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[#HE] HE Hl&/R MHV LCM ECT F1 HANT JAR I A, #7753 RN R AL YO HT R B xMAP Z H 4G
M7, 77k BDOEMER 315/ MHV (LCM ECT F1 HANT 28 AT 08¢, If L0 A28 B Gt
AR TARMREE AN Streptavidin-PE $5c4E TR BT M4, #1457 B MHV LCM  ECT A1 HANT Y AHE A, % 56 4~
T S DR /DN BT W R B L7 B O 355 R 428 I 3 64T xMAP 2 TGN, 907 FIAE SE Y ELISA J7 %) xMAP 46
MZE RHATIAE, S8R 1)/MNE MHV LCM ECT #1 HANT 25 [ (9 B A8 15 2 4> 310 20 ng.20 g 40 pg 120
we , KBTI B AR BE 4300 A 2 pe/mL.2 pe/mL.2 pg/mL F1 4 we/mL; Streptavidin-PE $T IR & LM EE YN 2 ne/
mL; (2)xMAP #MZ5 R 7R |14 5 23 5 55 501 56 ‘S FE/INRIMLYE MHV MFI {6 A1 index B35 F Bi# 5 ,
HoA /NS B9 MFI R index [EIE T REME , KW 14 5 23 5 55 5H156 SHEFEP /N MHV Fid fp |, H
AN MHV LCM (ECT A1 HANT $idk B4 ; (3) ELISA #2553 B8, 14 5 23 5 55 5 f1 56 SHE 3L E /N MHV
A450 {EFN index {H7 T A M , FoAy/ N BURLTE 1 A450 {E AT index KT B Mg , 2 14 5 23 5 55 SA
56 SHESLF/ING, MHV ST, HoAy/ N MHV  LCM  ECT H1 HANT Hi44 (44 , 1% ELISA #0145 5 5 xMAP #6:)
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Establishment of a flexible multi-analyte profiling assay to detect
common infectious disease antibodies in the serum of transgenic mice

CHEN Cheng, ZHU Ke-yan, CHU Yan-qing, Qi Yue-han, CAI Yue-qin”
(Animal Experiment Research Center, Zhejiang Chinese Medical University, Hangzhou 310053, China)

[ Abstract]  Objective To establish a multiplex xMAP assay for detection of infectious disease antibodies in the
serum of transgenic mice by liquid chips of mouse MHV, LCM, ECT and HANT proteins. Methods The fluorescent mi-
crospheres were conjugated with mouse MHV, LCM, ECT and HANT proteins, and the amount of protein-conjugates and
the working concentrations of antibodies and Streptavidin-PE were optimized, respectively. The liquid chips of mouse
MHV, LCM, ECT and HANT were prepared and used to detect the antibodies in the serum samples from 56 transgenic
mice, together with the negative, positive and control serum, by the multiplex xMAP assay. The results of xMAP assay

were verified by traditional ELISA. Results (1) The optimal conjugated amount of mouse MHV, LCM, ECT and HANT
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protein was 20 pg, 20 pg, 40 pg and 20 pg, respectively. The optimal concentration of their detection antibodies was 2
pg/mL, 2 wg/mL, 2 pg/mL and 4 pg/mL, and the optimal concentration of Streptavidin-PE for all of them was 2 g/
mL. (2) The results of xMAP assay showed that the MFI and index values of the serum samples from the No. 14, No. 23,
No. 55 and No. 56 transgenic mice detected with the liquid chip of MHV were higher than those of the control serum, while
other MFI and index values were lower than those of the control serum, indicating that the antibodies of MHV were positive in
the No. 14, No. 23, No. 55 and No. 56 transgenic mice and negative in the other mice, and the antibodies of LCM, ECT
and HANT were negative in all of the mice. (3) The results of ELISA showed that the 4450 and index values of MHV in the
No. 14, No.23, No.55 and No. 56 transgenic mice were higher than those of the control serum, while other A450 and index
values were lower than those of the control serum, indicating that the antibodies of MHV were positive in the No. 14, No.23,
No. 55 and No. 56 transgenic mice and negative in the other mice, and the antibodies of LCM, ECT and HANT were negative

in all of the mice. These ELISA results were consistent with the results of the xXMAP assay. Conclusions The multiplex

xMAP assay established in this study can be used in the detection of infectious disease antibodies in transgenic mice.

