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""II(Parallchthys olivaceus)2l immunoglobulin Moi| CHgt
CHEE 2| &

Hetietn sl ostat Felbto| 2

Production of Monoclonal Antibodies Against the Immunoglobulin M of
Olive Flounder Paralichthys Olivaceus

Wi-Sik Kim, Ki-Hong Kim, Choon-sup Kim' and Myung-Joo Oh *

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea
"EnbioGene, Yeosu 59771, Korea

Immunoglobulin M (IgM) was purified from olive flounder Paralichthys olivaceus sera using mannan-binding protein
(MBP) and protein L affinity columns (designated as MBPIgM and ProLIgM, respectively). A monoclonal antibody
(MADb) against olive flounder IgM was produced. The MBPIgM and ProLIgM had apparent molecular weights of 77,
73, and 28 kDa in SDS-PAGE. Nine hybridomas secreting MAbs against olive flounder IgM were established: five
MAbs for MBPIgM (1, 2, 3, 4, and 5) and four for ProLIgM (6, 7, 8, and 9). Western blotting indicated that seven
MADs recognized heavy (H; MAbs 1, 2, 3, 4, 5, 6, and 7) chains and one recognized light (L; MAD 9) chains of IgM,
while MAD 8 did not recognize IgM. The results of enzyme-linked immunosorbent assay (ELISA) with bovine serum
albumin (BSA, antigen) and the nine MAbs revealed that the optical density (OD) values of sera differed significantly
between BSA- and non-immunized fish, despite some sera from non-immunized fish with slight high OD values.
These results suggest that the MAbs produced in this study reacted specifically with the IgM from olive flounder.

Key words: Immunoglobulin M, Olive flounder, Monoclonal antibody, Mannan-binding protein affinity column,
Protein L affinity column

M B2 S RUEE 5o S22 de] ARg-E AL Qlek(Crowther,
1995; OIE, 2016). 3Z-77F2] A+ immunoglobulin A (IgA),

Y X|(Paralichtys olivaceus)= 7FAH0| = d 2] Tof| 4531 3 IgD, IgE, 1gG ¥ IgMQE FAEo] glom, duld oz
RolgomA gk 7)%0] Ssel glom, 4802 vo] gelo] UL HE 270l IgMo] AHE T
o] 71517} ol Seluiete] EAel 4 olEOBA AHe 02 IgGrt AREo] WRle] o EdHoE wrgsh Bt
ujdskal ik 20158 HA| 79 oAl AAFS 45 759 = (9F (Crowther, 1995; Peter, 2014). & 72| &A= F2 IgM,
50409 )2 HA ofF A AAFFS oF 53%E AHA|skaL IgD % IgT/IgZ= /3% o] QlaL, o]F [gME ZZoli7ol &
AUTHKOSIS, 2016). AT a1 &= AR, A <] &4, 013 At AN A 71 ol EA s A HAA o] T3, Al

o 1 ¥5H SO Ao ST B ol ARl AAN A AESA wp), A A2 B 5017158 St 2GR
o ma|=2 97 gl A (IgG)el vlsl 2187} chefAl o] Wk Wilson and Warr,
34| A< enzyme-linked Immunosorbent assay (ELISA)+= 1992; Kaattari and Piganelli, 1996; Pilstrtom and Bengtén,
Pz 25t Eo| A& At o AHs) v g 1996; Tort et al., 2003; Ye et al., 2013). FA|7F o} 7= gF¢lof|

O 7 theo] MEX 7} 7sstal, W el Eo| v} =0l 5 2w o] ojgt Eo]&f ol 34| 7} A = ™ (Yoshimizu et
AsEolAe YA T4 o] o mhel, Wil a5 HE, A al., 1992; LaPatra, 1996; Kim et al., 2009; Kim et al., 2011),
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G Fof| 2A5k= 5ol A HARE F8 HeA o AA=A
2 Xlof A, FAloll A o] B Ao et ol 5o =
A7} 7153 A0 2 B a1 E] o] Qltk(LaPatra, 1996; Watanabe et
al., 1998; 2000; Kibenge et al., 2002). ] F+= AR 2H7 o w2
o] whg-o] e B R o] R E thAb o= 3 4 % ELISA
£ A YollA= AR e ol w2 S0 A BEg-ofl gt
AE7FFast, B3t A9S AASH=H oAl 22k A
B2A] o7 IgM Q1AI5H= A7 B asich 2 AtollA=d
A& Ao 2 A A& ELISAE AA817] 98t 7= 72
A @x] IgMol| tigt tHE-2 314 (monoclonal antibody, MAb)
£ AAFe A} 51T @ %] 9] IgM2 mannan binding protein
(MBP) affinity column} protein L affinity column2- A5}
of Al ¥ Felo 2 ALga

