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Relationship between Hemolymph-Coagulation and Disease in Shrimps

(I) Coagulation Rate in vitro and the Hemolyph Proteins of
Various Shrimp Species
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Abstract

1. The in vitro coagulation rates of shrimps (Penaeus monodon, Penaeus
japonicus, Metapenaeus ensis, and Macrobrachium rosenbergii) were compared
under different anticoagulation conditions to assess the clotting capability
of the species.

2. Methods were described for the analysis of thrombin-like protease and
transglutaminase in the ‘shrimp hemocytes, and of three protease in-
hibitors from the shrimp plasma.

3. It was demonstirated that the in vifro coagulation rate and level of the
trypsin inhibitors in the hemolymph were correlated with the disease

and trauma states of the shrimp in some cases.
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RO (HMHE) PEEhRRSEEQERE » FTHERT HHESKE hemocyanin U
St KB O MDIERMEES KM » BHELCRARESERFEALE o BUNLKSELITH
H mMERES D (RGEHHY 05% LUF)» hemocyanin 54 ((SEBBHEM 95%) 0 MIKBIE
L HEZ RO HBERTE MM o R EFLEN M R MK W AE2EEERNLRTRLE
KEEZ  BMAKSBRT N EARZEAHRMNIE « BHER - B RERBIHYAR ~ BIE
ABBEER - EAEER bR ENIRRER K » T (trauma) ~ BEE ~ 0%~ JURE LT
AR~ FIERGE  ABARSRVEME o N acute-phase reactants ; fE_EMUKBESFFIREERE 5 ay-
acid glycoprotein, fibrinogen, a,~-protease inhibitor, C-reactive protein &% 5 By EN:
TR KER 0 (Heinrich, et al, 1990) - £ FBMb A LUK EHEDHAHMKRD (Hergenhahn,
et al., 1987, Doolittle and Riley, 1990} » BER T MIRA fibrinogen K immunoglobulin o ZAH#F
REZESHARSE  ITARARE RERR TEOARMEE » LREREERNOMKS » DA
BRI 5 BT S BB RO T 8+ B — S TTRHRIAR S BT BE

B3 AT B 4 (L BB RY '(Inst'Tu-t;;f Biochemstry, Collegeﬁof Science, National Taiwan
Unversity)
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EGTA, glycylglycyl ethyl ester (GGEE), dansyl-cadaverine casein, p-amino
benzamidine, HgCl,, N-benzoyl-Arg p-nitroanilide, succinyl-Ala-Ala-Pro-Phe p-
nitroanilide, furylacryloyl Phe-Phe (FAPP), glucose, Tris &i& Sigma 2% » succiny!
anhydride }%H Pierce Co. » #fy trypsin, chymotrypsin B carboxypeptidase @£l
Worthington Co. » Gy trypsin, chymotrypsin & carboxypeptidase B3t midgut

#2 DEAE-ion exchange, gel-fietration ZmEAffift (Tsai and Liu, 1986; Lu et al/, 1990;
Lu and Tsai, 1991) o

Z NS AE
I (Penaeus monodon) ~ £LEME (P. penicillatus) ~ BEEIIR (P. japonicus) ~ Wi (Meta-
penaeus ensis) » YR EKEMKXIB (Macrobrachium rosenbergii) o

Z N Mo X AR ACR R fo ik B R
AR RE R ARG BMBIG » £BEE 3.0% EEZB/AKA 25 ml 8 3ml sterile syringe
fiifn o+ P ATEEF R LlvkigAk (0°C) wk& (¥ 45 BE 1 458) » LIERKRSRIEE - HEF X
RZERER (UH®E) » &8 1/10 dhim BRUREIREE (23G) - fzﬁﬁﬂ&“ﬁﬁ%i&ﬁhﬁlﬂl’ Ny
SHIAZZRN K o iz xR E VKA siliconized microfuge tubes g o
MR E RN ER 1.5ml microfuge REREF » R 5 s EEM—K» ES
fHE 180° MR ERARBERMm 88 1/ ERREERE 30 28HE—K  BEE 6 B NFIRESE
 IYE 24 IEELHEERN - SEETATRMRAEH=% » RHEEORER > RGTHE %
LI i R ) 76 F2 3571 B8 — (B I R 1T RE ] o

v~ MR PR IR R R 49 %4 (hemocyte lysate)
HEEERR TN 0 7E 1~5 S8R0 3,000 rpmXx 10 min at 2~4°C» & FRREIRS —
tube » DIy buffer GAMRA Oyster Trxs buffer ; #R/KIRA 1/2 Oyster Tris-buffer)

rmse UL&Z hemocyte K o
g 1ml mEfEzEnekl 0.1ml 10mM Tris-HCl buffer pII 75 (Fz hypotonic

