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Tuberculosis is a chronic disease caused by Mycobacterium tuberculosis infection. The
major pathological changes are immunologically hypersensitive granuloma formation due
to the local proliferation or infiltration of immune cells. However, the mechanism for
the development of the disease has not been fully understood. The first step of infection
is intracellular survival in the phagocytic cells and this process has been reported to be
regulated by cell surface glycolipid virulence factors. As genetical heterogeneity of M. tu-
berculosis among strains has been reported recently based on DNA fragmentation pat-
tern, I have examined the distribution of cell surface glycolipids (cord factor, sulfolipids
and penta acyl trehaloses) among the virulent (M. tuberculosis H3TRv and M. tuberculosis
Aoyama B) and avirulent (M. tuberculosis H37Ra) strains by two dimensional thin-layer
chromatography of silica gel. Seven characteristic glycolipid components of the virulent
strains were detected and separated by thin-layer chromatography of silica gel. Each
glycolipid was identified by fast-atom-bombardment mass-spectrometry (FAB/MS) analy-
sis of the intact lipid and gas-chromatography mass-spectrometry (GC/MS) analysis of
the fatty acid or the carbohydrate moiety. As the result, molecular weight (m/z 1,200-3,000)
of each glycolipid was determined clearly by FAB/MS analysis. The structure of fatty
acids (C16-C40) or mycolic acids (C76-C88) were determined by GC/MS analysis. Cord
factor (TDM, trehalose 6,6’-dimycolate) and trehalose 6-monomycolate (TMM) showed
strong granuloma forming activity, but other glycolipids practically did not. On the
other hand, cord factor and trehalose 6-monomycolate showed phagocytosis inhibition
(but showed promotion in the presence of complement) and marked inhibition of
phagosome-lysosome fusion, while sulfolipids showed strong phagocytosis promotion and
marked inhibition of phagosome-lysosome fusion. Penta acyl trehaloses showed phagocytosis
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promotion but no effect on phagosome-lysosome fusion. Cord factor and trehalose 6-

monomycolate existed ubiquitously among virulent and avirulent strains, while sulfolipids
and penta acyl trehaloses were detected in only virulent strains (M. tuberculosis H3TRv
and M. tuberculosis Aoyama B). These results indicate that the existence of these toxic
glycolipids contributes to the virulence of M. tuberculosis, profoundly. It is suggested
that these glycolipids play an important role as virulence factors in the early stage of in-

fection and expression of pathogenicity.

Key words: Mycobacterium tuberculosts, gly-
colipid, granuloma, phagosome-lysosome fu-
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B R IRD & A IR RYE O BFERE L, Ro-
bert Koch |2 & 2#EZE DR LK, “cord factor”
DFERERTESHICELNOREOME L WEEE X
7S, BANERFEET LI BMEOREREL R
%0, BHELRMRIERISIC D & D REDHBIIBL
ETHHMEIIMH IR TR, —F, SHRERHFE
TR % 7R LT 7% I RaE 2 DA LRI A58
L LasD, $ICHIV APHEE LTHUEER I DD
HHIED Y THL, &SP T 2RO M
BLIK D TRHEMOEAN S ER LTV RS, H LWk
EOBFIZBVTHBPICFET 2 I LTH5a%it
BHEFET L2010, BEBEREORESEZIEST
TFREENEBEOBHRBO TEELEZ NS, bhtb
it cord factor ZiEw & T 5 MM EBHERE % H.0
(2, REMRB L UEHERICBI I ERR, EDLD
REGHED & 9 T2 M THELIE @ virulence (ZB5-T
LODERELTELY, FEVTRS PLHO—2%
PESEE LTEAT AL, ORI A bk & BAEL,
L HE L HEE L2 ET& 4 @ virulence factor & L
TOWEEBI LT, BY - BRNOFZIIOWTER
L7z,

