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Abstract

Project Code : MRG5180004

Project Title : Purification and characterization of proteins associated with coagulant and anticoagulant

activity from Artocarpus heterophyllus latex

Investigator :  Assistant Professor Dr. Jaruwan Siritapetawee, Department of Biochemistry, College of
Medicine and Public Health, Ubon Rajathanee University, and Associate Professor Dr. Sompong

Thammasirirak , Department of Biochemistry, Faculty of Science, Khon Kaen University

E-mail Address : jaruwan_siritape@yahoo.com {0& somkly@kku.ac.th

Project Period : 2 Years

Abstract: A heat stable heteromultimeric glycoprotein (HSHMG) from Artocarpus heterophyllus latex

was purified by a combination of heat precipitation and ion-exchange chromatography. The size of this

multimeric protein from SDS-PAGE was more than 97 kDa. The apparent molecular masses of the

monomeric proteins were 29, 31 and 33 kDa. The isoelectric points (pls) of the monomers were 6.93,

6.63 and 6.63, respectively. CD spectrum of HSHMG was changed by 2 mM CaCl, and 2 mM MgCl,

and it can be returned to the native state by added 4 mM EDTA. Peptide mass fingerprint revealed

that HSHMG was a complex protein referred to Hsps/chaperones. HSHMG had an effect on intrinsic

pathways of the human blood coagulation system. Moreover, HSHMG had the serine protease inhibitor

property. In addition, the inhibitory activity of HSHMG can be reduced by 2 mM CaCl, and

2 mM MgCl,.

Key words: Artocarpus heterophyllus, jakfruit, latex, serine protease inhibitor
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medicine) 1& WhenannnyranesiamneIvosnunIzUIUMIH LA DA (haemostasis) NMITNHIVIALKNG
(wound healing) tazano1MsIauIue ey (pain and inflammation)
o w ¢ Vo v 3 Y oy v o g v
t’fT‘rTi‘Uﬂ'liLlW‘l/]EJl,l,NuhlﬂElhlﬂiJﬂTiGlﬁ]ﬂ!WEJN“UENGIHM]JMHGI,"])’GIJUﬂWiiﬂHWLLNﬁ LY U INIINAU
A a s A ae A 9 Yo o '
wu(%mmmﬁm 0 Artocarpus heterophyllus) HAZINNITIVYLUDIAUVDIAUSHIVYNUIN crude
= vAa qaj [ A J . .. A
latex VNVUHNUAUTNUAIUIINTSUIUNTHUIAIVDUADAVDINYHY (antlcoagulant act1V1ty) $V3)
v A I Y an . . = vas A Y @ . .
NATDUNUVIADAVDINUHIAIYIT whole blood clotting time FIAWUTUUANINYIVDINY anticoagulation
S v A dy = | ~ F) .
GUTZNﬂiz‘U’JuﬂTﬁ!HJ\Wl’JGUfNLﬁEJ@uﬂﬁmﬁ’)ulﬂﬂ"]"’ll’t’)\iclltlﬂimnuﬂﬁﬁWEJGUfNUWmLNﬁ (wound healing)
£ o P 2 o A . A A .
‘ﬂN“VI’Jul‘ﬂﬁ]%tﬂfnf‘l‘]J‘VNﬂﬁ8‘]J’J°L!ﬂ1§LLGUWI’JGIJ’ENm’E)ﬂ (coagulation) (Lag NTALAYANADA (fibrynolysis)

= A A vas A 9 Y] . A = waa A 9 [
L@"Iiﬂi@uﬂllﬂmﬁuﬂﬂﬂ!ﬂﬂ UDINU blood coagulation DDAV UNIANHINUTNUANINGIVDINY

9 E2 <

. . Ay A A 4 9 [] 9 4
procoagulation 1ag blood clot hydrolysis Ia81u378FuNTueIAAN Indveans 1H)se Teyl

A A 9 @ <Y A A o [ =
NINYIVDINUIZUUNITUUINIVDID DA Lummﬂm“lm%u

%2

Y
nmievesduvyuludumsiinaean

Y
(%

v 9 [}
58U eNeIN AU ANTALIINEY 1INMINUMIUITTUNTTHNDIUITe NN TN IeN VD
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A ya

9 I J a dgl 9 3‘ 9 = =\ 4
@uwuﬁ]zyﬂualumﬂnz;_]uu,wmﬁm151:1Lﬂmu"lmmmmwamuwu wazilFeumeveosnlsznou
14 14 v
o v 9 v = = ] A
VOIUIYWNVUUNUAUINNIG (Hevea brasiliensis) ua:ﬂmﬁwmaﬂﬂmumﬂﬂwu“lummmu
wAa . 1 n Y A [ P o o :j
AMUTUUA serine-centered protease ua hi ldsenunednuilse Temineeannsotiesndsenouveaii

Y Iy ¥
10 INAUVY U 1914

9 E4 EJ Y k4
Y [

WinauAteruiiteansorelid lvunumveshensvesuyulumsinuuma saumieds
IS o o = v a av 1 [ av 4 [
L‘]Juelgljf]llua’ﬁTViTUfﬂi’E]E]ﬂi]“l/]‘ﬁﬂ%ﬂﬂ’tffﬂf’ﬂ/]El'lllagcl%jﬁluﬂ'li’ﬁ]El@]f]vlﬂsluf]u1ﬂﬁul$]j LYY ﬂ'l'i'mfllﬁfl’)ﬂ’ﬂ

@ Ady o A w 91 A A A 9y [ 3 o A ] .o 9
NITINHULINALIDIN Wif]5ﬂ‘]&|’lfﬂﬂjﬂﬂuﬂ13$ﬂlﬂﬂjma\1ﬂﬂﬂ’lill"ll\iﬁjellﬂ\ua@@ 1% thrombosis !,‘]J‘L!Glu

U

agilszasnvesinsams

A A AA 9y [ [~ A 4 9
1. LWE]LLEJﬂTﬂiG]uVImEJ’JﬂJ’ENﬂUﬂiz‘U’JuﬂﬁLLélJ\W]’JsllﬁNm’fJWllE]\mlgHEJ 910 crude latex VOIAU

4
a a

wyu wagi llsauliusgns

Q

4 Y
v =K

d‘ ] dy =) o a = [ 1 wa A 9 =
2. LWf]‘U\1Glﬁ’i'5f]ﬂ'lﬁ1!ﬂ‘]ﬂ!ﬂGU’E')\‘1I‘]Jﬁ@luﬂﬂﬂﬁWﬁiﬂﬁJﬂﬁﬁﬂ‘HWﬂﬂ!ﬁﬂJUﬁlU@Qﬁuellf)ﬂjﬂiﬂu e
Iﬂ’iQﬁ’f%ﬁi‘izﬁunaﬂgﬁﬂlﬂﬂﬂiau (protein secondary structure)
A = Qd = % [ [l A A 9 [ <Y A
3. LW@ﬁﬂH1ﬂ1i@fJﬂﬂ‘ﬂ°ﬁﬂJfJ\‘]Iﬂﬁ@Iuﬂ\‘]ﬂaTJGluﬁ'JUVILﬂEJ'J‘U'E'NﬂUﬂi%U'JUﬂWﬂLGUQ@]'JGUfN!a@ﬂ

waznsazalgauden (blood clot hydrolysis)
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UNN 2

U Y

av aa
ANANTHIVENINEIVDI

o 4 4
2.1 Yy (ﬁmuummwmuwu"lm NIUMITUNNINTENTWATITUYV, 2541)
d‘ d‘ A Y. o ~ [y =\
¥OOUY : UTHUU (MALVUD, ala), VY (¥OI-IUNYT), UIND (umg—ﬂmmu), VYLIUD (LUNT), IUU
= d‘ =~ A R d' () Y
(FPNUUUATIIFANT), USBIIWS (NSIMTII-NIYIULT), FAY, Ugnuoy (NI I-UUToIdOU), A1

Y Y
(Rer-mamile) Yeorasila ), nianl (ManziussnReuniio)

D

CLE ui’g : Jack Fruit Tree
4 a d
¥oInensans : Artocarpus Heterophyllus
d
9 : Moraceae
(v} Q'J I o 3
anvaemll: du s Duwssalddudu Srdulinnugelszunm 8-15 was Teneunidu
v : azponaauniu uazlianyaznauienszuna 7-15 su. asstaeluveuivezuranuaz du g1u
~ [ qa;l =\ Y Y =K 1 I 1 Y] ~ I % dy
luezisen lueeuueaseaeiisearinanan 2 seo wuslusenily 3 @iu vasluvzSeuduiy e
a Y, v v o Vo
lumtedadioniis mulvendszunm 1-2.5 sy, luriuezngainadg
I~ ' ' v ' Y = ) ' ' v Y ~ A A
@an : 900N UTD 1ATFOADNANLIILDYUUAWABINY dIuFenndIfIzoonNarenimIednly

IS 1 1 ll ' os.z’ (% [ ' o
Whuunselsznm 2.5 9. azlimufuvencned 2 nd aendosiinazlindsaag 1 ou Fonond?

