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Purification and Quantification of Immunoglobulin M (IgM)
in Serum of Masu Salmon (Oncorhynchus masou)

Hirotoshi Fupa**, Akihiko Hara***
and Fumio YAMAZARI**

Abstract

Immunoglobulin M (IgM) was purified from the serum of masu salmon (Oncorhynchus
masou) by a combination of salting-out, ion-exchange chromatography and gel filtration. At
first, the serum was precipitated by the addition of ammonium sulfate at 509, saturation.
The precipitate collected by centrifugation at 10,000 rpm for 10 min was dissolved and
dialyzed against a 0.015M Tris-HC] buffer, pH 8.0. The dialysate was fractionated by a
DEAE cellulose (DE-52) column, equilibrated with the same buffer, using a stepwise elution
with the same buffer containing NaCl at 0.05, 0.1, 0.15, 0.2 and 0.4 M. The fraction eluted
by NaCl at 0.1 M was then reprecipitated by ammonium sulfate at 509, satulation, and was
collected by centrifugation at 10,000 rpm for 10 min. The precipitate was dissolved in a
0.02 M Tris-HCl buffer, pH 8.0, containing 2%, NaCl and 0.1%, NaN,, and was then gel filtered
through a Sepharose 6B column with the same buffer. Two distinct peaks were obtained.
The first peak, collected and concentrated by lyophilization was refiltrated through the same
Sepharose 6B. A single and symmetrical peak was obtained and was collected as the purified
masu salmon IgM.

Immunoelectrophoresis of the purified IgM revealed a single precipitin line with a
polyvalent antiserum to masu salmon serum proteins as well as with a specific antiserum to
chum salmon IgM. Conversely, the antiserum raised against the purified preparation gave
rise to a single precipitin line with the masu salmon whole serum, suggesting that the IgM
preparation was pure. Cellulose acetate membrane electrophoresis of the preparation
revealed a single band at the g-region.

The molecular weight of masu salmon IgM was determined to be 750,000 by means of 3%,
SDS-PAGE. The molecular weights of two subunits, » and light chains (L), were estimated
to be 68,000 and 23,000 respectively, by SDS-PAGE with 2-mercaptoethanol. The mol. wt.
of a monomeric IgM could be 182,000 (x.L,) and the whole molecule of masu salmon IgM
(mol. wt. 750,000) can be considered to have a tetrameric structure.

The concentration of serum IgM in masu salmon was determined by single radial
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immunocdiffusion (SRID) with the antiserum to the chum salmon IgM using purified masu
salmon IgM as a standard. The concentration of the purified masu salmon IgM was esti-
mated by a Bio-Rad Protein Assay kit using bovine IgG as the standard. The range of IgM
in the serum was 0.6-2.7 mg/ml for mature males.

The immunological cross-reactivity among IgM of masu salmon, Japanese charr
(Salvels: leu is), smelt (Osmerus eperlanus mordaz) and hybrid sturgeon (bester,
female Huso huso X male Acipenser ruthenus) was tested using an enzyme-linked immunosor-
bent assay (ELISA) with anti-chum salmon IgM antibody. The IgMs of masu salmon,
Japanese charr and smelt showed cross-reactivity on the ELISA, however, that of sturgeon
did not.

7w Y v (Ig) X, ABARCA - CELMER EORYKEEL, PRI, Rl L
RXo>THERESh, MRIACTTHIRERBELX LT3, L O Igir[gG #7WHELT
IgM, IgA, IgD, IgE ® 6 o0 7 5 Andmbh T 5, BED Igik, 1BECESTHRSYO IgM
753 ARBTHLEEZLDNRT WA, b+ ERFRAEO IgMY, £L L TCHEMSKTHS (Clemand
Small, 1967; Kobayashi et al., 1984) ot L THEREII4EA L BE IR TV-% (Shelton
and Smith, 1970, Acton et al., 1971b), BIHIcH\ T, Ig XRHEFAEMERD B % OBEHN
XhTwb (K Snieszko, 1970 ; Corbel, 1975; K ¥E, 1977; Ingram, 1980 ; Ellis, 1982 ; Am-
brosius and Richter, 1985 ; /\#k, 1986, 1987), IR TiX, # 7 5 ¥ > ¥ (Kobayashi et al., 1985),
B #B%12, lemon shark (Clem and Small, 1967), nurse shark (Voss et al., 1969), stingray (Johnston
et al, 1971), # v # = 1 (Kobayashi et al,, 1984) D BETHE I hTWw5, —F, EEREL,
# v 4 (Fletcher and Grant, 1969), = 1 (Shelton and Smith, 1970; Marchalonis, 1971), * v
# a (Trump, 1970 ; Marchalonis, 1971), ~ 3 ¥ 2 74 4 (Acton et al., 1971c), gar (Acton et al.,
1971a; Bradshow et al., 1971), bowfin (Bradshow and Sigel, 1972), channel catfish (Hall et al.,
1973), 7V (f&H - #EH, 1982; Matsubaraetal, 1985; ¥t 0 - fH, 1988), toadfish (Warr, 1983)
e oft, By r HRERVEORBEE TIEY 7~ (Kobayashietal, 1982), = > =2 (XD,
1972 ; Warr et al., 1983 ; Watanabe and Suzuki, 1986), 7 = (515, 1988) »b %,

B lgoREERELTE, 1) BAEO 7 ¢V BEFIOBLNE, 2) REENZXIGHE,
3) BED g BB ARSI s BEOMECEHE L OSEYE, 4) WEEHEROE
L, S HFELRBETSRD (MK, 1987), $EH, 47 7 < RAOREREORKE BT 5 E
BHEO—2 &L LT, FRAY Yy [gMAFEL AV, ZEFHXIELFALCH7 72 gM %
BHL, v7 5~ R IgM OSBRSS EST - 70, 7, —TTHRHEREREL#E (Mancini 3, SRID)
I OBERAFREE (ELISA) X b i+ o IgM 0B &2 HAA, 8 CREFHTXGHE
YEEL D THET B,

