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MECHANISM OF ACTION OF CORD FACTOR (TREHALOSE-6, 6'-
DIMYCOLATE) OF MYCOBACTERIUM TUBERCULOSIS*

Masahiko KATO

(Received for publication February 14, 1972)

The mechanism of the delayed lethal toxicity of cord factor (trehalose-6, 6’-dimycolate) of
Mycobacterium tuberculosis for mice was investigated.

Biochemical damages induced by cord factor in vivo were first studied with the homogenate
of mouse liver. The activities of succinate-neotetrazolium reductase, reduced coenzyme Q-
cytochrome ¢ reductase and the phosphorylation associated with the succinate and B-hydroxy-
butyrate oxidation werd impaired in livers of mice either intoxicated with cord factor or
infected with virulent M. tuberculosis.

To analyse further the site of lesion in the cellular respiratory metabolism by cord factor,
the structure and function of mitochondria prepared from the cord factor-intoxicated mice
were studied. Cord factor disrupted both iz wvivo and iz vitro the mitochondrial membrane
into fragments deficient in the respiratory and phosphorylative activity. The site of functional
damage was located in the segment between coenzyme Q-cytochrome b complex and cytochrome
¢ (coupling site II) of the mitochondrial electron transport system. Electron microscopically,
mitochondria were markedly swollen and disintegrated by cord factor either in vivo or in
vitro. The inner membrane spheres were detached from the swollen inner membrane.

The above structural and functional damage in mitochondria was observed with a number
of toxic cord factor-analogs, while mycolic acid, acetylated cord factor and the cord factor-
inactive semisynthetic analog showed no effect on the mitochondrial structure and function.

Trehalose-6, 6/-dicorynomycolate, the cord factor of Corynebacterium diphtheriae, affected
the mitochondrial structure and the oxidative phosphorylation as did the mycobacterial cord
factor, whereas neither the crystalline exotoxin of C. diphtheriae, lipopolysaccharides derived
from a number of gram-negative bacteria nor the endotoxic glycolipids and lipid A induced
the mitochondrial swelling in vitro, indicating that the effect of cord factor on mitochondrial
membrane structure is specific to this glycolipid-toxin.

From these results, it was assumed that the above metabolic damage in host-cell mito-

chondria is the biochemical basis of the toxicity of cord factor.

WA~ v ACH UCHRRRBEEOBICHEMNE SFrELDHTHLMC IR, ZOEEIF AHERE
LOMMIEE A BEAT B & L%, H.Bloch iz 101950 WAl “MHkFEE” (cord-like growth)? i BI5-3 %

* From the Research Institute of Tuberculosis, Toneyama Hospital, National Sanatorium, Toyonaka,
Osaka 560 Japan.
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BHEBIEE L\ 5 ER T cord factor L7gdl bh
Z DR EA LI ERBFH IR, L
DU Tedd D %) cord factor X#iéy IhfEEBES X
(LA b C MlcREY THDCY, oMk
cord factor DEYEM:LE 2 bh i RO T
B2 BT 50050 EELbhb. £DODD cord
factor 2% Anderson $£7 12 YO CAHEH I 5 ERE AR
HHESD 5, BHEevESCERECEEh, £05
HTHET L VEIEDO v Y CEMCESBCHEETSH
ERHLB I T, ZOYEEKECEED) D,
FEBLL, FO(LBEHEAERT S Z EMBAREL T DT,
1956 4Eiz. Noll B9 Xz D X 51 fEHl - BipE L 7= cord
factor DLW OREP D,  OWEIMEEECHE
T BEIEEACH b I =2 — ViR L a-D-trehalose d =
AF N (6, 6/-dimycoloyl a-D-trehalose) ThH5 & &
BHRE LT = D{LEEHEIL Gendre & Lederer'® i
IOTHERIC X WHER S h, BEREIVERIEEERE
HEATHERBEVEVRARIILR V. I DICER
Tl 3 2 — AR 4 D homologs DILEFEEIES B H s
wEh, cord factor DAFHEEO LTS PEIC Sh
T\Wbo

