2006). Moreover other proteins also involve in cell movement
such as T-lymphoma invasion and metastasis-inducing protein (Tiam) 1 and 2 contribute
cancer cell migration (Adams et al., 2010; Rooney et al., 2010), nephrocystin-4 is an actin
cytoskeleton organization (Donaldson et al., 2002). For gene expression regulator, were some
transcription factor proteins such as zinc finger and BTB domain-containing protein, zinc
finger protein 135-like, zinc finger protein castor homolog 1 which they bind DNA to make
certain regions looser and to allow easier association with other molecules, thereby
contribute to transcription and translation consequently (Fu and Blackshear, 2017). In
addition RRP12-like protein and fibrosin-1-like protein and importin-9 are implicated in
importing nuclear proteins to the nucleus, and these proteins play an important role in the
transcription machinery (Jakel et al, 2002). Moreover, some proteins participate in
metabolism including Acyl-CoA dehydrogenase family member 9 mitochondrial protein
which is an enzyme in fatty acid B—oxidation that contributes to the initial step of fatty acid
metabolism (Nouws et al., 2010). Another protein Aldehyde dehydrogenase family 16
member is family participates catalyse the oxidation of aldehydes to carboxylic acids and
produce NADH to generate ATP. Generally vertebrate cell can product endogenous
aldehydes from metabolism of amino acids, carbohydrates, lipids, biogenic amines etc.
(Vasiliou et al., 2005). Crocodile may use these enzymes to increase ATP amount to supply
the cytoskeletonal protein for their function during movement and phagocytosis.
Interestingly of up-regulated DEPs in 1h, 7 proteins increase saturated expression since 1h
which 4 of them could accelerate gene transcription rate. They included 2 TAs namely
KHDRBS1 and IPO9 and TFs namely TAF1, CASZ1 probably work together to accelerate
production new bacterial response proteins.

For WBC proteomic profile of up-regulated DEPs at 24h of inoculation, there still
were cytoskeletal proteins up-regulation such as F-actin-capping protein, nebulin, and
myosin-10. F-actin capping protein is responsibility to binds in fast-growing ends of actin
filaments (barbed end), consequently blocking the exchange of subunits at these ends. The
nebulin, myosin-10 and actin bind each other for stability (Root and Wang, 1994). The bind
three of them may be synergistic work for effectiveness cytoskeleton in phagocytosis. There
are 3 different histone isoforms; histone H1.01-like, histone H1-like, histone Hlx. Three of
them may possibly function in chromatin modification or maintain chromatin structure to
prolong cell death. The increase histone protein level in yeast extends its lifespan (Feser et

al.,, 2010). Two DEPs, histone-lysine N-methyltransferase ASH1L and histone-lysine N-
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methyltransferase KMT5B, are responsible for the transfer of a methyl group to lysine and
arginine residues of histone which is one of transcription regulation route. Methylated
histones in some cases can activate transcription like N-methyltransferase ASH1L, which can
bind to the 5’-transcribed region of actively transcribed genes, but it prefers co-functioning
with other proteins (Tanaka et al., 2011). In this inoculate we found two kinase proteins up-
regulated namely Serine/threonine-protein kinase Sgk3 and receptor tyrosine-protein kinase
erbB-4. Phosphorylated proteins are important for host-microbe interactions in term of cell
signaling. The importance of phosphoproteomic and kinomic protein as well as how do
identify two groups of protein during bacterial challenging was reviewed by (Richter et al,,
2016).

In another protein classification to be more confident in biological prediction
function, up-regulated WBC proteins were sorted by the Panther classification system using
chicken G. galus corresponding proteins because crocodile and chicken are highest
evolutionally sharing ancestor (van Hoek, 2014). Previously Miksik et al. (2018) used Panther
to group Siamese crocodile eggshell proteins by searching for corresponding human proteins.
Since characterization of crocodile protein functions is important in term of to decipher the
powerful of innate immunity and evolution from dinosaur, retile and avian. All 109 DEPs
found matching to 39 chicken proteins and further classify into 5 ontologies which is worthy
for further work to understand the innate immunity in crocodile that currently still is limited

information.

Serum protein pattern

Our serum protein expression response to inoculation found contrasting WBC
proteomic profile. 19 down regulated-DEPs mainly involved in metabolism and signal
transduction processes. Among them there were 8 proteins decrease since 1h after bacterial
inoculation and 3 of them including ADP-ribosylation factor-like protein 13B, lipoxygenase
homology domain-containing protein 1, probable phospholipid-transporting ATPase VB
involving metabolism (Takatsu et al., 2011; Pasqualato et al., 2002), suggesting crocodile try
to decrease metabolism late to keep energy for bacterial resistant pathways. Nonetheless,
other proteins do not have solid references to precisely point out the reason why they
decrease when crocodile is inoculated. Because protein in serum is pooled protein from
various cell types throughout crocodile body in particular liver (Infusino and Panteghini,

2013). The decreased protein level may suggest a slowdown of normal metabolism and
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signaling for cell growth to keep energy for devoting to pathogen resistant mechanisms. This
finding may apply to pathogen infection diagnosis using certain predominant decreasing
proteins in this study as protein markers particular in crocodiles, because serum or plasma

are easily taken from animals.

Conclusion

Innate immunity in Crocodylidae is far from complete. Crocodile is interesting animal model
to study innate immunity because it can response to bacterial infection rapidly. We
inspected total WBC number and determine WBC and serum proteomics. We seem to
decipher some interesting points that why crocodile has high potential of bacterial
eradication in infectious area over other aquatic animals. Increase number of WBCs since 1h
of inoculation is too fast in vertebrate system which normally takes several hours or a few
days. This observation may be one of reason to raise that crocodile WBCs are partial of
professional bacteria killer. Proteomic in WBC also can hint a clue of innate immunity
powerful. WBCs consist of different types and slightly different duties to response invading
pathogen. Its proteomic profile could detect protein expression change since 1h of
inoculation. The outstanding protein groups were protein involving cytoskeleton and cell
movement and acceleration of transcription process. In 24 h main up-regulated DEPs still are
involving in cell movement and contribution of transcription, suggesting crocodile WBCs may
increase rate of phagocytosis and newly synthesizing proteins proportional to time of
inoculation. In crocodile system to flisht with bacteria invader during first 24 hours of
inoculation, WBCs are thought to perform phagocytosis and accelerate synthesizing bacteria-

response proteins and speed up metabolism to supple energy for WBC.
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Figure legend
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Figure 1 Analysis of protein aspect with 4-20% gradient Bis-Tris SDS-PAGE gel (MES buffer
running system). Total protein from white blood cell was normalized by western blot with
anti—B actin (A), total protein from serum (B). Gray and black arrows indicate increased and

reduced protein expression in 24h sample compared Oh and 1h samples.
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Figure 2 Hierarchical clustering for up-regulated protein expression in WBC. (A) Up-regulated

DEPs since 1h after inoculation compared with Oh. (B) Up-regulated DEPs at 24h after

inoculation compared with Oh. The analysis was built using MeV software. Each protein was

demonstrated by a single row of colored boxes, and a single column represents different

time points inoculaation. Protein expression level corresponds with scale bars color; blue

indicates lowest protein level (0.0) black is middle level (5.0) and yellow is highest level

(10.0). The gi| and ten numbers afterward represent protein name in Gl number.
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Figure 3 Hierarchical clustering for protein expression data analysis in serum. The discription

similar to Figure 2.
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Figure 4 saturated expression level proteins since 1h. (A) saturated high expression protein of

WBC, (B) both increase and decrease saturated protein expression of serum.
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Figure 5 Up-regulated WBC proteins classified according to the Panther classification system.

Searches employed chicken Galus galus corresponding. (A) Molecular function (B) Biological

process (C) cellular component (D) Pathway (F) Protein class. Letter and number in

parentheses represent Gene Ontology ID. Numbers after parentheses represent number of

hit genes in each biological function.
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Table 1 Comparison of TF and transcription activator DEPs of C. porosus to their orthologs

DEPs” Orthologb Identity Protein named
%)

gi|1121838228 NP 620278.1 (Homo 86 Transcription initiation factor
(XP_019391885.1) sapiens) TFID subunit 1
gi|1121864870 NP 001073312.1 73 Zinc finger protein castor
(XP_019397221.1) (Homo sapiens) homolog 1
gi|1121884878 NP _060555.2 (Homo 94 Importin-9
(XP_019401855.1) sapiens)
gi|1121891341 NP 989561.1 (Gallus 96 KH domain-containing, RNA-

(XP_019403345.1)

gallus)

binding, signal transduction

associated protein 1

“Gl and Accession number of up-regulated TFs and TRs

b
Accession number of ortholog protien

“Percentate identity of DEPs and its ortholog protein
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Supplement data
Supplemental Table 1. Level expression of up-regulated DEPs of WBC since 1h of bacterial
inoculation
Gl number Protein Oh 1h 24h
Cytoskeleton/Trafficking/Cell movement
gi|1121928835 actin, aortic smooth muscle 355 71.22 8.74
gi|1121868048 actin, cytoplasmic 2 0.28 1.87 5.44
gi|1121908360 actin-like 1.23 2.51 9.08
81121914594 alpha-adducin 0.00 0.22 10.07
gi|1121798595 armadillo repeat-containing protein 4 0.00 3.21 8.55
gi|1121923033 coiled-coil domain-containing protein 141 0.44 1.33 9.67
gi|1121878367 diacylglycerol kinase iota 2.45 6.53 9.06
gi|1121919709 dynein heavy chain 7 2.40 4.66 561
gi|1121860261 formin-binding protein 1 1.90 2.81 7.98
gi|1121820145 kinesin-like protein KIF2C 1.58 3.74 8.07
gi|1121814631 mitotic-spindle organizing protein 1 1.23 3.48 5.10
gi|1121862190 nephrocystin-4 2.17 a.17 9.03
gi|1121875184 protein piccolo 243 4.52 10.24
gi|1121810931 T-lymphoma invasion and metastasis- 0.00 473 6.76
inducing protein 1
gi|1121902185 T-lymphoma invasion and metastasis- 0.54 1.59 4.98
inducing protein 2
Gene expression regulator
gi|1121809861 breast cancer type 2 susceptibility protein 4.09 6.10 9.02
gi|1121854477 DNA (cytosine-5)-methyltransferase 3B 0.07 5.31 7.90
61121827581 endonuclease 8-like 1 0.01 0.28 7.84
gi|1121852039 fibrosin-1-like protein 3.96 6.38 9.30
gi|1121799480 glucocorticoid-induced transcript 1 protein 0.00 0.54 10.42
gi|1121828823 high  affinity ~cAMP-specific and IBMX- 1.18 2.25 8.36
insensitive 3’,5’-cyclic phosphodiesterase 8A
gi|1121809713 histone H2A-beta, sperm-like 0.23 3.01 9.80
gi|1121880462 histone H2B 7 4.26 6.50 8.44
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Gl number Protein Oh 1h 24h

Gene expression regulator

gi|1121884878 importin-9 0.74 8.32 8.11

gi|1121866829 integrator complex subunit 1 393 6.95 8.23

gi|1121891341 KH domain-containing, RNA-binding, signal 2.01 6.51 8.14
transduction-associated protein 1

gi|1121887933 kin of IRRE-like protein 3 2.30 5.47 8.14

gi|1121821053 LOW  QUALITY  PROTEIN:  plasminogen 0.06 0.20 9.02
activator inhibitor 1 RNA-binding protein

gi|1121807300 RNA-binding protein 7 0.10 1.93 8.52

gi|1121886350 RRP12-like protein 0.00 7.04 10.53

gi|1121812082 TGF-beta-activated kinase 1 and MAP3K7- 1.70 6.56 8.82
binding protein 3

gi|1121838228 transcription initiation factor TFIID subunit 1 0.57 7.47 9.45

gi|1121806779 vitamin D3 receptor 1.79 3.78 7.90

gi|1121861252 zinc finger and BTB domain-containing 3.53 5.57 7.74
protein 26

gi|1121930072 zinc finger protein 135-like 2.25 4.18 7.50

gi|1121864870 zinc finger protein castor homolog 1 2.73 7.47 8.32

Metabolism

gi|1121819552 15 kDa selenoprotein 2.80 4.01 7.39

gi|1121841400 acyl-CoA dehydrogenase family member 9, 0.00 6.97 8.73

mitochondrial

gi|1121906913 aldehyde dehydrogenase family 16 member 0.53 5.14 9.25

Al
gi|1121878367 diacylglycerol kinase iota 2.12 6.53 9.06
gi|1121915605 NEDD4-binding protein 2 0.88 5.47 8.90
gi|1121898918 phosphatidylinositol-glycan biosynthesis class 0.36 1.56 7.48

F protein isoform X3

gi|1121917615 sepiapterin reductase, partial 3.56 6.92 11.15
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Gl number Protein Oh 1h 24h

