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The purification of immunodominant native protein antigens from the culture filtrates of Mycobacterium tuberculosis
is needed for the development of new vaccines and immunodiagnostic reagents against tuberculosis. In the present
study, we conducted large scale purification of well-known secreted antigens, Ag85 complex, 38-kDa, and MTB12,
from the culture filtrate proteins (CFPs) prepared from M. tuberculosis H37Rv grown as a surface pellicle on synthetic
Sauton medium. The protein and antigen concentrations of culture filtrates were sufficiently increased after 6 week of
culture. The MTB12 antigen was detected as early as 1 week of culture, and Ag85 complex and 38-kDa antigen were
detected after 2 and 3 week of culture, respectively, by immunodiffusion with specific antiserum against 100-fold
concentrated culture filtrates. For large-scale purification, the six-week-culture filtrates of M. tuberculosis H37Rv
diluted 2.5-fold with 20 mM Tris-HCI, pH 8.3 were subjected to anion-exchange chromatography. The CFPs were
eluted with 100 mM NaCl-20 mM Tris-HCI, pH 8.3 and concentrated by ultrafiltration. The concentrated CFPs were
fractionated with ammonium sulfate, and followed by hydrophobic interaction chromatography and anion-exchange
chromatography (FPLC). Eventually, 10 mg of Ag85 complex, 0.56 mg of 38-kDa, and 1.81 mg of MTBI12 antigens
were purified from 1 liter of the six-week-culture filtrates of M. tuberculosis H37Rv which contained 307.81 mg of
protein of culture filtrate.
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e AEZENHE S (cell-mediated immunity)ol] 2]} (4,14,
15,30,33). $-@AMFE (M. bovis)S F=3kx]7) BCGZ} ol
HoS SA7e Agai oz 192835 E B Azt
2 de] ARE I AT 21 dga el o)
A= oM & =gho] Wt (9). gk AR sl kziALel
ofgt Aallit HEe] Ao Sxigo|ut WHer} Yrola] F

2w 9

Asl guggle] ¥} Rel A Amg W 2 2
Sggle] Aol glojA] BrAol A fAAS v
Agte) W chyeka Bike Ask Tuae] g
3} i) Fhsals) Hglom thael whugelo] Axg
Aoz YAk Qe ofE Tuael Fox Helgls 2
o] Rulahs Rula whilgkel (o]3) Rulgelolela ol
A9 2700l 57 BA o) A= Fa AU
= AZ)e] %Sk F2 Bulgele] oig 77} PEse)
gtk et Aslite] e PAYET ST thy
Hoz Qate] Aze 18 L WAFAS s Eaha

At (1,6,27,31).

Adllo] 4] NP2 = Ag8S complex 3¢S
H]£3}e] 38-kDa glycolipoprotein, ESAT-6 (early secreted anti-
genic target-6) 5°] & A glom o|F YL T
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kDa Ag)=Z TE HETDHEgPoZ uj 27]d vuy
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< fFEslal (20), FHIZEH FAAFe] B el
A 7R T AESA
gk A|Eu) 7)) Bro]H <
Ag85 complex 39S ESAT-6 IS n]53h
3} fusion protein FE|Z KA 4=
Yoz AGE 9} (26,36). 38-kDa &> phosphate tran-
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M. tuberculosis H37Rv (ATCC 27294)E 'H3F Sauton
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o]} N (culture filtrate)S Ag85 complex, 38-kDa 2 MTBI2
o] el A&kt

L3k v FAZF HE Ag85 complex, 38-kDa 3 MTBI12 &
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2. Ag85 complex, 38—kDa 2! MTB12 &0 E0|&A|
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ZAE Ag85 complex, 38-kDa 2 MTBI12 3¢S 529
complete Freund's adjuvant (Sigma-Aldrich, St. Louis, Mo, USA)
9} &31}al emulsifying needle (Thomas Scientific, Swedesboro,
NJ, USA)Z Z13] F-AIZ1 $-ol 5=%12] New Zealand White
E7 (&5FA ¢F 3 kg)oll FLFFH (500 pg/ml) 1 mlE 6
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3. Ag85 complex, 38—kDa %! MTB12 &gl iz &
2| |

3] B2 AA= 12 anion-exchange chromatography,
ammonium sulfate fractionation, hydrophobic interaction chro-
matography (HIC) " 2%} anion-exchange chromatography=
A om dastel Resgon Fegal 3y F
7} 391 o] 2918 SDS-PAGES} £0]3}A| (rabbit aniti-Ag85

complex antiserum, anti-38-kDa antiserum % anti-MTB12 anti-

serum)E AFEF WIS 8 asho] AT 17
anion-exchange chromatography$} HIC:= UV monitor®} con-
ductivity monitor”} 32+l low pressure chromatography A]2x
el (Bio-Rad, CA, USA)S AH8-3}%1. 2™ 2%} anion-exchange
chromatograpy+= UNO-Q6 columnS- 423} fast protein liquid
chromatography (HPLC) A]Z~®ll (Bio-Rad)S AH&-3}3ith.

