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C O N S T I T U E N T S  O F  A " T O X I C - L I P I D "  O B T A I N E D  F R O M  

M Y C O B A C T E R I U M  TUBERC ULOSIS; 

H. BLOC H*,  J. D E F A Y E ,  E. L E D E R E R ,  AND H. N O L L *  

The Public Health Research Institute o/the City o[ New York (U.S.A .) 
and Institut de Biologic Physico-Chimique, Paris (France) 

In  195o one of us 1 described the extraction from virulent tubercle bacilli of a lipid 
fraction which was toxic for mice upon repeated intraperitoneal injections. In  view 
of the fact tha t  no other consti tuents of the tubercle bacillus were known to have 
a similar degree of toxici ty and because with the original method of surface extraction 
with petroleum ether used this fraction was obtained from only such bacterial strains 
as were able to mult iply in a susceptible host organism, a great effort was made 
during the subsequent five years to analyse the chemical nature of the toxic fraction. 
The work was conducted as a co-operative project in which three different laboratories 
collaborated at one time or another. The results of this investigation have been 
published in a series of papers ~-v. 

The toxic material  had been termed "cord factor"  because it was obtained from 
the surface of bacteria from cord-forming strains by superficial extraction with 
petroleum ether. This t rea tment  disrupted the bacterial  cords without  killing the 
bacteria 1 and it was suggested tha t  the toxic lipid freed from the bacterial surface 
was also responsible for holding the bacteria in a parallel arrangement  in t ight 
bundles. Cord formation had been described by  MIDDLEBROOK, DUBOS AND PIERCE 
as a characteristic feature of virulent bacteria as contrasted with avirulent bacteria 
which did not  form cords 8. 

The chemical investigation of cord factor showed that  the toxic lipid was identical 
with trehalose-6,6'-dimycolate 7. This structure has recently been confirmed by 
synthesis ~, 10. In  the course of this investigation more than  3oo different lipid fractions 
were tested for toxicity. Separation of cord factor from other lipid components  is 
sometimes a difficult process. Many fractions were found to contain traces of trehalose- 
6,6 ' -dimycolate but  unless the compound was present in a fraction none of the m a n y  
lipids obtained from at least a dozen mycobacter ial  strains had any toxici ty at all. 

I t  was therefore surprising when SPITZNAGEL AND DUBOS 11 described the isolation 
of a toxic lipid from tubercle bacilli which, according to them, was clearly different 
from cord factor. We were natural ly interested to see whether we could have missed 
in our previous work a compound of such striking properties as tha t  described by 
these authors and we proceeded to prepare a batch of "toxic lipid" following as 
precisely as possible SPITZNAGEL AND DUBOS' method. 

The present paper describes these experiments. A product  was obtained which 

* Presen t  address :  Dept .  of Microbiology, Un ive r s i ty  of P i t t s b u r g h  Medical School, P i t t sbu rgh ,  
Pa.  U.S.A. 
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according to all available information was identical with the material described by 
SPITZNAGEL AND DUBOS. This fraction was analyzed chemically. I t  was separated 
into six components, the chemical structure of which has been studied. One of the 
six components was trehalose-6,6'-dimycolate (cord factor). I t  was the only toxic 
constituent present in the fraction corresponding to SPITZNAGEL AND DUBOS' "toxic 
lipid". 

EXPERIMENTAL 

Bacterial cultures. The bacteria used in these exper iments  were of the original BCG strain 
used at  the Pas teur  Ins t i tu te  in Paris for the product ion of BCG vaccine*. They were harves ted  
from Sauton surface cultures after four weeks growth  and then  dried over P~O 5 in vacuo as 
described by SPITZNAGEL AND DUBOS 11. 

Extraction and/ractionation o/ the "toxic lipid". The dried BCG bacilli were extracted with 
monochlorobenzene as described by  SPITZNAGEL AND DOBOSn; fractionation of the ext rac t  with 
pet roleum ether  following the directions of these au thors  gave a wax  fraction ("fract ion 7" of 
SPITZNAGEL AND DUBOS), m.p. 45-47 °**, [a] D = + I4 ° • 2° (CHCI3; c = 3.2o), insoluble at  + 4 ° 
ill pe t ro leum ether  in 1% yield; SPITZNAGEL AND DUBOS n give the following data  for their  
"fract ion 7":  m.p. 49-51°, yield: 1%.  

Chromatography o/ the "toxic l ipid" on magnesium silicate. 7.508 g of "fract ion 7" dissolved 
in IO ml pet roleum ether  were chromatographed  on lOO g magnes ium silicate (Siegfried, Zofingen, 
Switzerland) mixed wi th  5 ° g Celite; for each elution iooo ml solvent were used (Table I). 

