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Disc Electrophoretic Patterns of the Blood Serum Proteins from
Chum Salmon, Oncorhynchus keta and Cherry
Salmon, Oncorhynchus masou

Tsutomu YoNEDA** and Yoshio ISHIHARA**

Abstract

There are some reprots on electrophoresis of salmon sera using filter paper,
starch gel or cellulose acetate membrane as support, but not on disc electrophoresis
by acrylamide gel in detail. We believe that the fine resolution of serum proteins
of fish by this method may contribute to the study of population geneties and to
the blood assay of physiological changes.

The procedure of aerylamide gel dise electrophoresis was that of Ornstein
and Davis with some modifications; it was possible to substitute forty percent of
saccharose solution of sample gel. We found almost, all the proteins of serum could
be stained visibly with amido black dyeing using two miero liter of serum for a
gel column, and that better separation was obtained at pH 9.4.

In the present report two species of salmon, Oncorhynchus keta and Oncorhyn-
chus masou, were used and their disc electrophoretic profiles are exhibited. We
found some, may be three, typical patterns especially of the gloublin fractions
alone of disc electrophoresis of sera of one species, O. kela or O, masou, and
observed some variation between different typicel paiterns. From these results
it is possible to consider the presence of some genetic groups in a species of salmons
or to determine what pattern is the typical one belonging to the normal sera for a
species of fish. '
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TWAY,

AHORBER LU BNER 2 BT 2 AR L R (RIZZE - R - EF - £
A - ITEIERD) DT N5, RMAEAK - B - DNA 4759 o &AL iEs ko n
T3, COPFOAMECETAIMEL L TROBREND 5,

EPEARCEL T, HRRAOBIKKSIMTC OV TiRT <y sAR (2BFE)?, =v 6
BT (EE)D, 745 FERKA UE (BR)D, V-Frvd CRFELHHEFEL—
)19, Sable fish (£, <= V/E (M, 3BWTHBPEOERL—F', HEER20R (7
AL —THBREE)D 28, NEF v LDV TRY 7B MR TE— RERTRED, 7
FHE (A BWDER L EER) D, v (P AV HECIEREED, =¥ (FnF . 2 FK
BRENERIZL, ©rrAR£E)™, 5| (B 2V, IERKEFERCOVWTE <4
w¥f ()W, v (BEEENER)2, Brock trout (£E)2D, 47 (ER)®D &, PR
7 2 Y i TiE Pacific hake (2 BEBI%T3%)2®, Coal fish-Pollock: Whiting (£8) 29, Tilapia
(2ETER)™ Y,

KEBEEOESKEB MR DONT, %% - =22 20K malate dehydrogenase (2hEFh 38

- 4 BIFELE) 2O, Tilapia D serum esterase ()2, ¥ va-GDH (7 BIfFE, E- AT bA A
)20, A Fundulus O esterase (15 isozyme F£7E)?®, Pacific perch O L-a-glycerophosphate
dehydrogenase (ZRINHFICHH)?, 4> < malate dehydiogenase (2 BiC 3 BIfEfE)*®, ¥ Y
% G-6-P dehydrogenase (4)¥EiCH )Y, © 5 2 LDH (£E)3D, =y esterase (Rb v ID
32)%), AFEANKE aldolase (AEUT L b isozyme 138)3, v 23 LDH (HZ% R 2 & BWICE
F)#5), Walleye pollock tetrazolium oxidase (%%, population DF)3®, 2 ¥, BMMHEEHDE
SBKBHIZ DU Tid Dessauer®? MSEERU 12 & 51T, SHRER CABOREFOREL R 503, SFFEN
REAEIN, TNTTRLEF 2 0¥ 2 (£E), Silver hake (BEIRTE)M, 2 x4h (B
BURDEZ L), ~¥H (Gobius jozo THF—)D, ¥y ¥ = (##)*D, Atlantic salmon (F4H -
B - BC X 3H)D, 9o (FHEL)D, Cat fish (HE)*D, =v~vx () ZLORE
ﬁfﬁ) 3% L] !

AEMEEAOERRSBROBNER2BBTAC L b (1) £BOMED 1 BEBA LGNS,
(2) “pormal pattern” HHEZIN 3 &, WK T2 immunoglobin 7 & DT, F1z Cu®t ZYE
&B 4 4 OMEBEHER T MIFE AT albumin & OFEST, KSBROTHN EALNF QR
R - AEOTFHCLERTHS 5.