>r

=0
Y10 B At Sttt a0l A A8Ee
4 1.0-1.5 ke)o] ml5gulol 4] Redsto] Hels)
AEE BLE AL A] 3087 B T 6,000 pmel
Ayrelstel A Helsigict Beist AL A
ol ALg317] 2717 -80T o) BEsI e,

&t bovine serum albumin (BSA) x| &3 it

o BSA 92 A& 473 A (A% 1.0-1.5 kg) 2vk2] 9
BSAE 1 mg/200 uLA] E7 o] FARRE 5 17-20C ol ARS8t
A 0,7, 14, 2197 m| R woll A 2 g sto] 4] (6,000
pm, 4°C, 20 min)sto] AL om, o270 L 2uke] o]
2] o]| phosphate-buffered saline (PBS, pH 7.5)E 200 pLA £
Zroll AV gle} e o ® Helsjort.
HX| IgM EA|
1) MBP affinity column

Shin et al. (2007)0] 133+ W of wle} ImmunoPure IgM
purification kit (Pierce, USA)S ARE-310] @] IgM= A5}
&t} ImmunoPure MBP column-g preparation buffer 5 mL
2 £AI$t & binding buffer 20 mLZ columns- equilibration
3tk | x| €43} binding buffers 1:12 &35 & column
o Y12 4T A 3027 §-3-A171 3, binding buffer 42 mLZ
Z=A|5}4ith. Elution buffer 3 mLE columnof 237 1A]7F 55t
Ao A HhEAIZ] & 1 mLA =35kict A A€ 1gM (MB-
PIgM)-& A9l of| AR8-5}7] 21714 -80C ol H3ts}3iTt.
2) Protein L affinity column

Protein L resin (GenScript, USA)2 columne] 231 HtH
Z-5+5~2} binding buffer (20 mM Na,HPO,, 0.15 M NaCl, pH
Q)2 ~AIgH &, JA] &A1} binding bufferE 1:12 &350

o
5N
124
fo
o,
N

kDa M 1 2

116 — ——

—_ 77
- 73
66 —

38 T —m—

T —

25 — —

Fig. 1. SDS-PAGE analysis of olive flounder Paralichthys olivaceus
IgM purified with mannan-binding protein (MBP) and protein L
affinity columns. Lanes are M, molecular marker; 1, IgM purified
with MBP affinity column; 2, IgM purified with protein L affinity
column.

columnof| Jo] F=Ie}. 4T oA 1527 ¥E-A1Z] $- binding
buffer= <A 3}91 1L, elution buffer (0.1 M glycine, pH 2.5)2
473 3 1M Tris-HCl (pH 8.5)2 Z3FA7ich AAIE 1gM
(ProLIgM)> A& of| AM8-517] 77 -80°Cof| B3ta}9ict.

MAD 244t

AAE 92 IgM (MBPIgM#} ProLIgM)a} complete
Freund’s adjuvant (Gibco, USA)S E#H o2 4o] 100 uL
4] 2021 9] BALB/c nh9-220] B4 13} HEk3laL, 25 %
of gAIE HA IgMC.2 22} F5Hth. thA] 15 Sof A
w92 [gMe2 32 JE7t &, npe AR RE v 2 g
& polyethylene glycol (Roche, Germany)< AR8-51o] SP2/0
myeloma A|3Z2} §¢FA] 7] & fetal bovine serum©] 10% 27}
% HAT %](0.1 mM hypoxanthine, 4 X 10* mM aminopro-
tein, 1.6 X 102 mM thymidine in Dulbecco’s modified eagle
medium)= suspension A]71 3= 96 well plateof] F35}0] 37°C
2 AAE CO, sig7]olA viestaitt. &g hybridoma= %
A G2 [gME AHg-3Lo] ELISAR 0.2 A1 8141 a1 33] o4
ARt sjA o 2 FRsteith A H MAb isotypinge- W
$-2 Ig isotyping ELISA kit (BD Biosciences, USA)E A3
o} A7kt
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Fig. 2. Western blotting of purified olive flounder Paralichthys oli-
vaceus IgMs (MBPIgM and ProLIgM) immunostained with 5 anti-
MBPIgM monoclonal antibodies (MAbs). M, molecular marker;
1-5, MAbs against MBPIgM; MBPIgM, olive flounder IgM puri-
fied with mannan-binding protein affinity column; ProLIgM, olive
flounder IgM purified with protein L affinity column.

Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—-PAGE)2} western blotting

Laemmli (1970)2] o] %3] SDS-PAGES A1A|3k9]
o} g IgMe] Q14 RelE Selshy] 9ls, HAlE WA IgM
(MBPIgM<2} ProLIgM)2- 12% polyacrylamide gel®] loading
& F 100 Vol A7) 95 e 195 52 F gel
coomassie brilliant blue S A-&-5}03 G5} ). Western blot-
ting= Towbin et al. (1979)2] ®rHof ulat AA|stATE #7]
%535t | A IgM= nitrocellulose membrane (Bio-Rad, USA)
of &7 &, B Aro|A A2 MAb (12 &H4))9} alkaline
phosphatase (AP)”7} ¢ %= goat anti-mouse IgG (Sigma,
USA, 22} AR §-3-A|7]2L AP7} £0] Sli= substrate kit
(Bio-Rad, USA)E AHEsto] At} i,

ELISA

A IgMeo] tigt MAbE AJ4FsH= hybridoma 2] 4198 2} A 4
H MAb7} 4] [gM2 Q1A 8H=A15 AF5}7] §15ko] ELISA
£ AAJ814 . Hybridoma 4182 Kim et al. (2008)2] ELISA
WS B stol AAlskieh AAE Al IgM (MBPIgMet
ProLIgM)< coating buffer (0.5M carbonate-bicarbonate, pH
9.6)% 3]4]31 3 ELISA plate (Nunc, Denmark)]| 50 uL (250
ng/well)¥ 253 &, 4Tl 4] overnightsto] 3¢S coating

928 A A 171

M 6 7 8 9 6 7 8 9
kDa
100 —
75 —
H
50 —
37 —
25 — =L
20 —

MBPIgM

ProLIgM

Fig. 3. Western blotting of purified olive flounder Paralichthys oli-
vaceus IgMs (MBPIgM and ProLIgM) immunostained with 4 anti-
ProLIgM monoclonal antibodies (MAbs). M, molecular marker;
6-9, MAbs against ProLIgM; MBPIgM, olive flounder IgM puri-
fied with mannan-binding protein affinity column; ProLIgM, olive
flounder IgM purified with protein L affinity column.

SIS L] Tween-200] 0.05% 5 PBS (T-PBS)= 31 A%
AL 5% skim milkS 380 uLA o 25T oA 1417k 59t
blocking AT} 12 A 2= 2 A-Fof| A A2 hybridoma
O] ujeFolg ARg-5o] 50 pLA £33l aL, 23t A=A 5%
skim milk= 1,0008] 3]4% peroxidase conjugated & 09
2 1gG ¥4 €% (Younginfrontier, Korea)2 50 ulLA H-53}
et Z42-] A= 25 Coll A 1AIZE 52t BEg-51SiTh T-PBS
2 59 524|513 ELISA 24 9H(100 mM Na,HPO,, 50 mM
citric acid, 1 mg/mL o-phenylenediamine, 0.03% H,0,)& 7}
wellof] 50 LA E535F 5 25T ol A 155 &<k st gict. 7t
welle]l 2 N H,SO,E 50 uLA] go] HA vhg-2 SAIA7] &
microplate photometer (Multiskan, USA)=Z 492 nmoj|A| &34
5= (optical density, OD)g2 S73F5 T} AlZHE MAb7F |
IgM5 QIABH=A1E A | f1ste] BSAo| tigh Sof 34
£ 7%3}= ELISAE Kim et al. (2007, 2011)2] Bl of 23
A8 ELISA plateo]] 5 ug BSA/50 uLE Z+ wellof] £
gk %, 37 CollA overnightsto] 3} coating 3F3ATE 12} 3¢
A2 |92 @¥(BSA W 9 HHe JA=RE et d
)& 5% skim milk® 3]4(408])3ted 1A17F WE-S-A171 5 50
pLA BE8k900L, 23 A== 2 Aol A A2 MAbE
50 uLA B354 0m, 32} &)= peroxidase conjugated &
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Fig. 4. Antibody detection enzyme-linked Immunosorbent assay with bovine serum albumin (antigen) and 10 monoclonal antibodies [1-9,
commercial antibody (CA)]. BSA1 and BSA2, sera from BSA immunization of olive flounder Paralichthys olivaceus; Contl and cont2, sera
from non-immunization of olive flounder.



