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Abstract

Cation exchange column chromatography and gel filtration chromatography
were used to purify four types of reptile lysozymes : SSTL A and SSTL B, from the egg
white of soft shelled turtle, ASTL from the egg white of Asiatic soft shell turtle and the
fourth lysozyme, GSTL, from the egg white of green sea turtle. The molecular masses of
purified lysozymes were estimated to be 14.8, 14.8, 14.8 and 15.2 kDa for SSTL A, SSTL
B, ASTL and GSTL respectively by SDS-PAGE. Zymograms of the four lysozymes on
native-PAGE mobility showed differences in charge between the reptile lysozymes. SSTL
A, SSTL B and ASTL had sharp pH optima of around pH 6.0, which contrast with that of
GSTL, which showed dual pH optima at around pH 6.0 and pH 8.0. These lysozymes
were stable at 90°C for 2 h, but completely lost activity after 3 h incubation. The amino
acid sequences of three reptile lysozymes (SSTL A, SSTL B and ASTL) were analyzed by
peptide mapping method. The lysozymes were reduced and carboxymethylated to
fragment them with trypsin. Then amino acid composition and amino acid sequence of
each peptide was performed. SSTLs and ASTL was proved to consist of 131 amino acid
residues whereas GSTL (JC7918) had 130 amino acid residues. SSTLs and ASTL have
an extra Gly residue at N-terminus which was found in pheasant lysozyme. Further, all
four reptile lysozymes have an insertion of a Gly residue between 47 and 48 residues
when compared with HEWL, as found in human lysozyme. The three reptile lysozymes
were shown to be very similar to one another on the basis of amino acid sequence. The
established amino acid sequence of SSTL A had the highest similarity to SSTL B with
three amino acid substitutions at positions 97 (Lys to Arg), 122(Gly to GIn) and 126 (Asp
to Gly). From the peptide mapping analysis, ASTL had four amino acid substitutions at
position 8, 41, 71 and 83 from SSTL B. The amino acid sequence of reptile lysozymes
that might contribute to substrate binding were found at subsites E and F (Phe34His,
Arg45Tyr, Thrd7Arg and Arg114 Tyr) when comparing to HEWL. The amino acid

substitution at position 8 and 83 in ASTL were newly detected in C-type lysozyme.

This is the first report for the discovery two type lysozymes in egg white of

reptile group. Further, the primary structures of reptile lysozymes are different from the



other c-type lysozymes. In addition, amino acid substitutions in between reptile lysozyme
group which were found mainly on the surface molecule of protein might contribute to the
binding affinity of an enzyme and bacterial cell substrate. Furthermore, the study of
catalysis mechanism with different kind of substrated is in progress to elucidate the

structural basis of the diversity in their biological activity.

Keywords—Asiatic soft shelled turtle lysozyme; C-type lysozyme; Purification; Reptile

lysozyme; Soft shelled turtle lysozyme



Executive summary

Lysozyme (N-acetylmuramide glyconohydrolase, (EC 3.2.1.17) is one of the best
characterized hydrolases. It cleaves [3-1,4 linkages of GICNAc homopolymer and
(GleNAc-MurNAc), heteropolymer, which causes lysis of the bacteria containing these
polymers in the cell wall. Lysozymes are considered to be self-defense enzymes, which
are produced in serum, mucus and many organs of vertebrates. Lysozymes have been
classified into three distinct forms of lysozyme by their amino acid sequences and tertiary
structures, namely, C-type, T4-type, and G-type. Among this group, despite the apparent
lack of primary sequence correspondence, the three-dimensional structures of HEWL
(hen egg white lysozyme), T4L(T4 phage lysozyme), and GEWL(goose egg white
lysozyme) have been shown to share the common tertiary structure elements.

Lysozyme has served as a model system in protein chemistry as it was the first
enzyme to be sequences, which contains all 20 of the common amino acids. HEWL was
the first enzyme to have its three-dimensional structure determined by X-ray

crystallography. A deep cleft containing the active site divides the molecule into two

domains; one of them is almost entirely B—sheet structure, whereas the other, comprising

the N- and C-terminal segments, is more helical in nature. The two domains are linked by

an Ol-helix (residues 89-99). HEWL has four disulfide bridges formed by the cysteine
residues pairs (6-127), (30-115), (76-94), and (64-80). The two proposed catalytic
residues, Glu35 and Asp52, are located at opposite sides of the active site. In 1966, the
structure of an enzyme-substrate complex between lysozyme and a hexamer of (GIcNAc)
¢ Was deduced from the results of X-ray analysis, where six sugar rings bind in the cleft of
lysozyme and the subsites are called A-F.

The catalytic mechanism of this enzyme group was proposed to follow the
general acid catalysis involving the two acidic residues, the general acid-base glutamic
acid and the nucleophile aspartic acid residue. Lysozymes have a highly conserved
proton donor, which is a Glu residue (Glu35, Glu11, and Glu73 in C-type, T4-type, and G-
type lysozymes, respectively). On the other hand, the other carboxylate of the Asp
residue, that stabilizes the oxocarbonium ion of the reaction intermediate, shows

variability especially in G-type lysozyme. This information adds a further question about



the role of Asp residue in other lysozymes as well.

Much information has been obtained on the structural properties and enzymatic
mechanism of the C-type lysozyme. The C-type lysozyme is composed of 129-130 amino
acids and has six substrate binding sites. The substrate bound to the subsites is cleaved
at subsite D and E by the conventional acid catalytic reaction of Glu35 and Asp52. The
amino acid sequences of C-type lysozyme have been determined from many birds,
mammals, fish, and insects. However there are only three reports concerning lysozymes
in reptile. These reports described the purification and properties of egg white lysozyme
of Trionyx gangeticus, the crystal structure of tortoise egg-white lysozyme, and the
complete amino acid sequence and activity of soft-shelled turtle lysozyme.

The molecular evolution of the C-, G- and T4 type lysozymes has been discussed.
One possibility is that the three type of lysozymes diverged from a common precursor
whose three dimensional structure was most like that of the G-type lysozyme. Another
possibility is that a C-type-like common precursor diverged, giving rise to a G-type
lysozyme that again diverged, giving rise to a T4-type lysozyme. However, there are also
several ideas on the evolution of the different lysozymes. Thus, more amino acid
sequence information on lysozyme from other species is required to clarify hypotheses
for the evolution of lysozymes.

In contrast to other C-type lysozymes, there is limited information on primary
structure and catalytic mechanism of reptile lysozyme. One approach to overcome these
problems is to accumulate information on reptile lysozymes from various origins for their
characteristics would very useful in terms of evolution studies. Further, the relation of the
amino acid substitutions and the catalysis mechanism in comparison with other C-type
lysozymes should be studied.

The Obijectives of this project are

-To purify lysozyme from egg white of reptiles, such as soft shelled turtle and green sea
turtle. Other species, such as crocodile, may be studied if time permits.
-To analyze the primary structures of reptile lysozyme by peptide mapping.

-To study the molecular evolution of reptile lysozymes.



-To establish the methods for studying protein structure and function, in particular
amino acid analysis by HPLC with post column OPA derivatization and amino acid

sequencing by a DABITC/PITC double coupling manual micro sequencing method.

In this study, the we have purification and analysis the complete amino acid
sequence of lysozymes from reptiles egg white, namely soft shelled turtle (Trionyx
sinensis Chinese), Asiatic soft shelled turtle (Amyda cartilaginea) and green sea turtle
(Chelonia mydas) by peptide mapping method. After that, the evolution of reptile
lysozymes was studied.

For the purification of reptile lysozymes, cation exchanger column
chromatography and gel filtration chromatography were used to purify four types of
reptile lysozymes: SSTL A and SSTL B, from the egg white of soft shelled turtle, ASTL
from the egg white of Asiatic soft shell turtle and the fourth lysozyme, GSTL, from the egg
white of green sea turtle. The molecular masses of purified lysozymes were estimated to
be 14.8, 14.8, 14.8 and 15.2 kDa for SSTL A, SSTL B, ASTL and GSTL respectively by
SDS-PAGE. Zymograms of the four lysozymes on native-PAGE mobility showed
differences in charge between the reptile lysozymes. For the chemical characterization,
SSTL A, SSTL B and ASTL showed sharp pH optima of around pH 6.0, which contrast

with that of GSTL, which demonstrated dual pH optima at around pH 6.0 and pH 8.0. The

reptile lysozymes are thermostable enzyme because these lysozymes were stable at 90°
C for 2 h, but completely lost activity after 3 h incubation. Further, the primary structures
of three reptile lysozymes (SSTL A, SSTL B and ASTL) were analyzed by peptide
mapping method. The lysozymes were reduced and carboxymethylated to fragment
them with trypsin. The tryptic peptide solution of each lysozyme was purified by RP-
HPLC. Then amino acid composition and amino acid sequence of each peptide was
performed. SSTLs and ASTL was proved to consist of 131 amino acid residues whereas
GSTL (JC7918) had 130 amino acid residues. SSTLs and ASTL have an extra Gly
residue at N-terminus which was found in pheasant lysozyme. Further, all four reptile
lysozymes have an insertion of a Gly residue between 47 and 48 residues when
compared with HEWL, as found in human lysozyme. The three reptile lysozymes were

shown to be very similar to one another on the basis of amino acid sequence. The



established amino acid sequence of SSTL A had the highest similarity to SSTL B with
three amino acid substitutions at positions 97 (Lys to Arg), 122(Gly to GIn) and 126 (Asp
to Gly). From the peptide mapping analysis, ASTL had four amino acid substitutions at
position 8, 41, 71 and 83 from SSTL B. The amino acid substitution at position 8 and 83
in ASTL were newly detected in C-type lysozyme. The amino acid sequence of reptile
lysozymes that might contribute to substrate binding were found at subsites E and F
(Phe34His, Arg45Tyr, Thrd7Arg and Arg114 Tyr) when comparing to HEWL. The disulfide

bond location and catalytic amino acids (Glu35 and Asp52) are completely conserved.

This is the first report for the discovery two type lysozymes in egg white of
reptile group. Further, the primary structures of reptile lysozymes are different from the
other C-type lysozymes. In addition, amino acid substitutions in between reptile lysozyme
group which were found mainly on the surface molecule of protein might contribute to the
binding affinity of an enzyme and bacterial cell substrate. Furthermore, the study of
catalysis mechanism with different kind of substrate is in progress to elucidate the

structural basis of the diversity in their biological activity.
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danemnaneiugnaunululszmalve 8 5 9ila sfliannuninigalulszmea
= = . R di =3 all I b4
Aa Uil vide mewau (Trionyx cartilageneus) \HalnwAnfaziAaundeednszaes
dszanny 75 umimmg Wntindszunn 35 Alaniu dandnuunsnszansag luasisnmile
= ¥ [ KX a Qddl I 1 a = [ N ¥
uwenEn wifen1emneulsl uazavdueanauistiantaeie 32 16in lwemenziueaniaasls
Wi 9 iln nenaulEeInti 419 ANYTT REAUIN N ATY uasuginzae o luaulaiiae
doulutlsznalnenuionnnia  alisndniamnziugideandied Ae WuglEudu (Trionyx
sinensis Chinese) AW utinlEniuiinszaaaiiugimianides Anmwnrlasedauuy donszaas
= = B A s,y = o | @
Fau Hnszaedauiiin vizaderaudiennn Bvalug) pesnanan thnuvan fuan uazuds
dl o =3 a A ¥ % L% aa o o o i 1 dl =3 [
U39 Wedudn nezmedidandn Auviesasidduuazanaduiu 56 A Walmsinde
aAa A A a a al A < Y o = =
NIzABNATiAletaNAeY LFnauavasiawaeuiulddaian  nrnaansznesasisesdn

1 aal A A

LINANGI 6-7 TR AIuTiegaul AR NTNNTEAMARIEDU 7

q

'
=

‘ﬂmﬂlﬁquuluzymauaﬂﬁﬂmml,ﬂﬁﬁ 1573 LATTRURRE N sLAUR TN
Tnawienznewin viienme luwaninialUdhidinaeat ewnsresandn ldun Uan
| vee gnnu gnien uneaseinuiesmangenliuazuaifauadlutin Tnedneoide
faluudarlandidudaiiuiiesnnnidaiiuiadandmelageeen LLﬁimmxﬁmﬂrﬁﬁwﬁu
ax\¥adenzi Fendn rasculavpharyngcal capacity iamsmeila adensilasinuingiadne
Reanwedlan ﬁqﬁuﬂmmmmmﬂumumﬂﬁﬁﬂé’lﬂmmmu 1 Imgnstandiazm
mmﬂmu@?m@uimgﬁlu{iw Lwiﬁuﬁmuﬁ%%umuumme_qlwqmﬁaﬁmm@gﬁlummLﬂu
AU °] LL@:%‘[N@'L@WW:zq'qu@uuﬂ%ummﬁﬂmmwhi%u

o o A o

Anwnuziiderestadfeudnag fofn dildledunanso visensyaes uay

d’l dl 1 v o o A % < o dl = A
Reapafianegudtannaunninield datdhasimdndeiiatonytszann 20 wan lusey
Uineeazonsled 34 af neonsldafauwsnanizitanddelalnfnniarunuszndng 6-10
Was Walafnniawiulszanns 20-30 Wassanss Anuuliazanauiatlaiiangunn 6o
~ & 4 - e o Tew X
Weazanlduununaevseaulpauuugeidly  Sauuldusazafdaliuiuauauegiuauim
wouiAng  ldasineanidusn  Tunaisanngniardtiuarausnainuguilnlades Taels
% ¢4 1 A o dd‘d%l o a 1 %; dl Dd‘ o =
sraglinantoemae  wasiuinauiuuunsnazmulimuasinindngeiun - daned

