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Immunological characteristics of Mycobacterium tuberculosis
antigen Rv2628
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and Zoonoses, Jiangsu Province, Yangzhou University, Yangzhou 225009, Jiangsu, China

Abstract: Antigen Rv2628 of Mycobacterium tuberculosis is associated with latent tuberculosis infection. In this study,
Rv2628 was prokaryotic expressed and purified, its immunological characteristics was evaluated with macrophage cell line
RAW264.7 and BALB/c mice. The results show that Rv2628 was mainly expressed in form of inclusion body confirmed by
SDS-PAGE, and could react with rabbit anti-H37Rv polyclonal antibody detected by Western blotting assay, indicating that
the protein had an effective immunoreactivity. The interactions between Rv2628 and macrophage cell line RAW264.7
confirmed that it could effectively induce cells to produce pro-inflammatory cytokines, the relative expression level of IL-6
mRNA was higher than the control group in 1-12 h. BALB/c mice were subcutaneously immunized with Rv2628 protein,
the production of IFN-y and IL-4 in the spleen cells was determined by Sandwich ELISA, in the Rv2628 immunized group,
the level of IFN-y was significantly higher than that of IL-4 (P<0.000 1). It indicated the protein induced Thl-tendency
immune responses. At the same time, Rv2628;;.39 peptide used as coating antigen, the murine serum antibody titer detected
by indirect-ELISA was 1:1 600, which demonstrated that Rv2628 could also induce humoral immune responses. In
summary, Rv2628 could induce specific pro-inflammatory cytokines, affectively induce strongly Thl-tendency immune
response and humoral response, it could be a potential target for developing subunit vaccine against TB. In addition, it laid
foundation for probing the cross-talk between M. th and host.

Keywords: Mycobacterium tuberculosis, Rv2628, Thl type immunity, pro-inflammatory cytokines, macrophage cell line

25 9% (Tuberculosis, TB) J& M 454 0k
 HE £ & % (Mycobacterium tuberculosis
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o IR o SRR R R A R e E R R th ML tb
BN RG22 M A BEAE BT E . 24
M. tb 33k AR S Bt 2 )5, AT TEAR N2
A e B 5 R M R Y (Latent tuberculosis
infection, LTBI), lidf i A ZEAPZH4UE M. th 19 3
SRS Z AL, HPAZEMNE R
F& AR pH AHSEAFF M. th A= KATHOREE, M. th
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1 MRET %

1.1 #Hy
111 BEHRAIAE R

K41 BCG. {5 FF E. coli BL21(DE3),
E. coli BL21(DE3)-pET-32a(+)L J% [ It 4il g 2
RAW264.7 B A B ({17
1.1.2 LI ahY)

6 JEIH MEE BALB/c /MR, T A 4 K2 1
BESH L.
113 FERG

KIEWIEEZ 5 B H3TRY MR BTIZRE 1 2
P i BB PRI P ) b O ) T BERRBIESE SR
5t ; Ni-NTA His Bind purification kit 4 H
Novagen > A ; F Ni-NTA His Bind purification kit
4fifk i) BL21(DE3)-pET-32a(+)25 #4811 M Bt
ZEAMZPULTE A SR S MR ENEER
A& H Norgen /~F];  Anti-His antibody 14
H Roche /A F]; Purified Rat Anti Mouse IFN-y,
Biotin Rat Anti Mouse IFN-y. Recombinant Mouse
IFN-y. Purified Rat Anti Mouse IL-4, Biotin Rat
Anti Mouse IL-4, Recombinant Mouse IL-4, %37

x1 KHARAASIY

Table 1 Primers used in this study

ZE-HRP ¥ BD /Awl; Bovine PPD I [
PrionicsAG AH]; TMB l§ H eBioscience 2 H] ;
BCIP/NBT . -9t il IgG-HRP 4l { Sigma 2\ ;
PVDF Jit 96 L ELISPOT #l4 H Millipore 2\ 7] ;
PrimeScript'* RT reagent kit 374 .SYBR Premix
Ex Taqg™ 1L H TaKaRa A#]; X+/\bE
FTHIR e (DDA) ABEIERR A (MPL-A) Iy
H Avanti AH]; Rv2628;; 30 Z KL a PR
AR R RIE  HARH ARG B
SLIIESEAT S Wil /A
1.1.4 FEMHFEE

Biophotometer 43 )t St & X W H 1
Eppendorf /A F] 5 M5 | i 4B {% FACS
Aria 1§ H BD 2 ] ; ELISPOT % #i fY
BIOREADER 5000-Vp Il [ Bio-Rad /A #] ; Bihn
1 TECANS5082 I | TECAN /5 w5 7500 5t
I i PCR U A ABI /A,
1.1.5 5|9

P14 Rv2628 FEIE B S 14 i e o 4 e A
Y TR BR A A B, e i PCR 59 K%
FAY TRARAFEGR, ST HIHER 1.

