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Abstract: In order to achieve large-scale production of HSV-IgM (HSV1, HSV2) human-mouse

chimeric antibody in vitro, the gene sequence of the corresponding hybridoma cell was
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harvested by RNA ligase-mediated rapid amplification of cDNA ends (RLM-RACE) technique
to clone the chimeric antibody into eukaryotic expression vectors, and express the target
proteins in CHO-S cells. At the same time, the screening process of stable cell lines was
optimized, and the pressure conditions of pool construction stage and monoclonal screening
stage were explored. Finally, the target protein was purified by protein L affinity purification
method and the biological activity was detected. The recombinant IgM antibodies, HSV1 and
HSV2, weighted at 899 kDa and 909 kDa respectively, were prepared. The optimal screening
pressure was 20P200M (the first phase of pressure) and SOP1000M (the second phase of pressure).
The final titer for the monoclonal expression of HSV1-IgM and HSV2-IgM was 1 620 mg/L and
623 mg/L, respectively. This study may facilitate the development of quality control products of
HSV1 and HSV2 IgM series recombinant antibodies as well as efficient expression of IgM
subtype antibodies in vitro.

Keywords: human-mouse chimeric IgM antibody; CHO-S cell; construction technology;
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Pk, #AKFR. pCHO1.0-Fe 1 5236 28 1if 1 ol ik
AT (IR A YR B IR A K
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AR AR R 1C1000); — 48 A0 B 555 35 4
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2 h), 7l 3 mol/L CH;COONa (pH 5.2)iR%), Jo/K
ZEEE.OEH 1 mL 75%0) CBEERDiE, BEE
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Table 1 Primers used in this study

Primer name Sequence (5'—3")

HSVI1-HF AACGGTTCCGGGCCGCCTAGGGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTG
CTCTGGGTTCCAGGTTCCACTGGCGCCGAGGTGCAGCTGAAGCAG

HSV1-HR TAACATAGAGTATAATATAGATGAGGAGACGGTGACTGA

HSVI1-LF CTCGAGCTCAAGCTTGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGC
TCTGGGTTCCAGGTTCCACTGGCGCCGACATCCAGCTGACTCAG

HSV1-LR TATCATGTCTGGATCGAAGCCTTCAGCTCCAGCTTGGT

HSV2-HF AACGGTTCCGGGCCGCCTAGGGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTG
CTCTGGGTTCCAGGTTCCACTGGCGCCCAGGTGCAGCTGAAGGAG

HSV2-HR TAACATAGAGTATAATATAGATGAGGAGACGGTGACCGTGATGTTGTGATGACCCAG

HSV2-LF CTCGAGCTCAAGCTTGATATCGCCACCATGGAGACAGACACACTCCTGCTATGGGTACTGCTGC
TCTGGGTTCCAGGTTCCACTGGCGCC

HSV2-LR TATCATGTCTGGATCGAAGCTTTGATTTCCAGCTTGGT

HF
5r _’ 3r
gy vH
5¢ LF 3 (@
VL
LR
Step 1: PCR
Step 2: Clone into pCHO1.0-Fc Step 3: Transfection
ST
0880000000 & (@
©000000000
000000000
telelolelelslofolels]
v
- o000 —
o000

Step 5: Clone generation Step 4: Cell pool generation

| )il gl 7R eAE = P

Figure 1

1.2.3

YMPREE S R R E ARt i i
HEYLET 1 d, B CHO-S 418 L) 5x10° cells/mL

Process for constructing cell lines.

J {8 S [R196 B2 19 puromycin (5.10.20 pg/mL)
FIXT A [] e BE i MTX (50, 100, 200 nmol/L)

H % ERERIF] 30 mL CD FortiCHO+8 mmol/L
L- A @Bk e frh, BT 37 °C. 8% CO;,.

100 r/min FEIRHREFE 3 FEY K, $2HH FreeStyle™
MAX Yl G U e, TRAURfE Y 48 h

http://journals.im.ac.cn/cjben

i1k R GEXT LA TN IR ik . eGSR Td e
A 125 mL £, SANHLIE KT 90% H2%
JERTF 1x10° 40 He/mL B, 25— B BEIR e 58 i 5