A g ' o ¥ A A g ]
msJuJmmaﬂamnaaﬂmﬂamumammumumelmy
& [ A o v =]
aa (Na) : navzunas Iy Vanvagnanelszuu 25-60 ¥y, mum”lmujc] HAago19vuUNad 20 N,
1 Ay Y [ A A Y A A
FIUUDNUINAAITUTVADI DIFNITUNAUNDY

A ST 3 A
!‘ﬂﬁi’)ﬂ‘u'f)ﬂ : ﬂZLﬂu@NﬁuWﬂJlaﬂﬂ gﬂ‘ﬁﬂm‘aau

T Ay s A 9 4 9 g
ﬁ’J‘HVﬂ‘U : LUAan Lu@ﬂll!llﬁﬂ Gl,‘]J YN LUAULLAZIN 16151,‘]JHEJ']
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aIINY :

v

< 9Yq 9 o Y a =\ 1 (] o oy = [ A o 9
mda W ld)szum 60240 nsu Augnau xlisagurrediunludaivainaca Hiwwilos
=) 1= 09} ' ] '
w30 lutiihuy 9e1h39519me

A ¥y 5 qyq o o A o o w A A g 2y ¥
edumda 1 ldaa naunuiihmunutigadas nseaznuiuvunn'la

0 o ' < { g
lu 1dea andInaziden guudaimenuwa luudalduallumelse nSeldwaumassmiuuna 1%
[} % 3 = Lﬂy 2
dmsuneuen SnEHATILOUTD5
= A 3 9 IYyq 9 a A [ = dy @ 1 3’ A [
19 wzlisada rharanidos 1 lFe9aa muSnaivwsnay uwalivueuioss aouinrasdniry
AAvINUNANHUOINAINII
9y Y @ 0 9 g’ @ = 1 @

upusazsn Tdudelszana 30-60 N5y Wnduhsulsemu wlisannugy Snvnwlsn uag
) A
h3adon

o Y9 Y < o = Yy & o 9 Y a = o Y g’
A3 ven Gl‘ﬁﬁl(’]flllaﬂ 60-240 NTY Wﬁ@%$1ﬂf!ﬂﬁﬂﬂ1ﬂ1@]ﬂ1ﬁﬁﬂﬂu NIDICHINNINAUNUUINIULLAY

Y Y
4 1A o

aa o = AA o 9y = Ia 9

nzinu dwsuaasnasnaoa Nihihuudoense liliuuldnula
o { @ 4 va { ' 1 1
Pagtiuldfiaumnmeaneinuls: Teminazauauiavesaislsznouiogludiuae o voq
9 1 [ 09/} a dy a A 1 1 Y
AUV 19U ANUANNITD TUMITVEINTNTYVOUBBLVANITENNAIUAI ] VBIAUVYY (Khan 10
v o v o oﬂj a dy Y

AME, 2023) ATAAATININ lectin MNAVYYUEAWITOTVIINTAALTD herpesvirus 1A (Wetprasit 1A
ALY, 2000)

[

1 1< a { 1 1 1 3 aw @ 1 1 1
@fJTQ]liﬂG]TZJQTH'J Elﬁﬂa"I’Jll"Iﬁ’J‘Llzl“l’iilJuﬂJu\‘]"lu'ﬁ]EJ"U’fNﬁ"ﬁﬁﬂﬂfl]”lﬂﬁ'JLlG]N g maqgfumuu 159

Y 9 v
Aav vAa o Y v A 9 1A A =1 4 o A Y
NUIVYNNAUTUUAVDIUIYNINAUVYUIINUDY ‘W‘]J'ﬂllL‘WENﬂ”IiﬁﬂBTﬂﬂﬂﬂi%ﬂ@ﬂﬂl@ﬂuWﬂN‘ﬂnﬂ

9 = ~ o o Ay v a Y o1 .
mﬂ@uﬂligul,ﬂiimmfJ‘]Jﬂ‘lJuNﬂ\‘]‘VlUlﬂiﬂﬂEJN‘ﬁiﬂJ"lﬂ@ (natural rubber) UONAU Hevea brasiliensis

(Mekkriengkrai iz i, 2004)
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Y
117 1990 Prasad 1182 Virupaksha 18111n15uen TasAu artocarpin 91011019V 9@ UYL ULAZ

E4
[

1 va o A o '
wuninaautiaily serine-centred protease (Prasad g Virupaksha, 1990) uana1niidalifasenya

Y

Wennnduvyuanioi Iiinae1msuiiiuy anaphylaxis 18 (Chantaphakul ttagame, 2002)

v

Ay A A 9 [ o 9 9 1w 1 = o Aw A A o
VINNUHIVYNNYIVOINVUIINUDIVYUUVINAY 'W‘]J'J"IENullllliTEN”Iuﬁii’JﬂTiTn’Ji]EJVILﬂfJTJﬂ

g

9 EJ
AR v

4 oy -4 = ¥ A aw [
‘]JiSTEJGJJL!GIJB\‘IU”IEJNEUHHGLHVINT‘HHLWV]?J HAZNIBDNYNINIUNTBINYN auveluasel muﬁu

=).

= wa 2 A 9 9 . . . epr e =
i]gﬁﬂmﬂmmmmlmTﬂmuﬁlu&mmgumﬂmmmﬂu coagulation Q1% anticoagulation acitivity %4

ansoin sy Tesinanmsunnd 1§

2.2 ¥1e190nAU 197 (plant latex)

g/ Y 9 J I J o a S J a S J
esnndu Idliesddsenewiumsnausenineasiseneusiminsunsduazeiunsd
(Silva tlagAY, 2003), wax Hag hydrolytic enzymes (Yugami azAy, 1998) fmiugaauialums

IS . g' 9 9 1A o w ~ a A
11l hydrolytic enzymes "II’ENHWEJNGIHIINW‘U’JmUﬂﬂ1ﬂﬁ1ﬂiﬂuﬁlu%1ﬁﬁ‘ii$’J‘I/IEI16U’ENW°]5, host pathogen

[

4 '
interaction (Kotaro lagaaly, 2004) uazﬁtmﬁmdmﬁmmm (Richter Hazaue, 2002) 91U1 o

£
v AaA

Y
auayupuautiaveninndu liliasdiae
T3] 2003 Osoniyi U81% Onajobi 183 ﬁﬂ‘]&lmmﬁ A coagulant Lii¥ anticoagulant activities

r?’ 1 :’ { o <Y
Tuien9v04 Jatropha curcas WUINAM Jatropha curcas Hiienanenunsailinalumsudadives

9
[

A p L A A & J ) ) 2
La’e)ﬂllial'lelﬂﬁum (reduced clotting time) !,Lasz)m’e)‘mmiLﬁ]’e)ﬁ]NLHEJNW‘]J?W]’e]ﬂ%?ﬁ”liﬂﬂﬂllﬂl!m’i

9

o q Y A Y . . ' J = % A Y o o
Mmnaoalven (prolonged  clotting  time) naaanluiterslesnlsenounineIvoanUng
procoagulant [181% anticoagulant activities

9

WONNAY Calotropis  gigantea WUMAUANTANIUNTSINGT TAoWUI crude  extract

o Y a a o v 1 Y A 3 o PR d?l
d@ 1150711710 a hemorrhage  UMAIMTIVRIdR INAR0 Lazseliaeaudedl 1ais13uTasnsan
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E4 9
1IAcoagulation time U citrated plasma UONINH crude extract proteins vo1e1991ndn I
Y
#3150 hydrolyze casein, human fibrinogen 148¢ crude fibrin clot I 31AUIVET19AUUEAIIT 11819
Y = v anl £ A Y @
VAU Calotropis gigantea UAUTAUUANN procoagulation LaE blood clot hydrolysis HFUNYIVOINU
NITUIUMINIYUDILULND (Rajesh Lz A, 2005)
J Y . B ' Y . e Y A o .
UIRNINAY Synadenium gratii wunlseneuae glycoprotein M serine protease
' Y
NUYUIA 34.4 kDa secondary structure voaT15Autilsznoude Ol-helix 7%, B-pleated sheets 48%
3 vAa 2 dyd <3| . .
1 random coils 46% ﬂmaummaﬂﬂiﬁuuﬂmﬂu fibriongen degrading protease ©114139 hydrolyze
1N subuints VO partially cross-linked fibrin clot ( Ol-chains, B-chains uag Y-y dimer) (Rajesh
LagaMe, 2006)
Y o =3 09}
Freitas tlagnale (2007) 1&msdnun enzymatic activites l@i& protein profile I1NUIYIIVDY
P . ] a J Py . . 4 3 o
AU Calotropis procera WU 1UsauTluiie1lsenoudae superoxide dismutase iU anti-oxidant,
. . .. £ U dy :} IS 9 ' A W
cysteine proteinases LL01¥ chitinase enzymes ¥IN1TNWU enzymes mamﬂlumawﬂmﬂumay‘amaﬂuﬂu
' g’ = J A Y A v W a dy % Y
’)'I’LﬂEJNiJfNﬂﬂi%ﬂf]°1J‘Vl615'3ElslfﬂW%ﬂﬂﬂﬂu@nlﬂﬂ%'lﬂﬂ'li@]ﬂ!%’@ phytopathogens uazﬂmﬂmmaﬂﬂ
av 9 9 va 1 Y Y Yo va o o <
ﬂ'lﬂ\ﬂl!’?l%ﬂ‘lﬂ\i@li!&!ﬁﬂﬁiﬁLﬁu’l']quJNﬂWﬂﬂuulllllﬂﬂ!ﬁiJ'U@]iﬂﬂiJ']fJﬁ’)ll“Vl\‘lfJ\‘]ﬁ']iJ']ﬁﬂfJf)ﬂi]‘V]‘ﬁ
v A Y awv dy Y A awv 1 o 9
ﬂWﬂLﬂﬁsﬁ’JﬂﬂWVlﬂ HAZAINNUIVYUDIAUNAUSIVYWD I crude  extract ﬂmmﬁuuaﬂmmwu

= wa . .. o 9 . . d? £ o wva
UAMAUUA anticoagulant activity Taaii11% whole blood clotting time ¥1IUIUUU G]NHJ‘LJQ‘EMET&J‘UG]

v A 9 [ zﬂy [ d! % S A 9 1 dy Yy Y CZ
NNHTVINYT Iﬂﬂﬁnﬂiﬂalclfﬂluﬂ"liiﬂ‘HHLNmi@iQ“lNiJﬂ%me’E)ﬂ!,‘ll"liJ"lﬂﬁ@m‘c’J\illﬂu’f)EJ AUANUA

Y
=~

. .. = ' Y A = 1 dy IR o Y
anticoagulant activity Gummqmgumm%ﬁwmsn%w“lmam"lwan&umwaamamwa”lmwm“lmma
dy [ Y 3 dg’ .. WQdy o 3 A 9 o 9
Li@SQﬁTEJllﬂLﬁTUu (Lijnen, 2002) Llagﬂmﬁﬂﬂﬁu’fﬂﬂwwuﬂﬂHEJ”ILW’GGlGI)'GlUﬂ"IS'iﬂHWISﬂGlu@uWﬂﬂllﬂ

19U myocardial infarction (Rajesh LLagAME, 2006) Thudu
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UNN 3

a v

sUgUITIVEUATNANITNABDY (Experimental Procedures and Results)

