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Purification of Immunoglobulin M (IgM) in Serum of
Japanese Flounder (Paralichthys olivaceus)

Hiroko NisHIDAY, Tsuyoshi ENOKIDAY, Naoshi HIRAMATSU?
Akihiko HARA® and Mamoru YosHIMIZUY

Abstract

Immunoglobulin M (IgM) was purified from the serum of Japanese flounder ( Paralichthys
olivaceus) by a combination of salting-out, ion-exchange chromatography and gel filtration.
At first, the seram was precipitated by addition of ammonium sulfate at 509, saturation.
The precipitate collected by centrifugation at 10,000 rpm for 30 min was dissolved and
dialyzed against a 0.015 M 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 0.15 M was then reprecipitated by ammonium sulfate at 509, saturation, and was
collected by centrifugation at 10,000 rpm for 30 min. The precipitate was dissolved in a 0.02
M Tris-HCl buffer, pH 8.0, containing 29, NaCl and 0.19, NaN; and was then gelfiltrated
through a Sepharose 6B column with the same buffer. Two distinet protein peaks were
obtained. The first peak, collected and concentrated by ultra-titration was refiltrated
through the same Sepharose 6B. A single peak was obtained and was collected as the
purified Japanese flounder IgM.

The molecular weight of Japanese flounder IgM was determined to be 750,000 by means
of 3%, SDS-PAGE. The molecular weights of two subunits were estimated to be 75,000 and
23,000 respectively, by SDS-PAGE with 2-mercaptoethanol. Molecular weight of a
monomeric IgM could be 196,000 and the whole molecule of Japanese flounder IgM (mol. wt.
750,000) can be considered to have a tetrameric structure.

Key words : Immunoglobulin, Gel filtration, SDS-PAGE, Ion exchange chromatogra-
phy, Paralichthys olivaceus
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DREHBOHER 2 BN, ABEOMPEET 2REERCHT 2 REbEE R 5 5%
HBEY EiF s T3 (Yoshimizu, et al.,, 1992, 1997 ; Furuta, et al., 1995 ; Nishida, et al., 1998),
FEOREEICT B HRORE R T 5 101, BRADES a7 ) Vit 2HMED 5 ik
FHEBLEE RS, 20O, AusHmEs IgM 04 L HREMCRGT 50 ThNIL, A
HEHREET 2HBGNE L OFERENNICERI €52 LN TE S,

AEO M BIBAERITRAZRBEVWARLAT, RIKIET 2 Z LBHISN TS (Mo-
chida, et al, 1994), % Z T4E, ELISA %AW Tt 7 2 MEF OREEICT 5 HiEOKH
WRHWSHOE T A IgM 23 2l 2 ERT L, T XY s 70 IgM ORI KGHE
BREL, Hi=Ys 7 M vy FMELrAVTE 5 4 MEBESOREETWEREYNS, £ 2 IgM
BNV & O REEMN, A A v Rsa~x b7 4 —, BEXUF VBRI L > THEEBRIL, &
SIS A RACHEL, THFHE T 2 [MMmEEERL 7, ‘

i S I
HERS LURNAE
M EAEE R ERE v 7y —CHEPOE 7 A B AL SERIM L, FO0H (4,000
rpm, 20min) LCHESN b DERAWT, MBEFERCHERAT 22 THEC OBBERNTREL
720

IgM a8y

7 A0 IgM DFELE, Kobayashietal. (1982) & & /45 & (1989) D HHRIIEL TF- 72,
Thbb, MEERRESEOMNRTERENZ TERT1IEHBRL, HO58 (14,000 rpm,
30min) L TR ED I BB 2 ED 15 mM Tris-HCl EEH (pH 8.0) WHHEL T, H
BERRICN LT 4°C T 14 BEEIERT U oo BT, 3205 (14,000 rpm, 30 min) 2 & b LiE%R1E,
PREHEATES & Uiz,

