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SIGNIFICANCE OF CORD FACTOR IN PATHOGENESIS
OF TUBERCULOSIS

Masahiko KATO*

(Received for publication June 18, 1974)

Tuberculosis in man and laboratory animals is characterized by progressive wasting
symptoms. As a causative agent of such intoxication signs in tuberculous infection, H.Bloch
has reported the existence of a peculiar lipid toxin possessing a characteristic delayed toxicity
for mice in petroleum-ether-extract of virulent Mycobacterium tuberculosis. Since the sol-
vent extracted-bacilli have lost the property to grow in culture medium in forming “cords”,
this toxic lipid was named as “cord factor”. The chemical structure of cord factor was sub-
sequently identified as a 6, 6’-dimycoloyl-a, @’-D-trehalose.

In a series of investigations on the biochemical mechanism of the toxic property of cord
factor, it has been noted that cord factor induces, either im vivo or im vitro, a marked
swelling and fragmentation of mitochondrial membranes and a functional damage of membrane-
associated electron transport and coupling of respiration and phosphorylation specifically between
coenzyme Q-cytochrome b complex and cytochrome ¢ (coupling site II). These results sug-
gested that cord factor accelerates the multiplication of tubercle bacilli in vivo by impairing
the cellular energy metabolism and thus interferring with the development of the overall
defense mechanisms in host tissues.

To verify this proposed hypothesis, an antibody which precipitates cord factor and
neutralizes its toxicity was prepared in mice and rabbits by the vaccination with cord factor-
methylated bovine serum albumin (MBSA) complex. Active immunization with cord factor-
MBSA complex protected mice against both cord factor toxicity and infection with virulent
tubercle bacilli. The multiplication of tubercle bacilli in lungs and spleen of vaccinated mice
was supressed 10? to 10° lower than that in non-vaccinated mice. Histopathological changes
in the lungs of vaccinated mice were minimal. This infection-protecting effect of cord factor-
MBSA complex was specific for tuberculous infection among a number of experimental infections
with a variety of cytopathogenic bacteria.

Serum of cord factor-MBSA-vaccinated rabbits contained an immunoglobulin M (IgM) class
antibody which demonstrates a precipitin reaction with the aqueous emulsion of cord factor.

Passive transfer of the immune serum protected mice against cord factor-toxicity and infection

* From the Department of Tuberculosis Research II, Research Institute for Microbial Diseases,
Suita, Osaka 565 and the Research Institute of Tuberculosis, Toneyama Hospital, Natonal
Sanatorium, Toyonaka, Osaka 560 Japan.
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with virulent tubercle bacilli.

®E K B 49% H8F

However, sera of mice and rabbits vaccinated with live BCG or

infected with virulent human M. tuberculosis Hg;Rv did not react with cord facter. Human sera

of the cases of active, convalescent or pneumonectomized pulmonary tuberculosis did not de-

monstrate the precipitin reaction with cord factor, indicating that the precipitin antibody to

cord factor is not associated with the infection with M. tuberculosis.
The above data indicate that cord factor promotes the in vivo multiplication of tubercle

bacilli and plays a key role in the pathogenesis of tuberculosis.
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FRIEDMBHE DR - IREDIER 8 & T 5 RIPIE
THhHZ L, BEEDOERLUFHLEL HRPTHD
bhTwico RS, REPMOMBEREE KT,
WK, AR, MoE, FRRERBO X 5 IRk ROEER
Ibdh, GLARKY, BER BRIR suBhiof
HWIERFR L5 2 L DHNE N2 13, BEZRK
BRFBVEDDHE#BLELDOT WD, FLTIDL 5 s
HERIERBO#R L L bRKREER LD, s
WL HEREY D, FRENCHIEYHT e b BED
—BEICE S EEMEREEDORKICALRIEED S
W, R, MHEOBMEYARBLE, ZOEEMNELI,
B i1 H 5\ i3 “consumption” 54 % 2T
X0 bbI N ENBERTES,

REIECB T 50X 5 2 FRBIERT, BKEA
CEENIERBOERSC I OTEREIR DD TR
MNEVS ZERTFHEINDZTRE D, BEEV LORE
BAEMCR T 2EGNERED D IEEA TR T
BEUYWELEETINENE VWS LI T 5 A
1%, 1950 ERDOFD EF TR LA LR dDfcE 5T &
NTED, LA, BHEEXOCLLIEROERLEL
Y, TOREML TTEEEREEN] CXoTHER
NBEWSEZHINEHE L LTI,

1950 4Eic Hubert Bloch? i3, H#EfEZKEOLEEY
Bl=—7ATHET 5L, EXEHBEEKRCERN=
— FIRFF (cord-like growth) 17 S Ex K> L & %
i, Al=—T AR REEBAESC I OTe Y A%
WRES, BRI —BOHMIEEI IR L
G LI, Bloch 12z OBMIEENEHEEREDOH K
EBTHFELT, - VRORBRFREETHEELZ D
$ D% cord factor L & i}z, FD#, Noll & Bloch®
1% cord factor D L RO FEEHRR L, “OYE
LA IR E LT 5 = L R L
7zo 1956 4EiZiY Noll 6%z k> T, cord factor D{L
RGN 6,6'-dimycoloyl-a, @’-trehalose (X 1) TH
DLENREIN, ZOHERIERICLOTHEREI R
7P ZDXORLT, HEENR~ Y AR IBERE
FHUEY R TEIEEYEERT D Z LSBT E I80,