-1

lysed» £ <4°C LAFIFGERIEIE » FILA44T transglutaminase $ thrombin-like enzyme
TEVE -
& ~ Transglutaminase ($485A%8E) a9 A<

FRA ST LU R R T XU i7EE o BIRTFEMEMIRBIAHE (Lorand and Conrad,
1984) o ATAMTM N IEBREAE M A dansyl cadaverine 1 N-succinyl casein e

#1 succinyl-casein J£/f succinyl anhydride §Z8E casein » Til4 %k reagent FLENT F L
IE o o MBS {L L ¥ dansyl cadaverine BifEf succinyl casein {#y Gln residue %%
fluorescent blue shift J intensity #if » JE{E(EEYERTH RFLE/t (relative fluoresence

enhancement rate) ®R

RFE — F(samp\e)—lr(hlank)
¢ F(blank) -4

Jii-hemocyte lysate 10l 28447 transgiutaminase, final total volumn 0.7 ml » (B335
Hitachi Fluorospectrophotometer (model F4000) o S '

i.e.
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7~ e HORE R @R BT

WP FIBME RS thrombin-like pyMIKAEE B » HUR 1.43x10°°M Benzoyl-Val-Pro-
Arg-MCA (5 substrate 3 700, 5mM Tris-HC! pH 7.5 buffer #:#lgt protease Gt
(%530 30 gl hemolysate) » Ll 0.1 uM AMC (ie. Kff2ZE) 19 fluoresent emission £ 165
YEE:IEAS » initial rate L\ fluoresence change, AF/min %Rz » total assay volumn 73
0.7 mle-

X~ 4o fo 3§ protease inhibitors #9RE
HIERRM A Y Eay trypsin inhibitor, chymotrypsin inhibitor#icarboxypeptidase
A inhibitor » EHERIEERS RIS protease (3, 4, 5) 4. species-specificity » Afi=ER
inhibition {& competitive » J&#j incubate 5 £ #L\#% inhibition RRETHEL - mMER
0.7 ml total volumn » 4% 10 ] gos8mENFTR{G=4G inhibitors » fNEREFH » AR RV
7€ micro cuvettes Fi74f * ie. K#J 550 ¢l 5 170 pl FEHYRIEH LIF =8 sinom & 5 i
feid s - 50 mM Tris-HCI, 0.2M NaCl pH 7.5 at 25°C o AR FEsK B EM » MFLNIE ARTT
o
(1) Trypsin inhibitor assay:
sgitiL %2 B trypsin 2 zg Rtk inhibitor incubate 10 #&mA 1x107*M L-BAPNA
(total volumn 0.7ml) H spectrophotometer 410nm TFRIBE 0 ZHE » EH HER
Hitachi spectrophotometer (Model U3200) o $&if F &#J 0.5~1 g1 per rune ®HEH unit 2
£33 Beigl 2 pg EIF trypsin 50% EHZER lunite
(2) Chymotrypsin inhibitor assay:
ueSt{L#% 2 B chymotrypsin Ll 2x 1078 M #pFasBime2 inhibitor incubate 10 7 &
# 5 A 1x107*M Suc-Ala-Ala-Pro-Phe-pNA, total volumn 0.7 ml #4 spectrophotometer
410 nm TRBHE 0 o M A EHES Spl/run HiEH unit Z5EFE L REMIE 2X10°* M (0.7 ml)
-» #48 chymotrypsin 50% Ettgy chymotrypsin inhibitor TES lunite
(3) Carboxypeptidase A inhibitor assay:
uasti{p 462 EH carboxypeptidase A i@ potato carboxypeptidase inhibitor titrate %
Il 5%10*M carboxypeptidase A §R#fim incubate 107§ » A 1x10*M FAFP (total
volumn 0.7 ml) # spectrophotometer 328 nm FREEHEEE{L o X OD (buffer+enzyme
+substrate) k#LL 1.0~1.2 B » sample ;A% OD<14: (OD T AE=2,000M™" cm™*) < i3
MmARK# 10 xl/run, unit E3% : EMEH 5x10°M (0.7 ml) Z &I carboxypeptidase A 50%
¥EMEfg carboxypeptidase A inhibitor i/ lunite
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T b AS AR 49 B e i B