1.4henuazasai

1.1 BCA assay kit (Pierce, Rockford, USA)

1.2 IEF pH gradient strip 7.3 cm. pH 3-10 (GE Healthcare, Sweden)

1.3 GLycoprotein detection kit (Sigma, USA)

1.4 Trypsin sequencing-grade (Promega, USA)

1.5 Thromboplastin-calcium reagent (PT reagent) (HemoStat THROMBOPLASTIN-SI, Human
Gesellschaft Fiir Biochemica and Diagnostica mbH, Germany)

1.6 Partial tissue thromboplastin activator (aPTT-EL reagent) (HemoStat THROMBOPLASTIN-SI,
Human Gesellschaft Fiir Biochemica and Diagnostica mbH, Germany)

1.7 Serine protease from Bacillus sp. (Sigma, USA)

1.8 QuantiCleaveTM Protease Assay Kit (Pierce, Rockford, USA)

1.9 ez msniiay 2 1¥v09158MA149 9] Ao Sigma (USA), Fluka (USA), GE Healthcare (Sweden),

Carlo Erba (Italy), Merck (Germany)

2. ﬁ?ﬂd1ﬁﬁ‘ﬂ!!ﬁ$ﬂ1‘i!ﬁﬂﬁ1ﬂﬁ

Y Aq ¥ & 2’ aw 9 Yy v o
AUVUU (Artocarpus heterophylius) Vlﬁlﬁlﬂﬂ‘]JU']fJNﬂﬁ’f)@Iﬂiﬁﬂ"liﬁfﬂﬂi%‘uuuﬂumt’nﬂuﬁﬂu’)u

Yy & v A A 4 v a a o ~
160U L‘}Juﬂmjuuﬂﬂgﬂﬁlu LUANUN GI.‘]J']uﬁﬁllﬂ 9.91TUVII 1Y %.q‘uaﬁ%“ﬁm
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v Y
v

< cy a2 A 9 Y oy o 19 9 '3:
wutheTasmsnsandvesgnuyy uazld beaker udrseniiens windalildazugiies
L
Pludiduin 20 °c

Y Aa

d
2.2 M3ilils@aulAuSgns (Protein purification)

Y ]

o <] 1 o Y 4 . . o 1 1
e Idnindmduvesgnuyu wwnilunendleinios high speed centrifuge WidIuf
Y o y 9 3’ A | A 9y A . . 2 o ' g’ A
léanasnnilu indulwivaeaunar 3 uii YuendenTod high speed centrifuge 9nATI d@au1in
1an dialysis @28 50 mM sodium acetate buffer pH 4.5 udniluiludae high speed centrifuge wla
1 1 3 o ! 9 o
druazneueneanndlviihla thaiuazneuldazaredis 25 mM Tris-HCI pH 8.8 1111 purify
A28 anion exchange chromatography (Q sepharose) Taely step gradient salt elution %30 NaCl
concentration 0-1 M 11 buffer 25 mM Tris-HCl pH 8.8 & chromatogram ﬁQLLﬁﬂdiugﬂﬁ 1 TaaTdsau
NADIN59200NUIFIgATUTIN fractions AMTUTUYDI NaCl oglua9 0.3-0.4 M naz Tsaunla
[i01lenAIY 12.5% gel SDS-PAGE clectrophoresis (Laemmli LiagAe, 1970) WU fraction o4 11/56u
o

n18UszneudlenonTls@u (protein bands) NiviwiinTuana (MW) 29, 31 1ag 33 kDa Taedl protein

band HanA® MW 29 kDa (Aanaaslugili 2)



B Salts gradient

- ODEBU
1.4
¢
1.2 |
£ |
| |
| |
1.0 4 [ 'I x{- am
= - - [ ]
o 084 [ —
| /
_E ) | Il _;._-_-
=} |
o 0.6 H . [ BB
2 e /
@ | | mes
< 044 ad
T
0.2 (*e o °
o il—I—l ‘. A e,
| /o ® 0-.--"" "."ﬂ-H-“ ®
0.0 ‘m‘l —— 7T %
4 8 12 16 20 24 28 32

Photon Energy (eV)

v v Y
517 1 e chromatogram 18111015 purify 11J5A1v8911181991§1UAY Q sepharose column

chromatography 1% flow rate 1 ml/min
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kDa kDa

97-

o
66- .
45- [ ..
Ok
30- R
- s b
20.1-
14.4- ww

M [ Y
317 2 uaag protein bands NenAIeMALA 12.5% gel SDS-PAGE vo3 TlsAunmitenuyunionda

purify A Q sepharose anion exchange chromatography
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] ] 9
] % 1

TsAun Idlomudunouae 9 3 % yield iy 1.1 aauaaslumisad 1

v Y Y 1
M31901 Laastiuaoums purify Tsaunimirensvesuyunag % yield 118

Purification step Protein concentration (mg) Yield (%)
1. Total crude latex protein 1,662.2 100
2. Supernatant after boiling 807.8 4.6
3. Dialysis with 50 mM Sodium acetate pH 4.5 85.7 5.2
4. Q sepharose anion exchange chromatography 18.6 1.1

2.3 MImANNINTUVD 311 5AU

E4
Y

a 4 Yy 9 = k4 3’ . KX Aax a 4 A o

ARTIEHANMINTHYe91UsAuAIe1ie1 BCA assay kit FINITNITUATIEUAIU UIF1TaEANY
T1/5@u 0.1 ml wauAUA1TAZA1 BCA working reagent 2 ml 1111 incubate 91 37 °C W 30 WA

Y v 1 A = 9 . .
MANTNdu IngdnA1ganauned (absorbance) M 562 nm 1a8l% bovine serum albumin (BSA)

Wuldsaumnasgu

2.4 Two dimensional SDS-polyacrylamide gel electrophoresis (2D SDS-PAGE)

Y a Q"’

TsAuiiIduSanianududy 100 peg  hwwendrenszue rlihawi)szglu  first
dimension Ine1d pH gradient strip pH 3-10 17 7 cm waziimsuen JUsAUMINUUIA melecular weight

9
8nnsalu second dimension A8 12.5% gel SDS-PAGE uardeuT1lsAuale colloidal Coomassie



brilliant blue G-250 Wu1115AU

Vosuaaz spot aAdlua13199 2

kDa

97-.
66-

45-

30- p

20.1-

21

1agid 19U 3 spots Aguaaalugili 3 vi1e molecular weight 1ag PI

Al T 4
517 3 Wa 2D gel electrophoresis Y04 1UsAUMINEIVUNT IR LT NS

M13199 2 LAAISIUIU spot A1 PI 1ag molecular weight ¥04 1UsAuvoseuy Ui ldusans

4

q

Spot no. pl MW
1 6.63 33,000
2 6.63 31,000
3 6.93 29,000
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a ¢ a I Ay v .
2.5 mydnszhriavedllsauain spot #laa1n 2D gel electrophoresis

Spot ¥0911/5AUN1A9N 2D gel electrophoresis Tudio 2.4 vzgnaneenanma uaziiill
69898 enzyme trypsin ATILHAIY MALDI-TOF MS & HUIBUTAITHINN (BioService Unit : BSU)
2y o &
Usznelne Fe'lananil
= y . . = . oA Yy o
Spot 1 1 Tviwa peptide mass fingerprinting uﬁﬂﬂugﬂ‘ﬂ 4 1 identify NMUANUTDANADINY
yHAYDS 1UsAUNTVUIA 26.779 kDa chloroplastic small heat-shock protein Y9N Petunia hybrida
Spot 11 2 1¥iHa peptide mass fingerprinting ttaA1u3 1N 5 1Az identify NTnNUTOANADINY
yHUAV09 1UsAUNTYUIA 60.429 kDa VY04 mitochondrial chaperonin CPN60-like 2 910 Arabidopsis
thaliana
Spot i 3 1¥wa peptide mass fingerprinting teraaluzUN 6 uaz identify 1inNudoAndoaiy

yHuaved lUsauniuuin 25328 kDa U4 chloroplastic small heat-shock protein 310 Arabidopsis

thaliana
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Fig. 4A
Sl go1,025
- a2s- A04D. 434
z.0 183,990
: e, 009
T 210 617
Z14,140
1.5
] A
| 101,990
| BES,610
1.0 33s,924 S67,713
: zz2 Bas
&Sj | Ao
o =00 400 SO0 SO0 1000 1200
m/z
Fig. 4B
Start End Observed Mr (expt) Mr (calc) Delta Miss Sequence
1 5 618.0560 617.0487 617 .2843 -0.2355 0 -.MNPEK.F
2 9 1000.9000 999.8927 999.5138 0.3790 1 M.NPEKFTHK.T
65 72 913.8220 912.8147 912.5756 0.2391 1 R.VINQALKK.L
92 94 387.9440 386.9367 386.2641 0.6726 0 K.VIR.R
95 101 772.8450 771.8377 771.4351 0.4026 1 R.RAQAAQK.S
95 103 1015.1610 1014.1537 1014.5682 -0.4145 2 R.RAQAAQKSR.G
139 145 861.0250 860.0177 859.4763 0.5414 1 K.SEVEKLR.G
185 190 816.8450 815.8377 816.4090 -0.5712 1 R.DEEIRR.V
254 259 766.6260 765.6187 765.3293 0.2894 0 R.GEFEER.L
260 265 687.4350 686.4277 686.4690 -0.0413 1 R.LKSVLK.E
266 273 876.2050 875.1977 875.3872 -0.1895 0 K.EVEDAEGK.V

3UN 4 MALDI-TOF mass

spectrometry analysis

UBDN

spot 11 (A peptide mass fingerprint U9

a J Y

monomer U9 HSHMG (33 kDa). (B) Peptide mass fingerprint NANTIZHAIY MASCOT search engine

2 v
WU peptide mass 11U 11 DINTIHUA 77 mass NNVATINUADTUTAU chloroplastic small heat-

9
shock protein 910 Petunia hybrida 1agnsounaqy Tsauianualssunm 24%
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Fig. 5A
‘g-:o“-'
g 2.0 1942056

4 878,080
1.5
1.0

. A120a89

LE9 762
1420.424
A291.277
o 2%0 =00 790 1000 12%0 1500 1750 2000 2250
mfz
Fig. 5B
Start End Observed Mr (expt) Mr (calc) Delta Miss Sequence