COYBEDHEHDOBEFL, BEYUT kIt H cord factor
FECB L T e B R AN KR I h T,

Z - TE#3, cord factor D= AT B BEM
BHOBFEYBHEOLMCTIEE DI, ZOYEIEHRE
BB TR THRELMATHZLXANHELT, U
T RB—HEDOHE LTI

II. Cord factor QO EB#FE

Noll & Bloch D H#EY i ko Te + BEERE HyRv i
o, Rs5El L7 cord factor %, Bayol F % Drakeol
6 VR o X 5 efipmic A LT, 5~10ug FO02HE
FRRELT~ Y AOBBEPICEST 50, H5i210
~100 ug % 1 EIRBARCEST 5 &, WThoBAK
bV ADKEIEHOT AN LERACR L, 5t
#® 1~2 BEOMCEE DR, HEDERYRLTRE
T3 %, 8 cord factor DF5fhE 20g D<ww A

Chemical Structure of Cord Factor of
Mpycobacterium tuberculosis (Noll, Bloch,
Asselineau and Lederer, 1956)
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Fig. 2.
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Site of Functional Damage Induced by Cord Factor in Mitochondria

Ascorbate

TMPD

cyt. c——cyt. a, is—0:

ADP+Pi ATP ADP+Pi ATP

Coupling site II Coupling site Il

NADH : Reduced nicotinamide adenine dinucleotide; Fps: Succinate dehydrogenase ;
FpD: NADH dehydrogenase; TMPD: N, N, N’, N'-tetramethyl-p-phenylenediamine,

CoQ : Coenzyme Q; Pi: Inorganic phosphate.

(Random-bred dd 0 stock, k[ K¥ERENM €V X —)
BT3B 50% BFR (LDso) 1250 ug TH 3%, <~V A
ZRIAHZDX S5k cord factor hFHEIFEDHEFIL, <7
A DRBHRERIC 35\ T RPIEH T Z BRI DOIE
H BBV I BT M D EEME O KIBIER
LTV 5,

T DX 57 cord factor DFHMDOBF ¥ BKR T B inkl
Lieot-Dix, S.P.Martin —jRIC X BERLEL £
v MZRF BRREFERRHPREORRTH O, Tin
3%, Chaudhuri & Martin? it e M AHEHEY R
Puloer ety FOBFBWEBEOFES X — P HFEREMR
LT, a8 24T 5V v ARTEREEY
HEL, RPOERIHEOTI OFREENKBET
THZEERE Lo EELYNL, cord factor hE~
PADFRES R — PEFWTS, 2 27BBBHVILE
TH=2Fv7IF - 7F=v -PX7VviFF (NAD
H) w#ETsE~o® (V=% B a7 )%
) VB KXBT V) v ABRORTEEIMET
THZERBD, BRI RT DIFRERRONHR
HHs cord factor K XD TERINHZ EXHLMTL
7219, EREEEEY RMOCHE LT, ThEhOE
SOMEFE®LBERFTEE, 2~ 2B XFT 5V
v ARTHRIEEYET X5 EHE, cord factor &
Hopem (firmly bound lipids) DEFICIETERD B
B, B, SEARAFCE ¥ h 5 ARWEL, cord
factor & W358 12 Sl L 7= trehalose monomycolate
THBENPFELMR IR,

¥z cord factor Hi= v ANFHIMEAERELFERD &
DB AIAET DD E D AEBELNCT HDI,
a2 ML ER YR T 5 FBER S H OE T
% cord factor DFEEMEA MR LA £ DR, Thb
DEFEREHEDO> B, BB a=VvF—A2QF 7 v — 24
c BCE43% (reduced coenzyme Q-cytochrome c¢ re-
ductase) OFEM:FE A cord factor DIEFHT L D THR
BMICET L, =2~ 7Blik#ERFE (succinate dehyd-
rogenase), 27 [+ 2=V F—AQETEFE (suc-
cinate-coenzyme Q reductase) ) XO'F + 7 v — AR

{tE%3 (cytochrome oxidase) DEMELY, cord factor
<y AW T L EEEY TS 2B L0
W Le®, /i h, cord factor (% in vivo THIAA
HRERRY, 2=V F—HQ -FLIr—bbaVT
Vo 2 ALF L 7w —4c ORI THRERIAET S L%
zbhd (K 2),

I F e —Ac BRUEREROETIX, &
BEErERE LA~y AOFFES X - PEBWTH, &
PkBE B OTRDLNBW, BERIELDE THEHIC
Y, BRIEANR Z B 48RRI, = 7 ADRATHEE L
REREY SEEOC LD TED, ZOHE~ Y ADH
RACES T2 &, ) RO EEREELF b

