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Mycobacterial Protein Antigens
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ABSTRACT

Background: Mycobacterial antigens released as PIM, LM, LAM, lipoproteins and other
cellular factors may contribute to macrophage and dendritic cell activation through
pattern recognition receptors such as TLRs. In this study, we assessed cytokine pro-
duction and ERK activation with stimulation of several major mycobacterial antigens.
Methods: Purified mycobacterial antigens (10, 22, 30, 38kDa) and recombinant antigens
(6, 16, 19, 38kDa, Ag85A antigen) were studied. The production of cytokines (TNF-q,
IL-12, 1L-6) was measured by ELISA. The ERK activation was detected by western
blotting. The expression of TLR2 or TLR4 was measured by flow cytometry. Results:
Among purified antigens only 30kDa antigen induced production of IL-6 or TNF-a
in THP-1 macrophage cells. When THP-1 macrophage cells were treated with 30kDa
antigen, phosphorylation of ERK was detected. ERK activation also occurred in TLR2
transfectant HEK293 cells with 30kDa antigen stimulation. Conclusion: 30kDa antigen
is one of the major mycobacterial antigens inducing cytokine production and MAP
kinases phosphorylation in macrophages. (Immune Network 2007;7(1):26-30)
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of] Frofsl= A|Eoll W E = toll-like receptor (TLR)

mi7fske] Pojto] H 31w 9lrk(9,10).
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A|ZZF wlok. A A A EF2] THP-1-2 American Type
Culture Collectionol| 4] E-okdkolt}h AE+E 10% F-€o}
A (fetal bovine serum: FBS, Jeil Biotechservices Inc.,
Daegu, Korea)o] Z3g+s] RPMI 1640¥§4](0.1 M sodium
pyruvate, 2 mM penicillin, 50pg/ml streptomycin; Life tech-
nologies £3}) B 5% CO,, 37°C incubatorol] A vl 3}
. AAER BE3A717] Y@l 100 ng/mle] PMA
(Sigma-Aldrich, St. Louis, MO)& 24417t X els}3ich.
TLR2 transfectant cell<= human embryonic kidney (HEK)
293 celloll A+g+ TLR2 (HEK/TLR2/CD14) -+ A}+S- trans-
fectiongt Al E(Invivogen, San Diego, CA)E T3] A
£3}93t}. HEK293-TLR2 transfectant cell WA &+ Dul-
becco’s modified Eagle’s mediumel| blasticidin (10pg/ ml),
normocin (100ug/ml), 10% F-elotEA & H7sle] A&
a5tk

AdF ki, Aol 10kDa, 22kDa, 30kDa,
38kDa &+ ¥} A1 %l 6kDa, 16kDa, 19kDa, 38kDa, Ag85A
S ALt} Salmonella minnesota®l) A H-2] gk 50
ng/ml¥] LPS (lipopolysaccharide; A|t}e+F, Sigma, St.
Louis, MO, USA)®} Bacillus subtillisoll A F-21g+ 10pg/
mle] LTA (lipoteichoic acid, Sigma, St. Louis, MO, USA)
£ 7+7} TLR4%}F TLR2E AF=3}7] 913k positive control
2 Agelar.

$AE B4 AL AAAZNo 2 23] MK 3 A
Z¥wol FITC-TLR4 (clone HTAI2S5; Santa Cruz) S
PE-TLR2 (clone TL2.1; Santa Cruz) YHFE384](20u/1 x
10° cel) 2 A-grollA] 3087+ HH-GAIA A A g
194} A3} FacsCalibur (BD Bioscience)S AF-8-sfo] &
Astglom 3 2000070 AlEE F43 ¥ WinMDI 2.8
(Joseph Trotter, Scripps Research Institute, San Diego, CA,
USA)= o] &3lo] AFE sl 43t

ELISA. A A uljokololl E3HH cytokines S48}
A ELISAE 2331t} 3-cytokine E2]31A(BD
Sciences) & coating buffer (0.IM carbonate, pH 9.5)°l] 250
vl 3] A3} microtiter plate (Costar, Acton, MA, USA)ol|