A IgMof| o

ohe-2 1gG G4 S 50 pLA BEsiqic). A vhgah
4 248 9ioh FAsA AAIsteh Y dE RS ARE
el ] IgMe]l t g+ MAD (Diagnostics Ltd., Scotland)E A}
g-5to] 912t 55k ELISAS AA|aH3ict.

2 Aol A= HAE o= 3k A 5 ELISAE AA|
=, REEA] Zagt gA] IgMe]l it A& AAtslr] ¢
3}o] MBP2} protein L affinity columna ARE-51o] 4] IgM
£ AA3E =, AA 5 [gM (MBPIgM&} ProLIgM)< AH8-5}0]
MAbE A|2}5}%th. MBPS} protein L affinity columna Af
83lo] Y] Ig2 AAIEH 3 SDS-PAGES AA3H 23}, MB-
PIgM3} ProLIgM B50]| 4] oF 77, 73, 28 kDa®] HA}efo] 7+
ZE] A th(Fig. 1). ProLIgMol A= g2 &% ZEof ujehA] oF
77,73, 28 kDa®] A} o] @]of| &= oF 57 kDa®| AFFo] w2t
%]7| % 5}9itH(data not shown). g 2] IgMe] EA}EkS- SDS-
PAGE/}]| 4| heavy (H) chain2} light (L) chain®] Z}2} 75 kDa
1} 23 kDa (Nishida et al., 1998), 77, 72 kDa¥} 28, 26 kDa
(Jang et al., 2004), 74 kDa} 24 kDa (Li et al., 2007), 68, 66
kDax} 27,25 kDa (Shin et al., 2007)2 ¥ 1% o] Qlc}, & &+
O] HAIR Ig& 7]&e] Harsl gA] IgM o] EAET} AR
2 AR Ig= [gM o2 ALz H T Shin et al. (20072 MBP
affinity columng- AME-5F0] G4 IgE AA|SH A1} 68 kDa (H
chain)i} 25, 27 kDa (L chain)9] E-A}e8S 42 4= 1=t &
AlLol A= 543t MBP affinity column AL = &
TokaL FAF| Zfo| & HAlrh o= 7| 5ol ARES
of of = BAF 2ol WAlSHE SR Qe Ao 24
Fl e}k Protein L& 1gM, 1gG, IgA, IgD U IgE2] L chaini} &
o|A o= Atk AR Hix o] Ql=t|(Bjorck, 1988;
Nilson et al., 1993), 2 A-2] AIH(H 2] [gM AA| A1) HA|
[gM = protein LI} E0]%] 0 & At 7l o0& AlmFc),