[ Key words]
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7% (mouse hepatitis virus, MHV ) bk B 20 At P Jik 26 M\
i 5 48 %% T3 ( lymphocytic choriomeningitis virus,
LCM) . B 4 B (ectromilia virus, ECT) X R
(Hantaan virus, HANT) #F 47 W I, HE B it 28 9% JR
RS AR S LE A i & MHV | LCM | ECT Al
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PRI/ B P 4% G Wi 100 A 25 285 B
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56 HAELILR/NR, P 1 ~22 5F 2016 453 H
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1.2 SEEHKF

A 2 () MHV . LCM ,ECT #1 HANT & 1 LA
I biotin FRICAHY MHV .LCM ECT Fl HANT Hui&3) i
H BB G Tl AR C A% 8 55 FlL & ( Streptavi-
din-PE) 1§ H Invitrogen 2\ 7l ; i 46 7] EDC ., Sulfo-
NHS I H Thermo 23 ] ;96 L PVDF J& M 5 Mil-
lipore 3 F) 3 D¢ YGIER  BE K . Bio-Plex A2 1E 357 &1
6 H Bio-Rad 2% #]; /N MHV . LCM , ECT #1 HANT
R L3R BH P a3 A0 542 I3 DA e ELISA 125 &
YW B Smart 2N H]

1.3 XWHZE
1.3.1 FEfhHl&

3 DI 2 1 2 2 PR /D B R T B o I,
F 1.5 mL B8 ,4°C ,3000 r/min,%t[) 10 min,
SEINTE, -20°C AT,

1.3.2 /NEUMHV LCM ECT F1 HANT YA A1)
il &

— 2 B 118 ¢ ' B BR X I A 156 — b 2K 1T, 30
536 5 47 5156 5 4 FhESLHER, 4 A 5 A
EAHFEMAE LAY MHV \LCM \ECT A1 HANT & H #f
TG, AR I 4 DB (405128 10,20 .40
80 wg) . FEOLMIRE S-NHS EDC I AL % 1 8t
Y61 AL 30 min, 43915 10,20 40 F1 80 wg Y MHV
B VI, 7F T BV A b = R EOGME 2 h, O
B AR N 1% BSA £HHT 1 h, iZ 00k B il £
BN MEV BRE VAR R, T 4°C LR, T
Je R BIE

PR LA B4 5 6,8 36 SO E I ER S LeM
MBI, 47 SOHIR S ECT & FHEK,56 57¢
JEHk 5 HANT 2 B H A AR R o
1.3.3 /pNEUMHV LCM ECT A1 HANT W AH 85 A il
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25 59/ B MHV (LCM  ECT 1 HANT & AH
SRS PE $UIAR B4 0, B A KA 5 5 H
A ERAE hy BH A X6} BR | FE Bio-Plex 200 ¥ AH & 1% 0
R &S EAINZDEOGE, MHV  LCM ECT Fl HANT
AR B9 A8 2000 765658 & ( median fluo-
rescence intensity, MFI) , [ X} B8 FL K T 100 MFI,
RIS T, e i, SIS e s A
W 22 5 O 1 S R I B 1 i S AR I i
1.3.4 KA F Streptavidin-PE A T AF k5
(A S

JH 1% PBSB %W 53 % F biotin #RiC 1Y MHV |
LCM ECT H1 HANT $uiAFRBERL 4 MR BEZL, 7351k
0.5 pg/mL.1 pg/mL.2 pg/mL. 4 pwg/mL, Streptavi-
din-PE Fi B 3 MRIEA, 250 1 pg/mL.2 pg/
mL 4 pg/mL, f4H 3 A5 AL, SR A 55T 22 VA 1
TR A K BE A Streptavidin-PE T AR
1.3.5 /NRUMIE MHV (LCM (ECT F1 HANT it
XMAP A