A o 60 a ] a dl o a [~1 dd‘ %l v Y
fg Aa dndarnangeviuldlady wnuaiafseusniulaiiauiman nedimnnlédn
anianthanaazgnuarinnie  TsandrAtyaesnzniutiannainidsinds asie visedelse
1 d’ ] 1 | &91 dl QI/ 9°j % o L% QI é/ d’l dl
e Sedoulnnjasidudelsainurialllurunsndeuinlenisguusaan  imeniny
veer A wuanFasiaueilsluuualalnsiaa wazglnluuua Adwaennelsadqdnylu

A e

1o e o o X & = a & >
ASNIL WAARFATATUNAR AD Nt Milnaziiaaaslaniilsgaanates Wanau Qﬂl’%ﬂ

Q q

11



a nl/ =KX o £ 2 1 < Y o =2 ] o 9 e A
LTlnATIUeY mmﬂuﬂ?mmﬂmm@muﬂﬂm@mqmuimm WANAITACTILNUBUYINEHUTD

1%

wziufand luddsnisuasidsganafazdqeliladetasenll  (Rsdnn  Aams

InTsaal, 2541)

A

ATNUNY Amyda cartilaginea \Judmndiass
paundnatlunsrnatn e uiuAsNILUIRUS
16udu aneWug Amyda cartilaginea dpdnifluans
v . y
Wugludimnean weewuldlenizlszmalunuie

al o = U 1 ?\j/ é’ = U
AT UaaNLQeN LFNGY wananniluaie lenw

TlulszmAipenna auLAE ANHENITINL LAY

Anwouetdusnrianiselivisenisfiagesns 7 azswdeniuiuasnuiaaiug lFndy

- v
a v a o

(A3’ famnsalnlsanl, 2541)

dayanililuaasiny
Ry (Chelonia mydas) s mziand

2
o

pnaraudelug  wasiitnwinunn  atlaudu

©

1ndu indanBassani (lddauiu) nrvaasnaalaa

yuwdnten tdunadiuiuyunauiludgy

Y L "o
Vasuuusy 2999 4 uuwdluluwig anguasd
WIAENNIITIUTININ BEnE A LLAN N9 TTY AreenITaeeniiu o) HANIRIg

v
LAgLYintiu wAtnAasn I aziB e AAUINNAALAAZINAATBINIZABINAINAUIANA

aNal

wasvzelmaeNiTes veLinaniideey o useadauaziianeidudunszaisesnainqnd

H Y o P 2 ayal DA A ,
LANUUUNANA  ARNYNLLASNIZONNAEINABADANANNLNS "NNQL?HHLWTT]U@HQ'] “LEINLLAN

a o,

1 dl = 1 1 al i// dd‘ ] A o
a19inel” daunaaglsdFendn “winlas” dulinuneg 2 dsznis dsznisusn Ae Nsznaanag
alal A al dl A 901 o dl v o 1 aa A
Hawmaealwdon doulsznisiaesps Wi ldanladusesiauazidmen (nsnlsyas

NIENIWINHATUATANNTOL , 2530)

wiayinszaesudeglla indanszaasudaunanaasil 4 ¢ gusnldauiuindnne

|dl = 3 dl 3 o 'Y o ] o ¥ d’l d’l = o ]

AN 4 HIUIALANNG A mamﬂa?m@\mmim@uﬂwmWﬂmmammzmmgwuwmnmmrﬁm
< o 1 o a A 1 < aa 1 :// 1Y

AL INAANITENINAZIRUNTLATNINES 1 A INAAUALNIZABILNAN 11 A ﬂ'\ﬂ@ullﬁd\j‘ll@\i

(UsyLaA 114N, 2535)

1 |
=

wiayraueduagisnmgedauas lnamanduimsmninea seufuns

eduladng  whianenduiugnisindogeuuaziajuacaaufuiledndawands an ves
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wazdndan o winuiniseneniatulng o ssudnaunaaninaimeauazinaannsld uas

o

o

naznaunaeliuananiaganglalunainashu waziaanmaonsldidumaaiusiings
Aainnusiesesiiniluusnndldunsaieaiiuane winwu A lua T uauNINngn
Wnge

wnnuihusimeainuegialanlusunitenmgizeaibisanin 20°C s

| Al a T - ] ! Ao
@’W’QzWUBLuLLM@\Wm'ﬂquQN?JmuWrﬁlﬁﬂ')’]uimeﬂuﬂu m'ﬂuLLW@\T@'\M’]?LL@ﬁLLM@QQ’NiﬂJVWJ

grunig Tutlaqiiu azwushayauaslagnguuinugmaygmsulin Wwouunitlesawms

a a a A a = ! ] o A =
we uavdulatieuaznviauesuday douluilszmalve wieudaidusndgngungaly
1 %’I = 14 ] d? ' a 1 [ % o a
Wutlng luednldinenusiinyiusnelignguluinaunizeng o 1esdmdntays (tny
RNIZNNIZATIN) NNZNTLARIRINTALUATATEITHINT TN AT AT T LA
UINENA  MNTUNIz)ARATiNITEaesdmdangn  dauluniaduandi avwusmg
UTNOINZAZIAN LAZINTANAadAIdnana Quie Lasies wiluilaqiiumaaunadnng
ldagasinaniziinzamuyinte. douluuasan o eranusiinyauanglating sl
MUIUTBENIN (YDA W1gn , 2535)
Tuglve  wheydunsldnseaisll  wilidosiaunsldgngusendnanen

A =2 A a IS v A a =3 49( 1
e wiTangEnIANDReuRANTent  d1llaggeusimndnAsinyAazauenaly

A 1y A Y @ A ] A a
gngulwneumeey  widhdladuandifiasnuluneungenian  dauneutiguiauasny
Pranaunniign udinnyazasld 4 afveg (enizndrmanuluszmelng) uasinuuan
Ngm 12 A5 Nrsinvesn e wsulsinazrlionmnd Iaanfasineas 2 Unduniansla
T Tuuasin dau 3 T inuielutlszmalng wsisiayluumaannslaa q doulugaziieg

a7 3 T winyazawlinisazisznins 91 Wawnis lade 148 Waw/g wiazATalda9a1ng
[ % [ a o [ 1 1 dl o = dl
Audseunnd 37 41 (Wde 3-89 A1) wisnndnsanululszmalnainsznasenaefs 98 au.
(W8 78-118 41.) NA19w@AY 86.2 T, (WAE 69-109 43.) wazH1min 98 nn. (Ady 64.5-
116.2 nn.) lalunguiwsdisinonsladlFlusssnanfasldnarinaanilugolssunn 47 Ju
(Whe 45-48 Fu) dmsnsiinedsiesas 83.23 angNaunsnduiug e tszanas 12-15
wsisinmy udingin Auug liidaany 8-9 1 auanszaegeng 68 mu. 19 liean 264 W/
08 (LUeyldA 1ngn, 2535)

j 1 dla o o/ =)

daimpdunienvesioglsyd Taethwndpegd Sanduensadd wazsan
wng ressnaiafizandn ldazazin N54es0suATIIAILING NTTARNTadFANNaNnLY

LATALTE AU WATANWANTING (NINLTZHE NIENTIUNEATLATENNIDT, 2530)
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v
dszansaesinyliandouasnnislusnlnauasnziadundy  dukeoiy

]
=

) Lo A P | o ) = A
winngy  wadhEUTmnndEnsedszin 5 win waridusmziangnguiinngal
' K o | & ) o o A o o A o
umuﬂwﬂuﬂ@@guu LLIFW’NL‘VI@@LLM@QQWQ1‘HVI@W®@L@W’]$W Lmtmﬁmmqmm‘mi_qla‘mmu
(LeyiaA Hngn, 2535)
= dl o &9, 1 dl o Y a 1 1 a &9,
RINNITANTILNLUINLLTD AN °’] W@WNW?DVIWIMLH@IWWIHLWWL} WUINAINLTR
wuARiTe, parasites, E.coli, Salmonella, Citrobacter freundii, Moraxellar sp. LLmﬁuﬂ

=

Fenudnuuaiaunsuauduamauitdivn ldsauionnlauazmenniian  (Raidal
SR et al.,, 1998) u@ﬂmﬂﬁfﬂqﬁi@mﬁmﬂﬁqLmzﬁ’wﬁq@ﬂmmﬂwLLwéu@w"’luﬂ@juﬂimﬂﬂ?
2936m1Yy Aa 19A fibropapillomatosis (papillomas) TapiliAnASausnuuNdn 50 Tuda uay
ﬁmﬁmﬁuLﬁhm‘ﬁlimLﬁuf’fﬂ‘ﬂmmzwudﬁLﬁhmﬁﬂwLﬂu‘ﬂimﬁ%ﬁﬁumﬁmmu Florida,
Mexico, Pacific, West Atlantic, Caribbean La¥ Indian Oceans (Stefanie Barett, 1996)
TspaiaAnanEelada aantsaeiauly tumors ud (Aguirre AA et al., 1999) 9 tumors
ﬁ%lﬁmﬁmmﬁqﬁﬂ'@m@m My AR AN 1NN A1 ATU WATung (Stefanie Barett, 1996)
tumors AXRNUUNIALTTHI 1 NN, AUD 30 N, (Sea Turtle Conservation Bonaire, 1999)
UAZEINUANIN papillomas axnsnvinliEaumaaailuaIwIuNIn (Sea Turtle Survival
League, 1998)

aths lusneanueiiul %ﬁwmumnu’?@mﬁrLLmﬁﬂmmmﬁmaé’mmﬁmqﬂiz
A3 (characterizations) WauvsiinnsAne primary structure Waz@NeAdmUIN1TR AT
lasfannlgannresnzmuriniug Asiatic soft shell turtle Saidulalrlosfanndmnsiaesnau
5Tinlun saaansILTn AR uslEnTL waziE A (green sea turtle) FagnansowylEvia
W ludsznalng ewlsdlalelniic 4 adafiamsuenidans Eduiliaauuansneiu
P981UlATIAEILAYAN N R ST pH WAy ionic strength Aupnanaf uazseeny

73
v

aUfudfiluseauusnnIN1swy multiple lysozymes Tunguasidadiaasnaiu
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2A8A1LUUN15IAE

[ < o = a
1. 7@naUnsol A15LAN LAZLATRINE
1.1 ldrasnzniuin uastAMzLa
- Tdwaamznuun soft shell turtle (Tyonyx sinensis taiwannese) TaaNNUNULAINASH
90J 1 o a
FENIUTN .U 9. 4Rty A 1813 Usuinalng
- lawaasinzia Green sea turtle (Chelonia mydas) l@3un1saias ziaIneus
o 6 o & 1 o A a
aydnEiugsmeia 8. 409U A.941)7 Ussnalne
- laweanznunin Asiatic soft shell turtle (Amyda cartilaginea) 183Un"981LAsIEIH
anAuidauasvmulszaatnan a.n1yaus Ussinalne

- lalglasiannldanalaln uaz Micrococcus luteus TaaNLFEN Sigma anigaLwEn

1.2 A15,AN LAZLATANIND
P 2// dl A dl a o dal a o v oa 1 o o 1
ANFLANFN 7] SnTiaLATeaNe N 11 luN1534e TeanLTEngnantusunuamie

tszmnalne

2. ABNTNANDY
2.1 mawszanldrnaanlingwinituaglasnny
ildnsnnuiuasldwinayeenangus  70°C  wenfunmuzAiaziyldang
vl i lusiude wisldnnasaas 1 was 14 forceps vratnAuAes 4 unziaenldeanuas
Auanzdntadltrnindathundntnuividacuiinne istenls galdaniiavans
WK\ pasture pipette @mLﬁumuﬁumuﬁLﬂumﬁmfimﬂq AnfLlennzdauiidlyldeng wn
Hdunstlu msusnlaunseanIflduniiga @ndulasinlua ¢ AU lugnimgi 4°C wik
Aundaainlanuen asinluenldannlding) Wefnldaneldsvanns 50 mi udalsiAuld

a

WANANARN LN -70 °C
2.2 N15LA38N resin (activate CM-Toyopearl 650M cation exchang resin)

azanel resin 14 0.5 M HCI stir 11 < «{winan 30 w1 wdad s resin Aogiinngu
andniaang < 9ou W pH dszanns pH 7.0 aaniiuin resin 7116 pH szanny pH 7.0 wda
wtli 0.5 M NaOH stir 11 < flwaan 30 w1l udaii resin lldadaeiinduasnionans

a0 Wld pH tszanow pH 7.0 ¥innsud resin 1w 0.5 M HCI Bnafsuae stir 1w < Wwean
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v 1 v v
30 W UAIANN resin FatnAuaaIAiIuae < sau auld pH Uszunn pH 7.0 Tunaugn