Signal transduction
gi|1121834909 alveolar macrophage chemotactic factor-like  0.79 294 4.70

Signal transduction

gi|1121850238 ankyrin-3 0.30 5.55 7.50
gi|1121814530 ceroid-lipofuscinosis neuronal protein 5 2.35 6.01 8.25
gi|1121812497 gamma-taxilin 1.43 4.50 8.61
gi|1121811187 intersectin-1 0.00 2.17 7.64
gi|1121808431 pro-interleukin-16-like 1.40 7.04 8.54
gi|1121919755 receptor tyrosine-protein kinase erbB-4 0.00 0.67 7.53
gi|1121926835 rho GTPase-activating protein 22 2.54 4.14 8.56
gi|1121804795 serine/threonine-protein kinase Sgk3 2.38 5.88 8.72
gi|1121888712 spexin-like 0.19 8.26 8.63

Miscellaneous protein

gi|1121892031 ficolin-3 2.42 5.55 9.50

gi|1121833237 probable phospholipid-transporting ATPase 0.57 2.29 9.21
VB

gi|1121798781 sickle tail protein homolog isoform X11 0.12 3.24 7.17

Unknown function proteins

gi|1121824667 uncharacterized protein LOC109308304 0.00 1.51 3.39
gi|1121900401 uncharacterized protein LOC109319854 2.68 4.19 8.56
gi|1121907972 uncharacterized protein LOC109320983 0.00 1.05 7.37
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Supplemental Table 2. Level expression of up-regulated DEPs of WBC at 24h of bacterial

inoculation

Gl number Protein Oh 1h 24h

Cytoskeleton/Trafficking/Cell movement

gi|1121903935 2',3'-cyclic-nucleotide 3'-phosphodiesterase  0.00 0.00 9.75
gi|669017076 ATP synthase FO subunit 8 (mitochondrion)  0.00 0.00 11.38
gi|1121917454 cilia- and flagella-associated protein 99 6.48 6.89 10.87
gi|1121844691 dystonin 2.67 3.43 6.55
gi|1121877613 F-actin-capping protein subunit alpha-3 0.00 0.00 7.73
gi|1121835463 hydrocephalus-inducing protein homolog 1.45 1.78 7.98
gi|1121929206 kinesin-like protein KIF11 1.53 1.52 9.54
gi|1121814560 LIM domain only protein 7 4.85 2.45 7.53
gi|1121831752 lipopolysaccharide-responsive and beige-like 0.02 0.09 7.00
anchor protein
gi|1121829735 microtubule-associated protein 1A 0.00 0.00 5.02
gi|1121870527 myosin-10 4.45 4.88 10.63
gi|1121918650 nebulin 0.68 0.14 9.22
gi|1121918446 obscurin-like protein 1 4.70 5.02 9.84
gi|1121848333 paralemmin-1 0.60 0.00 8.82
gi|1121828404 protein unc-13 homolog C 5.12 2.69 10.03
gi|1121827139 spatacsin, partial 1.25 1.66 9.76
gi|1121796649 vimentin 2.53 1.39 a.14
gi|1121809837 WD repeat and FYVE domain-containing 4.69 4a.14 9.35
protein 2
gi|1121811985 X-linked  retinitis  pigmentosa  GTPase 1.72 0.83 8.38
regulator

Gene expression regulator
gi|1121830033 adenosine deaminase domain-containing 0.00 0.00 6.79
protein 1

gi|1121800402 CCR4-NOT transcription complex subunit 10 4.46 5.56 8.56
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Gl number Protein Oh 1h 24h
gi|1121802640 chromodomain Y-like protein 2.23 2.26 9.20
gi|1121923336 doublesex- and mab-3-related transcription 0.64 0.31 11.13

factor 2
gi|1121807579 Fanconi anemia group M protein 0.00 0.00 6.41
gi|1121880353 histone H1.01-like 4.93 a.75 9.91
gi|1121880343 histone H1-like 0.00 0.02 8.82
gi|1121840796 histone H1x 3.11 3.93 7.73
gi|1121808693 histone-lysine N-methyltransferase ASH1L 0.00 0.00 7.58
gi|1121889184 histone-lysine N-methyltransferase KMT5B 2.50 3.72 6.43
gi|1121872008 KRR1 small subunit processome component 2.68 3.36 9.06
homolog
gi|1121821484 single-stranded DNA-binding protein 2 4.54 4.50 7.75
gi|1121802807 zinc finger protein 40 0.00 0.00 10.47
gi|1121854609 zinc finger SWIM domain-containing protein ~ 2.29 2.13 9.68
Metabolism
gi|1121816170 L-aminoadipate-semialdehyde 0.00 0.00 10.29
dehydrogenase-phosphopantetheinyl
transferase
gi|1121813419 LOW QUALITY PROTEIN: lysozyme ¢-like 0.00 0.00 10.40
gi|1121865952 NADH dehydrogenase [ubiquinone] 1 beta 0.00 0.00 8.04
subcomplex subunit 10
Signal transduction
gi|1121886705 adenylate cyclase type 10-like 3.60 2.38 8.61
gi|1121803654 AFG3-like protein 2 isoform X2 1.41 0.58 7.16
gi|1121840804 collagen alpha-1(VIl) chain 0.00 0.26 7.28
gi|1121912072 SNW domain-containing protein 1 4.40 4.59 7.30
Miscellaneous protein
gi|1121925049 E3 ubiquitin-protein ligase BRE1A 0.64 0.82 7.75
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Gl number Protein Oh 1h 24h
gi|1121900695 HEAT repeat-containing protein 5B 0.00 0.37 8.26
gi|1121862753 MORN repeat-containing protein 1 0.00 0.00 7.45
Miscellaneous protein Oh 1h ah
gi|1121833632 PRELI domain-containing protein 2 0.00 0.00 11.25
gi|1121851137 probable E3 ubiquitin-protein ligase HECTD4  0.54 0.13 6.93
gi|1121871440 putative ciliary rootlet coiled-coil protein 2 0.00 0.00 5.27
gi|1121905442 retinoblastoma-like protein 2.50 3.12 6.14
gi|1121921562 solute carrier family 15 member 2 0.00 0.00 9.39
gi|1121885866 solute carrier family 26 member 9 0.00 0.00 9.94

Unknown function proteins

gi|1121808090 uncharacterized protein LOC109324692 4.36 6.06 8.18

Supplemental Table 3. Level expression of down-regulated DEPs WBC of bacterial

inoculation

Gl number Protein Oh 1h 24h

Down-regulated protein

gi|1121916820 Alstrom syndrome protein 1 8.97 8.90 594

gi|1121907253 cation channel sperm-associated protein 10.46 9.79 572
subunit beta

gi|1121821684 coiled-coil domain-containing protein 68 11.71 10.92 7.59

gi|1121832357 high mobility group protein B2 7.04 7.51 2.99

gi|1121829845 la-related protein 1B 5.68 5.08 3.00

gi|1121875030 PRKC apoptosis WT1 regulator protein, 6.06 8.06 4.01
partial

gi|1121859423 syntaxin-binding protein 1 11.12 12.90 7.04

Supplemental Table 4. Level expression of DEPs of Serum during bacterial inoculation

Gl number Protein Oh 1h 24h

Down-regulated

gi|1121921112 1-phosphatidylinositol 3-phosphate 5-kinase  8.13 7.38 5.42
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Gl number Protein Oh 1h 24h

gi|1121861441 actin-related protein 2/3 complex subunit 5- 10.78 1.56 4.98
like protein

gi|1121810373 ADP-ribosylation factor-like protein 13B 6.88 1.50 1.16

gi|1121805976 beta-1-syntrophin 7.56 5.99 4.60

gi|1121898426 cilia- and flagella-associated protein 36 7.75 3.48 0.00

gi|1121901553 constitutive  coactivator of peroxisome 8.33 7.21 5.43
proliferator-activated receptor gamma

gi|1121875688 C-type lectin domain family 1 member A- 7.47 2.13 2.52
like

gi|1121898159 EH domain-binding protein 1 8.51 7.74 1.11

gi|1121809122 interleukin-27 subunit beta 8.08 2.18 2.32

gi|1121814203 KDEL motif-containing protein 1 9.45 7.33 4.95

gi|1121928820 leucine-rich repeat-containing protein 18 9.91 5.07 4.63

gi|1121821387 lipoxygenase homology domain-containing 10.24 5.22 4.52
protein 1

gi|1121871075 ovotransferrin-like 4.12 3.75 1.16

gi|1121923972 perilipin-2 9.22 4.83 0.82

gi|1121895002 piggyBac  transposable  element-derived 9.38 4.82 2.75
protein 5

gi|1121833237 probable phospholipid-transporting ATPase  7.62 2.44 3.35

gi|1121806979 protein RRNAD1 9.46 6.10 5.61

gi|1121820020 protein SZT2 7.49 3.86 2.38

gi|1121889580 spectrin beta chain, non-erythrocytic 2 8.49 2.19 2.64

Up-regulated protein

gi|1121878545 3-oxo-5-beta-steroid 4-dehydrogenase 4.62 8.11 7.70

gi|1121924809 acyl-coenzyme A amino acid N- 6.27 6.59 11.13
acyltransferase 1-like

gi|1121899400 usherin a.17 8.05 8.52
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Abstract

Innate immune response in crocodilian remains poorly understand, although they
possess amazing system in context of contribution quickly wound healing upon their flight
each other. This study attempts to discover innate immune responded-genes and
understand the powerful of innate immune system of crocodilian coping pathogen invading
via blood cell count and transcriptomics. Increase number of red blood cell (RBC) and white
blood cell (WBC) in 1 hour after inoculation around two-times was considered so fast
response compared with other vertebrates and may be a powerful manner to resist invading
bacteria. Whole blood which mostly is RBC was performed transcriptomic analysis among 1
hour, 24 hours compared pre-inoculation or 0 hour. 107,592 unigenes of Siamese crocodile
were detected and then annotated with 7 well known databases which around haft of them
was able to be annotated. When compared gene expression in response to bacterial
inoculation between two time points, 22 unigenes were up-regulated and 6 unigenes down-
regulated in Oh versus 1h, 372 unigenes were up-regulated and 47 unigenes down-regulated
in Oh versus 24h and 340 unigenes up-regulated and 82 unigenes down-regulated in 1h

versus. KEGG pathway analysis revealing in first hour of inoculation increased expression of
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TFs and TRs genes and later on those TFs and TRs probably contribute to provoke
expression of hundreds of genes with verities of functions in inflammation, bacterial killing,
metabolism to synchronously attempt resistance of bacteria invader which was appeared
the increase of gene expression at 24 hours.

Keywords. RNA-seq analysis, Crocoadylus siamensis, bacterial inoculation, Innate immunity

Introduction

Despite of crocodile habitant plentiful bacterial pathogen and their behavior favorable
fishting thereby frequently getting injury, their wound is no seriously infectious and healing
take place quickly (van Hoek, 2014). This notice is quite interesting in term of how does
crocodile immune system so powerful, but intensive study in crocodile of this issue is still
lack. Incidentally, investigations in context of seeking the way to employ crocodile as
traditional medicine are being interesting issue. Thought of some Asian cultures, consuming
crocodile blood can improve human health and furthermore it has been developed as food
supplement which is able to be alternative medicine for curing some diseases such as
allergy and asthma as well as prolonging the life of the patients (Chaeychomsri et al.,
2009). The ancient people belief is constantly with modern scientific reports, because
plasma alligator consists of mixture of proteins and peptides which are effective bioactive
antimicrobial agent against multi-drug resistant bacterial pathogens (Barksdale et al., 2016).
Alligator serum (Allicator mississjppiensis) was proved obviously to be antibacterial agent
better than 10 folds compared human serum as well as winder broad spectrum to inhibit
bacterial cell growth (Merchant et al.,, 2003). While leukocyte extract also is antimicrobial
agent, it is able to inhibit growth of six species of yeast, 10 bacterial species and two viruses
(Merchant et al.,, 2006). Crocodylidae family also had been intensively investigated of
hematology in particular antimicrobial agent investigation, possibility of using crocodile
blood for non-communicable diseases therapeutic intervention (Phupiewkham et al., 2018;
Phosri et al.,, 2018). In addition crocodile blood also carries anti-oxidant, anti-inflammation,
anti-cancer activity etc. (Phosri et al,, 2014; Ou and Ho, 2016). However, so far innate
immune responded-genes and proteins of crocodile has been still small amount
information. It would be worthy, if such genes and proteins will be revealed further which
may choose strong candidate either gene or protein for determination in therapeutic

intervention or other proposes.
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The transcriptomics in immunology is a screening useful technique for initial
understanding of host defense, pathogenic microbial escape from eradication, host-pathogen
interactions, eventually leading to identification of new disease targets, vaccine and antibody
candidates for therapeutic interventions. RNA-seq (RNA sequencing) or whole transcriptome
shotgun sequencing, is used to explore in context of both qualitative and qualitative
measurement of gene expression in given condition (Chu and Corey, 2012; Wang et al,,
2009). Investigating transcriptomics of low evolutionary vertebrates like crocodiles is
interesting, because they are unique and may profoundly understand the evolutionary
immunology from reptiles to humans. So far our group have reported some articles
proposing that Siamese crocodile blood components such as serum, plasma and white
blood cell (WBC) extract contain a mixture of antibacterial proteins ranking from small
proteins to bulky proteins (Theansungnoen et al, 2014; Jangpromma, et al, 2016;
Kommanee et al., 2012), but have not been yet figuring out how many number of either
genes or proteins expression as well as timing of their expression. Thus we anticipate
transcriptomic analysis of bacterial inoculated blood may provide informative bacterial-
responded genes of Siamese crocodile. In addition, currently the therapy of microbial
infectious diseases with peptides is interesting, because the drawback of antibiotic drug
applications in infectious diseases is that in the long term it affects drug resistance. Thus
crocodile peptide is an opportunistic therapy choice. The discovery of effective antimicrobial
peptides from crocodile blood to replace antibiotic drug use is a promising hope.
Furthermore, for another purpose, transcriptomics could hopefully monitor the similarities or
differences in the innate immunity systems between crocodiles and intensively studied
animals, like several species of mammalians, through altered gene expression level during A.

hydophyla inoculation at 1h and 24h compared to Oh.