1) 1X} anion—exchange chromatography0i| 2|5t Hi ¥
O ntHEH AL (culture filtrate proteins; CFPs) 2| &=H|

20 mM Tris-HCI buffer, pH 8.3% 2.58] 3|43k 2 ¢<] wj
o] 3} ol-S Macro-prep high Q support (Bio-Rad)”} %1%

anion-exchange chromatography A& (2.5<20 cm)°ll 2 ml/min
o Zhsto] elds FEAZIT S TS 100
mM NaCl-20 mM Tris-HCI buffer, pH 8.35 A}§-3}4 5 ml/
min 502 £&31% o &59 vhuld e W5 Amicon
ultra 15 centrifugal filtler (MWCO 5,000y AF2-3F Zw| Ao 3}
HoZ FF3te] CFPsS Ikt Ao 2R &

2) Ammonium sulfate fractionation

1%} anion-exchange chromatography©ll 2]sle] &2 5%
CFPs &9 100% ammonium sulfate-100 mM sodium pho-
sphate buffer, pH 6.85 41A13] 7}ato] Z3HAIZ] F 4Tl A
SERE WREAIZL Sl 94 wElete] 2 0~40% A1
7} 40~80% FAE-ES FH3ISITE Ag85 complex Q]
2744 Aol 0~40% FAMtRE AAEES AR o,
38-kDa @3} MTB12 &1e] 2|4 A] Alolli= 40~80%
ARIEE A S ARSI

3) Hydrophobic interaction chromatography (HIC)

0~40% BATARE A2} 40~80% FrtAEE A4
3o Hiro] 4314 ¢lo] 1.8 M ammonium sulfate-100
mM sodium phosphate buffer, pH 6.8~0.02% NaN3-1 mM EDTA
o &3)A1Z1 T Macro-prep methyl HIC support (Bio-Rad)7}
A (1.5%10 cm)ll 3 mli/min =2 7}sle] iz
A AT S GEe 1.8 MO RYE 0 M7 9
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ZHAlAATH o2 F533Ith 53] Ag85 complex &7}
38-kDa &o] ¥3w &2 Amicon Ultra-15 centrifugal
filter (MWCO 10,000)2.=, MTB12+ Amicon Ultra-15 centri-
fugal filter (MWCO 5,000)2 Zn| Ao 3}2 AA|5le] 247 &
Z3leleh. ZH7te] w5 vy wAlo] AAE S8t
20 mM Tris-HCl buffer, pH 8.3.0.2 431t}

4) 2%} anion—exchange chromatography(FPLC)

20 mM Tris-HCI buffer, pH 832 F4]%8 z}7te] 5539
A2 FPLC Al2=Elel 2% UNO-Q6 Z# (Bio-Rad)oll 7}
sto] @uldS E2A7)31, 20 mM Tris-HCI buffer, pH 832
2 mli/min 404 103 M2 S Fo] Ag85 complex$} 38-
kDa &2 20 mM NaCl, MTB12 342 10 mM NaCl %=
14 27 B e §Eael A% AAE AN, 8%
A e Aol o g 5%3kal immobilized poly-
myxin B column (Detoxi-Gel Endotoxin Removing Gel; Pierce
Chemical Co., Rockford, 11, USA)S E3}3}9] endotoxin Al
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Table 1. The protein and antigen concentration of culture filtrates during the different culture period of M. tuberculosis H37Rv

Duration of culture (weeks) 1 2 3 4 5 6 7 8
Protein concentration of culture filtrates (ug/ml) 2.6 5.4 25.5 74.5 264.0 331.0 479.0 549.0
Ag85 complex 0 8 16 64 128 128 128 256
Titer of specific 38-kDa 0 0 1 2 8 16 16 64
antigen
MTBI2 2 4 32 128 256 512 512 512

* Titer of specific antigen concentrated 100-fold by ultrafiltration was expressed as the reciprocal of the maximum antigen dilution that
showed positive precipitin reaction with specific anti-serum by Ouchterlony immmunodiffusion

