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The structures of bacterial Lipomannan, Lipoarabinomannan
and their host responses
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Mycobacteria produce characteristic lipid components. Recently, it is reported that mycobacterial
lipids have lots of biological activities correlated with the virulence and pathogenicity in host infection.
In this study, we purified lipomannan (LM) and lipoarabinomannan (LAM) from Mycobacterium
tuberculosis H3TRv, M. bovis BCG, and Saccharothrix aerocolonigene, and analyzed the relationship
between structural features and pattern recognition receptor. S. aerocolonigene produced only LM
(Sac-LM), and the structure was different from mycobacterial LMs. The mannose core in Sac-LM
branched two mannoses and the tri-acyl group was composed of two isoC16, and C16 fatty acids. LM
and LAM were recognized by murine bone-marrow macrophages (BMM) via TLR2. Sac-LM activated
murine cells much higher than mycobacterial LMs. The activity of Sac-LM via TLR2 did not reduced
completely in TLR2-KO BMM. Although H37Rv-LM and BCG-LM did not recognize by TLR4-KO,
Sac-LM activated partly via TLR4. Otherwise, LAM is recognized via TLR2, and the level is weak,
compare to LM. As the results, the structures of LM and LAM play important roles in the recognition
by the host cells. This study partly clarified the insight of structure-activity relationships in LM and
LAM.

1. #8

EEZEY &I A2 0BRE R, MREEZENY v 7 ABOIRESFREL I EBRRKOEHHTH
D, ThoFESFICLBRIcOPBINES —HRBRINS LRBINEVTIREEZE T
5. k7, ThoiRREBIEES TR v X7 EBERBIHKESFTH 2D, BELHEIICH
250 FTHD, REIGEZEIRL L CTHRERBEDOREPHEDERICHFE L TWAE I &P
FEEEN B, BHE, cord factor, sulfolipid, glycopeptidolipid, phenolglycolipid, lipomannan
(LM), lipoarabinomannan (LAM) 2&UMBEICEHE BIEEDTO T Y 23V FigH, HRIFE
[ETCRREE, WUEEEME, 78— v 2FERE, <707y — VEHLESESREShTVWE Y,

ChSRIBESFOFTRIZLM, LAMIE, HBREMERESRSEL T 7 2BEMED
lipopolysaccharidel VL3~ 5 Mgt Dlipoglycan TH », BWABRBFEEME L ZZL 50 5.
HSRITid, mannosyl-phosphatidyl-myo-inositol (MPI) anchor?smannose core& fE& L7z d
ONBLMTd D, X 5icarabinan polymer& &Kk L TLAMER 5, LM, LAMBHEEE IR
FELTW3A, LMTldmannose core® 4 A4 XPREOEEHLERERNTH 5. HBEELISN
@D Saccharothrix aerocolonigenesiZ iZMPI anchoriZ &4 9" %5 mannose core D RIEEHHS 2 [HD> 5 75
52=—277LM (Sac-LM) WELEL, WMAURBREMEY A b4 VEEEZF TS EBWMEX
n7?, %7z, LAMidarabinosefll$4® FEB LA Dcapping motific & v 3 B ITHE s h,
Mycobacterium tuberculosis % & & B F B B (Zcapping motifs 1 - 3 f& ®mannosed> 575 1,
ManLAM & FEiE N 5. FERIRME: DM, smegmatis FE DO REFKBHE (2, capping motifbiinositol
phosphate caps® 57X DPILAME UL TE# S IF 511 TW 5. Manno-oligosaccharide, inositol
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phosphate caps Dl 5 %212 150 & 3 DAraLAM & M. chelonae TRIES N TW 3., ARHFFET
i, LM, LAMOEEREFILEREF O—tm a2 H 5 nicd 5729, WEFENITLM, LAM % BHEEE
KL, ~v2EHt~s 07 r — Y (BMM) OFEH/LER 2 dul ic EEHEBIC D W TRET L 72,