Materials and methods
Bacterial preparation

Aeromonas hydrophila was pre-cultured in Nutrient broth (NB) at 37 °C with shaking for
18 h, then inoculated in the same medium and incubated at 37 °C untill ODgy equal 1.0
which corresponds to 1 x 1O9 cells mf1 (Reyes-Becerril et al,, 2016). The bacterial culture
was centrifuged and then washed with phosphate-buffered saline (PBS 7.4). Bacterial cell

was re-suspended with PBS again for inoculation.
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Crocodile treatment

Male crocodiles (C. siamensis) around 4-year old from Sriracha Moda farm Co., Ltd. (Chon
Buri, Thailand) were used. Blood sample was withdrawn from the supravertibral branch of
the internal jugular vein (pre-immunized blood sample or 0 h), while the withdrawal blood
volume from each crocodile was correlated to the size of the animal. The crocodile was
inoculated with 1 ml of Aeromonas hydrophila at a concentration of 1x10°CFU mlft, by
intraperitoneal injection into the bloodstream. After injection 1h and 24h, blood was
withdrawn and transferred to a 15 ml sterile centrifuge tubes which one fraction contained 1

ml. All samples were kept on ice until further use.

RNA-seq sequencing, gene annotation, differentially expressed genes identification

Whole blood was performed RNA extraction with TRIzol™ reagent and isolation
following Invitrogen™ manufacturer’s recommendation (California, USA). Total RNA was
treated with DNAase. RNA samples were validated quality which needs to pass through the
following three steps including 1) Nanodrop with evaluation of preliminary quantitation, 2)
Agarose gel electrophoresis to tests RNA degradation and potential contamination, 3) Agilent
2100: checks RNA integrity and quantitation. Afterward, library construction and quality
assessment were performed. mRNA from total blood of 3 samples were enriched from total
RNA using oligo(dT) beads. The mRNA was fragmented randomly, followed by cDNA
synthesis, sequencing by Illumina Sequencer and transcript assembly. To achieve gene
functional annotation, seven databases including NR (NCBI non-redundant protein
sequences), Nt (NCBI nucleotide sequences), KO (KEGG Orthology), SwissProt , Pfam (Protein
family), GO (Gene Ontology), KOG (euKaryotic Orthologous Groups) are applied by Novogene
approach. In gene expression analysis, de novo transcriptome filtered by Corset is used.
RSEM (Li et al,, 2011) mapped reads back to transcriptome and quantified the expression
level. Read count value obtained from the gene expression analysis is used as the input
data to do differential expression analysis. Volcano plot was used to infer the overall
distribution of differential gene expressions (DEG). The threshold was normally set as: [log2
(Fold Change)] > or < 1 and g-value < 0.005 and the Venn diagram presented the number of
genes that were uniquely expressed differentially within each group. In GO Enrichment
analysis of DEGs, Gene Ontology (http://www.geneontology.org/) is a major bioinformatics
initiative to unify the presentation of gene and gene product. While the KEGG pathway

enrichment analysis, the interactions of multiple genes may be involved in certain biological
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functions was used to do pathway enrichment analysis and identify significantly enriched
metabolic pathways or signal transduction pathways associated with DEGs compared with
the whole genome background. KEGG enrichment scattered plot showed the DEGs
enrichment analysis results in KEGG pathway. The degree of KEGG enrichment was measured
by Rich factor, g-value and the number of genes enriched in this pathway. Rich factor refers
to the ratio of the DEGs number in the pathway and the number of all genes annotated in

the pathway. Q-value is the p-value after normalization and its range is 0 to 1.

Results
Inspection of inoculated Crocodile

After inoculation male Siamese crocodiles (C. siamensis) around 4-year old by syringe
injection with A. hydrophila, physiological and morphological inspection were done. The
examination after inoculation 1h and 24h did not show any behavior change. Afterward 24h
after inoculation crocodiles were opened body to dissect pathological change. There was no

significance of morpholosgical change between non-inoculated and 24h inoculated crocodiles.

Number of WBC and RBC during inoculation

A. hydrophila is a heterotrophic, Gram-negative, rod-shaped bacterium found in a
warm climate region and was used in this study as a bacterial pathogen infectious to C
siamensis. Morphological features of WBC and RBC of Oh, 1h and 24h looked comparable.
The number of WBC at Oh was nearly 1,900 cells pl_l, but at 1h their number dramatically
increased to nearly 3,700 cells pl_1. However at 24h their number dropped down to around
2,200 cells plfl (Fig. 1A). Likewise for RBC observation, at Oh the total number was 50,000
cells pl_1, but at 1h the cells were boosted up to near 90,000 cells ul_1 (approximately 2-
fold) and dropped down to near 67,000 cells pl’l in 24h (Fig. 1B).

De novo assemblies and data analysis

Although did not notice obvious change after 24h of bacterial inoculation, it is
possible that the onset of morphological change may take place longer than 24h that is
consistent with our expectation. However, we expect the use of transcriptomic analysis may
get the valuable clue for further study to understand mechanism of innate immune system
of crocodilian that be considered powerful in pathogen invading eradication. Considering in

blood stream, RBC number of Siamese crocodile was kept higher WBC around 25 folds in
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three time point (Figure 1), thus gene expression profile in this study has a tendency
represent RBC pattern. Transcriptome data of 3 different samples were generated by whole
transcriptome shotgun sequencing (RNA-Seq). 60,866,148 59,042,408 and 62,101,112 were
raw reads 59,436,942 57,560,316 and 60,556,164 were clean reads 49655960, 47761848
and 50115898 were total mapped read for Oh, 1h and 24h, respectively (Table 1). The
transcripts and unigenes length revealed orderly 500-1kbp = 200-500bp = longer 2kbp > 1-
2kbp (Table 2). Totally the number of transcripts of three samples was 107,679 and total
number of unigene was 107,592 (Table 2). Annotation 107,592 unigenes with 7 databases
namely NR, NT, KO, SwissProt, PFAM, GO, KOG (Table 3), among them no any databases
could annotate reaching 50% of total unigenes which the most effective database was NT
that was able to annotated 49.13% and KOG database could annotate the lowest number of
unigene 19%. 11,912 unigens or 11.07% all databases could be annotated and 60,912
unigenes or 56.61% at least one database could be annotated (Table 1), suggesting
crocodile gene functional characterization relatively limit investigation so far.

When characterization of crocodile unigenes were searched against the non-
redundant protein database (Nr), the E-value used to indicate the similarity of unigenes
against the database by which the low E-value is directly proportional to the high similarity.
This study E-value <1.0e-45 was use as critical threshold based on Song et al. criteria (2017)
which found 71% , whereas E-value range around 1.0e-45-1.0e-5 was 29% (Fig. 2A). For
similarity distribution analysis of unigenes range 80-95% shared 48.7% and the range 95-
100% shared 25.6% to available reference sequences (Fig. 2B). The unigene sequences had
quite high homology with Alligator mississippiensis and Alligator sinensis as 34.7% and 31.3%
respectively which they are phenogentically grouped into Family Crocodylidae along with
Siamese crocodile, followed by those of Chrysemys picta and Chelonia mydas that were
turtle with the similarity to 4.6% and 3.4%, whereas the similarity to Homo sapiens just was

hit 1.6% (Fig. 2C).

Unigene analysis upon bacterial immunization

In comparison unigene expression level between two time points to consider how
many of DGEs were up- or down-regulated, the log, (fold change) was used and lower than -
1 and higher than 1 was interpreted to be down-regulated and up-regulated significant
expression respectively. Upon comparison the expression of 1h and Oh (a) found 22 up-

regulated and 6 regulated unigenes, while comparison between 24h and 1h (b) found 372
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up-regulated and 47 regulated unigenes and comparison between 24h and 0Oh (c) found 340
up-regulated and 82 regulated unigenes (Fig. 3A-C). With either up- or down-regulated DEGs,
there were merely 7 unigenes overlapping between (a) and (b) and 13 unigenes between (a)
and (c), while the overlapping unigenes between (b) and (c) were 334. The exclusive
unigenes of (a), (b) and (c) were 8, 78 and 75 respectively (Fig. 3D).

Furthermore Kyoto Encyclopedia of Genes and Genomes (KEGG) was exploited to
illustrate blood cells response to bacterial inoculation via the change of DEGs. KEGG
mapped DEGs to several canonical reference pathways and the most top 20 enriched key
pathways significantly enriched (g-value <0.05). In comparison up-regulated DEGs of 1h
versus Oh, predominant enriched KEGG pathways were TNF signaling pathway, Osteoclast
differentiation (Table 4) which almost them were genes encoded TF. Because genes in TNF
signaling and Osteoclast differentiation pathway had overlapping members, up-regulated
unigenes of both pathways corresponded 5 TFs of Crocodilia namely XP_006262364.1,
XP 006271086.1, XP_006267477.1 coresponding to Alligator mississippiensis —and
XP_006014950.1, XP_006015445.1 coresponding to Alligator sinensis (Table 5). All of them
would be thought to accelerate newly synthesizing bacterial pathogen responding-genes.
For 2dh versus Oh and 1h almost proteins in inflammation and bacterial response would
affect the TF up-regulated at 1h of inoculation such as Tuberculosis, Phagosome, Pertussis
(Table 4).

Moreover cathericidin genes were considered because they encode antimicrobial
peptide that are powerful peptide to kill bacteria and are remarkable peptide in innate
immunity of crocodile. In this study 7 genes named as Cs-CATH#1- Cs-CATH#7 were
detected and only Cs-CATH#6 did not up-regulated significant expression at 24 hour, but
other genes were (Table 6). In addition for analysis of down-regulated DEG with KEGG
Enrichment pathway, there was no gene different between Oh and 1h. However for 24h
compared to 1h and Oh two interesting pathways were intestinal immune network for IgA
production and primary immunodeficiency that were the two tops of enriched key pathways

(Table 7).
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Discussion

Order Crocodilia includes three true crocodiles, but they are phylogenetically
grouped to different family namely Crocodylidae, Alligatoridae, Gavialidae. They are
interesting vertebrate in term of primitive animal which are considered as only evolutionarily
surviving relatives of dinosaurs (van Hoek, 2014) and possessing high effective pathogenic
innate immune response. Currently there are a few investigations using transcriptomic
analysis reveal Crocodilia gene expression, for instance the utilization RNA-seq to verify
alligator genes governing temperature-dependent sex determination (Yatsu et al., 2016). In
addition the evaluating study in measure GC content of EST in Crocodilia compared with
avian and human found pretty same level, but differ from amphibians and fish that have
lower GC-rich isochore (Chojnowski et al.,, 2007). Since there are subtle transcriptomic
information in Crocodilia, our work wish fills up the gene expression information as well as

bacterial innate immune response information.

Total of WBC and RBC change after bacterial immunization

Count of blood cells and comparison the number before and after inoculation found
both WBC and RBC numbers were increased around two-folds at 1h. Generally in human
bacterial infectious boosts up number of WBCs (Aminzadeh and Parsa 2011) because several
types of WBC migrate from bone marrow pool to blood vessel. However, the interesting
notice is that 1h is too fast of the response compared with other organisms upon bacterial
inoculation. In human WBCs initially increase in blood stream around 4-8 hours after
infection and their number are peaked around 48h (Honda et al., 2016). This may one of
explanation of crocodile can terrifically heal their injury rapidly via WBC manner before
pathogenic spreading out through their body. Another reasoning observation is that RBC also
increased. Minasyan (2014) proposed that WCB cannot effectively phagocytize invading
bacteria in blood stream because strongly blood flow hurdle of engulfing. Instead RBCs can
do so to catch bacteria by electric charge; thereby bacteria are fixed on the surface of RBC
and then are killed by exocytosis with oxygen released from oxyhemoglobin (Minasyan
2018).In addition supporting evidence of RBC contribution of destroying invading bacteria,
infected RBC of rainbow trout fish 24 h with LPS study can stimulate gene expression
involving inflammation system such as tumor necrosis factor like, oxidative-stress responsive

1, interferon regulatory factor etc. (Morera and MacKenzie, 2011). Our findings suggest that
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fast increase of RBC after inoculation may be apart effective innate immune response

crocodile to kill invader.