Fraction I. Elutions 3 to 6 were pooled and crystallized from petroleum ether. A white 
microcrystalline powder,  nl.p. 52-55°; [a]h = + 2 ° ( ±  I °) (CHCI3,c = 2.2o), was obtained;  the 
following data  establish t h a t  the substance is a triglyceride of two molecules of hexacosanoic 
acid and one molecule of palmitic or similar acid. 

%c YoH 
found 78.34 12.79 mol. wt. (Rast) 95 ° 

77.93 12-83 
calculated for CvlH13sO6*** 78.39 12.78 mol .wt ,  lO87.83 

The infrared spec t rum shows the absence of hydroxyl  groups, an ester band  at  172o cm -1 
and bands at  125 ° (w), 1175 (s) and ilO5 (m) characteristic of triglycerides (SHREVE et al.12). 

The substance,  m.p. 52-55 °, is neutral ;  saponification gave a product  consisting for 92.5 % 
of an  acid fraction (calc. 91.6 %) and a hydrosoluble por t ion devoid of sugars, containing 7.5 % 
glycerol as determined by  the method  of HARVEY AND HIGHBY 13 (calc. 8. 4 %). 

The acid was separated into two distinct fractions by  dissolution in a small volume of ether  
and precipitation with 3 volumes methanol ,  The precipitate (65 % of the acid fraction, corre- 
sponding to two molecules of hexacosanoic acid) was recrystallized f rom benzene and obtained 
as colourless crystals melt ing at  76°. The methyl  ester, m.p. 60 °, (methyl hexacosanoate,  m.p. 62 °) 
was analysed : 

% C % H % (O)CH 3 

found 79.32 13.11 4 .02 
calculated for C~7H540 ~ 78.96 13.25 3.62 

The methanol-soluble acid fraction melted at  47-480 (palmitic acid, m.p. 62 °) and had a 
t i t ra t ion equivalent  of 27o (palmitic acid 256 ) ; it gave a methyl  ester melting at 25-26 ° (methyl 
palmita te  30.5°). 

%c %H 
found 76.62 12.72 

76.47 12.47 
calculated for CxTH3402 75.50 12.67 

I t  seems tha t  this fraction still contains a certain amoun t  of hexacosanoic  acid. 
Fraction I I .  Eluate  io was crystallized f rom petroleum ether  and was  obtained as a white 

• We wish to t hank  Drs. J. TRI~FOU~L AND J .  BRETEY of the Pas teur  Ins t i tu te  for the bacterial 
cultures. 

• * All melt ing points  were taken on the Kofler block and are corrected. 
• ** Triglyceldde containing two molecules of hexacosanoic and one molecule of palmitic acid. 
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microcrys ta l l ine  powder  mel t ing  a t  52-54% [a]D = -~-3 ° i I°  (CHC13, c = 3.o6). This  s u b s t a n c e  
was  neut ra l .  

% c % H 

found  76.73 12.21 mol .wt .  (Rast)  884, 876 
77.08 12.62 

ca lcula ted  for C51Hs006" 75.87 i2.24 mol. wt.  807 

The  infrared s p e c t r u m  shows  the  absence  of h y d r o x y l  groups,  t he  presence of an  ester  band  
a t  172o cm 1 and  of the  t r iglyceride bands  men t i oned  above.  

Saponif ica t ion of th is  s u b s t a n c e  gave  95 % acid, t he  g rea tes t  pa r t  of which (85 %) was 
soluble in m e t h a n o l  and  mel ted  af ter  recrys ta l l iza t ion  f rom benzene  a t  47-48°.  

o//o C 9o H 

found  75.'23 12.63 mol .wt .  ( t i trat ion) 270 
ca lcula ted  for C16H3202 74.94 12.58 mol. wt.  257 

These  d a t a  indicate  t h a t  th is  acid is a m i x t u r e  of homologs  wi th  a m e a n  molecular  weight  
s o m e w h a t  h igher  t h a n  t h a t  of pa lmi t i c  acid. 

The  hydroso lub le  por t ion  con ta ined  9.2 % glycerol, as  e s t ima t ed  by  t he  m e t h o d  of HARVEY 
AND HIGHBY 13. F rac t ion  I I  seems  to be essent ia l ly  a t r iglyceride con ta in ing  pa lmi t ic  and  h igher  
acids. 

Fraction I I [ .  Elua t e s  i i and  12 were pooled and  recrysta l l ized in cold e ther ;  we t h u s  ob ta ined  
a microcrys ta l l ine  powder  wi th  a diffuse me l t ing  point :  54-62 °, [a]D ~ + 5 ° 2  I ° (CHC13; 
c = 1.93). This  s u b s t a n c e  was  also neut ra l .  

