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Identification and Diagnostic Utility of Serologic Reactive Antigens from
Mycobacterium tuberculosis Sonic Extracts
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It is important to identify and to test serologically active antigens, so as to devise a cocktail of the best antigens or

peptides. We searched for antigens that have serodiagnostic utility using two-dimensional fractionation of sonic extracts
from Mycobacterium tuberculosis and probing with pools of sera from healthy subjects and patients with tuberculosis
(TB). Reactive protein spots with patient sera were identified by tandem mass spectrometry. Three proteins, Rv0652,

Rv2626c, and Rv3418c, which have not previously been described as serologic targets, were identified. Rv0652 protein

among them was expressed in Escherichia coli and serum IgG antibodies against this antigen were measured in 150

patients with pulmonary TB and in 115 healthy subjects. The sensitivity and specificity were 39% and 92%, respectively.

These results suggest that a newly identified protein, Rv0652 may be a valuable candidate to be included in a cocktail

test kit for TB diagnosis.

Key Words: Mycobacterium tuberculosis, Tuberculosis, Tandem mass spectrometry, Rv0652 protein
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v Aol 37°C, 5~671F W widete] HAE 5
g dAZFEE dWd =52 10 mM KPB (potassium
phosphate buffer, pH 7.0)= 13] A& 3}3l, 1 mM PMSF<}
1 mM EDTA”} #7Fe 10 mM KPBE §-fi3t¢] g5
ol A %33} (sonication, pulse on-5sec/off-5sec; <= 4TC;
R 30%) = 30 5 ek AlEg BalirRl 5
4ColA 22,000 rpm o2 30+ FoF FAEEste] wa)
HA @2 wAE AL FFALS 045 pm filter
membrane (Millipore, Billerica, MA, USA)2.2 13} ]33}
3L, 0.2 pm filter= 22} o3 H LI TE of gl =0
ammonium sulfate”} 5% %7} = Al 8] H7hek
20,000 rpmellA] 304 B YA EEEte] BHas AR
S HAAFAL 4S5 HBoll YA] ammonium sulfate 7}
A3 718k F 20,000 pmol A 30% 5

85%7F =5 A
3th AAE Wl pellet> 10 mM NaClo]

o
oll
h‘
rﬁ
&.gm

lﬂﬁi

rﬂ.
mE
\I

:l:‘

émi

J?‘J
>

mﬁ‘l
o
J
:r:a
l'[‘

—r—’

o
_tﬂllo
o
ﬂﬁ F_.

r\r

Orlrri

o_>|:
2
tl[-r
rlo
o?ﬂ
rjg
FIFJINrﬁ
ri
oi
>4

_4

r
O

1

rE
o[o
f
—|—‘
2
f
_1°“

\I

011
_ﬁ
o
Orﬁ
DDl
.Ié
011
_,d
0>4
nz

tj
1_4

0

_4

>~l

ﬂ—‘

LI
OPﬂ
Ffl
a,
Fl
r.&ﬂllo
—Ll
mln
Fl
r& ii; >>L°l°
o_>L

11

—1—‘

O
I\)
\./

}11
oﬁ:lil}r

rloﬁrlo
gmio}i_&ﬁi_&:l‘)

%‘9
ﬁiﬁﬁ
H”mﬂt‘
Jf'
JZi
olo

ﬂm&%‘ﬁﬂ

F\I‘}:o
r1rr5

oZi
0
JH@
_!?.i
10

_4

>~

ﬂd
g
ﬁd
mz

i&riz
011

.:—“ ol—ﬂ
m&
_19‘:'
J:|:

O>4
&
F_EL
_IR

kﬂ

111
é

r-p:
J;‘é
m\n

_>_
ééj‘irﬂ:&r&rﬂﬁ

rlorﬂ

[e)

:r:‘z

Q125 7] wfiol
N O g HE] o}rhe]
o 9~11). A7) Mxd
EAE Ao g AztE ARt o] T
o2 AHu}. A 16-kDa HspX (a-crystalline)>- A3
olm, AX 7L} Ak 2o A wHo] F7}E
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7718 20 mM Tris-HCI (pH 7.4) buffer= A7 5 %
A8kaL -70°Col Bakqlvh