2
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tween 200] $HF-¥ QlAtgtSEolo 7 33] AlEstal 10%
Y gFAe] E3dH stz Aew XA

1 oz 2uZ A7 Al
Fufokel > 2237} T2 H ko] 7 wellol] &3
F 37°CollA] 2417 HES-A1Z] F 0.05% Tween 200] 3
5 QAagFaez 53 ARk 4230l bioinel
25 AR IL-6 g, $-TNF-a & == $HIL-12
}A|2} horseradish peroxidase (HRP)-conjugated streptavidin
(1: 18] vE)& 10% &GS FH-AgkEHo 2 250
ol 3] Aste] 2t wellell Z47F3E 3= 37°CellA] 1417 REG-A]
Ak I % 0.05% Tween 200] 75 QlAglZolo g
73] A|A38F Fof tetramethyl benzidine$} hydrogen pe-
roxide®] &3t A3 7t wellol] 713 $oll o 7 2ol
Al 20827t RESA17] 3L 2N HpS0,8 0 0 & vhaink-3-& A
A A1 Z3 k. Optical density= microplate reader (Molecular
Devices, Sunnyvale, CA, USA)E ©]-&3%}o] 450 nm I}7}o]|
A ZAs ek EH]E cytokine?] b AR A =3tE
IL6, TNFae] B30 208 §3sl0] Atkelsich
Western blotting. A% T4 4| 25521 THP-13} HEK293-
TLR2 transfactant celloll 15, 30, 40%-7+ A3l &+ 2=

& ¥ ¥ ERK (extracellular signal-regulated kinase) 214k

3% 2409k QABFN L A AEE NP4
lysis buffer (protease inhibitor7} E3}+% 25 mM Tris-HCI,
137 mM NaCl, 3 mM KCl, 1%NP-40)Z 7] 4] 13,000 rpm
oA 1587 A4 Felste] A He] ghul S odglv) g
ul 9] =% = Bradford protein assay (Bio-Rad, Hercules, CA,
USA)Z A akstgar Zebllol| 4] 40~50pgS Zsto] 12%
SDS-PAGEE E3}o] A7|dF 8t} L & nitrocel-
lulose membrane (Amersham Pharmacia Biotech, Piscataway,
NI, USA)oll &AA 5% BA 2 A-LellA 2417 53
A7 F 0.05% tween-200] Sl QlAbgkol o 7
23] AXslodct. d-phospho-ERK thEE381A|(Cell Signa-
ling Technology, Beverly, MA, USA)E AF-83to] 5% B4
B-foll 1:1,0009] v]EZ A5 FoIA] 4°CollA s}
uF ok RS AIZeh T % 005% tween200] 35l 2l
Aoz SEA 33 A Fol 5% WAl
1:50009] H|&& 24 o]x¢x|9] HRP-conjugated
goat anti- rabbit IgG (Jackson Immuno Research, Baltimore,
MD, USA)S} 4°CollA] 147k 5-9F BH-&-A]7] 3 PBSTE 10
B7F 33] A|%3F & west save (Lab Frontier, Seoul, Korea)
5 Agste] Wabs-S 78380 xray filmel] l=FAIA
A skt
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AAE Aele] THP-1 AZE UAAEZ B3
THP-1 A|Z ZH 2] TLR2 ¥ TLR4 £2} 2L v) s}
itk 1 A3 PMAE F3HA]7] THP-1 Aol A TLR2
gl TLR4 EA7} v] ge] whaslg]chFig. 1).

Agt A A A THP-1914 Z 3 F 8ol &3 cyto-
kine A3A4J. A&l g0 2 =% A A EollA] cytokine
A& BT flslke] THP-1 A5 A B Akl
(10, 22, 30, 38kDa)z} A =3t (6, 16, 19, 38kDa
&, Ag85A) . E AF5stgiet. 1 At Al A Ak
+H ZFoll A& 30kDadtdwte] TNF-a A4S FE3+%d
thFig. 2A). A z3HaFA o] 74§ 19kDagS Al9)3r 4%
o] TNF-a FA S FEs3ch(Fig. 24). IL-12% &
Akl Azl BErollA fEEA ekt
(Fig. 2B).