20 SO A I S

MNERE IgM ORERME L LTOY 7 5 = 2 Oncorhynchus masou (%, 1988 4£ 9 A 30 Hit¥gs
TAREBBHTHS L OB EAXFZREFTHELHERAETRRICEVWTHEOHN20ED
2ERMEEY AV, REFHRIRIMEZEET b0 mBRN L LTIELHEREER
RCERABEROAM A 7 7 Salvelinus  leucomaendis 2 FE Rk, WHHMEDF = ¥ U ¥+ Osmeridae
eperlanus  mordax BB R X OKETREHRTRAEDOF = v ¥ A HBEF,, 25 1 (Huso
huso L. § X Acipenser ruthenus 3) @ 3 FEREEY F\ 7o,

FMEECRVCEHREORER L v EERC L Ty, FSRCTHRRBE L%, 3,000E
i, 20 SREOH, OEXS, MERIHTT5FT-20C cREFLI,
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Y737 IgM O¥ESL 4, Kobayashi et al. (1982) d+ 4+ IgM OIS A RIE L T T
ORI, =Ly 7 5 <= AME 100 ml i 50% SIFIRRZZIREE & e 5 X 5 BB % 0
z, —HAC THELARALEN 21T - 7o, 85 it 10,000 Bk, 10 RO L, 509, £1
BT 3 EIBEH L7, RV BORGK (DW) 1M L 7244, 0.015 M Tris-HCl 2 &,
pH 8.0 icEHi#%, R TFEILL 7 DEAE €4 » — 2 (DE-52, Whatman) ©» 5 & (5X5 cm)
L, FRESELENE LREER NaCl ¥k, 005, 0.1, 0.15, 0.2, 0.4 M OEE &
LI stepwise 35 CHBH Lz, # 7 4 OW5#E L 2.2 ml/min & L 10 ml/tube >4 8 L1z, 0.1 M
NaCl BE OB HK 100 ml %18, S B0 IMBIZR 2 N %, 509% MRBRLZERE & L, 10,000 @i, 10
SR Uik, Wiy RS c—E3%E Ui, %0%, Tl 2% NaCl, 0.19, NaN, ¥ &5
0.02 M Tris-HC1 #2##%, pH 8.0 ic##% L, Sepharose 6B (2.2X56.5 cm)ic X % % L{EB% 4T - 72,
RER L, EiEo Tris-HOl 2E# % A\ 7o, HOEIL 124 ml/h & U 2.7 ml/tube 55 F L7, 18
Hile 22D peak D 5 b first peak HAEEIRIC X b BHEH, U Sepharose 6B IiEMmL, B
AMEBRITV, e b 1peak 18, By 7 5<R IgM & L1,

nmi% 7 7~ 2MECHT5ERAMB, Hara (1976) DO HEICHE > THER L1, Ty
7 IgM it 3 5 F R UM S 13 Kobayashi et al. (1982) LREEO S DR FE LI,

Y7 7= A IgMicX T 5 HME R, FBR IgM % 250 ug/ml DERECREE, 1ml 250, S8

o Freund’s complete adjuvant S E& L, =< 5 /"Zﬂfﬂ{& REEWOHTEHL, @
1 EMERBT 4 ERELTERLE,
BRABES SUREFMFE wirm— 2747 -  EEKKEE L, e X L2, 005 M
~wF - VEER, pH86 Ik V#9204, 175V EBETESNE L1, Yefail, 459 methanol,
10% acetic acid D{EAHKIC Amido Black 10B % 0.5%, (w/v) DEBE LB L 5 BB LI
X b 14T, Bifaid, methanol, DW, acetic acid (475:475:50) DEESHE % H\ -,

TICSELEEE (Ouchterlony %) i3, Ouchterlony (1953) 4k, —IoHUH k4 ds:

(Mancini #;, SRID) X, Mancini et al. (1965) D H¥, ®BEBESKXEE(IEP) 13, Grabar and
Williams (1953) D F#EIc 2 hZ hiEy, 0.06 M < = 3 — L EE WK, pH 8.6 I/ L %= 19, agatose
(Litex, HSA) % B\ T -1,
BFERAUE REARAS 771 (5-25%) w7 Tris REE K TD SDS  (sodium dodecyl
sulfate) £V 77 VY L7 3 FERHKE) (SDS-PAGE) 3, Laemmli (1970) 24 » 7o REOME
(% Hara and Hirai (1978) it -7, D%, 3A¥Hc SDSEEES 1% 10725 & 512 10% SDS %1
mu, 37C, 2R %412 100C, 2 SR L, $EBEAELRTART 58412, KRB 2-
mercaptoethanol (2-ME), SDS BE 2T h Fh 1% 725 & 5 ikinig, 60°C, 1 BRI % 7242 100°C,
2B L, LBEHE LR EEX 1mm 2 5 7 % 4 Licfme, SEHNcMmL 7= Brom-
phenol Blue (BPB) 737" v D EImc BT % ¥ TIkBY L Ao, xBh4&tki3, BPB B EBMERA ¥ A hd
BBTHECIOmAEEBRT, FEAY LHICAS T b 24 mA EER TH 4 BREIT -7, —
5, —BETOXERKI 2BV EBETT 7,