Fig. 3. Effect of Serum of Rabbits Vaccinated with
Cord Factor-MBSA Complex on the Toxi-

city of Cord Factor in Mice
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Mice injected with no sera, control rabbit sera and BCG-
vaccinated rabbit sera served as controls.
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7w —5cBLOBRETET LW, Lo TEKRE
R Lo TERINDFRERFEHOE T, BHEAK
P CHETE U7 k58% 88 (in vivo grown tubercle bacilli) ®
HiER 4 —cord factor— 2 X2 TRZ B EEL BN 5,

CDXHICERERENEDET LIcFFRED X — M
L3I P2V FYTESELT, FOBIENS X OBY¥
BEEBERTDE, $+avF) 7OERE ) vERE
RIEDHFERHDETAEST, EBRER IV VIREER
THELINDI L2V F Y TORMHEAE, Sbavy
V7777 AV OBINE S b h kP, BTEEE
M, FEBRR O I r2v Y 7 O BEEEIE, cord
factor OFEFHC X OTEH 2, BREL, 2V AT
(cristae) DL E HEAMEDLI B9, = h b O
B8, cord factor (X in vivo THIFA I b2V KV 7
DOE#ECEEY 52, TOMEYHRBEIR®DLLEDRE
HRE ) VBBERIEDOBHEXETIRZEELDbR S,

Z DX 57 cord factor DYEM % in vitro DRIGFR
T XY EEMIERT S5, cord factor ¥=—F
NEHERLIcDb=& 7~ LKy EEML, WE, b
BTeEBEEYERETSZ LI 2T cord factor D
BERK=ILY 3 YREDRETD, ZDO(DH I+ Y
¥V 7 in vitro TEREX®HE, I +a2vFIT O
BAL L SARBIRO DT, = 7 BRER 35 X TP NA
DH @ZH D% & V) vERLKIG 43, cord factor DEREE
LEMBRCHALTETTS 2 EABEShT, &
DPEDEEDIAIE, in vivo DFA L ABRICIEIT
f7 1 (coupling site I, X 2) KERNHTH O, E,
cord factor L in vitro THEM LI P2V FITRRE
WTh, BEEOEMNEDLRI Thbb, =
v FY 7 ORBERCEL, MEORYIRL, AR
F (inner-membrane spheres) 23ME{t, KA L7cEIK
BENOBET A EBREEI LY,

LLED R 2 &, cord factor (X in vivo XX in
vitro KEWTI P2V ) TEXEEREEL, TOP
{t, BFEXERTBLEL LI, BHED “integrity” i@
WETHERE Y vRBIERIGOEKY, FEBI IS
WTHRMCIET S LRI b, ZDL5E b=
v Y 7 DR L EEDE L, cord factor & FERD
EHYRTEREUYER X T X TEDLADD, L
DLieais, BHEERRL I 2R, 7eFit cord
factor 3¢ X BB O ARBELIARL, I P2V FITO
LG L BIEVEET A EANELAD LAWY, L
POTHERNRA S b a2y ¥ 7OEREDHEL, B
by Y vELR GO, cord factor DEERE DOHE
FD, s LD EDTHBLEELDNR S,

I1II. Cord factor ORI &ITB%E
Cord factor ATEXMEA I b2V Y 7OMEL #

B B49%E B8F

BE% in vivo I L O* in vitro TREET % L\ 5 ERHF
EnG, TOEMBE ERRBCISWTET 2 ®EY
DEDLIRHE LI Thbd, v 7R 7 7 -YVAKR
BGA ¥ M- E AR B O cord factor i3, HERLD
3 ba VR TREEN, BREMNELEYERET S, £O
i, BEEYRYBUCEBRABRRKCETSI 2y
Fy7 ORKkE ATP g4 O FREMRETHEDD,
phagosome JEDFACKMBEER O BT L DHIEBF
DORELME XN B, TOKEE, EREDOHIMCHFTL
BN ER, EORMME DT RELD cord factor DffF
B X v RVHIRRARBRERENDT, RROERY 5t
NTLEXLRS,

Z DOHER Y ERBRWCIZIE L, cord factor DiEBiRY
CRTAEHYPLICTHHIZIE, cord factor O
FEHv T AHGRIED, ZOHfk in vivo T cord
factor DEMEL TS L i, BREREC X 50
BN ED X BMIh BN WD T EERETHN
EThHb, £ & THE DO OX¥ORMEL LT, #i cord

