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Mycobacterium tuberculosis likely reside within a granuloma as a dormant state. An area of necrosis forms at the
center of lung granulomas. Within this area, the bacteria are deprived of nutrients and exposed to harsh conditions,
including low pH and anoxia. The response of M. tuberculosis to low pH and low oxygen conditions was investigated
in both cellular and extracellular proteins by two-dimensional polyacrylamide gel electrophoresis analysis and MALDI-
TOF. Several proteins intensively expressed under low pH and/or hypoxic conditions were found. In the culture filtrate,
PhoS1 (Rv0934) and ScoB (Rv2503c) were found in significant amounts under both the low oxygen and acidic stress
conditions. These results indeed extend our understanding of acidic response as well as hypoxic in M. tuberculosis and
provide an important insight into physiology of the latent bacilli.
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Table 1. Culture condition and composition of Sauton media

No. pH Sauton media Culture condition
1 6.0 Sauton” 20% O,
2 72 Sauton” 20% O,
3 6.0 Modified” 20% O,
4 7.2 Modified” 20% O,
5 6.0 Sauton” 0% O,
6 7.2 Sauton” 0% O,
7 6.0 Modified” 0% or 13%" O,
8 7.2 Modified” 0% O,

 Sauton media: 4.0 g L-asparagine, 2.0 g citric acid, 0.5 g K,HPO,,
0.5 g MgSQy, 0.05 g ferric ammonium citrate, 60 ml glycerol to
1L DDW. Adjust pH to 7.3 with ammonia.

® Modified Sauton media: Sauton media has replaced 0.5 g MgSO,
, by 4.9 g K,50,. Adjust pH to 6.0 with HCL.
*Modified Sauton media used for 13% O, culture condition

38 kDa &¥%] PhoS1 T A o] F 71X AEd A7) A9

FolA= A5 wlFe el o] FolahAl S7HE AT
AR
1. 2T Hi YDt Hj Y F=H

M. tuberculosis H37Rv (ATCC 27294)E Sauton WI|X| (pH
7.2)°14 37T, 6~8z A vt & wjgRS oA E A
] dAE T A2 HEH Sauton BIA|] HAA
e A TE (Table 1). W& % Sauton HJA]:= pH 6.0, pH
72 WA e}k wiA] AR = 2.1 mM MgSO,Z H7Feh aij=) ¢
MgSO, & d4lste] 28 mM K,SO,& 92 wiAE E3hsto
4712 2719 wiAE ARSIk 71t (O, 20%)7}

L 2 B9 (0, 13%, 5% CO,) 2 d714 27 (0, 0%)

oA 20~40U7FA] A= wjeksAT) 7 24 500 ml
7} Z2}2~F0l 200 ml Sauton PR E TS HEsh

P Ao A m s, W Ak =

PH|Z 27| (Forma Scientific, Inc.)
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2} o} 3} Bakth YM10 membrane filter (Millipore, Amicon)
= o]-&3) ultrafiltration®. = 20 ml ©]sl= %3} 3L Viva-
spin 4 (10 kDa, vivascience)E ©]-8-3lo] HE &Mool 5 ml
o7} HEE FEagth HEH O 100,000 rpm 10T 3
ARE B =94 EEE —ﬁr FENE FojA A EF
ato] -70C WEaLe] By

2. oA =Y =H|

71 Mg 23004 v}iﬂé phosphate-buffered
saline (PBS, pH 7.2)2.% 23] &3t & PBSE AF-H-3}o]
sonication (20%, 4C, 20 min &<} 53/5% pause, Sonics, vibra
cell)a}53 T}, Sonication §- urea (9 M), DTT (70 mM)$} Triton
X-100 2%)E H7FeIlth AlEE 302 53t 2ol WA s)
AA W= 4o 3 50,000 pmoll A 3087 Y4l Hals)
o] AFNS do] HFH O ZE 100,000 ppm o= AT X

o 1
A4 ZEjste] FEAE 70Tl Baskth
3. Bl 55 =Y

Gz FEE= bovine serum albuming EFOE )]
Micro BCA protein assay reagent kit (Pierce, Rockford, IL, USA)
2 protein assay dye reagent (Bio-Rad)E ©]-&3}4] Bradford
method (OD=580 nm)= =74 }3ich