Ll icEH e L EEY w ¥y LY 2 5 v ROMEIR OV T DEP i X 543041 % Tz 3
i DBENERZBEL I,

BE&SLUHE

e ERiU 2o u Py (Oncorhynchus keta) i3 1968 4E, 1969 £33 X OF 1970 £ FE0H
NZRMUT: b 125 B & 1970 E-+BIITFRETHEINIZ LD 80 BT, BHUHO b D12 FEEHIR
iz & b-+BBD & OIXEIERY & 3% (vacuum blood collecting tube) € & HIRML 1o MFHED
SYHEIT B IREERE % 55 5 TiT o 10 IHIOBEIIRS 2 B P H I RREBCHEBR b fLiF% SHEL
170 VEBOBAIHEMTHHEL ML, F5A47 4 XBHATTHLR-. 21, $27<X (On-
corhynchus masou) i3 1968 4B CHEIMEIIOKEF LHERAFCBL, BB 2TbE
#0D 19 BT2ORWFER2 UL THRLL BREE 255> TliHE2 L 72, WIh b xE% 752
Tiz —20°C DR b v #—HIHEFEREL 12,

B 729471 F N, N-2FLIYEXR72I07 8 K (BIS)'N, N, N', N-F F 5= F
xFLro7 iy (TEMED) - Y R7 &/ 24y (Tris) - YRI5y - BME7 €= 4
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FYYYy «FEIRTT 9 I 10B: Tun7 . T~ (BPB) - v 233 T TE¥D D% H
Y

SRBHSLOEY pHB.9, #7 —~¥ 4X 7.5% DH¥ i, IN-HCI 48ml, Tris 36,6g, TEMED
0.23ml 27KEAK (BLTFA&MES) wlEH»L 100ml LIz 6@ (pHB.9) % 1/E, T2IAT L K
30.0g, BISO.8¢ 2KiIZEH»L 100ml TELED2RE, KIKZESEL TN 0,14% @R
FrEOLABRRPMAESHICREL HESmm - B3 Tom OF 5 2B K % 5em DT3B LD
CHMEL, 2~3mm OXKZPEBL EX2EHL CRERBETESIVIC LRI VAONE, COY
NODEAKEIRED pH 2 9.4 Td 3,

HBERBASLORY LTOXERy vz e 3 @R Vi pH6,9 THR7 —9 4 X 2.5% T
& % o IM-HsPO, 25.6ml, Tris5.7g %KL T 100ml & L2 dD1KE, 72 IA7 § £10.0
g BIS 2,5z %/KizEMHL T 100ml E L2 4 D28, 0.004% Y R7SEVKBRIEE, K4H
PIAMELIZ D%, DEAY VO LIC 8~9mm OB IBEMU AR ERL TRETTTRES R
®3,

HREBRE ABAYVIES T 0% v FERICIERES 50:1 ORLTRAL L DR LK
KA %, BEBAKRREL ZBEER Y VO _EIT 0,1~0, 2ml $*O8INL FkEICHA 5.

ABMAEER Tris6.0g, V> 28.8g ZAKIZEMLLT 1L &5, COBEHKRD pH i3 8.3
Th 5, HHR 10 ZBREINTHINEZIBRL 2h o1,

BNAY EIXSERSERS LREERY (EAD, THSEEEkick X 2 100ml % Ed 58
B3 2 BERRIC DA 0,001% BPB 0,5ml 2 FHEMBAL T 3, OBERY REHARKRS:
MEINICER (F5 2F0LHET) UTEREEECERT 2, KBy v1ExY ) 2mA 2§
U 2~3°C ORERENTIT, KBFEO pH L EMNAEORERAE 2 RT 79> b (BPBOFN R
) PBEBL TYAVOTHICET 3 L A TEREHT 2 LI,

RELITHEE KR TEROF VL, KBFHIZLUIIAEY v+ ~LORETHFLE N5 ZEFD BiC
BOSHPBATACLIRE bAKICEBINTIRT 5, ¥V OREIIKEEE: 2%/~ K% 1:5:4
OEHICBEALIZADIZT E FT 5 v 2 10B % 0,196 OWMECIEML I @D iCSrsmREL T
7, KER 7% BT 1A Y 5mA OBERAERITE - %0

20, BEOBEII NIRRTV IETOBLKERHIZL T THEERBEO AV 3T 5
RN T o2 T2 1% FE— 07 b 3 — AR BBRINT 0L BT CEBOREICTH
b, FrvbdoaidBRBES Ozmor 82 BT X 577,

BREER

DEP #i2s35tp42 Ornstein & Davis O FEICE L TTo 12035, MEOBEEIX pHS.0 L h § pH
9.4 WRWHER2EA 5, K7 -4 14X 4 5.0% & 3.75% % RATH 7.5% TR BRODHENA S
N3 TOFHTDNTIAIHD DRFLBEICU 17, 2 BILHRERAN SRS ERCHA 21,