B A AR o BRIENE R BB ST IR RN RO PR o B HE T R R &R B A 5T
RERTFHEABTE o KB—La 5 HRANHE DR SRS APPSR E3E EGTA
(Ca?* chelator), Gly-Gly ethyl estes (GGEE; transglutaminase pseudosubstrate),
p-aminobenzamidine (protease inhibitor) s HgCl, (transglutaminase inactivator) e
FR 50 pl EATBHIER 2.5 ml §f » FFIEK KRR AR AR (SR~ DI BEFTED RO fihmase(s -
HMS B A EITRH AR OMMN Y EZWHRER » MR—PUR
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|- UEERnER e (CANRRER)
& MRl i > DR s A ek B 9 Oyster Tris buffer (18 mM Tris-HCl, 0.55 M
NaCl, 13mM KCl, 1.67mM D-Glucose pH 7.5) o ifiA/KiZ dhfn b ala i
1/2 diluted Oyster Tris buffer » HERE/KIE plasma # conductivity HE=E
plasma "5z — -

IR bl
Anticoagulant e - e e
2 OOR W BE OB ROk E
5mM EGTA >24h 6h 40 min >24h
5mM GGEE 24 h 15 min 25 min 5 min
0.5 mM p-Aminobenzamidine >24h 25 min 60 min
10 «M HgCl, >24h 2h 40 min >24h

HEIRTE » HUOEHTRE S A A LR - —RT S BT EZTEWNEEE » gy mes
BRI o BETDEHIR AR S EIRA R (EROREEAREER -

B SRR AE M VO UG RN 5 i 0 RAN FBNE SIERE > FRUMBEBROQE 7/ » BE
AR BRI —BEE BB gBRe » RREZTEBR > /MR SROMER » ATEEOK
yarraid (FEE 10 (&) ~18 (F)X10° cell/ml; BEEGUR 16 (%)~6.7 (F)X10% hemocyte/ml)
g P ERERGRENEBHNRAYE  BEFHERL - R—YIIARKRBERMFFHE
FHEURAIGRE  BEREA EGTA R HeClL S@AZMKBIAMmASE » A GGEE fmfsiisk |
HRIEETEE » AEFEBE THEZ GGEE MiMfTiss hemocyte BEFHABEMTHAURK » LLFMERE '
B o

Fhfn e g A Oyster Tris buffer #72 20 45 WRAKMREL 1/2 Oyster buffer Ff -
T2 E e (Olympus) Fiick 100 f2#1%% » 3LL hemocytometer FHEUMREE & S HBE -
RTA MG EEER AR BB ARNORBERSS  BFEEFE (AA) BRIEEEERNnIKE
EfGfERmT: © 2 - : =

B it 18x10¢ hemocytes/ml
WO W 6.1x 10° p
b X 4.7 x 108 v
Rk & B 5.0x 108 Y

TR RSB BR 3% HE (L1 B 5 A O AR (R 75 S0 ARG » DURERIRIM 8 > EXEZHRETE / REME
Btk 0 B2 KT BRI 0 BT e Bk BERBIR > MIKREZEG - WSt S
ESHITTTE » oF fETEE Mok I B SRR M b AE (Yl R o

AR G HT T AR ‘

(A leupeptin SEfELUEAYITEER K MEEWE A A REERONAE ° ] hemolysate shayy
% trypsin i§ thrombin-like protease » Z¥ijt protease {J substrate specificity Rk
thrombin (EZ) BiUHMAEE thrombin MHFEFE » HEENMIRELEQEHA thrombin
HIRF » WHETHAL S A LRS o FOEIE] MCA (4S5 R Kawabata % (1988) -
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Boc-Gln-Arg-Arg-MCA 100
Boc-Asp(OBz)-Pro-Arg-MCA 80
Boc-Val-Pro-Arg-MCA 80
Cbz-Phe-Arg-MCA 24
Boc-lle-Glu-Gly-Arg-MCA - 23
Tosyl-Gly-Pro-Arg-MCA 38