Locus Primers Sequence (5'-3")
Rv2628 P1 TAATGGTACCATGTCCACGCAACGACC
P2 ACCGAAGCTTTTAGACCGCAACGGCAAT
mTNF-a Forward CATCTTCTCAAAATTCGAGTGACAA
Reverse TGGGAGTAGACAAGGTACAACCC
mlIL-12p40 Forward TTATGTTGTAGAGGTGGACTG
Reverse GAAACTCTTTGACAGTGATGG
mlIL-18 Forward GAAATGCCACCTTTTGACAG
Reverse GAGATTTGAAGCTGGATGC
mIL-6 Forward TACCACTCCCAACAGACCTG
Reverse GTGCATCATCGTTGTTCATAC
GAPDH Forward TGCCTGCTTCACCACCTT C
Reverse GCCTTCCGTGTTCCTACCC

Restriction enzyme sites incorporated into primers are underlined.
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1.2 FHi&
1.2.1 HWEEMY

M HE GenBank F/AAE M. tb Fr Uk
H37Rv 1Y Rv2628 FE[H J7 41 (ID: 888566), f#H
Primer Premier 5.0 #K{F43 51 11934519, PCR
P14 94 °C 5 min; 94 °C 50's, 61 °C 1 min,
72 °C 1 min, 30 Pf¥F; 72 °C 10 min,
1.2.2 FERRBBEHESEE

Baifk i) PCR 74 LL Kpn I /Hind 1IF
37 CWAEFY] 4 h, PEAT 1% BB A L K o
XF H () DNA H BEgbfraifb i, B ik ik
pET-32a(+) e [FAIAE Jy A B, i i b =
KIGFFH DHSo JEZ SN, XK i B 7
it PCR S5 VIATYE , Ik a & Wism A
FIHEA TIN5 00 TE A 6% B 7 R Rk a0 ok
b 2 K578 F 1 BL21(DE3)EAZ A4
Jirp, 0 4 J A B EL4H TR i 4% 4 BL21(DE3)-
pET-32a(+)-Rv2628.,
123 BEEANHBIRE

W5 4 2 U7 1Y 40 1A BL21(DE3)-pET-32a(+)-
Rv2628 J % BT BL21(DE3)-pET-32a(+)if 17115
FKIE, IPTG W 0.4 mmol/L, 30 Cif
T 6 h. FBFEWE 12%0 T B IERTER B4 I N
A5 T Fiie Bk Jst L VK (SDS-PAGE) 4347 o
1.2.4 REEAWAELESE

W AR TE X810 Rv2628 51, i l”
Novagen 3 H] 1Y) Ni-NTA His Bind purification kit
UL A alifl, XAtk kAT B AT 8k
AbER ., B EAE N . pET-32a a4 E AT
12%[#) SDS-PAGE, JfHLEE T RAHMRLT4ENE |-,
PLedt H37Rv ZH0IMIE R —ht, B A
bR iC i Bt B 1gG LI — 40, UL DAB i
t, HETTEE Bl A AT
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125 REERSHMRRES SN E

B 6 ng alifbnyfl &2 11 Rv2628 ., pET-32a 75
BRI % DMEM £53:354 315 /N BB 4 i
# RAW264.7 F7K FJFE 15 min J5, 1 000 r/min
B0 10 min, EBR BT REEHIIMA T ¢ 200
MR Rv2628 ZHLIMIE . 25 B (5 i
H, 4 CE 1 ho BAFSIMA 1 uL FHR
IgG-FITC, 4 ‘CH¥H 40 min, ¥E¥%)5, 200 uL
5 1% BSA Y PBS A, LAJRC A0 /ORI A
EHSMEREEEE
1.2.6 HjHRHFE T mRNA X FRIFENE

