BESBRESAFTIE s ARFRELD
COA Fisheries Series No., 40, Fish Disease Research (XIII) 1-9, 1993

BOWE OB Il E K R O OB %
(1) B ML 54 R B T

BREX AL HeE KEp
ARG LRI
* EWAKERRE (ESH)

BFIEBEENRAMYE » ERABRETTRBERS FRARGSRRINEETMILRER
Belt4Fh 19 R 18 B FENEERRETEN » it UREREREETEARR
FE - KRBENEERFTI R EHEFEAL » ErEBERE 0% USBRNRRNEEE
B RERREEANNMEA AT ERERERER ST HBNNEFREES » BKIIRHR
K B R 3RS RNE E R IR EE SRR o

Al

ESOE MR RS E R MR S EE R » KEFHRMIBMHESH hyaline 8 granule
cells R » AHTNFMMIALREILE RIER N MERREHAMN » SETHEERRERNY
(Hose, et al. 1990) o BiX » granule cells BERHEHEHEFHRAEENE: » M hyaline cells
ERGMERERERNBRREAFGE ) » REREEHRBENR » AEE—SHE - PRENIE
EXRBAE=EHEH (Tait, 1911) : —LUNHRRERE » NEZMTRS » FINBER 5 F—AMIKE
2 5 R A RIEY » FUNEREE » B BT AR R 5 ST - AR (hyahne cell)
BB R RS s (Durliat 1985; Martin ef al. 1991) o

B SR RE T QA FRME SR fibrinogen (Doolittle and Fuller, 1972; Fuller and’
" Doolittle, 1971) » ﬁ%ﬁéﬂ&%ﬁ%%gm%ﬁﬁﬁwﬁﬁ% (Doolittle and Riley, 1990) » &1

B EREES » RO R SR (transglutaminase) (Tsai ef al.

1991) » ABHFEH B WEE—FMEHEIRREERD » SATHAERER - BROBREE QB ERLEK
s WENER(CBRERETE » DEREMREECEREZS M ~ JLTVEREE » REEHHRE
BEo '

MHRAFE

ot A R I .48 T EX

HmigEsE EGTA-Oyster butter (50 mM, EGTA, 18 mM Tris-HCI, 0.55M NaCl,
13mM KCI, 1.67 mM D-glucose, pH 7.5) « BT REF AT S RAMBRE » £RE S04HES
¥oKkeh s A 3ml WSt » FIMARF LK (0°C) KB (¥ 45 BEL15E) » %?Eﬁ%
RERAE—HNE R ZMBNERLIEE » £E 1/10 OB RRBMRETE (23 G)» #EE
BRI » NOEERMAZREEK » M ZmABRKG BB S o

MR BRI A G A '
#h B BB E IR » 72 1~5 5880 3,000 rpmX10 min at 2~4°C » ¥ FBRERB—:
BELE > LI buffer (Oyster Tris buffer) #H{UTEMZMIRMXK » & 1ml MEFTHZEMERU:



— 2 — BEH - EHHEE - 4 - EEM
0.1ml 10 mM Tris-HCI buffer pH 7.5 {2 hypoténic lysed s Z£ <4°C LITEFE o

WhaEaRERAREE G

LRMREQEBENERRRACE R 2E/HE (Bradford, 1976) Ll Protein Assay
dye reagent (Bio-Rad) RRUERELERE - REEQRSTUTHHERE o

2EBITERS RS 258, TE buffer (50mM Tris-HCl, 1mM EDTA, pH 80) &
K 280nm BHMERL » B 0.1ml BH 15ml BELES > JnA 10 21 IRMEREHEKR 40 mM
CaCly» HEBZREN | FERE—K  REABAELBE T ETH—F ENRETERS -

3.4 Sepharose CL-6B 4 #FTB 24 #IH 0.1ml WMEEFREELRE » WESEHL
50 mM EDTA ¥ ERFE s A 20 p] Bixisgk (5XConcentrated; 0.3M Tris-HCl, 50%
glycerol, 5% SDS, 5% pB-mercaptoethanol, 0.0025% bromophenol blue, pH 6.8) ¥k
MB=S @ e (12,000 rpm > —48) » I EHKEL SDS-PAGE Bk R B RRERS T RIS
BT o

BEE QR | _
MR BN 4°C BED (3,000rpm » 10 58) KRR MIESBE o MIFTT T EMERMILR
EEAZHEEER —40°C & —20°C /8 - Bunif 15 ml ¥ 3 AF TE butter s %47 10 /NEFLL
L WHEEREE T TRsEETER (TSK DEAE-650 column, 2X9cm) » %L 30ml TE
butter #£3® » FELL 0—04 N NaCl (in TE buffer » 200 ml: 200 ml) HESEE » 45/es 18 ml s e