42— MI|9E
2—-DE)

(2—Dimensional Electrophoresis;

Rehydration buffer [8.8 M urea, 3% CHAPS, 80 mM DTT (1.4
M stock), 0.001% bromophenol blue (0.1% stock)]oll Z+ Z=712]
ABE 260~300 pgol FI=% H7F8IITh PG stripe] F5F
of we}A 242+ pH 3-10, pH 3.9-5.1, pH 4.7-5.9¢] ampholyte
(Biolyte, Bio-Rad)E ¥ &= 02%7} H%=F H7tste]
= A8 HE A4S 140~250 p7t FA S} pH 4-7, pH
3.9-5.1, pH 4.7-5.9 1PG strip 7 cm (Bio-Rad, USA)S A&}
PROTEAN IEF Cell (Bio-Rad)’d-ll 4] isoelectric focusing (IEF)
S AN IEFE= 12~16A17F B¢t rehydration3F 3 A&
o] & (salt) B BETES AAS] HdA 33 SHFE A
2 A2 electrode wicks =41 (electrode) ol &85t
striper 912 F vjUlP QUR YolFa1 250 V, 304 B9
o] A AASISILE AR & AA F 2A1ZF 53 250
VEEE 4000 V74 &85 4000 VE 5A]17F (20,000 Vh)
59t focusingd} It} Focusing®] #4F & whiide] g/ W
Al 2 over-focusingS 4] 0P7] 93}ke] 500 VE hold stepS
A IBF7F 5% § IPG strip> 22} SDS-PAGE7
7HA) -70°Coll B3t

IPG strip2 Aol 4 *5o]a1, 22} SDS-PAGEZ ¢l8) SDS
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o} A&e 4= AE=E equilibration buffer I [6 M urea, 0.375 M
Tris (pH 8.8), 2% SDS, 20% glycerol, 2% DTT (w/v)]°ll ¥
303 B¢ RESAIF T 1) ¥hg-o] B T equilibration buffer
11 [6 M urea, 0.375 M Tris (pH 8.8), 2% SDS, 20% glycerol, 2.5%
iodoacetamide (w/v)]oll 2L 305 59F 22 HHSAIFATE IPG
strip2 SDS-PAGE o] A1& w] k= (anode) Z2 gel9]
AZog Yy 11 9o AFe] AS 300 pl F-o IPG stripS
A F T} SDS-PAGEY] acrylamide ¥+ &S 12~
15%, 745 45%2] A& AMESISa, W79 s & A
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Figure 1. Two-dimensional electrophoretic analysis of the cul-
ture filtrate (CF) of M. tuberculosis H37Rv grown under 20% (A),
13% (B), and 0% (C) oxygen conditions. The CF proteins were
separated by isoelectric focusing (pH 4-7) in the first dimension
and by SDS-PAGE (15% polyacrylamide gel) in the second di-
mension. The gels were stained with 0.25% Coomassie brilliant
blue R250.
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Coomassie brilliant blue R250 (Bio-Rad, USA)= 4 A&} t},

5. BT 57

2-219 #719% F Coomassie blue® FA3F Ao A -2
= A spote] FA4L2 ANk Proteome Tech Inc.
q

B ¢g5le] MALDI-TOFC. & A3kt
6. 28 38 kDa GX|& = (glycolipoprotein) 2 &
Ayt 9% 55 N2] 55~80% ammonium sulfate (ASF) 3

kDa (A) 20% O, pH 7.2 MgSO,
DnakK

HspX
P_H.

kDa (B) 13% O, pH 6.0 K,SO,

» pH 7

14 =%

pH4 < » pH 7
Figure 2. 2-DE analysis of the lysate of M. tuberculosis H37Rv
grown under 20% (A), 13% (B), and 0% (C) oxygen conditions.
The lysate proteins were separated by isoelectric focusing (pH 4-7)
in the first dimension and by 15% SDS-PAGE in the second dimen
sion. The gels were stained with Coomassie brilliant blue R250.

