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FARWBIREE S, LATH 1 ABRANEZA SRR, MXSHCEREXERX LT, B, &
A8 TA-2 FLR £ & A TR IA-2ic L3R, SNFIRE T RARRE IA-2, HF E4 IA-2 LR
Ele R EAAERBAERRG PR, Lk eBRRARRKRIA2 LR, AR A A HEK293 &
GARF TA-2 B Z 40 A 75, BT BEaT KA TA-2 695 449-979 152 R A B ¥ IE A FX(IA-2 transmembrane
fragment, IA-2 TMF)iX — R A X4 L& &, FMHRALR R ZMHF L& G IEMAEM, LB ESF
%4 0.78 mg/L ML K B, MG, i i By K %, JZ R T (enzyme linked immunosorbent assay, ELISA),
31t IA-2 TMF 5 RSR rhIA-2 #9408 &, BT 7745 1 BAB SRR B4 d ik Fo 32 it R &R A
oo, WK 6 45 KB 38 A FRAE 45 M4 wh & (receiver operating characteristic curve, ROC)& AE#K B
Fadk F . 48 R KA TA-2 TMF #9808 4 71.4% (55/77), % RSR rhIA-2 69802 4 63.6% (49/77),
2 A HURAFF I A 100%. 2 AF R AESFHEERRAR L7, @ IA-2 TMF 69808 ek Ak T it o 4
#% RSR rhIA-2 LR, % LPrik, RAFRILT HEK293 EH A4 IA-2 TMF #%4E 4 1 248 kA
PRI G BT KA T & 64 BAt
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Production and antigenicity analysis of a recombinant
insulinoma associated protein-2 in HEK293 cells
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Shanghai 200237, China
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Abstract: Insulinoma-associated protein-2 (IA-2) is a transmembrane glycoprotein belonging to
the tyrosine phosphatase-like protein family as well as an important autoantigen in the diagnosis
of type 1 diabetes. IA-2 products have been marketed in Europe and the United States. At
present, commercially available IA-2 antigens are either the recombinant [A-2ic domain or the
IA-2 naturally extracted from bovine islets. However, the recombinant IA-2 antigen displays
weak positive in clinic practice, which often results in occasional detection failures, thus cannot
completely replace the naturally extracted IA-2 antigen. In this study, an HEK293 expression
system was used to explore the production of recombinant IA-2. An [A-2 transmembrane
fragment (IA-2 TMF) located at amino acid position 449-979, also known as the natural
membrane protein form of [A-2, was produced in HEK293 through transfection, and both the
expression conditions and dissolution conditions of the membrane protein were also optimized.
The purified membrane protein yield was 0.78 mg/L cell culture. Subsequently, the antigen
activity of IA-2 TMF was compared with RSR rhIA-2 through enzyme linked immunosorbent
assay. The serum of 77 type 1 diabetes patients and 32 healthy volunteers were detected.
Receiver operating characteristic curve (ROC) curve was used to characterize the sensitivity and
specificity of the test results. The results showed that the sensitivity of IA-2 TMF was 71.4%
(55/77), while the sensitivity of RSR rhIA-2 was 63.6% (49/77), and the specificity of both
antigens were all 100%. There was no significant difference in specificity between the two
antigens, but the sensitivity of [A-2 TMF was appreciably better than that of the imported gold
standard RSR rhIA-2 antigen. In conclusion, the recombinant IA-2 TMF produced in HEK293
cells can be used as a raw material to develop in vitro diagnostic reagents for type 1 diabetes.
Keywords: type 1 diabetic mellitus; autoimmunity; insulinoma-associated protein-2; purification
of membrane protein

I TR B AR M Sy AR ik, S U
B R AXTRZ ) [ B SR, Rk 1A
B PRI (type 1 diabetic mellitus, TIDM), 1996 4,
Mayrhofer 242 YR AE TIDM & LG H AL T
[ & 28 A -2 H B P& (insulinoma-
associated protein-2 autoantibody, [A-2 Ab), K
Z) 60%—80%M1IH1 & TIDM HF I i H AEA
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3] IA-2 AbP!,