T
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=2 =
a = L [©)

Za]‘o/] l('D:' = arLu —
= 3}o] Micro BCA protein assay kit (Pierce, Rockford, IL,

USA)E ©]-83}4 Bradford method= 73} t}

+ bovine serum albumin (BSA)

SDS—PAGE®2} immunoblotting

[IJP&
Oi

oad FA8 9138 SDS-PAGET 15% polyacrylamide
& A}-8-3}] Laemmli (14)2] discontinuous buffer system®]]
wote] AAIEHelaL, H719% § Coomassie blue= 14
stof RSt
Immunoblotting<> Shin 5 (8)2] Wl
Atk oFzeld Hr|dEow wEld o
cellulose membrane®l|] HAAFSE 0| 5% skim milk”} £}
% phosphate buffered saline (PBS)Z blockinga}Sith. &3
100~2008] 84 3 37TolA 1A12F WA AT 23}

A= horseradish peroxidase (HRP)-conjugated anti-human
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Seroreactive Antigen of M. tuberculosis

IgG (Sigma-Aldrich, St. Louis, MO, USA)Z- 3,0008] &]4]3}
o AH-sHCt

2-DE+= pH 4~72] IPG strip (Bio-Rad, Hercules, CA,
USA)S AHE3l] Lee 5 (15)2] Wl 3199 isoelectric
focusing= 2 A18F & 231912 SDS-PAGEZ THil-S -2

3t A2 Coomassie blueZ 343141} immunoblotting

=

o] $4L 2.DE ¥ Coomassie blue@ 13+ Ao
A f-9]7d o] A= spot= Yonsei Proteomic Research Center
(Seoul, Korea)ol] 2]#]3}4] LC-MS/MSZ 543} T}.

A A FEAO| A%} 23

Hr
Jok

A FA FZN2] 85% ammonium sulfate 32 10
mM NaCl®] %7} 20 mM Tris-HCI (pH 7.4) buffer= 3
& A1Z] DEAE-Sepharose column®l] E3AIH T} Fd3t
buffer® 53] Mg o F2d dNd2 10 mMF-
E] 0.5 M NaCl7}4] salt gradient® 8-&3}3 0}, 2} 3] 9
o2 SDS-PAGEE &3l &leisitt. ool Sl=
15-kDa &% band7} E3HEl 85 Ho} 553kl PBS

A3t genomic DNAZF-E] Rv0652 345 S%3}
| 213t primer®] forward Zolli= BamH I, reverse %l
EcoRI A|3ta 4 siteE W SITE Forward primer2] sequence
+ 5-GGATCCATGGCAAAGCTC-3'0] 1L, reverse primer
T 5-GAATTCCTTGACGGT-3'0|3{th. PCR F3A} 4
S T-91H (Promega, Madison, WI, USA)ll 23t &
BamH1¥} EcoRIS.= Huhst 5 AW E Q] pET28al
AF}lskelet,

Rv0652 A7} AF91El pET28a WE S &2 H kA
Z1 E. coli BL-21E 600 nmol A 2] 5335 (optical density;
OD)7} 0.4~0.67}%] o]2%= HjFst %o isopropyl-D-
thiogalactopyranoside (IPTG)E 1 mM =2 #H7}5}4
asuk w9t vEel Tl SAS fuasin. B
F Tl nickel-nitrilotriacetic acid (Ni-NTA, Invitrogen,
Carlsbad, CA, USA) agaroseE ©]-83}o] A|ZAFS] Wi

o Fske] Al HFA o= AANG Az

N
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SDS-PAGE® 493}t
ELISA (Enzyme—linked immunosorbent assay)