% C  % H  

found  77.38 I2.4o 
77.29 12.18 

ca lcula ted  for Cs~H10sOs** 77.58 13.o2 

The  infrared s p e c t r u m  shows  an  - O H  band  a t  3400 cm -1 and  an  ester  band  a t  172o cm -x. 
The  p roduc t  of saponi f ica t ion  was  9 1 %  acid a n d  th i s  acid f rac t ion cons is ted  for two- th i rds  

of a me thano l - in so lub le  acid, me l t i ng  a t  75 ° ( t i t ra t ion  equ iva l en t  42o, ca lcu la ted  for C26H~202: 
396.7) a n d  resembl ing  t he  cor respond ing  acid of f rac t ion I. 

% C  % H  

found  79.20 13.Ol 
ca lcula ted  for C26H5202 78.72 13.21 

The  me thano l - so lub le  acid mel ted  aga in  a t  47-48° , as above.  The  e s t ima t ion  of glycerol in 
the  hydroso lub le  por t ion  gave  I 1.9 %. (Theoret ical  va lue  for a diglyceride of hexacosano ic  acid:  
lO.8 %.) Th i s  f ract ion t h u s  seems  to be a m i x t u r e  of diglycerides con ta in ing  pr incipal ly  hexa -  
cosanoic acid. 

Fraction IV.  Elua te s  17 and  18 were pooled and  crystal l ized f rom cold pe t ro l eum e ther ;  
we t h u s  ob ta ined  a microcrys ta l l ine  powder  me l t ing  a t  50-53% [ C t ] D  ~ + 8 ° 2  z ° (CHCI3, 
c = 2.13). The  s u b s t a n c e  was  neut ra l .  

% c  % H  
found  79.o 4 12.94 

79-33 13.17 
ca lcula ted  for C107H21207"** 79.78 13.22 

The  infrared s p e c t r u m  of th is  subs t ance  shows  an  - O H  band  a t  3400 cm -1 and  es ter  b a n d s  
a t  172o cm -1. 

The  p r o d u c t  of saponi f ica t ion  was  94 % acid and  th i s  acid f rac t ion  cons is ted  for abou t  75 % 
of a me thano l - in so lub le  acid me l t i ng  a t  54-55 °, wh ich  was  identif ied wi th  mycot ic  acid b y  i ts  
t i t r a t i on  equ iva l en t  (found i,IOO, ca lcu la ted  1,298 ) and  infrared spec t rum.  

% c  % H  
found 81.22 I3.32 
ca lcula ted  for CssH17604 81.4o 13.66 

The  hydroso lub le  por t ion  con ta ined  6.9 % glycerol, as  e s t ima t ed  by  t he  m e t h o d  of HARVEY" 
AND HIGHBY TM (calculated 5.7 %)- 

* Tr ipa lmi t ine ,  m.p .  65 °. 
* *  Diglyceride of hexacosano ic  acid. 

* * *  Diglyceride con ta in ing  one molecule  of mycolic  acid CssH17604 and  one molecule  pa lmi t ic  acid. 
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These results show tha t  fraction IV is essentially a diglyceride (or a mixture  of diglycerides) 
containing one molecule of mycolic acid and one of a lower molecular weight fa t ty  acid. 

Fraction V. Eluate  19 was crystallized from petroleum ether at  o ° and was obtained as 
a white microcrystalline powder  melt ing at 45-46°, [a]D ~ + IO ° -4- 1.5 ° (CHC13 or benzene; 
c = 2.20) ; the following data  establish its s t ruc ture  as an a-monoglyceride of mycolic acid. 

% C  % H  

found 79.84 13.22 
79.49 12.92 

calculated for C91Hls20 s 79.63 I3.36 

The infrared spec t rum of this substance shows an - O H  band at 3330 cm -1, an ester band 
at  168o cm -1 and C-O bands  at i i 7 o  (m), ilOO (w) and lO5O (m) typical for monoglycerides 12. 

Oxidat ion with lead te t raaceta te  shows the presence of a 1,2 glycol. 42 mg glycerol mono- 
mycolate dissolved in I ml benzene were added to 2 ml glacial acetic acid and 1 ml of a o .o8N 
solution of lead tetraacetate.  The solution was kept  2 hours  at  7 o°. After cooling, 4 ml of a 5 % 
solution of K I  were added and the excess oxidant  t i t ra ted with o.x N sodium thiosulfate, o.o3 ml 
hyposulfite were consumed, whereas a blank consumed o.78 ml. The difference (o.75 ml) corre- 
sponds to 1.2 moles of oxidant  (for a mol .wt ,  of 1,372). 