Jifi % ZIEAH =K 1-2 (insulinoma-associated
protein-2, 1A-2), LR 4 A & H1)5-512
(islet cell autoantigen-512, ICA512), &—#/)& T
ik 2 TR Tl i T A 2 1 R i s R (), g
979 NEIERR, h 3 DAL, 7350 N i
fitd #1235 #4138 (1A -2 extracellular domain, IA-2 ec).
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B I X DL S M N 45 4 35 (TA-2  intracellular (AL 1) PRHE , MBGZF 1018 5 20 B R SRk 42
domain, TA-2 i)™, FEES B AL, TA-2 &5k BUH R, TA-2 K432 LLZ 70 kDa i) TMF
R MR EE N DI, B N am A B AT, MR, TA-2 EAEMAE S
(N-terminal fragment, NTF) I % B H B PUARZE GO S FEEPERN X, 7 1A-2 Piik
(transmembrane fragment, TMF) 2 7 510 H; ERHMER TIDM BEIMEH, i 61%1 BT
W1, NTF A] ek A ol 2 A i B A0, T TMF G I 31 4 X 2 11 i 4 1R Tl TR 8 45 440 388 (protein-
FEN M E, BN RARIAT RS KK tyrosine-phosphatase domain, PTP domain) i HTiA,

NTF
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Figure 1 The structure of IA-2 and its processing in insulin B-cell. In endoplamic reticulum, Pro-IA-2 is
cleaved between amino acid 448 and 449. Two fragments, NTF and TMF are subsequently formed. NTF may
be secreted into extracellular matrix or degraded by protease, whereas TMF may form dipolymer with insulin
in insulin secretory granules.
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A 9% BAE N AR A B (juxtamembrane
fragment, JM fragment)f) 5 FHA™., 7547 23.7%
HIRERNEAERT TA-2 ec WY, dA7iE
30%M1) TIDM B 1 H SR n] R HE] TA-2 ec
5 1A-2 icP M,

AW 2 A R A i b iR AT A SRk
IA-2 &K, R 1A-2 2K 2 3 KREf# AL 64 kDa
TP PE R AE K AR RN IR H, TA-2 &K
TEEAZ A R E R ST EH N E E
K Park MR BUKS P AN T 13 B
J (BB 577629 (L Z ILFR BRI R AR TA-2 B 1k
AT A TA-2 bde, TR HEA EL
I A A 15 3 1% TA-2 78 K By 450 T U
63.2%, 121 3% TIDM B Mg E &t
PRALARE LU TA-2 bde, T JGIEI TA-2 ic. R
AW @K 1A-2 ic 4355 MBP, GST 4=
YRR G FRIL, RIG T AR HHA B s
PR E A 1A-2 P, Sica ZA04L T 1A-2 ic
TE R IAAT TR H I 2235, 4lifb 5 159 38 i EE A b st
U K 62%'7, Morran 25UV Myers 211143
S FRIAML T 1A-2 ec FIETAEH 256-558
ML IREE, X 2 FhER 4L HUR A B 2y
IR 23.7%F1 37.0%. 1 TA-2 #N TJE 7R
TMF J B2 nl if AT 4 0k Jedlifh, DU K%
F Bt TIDM A Bt R st anfar, 2475
AR ILHRE

SO0 . BRI R AN R R R G H
ANEHG B 4119 293 (human embryonic kidney cell
293, HEK293)FK ik RGiHe Ak IE T A&
P A4 T K AR B 5 S A & AR B R R R S
Wi, DA RO AR T Re M BREE 11 A= B BUAH 2
HEMBEIESUZ"Y, BAT, p2 B IR R Z A
FLAN A A PR P 8120 ok g I 2% A2 AR 14 g
B W INTE HEK293 ik KRG Rk 4tk
AHEFEAE HEK293 i h @z 3k T 1A-2

&: 010-64807509

TMF 34 B8 A RG8 S alifb i #2, JF A
ELISA Xt T IA-2 TMF 54k RSR rhIA-2
(EHEIE 1A-2 io)WhLletk, A REINSHT
) 6 B LA

1 MR5r%

1.1 FRRL. EHRAZEAETR

ik Ak pcDNA3.4 W A BRI E AW+
RARAFE; KB DHSo Bz S 4 A
R EMEREAE IR Ry A BR A W] RiKTE E
HEK293 &% BRI R 4l bk Expi293 4 i
P - 1 SRR 1 A R I A PR R AR
1.2 EZF