KaifbrErn LN ER, HIkERESR
Norgen EHN# RN GMU . KEER
H MR K BCA 85 1 B2 o0 b 17k
FEME . K 6 FLATMIARH ) RAW264.7 2 il 1
Hop e iR 25, A slinA 6 ng MIREE N
Rv2628 . pET-32a =5 #AKHE 11 AR 11 4] BR
MR, THEAERK 1. 12, 24, 48h, L
Trizol ZLFEWIAEANME, FREUE RNA, FEXT4g
BUR AL RNA 51T DNA LB, I EIR1EN
PENE it PCRORIGEIN, #7296 i PCR,
1.2.7 Yl

o % FE i B A Az . 15 Ho6 S
BALB/c /NRUBBHLA R 3 41, B4 5 1, 405k
FEPELL . BCG BHYEXT IR 4L L PBS B %}
Ml . % 25 pg Rv2628 il HEHE & T 50 uL
PBS 71, 5 150 uL ) DDA {£ 5] (250 pg/mL)
50 uL i MPL {45 (25 pg/mL) FE0FLALIRE .
BCELA TR 70 1 Rv2628 8R4 25 ng/H, TR iE
SHR9E ;. BCG % 100 uL/ = (1x10°CFU), &
TS BAYE X B4 ) PBS-DDA/MPL ##
200 uL/H, BRSBTS 2 S,
DA AR50 & 5 0y AT o 2 IR

H
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Je.t> ELISA i35 A5 45 5-PF IFN-y Fl IL-4
SRR FRGRREE A 7 R, il /N
PR A L A, A B0 A B B BT/ B INF-y
BAHT K BT/NE IL-4 BH0H ELISPOT #iHr, 3f: 1)
L BImA 50 L KWREH 10 pg/mL B
Rv262811.30. Rv2628 Fil PPD E Ml i, H55%
48 h. YEWIE AL R YT/ INF-y, IL-4
Hht, fEH 3 he IIAREREFE-AKP InASLH,
YEM 3 h 5 B, B in A BCIP/NBT IK¥1iR B 4
i, WS BFLE T R B T ER,
THECEEASFL P i 0 R

)4 ELISA Ao I I 375 Hh R S b A KO«
1 Rv2628)130 Z KSR A BN 10 pg/mL,
100 pL/AL, 4 Cil; WHEMAE, Bk
£ /N BURE S M 2 BT E DA S AR, LAY
1% BSA I PBS M 1 = 100 JFIA1E R A LR #E
100 pL/fL, 37 CHEMEF 3 h; MAFEHR
IgG-HRP #ifk, 100 pL/fL, 37 CHEIHRET
1 h; DL 80 uL/ALiMA TMB SAAJEY, 2 mol/L
HySO4 2 1k S i, DABEAR {2 HL OD4so 2UMH

2 &R

2.1 Rv628 E4HRAIAIHIE

DL H37Rv 20 R it 47 4 Rv2628 JE[
& 1A LB, Rv2628 K& 7EAH WAL E 14
R SRR B AR, BT S L
$4 BH P 52 [ FORE pET-32a(+)-Rv2628 X I 1Y
Ml R Be 5 Rk dik i 4, T BRI 45 8
M 1B ATLLUE ), FEAH DA B A 8BRS0 5
H B2 B, iR Rv2628 KL [N 5 3 ik 2l A
P

2.2 Rv2628 EHMIESRIEKR AL
JH Lasergene protean %X {43 #7145 R 2L BH |

Rv2628J&— 145 HL . 49.01 . 4 F 5~ 13.130
kDal £ 1, MR8 [ His-tag. S-tagFlTrx-tag
f) 4> R 16.93 kDa, i HiEl & & H 4> F o
J330 kDa ., M A IPTGHE S 5 0 H HHE
BL21(DE3)-pET30a- Rv2628 17/ SDS-PAGE
i, SEBAEML, EHENES™
WITEZ130 kDafoi & BB 0 8 1 4kt , R
FHEAMINEL (F2A). JE—E000r &P,
Rv2628%5 1 F 2 LI IR TE X AAAE . AHishR
SEAMRA ERBAEMEHAEA (K
2B), ZBCAH 1V B 12X050) 0l e Hovfe B oy
2.5 mg/mL,

2.3 Rv2628 ZEHHJ Western blotting £ &
Bl A 2B A Rv2628 5 fe Hi H37Rv IfiL 7 )
N, TE30 kDakbf — &% ek 450t m2s 2#dk
PRI DU D ) J R e 2ty (1813, Ul B A% e ik
IRV262 8l 2 11 2 A AT 1Y Ho g SO M

2.4 Rv2628 EHSMMESRE N DI
STRV26287% 1115 E W5 41 it 4 45 & BE 1 I 2

ZERL R, Rv2628%K F1+Rv2628 L Hi 4] 5 H4
A bp M B bp M 2 3

2 000

1 000
750

363bp 500
250
100

1 Rv2628 EEH PCR # i % pET-32a(+)-
Rv2628(b)HIE E 45 R

Fig. 1 PCR amplification of Rv2628 gene and
identification of pET-32a(+)-Rv2628. (A) PCR
amplification of Rv2628 gene. (B) Identification of
recombinant plasmid by Kpn I /Hind III. M: DL2000
DNA marker; 1: PCR products of Rv2628 gene; 2:
pET-32a(+)-Rv2628 digested with Kpn I /Hind III; 3:
pET-32a(+) digested with Kpn T /Hind III.