KM (Mycobacterium tuberculosis) % &
% % Mycobacterium, Nocardia, Rhodococcus &
DY, FiEREICRBINS Z L, MaRBH TR
BAMERTIETH LY, CNOHFRRAOHEICH
54553 a-vBERO LT AELDRESFT
bbb, D)L Ia-VEERMHERE L L THIZ cord
factor (TDM, trehalose 6,6’-dimycolate)? ¥ iX, %
DFEWIM 2 FIEEHEN 7 KA TE IO W T O
gestEed b, WHERRREY Y, JESEEY, 7
VanNy MEWY, BADOFA A4 VFEEREY Y,
protein kinase C D{EHAL & & IZE LR FHE

[l

B SR SN TE AT, RETIIEREEICZED
I T VEBEORFHECHTHEOECS,S, HURME LG
DET LA QLGN LBEEOBRIIERESNDD
% % 6) 10)15) o

F7-—7, NEUEHBILY /) 2T OKE, DNA O
restriction fragment length polymorphism (RFLP)
Ny —VIZELVERESRONS Z LB L UHK (B
MRS X OMRIFERR) 12X D Z OG- REMEAR
BAHZEDIBEINTE NS, KEFEGLAE EIZ
BOCEEAEMEE ST 5 &% 2 bN b MaRERE
BATIZoWT, OB Y MER & GFERTHE T 5 2
E IR ETFEITIIILATH B, 22T, ANBHEHE
WEM M. tuberculosis H3TRv #k & M. tuberculosis
Aoyama B %8 & O5§#H M. tuberculosis H3TRa
B 3 EMOMEIRE B & ) VIREMBE 2 KITHE 7
v s /574 - LEEGSNEMAEDETHEL, £
DOFA RSP Lz, TOMRE, MRBEHRICIZTHHERIC
I NV ERESTEEL, S, MEK M.
tuberculosis Aoyama B#k6 7THEBEOMIRE % H
MR, FE21To/ze £/, THOHREIZOWT
&S - IR L D) ORWETABEE, Tabb
<Y AR AEN, WIEERRAES L O AR ML
D E BRIV TIBRMET L, BEIZBIT 5 viru-
lence factor & L THO&EEXEE L7,

RBRMH B LUHE

1. WEHEOREER L CHEEOHRR
NEVERTE M. tuberculosis H3TRv # (B ),

M. tuberculosis Aoyama B# (3iFHk) 8 & U M.
tuberculosis H3TRa#k (§5##k) %, Sauton¥F#iizT
4-6 FHTCTHERMER L2, BER TR, 1217TC,
2045 PN L, MK CREL CHELTER L, £
DEEE BT U CIRE A L, &K chloro-
form /methanol (4:1,3:18X02:1, v/v) I2&o
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T2E45E L, chloroform/methanol &% A%,
EMEECE L CHUIR- L L2,

2. 2RcER IO NTT T 4 —

MBEEE T 4 v H =T v 2157200 ) AV
& 7L — b (Uniplate, 20X20cm, 0.25mm : Analtec,
Inc., Delaware, U.S.A.) # HWT 2Rk cH#ERE I 0~
NS T4 =% FTo7, MIEEEZ200pg ARy ML, 2
D 2 RITRBEER ; solvent 1 [ 1 XRERIZ chlo-
roform/methanol/water (65:25:4, v/v), 2 XE&
BH 12 chloroform/methanol/acetic acid/water (80
:12:15:4, v/v)), solvent 2 (1 XEHR 2 chloro-
form/methanol/water (100:14:0.8, v/v), 2 XE
B2 chloroform/methanol/acetone/water (50 : 2.5
:60:3, v/v)), TRBEL, V) YIEEE Dittmer #{FT,
FERRE 1X Anthrone ETENRENIRE L7z,