Aelsud resin 114 0.03 M sodium phosphate buffer pH 7.0 Lﬁu%ﬁﬂqﬂmcﬂﬁ 4°C

2.3 N9LATEN Sephadex G-50

|5

Angl < 19er sephadex G-50 adlufimnes? 0.03 M PB pH 7.0 (1311mAsnIn <)

vV @ o v

P [y L A ~ YA o
WIANNIULLN °'| AL LLNILLNIALE LW@IWLN@L@@W@QMQ LL@QQ"]\T]JﬂLﬂ@ﬂuﬂunqLﬂﬂﬂLﬂuLQ@q 1

v
o© o Y ! o

dalua (e ausildiaadudariuAuasiipesvizaadnlnensq) nanowwn < iy
< o o ¥ 2 ' o A v 6 v
svez 7 B liiaauaniy uaziluisnislaenniaeanatniaaldlusa Weasunaiudaliong
a 2~ dl a v 1 F 2~ d’l o o/ .
danesiduainguugivies szudreseliiduasiianunsanidnng fines Iaenisnauiun
udnssldlfiaaiesinadmaatlsunmg 90-95% 294 gel slurry 1 pasture pipette AAKS fines 7
wouaae luduNAe NdnauiinIdutin lddsAainag fines laaiuanunLay lanasane
v dgl [~3 v d‘l o 1o | % 3 . 1 o £
aanwdat unnnuBuu Weazinun v afluazsiasinnng activate Tl Ineninunsulu
g1 tneldgnungil 90°C wiennawwn o Wluszay o wnan 2 dalus Wensunan i

1199 18I0 g ladie waaldimasn1dlun1s equilibrate aldunu iuaaldn 4°c

2.4 n19 pack column (CM-Toyopearl 650M cation exchange resin)
naufiazinN1g pack column T activated resin MAUTElugauuni 4 °C azsiag

o val a 1 a v dl o a -&l
VIWSLWSJ@‘MMQNLVIW LRI WwatlasiunisiianasanIAune pack column L2

a ! o 4 ¥

activated resin ﬁ@muquLWﬂﬂugmuqﬁumLL@ﬁ\ﬁN pack column Taeld column A
1.5 x 90 cm ees < n resin asli column udtaeeliidn resin mnadlu column A
flow rate ANWUA (15 mithr) waznaunazn resin adli column Afsialilazfasnaumiin
resin W lfAANTANWLL homogeneous #&4a1N pack column L@FaLan bt equilibrate
[ A ¥ . o % A
column 24ALAE 0.03 M sodium phosphate buffer pH 7.0 Ine1tl5U flow rate TWinsevisa

In&wAsady flow rate NHaINT (15 mi/hr)

2.5 N19 pack column (Sephadex G-50)

nauNiazyinN1g pack column Hu activated resin MLl Tugnuun 4°C azsiag

o

o val a 1 a v dl o a -&l
m%wqmuqummugmuquum WwatlasiunisiianasaniFAune pack column L2

a 1 o a

activated resin HUMYRWNALYUUNNHBIUAIRIBN pack column Tagld column au1A

1.6 x 200 cm l¥iAael 7 i resin asli column T9azFainNIg pack atvsiaiiedlidaasli

{Im resin Anaslu column FisunalagnauuiniaaLLn 9 wdamaariun viauuuitllGes o) au
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ndnazlfszAuaaRRanNAeINng Aag flow rate 30 mi/hr 189ann pack column w@Faudali
equilibrate column druANAaY 0.03 M sodium phosphate buffer pH 7.0 Viraasinatiay 2
Wingad column volume Iaaitfu flow rate MimsavizalndiAeady flow rate NFa9N1T (30

mi/hr)

2.6 mmﬂnu?qw%‘(vau'bnuﬂlaisﬂsnﬁmnmzwm‘if'] soft shelled turtles
alglgsiannldanaae9nzniLTn Asiatic soft shelled turtle (ASTL) LAZAZNALLN
aneiuslEuSY soft shelled turtle (SSTL) %ﬁﬂm@Lmﬂu?fzgwéé’%ﬁ%ﬁmﬁu Aa Taanqa1n
PENLLN UAAZTTln AzQNIABANAY 3 WiN Aogl 0.03 M phosphate buffer pH 7.0 w&amuli
it 4 °C Wunan 30 widt e limusETad 7 12000 xg Wunan 15 W waaLiy
daula  (supernatant) SedouiiBendn  crude enzyme lUNInN1sAnAznausaenaiia
isoelectric precipitation 7 pH 4.0 #ngl 1 M HCI AulidnAuR 4°C iunan 1 $alua udatin
TumusaTagR 12000 xg Wunan 30 Wit Fudaula wdatliu pH lEwiney pH 7.0 Tae 1
M NaOH Taesinmilaufufuniaanaznen i pH 4.0 Wdfy supernatant 14 $innnsuen
u?‘zﬁw'ﬁrimﬂeﬁ CM-Toyopearl 650M cation exchange column 241/ 1.3 x 90 cm %Iﬂlihum:?
equilibrated #agl 0.03 M phosphate buffer pH 7.0 149 QNS89 column Faeni
wefziladaaiufuild equilbrate udainmszzlusiuiisueglu column Tneld linear
gradient ANdNduaeanae Nacl Faud 0.0-0.25 M ssenlas 0.03 M phosphate buffer
oH 7.0 uazl4dms59189n150E A 15 mith N394 fraction Al activity aesieslsflale
l0a7 ke luenindediuageeniudnanisi Dialysis Tutindu deindeeanuumauds

AU lusielaenisin lyophilize WatinllAnsn1e@nuall (characterization) sialil

2.7 mauanusgnalaldladainliannuassmeia green sea turtle

nsuanusgnaeulailalslodainldsnaedlasimeia green sea turtle Az¥135
wieaiuiunsuenUsgs lala ldanldannaesnznnuiiusinisin ldisgnasasnisnisuean
QI . . dl aAaa a | N o a
il gel filtration chromatography @NAENTIATEN Crude enzyme LTUALINUNITHTHN
ldanqaedmzniuyn 1ae crude enzyme ﬂié’]’%gﬂ applied adlu CM-Toyopearl 650 M
cation exchange column feiunsg equilibrate fagl 0.03 M phosphate buffer pH 7.0 WAA
AINUUAIN column Faetiiefimaniiy wazazlisAungndulu column aanuuuUL linear
gradient T ldAdnuidnduaeanae NacCl faus 0.0-0.3 M Awzenly 0.03 M phosphate

buffer pH 7.0 wazld8ms39299n19782 AB 15 mi/h saufraction AN activity 18 lalelosiie
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i lluenindeesansieds Dialysis ludinaw  wdsasrnldnnliuiesaeirsas  Iyophilizer
rauladlala Lo 16t azdisllidqns (partial purified enzyme) 2e1iu AzFBNINNLANITANS
AR sephadex G-50 gel filtration chromatography (1.6x200 cm) Alananng
equilibrated #2¢l 0.03 M phosphate buffer pH 7.0 waa wazaslilsiu saatinwmasfitin ann
Y = . A o o . . I ¥ = o . = Y

UUAYFIN fraction NU activity 411 dialysis TUHINAY LAIRINN lyophilized gaazls lala

lmsLsans AiansAnsmissnuaisall]

[ - L4
2.8 N199/ activity aaqlaldlags] (Enzyme assay)
n3dn  activity  aedlalolod  Tnevinnnswsrenduammmannmaa i e
W lewin

71U 1 wanthdenn 3 ml annisAnewladlalalssd 13ums 10-100 ul asluluduaimm wan

Micrococcus luteus NENFU 0.1 M phosphate buffer pH 7.0 11 114meAn OD

540nm

1
[ =

YaA1 OD,,, . Nasasluviog Univml @9 1 Unit sasiaulmsdlallasd vanens A1 oD, 7

anad 0.1 1u9an 1 W 7125 °C

2.9 msmsqqmumwﬁqw? LL@xﬂﬂiuqﬁﬁuﬁnTuLaqmm"l,a‘llm‘lsﬂﬁ
nsmsaadeLArHLEgnE Az Nt TuanavedlalelmMuantsand il
1433984 Laemmii (1970) A0 SDS-PAGE #9azl% 4% (wiv) stacking gel Uaz 12.5% (wiv)
resolving gel mm%uﬁ@u gel finel coomassie brilliant blue R-250 (CBB) %MLmuTﬂ?ﬁu‘ﬁ
mmﬁmﬁﬂ‘ﬂmmaiﬁ TneneuiuunulysAuninsgin #qldun  phosphorylase B (97
kDa), bovine serum albumin (66 kDa), chicken ovalbumin (45 kDa), carbonic

anhydrase (30 kDa), trypsin inhibitor (20 kDa), O-lactalumin (14.4 kDa) was standard

marker 484 Precision Plus All Blue Standard (Bio-Rad, USA)

2.10 nMsUIANNLI N waRIlUsAY

v v = o ] a =<« Laal
ﬂwmm’mmmuﬂmﬂﬂimu @5‘]/]'1ﬁ‘ZW’Jq\?ﬂqﬁ‘LLﬁlﬂUi‘ZﬁWﬁtmﬁliﬁ’]ﬁ‘ﬂ@Q Lowry

(1951)

2.11 MISIRAMNITAANAULEY

< o

TsmungnazeanunluszndanIsuentdgnd azgniiN1dnAINITnANALLAS 7

ANENaAAY 280 nm IaeldiAsad Shimadsu UV-160A spectrophometer
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2.12 Refolding gel electrophoresis

TaRTeS  M.luteus Qﬂﬁm@mﬂﬁ’m vinyl-sulfone reactive dye RBB
(Rinderknecht et al., 1967) wazn refolding gel ANNATURY Hardt wazAtuy (2003) tmw
PAGE azld 4% (w/v) stacking gel as 12.5% (w/v) resolved gel ‘ﬁlfl 0.1% (w/v) blue
M.luteus cell %Qﬂﬁ?ﬁﬁ refolding gel ‘fl%fl 0.1% (w/v) SDS Lﬂumﬁﬂ?mﬂu%\ﬂu resolving
gel waz buffer A0t R NaNENEaRETL 2% sample buffer ilaid
reducing agent (62.5 mM Tris buffer pH 6.8, 0.006% (w/v) bromophenol blue as stacking
dye, 20% (v/v) glycerol, 2% (w/v) SDS) udatlirlm anadnatinaissen1dH 15unms 10 ul 1
load AavUW gel WAL Electrophoresis Tmﬂeﬁlﬂ?ﬁlm Mighty Small SE245 (Hoefer
Sciencetific Instruments Sanfrancisco) LﬂuLﬂéﬂﬂﬁﬂlﬁﬂi:LmMWW 120 T9a6 $9_1N9 dye
front AzANNANTeUANTRLKIaT A sz 1 Falie andudnaaadnetinnguy 2-
3 m%«ﬂumm 30 WTiiedne SDS aanannian udautiaaadli 300 ml refolding buffer (50
mM NaHPO,, pH 7.0 containing 1% (v/v) Triton X100) Lazlaginiun ] ‘17'; 37 °C auneaiv
clear zone udathlianagilineld background @mn faenainnstianiiugng Coomassie

brilliant blue R-250 waztinluaneganais

2.13 N15%1 Native-PAGE

M Native-PAGEaziflunsusniusiufifitlszauan  (Reisfeld et al, 1962)
I @ & navgnssnegsiy loading dye (50% glycerol-methylene blue) load Ty
Favfesudnadlu 18% separating gel, 4% stacking gel ‘171|fl 0.56 M potassium acetate,
0.56 M Tris pH 6.4 1114 Run 1w electrode buffer (35 mM B—alanine acetic pH 4.1) Tme
nazugdliiin 20 mA 71 4 °C unantsyanns 6 9alue fesiaadag coomassie brilliant blue

R-250

2.14 uawa9 pH Aan1sirauaaslaleglasl
eulzflalelosfannldanresnsnutinuasisimea ALYNUNNIANEIAN
anansnlunsananeriuTaguuAfiGe (ytic activity) wWhaudeusulaleled HEWL a4
{usnmsg i BuannasEes buffer 7i3andn Miler & Golder buffer Tae %l pH 1lu 4,
5,6,7, 8 Uax 9 7 onic strength 0.1 AL A LAY 0 pH 6119 7 Iaelld buffer i

wizein l4Tnenin buffer 87 50-100 ml 1 stir LA < wdaAeE 7] WFin lyophilized M.luteus a1y
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wiihldnen 0Dy, Waglugas 0.99-1.00 wnldAandn AN EasuuAnFaadllan s

540nm
dnAngehllfiaaanssog buffer antiulii stir saanundalue waldduawmsainaglu buffer #
{ pH sedananaudatill@nmn pH optimum @3 M.iuteus axgnisizaslu Miller Golder

buffer pH 4.0 014 pH 9.0 Al ionic strength 0.1 waz 0.05 waztinlildn activity 2egiaulmd

2.15 uaIRIRUUNNAaANNEINITD I uMTIwTaslalelal

ansavaaeulidain SSTL, GSTL uar HEWL uslazmiiaazgninlidu %
a 0 dl = g 1 a a -dl =l
grunnd 90 "C Wamsy 30 wi eulaiusazatinazgniinadlu M.iuteus NwFanlu 0.1 M

9 a

phosphate buffer pH7.0 ionic strength 0.1 UadmA1 OD,,, ~ Nanad @9 ldeiuianism

540nm
ANANNTD NN uaeserlalliudalu Enzyme assay Tunsdill aginnnsinmqns

amnlunisinenueseulsdlaleled yn- 30 win unan 3 dalus

2.16 nssnrdnuseladalns wazrin carboxymethylation

ﬁfﬂﬂiﬁuﬁﬁ@w?ﬁilﬁq 10 mg aza1eli 1 ml 284 1.4 M Tris-HCI pH 8.6 %144a1n
PAAY 100 ul 189 5% EDTA Uae 1.2 g 184 urea LENAU urea AZAAUNALALLFAN 33 Ul
289 P-mercaptoethanol udauisingulilEsunms 2.5 mi whdae N, o WO incubate 7
37 °C iiluinan 1 Fluq ANntiuFs 300 ul 184 1 M NaOH it 89 mg 284 lodoacetic acid
whéae N, Wiufiguupidesarhifiuaaihueg 1 4alus (Crestfield et al, 1963) wein
NABANN °| 88NAa1N carboxymethylated protein el Sephadex G-50 column (1x100 cm)
Taeld 0.2 M NH,0H flusiaty uA2911 Iyophilized carboxymethylated protein fautinlyl