Transcriptomics information contributing to crocodilia gene annotation

Our work found that 107,592 unigenes were detected and used 7 databases for gene
annotation according to biological gene product function in which around half of them
could annotate and classify via rationale categories of each database. BLASTX analysis
against the Nr protein database depicted reliable information with E-value ranging e<-45
72% of unigene, percentage similarity distribution during 80-100% being 74.3% of unigene
and unigene hit to the Alligator mississippiensis and Alligator sinensis 66%. Moreover this
study is useful for product recombinant protein. Producing mass valuable protein using
heterologous expression in favorite organisms like £.coli and Yeast is general platform. The
expressed protein so called recombinant protein is applied extensively. Recombinant
protein hepcidin possessing antibacterial activity is able to inhibit growth of various bacteria
(Hao et al., 2012). According to the discovery so far blood crocodile proteins and/or peptides
have abroad range of functions for instance antimicrobial, anti-inflamtion, and even anti-HIV
anti-cancer (Maijaroen et al., 2018; Lueangsakulthai et al., 2018; Kozlowski et al., 2016). Since
crocodile genes are majorly gene family do not know which gene and how much are
expressed in blood cell in particular bacterial infection circumstance. Currently their gene
expression level are still limited and until now there are no cDNA library of crocodile. Our
RNA-seq information would inform which genes in curtain family responsibly function and
could point out which genes are low or high abundant which is useful for considering which
genes is important among their gene family. In addition, the unigene sequence from this
study can compared sequence with other organisms either reptile group or mammal group
to understand evolution of innate immunity via bacterial pathogen responded-genes.
Although three crocodilians have been done genome sequencing and leased publishable
genomic information along with comparing how closed they are to their ancestor (Green et
al,, 2014), until now gene expression level information versus any challenges still limited.
The study of temperature-dependent sex determination of alligator study also used RNA-seq
to explore DEGs and found 375.2 million paired-end reads of RNA-seq yielded, but this study

did not mention how any unigens were revealed (Yatsu et al., 2017).
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Gene expression in bacterial inoculation

Figuring out DEGs as many as possible upon inoculated crocodile blood cell
compared with non-inoculated sample is worth information for understanding innate
immune response in particular up-regulated DEGs. This transcriptomic work using whole
blood has advantage point because injection of bacterial pathogen directly to blood stream,
gene expression profile in RBC is discovered since it is major directly respond invader rather
than WBC according to Minasyan (2018) proposed and fortunately our work used whole
blood cell to perform RNA-seq in which Siamese crocodile RBC prominently exist around 25-
folds over WBC. Moreover ratio RBC/WBC of Crocodylus palustris is around 120 folds (Arikan
and CiCek, 2014). Thus gene expression profile may weight to RBC rather than WBC.
Considering up-regulated DEGs between pre-inoculation and inoculation 1h, in KEGG
pathway Osteoclast differentiation and TNF signaling were two top pathways. The member
of two pathways is TFs. When blast nucleotide those unigenes to NCBI database, they hit to
5 TFs namely transcription factor jun-B, transcription factor Spi-B-like, proto-oncogene c-Fos,
partial, transcription factor jun-D, suppressor of cytokine signaling 3, CCAAT/enhancer-binding
protein beta. The increase of TFs expression at 1 hour suggests that crocodile blood cell will
accelerate a number of genes expression after 1 hour of inoculation to resist the enemy. In
comparison 24h to Oh or 24h to 1h, the up-regulated pathway seem to similar. The pathway
can divide into two groups, fist bacterial killing such as Tuberculosis, Legionellosis
Leishmaniasis, Malaria, pertussis Phagosome and pathogen infection response such as
Rheumatoid arthritis, Cytokine-cytokine receptor interaction, Complement and coagulation
cascades, Salivary secretion, Inflammatory bowel disease. Furthermore one of protein
family that is powerful in innate immune response, especially crocodile is antimicrobial
peptide. Only cathericidin antimicrobial peptide family was detected in this analysis.
cathericidin in Alligator sinensis consists of 6 genes and measured gene expression in As-
CATH1-6 are mainly expressed in immune organs and epithelial tissues, but did not
determine the expression in blood cell (Chen et al.,, 2017), while Alligator mississippiensis
and Crocodylus siamensis also reported antimicrobial efficacy, but did not propose number
of gene in such organisms (Barksdale et al.,, 2017; Tankrathok 2018). This analysis 9
cathericidin unigenes were found, but hit to 5 cathericidins of Crocodilia. 7 of them showed
up-regulated DEG at 24 hours, but not at 1 hour. This is a worth preliminary information to

follow understanding this antimicrobial peptide family.
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Conclusion

Siamese crocodile transcriptomic analysis with RNA sequencing of whole blood cell
which represent gene expression profile mainly of RBC rather than WBC according to
prominent available in blood cell population is worthily informative of Order Crocodilia to
fisure out how it due with pathogenic bacterial inoculation. At 1h it obvious TNF cytokine
action to run on bacterial management via TNF signaling pathway a long with increase of a
number of TFs to promote bacterial response genes. While the response at 24h provoked

genes implicated in inflammation, antimicrobial, metabolism.
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Figure legends
Figure 1. Change in number of WBC and RBC among non-immunized (0h) and immunized 1h
and 24h.

Figure 2. BLASTX analysis of unigenes identified from the C. siamensis transcriptome. A total
of 107,592 unigenes were queried against the nonredundant (Nr) protein database. The pie
charts show the species distribution (A) E-value (B) similarity distribution (C) species

classification.

Figure 3. DEGs in the RNA-Seq data. Volcano plot of statistically significant DEGs at P < 0.05
identify from the RNA-Seq. The X-axis shows the fold change in gene expression between
different samples, and the Y-axis shows the statistical significance of the differences. (A-C)
Statistically significant differences are represented by lower -1 and higher 1 of log, (fold
change) corresponding to down- and up- regulated DEG respectively. (D) The venn diagram
presents the number of different expressed genes between each group and the overlaps

between groups
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Figure 1 Change in number of WBC and RBC among non-immunized (0h) and immunized 1h
and 24h.
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Figure 2 BLASTX analysis of unigenes identified from the C. siamensis transcriptome.
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Table 1 Overview of the number of transcripts and unigenes in different length intervals

Transcript length interval  200-500bp ~ 500-1kbp  1k-2kbp >2kbp Total
Number of transcripts 27413 34514 20704 25048 107679
Number of unigenes 27326 34514 20704 25048 107592
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Table 2 The Ratio of Successfully Annotated Genes in each data base.

Annotated in Number of Unigenes Percentage (%)
NR 43934 40.83
NT 52866 49.13
KO 22620 21.02
SwissProt 38118 35.42
Pfam 37187 34.56
GO 37270 34.64
KOG 20441 18.99
Annotated in all Databases 11919 11.07
Annotated in at least one Database 60912 56.61
Total Unigenes 107592 100

Percentage in parenthesis indicates number of annotated total reads with databases.
Annotation databases; NR (NCBI non-redundant protein sequences), Nt (NCBI nucleotide
sequences), KO (KEGG Orthology), SwissProt , Pfam (Protein family),GO (Gene Ontology), KOG

(euKaryotic Orthologous Groups)

Table 3 Number of read in 3 different times investigation

Sample name Raw Reads Total reads Total mapped
Oh 60866148 59436942 49655960 (83.54%)
1h 59042408 57560316 47761848 (82.98%)
24h 62101112 60556164 50115898 (82.76%)

Percentage in parenthesis indicates reads that can be mapped to the reference genome



Table 4 KEGG Enrichment pathway of up-regulated DEGs in comparison in two time points

lhvsOh 24hvsO0h 24hvs1lh
Pathway gene number Pathway gene number Pathway gene number

Osteoclast differentiation 6 Tuberculosis 22 Tuberculosis 18
TNF signaling pathway 5 Pertussis 10 Phagosome 14
Prolactin signaling pathway 3 Rheumatoid arthritis 10 Salivary secretion

Amphetamine addiction 2 Biosynthesis of amino acids 10 Rheumatoid arthritis

MAPK signaling pathway 4 Phagosome 13 Complement and coagulation cascades 7
Circadian entrainment 2 Cytokine-cytokine receptor interaction 15 Cytokine-cytokine receptor interaction 13
Oxytocin signaling pathway 3 Complement and coagulation cascades 7 Pertussis 8
HTLV-I infection il Salivary secretion 8 Prion diseases 5
Pertussis 2 Legionellosis 8 Biosynthesis of amino acids 8
Salmonella infection 2 Leishmaniasis 9 Staphylococcus aureus infection 6
Rheumatoid arthritis 2 Prion diseases 5 Legionellosis 7
Herpes simplex infection 3 Malaria 7 Malaria 6
Leishmaniasis 2 Inflammatory bowel disease 7 Inflammatory bowel disease 6
Dopaminergic synapse 2 TNF signaling pathway 10 Leishmaniasis 7
Colorectal cancer 2 Staphylococcus aureus infection 6 Collecting duct acid secretion 3
Cholinergic synapse 2 Osteoclast differentiation 11 Amoebiasis 8
Toll-like receptor signaling 2 Galactose metabolism Chagas disease 8
B cell receptor signaling 2 African trypanosomiasis Galactose metabolism 4
Chagas disease 2 Amoebiasis Alanine, aspartate and glutamate 4

metabolism
Hepatitis C 2 Salmonella infection 7 Starch and sucrose metabolism 4

18¢



Table 5 Up-regulated DEGs transcription factors since 1 hour after bacterial inoculation

Unigenea

. b
Accession

C
Coresponse gene

Functiond

Cluster-2754.36308

Cluster-2754.41660

Cluster-2754.35538

Cluster-2754.39612

Cluster-2754.36850

XP_006262364.1

XP_006014950.1

XP_006015445.1

XP_006271086.1

XP_006267477.1

Transcription factor jun-B

Transcription factor Spi-B-like

Proto-oncogene c-Fos, partial

Transcription factor jun-D

CCAAT/enhancer-binding

protein

Transcription factor involved in regulating gene activity following the
primary growth factor response

Acting as a sequence specific transcriptional activator

Transcription factor recognizing and binding to the enhancer
heptamer motif

Transcription factor binding AP-1 sites

Transcription factor regulating the expression of genes involved in

immune and inflammatory responses

*The name of unigene of this work

b
Accession number that have high nucleotide sequence similar to Siamese crocodile cluster

c .
Gene name correspond accession number

“Possible gene function according to the UniProt Knowledgebase (UniProtkB) https://www.uniprot.org/

8¢
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Table 6 Comparison cathelicidins of C. Siamensis and their ortherlogs

log2 Fold log2 Fold®

Unigenea 1h/oh 2ah/1h Accession” % ident'rtye query cover
CS cathelicidin #1 -0.33964 5.4489 XM 019482930.1 82% 70%
CS cathelicidin #2 -0.29315 6.4476 XM _006037211.3 91% 82%
CS cathelicidin #3 -0.028455 1.295 XM 014606513.2 85% 83%
CS cathelicidin #4 -0.11067 4.9506 XM 006026411.3 87% 97%
CS cathelicidin #5 0.10023 1.4655 XM _006026410.3 91% 34%
CS cathelicidin #6 0.060913 0.52344 XM _006026410.3 90% 40%
CS cathelicidin #7 -0.072179 4.4788 XM 006262429.3 91% 11%

*Numbers of unigene in RNA-seq analylysis were named CS (C. siamensis) cathelicidin
following the sequence number

bLogZ fold change CS cathelicidins gene expression revel of Oh compared 1h

CLogZ fold change CS cathelicidins gene expression revel of 1h compared 24h
dHighes‘t score of hit accession number in NCBI all of them are gene of Alligator
mississippiensis

“% identity between accession number and CS cathelicidin

‘
Query cover between accession number and CS cathelicidin



Table 7 KEGG Enrichment pathway of down-regulated DEGs in comparison in two time points

24hvsOh

24 h vs 1h

Pathway

gene number

Pathway

gene number

Intestinal immune network for IgA production
Primary immunodeficiency

Asthma

Hematopoietic cell lineage

Dilated cardiomyopathy

Viral myocarditis

Staphylococcus aureus infection

Allograft rejection

Autoimmune thyroid disease

Leishmaniasis

Phagosome

Arrhythmogenic right ventricular cardiomyopathy
Systemic lupus erythematosus

Rheumatoid arthritis

B cell receptor signaling pathway
Hypertrophic cardiomyopathy

Inflammatory bowel disease

Tuberculosis

African trypanosomiasis

Graft-versus-host disease

5
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Primary immunodeficiency
Intestinal immune network for IgA production
Rheumatoid arthritis