factor HifEw ELE XD HEDHRBE T O

e FREHBREEE O cord factor (CigeHses011) DT
Bi23,00LTFThh, LdbREFE®OF/CERET
BBHdI, HRZOYHRTIHEREDOLL T s
ADHBRTWID, F i cord factor LKA BETHS
Tedic, TOLOXFYULEACHEAIRL L LERE
THholo LLAEAD, BRICRNIHEIRXDT
cord factor D BE K=< 3 VEIEDZ EXTEE
Zisotez &b, FRENY 3 o cord factor-BEH
BEWEREDZ LV TED X SIT It Do FEEIT cord
factor L 2 V7 vy 7 AREDBEYUBREAYEARET
BRET, HELFEVRCIBHAIALSK ) ¥ /HAE
OB EBRTHHEE LB, Thbd, HASH)Y
VR VYFVEBBIREL LT, A FAdmET
7" 3 v (methylated bovine serum albumin, MBSA)
LavF vy 7 A%EY, LORETRETHZ LR
DT, VHFMEPCENMEDOH I LS A Y € v
EEEIhb, & O Hikw cord factor ©fHH L, cord
factor X MBSA % 1: 3 DEFIEA LT 2°C R 1K
B35 L EROUREYHNER I B & L #RDD,
U-UC-Eefg v — X & Ui T 552 Lic HyRv Bk
b, “C-fZ3# cord factor i, KH L, ZDHO%®
MBSA iz THE 2> W T ER £ TH &,
ZDavS vy 2 AL cord factor & MBSA % 10:1
DEBFZEATNBH, hEIRE THS cord factor
2 MBSA L L2DX5hBFTav S vy 2 AREHD
NEWIETHALM TRV, $ 23— ABRT eFIV
{t cord factor A% MBSA riXfEA Lo & v b,
cord factor ZFFHD b Ve — ADKEEN, =2V
Vy 2 AR IRALBOREZR LT3 Z & HHE
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Table 1. Effect of Various Vaccines on Cord Factor Toxicity
Protection (no. of survivors/

Vaccine* Adjuvant | Route of vaccination no- tested at 14 days)™

Expt 1 Expt 2

Cord factor-MBSA + Subcutaneous 9/10 ‘ 13/15
Cord factor-MBSA + | Footpad 10/10 14/15
Cord factor-MBSA — | Subcutaneous 1/10 1/15
Cord factor-MBSA — | TFootpad 0/10 NDt
Cord factor-MBSA - [ Intravenous 5/10 8/15
Cord factor only i + \ Subcutaneous 0/10 ND
MBSA only | + Subcutaneous 1/10 ND
Cord factor + BSA } + Subcutaneous 2/10 2/15
Mycolic acid + MBSA + Subcutaneous 0/10 2/15
Acetylated cord factor + MBSA + Subcutaneous 0/10 ND
Methyl 6-mycoloyl @-D-glucopyranoside-MBSA + Subcutaneous 1/10 0/15
6, 6’'-Dimycoloyl sucrose-MBSA + Subcutaneous 0/10 ND
Live BCG — Intravenous 0/10 2/20
None — 1/10 0/15

*

adjuvant by the designated route of vaccination.

4 weeks before the test of cord factor toxicity.
=

t Not done.

Ihb, F7- cord factor ix4MmiE7 A7 3 v (BSA) &
FavF vy 2 ARELRVI EMhD, 2FAIRED
THUKME % ¥ L% MBSA %, K% atgLi:
cord factor & BKESICIOTHESTAIBENEYD
R rEL WS AEEDELLOND,

= ® cord factor-MBSA =2 v 7 vy 72 X % KIZHEL

L, Freund o incomplete adjuvant LML T, =V
ADETIAE2E, 3BMCh>TREL, RERE
BT H 1~2 87> Th o cord factor 10 ug * RIEMHE
BRKES TS L, cord factor OFMICHTHERKL
EBHREDORELRD LY, D4, cord factor-
MBSAz2 v 7 Vy 7 A% 7P AV EEIRETER
ERPECRET D o LS, cord factor HikHFRIT S
BRDRBBITHEDEMETH DT, cord factor Fizid
MBSA #FNFRBEHTT7 v E L BRAV
BETESTH DO, ¥ic MBSA % BSA TEHZ I
BaRe, cord factor » 32—V B, 7 xFN{t cord
factor, &%\ i} 6,6'-dimycoloyl-sucrose % methyl
6-mycoloyl-a@-D-glucopyranoside ® X 5 7¢ & B L&
CEZIbDOFHENTTY A% HKE LT, cord factor
BERHRT RIS SRy (& D,

LA EDR KD S, cord factor-MBSA = v 7 vy 2 &
THRIET S Z LI X DT cord factor BHITHT 2 HEH
HEER Lo~y 20 MmiERIe, BT 55N
EEIhicrEL b h b, ZORRKIETHRDIC,
cord factor-MBSA iR CHIE Ly FomEr~v
ADKETIEBES Lico 2D~ A cord factor 10

All vaccines except BCG were injected twice a week for 3 weeks with or without Freund’s incomplete

BCG (1.5x107 viable units) was vaccinated intravenously

Cord factor toxicity was tested by injecting mice with 10 ug of cord factor at 2-day intervals for 14 days.

ug OREBEBAES *FT 5 &, cord factor-MBSA #i
FI X O THEBHCRE LI~y ADHE L A,
cord factor FMRIZwi3 2 FEH 7x EHitE 2 B b hic
( 3)22)0

Cord factor-MBSA H{E T ®& L=+ FDOMEFIT
cord factor D K==L 2 3 vEIMXZBZ ERIDT,
RBEMiEHIZ cord factor L ILMERIL %R 3 HUEH GERA
Eh3 (& 2)%, RIRFRTLOE, ZOUREHML
cord factor-MBSA CHE LIV AKB IOV HFD4L
RmEFCER I h 52, ELES X0 BCG %5
DM EFICIRES S il