Saponification of this substance gave a p roduc t  consisting for 92.3 % of an acid fraction 
(calc. 93.I %), melting after precipitat ion from ether-methanol  at  53-55 °. 

% C % H % (O)CH 3 

found 8L12 I3-34 I.O2 t i t rat ion equiv, 1,29 o 
calculated for CssHI~eO 4 81.4o I3.66 1.16 mol .wt .  1,298 

The infrared spec t rum of this acid is characteristic of a mycolic acid. The hydrosoluble 
port ion contained 6.o % glycerol as est imated by  the method of HARVEY AND HmHBY 13 (calc. 
6.9 %). 

The absence of glycerides of low molecular weight fa t ty  acids in this fraction was indicated 
by  the negative reaction wi th  hydroxylamine  using the method  of RAPPORT AND ALONZO 15 
(mycolic esters of glycerol or of sugars  do not  give hydroxamates  wi th  this reagent).  

Fraction VI.  Eluate 28 was precipitated f rom e ther-methanol  and 414 mg were then chro- 
matographed  on a column of xo g silica gel Davison;  291 mg were eluted immediately with 
pet roleum ether;  after  dissolution in ether  and precipi tat ion with methanol,  a white powder  
was obtained, m.p. 43-44 ° , [aid = +380  =~ 3 ° (CHC13; c ~ 1.4o ) . Cord factor of BCG has a 
m.p. 43-45 ° and [aid = + 4  o°~. 

% c  % H  %(O)Cg3 
found 77.84 i2.25 0.8 

0.6* 
calculated for C186H36~O17 77.7 ° 12.83 0.52 

The infrared spectra of fraction VI  and cord factor of BCG are shown in Fig. I. 
Saponification of fraction VI  gave a product  consisting for 88% (theor. value 87. 5 %) of 

a substance identified as mycolic acid by  m.p. (51-53 % t i t ra t ion equivalent  (1,29o) and elementary 
analysis. 

% C % H % (O)CH~ 

found 81.7o 13.36 0.79 
calculated for CssH17604 81.4o 13.66 1.16 

The hydrosoluble port ion (i 1.6 % ; theor, value i 1.9 %) had an optical rotat ion of [a]D = 
+ 222 ° ± 20 ° (theor. value for trehalose + 197°). 

Toxicity tests. For  these experiments,  bo th  Albino CF1 mice (Carworth Farms,  New City, 
N.Y.) and C57 Black mice (Jackson Memorial Laboratories,  Bar Harbor ,  Me.) were used. The 
mater ia l  to be tested was dissolved either in Bayol F (light paraffin oil) or in olive or sesame oil. 
We have previously used these oils for toxicity tests  in mice and found tha t  the toxicity of all 
toxic fractions decreases slightly wi th  the use of the three oils in this order. 

The fractions were injected either intraperi toneally or intravenously.  For  the intraperi toneal  
injections o.o5 or o. i ml of the clear oily solutions were injected once or repeatedly. For  in t ravenous  
injections, emulsions were prepared containing the desired amoun t s  of lipid to be tested dissolved 
in oil and emulsified in a solution of Tween-8o in saline. The final concentrat ion of oil was 5 %, 
t ha t  of Tween-8o t %. The described a m o u n t  of lipid was contained in o.I ml of this emulsion, 
which was injected intravenously.  

* I t  is to be noted tha t  this cord factor contains one or two methoxyl  groups whereas the cord 
actor  of BCG described previously v was devoid of methoxyl .  

Re#rences p. 32o[321. 
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RESULTS 

A.  The  chemical nature o / t h e  "toxic l ip id"  

C h r o m a t o g r a p h i c  s e p a r a t i o n  of  t h e  " t o x i c  l i p i d "  ( " f r a c t i o n  7 "  o f  SPITZNAGEL AND 

DIJBOS al) g a v e  s i x  d i s t i n c t  f r a c t i o n s  ( T a b l e  I) .  

T h e  f i r s t  f ive  f r a c t i o n s  a r e  g l y c e r i d e s ;  t h e  p r e s e n c e  o f  g l y c e r o l  i n  t h e  h y d r o s o l u b l e  

p o r t i o n  o b t a i n e d  a f t e r  s a p o n i f i c a t i o n  h a s  b e e n  c h e c k e d  b y  t h e  c o l o r i m e t r i c  m e t h o d  

of  HARVEY AND HIGHBY 13. T h e  f i g u r e s  f o u n d  a r e  i n  a g r e e m e n t  w i t h  t h e  s t r u c t u r e s  

a s s i g n e d  t o  e a c h  f r a c t i o n .  

T A B L E  I 

C h r o m a t o g r a p h y  of 7.5o8 g " tox ic  l ipid" on ioo g m a g n e s i u m  sil icate + 5 ° g Celite; 
IOOO ml so lven t  per  elution. 