Asthma

Leishmaniasis

Hematopoietic cell lineage

B cell receptor signaling pathway
Staphylococcus aureus infection
Allograft rejection

Autoimmune thyroid disease
Systemic lupus erythematosus
Salmonella infection

Viral myocarditis

Toll-like receptor signaling pathway
T cell receptor signaling pathway
Phagosome

Inflammatory bowel disease
Osteoclast differentiation

HTLV-I infection

Colorectal cancer
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Abstract

Cathelicidins, a group of vertebrate multifunctional molecules play role in innate immunity.
Cathelicidins are antimicrobial peptides that involve in the protection against microbial
invasion. Nowadays, amphibian cathelicidin-like antimicrobial peptides have been identified
from only 10 species and some of these cathelicidins have not yet been functionally
characterized. In this study, a novel cathelicidin was identified from the lung of frog, Rana
tigerina. A cDNA sequence (786 bp) encodes a predicted 157-residue prepropeptide of R.
tigerina cathelicidin (Rt-CATH), which comprised of a 20-residue signal peptide, a 108-residue
cathelin domain and a 29-residue mature cathelicidin peptide (PCR29). The multiple
sequence alignment and phylogenetic analysis demonstrated that Rt-CATH shared a high
degree of similarity with other amphibian cathelicidins. The synthetic PCR29 peptide
possesses antimicrobial activity against only Bacillus subtilis. However, the N-terminal twelve
amino acid residues of PCR29 (PCR12) peptide was used as a template peptide for designing
novel antimicrobial peptide. Two candidate (PCR12 template and PCR12modify6) peptides
were selected for investigation of antimicrobial activity. Only four residues were changed
from the PCR12 template line, the net charge was increased to 6 and presented [ hetix
structure. PCR12modify6 peptide performed an antibacterial activity against Gram-positive
and Gram-negative bacteria. This is the first cathelicidin identified from R. tigerina and

highlighted its derivative peptide potent the novel peptide antibiotics template.
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1. Introduction

Cathelicidin is a class of antimicrobial peptide which found in almost all vertebrates
(Avila., 2017). The cathelicidin prepropeptides contains the N-terminus conserve region
named is ‘cathelin’ and the variable C-terminus mature peptide region perform the
antimicrobial activities (Zaiou and Gallo, 2002). Moreover, not only antimicrobial activity but
cathelicidin also involve in other biological roles including angiogenesis, cytolysis induction
and chemotaxis for immune system cell (Ramanathan et al., 2002).

Amphibians live in harsh environments, with their exposed skin making them
vulnerable to microorganisms, ultraviolet radiation and injury (Xu et al,, 2015). To combat
these factors, they have evolved a unique and highly effective polypeptide defense system
in their skin (Yang et al,, 2012). Amphibian skin have been proven to secrete diversity of
small bioactive peptides with diverse pharmacological bioactivities, including antimicrobial,
antioxidant, and immunomodulatory activities (Zhang et al., 2015). Previous research has
demonstrated that amphibian skin can repair itself quickly after damage, and thus has
potential in wound healing drug development (Ferris et al., 2010; Rezazade Bazaz et al,,
2015). However, research on wound-healing promoting peptides, especially those found in
amphibian species, is still in its infancy.

Cathelicidins have been identified in multiple vertebrates, but not in many
amphibian species. To data, only five amphibian cathelicidins have been identified, including
cathelicidin-RC1 and RC2 from ARana catesbeiana, cathelicidin-AL from Amolops (oloensis,
cathelicidin-PY from Paa yunnanesis, and Lf-CATH1 and 2 from Limnonectes fragilis (Hao et
al,, 2012; Ling et al, 2014; Wei et al, 2013; Yu et al,, 2013). In the current study, we
characterized a novel cathelicidin from A. tigerina (cathelicidin-RT). Moreover, cathelicidin-RT
peptide was used as a peptide template for designing novel peptide with improving of

antimicrobial activity.

2. Materials and Methods

2.1 RACE amplification and gene expression

Total RNA was extracted from frog lung by using GF-1 Total RNA extraction Kit (Vivantis, USA)
following the manufacturer’s instructions then quantitated by spectrophotometer. The
experimental protocol was approved by the animal ethics committee of Kalasin University.
The first strand cDNA was synthesized using Viva 2-step reverse transcriptase polymerase

chain reaction (RT-PCR) with M-MuLV reverse transcriptase by oligonucleotide d(T) (Vivantis,
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USA). The cDNA was amplified with forward primer rcCATH-F (5’-GCTGTCAACTTCTACAACC-3’)
and reverse primer rcCATH-R (5’-CGTTGTCCTGGAAGTCGC-3’) with designed based on the
conserved domain of A catesbiena cathelicidin (cathelicidin-RC) genes. The 3’-RACE was
amplified using 5’-specific forward primer SF-F (frogCATH34-f) (5’-
GCTGTCAACTTCTACAACCAACA-3’) and oligonucleotide d(T) primer. The PCR reaction was
carried out on T100 Thermal Cycler (Bio-Rad, USA). The PCR products were purified by gel
electrophoresis with GF-1 AmbiClean kit (Vivantis, USA). The cDNA sequence was analyzed

by standard nucleotide sequencing (Macrogen, South Korea).

2.2 Bioinformatic analysis

The amphibian cathelicidin amino acid sequences were obtained from NCBI BLAST search.
Then the amino acid sequence alignments were building using ClustalOmega
(http://www.ebi.ac.uk/Tools/msa/clustalw2/). Based on the proregion and mature domain
phylogenetic trees were constructed using the neighbor-joining method (Mega, version 4.0;
www.megasoftware.net) by calculating the proportion of amino acid differences among all
sequences. Tertiary and secondary structure was performed by I-TASSER (Yang et al., 2015)
and PEP-FOLD servers (Thévenet et al,, 2012), respectively. The structure graphics was
generated in PyMol (Schrodinger LLC). Antimicrobial domain of protein was predicted by
Antimicrobial Sequence Scanning System (AMPA) server (http://tcoffee.crg.cat/apps/ampa/)
(Torrent et al., 2012). The physicochemical properties of peptides were analyzed through
APD2: The antimicrobial peptide database (http://aps.unmc.edu/AP/main.php) (Wang et al.,
2009). The predicted peptide structure PDB file was used for calculation of peptide
positioning in membranes by PPM server (http://opm.phar.umich.edu/server.php) (Lomize et

al., 2012).

2.3 Peptide synthesis
PCR29 peptide was synthesized by GenScript (NJ, USA). The purity was analyzed by reverse-
phase high performance liquid chromatography (RP-HPLC) and peptide sequence was

confirmed by electrospray ionization mass spectrometry.

2.4 Antimicrobial activity assay
Antimicrobial activity of all peptides was determined using the broth assay. Briefly, bacterial

cells were grown to mid-log phase in nutrient broth at 37 °C, and the bacteria were diluted
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to 10° CFU/ml. The 50 pl of bacterial suspension was added to each tube together with 50
ul of peptide. After incubation at 37 °C for 18-22 h, the value of OD at 600 nm in each well
was observed for bacterial growth with spectrophotometer. The percentage of inhibition was
calculated according to following formula: % inhibition = [(OD600 nm, control — OD600 nm,
sample) / (OD600 nm, control — OD600 nm, blank)] x 100. All % inhibition results were

performed in triplicate tests.

3. Results and discussions

3.1 Identification and expression of cathelicidin-RT

To identify cathelicidin gene in A. tigerina, the frog lung was collected then analyzed by RT-
PCR with the conserve R. catesbiena cathelicidin gene primer. Furthermore, the complete
the full length of cathelicidin-RT gene, the 5’- and 3’- ends was determined by RACE-PCR.
The complete translate region of prepropeptide sequence cathelicidin-RT cDNA sequence
was shown in Figure 1. The 786 bp prepro-cathelicidin-RT nucleotide encoded 157 amino

acid residues.

3.2 Amino acid sequence analysis of cathelicidin-RT

The analysis of prepro-cathelicidin-RT amino acid sequence with ExPASy showed the
molecular weight of 17.97 kDa with the 6.59 of pl. In addition, after sequence analysis with
SignalP 4.0 severs indicated the signal peptide located at first 20 amino acid residues on N-
terminus site. The conserved cathelin domain comprised of 108 residues whereas 29 amino
acid residues at C-terminal end indicated the mature cathelicidin-RT peptide with released
from elastase cleaving with the molecular weight of 3.18kDa and the 10.86 of pl. The amino
acid sequence alignment found that prepro-cathelicidin-RT showed 62% similarity with
cathelicidin-PY1 precursor (Nanorana yunnanensis) and performed 54% and 41% with
cathelicidin-RC2  preproprotein R catesbeiana and cathelicidin-BG (Bufo gargarizans),
respectively (Figure 2). The N-terminal cathelin domain showed highly conserved sequence
among amphibian species. In the other hand, the C-terminal cathelicidin domain
accomplished the variety of amino acid sequence. From the phylogenetic tree analysis
(Figure 3), amphibian cathelicidins was classified into three clusters. Cluster | was the group
with the largest number of cathelicidins consist of cathelicidin-RC1 cathelicidin-RC2
cathelicidin-PY  cathelicidin-PP  (Polypedates puerensis) and cathelicidin-RT. Cluster I
comprised of cathelicidin-BG and cathelicidin-DM. For cluster lll, this cluster has only one

cathelicidin  members, cathelicidin-AL (Amolops (oloensis). Predicted tree dimensional
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structure from amino acid sequence displayed similar as other known cathelicidin structures
especially the highly conserved sequence cathelin domain. The cathelicidin-RT structure
contained one O-helical, four B—strand and the C-terminal end random coiled. Beside, this
structure presented two disulfide bridges locating on both cathelin domain and mature

cathelicidin peptide site (Figure 4).

3.3 Analysis of candidate cathelicidin-RT derived peptide

The candidate three peptide denoted as PCR29; NH2-PCRGIFCRTGSRSPIAKP SKDNLVRMSLS-
COOH, PCR12; NH2-PCRGIFCRTGSR-COOH and LT12; NH2-LTKTSRVKRSNR-COOH. The
predicted secondary structures of these peptides were presented in Figure 5. The three
candidate cathelicidin-RT peptides, PCR29, PCR12 and LT12 peptide was composed of 29, 12
and 12 amino acid residues, respectively. For total net charge, the PCR12 and LT12 peptide
performed the cationic peptide property with +3 and +5 net charge, respectively. Although,
both PCR12 and LT12 peptide expressed positive total net charge but only PCR12 peptide
presented the hydrophobic ratio percent at the level of major group of AMPs. The
hydrophobic ratio was 33% and 16% for PCR12 and LT12 peptide, respectively. The three
peptides showed distinct characteristic of predicted secondary structure. The PCR29 peptide
presented the B -strand model whereas PCR12 peptide performed the random coil loop.
Moreover, for LT12 peptide, the predicted secondary structure presented O -helix model.
However, the predicted O -helix structure and cationic properties made the LT12 peptide
resembled the common AMPs. However, the AMPA server analysis indicated that PCR12
peptide denoted the bactericidal stretch with 13 % probability (data not shown).

3.4 Antimicrobial activity of cathelicidin-RT peptide

The PCR29, PCR12 and LT12 peptide was chemically synthesized by solid phase peptide
synthesis. The antimicrobial activity of three peptides was examined by the broth assay
(Figure 6). The results cleared that synthetic PCR29 peptide efficiently inhibited the growth
of both Bacillus subtilis TISTR124 and Enterococcus faecalis TISTR927. Wherewith, the PCR12
and LT12 peptide exhibited low antimicrobial activity against both gram positive and gram

negtive bacteria. The results indicated that PCR29 peptide potent antibacterial peptide.



290

4. Conclusions

In conclusion, a novel cathelicidin peptide was identified from A tigerina that offers
new insights into the role of cathelicidin in the amphibian innate immune system. The
sequence alignment and phylogenetic analysis revealed cathelicidin-RT share the conserved
sequence among the amphibian cathelicidins. The PCR29 peptide was expected as AMPs
released from mature cathelicidin-RT perform antimicrobial activity. Our results provide a

novel template for the development of potent peptide antibiotics.
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Figure captions
Figure 1 The cDNA sequence and the predicted prepropeptide sequence of cathelicidin-RT.
The predicted mature peptide is displayed in bold. The predicted signal peptides are

underlined. An asterisk (¥) indicates the stop codon.

Figure 2 The amino acid sequence alignment of cathelicidin-RT complete peptide with other
amphibian cathelicidins. The highly conserved amino acid are shaded. The mature peptides

are underlined.

