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Abstract: A chimeric antigen designated B103 containing six immunodominant regions derived from three structural
proteins of Rubellavirus (RV) was designed and its utility in serological diagnosis was assessed. Protein B103 is comprised of
aa 1-30 & aa 96-123 of C protein, aa 31-105 of E2 protein, as well as aa 11-39, aa 154-277 & aa 389-412 of E1 protein. In
addition, it contains thioredoxin (TRX) at the N-terminal and His tag at the C-terminal. B103 was expressed in Escherichia
coli BL21(DE3) and purified by Streamline Chelating affinity and DEAE anion exchange chromatography. Based on the
antigenicity of B103 as verified by Western blotting analysis, we constructed and evaluated a novel capture ELISA for
RV-IgM detection. B103 was expressed in a soluble form, accounting for 18.57% of the total bacterial proteins. After
purification, the concentration and purity of protein B103 were 3.026 mg/mL and 95.35%, respectively. Western blotting
analysis demonstrated that protein B103 could react with acute-phase serum of RV. By ELISA, 40 negative sera and 40
RV-acute phase sera were detected. The sensitivity, specificity, positive predictive value, negative predictive value and
coincidence rate of the ELISA were 92.50%, 95.00%, 94.87%, 92.68% and 93.75%, respectively. The McNemer analysis
suggested that there was no statistical difference between the ‘Gold standard’ and the novel ELISA with a kappa coefficient of
0.900, indicating excellent consistency. B103 chimeric protein with excellent antigenicity obtained from prokaryotic
expression followed by chromatography purification could prove useful for early diagnosis of RV infection.

Keywords:  immunodominant region, Rubellavirus, prokaryotic expression, chromatography purification, serological diagnosis

W& aE (Rubellavirus, RV) 2 XJZ k& FR
o R IZ A DA RV R A R e AL B |
R ABRBURBAEENS , H22 I HIE AT
URHT 3 A B S 5 R ™ E W iR LR 2
Wi R e Sy — R AT B ALY RV Ry vk L
A T RISE PR X BB RV-IgM 75 XU
H AR 50%, HEZE G 5 d ILHUATE KER
SrEBE PRI E Y, —RYE 10d IgM &
SRR E], YIS 4 AR EIEME, SRR
AR 7 A B R, 19G A
R, 3MAWAREZE AN, Wit RV i
b I 375 24 0 3 AR T RV-IgM F5 4R

RV A 3NMEEMEMA, K5cHEH (Capsid protein,
C). 2 FhtuiK#E 1 (Envelop protein, E) E2 il E1,
C & kAR R, JUIAE R TR v,
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il L T 5 g ) L AEAZ AR ST G A b
20 RNA &R, EL I E2 V5K T B
F, 5 BRALJE R R T s e A A

W A R F BN RE A A5 1 FE A M 32 1R B A
DR S8 FARERAT . ELIIA RSB
JEpe E R, 5 R R AR D g ut B2
M CHE A MBURIAETE, (HHREAKFHERT)
AR BT R B, EL & L B K Eh
aa11-39, aa154-179, aa199-239. aa226-277 L
N aa389-412, K5t N aal-30, aa96-123,

E2 i aa31-1051"3, A WF 50K A R e AT S e
ik, BT RV-IgM #6004 B WAL fef 51
SCHUKE RV 3 NG5 A6 B 1Y fe g S DX e G
RIXE—NEA L, FHEHAE RV-1IgM #fi4kE
ELISA A .
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1 MBE5FE

11 FEHHSRF

E. coli DH5a, BL21(DE3)/#7 £ 4 fits & TRX
HAK A4, Neol A1 Xho I FRAGIENYIRELL K T4
DNA 343/ 5 3% [F NEB /A 7] . Chelating Sepharose
Fast Flow, DEAE Sepharose Fast Flow . Sephadex
G-25 Fine)2#r /v it A 36 [F GE A W) o Bt A IgM
—Hi. RPN IgM-HRP bR A 25 [ Thermo
Fisher 2Aw), R XUZHEEE 1gM 12 W &
CFDA NIER WA & RV 2Pk BAPE i 38
40 45k B RS JLEBERE (26 17). FBHIK
FEILEBERE (6 10) MARMILEBERE (8 14),
BRI 3 40 £yt AR L3 S B B2 48, B BH - i v
FEATZ L IERE I =2, UXERI (HH
LB EAE) SAZmRA I R hnifE. 341 H
PRI X2 B2 1 I IS FEAS 14 4k BT
MA ILEER
1.2 FIAFRHL B103 g9 iE