MBPIgM} ProLIgM& the-20f THH A1 & uf-A0] H]
A} 2231} SP2/0 myeloma Al|EE §3A7 hybridomas A|
Zkskeitt. Hybridoma=HH A%< AE ELISARS
B2 e 5, AlRE Ao R SR sk 254 o= 9719
MAbE 41851510} MBPIgMo| that 572 MAb (MBPIgM-
MADb:1, 2, 3, 4, 5)2} ProLIgMef| tjgt 47§ 2] MAb (ProLIgM-
MAD:6, 7, 8, 9). 97H2] MAbe| T3t isotyping 21}, H chain
219Gl (1,2, 3, 4, 5,9), [eG2a (7), 1eG2b (6, 8)2 Ljehgto.
), L chain 2% kappa® 2F21%| %l th(data not shown). 97}
2] MAb2} AAH F %] [gMS AH8-31] western blotting S A
A5t 23}, MBPIgM-MADb 57= MBPIgMi} ProLIgMe] H
chaing Q1431 thk(Fig. 2). ProLIgM-MAb2] -9, 63} 72
MBPIgM} ProLIgM X% H chaing 73517 2141519131, 9
+ L chain®]] 98-8} th(Fig. 3). 82 H chain} L chain X%
of w514 ghgteh

SEE A A 173

2 Aol A A2 MAb7E 34| & ELISA| AR 7Hs3t
A5 H7Fst7] f1al, H Aol BSAS WA 50,7, 14,21
Al A2 wefste] BSA| digt A7 S5t itk(Fig. 4).
ProLIgM-MAb 47}(6, 7, 8, 9):= BSA HY gz dH o] tfa
AlZko] kol whet FAZE S = A o= yERton,
tfz=7-2] A (BSA U )l A= TR A7 7T
7} 5] %) oFoke}. Kim et al. (2011)2] $17-o] wh2 v BSA w
o (A5 2:15C) 144778 BSA©] thgh 5o &7t 4
S = A7 E, 2194 K= 7HA ol A BSA Hieh &
ol A7t A& AArkarl BaskGlet & -9 A¥f= Kim et
al. 2011)2] AT ZT}o} SA37] W0l &2 ODZEE BSA
o tiet Sol Jx| FAIE AR Aoz Abr e B3 A
=ML Qe 7 A IgMol] Higt MADb ARg)ofl A =
FrAFHODEE H37] wiizoll, 2 1Rl A AlAHE MAb=
A IgMe Sol4 ez QlAsh= 2l o & Akm Hrt Z12|u MAb
6= A3t 7, 8, 9 U AlT-E o HA| IgMo] thgt MAboj| A=
BSAH[HY H %] @33 BSAS HAA7]7] Hof| 7 d 7ol
A 0.1-1.19] ODZro] 25| I} (Fig. 4). MBPIgM-MAb 5
(1, 2,3, 4, 5= 3712] ProLIgM-MAb (7, 8, 9)2} G4} 2
35 5] BSA W] @47} thxe] @Hol Felo] TR
ok, 12k BSA ulw] Y3 @43 BSAS Weix7]7] 4ol
2[5 2ol 4= ODZH0.08-0.8)0] T2HE|olekFig. 4). £
T-5 FolA= BSA BIHY FHofA Hol= 0D Aol
taix & = gl @A = ELISA WHollA dx] @74
= 5% skim milk=2 2] S 75k AR vzl
(Kim et al., 2007) 3] IgMo] 2270} v 50|40 &2t
alo] HPAHE .0 Wk Eoke T QLS AR AR
i} 35 919] el ot A7} SaEolof g Aolc,

J2)9] Ig& AA|5}= v o2 sephacryl S-300 gel fil-
tration= A5k W (Bang et al., 1996), salting-out, ion-
exchange chromatography 2 gel filtrationS ©|-8-3F ®H
(Nishida et al., 1998), immune affinity column-& AR8-5}+= 1
H(Jang et al., 2004; Shin et al., 2007), MBP affinity column
9 A}g-81= ¥ (Shin et al., 2007)0] K15 o] gl 1 o o]
A+ A2 =2 protein L affinity columna A8-5}o] @ 2] IgM
< A5t Protein L affinity column 7]£2] B Eo]
H| 3f|(salting-out, ion-exchange chromatography 2 gel filtra-
tionS ©]-8-3+ B, immune affinity columnS AME-51= HH)
HshHAM = whE Al A [gMS AAE 4= e
A& AY AL Qlek. ®3F ProLIgMS ARg-3te] A125 MAb=
MBPIgM-MAb®} B2 EA 2 H2] IgMe Sol%| .= Q14]5}
= Aoz ZlE ik

At AL

B A7 20159 SRR A0 2 Ashetelr| 64
F99) (LS Wob 2P AGUTHFAEE vholel 2 A
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