303 307 533.9300 532.9227 532.3043 0.6184 0 K.VCAIK.A
336 341 646.9910 645.9837 645.3697 0.6140 0 R.GLSLEK.I
353 357 575.6400 574.6327 574.3439 0.2889 0 K.VIVTR.D
353 370 1924.1690 1923.1617 1924.0378 -0.8761 2 K.VITVTRDDTIILHGGGDKK.L
386 398 1557.5620 1556.5547 1555.7114 0.8433 1 K.STSTFDQEKTQER.L
395 401 861.0780 860.0707 860.4716 -0.4008 1 K.TQERLSK.L
402 410 878.0800 877.0727 876.5069 0.5658 0 K.LSGGVAVFK.V
411 422 1177.1810 1176.1737 1175.5418 0.6319 0 K.VGGASESEVGER.K
423 425 418.9340 417.9267 417.2336 0.6932 1 R.KDR.V
516 529 1548.2720 1547.2647 1546.8429 0.4218 1 K.YVDMVKAGIIDPVK.V

gﬂﬁ 5 MALDI-TOF mass spectrometry analysis U934 spot ) (A) peptide mass fingerprint U9

monomer U9 HSHMG (31 kDa). (B) Peptide mass fingerprint 7

a

¢
IUANIICHA

378 MASCOT search engine

Y v
WU peptide mass 1UIU 10 INTIHUA 67 mass NWUNATINUADTUTAUVNIA60.429 kDa V04

mitochondrial chaperonin CPN60-like 2 910 Arabidopsis thaliana Tagnsouagy 11sausianualssum

14%
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Exlo‘ . -
° -
e
2297.230

;l_
o S00 woo 100 2000 2500 —
Fig. 6B

Start - End Observed Mr (expt) Mr (calc) Delta Miss Sequence

1 -25 2409.6420 2408.6347 2409.1%20 -0.5572 0 -.MASTLSFAASALCSPLAPSPSVSSK.S
2 - 25 2279.3400 2278.3327 2278.1515 0.1812 0 M.ASTLSFAASALCSPLAPSPSVSSK.S

26 - 36 1194.9900 1193.9827 1194.6033 -0.6206 0 K.SATPFSVSFPR.K
42 - 43 287.8020 286.7947 287.1957 =0.4010 0 R.IR.A
42 - 61 2340.6210 2339.6137 2339.1942 0.4196 2 R.IRAQDQRENSIDVVQQGQOQK.G
94 - 96 406.7670 405.7597 406.1998 -0.4401 0 R.TMR.Q
97 - 115 2260.8300 2259.8227 2258.9792 0.8435 1 R.QMLDTMDRMFEDTMPVSGR.N
105 - 126 2381.0130 2380.0057 2381.1216 -1.1159 2 R.MFEDTMPVSGRNRGGSGVSEIR.A
116 - 126 1130.9320 1129.9247 1130.579%92 =-0.6545 1 R.NRGGSGVSEIR.A
140 - 141 305.7820 304.7747 305.1521 -0.3774 0 K.MR.F
150 - 153 489.7610 488.7537 489.2435 -0.4897 0 K.EDVK.I
165 - 168 461.7980 460.7907 460.2281 0.5626 0 K.GEQK.K

221 - 227 813.9020 812.8947 B813.4596 -0.5649 0 K.VIDVQIQ.-

g‘ljﬁ 6 MALDI-TOF mass spectrometry analysis U893 spot 13 (A peptide mass fingerprint U8

monomer Y94 HSHMG (29 kDa). (B) Peptide mass fingerprint i

a

79y

UANTIEHANIY MASCOT search engine

9 [
WU peptide mass 31UIU 10 ANINUA 67 mass NNUNATINUAUTUTAUVUIA25.328 kDa

4
chloroplastic small heat-shock protein 910 Arabidopsis thaliana lagasouaguldsaunualszum

46%



26

2.6 AnmpaaniamsilulnalalilsavvedisAunivenlaonenaviu

P

TlsAuiildusy mieihwendlonszua lAulSeuifousenieTdsAuinauny
sample buffer N15LNOUAIY 2-mercaptoethanol 1A 1¥ANNTOUN 95 °C wu 5 wfi waz 1Al
o a = v o . Ao . '
arwdou wuhldsauinldus gNBaztMe iy multimer 1YUIA melecular weight 10N 100
4 [ 4 3 [ YY)
kDa i l1'la1¥anusou vazilo lianuiouss 1aT1sAunensendu 3 bands vandauaasluwa
{ 4 o vAa I
nmsnaaeelugli 7 vazioh TsAnundnwiquautiansiulnalaTisAuaie fluorescent
1 qul I { A [
glycoprotein detection kit (Sigma) wun Tsausia 3 u glycoprotein Mife32AULA292 5 molecular

k4
weight AN 97 kDa 39500 115AUTI1 "heat stable heteromultimeric glycoprotein (HSHMG)"

(uam“lugﬂﬁ 7)

Colloidal Coomassie Glycoprotein
protein stain stain
1 2 3 4 2 3 kba
— , ->97
BSA- ..
Ovalbumin -
(glycosylated) -33
-31
-29

B-casein-

RnaseB-
(glycosylated)

sin7 Namsmﬁammﬁummmﬂu"lﬂaTﬂiﬂmuﬁumTﬂimu‘wwﬂwmﬁmmﬂmwuu (HSHMG)

lane 1 = standard glycosylated (BSALL@QZ non-glycosylated protein, lane 2 = unheated HSHMG 4421 lane

3 = Heated HSHMG
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A Y (Y <

Al i o d
2.7 ﬂ'li‘i’lﬂﬁﬁ)ﬂf’!mﬁﬂﬂﬂﬁ!ﬁﬂ?ﬂlﬂﬂﬂ‘iJiz‘]J']Jﬂ1§!!ﬂlﬂﬂ]ﬂl®ﬂ!§@ﬂmﬂﬂu1§ﬂﬂ (Human blood

coagulation activity)

Y a ¢ S

=3 { o a o o le < o 4
I‘]Jﬁ@luﬁ°VI111’?‘Uiq‘ﬂ‘ﬁi]1ﬂlﬂEl'l\i"lliguquﬂ‘ﬂﬂﬁ@TJﬂTifJ’E]ﬂi]“V]‘ﬁ@]@581J'1Jﬂ1'§£ﬁl\‘1@]7]"1]@\1lﬁ@ﬂ1|1§‘]9]El
31U 10 AU A87D Activated partial thromboplastin time (APTT) test (Brown, 1988) L& Prothrombin
. 1 =\ X oa/’ [ 3 o
time (PT) test (Brown, 1988) Wu21 HSHMG Nﬂmﬁwﬂﬂﬂﬂﬂ\iﬂﬂﬂfJﬂ18114"’1]’6)\158‘]J’1Jﬂ']3ll511\‘]@'3"119\1
1Hon (intrinsic factors) Ao VIIL, IX, XI, XII and Prekallikrein (Fletcher factor) Tag linans clot Y94

v qu £ .. & ) . ) oL
plasma aosldnanuau (prolong clotting time) IUDNATDUAIY Activated partial thromboplastin time
v o o o 1 A
(APTT) test Taghidudailadenmensn (extrinsic factors) waziladesuy (common pathway factors) (49

NAAO1UAY Prothrombin time (PT) test Ao V, VII, X, prothrombin and fibrinogen aauanalua1sneh 3

M13197 3 Wa PT tag APTT Wleuneuszninelisau HSHMG (latex) 11a2ngu control

Latex (ug) PT (s) APTT (s)
Control (Tris-HCI, pH 8.8) 15.7 + 2.8° 44.6 + 4.8°
18.5 15.5 + 2.5 438 + 4.3"
37 15.8 + 2.3" 44.9 + 5.2"
185 16.1 + 2.5 61.5 + 7.8°
370 16.3 + 2.5 79.0 + 10.1¢

mﬁllﬁ’uﬁﬂﬂugﬂ mean = S.D. (n = 10) 11/FeuMen human blood coagulation time TN purified

latex 118 control Tasl¥ada independent samples t-Test oNHI (b) naasdena1niling fibrin clot

[

1 d' a = 1 A ra A 1 S o ) A
YoInaguuNemy HSHMG “lmmmu@mmqmﬂw”lumu 139 control (a) PYWNUYYZAAY N P

9

g { o 9 a . a a ' v
>0.05. 1az0AYT (c) HaadnaNi19ifa fibrin clot YoINAFVUNBIAY HSHMG HANUUANAI1991AN

[

Taiid 150 control g9t N1 P <0.05

9
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2.8 manaaeunaauialumsaaanoulu3u (Fibrin clot hydrolyzing activity)

nadounaaulialumsaateliusuvesllsdu  HSHMG Tasaauilasainitues  Rajesh
wazAMe (2006) 1aen13 19 fibrinogen WANAY 0.5 M CaCl2 1% thrombin (0.25 NIH U) W81
o ¥ . AN Y . v AA A ' A [
11A0U fibrin 71 1A% incubated 11 HSHMG fil5maisng «) fio 0, 18.5, 92.5, 185, 370 g unan
150 Wit hdunauldluendae 12.5% gel SDS-PAGE electrophoresis 1#0g fibinopeptides
patterns

wamsnaaoanyNllsau HSHMG lufigaanialumsaatedon TiuSudweaadlugla 8

kDa

20.1-

14.4- e

51N 8 msnaaeuguamia lumsaaredon TluSuves HSHMG Weld HSHMG 1/5inmae q Al

0 g (lane2), 18.5 Llg (lane 3), 92.5 |lg (lane 4), 185 Llg (lane 5), 370 g (lane 6) 1a® lane 1 =

standard molecular weight protein markers (11 lane 7 = heated HSHMG protein
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2.9 AnplAsaas1anAunil (secondary structure) HazHavadlszguasmsiiiensnane
d' Y a a Y a . . .
minJaﬂmaﬂmimaaﬂmﬂﬂgmm HSHMG amnaua  circular  dichroism

spectroscopy (CD spectroscopy)

