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

Hirotoshi Fupa**, Akihiko Hara***

and Fumio YaMAzZARI**

Abstract

Immunoglobulin M (Igh) was purlﬁed 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 0.015 M Tris-HCI 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 ammoniam 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 0.19, NaN,, and was then gel filtered
through a Sepharose 6B column with the same buffer. Two distinct peaks were obtained.
The first pealk, 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 & monomeric IgM could be 182,000 (u,L,) and the whole molecule of masu salmon Igh
(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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immunodiffusion (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 IgQ 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, Japunese charr
(Salvelinus leucomaenis), 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 Ighl antibody. The IgMs of masu salmon,
Japanese charr and smelt showed cross-reactivity on the ELISA, however, that of sturgeon
did not.

gy w7y v (Ig) W, AREMIC A S CECHIE e Ko Sl e L, s, filligle &
X o T Eh, SRS he by aMERMEr L Tw5, e b D IgillgG R e LT
@MI@J@)%F@S@@&%%%%BM{M%Gmwwgwal%mfﬁiﬁww%@%M

25 AR A EEL LR T VA, b b J;rl‘}\ i‘i B IgM i, & LT METCHS (Clemand
Small, 1967 ; Kobayashi et al,, 1984) e U -Cllif ek 4 fefk &y 2T % (Shelton

and Smith, 1970, Acton et al., 1971b), fﬁ};’i FuC, Tg REFE R B 4 < DR
Al b (#83 : Snieszko, 1970 ; Corbel, 1975 ; kP4, 1977; Ingram, 1980; Ellis, 1982 ; Am-
brosius and Richter, 1985 ; /[\BR, 1986, 1987), i cik, » 2 5 v 7+ % (Kobayashi et al., 1985),
HUEEM L, lemon shark (Clem and Small, 1967), nurse shark (Voss et al., 1969), stingray (Johnston
et al., 1971), # v # = o (Kobayashi et al., 1984) o k¢ X h b, —J7, W Rl
A v A (Fletcher and Grant, 1969), = - (Shelton and Smith, 1970 ; Marchalonis, 1971), #+ v
# a (Trump, 1970 ; Marchalonis, 1971), ~ % % a ¥ £ (Acton et al., 1971¢), gar (Acton et al.,
1971a; Bradshow et al.,, 1971), bowfin (Bradshow and Sigel, 1972), channel catfish (Hall et al.,
1978), 7 U (fEM - R, 1982 ; Matsubaraetal, 1985; #% 171 « f#i[1, 1988), toadfish (Warr, 1983)
kE@@,%Kﬁ&HM@&U%@ﬂ%%T&%&(K%me%Mﬂm&%zyvx(ﬁ&u
1972 ; Warr et al., 1983 ; Watanabe and Suzuki, 1986), 7 = (f#f)} 5, 1988) 74 %

¥ lg g s L, 1) BAHO 7 « 7 BEAOHLUE 2) R ma%&mw
3) 55O Lg 5 AN 7o MR S Mt e b B o Mg Hi A T12:0>&3(? 4) MR O H
B, WS N BIF S S (U, 1987), &8, w2 T «X@‘Uﬂ‘t RE R B4 5 Jk
%M%®~0&L{,%WMVVQMmm%mb,%&mm SEMEFIRLTCY 2 5~ A lgM %
WL, 27 5~ TgM o5 n’i‘i B fT o do, Fie, —ICHSHIR S R R (Mmcml #:, SRID)
hJ@VﬁL&M& (BLISA)Y w2 J v b o> IgM oo fit 2 5o, P9 CHBEm 2 3 R0 E
B Lo THET S,

Mo e H &

Iﬁl}‘%?ﬁt‘ﬁ IgM ff)*' &*QM M E LTy 2 5~ A Oncorhynchus masow i3, 1988 4 9 A 30 HAtifiE
RPN F OB B b R f BULTRBF O 2 Bo

g ",ﬁfii’iizf@ & ’('_’H" R J‘LJ& '»an‘JaL.;UR.Ll,.\M:'- e B i O MUERRH & U C ol R i
]‘“{Q“E‘ﬁi Sepody AN A 7 9 Salvelinus  leucomaenss & AFEHME, BB Lo 4 o v U 9 o4 Osmeridae
eperlanus  mordax HEM A B L QURBET NI EE O 9 a2 v v AMFEF,, <25 (Huso
huso L. § X Acipenser ruthenus §) o 3 FEfMiw F 1o,