1M J5 %4 30 pg/mL puromycin+500 nmol/L MTX
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RGN TR B B R O i , 5 3 RIEAT
LR, FRANARTE 55 90% LA 145 ik .
1.2.4 HI{AZE A Fed-batch (MEF 4 i) iTAH
BiFasE AMMRRE E>90%), 4 3x10° 41fifd/mL
FERERD 30 mL & 125 mL 55380, 453.5. 7.
9. 11 KAM#MEH5% Feed A+0.5% Feed B), 45 4. 6.
8. 10 RIE R, #MInAT A (L B 4
FHE 5 o/Lo HRIETAATE 20 50% LA T 0k
1.2.5 27 4Bk B 52 PR IR IE
FIRA B Bk, ol sepe R 57 3. CD-
FortiCHO 537#3£+1% anti clumping+6 mmol/L
L-A & W , 2 A4~ 1gM T H (HSV1, HSV2)[r] i ik
PRI (15 5 e 15 77 32 ) A fin e (e s 55 77 2 3
il E ¥ 200 nmol/L MTX) MR 7 = . 41 il 444
HE 0.5 4> cell/FLEEFP 2 96 FLAR (45T 30 B,
i E SR 14 d, IR0 R B o R ARG THA IR
DU 85 RN % S WA BRI ¥V o = M A 5 A
YA b A TR fo 9% I I 2 (enzyme linked
immunosorbent assay, ELISA)fiikt, B ik
BT 150 /S TERERE 2 24 FLAR, HEIR 24 FLARE
6 FLARIL K, 248 6 FLARSER FE VAN e ¥ R ik i i
FHT 15 DRI R 125 mL $RRET
Fed-batch P4 (Z: 1 1.2.4),
1.2.6 Protein L &1k 5 B 70 MRl B2 RE AR ER ik
(SDS-PAGE)#&;
¥ 1gM FAPUAANE FIEHSVI, HSV2)43
28 0.45 um JEETUE S5, Protein L AN F
TKFIE-A#72% 1% (0.02 mol/L PBS, pH 7.4) -5 I
FE, FREGS R G OO, A 2522 1P (0.1 mol/L
FEEEIR N, pH 2.3)VEMEEE 1, WCAEAR BI0%, 451
AR Rk
1.2.7  BARCRIAL S & A M = B
HSV1-IgM fil HSV2-IgM Hiik % Fwg ok fb
2 R AT S AG I, H4 BT S U A, S
FHRR G PO e it 1 B B AR A, 22 1k
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2 EREQM

2.1 EHRNEYIEE

Ay S FH HS VL A1 HSV2 H A3 R4 5 | 9
HF/HR | LF/LR ¥ 34 A2 & 15 5 IR LSO b i
&, RN X IR B(VH 5 VL), PCR
PPIZE 1.5% R MEEERS UK 3BT, AT UL 400 bp
Ze A B S R B 2A), R/NS T —3L,
L EH) M 2), HSVI1 A1 HSV2 kAl 28X
FEHKBE 4R 354 bp, #24% A] AR X B B2 43 1]
>} 320 bp #i1 333 bp.

A3 5 Avr 11/BstZ17 1 1 EcoR V/Pac I Xif
HSV1-pCHO1.0-Fc #ll HSV2-pCHO1.0-Fc Jii i i
T %5 , HSV-1/HSV-2 IgM EHE4 K Bk
/N1 800 bp, B84 A H B R /INAT A 750 bp,
wE 2B o, fFEHUH, Hissd Ry 143506
HSV1-pCHO1.0-Fc Fl HSV2-pCHO1.0-Fc JFif fiff
YIgtAb)G, MRRIE /NS THE 20),
RIFRAR DNA (R B DI i R ) L Ko B Ll 4k
DNA (V1 SR b
2.2 SRIEMPIFIE

% HSV1-IgM il HSV-2-1gM HE47 1R
e, H—Ae . i 4 FhHEJ1(5PSOM .,
10P100M . 20P200M F1 40P400M; P ft3
puromycin 547 ug/mL, M {83& MTX #{i/ nmol/L),
P 20 A R RS AT L, 388 o 75 56 ) I A 3 %
B TR, 57 RAMETE R E8AR, MR ZE LT G
YRIZ . TE SPSOM i e F 1 T 20 Lk 52 B ) fe J
(13 d), 40P400M ik J1 T, HSVI-IgM HI
HSV2-IgM ¥ H AL T- B4 . 20P200M X b
10P100M fifide 77, 4R SRR, X%
FI A58 1 780N, 20 B S B R, e 0 Wk R
YR ER 2 () 3A). HIB X —4e e JE i
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bp Marker a b c d
2000
1 000
750
500
250
100
B C
bp  Marker [ i g h i ] k 1 Marker bp
5000
3000 5000
2 000 3 000
1 500 2 000
1 000 1 500
750 1 000
500 750
250 500
100 250
100