M52 % CHk[12,15-16], # RV Caal-30&
aa 96-123, E2 aa 31-105 /% E1 aa 11-39 & aa
154-277 & aa 389-412 5§ 6 My w1 X 3k
GGGSGGGS i AT HHEE , SRR Ha 5L 7
B G 25 R 4 8 B 1 S KRR PR O R B
FE 5PN Neo [, 3N Xho T WD A5, i
J5 28 AL SR A HARA TR A /A L (2
A FBefn#4 7 B103F). F Nco I A1 Xho I 4b P 4>
B A R Y BLO3F XUEHY) R A, VI [ iR
BRI R B AL BER TRX Fik#Ek [, ik
E. coli DH5a /#5725 21 Al o Yk H Hk . 5 e 11 75 435
F¢ I SR IUTOREFEA T 0 AR D) S L M I
TR SR i 44 o4 B103 BTk

1.3 ZEH B103 AY#I&
HEAMWRE S S E Rk ARE kR
4 SC ik 7 K £k B103 BTkLEY E. coli BL21(DE3)
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M TS ERER (50 pg/mL) B LB HiFR
(10 gL EHMR, 5 oL BRI, 10 g/L NaCl)
@R (L5 mL) FIRE (3 L) Rk, B
RIS (4 000 r/min, 8 min, 10 C), /ME#k
KRB BEF T SDS-PAGE /37, K KiAH
M A (10 mmol/L TrissHCI, 0.5% Triton
X-100, pH 8.0) H &5 M A (XA (B35 250 W,
A TAEINE] 10's, (aJERINE] 20s, k40 MIEEF),
B (12000 r/min, 8 min, 10 C) Wk Bi. ¥t
FIERMINZHE R 500 mmol/L 1) NaCl J5 FFETH
ZZMR B P (10 mmol/L Tris-HCI, 500 mmol/L
NaCl, pH 8.0) HJ Chelating Sepharose Fast Flow
JEHA BRI, 4351 60 mmol/L . 300 mmol/L
WK (5 T2 0P B 1) #EA TR EEUEN. B 300 mmol/L
PRI T2 wii C (10 mmol/L Tris-HCI, pH 8.0)
h EAT B M 2 4Bk s R NaCl %43 . DEAE Sepharose
Fast Flow 28T/ 28wl C EAfe FRE, 43901
F1 0, 100, 200, 400 mmol/L NaCl (% T2 i C
H) SRR I A A R VR . 43 i) URE
17 SDS-PAGE 437, W% B M & MY & 1t DL &%
AAitER T, % SDS-PAGE 2 Hrit il 5 A vk
JI56 %+ PBS (137 mmol/L NaCl, 2.7 mmol/L KCl,
10 mmol/L Na,HPO4, 2 mmol/L KH,PO,4, pH 7.4)
HaEhr, 3T 4 CIRFER.

HUEE 1 B103 A i A 7B I 3k U8 )2 T 43 B 2
FI T B 00 K 3 — 1 . 2 F i/ ik Sephadex
G-25 Fine, 2EFEAF 20 mL , A Z K 20 mmol/L
BEBR N 2% i, 150 mmol/L NaCl, pH 7.0, SZi
W Time-Aggo £ d 7 LA 23 1] .
1.4 ZE QA B103 Hy Western blotting 9347

5 uL FHH B103 i i 1T SDS-PAGE (fH i
40 mA , 40 min), 1fi J5 4% I 2R 4T 4E K (NC) i
b (EE 15V, 30 min)., i, FAEMHR (5%
AE Wk F PBST p 1) Ab3 NC I 1 h, 435im
AR RV 2 (1 20).
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RV BAYEIME (1:20), EHEIFE 1 hj5H PBST
VERRE 5 . —HiEB R BBL A 1gM-HRP bR 1)
(1:3000), %M H 1hJ5UEM, &5 1K1 PBS
VERES DAB B, WHAKZIERA,