A A A £ THP-1614 A& 30kDadtd A=
o] u}E cytokine A3A]. THP-1 A|E£2] cytokine 484 A1¢
of| Al A&t 4552 AT AATNGY FollA FY
stA THP-1 A5 253k 30kDad S the 2 ¢4
%o w2 TNF-o¢} IL-6 A4S B2319ith ELISA
£ 538to] THP-1 AlE vk A9 cytokine A= 3
A3k ZAF, 30kDagd oFo| F7Fdel whEl TNF-aoh
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IL-62] A4e] F7lstsAvh(Fig. 3).

A F 30kDa-¥o] ERK &4 3ol m]X]= . 30kDa
g4 A=l eJsto] THP-14Eell 4] ERKE| Q14Hs}7}
oAU=A1 5 &elst7] 13l &-phosphor-ERK A& o] -&
s}o] western blottings A A]3}At}. Positive control Q]
LPS, LTA 9 30kDadtd-& X2k & 15, 30, 402 & &
Rhlg QIgich ERK A4H8HE 243 43 30kDaghe
< AS3HE wf 40% § THP-1 Al 2] ERK 487t
Z7}+=] 9 th(Fig. 4). HEK293-TLR2 transfactant Al E5=ol|
A% LPS, LTA 3 30kDas}d<S *]2l8 3 ERK] QA
s}2 245950 30kDadS X2l 152 Foll ERK
o] Qi3 EE k7t 30l ZHAE A ek(Fig. ).
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31715 sk vt gel ARz 74 vt &
AH# 19kDa A QTS TLR? ligand 2 U#4] 9lom &
Z A|Z9| apoptosisE S E3FAL nitric oxideS A sHo]
W uh-S-8 Z71A]7]= HhH MHC class 1T ¥-2-2] down-
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Figure 1. TLR expression on
THP-1 cells. THP-1 cells wete
treated with 100 ng/ml of PMA for
24 hrs. The expression of TLR2 or
TLR4 was measured by direct
staining by anti-TLR2 antibody or
anti-TLR4 antibody. Total 20,000
cells were analyzed. The result is
the representative result from three
independent experiments. Control
IgG, isotype control antibody.
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Figure 2. Cytokine production in
THP-1 cells by mycobacterial anti-
gens. THP-1 cells were treated with
10ug/ml of purified mycobacterial
antigens (10, 22, 30, 38kDa) or re-
combinant mycobacterial antigens

(6, 16, 19, 38, Ag85A) for 48 hrs.

0

PP L P PP P X TNF-a and IL-12 in the culture
°o°'$ v s&? h?*o h};*o & '9*9 '9*9 ”5,*9 V'& supernatants were measured by ELI-
Purified Recombinant Purified Recombinant SA'. .LTA (10ug/ml) was used as
positive control. (A) TNF-a, (B)
Antigen Antigen 1L-12.
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Figure 3. Dose-dependent cytokine
production in THP-1 cells by 30kDa
antigen. THP-1 cells were treated
with 20, 40, 80ug/ml of 30kDa
antigen for 48 hrs. TNF-a and
T IL-6 in the culture supernatants were
measured by ELISA. LPS (50 ng/
ml) and LTA (10ug/ml) was used