3. PEIRE OHEERER

ZHERRE AR, BUESOEVICL ) FERHEE
FEMAEDETHHEL, #E7 < 7T 74— (TLC)
L, B—DARYy M FTHRDELUBRMILL,
%8B, FVZREERRIE solvent 3, chloroform/
methanol/acetone/acetic acid (80:20:6:1, v/v),
solvent 4, chloroform/methanol/acetone/acetic
acid (90:10:6:1, v/v), solvent 5, chloroform/
methanol/water (90:10:1, v/v)'¥, solvent 6,
benzene/methanol/acetone (95:1:1, v/v) T&H,
TLC 7L — b2 EH%, I—FCTROIEZEHLS LT
pedizhEr ey, H5 L1220 T chloroform/
methanol (4:1, 3:1, 2:1, v/v) THEHE L,

4. FENRE OHELEIRAT

ZHERRE % 2 7/ — VI 0.2N KERAEF M) 7 A
T0C, 1KEHMEET VAV KEL, SO LHFHEILL
TBWEHAF ¥ K@M E DOWEX 50W-X8 (The
Dow Chemical Company, U.S.A.) % fil 2 T pH2.0
LAF DM Lizo B A A ¥ 35 R % Br %1%, hexane
MR C2RAEL, KEMH % BN - @MEH#%, TLC
FPROCKEEES L RfEE BT 8108 DR
3% 58 L7zo hexane &4 & Bk 4 BN - i 4E 52 &
#, VTVAY rENZ, RiRT1BMRES & TER
BAFNVIATFNVE LIz, TLC SHTILE R B #R sol-
vent 7, hexane/diethyl ether (80:20, v/v) % Hw»
TH o726 €512, N, O-Bis (trimethylsilyl) trifluo-
roacetamide (BSTFA, Wako Pure Chemical In-
dustories, Ltd., Osaka) (2& ) TMS ke L7z,
INSIRMEEA FIV T A7V, TMS HFi#lfks ¥ A7 1
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R NS5 74— (GC), FAZBI T TT 4 —/TAR
~y hax b= (GC/MS) & W CTEMIZoH L
720 Intact 72 ¥R & (X fast-atom-bombardment
mass-spectrometry (FAB/MS) &4t L*, S5
FA A H5 intact ZHEREDOETFEEWE L7,

5. WHEFMEIES X OFHRARY

BAEIREI00ug/ L REVF AN =2, BT
BMELltk, £803.2% &% 5 L9 I2 Freund in-
complete adjuvant (Difco Laboratories, Mich.,
U.S.A.) L% %&® phosphate buffer saline (PBS,
pH7.0) HF#T0.2% Tween-80 (Wako Pure Chemi-
cal Industories, Ltd., Osaka) % & & A4 B AHEAKIZ
BEsE, F7OVRERANYFETFAHF =T
water in oil in water I EWVIZFAR L7,

B 7232004/ (300 #g/PE) % ICR <™
Al 4 ERMOREIR L D I5 L, BREOERE(LERN,
7 BE O, BBICB 5 NFEEAEREE TR L
a4 7y 7 ATEMl L7z,

21 > 7y 7 A = (s EE/KE) X 100

6. AEGEIZE ST R

(1) Staphylococcus aureus HAEDFHH

S. aureus 209P # Heart infusion agar (Difco
Laboratories, Mich., U.S.A.) O¥HH#T37C,
24BEMIEERE L, 0.1% gelatin-Hanks A IC2 & HY
B E Lz 2D S. aureus FiEWEA— M7 L —
T T121°C, 20 e L /2%, gelatin-Hanks
2T 1X10°% cells/ml \[ZFRE L 72,

(2) N ML H SR B 2R D F8 31

A INERIL L 7R N K AE ML % 5 & o Ly-
mphoprep Medium (NYCOMED PHARMA AS,
Oslo, Norway) LiCERL, 20C, 1,500Xg T304
ML, e HE 0BT oM L7z, Tris-NH, Cl
buffer % 58 L7z BERIZIMZ T, BALALKRMEKE &
m&, 0.1% gelatin-Hanks 12T 3 BIEEE L 72,
10% JEME)1L foetal bovine serum (Gibco Inc., New
York, U.S.A.), penicillin G (100 U/ml), si.epto-
mycin (100g!/ml) 1l RPMI 1640 medium (Nissui
Seiyaku, Tokyo) 2T 5X10°cells/ml (ZFR L 7=,