AR5 OPM-293 CD03 DPM I [ i 1
T VA R B A R w5 s ve iR &
ClonExpress Ultra One Step Cloning Kit 4 HFg 5%
EMERE A IR A A PR A ] 5 ToNEER Bokidmde
1157 & NucleoBond Xtra Maxi kit for transfection-
grade plasmid DNA I H MACHEREY-NAGEL /¢
Al BEYLEH R 46 T (polyethylenimine, PEI)
W H Sigma-aldrich 24w ; BZH A 1A-2 )50 A
KRBT R AEVFHEA R A A 4ifb /BT Ni
Bestatose Fast Flow LA Chromdex 200 prep
grade ¥ [ 1A% B (L) A= B R A PR A 5
1 mg/mL BSA FrUEVE K . DNA marker IITPA f2 7]
R 7y TMB RV R A RAR LR
FH AL AR F 3 ¢ 1] TR (bicinchonininc
acid, BCA)HE [V B I 2 1250 & S i A4k
YIlit5ic Streptavidin 4 B 3 = RAEYHF AR AR
Nl AR AR (Thermo Scientific™ MaxiSorp™)
Je DSB-X"™ A=W 3 AR AR &0 A PR
TH/RBHE (P EDA PR w5 Omni-Easy ™ i
FEAEHEZ R R, BJERL, 5x), 5 HH
R M G £ S — B YL 2R ] Marker 1
H i AE A Y R R A R A A TA-2 Bk
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L APt -HRP Hriklg A 30 B R B2 R (F
M)A PR H]
1.3 MEHH

TR0 H A T B I R A PR BT A
P ARA PR Fl R
1.4 FHFRNAE X MBEBRRTRIE

i3 https://www.uniprot.org/ [ vk, 2 if] 2|
N IA-2 B4 K E P51 (Entry ID: Q16849), #
B 449-979 (7 QIR P, sS4
T A IR B ] A T 3 LA A
W EHEMMS N TMFE, £ TMF § N S
F A2 KRGS RE, C AN b 10xHis #3%5,
Sy FAE I TME-F, TMF-R K& P-F. P-R
#4T TMF #8790 199 15 LA K pcDNA3.4 /%%
LA o 1 T g% e bl R S0k TMF A% 1R 7
LI e N X A DA W S S P RaL /L
% DHS5o /B2 8400, HHS AR NIUERD
KR BETie A T HA T pcDNA3.4
519 F. R #ATEUE. ASE A 5197
N 1 Fis.

W 0 PP AR B A TR, R E N
B OB R St 4 BORL , # RS TRL DNA Mk
% 1 mg/mL,

BEYLET— H 3B 1x10° (9% R Expi293
YL, 37 °C. 120 r/min K535 24 h, 1 pg ks
DNA #1 2 ug PEI 73 AI7E 2 mL 2 ffd 3% 52 5 b i

* 1 ASIWERBSIIFS

FE, BBk DNA B 5 PEI IR FEBIR G
FIMH 10-20 min, fiLA 100 mL 4R,
BFRIREESE, FEA R E] SR, Western
blotting £ 1 55 2H 8 7 3k K .

JAEE R, DNA 5 %% 94305 PET ) Jit 5 L 4y
B4 120 13 M 14, ARl RRIRGEE, I
AR, — i aE R, K& A
FEIRIKOF, LUK A2 Uk DNA 555 e 70 1) e 1
Felilo %64 24 h 5, DA RV BE BT BR AN,
HIE MR CEE IR IR, LURE TMF i fERis
5
1.5 FHBREEARHE

4°C. 1000xg &.0> 10 min, GG 24000
T, FMEAE | g ARUTIEMA 5 mL BERREE i,
I35 VA3 G 3 i A B DTVE , R 2 v e 7
20 mmol/L #§FRELZE Mk (phosphate buffer, PB),
100 mmol/L NaCl, 5 mmol/L Z {4 Z.f&(ethylene
diamine tetraacetic acid, EDTA), 1 mmol/L 4%
J B (DL-dithiothreitol, DTT), 1 mmol/L 4 H
FLTE L # (phenylmethanesulfonyl fluoride, PMSF),
pH 7.0, F&INZFE 300 W, #/ 4s, {1 8 s,
25 MG R P HEA T A ML B s 3 000xg B0
10 min, PLHEAM MR R, B EIH W, 100 000xg
B0 2 h, RIS RUTTE RY R 40 i A 2 4

BN 100 mg ML 43, A 1 mL # A5
2% W (20 mmol/L PB, 1 mmol/L PMSF, 1 mmol/L

Table 1  Primers used in this study

Primer name Sequence (5'—3")