REIZ, BN REENES 15ml % 15 mM Tris HCl % & ¥ (pH 8.0) ¢ &1k L 7-
DEAE-cellulose (DE-52, Whatman) % 5 A (28Xx15cm) KREEX Y, A7y 774 Xkick b
NaCl & 0.05M,01M0156M 02M 8L 04 M CIEREH - BHOFESE I 133 ml/h T,
BHBOIEUL 8 ml/tube TIT > 7z, XM 2 RITHIETH L (Ouchtelony, 1953) 2 & & F %
O IgM CHEXRIGHEE DV FH~Y A T M IE I L TRV IS SRR 2 N 015 M
NaCl 5 THBH L7 IgM 2 & #Esr 64 ml 280, 509, SIfREZRE TR 2TV, So5hiik
B % 50% SANIREAEW T 1 B L., Z0%, W% 2% NaCl, 01% NaN;, &% 002M
Tris-HCl #E#¥# (pH 8.0) 2 ml \Z#5## L, Sepharose 6B (Pharmacia) % 7 4 (2.2X56.5 em) 12 &
L7 NVERAEITo Tz, BHIZEER % v T iz 20 ml/h, 3EUE 1.5 ml/tube TiT- 72, #5
Ny 7B —27035 b5, Ouchtelony 312 & D EWLIEBRELHER S iz IgM 2 SO ESH
160 ml 240, B (8/32 =% UCS-32-25) 2V THET TH L ml ¥ TEME L 1%,
FUf Sepharose 6B 4 7 AR FAWLTSNEERTY, BonlE—2 28R IgM & LT,

HELBED IgM DR

AAREFEOL 7 AL TRXKIEE2FE>~Y 7 (Verasper mosers) D IgM icxt+ %
FX¥IMFEL A, £F 2 IgM o 2T 72,

2V NEERE R ik 13 Ouchtelony D R fEVy, 0.05M Nuo F — VEEW, pHS8.6 ciE@L 7
19 7 #a—2 (Litex, HAS) %> TiFo 720
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SFRNE

BEAER 7 77V (5-22.5%) %MWz, Tris RiEE#K T D SDS (sodium dodecyl sulfate)
V727 YNT S RS NVESKKE (SDS-PAGE) 1%, Laemmili (1970) 25t - 7z, S OMBEIZ, &
BE1Y% %5 X518D8 25ML, 1000C T2 3T, i, o0 BEBTAET 2

Bk, BB 2 ANV STy ) —N (2ME) 8L USDS 2 BENZTRZTR1Y L5 &
5 IR, 100°C 12T 2 LB Uiz, B EE S 1mm O R 5 74V ki dihi#, Bromphenol
Blue (BPB) »E#EH SV h%E8T 2 2T 16 mA BEHRT, HEASVHICA->THSIE U
mA FERTH 4 BRI%E L7z,

3% SDS-PAGE {37 # A7 = 4 b REE@E# (Weber and Osborn, 1969) % FJv>, Kobayashi and
Hirai (1980) 12§ 57:,08% 7 A0 —RX & 3% VX727 VN7 2 RIEK (19% 727 VL7
IR,1% ER7ZVN7 ) 45ml,02% @ SDS 2402 M U »EREME R (Na,HPO,-12H,
0,53.7g; NaH,PO, - 2H,0,82¢ 8SDS,2¢g/L) 156 ml, 3- A F A7 3 /704 =} VL 0.15ml
DESH%E 60~65C IR L%, »orUHEBEICMBLL 15% 74 o—X 10ml 21
Z,10% 7 YR A8—HN 7 x4 b 0.3 ml BEME, S ARICAR, #9130 SRSETHEL
ERIL 72, BRI OB IXFIE D Tris £ 70 SDS-PAGE ¥ BT - 2. EKKENL 150 VEEE
THEERIREI L 72, KBV OEERIE 019, SDS 241 0.1 M VU L EBBSHE » iz,