3% SDS-PAGE % phosphate & & # (Weber and Osborn, 1969) % i\ , Kobayashi and Hirai
(1980) 1IcHt » TIFB L7, BlD, 0.5% agarose # 8% 3% #' A (EX lmmDRS 75 L) i3, 7
7 VAT 3 FEW (19% Acrylamide, 1%, Bis-acrylamide) 4.5 ml, DW 0.05 ml, 0.2%, » SDS # 4
¢ 02M Y vIEE R (Na,HPO, - 12H,0, 53.7g; NaH,PO, - 2H,0, 8.2 g; SDS, 2g) 15ml,
8-dimethylaminopropionitrile 0.15 ml DE &% 60~65C IR L5, & i UoREE N
i LM SR TH\ 7o 1.59%, agarose, 10ml #90%, 10% ammonium persulfate, 0.3 ml % ¥ hnik,
FABIZ AR, 930 SEEBCHE LIFR L, R OABIZFIZ® Tris % ¢o SDS-PAGE i
FIRICTT > 7o BRIKE)IZ 150 V ZBECHERR], 4L <1320~30V EBET—REXE L1,

294 —



fHEABL: ¥7F=2AMEORE/ =7 ) vORBES I UEE

EAORER L, 01% SDSE2 &L 01M v vEEER Y A7,

ey, 409, ethanol, 10%, acetic acid D {E & ¥ Coomassie Brilliant Blue R-250 # 0.1%, (w/
v) DRE LD L DICEFR LD bITVw, Bifd, 209 ethanol, 5%, acetic acid, 2.5%,
glycerin DR AW TIT - 72,

SF-&~—H—i1zi¥, human IgM (mol. wt. 900,000, x $4 70,000, L £ 23,000), human IgA (mol.
wt. 160,000 o £ 54,000), human IgG (mol. wt. 160,000, y $4 50,000) % i\ /e,

PR T o EHE, Sepharose 6B D 5 4 (22X565cem) A, HFE~w—H —
tX human IgM, thyroglobulin (mol. wt. 670,000) % ¢* ferritin (mol. wt. 470,000) % Fv 7z,

7 I /EESH kL3 6N HCL (1% phenol #&15) T, 130°C, 4,8, 24 BERIIIK M8 Lok, 22
SBRIbZIT, Ry 2 =7 3 2 BROHE 6300E Iiiin Lic, L, = v e F ) VEETTWw, &
X lomol 7 3 VEEA £ v F— FEAWIHAKRERETT 7, 73 /B 5 5 valine (2.24
HEfE D i %, isoleucine (3 8 BERSI DA I\, threonine, serine i+ 0 BFHID(E% 7 5 7 L b ko, B
ho7 3 /B 4RO v,

SRID (24 % IsM EDH|E Bio-Rad Protein Assay kit % F\», bovine IgG * & g & ® standard
LT Y7 S<~A2IgMoEAELXATE LI, BIE Ly 2 5 = & IgM 226 standard (25, 50,
100, 200, 400 g/ml) Z{EE L, BIR D SRID X h 27 5 = 2 i EF O IgM @ JIE % 17 - 72,
SRID 7 v — Mm@ g, iy 7 [gMMETH 0, T OEEIL 1%,2% & LIEE LT
o

Horseradish peroxidase (HRP) #Z:8int 4 IgM k{8 Hi+v » [gM LD BHLIENT, 1
FUEH I R+ 757 4 — 1Lk )RR g0 B L, Blb, 19+ [gM fiE 2 ml 12 BRIGT 2
134 ml Zfnxz, 409% BAGBRERE & L, WBZECL 015, O ICREFEERET 3 RIS
Lic, ZOWEY % PBS 1ml I X+, 00175 M UV v E{EE R, pH 6.3 I —METE, R
T FE#{L L7 DEAE © 4 » — 2 (DE-52, Whatman) © # 5 A0 LIEREDE A ED, *
e —AT 7 — MEBRHKENCL D 1 AD Ay FRREREER Ige & L,

WK IgG =2 v R AL X D U To X 5w HRP # B L7, HRP (~—V v —
<vonA att, ELISAH)4mg# 1ml o DW 2L, 02ml o 0.1 M NalO, & 0z, 20
SHEEZERC CTEF Ly bRIG S €, 1mM EEFEER, pH45 i —BEN®, 0.2 M REEKERE
EE, pHOS IciEf L 8mg » IgQ BERIcin 2 <, 2 BESRIC TBA &7, JokFic B A,
4 mg/ml NaBH, #%#% 0.1 ml #nz 2 Kfs 4°C THE#E L, PBSIEMNTHE, Sephadex G-200 (2.5 %
73 cem) I CH AERETTV, HRP-IgG 27,

ELISADOFIE #£5 (1984) o HHEGEL, T L 51T -7,

Fig. 1. Immunoelectrophresis of salting-out
fractions with ammonium sulfate at 509,
saturation. 1: masu salmon serum, 2:
supernatant of 50%, ammonium sulfate
saturation, 3 : precipitate of 509,
ammonium sulfate saturation, 4 :
polyvalent antiserum to masu salmon
serum proteins, 5: specific antiserum to
chum salmon IgM.
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1) 98 XD ELISAFH~17mz14#—7v—} (Linbro/Titertek, No. 76-381-04) @ % well
ic. 50 pg/ml RSB IgG (19 7 IgM) % 150 ] Ah, BT 2 BRIBE L, Hith% & well iz cort-
ing L7z,

2) 0.99 NaCl, 200 11 ¢ 1 H# &, 1% BSA, 0.01%, thimerosal &% 0.01 M v v REEER,
pH 7.0 % 150 ol Ak, ZHR <1 RHERIE X4 blocking L7z,

3) 0.9% NaCl, 200 »1 ¢ 1 @ZE&HHE, ABMEL LY 2 5~ R IgM © standard (0.6, 6, 60,
600, 6,000, 60,000, 600,000 ng/ml) % 100 z1 (1%, BSA, 0.01%, thimerosal % &%r 0.01 M V » EiE
@&, pHT0 K THR) A, |ETLREALRSTC T2 BERG S (1 KRRIE),