FH#I4 ) MHV \LCM \ECT F1 HANT W AH F,
XF 56 AR PR/ IN BRUMLVE R ol B M I3 | P M il v
FUFEE L35 2EAT xMAP A&, B PVDF 38 AR, 7]
— WAL HIIA 100 wL(1 x 10* 4~) MHV LCM ,
ECT F1 HANT A0 A3k, I PBST ¥ 2E 5 90
W,25 pL /NI , % R B2 42 (450 1/min) 60
min, JE % 3 K, AR A BY biotin #51C B MHV |
LCM .ECT il HANT 44,100 pl/fL, %= ket
18 (450 r/min) 60 min, PE& 3 ¥, BEFLANA 100
pL Streptavidin-PE , % il #F ' 18 £ (450 1/min) 30
min, PEU 3 WK, FEMRA BRI 7 R 40 B ALK 2¢
{8, A5 BN EEAMRE L 9 MFT A, /)N BT RE & 1Y index
= MLFE AR B MFT B/ B8 103 7 MFT B,
1.3.6 /PRUMKE MHV . LCM .ECT F1 HANT Hi{A )
ELISA 383iF

35 MHV (LCM  ECT F1 HANT 3 [T ELISA
R 75 B %o []— b 56 4% 3L PR/ IN BRI T A L [
PR ISR E P A7 RS I A A, 40 T 50
L B I3 | BH P LT 4 R S 04 /0 B 3 A s
JEAE IV A B4 5% MHV HOAK (0 B AR b fL b, %
HE MHV 320500 & U6 B, B 5 78 2 DI RE R AR A
A A450, & RELDL L 4RAE T4, FH LCM (ECT Al
HANT ELISA #0355 & % [7] — it 56 A4~ %% 5 [K /)

SR A A L B I 38 BH M i 37 R0 B 4 1 3 26 4
e
1.4 SHitFEFEMERAE

N SPSS 19. 0 Geit i et 4e it , 1 it 5ok}
PIRH (x £5) FRon, Z410] LBCR BN R 7 25
Br,P < 0.05 Rz A B, /N EU A 5
index = IfLTEFE A& B9E F1AE/ S5 0075 (1915 F1AE, 58
/N BURLTERE L 1Y index = IL3E BE 5 1 A450 {H/ R
ML Y A450 {H, Fi I8 ELISA %7 & Ui 9 -5 19 1
B, /NERUALTE AL S 1Y index < 1.0 5 R I in-
dex = 1.0 WA M BHME

2 FR

2.1 /N MHV.,LCM . ECT #1 HANT & #8715 B i
BENRIEMNFEBBEENTHE

MHV .LCM . ECT 1 HANT B4 L 09 2 Y6 A 43
W24 16.2 MFI,10. 5 MFI . 12.0 MFI #19. 8 MFI,
f£F 100 MFI, % 1 75, /£ MHV LCM  ECT I
HANT 1 4 ZH{EE R A 2¢O EIE KT 2000 MFI, %
B MHV .LCM .ECT HI HANT 3R & H- il 45 1830

1 0[LLAE W, 7E MHV LCM F1 HANT it5 A+,
20 pg 4 .40 pg 41 .80 pg FARPUIARLLN MFI {H5 8
FET 10 ug (P < 0.01),40 pg 21 .80 pg 45
20 pg A LB ZER TR EME(P > 0.05) ;78 ECT ith
A H1,40 g 41,80 pg fARBUIRZL R MFT (A3 5 3
T 10 pg 4120 pg ZH(P < 0.05,P < 0.01) ,40
pe 4580 pg A ER LB EME(P > 0.05) . R4
DL EAEAE IS , MHV |\LCM ECT 1 HANT 25 F Y 5
PB4 51K 20 .20 40 F120 pg AP,
2.2 /NEMHV . LCM . ECT #1 HANT # iUk &
ETIERENTE