Tasearde secondary structure Y94 HSHMG ANYIRIBNATA circular dichroism spectroscopy
éjﬂﬂlﬂ’iﬂ'ﬂﬁ Jasco J-715 spectropolarimeter  (Japan) Taol¥TdsAuanududu 1 mg/ml T4
speed 20 nm/min, 2 nm bandwidth, 100 mdeg sensitivity, average response time of 2 s {1 optical
path length 19171 0.2 mm UazH1N15UATILHTOYAR10 K2D  program  (http://www.embl-
heidelberg.de/~andrade/k2d hml) WU TUsAu HSHMG HUs2neudie O-helix 23%, B-sheet 40%
a2 random coil 0.36% WAZNUIIENIAZAG 2 mM CaCl, 2 mM MgCl, 11ag 4 mM EDTA (1§ 9)
ansari W secondary  structure  voaTilsAunldsuntas1dTasgninmsndsudmmiisves cp
spectra taznuIassadafidsunlauilosnn cacl, uas MeCl, amnsadsundasnduiiuly

el EDTA danaaalugii 10 uag 11 eudidy
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0 -
-2 4
i
QD i
k=)
E -
‘a. A
S -8
B ] —— HSHMG
= |\ A e HSHMG-CacCl
w -10- 2
1 AN e HSHMG-MgCI,
a2d 0 \Noe- ==+ HSHMG-EDTA
14 4
I L 1 L] ] L] ] LJ 1 .
200 210 220 230 240

Wavelength (nm)

317 9 CD spectra Y99 HSHMG tiaziiloagluesazais 2 mM CaCl, 2 mM MgCl, 1tag 4 mM EDTA
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Ellipticity (mdeg)

— HSHMG
----- HSHMG-CaCl,

-------- HSHMG-CaCl -EDTA

I I I I
200 210 220 230 240

Wavelength (nm)

517 10 CD spectra Y09 HSHMG taziiioog luaisazate 2 mM CaCl, (HSHMG-CaCl,) iz Insaa3a

nldeunauAumiiow HSHMG 1iio1an 4 mM EDTA (HSHMG-CaCL-EDTA)



Ellipticity (mdeg)

—— HSHMG
————— HSHMG-MgCI,

........ HSHMG-MgCIL,-EDTA

I I I I
200 210 220 230 240

Wavelenght (nm)

32

3U0 11 CD spectra ¥09 HSHMG waziilongluaisazais 2 mM MgCl, (HSHMG-MgCl) 11ag

Taseanlasundufvumilion HSHMG tije1Ay 4 mM EDTA (HSHMG-MgCl,-EDTA)
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2.10 Anpngaandalumaiullsiununenaadou (heat stable protein) Y83 HSHMG

AenAA circular dichroism spectroscopy

va [ a
mﬁﬁﬂmﬂmﬂnmiuﬂmﬂu heat stable protein Y93 HSHMG A0MANA circular dichroism
spectroscopy Tael¥TsAunnududu 1 mg/ml 14 speed 20 nm/min, 2 nm bandwidth, 100 mdeg
sensitivity, average response time of 2 s, optical path length MY 0.2 mm LAZINYANNIBUIN room

temperature (RT; 25 °C) 11111 40, 50, 60, 70, 80 t1az 90 °C wuhszauANUToURgUNgLl 40-50 °C 'li

U

Y
IS [

o Y =) =] = 1 o A A A AR A
Ml lsau HSHMG Imsnlasuutlasedaidedidy waaslugiln 12) vaziemivgungiivudn

F4
a o

A a A v A o A 1 = .
NUNNYUNYN 60 °C UU IZJL@QZ’I‘IJENT‘]JWIHJJf‘l”l'ifﬂﬂliﬂx‘]ﬁl’ﬂﬁflhlﬂﬂi&‘]ﬁm (disordered structure)

A dy 3 Yo A A a A =3 A @ Qs}l )
INUYU uazﬂzmu%%mmmuQmw{]u”lﬂl,s@sJ ) AUDN 90 °C (Llﬁﬂﬁcluqij‘ﬂ‘ﬂ 13) HANUUNINTAA
Qquﬁmmiﬂiﬁumﬂ 90 °C %uﬂixﬁﬂlﬁ”ﬁﬂ@mﬁ{]ﬁﬁjﬂﬁ (reversing temperature to room temperature;

RT) Wy 115y HSHMG annsadaisesdinaunu lalndifesdnlsausudu eaaslugidi 14)

9

= 2K a AaA va .
Faaanean Tsautitguantianly heat stale protein
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—RT
----- 40°C
........ 50 °C
=)
]
S ———eees
£
)
=
=
s
L
-15 T : T : T : T : 1
200 220 240 260 280

Wavelength (nm)

H { aa a 9
311 12 CD spectra Y99 HSHMG Tigaivigilia e ) Ain gaivinined (room temperature; RT), 40 °C 1ag

50°C
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Ellipticity (mdeg)

I I
220 240

Wavelength (nm)

=

gﬂﬁ 13 CD spectra U893 HSHMG ﬁqmﬁﬂﬁﬁ'ﬁ 9 A9 aquﬁﬁ’m (room temperature; RT), 60, 70, 80

G Q

iag 90 °C
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10 -

o

Ellipticity (mdeg)
&

=10 4

I I I |
220 240 260 280

Wavelength (nm)

51 14 CD spectra Y94 HSHMG fiuaasdamiilu heat stable protein Iag HSHMG enuninnauay

a

Y a 9y [ A v A @ 1 g ~ A 1 A
IﬂiﬂﬁiNminlﬂﬂﬁJWﬁQMﬂVINﬂTi%ﬂLiEJ\W]’J"UENImﬁf]allfljﬂnllll,ﬂuizmEJU!NE]@QiuﬁﬂW’JZT]Qﬂ!WﬂM

£

909 90 °C 1AZANYUHUYNAINIIUNTENUNIgUHYNR0UHIOWAY (reversing room temperature,

rRT)
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2.11 Anpgaaniflumsiilu protease Y99 HSHMG

va I [ ]
miﬁﬂmﬂmﬁumﬂuﬂmﬂu protease U84 HSHMG 91718013808 substrate Ao gelatin LD
. and o . & Aax o &
casein Qg9 zymography A5 NAALLYa991n Shimokawa LazAM (2002) ¥9375 laggaadi NS
9 v [

uen Tdsau HSHMG e lugduuuidunes Tirunsdulu sample buffer 1138 reducing agent (non-
v < P Y

reducing SDS gel sample buffer) 14 10% SDS-PAGE 913 gelatin %30 casein 1uosndsznonluile

aaa

o ¢ 3 o . 1y
gel taz livinlgnsoneulain 37 °c \funat 20 ¥2 19 uddou gel A28 Coomassie brilliant blue R-
. . . [ 9 a . dy Ay a A

250 enzymatic activity mm@]@,"lﬂmﬂmnmmm protein band UUIUD gel ndouhifad (transparent

bands)
1 3 {3 [}

panmsnaaesnyllsan HSHMG walugtupuiidlu multimeric (lirumsdulu non-

. = = ' Y . (=)

reducing sample buffer) tagNuenily monomer (Tﬂﬂmummﬂu non-reducing sample buffer) Pty

va of ] { a { 1w
ﬂmau‘umﬂu protease TaeTuny transparent bands Tuiile gel VSNUNT molecular weight (M1AY

HSHMG Lﬁﬂﬁl%’ gelatin 40 casein L‘ﬂu substrate (Llﬂ’ﬂﬂugﬂﬁ 15)
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=2 2

51 15 Anmnaantialumaiiu protease Y99 HSHMG Iat zymography 1iio 14 gelatin (A) W30
k4 1 v

casein (B) 11]u substrate alugUuunfdiu multimeric (lane 2 Tug1l A naz 1 lugd B) uaziivoniiiu

monomer (lane 3 Tug1 A uaz 2 Tugi B) uazgnasuaasians luliguani@ily protease Vg

HSHMG Tag'lainy transparent bands luiile gel V5IUNT molecular weight MNY HSHMG (U310

4
anesg %) Lane 1 = standard molecular weight protein markers
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2.12 Anpngaaniflumsiilu serine protease inhibitor Y83 HSHMG

vAa [ o g’ .
AmaNTIA U311 serine protease inhibitor Y99 HSHMG siimsnun Iasld1iren commercial
A aAad 1 Y] d" a
A9 QuantiCleaveTM Protease Assay Kit (Pierce, Rockford, USA) 175 laggoaeil 1A succinylated
) o { g Aa
casein solution 8411 microplate ¥Quag 100 LU uazmm‘quuﬁgﬂu blank 914 assay buffer (50 mM
o S a & Yy
borate pH 8.5) UNU HANNUUIAN serine protease (INNLYD Bacillus sp., sigma, USA) ANUUNUY
. A Y Y A
1 mg/ml a3'11)11 microplate ¥iguaz 50 LU voa HSHMG Niianududuais ) fie 0, 18.5, 37, 74 1oz
U 091’ z:; (o] = % 09/’ a
185 Mg ¥ad9InUU incubate N1 37 ~C UIU 20 UIN WaNINUUIAY trinitrobenzenesulfonic acid
oa.;l ay YA a g ~ o . J A
(TNBSA) 50 U mmllmqmwguwm (RT) ¥4 20 UM U1 microplate ”lﬂm@ﬂﬂauum
A A ' A Y3 = ~ wa I
N ANVYININAU 450 nm miaﬂawmmmﬁ@ﬂﬂauum%uﬁﬂﬂwmummmamaumiuﬂmﬂu
serine protease inhibitor Y893 HSHMG
1 = v < . . . @ A
NNMINAINUIT HSHMG uﬂmﬁumﬁluﬂmﬂu serine protease inhibitor (muﬁ@ﬂugﬂ‘n
.. . ' ] Yo A q9
16) Tagansoan activity U®J serine protease 10 Bacillus sp. aghariu ladailoly HSHMG

[ 9 v v
(inhibitor) ALY 18.5 Ug wazlfsenmsdudusunsianududuaed inhibitor 191101 37 Llg

2.13 AnYINAVDY Ca” waz Mg™ slonaaniialumsiilu serine protease inhibitor Y83 HSHMG
= 2+ 2+ 1 v & . TR

NITANEINAUDN Ca  ay Mg ﬂ@ﬂﬂ!ﬁﬂﬂﬁliumﬁlﬂu serine protease inhibitor Y94 HSHMG
o = Y g’ A
Mmnsane1Iag %11 commercial Ao QuantiCleaveTM Protease Assay Kit (Pierce, Rockford, USA)
X Aax Y =K o eazl A S A A = a =
FIWITNTNAADIADWAAINVUUADUN 2.12 UAIUNANAD CUNTAN 2 mM CaCl, ¥30 2 mM

v A~ 2+ 2+

MgCl, adlu assay buffer WANITNADDINLIN oy Ca uag Mg

[l aaa ° wa ] . . I
oglulfnsongirldguaniialumaily  serine  protease inhibitor 09 HSHMG  aaaq

(Faueraaluzii 17) Tag Mg™ linadansaansiiauues HSHMG 110031 Ca’
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0.72 -

0.70 - '—m— B.sp serine protease with HSHMG|

0.68 -

0.66 \.