(3) HERRECa— b L7 S. aureus DFH

BHENEE % hexane B{\ i3 isopropanol (Z#&f# (0.2-
5ug/ml) L, S.aureus JEH42.5X10" cells/m!l &
BAMILT, TAEL—F — TR EEICEESET:
#, gelatin-Hanks & MxCl1 oMy =sr—va>
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L, ESRENVT v 7 AIFH— 2 THoE#HL, HEiF
BTa—F L7 S. aureus DR (2.5X10" cells/m!
: gelatin-Hanks #) & L7z,

(4) ¥EREE T2 — b L7z S. aureus ® phagocytosis

HERIEER (5X10° cells/mi) 200x. % cover slip
ET37TC, 905RIA v Fa~x—b L72%, RPMI 1640
medium (2T 3 EEE L, FERBFMBEREL 2,
cover slip EIZfi7 S¥7-BIRICKBEOWEREY I —
b L 7 S.aureus ® % i i (2.5 X 107 cells/ml:
gelatin-Hanks i) %200x! 2o D837C, 3 KR A
¥ 2=} L7%, RPMI 1640 medium T 3 [A] ¥ i
L, HE#% methanol THEE L7, BREERE,
methylene blue THefa L, BMSE (1000f%F) T TS
BIEAIZ00HFOBEIRM B L VARSI NEHE LY I
2720

phagocytosis i3 F 521278 L 7z phagocytic index
(PI) CEHiL 720

Pl=(HASN-HORB/ERORY) X (B A

L T\ % BER DML/ HIRO#E) X 100

OB BT2AR B4 E

(5) #EfgETa— b L7 S. aureus ® phagosome-

lysosome fusion (P-L fusion)

P-L fusion I, cover slip IZfi#E & &7z HEk (5X
108 cells/mi) 12 PBS T 3ug/ml \Z#% L 72 acridine
orange (SIGMA Chemical Co., Louis, U.S.A.)
Mz, 37C, 164G €72, RPMI 1640 me-
dium (FiEWEEE T %) TIEB%EH L7z, acridine
orange TR L7 HIRIZ, B¥EREZI-FLAS
aureus DRHEH (2.5%10" cells/m! : gelatin-Hanks
W) %200ul 320w 37C, KM A yFax—FL7,
ZD#%, RPMI 1640 medium T 3 H ¥ L HIRFL R
B/, P-L fusion ik, #JGHEMSE (BFES50nm) %
BV, ARS8 A 72200815 O BERE S & U acridine
orange ICHB SN7WEE TR 72, P-L fusion &F
ZRICR L7z fusion index (F1) TEFi L7z, 5] & HE\>
THIE% methanol TEIE L, HAREE:% methylene
blue Tt L, HE#MBIOEARINEHEE 2 PI
rHEELA,

FI=(P-L fusion # B L-HOKEE/ EEDOEH)

X (P-L fusion # 8 Z L7-BEROHBEL/ HEROHE

) X100
A. C.
H37Rv Aoyama B
¥ S
= A
& ") GL-8 =
= - @9 @G0 3
i GL-7 (TMM) 2
2 4w o PL-4 =
= (CL) 2
= -6 GL-5 ;
= GL-6 OL-5 S i GL-4 3
, ®GL-3 _eGL2 OL3 - , #GL-2 [GL-3
PL2 s G(iL;z PL-2 e G | S| L2 GL-1
‘PL-I' PL-3 - v IPL-1 g PL-3 ; PL-I' > PL-3
s 1. C:M:H20=65:25:4 v/v - = | C:M:H20=65:25:4 V/Vf'ﬁ - | C:M:H20=65:25:4 v/v,
D. E. F.
H37Rv 37Ra Aoyama B
z 2 —
= = Z
= g o
el A S
g 2 S GL-12
& & =
= S 3 FFA
< GL-8 < = -
z = 3 GL-8
&} . . o
& GL-10  PL4 < = P &
(TMM)  (CL) GL-11 GL-10 PL-4 GL-11 S GL-107 PL-4% GL-11
(TDM) (TMM)  (CL) (TMM) (CL) , (TD
' Ny ‘ (TDM) I M)
- , '~ "