4) 0.9% NaCl, 200 ») © 2 E¥#4, HRP-IgG (131 ug/ml) % 1% BSA, 0.01% thimerosal %
217001 M v vEREE W, pH 7.0 TH00 fEFR LI D% 100 xl A, FRT—HE AR 3TC
T 4 BSRIRS X1 (2 G0

5) 0.9% NaCl, 200 41 C 3 @&, o-phenylenediamine % 3 mg/ml DPRE L 75 X 512 0.1
M citric acid-NaHPO,, pH5.0 /AR L5 D 150 pl 0%, FR T 10-60 SHRIEX#, B
Xgte, Bwell 512041 £ 9, 1IN HCl 1ml it Ah, HAREMI R CRELEILE, 492nm

ORIEEZREL I,
M ?
T 10 20 3 40 5 '

10 20 30 40

201

1.0 14/\
0 1 10 20 30

Tube number

19} 4 5 6
T 10 20 30 4 1 1 2 30 40 #’

10 20 330 4

0D2800m

0D280nm

Tube number

Fig.2. DEAE cellulose (DE-52) chromatography of the masu salmon serum precipitated by
ammonium sulfate at 509, saturation. A stepwise elution with 0.015 M Tris-HCl buffer
pH 8.0, containing different NaCl molarities i.e., 0, 0.05, 0.1, 0.15, 0.2 and 0.4 were employed
for the seperation of proteins. Fractions as indicated by bars were pooled and further
fractionated by means of Sepharose 6B gel filtration (see Fig. 4). 1: original buffer, 2:
0.05M NaCl, 3: 0.1 M NaCl, 4: 0.15M NaCl, 5: 0.2 M NaCl, 6: 0.4 M NaCl
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& F
IgM DR

Y7 7 = AIMED 0% M ZENEO S E O REETKE (IEP) <5 — v # Fig. 1 1tR
To V7 7= AMBERY 7 7~ AMBFBK L 10 BA OB LT LI, —7F, #iv 4 IgM MmiE
it LT R — AR DIRERD ZEIRL, 2 5 < AD [gM & L, 50% % Lt
IgM ZBZ S hicv2, MBSECIERECEbh, ¥y 2 5~ AMmiFics LTl well 3F
QICEEOWRERSE R bR,

50%, BRLIEHT LB S > DEAE v r —2 % 5 A0BEH & — v B X O&ELSEO IEP
~F - Fig 2 85X U Fig 3 1R L7, DEAE I 42 — v Cix, NaCl|2EE 0.1 M & 0.15M 1=
RBEASOEAPBH S i, IEP L b IgM 3 0.1 MU D & 5B B2 X h1 4, main il
NaCl K 0.1 M TiEH S hie (Fig 3),

Fig 4A W DEAE € r — 25 5 A¢o 0.1 M NaCl % H 47 @ Sepharose 6B Oz H ¢ £ — v
ZR L7, SRID DR S IgM 27 5 7 > a v No. 29-54 L BE & 17z, 7 5 2 =~ 2 v No.
38-43 % pool L, GHASFZIRES, B VB AT - 7o, T OEH ¢ & — v % Fig 4B 127 L 1z, void
volume |Z/]» & /g peak HFRH A, 7 F 7 & a v No. 42,43 % peak & % symmetric 75 peak %
8, Bilys 5 <2 IgM & L1z,

W7 T < AMED S B0% MEHEN, 1AV Zre<t /574 —, FABOEBRL L
Y2 7 <2 IgM D IEP o2 % — v % Fig 51wk Lic, IgM i3 A JE@ic X ) BECER X
o EAEEI N R IgM X Hiy o IgM I LY 2 5 ~ AMEICH LT —Aoik@igs e

Fig. 3. Immunoelectrophoresis of fractions
from the DEAE cellulose (DE-52)
chromatography. 1: masu salmon
serum, 2: pass through, 3: 0.06 M
NaCl, 4: 0.1 M NaCl, 5: 0.16 M NaCl,
6:02M NaCl, 7: 04 M NaCl, 8:
polyvalent antiserum to masu salmon
serum proteins, 9: specific antiserum to
chum salmon IgM.
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OD280 mm

1.0t

0.5¢

o—1- 35 30 20 50 60 70

Tube number
Fig. 4. Gel filtration on Sepharose 6B of the 0.1 M NaCl fraction from the DEAE cellulose
(DE-52) chromatography (A). Fractions as indicated by shadow were collected, concen-
trated by lyophilization and were again fractionated by the same Sepharose 6B (B).

bh, FEEBESKBHCEME T o, LA rn -2 7 €7 — EESKE L, Fig 6 R LA
& 5 B HIEC polyclonal 7¢ immunoglobulin % v F AR bk, —7, ¥H IgM TRz
BLTRALAMBEY 7 5~ AMBER LT, ~KOWREROZNBESh, REHE SHE

CRMIN D AR LT,

IgsM OBFBE & U subunit 5

V7 7 < 2 IgM O 53783 Sepharose 6B o #° A J83% T (X human IgM & thyroglobulin o Rz
BHIh, 5FEI 760,000 & HEEIhi,

JERTTTD 3% SDS-PAGE Ti2 Fig 7 0 R LA ICBBIE OE VB v Fofiic 3 K0
minor AV FHABEEh, ThEFhOSFER, 750,000, 620,000, 420,000, 210,000 & HIE X hu i
(Fig. 8),
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- Fig. 6. Cellulose acetate membrane electro-
Fig. 5. Immunoelectrophoresis of each frac- phoresis of masu salmon serum (1) and

tion obtained in the purification of masu purified masu salmon IgM (2).

salmon IgM. 1: masu salmon serum,

2: precipitate of 50%, ammonium sul-

fate saturation, 3: 0.1 M NaCl elutate

from the DEAE cellulose, 4 : precipitate

of 50%, ammonium sulfate saturation of

0.1 M NaCl fraction from the DEAE, 5:

the first peak from the Sepharose 6B (see

Fig. 4A), 6: the purified masu salmon

IgM (see Fig. 6B), 7: polyvalent antise-

rum to masu salmon serum proteins, 8:

specific antiserum to chum salmon IgM.