15 #HEH B103-HRPEGHRMIAIH & R HIS BRI
BEIEN

B103 5 HRP fffifXZ% HRP conjugation Kit
WA (Abcam, UK). 52, & 10 uL & B103
HA 1 uL Modifier reagent J5 5 HRP Mix 58/3R4)
(B103 : HRP=1: 1), Z ik t#fE 3h /5, & 10 uL
%51 B103 il A 1 uL Quencher reagent I 7e/MR AT
ISR AR T 20 CORFER

I FH 25 11 B103-HRP i34 8 57 1fL 7 RV-1gM
PUAIH AR ELISA KA &, Jfxh S br i i
2R LT FEAS DA S RIS P2 1 4 o 01 2 i 375 P A
AR, TEAR R % B BH 1 i 3 A 11 25 ) i
I R 2, BRIRER Rt B B IgM —
Bt B4 U E 25 ng/mL, 100 pL/fLin A MR &FLIE
37 C/KWIEE 1 h, 15 HE AW 37 CHIEE
1h, #J5H PBST ¥t 5K, & H; £
MR &S AR s (10 10), 37 CH 1 hg
PEU&; A B103-HRP fifits4 (1 :5000), 37 C
BEE 1 hJEURYS: I AB R A, RO E
W2 YE (B (ODaso fH)

FIFHRT S AL RV-IgM G 8551 & R4 ARG N 5
Se i EREA, HAREAEL RS W Zulll 45, &
J& FABEARAC I 2 WG FE . (ODaso fH)
16 ZitFEoHh

iz J GraphPad Prism 7.00 #4242 4 ifn 3%

IgM FLAAR K P B X P 4 I ODaso {E 35X
AT t K. MR 200 e BV S ODaso {1
8 2.1 A5G SHE, I LU0 A A a5
R RBERR e PSR R L 50 A
SEREAE t RS 2RI A, e Y
Z5 8 (ANOVA), FLF Dunnett's t #:56 .,
McNemer £ 56 & kappa — SCH: 6 36 2 EAf 7 R s il
T3 B — 2ot o S s R ] SPSS22.0 it kAT
Giite#4rHr, P<0.05 Fm 25 A 535 L.

2 BREM

21 ERFREEWNSGUATRNESENRNE
H B103

B103 Mty E AN I 1 fro , il B 1 0 2 B g
H TRX %, BWEKRK A C aa 1-30 & aa
96-123 .E2 aa 31-105 } E1 aa 11-39 & aa 154-277
& aa389-412 % 6 M M Xk, ALk His
REE, N GGGSGGGS, UK A if (i ]
fis (W Ndel . Neco I #1 Xho I ). B103F %:[H
BRI 800 bp, 4 AT Y K BURLZE DY
U U] % 8 BN Bk IR A ), A4k
B103 JFifi .

/NEE ik SDS-PAGE Z5 B &, HAIE 4>
TES5HIAIE, 2420 44 kDa (K 2A), %W B103
BT LIFE R A kil . B8 B103 1]
FPERIS, RS A 18.57% (& 2B)., 4%
MENraifb )58 1 B103 F2AE7ET 300 mmol/L
BRI R (B 2B), 4lifiEk 92.76%, Wk
3.286 mg/mL . 3 [ 25 7 sc )2 e L 221 B103

Nde | Neo | Xho |
| .
TRX C E2 El His
] (aa 1-30 & 96-123)|(aa 31-105)|(aa 11-39 & 154-277 & 389-412) P
ATG TAA

1 B103 RiEFAIREE
Fig. 1 Schematic diagram of B103 expression plasmids.
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Fig. 2 The small-scale expression (A) and large-scale expression and purification of protein B103 by affinity and ion
exchange chromatography (B). Lane 1: negative control; lane 2—4: induced bacteria; lane 5: total bacterial proteins after
sonication; lane 6: soluble fraction of the homogenate; lane 7: insoluble fraction of the homogenate; lane 8: elutes
washed with 60 mmol/L imidazole of affinity chromatography; lane 9: elutes washed with 300 mmol/L imidazole of
affinity chromatography; lane 10: elutes washed with 200 mmol/L NaCl of ion exchange chromatography.