#i cord factor v H ¥ [f1i5 i 4 DED “C-#Z3 cord
factor %ML, kEH D cord factor B & HilAEY
FERTHILRIDT, BRAEMBTRDS L4
AT XS RRENBL R, ZOURRICOFRIKICE

Table 2. Precipitation of Cord Factor with Cord
Factor-methylated Bovine Serum Albumin
(MBSA)-Vaccinated Rabbit Serum

|

Serum dilution*

Sera from : -
20x  40x

i
|

2% 80x 160x 320x GGB**
CFn_;XlgiSA— vacci- oW o+ o+ o+ o+ -
BCG-vaccinated + - - - = =

i — — — J— — J—

Non-vaccinated 1

* Serum volume : 0.25 m/, diluted with 0.2 M glycine buffer
(pH : 7.4) containing 0.1% gelatin**.
Cord factor : 100 pg/0. 05 ml. 0 to 2° for 7 days.
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Table 3. Production of Anti-cord Factor Precipitin Antibody in Mice and Rabbits with Cord

Factor-MBSA Complex

Animal Vaccine y:&iggd?’?:;al;s?géh Antibody titer by precipitation®
Mice Cord factor-MBSA complex 9/ 9 1:320 (x) 1:80
1:160 1:80
1:160 1:40
1:160 1:40
1:80
Mice Live BCG 0/10 No precipitate with undiluted sera
Mice None 0/20 No precipitate with undiluted sera
Rabbits Cord factor-MBSA complex 15/15 1:640 () 1:3201:80
1:320 1:1601:80
1:320 1:160 1: 80
1:320 1:160 1: 40
1:320 1:1601:40
Rabbits Live BCG 0/ 4 1:2 ()
1:1
1:1
1:1
Rabbits None 0/ 5 1:1
1:1
1:1
1:1
1:1

* The last dilution of serum which gives 1+ or + precipitin reaction.

AP EHEOERKAN1.0THAH L, VIV
3% X 51z cord factor HifkitE & LTV HF My
DHRFEre7Y v M (IgM) BSREAIND S ER
T3 L, ZORRERISICE T O FE T cord
factor 23 3 ¥ L R {ED T, HADORBECXEYETE T
BOTRIVEE X BNRD, Cord factor L HiMED
MIDOWBRIGE, MY 2-AArh T =&/ —N TH
BTAZLRIDOTELRCERT S,

HEBE D cord factor DIxdy, 7TV TEOEAT

% cord factor (6,6'-dicorynomycoloyl-c, a’-D-tre-
halose?¥) 3 #i cord factor [fi{§ & (LR IEZ 2T 545,
a2~ LR, 7 xF ik cord factor, 6,6'-dimycoloyl
sucrose, methyl 6-mycoloyl-a-D-glucopyranoside 35
X 6, z-di-(3'-acetoxy, z-methoxymycoloyl)-N-
acetyl-D-glucosamine /¢ ¥ @ cord factor DFM k=
ARELUEL, cord factor b3 APIMEE L IXRIGL
e\ TDZ &IX, cord factor G FrhDHE MR ER
NEDOEERS, Tibb v —XThB I L uRE

THEELDOND, ZOEEHID B b, i

Fig. 4. Quantitative Precipitin Reaction between Cord DRI X BUMRIEOM I fE Y83 3 5 &, cord
bt » A ’

Factor and Anti-cord Factor Rabbit Serum

Ab excess Ag excess
_—y
600
1.0+ 500 x\‘ —2.0
X
400F

300

mg Cord factor in Ppte
o
e :
T
#g Protein in Ppte

0 0 P R B WU RV |/
Undiluted antiserum 300 600 900 1,200 1,500
0.5 m/+ *C-cord
factor (15,200 cpm/
mg) in 0.5 m/

pg Cord factor

11.0

factor & HuifniE DRIDILMER L a-D-trehalose i
X OTHRMNIIAIEINE Z ENELAI IR (D
5o I T—ABRIC X ERICIIEE A TS b e
o

Cord factor-fithisE &y % in vitro T <= AfF3
PRV FYTRERARRBE, OO bav
NV 7Ok, HERXERTAERS, BrY VB
ERIEEEIET 2 EA b 2B DL RV (R 6, F
4)o Tiebb, cord factor BHhLEATHI LR
X2T, in vivo OBERFRIERBE L I, I H
2V Y7 O L BB T 5 in vitro DREEIER
HR5, ORI BPFATHRNZL S5 i, cord
factor DBHEDELEMBFED, S b2V Y 70