Rv0652 Tl Ao gk A7H= Shin 5 (8)2] el
F35Fe] ELISAR 438t} 231 96-well microplate
(Nunc, Roskilde, Denmark)oll 7} welld ©Hil-2- 100 ng®|
B3] 4Tl A 3549 coatingdFSA U Plate™= 3% BSA/
PBS/Tween 20 (PBST).S. % blockingS A&} a1, &3
2 blocking bufferol] 1;2000.% 3]A4&te] zF welld 0.1
ml# B58ke] whSA1Z 2, 2248 = 1:9,0000. % 3]4]
¥ HRP-conjugated anti-human IgGE well'd 0.1 ml®
Foto] whgAIZITE ARk 05% H0,7F H7HE
tetramethylbenzidine (Sigma) &S 7}sled 533+ Wb
< ¥ 1 N H,80,& #7bste] wh-g-& AAA 7t OD=
450 nmoll 4] ELISA microplate reader (Molecular Devices,
Sunnyvale, CA, USA)Z =743} t}

GA7E] FH 23S 5] AFMA cutoff G
receiver operator characteristic (ROC) curve £41-S 53
DAk HAPA ] F2dE 54517] 918l area under
the ROC curve (AUC) #k< AlAIselct. Aalsiztel A%
1 FAo Hat FFEe SAA 794 Aol
Mann-Whitney test® B7}3l3th 7] #2418 MedCale
statistical software S A}8-3} U}

AA| FE2NE A7dsem FA4% 23 Ak
27kDa ©]/dol A E-2 &% band7} R H o] THEEHAC
(Fig. 1A). ®2]% ©2-S nitrocellulose membrane®l] 7

AFeE Foll 5 mm 74 o2 et ANe] Adskal (181)

He el JeHow A FANES
UERNITE 713 Skl A 37-kDa wAF F-9lel
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Figure 1. SDS-PAGE and immunoblot analysis of M.
tuberculosis sonic extracts. Total protein was extracted from M.
tuberculosis and subjected to SDS-PAGE. The gels were analyzed
by Coomassie blue (A) and immunoblotting with individual tuber-
culosis (TB) patient sera (B) and healthy control (HC) sera (C).
The sera were diluted to 1:100.

(A

81.1 R P
47.7 -|"- -
35.8-|-- -
27.1-|-
]
19.3-|= -1
3 O4 5@

@ Immunoblot

kDa Pooled Pts Sera (x100)

Pooled HC Sera (x100)
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739l /q &

rgrto] W gh7] wjell Tl fro)Ad
= A7

ol5 15-kDa 919 IS F43t7] 9l 2-DES}
immunoblotS A&kt (Fig. 2). F2H9l= A3 &
A 7hsk A7) B IS A B S A
AHEEFTE BAEF 19kDa o]l A #kx} A stant
ksl 6719 FEdh spoto] TEESIOM (Fig. 2B),
ol 6719 spotS LC-MSMSE AT 28t 1
W spot> YA oz Mol A ghr] wite] A
FZ 95 ion-exchange chromatography = ¥z} 2] s}&
ANBIEL) dutd o7 Az B3lsle] AHLe njEgo g
SAleks dEe] 5= d3E 45 ¢ vk 44
©] chromatography 22 SDS-PAGE® A&te] 13
spoto] EAEHE &S Rel %319l thA] 2-DES}
Askiet (Fig 3). Yt £g3t2 FA
¥ 254 15kDa I bandE SDS-PAGEE 1%

immunoblot &. & ¥

T AUAIL ©]E band= A} FAskaLnt wh3slint (Fig.
3A9] 3AER E7)). 2-DEE H2]3 Fo| 1 spoto]

o FA-S oAl AASEATE (Fig. 3B} 30).

6719] spotS &4 A¥= Table 12} ) 29} 51
spot & A3k Tl o2 HspXolRlal, 31 spot CFP-10
glo g o]l F s vl ojn] FHYTHA ol AFI}
g gelott (5). v 3FF9 TS Rv0652, Rv-
2626c9} Rv3418c (GroES)ZA d 484 wh-g-AJof 3t

Figure 2. 2-DE analysis of sonic
extracts of M. tuberculosis. The extract
proteins (300 pg) were separated by

81.1-
47.7 -

35.8 1
27 -

19.3-

isoelectric focusing using a 7-cm pH
gradient strip (pH 4 to 7) in the first
dimension and 15% SDS-PAGE in the
second dimension. The gels were stained
with Coomassie blue (A) and immuno-
blotting using pooled sera from TB
patients and healthy controls (B). The
sera were diluted to 1:100. Indicated spots
of panel A were seroreactvie proteins.