2. Ak
2-1. LM, LAM®D¥EHR

M. tuberculosis H3TRv, M. bovis BCG Tokyo 172, S. aerocolonigenes DEE» 57 = / — v
it i< X D lipoglycani®isy &2 43U L, 7 vigdkic X LM, LAM%Z BEEal L 72, BRER
SDS-PAGE CHEZE L 7z. Gas Chromatography/Mass Spectrometry (GC/MS) i & b JgRGERH
%538 L, Matrix Assisted Laser Desorption/Ionization-Mass Spectrometry (= bV w 7
AXE V- - g1 A URTR R EEHET, MALDI-TOF/MS) T & 2 &7 51k
FREXZ#T L7

2-2. TORBHMETIODT 7—PDHE

6 - 8 1R, MECSTBL/6, TLR2-KO, TLR4-KOD < v X =HHEH L T L, 0% =% / —
WVTHBLLRERSOREZVBE L. BREEMEZUML, BEIMHEL TV IHHREZ B
L. BBAEREZYINT L, PBSEEHMICENB TEAL, HLHI W /oBHEEEEZBEIL /2. 7R
[M¥Klysing bufferZMA THMX ¥, PBSTEHE, BT 5 & TEHRRABKMEZENY L 7.
20% 1.929 cell-conditioned medium % #fN L 72DMEME:HI T, 7 HRE 5 % CO, 7 F37°CTHE
#L, BMMZ/p{LEEL /. 5mM EDTA/PBSIZ & b IEMEZF AL, PBSTHa8ERL
7218, HREEL%E5X10° cells/mlicTHEE L 7-.

2-3. LM, LAMIC & 3B~ DT 7 — D DRI

HITA T 5N 725X 10° cells/ml® BMM % KHfaiE# A SEIEIS/ N~ A 7 v 7 L — +i2200 Lm0
L, 1,10, 20 pg/mlOZELM, LAMTRIE L 7. 5% CO, FFE FITCTHE L, 2URRH&RIC
& bEZEEIL 72,

2-4. ELISAEIZ & B tumor necrosis factor (TNF)-a DE=

— IR BT {& (capture antibody) & L TAnti-mouse TNF-¢ #ii {& (Biosource, CA, USA) %
02M Y YBBF bV T A7 (pH 6.5) THR L, 100 plZ9%6X7 v — rich&A, 4°CT—Ht
WESE/, 1% BSA/PBST1-2Kf 7oy ¥ 7L, BEFGRL 2HRIE B & Fstandard
(0-2000 pg/ml) 100 plZ Kwellic M Z, 2 KHEZER THERID S &7, EHFR, ZKRIAE
(detection antibody) & L Thiotin-conjugated anti-mouse TNF-a ¥iff (Biosource, CA, USA)
%2100 plinzx, 1OEMZEE THERIDE ¥, EiFt%, Horseradish peroxidase conjugated-
streptavidin 100 plZ ML, 65 HZER CHE RIS S & 7. EHER EHBEKSS S5
tetramethylbenzidine (TMB) %2100 pl&imL, 307MER TRERIGE &, 2N-FiEg 50 1T
JRZAEIE UTe, Bwell DL (A ) ZHIE L, EHEHE, O ZBRAEDOTNF-eE2EH L 7.

2-5 FACSICELBTNF-aEALEMBEDEE
I mIAEET v RY FIV 7 F 2 — 7 IBMM%1X10° cells/0.5 mlfin %, 10 gg/mld &
LM, LAMTHIE L T5 % CO, FETITCT 5 BREEEE L /2. KEiHicy v 7 ik EX|



brefeldin A% &%:GolgiPlug (BD biosciences, CA, USA) % 1 pl/ml& % 5 kK 2 TmA, EHAY
A bAA v EMENICED 72, FACS buffer THERE, Fel v 7 ¥ — THAOIERERMKE &I
LBy 775y v FEIZL, BMMMREZmRICHEER L TV 5CD11biE %2CD11b-FITCHiA T
guft L7z, & 5izCytofix/Cytoperm (BD biosciences) THEIEMEZBMEE % L TTNF- a-PESLiA
THIFATNF- a i 2 42 L, FACS Caliber (BD biosciences) TaE4L (S H:mAE 2 HIE L /2.