Antibody/Antigen (ug/ug)
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Table 4. Effect of Cord Factor and Cord Factor-anti-cord Factor Complex on Mitochondrial
Oxidative Phosphorylation
i Cord factor Cord factor-anticord factor complex
Substrate Cord factor concentration
(¢g/mg protin)? Oxidation rate (nanoatoms | P/O Oxidation rate (nanoatoms P/O
oxygen/min/mg protein) oxygen/min/mg protein)
0 210 1.93 205 1.99
Succinate+ 25 200 1.58 208 1.95
rotenone 50 186 1.24 212 1.91
100 172 1.03 206 2.00
l 0 72 2.96 68 3.01
Pyruvate+ | 25 65 2.45 70 2.98
malate 50 42 2.03 70 3.02
100 33 1.78 69 3.01

a2 Mitochondria were preincubated 15min at 20° with or without cord factor and cord factor-anticord factor
complex (equivalent to the designated levels of cord factor) before addition to the assay medium.
The reaction medium contained in a final volume of 2.0 m/ : 100 to 125 mM sucrose, 4 mM Tris-hydrochloride

(pH7.4), 15mM potassium phosphate (pH 7.4),
30 mM glucose, 0.5 mg hexokinase, 5 mM MgCl,,

20.5 M cytochrome ¢, 2.5 mM adenosine diphosphate (ADP),
4mM KF,

10 mM substrate, and 3to 6 mg of mitochondrial

protein. The reaction system with succinate as substrate contained 100 nM rotenone in addition to the above
components. Oxygen uptake was measured at 25° for 15to 20 min.

b8y vBERIEDMETH A L*BHTHEELDL
hbo

LIE®D X 51z, cord factor-MBSA =27 vy 7 AT
BT A LIt LT, cord factor @ #HEH in vivo
B IV in vitro T I THHEREDZENTELD

Inhibition of Precipitin Reaction between
Cord Factor and Anti-cord Factor Serum by
Trehalose

Fig. 5.

o Trehalose (aal-1)

Glucose

Sucrose (af1-2gl.fr.)
Maltose (al—4)
Cellobiose (81-4)

Inhibition

0

0

1 1 U'
50 75
¢ moles Sugar
e
=
2
-]
-~
-1
®
0 ad
100 300 500
#g  Mycolic acid
——(0O——: Measured by radioactivity counting using 14C-
labeled cord factor as test antigen.
------ (Q----- : Measured by antibody determination. Anti-

serum 0.25 m/ + Cord factor 500 pg.

T, cord factor-MBSA HIECHREL =TV X, IV
¥i cord factor v HFMEXREEH L~ v A CEHE
R RY L 7esB AT, i cord factor Hifdaiizik
Qe £ DX 5T B BRE LY,

7173 X 51z, cord factor-MBSA HRETHIEL
o= v ALY, BB LT BCG g~ v A L AR
OB RT, BE~ Y ADMiR X OBREER Vv
L, HE<v A0 hiclhRT 102~10° K<, B
REE X OBEMEAC AR IOBRERE I BETHD

Fig. 6. Effect of Cord Factor-anti-cord Factor
Complex on Mouse Liver Mitochondria
In Vitro
0.6 523._-".0:5:; CF-anti CF (100 xg eq.)
Control
E
=
&
o 0.4 CF 25 ug
=
ey
E:
g CF 50 ug
=
2 0.2 CF 100 ug
<) CF 100 ug+BSA
(2 mg/ml)
0 L 1 1 1 1 |
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Minutes
The test medium contains in 3.0m/ :0.154 M KCI + 0.02 M
Tris-HC1 (pH 7.4), 0.6 mg mitochondrial protein and cord
factor (CF) or cord factor-anti-cord factor complex(equi-
valent to 100 ug of cord factor).
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Fig. 7. Effect of the Vaccination with Cord Factor-
MBSA Complex on Survival of Mice Infected
with Virulent Mycobacterium  Tuberculosis

H37RV
100 h—.—;—e.—_-_—-.-—_—.—_—_r__. 1 Cord factor-MBSA-
| vaccinated
I —
) ]
L
[ -
- ; BCG-vaccinated
<
2 L,
z 50 !
= [}
1) : L
B L
Non-vaccinated con!rol—*-’L

] L I 1
0 1 2 3 4

Weeks

4.0x107 viable units of H;;Rv were inoculated intravenously
into mice. 20 mice in each group.

Fig. 8. Effect of Anti-cord Factor Rabbit Serum on
the Survival of Mice Infected with Virulent
Mpycobacterium Tuberculosis HgRv
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-
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:
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'
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0 1 1 1 Il 1
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1.2X107 v.u. . .

HoRv iv Days after infection

20 mice in each group.
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Cord factor ZPEICR 5 FRPROBA L AT, =
DY 5 IeRERS AR D RBIIE, Cord factor-MBSA
FEX7O AV MEBAELTRET S Z EALADE
HTHDT, TV XV EEERLEVES, 50T
72 LV P EBWTH cord factor BB\ ik MBSA
B CRE LB ERTH O, SHIT MBSA #
BSA C@E#x %= b, cord factor % I 2 — L, TxF
At cord factor, & B\ LM 4 DERBLGBICE X
BE D BYPF B R ILBD S hic\ Tiedbb, cord
factor FHHENFFIZ BB AT RSB HZ R A BB,
T%,