MEE A OERKENC X 25 L3 TR & £HiTbh, i N\ORKCBHEL THERIC A
INTNEHZDOFHICHHRE TN 3 OIRAEENEBCHE 5 KEHROELTD 3, MFEAREEE
HICHEAAHHBEOE DR L Y B L 2BAOEPERB TR I RERNsHE WA 2, A
MFEE O DEP #®idfE 4 DAEBEMNER (B4 - 5 & HAORE - 1 - BR) L Bk v
2 (BHBFEE - SEEWE - BB - RilE) OO0 22158, LORPEELT
TEREESIOBNEROBRCAFAL ING, BECDOWTIR AN A4 5,40 ~NFRRZWD ¥
K=, F <X, 45810 BATRICONTIRF 5 ¥ F 239 Silver hake??, =< x4 O
EMZIN TS, —RRCAERENHZESIZ albumin X, 375 albumin KiZH & T HBIEED e-glo-
bulin®® iz %< Fbh 3 L &5 globlin K Ekic L THBR T - 120
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Female Male

Fig. 1 The comparison of the disc electrophoretic patterns of the individual serum of Oncorhynchus keta. These 16
specimens were extracted at randoum from 48 specimens which were captured from the mouth of the Moheji river
in Hokkaido from October to December in 1968.
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ALBUMIN
GLOBULIN

c

B

A A
“

Origin _>
Fig. 2 Disc electrophoretic densitograms of chum salmon. In this illustration the
anode is to the right and the cathode to the left. These three typical patterns were
extracted from 48 specimens of the Moheji river in 1968.

v u¥y O DEP % Fig. 1 iRd, 1968 4F 10 A KA OO BRI THEshIz § O & FE
12 B )i CHE S iz b OOFh b EIEEC 16 RO KENMR % Tk B H i ST ks e
7Y R OHERELT 2 OBEE S L3RI EDTH B, hb @ DEP Hidfy THiR
LD TH 3, globulin KIZFIKEHL TWL OBD IV~ ST B E2RAI, Fig. 2132
DOFTE WL 3 DDF v v b I L RFLIZBDTH S, BREKBIZIT- LT RTOva ¥y
@ globlin KiCH5EL TEY SN EEHE (sp) & bBRABHT 3 1~4 OEHRARKC L 3ERV K
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These patterns were

Fig. 3 Disc electrophoretic densitograms of chum salmon.

extracted from 36 specimens of the Moheji river in 1969.
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Fig. 4 The comparison of the disc electrophoretic patterns of the individual serum of Oncorhynchus keta. These 18
specimens were extracted at random from 73 specimens which were captured from the Tokachi river at Ikeda early
November in 1970. The possible arrangment belonging to the typical three patterns is exhibited.
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Table 1. Comparison of the frequencies of the various types
of chum salmon serum protein.

Appearance
River Period
type A l type B type C
Moheji 1968 6/20 . 9/20 5/20
1969 5/36 15/36 16/36
1970 9/34 13/34 12/34
sum 20/90 37/90 33/90
(0.22) (0.41) (0.37)
Tokachi 1970 18/78 30/73 25/73
(0.24) (0.41) (0.34)
Male only.

Table 2. Reration between the various types and total
lengths of chum slamon.

Total length Appearance Number

76-80 cm B ¢C )

71-75 cm B C C ¢C 4

66-70 cm. B B 2

- 61-65cm A A B BCZCCZC 8
i 56-60 cm B B C C ¢ 5
‘ : 51-55 cm A B B B C C C 9
| 46-50 cm B 1

Moheji, 1969, male only.

2, 2LT, ZhALOBEAOHEES LS SEDHMA % — 2 2 5108 CEFRAE TNTOMEK
PNShhICRBIVEL L EBbh ol 98~ % AB,C LEHRT 5, 1~4 OFEHIIMETIZ
MEEETH ) 1968 SED v v ¥, MHESR T 43 AEOHELTIRR TS 345, 1969 £ L ¥ 1970 4
OFNT I 6 WHBHE DN T OB MBS % b F A TH 2o 3 F4ERE O I THE Iz D90 E
k& 1970 RS THE SN 73 [Hik% kL 1204 Table 1 Th 3, COEREBRFBIR®S
ZEEMBE S BN T EBODOFINTIEET 2, T2 B Of A, C DWT § WFJIIICD0 T HBE
BFiC R ENRBD LNIV, Fig, 313 1969 E£5EDMID v n¥For D A,B,CO|E 5~ T
albumin X3 X IF T HiTiEL globlin ROBHDSEENA SN 3, Fig, 4 i3+BND ¥4 90 fEikD
b 5 18 A% AR X IR H HERAOERIT 5 bOVBEA 5 & 5w~ F'A,B,CitiRBRL ®
125D ThH 5, Table2 it 1969 EFTHT B L Izv v ¥ rd 55 31 kOl 23 2DkE L
A,B,C OHBSERE L OBEE2 A2 DTH 28, WIhO# 47 bERICHL Tid HES Mz
Thbo 1210 BITFEIHUR OO THEE I NI KIS D MO~ v ¥4 @ DEP i globulin
ROBADZHT 4 BHEO/NIWEEFOERASA OIS, 12 AT CHEL TR I OE
BOBEDLN B EEBDE» 512, COBRIRIFL T, ¥ v TH BHEIN T 5 RKPHIN
SEiTh 3 lipovitellin ¢ ZA 6N %, COWRBRD AMOMBEEZAKT 10 R BRIty
COBEELILEL 3,000rpm 10 FREIOELHRETCED R LM TEE, COBEHIZTT0.85% DA
HARCHERL EREBZITO C &0 T 23, Fig, 5 iRUIRENIO MO ME (N) & BRED LB
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e ™