ag, OIS, Y&+, 2Mal, dR0l, s, 223, dt8

71 %) (precipitation fraction)= hydroxylapatite column®l 7}
3 % | mM PB buffer (pH 7.2)2 A1H3151t} Columnell 22+
HA] i S8l 8-S 2ol 53 & DEAE-Sephacel
column®l] 7Fs3ith 1 mM PB (pH 6.8)&2 &3] A3 &
5mM PB (pH 6.8) 2 -§-&3to] A3} (1).
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113 e
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53
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21 1
pH4.7 < » pH5.9
kDa (C) 0% O, pH 6.0 K,SO,
13 Jes . —
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Fix AR @ % Rrv26
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21— Bfp  RV3295 Rv0330c
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Figure 3. 2-DE analysis of the CF of M. tuberculosis H37Rv
grown at different oxygen and pH conditions. The CF proteins
were separated by isoelectric focusing (pH 4.7-5.9) in the first di-
mension and by SDS-PAGE (12% polyacryl-amide gel) in the
second dimension. The second dimensional gels were stained with
Coomassie brilliant blue R250. The bacteria were cultured with an
oxygen supply of 20% (A), 13% (B), and 0% (C), respectively.
PhoS1 and ScoB are highly induced under low oxygen and low pH
conditions than other dormancy induced protein spots. The numbers
on the left indicate molecular mass markers and pl values at the
bottom of the panel.
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7. Western blot

SDS-PAGE®] <Jal #2]¥ ©ld-& Semi-dry transfer cell
(Bio-Rad Trans-blot SD)S- ©]-8-5}% nitrocellulose membrane
(0.45 pm, Bio-Rad)°ll 1A]ZF &<F 20 V2 blottingSt $- 5%
skim milk7} £019)E PBSE 2417k B¢t Ao A blocking
3}t 13- A2 rabbit anti-38 kDa polyclonal antibody (%1
Aleld] mAESwA 2y AFdoRREH T4 HHE
1,000H] E]Aato] o)Al 1A13F HREAIZ] ¥ PBSE 5~10
A 63] AIskAtE 23F A 2= peroxidase”t EAE anti-
rabbit IgG 3AS 5% skim milk in PBSE 2,0004 3]4)3}o]
2o A 1AZE HHSAIZ] B PBSE 5~1084 63] A5}
$IT}. 3% 4-chloro-1-naphthol in absolute ethanol 200 plE 20
mM Tris, 500 mM NaCl (pH 7.4) 20 mlol|l 718kt 30% H,0,
20 WE F7FSE §olo R WA ukg Sof| 32 FFHTE Al

sk
2 1
1. M 2ot} XS] AHEO] THE ERYE welol Aol

A2 7 feet A A GudS FAE] Qs
A gk A 1943 pH 6,004 S 2043 wllFst & vl
FZ1& 2-DER 4313
o

Mg e AsFe] ggol we ool
A =

2 MgSO,E thAlsle] K805 Eold WX E ARE-sHSith
(7,25). Bl %71 pH 7.2 Sauton medium®l| A 20% 2 &
oF 2ol wjFE A (Fig. 1A)Z Mg*'o] Zol¥l pH 6.0
Sauton medium®ll 4 13%2] ka4 B9+ 3 (Fig. 1B)Y 0%
Ak B9 270 (Fig. 10) 22 2097 vidst 2102 F-25}9l
th g2 23 WskE Ao RRE 40U/ wldEial e
L chil ] wby opido] 209 ke A3 F 2ol 7t fiditt
A= IO AAEHA] &)