Anwsialil

2.17 msnnlaldlasiinaldiaulbdnsudu (tryptic digestion)

[ALAE carboxymethylated lysozyme fingl 50 mM Tris-HClI pH 8.0 Usu1ms 1 ml
\AN Trypsin TPCK treated M lAansdauaad carboxymethylated lysozyme : Trypsin TPCK
treated 111 50:1 wiw Al incubate 7 37°C (luaan 4 Falus Tasrhaanuiatmn 7 30
ety Lﬁfaﬁfmlummm’mLLmﬂW?ﬁmﬁmugﬁ‘ﬂi wdarilUnseseiny membrane filter 1A

0.45 um waaua 147 -20 °C Aeawsinldusinsdagiag HPLC

2.18 NMsViwruRLLsHY (peptide mapping)
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Tunnsviununidsiuas Meulsm3Uade (trypsin) fnlalsladldidumd lndane
Auuaziinsuanimil indngnsiniilagld C18 reversed phase HPLC udoulsaiuiesin
s chromatogram 2aslaltlasdannlaln wazlalalodannldnznivindeinsqeienloduas
an1azn13uenfag HPLC Miduuuuiaaaiume nnsld solvent system 284 solvent A : 0.1%
TFA solvent B : 60% acetonitrile in solvent A Iaadiinnsazuuy gradient A8 WA 0-130 A
16 % 0-50 solvent B uazgaving win 130-140 Azl 100% solvent B wazasadninllngm
ANANINENIARY 220 nm WARARAIUWLNEEY peak LW chromatogram 91H peak AN
o | o = . . a} o dl ] & o 1
ANUUaRIeTU (] retention time Rgei) waziien peak 129 wdnaanssetne (lals
ladannisiney)  liwiesdlsznavasansnasiiundonsaiuiuaeslalslaifuenldannlaln
AJ v 1 1 Z’/ = & o o a | 1 A o
(TNIIWUAINUART peak HuNesAlsznauLazansuaeantaeztluduednels) viranseiy
laltlmiuanldanldnzniuin fazhedn peak fananaiiiansuassnsaasilunmviouiu
Aulalalodanlalivazldnennuin (Araki et al., 1998, Araki et al., 2000, Thammasirirak

etal, 2002 uaz 4NnBind L3an5ue uavantles s9anAsiNY, 2546)

2.19 mamnsaaziluiiiluasdlsznavluidulilsiiv

14 sample (IUsmuviramding) aslunaaanaassaunn 13 x 100 mm 711w
lne speed vac Mazifosyuduauvaenneaeaiinmnatmaen ielinaenneniinag
uaziltuAEaTu A 6 M HCI 7l 0.05% PB-mercaptoethanol 4vuau 500 ul diluga
anasanwianiullantinuassnaaasinaldaufauainazfesyudu vinnnslalaslada
fignaund 110°C flwaan 20 Flus Iaeldgaumnafeugs (not air oven) adsaniusaLn
NARANAARI LALAN WA sample wialagld vacuum azane sample 14 0.02 M HCI
n9a9 sample &1 membrane 1WA 0.45 um T AR zsiunnInazilugasslneds HPLC
Wbl post column derivatization fingl OPA Aa8l shimadzu LC10AD system WAZAE post

column derivatized with Ninhydrin (Model L8500A, Hitachi Co., Japan)

2.20 n1swataunsaasiluaaslaladlas

lalalmsfuaniFgna ldanazniuiiuazansimza azgninlllduaidunsa
azilulngl4AT09 automated protein sequencer (PSQ-1-Shimadsu Co., Japan), Nlszind
@iy uaziATas ABI Model 473A Applied Biosystems Co., Japan. 7igugaaeqningal

NN
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HANITNA[aN

1. mauanu3gna laltladainldantaas aewiuiuasismeia
annsueinudgnslenladlalalmiainiaanisld pH precipitation uaz CM-
toyopearl 650M column chromatography azwudn laltlmiuanldainldenqveslamiuas

v 1 i
penLiwAazainariauuuAL elution profile TedieulaumaNsNTWATgLN 1-4

25
SSTL B
_ M NacCl
2 —~ A280 oo 1
= Activity(U/ml) 1
15 -

A280
Activity (U/ml)

~ -~ ann -~ AnA ~ArA A

Fraction no.

317 1 elution profile m@qm?ﬁqﬁqm‘é SSTLs #iael CM-Toyopearl 650M cation exchange
column chromatography 1414 1.5 x 85 cm flow rate 15 ml/hr gzldsAuaanann

ARANIIUWLIL linear gradient 189AnNdnduaealtninaunanlsfain 0.00-0.25 M

25 T 90

i T 80

2 -~ A280 1 70
—=- Activity M NaCl

15 T " 0.25

3 /4

Start gradient

A280
N
o
Activity (U/ml)

0 50 100 150 200 250
Fraction no.

31l71 2 elution profile 294N199111154N5 lald lmsianldaaesnzniuin (Amyda

cartilaginea) Aagl CM-Toyopearl 650 M cation exchange column chromatography
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1M 1.5x85 cm  flow rate 15 mi/nr 1zltlsfueanainAedniliuL linear gradient

189AHdNd 189N AR 0.00-0.25 M NaCl 114 0.03 M phosphate buffer pH 7.0

2 180
03— 1 160
— 140
— 120

—— A280 [
1.5 1 ~#— Activity (U/m)

start gradient

Activity (U/ml)

119

0 50 100 150 200 250 300 350
Fraction no.

37 3 elution profile vesnavLEqva lalslasfannldanvedlawinmy (GSTL) fae CM-
Toyopearl 650 M cation exchange column chromatagraphy 24416 1.5 x 85 cm
flow rate 15 ml/hr GEiUd linear gradient 0.00-0.35 M NaCl 114 0.03MPB pH 7.0
WAz wash muAag 0.5 M NaCl 1w 0.03 M PB pH 7.0

1 100
—— A280 1 80
—== Activity (U/ml)
8 -+ 60
NO'5 =
< 1 1 40
+ 20
0 -0

71l 4 elution profile 184N17UEINL3gVE GSTL Fel Sephadex G-50 column
chromatography 2u1A 1.6 x 200 cm flow rate 30 mi/hr sz lUsAuaananAaaNl

Aagl 0.03 M phosphate buffer pH 7.0
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Y o

mﬂm@mﬁ“wmmwudﬂaisﬂeﬁﬂm:wmﬁmwﬁuﬂmmu (SSTLs) wazlalelmsd
AMNATILTA Asiatic soft shelled turtle (ASTL) mmzmLmﬂu??zgwﬁ(immﬂ%mmﬁm pH
precipitation ay CM-Toyopearl 650M cation exchange chromatography ?ﬁlwmmma‘
LLEIﬂU?ZﬂVI"Ef SSTL wudn azld T1ssiu 2 peak (Peak A : SSTL A Wae Peak B : SSTL B) il
activity m@\‘ﬂa%ﬂmﬁ@'wzgﬂm@@ﬂmmnm@ﬁmﬁﬁwmﬁ@mmﬁm%’uﬂizmm 0.05 M UaY
0.1 M NaCl sudndiu (ufi1) dau ASTL (Amyda cartilaginea) way GSTL (Chelonia

a o

mydas) WufiazgnuanUIgMEAeaTIRLaiuiL SSTL wazwiian elution profile 189 ASTL Ay

q

=

wenTasfuld 2 peak iR Uiy SSTL uAannuani1sAnswL9RTLsRwNes peak tRgn
H activity vaslalaladqgangapeaunsarinananisaadaes M. Luteus WaNga (gU7 2)
AUNTUENUTgNE GSTL wudnazfasldatiwtasaasnaduiilunimiuigns Inaidauen
Tlsmulallosilng CM-Toyopearl 650M cation exchange chromatography azNldsAuies
peak WERWINIUAN activity vaveulaflalalad (3U9 3) whien peak waveulniilll
fIaaausy  SDS-PAGE wudnfadllsAuaulu  Asuenudgraaisazaiallsiunldann
padniillag gel filtration uaza N UaNLFgNE la i lsdannldanavassineyls (gU9 4)
= %’/ é’ 2 a =i s o rd” dl 1 1 1
naAnmasaillsuanizgnslaleladandndinesnauneg lunguaassn - 3
a gw ¥ o =K 1 o/ o‘dil/ a dl ¥ 1 1

11a wananidelininisinslalelodluldenresdndiaesnauatinau fae i i
Neka Hawksbill turtle  (Eretmochelys imbricate) WNTNAR (Cuora amboinensis) AN
(Eguanes eguna) anldanqaedasan uazsnun winudnluldansaesdndiaasnaiuimantl
T8 activity 199 lysozyme (lldua) nrsnnudnluldansassneniurinanaiug lsuiunula

v
Talos] 2 16im wilulda1naeaminzia green sea turtle WLEN 1 TRAWINTIL 1ANNINARES

1
g

andldin  lalrlmiluldennresdndinesranuiintsuanseeniisnaiuuaz sy lale sl
vaeialuldanniifenanansiangd biological function fiuAnsrafvaedlalal ainiag
H3neaunudn Tdeaeddada (Prager and Wilson, 1971) unnszna (Baker and Manwell,
1967) HAnIzng (Saleh and Ibrahimi, 1995) waziadalagnaesdannind (Fernandes,
et al., 2004) wu'lalalgsfuanssiin mn%’@g@%@ummdnﬁ T lale s SEuvs
gaafiud visa multiple genes PUANANITL AINHANNINAADITINLIN ¥4 SSTL uay GSTL 1
Talalmfunnsaiuluniaes enzymatic activity uaziunny Wiindmdiia 2 4fiedl Aoy
AuusIndfatusnnfiany Geilnasnainlil & biological function Tedeulmiumnsneiy
A2UNANI991 SDS-PAGE 9849 SSTL A, SSTL B, ASTL Uaz GSTL Waufiu HEWL AdLAnS

Tugi# 5
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a3 Y S S

250
148

60

42

30
22

17

isar 2}

—————— TS
" a
1 T 1 14.8 kDa

U7 5 1ann9vin SDS-PAGE 284 SSTL A, SSTL B, ASTL uaz GSTL ey HEWL u

12.5% separating gel Wag 4% stacking gel

a1ngun 5 wudnlalalasians SSTL A, SSTL B uaz ASTL HunullsAuieauny
mien PRuinTuenatlssinn 14.8 kDa daw GSTL AdunuTlsmunesunuipaqLuii us

v v 1
Humrinluanadszunns 15.2 kDa adnelafimnainiiwiniuanaveslaleladnaiainy

be

1 pmdnazily Ctype lysozyme nuldluldln vive dndiinszandundsans pe Jiwin

TNL@Q@ 14 kDa (Grutter, et al., 1979, Araki, et al., 1990, Araki et al., 1991)

1N

= Prestaining marke:
= SSTL A

SSTL B
= ASTL
= GSTL

[« W © 1 BN S VR O B
I

= HEWL

317 6 nan1sANLATEUU activity 1e3lalslmiia 4 wiin g refolding gel ey
HEWL



6

nsAne refolding gel re9lalelmedia 4 afanedunisaududunuldsiung
winTuanalseann 14.8 uaz 15.2 kDa Ann199n SDS-PAGE ilulalalasiasatiuaziin
clear zone lww1zawitaesunuldsaudidulallosfivindudeannaaniin refolding gel i

WU clear zone AMNUNLTUIAULTENNNL 14.8 LAY 15.2 kDa A3N1INAAAILAINTDEUSTUNA

&
=

nsuenBand  wasnwdnewlnllalrlnfuenldanasmuinaiady monomeric
protein wananniifianudn SSTL B & activity @;a‘ﬁ'zgm (gﬂﬁ' 6) anAINgILnsueNiEgNs
lumsedt 1 wudn SSTL A flannanignisnntude 6 win Wanadlalrlniilddundy Ae
53% uaz SSTL B RAvwiEqrisunnduie 3 win sunadlalelmifundy 55%  dau ASTL
ad\Wlalrlndqvane 5 wiuadldBunuAundy 19% dwin GSTL 1 Wlalelef