%MM%&KWVUAmDE%m'94%%"OQv SRS L 72, 3,000 ()
B, 20 RGO, MEY A AL, MO T 5 % T 20T iR L'ﬁ:o
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Yo Tw X IgM OFER Hiia, Kobayashi et al. ( 982) oy 4 TgM DM B U T F o
X O » e, T Lie 209 e A 100 ml i 50Y, SaRHREEE & 7 A & 5 B &
2, —Wp4°C R U SRR T o, B )1 Fobiey 10,000 B, 10 4 Eans U, 509, iy

TR AR T B BIPE Ghe b BE O ZEEK (DW) AR L 7o, 0.015 M Tris-HC §2 179,
pH 8.0 w3 Hi 4, I"Je{i'(. S Lo DB Al*‘ v — A (DE-B2, Whatman) &% 7 4 (5X5cm)
shnL, dEW 4‘,’/)‘“?;»" '{r.f fﬁ, . Z NaCl & hnz, 000 0.1, 0.15, 0.2, 04 M ¥ b
3 2.2ml/min & L 10 ml/tube -2t L7, 01 M
' &,!:\@m'lf?ift)m)c”ef/’Jll;c, 50%, fafBE AL & L, 10,000 [z, 1
CPEE Lic, F ok, Msra 29% Nall, 0.19, NaN, % 7,“3‘;
«WEL Se pharose 6B (2.2 X56.5 cm)iz L 5 4" il f-?ﬂfyu >t
HEE 124 ml/h & U 2.7 ml/tube 040 L fe, 15
Hivtc 220 peal\ D5 fnsL pea,l\ e PTG l' H TR, B0 Sepharose 6B wwisin L, Wy
AP AT, FAe B 1 peak B, By 2 9 R IgM & L,

WHLE v 2 7 ~ Ao 5 SR PR ek, Hara (1976) o Jigicff » TR L 7o, ¥ /oy
b LM s A 4% B‘{})L itk Kobayashi et al. (1982) & o & oA M LA,

Y7 5 e A IgM s 4 A Pk, B IgM 4 250 yg/ml ok i

) Bxeund s complete adjuvant & dL L, == a v PR,

BIBREC 4 [0 U TR LA, ‘
'@m}ﬂ@f]}ﬁ% FUREHENFE wre—x7 - b H’i'
HiE, pH 8.6 12 & 9920 43, 175 V yiki su) il Lo, Bk, 459%, methanol,
10%, acetic acid DE & IC Amido Black 10B % 0.5% (w/v) DL &k L DB LD
A ATV, By, methanol, DW, acetic acid (475:475:50) OREW A -7,

SaE e (Ouchterlony #:) tk, Ouchterlony (1953) @ 5, — JG K B4 1K 50 0 i i i
(Mancini ¢, SRID) ¢k, Mancini et al. (1965) o> Jig:, B W Spkii(IEPY ok, Grabar and
Williams (1953) o7 £ i Z e, 006 M ~ w0 — LT gE, pH 8.6 w# i L 7o 19, agarose
(Litex, HSA) % HivC47 - fco
DFEGRE  BRIEARLA 5 S (5-25%,) A i Tris G ¢ 8DS (sodium  dodecyl
sulfate) #1727 v 47 ¢ P&k (SDS-PAGE) 3, Laemmli (1970) (2%F - 72, iiﬁ’f"i‘@ﬂﬂ"i’
% Hara and Hiral (1978) 12§ o 72, M, BB SDS BRE 2 19, e B & 512 109, SDS 4 5
ML, 37°C, 2B E /200 100°C, 2 ol Uve, 23R B Ao i 2 4600, ﬁM‘f{'wc_ 2-
mercaptoethanol (2-ME), SDS u'f'i 53 I A 19% 170 B & O iR, 60°C, 1 RE] % 2241 100°C,
2 ATV U Ao, AL e Bt P S Tmm o A 5 70 4 b iing, sUEHc i L 22 Brom-
phenol Blue (BPB) 24 Ao i B4 A % CikEh Uk, k4 , BPB 258 o gy
Wl A ¥ T 16 mA SR T, BRI 0o U B 24 mA SEIR TR 4 BERIFT 5 A,