DX OCHE—YEE LUTBHE I T DL REL
EINCEERDERCT, ZolEABF2RET S &
LB BT HEHLBRT B L, BEEOR
RikE A0 FETHERTS 520 EbDTCHEA
REMEELDND. FBZX D X5 TeEms L cord
factor DD, ¥ L 0'Z DWE DEBEIIC BT
HEREABERL, cord factor NEEMPEDOI v 2/ R
V 7B ER L C, iSO ERRIcTE & IR
Wl V) vBERIEREET A2 2R L, HTZD
BRI DTl B o

;] *

1) 4 ERCFE—EBEL T~ v A% M, Ran-
dom-bred ddO stock (KPR AEERBW LY X —) O
4~6 Bl O RV & ERGR (XY =v & MF) &
KTEHE Lo

2) cord factor : A EHHEZE HaRv ¥k Y — b
V4EREEBE 25 Noll L Bloch 5D Lo T,
Rl Lico < v AREHT 2841ix Bayol F (Esso-
Standard Oil Co., New York) L, 100°C 15 4+
B CEBRCES Lico Flok=~Y g vEIES
HBEL, EFF=—FEEHL (2~8mg/ml), L&
DR —=NEKE HFEMLIEDD, 40°C LITFweinzhL
A DIER X2 T 2 R 5 HES & A,

SPACRYTORE : ~ AR IBD 0.25M
2 BE+H0.01M TV ABEK PH7.4) b seY
>4 XL, Hogeboom Wi 1o T3 b2 v FY 7%

M BATE B4E

DELTce
R &Y CBIERGDEE : 2~ 7B X0~
o NADH ZHE# fvs, 25°C CHFEEIC X2 CIER
IREPE Uico RIGKTHBICKRSS © 1V 7 » VER
Tz CREAL, EEFOEEY vE% Fiske-Sub-
barow ¥ KO CTER Lico LEEMZ IS I OMOE
TEEEMEE Y vEMERIGIE, Lee 519 33X 0% Sanadi
LI DR U CHIE Lo
I8 &

(1) Cord factor @ in vivo {£H

H. BlochD® % cord factor #X#H L T~ v ADJEIR
PICIERT 5 & EXFHORBRICHADEETHB L L
o, FEHE D IS LY cord factor %
A, 1EETOEM o T EFREE LT v
ADNETTHZ EERD TS REFHOEEDS 1E
EHOBEL, v vARRACEKEORI L TR % B
bl, 1~2 FEDOMIC FET % DA $F OBIEMFHED
BHTHDo EHEXHEENCHEML T2 B0 Y
A DD 50% FIEE: (LDyp) Zkdn & 50ug &5
BB SN®, F o T cord factor DEESHC X OC/E
FHEBAC LD X 5 R OB E 2% BET 5
%, 50~100 ug @ cord factor % JERRPICES L7z
Db, FHD 1 BB > TRERELBRT 2D
PHEBTHBEELDNS, DX 5T cord factor th
FBIVADFCENT, M T 2= AF IV YA 2
w Y F(TTC) BT B IVOXAF + 7V v a(NT)
DRTGIEMIMET T A LN EFTRHE S, IbK
cord factor UMD IREE ST 2D X577 NT B¢
ERHEOE TRl TEAOmNZ &, fFREed%— b
DIFREERFRD > bR ILH 2=V F—~LQ + F 2 v~
2 ¢ BICERIZT M cord factor HFEHh L oCIETT
BT L™, BIVREOBREEDETAEHE/ZLE D
BRI X o T B 2 EBNBRPL NPT Ehie®, &
BHERY e~ v A DER D F£D - (in vivo grown
bacilli) ZMBFEE L LT~V AREHL T, F 2
V— & CIRILD B CIPEREEREES EACET 5 2
LD, FERRGOT BT B IR ERE DI E T Bk
FHWHEPEBREZE L T B EEL DD, IHIE
W L% Y VEMERIES cord factor A X0
EEE ORI IO TETT5 Z ERBEL A IR,
cord factor I IO COEIE Sh 5 FRRRHEERED 1S3
RN, RG> TRD b h b B (bR T
BHHTEIMENEELZDNDo