Figure 3 The phylogenetic analysis of cathelicidin-RT complete peptide with other

crocodilian cathelicidins.
Figure 4 Predicted peptide tertiary structure of cathelicidin-RT.
Figure 5 Predicted peptide secondary structure of PCR29 (A), PCR12 (B) and LT12 (C).

Figure 6 The inhibition percentage of cathelicidin-RT peptide.

atgaagatctggcagtgtgtgttctggattttegecaatcacattgecagtcagetcactet 60
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Figure 1 The cDNA sequence and the predicted prepropeptide sequence of cathelicidin-RT.
The predicted mature peptide is displayed in bold. The predicted signal peptides are

underlined. An asterisk (¥) indicates the stop codon
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cathelicidin-BG MRSWWLSLLLVSAVTLHGCLSDTAEPEVQDGRSIGDVIDLYNQREGVTYLYKSLDQLFEV
cathelicidin-DM MRSWRLSLLLVSAVTLHGCLSDPAEPEVQDGRSIEDVIDLYNQREGVTYLYKSLDQLPEV
cathelicidin-RT MKIWQC-VFWIFAITLOSAHSESPD-—--—-QDEWIREALDLYNQKDNGKCFYKQLSDLPAG
NE-CATHL MEKVWQC-ALWISALTLQRARSQSPD----REEWIKEALDLYNQREDGEFFFKFLSDLPAA
cathelicidin-PY1 MEVWQC-VLWISALTLOMARSQSPD———QDGWIREALDLYNQREDGEFFFKFLSDLPDV
NP-CATHZ2 MEVWQC-ALWISALTLQAARSQSPD----REEWIREALDLYNQREDGEFFFKFLSDLPAA
NE-CATH3 MEKVWQC-ALWISALTLQRARSQSPD----REEWIKEALDLYNQREDGEFFFKFLSDLPAA
cathelicidin-RC2 MKIWQC-VVWLCAITLEVAHSQSPD-——-REGWITEALDLYNQREDGEFLFKLLSELPAP
cathelicidin-RC1 MEKIWQC-VVWLCAITLEVAHSQSPD-——-REGWIREALDLYNQREDGEFLFKLLSELPGP
Fyox S oy, gk HEE
cathelicidin-BG PMEEDENPNRR TKETVCLKSENPDLTQCDFKPDGDVKICSLDLGDE-DPEDIMCTSL
cathelicidin-DM PMEEDENPNRR MKETVCLKSENPDLTQCDFKEDGDVKICSLDLGDE-DPEDIMCFSL
cathelicidin-RT ILEEEEDSPTV. IKETECLKSEDIDLAQCDYKKDGQVKACALYPEEGETSKTLKCVSL
NP-CATH1 PLEEE-NNPTIAFLIKETECLKSEDINLEECDYKKDGEVKVCGLYPAEGETMKTLKCVGL
cathelicidin-PY1 LLEEEGDSPAIGFLIKETDCPKSEDCDLEKCDYRKDGEVKVCTLYREEE——--DVKCVSL
NP-CATH2 PLEEEGDSPAIGFLIKETDCPKSEDCDLEKRDYRKDGEVKVCALYREEE--—-DVKCVSL
NP-CATH3 PLEEEGDSPAIGFLIKETDCPKSEDCDLEKRDYRKDGEVKVCALYREEE--—-DVKCVSL
cathelicidin-RC2 LLEEEGDSPAIGFLIKETDCPKSEENDLEGCDY SKDGEVKVCALHREDE——--DVKCVSL
cathelicidin-RC1 LLEEEGDSPAIGFLIKETDCPKSEEIDLERCDY SKDGEVKVCALEQEEQ——--DVKCVSL
sk doradkdk Kk ks sk * 1 dkakdk Kk & : kK
cathelicidin-BG NKEVRVEESNRRRPCRGRSCSPWLRGAYTL————-TIGRPAKNQNRPKYMWV—-———
cathelicidin-DM NKEVEMKRS SRRKPCKGWLCKLKLRGGYTL----IGSA-TNLNRPTYVRA-—---
cathelicidin-RT TKTSRVKRSNRSQPCRGIFCRTGS——————— RSPIAKP----SKDNLVRMSLS -
NP-CATHL TKANGKRAESAVKI-VE-NVCKKAQ---S5DGKDQ--WKAILQWRNTPTVGMDSSC
cathelicidin-PY1 SKNSRTRRAGTKRKCN-FLCKLKEKLRTVITS-HIDK-VLRPOG-—————————
NP-CATH2 SKDSRTRRSGTKRNCN-FLCKVKQRLRSASSTSHIGMATIPRPRG——————————
NP-CATH3 SKDSRTRRSGTKRNCN-FLCKVEQRLRSASSTSHIGMAIPRPRG-—————————
cathelicidin-RC2 TRENSESKRSSNKKCG-FFCKLKNKLKSTGSRSNIAAG—-THGGTFRV-——---
cathelicidin-RC1 TENSRSKRSSKKKKCK-FFCKVKKKIKSIGFQIPTIVSI——PFK-——-——————-

%

Figure 2 The amino acid sequence alignment of cathelicidin-RT complete peptide with other
amphibian cathelicidins. The highly conserved amino acid are shaded. The mature peptides

are underlined

cathelicidin-RC2 {Rana catesbeianal AHW58221.1 |

cathelicidin-RC1 [Rana catesbeianaj AHW58220.1 |

cathelicidin-PY [Nanorana yunnanensisf AFX61592.1

cathelicidin-PP [Polypedates puerensis] ASU44943.1

cathelicidin-RT

cathelicidin-BG {Biifo pargarizansf ANV28414. 1

cathelicidin-DM [Duttaphrynus melanostictusf AJQ20790.1

cathelicidin-AL [Amolops loloensis] AET69693.1

0.20

Figure 3 The phylogenetic analysis of cathelicidin-RT complete peptide with other

crocodilian cathelicidins
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Figure 4 Predicted peptide tertiary structure of cathelicidin-RT

Figure 5 Predicted peptide secondary structure of PCR29
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Figure 6 The inhibition percentage of cathelicidin-RT peptide
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$1.0-01 | TYROSINASE INHIBITION AND ANTIOXIDANT ACTIVITY OF
| LEUCROCIN I AND ITS DERIVATIVES

Anupong Joompa ng'?, Nisachon Jangpromma®?,
Sompong Klaynongsruang'**

! Department of Biochemistry, Faculty of Science. Khon Kacn University, Khon Kaen 40002,
Thailand

2 Protein and Protcomics Research Center for Commercial and Industrial Purposes (ProCClL,
Faculiy of Science, Khon Kaen University, Khon Kaen 40002, Thailand

! Office of the Dean, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand

*E-mail: cthuwajit @yahoo.com

This rescarch was aimed 1o investigate tyrosinase inhibitory activity and
antioxidant activity of antimicrobial peptide, Leucrocin L. Our results
demonstrated that it showed uncompetitive inhibitory property with IC, of 401.97
+ 9,55 uM and 205.00 + 10.32 uM toward monophenolase and diphenolase,
respectively, but lacking antioxidant activity. To improve the [yrosinase inhibitory
activity and antioxidant activity, Leucrocin I-based design peptide was performed.
Three rationally designed peptides, T1, T2 and T3, were obtained with non-
hemolysis activity was detected toward red blood cell. T1 and T2 exhibited
competitive inhibition with ICs, toward diphenolase less than Leucrocin |
approximately 1.48- and 1.60-fold. respectively. Furthermore, T1 and T2
dramatically increased lag time of monophenolase activity. In terms of T3, both
diphenolase and monophenolase inhibitory activity were dramatically decreased
when compared to Leucrocin [. CD spectroscopy indicated that Leucrocin 1, Tl
and T2 caused the change of native secondary structure of tyrosinase resulting in
decreasing of tyrosinase activity. Morcover, T1 and T2 e¢xhibited stronger
antioxidant activity toward DPPH and ABTS radical than that of Leucrocin L
These results suggested that Leucrocin I, T1 and T2 are promising peptide 1o
develop as ingredients contained in skin whitening cosmetic and
hyperpigmentation treatment agent.
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IDENTIFICATION OF BROAD BIOLOGICAL ACTIVITIES
$1-0-02 INVOLVMENT IN ANTI-INFLAMMATION OF KT2, CATIONIC
PEFTIDES, AGAINST LIPOPOLYSACCHARIDE-STIMULATED
MACROPHAGES

Wisarut Payoungkiattikun', Nisachon Jangpromma'-,
Sompong Klaynongsruang'-*

' Pratein and Proteomics Research Center for Commercial and Industrial Purposes (ProCCl),
Faculty of Science, Khon Kaen Universineg, Khen Kaen 40002, Thailand

* Qffive af the Dean, Faculty of Science, Khon Kaen Universire, Khon Kaen 40002, Thailand

! Department of Biochemistry, Faculty of Science, Khor Kaen Universing, Khon Koen 40082
Thailand

*E=mail: somkly@ikku.ac.th

Within the last decades, the peptide-based compounds display 1o conduce
the novel anti-inflammatory agents. In the present study, we evaluated the anti-
mflammatory activity and other interrelated biological events of cationic peptide,
KT2. Our findings demonstrated that KT2 could reduce various inflammatory
marker molecules including nitric oxide (NO), interleukin (IL}-1p. 1L-6 and tumor
necrosis factor (TNFl-a from LPS-stimulated RAW 264.7 cells in a dose
dependent manner, Herein, the molecular mechanisms involved in  anti-
inflammatory property of KT2 were also elucidated. In detail, KT2 at a
concentration between 5-30 pg/ml could suppress nitric oxide synthase (iNOS),
TNF-a, signal transducer and activator of transcription 1 (STAT-1), c-Jun N-
terminal kinases-1 (JNK-1), nuclear factor-kappa B (NF-kB) and p38 mRNA
expression level. On the other hand, this peptide could up-regulate anti-
inflammatory related mRNA expression levels including extracellular signal-
regulated Kinases (ERK) and mitogen-activated protein kinase phosphatase |
(MKP-1). In addition, the production of reactive oxygen species (ROS) which
involve to the progression of inflaimmatory disorders was also observed to be
markedly reduced. Morcover, KT2 peptide was exhibited anti-npoptotic property.
Taken collectively, the obtpined results indicate that this peptide may provide a
potential therapeutic approach for the treatment of inflammation-related diseases,
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CHARACTERIZATION OF MODIFIED CROCODILE (Crocodylus
S1-P-22 | siamensisy HEMOGLOBIN USING BIS(3,5-DIBROMOSALICYL)
FUMARATE

Napaporn Roamcharern'?, Wisarut Payoungkiattikun?,
Nisachon Jangpromma®*, Sompong Klaynongsruang!=*

" Department of Biochemistry, Faculty of Selence, Khon Kaen Universite, Khon Kaen 40002,
Fhailand
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*E-mail: somklyv@kku.oe.th

A variety of cross-linked cell-free hemoglobin (CL-Hb) compounds have
been developed with the aim of creating novel hemoglobin-based oxyaen carriers
(HBOCs). In general, derived CL-Hb using different cross-linking agents exhibits
a lower oxygen affinity than native hemoglobin, Therefore, crocodile (C
siamensis) hemoglobin (cHb) constitutes an interesting new approach in HBOC
development, as it was reported to possess a higher oxygen affinity than human
hemoglobin (hHb). In this study, we performed a modified cHb through cross-
linking with bis(3,5-dibromosalicyl) fumarate (DBBF) and aimed to investigate its
basically physiological and biological functions as comparing with hHb. The
DBBF-cHb plays a different characteristic of ¢ross-linking, since there was the
absence of fifi-dimer band on SDS-PAGE. It is important to note that DBBF-cHb
exhibited a higher oxygen affinity than DBBF-hHb with P50 value of 20.1 mm Hg
(n = 2.5). In conclusion, cHb exhibited oxygen binding characteristics that may
benefit the development of a cHb-based oxygen carrier suitable for human use in
the future.