Eluate No. Solvent Weight o/eluate 

i pe t ro l eum e ther  o m g  
2 pe t ro l eum e ther  o m g  
3 pe t ro l eum e ther -benzene  9 : i t63 mg  
4 pe t ro l eum e ther -benzene  9 : i 94 ~ m g  
5 pe t ro l eum e ther -benzene  9 : i 339 m g  
6 pe t ro l eum e ther -benzene  9 : i 2 io  m g  
7 pe t ro l eum e ther -benzene  9 : I 94 m g  
8 pe t ro l eum e ther -benzene  9 : i 126 m g  
9 pe t ro l eum e ther -benzene  9 ; i  28 m g  

IO pe t ro l eum e ther -benzene  I : i 5o5 m g  
I i p e t ro l eum e ther -benzene  I : I 189 m g  
I2 pe t ro l eum e ther -benzene  i : i 162 m g  
13 pe t ro l eum e ther -benzene  i : I lO 7 m g  
14 pe t ro l eum e ther -benzene  I : i 76 m g  
15 pe t ro l eum e ther -benzene  I : 1 52 m g  
16 pe t ro l eum e the r -benzene  1 : I 3 8 m g  
17 benzene  i82 m g  
18 benzene  68 m g  
19 benzene-e ther  9 : 1 25o9 m g  
2o benzene-e ther  9 : I 358 m g  
21 benzene-e the r  9 : I 142 m g  
22 benzene-e ther  9 : I 8o m g  
23 benzene-e the r  9 : I 45 m g  
24 benzene-e ther  I : I 41 m g  
25 benzene-e the r  i : L 13 m g  
26 e ther  14 m g  
27 e ther  7 m g  
28 e t h e r - m e t h a n o l  8 : 2 531 m g  
29 e t h e r - m e t h a n o l  8 : 2 5 ° m g  
3o e ther  + i % acetic acid 151 m g  
31 e the r  + 1 %  acetic acid 39 m g  

Tota l  weight  7260 m g  = 96. 7 % 

Fract ion I ( e l u a t e s  3 - 6 ) ,  m . p .  5 2 - 5 5  °, [~1 l) = + 2 °, i s  a t r i g l y c e r i d e  c o n t a i n i n g  t w o  

m o l e c u l e s  o f  h e x a c o s a n o i c  a c i d  a n d  o n e  m o l e c u l e  o f  p a l m i t i c  o r  a n  a n a l o g o u s  a c i d ;  

a s i m i l a r  t r i g l y c e r i d e  h a s  b e e n  r e p o r t e d  b y  NOLL 14 i n  w a x  C f r a c t i o n s  o f  v a r i o u s  

s t r a i n s  o f  m y c o b a c t e r i a .  

Fract ion I I  ( e l u a t e  IO), m . p .  5 2 - 5 4  °, Ea]D = + 3  °, i s  a t r i g l y c e r i d e  c o n t a i n i n g  

m o s t l y  p a l m i t i c  o r  s i m i l a r  a c i d s .  

Re#rences p. 320/321. 
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The infrared spectra of fractions I and II are in agreement with the assigned 
structure Eno -OH band, ester band at 172o cm -1 and C-O absorption bands at 125o 
(w), 1175 (s) and 11o5 (m) ascribed to the triglyceride structure by SHREVE et al. 121. 

Fraction I I I  (eluates II ,  I2), m.p. 54-62 °, laiD = + 5  °, is a mixture of di- 
glycerides containing mostly hexacosanoic acid. 

Fraction I V  (eluates 17, i8), m.p. 5o-53 °, ~al D ~ + 8°, is a diglyceride (or mixture 
of diglycerides) containing one molecule of mycolic acid, m.p. 54-55 °, and one 
molecule of palmitic or analogous acid. 

The infrared spectra of fractions III  and IV show an -OH band at 3400 cm -1 
and ester bands at 172o cm -~. 

The more exact identification of the fat ty acids present in fractions I to IV will 
be reported later. 

Fraction V (eluate i9) , m.p. 45-46°, laiD = + I 0  °, is an a-monoglyceride of 
mycolic acid, CglHls~O 6 + 5 CH2; the mycolic acid is a 3-hydroxy, x-methoxy 
mycolanoic acid*, CssH1760 4 ~ 5 CH2, m.p. 53-55 °, and has been identified by m.p., 
elementary analysis, titration equivalent (1,29o) and infrared spectrum. 