¥7:, cord factor-MBSA H{FIZ & % REYBHHZIR
R HRPTHOT, VATVT, 7rxFEL
VHAEXTIRE Dy AERWBRIEI, FHFK

i B49E BT

I DR L EHTH O,

= Co¥ 13 cord factor-MBSA #ETHFEL
1o F b4 cord factor MiFX SEEL, ZDMEF
M= 2 DERAVEMIEICH U TR %R & R
THENEIPERIT L

X 8%, cord factor i3 IS 160 f5~
320 {EOMMEY R 1 BRI K TRESHL, &
EEFEOSIRAEERILE 3 @R mEOEH 2 HET
BED< Y ADEFHBREY R T, BLEY FFRX
Ut BCG & v+ ¥ OMmEREH L IR~ Y AN,
MEEHETHLTEEEYERLRB~Y R &Rk
DEBR I DT, #4BRLACSERERTETSD
R LT, cord factor-MBSA 4iF v ¥ DM ¥
EH LR\ TIL, BERREOARBIRNEE
TR L Te~y AN 30 BREIER L %o 30 H BeHim
EOEHYRIETAE ZORO< Y AXKFECTFECT
B, B 60 BERICEWTHRIB 40% D= Y AL
BLT\b, Tl cord factor MEDESHC X
“>T cord factor DEMEAFFE h TV 5 MRS
RYuIE X h 3 2 E X Hbh b, Hi cord factor MiE
ORGSR HERHTH 2T, VAT
D7, TAESEIVHAER T DREUTITES
ThHokW, FfinErERRSFT 5 LIRL2
<, MREKEOMEE cord factor-MBSA HiRiC
X BHEEREOBA L RAECHEH I h 3%,

IV. #t cord factor #{kMhE(L3ryMRK?

Cord factor-MBSA JiECHE Licy 4 FlFE+HIC
B XN B L cord factor HifkA, \WTFhORFES »
TV VI FARBT AN ERET S DI, HimEr
2777w 2 A G-200 & X 35 ABC X OTHE
L, FhFhoOBE 4 cord factor DK==V 3 ¥
BN e EE R 9 1R Lz, Cord factor & yLRE4
PHRTHEMRE, 19SS 4% w7 ) v M (IgM) OF
FrEEFRDSN, TSHES wT Y v (1gG) 2TAT
$ VEiSE cord factor & RIG L7g\ HlmiEr b Kek-
wick OHE® X oTreT ) VRE* 5 B LTY
NEBRTOBE D, 1gM B iF cord factor &
BAE LTS R TEEAED bhi, ¥ eiilif
4 DBED cord factor DK== 5 VEMX, &
T AU Y E O X OTRW e B0 A B %TT
¥, Mzt cord factor DB AL T IgM ©—~2D
TRENEDHND (K 10), L7chi>T, i cord factor
A mED IgM @S EEIhDEELLNRS.
DS X HIEHT B, cord factor-Hifkk
b P R REEIRT, FORBELENERYR
2t Lo Cord factor-Hifhfs A4 XMk 4o ib T CIi MRl
Lig\ 2%, IR O % & LR I ik T 5 o A0 Rl 5
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Fig. 9. Sephadex G-200 Gel Filtration Pattern of
Anti-cord Factor Rabbit Serum
1.0F
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2
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10 20 30 mi°
S, MSP...
Effluent volume
Serum : 0.2 m/, Column size :1.5x30cm, Serum was filt-
ered with 0.2M glycine-NaOH buffer (pH 8.0) at a flow
rate of 3 m//hr. Vertical bars represent the Folin absorb-

ance at 700 nm of antibody specific to cord factor.

Fig. 10. Sephadex G-200 Gel Filtration Pattern of
the Supernatant of Anti-cord Factor Se-
rum after Sedimenting Cord Factor-anti-
body Complex
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Effluent volume
Anti-serum : 0.2m/, Amount of cord factor added: ----:
2200 pg, -eee- 1500 pg, ——r—— : 1,000 pg

Fig. 11.

Immunodiffusion Pattern of Purified Anti-
cord Factor Antibody in Agarose Gel

A : Anti-cord factor antibody.
S : Goat anti-rabbit serum.
M : Goat anti<rabbit IgM.

G : Goat anti-rabbit 1gG.
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Bo £ T15% DREX &L/ ) ¥ viEliE (pH 8.0)
HRiC 2°C T 1 WigE T 5 Lic ko, cord factor 7>
5 IREEX R e B R D S AV IEBHITH &, IgM#
B —DEBAY - 7% b5 27, ZOWMBERARK, TH

w — A F ARG T Y Y F LM+ 5 Hini &
DI 1ADDM EET, = OWREHIII Y ¥ IgM
Mk & DREDUMEHRE 7 o — AT 5, LrLignih, il
v ¥ IgG B IO Y ¥ IgA My &, i cord factor
YUk & OMICITIEBE O BITRD b iz (F 11),
L7=232T, #i cord factor Hifkix v HF gD IgM &
BIRIETEAEND LEREND,