A. TNF-a B. IL-6
(pg/mL) (pg/mb)
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2,000 | 2,000
1,500 | T 1,500 |-
1,000 | T 1,000 |-
500 | 500 |
0 S o v 0.
O QO O N\
SFEES s )
($) _— ($)
30kDa antigen (ug/mL)
O O O
\'\"‘o\o\ ~ \@6\\0
»
O o
o P S

| — ——.--.—“| Phospho-ERK
ez s Total ERK

Figure 4. ERK activation in THP-1 cells by 30kDa antigen.
THP-1 cells wetre treated with 10ug/ml of 30kDa antigen for
15, 30, 40 min. Total protein was prepared and western blot was
done with anti-phospho-ERK antibody. LPS (50 ng/ml) and
LTA (10ug/ml) was used as positive control.
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1 20kDa 3 38kDa %H] ¢} TNF-a
S IL-62 A= FrEgek1l). A el g Hdnkg
olaliztaL vtolrtA] il A = AAE sle] o]
ol dHb glell o3k A=A oAt Fibsict
2 Aol A e A A AEFQ THP-1 AZE i
o7 ZAgt chilgkl Soll ek cytokine A& 3
7z} FA gk Foll A= 30kDa go] TNF-a A4
= TEsen Az FolAE 6, 16, 38kDa 3
A7 Ag85A7} TNF-a AAS fr=stdich. AM=ze3d
o] 7% iAol A ABAsH7] wli el bl Fe] 2ol
A 239 o de AT @ LpSe 7S e Alsk
717F &olstAl ofskrl. aElste] o] o AoA=
Ao g2 Zfsteict 30kDa A& <l
£ IL-12 =& IL-18 59| cytokines -l 7)ol
7red 5l ghA}bol| A= 30kDa <ol tigh HE-g-o] #|s}=of
Ukt A A 8 Folle B4R 3] E5H(13,14). A
g eSS 30kDa 922 A58 TNF-oF A4 3}
<l TNF-a= @4t §obE(granuloma)®] A oll T2
g 983 sk AAE AU E AHEste] A
T T3 AT A2 Aslisty] wiiel 30kDa 31
(Ag85B)o] W& & Hetsle 7]50] Adve AR AA

O:

2 adTollA AAIZEF] THP-1 AEE AT 30kDa
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as positive control. The result is the
representative result from three in-

—_— dependent experiments. (A) TNF-
30kDa antigen (pg/mL)

a, (B) IL-6G.
® O ©
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USROS S
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Figure 5. ERK activation in TLR2 transfectant cells by 30kDa
antigen. HEK293 cells expressing TLR2 were treated with 10pg/
ml of 30kDa antigen for 15, 30, 40 min. Total protein was
prepared and western blot was done with anti-phospho-ERK
antibody. LPS (50 ng/ml) and LTA (10pg/ml) was used as

positive control.

skl o2 A=3}91-8 ull MAP kinase member?] ERK7}
TLR29] #i$]#e]l LTAY TLR42] vl$]#Fe] LPSol| thet
w3 e &AStE e Ao g Hol 30kDag =
MAP kinase 73 25 gsto] AAEE sl SA A
Aoz s Honky ol Hofsi= Zor 3
A=}l 2 30kDa U2 Ag85 complex 2% LA
Sl AuF vjokol] AEEE Wulo AgSA,
Ag85B, Ag85Ce] Al| 7HA] EFE FHEE AL, AT of
Yzl B 4btellA 3EIeh(16). Ag85A, Ag8SB, Ag-
85C7Fe] LB AJoldt A2} sequence Xlo]= Ag85 gene
family7} 24 422 duplicationol] 2]34] mycobacterial
speciesZ U0l A 7] ol A Zloz A St
(17). ==3F Ag85AT M. tuberculosis'} Mycobacterium leprae
(18), Mycobacterium bovis BCG-vaccinated mice (19)l] 7+
A5 F T AZE FA4S A w28b N34 =
FEAZ| = 9o Huxglo] 9lu 12 9lslo] Ag8SA
o} Ag85B7} S| A2 subunit A1) 74k 7= gk
STREZZ AAEo] gk B odFtof|4 TLR2E s}
£ HEK293 A ¥Eol|A] 30kDa 3+¥o] ERK 4315 f5
3l9ich PMAE A3k THP-1 Al Eof| A= TLR2 1Halo
=7 725 7] Wil THP-1 A £ Az} TLR2E W
sl HEK293 A E2] A5 vszshH 30kDa <10
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TLR2E §3to] ERK #43 52 AzAdds Bl 715
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ARHor B AT AT L
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