Jio RO PRER L 26 V ERIE T o 1,

%, SDS-PAGE i3 phosphate %fE{#% (Weber and Osborn, 1969) % Jii\>, Kobayashi and Hirai
(1980) {58 » CIEREL fo, B, 0.5%, agarose &2 810 3%, # /0 (X 1mm DR T 75 a) ik, 7
2 U AT 3 VIR (199 Acrylamide, 19, Bis-acrylamide) 4.5 ml, DW 0.05 ml, 0.29, ¢ SDS 7% &
T502M Y i i{% (Na,HPO, » 12H,0, 53.7g; NaH,PO, - 2H,0, 82¢; SDS, 2g) 15ml,
3-dimethylaminopropionitrile 0.15 ml D& A 60~65°C IR Lo, 550 U ERE N

L stepwise 7T
NaCl wé”i 2 m.m{x 100 ml J

B, e ar o, 0.05 M

L = I nlE]

i LI S Cils e 1.5%, agarose, 10 ml %002, 10%, ammonium persulfate, 0.3 ml 2 ¥ ini,
BT A, 30 4 IV IR T i L A, U o BRI RIEC o Tris it SDS-PAGE &
FIEEIZAT - 7o, TEAUPKEDL 150 V B C 8GR, & U < 20~30 VEWH ¢ B R kB L 1,
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PRV o fE ey, 0.19%, SDS &4 0.1 M v w2 v,

Befiik, 409, ethanol, 109, acetic acid DA #i2 Coomassie Brilliant Blue R-250 % 0.1%, (w/
V) OB LD L AEM LI b o DTy, Bk, 209, ethanol, 5%, acetic acid, 2.59%
glycerm DR AWETIT - 1o,

GrF-dit v = % — 1 tk, human IgM (mol. wt. 900,000, x4 #1 70,000, L §# 23,000), human IgA (mol.
wt. 160,000 « § 54 OOO) human IgG (mol. wt. 160,000, y #1 50,000) % Hiv /e,

5 AR O T RGE L, Sepharose 6B 4 9 4 (22X5B6.5 em) wJH o, ST dE v - —
¢+ human IgM, thyroglobulin (mol. wt. 670,000) K U ferritin {mol. wt. 470,000} % Hiv+72,

T2 /ESH BURL 6N HO 1% phenol %% ir) ¢, 130T, 4,8, 241~;-1 IR L, 2
BRIV, Ry 2 = v 7 3 2 B HTH 6300 i LA, MUHink, = v u Y VIR,
bk Inmol 7 3 2 EEA & v~ ¥k NI IR TIT o fe, 7 8 /D 5 b valine 324
5 o4l A2, isoleucine i3 8 WiHI o> (i 4 L+, threonine, serine % 0 Moo fli%k 2/ 7 7 L o ko, &
D7 R4 MO R v,

SRID (24 3 IgM BOBIFE Bioc-Rad Protein Assay kit % i\, bovine IgG % 8% 1 {ik 2> standard

ELT R s 5 oA TgM o2 i A il Lie, i Ly 2 9 = A IgM 2+ 5 standard (25, 50,
100, 200, 400 yg/ml) AEBLL, WMo SRID L h w27 5 = 2| Lfrs e TgM o {5 2 7 - 72,
SRID 7 v — b o fo i, frv o IgM fiilf < 0, /m’/)(‘"‘ 11%,2% & LI a1 -
7o
Horseradish peroxidase (HRP) Bt IgM SRR 4w o IgM g 2 HBCn, -«
AV mw b S5 T =L LD %‘(}E TG A EB L 7o, e, Hov o Tgh sy 2 ml o S 2
1.34 ml 200 2, 40% fURIBRZERE & L, sl im0 L 018, &SRB B © 3 Bk

Lic, W% PBS 1Tmly ’mﬁ”h ¥, 00175 M v vEHEMNE, pH 6.3 WS, R
2 CSEL L 7o DEAR 2 4m — 4 (DE-52, Whatman) o % 9 4@ LIRS 2 e,