A8k $ol| 0.22-um-pore-size filters AF&-3to] ATpEAg &
Gl FeE SAske] 20TlM Basrlch
4. SDS—PAGE

7} &2 X Cell SureLock Mini-Cell system (Invitrogen,
Carlsbad, CA, USA)= ©]-8-8}4] precast gradient Bis-Tris gel
(Novex 4~12%, Invitrogen)°| 4] SDS-PAGEE A5t} A
7195 § Coomassie blue & AAlete] 2F & &4

sk

5. CHHE = =X

dilde] E & o=
3}e] bicinchoninic acid protein assay kit (Pierce, Rockford, Ill.,

USA)Z SH3IT

AL bovine serum albuming X+

d

6. 2—dimensional gel electrophoresis (2—DE)2} THH

Xl =
= o

oAl

A% AAY Y 38-kDa, MTBI2 &< 150 ugS pH 4.0
~7.0, pH 47~59 PG strip (7 cm) (Bio-Rad)S AF8-310]
A8} 12~16A17H] rehyd-
ration ¥4 T, 250 V (305), 250 V~>4,000 V (2A171H), 4,000
V (20,000 VHr)] A= focusing®}FSA T}, Focusingdt strip<-
equilibration ¥4 - 12% S 15%2] geloll A7]9-53}5)
31, Z}7te] gel Coomassie brilliant blue R250 (Bio-Rad)=
AAEGITE 2-DERE ¥ Tl ] spote LC-ESI-MS
295 Yonsei Proteome Research Center (A-)°ll 2]&] 3}
s A3

isoelectric focusing (IEF)<-

2 1

1. HHQAIZIO THE ChEtRIo| RH| Ok

o=

Adige] wjgole] Hulshs Rulgel AP )Y
AZF 2 228 b Table 1949} 7o) 15 wljkel o)
g d EEE 26 ugml, 25 NS 54 pg/ml, 35 vl

A 255 pg/ml, 457 WFHLS 745 pg/ml, 55 W FA-S
264.0 pg/ml, 65 Wi "%JS 331.0 pg/ml, 75 WAL 479.0
pg/ml, 85 WHFN2 549.0 pg/ml O = wiFAIZte]
[SLLEE v vﬂ?ﬂz»} 250l A 35 Apelell 4.72¢, 35
oA 45= Atelell 2,920, 4570l 4] 55 Alolol] 3.54u) % A
§F Tl o] AEES UERIRLIL, 5504 67 Alelell
12540, 650141 75 Aloli= 1258, 7520014 85+ Aloli= 1.44
A2 v kel ASES UERAIT (Fig. 1-A). HES

8F7HA] T wjdel S Zu Ao o R 10082 &5t
¥ SDS-PAGEC.Z &-¢o] W& ks #4301 vl Fig.

1-Boll A &} ZFo] 15+ v Mo A= 31~36 kDa Alo]ollAqt
oFst Wi=E YERNI S L} 25 o= 6~10 kDa, 55 kDa &
80 kDaoll M &= o]t tl=o] whulzl wiz

T 35 B gAEEHE 748 MEE YE H?LD% 6~14
kDa, 21~36 kDa, 66~80 kDa Ato]oll A wij-$- 733) =)
=7} g Yehigle) w3k mogshbiow 7 Rl s s

A oz =450e vl Table 101419} o] MTBI2 &
e 15 dFAREeA b AR 2ER7] Adson

Ag85 complex U2 25 WFAHEE, 38kDat= 35 M
HRE HAEE AL 10002 55 v oA Solalele]
FE (AGEPHOA FANRES YERE 3 34l

o2 A9 vl MTBI2 3¢
ol Al 2ull, 25Nl A1 4ull, 352l A] 324, 45| A]
1284, 550l 4 25610, 6570l 8F7HA = T3 51289
FAFEE YeRo] 65704 o] FAE=E HER o]
270 A] 35 Alolell 71 =& gule] AGES UERL
W 1 U025 3504 45 AloldlA] 4nje] AASES
ERASITE Ag85 complex <12 25 ujkelo e vjeh}
7] X Arsto] 250l 4] gHl, 350 A 1640, 450l A 64l 55
oA 771A] 1284, 85t 4] 25601 ] Y EE YER
o] 1570l A] 25 Afolol| 8Hl] o]/, 35X 45 Alolel] 4wl
FSES vEho] 7] wdEo] =okt) Wi 38-kDa &
& CFP-29} Ag85 complex FUHTF thh =& 35 wj
Ao A FE] HEE]7] Al=Fste] 4576014 2l 550l 4] 8Hl, 6