2 BEHERKMEE  A: PCRYMLE. a: HSVI-VH; b: HSVI-VL; c: HSV2-VH; d: HSV2-VL.

B: B TR Y E. e: Avr 1I/BStZ17 1 i) HSV1-pCHO1.0-Fc ik ; £: EcoR V/Pac I fifit]] HSV1-pCHO1.0-Fc
Jiki; g: Avr I/BstZ17 1 7] HSV2-pCHO1.0-Fc Jitki; h: EcoR V/Pac I [ifft]] HSV2-pCHO1.0-Fc k. C:

FEU TR R YIZE MEAL. . BEDIRT KL HSV1-pCHO1.0-Fe; j: M#YIJGFoR. HSV1-pCHO1.0-Fe; k: fiff
YIHG AL HSV2-pCHO1.0-Fe; 1: WY 5 ik HSV2-pCHO1.0-Fe

Figure 2 Identification of recombinant plasmids. A: Results of PCR amplification. a: HSV1-VH; b: HSV1-VL;
c: HSV2-VH; d: HSV2-VL. B: Identification of recombinant plasmids. e: HSV1-pCHO1.0-Fc digested by Avr

II/BstZ17 I; f: HSV1-pCHO1.0-Fc digested by EcoR V/Pac I; g: HSV2-pCHO1.0-Fc digested by Avr 11 /BstZ17
I; h: HSV2-pCHO1.0-Fc digested by EcoR V/Pac 1. C: Enzymatic linearization of plasmids for transfection. i:

HSV1-pCHO1.0-Fc undigested; j: HSV1-pCHO1.0-Fc digested; k: HSV2-pCHOI1.0-Fc undigested; I:
HSV2-pCHO1.0-Fc digested.

2 HSV1F HSV2 RIAIEXEFF
Table 2 Variable region in the amino acid sequences of HSV1 and HSV2 monoclonal antibody

Variable region Sequence of amino acid

HSV1 VH EVQLKQSGPGLVAPAQSLSITCTVSGFSLTSYGVSWVRQPPGQGLEWLGVIWADGSRDYHSTLISRL
SISKDNSKSQVFLKLNSLQTDDTATYYCAKSNGDYAYFDVWGAGTSVTVSS

HSV1 VL DIQLTQSPSSLSASLGGKVTITCKSSQDINEYIAWYQCKPGKGPRLLINYTSALQPGIPSRFSGSGSGR
DYSFSISNLEPEDFATYFCLQADDLLTFGGGTKLELK

HSV2 VH QVQLKESGPGLVAPSQSLSITCTVSGFSLTSYGVSWIRQPPGKGLEWLGVIWADGSTKYHSALISRLT
LNKDNSKRHVFLKLNSLQTDDTATYYCAKSNYDAGAFDVWGAGTTVTVSS

HSV2 VL DVVMTQTPLTLSVTFGQPASISCKSSQCLLHSDGKTYLNWLLQRPGQSPQRLIFLVSQLDSGVPDRF

TGSGSGTDFTLKINRVEAEDLGVYYCGQGTHFRTFGGGTKLEIK
VH: Heavy chain variable region; VL: Light chain variable region.

http://journals.im.ac.cn/cjben
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Z HSV2-20P200M & : i .
3 20| -+ HSV2-40P400M
0 S <z‘>®‘\ @Q\&\ '\9@ <z°’®‘\ \“6\&\ 'b@@
4 8 12 16 20 &S S & §
Time (d) S LHLHE LY
” B RS QR
HSV1-5P50M
400 ¢ -+ HSV1-10P100M L20r
HSV1-20P200M i
300l HSV2-5P50M i
HSV2-10P100M g0l
HSV2-20P200M
ol ol = HSVI-sPsoM

Viable cell density (x10° cells/mL)

Time (d)

B3 WRtkE— R MEEFRARBR SR RIAE

-= HSVI1-10P100M

Cell viability (%)

5
Time (d)

MRk A. C: Fed-batch il it BN E. D: Fed-batch AT P 4H M 1
Figure 3 Culture of cell line and the expression of chimeric antibodies with the first phase of pressure
selection. A: Survival rate of cells. B: Titer of chimeric antibodies. C: Viable cell density during fed-batch

culture. D: Cell viability during fed-batch culture.

3 40l ~ HSVI-20P200M

100 | \ I HSV2-5P50M
*\3{ 20| - HSV2-10P100M
. oL HSV2-200200M

10

A A RIRE L. B: AFEDINEZ&F T

YHMIFEAT Fed-batch PEAG A B . 240 Jif0 25 B2 5 HH 3
ST RIE RS, 5 7-8 RANEEBEEARIRK
5, HE M, Fed-batch PEALH 4TS 24k
FEWF A 88 A 3 HSVI/HSV2 IgM — %375
20P200M Wik )y TRk i, 4l
289.3 mg/L il 95 mg/L, FWHBEE L1, &
P 35 T Y PR e A, SR T v A 4
fukk (& 3B-3D).