UEDFAESR~ b HWCTHELLPRRE Y ViR
LRIEE, MBEAO F 2V FY 7102 DBRENEN S
N TCWb, Cord factor AT R~ DR LY v
BLRISDIE T EFIFT a0 D & ik, COWERLA
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LD XoTI P2V FY THROBED B IZE
OWEERBET L L ERETHEELDND £CT
cord factor th~ v AFMED I P2V FY 7O 5H
TRV, FOBEER X OSBRI & D X 5 IeBbsd
DTV B EHE L™,
EIRRTHEVRCREOTHFS b2 v P 7EELS
35 &, cord factor i~V AFBWTEI b =2
VY 7ES O T, “Auffy layer” w5 &
hBES (light particles, I +2 vV FYVT7DO7F7 %
v MREL) 2T 5. ThLhoESEEARE X
DTERETSH L LI, TOMLNY VL KIS IS
THELICEELYE 2R LIco TORMEN b B b 2

Table 1.
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7o X 51, light particles i3V vEMLEIG 6 ¥ 3 %
BB, cord factor (% in vivo IKRWT I b 2V
FV 7%, Y VvBMLRIGDIEREZHRDl 7 7 7 2
VMR 2SR5 NS5, FF DNA i cord
factor ZESHIC L2 TET LW o T, KRB
LicweEzbhbdo NIKRTISKE, I b2V EFY
7DEA, FERIOEEY vEORA L,
ticles BT % Fh b 0T cord factor LS
BBl T 5. 2D X 57 cord factor frEg~ v AJFHE
Mo ETHEMEFEC S\ CE, I =2 v Y 7IIEE
I LB O W BREd b, Fhin X dix
bR OSEC X2 TEDDRIEI P2V FY 7,

light par-

Fractionation of Mitochondria and Light Particles from Mouse Liver

10% Liver homogenate in 0.25M sucrose

stratified on 0.34 M sucrose

700X g, 10 min.

1
Supernatant

5,000Xg, 10 min.

]
|
Precipitate

‘ Nuclei }

|
Supernatatent

Well-packed sediment-fluffy layer

54,000Xg, 1hr.

l
Fluffy sediment

i | 1l

Superhatant Precipitate

|} 24,000X g, 10 min.
Precipitate

\
Well-packed sediment

35,000X g, 10 min. washed

Soluble fraction l Microsomes |

\ Light particles

| Mitochondria |

The fractionation procedure was carried out at 0 to 2C in a Spinco L refrigerated ultracentrifuge with the

rotor head No. 30.

Table 2. Effect of Cord Factor on Protein Content and Oxidative
Phosphorylation Activity in Mouse Liver Mitochondria
Fraction Injection ’I;i;xjx:cggfr Total protein Oxidation rate* P/O
hr. mg/g liver
None — 39.1+1.2 220+10 1.82
Cord factor 24 28.3+0. 8% 200420 1.65
Mitochondria Cord factor 48 25. 520, 4% 19030 1.53
Cord factor 72 22.540. 5¥* 170+ 20%* 1.65
Cord factor 120 21.640. 2%k 160+ 20%* 1. 44
None — 3.8 25 0
Cord factor 24 5.8 24 0
Light particles Cord factor 48 6.2 31 0
Cord factor 72 6.0 20 0
Cord factor 120 4.3 35 0

Figures for mitochondria are meanztstandard deviation of 8 mice in each group.

Light particles from the livers of

4 mice were collected together and subjected to the determination of protein content and the assay of oxidative phos-

phorylation with succinate as substrate.
F, ip.

* natoms oxygen/min/mg protein.

** Variance ratio exceeds 1% level of significance.

The figures are mean of two tests.

Dose of cord factor : 100 p#g/0.1 m! Bayol
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BHES 7V A2 0 BEORLE FEEE R L, —F
light particles IS OWE I NI P2 v F Y
TOWRBE EFERTVB0, 2D X 5 RN