IgM $ifk e, MBSA L av 7 vy 2 A%{ED
7z cord factor D X 5 AMEIRE 77 ViR ERE
THBDD, HBIIREFHECMIEFRR ORI E %
BLLIZEIDOT, fhoREres ) VICET AHUEEFE
BIENTEBDNE WD ERBE LT, ROBFIC
ol hudinbhrnweExbhb,

V. #i cord factor Hitk &R BEDMARK

LI EDB#Eis 5, cord factor-MBSA =v 7 vy 27 A
CXAREDORER, vy Fomizho IgM @4 cord
factor L YWERIGH R L, FDHEMY in vivo KXW in
vitro THFITHHIAN EEEhD L, BIVIOH
B XD TERRREIh D Z &0 ik E h
Ko TO X5 RPN EEERCEOTHEEOMFEFIC
EEIh, FUSKARBERILA DI DOBRE Y BloThEN

Table 5. A Serum Precipitin Test to Cord Factor

No. of
Serum source t%';?st/lxg Precipitin titer®
tested
Mice
Cord factor-MBSA-vac-
cinated 12/12 | 1:40-1:160
BCG-vaccinated 0/10
Hg;Rv-infected 0/ 6
Normal 0/10
Rabbits
Cord factor-MBSA-vac-
cinated 20/20 | 1:40-1:320
BCG-vaccinated 0/ 5
Killed Hg;Rv-injected 0/ 3
Hg;Rv-infected 0/ 5
Normal 0/10
Tuberculosis patients
Sputum-positive 0/10
Convalescent 0/ 8
Pneumonectomized 0/ 5

* Range of highest serum dilution giving a definite mac-

roscopic precipitation by the addition of the aqueous
emulsion of 100 zg of cord factor.
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WD HITOWTHRE L,

E5IRT IO, EREY LTIk BCG AHEKIC
L5%%, e REBEREC Y 5RED 5\ ITTEERK
fEDWTHIZ X2TS, MiEicHl cord factor ILfEHT
FREEINTTV, FEREELFBTOWT, BEE
HH, EEMOEERYES, X OABRFERC IO THEK
FREA YR LBl & O 2 DK i, i cord factor
PHEOFEXRF L ThEd, WThoBas s
DEEXTRTHZ LI TERIOER, Thbd, Ik
EHECBETAMDIT 35\ Tix, SR B cord
factor HifAKIIBAL LisWEEX B R B,

VI. & » Y [

AHED BRTEKERC KT 50 L DOBEHSE
ThebbEREET T 518, ETEOEEERDOR
HAEHELMIZL, FLTZDX 5 &R X 555,
FOBBEHET AR EBRTB L TH Ok,

B EA T 5 HHBEIRE “cord factor” Db
&M 6,6'-dimycoloyl-a, a@’-D-trehalose » FEIh,
OHENR TV ARCBERDHERIEA L RTEVSE
EEHRERE LT, TOHEHOEFLER L, O
B, cord factor A in vivo CHEFHBEAI L2V FY
TOREERRBEIRD L LD, FRE Y VBILRIG
EERPHET B Z L 2BE LM Lz, X 51z cord factor
DK==V 3 VERWSin vitro DRT, I hav i
Y TIRBFBEMCEHFEDEL ¥EK L, cord factor
RIPavFITHREROBILBBAYERL, BFEE
B VBLRE R R T T TR R IEE
THIEERIEH L,

ZDXB5I b av Y TR BEENFEN
BERRPRWTED X 3 hRERET I ¥HLM
351z, cord factor-MBSA =2 v 7 vy 2 AR HIE
& LTt cord factor Hifk%fED, = O Hifk »% cord
factor FHk% in vivo XU in vitro ThfI+ 5L &
LT, AEEEKER X 2RPAT IR Y~V R
5B ExREBDI,

Ll EoRi#&D 6, cord factor (3 fEHEE O Y% B
T in vivo TEAZh, BEMROFERE Y vBILRIG
DORBEEXER TS LI IO THIBEDE Tk
L, $PcIsT b REKE OB & RO #ER v R4 T
hEEZbNS,

B

AT ELE IR 27 ELUSKRER Ui B R%EfT )
BIERICEW T2k b DTH 5, Z DY E LT,
THBILRBED TR T DB D A0 b HICBEN I %
HE, HROBHE 5L THWD LT LTLa 5 R
DERFELIV . ERKRIAHERDEE LR L ZHEEY IR

M 4% H8H

bORKRAFEFHBIUNE—HRCRHOR LR T
BARAMAREELE LT IR DEEEL LTREDOIE
B E TR o UM KRR B AP ER L, F&RE
ThRFEREEEE gL, AR AETIRILGER
FitEHE &8+, Dr.E.Lederer, Institute de Chimie
des Substances Naturelles, Gif-sur-Yvette, XX
Dr.]. Asselineau, Centre de Recherche de Biochimie
et de Génétique Cellulaires, Toulouse, France iz,
2HRE#T 5,

5 49 B AEHRESB ST, KHEOBES Y52
TTEOLBEER—BER RER¥EE7 v 74%8
SOFERER IOCBEERRFELEBDOEN, F&0%
R LY RSO KRRAFEM AR RFTE=ZERK
BRELBILBE LB 2,
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