TMEF-F TTGGTACCGAGCTCGGATCGCCACCATGCGGCGGCCTAGAAGACCTGGA
TMF-R GTGATGATGGTGATGGTGATGGTGCTGAGGCAGGGCCTTCAGGATGGCATTCAC
P-F CCATCACCATCACCATCATCACCATCACTGAGAATTCTGCAGATATCCAGCA
P-R GGTGGCGATCCGAGCTCGGTACCAAGCTT

F GTTTGTTTTGGCACCAAAATCAACGGGACTTTCC

R AAAAGGAGCAACATAGTTAAGAATACCAGTCAATCTTT

http://journals.im.ac.cn/cjben
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DTT, 10% 7, pH 8.0), %% AT RIFIINE
A3 HIBIA Triton X-100, CHAPSO, Tween-80, 1
i d-B-D-22 ZEBH T (dodecyl-B-D-maltoside, DDM)
FHF At A 45 2 BT (octylglucosinolate, OTG),
i W EE S 1%, 4 °CIFE 1 h, 100 000xg
B0 30 min, B 40 uL FIEWS SxE A FAEZE
WIRIRA, WKW 5 min J5, + BEIEER RN
N M % iz Bk i HL YK (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, SDS-PAGE)¥i:
MHMER S,

1 2 Joci S I R IBEEE o i 2505 s, 430l
PEAT V5 BE AT NaCl 1k B 6 i 21 43 3
SEHS, RS AL EE R A3 IR b
1.6 EHEREBRHAEK

BOREL R 5.2 g B4, FH S0 mL 54
— BB TG NaCl 9% 5 2% whoil 5t 7>
HI%, 4 °CHEE 1 h, 100 000xg &5.0> 30 min,
W PN A U A LF B 10 mL Ni-NTA 4
B, 4 °CHLEE 30 min, KR ESYHENZHHE
I, -5 2% #h3% (20 mmol/L PB, 200 mmol/L
NaCl, 10%H7i, 0.2% Triton X-100, pH 8.0)
e 10 AT (column volume, cv). FFHTE
Z 2% P (20 mmol/L PB, 200 mmol/L NaCl,
10%H i, 0.2% Triton X-100,200 mmol/L BKME,
pH 8.0)M st 10 FAAEIRIAER, d5c /s BRI 22 vk
(20 mmol/L PB, 200 mmol/L NaCl, 10%H i,
0.2% Triton X-100, 500 mmol/L Bk, pH 8.0)
e 2 AR R WO & B B 1 R

X bR R AT R R 4,
Chromdex 200 prep grade #E— 45, 7 F 0
Wsh#%: 20 mmol/L PB, 200 mmol/L NaCl,
20% i, 0.2% Triton X-100, pH 8.0, X}
JT WA B Y R I A R A T R M 4, FH BCA R
P R I R A A R B, e T
—80 °CIR-A7 o

&: 010-64807509

1.7 EHFEREMEITN

FH 43 0t i 3 A 43 5 B 2lik 5 /) TMF
J RSR rhIA-2 $pJ5t, %18 50 ng & H/fLEYE AN
AMbrAd, EWEFE 2 h Igbos; &
Tween-20 [ % B2 2% #p W (phosphate buffered
solution with Tween-20, PBST)¥ti% 3 X5, I
A S%BEYE, AR E 2 h B PR R EOR
SEEMIAL AR RS ING, #E 2h,
PrRFPT RS G, PBST PEU 3 IR, BRERTES
SEmMPUE; ALY RCER TMF, #E
2 h, AT R PR ICHIAESS &, PBST
U3, BRERTE RGP ISR A
AL Wi (horseradish peroxidase, HRP)FR1C #4555
SEMZE, FEIEEFE 20 min, PBST £ 3 1k, FHN
A TMB R, #EEHFE 20 min, fILA 1 mol/L
TRARZ L SN, 450 nm IR KA IR Y61 .

2 HERE5M

21 EHHFHETE

Wk PCR =, @514 F. R Xt
A BRI EE TR, BRIk
JRTE 1955 bp A B 554k (K 2), US4+
HFEH TMF R,
2.2 TMF MEHERERFTIEFZFHRL

W W P 45 % T A 1 BH M A R IR AT
R R, F AL B TR AN Expi293, 430l 7 i
24, 48, 72 h JHUHHAEITIE, Western blotting