135 D9 17 wingeTdsmudl specific activity 1sz3104 54 unit/mg

1399 1 eneaginisinusgnsiauladlallasd

Tahle 1 Summary of purification of reptile lysozyme from reptile lysozymes
total total total specific %
Samples volume  activity protein activity  purification Recovery
(ml) (Units) (mg) {Units/mg) fold
1. 88TLs
Crude 54 150660 3,229.41 0.47 1.00 100.00
pH4.0 53 10730 242647 0.75 1.60 119,94
pH 7.0 52 145080 1,997.06 0.73 155 96.30
Chl-toyopeatl of 3STL A4 65 806.00 29118 217 5.93 53,50
Chl-toyopeat] of 3STLE 27 837.00 698,53 1.20 2.57 35,56
2. ASTL
Crude 1584 778410 362.09 21,50 1.00 100.00
pH4.0 187 5,941.93 169,96 34.96 163 7633
pH 7.0 190 427025 176.91 24.14 122 54 86
Chl-toyopeat] of ASTL 108 1,506 60 13.80 109.17 5.08 1935
3. GSTL
Crude 141 143220 37100 3.86 1.00 100.00
pH4.0 139 1,508 20 22762 6.63 171 105.30
pH 7.0 137 1,337 81 254 48 3.26 1.36 9341
ChM-toyopearl 63 92768 19.63 47.25 12.24 6477
(el filtration 24 174 84 324 53.96 1717 1517
The activity was measured by lytic activity. The protein concentration was assayed by the Lowry method.
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Native-PAGE of reptile lyszyme

aziilginlalelmsMuen3andldannlisneesmsniutiane 2 oia uazannl
mqqmmu;iqmmﬁﬁwﬁﬂiuL@q@mﬂ@”ﬁmﬁu Lﬁl'ﬂLﬂuﬂﬂiﬁﬂﬂ’muﬂﬁﬂ%'ﬂLL@zgﬂ‘iNﬂJ'ﬁ]\i
TusiwisAnile Native-PAGE Tuszuuaes Pralanine wReLIRiauin HEWL Aegninanine
ANEANTNAABINLIGN SSTLs, ASTL uaz GSTL anmnsnindeufildlndiAeeiu HEWL (17
7) o GSTL azipaufldnmdaaulddnng) ASTL, SSTL A, SSTL B uaz HEWL usi SSTL
B indeuidnmndaaulfi§awin 1 U HEWL Ssannuaiildaenndasiuaainnisin oM-
Toyopearl column A2 SSTL B aziflu basic protein 11nn41 SSTL A authi SSTL B A9gn
Ul column Andnudagnazeenanivds SSTL A uwazanndeyamaniiaaiudeyad
drgarfuayuliinaneziluiiiuesdlaznenlulalrlo@ssafisneiy  Genaflunuam
aAnyTuniainavaeselodlal Lo

_I_

1 2 3 4 5

1 = HEWL

2 = SSTL A

- 3 = SSTL B
- o 4 = ASTL
5 = GSTL

\4

gﬂﬁ 7 nN3Ane" Native-PAGE (18% separating gel, 4% stacking gel) 184 SSTL 19424
#iin ASTL way GSTL wauLiauiu HEWL

2. meAnmanTRmaaivasauladlalelaifuanlang 4 48in

2.1 Effect of pH and ionic strength on lytic activity of reptile lysozyme
N139AANNAINNTR NN TN AN NITAR LUAT B (Activity) Uaalala s nen

UsgvalFannisiuazpznutingiasing o Wiaudleuiy HEWL Taeldilesfisl pH uas

ionic strength fluansinei wudnlalrlsdannazniuria SSTLs uaz ASTL vinaudléagei

PH #iFin9a1n GSTL uaz HEWL 7 ionic strength 0.1 (37 8) wud1 SSTL A, SSTL B uaz

ASTL & pH Mineuldangalutag pH fuaw (pH optimum) 91 pH Wi Aa pH 6.0 Tu
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ionic strength 0.1 wsi 1w ionic strength 0.05 SSTL B kA% ASTL AslANHULI89NITNINNY

Do

1Rl pH Andeu AsaunsoneuliRsaus pH 6.0-8.0 (31M9) @esineann GSTL g

Al

WReaudnaNnsanineuliangaesiae pH (dual pH optimum)Aa pH 6.0 waz pH 8.0 lu ionic

strength 0.1 uaz 0.05 (3U# 9)

© =)

=1 9 ] v 1 e’d' Y 1 v J
namsnaaediionvziuaad ldedisdanun  lalylsifuen lavinuvasvesdnd

9 [ k4
iaeena U Ind¥Aiu 91979 Family Trionychidae 1ta2 Family Cheloniidae 3¢3msia1utay

AaAUIANUANA 1N

E 100 - — HEWL
=) —&- 3STL (A)
=

% SSTL (B)
@

o 50 ASTL
©

o =¥ GSWL
x

0
3 4 5 6 7 8 9 10

7U# 8 wams pH optimum slanisdsdiisenlalnslaganiiaaduia M. luteus 289 HEWL,

SSTL A, SSTL B, ASTLWaY GSTL 1 ionic strength 0.1

E 100 —— HEWL
=
= - 3SSTL (A)
=
S
© SSTL (B)
© 50 -
= ASTL
(]
[a'd
=% GSWL
0 \
3 4 5 6 7 8 9 10

] 1 1 Aaan a o J
917 9 ueraa pH optimum aomsisense lalas ladamivaaduiavos M. lueus voq

HEWL, SSTL A, SSTL B, ASTL ttag GSTL 1 ionic strength 0.05
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2.2 Effect of temperature on lytic activity of reptile lysozymes

Hegann c-type lysozyme ﬁ@m@mﬁ?}ﬂu thermo stable enzyme lunnsAneil

a o

AsazAnwnavesgunisantamueteulsdlalelaiis 4 w8a Tealunimasesayld

a

anuund 90 'C lunnsdmenlasiinemrandugmanle 0.1 M phosphate buffer, pH 7.0

q a

ionic strength 0.1 (gﬂﬁ 10)

120
£ 100 —— HEWL
3
= 80 - SSTL (A)
=
= B 61.22%
S 60 3.06% SSTL (B)
o 3.33%
5 40 194% ASTL
@ 26.97
o

20 7 = GSTL

0
0 50 100 150 200

Times (min)

U 10 nafnmuenRiFAaed HEWL, SSTL A, SSTL B, ASTLua GSTL 7 90 °C luiaan

3 falug

dl 1 'S i’/ %’ 1 o a ..
a1nguit 10 wudnlalaladanniensdnzniuin uassmeadaasdl activity g9
@, o aa | o ) = . & |
ufian axgneinlugunnngauungn 1 dalus Tnaannznudn ASTL Azl activity 1deet]
aeinatioe 60% wasangnanll 3 §alue wazuananil ASTL azdl activity genigaluanuon
lalgladie 4 28a Mianimeses asiueradulllfan laleladandndinesnaiu Iiuse

Indalwmuiieuiuiu HEWL wieenelsimnu tladeunailsenisiTuase lytic activity 81810

'
¥

annisliaanFeuu lalalasd vide interaction A1 °| U hydrophobic interaction il @i

' | o dld o o 1 dI 1% 8%
JuilutladeniianudrAyuinadranilslulnsairenasdale lodfae

3. MTANE primary structure UR4 reptile lysozymes

3.1 nssnadnussladalnn wazria carboxymethylation
dl [ o/ o/ 3 1 1 o 6 Aa a
Walduniranuansenuresiuss lada duazinasanissnlnaiaulsivaddu

Ialglmdvs 3 a¥lm SSTL A, SSTL B, and ASTL (Primary structure 289 GSTL HNsiennwlu
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aa 6 o

Swiss protein databank accession No. JC7918) azgnsnvdiuseladalnsuazyin
carboxymethylation el iodoacetic acid T4ALFHBIUN carboxymethylated protein Tduen
Tneld Sephadex G-50 column @WH 0.2 M NH,OH lusiameTdsfiunsasnisaanuiann

pRAN LHNaAagii 11

2.5

RIEN

/ —~+ A280

2 -

1.5 4

A280

n r AN AC an e amn 1=

g‘ﬂﬁ 11 N9ukein carboxymethylated lysozyme

gﬂﬁ 11 N13uen carboxymethylated lysozyme el Sephadex G50 column

chromatography

anngulilsuiailaseairanlunginininasazgnazeanunannas antnauwdn
A K o %lz =< o . 4 . a
LNARAATHNTEAANNT NAIAINUUIIATUN carboxymethylated protein lfmpneaulbsiviad

Fupialll

3.2 M9 UNLUSAY (peptide mapping)
Walalnladgnan liiuwnIndansdusaaaulsivsddu  (trypsin) udavinnis

¥
o

wenind InAngnAmilfag C18 reversed phase HPLC wadldaLifiey elution profile 184

a

v v

chromatogram  aadlaltlafanldln  wazlalolmiannldnenwnusin  (SSTLS) Tesindas
wulmiuazaninznisuensos HPLC  Miflunuuifeniu  udagiiunideans peak  Uu
chromatogram ANNANNINAABINLIN (317 12) Fumbsnes peak 1w SSTLs Msinean

] ] v
HEWL #qazfiasdnisdneninsnasi luniiugiulssnauuazarsunsaasd Tuianumnann
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SSTLs W31z SSTL A § peptide map Aiwmieawiy SSTL B lagiiAnumnieaes peak iNaua

R9aNWYN peak

mAbs
<00 9 13 14 16 {18 Hi1
11 15
100 | | 19
|- 17
1 8 - ! |
? 10 l‘ “ |
o L2 6 37 UMLJJMJMMIW,\) \\’UJL

[9D]
% 200 9 !12 15 |16 1819 Ss=
= o 22| X
< 4 10 |14 17
2 100]1 |
< i 5 + ;li II i\
£ TR 11 I
= (0] 3 HLJ i—mJ\_ﬂ_}“k_J. iU U{ aJII !U‘ ]. "g |
g Y U . l\mJ L‘U\wﬂ'\_ﬁju’ \{L‘“ﬁ_“l
o
< 200 oho {1z hs i SE
a 8 1| 16.1? 18} 19 =
§ 1 5. (I
100 y l
* 5 & + ! |
0| I U Wi WUL LL\“
0 50 . 100
Time (min)
9113 &

(YMC ODS 120,S5.4.6 x 250 mm)
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ANNNTANEHINLINAANTUNURTaINTAaza Tl SSTL A uay SSTL B asld
SSTL A uaz SSTL B lunnmsgiunfraniieusumieres peak fiu ASTL Basnafiifly

reptile wieuiulnglfuafsgln 13

mabs
9 12 15 16 19
.o SSTL A
400
10
3 4
17
11
1
L=}
200
18 4
8
13,14
0 'A\_m U L&«;
19
W
B 400 SSTL B
2 18
Sy
u‘-f 20
o
. 200
=
=
[an]
(o]
[}
e 0
13 17 22 23
o . ASTL
11 4
a8
3 t 19
15 21
200 ' : % -
&6 10 16 hae
1*;
L
7
0
o] 50 100

Time (min)
2107 13 wawdililsdu (peptide mapping) 184 SSTL A, SSTL B waz ASTL Al&annnisuen
tryptic peptide fingl C18 reversed phase column chromatography (YMC ODS
120,55.4.6 x 250 mm)

32



AMNUANINLELATL A9 SSTL A, SSTL B uay ASTL WU AUMNT8Y

peak T chromatogram 721919 SSTL A waz SSTL B tiuuniazmilauiuynaumie eniiu

9

peak 2 peak N7 uay peak 1 15 AN retention time ANafULANTIae (Qﬂﬂﬁﬁlu SSTL B)

1
14 [ !

WAAIWIE SSTL A uay  SSTL B uraziilaseai1eseiudguninadnaiunnn dauunui

TilsRugendng SSTLs fiu ASTL tiu Winlednadn § peak wiane peak NHAILMLUSETY (gnAs
7lu ASTL) wansdn ASTL Wnazilaseainasziulgugisnean SSTLs aztiunn peak 289
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lrlzTlunguassdndiaennausell nanmAaesees ASTL WLGNR peakifmumiosing
A0 SSTLs ﬁﬂgﬂﬁﬁ(@ﬂﬂ?é) %'mﬂ peaks %Qﬂﬁﬂﬂﬁﬂmmmm@:muﬁLﬂumuﬂ@zﬂ@u
uaz WdaLNsaeziily uanantdauaes peak Muanaananniulilsiauysal wu peak 10,
11 289 SSTL B azgninansin rechromatogram $aeld column #fiadzaiuifunisyinusuii
T1lshiu LL&iL‘]J?]I?;Iu solvent A i 5 mM potassium phosphate buffer pH 6.0 Wa¥ solvent B
11 60% ACN 1 solvent A d9azanunsauen peak 10amiIngld 2 peak atnstaiauia
peak 10A LAY peak 10B ﬁ\igﬂ*ﬁ 14 yanannileiad] peak 13,14 uay peak 16,17 flazdiasi
rechromatogram iU peak 10,11 SelduadalugLlit 15 audsu anifudeazgniiy
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917 15 Fiatinen19nn rechromatogram 183 peak 7 13,14 Taald C18 reversed phase

column @4 solvent A {5 mM potassium phosphate buffer pH 6.0 LA solvent

B 1111 60% ACN 44 solvent A

491 peak 789 ASTL 7NAMMMUNAINATIN SSTLs U peak fiazgniiunmi
¥ o = a dl | ! zl/ o o a
rechromatogram wdari lAnnanerilundudaulszneusuianaifunsnesily

wiNauiy peak 184 SSTLs ansaldl

3.3 mvmsmnsmfa:muﬁLﬂudquﬂszn@u (amino acid composition) WAL
ANPUNTARTHIUUD

lalglmdann SSTL A, SSTL B uaz ASTL Auenu3gns 1udaazgninanvinnns
fndiuarladalild war w0 Carboxymetylation %'qLﬂuﬁuﬁ:‘ﬁ@fﬂu‘ﬁmwzﬁmmi@‘ﬁmiﬁﬁ
andutilalelzdldendeuenlniidu (rypsin) udailalzlnigndesudauiium
7il1s#l (peptide mapping) WAZAN profile #ildann HPLC wudnlalelmfannazwauring
profile firaudnasingann HEWL ﬁl%l,ﬂummﬁm 4 peak FiEFumiaRAn9an HEWL iag
g lAnsunnanesiuiidudouszneulngds post column derivatized with OPA s
falddniiianianulege aemalwengilauazdiuausensaesdluasfiouiunsnesi
Tummsguiandnlulu column Taeaninnidearu (U7 16 uaz 17) uazuenanidadinag

A o =2 ] a . . . . .
gugunaAnndauLlszneauraINIAasiluLLL post column derivatized with ninhydrin

Tnanguiunsnarilunnsguguin (U7 18 uaz19)

34



Thr
His
Trp
Arg

Ile

Ser
Gly

Asp
Val
Leu
Phe
Lvs

Ala

Exitation 350 nm, Emission 450 nm

s 2 2 8 & 2 3 % & ¢ 2 3 & g ¢ g

= =+ o0 — — (=] o1 (] o [xg] =+ - = Iy iy L=

. . . . 1 ' ] 1 )
Time (min)

7116 Chromatogram 283nsnezdtunldifuninsgulunismnsnesiluiidudou

19NaULLL post column derivatized with OPA

Exitation 350 nm, Emission 450 nm
= (m-Cys
Tyr
Lvs

2.0

- 12,
- 16.0 ?