Fraction V is identical with fraction B~ isolated and identified by NOLD 4 in the 
wax C fractions of various strains of mycobacteria. NOLL concluded from the optical 
rotation of this compound (his preparation had EalD= +6 .4  ° ~ 2.5 °) that part 
of the optical activity must be due to the fl-carbon of glycerol and that therefore 
this substance must be an a-monoglyceride. We have confirmed this experimentally 
by oxidation with lead tetraacetate; 1.2 molecules of the oxidant were consumed, 
in agreement with the assigned structure. The synthesis of an a-monoglyceride of 
mycolic acid identical with the natural compound is reported in a separate paper 
(DEFAYE AND LEDERER17**). 

Fraction V I  (eluate 28) has been identified with the cord factor of the BCG strain, 
described by NOEL et al.7; this identification is based on melting point (43-44°), 
optical rotation (laid = +38  4-3°), elementary analysis and infrared spectrum 
which is identical to that of cord factor (Fig. i)***. This identification is confirmed 
by the results of the saponification and also of the toxicity tests described in the 
following section. 
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Fig. i. Inf rared  spectra;  substances  resolidified after  melting: A. fraction VI of " toxic l ipid"; 
B. cord factor of BCG. 

* For  the nomencla ture  of mycolic acids, see ASSELINEAU AND L E D E R E R  16. 
**The synthet ic  ester has laiD = + 9  ° ± 1.5 °, despite an optically inactive fl-carbon of 

glycerol; this shows tha t  the above a rgument  is not  valid. 
*** A slight difference should be mentioned however :  the mycolic acid of the previously described 

cord factor was  methoxyl-free,  whereas the mycolic acid of the above mentioned cord factor is 
par t ly  methoxylated.  

Re/erences p. 32o/32I. 
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TABLE II 

E F F E C T  O F  I N T R A P E R I T O N E A L  A N D  I N T R A V E N O U S  I N J E C T I O N S  O F  C R U D E  " T O X I C  L I P I D "  

No. o/mice Material injected No. o] Route of Amount injected Loss 
per group injections injection per dose (mg) o! weight 

IO "Toxic lipid" I 
IO "Toxic lipid" I 
IO "Toxic lipid" I 
lO "Toxic lipid" 5 
IO "Toxic lipid" 5 
5 "Toxic lipid" 5 
5 "Toxic lipid" 5 
5 "Toxic lipid" 5 

IO "Toxic lipid" i 
IO "Toxic lipid" I 
IO "Toxic lipid" I 
IO "Toxic lipid" I 

i.p. 0. 5 + + 
1.p. o.I + +  
1.p. o.oi + 
1.p. 0. 5 + + 
1.p. o.i + + 
1.p. 0.03 + 
1 .p .  o . o i  - -  

1.p. 0.003 - -  
1.v. o.i + + 
1.v. 0.05 + + 
1.v. 0.025 + 
1.V. O.O12 - -  

io cord factor 1 i.p. t.o + + 
io cord factor i i.p. o.I + + 
io cord factor 5 i.p. o. i + + 
io cord factor 5 i.p. o.oi + + 
io cord factor 5 i.p. 0.005 + + 
io cord factor i i.v. o.i + + 
io cord factor i i.v. o.oi + + 
io cord factor I i.v. 0.005 + + 

B.  T o x i c i t y  tes ts  

a. C r u d e  " t o x i c  l i p i d " .  T h e  c rude  " t o x i c  l i p i d "  co r r e spond ing  to  " f r a c t i o n  7"  of 

SPITZNAGEL AND DUBOS 11 was  t e s t e d  for  t o x i c i t y  b o t h  u p o n  s ingle  a n d  r e p e a t e d  

i n t r a p e r i t o n e a l  in jec t ions .  T h e  mice  were  we ighed  dai ly .  T h r e e  weeks  a f t e r  t h e  first  

i n j e c t i o n  the  e x p e r i m e n t s  were  d i scon t inued .  T a b l e  I I  s u m m a r i z e s  t he  resul t s  of these  

tests .  T h e  w e i g h t  losses are  c h a r a c t e r i z e d  b y  t h e  fo l lowing  symbo l s  : + if  t h e  m a x i m u m  

loss of w e i g h t  was w i t h i n  10% of t h e  b o d y  w e i g h t  be fore  in jec t ion ,  + +  if b e t w e e n  

I0  a n d  2 0 %  of t h e  or ig ina l  b o d y  we igh t  was  lost  a n d  - -  if no  loss of we igh t  occurred .  
T h e  resu l t s  i nd i ca t e  t h a t  one  single i n t r a p e r i t o n e a l  i n j ec t i on  of " t o x i c  l i p id"  was 

no t  l e t h a l  for mice .  C57 B lack  mice  were  used  for t h e  i n t r ape r i t onea l ,  a n d  a lb ino  
mice  for  t h e  i n t r a v e n o u s  in jec t ion .  