TRRRET QKB EORTYE

DAEHRAHEER ~ ER ~ WBRERARBEEMMm - FTEMREHK (hemolysate)
transglutaminase B thrombin-like protease EHMERENE= » EERVREBEMEIRZ
thrombin-like protease &7 0°C F{B loss B (24 hr 4 80% loss) o MR EREEHLEIHE=
f#IRF~ enzyme activity FEZLHAES hemocyte counting REBEREMETHERREH
B > BERABIEOLKFTHEZ hemocyanin FXENEBEN membrane /HE#E » FrlEA
HEEB{LRK

£= THARBZEABUSIBMRAERNEE

B B & Transglutaminase (RFE/min) Protease (AF/min)

o o - _

\ OB OWM OB OB O KR B O OB OB W MR WK

ER &

5mM EGTA Z 6.0 4.2 0.8 <0.05 E 5.1 1.4 0.2 1.3
£ 5.2 . 4.3 2.5 : % 0.6 1.0 0.4*

2mM GGEE ' 3.5 4.2 0.2 ¥ 3.2 0.7 0.2 3.1
£ 3.1 4.4 1.7 <0.05 % 1.4 1.2 0.9

50 uM HgCl, B 4.4 3.6 0.6 E 6.2 0.3 0.4 2.2
3 4.8 2.5 <0.05 % 1.9 1.2 1.3

£+ 1.* Hemocyte lysis B¥®R 0 1.5 mM EDTA in 10 mM Tris-HCl buttere
HIRPEREHEYZH=ZERTZ 104 BOEERBFERAT MG » DEEEERTES
30% (S.D.<30% V) o
HE=74 .

@O EGTA Hif » =f@RF Ay thrombin-like protease ZiEMESEIE » Mkl HgCl, #if pro-
tease activity B85 » {H HgCl, #EEH (>50 M) B3EEM4 transglutaminase & o

@LL GGEE #iffn » F7#8 protease iEttH. EGTA #hfiF » {E7E hemocyte lysis #/n EGTA
Al protease activity {PAREFI{E» 2mM R 5mM GGEE #iB#mI protease FTHETR S
» {8 5mM GGEE #fi&{ff transglutaminase activity BE{E o ’

®%ERy thrombin-like protease activity HEER¥EHIEE » LAREAREEE SR G BM
B protease activity %38 (—#85E 6~10 ££) - #EL TSV E hepatopancrease s
2 trypsin contamination s s{H bR - {1 EBHFE o '

@MEFE kK EH hemolysate b transglutaminase $jlEM#LR—4 GGEE &t
BEIRT SIS Ak AR » JRIGRY » GGEE & transglutaminase RyifEIT » "IREIR KURAGTE ML
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I'ig. 1. Correlation between clot-forming and amine-incorporating activities of the
shrimp hemocyte transglutaminase. Five enzyme doses (20, 25, 30, 40, 50 gl
(0.077 mg/ml)) were used. Initial rate was determined from the fluorescence
assay as described in “Experimental Methods”. Clotting time was measured
with 60 gl plasma, 50z enzyme solution (transglutaminase and 50 mM Tris-
HC!, pH 7.5) and 54 ¢! 1M CaCl,. !
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Fig. 2. DEAE-cellulose chromatography of digestive extracts from Penaeus monodon.
Protein assay by Bradford method (—); chymotrypsin or chym. activity
(e—e); trypsin or tryp. activity (o—e); CPD or carboxypeptidase A (----- )
and B (-----); conductivity (— —).
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S EIA B LA = ARG KUEZRA » transglutaminase BHEAHNAIBGN R MEEIT BRI o MTHEE
transglutaminase &M BRI Syt IEIEIKIELL » T Fig. 1o (I G0 T8 00k v i wT 3 U e
FAIS ©
9 o E P B & BRI R A R
R BT {3 IS ERA YT anti-trypsin & anti-chymotrypsin » LU WIHILAY
anti-carboxypeptidase 5 & SEi 4Ry & SR 60 ATMRIYH ISk (midgut i hepatopancreas) #f
LAFINE AR o SELEAHAMERBMEToRlE (Fig. 2) LREMAE chromatography 3