0.64 - "

Absorbance 450 nm

0.62
u

0-60 L) l L] l L] l L) I L) I L] l L] l L] I
0 25 50 75 100 125 150 175 200

Amount of HSHMG (ng)

v v H
517 16 M36DIINI591911304 serine protease 910 Bacillus sp. 198 HSHMG innududiu 0, 18.5, 37,

74 uag 185 g
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0.71 1

0.70 - —&— B.sp serine protease with HSHMG and CaCIZ

0.69 _ —&— B.ps serine protease with HSHMG and MgCI2
—aA— B.ps serine protease with HSHMG

0.68 —
0.67 i
0.66 i
0.65 i

Absorbance 450 nm

0.64 -

0.63 -

0-62 L) l L] l L] l L) I L) I L] l L] l L] I
0 25 50 75 100 125 150 175 200

Amount of HSHMG (p..g)

H ' wa <
310 17 Msfinymaves Ca™ taz Mg” Aenaauia lun31ilu serine protease inhibitor Y89 HSHMGF

TagiAy 2 mM CaCl, 1oz 2 mM MgCl aslulfnsermsansizd
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UNN 4

a d
amimuazagﬂwamsmam (Discussion and Conclusion)

9
~

=2 asxl Y o [ A Aa wvAa 9 g} 9y
msﬂﬂmmm"l@mﬂﬁﬁﬂmwﬂmmuwmmaumiummummsaumﬂmmwamuwu
(jackfruit) W30 4. heterophyllus Tagl¥ManN13Ue 4 heat extraction LAz ion-exchange chromatography
9 A Aa va . . . = . !
18 TdsAunil BREGT] 111U heteromultimeric glycoprotein U molecular weight 310NI197 kDa
=KX A = dyl . . . 1
3950n11/5AU191 heat-stable  heteromultimeric glycoprotein  (HSHMG)  Uagi@ae monomer
Ysznov11/A18 glycoprotein 713l molecular weight 33, 31 U@y 29 kDa H pl 6.63, 6.63 Uaz 6.93
o o . . . a 1 [~ = {
AUAIRY 1LaZIINMT identify protein AIYNALA MALDI-TOF MS WU HSHMG W1 Ta)s@uin
-7 1 1 o 3
%ﬂ@g“luﬂ’qu heat-shock protein (Hsps) (8% chaperones family 31WIN chaperoin N9 Hsps 4ag
I 1 A A = Y dgl A d 1 A 9 A a =]
chaperones L‘]Jl.lﬂ'ej‘lliﬂﬁﬁLl‘l/lﬁ]$W‘U'JHJfﬂiﬁiNﬂlumWLiJ’E)Lclfﬁﬁ@Qiﬂﬁﬁll?ﬂaﬂmﬂuqmﬁﬂ”NQQﬂlu
A A A Y a = 4 dycu A 9 %
n3elnzine lHiNanNUATIAUDITaE (cell stress) (Wang tiagaAMe, 2004) UBNIINUSUNYIVDINY
J o { o
protein folding, assembly, translocation (@ degradation UBILHAA wazduneIveanuANNAINY

9

= @ L A~ a d? ~ o 9
ﬂjaqiﬂﬁﬁuuazwquaacluamazm stress  INAUVU (Dafforn tlagay, 2001) “L!E]ﬂmﬂuﬂﬂulﬂ

9
U

= = =2 Ada va . . I '
mwqmam‘w‘ummmTﬂsmuimqwmamam 1] serine protease inhibitors (¥Y SERPINH 1
(Dafforn tlagaale, 2001)
A Ao Y A J qu/ =1 aA A 9 o 4 1
Tlsaunivivihdly serine protease inhibitors HU UUNVINNNYIVDINVUHUBININNY 1FU

q

X A Y o < o A o A v
squash famlly Lﬂﬂ’)ﬂl@\iﬂ°1Jﬂ‘iZ‘U'JuﬂTil,LGU\W]’J"U'ENLﬁE]WUENIJH‘HEJ (Hayashl LAgAMNS, 1994) LTJL!WL!
(% 3 = 3 dyd Y o = = 1 I @ A
muu°lumiﬁﬂmmmm”lﬂmmsﬁﬂmmwamm HSHMG AONITUIUNITHLHUIAIUDILADA

Jaan 1 £ @ <3 o A v A va o .
VDIUUHINID (pathway) AN 9 G]f\ﬁji]i]ﬂbluﬂ'lillell\iﬁ’JGUf]Qla@ﬂlJﬂllﬂmﬁllﬂﬁlﬂu serine  protease

' Y :JI <Y A
1NNITNAADINVUIT HSHMG ?ﬂiﬂiﬂﬂﬂﬂiﬂ?illﬂlﬂﬁ?ﬂlﬂﬂlaﬂﬂiu intrinsic  pathway Gd]f\‘llﬂﬁl')"lgll@\i
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% @ S @ [ Y 1 1
nuilasemsuiedivedenneas 11 1X, X1, XII 1ag Prekallikrein 1agl3iliHane extrinsic pathway
A Y <3 o = . 2
I common pathway AoiladeMIUVIAIvDIA0A VI, X uay prothrombin waz 11/san HSHMG
v a 9 v . .
linertesnunszuiums fibrinolysis
= 9 P Y ] . . .
NNMIAN IATIATI secondary structure w04 11/5AU HSHMG AeaHA circular dichroism
' . v .
spectroscopy (CD spectroscopy) WU native structure U904 HSHMG 1/52nouade O-helix 23%,
9 v ]
[-sheet 40% wag random coil 036% laglaseaiaunartiaunsanlasumlaslaiie HSHMG
1 d‘d [ 1 9 a d’ a .
ﬂgjuﬁ15ﬁ$ﬁ1t’lﬂu 2 mM CaCl, ttag 2 mM MgCl, uaz%ﬂauqiﬂ‘idﬁimﬂmuamu chelating agent
. = o wa = o A
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coagulation, angiogenesis NIONITUNINTTDIBUBAULBIBN (tumor invasion) (Bode LAY Huber, 2000;

Ivanciu itagAae, 2007)
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Graphical Abstract

A heat stable heteromultimeric glycoprotein (HSHMG) from Artocarpus heterophyllus (jackfruit)
latex was purified and characterized. This protein acted as a serine protease inhibitor and had an

effect on intrinsic pathways of the human blood coagulation system.
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Abstract A heat stable heteromultimeric glycoprotein (HSHMG) from Artocarpus heterophyllus
latex was purified by a combination of heat precipitation and ion-exchange chromatography. The size
of this multimeric protein from SDS-PAGE was more than 97 kDa. The apparent molecular masses
of the monomeric proteins were 29, 31 and 33 kDa. The isoelectric points (pls) of the monomers
were 6.93, 6.63 and 6.63, respectively. Peptide mass fingerprint revealed that HSHMG was a
complex protein which contributed to cellular hemostasis in normal and stress conditions of jackfruit
referred to Hsps/chaperones. HSHMG had an effect on intrinsic pathways of the human blood
coagulation system by significantly prolonging the activated partial thrombin time (APTT). In
contrast, it has no effect on the human extrinsic blood coagulation system using the prothrombin time
(PT) test. The prolonged APTT resulted from the serine protease inhibitor property of HSHMG since

it reduced the activity of the serine protease from Bacillus sp.
Keywords: Artocarpus heterophyllus; Jackfruit; Latex; Blood; Coagulation

1. Introduction

Jackfruit (Artocarpus heterophyllus) belongs to the family Moraceae, which is widely
distributed in tropical areas including Thailand (Kabir , 1995; Mekkriengkrai et al., 2004,
Shyamalamma et al., 2008). It has many health benefits proven in laboratories. For example, the
carotenoid compositions of jackfruit were analyzed by high-performance liquid chromatography
connected to a photodiode array and mass spectrometry detector (HPLC-PDA-MS/MS) (de Faria et
al., 2009). The main carotenoids were all-trans-lutein (24-44%), all-trans-beta-carotene (24-30%),
all-trans-neoxanthin ~ (4-19%), 9-cis-neoxanthin  (4-9%) and 9-cis-violaxanthin  (4-10%)
(Mekkriengkrai et al., 2004). Jackfruit seeds were found to be good sources of mineral elements
(Ajayi, 2008). Potassium is the prevalent mineral element, following by sodium, magnesium and then

calcium (Ajayi, 2008). In addition, some parts of a jackfruit have been used as folk medicine. For
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instance, its leaves and roots were used for anemia, asthma, dermatosis, diarrhea and cough as an
expectorant (Fernando et al., 1991).

Jackfruit is also a kind of rubber-producing plant. All parts of the tree contain sticky white
latex (Mekkriengkrai et al., 2004). It has been revealed that plant latex has medicinal properties. For
example, fig tree latex was used to treat warts in short-duration therapy with no report of side-effect
(Bohlooli et al., 2007). Plant latex had clot inducing and dissolving properties in human hemostasis
(Osoniyi and Onajobi, 2003; Shivaprasad et al., 2009). Moreover, plant latex is widely used in
developing countries as an effective treatment for various wound healing. Carica papaya latex was
reported used in wound healing by the mice burn model (Gurung & Skalko-Basnet, 2009). In
addition, the ethanolic and dichloromethane extracts of Mammea americana latex were found to
possess excellent antisecretory and/or gastrotective effects in all gastric models (Toma et al., 2005).
This evidence supports the possibility to employ plant latex for various treatments in medicine. In an
attempt to obtain new information on biological properties of jackfruit, a heat stable heteromultimeric
glycoprotein (HSHMG) was purified and characterized from its latex in this work. The effect of

HSHMG on human blood coagulation time was also investigated.