bp 1 2

2 000

1200 TMF 1 955 bp

2 EETHER PCRWIE
Figure 2 Validation of recombinant colonies by
PCR. 1: DNA marker; 2: TMF.

B<: cjb@im.ac.cn



4252

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

K& 350k, 250 BoRTEbs: 48 h 5, AR
R JLPASAE (& 3), DRk 50 200 1 st i) 52 7
%% J5 48 h, Western blotting {2 78 TMF )4 T &
Fe Tt (70 kDa)k 2 kDa A4y, AlRESRE
P S5 B R 15 R A4 TR R .
HERFETRL DNA 5 5 e i) () b il 2 45
23 H AR (I Rk AR, R TR
DNA 5 PEI (i b 43510 1:2, 1:3 1 1:4,
AL B IF AR Expi293, 48 h JEUHRANAE .
Western blotting 71, 245Uk, DNA 55 445
PEI Wi bl 1:4 B, HEAEAMRLER
Bio FYL S hE, AT RRENZE TAEWEE 7 5
A 2. 5. 10 mmol/L, Z5RE/R, TR
F£°A 5 mmol/L B, & DLl Expi293 4 Jifd 3% ik &
AR RCRE R B FERM 1.5 524 (K 3,

AkDa 1 2 3 4 5 6 7
100—%

70—

kba 1 2 3 4 5 6 7
50—

VKB 9), TSN T AR, xR R AR
Rk %A I B RUR(E 3, Wk 10).

HEK293 #iffi RFXHEAE AR, & YR
KSR, itmEAE A RLE . TohbE
¥ )E, ABEAE 37 °CHEFE S h, B RIS HIFE AR
JEZ 33 °CHl 30 °C, }53% 48 h JFUdicamifl .
Western blotting 7~ , ARG FRIEE K 33 °C
i, EAHEAREER&(E 3, JKiE 12), #
1 H R K B L (K] 3B), ik AR IR Gk
B 12)M 8 1 2R3k & H LAk A (kG 3)$E M T 24
5%

Kk, TMF MfefEgRik a0 ikl DNA
i) PEL R 1:4, $55¢ ShE A
5 mmol/L T MR, JF¥4uffhh s il Rt =
33°C, HYJn 48 h Wik,

§ 9 10 11 12 13

— —— — ------'..ﬁTMFTOkDa

& 9 10 11 12 13

40— - - - ‘d-- . < B-actin 42 kDa

—_
(=]
d

oo
T

(=2
T

=
T

8]
T

Expression of TMF relative to -actin

=]

2 3 4 5 6 7 8

3 Western blotting #;M EHEHRIRIA

9 10 11 12 13

Figure 3 Western blotting analysis for the expression of recombinant protein. A: Western blotting analysis
for the expression of TMF. B-actin was used as an internal control. 1: Protein marker; 2—4: Harvest in 24, 48
and 72 h after transfection; 5—7: The mass ratio of plasmid DNA and PEI being 1:2, 1:3 and 1:4; 8-10: Cell
cultured in 37, 33 and 30 °C; 11-13: Cell culture supplemented with 2, 5 and 10 mmol/L sodium butyrate in 5 h

after transfection. B: The grayscale of the expression
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2.3 TMF BB REEHMK

B WS AR B 4 Bt BB S R S B B, Western
blotting 53 AN 4= 20 RUERA 375 AR ST
S5 ER, YRR T AT AE 70 kDa f
VLRGN 2 B (24507, Ui TMF £k 7E il
SPUTTEH, TN b T R R 2R B T 4%
W, PTRE AR TR Y TMF & 1(E 4).

it A g R 2T R, RS A AR 2
TR 8 HEE 0% PR 3 30 Sk T TR 45 ) BT TE
R TAEREYN 1% (R EBS50),
SDS-PAGE 71 Western blotting 5l 25 5 i 75
TMF & AR AR S KT 70%, BXF
TAAEI VR B AL 43, Triton X-100 AVAFRCE
lf, HJE DDM 1 OG, 1tii-80 F1 CHAPSO
SERTLIEM TMFE (B 5). Hubnlahe, %
TMF iy e 475 70 Triton X-100.

3 5 VR R 2 3 7 R R b 1 R Uk
£, URER TMF WL f# 551, SDS-PAGE
K s R 6). 25 R BN, Mk h 2%k
15 R R AR BN BOE B 1.5%0), 4hsftm k&
T R B Xof B AR 1 K S M I B i B B I B 25
(E 6A), TEZT57] Triton X-100 Ay i = AR FL 43
Boh 1.5%HE BT, NaCl #JE 4 200 mmol/L
ff (Il 6B), TMF ¥ AR i o 38 3 % L% Gy
BoREAE, ERAERAE, BB
TMF By (] 6B, ki 3)21 2Lk HET (B 6A,
KB 2)) 3 fi%,

kDa 1 2 3 4

100— e

70—--—..q S <« TMF 70 kDa

4  Western blotting &7 £0 i1 2L % = 49

Figure 4 Western blotting analysis for cell lysis
product. 1: Whole cell; 2: Ultracentrifugation
supernatant; 3: Protein marker; 4: Cell membrane
pellet.