—> 1. C:M:H20=100:14:0.8 (v/v)

=1

— [. C:M:H20=100:14:0.8 (v/v)

— 1, C:M:H20=100:14:0.8 (v/v)

2 RJC TLC 2 & 2 NBURSBAH 3 BIkR IS B0 5 IR EHL O LB

(A, D: M.tuberculosis H37Rv, B, E: M.tuberculosis H37TRa, C, F: M.tuberculosis Aoyama B)
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F1 ANBIEEE 3EKRENCBIT 2 ) VIRE B L ORI E 0545 O Lk
Phospholipids
PL
Strain 1 2 3 4 5
H37Rv O O O O O
Aoyama B O O O O O
H37Ra O O O O O
PL-1, 2: phosphatidylinositolmannoside
PL~3: phosphatidylethanolamine
PL~4: diphosphatidylglycerol (cardiolipin)
Glycolipids
GL
Strain 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
H37Rv OO OO0 X O0OXO0OOOOOOoOOo
Aoyama B O O O X X O O O x O O O O O O O
H37Ra O O O X x xXx Ox OO0 0O x OO0 0O x
PL~ 1:di acyl trehalose 2’-sulfate (SL 3)
PL~ 8:tri acyl trehalose 2’-sulfate (SL 2)
PL~10: trehalose 6-monomycolate (TMM)
PL-11: trehalose 6,6’-dimycolate (TDM)
PL-12: tetra acyl trehalose 2’-sulfate (SL 1)
PL~16: penta acyl trehalose (PAT)
- Py L-4, GL-5, GL-6, GL-8, GL-12 8 L U* GL-16 #* %
3 NEFNRRBEL TR, GL-12 & M. tuberculosis
1. 2RJ5T TLCIC & 2 NBUSH R HER B & 055 # 1k Aoyama B % B & U M. tuberculosis H3TRv ¥ 12 &
3 RO E AR o Lk FNTW72AS, M. tuberculosis H3TRa BRIZIZFEAE L

SHHROIEEMB % 2 R5T TLC THHTL, ZOHE
ERLICR LA, FAKEKRO) VREB X UBIRED
SHERLICE LD, BBEICH#MNZY) VIREIEIR
1 A-FICRTEIICELR DO S FSEFEL, TLC L
D RIEELFEOQEZEMOBEREHLELTPL1BLY
PL-2 i phosphatidylinositolmannoside, PL-3 i
phosphatidylethanolamine, PL-4 (% diphospha-
tidylglycerol (i#FF cardiolipin) &FEE M7z, =
NO DS M. tuberculosis H3TRv, M. tubercu-
losis Aoyama B B XU M. tuberculosis H37Ra
D IBARICIEIZFEL, ZORILOEKRIZE 2E
BHoNLholz,

—77, WEREIZOWTIE 2 RYIOBRIEER Ti6D
ARy MR SN, SEHRE BT 2 KB IS
® trehalose 6-monomycolate (TMM)(GL-10) 3
LOVTDM (GL-11) iE T _RTOWRICHELEL TV/2D5,
ZOERNPRL YVEFEKRD M. tuberculosis H3TRv #k
& M. tuberculosis Aoyama B #¥iZ% &, §
FRD M. tuberculosis H3TRa #kCldd e h oz, %
72, M. tuberculosis H3TRv ¥ Tid GL-6 8 £ UF GL-
9 2%, M, tuberculosis Aoyama B #%Tix GL-4, GL-
58 & U GL-9 25, M. tuberculosis H37TRa % Ti¥ G