2. Results and discussion

2.1 Purification and identification of a heat-stable heteromultimeric glycoprotein from A.
heterophyllus latex
A heat stable glycoprotein was extracted and purified from latex of A. heterophyllus
(jackfruit) using the method described above. Q Sepharose Fast Flow column chromatography
revealed a sharp peak of protein, eluted at around 0.4 M NaCl (Fig. 1). This protein appeared
heteromutltimeric on SDS-PAGE with a molecular mass of more than 97 kDa (Fig. 2). The apparent
molecular mass of each monomeric protein was 33, 31 and 29 kDa (Fig. 2a). The isoelectric points
(pl) of the monomers were 6.63 (spot number 1), 6.63 (spot number 2) and 6.93 (spot number 3),
respectively (Fig.2b). The final yield of protein obtained from each extraction was approx. 1.1%
(18.6 mg) (Table 1). Glycosylation test confirmed that this heat-stable multimeric protein and all of
its monomers were glycoprotein as shown in Fig. 3. Consequently, the multimer of this protein was
more than 97 kDa and its higher summation than of all molecular weights of its monomers was due
to the glycosylation process after protein translation (Rayon et. al, 1998). This heat stable
heteromultimeric glycoprotein isolated from jackfruit latex was therefore designated as HSHMG.
HSHMG was identified by MALDI-TOF MS. Three spots of various isoelectric points and
molecular weights were cut out. In-gel digestion of protein spots by trypsin was performed to cleave
proteins at arginine and lysine residues. Peptide mass fingerprints were obtained from MALDI-TOF
mass spectrometry using the MASCOT search engine to query the SwissProt 57.7 protein database
allowing up to two missed cleavages. The result of spot number 1 in the peptide mass fingerprinting

is shown in Fig. 4. The peptide mass fingerprint was identified as 26.779 kDa of chloroplastic small
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heat-shock protein of Petunia hybrida. The spot number 2 in the peptide mass fingerprinting is
shown in Fig. 5. The peptide mass fingerprint was identified as 60.429 kDa of mitochondrial
chaperonin CPNG60-like 2 of Arabidopsis thaliana. The spot number 3 in the peptide mass
fingerprinting is shown in Fig. 6. The peptide mass fingerprint of spot number 3 was identified as
25.328 kDa of chloroplastic small heat-shock protein of Arabidopsis thaliana. The results of peptide
mass fingerprint searches showed that all of the 3 spots HSHMG were related to plant heat-shock
proteins (Hsps) and a family of chaperones; chaperonin. Hsps/chaperones have functionally related
proteins whose expression is increased when cells are exposed to elevated temperature or other stress
e.g. abiotic stresses (Wang et al., 2004). In addition, they are key components contributing to cellular
hemostasis in cells, both in cells under optimal and adverse growth conditions. They are responsible
for protein folding, assembly, translocation and degradation in normal cellular processes. They are
also function in the stabilization of proteins and membranes, and can assist in protein refolding under
stress conditions (Carranco et al., 1997; Wang et al., 2004). Another property of Hsps is that they act
as protease inhibitors, for instance, heat shock protein 47 (Hsp 47) which known as SERPINH 1
(Dafforn et al., 2001). SERPINH 1 is a serpin which serves as a human chaperone protein for

collagen. This protein is a member of the serpin superfamily of serine protease inhibitors (Dafforn et
al., 2001). Its expression is induced by heat-shock.

The results of peptide mass fingerprint reveal that HSHMG was a complex protein which
contributed to cellular hemostasis in normal and stress conditions of jackfruit or it had a role as
Hsps/chaperone. The new biological properties of HSHMG from jackfruit latex were investigated in
this study. These investigations focused on the protease and protease inhibitor properties which acted

on the human blood coagulation system.

2.2 Effect of a heat-stable heteromultimeric glycoprotein from A. heterophyllus latex on prothrombin
time (PT) and activated partial thromboplastin time (APTT)

The effect of HSHMG on the human blood coagulation system was determined by mixing
various amounts of HSHMG (18.5, 37, 185, 370 pg) in 25 mM Tris-HCI, pH 8.8 with 100 ul of 10
samples of human plasma individually to coagulate in the PT test and APTT tests. The results of the
PT and APTT tests are shown in Table 2. HSHMG had no significant effect on the PT at every
concentration. HSHMG had significant effect on the APTT by prolonging the clotting time
corresponding with an increase in its concentration.

The human blood clotting process is very complex and involves both the intrinsic, extrinsic
and common pathways (Brown, 1988). HSHMG had an effect on the intrinsic pathway of plasma
clotting factors (VIII, IX, XI, XII and Prekallikrein (Fletcher factor) due to it prolonging the APTT
time. The plasma clotting factors (V, VII, X, prothrombin and fibrinogen) of extrinsic and common
pathways are not affected by HSHMG.
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2.3 Proteolyitc and serine protease inhibitor activities

Both gelatin- and casein- zymography were employed to confirm that HSHMG and its
monomers had no protease activity (data not shown).

HSHMG had no proteolytic activity when assessed by gelatin- and casein zymography but it
was involved with the intrinsic factors of human blood coagulation as it could increase the clotting
time of the APTT. Since some of the intrinsic factors are serine protease (Hayashi et al., 1994), the
inhibitory effect on serine protease of HSHMG was determined. The activity of serine protease
inhibitor was determined in terms of inhibition of proteolytic activity, as revealed through reduction
of absorbance values of the HSHMG of the reaction mixture at 450 nm. Results are shown in Fig. 7
and indicate that HSHMG is effective against the proteolytic activity of a serine protease (from
Bacillus sp). The inhibitory actions of HSHMG by prolonging the APTT and reduction of Bacillus
serine protease activity were similar with protease inhibitors in the squash family (Hayashi et al.,
1994). All kinds of serine protease inhibitors including the squash family are not necessary to inhibit
all serine protease enzymes. For example, Hayashi et al. (1994) isolated 8 squash family inhibitors
from the seeds of bitter gourd, squash, gourd and luffa and examined their effect on serine proteases
of the blood coagulation system. All inhibitors inhibited the protease activity of factor Xlla, plasma
kallikrein, and factor Xa but did not inhibit significantly those of factor Xla, factor IXa and thrombin.
Corresponding with this work, HSHMG could inhibit the serine protease activities of intrinsic
factors: X, XI, XII and Prekallikrein, but in contrast, it did not inhibit the serine protease activities
of extrinsic and common pathway factors: VII, X and prothrombin. However, the specific inhibition
of HSHMG on each blood coagulation factor will be determined in a further study.

The protease inhibitor property of HSHMG is very useful in modern and traditional medicine,
because protease inhibitors are involved in blood coagulation, fibrinolysis, angiogenesis, wound
healing, and tumor invasion (Bode & Huber, 2000; lvanciu et al. 2007).

3. Conclusions

This work demonstrates the serine protease inhibitor property of a heteromultimeric
glycoprotein purified from jackfruit latex. This protein affected the intrinsic factors of human blood
coagulation by prolonging the APTT.
In addition, this protein was identified as a heat-shock/chaperone protein which is useful in cellular
hemostasis. These properties may give benefit in medicine e.g. wound healing, blood coagulation and
fibrinolysis. In further studies, the specific inhibitory activities of HSHMG on specific blood
coagulation factors will be determined. Moreover, the structure and functions of HSHMG will be

investigated.
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4. Experimental

4.1. Plant material

The latex used for purification and characterization in this work was obtained from
Artocarpus heterophyllus (jackfruit). The latex was collected from a jackfruit tree in Ubon

Ratchathani province, Thailand.

4.2. Protein extraction and purification

The latex was collected in a clean glass beaker. The whole latex was centrifuged at 13,000 x
g for 30 min at room temperature. The clear supernatant was boiled on a water bath by maintaining
the temperature at 90 °C for 3 min. The coagulated proteins were removed by centrifugation at
13,000 x g for 30 min and the supernatant was collected for dialysis. The boiled supernatant was
dialyzed overnight against 50 mM sodium acetate buffer, pH 4.5. Then the clear supernatant was
collected by centrifugation at 13,000 g for 40 min. The clear supernatant was subjected to
purification by Q Sepharose Fast Flow column (1.5 cm x 3 cm) (GE Healthcare, Sweden). The
proteins were fractionated with a 0-1 M step gradient of NaCl in 25m M Tris-HCI buffer, pH 8.8 and
an applied flow rate of 1 ml/min. Eluted fractions of 2 ml were collected and the A,g was measured
for every fraction. Protein fractions were analyzed further on SDS/12.5%PAGE. Concentrations of

the purified latex proteins were determined with the BCA Kit.

4.3. Determination of protein concentration

Protein concentrations were estimated using the BCA assay kit (Pierce, Rockford, U.S.A.)
according to the manufacturer’s instructions. A purified latex protein (0.1 ml) was mixed with 2 ml
of the BCA working reagent. After the reaction mixture was incubated at 37 °C for 30 min,
absorbance at 562 nm was measured with a spectrophotometer. BSA at various concentrations
ranging from 0.025-2.0 mg/ml was used to construct a standard calibration curve and to determine

protein concentrations of unknown samples.

4.4. Electrophoresis

4.4.1 One dimensional SDS-polyacrylamide gel electrophoresis (1D SDS-PAGE)
SDS-PAGE was carried out according to the method of Laemmli et al. (1970) on 12.5%
polyacrylamide gel containing 0.1% SDS using Tris-glycine buffer pH 8.8. The bands were

visualized by staining with Coomassie brilliant blue R-250.

4.4.2 Two dimensional SDS-polyacrylamide gel electrophoresis (2D SDS-PAGE)
Purified latex protein (100 ng) was separated in the first dimension with 7 cm

immobilized pH gradient strip pH 3-10 (GE Healthcare, Sweden). The strip was rehydrated for 12 h
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and focussed for 9250 total Vh using Ettan™ IPGphor (GE Healthcare, Sweden). Then, it was
washed in equilibration buffer containing 5% iodoacetamide. The second dimension was resolved by
12.5% Tris-glycine SDS-PAGE. Protein was visualized by staining with colloidal Coomassie brilliant
blue G-250.