—J, #7277 =AIgM% 2-ME i X b #EocABE % L, SDS-PAGE #1717 - -4 £ (Fig. 9) T
W, v I=2IgMil2 A0 v FEmRLI,, ZRhZho 2 Fid human [gM @ 4 S8k X 'L
L IBERAEOMNBEICEB L, 7 5 <A H#EDO S FEIL, human ¢ §5 1 H 2/ X < 68,000,
L g4 5F &3, human L §4 - & U 23,000 & #lE 2 hie (Fig 10),

7 I B

By 7 =2 M7 3 VBN ORERY Table 1 10Rmd, 27 5 ~2 [gM D7 1 2 B5#T
%4 7 IgM (Kobayashi et al., 1982) & &5 % &, Valick Tk ey X hE<, Gluick
W ED s fe A, o7 3 2 BRERIEIFELIL Ty,

SRID (24 3% 457 X IgM BNHEIE

YL IgM s DRE 1%, 2% To SRID 7 L — + &5 X U standard curve # Fig. 11 =+ h#*
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MW x 105
W)

4

1T 2 3 4 5 6 7 8 9
Mobility

Fig. 8. Estimation of the mol. wt. of intact
masu salmon IgM by 3%, SDS-PAGE.
Closed circles represent standards of
human immunoglobulins of IgM (1), IgA
trimer (2), IgA dimer (3) and IgG (4).
Open circles correspond to the bands
obtained for masu salmon IgM (see Fig.
7).

Fig. 7. 3% SDS-PAGE analysis of the
intact masu salmon IgM molecule in
comparison with human immunog-
lobulins. 1: human Ig@G, 2: human
IgA, 3: human IgM, 4: masu salmon
IgM.

17”7, SRID 7 v — + DHIMEDERE, 1% & 2% D HE AT - 7ofE, Fig 11IC RT3,
PMFEORE 1% THEEHROBERME L IgM B E 25-100 pg/ml & <, HIMEORE 2% Tk
ERRPED TgM B 25-400 yg/ml L [Lhrotc, H 2 5= ADEIRIHO EHO IgM 2 HIE Lic
R, 06-2.7mg/ml 0&HFETH - 72,

BEEAEE

By 5 <2 IgM OBE#EMRBR IO 7 F, 29 )9 AROF a v F A @EO L7100
HEOFEREA Fig 1210R Lic, + 7 7 < 2 [gM o B IC B\ T I3, 6 ng/ml 75 60 yg/ml
¥ THIIH 7s sigmoid curve 22 B S 70y, Ll B EERE T3 high dose hook effect #3823 X
iz,

—77, Ouchterlony T4 27 7 < & [gM L AR KIGHENED LN rBOA 7 F LA RIG
ARSI F 2 Y ) A BRI TR T A LD BELISA ¥ AV RGH I, Fig 12125 L
ek SicA 7T, IMERE 1073 4l 205 107! pl iz s\ THAE 75 sigmoid curve & 7= LA T
D RD B, F a2 v ) U AT, #HC sigmoid curve AR D I & b B AE TG D
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A OO

MW x 104

1 2 3 4 5 6 7 8
Mobility

Fig. 10. Mol. wt. estimation of subunits by
SDS-PAGE of 5-25%, gradient polya-
crylamide. Closed circles represent
standards of human immunoglobulins of
IgA (1), IgG (2), u-chain (3), a-chain
(4), y-chain (5) and L-chain (6). Open

Fig.9. SDS-PAGE analysis of the purified circles represent the masu salmon - and
masu salmon IgM reduced with 2- L-chains.
mercaptoethanol in comparision with
human immunoglobulins. SDS-PAGE
was performed in 5-25%, gradient polya-
crylamide gel. 1: masu salmon IgM, 2:
human IgM, 3: human IgA, 4: human
IgG.

Rohich, FavF 2 TRETIAREEIBEI N ) -1,

= =

ChETEEIgORBURNYEL SR, FTOREMNERYHEL, MEFORKEYSHAY
RAVABENRS G, Aib, IgeBERL L5 LT50CHE BEEORMERE OB LCERRX
ERHREE L THEENESS A2 IRAERSC L 20EY L, Fofomto g B4 fma
2, AV HfiFICT 5 BEREMELBIE L2 g0 SBEERAT5 b0 TH S, LrL, &
HAEE LTOBERIGEREL T, BEFEC X - T, FEEMEE LAY (Kor-
honen et al., 1981), HifkLANDBEF X HBH TS &3 H D (Ingram, 1980), HEMIC20T, #i
EOMEVENHEEHET ILENRD D,

—H, iEERERLI TR 2 THENMEZE ST, IgohBLEMEETLS
subunit #:& (L g4, HE¥) # B T550 TEEATH A I LXBREKBOBEE (8 HiK) %18
Bl EEmE»S g ¥ SEEE Y T 5 Hikb#BE S h T 5 (Kobayashi et al, 1982, 1984,
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Table 1. Amino aid composition of IgMs (mol/100 mol)

Amino acid Chum salmon* Masu salmon
Asp 9.08 8.64
Thr 10.23 10.68
Ser 11.76 12.12
Glu 11.00 9.82
Pro 4.86 4.03
Gly 7.03 6.95
Ala 5.37 5.35
Cys/2 2.43 1.64
Val 7.54 8.90
Met 1.92 2.01
1le 2.94 3.03
Leu 7.29 7.83
Tyr 3.96 4.45
Phe 3.45 3.52
His 1.41 1.24
Lys 6.65 6.80
Arg 3.07 3.01
Total 99.99 100.02

* Kobayashi et al. (1982)

3000 ¢ L
A
200
[ )
100
2550 100 200 200
IgM pg/mi

Fig. 11. SRID plates with two different concentrations of antibody and their standard curve.
A : SRID with 1%, anti-chum salmon IgM. B: SRID with 2%, anti-chum salmon IgM.
C: Standard curves. Triangles and circles represent values from SRID with 19, and 2%,
antiserum, respectively.
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Fig. 12. A typical calibration curve for masu salmon IgM (1) and dilution curves for Japanese
charr serum (2), smelt serum (3) and sturgeon serum (4) in ELISA.