N AT AT - ] M’i j}!’f. IS AP N g “{Y{,’,%‘k‘l IgG E L,

PO TeG Al e o B A bEIC L D LT o X i HRP i Lic, HRP (=— 1V v~
, ELISA /D) 4mg % 1 ml © DW io#A# L, 02ml o 0.1 M NalO, #ici s, 20
SEIEECH L e BRI X8, 1 mM# i, pH 4.5 I;Lﬁ‘ Wi, 0.2M jREE K
i, pH 9.5 AR L7c 8 mg o [gG @i hn 2 €, 2 BRI T & fe, IRk iy i B
4 mg/ml NaBH, #9% 0.1 ml %0z 2 Bl 4°C T L, PBS r;r/;zfr}f'fi:, Sephadex G-200 (2.5 %
T3 em) 1 CH A @ E2 Ty, HRP-IgG &7,
ELISA OFIFE #5 (1984) OFEacfivy, TFD L 54T -

< oA .Z\Jf‘

23

Fig. 1. Immunoelectrophresis of salting-out
fractions with ammonium sulfate at 50%,
saturation. 1: masu salmon serum, 2:
supernatant of 509%, 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) 96X ELISAHl—~4 27w 2 4 42— 1 — 1+ (Linbro/Titertek, No. 76-381-04) ¢ % well
12 50 wg/ml OEEL IgG By 1gM) % 150 L] Adv, S5 T 2 BEREE L, Btk & well 12 cort~
ing L7,

2y 0.9% NaCl, 200 ul ¢ 1 E#EE%, 1% BSA, 0,019, thimerosal % &1 0.01 M v v i (0%,
pH 7.0 % 150 4] Ak, SEHL-C 1 WEHEE 842 blocking L 7z,

3y 0.9% NaCl, 200 g1 < 1 @, EEHRGE L O 2 5 = 2 IgM o standard (0.6, 6, 60,
600, 6,000, 60,000, 600,000 ng/ml) % 100 11 (19, BSA, 0.019, thimerosal % &1 0.01 M V v 8%
g, pH 7.0 THF) Ak, ST 4% 22 37C © 2 RIS S (1 IRERS).

4) 0.99, NaCl, 200 41 ¢ 2L E](‘ﬁt(fﬁ{i’:, HRP-IgQ (131 gg/ml) # 19, BSA, 0.01%, thimerosal %
G001 M v B, pH 7.0 T500 f5HIR LA b D% 100wl Ak, I TW % 22 37°C
T4 SR IG 27 (2 HURIE.

5) 0.9% NaCl, 200 x1 € 3 [@E#:#1, o-phenylenediamine % 3 mg/ml DPLE & 705 L H 12 0.1
M citric acid-NaHPO,, pH 5.0 i EfE L2 d 0 150 4] ek, S5 C 10-60 MG &4, &0

S, & well 120kl &9, 1IN HCl Imlic Ad, HORMEETREAE LS, 492nm

OWIERE e UG L7,

20}
g
S
10} 4 2 3
J Y SN,
Y0 w0 W a0 s 110 20 30 40
Tube number
20t
g
S
31‘0‘4 5 6
‘ ‘ ‘_/L

LS R TR TR TR 0 20 30 40 1 1020 30 40

Tube number
Tig. 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:
0.05 M NaCl, 3: 0.1 M NaCl, 4: 0.156M NaCl, 5: 0.2 M NaCl, 6: 0.4 M NaClL
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IgM DFEH!
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i o 50%, RPN > i S RE W Z kB (IEP) 22 — v # Pig 1 105R
fil w%/“szHﬁ%LﬁOﬁﬁwwﬁﬁ&ﬁttc»b vamme
S — R DB D 2R L, W2 < A0 IgM ’ﬁ:f)\m L e, B0Y Bii% |k
lgM 'H}j{,,\ é)w‘gl 25, SIS RS R, Fy 2 9 ~ A LT well i
BB DU R bR,

50% BELHEH B oMo DEAR v v — A% 5 ADE N4 — vk L O&BE NS B o IEP
Ag =k Fig 24 L O Fig 3 1R LI, DEAE ¥l -< 2 — v -cig, NaCl i3 01 M & 0.15
FEAEDERANBH IR, IBP L b TgM 2 0.1 M LU o> 45 45 il i %% X hfo A5, main b
NaCl#¢ 0.1 M T S vk (Fig 3),

Pig 4A W DEAE i r — 2% 5 4CTd 0.1 M NaCl % H 4 o> Sepharose 6B DAl <4 — v
AR L7, SRID DR n [gMid v 9 2 > 2 v No. 20-B4 il S hiz, 75 2 v a v No.
38-43 % pool U, M5 EE, O A IR A 1T » o, T OB < 2 — v % Fig 4B 125k L #, void
volume ¥2/)y & /g peak W ERM A%, 7 I 2 v s v No. 42,43 % peak &% symmetric 72 peak #
5, By 3~2IgM & L7,