2-6. HEK Blue2, 4 celllZ & 5 It

HEK Blue2, 4 cellicid, &4 TLR2, 4 Fl#IicT & b alkaline phosphatase (AP) 33 ih& 15 L
K= —BrFofsrEhTVws, BEEEFEPCWMENAPEREAES v FQUANTI blueT
RIHSETHNE A ZHIE L, BRER» SERZEEL .

3. #ER
3.1 LM, LAMODO#EER & ST

BEERG S 7 = 7 — Vi, FVERBEZEH W TSac-LM, M. bovis BCG-LM (BCG-LM),
M. bovis BCG-LAM (BCG-LAM), M. tuberculosis H3TRv-LM (H37TRvLM), M. tuberculosis
H37Rv-LAM (H37Rv-LAM) Z¥& L7z, HEE IISDS-PAGETH—X Ky b THH I LZTE
Bl (Fig. 1).

BCG-LM, H37Rv-LM, Sac-LMIZ2W\W T, #E&EDOHEZKR L. GC/MSick b, EAEDE
BHERRHRR =0t L7z & 2 A, Tablel ic/x L7 & S i, BCG-LM, LAMIZC16:0, C19:004rFFE
BHRLTH - fcDicxd L, Sac-LM i%isoC16:0, C16:0 B FEE 53 FRETdH - 7z. MPI anchorFfsr
@ 7 ¥ VE ZIBCG-LM, H37TRv-LM#»32XC16, C19C 3 % @ icXf L, Sac-LMi32XisoC16, C16
ThH5HEZEZ SN 7. Mannose core®mannosefll#H iEBCG-LM, H37Rv-LM”»mannose 1 i
Xt L CSac-LMiZ 2 TH v, #HEEMERZFig. 2 /AL k. BEX%E2EICMALDI-TOF/MS
ik BB E N zm/zh» Smannoseft ZH5E L 72 (Fig. 3). Mannose core®mannose®{ D 437
¥, BCG-LM#524-4448, H3TRv-LMA522-39ff, Sac-LMAS1T-32BTdH - 7. Th & OFERH»
5, BCG-LM, H37TRv-LMIZ &R ICEHL L, FE &L idmannose core® ¥ 4 X (mannose

) (8) © Table 1. Fatty acid composition of LM and LAM
Saccharothrix M. bovis BCG M. tb H37Rv "
M LAM LM _L;}M i . M. bovis BCG Saccharo'thnx
Fatty acids aerocolonigenes
3 i LM LAM LM
- - ) anteiso C14:0 - - 0.3
C14:0 3.2 1.2 1.6
iso C15:0 - - 2.2
anteiso C15:0 - - 1.5
C15:0 1.1 0.3 0.8
iso C16:0 - - 36.2
C16:1 - - 1.6
C16:0 39.4 49.5 17.6
1 iso C17:0 - - 1.5
- anteiso C17:0 - - 14.8
. C17:0 - - 3.4
| sl C18:1 17 30 9.4
Fig. 1 SDS-PAGE gel of purified LM and C18:1 - - 1.3
LAM derived from S. aerocolonigenes C18:0 8.0 6.2 5.8
iﬁZerx.los?: VII:37?§(\:/G(C()?)’str1?:s. Tlr\l/g C19:0 46.6 89.9 2.5
left lane is MW marker. Total 100 100 100