2 AFAE W Ak BotollA sl wdsE o

63

Aol F= A4S 2t AFSGITE 719 (20% Oyl A Hl
oFE Wk BT} 13% FE 0% Ak B 20 Bl
©] 38 kDa8l PhoS1 @4 spoto] Z3kAl L& E AT} vk
Ag85A%} Ag85CE SHo Aba Bk Aol o] 7hast
= A%E eI (Fig. 10). A
2-DE°I| oJst whild 8] e F3lg ZpolE JERR
th (Fig. 2). A F=99] spotE< =1
ztolE= UAA T B2} 56 kDa XA A8t HE =
M ZE spotS Felst 4=

kDa -1l heat-shock T2 <1 DnaK®} GroEL2 (Rv0440,
60 kDa chaperonin 2)0] & ZZA FQ spoto 2 #2T]
At} BolsAlE W Aol AhkAk w4 o= wiYkw
FAAE GroEL27F F /el FQ spoto? I AT
7] Aol wdo] ke tlEAQl vl Hsp X
(Rv2031c, 16 kDa o-crystallin small heat-shock ¥+ 2) (26,40)
7F ol A} o] AbA S AL AR g UE
A A=7E FIhE o] ol ERIEIT) (Fig. 2B
o} 20). WEbA] 2 Aol Wi 2L V)5S A A9}

o
i
12
X
=
og.
12
)
o

o

Ho] ZAeHA S7F=E AT 38 kDa ¢
TA FE oA TEEH] ekt

N,
£
m
=
o
0,
2
=2
R
19
C

[
o

olsh @& Ask wjolelx] F7hE £ 38 kDal spot
Sol 29T ST 715 23S Aviant
%2 gele) pH WIE A3 £H3H] A pH 47

5.9 stripo. 2 IEFE A8t £438130t (Fig. 3). 8714
T} uke At 9 Mgt E AlSHE oA wigE vl
2-DEZ #-&Jste] tl7]et 2213 nlarste] F8ig xfolE B
o] spotES A E3dle] MALDI-TOFC. 2 43T} (Fig.
33} Table 2). =2 A3} 38 kDa F-912] 47]9] spotE< PhoSl
(PstS1)©1 13 25 kDa H-92 F7he spot ScoBSAth. 4t
% 603} AbA #9to] 4TSS PhoS1 (Rv0934) spots
ScoB (Rv2503c)2] Hdo] Z718l31aL, 1 ¢]o| = BB (Rv-
3841¢c)2} FixA (Rv3029¢c), FixB (Rv3028c) S©°] =715 %lch
(Table 2).

Table 2. M. tuberculosis H37Rv proteins significantly induced by low-oxygen condition and/or low pH on 2-DE

Identified protein Gene Theoretical mass (kDa) pl value Putative protein function

Rv0934 phoS1 384 5.1 protein antigen B, phosphate-binding protein
Rv2503c scoB 23.1 5.1 succinyl CoA:3-oxoacid CoA-transferase
Rv3029 fixA 28.1 47 electron transfer flavoprotein 3 subunit
Rv3028¢ fixB 31.7 4.7 electron transfer flavoprotein o subunit
Rv3295 24.9 5.3 hypothetical protein Rv3295

Rv3841 bfrB 183 42 bacterioferritin
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2. Immunoblottingdl 2|§t 38 kDa CHHZA gl 24

& 2 B9} pH 6.0914 7P sl E@E s
2l PhoS1 spotSell thet ¥-418 2AAlstoic) dubdel =
A9] Sauton mediumol| A 65737F vlkE Al wjkHo 7

=

F-E] hydroxylapatite 2! DEAE-Sephacel chromatographyS ©|
8-3}] native 38 kDa T &S AASFICE AAE 38

A

kDa Purified native 38 kDa protein

07 —|oeee
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30 —| 4~
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» pH 5.9

\Da (a) 20% O, pH 7.2 MgSO,
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92
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(b) 0% O, pH 6.0 K,SO,

» pH 5.9
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113 e
02 s

53 \

351
29 <
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Figure 4. Analysis of 38 kDa antigen with Coomassie blue stain-
ing and Western blot. A. Purified 38 kDa antigen separated by IEF
on pH 4.7-5.9 IPG strip in the first dimension and 12% SDS-PAGE
in the second dimension. The gel was stained by Coomassie blue.
B. The CF obtained from M. tuberculosis grown in pH 6.0, 0%
oxygen tension (b) and pH 7.2, 20% oxygen tension 20 (a) were
separated by isoelectric focusing (pH 4.7 to 5.9) and SDS-PAGE
(12% polyacrylamide gel), and then analyzed by immunoblotting
with rabbit anti-38 kDa polyclonal antibody.