o2
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Figure 1. Protein concentration and SDS-PAGE analysis of
culture filtrates from M. tuberculosis H37Rv. (A) The protein con-
centration of culture filtrates during different culture period (1~8
week). The culture filtrates of M. tuberculosis H37Rv were iso-
lated from growing tubercle bacilli in Sauton's synthetic medium.
And the protein concentrations were measured by bicinchoninic
acid (BCA) protein assay. (B) SDS-PAGE analysis of culture fil-
trates during various culture periods. The culture filtrates for SDS-
PAGE analysis were concentrated 100-fold by ultrafiltration. The
70 ng of protein was loaded to gradient Bis-Tris gel (4~12%),
except culture filtrates for 1~2 weeks (10 pg of protein), separated
by SDS-PAGE, and Coomassie blue stained. Lane 1~8; week
1~8, respectively.

T8} 777004 1680, 87ROl A 64ul o] FAFEE HERAI
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2. Ag85 Complex, 38—kDa X! MTB12 CiEstelo] 2

2|1 A
1) T B Yoi T THUE (CFPs)
Hl 9Fo] 7} o8-S 20 mM Tris-HCI buffer, pH 8322 2.54)] 3]

2138}e] Macro-prep High Q support’} S %¥ A 7}s}4
B g 22170 S0l 0~100 mM, 100~200 mM, 200~300

mM, 300~500 mM, 500 mM~1 M NaCl sl Zt7 &%
SFE H, Fig. 2-A° A K= vle} Zol Ag85 complex, 38-
kDa 3! MTBI12 &1 100 mM NaCl “sEollA] B #]%]
SAck 3 100 mM o] FEelA §EE Bl 1o
= Ag85 complex, 38-kDa 2 MTBI12 &S A2 &x)s}

Al ATt (A 2 o® FASH] B wEbA Agss
complex, 38-kDa % MTB12 &9 12 £2& A=
100 mM NaCl FEA ©ilzs §2] 5%3fo] wjgo]}
N A (CFPs)= FH|SFSITE EEgH Fig. 2-Ao A9} o]
F3} wFe] o (pass through culture filtrate)S F+71= 33]
7FA] WHE3}o] anion-exchange chromatography S 2 A&
Ag85 complex?] TV} T YR o =& o
52 29 4 Ak

2) Ammonium sulfate fractionation

CFPs®] 0~40%%} 40~80%2] Akt ¢148S SDS-
PAGE #4418 AA3ad vl Fig. 2-BolA e} o] Ag85
complex FY-E 0~40% FAEHel T2 x35tE]o] U ow
38-kDa9} MTB12 &2 F2 40~80% GAE3 o 3+
o] ATk

3) Hydrophobic interaction chromatography

1.8 M ammonium sulfate-100 mM sodium phosphate buffer,
pH 6.8~0.02% NaN3-1 mM EDTA (°]3} PB buffer)ol] -8-314]

2 0~40%S}F 40~80% At EE 94888 22t Macro-
Prep Methyl HIC support 5%1% Al 718t guld S &
ZA)71 Zof] 1.8 M ammonium sulfate-PB buffer® 10% A %]
gk Sof| HICE AAlste] @S #2331tk HIC column
g2t gdS 1.8 MellAl 0 M7ZEA] SHolA] = SAket
TE FEAAIR 259 vl Table 20149 o] Ag8s
complexi= 0.8194] 0.45 M Ato]ol A & H Qo™ MTB-
12 &L 18004 1.62 M Alo]ell A, 38kDa ¢ 135
MM 1.17M AelollA Z4zF el = et

4) HPLCE o|&st 2X} anion—exchange chroma-—
tography

HICE 717t #-e]¥ ©ldkel 22} anion-exchange chro-

matography S 2 Asto] FF F2GAIE AAISIAE vl Ag-

lol' —101-
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Figure 2. (A) SDS-PAGE analysis of M. tuberculosis culture filtrate protein concentration by anion-exchange chromatography. The
unheated culture filtrate protein of M. tuberculosis H37Rv was concentrated by anion-exchange chromatography. The culture filtrate pro-
tein of M. tuberculosis was diluted with 2.5 volume of 20 mM Tris-HCI, pH 8.3 and loaded to a column (2.5 by 20 cm) of Macro-prep
High Q support (Bio-Rad). The CFPs were eluted in 20 mM Tris-HCI, pH 8.3 with 100 mM NaCl, concentrated by ultrafiltration (1st
elution; lane 1). All pass-through fractions produced in the procedure were pooled, and then reapplied to Macro-prep High Q column,
eluted with 100 mM NaCl again and concentrated by ultrafiltration (2nd elution; lane 2). This process was repeated twice more (3rd and
4th elution; lane 3, 4) (B) SDS-PAGE analysis after ammonium sulfate fractionation of the culture filtrate proteins (CFPs). Lane 1, 0~40%
ammonium sulfate fraction; lane 2, 40~80% ammonium sulfate fraction.