0.0

- 4.0
8.0
20.0
240
28.0
32.0
36.0

- 40.0
44.0
48.0
52.0
56.0
60.0

Time (min)

s 17 daeenaniamnanesiuiidudautsenanlu peak 4 289 SSTL A Wiuiunsm
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7 19 Faetnaniamnenesiiuinidudauilsznauaes SSTL A Weuiunsnasiluunms

gulugin 18 NgnaresnainAedntiuuL post column derivatized with ninhydrin

a dl [ 1 6
a1n chromatogram aasn1sunnIaasdlunidudaudsznanlulalelmiuuy post
column derivatized with OPA %38 ninhydrin fgx1saRaziinvunldnInesufas peak
o 1 [J [J = o d” dl % a v
FRRENNIATWIMMNATIY  nmol  Wenduiunlinemaesnsaesiluninsgiuliuas
ansnagUlddnusiay peak fantindinsnaziluniiludauilsznavaiialatinesenanisAnm

doutlsznauuednsnasilunn peak 2849 SSTL A Auanalumnangm 2
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A5 2 ansnagtnanisnsnesilumiudeudssnanlu SSTL A

Amino acid composition of tryptic peptide of Solf shelled turtle Lysozyme A

1 2A 2B 3 4 5A 5B 6 7 8 9 10A 10B 11 12 13,14 15 16A 16B 16C 18 19 20
Cm-Cys 0.9(1) 0.92(1) Cm-Cys LI 1) 0.9(1) 2.3(2) 0.9(1)
Asp 0.96(1) 0.99(1) 4.1(4) Asp 1) 3.1(3) 1.8(2) 1.5(2)  1.4(1) 1(1) 1.0(1) 2.78(3) 1.7(2) 1.9(2) 2.3(2)
Thr 2.28(2) Thr 2.28(2) 1.02(1) 0.8(1) 0.98(1) 1(1) 1(1)
Ser 1.12(1) Ser 1.12(1) L1(1)  0.9(1) 0.7(1) 1.65(2) 1(1)
Glu 0.55(1) 1.05(1) 1.18(1) Glu 1.0(1) 3.1(3) 0.8(1) 1(1) 2.2(2) 2.03(2)
Pro (D) Pro 1(1)
Gly 0.8(1) Gly 3.4(3) 0.7(1) 1.6(2) 1.3(1) 2.36(2) 4.9(5) 2.6(2) 3.2(3)
Ala 0.45(1) 2.0(2) Ala 2.02) 4.1(4) 1(D L1(1) 1.1(1) 0.9(1) 1.6(2) 2(2)
Cys Cys
Val 0.5(1) 0.8(1) Val 0.45(1) 0.6(1)  0.9(1) 0.9(1) 0.8(1) 1(1) 1.2(1)
Met Met 0.9(1) 0.7(1) 1(1) 1(1) 1.1(1)
Ile 0.7(1) 0.55(1) Ile 0.36(1) 1(1) 0.9(1) 0.7(1) 1.56(2)
Leu 1.1(1) Leu (1) 2.1(2) 1.02(1) 1(1)
Tyr 1.2(1) 1.01(1) Tyr 1.8(2) 1.01(1) 1(1) 1.08(1) 1.9(2)
Phe 0.9(1) 0.91(1) 1.21(1)  Phe 1.21(1)
Lys 1o(D) (D) 1D 1D 1(1) (1) 1D 1(1) Lys 1(1) 1(1) 2(2) 1(1) 1y 1 1(1) 1(1)
His 1.28(1) His 2.1(2) 1.28(1) 2.2(2)
Trp Trp w 0.4 0.2(1) w w w w
Arg 0.8(1) (1) 0.84(1) (1) Arg 1(1) 1.0(1)
Total 2 2 4 3 4 3 3 4 4 14 Total 9 12 11 9 7 10 7 5 11 15 20 13 11
nmol 0.2 2.53 0.5 4.4 7.04 0.54 0.5 1.54 5.4 2.68 nmol 4.52 1.67 0.6 836  8.69 2.29 4.28 0.12 056 089 274 2.5 1.35
position 1 74-75 99-102 71-73 116-118 100-102 12'-14 12-15 128-131 35-48 peosition 16-14 35-46 88-98 3-11 64-70 119-127 121-127 111-115 76-87 49-63 16-34 103-115 103-113
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Peak A1 I AdFnumdssinemsislu SSTL B uaz ASTL foniinlmnenezfilud
Fudautlazney uasvnandunanesiutwAeniuiy peak 1w SSTL A (liladua) deld
w@mﬁnmm‘ﬁ"\mumﬁ@muﬂa‘m@mmmmxmumxm@mziqﬁummxmuslumLwﬂimﬁﬁ
@:ﬁﬁmﬂ@ﬁiﬁ”m alignment ALA1ALUNTABLATUIBY Soft shelled turtle lysozyme @neiiug

iy Addunnsguteldnadigli 20

10 20 30
GKIYEQCELAREFKRHGMDGYHGYSLGDWYV
“«—> < Pe——P € >
1 11 6 9
P €
5B 18
40 50 60
CTAKHESNFNTAATNYNRGDQSTDYGI L QI
--------- R
€ >
10A
70 80 90
N SRWWCNDGKTPKAKNACGI ECSELLIKADI
----------------------- D o TTT S T
e 12T 68
K
A 100 110 120
TAAVNCAKRI VRDPNGMGAWYAWTI KYCKGK
-------------------- PP ——— € -
10B 2_@___>: ___________________ 19 > > 4 b
5A 20 PR >
16A
G D
A A 130
DVSQWI KGCKL
"""" T

UM 20 andunsmesiiluwes SSTL A and SSTL B lasduiumewiansunsnesiluwdo

dnudulszAanisnatsunsaarilulaanisuiaindqullssnasraansnazi v

FleuRauiaudfunsnesiity mavsnsneziituiifludoulsznetaes SSTL A
Feufy SSTL Japonicus Rfinssesuliudalnedulszaziflunaildannnnsmnnsnesa
Tuiiflugoulszney waziduiiuazifiunaannismnandunsaesiufildvnanduliude s
anuanswiauiiaumudn SSTL A Sddunsaesiluiiuansnsain SSTL B atifies aa

ALY AR ALUUe Arg 97 Tu SSTL B asdu Lys Tu SSTL A, GIn122 lu SSTL B
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waeu Gly war Gly126 Tu SSTL B waeuihy Asp 11t SSTL A WaNANLANHANST
nAaestiLandlFatneiaiaudt3ans N-terminas 1aalilsiudl insertion daensnasiily Gly
uaNAN AN insertion #aenIaaziily Gly ILMINANUMUGT 47 UATA8 T9n13 insertion
Tusnumdsiiiefiseanly Human lysozyme mnN@ma‘wmmﬂmmmmqﬂiﬁdq lala
sTannlganaaesmeniinyeaadaiiafe SSTL A uag SSTL B Ansnazily 131§ asing
AN HEWL fifinsnezly 129 fv Weshdnsunsneziluges SSTL B luuReuieudndu
nepaziiuiy  SSTL Japonicus wudnansunsaeziluzes SSTL B iuileudi SSTL

. o o =2 [V ¥ o ¥ o o o v o
Japonicus  ynatsu  daflulilidn  mrwnutianeius Eudulmnduius IndEamiy

1
o A

mwmﬁqmﬂﬁuﬁm lusian

Lﬁlﬂiﬁ Completed amino acid sequence 184 SSTLs agld peptide mapping
184 SSTLs ilunmsgulunisnmniaseainszdutlyugiizes ASTL lwinueaReariuiy
nsAnelrsaFsziulguniiaes SSTLs nisAnsadiUNInariiuzes ASTL fiazin
n1gAnEeeRlsenavaasnsaest iuludund Induazninismaisunsaes tiuludu
il Indiflfnumises peaks widefl retention time fisineann SSTLs angulit 13 wudnd
PEINNTDE AU 8 peak An ASTL3, ASTL5, ASTL6, ASTL7, ASTL9, ASTL10, ASTL11 Lhag
ASTL15 Tatandunsnaziluiildiamaunainnisnnsnesiluiiifhugaulssnanned 3
wazannniamanaunseesilulpeFauineuiuansunsaesiluaes SSTL B wudnd
amino acid substitutions BENITAY 4 AL ﬁ\‘lgﬂ‘ﬁl 21 Leus waswifly Ala, Ala41

wWaadu Gly, Lys71 iwlaadlu Asp uaz Leu 83 ilaziu Met
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M99 3 AsagLnantsvnsnasilunidudoulsenaunes peaks il ndaas ASTL 7

;9A1N SSTLs

Amino acid composition of tryptic ASTL

Amino acid 3 4 5 6 6A 7 11 12 13 14
Cm-Cys 1.13 (1) 1.02(1)
Asp 1.0 (1) 1.66 (2)| 1.0 (1) 4.43 (4) 12.47 (3)
Thr 0.91 (1) 1.11 (1) 0.95 (1) 217 (2) 1.58 (2)
Ser 3.02 (3) 1.75(2) | 1.24 (1) |1.24 (1)
Glu 1.20 (1) 2.41 (2) 3.55(3)0.75 (1)| 1.37 (1) 10.94 (1)
Pro 0.83 (1) 0.68 (1) 0.93 (1)
Gly 1.68 (1) 2.88 (3) 1.21(1) 1.31 (1) [1.10 (1)
Ala 1.44 (1)1 0.99(1) 227(2) 1.0(1) | 1.20 (1) 1.0(1)
Cys
val 117 (1)
Met 0.97 (1)
lle 0.94 (1)
Leu 0.47 (1)/0.54 (1)
Tyr 0.96 (1) 1.06 (1) 10.76 (1)
Phe 1.0 (1) 10.70 (1)
Lys 1.0 (1) 1.0 (1) | 1.0 (1)
His 0.94 (1) |0.68 (1)
Trp
Arg 1.0(1) 1 1.0(1) 1.0 (1)
Total 2 3 4 15 4 2 9 5 14 12
nmol 019 | 1.86 | 832 | 1.06 @ 025 375 343 | 534 2.67 1.71
position 1 7173 | 8487 | 6573 | 7174 | 99100 | 210 | 4961 | 3548 | 3546
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A 1 20 30
GKIYEQCELAREFKRHGMDGYHGYSLGDWYV
4. _____________________
ASTL11
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*---ooo-mmo 40 T TTTTTTTTTTTTTT > 50 60
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_______ _> e
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ASTL4, ASTL6A ASTL5

100 110 120
TAAVNCAKRIVRDPNGMGAWYAWTIKYCKGK

<“-->

ASTL7

130

DVSQWI KGCKL

Amino cid sequence of ASTL on SSTL B

= amino acid sequenced
————— = deduced from amino acid composition

717 21 ardunsnaziiluaes ASTL Wauil SSTL B

Hasannatsunsaasiiuaes GSTL HEpeaeanuldidunEausasudn nadsiu

u
e Y

Wannldsfiuaes GSTL  ldannisuanidgnaiutiesnn  anzdddeuasliannsniin
GSTL sunAnsNuililsfy nrpasiluiifludoutsznatsuiamansunsaasiiugoe uan
Tarinansungeaziluges GSTL N1 lFlun139Asinani1Inaaadsaseaziasn luaniaie

NANTITNARBN
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anUs1gNaNITNARDS

¥

TunsAnmaistiansnsauanisgns lalaladanldanvesldlunguaesdndines
ARTWAN species A@ Trionyx sinensis Chinese (AYWILWNANERUEIANIW) Amyda
cartilaginea (Asiatic soft shelled turtle) was Chelonia mydas AINNANITNARBINLINIG
uwanseantedltlsiulallmflulianresdndinesnai  HavuunnsteiuisludnuEunn
o . s =2 -dl -dl ¥ ! =2 a o ?:/ -lil (=
AU Az activity 1eieulas] annisAnmaeuiingsdeanudinisAneidaaisiliy

dl Ly a ' o rdﬁl o o ¥ aal/ aa
seeuusninylaleladassriinluldanvesdndaesnaiudiniunisdunutiaz Anuwly
29896l sz A AaseaziBan uNIANWIN

Tudunaunisuanisgns lalelsdainldsnnresdndinesnaiunguil duseunig
weinlie1a nswizenldend N9 activate resin N3 pack column  NSWTHNATEIN | WAL
dupausne] doudluiladauasiinndAtysenisuanudgralalaladainldanaesnzniy