Biotin #7101 MHV . LCM .ECT H1 HANT #:#¢
AN 0.5 wg/mL. 1 pg/mL.2 pg/mL 4 wg/mL
4 4,72 5 EoR  fE MHV LCM A1 ECT ' ,4 wg/
mL 2 .2 pe/mL 4 MFL 8 B35 T 0.5 pe/
mL. 1 pg/mL 21 (P < 0.01) ,4 pg/mL 452 pg/mL
HESITCEEFME(P > 0.05) ;7E HANT 1,4 ng/ml
ZHAY MFI S, 5 T 0.5 pg/mL. 1 pg/ml 2
pe/mL 20 (P < 0.05,P < 0.01), 4k, MHV
LCM ECT F1 HANT Fa il 47t 4% fe A T v B 4303l Ay
2 wg/mL.2 pg/mL.2 pe/mL 14 pg/mL,
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F1 MHV.LCM .ECT Fl HANT 7[5 B I 2 i %8 Y6 ( MFI)

Tab.1 Fluorescence intensity of the conjugates with different amounts of MHV, LCM, ECT and HANT proteins
n 10 pg figRHUA 20 pg AT 40 pg HiARHUA 80 pg A

2H 51
G 10 pg-captured 20 g-captured 40 pg-captured 80 pg-captured
roups antibody antibody antibody antibody

MHV 10563. 55 +287. 35 14703. 18 £263. 42 15051.22 £313.89 ** 15094. 51 +369. 86 **
LCM 8566. 40 +275. 66 11761. 69 £204.38 ** 11951.51 £284.63 11894. 21 £359.74
ECT 8164. 52 +£289.76 11073. 05 £305. 46 ** 12679. 83 +360. 85 **# 12882. 59 +381.50 ***
HANT 8930. 74 +206. 33 11656. 60 £243.16 ** 12041.29 £379. 44 ** 12067. 18 +£367.43 ™

W5 10 pg BEMBERHALL, "P < 0.05, P < 0.01;5 20 ng & FHEBERHM L, *P < 0.05,%P < 0.01,

Note. Compared with the group of 10 wg-captured antibody, *P < 0.05, **P < 0. 01 ; Compared with the group of 20 pg-captured antibody,*P < 0. 05,

P < 0.01.

2 MHV LCM ECT #1 HANT AN [al R0l 5t A 52 (6 5 G (i (MFT)
Tab.2 Fluorescence intensity of different concentrations of detection antibody groups in MHV, LCM, ECT and HANT

0.5 pg/mL KA

1 wg/mL A& 1A

2 pg/mL A& A

4 pg/mL KA

ZH 5

G/Eﬁj‘ 0.5 pg/mL detection 1 pg/mL detection 2 pg/mL detection 4 wg/mL detection
roups antibody antibody antibody antibody

MHV 7590. 41 +187.03 10107. 60 £279. 54 ** 14396. 83 +205. 97 **#* 14803. 42 +285. 37 **#
LCM 7933.75 +274. 81 10275. 88 +248.57 ** 12063. 37 +269. 52 **# 12254. 60 +250. 79 **#*
ECT 6389.05 £310. 79 8646. 38 +307. 46 ** 11640. 55 +297. 04 ™ # 12059. 38 £328. 41 **#

HANT 6507. 83 +264. 39 9042. 44 +305.30 ™" 11601.72 +311. 76 **# 12553.79 £301. 22 **#4

H:50.5 pg/mL BIFRAAEL, P < 0.01;5 1 pg/mL BFRLAM L, P < 0.01;5 2 pg/mL MFTIERLIM L, 2P < 0.05,
Note. Compared with the group of 0. 5 wg/mL detection antibody, **P < 0.01; Compared with the group of 1 wg/mL detection antibody,” P < 0.01;

Compared with the group of 2 wg/mL detection antibody,” P < 0. 035.