S5 813 280 nm BHAE » WAFRERE o
DEAE-650 Fi/8 A4 {E koA BIEA DS 1R » FAH 2ml ok » - (Se-
pharose CL—6B 1.5X100cm) LI TE butter Fii#7 » HERR/NFF 16 ml o Y458 280 nm
TR AFRENTE o FH—X B RO HEERE OB FRS T RRERE o |
CL-6 B Fi{3 R IpE MRS BIRATRERERR 1ml K » BUESEKHEE#A Zorbax
GF-450 column (Du Pont ATHR) E—PMLRLES o Ll 02N Emthz pH 80 AT - disk
BRI b L SRR 1T USRI T I R R 47 o

Tk

SDS BHE B (SDS-pél'yacryl_amide gel qelectrophoresis) %{E}% Neville buffer sirstem
(Neville, 1971) » #£"5% polyacrylamide gel EFTEWXRTHT ﬁﬁ' SDS-polyacryIamide;
agarose gel electrophoresis RIZLL 3.5% acrylamide & 0.5% agarose 7Z£ Neville buffer
system {EBIKZ#7 o : :

REZ R LFTHEE

HMLRBRREEZ A %M 5% SDS- B » %Iﬁ%ﬁl’ﬂéﬁ band (190KDa £%) /MLEIT »
Yot 200 pg ZEEER » WREMA 1 ml PBS (Phosphate butter saline) % 1ml Adjuvant,
WERSHEZAL  RTEHE 15 AFENHARAETE » ARFEER= B8 MmES 100 1g Z
%%ﬁ{‘ﬂ FE—FEMMEHHE 10 REFM 5m] FFELL Ouchterlony double 1mmunod1ffu51on
H ﬁ’fﬁ?‘é%ﬁf‘fﬂlﬁz titer » B_REEFBIMEH BB KM 20~40 ml W%mi&“uﬁ‘*ﬂ ° ..

Rocket BB ORI Laurell (1966) Frig =z s (R 0.85% agarose in 18 mM
barbitate butter (pH 8.6) 4 1/30 8#.z antiserum (western blotting titer 1/1000) EA
Gel-fix (fEE Serva RAFIHS) BH EER 02cm EER gel » ¥2E% 50mM barbitate
butter (pH 80) & 100mV &k 3/ (5 50mV overnight) s Ll 05% Coomassie blue

~



BRI SR AR — 3 —

R-250 #utz » FRRLAUMLFTAMREERD 1~15 pg REBRRE » (FREEHRE > WESENENKE
b kAT BmEE » FIAREREE -

ERHEES
BREE G '

HEIR MM EZEFEA TSK DEAE-650 B &AMt (Fig. 1) ; RMBHTTLIFEmIRkE H
WRTRENTEEE 62~79 58T - A 5% SDS-PAGE Sii&ERBRBLERE 60 B2l ks
FER hemocyanin, M 62-79 EIXEES/TE 18 BR D ENEQRE  r MEAEANEREH
7= Stacking gel _LRMA separating gel o FIHE 62~79 FLL Sepharose CL-6B gel
filtration #f{t » ¥R Fig. 2. o hEESTEEAENREESBENSES T ERIEHRFTHARERE
BB HICEBIREER (% Sepharose CL-6 B FRFHE 27~33 S BIITHZR) M5 TFENIR
B+EEZEE (Fig. 3) - KMFAIREEFTEW HPLC (GF 450, Du pond Co.) REE Mt
Sepharose CL-6 B B#FIfREER (Fig. 4) » ¥R » BHAHRARLS FEAVREHEEES
o BERR (BR IAE!) ERES/EMAMKSEHAR SmM HEETFRASETRE o |
Ll 35% acrylamide-0.5% agarose SDS-electrophoresis S#TRERKIEY » KRN Fig.
5B, lane M & Marker & myosin (B4 FER 205KDa) fi lane 1 2 RBENESELE gel
LEFBRSHE » B/ 180KDa E 190KDa » BEBRSBHESES TESGRE 180KDa &
190 KDa —Z&EBE (Fig. 5A) PRy dimers & oligomerss T Fig. 5B lane 2 B k¥
o HIEBRRO W EAES2ES @R lane 1 A/NEHRSHHECESREERD  MIMBER
BRI RE » HERREF—ESERENE (WUESR/BE) FARBRNMmEET » SREEIRMER
BAXBBHREERLILINRE (WER) BREROMEE  iBEREFTEENSS TENS
F o Fig. 5A FE/REENREEES subunit S FRARLERERA MA 19 BE5TEHL 18 B
HagEd o :