HSV1-IgM il HSV2-IgM 7E 20P200M fvid
JESWAE- 2w sty | A = W N B B A S
2% . 30P500M Fl 50P1000M ., £5 5 5 7% — %5
FEXT E— 80 20 M 2 B TRl e e, TR S B

&: 010-64807509

NB/NEE G W EE(E 4A). [k, ik
SRR ARG, BRI, Rk
5, HSVI/HSV2 IgM 3 R dn it =ik
O E A Bk 402 mg/L 1 253 mg/L (& 4B).
A IR M R B . EER PR AR, 40
Ji 2% B S S BUe TR S R n e, B i
=, AARTE R T RO g, X R R
W4 (Kl 4B-4D).
23 BREFMEIShtREEITH

A BRAS B % HSV1-IgM F1 HSV2-IgM
&35 w5 S ey 1Y PR 1S 4 L (20P200M-50P 1000M)
HEA TR B R , RIS P I RS R R D 15
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5
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=
g 400 -
5
‘= 300
&
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£
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a
0 1
& & S F
N < & &
4\ el ,QV
& ¥ ¢$
1575
100 it
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2
Zo60f
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3 - HSV1-20P200M-50P1000M
20 b HSV2-20P200M-30P500M
— HSV2-20P200M-50P1000M
0 . . .
5 10 15
Time (d)

A AR R L. B: AR5 &

FM#KiA 5. C: Fed-batch WA FELHMI . D: Fed-batch PEAL ) R4 I 2
Figure 4 Culture of cell line and the expression of chimeric antibodies with the second phase of pressure
selection. A: Survival rate of cells. B: Titer of chimeric antibodies. C: Viable cell density during fed-batch

culture. D: Cell viability during fed-batch culture.

Fedko BRI RGO RERCR=(R B K
PR FL )/ (e P AL B« B FL B 4 L 550 < 100% 3
B, HE I RN - 32% (HSVI ANE) .
45% (HSV1 AHNJE). 28% (HSVI ME). 43%
(HSV2 AhnHe). X RN IEITIRET
WRGWE 5 (Hild Xt H APk re e Rk 4
BT+ {8 0 A 455 352 2200 nmol/L MTX) i i H4 ity 24
FORE R TR B T AN IR  HSVI-IgM i
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AT AR 1 620 mg/L; HSV2-IgM 5
FTEEFR AR N 623 mg/L (K 5).
2.4 SDS-PAGE 5 HPLC ¥ EHFAEAK
INSHE

H4% SDS-PAGE i J5 8 5 9 i Jgi 7 %47 43
Hr HSV1-IgM F1 HSV2-IgM £ 0 % i B4 v Pt
R4ifE (K 6A-6B), Z5H /8. HEADLA
TR K/NAN 65 kDa, 25T K/



B Z/HSV-IgM A-RSRAREHERECARGHRTSHE

25 kDa A2y, HHUHAHSRF; HPLC Fill @K
HSV1-IgM Fll HSV2-IgM Hii& K4 Z R
KAEAE, AFAEDIR A BARTE (200 kDa Z247), F
HHSV 1-IgM AT & 19 F 7 (e i AR 5 B 58.6%)
XF G HSV2-1gM (51.4%)% 5 (18 6C).
2.5 B R RSN

MR A0 G I bR o . MR EE(E>10 AU/mL

N 0 s .
B0 BH A o A 52 5 P il %5 B9 HSVI-IgM Al S & & &
HSV2-IgM A BLA R IUZE R % 3 BER S & &0
< X
HSV 1-IgM Fl HSV2-IgM 6l B S BIE 43 31y & NS ®
407 807 AU/mL Fl 156 890 AU/mL, Jz 5, B 5 EHHitREgEis
Tt F A Ay M Jo 4 ot 2 I M SR Figure 5 Monoclonal expression of target antibody.
A 1 Marker 2 kDa B 3 Marker 4 kDa
— 100 — 100
— L 65 - — 65
L — 50
= =%
— 30 — 30
C
25 t% 2
2 20 |
£ -
£ 10 o &
S <
Z s A\ B
Gl = _J x - .
2 4 6 8 10 12 14 16 18
Time (min)