Y75 AMH S B0% WA, A A IRy e b 2T T 4 —, AR
""'f'“"i‘*)‘ 23 ~AIgM O IEP ¢ 2 — v Fig Bk Ui, IgM 2 v Ao &t M}u e

E B S Rt R TgM T o IgM i & By 2 9~ AR L T A D R A R

Fig. 8. Immunoelectrophoresis of fractions
from the DEAE cellulose (DE-52)
chromatography. 1: masu salmon
serum, 2: pass through, 3: 0.05 M
NaCl, 4: 0.1 M NaCl, 5: 0.16 M Na(l,
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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o
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1.01
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Tube number
Fig. 4. Gel filtration on Sepharose 6B of the 0.1 M NaCl fraction from the DEAE cellulose
Fractions as indicated by shadow were collected, concen-

(DE-52) chromatography (A).
trated by lyophilization and were again fractionated by the same Sepharose 6B (B)

A7 F - PR CR, Fig 6 iRl
Lk, — 07, B IgM A g

RIS A Bl e

B, GRS EIE T h s, tr — R
&5 g polyclonal 7z immunoglobulin @3 v ¥ AE
= AR LT, — KO o 20l S h,

LT f}ﬂ_'j}hlﬂﬁjj ey 2
s iz SRR LE,

IgM 3FEH L U subunit #HE
2 9 - A 1gM o457tk Sepharose 6B o # A 4% human IgM & thyroglobulin o i3
Fa bl 760,000 & HERE S i,

WX R,
WSy Fofliic 3 Ao

TR LB B I o 3

JPIIT T 3% SDS-PAGE ¢l Fig. 7
minor -% v FARZ XN, FhFRo ST, 750,000, 620,000, 420,000, 210,000 & 5 & 7
(Fig. 8),
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Fig. 6. Cellulose acetate membrane electro-
PFig. 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 DEARE cellulose, 4 : precipitate

of 50%, ammonium sulfate saturation of

0.1 M NaCl fraction {rom the DEAE, 5:

the first peak from the Sepharose 6B (see

Fig. 44), 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.

AL VAQMQZMﬁuibﬁLMM&L.ﬂﬁﬂmE&ﬁﬁoﬂ%m(m%m
, Y2 7w AlgMik 2 hko v KR L, £hERO- v Fid human IgM O 4 fils L O L
B LA, 2 T e A H 1055 F- ik, human g L D e X < 68,000,
%, human L §#1& 7 U 23,000 & i s e (Pig 10),

T IR

o =R lgMo 7 ¢ lr* aroddtd Table 1 ikt v27 52 IgM o7 ¢
[ IgM (Kobayashi et al,, 1982) & Itb#4 4 &, Valiwwb e Tidv e r L, Gluisk
WTHAE s o fe s, i 7 3 fla‘?;zﬁé;fm‘cc R L Tt

~
S

SRID (L& BH 05T X IgM EDBRIE
Hiw o TeM IS O I 1%, 2% To SRID 7 v — | & L ¥ standard curve % Fig, 11 i2 % h #
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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 IghM (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. 39, SDS-PAGE analysis of the
intact masu salmon IgM molecule in
comparison with human immunog-
lobulins. 1: human Ig@, 2: human
IgA, 3: human IgM, 4: masu salmon
IgM.

-+

R4, SRID 7 v — mmm ' 5, 1%, & 29, OLbl 247 - Ao kb8, Fig 110 R X H
in.lfim OUEIE 19, TR RO M2 TgM 34  25-100 pg/ml &3 <, PUlLIE O 2%, C
TR 1gM i 29»400 pgiml LR ote, Y2 T = ADEIMEO Mo IgM 2 JIE L
G, 0.6-2.7 mg/ml DWW TH - 72,

BRBURRIE S

iy 2 9 <~ 2 IgM OFEEMBE L O 797, & a9 ) v Q05 s 0P A MO <27 Al
HOHPIMB L Fig. 1210R Uic, %7 7~ & TgM o B #1 ks T, 6ng/ml 225 60 pg/ml
F eI 7 sigmoid curve MR S, Fh Lo B Tk high dose hook effect 23 fi%s &
it