Lol THLEAICH GL-16 & M. tuberculosis
Aoyama B ¥k & M. tuberculosis H3TRv #k D 5h F#k
WCORFTEL, M. tuberculosis H37TRa ¥k TIZHER T
Eapoli, TOEIICIBMRTHRET 2L, WHEH
BACEEHY), FHBLTEETNS TDM 2 TMM 122
WCHEZDEEDVRRY, T, BERIIOASCET
N DRI IR E S FFE L 7,

2. M. tuberculosis Aoyama B ¥k25 O¥EFE D
g

SRR (AR 72 TRERE O FERE E % solvent 3-solvent
6 DEMBEEAMEAEDLEDLZ &2 L 5T Mtuber-
culosis Aoyama BF» 6 HEEH L2 (K2), =
NoDWERRE ARG T V7 ) KRR S N D BRMER S
(FE) B L UBUKHER S IZ2WT FAB/MS 8 & U8 GC/
MS#0HEERT 2 MA LT THEBT L4 R
(Fujiwara et al., in preparation), TDM & TMM
12Nz T 3D sulfolipid (SL) & 2 D penta
acyl trehalose (PAT) THA I EPHLNE 207,
X 2 DA E#E L 72 sulfolipid 3 (SL 3), TMM,
sulfolipid 2 (SL 2), sulfolipid 1 (SL 1), TDM,
penta acyl trehalose 2 (PAT 2) & U penta acyl



198

Chloroform/Methanol/Acetone/ Benzene/Methanol/

K OB 2K B 4E

Solvent:Hexane/Diethy! ether=80/20
Acetic acid=90/10/6/1 Acetone=95/1/1 Fs;-mw —

Phthioceranic C40 - - - - - |- = - == - - o - o - .
Phthienoic C25-27 - -« ===z === e m == - ,_'
Slraight—chainCne-w"——————.---V .. ,,,,,, -

' ' . ' Hydroxyphthioceranic Cao{- - - ; - - - - - i
' ' 0
Mycolic C76-88 - - - -~ = |- - = = - - YR
. Hydroxyphthioic C27:0 - - |- = - - - = oo cooo oo oo o °
o
S T T T J
SL3 SL2 TDM PATI PAT2 PATI
T™MM SL1 PAT 2 SL3 TMM SL2 SL1 TDM PAT2PAT1
K2 M.tuberculosis Aoyama Bk 5H
M3 HEREOHBIENEED TLC

e L 7oHERRE O TLC

trehalose 6,6’-dimycolate (TDM)

G
(?Hz)}’
CH3(CHz)nCH=CH(CH2)mClHCOOCHz OH
OH o
OH OH
OH O (0] OH
OH OH
CH20CO?HCH(CHz)mCH=CH(CH2)nCH3
(GH2p
CH;
2,3,6,6'-tetra acyl trehalose 2’-sulfate
CH;3 CH;

OH (IZH3 (|:H3

I i TR
C5H3;CH(CHCH,);CHCOOCH, OCOCH(CH,CH)6C16H33

O.
OH
OH
HO,80 CH;0COCH(CHCH),CHC sHs,
CHj; CH; OH
2,3,6,2" 4’-penta acyl trehalose

HOH,C OCO?:CH?HCHZCIH(CHZ)”CH,x

CH; CHs CHs
(0)
OH

CH;3(CH2)1 5(|3HCH2(IJHCH=(IIOCO

CH3 CH3 CH3
CH;(CH,),7CHCH,CHCH=COCO CH,0CO¢=CHCHCH,CH(CH,)17CH3
! ! ! CH; CH; CH;

CH; CHs; CH;

M4 FEMNT-AGHEREORE
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w
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w2
S

Q
o
2
s
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Body weight(g)

)

W

o

<
&)
w
IS

Days

B5 Flro—2AEEHERERSHROY T ADFELL

trehalose 1 (PAT 1) #7RL, RI1DAKRy b EXFIE
&¥5LE, GL-11ESL 3, GL-8ixSL 2, GL-10i%
T™M, GL-11i& TDM, GL-12XSL 1, GL-16 i
PAT 1, PAT 2% L7z, %38, SL 2, SL 38&
" TMM 22T, solvent 3 DEFBE T EL
F#E L, TDM & SL 1 @48 solvent 4 DEEME
TIRAE S % 5B L 721, solvent 5 DB TR
THIELICEINERLZ, PAT 1 BX WU PAT 2133k
FIEIRETH 1), solvent 6 DIEEH M/ L CHME L
72