1985),

ZHhETHVOLRATELMEMLLO Igo SRR GEE, K& 3283 bh5, 1) mE
YHEEF 12, EHHIC Sepharose 6B B 5\~ 13 Sephadex G-200 7x & 0 #° L 3888, DEAE % &
DAAXVERIZ v= 7574 —-LDORERIC L > TfT 55tk (Fletcher and Grant, 1969;
Trump, 1970 ; Johnston et al., 1971 ; Acton et al., 1971a, 1971¢ ; Bradshow et al., 1971 ; Bradshow
and Sigel, 1972 ; Hall et al., 1973 ; f8H - fiiH, 1982; Kobayashi et al., 1982, 1984, 1985 ; Warr
et al., 1983 ; Matsubara et al., 1985; f#F+ 5, 1988), 2) MIEH* 7 741 =54+ —27nrn =}t/ 5
74 =27\, Z0%, FAEB 1A VEHrse< 7574 — SRS BABRLEZLY
17 5 F# (Clem and Small, 1967 ; Shelton and Smith, 1970 ; Watanabe and Suzuki, 1986 ; % n -
WaE, 1988) R (X 3) MELHMAT v 7 VvEBREKB L ¥ VIEBEEOHARIE L > Tlg D Fl
FR A 1T 5 J5% (Marchalonis, 1971 ; &7 %, 1972; Warr, 1983) 2\ b h 5,

4, Kobayashi et al. (1982) o 4 IgM OB HREIECC, FURFHBLLVIEREY 2 5~
A Mg H 2T, DEAE (DE-52) 1 v %#i7 » < + /5 7 4 —, Sepharose 6B @ # A {E:8
Bl b, vy IgMlUE Ly 7 5 <2 IgM L ORRRIGHEEXFIAL, IgM 0 5 BEES 21T - 7o,
Bt e -7 €5 —  REKEKEIC X - T, BB polyclonal 7z Immunoglobulin ®
AV FERRLI, $LARBESXEIC ST, B IgM ity » [gMIE L3472 7~ AMBic
ML T—RKOWERDOLEHHL, —TRBERLHEL L TRRECAREL TELhHOES Y
7 5= AMBEH L C—ROLBEREL R LI &0, EXEKEY, REESKBNCEECH
LI BRELE L, BRAR TS & VTR YA IBREVEH R HETH - T,

ANBR (1987) 13, BEO IgoEE L F0 7 7 ARBLTHBHALTWBH, ThEyEHTS &L
ToOKTH%, 1) HOBERY v 29 FFTORELS Ig bAB I AL DX, FEH 150,000
Te tDIgG LRALERXRL, H#EOSFEI3 70,000, L #4045 F 812 23,000 ThH b, HENRS
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FECe O p BT 50, QMEBET2LE2LA T2, 2) REAREO gk =4
EFAREDHFERL ¥V ¥ 4 2 EDHLFHCH IO h, IgoPREFBECROA T
5, ¥ A, 5FE 900,000~1,000,000 D545 F Ig & 170,000~ 180,000 DE S F Ig e i 5
h, BT IgEBENce 0 IgM LABEO 5 BHEERRAIh, =0 HE3 70,000 Tt b0 g
BraEkETce bo IgMIENS TS LELHh TV 5, BT g0ATRE, BFF g
1/5C, fiIEHLFE—THHrbEEME IgM cifY+5%, —F, =1 i3, stingray & skate D
DRI HRTW B, stingray O Ig i34 A RERL VBN 1IEREL» L, EEBEN
BBENIgD 275 R LT, O HPEOFTEN ¥ A EERAULTHEE IgM & Xh 5 skate
2 IgM LR BE D 7 AGRD D, b BED IgM fuic 2 Bk Ig 74T 5, HEHD
HEMDOE T, u BTSSR, E0 7 5 RACETAEPIBRED L ZARHTH S, 3)
BEE &2, ray-finned fishes & lobe-finned fishes 31 ST\ 5, KBS OB ERENE T H
% ray-finned fishes @ Ig i3, \WT'hd + o Igit 4 B0 5 FHEBIz L > bh, Igo HEH
RT0,000 THHZ b IgM 27 5 R EE 2 BT 5, lobefinned fishes (32— 5 » v ADET
% Crossopterygian L fififa 2383 % Dipnoan i 31} b, MAOHEILL S L& g}, —=»
DR IgHTF (BHIFIgtEFTFIg vEDBBhT VW5, BFTFRREIHBEOFTEH
70,000 THEGDOIgM & 2 h, ESFIgl HEXESF Ig &L AHRENR R 5 5FE 38,000
O IgN LEh T3,

4E, 7 7=AIgMofFER, FHRETT 3%SDS-PAGE T 750,000 TH b, Y LA T
D 760,000 & L —HK L, BLHRECHBE L2 2O subunit OFFEZFhFRLHEEE LT,
68,000, L& LT, 23000 THote, 27 5<AD[gMOEBME 2AKDOHEPL 240 LT
BRIhTW3 ET5 L, BEAOSTFEIT 182,000 (68,000 X2+23,000X2) & 3HE X i, 750,000
DY 7 7 <2 [gMi3, 5FE 182,000 D 4 B4k (182,000x4="728000) & X < —FKT 5, ¥, F
BT TD 3% SDS-PAGE 12\~ T, 750,000  main X v FOMHIZ 3 KD minor X v FHAEE &
h, FhEho4FEiT, 620,000,420,000,210,000 BB Ih, ThEROFTFEHLHETEL T,
£43 B, 2BM4 BEAGTHEYTILELOND, SEOKRE, ¥4 (Kobayashi et al., 1982)
RUOS ¥ TcoBFREORE L BE—H LK,