The pracecdings Is provided at www.selsoc.or. b/ BMBThatland BMB2018 proceedings

&8



303

j'Ml'L 7 The &* International Conference on Blachemistry and Molecular Blology
\ B b - "Networking in Molecular Biosciences lowards Crealivity and Innovation™

In vitro ANTIPROLIFERATIVE ACTIVITY AND APOPTOSIS
S1-P-40 | INDUCING ACTIVITY OF RT2, MODIFIED PEPTIDE OF
LEUCROCIN 1, ON HUMAN COLON CANCER HCT-116 CELLS |

Surachai Maijaroen'*, Nisachon Jangpromma®*, Jureerut Dadunng?,
Sompong Klaynongsruang'2*

! Department of Biochemisiy, Facufty of Science, Khon Kaen University, Khon Kaen 40002,
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! Office of the Dean, Foculry of Science, Khon Kaen Universing, Khon Kaen 40602, Thailand

! Department of Clinical Chemistry, Faeultv of Assocuared Medicol Sciences, Khow Kaen
Liiversin, Khon Kaew 40002, Thadand

*E-mul; somklyirkkuach

Colen cancer is the third most common cancer causing high mortality rates
world-wide. In light of recorded incident, hence, the present study aimed to
investigate the effect of RT2, a modified cationic Leucrocin [ peptided from
Crocodvius siamensis, against HCT-116 human colon cancer cell lines, Using
MTT assav, results demonsirated that RT2 at the concentrations of 37.5, 75 and
150 pg/mL exhibited strong cytotoxic effect against HCT-116 cell lines after 24 b
of treatment (IC.;, = 87.84 pg/mL). This peptide found to be non-toxic to Vero
cells, Additionally, RT2 treatment caused a significant reduction in the colony
forming ability of cancer cells. A remarkable suppression of cancer cells migration
was observed after treatmenmt with RT2, indicating potent anti-metastatic
properties. The mechanism involved in cancer cell eyvtotoxicity of this peptide was
shown to be associated with the induction of apoptosis, as evidenced by annexin
V-FITC/PI staining Mow eytometry analysis, Moreover, the molecular mechanisms
of RT2 in apopiosis induction were observed to decrease the mRNA expression
levels of Bel-2 and XIAP and increase expression of Cytochrome C, Caspase-3,
and Caspase-9. These collected data clearly demonstrated that RT2 offered great
potential in the treatment of human colon cancer cells.
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S2-P-02 DESIGN OF POTENT ANTIMICROBIAL PEPTIDE FROM
| CROCODILIAN CATHELICIDINS

Anupong Tankrathok'?, Arpaporn Punpad’, Sirinthip Sosiangdi®?, Monrudee
Kongchaiyapoom?, Nisachon Jangpromma®*4, Sompong Klaynongsruang?**

' Department of Bilatechnology, Faculty of Agre-Indusirial Technolosy, Kalasin Lniversin
Kalasin 46000, Thailand :

* Protein and Proteomics Research Center for Commercial and Industrial Purposes (ProCCl)
Faculty of Science, Klion Kaen University, Khon Kacn 40002, Thaifand

! Departrment of Biochemistry, Faculty of Science. Khon Koen University, Khon Kaen 40002
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{Office of the Dean, Facwlty of Science, Khan Kaen Universite, Khon Kaen 40002, Thailand

*E-mail: somkly@kkuwac.th

Cathelicidins are antimicrobial peptides that play role in the host defense
mechanism  against  microorganism of vertebrate. In  crocodilian  species
cathelicidin has been identified from four species (Alligator mississippiensis,
Alligator sinensis, Crocodylus porosus and Crocodvlus siantensis). The aim of the
study was to design novel peptide analogs with improved antimicrobial activity
base on crocodilian cathelicidin templates. The 17 cathelicidin have been reported
in database, one from C. siamensis (CsCATH), four from C porosus (CpCATH)
and six from both A. sinensis (ASCATH) and A. mississippiensis (AmCATH).
Thirteen peptides show potential to possess antimicrobial activity and 12 peptides
contain alpha-helical structure. The antimicrobial sequence scanning system
analysis revealed that three (FN12, RN12 and TR13) peptides from cathelicidin
sequences exhibited the highest probability percentage to have antimicrobial
activity. Since RNI2 located on the putative mature CsCATH peptide (RN15L
Therefore, RN15 was used as template peptide for designed RN15modify peptide.
Only four residues were changed from the template line, the net charge was
increased to 4.9 and showed complete a-helix structure, From minimum inhibitios
concentration (MIC) and scanning electron microscopy (SEM), RNI5Smodify
peptide performed a better antimicrobial activity than RN15 template peptide
Besides, both peptides showed low hemolytic activity and cytotoxic activits
Therefore, the RNI1Smodify peptide might be served as a novel candidate pepti
antibiotic.
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S4-P-01 SCREENING OF RESPONSED INNATE IMMUNE GENES FROM
A= BACTERIAL IMMUNIZED Crocodylus siamensis
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The immune response pathways in model mammalian organisms have been
intensively investigated, but the mechanisms of immune responses in reptiles, in
particular crocodiles, remains poorly understood. Crocodile has terrific innate
immune system, because they usually get a lot of injuries throughout life cycle
from fighting cach other and live in abundant pathogenic microorganism pool, but
there are no crocodile death reports from infection diseases. To explore innate
immune response with transcriptomics, Siamese crocodile (Cracodvlus siamensis)
was immunized with Aeromonas hvdrophila. Then, the number of total white
blood cell (WBC) and gene expression level from whole blood at pre-immunized
(0 h), | h and 24 h of immunization was evaluated. There was a two-fold increase
in WBC counts 1 h afler immunization; however, at 24 h after immunization the
levels of WBC counts declined to slightly higher the basal level (0 h).
Transcriptomic analysis of whole blood using RNA-seq revealed that, afler
filtering low quality reads, a total of 59,436,942, 57,560,316, and 606,556,164
clear reads were detected at 0 h,1 h, and 24 h, respectively and sum of all reads in
three time points were corresponded to 107,592 unigenes. Comparative gene
expression with 0 h found that 22 unigenes were up-regulated and 6 unigenes
down-regulated in 1 h, while 372 unigenes were up-regulated and 47 unigenes
down-regulated in 24 h. Among 22 unigenes mainly encoded protein involved in
cytoskeleton and transcriptional and translational machinery, while 372 unigenes
encoded protein involved in signal transduction, metabolism, antimicrobial
resistant and so on, Our finding suggests that the initial innate immune (1 h) of
crocodile like WBC may move toward invader and phagocytosis, afterward (24 h)
various biological mechanisms are raised to eliminate pathogen.

156




306

..a-

/[ M e The " Internaotional Conference on Biochemishy and Molecular Biology

v B; o “Metwarking In Meleculor Blesclences towards Creativity and Innavation”

S4-P-11 POTENTIAL ANTIBACTERIAL ACTIVITY OF DESIGNED
Crocodylus siamensis HEMOGLORBIN-BASED PEPTIDES

Sirinthip Sosiangdi'?, Anupong Tankrathok?, Sompong Klaynongsruang'?,
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! Department of Biochemisiry, Faculty of Science, Khon Kaen Universfie, Khon Kacen 40002,
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In a previous study, we reported an antibacterial peptide derived from
Crocodylus siamensis hemoglobin hydrolysate, named QL17 (QAIIHNEKV(Q
AHGKKVL): however this peptide has a narrow spectrum of activity. To
improve the antimicrobial activity of the peptide, it was used as the template to
design novel effective peptides. The helical wheel diagram was used to monitor and
evaluate hydrophobicity and hydrophilicity afier the positional change and
substitution of certain amino acids. Lysine (K) and arginine (R) were appropriately
selected to extend the hydrophilicity, whereas hyvdrophobic residues such as
leucine (L), isoleucine (1) or tryptophan (W) were used lo increase the
hydrophobicity. As appropriate, two novel peptides were synthesized and named
as IL-K (IKHWKKVWKHWEKEKKL) and [L-R (IRHWRREVWRHWRRRL), which
had the same hydrophobicity and net charge at 40% and +7, respectively.
Evaluation of the antimicrobial activity by broth microdilution assay revealed that
IL-K had a slightly higher inhibition activity than IL-R at concentrations of 12.5,
25, 50 and 100 pg/ml, Both peptides had approximately 2-fold percentage
nhibition higher than penicillin and as the QLI7 parental peptide against
Kiehsiella pnemmoniae and Staphylococcus avrens. Our findings suggest that the
novel designed peptides are promising to be new antibactenal agenis for further
development and for use as antibioties.

The pracecdings is provided at www.scisoc.or th/BME Thailand BMBI0 8 proceedings
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Crocodvius siamensis is a small freshwater crocodilian, In the wild,
crocodiles live in environments with high risk of bacterial infection, but they
normally suffer no adverse effects. Even though the immune system of crocodiles
has not been well characterized, it was believed that the powerful innate immunity
of crocodiles was derived from their blood, especially plasma. In the present study,
we have examined both antibacterial and antioxidant properties of € siamensis
plasma by comparing those activities with human plasma. In terms of antibacterial
properties, broth dilution assay revealed that C siamensis plasma had significantly
higher potent cffect on Staphviococcus spp. than human plasma, At a
concentration of 1000 pg/ml, the percentage of § aureus ATCC 25923 inhibition
of C. siamensis plasma was determined as 97%. while 60% inhibition was
observed in human plasma. In addition, 1,000 pg/ml C siamensis plasma strongly
nhibited growth of bacterial drug-resistant strain (methicillin-resistant 5. anreus
DMST 20652 (MRSA) with the percentage of inhibition at 99%. However, 1,000
pg/ml human plasma was able to inhibit growth of S. anrens (MRSA) by only
60%. To investigate antioxidant activity, an ABTS assay was performed, which
revealed the ability of crocodile plasma to possess antioxidant activity higher than
human plasma. Our data directly indicates that C siamensis plasma is potentially
useful as a pharmaceutical agent against disease.

The proceedings is provided at www.scizsoc.or.th/BMBThailand BMB20 18 proceedings
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Crocodile hemoglobin (¢Hb) has been reported 1o contain various bioactive
peptides which have antibacterial and antioxidant activities. From previously
work, the separated individual a-globin chain led to enhance the biological
activities. Therefore, in order to deep understand on the c¢Hb properties, large
amount of single chain cHb is required. In the present study, we demonstrated the
expression of cHb in £, cofi by fusion tags in pET-17h. Interestingly, the soluble
a-globin  subunit with heme incorporated without requiring external-heme
reconstitution was successfully expressed and purified. The result from UV-visible
absorption spectra revealed that recombinant a-globin showed oxy-form similar to
those of natural cHb. In addition, the secondary structure of recombinant a-globin
was mainly displayed a-helix and also exhibited antioxidant and antibacterial
activities. To investigate the oxygen fixation efficiency of recombinant a-globin,
the E. coli intracellular expression of recombinant w-globin under anaerobic
conditions was evaluated by comparing o the wild twpe E coli. Our result
demonstrates that low oxygen condition reduced growth of wild type E. coli.
However, the significantly increased of E. cofi survival under low oxvigen stress
was correlated by ntracellular expression of recombinant a-globin. These
evidences suggested that recombinant a-globin mediated anaerobic tolerance in £
coli due to it has high oxygen binding affinity property. Taken collectively, the
denved results suggested that the recombinant a-globin accomplished express in
E. coli and could possess their biological properties in common as the natural.
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Defensin, a cationic antimicrobial peptide, is the major peptide which plays
an important role in innate immunity system of vericbrates such as mammals,
birds, and reptiles. Among reptiles, crocodilian was believed to possess an
effective inherited innate immunity, However, defensin still has not been observed
in Siamese crocodile. So, this study aims to investigate the nucleotide sequence of
C. siamensis defensin. Specific primers were designed by using defensin
nucleotide sequence from crocodile database (Crochase). The PCR reaction was
performed. The resulted PCR product in the length of 88 bp was ligated into
pGEMT-casy vector and transformed into Escherichia coli (DHsa). To prove
whether recombinant E. coli carries the target gene, the expected clones were
picked up for plasmid extraction and performed DNA sequencing analysis. The
regions of similarity between biological sequences were identified using Basic
Local Alignment Search Tool (BLAST). The result demonstrated that the PCR
product gene sequence displayed 80-95%, 100% and 96% identity to defensin of
avian families, sallwater crocodiles, and gavials, respectively. In addition, the
deduced amino acid sequence of target gene was aligned and analyzed among
evolutionary related species. Hence, this is the first report of partial €. siamensis
defensin gene sequence.
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Vespid Wasp Venom Hyaluronidases: Purification
and Specific Detection Tools for Hyaluronic acid

Sakda Daduang

Associate Professor, Division of Pharmacognosy and Toxicology,
Faculty of Pharmaceutical Science, Khon Kaen University, Khon Kaen, Thailand
sakdad@kku.ac.th

Vespid wasps are ones of the most dangerous
venomous animals. Their venom are mixtures of
proteins, enzymes, toxins, etc., even causing fatalities
in serious cases in humans and animals whom are
envenomated. The major biologically active protein
are protease, phospholipase, hyaluronidase, allergen,
antigen 5 and mastoparan [ 1 ]. Hyaluronidase (HAase),
well known as a “spreading factor”, is a glycoside
aydrolase that hydrolyses (-1, 4-glycosidic bonds
between N-acetylglucosamine and D-glucuronic acid
of hyaluronic acid (HA), a primary component of
the extracellular matrix of tissues facilitating venom
toxin diffusion into the tissue and blood circulation
of prey. Venom of two vespids, Vespa affinis and
V. tropica are focused. The higher in potency of
V. tropica than V. affinis corresponded to the higher
proportion of HAase in V. tropica than V. affinis
12]. That was suggested to be the direct effects of
HAase to the potency of the venom. Primary structures
of V. tropica HAase had been clarified. There are at
least 2 isoforms: type A (an active form) and type B
{an inactive form). They shared about 70% of similarity
13]. The catalytic amino acid residues of type A
{Asp and Glu) were substituted by Asn in type B,
resulting in the loss of activity. However, the binding

activity is predicted to be unaffected cause of the
binding region still being conserved. The recombinant
HAase type A and B are genetically produced in
E coli. Surprisingly, type B showed one-third of activity
lower than type A. The substitution of catalytic
residues from Asp or Glu (in type A) to Asn (in type B)
is not completely inactive, as being predicted.