T h e  loss of we igh t  occu r r ing  a f t e r  one  s ingle i n j ec t i on  was  considerable .  De-  

p e n d i n g  on t h e  dose,  i t  t o o k  f r o m  th r ee  to  s even  days  for t h e  mice  to  recover .  A f t e r  
r e p e a t e d  in j ec t ions  t he  mice  d i ed  f rom t h e  effects  of " t o x i c  l ip id" .  T h e  s y m p t o m s ,  
of wh ich  t h e  p ro fuse  p u l m o n a r y  h e m o r r h a g e s  were  t h e  m o s t  conspicuous ,  were  t he  

s a m e  as h a v e  been  o b s e r v e d  a f t e r  i n j ec t ions  of cord  fac tor .  These  obse rva t i ons  h a v e  
been  r e p e a t e d l y  desc r ibed  in de t a i l  a n d  seem to  h a v e  been  conf i rmed  by  SPITZNAGEL 
AND DUBOS 11. 

Indeed ,  t h e  o b s e r v a t i o n s  w i t h  t h e  " t o x i c  l i p id"  were  so s imi la r  to  t he  ones m a d e  
w i t h  cord  f ac to r  t h a t  ana logous  e x p e r i m e n t s  w i t h  th is  c o m p o u n d  were  car r ied  ou t  
a t  t he  s a m e  t i m e  a n d  a re  n o t e d  for c o m p a r i s o n  in Tab l e  I I .  These  t es t s  conf i rm t h e  
p r e v i o u s l y  pub l i shed  da ta .  

b. I n d i v i d u a l / r a c t i o n s .  T h e  b io log ica l  f indings no ted  in T a b l e  I I  sugges ted  t h a t  
t h e  tox ic  c o m p o n e n t  of t h e  " t o x i c  l i p i d "  was i den t i ca l  wi th ,  or  v e r y  s imi la r  to 
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OF CORD FACTOR IN C57 BLACK MICE 

Days alter first No. of survivors 
injection on which mice died alter 2~r days 

5 ,  8, Io,  IO, 15 
14. I6,  17 
8 

7, 9, I I 

IO 

IO 

IO 

5 

7 

4 

5 

5 
7 

io  
i o  
i o  

6 9 
- -  IO 

7' 8, 8, IO, 10, I I ,  I3 ,  13, 16, 16 O 
8, 8, 9, IO, IO, 13, 15 3 
9, I I ,  12, 12, 13 5 
7, 7, 7, 8, 8, 9, 9, 9, IO, I I  O 
7 , 7 , 8 , 8 , 9 , 9 ,  I3 ,  I3 ,  I6  I 
9, I I ,  13, 16 6 

trehalose-6,6'-dimycolate. As described in the 
experimental section of this paper, it was possible 
to separate the "toxic lipid" into six distinct 
fractions, of which fraction VI appeared to be 
cord factor. The toxicity tests of these six frac- 
tions are recorded in Table I I I .  Fractions I to V 
were completely devoid of toxicity, whereas 
fraction VI had the characteristic toxicity of 
cord factor. 

The "toxic lipid" (or for that  mat ter  cord 
factor) was not lethal after one single intraperi- 
toneal injection. The few rare instances such 
as those listed in Tables I I  and I I I  are not 
regularly reproducible effects. This characteristic 
feature of the cord factor toxicity has been stated 
many  times before and no explanation has been 
found for this peculiarity. The possible reasons 
have been discussed previously. However, it has 
now been found that  with the intravenous route 
of injection it is possible to kill mice with one 
injection. Death still occurs after a delay of one 
to two weeks. The symptoms are similar to 

those observed after repeated intraperitoneal injections, except of course that  there 
is no peritonitis. Intravenous injections of the blank emulsion were always well 
tolerated, and so were control injections of as much as 2.0 mg of various non-toxic, 
chemically related lipids such as mycolic acid and certain esters of mycolic acid. 

T A B L E  I I I  

EFFECTS PRODUCED BY ONE INTRAVENOUS INJECTION OF "TOXIC LIPID" 
OR ITS CONSTITUENTS IN C57 BLACK MICE 

Material injected Dose (rag) Survival time o] individual mice (days alter in~ection) Number ol survivors Loss o[ weight 

C r u d e  " t o x i c  l i p id"  o . I  7, 9, I I  7/ lO + + 
C r u d e  " t o x i c  l i p i d "  0.05 - -  I O / I O  -~- + 
F r a c t i o n  I o . i  - -  8/8 o 
F r a c t i o n  I I  o. i - -  8/8 o 
F r a c t i o n  I I I  o . I  - -  8/8 o 
F r a c t i o n  I V  o . i  - -  8/8 o 
F r a c t i o n  V o. I - -  8/8 o 
F r a c t i o n  V I  o . i  6, 7, 9, 9, io ,  io ,  I I ,  I I  o/8 + + + 
F r a c t i o n  V I  o.05 7, 7, 8, 8, IO, IO, i i ,  i i  o/8 + + + 
Cord  f a c t o r  o . I  6, 6, 6, 7, 7, 8, 8, i i  o/8 + + + 
Cord  f a c t o r  o.o 5 6, 8, 9, 9, 9, IO, io ,  i i  o/8 + + + 