SRID % AT oMM IgM DEEEICISVT, HULBEE 2% 07 v — + T, HEE 25-400
pg/ml TEHRELRHh, COoBBRCE T, 275X [gMORENTEETH - 70, HME
BELILOSV— 2 LOREFEIAETRIFEE 25-100 wg/ml 2R ¥ 5708, BEERC
BUTIAIEEENMES kB L Bbhb, #-TC, HERCI Y HOERERXEV-H1T5HZ £H
PDECHD, SEOY 7 7 <X [gMOMEFOERE 2 06-2.7Tmg/ml THH, F¥e t [gMoR
E D 0.4-2 mg/ml (A4, 1969) s LlC\v5, —F, & b D IgMiz, 44 1 BTN L
b (RAMED 80~90%), L2 BEE TIHISRABICET 5, AR CHEEB IRy 7 5~
IgM : chick - T bhichmiEic: v IgM o & EENTRIC i - 7, IgM DRIEE & L
T, KAk T, SRIDic X vMmEdo IgM 0EENTETH LA, BFAMIKT, I
BEMVRRWZECNEFO IGMENRETHH Z LA FHEI S 1%, SRID X h BRERE R
ETESELISA 2 RT3 LALELEBLIS, §%, +7 5 <20%4:, REREBHEICHE -
IgM BORIESC L 9 REREORE L HFANKBIET T 58 & BRI OV TOR%KE
WEHEAEREL e A D,

Ouchterlony thic & » T, ¥4 IgM OZRFIGHLRR Shishotc sy <AfDOF 2 v ) v A
kT, ELISA L » Ty 7 IgM Mg & oIS R Hh, $%, ELISAE - T
IgM B L 73D IgM o FERER 5175 & L3R TH 5, 40, ELISA o fIB B0 E
THEHBNTH o1k, #2725 = A IgM OHFRE A 6 ng/ml 55 60 pg/ml O EFE ©HEH 7 sig-
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moid curve #75L, SRID L4t 2 = Lzt b REECOMBERENTEE & 7o - o,

E | 23
AWRELT5edicd, EE/ human Ig 2 ZREAE Y, 4, KATHKE: CHELD
bo kD RERERIABEE LCEHR L ET, ¥, EXORECHT - CdbiBEIAK
EREHRIHOEM, ILEBEREAKELRMBLHEARTTHEROAEERB TS KRS
WO Wk EELAILE L ETS, E617 3 VBOWMPSEV LA 7 — AREERLHON
EEBRCHELYRLET,

X L7

Acton, R.T., Weinheimer, P.F., Dupree, H.K., Evans E.E. and Bennett, J.C. (1971a). Phylogeny of
immunoglobulins. Characterization of a 148 immunoglobulin from the gar, Lepisosteus
osseus. Biochemistry 10, 2028-2036.

Acton, R.T., Weinheimer, P.F., Hall, 8.J., Niedermeier, W., Shelton, E. and Bennett, J.C. (1971b).
Tetrameric immune macroglobulins in three orders of bony fishes. Proc. Nat. Acad. Sci.
USA 68, 107-111.

Acton, R.T., Weinheimer, P.F., Dupree, H.K., Russell, T.R., Wolcott, M., Evans E.E., Schrohenloher,
R.E. and Bennett, J.C. (1971¢c). Isolation and characterization of the immune macrog-
lobulin from the paddlefish, Polyodon spathula. J. Biol. Chem. 246, 6760-6769.

Ambrosius, H. and Richter, R.G. (1985). 5 E kMg 0Elt. —REORE 72 7Y vis
Gic—, p.121-135. EFHEE GERE. 4 RERORELE Lok 330p. BHWEE. FH.

Bradshaw, C., Clem, L.W. and Sigel, M.M. (1971). Immunologic and immunochemical studies on the
gar, Lepisosteus platyrhincus. II. Purification and characterization of immunoglobulin. J.
Immunol. 106, 1480-1487.

Bradshaw, C. and Sigel, M.M. (1972). Dinitrophenyl-reactive immunoglobulins in the serum of
normal bowfin, Amia calva. Immunology 22, 1-8. .

Clem, L.W. and Small, P.A. (1967). Phylogeny of immunoglobulin structure and function. I
Immunoglobulins of the lemon shark. J. Expti. Med. 125, 893-920.

Corbel, M.J. (1975). The immune response in fish: a review. J. Fish Biol. 7, 539-563.

Ellis, A.E. (1982). Differences between the immune mechanisms of fish and higher vertebrates. p.
1-29. In Robert, R.J. (ed.), Macrobial Diseases of Fish. Academic Press, London.

Fletcher, T.C. and Grant, P.T. (1969). Immunoglobulins in the serum and mucus of the plaice
( Pleuronectes platessa). Biochem. J. 115, 65.

EE OB FBEE-- (1982). ~~F@EEs e 7Y VoK LS, Bk 48, 921-926.

Grabar, P. and Williams, C.A. (1953). Méthode permettant I’étude conjuguée des propriétés électro-
phorétiques et immunochimiques dun mélange de protéins. Application au sérum sanguin.
Biochem. Biophys. Acta 10, 193-194.

Hall, S.J., Evans, E.E., Dupree, HK., Acton, R.T., Weinheimer, P.F. and Bennett, J.C. (1973).
Characterization of a teleost immunoglobulin : the immune macroglobulin from the channel
catfish, Ictalurus punctatus. Comp. Biochem. Physiol. 46B, 187-197. :

BOBC - MEE— (1988). MAHMMBEKIC L VBRHEKS 7)) ORERFEREME. RRPFE. 23,
257-262.