4.5. Glycosylation

The possible glycosylation of the purified proteins was analyzed by the GlycoProfile™ 111

fluorescent glycoprotein detection kit (Sigma, USA) after 1D SDS-PAGE. After staining with the

GlycoProfile detection Kit, the gel was stained with Colloidal Coomassie brilliant blue G-250.

4.6. Protein identification and peptide mass analysis by MALDI-TOF MS

The protein bands from 2D SDS-PAGE gels (see above) were excised, destained, reduced,
alkylated with iodoacetamide and digested with sequencing-grade trypsin (Promega) following a
standard protocol (Shevchenko et al., 1996). After overnight digestion at 37 °C, the peptides were
extracted and dried in a SpeedVac vacuum centrifuge. A small fraction of these tryptic peptides was
used in peptide mass fingerprinting (PMF). PMF were obtained by BioService Unit (BSU), National
Science and Technology Development Agency, Pathumthani, Thailand, using an Autoflex MALDI-
TOF mass spectrometer (Bruker Daltonik Bremen, Germany in reflective mode) in
an a-cyano-4-hydroxycinnamic acid matrix.

Databank  searching was performed with the MASCOT search engine
(http://www.matrixscience. com) based on the Viridiplantae (green plants) of SwissProt 57.7 protein
database using the assumption that peptides are monoisotopic. Up to two-missed trypsin cleavages

was allowed.

4.7. Assay for prothrombin time (PT)

Prothrombin time (PT) was used for determination of the effect of the purified latex proteins
on extrinsic and common pathways of human blood coagulation factors (Brown, 1988). Plasma was
obtained by centrifuging human citrated blood (10 samples) for 15 min at 1500 x g. Thromboplastin-
calcium reagent (HemoStat THROMBOPLASTIN-SI, Human Gesellschaft fir Biochemica and
Diagnostica mbH, Germany) was reconstituted with distilled water according to the manufacturer's
instructions. Then it was pre-warmed in a water bath at 37 °C for at least 10 min. One hundred
microliters of plasma was placed in a test tube and incubated in the water bath for 3-5 min at 37 °C.
For the controls, 100 ul of pre-warmed 25 mM Tris-HCI, pH 8.8, followed by 200 pl of the pre-
warmed thromboplastin-calcium reagent was rapidly pipetted into the plasma while simultaneously
starting a timer. The test tube was then gently tilted back and forth, until a clot formed, at which time
the timer was stopped and the clotting time recorded. For the test samples, 100 ul of each pre-

warmed amounts of purified latex protein (18.5, 37, 185, 370 ug, respectively) in 25 mM Tris-HClI,
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pH 8.8 was mixed with the plasma, just before adding the thromboplastin-calcium reagent. All

experiments were carried out in duplicate.

4.8. Activated partial thromboplastin time (APTT)

The effect of purified latex proteins on intrinsic and common pathways of human blood
coagulation factors was determined by APTT tests (Brown, 1988). Ten plasma samples were
prepared using the same method as for PT tests. The partial tissue thromboplastin with activator
(aPTT-EL reagent) (HemoStat aPTT-EL, Human Gesellschaft fir Biochemica and Diagnostica mbH,
Germany) and 0.02 M CaCl, were pre-warmed to 37 °C separately in a water bath. One hundred
microliters of plasma was placed in a test tube. After incubating for 1-2 min in a water bath, 100 pl of
aPTT-EL reagent was added, and the contents were mixed rapidly. The mixture was then incubated
for another 3-5 min, after which 100 ul of 25 mM Tris-HCI, pH 8.8 (for control), then 100 ul of the
pre-warmed CaCl, solution was added while simultaneously starting a timer. The test tube was then
gently tilted back and forth, until a clot formed, at which time the timer was stopped and the clotting
time recorded. For the test samples, 100 pl of each pre-warmed amount of purified latex protein
(18.5, 37, 185, 370 pg) in 25 mM Tris-HCI, pH 8.8 was mixed with the contents of the test tube just
prior to the addition of CaCl,, and readings taken as before. All experiments were carried out in

duplicate.
4.9. Enzymatic assays

4.9.1 Detection of proteases by zymography

Proteolytic activities of the purified proteins were testeded using gelatin- and casein-
zymography by slightly modifying the method of Shimokawa et al. (2002). Briefly, the purified
protein was mixed with non-reducing SDS gel sample buffer and applied with and without boiling to
a 10% polyacrylamide gel containing 0.1% SDS and 1 mg/ml gelatin or casein solution. After
electrophoresis, the gel was washed three times in 50 mmol/l Tris-HCI, pH 7.5 containing 0.15
mol/NaCl, 5 mmol/l CaCl,, 5 umol/l ZnCl, 0.02% NaN3;, 0.025% Triton X-100 at room temperature,
and then incubated in the same buffer without Triton X-100 (two changes) at 37 °C for 20 h. Proteins
were stained by Coomassie brilliant blue R-250. Enzymatic activity was detected as transparent
bands.

4.9.2 Serine protease inhibitors

The purified latex protein function as an inhibitor for a serine protease (from Bacillus
sp.; sigma, USA) was determined using QuantiCleaveTM Protease Assay Kit (Pierce, Rockford,
U.S.A.).The assays were performed in microplates following the manufacturer's instructions. One
hundred microliters of succinylated casein solution was added to microplate wells and 100 pl assay

buffer as blanks. Fifty microliters of (1 mg/ml) protease were added, followed by 50 ul of the
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purified latex proteins (with concentrations of 18.5, 37, 74 and 185 pg). The microplates were
incubated for 20 min at 37 °C. Fifty microliters of trinitrobenzenesulfonic acid (TNBSA) were added
and plates were incubated for 20 min at room temperature. Microplates were measured for
absorbance at 450 nm (Ayso) with a microplate reader spectrophotometer. For each well the change in
absorbance was calculated by subtracting the Ayso of the blank from that of the corresponding casein
well. The decreasing absorbance was generated by the protease inhibitor function of the purified latex

proteins. All tests were done in duplicate.
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Figures and Legends
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Fig. 1. Purifiction of HSHMG from jackfruit latex using Q Sepharose Fast Flow column
chromatography. The HSHMG was eluted by 0.4 M NaCl (Fraction number 12-16).
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Fig. 2. 1D and 2D SDS-PAGE of HSHMG and its monomers purified from jackfruit latex by Q
Sepharose Fast Flow column chromatography. (A) Samples (5 pg) were solubilized in 5X SDS
sample buffer containing 2-mercaptoethanol either unheated HSHMG (lane 2) and heated HSHMG
to become different monomers (lane 3). Lane 1 is standard molecular weight markers. The pls of
proteins were detected by 2D-PAGE (B).
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Fig. 3. Glycoprotein staining of HSHMG proteins from jackfruit latex. Glycoprotein stain (Right).
Lane 1 is marker proteins. The glycosylated markers are ovalbumin and Rnase B, and non-
glycosylated markers are Bovine serum albumin (BSA) and B-casein. Lanes 2 and 3 are HSHMG and
its monomers, respectively. After the glycoprotein stain, the gel (Right) was stained with Colloidal
Coomassie briliant blue G-250 (Left).
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Fig. 4. MALDI-TOF mass spectrometry analysis of spot number 1. (A) lllustration of a peptide mass
fingerprint of a monomer of HSHMG (33 kDa). (B) Peptide mass fingerprint of the observed mass
was performed using the MASCOT search engine. Observed masses (11 of 77 masses) were matched
to 26.779 kDa of chloroplastic small heat-shock protein of Petunia hybrida. Them matched masses
were converted to amino acid sequences along variable residue sites and covered 24% of the protein

sequence.
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Fig. 5. MALDI-TOF mass spectrometry analysis of spot number 2. (A) lllustration of a peptide mass

fingerprint of a monomer of HSHMG (31 kDa). (B) Peptide mass fingerprint of the observed mass

(10 of 67) was performed using the MASCOT search engine. Observed masses (11 of 77 masses)

were matched to 60.429 kDa of mitochondrial chaperonin CPN60-like 2 of Arabidopsis thaliana.

Them matched masses were converted to amino acid sequences along variable residue sites and

covered 14% of the protein sequence.
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Fig. 6. MALDI-TOF mass spectrometry analysis of spot number 3. (A) lllustration of a peptide mass

fingerprint of a monomer of HSHMG (29 kDa). (B) Peptide mass fingerprint of the observed mass

(10 of 67) was performed using the MASCOT search engine. Observed masses (13 of 129 masses)

were matched to 25.328 kDa of chloroplastic small heat-shock protein of Arabidopsis thaliana. Then

matched masses were converted to amino acid sequences along variable residue sites and covered

46% of the protein sequence.
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Fig. 7. Functional activity assay of HSHMG as serine protease inhibitors. Functional activity of
HSHMG was tested with the serine protease from Bacillus sp. Enzyme and HSHMG were mixed and
allowed to bind for 20 min at 37 °C. The decreasing absorbance (Asso) Was generated by the protease
inhibitor function of the purified latex proteins.
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Table 1 Purification of HSHMG from jackfruit latex. The results are the average values of two

separate experiments.

Purification step

Protein concentration Yield (%)

(mg)
1. Total crude latex protein 1,662.2 100
2. Supernatant after boiling 807.8 4.6
3. Dialysis with 50 mM Sodium acetate, 85.7 5.2
pH 4.5
4. Q sepharose anion exchange 18.6 1.1

Chromatography (HSHMG fraction)

Table 2 Effect of HSHMG on prothrombin time (PT) and activated

(APTT)

partial thromboplastin time

Latex (ug) PT (s) APTT (s)
Control (Tris-HCI, pH 8.8) 15.7 + 2.8° 44.6 + 4.8°
18.5 15.5 + 2.5° 43.8 + 4.3"

37 15.8 + 2.3" 44.9 + 5.2"

185 16.1 + 2.5" 61.5 + 7.8°
370 16.3 + 2,5 79.0 + 10.1¢

Values are mean = S.D. (n = 10). Comparison of human blood coagulation time between purified

latex (HSHMG) and control was performed using independent samples t-Test. For PT, letter (b) is

not significantly different from letter (a) at P >0.05. For APTT, letter (b) is not significantly different

from letter (a) at P >0.05. Letter (c) is significantly different from letter (a) at P <0.05.
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