Fig. 1. Effect of Various Doses of Cord Factor

on the Structural Elements of Mouse
Liver Mitochondria

. 100
—
—
7 ~
£l N )
a PR \\\
3 v -
2 501 ;S \ 50 Z
3 /s AN £
= /7 A N, &
S r /o 70N M B =
L] - ~ N 3
// /s N \\\\ 3
- P // ,/ Soo N\ \\ - @
1/ 7 ANERNN §
1/ 7/ A Y B
llf’ / \\§ AN 4 E
! N 3
If AN S
w A/ G
\)—_55__ ~
1 ! 1 1 Ife
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g cord factor injected
Symbols :  o———o Mitochondrial protein

s———e Mitochondrial lipids
o———o Mitochondrial lipid-phosphorus
O~==m=—0 Percent increase of the light particle
protein above normal
@-——~—o Percent increase of the light particle
lipids above normal
0--===--0 Percent increase of the light particle
lipidphosphorus above normal
The analyses of the components were carried out 24
‘hours after the intraperitoneal injection of cord factor
in 0.1m!/ of Bayol F. Average values from 4 mouse livers
are plotted.

Fig. 2.

A 0.61

Water control

0.61

0.4

f=)
IS

ATP+Mg~

Optical density at 520mpu

Requirements for Protection and Reversal of Mito-
chondrial Swelling Induced by Cord factor in vitro

W OBATE E4F

HORAEDI D S, cord factor 23 in vivo THIFAPD 3
PRV EYTRAMEAL, EOBREORELFITEE
LB EET AR E Y VEMERIGOBREE T 20
BT EVTEH SN COMEREDHMIIINE
TOFRFEE L o>Csite I (Fr27w—~a0b, a=vF—
& Qcomplex LFhru—~2acOf]) KhHDHEELD
RIS B3, 0k EDICHICHE T 5 feic
cord factor DK== g VEFHTHFD in vitro {§
MEERL,

(2) cord factor @ in vitro {E£fE2"2M

Cord factor 2% in vivo CHHIIEANI P2 v FY 7D
[Zb& Ktz Lass, cord factor 3 pa2v FY 7
% in vitro TER X B BREXTET 2 L, RIWRT

Table 3. Effect of Cord Factor on Optical
Density Changes of Mitochondrial and
Light Particle Suspension

Change in Optical Density at
) 520 nm from 0 to 10 min
Suspending
. Mitochondria Light particles
medium
Cord Cord

Control factor Control factor

Sucrose-Tris|  0.000 | —0.074 | --0.010 | 4+0.015

KCl1-Tris —0.024 | —0.128 0.000 | +0.005

The test system contained in a final volume of 3.0ml:
0.25M sucrose+0.02M Tris-HCI (pH 7.4) or 0.154M KC1
+0.02M Tris-HCl1 (pH 7.4), 0.1m! of water (control) and
100 #g cord factor in 0.1m! of water (cord factor). The
change of optical density at 520nm was read at 20C for
10 min.

X 5w cord factor % Nz fo BhAIC AL WICEE DI
YFiehb S ra vy To b0 B 2 L S
b0 T DLORBREXARINT B cord
factor DB HHIT 5, I 2 — AP
7 25 Ak cord factor It =Dk >
TCERD RS b hin v ¥ cord
factor ® 3 + = v ¥V 7RALIEIZ,
Dk L OB LIS Dl #R D B 2B
L3 b2 v Y 7L C—HE
Bz, B cord factor & X %
I P2V FY TORMME, K2R
\ EOREMBE7TAT I VI LB

=h+, ATP = Mg**, Mn**, EDTA
BIOMBE7LVT I vOLFhois
B IO THELCEEI L7 v oD
ST, FIHERTRBE O L 5 X b RE]

B

Water control

ATP +Mn"

Minutes

The concentrations of various reagents were as follows.
serum albumin)=2mg/ml. ATP=5mM. MgCl, and MnCl,=3mM. EDTA

=1mM.

The change of optical density at 520nm was read every 5 minutes for 30

----- -
0.2F f BSA -2 o)
ATP +Mn"+BSA +EDTA
1 J
) 30 o O

O wHmnEoBL - BEThD LELD
s,

=D X 5 cord factor L in vitro

THEMLICI P2V FY 7O Y

Minutes
BSA (bovine

minutes and then various reagents were added in the system for reverse

the cord factor-induced mitochondrial swelling.