Table 2. The purification procedures of Ag85 complex, 38-kDa and MTBI12 antigens from the culture filtrate of Mycobacterium tube-
rculosis

Purification procedure Ag85 complex 38-kDa MTBI12
&n;%?o‘i’;‘;g;‘}lgiz}fhég’ma“’gr aphy" 100 mM NaCl 100 mM NaCl 100 mM NaCl
Ammonium sulfate fractionation 0~40% 40~80% 40~80%
Hydrophobic interaction chromatog’raphyb 0.81~045M 1.35~1.17M 1.8~1.62M
Anion exchange chromatography® (UNO-Q) 0~20 mM NaCl 0~20 mM NaCl 0~10 mM NaCl

% Bound proteins were eluted with 100 mM NaCl in 20 mM Tris-HCL, pH 8.3 contaning 0.02% NaN3, 1 mM EDTA.

® Bound proteins were cluted with decreasing linear concentration of ammonium sulfate from 1.8 M to 0 M in 100 mM sodium phosphate
buffer, pH 6.8 containing 0.02% NaN3 and 1 mM EDTA.

¢ Concentration of NaCl in 20 mM Tris-HCI, pH 8.3 contaning 0.02% NaN3 and 1 mM EDTA

85 complexg]r 38-kDax= 0~20 mM, MTBI12 ¥ 0~10 =0 A A9 (Endotoxin Removing Gel; Pierce, IL, USA)%

mM NaClol| A Z+2y Z2] = ST} (Table 2¢} Fig. 3). E3A]7 0.22 pm membrane filter= ] ZH 73] 20T ol A
5) 2T o M W Rasisich

Sauton HJX]ol| A M. tuberculosis H37RvE 63t Hlj 3t
Sl A 7+ 3o HF AAFS AR Hl
HjFod el © B K-E 307.81 mg/le] FrhHHEo] fH|H Sl o A" &Y FolA 38kDaZ MTBI2 ol dfgh
o] To|A ¥ Aol B HGAHOZ Ag85 complex”} 10 il 545 Hete] 22k 1719 %F (2-dimensional elec-
mg/l, 38-kDa &2 0.56 mg/l, MTBI12 &2 1.81 mg/l°] trophoresis)2} mass-spectrometryS 2 A3} 38-kDa <]
HF BAHAY AF FHPARE 72 FqLS AkekE < pH 4.7~59°14, MTBI12 &2 pH 4.0~7.0014 75
(PBS; phosphate buffered saline) > 2 4Col|A T35}, W spoto] 2~3707} YERE O™ (Fig. 4), ©]5 ©9A spotol] T

3. 38—kDalt MTB12 &2lol =7
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Figure 3. SDS-PAGE analysis of finally purified Ag85 complex,
38-kDa, and MTB12 antigen of M. tuberculosis culture filtrate. The
Ag85 complex, 38-kDa, and MTB12 were purified from unheated
culture filtrate of M. tuberculosis H37Rv by 1st anion-exchange
chromatography (Macro-prep high Q supported column (Bio-Rad),
ultrafiltration, ammonium sulfate fractionation, hydrophobic inter-
action chromatography and 2nd anion-exchange chromatography
(UNO-Q6 column (Bio-Rad) (FPLC). Lane 1, purified Ag85 com-
plex; Lane 2, purified 38-kDa Ag; lane 3, purified MTB12 Ag.
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Figure 4. Two-dimensional gel electrophoresis analysis of the
purified 38-kDa and MTB12 antigens purified from M. tuber-
culosis culture filtrate. The purified 38-kDa and MTB12 antigens
were resolved by isoelectrofocusing (38-kDa Ag, pH 4.7~5.9;
MTBI12, pH 4.0~7.0) followed by SDS-PAGE (38-kDa Ag, 12%
acrylamide gel; MTB12 Ag, 15% acrylamide gel). The gels were
stained with Coomassie blue.
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