Seroreactive Antigen of M. tuberculosis

ATt Bavt gle o 2 AqelA A5 Basielth

Rv0652 CHHZA S| Yhedt REAQl ROy
A8 g 2PN A W ao] shelel g
21 Rv0652 (ribosomal protein L7/L12) T2 f-Hx}A] 3%
F7)=S olgsto] digtellA wilsto] AAsivt A
Al A=A A-S SDS-PAGE A 0l|4] 9Fgte] 2.4
QCB Pooled Sera ekga CB Stain
Stain  Pts HC 81.1-[™
=1 1 4774 >
=
= 271 -|=
= -
19.3-|% 1
— G -
T
ET T
kDa Pooled Pts Sera (X200)
811 1
477
35.8
2714
19.3
‘e

Figure 3. Partial purification and immunoblot analysis of 15-
kDa protein from M. tuberculosis sonic extracts. The extracts were
fractionated using DEAE-Sepharose chromatography. Fractions
containing 15-kDa proteins were pooled, subjected to SDS-PAGE,
and analyzed by Coomassie blue staining and immunoblotting
(A\). Partially purified protein was also separated by 2-DE and then
analyzed by Coomassie blue staining (B) and immunoblotting (C).
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# band7} BEEHAA T A HES-S AT =521 959,
ool +=E YERNAY (Fig. 4A).
A gzlel AZFQ1e] Aol Rv0652 THaol] sk

G FA71E ELISAZ SA3I3c) $A]2] Rv0652
ﬂHOﬂ et A7 A7l Bls) FeletAl =T (p
< 0.05) (Table 2). 2181} AFB ¥4 Ay 24 34}
aAbololl= FEElgE 2ol (1S1TE ROC curve 41l 4]

AUC 3 1o s ddal folAo] =t A
S YeERREY], Rv06522] AUC 32 0572 At 4?1

ol

1],
o] do] A 2ttt ROC curvedoll A FH el %
veRd wleo] F35% 3491 0372 cutoff FHOE % o}oq
215190t} Fig. 4B9} o] 7 d3o] A7} Rxes

HES ReE AN £XS & 5 R0l Rv0652

A B

o fe i 40

kDa
100 | .
P
701 . o &
E 04 s 2
50 = B é‘. ........ :
40 = M = v
o g2 ? *
o & &
304+ b e
-
209+ AFB(+) AFB()  Controls

Figure 4. SDS-PAGE analysis and seroreactivity of the recom-
binant Rv0652 proteins. (A) The protein was expressed in E. coli,
purified by Ni-NTA affinity chromatography, and subjected to
SDS-PAGE. The gel was stained with Coomassie blue. (B) IgG
antibody responses to purified Rv0652 were determined by ELISA
in AFB-positive and AFB-negative groups of patients with pul-
monary TB and healthy controls. The horizontal line in panel
represents the cut-off value determined at the maximal accuracy
on the ROC curve.

Table 1. The identification of seroreactive proteins from M. tuberculosis-sonic extracts

Spot no. Protein (Gene number or name) Score Nominal mass Calculated pI
1 Ribosomal protein L7/L12 (Rv0652, rpiL) 93 13,440 4.30
2 a-crystalline, MMP? (Rv2031c, HspX, acr) 101 16,086 5.0
3 CFP-10 (Rv3874, ,esxB) 103 10,696 4.45
4 Conserved hypothetical protein (Rv2626¢) 45 15517 4.77
5 a-crystalline, MMP (Rv2031c, HspX, acr) 58 16,086 5.0
6 10-kDa Chaperonin GroES (Rv3418c, groES) 112 10,667 4.62

4 MMP: major membrane protein
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Table 2. Sensitivity and specificity of Rv0652 antigen
Patient group (no. of subjects) Mean OD =+ SD? No. of positive individuals® Sensitivity (%) Specificity (%)
Pulmonary TB
AFB-positive (101)° 0.29+0.13" 35 34.7
AFB-negative (49)° 0.30%0.15" 23 46.9
Total (150) 0.30+0.13" 58 39.0
Healthy Control (115) 0.23+0.08" 9 922

&Mann-Whitney U-test for multiple comparisons of means was used to determine whether there were significant difference between the
results for the three groups. The different symbols (*, #) indicate significant difference (p < 0.05) between the means of antibody titers

for the three groups.