363 bp
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&2 Rv2628 Z£HAY SDS-PAGE 74T

B kDa M 4
66.2 — w—

45.0 — -

35.0 —w—

S 30 kDa

25.0 —am——

18.4 — w—

Fig. 2 SDS-PAGE analysis of Rv2628 protein. (A) Supernatants and sediments of lysate of recombinant E. coli. (B)
Rv2628-His after purification. M: protein marker; 1: BL21(DE3)-pET32a indued by IPTG; 2: supernatants of lysate
of BL21(DE3)-pET32a(+)-Rv2628 induced by IPTG; 3: sediments of lysate of BL21(DE3)-pET-32a(+)-Rv2628
induced by IPTG; 4: Rv2628-His purified by Ni-NTA His Bind purification kit.

kDa M 1 2

95—
72

55—
43—

34—
26— <—30kDa

3 Rv2628 EHHAY Western blotting 7347

Fig. 3 Western blotting analysis of Rv2628 protein. M:
protein marker; 1: fusion protein of Rv2628; 2:
BL21(DE3)-pET32a indued by IPTG.

XTHREAAR L, WA BEMER2ZE S (P>0.05) (&
4), W Rv2628 & /R RAEW 2 5 B g4

4.

2.5 BIRMEEF mRNA HEXf Rk 28N E
Xof 3FRT 46 2 P F mRNA P AH X 2 35 52 52
ZER N, Rv262815 FIL-6 mRNAMIFIX %3k
SR IRAM L, 781 higers, HXF B 2014
(P<0.05). K& BT AIAIER , ZE FRE (BISA).
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m DL E 25 5T, Rv2628(EA 27 S il 48 14
HFIL-614 774

2.6 F.0 ELISANESER

A5G P2 2 AN 3 Hh A0 e DR B R [
6 iz~ DL Rv2628 5 Il 08 Ho s 41 0 ML bk
ELZM MRS, Rv2628 FsE 2 IFN-y Fll IL-4 %) 7%
S AL, FREEER (¢ P<
0.05); LA Rv2628;30 2 IKHIFL M 25 e g 41,
Rv2628 iy 0 TFN-y 7KK 55 B % B8 2H A
Fo, Al B EZER (**P<0.01), IL-4 B)/KF
HBEMER (* P<0.05); I H IFN-y K%
5T IL-4 KFE (***% P <0.000 1), h_E-4%5
RULH] Rv2628 REfE 17525 FU 1) Thi AL 40 il %y
% . ME 6 iHFH, PPD REEAZULIAES
Rv2628 & H 5 /=4 IFN-y 5 IL-4.

2.7 [83 ELISA M EL£ R

DL Rv2628;1.30 Z It M , 1464 ELISA il
E TR ML Rv2628 HUiAK- 45
wE 7 Fros, B AR I PR R
1 : 1600, M Rv2628 2 [ RE 5 SR e N 2%
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5 Data.001 s Data.002 =) Data.003
=t = =
T T T
=1 INIR=) Ao
- - R
= = =
100 100 102 10 10¢ 10° 10" 10* 10° 10 00 100 100 100 10
FL1-H FL1-H FL1-H
Unstain Rv2628 (Rv2628 polyclonal antibody) Rv2628 (unrelated antibody)*
= Data.004 5 Data.005 B _ 5
E S 93
- s 2
T T o § 1
a <o h S o
ma] q = = 9
= = SIS ) 3
N A SIS
= 4F - & & & &
l ( g e,b > >
i 2 F ¥ S
e = 2= & & &

(e}
—-10° 10' 10> 10° 10
FL1-H
pET-32a (Rv2628 polyclonal antibody)

4 TFACS # Rv2628 EA S5 EMMMAYLE &1

100 100 100 100 10°
FLI-H 3 6
CM-Rv2628 polyclonal antibody @‘0 ¥
W

Fig. 4 FACS analysis of Rv2628 protein binding activity with RAW264.7. (A) The labeled positive cells detected by
FACS. (B) Percentage of positive cells. "Polyclonal antibody against Ag85A.