10

Absorbance at 280 nm

0 T =T -~ T T
0 20 40 - 60 80

Fractlon number

. Fig. 1. TSK DEAE-650(s) ion exchange chromatograghy of P. japonicus
‘ plasma. Initial buffer was 1mM EDTA in 50 mM Tris-HCI (pH 8.0)
and a gradient of 0-04 M NaCl in the same buffer (200 ml: 200 ml)
-followed; flow rate was 18ml/hr and fractions of 4ml were
collected at 4°C. Fractions 62-79 contained the clottable proteins.
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F1g 2. Gel filtration of the P Japomcus clottable protems from F1g 1 on
Sepharose CL-6B column. Elution buffer was 1 mM EDTA in 50 mM
Tris-HCI (pH 80), flow rate was 16 ml/hr, fractions of 2.2 ml were
collected at 4°C. Fractions 27—33 were the clottable proteln
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Fig. 3. Determination of the native molecular weight of the shrirhp
clottable protein (CP) with gel-filtration column (Sepharose CL-6B)
which is precalibrated with four marker proteins., :
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Fig. 4. HPLC gel-filtration chromatography of P. japonicus CP on a Zobak
‘GF-450 column. Buffer used was 02N ammonium acetate (pH 6.8)
at room temperature, flow rate was 1 ml/min.
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Fig. 5. (A) SDS-PAGE of the shrimp plasma clottable proteins. Stacking
and running gels were 4.5% and 5% polyacrylamide, respectively.
Pm and Pj denote the purified clottable proteins from P. monodon
and P. japonicus. Markers (lane M) were: bovine serum albumin
(66 kDa). phosphorylase B (97 kDa), s-galactosidase (116 kDa), myo-
sin (205kDa). (B) Electrophoretic analysis of the P. japonicus
clottable protein before and after adding the hemocyte lysate
cross-linking .enzyme. A SDS-polyacrylamide/agarose gel was
used, lane M, myosin; lane 1, clottable protein before adding
hemocyte lysate; lane 2, the supernatant of the clotted sample.
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Fig. 6. Double immunodiffusion test of the clottable proteins (CP) from
different species of crustacean. Central well, the antiserum against
P. monodon CP; wells 1-4 were the plasma from- shrimps P. mono-
don, P. japonicus, Metapenaeus ensis and Macrobrachium rosenber gii,
wells 5-8 were those from crayfish (Procambarus clarki), mud crab
(Scylla serrata), crab (Portuna sanguinolentus), and spiny lobster
(Homarus), respectively.
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Fig. 7. (Right): rocket immunoelectrophoresis of the shrimp clottable
proteins. The gel contained anti-CP antiserum (150 ¢l in 5ml 0.85%
agarose), 2 pug, 5pg, 11 ug, 15 ug of P. monodon CP in 5pl were
loaded in the wells before electrophoresis. Electrophoretic peak
heights were plotted against amount of CP applied after staining
and washing (Left).
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Fig. 8. The concentration changes of total plasma proteins (upper) and
the clottable proteins (lower) of P. monodon under different trauma
conditions. Experimental shrimps were undergone disectomy of
either their tail fans, single-eyestalk, both eyestalks or without
any of the treatment (as control). After the treatment about
0.1 ml hemolymph was withdrawn daily and individually analyzed
for the concentrations of the hemolymph proteins (Bradford, 1976)
and clottable proteins (by the rocket immunoelectrophoresis
method). The boxes and bars shown are the means+S.E.M for
each experiment with 3-5 shrimps.
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Relationship between Hemolymph-Coagulation and
Disease in Shrimps

(II) Purification and Characterization of the Hemolymph
Coagulogen of Penaeids
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(1) The clottable proteins were purified from the hemolymph of Penaeus
japonicus by DEAE-ion exchange and gel-filtration chromatographies. They were
cross-linked by the hemocyte transglutaminase to form insoluble clot in the presence
of Ca?. ’

(2) Composing of glycoprotein monomers of 190 and 180 KDa, they exist as
dimers or higher oligomers,

(3) The N-terminal amino acid sequences of the penaeid clottable proteins are
75~80% similar to each other and to that of the spiny lobster.

(4) By rocket immunoelectrophoretic assay, it was shown that concentrations
of the hemolymph clottable protein changed with respect to seasons, molting stages
and trauma conditions.