%0 RIS A Hh B PO SR R ZE B EE R R
RS IR I TR = MR IR RS TRV 2 T LRI RNES 202 (S. D.<20%0) ©

Trypsin inhibitor Chymotrypsin inhibitor
Anticoagulant S (pg‘_’[[ypﬂ[p_l_)“__wﬂ ”:___l(;{gﬂlymotrypsin/;_z_l_)

. COE O OB B OB MR BokeR - BB OHCET OB R BOKE
5mM EGTA 12.0 6.4 3.8 9.9 3.0 1.7 1.7 0.7
2mM GGEE 10.3 8.0 5.4 8.2 2.7 2.0 1.8 0.8
50 xM HgCl, 13.2 13.4 7.8 10.7 3.5 2.5 2.4 1.0

*F TREUBEENS Protease inhibitor #EEAHEL
, 5§ i i
Sample (ug_enzyme inhibited/mg hemolymph protein)
(hemolymph) T, Pm2 CPD A
¥ woo#m 1 26 0.95 0.033
w2k 24 0.46 0.017
w3 15 0.40 0.027
w4 28 0.57 0.012
[ 37 ND 0.027
"o 2** - 52 ND 0.044
W 3** 41 ND 0.031
HOfE oW W 27 1.7 0.018
AR 51 0.6 0.076
EFK 41 0.6 0.069
LR R 2 b 9.6 ND 0.043
Q  oxx 17 ND 0.031

T, Pm2 8 CPDA 458 trypsin, chymotrypsin Ri carboxypeptidase A (A Fig. 2)e

o 1 MBI =control » ¥ 2> 3 #1 : 2B %G INE 0 RFRMEY - 14 RO R
BRE M FERIEE o

g 1~3 Ml B K ETR R T2 SR o

BEE IR T R B IR 16 A fdfk o

£ kYR, 3~5 %1 hemolymph {2¥affi (S.D.S30%V) e

Q1 R 92 HIBRAEMEMZ AR (K 18~20cm) o

ND : not determined.
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FFR AL R » W ELEIVE & EISES B B BRI » (BN 5 BRI » SCTIRA o RIS =6
PURMF SR Al > BTS2 iR f B SIS A RAZ R -

TR &ERRREREE AT HMGESE

FERIIH— b ERE QBN SRNER o HERERE LM A SLNE O BMKn S E
) STRBFT AR EH SRS » HEQESBETE > FTLUEE trypsin inhibitor FEEHRHVRIE
ENECERERE » (IHEBEERAMAE (FR) » EERNRAFRY PEVHBROEEER
Z#y trypsin inhibitor ¥ (B 102-3 i 1 RIGHEMEAIEER) o M chymotrypsin
inhibitor %/ KR TR o AR TR - HBRBH A {BE— P ES MIREEMMUER - AR
» HIMNES BB AAR GURANRE) MIBmAE > LIRS MERIRGE (—M trauma) Ayl
M trypsin inhibitor KEEE » HENEEFIKE » FTURMIBHGELT AT 0 LIREE S
HERAGR -

1 B

AW EENBEHEO+F EEEOEMNDER IR TTEWE - AEENGRERF=77E *
(VEATR 0 B R PR B » AAERMERENEE  aXETFHRMERER > HEAERE
BOUE L S B M DY AR o (2R ST S AT AE M i BR R AR AR BEK ¢ ARG OB F X gy a Bx) 5
mEEEH (Thrombin-like) Bk o WHES AL BB 7> b7 € i Forp = FUR B3 ARSI A ©
QERBTRMRE A R T E SRS R ERBHIME anti-trypsin REFEHRER
B PHEE I ETOER M Sh AERE TR & R A ML MR E B w -

3¢ E )

ATCREE SIS (79 M 7.1~ 21(3)) FRACEM o EEAURRENE - BEMERER
EOBT IR TR » BEKT R E R £ LR BB (S E M E S 1h) > A PTBtas
L o
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