VEMERETEMEL, EAWRT IO
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Table 4. Effect of Cord Factor on
Respiration and Phosphorylation
in Mouse Liver Mitochondria
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Table 5. Inhibition of Respiration and
Phosphorylation with Various
Substrates by Cord Factor

Cord factor Substrate
concentration Succinate+rotenone | Pyruvate+malate
(#g/n:gtein)* Oxidation Oxidation
> rate** P/0 rate¥* P/O
0 216 1.89 74 2.95
25 196 1.59 62 2. 44
50 181 1.32 40 1.98
100 175 1.19 35 1.82

* Mitochondria were preincubated with or without
cord factor 15min. at 20C.
** natoms oxygen/min/mg protein.

cord factor BICHHIL CTIE T3 52, =4 NADH
FEBOBRLA 2~ 7FERO Bk X ZE BT cord factor
X 2oCHEIR SR, U vBLRGEEOE TR
oA d “1 phosphorylation unit” ¢ % (3 5),
DT EhD 2 7ERER Y X 0Y NADH i @3
5y VLR IGERAL I % X o I (Coupling sites I
andIl, X 3) ® 5 BboOVFhdh, cord factor DfEH
K IO THEEEHEET DO THA S LikEShic, %6
T HEL, ZOEEET O sitell THOC,
sitell DEEAEIL 4 < cord factor & k- oCEE I\
ZEERLTCWS, Z DA cord factor 233 p =2 v
F Y 7IRDOREDIAL (Fok 2 1E site ) & T5C
LW IO THEBEER R RET 5 O0E»ERGT 5D
T, UC CEEHEE LI cord factor 3 F =2 v KV 7ES
Kz lco 7 DEFED B B X 512, cord factor
DI P RYEY TREICAEET S & D AR EE
Zbhbe

HUED X5k, cord factor {33 +2 v FY 70BEF

Cord factor Oxidation

Substrate cg:gf;éra.txon g‘;’gfgég?g;ﬁ/s P/O

protein)* | mg protein)
0 224 1. 96
Succinate+- { 25 218 1.51
rotenone 50 205 1.24
100 192 1.12
0 77 2. 80
Pyruvate+ ‘ 25 45 2.18
malate 50 30 1.84
100 18 1.58
0 105 2.88
Glutamate { 12.5 9 2.50
25 83 2.00
50 50 1.96
0 53 3.91
w_gcl)ljlitoa-rate - ‘ 12.5 45 3.30
malonate 25 39 2.76
50 21 2.52
0 44 2.94
B-Hydroxy- 25 42 2.58
butyrate 50 40 2.32
100 32 2.15

* Mitochondria were preincubated with or without
cord factor 15min at 20C before addition to the
assay medium. Substrate concentration : 10 mM.
Rotenone, 100 nM.

Ex LV VLIS O REYR, Ehd TR sitell
CEWTIET S 2 LR SOk, 7o site T 220FH8
cord factor 12 L1 O TIHEINB D E WD HEB b
3% foddic, in vitro T cord factor & #Efih Uiz 3

Fig.3. Coupling Sites of Phosphorylation to Mitochondrial Electron Transport Chain

Succinate

Fp
)

Ascorbate

|
TMPD
|

NADH — Fp — Coenzyme Q, cytochrome b —> cytochrome ¢;, ¢ — cytochrome a, ag—> O,

Coupling site I
Fp : Flavoprotein.

Coupling site Ir
TMPD : N, N, N/, N’-tetramethyl-p-phenylenediamine.

Coupling site II

Table 6. Effect of Cord Factor on Phosphorylation at Coupling Sites II and II
Cord factor Coupling site
concentration n + I I m
(pg/mg protein)* idati i idati
Oxeton o | KRRt [ eae Oxidation P/
0 200 1.84 352 0.87 213 0.89
25 198 1.50 342 0.64 218 0.90
50 185 1.22 312 0.23 215 0.92
100 178 1.03 284 0 »‘ 214 0.86

* See footnote to Tables 4 and 5.
** natoms oxygen/min/mg protein.
t nmoles ferricyanide reduced/min/mg protein.
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Table 7. Examination of Binding of
Cord Factor to Mitochondria
40mg mitochondria4-1mg #C-cord factor*®

I
Incubate 15 min.at 20°C
Total radioactivity=37, 000 cpm
‘24, 000X g, 10min.