e
~

N s P N S P N
PORE SIZE 7.5 5.0 3.75

Fig. 5 Disc electropherograms of native serum protein of female chum salmon and
precipitated or soluble proteins after dilution to ten volumes with water. This specimen
was captured early October in 1968 from Moheji.

LTV AER (S) B3LUER (P) % 7.5%, 5.0% 35 & 8 3.75% DX 7 —+# 4 X T DEP #
2RHIZLDTH 3,

#+ 7 5 < 20O DEP i3 Fig. 6 {Z;RL 72 MiEICBIRL < 2 D MiEH» O 2~ 2 BT L
VT Er3, 477 < ADOMBERIC DN TIRAMNT L 25 S X OO KERCE B U TO AEBERTT
FEDH DD L AN B L OVEIREER R b DS WHh 5.

ERBEREPRIET2 L, vy, 3252 b THETEEEL Thiesh b0 DEP #
MEETHZLEDRIT LSV, RERTIZT I FT T o 20k 2 E2{T5 T3 10D [LIEE
HOTNTHHEL THbN 2, T3LTALNIZ G5 IZ0 %~ DB BICENEEIL &0
L, MFEEDTH» 5, EFENE BEEED 2 D REEDOSR L OfeSFic L HhoEA & PR
CIXEIS N5 b OR RT3 5 DEP & 2 a8 THET % € & »¥—EH%)7s popula-
tion genetics DT TFERIZ/2 5 5, DEP @iz 8% 5.7 235 BERPKER USLEGT TO AERIZE
LT EBID L ERTI3s 05 9, Thurston'® 3 = & < 2 b THEM LT % 2 TakiE
MEEORKMPZAL ZNETHE EmUTV B, B - < 2RI EIF OB MO %575 £z
ZEERHRL 2AFNMNL THAEERZ T2 T 50T, SEEEYAEES 2 < XBET,
CHUCEIL T A & Frazer {iIZ# LT 5 N =9 7 THE-—W)IT b EEIRGAT - IR 2 RicT 3 %
DS ZEIMEHHZ E» RPN TS, T2, Tsuyuki*® itk 5 & 47T 20 TILREL 7 U7
T DEP 0R 2 2 & 28EL T3, RERTRNINCE 22D NS o1 TERSITHE
PRASELLTILICRANTNEFEHEEA 5,

M{EEH DEP 45 LRk OfE 4 DER TEE)T 2 £ &3, —HIKBLTIZZ D “normal pattern %
FEIT AL ERIDRA - AFEOFACHATEZ L LWL 5, CHUCEL TROMBE B TR
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Fig. 6 The comparison of the disc electrophoretic patterns of the individual serum of Oncorhynchus masow. These 16
specimens were captured from the Shiribetus river in Hokkaido during September in 1968 and supplied after spawning.
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RICEL D TH 3, MIARIZEECONTIE, 7Y TRESEOETHELILD, =v®y
FED, PURYFFO LT LEE, FOMe b TiRi7a~¥YEBEET albumin & -
globulin 3L < KT, » 4 2 THERC L DR FHBD D, ey b TREBIE HEFL
B TEESD, 31, (LFEWEORE L L TAET Kraft pulp BEIRIC X % IKEMEE BB LB HIE
AR, =< x40 TCut 2 X %69 T Cré+ it X 258, o 4 Ti3BIKTmiE GOT & GPT &
RSO, v9 3T Pt BHROBERIICERD, 32X 1 Thr e 5L H albumin KBNS,
ERTR=U Y LB Y H R EEST S albumin O BEIERKS L EORERHT L EPT

X%,

DL, vuaFrBlirys s < MEEAD DEP M0 20OEHICONTERE2RAIZ, h
L3 SBRAZELEEONINTFELER 3,

FEBRPITHICY H, RESRE OV THES T & » 1 ERSRTSSDHIE o i T RE O RS
DF &, EELHREEBEINELOHE 212100 bR R KEERAREREE v
OB DN TIHRE ST RIFRE > 4 —FBRT AL, BERC OV TIEEE R EK EET L 6
B OHBE R BHOERRT,
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