%3 MHV .LCM ECT I HANT A[A] Streptavidin-PE Hi Ak B 956 ( MFI)
Tab.3 Fluorescence intensity of different concentrations of Streptavidin-PE for MHV, LCM, ECT and HANT detection

21531 1 pg/mL 2 wg/mL 4 pg/mL
Groups Streptavidin-PE Streptavidin-PE Streptavidin-PE
MHV 10249. 58 £361. 41 15316. 47 £320. 64 ™ 15625. 60 +427. 55
LCM 8538. 00 +345.62 12743. 17 +380. 44 ™ 12944.07 +411. 43
ECT 8164. 59 £270. 40 13352.73 £365.49 ™ 13806. 92 +481. 35
HANT 7839.32 £265. 81 12409. 55 £326.17 ™ 12663. 27 +375. 24

.5 1 wg/mlL Streptavidin-PE ZHA{ L, **P < 0.01;5 2 wg/mL Streptavidin-PE 2L ,*#P < 0.01,
Note. Compared with 1 pg/mL Streptavidin-PE, **P < 0.01; Compared with 2 wg/mL Streptavidin-PE,*P < 0.01.

2.3 Streptavidin-PE f{£ T{EiR ERBE

Streptavidin-PE Y& Ff 5 1 wg/mL.2 pg/mL. 4
pe/ml 3 4, #1538 3 A] UL, ¥ MHV , LCM , ECT #l
HANT 7,2 pg/mL 4 pe/mL 4114 MFI {43 5 2 55
F1 pg/mL4 (P < 0.01),4 pg/mL 452 wg/mL
HAH 22 R LB FEME (P> 0.05), £, MHV,
LCM .ECT F1 HANT HJfzfE Streptavidin-PE i {4 ¥
JEYIHN 2 pg/mL,
2.4 NRIME MHV,LCM,ECT #i HANT 4 #Y
xMAP #0258

14 5 23 5 55 S H1 56 S5 H /N B E #Y
MHV MFI {# 43 %] Jy 18813. 88 ,16924. 57 ,20780. 34
F1 13659. 18, index {H 43 %l A 2.6823, 2.4130,
2.9627 Ml 1.9474, ¥ @ F B #5139 MFL {&
(7014. 04) F1 index {H (1. 0000 ) , £ HH 14 5 23 5,
55 5156 SHEEFF/INE MHV FTiRHYE 1 ~13 5

15 ~22 5 24 ~ 54 ‘FHEEILR /N MLV () MHV MFI
(A index (LXK T 542 L35 (4 MFT {E A index {8,
FEMA XL L R /N B MHV FEARBME, 1 ~ 56 S5
LR/ BRM 7 /9 LCM  ECT #1 HANT A4 MFI & F1
index RN T 45 MLV 19 MFT {E AT index {E , 7B
3k B L /N B, LCM  ECT F1 HANT $i 44 F 4
2.5 /pRIMFE MHV ,LCM ECT 71 HANT Hi{E/)
ELISA 7 iALIE

351 3 10 MHV  LCM  ECT F11 HANT ELISA
TR GRT [R] -tk 56 A% 5 R/ BRUl v R it L BF P o
T8 BE X3 R 5T A 00T AT A A5 3 A
[ A450 fi, /N BRI 3 FF & 19 index = I0L T FF &b 19
A450 {H/ RS LIS ) A450 {H, 14 5 23 5 55 SAi
56 5 & 5L /N BUIML YE 19 MHV 4450 {E 53 51 4
3.3127 3.0113 3. 6234 Hl1 2.4365, index {53 5
2.5437 2.3122 2.7822 F1 1. 8709 , ¥4 T T 45 il 5
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i A450 {E (1.3023) il index & (1. 0000) , 78 14
523 %5 55 156 SEFE/INE MHV $TiAR HYE
1 ~13 5 15 ~22 5 24 ~ 54 S EL /N UM TS 0
MHV A450 {61 index {EIAKT B 5 19 A450 B
1 index {8 , 7 B X SE 5 FL K /N B MHV $TiR B M
1 ~56 “F i EL /N UG Y LCM  ECT F1 HANT #
MFI {E 71 index H I T B 45 L TH B9 A450 {H A in-
dex ff , F2 I X LL4EIL K /N B LCM ECT 1 HANT #7¢
TRERAE .