""" 79, Ouchterlony #: T 2 7 ~ A IgM & B IEH: A RS b%u‘;'*} rIROA 7 T LR RIG
MRS E o v ) v L O_AF A LD BLISA & o83 BEH e, Fig 12CR L
fodk oA v Ol AUER 1078 gl 0 107 gl e TR 51gm01d curve &R LA E

GHERERD A, & o v U 9 AT, fiic sigmoid curve A4 B & & BASE G
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H O O

MW x 104

12 3 4 5 6 7 8
Mobility

Fig. 10. Mol. wt. estimation of subunits by
SDS-PAGE of 5-256%, gradient polya-
+ ) crylamide. Closed circles represent
R 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 y- 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.

Bohtes, Fa oy 2 T d BRI ARE I hich ot

£ &=

IhE TR g OB RS Do, TOPBHECRE L, oAy i il

BB EDS -, b, Ig WL X5 &5 fuciifh, SEORMBRE ORI L RmEH

‘Va:mlijié; LR ES B 4’Lﬂfjifﬂz~ I L AR L, Lo BomEao Ig ik igng

o VB s A YRR A SR A A U L/.;:f»blg DA T LD THE, UL,

‘i Ju_&é: LCOBERIwBI LT, BEHEIC L » T, RN BE LS hiz b (Kor-

honen et al., 1981), HifkLIAORHEFE LTS5 2 &4 H 0 (Ingram, 1980), il oW T,
EOYBALFENS AR 50805 H B,

=05, PUEEREML XY T ARCH 2 CHIBER R A G, Igo R LEilE s s

subunit #:% (L g4, HE) 26T 58E0 FRERTHD C LoBWAKBOBIIE (858 &8

PO IER il s lg & 5Bk 2+ 5 7k b &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
lie 2.94 3.03
Leu 7.29 7.83
Tyr 3.96 445
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)

300 ¢ A
b
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 29, anti-chum salmon IgM.
C: Standard curves. Triangles and circles represent values from SRID with 19/ and 29,
antiserum, respectively.
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Fig. 12. A typical calibration curve for masu salmon IgM (1) and dilution curves for Jupanese
charr serum (2), smelt serum (3) and sturgeon serum (4) in ELISA,

FeHG BT E RSO g o fEEEB H, KE 32 g s, 1) Ml
ok, T bephmoso 6B # %\ ik Sephadex G-200 75 &> " A ili#hik, DEAE 7x &
DAF VAR L v b ST — O AW L - TIT 9 Kk (Fleteher and  Grant, 1969
Trump, 1970 ; Johnston et al. 1911 : Acton et al,, 1971a, 1971c; Bradshow et al,, 1971 ; Bradshow
and Sigel, 1972 ; Hall et al,, 1973, FR - A, 1982 ; Kobayashi et al., 1982, 1984, 1985 ; Warr

et al., 1983 : Matsubara et al., 1985 ; {5} &, 1988), 2) Ifln AT R P SR A L B i A

74 = wFe, FOWE, YAl 1AV s v b 25 7 4~ E oSO LD
1795 J5#: (Clem and Small 1967 ; Shelton and Smith, 1970 ; Watanabe and Suzuki, 1986 ; #im »
HJ #1, 1988) MO 3) MEFw AR T v S RN & AR & oME sk - C Tg DB

Wi A 77 5 58 (Marchalonis, 1971 ; #7165, 1972; Warr, 1983) 2% b)’t/’ao

418], Kobayashi et al. (1982) >4 4 oM ORI H2c U C, PRI L kbl y 2 9

AT S, DEAE (DE-52) 14 w288y m< + 75 7 4 —, Sepharose 6B o & /- #ii#
Bac kb, iy IgM s & v 7 5 = A IgM & o G f' 1L, IgM o BRI A 47 » 72,
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D KAWL, —TRRE 2P & LRl Tl htbl Ifllnj 3,
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TR e O u FUC T S0, IgMIIi 5 &8 2 bRt b, 2) W o Ig ik o
YA EmD D ()xf&* 1 & 4 R G B BRI B, Tg OB BEIERCER ST
o Y AR, AT 800,000 1,000,000 o 540 F Ig & 170,000~ 180,000 AL 45 Lg w2 551 &
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"C &5 BLISA %452 Ll Bbhs, & z&, 7T e ADSEE, KRR S
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