Supernatant Precipitate
(26, 200 cpm) (9, 200 cpm)
Second wash**
|
Supernatant Precipitate
(7,500 cpm) (1, 200 cpm)
Third wash¥*
|
Supernatant Precipitate
(1, 200 cpm) (100 cpm)

* Specific activity=236, 300 cpm/mg

** The mitochondrial pellet was resuspended in 3.0ml
of sucrose-Tris medium and centrifuged at 24,000x g
for 10 min. An aliquot of the supernatant and the
resuspended mitochondrial fraction was taken for
the measurement of radioactivity by liquid scintilla-
tion counting with the Bray’s reagent.

2V VY TEOBE(LEETFEMGE THRELLY, 0%
A in vivo TR HBERE® LR, I b2V
Y 7 cord factor i@ X O TIAML LT 528, &b
FEW7eBILIL PO “inner membrane sphere”, » %
W EEARF (elementary particle) o stalk izl &
head piece (K4 £MR) DOBEETH Oco & OB
Z8{khy ATPase o {E#2) < site T (M4 & complex
m) DEEEE T 278235 G0 HIRHETHH 5 &
HEIN %o

(3) Cord factor OHFiEELEM L ORF

Cord factor 04> FixE (K 5) D EDEHZ DY
Bo#BERLTH D DN ENND Z LIk, EYFEc B
B H OWEORE L REEORIREY 35 5 2 HkD B

Fig. 4.
Structure of Mitochondria

Inner membrane

Outer membrane

ComplexIIl

ComplexII

Base piece Stalk

(D. E. Green, 1964)

Head piece

wWE BB B4F

T TH5HEEL Dhbo Cord factor DILEEEY
WRET DR ETEHR I R 4« OREEELMEE V- 1e]
Wb, ZoYWEOBMECBEFETABEL L TKRD IS
IREBRBF bR T 5308,

A. 32— Mgt BE (trehalose, glucose % %\
glucosamine) o 6 fZD = A F LiEEIIEHC EETDH
DT, BO1 ERR2MDO=AT MBI e,

B. IBEAMRIL S =2~ B X D8R Co b % i1 Cu)
DHDTHOTCHHEHEIBRRF I T %o

C. $=2—AB0 3o KBER BT S Licy
B, R 7eF b I i cord factor 1XFHEMER /KL
DT, BEOXKBIEIFEECHETH %,

FZETL o SR~ v AT 5 BIE#EE ST Tl
G I r=2v Py 7T A EARREL LGERL
w8, TORE, I 2— AR 7 2F L cord factor
I3 +2 v FY 7% in vivod® kXN in vitro?® ¢
EETHIER O & ®RBD T, Fic Cord factor &
R DA %> Methy 6-(3/, x-sulphitomycoloyl) -
a-D-glucoside & 6- (3’-acetoxy, x-methoxymycoloyl) -

N-acetyl-D-glucosamine {3, 3 + 2V F VY 7DEES

BE% cord factor LRIU X SBETHTnEDL, B

%k {6, x-di-(8-acetoxy, x-methoxymycoloyl)-
N-acetyl-D-glucosamine 1% ® X 5 IefEF RS b
hisve T BOREE M B cord factor OFM:E I b
2V VY 7RISR & ORI B RBIRED b
hice

X BIC JZE Tl 6, 6/-dimycoloyl sucrose ¢ Methyl
6-mycoloyl-a-D-glucopyranoside® ###: % cord factor
DFRE HBE L7, Cord factor D&/ =—t#E2 b
%5 Methyl 6-mycoloyl-a-D-glucoside o 3 M1,
cord factor OZh D 1/3~1/4 ETFLTW5%, L
TZ DD fructofuranoside wiE4EH X7 6, 6/-di-
mycoloyl sucrose “Cl%, cord factor o v
A ETOBFEOEBELRD Dhis T &
b, cord factor 43FH1od trehalose core
WEMRCIERCEE G L B2 Dh b,
BE o KERHE B i % BE e LT
V%, T DKBIEDSLAELLD b DD
TR T T b,

(4) Cord factor HEOHR K

KEE © cord factor gy, 7 FY
THEENOBERERE,R 2V 7 § 2 - VEE
(2-tetradecyl 3-hydroxystearic acid) &
a-D-trehalose D= AF L THBH &, B
IO = AT AREE O LB P B O cord
factor k [A#Eic a-D-trehalose o 6, 67 fi7.
THAHT LA Senn LI IO TH BT
INico BHIIZOWED~ Y ACHTS

Schematic Representation of the Membrane

0.