D) DA EEZ SN, Sac-LMIRHiBBEHROLMICEL~N, 7 v ivE, RO EL D,

mannose coreD ¥ 4 X &/NE - 7z,

I5IT, UvRAKREVWE— 7 BEEEEh, x FU{LED

BESTBRIN SR TH - 72, BCG-LAM, H3TRv-LAMIZ 2 W TMALDI-TOF/MSic & 3

HEBOA 2T &

A, FED12,000-17,000BEic2H L T0E T & E2MRA L 7,

mannose, arabinose D EZRET B ITIFE S 8D - 2. BCG-LAMAOYFEHNHITRv-LAM X b

REVERITHD

S. aerocolonigenes

Tri-acyl (2is0Cy6, C16) LM

, BIEX{ATH 52BCG-LM, H3TRv-LM®Dmannosef & KM L T\ 7z,

M. bovis BCG, M. tb H37Rv
Tri-acyl (2Cs6, C19) LM

Fig. 2 The proposed structures of LM derived from S. aerocolonigenes, M. bovis BCG and

M. tuberculosis H37Rv
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Fig. 3 The MALDI-TOF/MS spectra of purified LMs derived from S. aerocolonigenes
(A), M. bovis BCG (B), and M. tuberculosis H37Rv (C), strains



3.2 LM, LAMIZ& BT Rx75 07 7 — U DiEME

HEEDIHE O D IT 78 - 72 BFELM, LAM T~ v RBMM % 24B:[5HIE L, 858 EEhicyibEh 3
RKEMWY A b H A4 YTINF-eEH» GBMMOEREILEZ#RET L7z, LM, LAMORIE IETLRE ML T
VIFVEEEN B E V&SI, C5TBL/6, TLR2-KOK UTLR4-KO= v X Bk OBMM
ZHOWTHE L 2. M. bovis BCG, M. tuberculosis H3TRvERLM, LAM#I|# L 72C57BL/6<=
7 ZBMMIZ 8\ CEBEENICTINF-e BEESNTEBD, LM, LAMIZ X h BMM»ERIL S
NTVB I EDE - 72, LMABLAME 0 HEICTINF-a¢ EEERMNE » - 72, M. bovis BCG, M.
tuberculosis H3TRVESRLM, LAMIZTLR2-KO= v ZBMM T O TNF- a BEEA SR EEE i S 1
TV (Fig. 4. &iZ, Sac-LMIiZ >\ TIZFIERE OBCG-LM, H37Rv-LMIic L XTNF-a A= A5
¥10fEE <, WA BMMEMRER B L T/, TLR2-KO< v xBMMT3C57BL/6, TLR4-KO
<2 Y ABMMIZ LATNF- ¢ EEAEE DI/ L T ieds, B2tk cwish -7, &
AL & Y TNF-a %2 EA 9§ 2 BMM ORI 2 FACSIC & 0 734 L 7o iR %2 Fig. 5icn L 7.
LAMIiZ2> W T3, CDI1b*'TNF-a* fila0 B &BLMEE L D B > 72 2 &5, TNF-aEA IR
HohB 500D, HEEEIROLDOTRIREVWEEZ SN, Fig 40BRE—FH LTV, LM
S\, #icSac-LMTHIE L 72C57BL/6, TLR4-KO~< 7 RBMM®CD11b*TNF- a *flifa5516-
18%TH 3Dkt L, TLR2-KO< Y RBMMT33.9% </ L Tvichs, TLR2O 3 ¥ ha—uv
T3 A5Pma3CSKAD1.7% L © b & - 7z,

TLR2, 481z T % AAA 1ZHEK Blue cell ZFl# L 7231528 _LiE O AP E%2QUANTI blue
TEE LR (Fig. 6) itBWTH, HEK Blue? cell TR EHALALM, LAMM 5 T
5>h, TLR2ZA L-MERETh 5 C LRSI /2. Sac-LMiZ oW Tid, HEK Blue4 cell
THEEICRIBLTWE I L DL, Fig. 4, 5ofEREALE T, TLRAZ N L EEEBROBE
b—EED St
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Fig. 4 TNF-a production by C57BL/6 BMM stimulated with LM and LAM (5.0x10%/ml, 24 hrs)
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Fig. 5 Intracellular staining of TNF-a expression in C57BL/6 BMM stimulated with LM and LAM.