Petti3, 1% 72— Y V7> 7 H—R-250 % 40% 1.5 / —, 10%, Bl v5 R L /- 15
ZTTY, Bifalx, 409 x4 ./ —i, 109, BEEg, 2.5% 77V &) Y ORABTITo 1,

WL 5 A IgM (239 2 HMEOIER

t 72 IgM izxtd 2 KRB I, UTOHFETERELU Iz, BHELE T 2 IgM % 250 g/ml
DOBEIZHEL, 80 Freund’s complete adjuvant (Gibco) Y IBEL TN Y a » 2{ERIL
720 2TV 3 2ml % SPF (specific pathogen free) == —Y—F Y KRV A FF Y b
(HASNC) OFMWE T wHEREL, £0%kIZIZ—HMRT 4 BE#HIRD S BINREL2iTo k., 7—
Ry —HEHRML, MBREGEES S, S8 LIMEEED, 56°C T30 HHEHkEEMEL, S VRT
7 4 Vg —HA (045 ym) THRBHE, SELT-80CIEE LT,

# ®
b5 A IgM s

t 5 R I3 D 50% SR EERES % DEAE v VO —RA A FATA A VERZ7u= /5
7 4 —%fTwv, ZOBHOFER % Fig. iR Uiz, EREESD 2 HE, 015 MNaCl BE TR
%L DY N7 EHEEH LTz, Ouchtelony kD#EE D S & 0.15 M NaCl #EF 12 5T [gM 238 b
HLBHLZ LR AN, Zhe DBEHESSD S B, 280 nm 2351 2 BLEDS 0.7 A ED
%R UES No. 114~124 27— L, B L foo & DIBHFIK D Sepharose 6B 4 5 Az & 34
ViK@Y —> % Fig 2 TR LTz BRPIOF VIRIBOKSE (Fig.2A) TR 2 50— 754U
73, Ouchtelony H:iZ X D BRHIDE— 7 ic M o3& Fh 5 2 L H3HBEL 7=, B4 No. 31~41, T
bLERYIOE— 27 DJARETE -V, BERELE, BUSVRAETo 7z, ZEBDY
VIRBBH/N Y — v TCH—~DY —7 2RL (Fig 2B), EX&KE Y — > (Figd) 5, 70D
HEA LR 52 No. 20 2Bt 5 2 IgM L L7z,
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Fig. 1. DEAE cellulose (DE-52) chromatography of the Japanese flounder serum Pprecipitated
with ammonium sulfate at 509, saturation. A stepwise elutions with 0.015 M Tris-HCl
buffer pH 8.0, containing different NaCl moralities i.e., 0.05,0.1,0.15,0.2 and 0.4 M were
employed for the separation of proteins. Fractions indicated by bars were pooled and
further fractionated by means of Sepharose 6B gel filtration.

IgsM NS FR$ L UF subunit #5s

FEBITLT TD 3% SDS-PAGE TiZ, Fig. 31 RoN2 &5 BHEOE VLAY KOz 2E0
WY FHBERESh, BNy FOSTER, 750,000 L H#E S Rz,

E7 A IgM % 2ME 12 & D R@5TAE % L, SDS-PAGE 2175 7-#R (Fig.4) Tit, £ 7 £ IgM
FHHEE LECHYT 2 LBbh2 KDY FERLIZ. ZRTADONY FOSFRIZ 75,000
B LT 23,000 L fIE 2z (Fig. 5),

ik J 4 IgM Y ¥ iEOER

BREI 2 IM ey XBREL, Bohic v 9 FHE I 2 IgM M5, HEe 5 2 IgM B &
Ve J A& L Oz 1 OB EER L7 (Fig. 6),