WA UG IENIU (Trionyx sinensis Chinese) lanaaa4nzWIUNN asiatic solf shell turtle

Y v
a

(Amyda cartilaginea) ldun9meslaisinay green sea turtle (Chelonia mydas) 198 ey

o = | a < - 4 . P o
'Vlﬂ‘lluﬁlﬂullN@ﬁl’ﬂﬂqﬁ'LLﬁlﬂLL@ﬁﬁ')’]ﬁJUﬁ‘@V}ﬁﬂI'ﬂ\‘lL@u‘lﬁ]N ?Qﬁdmﬂﬂ?‘ﬂf]m (yleld) V]@‘éﬁiﬂ

Q Q

dupaunisuanzgnsd lalladannldaaresnzniusinanaiug nduluadel 16

q

ﬁmﬁ‘ﬂﬁ*uﬂa;ﬂﬁdw%undﬁ‘ﬁmm?gma PNUBUILLAZANLBY §9TNATING (2546) Tagling
ﬁ’]ﬂ?@ﬁ%ﬂ@%%ﬂﬂ%ﬂﬁ%uﬂﬂi@TGﬁ%ﬂﬁT')ﬂ CM-Toyopearl 650M cation exchange column
chromatography WUl linear gradient ieaednilinandnuisauanlalelodls 2 15in Ae
peak A (SSTL A) Waz peak B (SSTL B) dalalrlmiannl99199enEnLnn Asiatic soft

<

shelled turtle (Amyda cartilaginea) fazgnuenysanalaneds cation exchange column

a q

©

chromatography LtRgiuALAzNILLNaeWWE W (Trionyx sinensis chinese) Wty
TsAueanuuy linear gradient lagld NaCl fiTAdduiaus 0.00-0.25 M 1 0.03 M
phosphate buffer pH 7.0 WwL71 elution profie ﬁiﬁﬁﬁﬂ‘]ﬂmﬂﬂéjﬁmﬁu elution profile A8
VL@Tenisﬁﬁ@'mm:wwi’iﬁmﬂﬁuﬂﬁu% (Trionyx sinensis tiwanese) finanns nalauazay
1ag 8990A35N  (2546) LAEITNenLls Fotudiluganlale i npswiuin Amyda
cartilaginea 8123zl expression gaslalrlniaestiatuAenfulildaaesmeniinans
fuglut wilunsfinenadsinuindifiee peak Weaifueniinge delalelosian
Amyda cartilaginea %gﬂmm@ﬂmﬁ'mmLﬁuﬁummmﬁ@ﬂixmm 0.12-0.13 M NaCl 1ila

FIINAADUANNLIBANDANN  SDS-PAGE  wWudnaunsnuanisgns lalslmiannldanqnes
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AzLELE I uasaznuiiuiedsldTae [ nedulidaada CM-Toyopearl 650M
cation exchange column chromatography IpezuUl linear gradient
zﬁfmﬁ*ummﬂﬂu??zgwﬂmiﬂsﬁﬂmnwmwmLﬁiﬂmm (green sea turtle) #2gl CM-
Toyopearl 650 M cation exchange column chromatography 9%16 1.5 x 85 cm flow rate
15 mi/hr uaz elute TusAuLUY linear gradient Faspudiudureanaesaus A
0.00-0.25 M NaCl fisi3eiailus 0.03 M PB pH7.0 wudn lalrlmsfazgnazeanunfinanuidindu
1321w 0.2 M NaCl luansouziilu sharp peak Nanumsseudnalilsfiuuas activity el
annsnuenuigns lalaladlng ldpeduiiinaasiasusnsasos Sephadex G50-Gel filtration
chromatography ﬁaﬂimum@zﬁﬁL?@"Lummﬂﬂu?zgm%rﬁﬁlamama‘wm@faqﬁmmdﬂﬂiﬁﬂuﬁ
I0SAATIAREIA IR TTAT A LAN AN

waRINIuNARaLANNLIgNsuazutuiinluanasesla e lodnuanusgna 14

ee

19 4 95m Aa SSTL A, SSTL B, ASTL way GSTL Intl SDS-PAGE wuan laldlaiiia 4 a5iad

ov

%

whntinluanadssunn 14.8, 14.8, 14.8 uaz 15.2 kDa mua1d Bafluauiatiminluang
AlndpeaiuannvedlalalbdannlalnfiweRseeauld (Grutter, et al., 1979, Araki, et al.,
1990, Araki et al., 1991) usifidzw A inTuianadnndn reptile lysozyme iAgdse
uld (Gayen, et al., 1977) anuan1maaasilatauantsdn SSTL A, SSTL B, ASTL uas
GSTL hauiilulalalasd type C anzivuminluanalndipasiulalalasd type C wanannil
danudnlalalmi@nounts  purified  WHAMNLEgNENEananazti lUAnwanifniaed
wazlaseairemaluls TunsAnuenilsadinng confirm activity veelallssfuanlsluiaa fae
Zymogram refolding gel Wiagiusiuinuaulalsfuitszanns 14.8 kDa waz 15.2 kDa 1434 1ilu
laltladaselnaninimnadasieminradeuladluudviaa  wudwouldsaundssann
14.8 kDa uaz 15.2 kDa NuaardnveslalnlmiAeaunsndesndunasiuanFe ldaamnldg
aa ™ A 2 & o o A o o=l >

hnagiuuuAnFangaeananiiuily  clear zone  uazdvBiuduInaulsduanldan

%’ a | . . dg/n/ 1 = .o d‘

mzwwumnﬂmumﬂu monomeric protein WANAMNULNWLAN SSTL B { activity §3v4m N3
=2 d” [~ Q} 1 o rr:il’ 6 a =
Ansntiusenuusninuasslalnlodlunguidndiaeaaau nsnulalelofaraatinead
el wnuazdnduataata iy lwldde (Prager and Wilson, 1971) launnsenn
(Baker and Manwell, 1967) 111N 3z6ine (Saleh and Ibrahimi, 1995), HadalAg1aastanin

714 (Fernandes, et al., 2004) wazlunwanuasg (Olsen, et al., 2003). NANNINARBIHANAAY

¥
A

vanlaanlaleladiduldsaundAyuastuinn lunnsilesiunisiamaveslidans  wanaini
nannanaaesduaasaaulllaian guseslalalodataazivate loci Tunstizaslals

lflumzniutn wanainiinisuansaanaadlald kmadnunnsreiulusiuanuouaanyla b
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TosTananiinlu species 1N Trionyx sinensis uazanaazinisnulu Amyda cartilaginea HA
dgl 1 A o/ v dl a‘d‘ 1 o o 6 !
miwmamuﬂW%mﬂuﬂ’]iﬂuﬂuumummemmmiait’nisﬁwLmemuMmmmm
71l
Wasdnnlallasvia SSTL A, SSTL B ASTL uay GSTL Hihwinluananing

o =

PesiuassasinsAnE I Faumautlszanies luluianasae Native-PAGE wuan lals sl

o—

yadTinazasdnundaasldunnsneiy ne SSTL B Hasuaunsnlunisadnundaad 14
nn lalelmfidu q Wadfieusu HEWL namsmeaesiiansin Wlnssaralguniaedlats
InsfiadTain tnasiinanesiilyly orimary structure AUANANSA uaziEianBayifiaunisie
dnsndaan 189 SSTL A uay SSTL B Wiidn SSTL B m@:ﬁﬂm@zﬁiuﬁﬁ@mmuﬂﬁLﬂuma
(basic amino acid residues) ¥3ailszauanuINNgn SSTL A vizalunienduiu SSTL B 1
agdinsmesfiluifinmuanti?ilulszaay (acidic amino acid residues) ffaandn SSTL A i
B9 THANINARSIIANNNIEUEIARY  eluion profile  TIRRNNANTUENARY  cation
exchanger chromatography avifitd1 SSTL B gnareaniiainAadnusiaaadidudues
nAefigendniuuansdn SSTL B fiszauanannndn SSTL A fvanansaduiusiuiiulszq

avlunedndlAuiundngavsuadananasefiatiuayuanyfgutaiueasiy uazaingi 7

q q

|
= = [ Y @ '

"gadediauivlale s indu 397 Wiudinieulassa¥aes GSTL

5%

GSTL haewiilé
‘ﬂﬁ‘%ﬂ‘ﬂ‘].lﬁ/’)ﬂﬂﬁ‘ﬁﬂxﬁiu‘ﬁlﬁﬂﬁ‘t“’mum’mﬂdﬂ@h%ﬁéu"'] wazeraidumananiedinn s GsTL
1 activity AsnndneulmEnguaindas gt

NANNIANT pH optimum Wu31 HEWL a¢i broad pH optimum A8ann 6.5-8.5
waz HEWL § activity Andnlalelmiannaeniutings 8 wi 7 pH 6.0 @91 SSTLs az ASTL
1 sharp pH optimum 7 pH 6.0 7 pH 49n91 pH 6.0 activity gadlalrlmiannnznininazan
A90EN99IAL5Y TUVARLAEN 60% 7 pH 7.0 luaniedl HEWL fisflunnndn 50% 7 pH 8.2 usl
atinalsfinnu GSTL ATl pH optimum Ransanniaedisnesnly Wlalrlmfanazniunn Ae
‘17; pH 7.5‘17i ionic strength 0.1 (Gayen, et al., 1977) 41131 ionic strength 0.05 alsdlala
sk 4 Tfinasd] activity daauiesann ionic strength Aanasazlildaeld binding affinity
veuelmsiiilszauanduivuuai Befiflinaadidudszaauiistuldfitu armaesnans
wnFnsvespmanTAane revedlmilalrlnl Hldandnsdesranii iazieanan
Thssadrefiinietiusaluguufiuansineiu uazaindl pH fuaseniaiausessleila
T lensTiuanalifiiingn basic amino acid residues ﬁuﬁm%’mﬁu electrostatic interaction
3swinatlszqgn? (net charge) Miluan edlalrled futszaay (negative charge) T8

pilurasuuAN BTl unumANATysia Iytic activity aadlalrlmd (moto, et al, 1972,
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Muraki, et al., 1988) lalaladanndnfiaaspaiungunzniutinaisnsoieulésan pH
flunsa  enaazitiasinannaiidszaans luluanareveulninlasunlaclilingenaasd

o X Ao Ao X A Ao PO P
naiauIeInIner undilszqauniniy  visada wwennesiliunilszauananas
wananidfamadmenuldin dranmdauand Lys/Arg 8100 analnasan1sanasasnegn
209 Iytic activity veelalalasl (C-type) anlaveanszsing Tt pH Mdlusng (to et al.,
1990)

A5 GSTL azimuuans1gannbalelaiannneniunn Aed pH optimum #
pH 6.0 uaz pH 8.0 Fenuiiluafausnlu C-type uailunirdanndnaasneauly chitinase
UTRANWLLNH dual pH optima kazlie G-type lysozyme (Thammasirirak, et al., 2002)
dl = . s a A a d‘ |
T9a1nNn19ANE tertiary structure ve9lalaloiuazlafiug wudnivTnadusnuresla
4519 3 ARNWNaUAL C-type lysozyme (Grutter, et al., 1983)  Lazuddn GSTL azdl pH
optimum profile ARAMETWAL HEWL N1nn91 SSTL wil GSTL NAUN activity IAR1N91 HEWL
anwAralT WiudANatsnsalunsduAvduanamaeslalelasd sz mode of action
raqianladinaiiinazauiy qmsine 7 lulassaFredonmdu active site unndrnazidlu
nsRaudluieuluinseadreuuy 3 16

= aal

nansAnsvngrunnifieulallatrlsdanldasremzniuit (ASTL) e
VL@TmmuLmeuﬁmL‘Ll?rﬁuLﬁﬂuﬁuimieﬁvlfﬁﬂmﬂmz‘wmﬁnmaﬁuﬂﬁuﬁuﬁmmmﬁm (SSTL
A, SSTL B), lalalasiannwsiney (GSTL) wazlalalasiainldanquesln (HEWL) Taeinnis
Anend 90 °Ciflunan 3 dalue delnevinliludalalelmaannladanteesle iy
thermostable enzyme a1N918MUNN99481189 Thammasirirak et al.(2001) wud1 HEWL
a1unsodl Iytic activity 1609 80% uwiaz incubate M1 90 "C wun 2 dalug uazanuanng

A

naaas azwinlidnlalnladlungudnsineanauidaniifidu thermo stable enzyme lag

wudnaulgisinaia daau1rnmenuiasniwldmanantiull 2 9alue taziianantiu

aaa

1) 3 dalas ASTL fefluaninmiagie 61% TeiedndefiueningeilenFondiauiylalleT

dl 2’/ g A o o o = 1

u 1 MeEansuTRlunmuauiatenaazifleananifussladanduazmsiiginnes

Tuanaatne compact  uazanuanismaaasiiananansdn lalelodiisannldaesdndiinuay

o dp = [ o rdl A o

Andiaatpauasdl topology fold weviuseladalnsnmilauii
annsdnenlassaiesziulguniaeslalelafuantdgnald Inetinlaleloi

purified WANNYITTATUAZAN carboxymethylation @aLilun1g block s ~SH 1aensABzi Ty

Cystein M lildanunnadroiusladalndléan antuninisuen  carboxymethylated

lysozyme (CM-Lysozyme) Aagl Sephadex G-50 column 9y fractionation range ﬂgj'a‘wd"m
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1,500-30,000 Da danmlédn CM-Lysozyme aztizeanuniu void volume ilagann cv-
Lysozyme gﬂ?ﬁf;ﬁ?ﬂi&ﬁﬂﬁﬁ@iﬂ@‘uﬁqLz’i?umﬂvlmﬁ@ﬂs\iﬂgiuﬁﬂwmﬁﬂﬂu globular 1A
dhugnguredinealllffagnazeanunreuanns®  CM-Lysozyme legludnunie
globular thiazdneieulniisUFusennslalaslafiussineIndlEineTuludumaunnsde
AnevaLlEy Lfi@LL?;m tryptic peptides Imel C18-reversed phase HPLC @u1saLwen tryptic
peptide lduaneaunasausinndfnaruiilu hydrophobic mgeisazgnazeansanewly)