3 %

SEAZ IR 2 H A T A ] T e s 4
PAERGE, M. th 2 FHAZE TB i E A
JEH, HAE KA L FE b, 248 T 2 M B
Bl ke b 3k 8 T fog% R G009 IS FTE R , 15 LATE
i EWRANAEIET P M. th 7E 75 A P i I B
ZEFR . AREFEAFZEAENE, BE DosS/DosT-
DosR P45 2248, TR HACHITE S EAIRIRE,
T F b F AR YOIRAENY, LTBI & TB H &
) FHORIE, 2 A% RE B IR TR BR 19 L 22
—I1 DosR A% RGHIBLTEE M. th F AR
Wi A, HATXT DosR FIrif s il i o

AR REIL N Z £/ FHE e AT IE LTBI B
ARG N AR, X B R B B
WL R THGE . 258 bR Y e LA R i I
REAIEE L o

Rv2628 % [1/2% DosR I E 2 —,7E
aesr 25 FA A —FiER e B e, X T fg
FEVE AR B AR AU AT L A Y BT
B, X Rv2628 HHHAh M. tb #1159 B AE i 24
B8, ZEH RS DosR P 16 N A = H H
AHAERR, FORIZE A M. th I RIERG T fE
KAIEEEAER . 7B, TATFIHAMEGE VaxiPred
AR Rv2628 25 A TR AL, 458 BoniziE
FIE & B4, CTL 27 ) T 4, Heps
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Fig. 5 Relative expression of the proinflammatory cytokine mRNAs after stimulation with Rv2628 protein. (A)IL-6.
(B) IL-1B. (C) TNF-a.

A

IFN-y (pg/mL)

3000 - —3Rv2628 .
CODDA/MPL-PBS il
B3 BCG bl
2000 | T
1000 |
0 (| '
D&Q Q ) -
\‘o QQ 4,-»@’ @b\\%
N < O
3 <

*%

6 [ % 4E A B4R 4 i IFN-y #0 IL-4 A7k F
Fig. 6 Levels of secreting IFN-y and IL-4 in the spleen cells. (A) The concentration of IFN-y. (B) The concentration
of IL-4. ¥*P<0.05, **P<0.01, ***P<0.001.
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Lo -8-Rv2628
—&-PBS
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O O 1 1 1 1 1 1 1 1
RN N NN Q ® Q Q
Q \) NN > S O N
N [ S S » QD
N N NONT NS0T
Dilution

B 7 TR REHMFES Rv2628 HikkF
Fig. 7 Serum antibodies against Rv2628 in different
groups.

11-30 (2 JEMRIE 2 B i, 2 T diffidk
7 BRI FRAT TR Rv2628 LR HE T T I ek M
G REDRERFE IS . FELAR AT R AE R J5A% 2
IRRGERIE Rv2628 e, BAREfRA T2
Fp ek s AN T4 AL, (BRI LI
B FIR M Rv2628 B [ FEARIRIG AT R IR
AEOLS , XML E DT TR,
Western blotting 551541, WEAEIHAK
UFH e A Wi . Rv2628 38 IR IR ek,
Ntk AR B S S A DL S S R R B
T SR

M. tb 7RIS F 05, HUASEOE R PE R
PEWE, B IR H G — 2P Kk RN TE SV % . i
T I A0 B 1 AR A SR 40 B AR A — 1
B 2 U020 e S 5 T S 3 IS ) S %)
T EREBEMEN . A5 T Rv2628 & 57
b B A B R A AR 25 R R, Rv2628 2R
HARA 54 BEES A 0E Ve, (R R A RO
IL-6 [ EIARE . ZANE I F HA 2 908
PR s AL, TL-6 IMREMEUE T 4HiRSE L Rh

ANMLIE B S CTL L R4 i oAk B ThBEP.
I HEWT Rv2628 BEAE HE A S 1 & A, FEJE R
PG A T R FEAE T . Dk, i Re A2k 4t
o gZe W B &R, TS Bl M. th 1) 4 Jak
P EM.

M. th AP 75 2R B, — AR DL CDA'T 41
JifL 7= TFN-y SHAFAERY Thl BUGRE N 2%, FEfs
il M. th By R B T E AR, AT
SR Rv2628 25 11 B2 T WU S 3 RN i S 2 /)
UG, RBEE A R50F T ILNE b T 4 i 7 4= Rv2628
FESYEM) IFN-y, JF B 8% & T4 1) 1IL-4
K, PR ER Thl RGN A, Hob,
ARSZIG o Rv2628 8 1 % Rv2628;1.30 2 K AN BE
AR5 T BCG g4 IFN-y 5 IL-4, iX 5
Lin S5MHEMH—, MR eI, itk
BCG #efi3ziad) L el & %% BALB/c /IR, YA
REAROIAE SR E Rv2628 VRIS T
JE R R S S R P RS A R
Rv2628 BN T RAFR RS s v g

ZE Lk, Rv2628 &K [IREIE HE A 2k N+
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