6 #Zhik/m HSV1-IgM #1 HSV2-IgM HJ SDS-PAGE 5 SEC-HPLC %1 A: SDS-PAGE Hijk. 1.
HSVI1-IgM i JERIZ&H7 5 2. HSVI-IgM JEifJERI 27, B: SDS-PAGE Hijk. 3: HSV2-IgM i JE R 2677 5 4.
HSV2-1gM JEif A 4547, C: SEC-HPLC 43#r. 165 HE I (HSVI1-IgM); & . H A E 1 (HSV2-IgM);
Wit marker. MZEFIA 450 R/IMRUUE 1340, 670, 300, 150, 45, 17, 1 kDa

Figure 6 SDS-PAGE and SEC-HPLC profile of purified HSV1-IgM and HSV2-IgM. A: SDS-PAGE. 1:
Reduced HSV1-IgM sample; 2: Non-reduced HSV1-IgM sample. B: SDS-PAGE. 3: Reduced HSV2-IgM
sample; 4: Non-reduced HSV2-IgM sample. C: SEC-HPLC. Red line: HSVI1-IgM sample; Green line:
HSV2-IgM sample; Blue line: 1 340 kDa, 670 kDa, 300 kDa, 150 kDa, 45 kDa, 17 kDa, 1 kDa.
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*3 BoinikRNM%
Table 3 Reactivity of target antibody

ODyso Concentration (AU/mL)
HSV1-IgM 18 688 568 411 028
18 431 457 404 587
HSV2-IgM 7275229 161 688
6794 571 152 093

3 it

AR R TR R o FREE AR
X DNA 57 , ISP AR 434 1 FUA0 2 7Y
B HSV1 Fl HSV2, BRI AT IRIF A4 50%[A] 5
Ve BLAIEIZ G RETE BRI A, NP e
WA , WK R E B 2 . BE R
HOEIR AR YRR, TR I R R RSB Y TEE
fil 8P B2 i i A i AL . BT HSVL Al
HSV2 A4 HA B2 A I R T, A SCfl
(PRI E T 1 RUAN 2 RI(HSVI, HSV2)HE 4
ik, FIVE A RERORL A & iR & B i, Al
FHAR AR 2R A6 DN I3 B3 R ) HSV1-IgM
M HSV2-IgM Fif4 .

et L RJLHER, S TR S PUAT RGE
HWAE 1-5 g/L), W5 FE 1801 TR IR
DL R s A T2k 4 & CHO 4 /il fed-batch
FEAEN IS X BETE 1gG WA HTIA S 2 1
G, SR F N 24454, L IgM Bk,
HATAR WAECHGE . % IgM WHRIHUA Ry 73R
A, 5 1gG WAL A3 ik B ie™ %, At
G T — PR T AU BRIE I (dihy drofolate
reductase, DHFR)Y W& K 77— ReE ™ A 15
KFFRATHY CHO-S FauE g s, >R AL F14m
MEE AR5 25 I MTX VA JEE 1 OUAH 1B 8 R s R 1B 1A
JE L A, H AR RS A M A B B D
FTTRETRER BEI T TR 48R, e od &
IgM AR E ] o G5 R FE2m b gy
B, —HNE 20P200M (puromycin 20 pg/mL, MTX

http://journals.im.ac.cn/cjben

200 nmol/L), &% 50P1000M 4 it A= KR 72
Bt H A RAE(HS V] IgM 157 379.3 mg/L,
HSV2 IgM ik 253 mg/L); 750V EL
i F IR RS R I AR RS FE AR fed-batch 15
Fr LM M Bh i 2 = (HSV1-IgM. = i5
F] 1620 mg/L, HSV2-IgM # ik F] 623 mg/L).

IgM AR T 4R EEBE(HC: IgM HFFR A %)
RIS 48 (LO)AL R, 8 i B8 (JC) T BT
RIK5F(950 kDa K/, TLiEHAEIC) FEZ
PIARIKIER (1 150 kDa)fF7E. Mt4h, A4~ HC
A5 EEAEALA, XA IgM Bk RO A
fbo BFHK/N, BAPERE R, IgM
ik A FR 05 Hupm s, R i T HAe
B 2 i O TS AEAN B, FERL S JLAE L,
IgM ZEHUIRIR 5| T Bk 8 2 1 AE B R F K 1)
RTFEFNGY, PR ot S LA ™ L 391 2 A b 2
iy B2200 AR g A5 AN R A HSVI-IgM Al
HSV2-IgM $ifk, FFPIHREITE CHO-S g
2 AR 2R3k R G R [N R S5 R X 2R 1 3R A 1Y
SO, XA IgM Btk Rk et 7 —E 1 T,
T B4l 925 7 B 1) B P I O LA SR R )
UL AN A o EE 2 R
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