&: 010-64807509

2 3 4 5 6 7 kDa

— 150

— 100
—70
— 50
30
35

=23

TMF 70 kDa —

B 1 2 3 4 5 6 7 kDa

i - — 150

TMF 70 kDa— e —100
. - 70
“e—350
“— 40

- 35

— —

5 SDS-PAGE (A)#1 Western blotting (B)# il
PREIEF TS EEE 7B R

Figure 5 SDS-PAGE (A) and Western blotting
analysis (B) for membrane fraction dissolved in
different detergents. 1: Mock; 2-6: Membrane
dissolved in 1% OTG solution, 1% DDM solution,
1% Tween-80 solution, 1% CHAPSO solution and
1% Triton X-100 solution; 7: Protein marker.

2.4 TMF Rualift

B2y 5.2 ¢ SR AL 43, 6 2575 57 V% R
J&i , MUK A 3 Ni-NTA 5 Fl {435 Fll Chromdex 200
prep grade 73 T-HEPH€23% , SDS-PAGE 43l 25 [
A fE (K 7), BIKES I R, sy i aifb)s
TMF W46 KT 95%. 4lifb)n iy TMF, 2k
WAR)G , F BCA B I BE I B0 & &,
RE WS 0.78 mg/mL,
2.5 1A-2 TMF B3R 7N

R TR AE AR I A E 2 R PR AT T
a5 TMF g Tlgbrtl, ELISA Al
20 TMF 53 s e s i 1G24, LA RSR rhlA-2
PR (EHF K 1A-2 ic, & 604-979 (i ZIER)
YEXT I, ROC W&t 2 Fidilsixt 77 fi
T1DM FB 35 L A1 32 o7 ft B 2 JEE o I 77 1) AU
PERRESME, DL 2 AR A BRI 8 4R 5L
FIEXT N B R 2 RS | 2o A .
ik RSR rhIA-2 ) ROC Hi4: A1 15331 RSR rhIA-2 /1Y
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kDa

250
150
100

70

50
40

35
25

TMF 70 kDa

20

B ypa 1 2 3 4 5 6 7

TMF 70 kDa

6 SDS-PAGE #M7[E KI5 FIKE KR EIRE
X PEE AR RA R ERR

Figure 6 The effect of different concentrations of
detergent and salt on the dissolution of membrane
proteins as analyzed by SDS-PAGE. A: SDS-PAGE
analysis for membrane dissolved in different
concentrations of detergents. 1-4: Membrane
dissolved in 0.5%, 1.0%, 1.5% and 2.0% Triton
X-100; 5: Protein marker. B: SDS-PAGE analysis for
membrane dissolved in 1.5% Triton X-100 and
different concentrations of sodium chloride. 1: Protein
marker; 2-7: Membrane dissolved in 0, 200, 400,
600, 800 and 1 000 mmol/L NacCl.

BRAPBAERHN 0.636, Fi it Ii2 Koy 5 s
0.399, RSR rhIA-2 HiJXS FHAEFE S AR H 5
63.6% (49/77), Fi5ER 100% (32/32) (Kl 8B).
Hil TMF 9 ROC HHZERAFH R ABSEHCH
0.714, Frxf a2 W5k 0.312, TMF H4
PUEOF BRERE S AORS HH%h 71.4% (55/77), ¢

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

kDa 1

250
150
100

70

50
40
35

TMF 70 kDa

25

20

15

7 SDS-PAGE #&3l TMF B4k

Figure 7 Analysis of purified TMF by SDS-PAGE.
1: Protein marker; 2: Dissolved membrane protein
TMF; 3: Protein marker; 4: Membrane protein TMF
purified by Ni affinity chromatography; 5:
Membrane protein TMF purified by size exclusion
chromatography.
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Figure 8 Detecting the immunogenicity of recombinant protein TMF (A) and RSR rhIA-2 (B) by ELISA. C:
ROC curve analysis of ELISA; AUC values were included.
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