F 3T 200 mmol/L NaCl Sefi h, 4z
95.35%, <& A 3.026 mg/mL (& 2B).

2 BRI R ET A B (K 3), 4ifbis
M B103 ffE T H—yelitdrh, Wi H oAk
SR B — R, P8, mTRMER
Fr B N A F ELISA Al A .

22 #EHA B103 AJLIE RV 2MHEAIME % £ 4F
MR N

A IR AR, WA % &1 B103 11
PURYE . g5 R, RV 2 EE h—t, K
LN 1gM-HRP B bR YI1E )y —ht, TEE A7 T84
44 kDa 47 BB 4% (&1 4A) ;T RV B 75 7E
K —H0, TE NC AR A& A HBLA .

0.6

0.5 F

6 8 10 12 14 16 18 20
Time (min)

0 2 4

3 EH BLO3 B IE ST
Fig. 3 Gel filtration analysis of B103 protein.
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I HICIE 2 F RV AH S BH: M i 18 & BA v i i, G
I B103 FIAHAA VLI B &4 (K 4B), F£H
1 B103 "I L5 RV BHAE I/ A& AR 5 S B o

23 ETEBA B103HIHEIAE ELISA FARTALL
REFH 45 RV BAFEM MEFRA

FEF T B103 gz kL ELISA X7 £,
TEHL 40 £ RV B i 375 A0 B i S 4 A 1 P 2 1
B103 # 7 fififki: ELISA ikl b R, wise
RIL (B 5), FAPEREAS ODyso {434 1.460+0.491
(X £5), B4 M7 A1 A ODgso fH 2341 2 0.121+0.079

A B
kDa 1 2 kDa 1 2
130 — 130 —
100 — 100 —
70 — 70 —
55 — 55—
40 — — 40 —
35 — 35—
25 —
25 —

15 ———

4 ZFEH B103 B Western blotting 447

Fig. 4 Western blotting analysis of B103 protein. (A)
RV acute serum as capture antibody, Mouse anti-human
IgM secondary antibody, HRP as detection antibody. (B)
RV negative serum as first antibody, Mouse anti-human
IgM secondary antibody, HRP as second antibody. 1:
negative control; 2: protein B103.

=
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20 r
1.6 F

_12

g" oo
08 | %
04 |
0255 b, SRS ST
0.0 L o a 1
Positive Negative  Vaccinees’
serum serum serum
Groups

B 5 ZEH B103 7£ RV BRI 7E F S B R IFM
Fig. 5 The evaluation of the diagnostic effect of protein
B103 on RV infection.

(X+s), FEVHHEFNE MG FEA ODagso fH AT N
0.784+0.122 (X ), t K56 &% 5 3¢ WA BA BH & 1, 375 B¢
A ODuso (HZEFA G- X (t=22.203, df=42.144,
P<0.05), Bz i) il AR G- %6 ) 99 BH P 1 v
FRAS . Dunnett’s t /656 % P, 3 2 554 9 W =2 ] 22 57
A G E S, JUIL PR M S5 A 1
THEER N PATELE R, B AR M s 25 B
7% ODuso fHYIMH 2.1 fE51E Al SHEAS ik FHUE A
0.255, MfimAHE, T H RN 92.50%, FF
SPER 95.00%, FHVERUNE S 94.87%, BT
{Hh 92.68%, 4% N 93.75%., McNemer 455611
5L, P=1.00>0.05, $&/RMFI 2 Mg 250
%t X, kappa=0.900, P<0.05, 37 Mifyi:
MR — S . REIG AR I, SR
HW R PATEGR , {HH ODyso fH 5341 5 BAMESE SRAR
SRR (B 5). PRI, Hi RV-IgM HLiAZ i)
£ DAARAT-H % 5] RV-IgM [ BRI I 5 REAS
i A SR I IV 25 R R B, FH A4S