kDa FE 50 ug 2-DEZ H|3te] oS el nt
th pH 4.7¢1 77k 911614 Zgt spoto] FHEE|IL pl Fho]
Z7k e FEHE JYEE 22 spotEo] Al AR EEEe]
EFtTh (Fig 4A). ©] 22 i8] - Aaka Fotoll A mje
%l ] PhoSl spot¥} 2] Yol FU3ATE

A 273 pH 6.00] F7]d Zxdol A widE wjgel
(260 pg/stripye 2-DEZ H2]3 3 rabbit anti-38 kDa TH7}
A& o]-8-35F0] immunoblottingS AAISIATE 714 =
|4 v 38 kDa dlo] dA8] SIS thA] gRldt
At} (Fig. 4B). &= o7 A9 38 kDa 392 2-DE
2] 4’437} immunoblotting A¥}= £ AT-ollA4 MALDI-
TOFS. 2 54 PhoS1 spotEo] o] 2 42§17 38 kDa F
il 39S SRIAA F]k

3

2

g b

3. PhoS1 T A &Hi0] BItE= = &4

1S in vitrool| A G537 98te] 7S W
0 = Mg* o]o] Hojgl x| Z7elA

M. tuberculosis H37RvE Table 13} 7o) @D Ak& B9 @

o O QO k) L)

o &, PP o
W W 7 W W T E
N ,\'} b\‘_) ,\'} > ,,k\&\ Q‘Jc‘ &=

o E v

DD R o A L-E %

c'[\‘sQ o'l,cQ e'PQ o'l,°Q 'aéb ol e@ ,IQ‘?. $
AT ST ST g
kDa oY Ov O o O O On

1 2 3 4 5 6 7 8

Figure 5. SDS-PAGE analysis of CF of M. tuberculosis H37Rv
grown at 8 different conditions. The CF proteins were separated
first dimension by 12% SDS-PAGE. Empty box indicate 38 kDa
regions. Lane 1, 3, 5, and 7 (pH 6.0) are showed more dense band
than Lane 2, 4, 6, and 8 (pH 7.2). Open circles represent protein
bands highly increased under hypoxia and low pH condition with
different media composition respectively (The arrow indicates the
position of the region of 38 kDa antigen.) Proteins were visualized
by Coomassie blue staining.
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e 2 (A) 20% O,
a w o= [« Phosi b I‘—-l-‘" :
30 —_— t w g ’ ; ’ ~ - " ‘ Yo “‘ -
? _f. iy, @4—-— ScoB " ? il O
L
. [Weww] d
30— % *’ ‘ — -
-
b S O ;
pH4.7 <« > pH 53 pH47 < > pH 5.3
(B) 0% 0
L
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- . - ©
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pH4.7 < » pH 5.3 pH47 < » pH 5.3

Figure 6. 2-DE analysis of the CF of M. tuberculosis H37Rv grown at 8 different conditions. M. tuberculosis were cultured in Sautons
medium at 20% O, (A) and at 0% O, tension (B) with following the conditions. a, pH 6.0 Sauton medium with MgSO,; b. pH 7.2 Sauton
medium with MgSQOy; c. pH 6.0 Sauton medium with K2SO4; d. pH 7.2 Sauton medium with K,SO,. All condition samples were separated
by isoelectric focusing (pH 4.7-5.9) and by 12% SDS-PAGE. The gels were stained with Coomassie blue.

AP 12]31 Q) Sauton HiA| Q] ko] %"T} 5= E9) 87}
A o= wjgate] AL = 20% AFA EelA
pH 6.02} 7.2, Mg*" 9] &4 f-5-2 471X Zﬂﬂr 7 =

S F RN S ) 7 B g e e K P B b A i S R
Z712 pH 729} Mg*'o] 5= 7391 Fig. 59 lane 29}
Fig. 6A2] bo|t}. Fig. 59419} o] 15 38 kDa2] $1#]<]
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