®The cut-off value was determined when the accuracy was maximal on the ROC curve.
¢ AFB-positive group consisted of smear-positive and/or culture-positive patients.
AFB-negative group consisted of smear and culture-negative patients

ool W= AFB YA $HAlol Al 35%, AFB o4
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Helo] SrtEE dow dHsh xdks 9 wizk
T Bt wet 32~75%%A T} (5, 12, 13). 3 AR
stel g5ty w7 EQl Pathozyme TB complex©l 3
S AR T shdtelth E AtellA 293} 5
spot=> =7 HspXZE FAEHA=H (Fig. 2), L
Aol E-skal Akl oft Apol7t v o=
A BEgA] 2 HAE A A post-translational modification
i Aoz BZHET (2). CFP-10-S M. bovis BCG 1

1=

H
H

o
o

=

4

Foll&= glv doz FEAIAZTI)E (QuantiFeron-
= 32 Aol (11). CFP-10
of g3y de 9% RS 29~60%°Ith (5).
Rv2626c+= hypothetical protein®. 2 &3sH4Ql o=z
B AA A2 FA3IA T Rv3418+% heat shock protein
o7 ofy 7Hx] 2E# A 3 wkgshs wlo]n
gk A3 Aol TAE A= orw Bag bt gltk
(17). Rv0652 -2 508 ribosomal protein L7/L12°]t} (18).
L7¥ L12& 393h= A= Rv0652(rplL) =4 L79]
ofu I E-2 7} acetylation® RS AlQlslaE FUgH
alloltt, 53] o] e f-EutelA 3] EejH=
T K-t Fo] mj g ol Fod5ell Blsf Blal
A FH3| EASHE T o]t (19). Ribosomal proteins-<
< 71%5S 9l Aoz dEA 9t (20).
whebA] A 02 Rv0652 WS AEste] Az
A& Axste]l A DA oS HrEskleh
Rv0652 & o] ZAibel EAbeF2 134-kDao] At 2
A native YL [5-kDac]™ thAoll A L wE vl
22kDa JESTE ol Y& Rilo|A A7 Azgteh o
= W= 45 poly Hiso] F-2e|o] EAlgFe] S7hd
Aoz AZFHT) (8). Figure 1914 A3 skx} &3 <] 50%
= 15kDacl 31F=]3= bandell WHEEF%ITE 2-DE H4] A
Rv0652+= HspX2] spotZ} &L st 9] 17] wjitel o]
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T cutoff #H& o]9A AAst kel uwhe} -t
HE& 14719 A7t atel 3uje] xFHAE vlgh
S cutoff Fro=2 AGsIA Hul FHolE cutoff #E
ROC curvedll A 71 =2 A= E vepd W] goez
A7) % gk (8, 21). 7 A9 B cutoff #7174
Zte] FA 7 F9-Hrk 2 Aol A3 84
NAE Rv0652¢l thgh FAREGo] v E7] wiite]
=7 wkrh 13791 A AT 2 ol
2 immunoblot 2] A Q1A= A] F:= conformational
epitope®] ELISA ZFAlo|A= Q12]=7] wiEe] o]l&
epitopec] 171l dAol|l EAst= Aok ARk
S @ 4 9tk EE Rv0652%E TR Aol EA) s}
ribosomal protein L7/L12 T3] 21 FAde] ©
A E wapghgo] e = Qirk B OE 7S
Rv0652 T o] M. bovisoll = EA3}7] witol BCG
F P4 LAWY opfeh FRANLAA PPD B
Zdlell A= Rv0652 el tigt A7 e T A
o vk wehA Rv0652=F-E] ATl frojide] 2
peptide¥r= F4 3] ARE-SHH WAHE-S= epitopes
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