= ®

REORBBEZSHEO—D L LT, MFENBKERD 2, 20—>Th % ELISA 1T, #
BRHICHER T 2%, REMRAOKE 707 ks, Zhicsd 2 HimsE % v
LHELBEFE LW,

INETRED Ig OBBBER 2B 2101213, 50 UHEELBRBOBYORIMER T ¥ 8
Byl bwcdo THFREERL, MBPORAREEMSE, 20BN 35k rRE
T35 RERICLTIgM OBBHBTbI T E7228 (Yoshimizu, et al, 1992; Furuta, et al,
1995), SEIZE T A L=V H 7O IM oZXRIEERFIAL, Hie Y h 7 IgM o FinE%2H
WTE T X IgM @SOS L2 6, HEREE L RwIEEAMMED o HZHEl, DEAE 4 £
YE#ATu~ b7 5 74—, Sepharose 6B DS NWBEIC L D, IgM OSBRI ST 77,
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Fig. 2. Sepharose 6B gel filtration of Japanese flounder serum protein in the 0.015M NaCl
fraction from the DEAE-cellulose (DE-52) chromatography (A). Fraction as indicated by
bar were collected, and were re-fractionated by the same Sepharose 6B (B).

Fig. 3. SDS-PAGE (3%,) profile of gel filtration fractions. Band patterns of fractionated
Japanese flounder IgM were compared with Jupanese huchen IgM (Lane a). From lane b
to lane h indicated gel filtraton fractions number from 17 to 23. Fraction number of 20
(Lane c), the top of the filtration peak was selected for purified IgM.
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Fig. 4. SDS-Gradient PAGE of purified Japanese flounder IgM by Sepharose 6B gel filtration.
a: Molecular Marker
b : Whole serum of Japanese flounder

: Fraction No. 19

: Fraction No. 20

: Fraction No. 21

® oo

tZ A4 IgM O5FRIZFERT T 3% SDS-PAGE T, 750,000 TH b, BT#E O SDS-PAGE
THHL-Z20% V2= bOSTFEIZNZTH HEE LT 75,000, L# L LT 23,000 TH >
720 EZADIgM OBEREEDI2AD HEEE LETHERENTWAL LT 2L, HEROSTER
196,000 (75,000<2+23,000<2) LEE S#, bt F 2 IgM O 4>F & 750,000 1T 196,000 O 4 &%k
(196,000 X 4="1T84,000) ¥ ZIEF—HF %, £z, FFRITFTD 3%SDS-PAGE iz T, 4 BB
X UHEEOS TEIF 2 750,000, 182,000 TH % 4 b7 (Hucho perryi) @ IgM 4> 70
EDHEN S, E7 A0 IgM iz 4 Bk Bbhs x> Fofthic 3 84, 28EO45FREICHEY T
AOEIZ Y FPBESH, SEHOBERIINE TOBEARBEORE & IZIE—8 L7 (I,
1986 ; Mochida, et al., 1994), & 52D IgM 274 FiIcHIEL, Hit T x IgM 7 4 F Mg % 7F
B2, Bohle v Fhie 7 2 [gM ML, FHEIgM % 5 NZ & 7 A M & Ouchter-
lony % T—AROWREA TR L, AP ZIMEZAIZEECHW 3 e 9 REEEE2 b D2k
DHER S LTz,
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Fig. 5. Estimation of molecular weight of purified IgM subunits by SDS-PAGE. Molecular
weight of H-chain was estimated to be 75 kDa (1) and that of L-chain was estimated to be
23 kDa (2). Molecular weight of standard proteins were marked with dots; a: Phospho-
rylase b (97.4kDa). b: Albumin (66.2kDa). c¢: Ovalbumin (42.4 kDa). d: Carbonic
anhydrase (30.0kDa). e: Trypsin inhibitor (20.1kDa). f: @-Lactalbumin (14.4 kDa).

Fig. 6. Double immunodiffusion precipitation of serum and purified Japanese flounder IgM
against anti-Japanese flounder IgM serum.
A : Anti-Japanese flounder IghM rabbit serum
B: Whole serum of Japanese flounder
C: Purified Japanese flounder IgM
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