ComplexIV

kil
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Fig.5. Chemical Structure of Cord
Factor and Mycolic Acids
(I)H
0 OH
C24 49

Chemical structure of cord factor(Noll et al.1956)

Structure de lUacide méromycolique( Etémads)

CH, —(CH, ),— CH — CH — (CH,),— CH — CH — (CH,)5-C00~
AN / /

CH. CH.
OCH3
CHs._ (CHz)n CH CH‘—‘(CHz 16 CH CH
\
‘ CH3 CH2
0

(CHz)n—‘.COO_

99

Mo Lo Ty “detergent” FEDHEH %A
DTN Be DL 5 e TFREEM cord factor iz
BB P2 v P Y 7IREEE TR L,
B BIEMOFIEHEEREH 5T 50THESL S &
Zx bhbo

% 3

OH P p#E D bR O Wik Nk IR Ecord

factor (trehalose-6, 6/-dimycolate) A3, in vivo
B IO in vitro W W TEEMBEAI F 2V F
Y AERIL, BRSO B L PR X0 VR
LRI DBEEE T 2R3 L BT Lo

Cord factor ;A /KL 32—, 7xF1ib
cord factor %3 X% cord factor #E3EEELIA
BZDXSREARELSRBD ORI LD D,

RV Y TR ARERENS Z OWEORE
e 2 & 70 B LRI B E B2 DB ©
D E%x X DI ARRCEER T 5 fedic iy, cord fac-
tor FiE%A AR % ik % EFDC cord factor @
I+ =Y Y 7ok LB A A L
CHRIERDDEPERETTHZ - E Ly

LU s s cord factor 13/F& 3,000 LIF

Cm_“m“r?H“c_[c"mJ‘CEfQ**GMFCWT DREISECH T4 PR b hdo\ & 4

CH, CH,

FHEHREHAL, O ONEKE D cord factor » [FkE
DEEMHEDOFIFEHEM L S22 L 2P b Lic®, X
BIC & OWED in vivo W WCFI v 2V F Y 7OH
AT LW, BIWinvitrolcs\WTI F Vv
Y 7O b E B Y VMERIGOEY O E o
LRRDIN, R ODORHEN D $ 2~ AFRD REHD
BEINZ L5 EEEE P75V 7E O cord factor |3,
< VAR b2 VR 7iCEAROME & 0B (RO
SRIL, BEMOEIEELRET L LEL bR S,

LLiehib, BAMO D757V 7HEERS b5\
& D 7T AEME O BEET S NFEHE (lipopolysac-
charide) ¥ X 0% Salmonella minnesota 7> heptoseless-
mutant 2s HOHES b NEREREIEE & % \ 13 lipid
AL, 3 v a v R 7RO O iR T
ERDR AR bt WEFE S lipid A i in vit
70 TI P2V VY 7ORRE Y VEMLRIGEIE E3 5
@%#mbbnéb FOIEREAL site T DBFE

L sitell ©Y VEMERIERET S5 2 L1ch v,
cordfactor & 1 fEHFALE X OTERIBEF @ 5 2 TAHEM
L&D EBEZLPRD

I BDOREEN D, cord factor I P2V FY 7K
CHRTHIERE, OMEHTERCIEIAR DRI\ RERI K
hEEZ bhbo Noll* i > TIHEIhiz X5,
cord factor \ZBKMED 3 = — AR L FAKMEDRED KR

bR T3, EFITHEE cord factor & 25U
{b41iE 7473 v (methylated bovine serum albu-
min) & o complex T IO CHREZFBEL,
DHMA PTG EEIES 2 LRI LI,
Z DHfEE cord factor I F 2V FY TIRTAEH
FELCHFFIT ST, I b=V Y TIcET A REH
A cord factor FMEOKBETH B &\ 5 HEEIXZ ST
B550
AR D S HOFEL, cord factor Bz DL D
CEDTOERIEND I P2V VY 7ORIIEED,
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