HHENRE ORI 2DV T D TLC /8% — > %X
IR L7z EHIZGC/MSBLUFAB/MS I2& )4
FAEARLR A H AT L 745 R (Fujiwara et al., in pr-
eoaration) 2°%, TDM & TMM iZC76-C88M I 2 —
JVEE («, methoxy, keto) 2¥h LT —ZIZTXF
WMEELbDOTHA I L, 3HED SL I HEEEHE AT b
o= HEL, CAOnT7F4+1 T VB, CHDN
A Faxs 754t VB, $512C16F 7213CI8DIE
SHARRHERSS T OV E LCENRENAMH, 31, 2=
ATFVEEEGLLEbDTHDEEZ N, T2, 2HE
D PAT i b Lo —2(2C25:1-C2T:1 D7 F 1./ U,
C2T0 D 3-NA Fuxv 75+ Uk, Cl6%7213CI18D
BRI S AR5 M7 o Ve LT AT S LT
bDTHDLEER LN, HEERBRTE L THEEOMHR
BORARY 2 HEEXER 4 1TR L,

3. IURIIHT LEM S & CRFEERE

< AREIR & D &HENRE300 #g % water in oil in
water SENMILTHEEG LBOREORBEILY &
BofgEe LT 5 2R LA, TDM B & 08 TMM 0
5T 1EB UL RIS 72 ) B3 2 RE B I O I A3
oo, PobrhHEHIREN/, SL 1, SL 28L&

B Spleen
Lung

Organ index

0

o
=}
2
=
2
o
>
=
o
>
-
[N
-
=}
S
—
2
<
[
-
j2
(o
S}
(%2}
-
w

Glycolipids

6 ~LNO—AEHERHERERS LS
<7 AWFIET R

SL 3 AR & S TERPE 22 0% S RSN 0 #2558 0
SN7z7%, PAT 1 BEOPAT 2 Tl EER IO HH
el @Edohiehrolz,

HHERREG5-1%, THBOM - BB 5 W3EER
BAEEZ M 6 ISR L THEE L, ZOEBIILHESRERD
TAL L BREDOLELZ KM L2z R E%Y, TDM B L O
TMM Tlidxt BRI AT TR 4 £, B TR 6 fEDiR
ODTEVESEA v 7y 7 A0 ERAPBO LN, Zhb
g A > 7y 2 AD LRADSHEERE RO E T D SRR EY
MR OMINE KB L TWAZ L3 T TICHE L B
NTHYOW, BEICLIEROHEINITRVI LIXFHEE
L7

4. AFRMIEMAROEREFHHICE SIZTR

FERH 0600 &3 B PIERIEIE, ARAEMmEMieic X %
HREZIRTVOMIRRERE RETHILICLD
HASNES 2D, T THEL-SHREZ I - ML
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##

200

7 TMM B LU TDM O AR MEREREMICE LT THH

oncentration of SL 2

(p2g/ml)

(pg/ml)

xapur s1s01£003eyq

xoput s1s01ko03eyq

oncentration of SL 3

(pg/ml)

8 SL1, SL2BIUSL3DNKMMEREREEICS LITTHE

BLUTMM ZR 7 12R L7z & 9 \BRBEKF I pha-

7z S.aureus FEEx AKRMMBIRE 1 ¥ FaX—T 3

b aV i

-
—

gocytosis Z ¥l L, P-L fusion % #l3 %

VILTHERESY, ARICH X DB PR R, TDM
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1500 200
5
2 5 150
‘2 1000 T
é g 100
$ 500 £ 5o
£
0+ 0 4
0 0.2 1 5 0 0.2 1 5
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