34 iy (34/40), MAPEZSE 37 iy (37/40), 44
PR R AU N 85.00%, HESE N 92.50%,
PHYE UM A 91.89%, FHMEMIMI{E N 88.10%,
4%k 88.75%, 5B iR & b A T A L3k 1,

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

x 1 #HENNESTRXFIZR
Tablel Comparative analysisof two ELISA kits
Commercial ELISA

Positive Negative  Total
Novel Positive 33 5 38
ELISA Negative 3 39 42
Total 36 44 80

AT RK R KB, kappa=0.799, & —3tk,
Wi BT AR 6 5 R o AU G 2 TR 2 A
G RE Y, BT S, 5wH Bk
Tabn, B AL & S W RE AT

3 it

ARSI RAE R 12 B XU B0 S AN T S 11
PHh ZHURFRER R, FL 2 25K 50%01) I Y 2
I P B 1 AT s S B %) 5 2 A 1 A
Bl RV-1gG HiL i AT LAFFEEAE7E T E AN, T IgM
— MBS 2 A B G, AR 1gM &
SCH RIS RV-IGM AR 2 23 DA G K3 S 0
SR M, BRI RV HUAR B2 W BRR
Z LGSR, L A AR B RE B AR A
e, HPUR R AR —, 50 e i R U RS
PERBIAE, 25 ST ok T Serh gk B
TP 5 (412 W SR ) A A 2K 1 ELI SA ARG i
H RV-IgM Hii /K F .

KB RV HUEGERE (GF5 2 n$ilisk
SERE) #EME EL &AM, Sch ki EL & A
3 MugE RN aa 11-39. aa 154277 Fl aa
389412, iz T SCHkITIIERY Fp R A 20
E2 WA S T 5 EL M EAE I mwhkss, (|
AIEYE R B2 A& sk iR, o
PUATE VRS RE b AR R AR SOk T B2
B 1A% B X aa 31-105, C & /&0
Hh R RS R ETUR P, S0P ERT CEA
() 2 Y WA X I aa 1-30 & aa 96-123. Fill 4
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BEAMEIL AT T TRX g Sk, —& K T 1
MEMEAMNEE, RN TEARTS.
BuESE, & B103 KUniiIEAskiE, A& &
b E A S 0 18.57% (18] 2B). FRAELME Histag
FOFEAE, 22 AT LRI TS A2 A A a2,
—HETENG, B3 TRESAES (B 2B)
HMRREY— (8 3) MHKEH.

A F B — T AE PR B A 22 5 R
FR, S ZRPURTEX PR R EHAT R TG
I AL I T 3545 GGGSGGGS,
HF N 2 [0 o] LA R TGRS, RO R I
PR A, KRR T HKE A 0B e,
Western blotting (& 4) & ELISA 43#r (Kl 5) &
B, #®[ B103 HilRMELS, ATLATEGRSN SHI
Uk KA RN o 220 A7 78 TR B 38 T 351
PURM B, ROREE S T Rl i R 5%

CHEXT RV-IgM 2L PI ST, I8
FIEHEREZMAL: —BHEARRMDN, BTEH
Fir e B e AT X LB ARE, JLE AHEH RV-IgM
P4 HMAR (2905 1.9%27), HETH4T 9
WA 10 AL (3t 61.7%%7), BB
T REAS BB MEE K, 62 S e i KA T
At ZREXE IgM 2HrE WLk 3 Rh
T, T OB BIEREA R RN, 5 2L Bk
2 IR &% R DR FBH A I3 B4 A &5
SRET X RE R RIS 1gM BB b I g
NER, [HEARERAE R, O e S
HR St 5 DU S A P L 2 R T
PR R B KB TV R W, )5 S il 51 ik
FOVIM G, IR AR A I T S 2% b

1 B103 S T RV T H s ok X 3,
2 AR RIS R M Al J5 DL Rl i I A 7
DL A A RV-1gM Ffi 1872 ELISA A AR 47 b %
SRV 2V I BRI , o RV B 1 2 Wy
T LA 545 T A B A A58 0 ot 38 2 A B

&: 010-64807509
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