%

autawntInsniaaatlu hydrophobic §egnazgnazaanuInaIga 11 chromatogram 14

8

Wwununllsin  (peptide mapping) TeeTeumaudulalolomfanmeniusinanawusg

TFuduieaestianeuiy tryptic peptide 289 HEWL @4 peak (peptide) laaaq SSTL A

A A

W3efil retention time ML retention time 84 HEWL azBedninsnezdlufifluass
1ls¥nau (amino acid composition) kaziatsunNIAaziiy (amino acid sequence) MI4ML
i peak (peptide) 19715 retention time AiAnsnanlldinllvnandunsaeyily (amino acid
composition) HAAINNI3N1 peptide mapping WU peak (peptide) ﬁﬁﬁ%mﬁ\m?ﬂ retention
time 984 SSTL A uag SSTL B Asnaaaniiann HEWLAqldtin peak 189 SSTL A uaz SSTL
B wwnnsaesiluiiiuasdlaznenluduml ing (amino acid composition) Aqg8 HPLC
(Post column derivatized with ninhydrin, post- column OPA derivetization) LLﬁiL‘ﬂ'ﬂ\W’]ﬂ Y
U1Y peak ‘ﬁlfl aneroueili broad peak A uAaIni rechromatogram %ﬂﬁﬂﬁuﬂﬂ peak
pananfulddniauty udarin peak wanitlimnssesfituiifuedtlsznen antus
AUIUMURE89NTABE RN (residue) luwsazidunding watntialasaiu (residue)
nenesfiluilddunnuBenfanadunsaesiluses SSTL vagesfin AU HEWL 7y
sFunamaziluaruaugaLATTie Uy SSTL Japonicus W31 SSTL A fnsunsaevilud
IndvAeariu SSTL B 1nn Taaiwudn & substitution 3 AUuilaAe Aa ANLme Arg 97 i SSTL
B 1wl Lys T SSTL A, GIn122 lu SSTL B NG Gly Tu SSTL A uaz Gly126 1u
SSTL B ulaenuily Asp lu SSTL A YENANNLANEANNIMAResLaAdldaENTRILY
13190 N-terminas vealUsAudl insertion Aaensaazlle Gly yaNANUE Y insertion #ael
nenazilu Gly FLMINFUMIGT 47 AT 48 34012 insertion TusuMLLAET Te 1y
Human lysozyme @fmN@m@wmmﬁmmmmﬂlﬁdﬁ 1allmaann 1990 nsna LIS
dasriinAe SSTL A uaz SSTL B finsnezdly 131 M1 dasnsann HEWL Afinsmesziily 129
i iletindndunsnesfituaes SSTL B liRaudflausdunsnesituiu SSTL Japonicus

WuINRIAUNAeraTuaey SSTL B willauwiy SSTL Japonicus nanau daiflulif1sian
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%’ [ Y o A o [ ya o %’ v o A
mwmmmﬂwutﬂmmuummmmwuﬂﬂmmﬂumwmmmmwuﬁ U

Jusnadlula g0
m:wmi’iﬁammﬂﬁufﬁﬁmﬂ%fmmm?méwﬁu

sl Substitutions (AsdUENNAWLasEinsalnTlalrldaesdia aanld
419989 Trionyx sinensis Chinese Anfleurufiaediseal multiple duck egg white
lysozyme (Prager and Wilson, 1971) Way quail lysozyme (Thammasirirak et al unpublish
data) Wudnaziinsaezfilufiuansineiutassous 1-3 & andayalnreaiiauilfnaznag
Tt e Y binding subsite 189 HEWL (Blake, C.C.F et al., 1965) Wu41N"3
substitutions 7 fusis 97, 122 uaz 126 azaghBnndaseunanestuanaesialylsdlsl

\Nediasiy binding subsites Aagiln 22

Lys97 (Lys in SSTL A)

Alal122 (Gly in SS?

Gly71 (Asp in ASTL)

Gly126 (Asp in SST - Leu83 (Met in ASTL)
Leu8 (Ala in ASTL)

GIn41 (Gly in ASTL)

gﬂ‘ﬁ 22 (A39@519 3 UR (Three dimensional structure) 1a4 1awlmsdlalalasian HEWL

win13ifin - Substitutions  luwanusumsianannlilseagns  (net charge)
vanninaedlale lmivivsesrtiauandeiusuaiunsauen idetieanysnilne cation

a

d” = a a d‘
exchanger column chromatography LALWaNATNUNITH ﬂﬁ‘zf-mv}ﬁ (net charge) LTHIDININ
A ~ ' . . . L ey .
wasuudasldeaazlinase enzymatic activity Iagianng Iytic activity A4 ionic interaction
semanaetasLUANEe fulianaseaeulsdludunauusnaasnisiie catalysis mechanism

WeaAn® peptide mapping 5214979 SSTL A, SSTL B uaz ASTL Wud1 peak
289 ASTL X retention time A19a1n SSTL B asnaties 7 Auuiedslfinunvnaisunsaesd
Ty finudniim substitution Aull ASTL etnaties 4 AMuundsAa Leu 8 ilaawdu Ala, Ala 41
dlu Gly, Lys 71 wlasdu Asp waz Leu 83 waswuily Met WewlFauiaudy SSTL B

N3 substitutions TuAumLFanaat ildegisiins binding subsite anglala sl
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wuRw winslasunlainsaesiluluanumiel 8 Aa Leu waswdlu Ala wazAILuLai
83 e Leu Lilu Met aznwuifluniausnlunguaas C-type lysozyme Dauiidnnng substitution
= ~ = . . | @ - \
anqazlifinansznuiguussannisiaaunlas charge 189 amino acid wsifianaazinase
nsnauaedlalelofdudiuduawmm  waveraazdanalinannonveslalslodfidasuula
ldGgasfiaaninnisdnesialy
WaFaueuatsunseesiluyeslaltlmiuenldanusaiy  HEWL  Human
lysozyme #agiln 23 wudnlalalad type C wnaiinazil completely conserve 183 Glu 35
waz Asp 52 @il catalytic amino acid wananinsaezRlu cystein  BaudaR UUUSAN
dl [~1 b7 = . . . dll a
conserve anaaziduli/lfidnuanannnisi conserve catalytic amino acid WWean i
catalysis wdan1sH conserve topology folding 4 three dimensional structure ARKARBNT
mauaasauldlalelodiduiu nafia Gly unsnniednuilane N (N-terminal) 289 SSTLs
WNAUN Araki wazAnue (1998) Timasaanuld uasdanudnd Gly wnsnluaisunsaazily
FTUINAIUIR 47 uay 48 289 SSTL (Trionyx sinensis Japonicus) Tawululalalgsduas
wyweidae wanani lalalgsiann Japanese pheasant uaz ring neck pheasant (Jolles, et

[~3 Al

al. 1979) Anwuand Gly unsnluansunsmeazdiunig N-terminal Han1sAN©a e lald
lasdandmiiaeeaanuidulauaunis  postiranslational  modification 915n9an C-type
a dl 1 o rdy @ 1 [ % AJ 7
lysozyme Hadu]  uarlunguaesdndiaesaaiuiedfiiacnuanseiudienadulylidn
naia  insertion W IAAARNNNNIN ULR9EULANIAAIN  ALIKNNT  posttranslational
modification NANAW dauansunsaaziluges GSTL Hula1ALNTAazRlENNe N-terminal
\NauAzMNaui UL HEWL uaz human lysozyme wag ldwuns insertion i N-terminal e
ufidn SSTLs way GSTL aglu class 1hnaril Ui SSTLs Ay GSTL ANTUAUNNS
posttranslational modification #1541 HsanaLluamenlidAantFn19AU biological
function NuANFASTUGE
d‘ % 1 1 . = . . a 49{ d‘
“ﬂﬂgﬂ‘w 23 ENNLIN Iuﬂqmmaq reptile lysozymes A¥NN7T substitution tNAUUN
13190 binding subsite A8 site E WAz site F ilaliauiu HEWL (label dn1) Ae Phe34,
Arg45, Thrd7 uay Arg114 azgnunuilag His, Tyr, Arg uaz Tyr AINANAL T9n19iaeu
wlaslutFnniiinansenusanns catalysis 2esewlsdlalnlofeesuinening Araki uas
ADUY (1998) WLMN HNNTAAAIIBNANAINT98RI157 N sAnRues InalATAnwAZRNNTLAS
X L . = = .
11988 binding free energy 4 subsite E W&z F T9aINN19ANEN primary structure a3
. = o a o 1 o daldl 1 o 6
reptile lysozyme wratinguiunanes] sdaduduluseauaiuidoudn lalelalludmd

ARLAAIUNANFLNTIAB LR WA LANANIAWEINI1TWANANAUTaINIAaZH [uia luAN LLaTa9
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binding subsite 138 aguan biding subsite TAHNANTENUFANIINNUTIBLE W HTALAN
] o d! =2 ] dl =2 . . o | I = a
FiN9ri T9NN9ANHIFBLIHENDN catalysis mechanism anaaziinlilgnisdinlavzanalnniaifia
tranglycosylation Tulaltltsdl@RAninau wszinaiesesuinganadn binding subsite E
uaz F ineadesinansaiunalnnigifia tranglycosylation (Inoue, et al., 1992, Smith-Gill, et

. dI 1 1 = ] d‘ o
al., 1984, Pincus and Scheraga 1981) Feinaulaegreannlunis@nesely wasiieun
o o a . A = a o = o
amunsnaziluaes reptile lysozymes NuanlallAnsaneddmunnisidseuinaunulals
lasiatinaus Tneldlisunss CLUSTAL W agzldnan1smnaesdsgln 24 Ae azwiulddings
284 reptile lysozymes (STL, SSTL A, SSTL B and ASTL) ainidu GSTL azla183dmunngi
ag9x1INNIN bird lysozyme Waz human lysozyme WANAMNUEINLIAN GSTL HANANTUS
a¢19lndTARL Human lysozyme T9annuanisanEniaziiulsdn nsld morphology aeing
B e . = [ 1 1 < -lf | P
wenlunng classification anaazdilyuls waednglsimumesutataaziumenunma
iareazianed primary structure WAL catalysis mechanism 283 reptile lysozyme GR
nasinnsAneiclusnu diversity uay catalysis mechanism a1aazihlgnisdnlanis
nauaeslalelodldannnau

Tnaagtudonmantmdueuladees SSTL A, SSTL B, ASTL uay GSTL Aaw

'
va A

¥ A A ' - P = Y = P
?JWQVIQZN?]'J’]NLLﬁlﬂﬁ]W\i@WﬂiﬂisﬁVLGﬁN@WﬂLE‘I’WILﬁ?LIJJﬁ"]EN’]Ui'JLLZ\]’J TNAUANUANLANANNY

o &

atetnanlu pH optimum AANTTR WNIMNaNN I EagILUATIEY WaZHANITANENTATY

o ]

fuptedniauinenlminguiifilnssaF1esriun guginuansaiu. wazAuuAnNsaiued

o o a

ansungaazilulularaiaresldsfuiinansenusana inniaminuaadeuloiien A0

| ]
=]

1 @9 substrate binding mechanism WA catalytic mechanism azlfinnnsAnenselldeas

HilszTamiatinsnnnsanisin sy nafldlunvanaunsss Tneanizniaine
. i . e a o dgj Y 1 ¥

tranglycosilation reaction wedlalalayl lulassnsideilideyaludluvate 7 duweq

el lalala s e B AR ANW1119871 9819 s ALA Z R N1 TN TN LA UA AU L A1

International LAz Local Aaseaziasin lunIAnwan
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A

G
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= Soft shelled turtle lysozyme

gren sea turtle lysozyme, SSTL A

Soft shelled turtle lysozyme (Japonicus), GSTL=

lysozyme, STL

Asiatic soft shelled turtle.

Soft shelled turtle lysozyme (Chinese) and ASTL

(Chinese), SSTL B
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GP

RNP
TK

DL
STL
SSTL B
SSTL A
GLC
HL
GSTL
DP

ov
LCI
BQ
HEL
CPP
LPL
LPM
LCll
LAP

RNP
[ TK
I DL
— STL
’ﬁ SSTLE
Lssnn
ASTL
GLC
HL
E— GSTL

o

(JHO0212)

(LZFER)
(PO0703)
(PO0705)

(NP001001470)

(PO0708)
(P00707)
(P0O0704)
(PO0700)

(AAB31830)
(AAB20837)
(P24364)
(P24533)
(P22910)

Phylogenetic tree of C-type lysozyme

. golden pheasant

. Ring-necked pheasant

. Lysozyme C (Meleagris gallopavo (Turkey))
: Duck Lysozyme

: Trionyx sinensis japonicus

: Chinese soft shell turtle

: Chinese soft shell turtle

. Gallus (Chicken)

: Human Lysozyme

. Green sea turtle lysozyme

: Domestic pigeon

: Ortalis vetula

: Lysozyme C (Quinea-hen)

. Northern bobwhite quail

. Hen egg white lysozyme

. Copper pheasant

. Lophura leucomelana : Kali pheasant
. Lysozyme C (Lophura leucomelanos)
: Lysozyme C

. Lady Amherst’s pheasant
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