BMMs (1.0x1068 cells) co-cultured with 10 pug/ml LM or LAM were incubated with brefeldin A for 5 h,
and intracellular cytokine staining was performed with the Cytofix/Cytoperm system (BD
Biosciences) using the FITC-labeled anti-CD11b (Mac-1) and PE-labeled anti-TNF-a antibodies.
CD11b-positive cells were analyzed for the expression of TNF-a by flow cytometry. Pam3CSK4 (5

pg/ml) was used as positive controls for TLR2.
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4. BE

EFEHE Td B M. tuberculosis H3TRv, M. bovis BCGI3IEH ic#& O¥EM L .LM, LAM %
B> T, MPI anchoricfE& LTW3 7 Y VE DK, mannosefll#0 % & El—7T, &
Aldmannose core® ¥ 1 XDATH 5 EEZ o, ERFEHRIZ—BRNIcManLAMZ#E 5,
BMMEHALZTIH T 2 EEZ 50TV ED, ARFRICBW TS, BCG-LAM, H37TRv-LAM
BCG-LM, H3TRv-LMIT b XTNF-e EEAEE B KD - 72, MIlENLARE KR, S 5L
BMMOEI& KL, BEOWEIAHKT 26D TH -7, BCG-LAM, H3TRv-LAMIZ
i} 2TNF-e EEARIITLR2-KO~ v RBMM CHif]| & f1, TLR2%5pattern recognition receptor
(PRR) TH B EDHHLLER 2. LMOPRRIZOWTRTHICEIAINTE 59, TLR2UK
FHICBMM Z EHAL L TLR2IMKFHICLPS THEBE S N TNF-a 2 %3 2 i EH 3 5 &
WHHENH B Y. 40, H3TRv-LMIZFig. 4-62 5TLR2-KO= v RBMM D iE AL 23 E & i
MiohTw3 RS h, LML, BCGLMZBWVW TR I OFEHSHLT L HHAFCTE
Wirote, BEDOERVEEAT % Emannose coreil B 1 A mannoseD 53 BBCG-LMOEA
mannose BB TH D, ZTOHHORY HBMMIEHLICEE L TW 3 AREHESZE X Shik.
LAMO &R FREESLMTH v, BMMEHLIZZLMOBESH KME N TW5S T LK1
I,

RiZ, Sac-LMiZ2W T, MBEHFOLMICH~RT, 7Y VEOE, mannoseffl|§H D
BRI - 12EETHY, BMMOEHALICH®AR Y A Y FThHB T ERENTz, F7z, Sac-
LMi3, TNF-aEAESB X FCD11L TNF-a* fifESTLR2-KO~% v R BMM TEZE iciilifl s v T
W7z Z &, HEK Blue2 cellSRIH L7c T &5 5, TLRUREHN TS 5 Z L5ME - 7z, PILAMIE
TLR2UKFHTH 5 DI L, LMIZDWTRIRE T IBHs TVt wgs, & + HRTHP
M FORTLR2GA % A 72 HEEBR TTNF-a EEARSK1/2iIKiIZ 5 h /e 2 &5 5TLR2
KENTHZEMEShTVEY, SAIOKREL—BTZ60TH->%. LaL, TLR2-KO
< v ZBMMTORIGEAZEICME S hTWiswZ &, HEK Blued cellic 3\ T & KGR
HBoNlcZ ED S, Sac-LMIZLAM® & 9 7tarabinan motif¥mannose cappingF D& 2

, REKEME L L Tmannose, 7 YIEDEWVLASRMEI N, PRRE L TTLR2UA Dmannose
receptor%%%);ﬁ?’é%%fﬁéﬁ 5LEZONS,

Z ORRICTLM E LAMBBMMEHALIC B W TEZRE TH 5. LMIILAMEKOHFRIATH b frlg
B DR JFE IC (3 capping motificNA, MifEREDLM/LAMMERLLL O KIARIE = 172,
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