Hara, A. (1976). Iron-binding activity of female-specific serum proteins of rainbow trout (Salmo
gairdnert) and chum salmon (Oncorhynchus keta). Biochem. Biophys. Acta 427, 549-557.

Hara, A. and Hirai, H. (1978). Comparative studies on immunochemical properties of female-specific
serum protein and egg yolk proteins in rainbow trout (Salmo gairdner). Comp. Biochem.
Physiol. 59B, 339-343.

Ingram, G.A. (1980). Substances involved in the natural resistance of fish to infection-a review. J.
Fish Biol. 16, 23-60.

—305—



d X K E % # 40(4), 1989

FFIFIE - BHER - AR - AEERK (1988). 7 = ARk s L CMEhOFiEDREE & 45
. BkEE, 54, 1611-1617.

Johnston, W.H., Acton, R.T., Weinheimer, P.F., Niedermeier, W., Evans, E.E., Shelton, E. and
Bennett, J.C. (1971). Isolation and physico-chemical characterization of the “IgM-like”
immunoglobulin from the stingray Dasyatis americana. J. Immunol. 107, 782-793.

& 58 (1969). 5. %EE/ e 7Y vOLEYEHHIR, p. 184-186. MMFEQ. T19p. E¥EE. ¥
.

IRIBE (1986). FEERAE LR = 7Y v RO, BEOHE KB 8K, 31, 904-918.

INEIBE (1987). 7w 7Y v ORMERE, NEEZ. 20, 433-449.

Kobayashi, K. and Hirai, H. (1980). Studies on subunit components of chicken polymeric immunog-
lobulins. J. Immunol. 124, 1695-1704.

Kobayashi, K., Tomonaga, 8. and Kajii, T. (1984). A second class of immunoglobulin other than
IgM present in the serum of a cartilaginous fish, the skate, Raja kenoje: : Isolation and
characterization. Molec. Immun. 5, 397-404.

Kobayashi, K., Tomonaga, S. and Hagiwara, K. (1985). Isolation and characterization of immunog-
lobulin of hagfish, Eptatretus burgeri, a primitive vertebrate. Ibsd. 22, 1091-1097.
Kobayashi, K., Hara, A., Takano, K. and Hirai, H. (1982). Studies on subunit components of
immunoglobulin M from a bony fish, the chum salmon (Oncorhynchus keta). Ibid. 19, 95-

103.

Korhonen, T.K., Leffler, H. and Eden, C.S. (1981). Binding specificity of piliated of strains of
Escherichia coli and Salmonella typhimurium to epithelial cells, Saccharomyces cerevisiae
cells, and erythrocytes. Imfect. Immun. 32, 796-804.

ARER-EEEDUNEX S £ (1972). ~ AR HHGENE. BAMEEME 27 751-
755.

Laemmli, UK. (1970). Cleavage of structural proteins during the assembly of the head of bacterio-
phage T4. Nature 227, 680-685.

Mancini, G., Carbonara, A.O. and Heremans, J.F. (1965). Immunochemical quantitation of antigens
by single radial immunodiffusion. Immunocheistry 2, 235-254.

Marchalonis, J.J. (1971). Isolation and partial characterization of immunoglobulins of goldfish
(Carassius auratus) and carp (Cyprinus carpio). Immunology 20, 161-173.

Matsubara, A., Mihara, 8. and Kusuda, R. (1985). Quantitation of yellowtail immunoglobulin by
enzyme-linked immunosorbent assay (ELISA). Bull. Japan. Soc. Sci. Fish. 51, 921-925.

KA (1977). RE7/ v 7Y voRE L. BHEE 32, 493-506.

Ouchterlony, O. (1953). Antigen-antibody reactions in gels. IV. Types of reactions in coordinated
systems of diffusion. Acta Path. Microbiol. Scand. 32, 231-240.

Shelton, E. and Smith, M. (1970). The ultrastructure of carp ( Cyprinus carpio) immunoglobulin : a
tetrameric macroglobulin. J. Mol. Biol. 54, 615-617.

Snieszko, 8.F. (1970). Immunization of fishes: a review. J. Wildl. Dis. 6, 24-30.

i ER-B Z-E % FEHBR (1984). b b+ a-Fetoprotein ® ELISA. —~ 1 7 & 7L —
FERGCACE TEBRE TR, BARE, 32, 629-636.

Trump, G.N. (1970). Goldfish immunoglobulins and antibodies to bovine serum albumin. J.
Immunol. 104, 1267-1275.

Voss, E.-W., Russell, W.J. and Sigel, M.M. (1969). Purification and binding properties of nurse shark
antibody. Biochemistry 8, 4866-4872.

Warr, G.W. (1983). Immunoglobulin of the toadfish, Spheroides glaber. Comp. Biochem. Physiol.
76B, 507-514.

Warr, G.W., Deluca, D. and Anderson D.P. (1983). Thymocyte plasma membrane of the rainbow
trout, Salmo gairdners : associated immunoglobulin and heteroantigens. Ibid. 76B, 515-
521.

Watanabe, T. and Suzuki, Y. (1986). Purification of fish immunoglobulin using affinity chromato-
graphy. Bull. Japan. Soc. Sci. Fish. 52, 1283.

Weber, K. and Osborn, M. (1969). The reliability of molecular weight determinations by dodecyl
sulfate-polyacrylamide gel electrophoresis. J. Biol. Chem. 244, 4406-4412.

— 306 —



	0292.tif
	0293.tif
	0294.tif
	0295.jpg
	0296.tif
	0297.jpg
	0298.tif
	0299.jpg
	0300.jpg
	0301.jpg
	0302.jpg
	0303.tif
	0304.tif
	0305.tif
	0306.tif