A R B, 5 3L RN BRIV ) MHV  LCM ECT
F1 HANT HifK ELISA 45 55 xMAP # I 45 5 40
—3,

3 itig

TEBE2ERFFE | R 2 55 DX 3l g o7 45 N2
PI B SRR | A A 98 520 Y & 9 HILEE D &
FEPAIT AR TRIITARA A&, B, B W
o B 55 BE PR 5256 Bl iy 2 DL/IN ROk 3, R ER o %
PR/ A B B AT #E A 7 R S
FH T 32 A SR PR BT 1 ) A A A [) 5 BR il 2 S PR /IS R
M) o e AR AR A T B I, f T 2 RO
I B () BE R /DN R 0 5 2 R S i DR 6 B, A 20
WA S BG 2 A TI2 W, 8 FH 0% I T 2 A I i
A7 TR 30K G 2 W BAFU B8 ( ELISA) M ™ ELISA 3 fif
A GERI J7 1% 1) 3 B R A5 AE TR RN A BB X A
A — P G g 48 An E AT R I, H A RE AT K
BUAAEE | LV REAS (] i R, ANl T2
/N R Z A% Yl 1) 22 E ARG DU RN R 2 8

xMAP EARBI Z Dy g 2 hn[F 2L i R, #2
BT — ANl R 2 S AR R A,
xMAP £ AR 5 1£ 55 () ELISA #5243 18 K i X,
S BT LAAE— B B WA ZR H A 24 [ 4
T EIIER , 2R BR AT LiARic 2RO TR 1) 2
1, BEFR GG SOt I — Tl A% i R D 46 A, P
XMAP F A [ B 0] X — 3 1 4 o 64T 2 Fp 0 B s
i BRGNS R 238 O R 4 w8, DA T 52 B0 AE o
/U BRI L TR B0 4 L TR O T A A AR ST
BT 30 5 .36 5 47 5156 5 4 ik, 435145
MHV LCM ECT F1 HANT & (#4734 515, I 5
S/ MHV LCM  ECT 1 HANT £ %85 A il & rh
) fe A B P B 2 AT T Rk, R /B MHV
LCM \ECT 1 HANT 2 1 9 s A5 156 & 43501 4 20
ng .20 wg 40 pg 120 g, 760 45 Ah 85 H A9 B dE

PRI AEAEZE S, PR g A P 20 o e A G
i, WAMNAHESE XS /N MHV  LCM  ECT #l HANT
KM BT e £ TAE R EE A Streptavidin-PE e TAE
WeRE AT AL PR E S e = MFT (B4 T 22 57
ROBTIAHE BEAE A KT AR FD Streptavidin-PE Y f £
TAEUREE

FRE b 3Rk 1 45, il & /Bl MHV | LCM |
ECT F HANT SIS F, X6F 56 N6 RE DR /)N BRUIML T RE
i BFVE AL 35 PR o 7 A5 5 00 R AT xMAP AR
W, % PLEAE LT MHV  LCM ECT 1 HANT ¢
index {H ¥ K T 1.0, FHE L3 B9 index {H ¥4 5 T
1.0, K BIZ xMAP Kl &5 Rl {5, &SRB A,
HA 14 5 23 %5 55 5 H1 56 5 5% FL R /N B i i
MHV 1 index {35 T 1.0, %W 14 5 23 5 55
SH156 S5 F K /NE MHV ST B 1A 43 5
FH# 0 /NEL MHV . LCM . ECT F1 HANT fi% ELISA
DU 35 8 XF [) — k56 NG 3L PR/ IN BRI T A L BRI
L3 PR i 57 R0 5 4 1 3 54T — — A0, 2 B R
14 5 23 5 55 S H156 FHEFLHF /N MHV Hiik
BRI HEAy JBAE 1% ELISA A6 25 5 5 xMAP 4630
SEIAH—2,

WXLk B B AHIE ST ST 19 xMAP 22 554G I 47
AT R FH T 35 B /N B A% g Al AT X — 17 2>
S IMEAE S AT 22 AR G e br i R, se IR T
ELISA 5™ 527 AN GEAG I — Ff 15 Yl 55 15 A 114 Bl o5,
T S B R BRI BRA G i B AR 1 v 38 = 43 AT, Ky
e e R DR/ B A i W U A R B A
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