For hyaluronic acid (HA), it is well known for
medical and pharmaceutical applications including
cosmetics and neutraceuticals. The biological sources
for HA is quite limited. HA-rich animal sources such
as bovine synovial fluid, rooster combs need suitable
technology to purify and detection of HA.

The HAase of both types are under investigation
for trying to use for applications. One of the most
possible one is to develop them as a ligand as a
purification tool for HA. Another application is for
high specific detection of HA in various sources.
However, the mutation will be necessary for
completely remove the enzyme activity. The
substitution may be form Asp, Glu or Asn to Ala, the
smallest amino acid without any charges and steric
hindrances. The studies are under investigation.

1. Kolarich D, Léonard R, Hemmer W, Altmann F. The N-glycans of yellow jacket venom hyaluronidases
and the protein sequence of its major isoform in Vespula vulgaris. FEBS J. 2005 Oct;272(20):5182-90.

PubMed PMID: 16218950.

2. Rungsa P, Incamnoi P, Sukprasert S, Uawonggul N, Klaynongsruang S, Daduang J, Patramanon R,
Roytrakul S, Daduang S. Comparative proteomic analysis of two wasps venom, Vespa tropica and Vespa

affinis. Toxicon. 2016 Sep 1;119:159-67.

3. Rungsa P, Incamnoi P, Sukprasert S, Uawonggul N, Klaynongsruang S, Daduang J, Patramanon R,
Roytrakul S, Daduang S. Cloning, structural modelling and characterization of VesT2s, a wasp venom
hyaluronidase (HAase) from Vespa tropica. J Venom Anim Toxins Incl Trop Dis. 2016 Oct 22:22:28.
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A Potential Wound Healing Ability of Plasma from
Crocodylus siamensis
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' Office of the Dean, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand
? Protein and Proteomics Research Center for Commercial and Industrial Purposes (ProCCI),
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* Department of Biochemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand
* Department of Pharmacognosy and Toxicology, Faculty of Pharmaceutical Sciences,
Khon Kaen University, Khon Kaen, 40002, Thailand
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Crocodylus siamensis share their aquatic living
environments with a variety of opportunistic pathogens
and microbes. Although wounds resulting from
fighting with other crocodiles or different species
occurring frequently, they appear to heal rapidly and
without any infection, despite the harsh environment.
This anecdotal evidence suggests the probably that
C. siamensis plasma might be exhibited would
healing property. Therefore, to determine the role
of C. siamensis plasma during wound healing, the
in vitro human kertinocytes cell line (HaCaT) was
firstly focused on functional analyzed regarding to
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proliferation and migration effects. Additionally,
in vivo mouse excisional skin wound healing and
wound infection healing models were used to study the
cutaneous regeneration during skin tissue recovering.
The collected data from scratch wound experiment
demonstrates that crocodile plasma was be able to
decrease the gap of wounds in a dose-dependent
manner. Consistent with in vitro results, remarkably
enhanced wound repair was also observed in a mouse
excisional skin wound model after treatment with
plasma. The size of skin wounds after treatment with
plasma was more rapidly decreased and almost
complete wound closure was observed
after 9 days. The effects of C. siamensis
plasma on wound healing were further
elucidated by treating wound infections
by Staphylococcus aureus ATCC 25923
on mice skin. The results indicate that
crocodile plasma promotes the prevention
of wound infection. Therefore, this work
strongly supports the utilization of
C. siamensis as injured skin therapeutic
products.

1. Prajanban, B.; Jangpromma, N.; Araki, T; Klaynongsruang, S. Biochimica et Biophysica Acta (BBA)-

Biomembranes. 2017, 859(5), 860-869.

2. Phosri, S.; Jangpromma, N.; Patramanon, R.; Kongyingyoes, B.; Mahakunakorn, P.; Klaynongsruang,

S. Inflammation. 2017, 40(1), 205-220.

3. Pakdeesuwan, A.; Araki, T.; Daduang, S.; Payoungkiattikun, W.; Jangpromma, N.; Klaynongsruang,

S. J Microbiol Biotechnol. 2016, 27(1), 26-35.

4. Jangpromma, N.; Preecharram, S.; Srilert, T.; Maijaroen, S.; Mahakunakorn, P.; Nualkaew, N.; Daduang
S.: Klaynongsruang, S. J Microbiol Biotechnol. 2016, 26, 1140-1147.
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A soluble protein expression and characterization of

Crocodylus siamensis hemoglobin in Pichia pastoris

Preeyanan Anwised"*, Nisachon Jangpromma'*, Sakda Daduang"*,
Sompong Klaynongsruang':*
! Protein and Proteomics Research Center for Commercial and Industrial Purposes (ProCCl),
Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand
? Department of Biochemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand
* Office of the Dean, Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand
* Department of Pharmacognosy and Toxicology, Faculty of Pharmaceutical Science,
Khon Kaen University, Khon Kaen, 40002, Thailand
somkly@kku.ac.th

The function of crocodile hemoglobin (cHb) is
transporting oxygen from lungs to tissues of the body,
but it also contains a source of antimicrobial peptides
on their molecule. In the present study, the eukaryotic
expression system was chosen. Like yeast, crocodiles
are eukaryotic cell, so the metabolic pathway is the
same as yeast. The Pichia pastoris expression system
is being successfully used for the production of
various recombinant heterologous proteins. It can
further be grown to high cell densities and therefore
constitutes a fast and cost-effective platform allowing
high protein expression yields and success rates
for a variety of recombinant proteins. A 15-kDa of
soluble protein was succeeding from P. pastoris
expression after 72 h at 25°C. The authenticity of
recombinant cHb was confirmed using LC/MS-MS,
resulting in a-globin chain. The characteristic of
recombinant hemoglobin was confirmed using heme
insertion method. The heme content of recombinant
a-globin was calculated to be 0.2 mol of heme/mol
of globin. In addition, the quantitative analysis of the
iron in recombinant protein revealed that recombinant
a-globin contained 0.031 g of atom iron/mol.
Additionally, the UV-VIS profile presented a specific
signal pattern at 415 nm, indicating that the
recombinant protein formed a heme complex identical

to active oxyhemoglobin (540 nm and 580 nm).
Moreover, the extinction coefficient of heme was
determined by converting the recombinant «-heme
to the pyridine hemochrome as described above. By
pyridine hemochrome assay, the extinction coefficient
of heme-containing protein (g415) was 378.6 mM"'
cm’'. Taken collectively, the derived results of this
work could therefore be applicd in further expression
studies of heme-bound proteins. Moreover, the
presented methodology may serve as an attractive
option for protein production and purification on a
large-scale, which is deemed important for further
investigation and characterization of the structural
features of the cHb protein.

1. Rachel, D.; Hearn, M. J. Mol. Recognit. 2005, 18, 119-138.
2. Pakdeesuwan, A.; Araki, T.; Daduang, S.; Payoungkiattikun, W.; Jangpromma, N.; Klaynongsruang,

S.J Microbiol Biotechnol. 2016, 27(1), 26-35.

3. Srihongthong, S .; Pakdeesuwan, A.; Daduang, S.; Araki, T.; Dhiravisit, A.; Thammasirirak, S. The Protein

Journal, 31(6), 466-476.

Preeyanan Anwised, Khon Kaen Univ. (B.Sc., 2005), Khon Kaen Univ. (Ph.D., 2015).
Research fields: Protein purification, Molecular cloning, Protein expression
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Studying on Anticancer Activity of KT2, Antimicrobial
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Cancer represents one of the most significantly
threat to human health on a global scale; hence, the
development of effective cancer prevention strategies,
as well as the discovery of novel therapeutic agents
against cancer are urgently required. In light of this
challenge, the present study aimed to investigate the
effect of KT2, a cationic Leucrocin [ analogs from
Crocodylus siamensis against HCT-116 human
colon cancer cell lines. Using MTT assay, results
demonstrated that KT2 at the concentrations of
37.5,75 and 150 pg/mL exhibited strong cytotoxic

effect against HCT-116 cell lines after 24 h of
treatment (IC50 75 gg/mL). The mechanism involved
in cancer cell cytotoxicity of this peptide was shown
to be associated with the induction of apoptosis,
as evidenced by annexin V-FITC/PI staining flow
cytometry analysis. Moreover, the significantly
inhibited S-G2/M transition in the cancer cell, leading
to the arrest of cell population growth was observed
when treated with KT2. These collected data clearly
demonstrated that KT2 has great potentially in the
treatment of human colon cancer cells.
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The First honors degree.), The University of Tokyo (Ph.Ih
in Applied Biological Chemistry, 1397), Associate Dean for
Special Affairs and Organization Development, Faculty of
Pharmaceutical Science, KU {201 5-present).

Rescarch  fields:  Biochemistry,  Immunological
Biochemistry, Enzyme Technology, Molecular biology,
Toxicology, Toxinology, Pharmocogenctics

Peptide diversities in Siamese erocodile blood
and arthropod venom from proteamie and
transcriptomic studies

Crocodile has terrific the innate immunity becsuse they
usually get injury for fighting cach other as well as living
in redundant pathogenic environment but their death from
infected discases is hardy repored. To elucidate innate
immune in crocodile, Crocodwus slamensis was immunized
with erocodile pathogenic bacteria Acromonas hydrophila,
after immunization 1h and 24h total blood cell counting,
proteomics and transeriptomics were compared with pre-
immunization (0h). Total amount of both white and red
blood cell were significantly increase in 1h and dropped
in 24h. When performed prowomics of WBC, regardless
Ih or 24h compared with Oh, there are 112 up-regulated
proteins and 7 down-regulated proteins in which those
up-regulated proteins mainly involved in cell movement/
vesicle tafficking and transeriptional/translational proteins,
sugpesting accelerating phagocytosis and moving towards
to pathogen and de novo protein synthesis are undergone
during first 24h of infection. Transcriptomics of total blood
cell using RNA-seq afler filtering low quality read found
that Oh, h, and 24h detected 59,436,942, 57,560,316, and
606,556,164 clear reads, respectively and sum of all reads
in three time points were corresponded to 107,592 unigenes.
Based on annotation of 7 databases, only half of them could
define the function. In comparison gene expression level
found that 22 unigenss were up-regulated and 6 unigenes
down-regulated within 1h. Regarding 1o 24h, they are found

36

318

Sakda Daduang, Khon Kaen University, Thailand (sakdadi@ kku.ac.th)

that 372 unigenes were up-regulated and 47 unigenes down-
regulated when compared with Oh. Those up-regulated
unigenes based on KEGG databases annotation showed
that at 1h Tumor necrosis factor (TNF) signaling pathway
was increase, but at 24h bacterial response pathway and
inflammatory pathway were increase.



Prapenpuksiri Rungsa, Thaksin Univ. (B.Ed., 2007),
Khonkacn Univ, (M.Se, 2009), Khonkaen Univ.
(Ph.D,,2016), Khonkaen Univ. (Postdoc, 2017)

Research fields: Study of protein and enzyme in poison
insect venom using molecular biology technique

Expression, purification and characterization of
recombinant Vespa trapica venom active
hyaluronidase protein in Escherichia coli

Arthropod venom such as bees, wasps, homets and ants
are contained several pharmacologically active molecules,
such as proteins and peptides, which are used by the host as
venom in order to repel predators, for self defense, or for
protection of their nest. There venom upon envenomation,
cause severe pain, local damage, allergic reaction and even
death in a very low concentrations. This suggest that these
components are potentially interesting for the development
of novel pharmaceutical compounds. One such category
of components with a potential pharmaceutical application
are hyaluronidase, Hyaluroinidase (HAase) is one of the
major proteinscommonly found in insect venom. In this
work, I rropica hyaluronidase was successfully expressed,
purified and characterized in prokaryote and cukraryote
systemns. The recombinant active HAase (rHAase) was
heterogencous expressed as a mature protein with an
N-fusion His-tag using the £. coli Rosetta-gami (DE3) and
Yeast Pichia pasioris, The Ecoli tHAase was expressed
in insoluble fraction. The E.coli tHAase was solubilized,
purified and refolded. The E.coli tHAase showed relatively
same activity as commercial HAase (from bovine testes,
SIGMA Life Science), 5.85 and 5.0% decreasing HA per 1
microgram protein, after investigation using turbidimetric
method.
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