DISCUSSION 

For a long time experiments with lipids from tubercle bacilli have suffered from the 
fact that the extracted materials  were ill-defined chemical ly  and that  it  was difficult 
therefore to compare results obtained by  various authors. With regard to the toxic 
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component of the tubercle bacillus, this difficulty has been overcome by the identi- 
fication of cord factor as trehalose-6,6'-dimycolate 7. 

The description by SPITZNAGEL AND DUBOS 11 of the results obtained with their 
"toxic lipid" suggested to us that they had ob ta ined- -by  different methods of 
ext rac t ion--a  lipid-containing cord factor. We have asked Dr. DuBos for a reference 
sample of his toxic lipid, but he was unfortunately unable to spare any of his material. 
An infrared spectrum* of a sample would have allowed us to compare our product 
with his and to settle the question whether or not the two toxic fractions were 
identical. Lacking this reference, we can only state that a careful comparison of the 
chemical data published by SPITZNAGEL AND DUBOS with the results reported in this 
present paper makes it very likely that the toxic portion of their compound was 
indeed cord factor. 

As to the biological data, the only difference between the results published by 
SPITZNAGEL AND DUBOS and our own is the fact that in their experiments one single 
intraperitoneal injection was lethal for mice whereas in our experience, except for 
rare instances of occasional death occurring after intraperitoneal injections of very 
large amounts of cord factor (see Tables II  and III),  repeated injections are needed 
to produce lethal effects using this route of injection. As shown in this paper, the 
intravenous route of injection is in many respects more satisfactory because a single 
injection kills regularly after a delay of about 7 to 14 days. 

We can offer no explanation for the variance in the results obtained by SPITZ- 
NAGEL AND DUBOS, who observed lethal effects after one single intraperitoneal 
injection. Since over a period of more than five years we have consistently failed 
to make similar observations, and since the "toxic lipid" which was obtained by 
the method of SPITZNAGEL AND DUBOS is a mixture of inactive glycerides and cord 
factor (trehalose-6,6'-dimycolate) the latter being the only toxic component, it seems 
difficult to reconcile our observations with those made by SPITZNAGEL AND DUBOS. 
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S U M M A R Y  

A l ipid e x t r a c t e d  by  the  me thod  descr ibed by  SPITZNAGEL AND DUBOS has  been sepa ra t ed  by  
c h r o m a t o g r a p h y  in to  six d i s t inc t  fract ions,  one of which  was tox ic  and  has  been ident i f ied as 
cord factor  ( t rehalose-6,6 ' -dimycolate) .  
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T R A N S P O R T  OF A L K A L I  CATIONS BY K I D N E Y  C O R T E X  SLICES 

J. H. CORT AND A. K L E I N Z E L L E R  

Institute [or Cardiovascular Diseases, and the Laboratory/or Cell Physiology, 
Czechoslovak Academy o[ Science, Prague (Czechoslovakia) 

While it is clear that Na is actively transported by the renal tubular cell, since Na flux 
normally occurs against a concentration gradient and Na extrusion from the cell can 
be inhibited by factors such as cold, anoxia, CN, etc. (MuDGE 1, DAVIES 2, CORT AND 
KLEINZELLER s) such a definite statement has not yet been possible with reference to 
other alkali cations. The specificity of any transport process may be tested by compar- 
ing the fluxes of molecularly or atomically related substances, i.e. optical isomers, 
substituted organic compounds, etc. In the specific problem at hand, Li + transport 
has been compared with Na + transport, and Rb + with K +, as representing the closest 
analogues with the same chemical reactivity. 

FOULKS, MUDGE AND GILMAN 4 have infused isotonic LiC1 into dogs and have ob- 
served a rise in K excretion and urine pH as compared with a control infusion of NaC1, 
while MUDGE 1 and ANDERSON AND MEDGE 5, on the other hand, have shown, in experi- 
ments where Li was added to the incubation medium of kidney slices, that within wide 
limits Li+ behaved much like Na + and did not change 02 uptake or tissue HCO-s content. 

I t  has been suggested that K + transport may be a purely passive phenomenon 
(MuDGE 1, ANDERSON AND MUDGE 5, CORT AND KLEINZELLER 3) since the uptake of K + 
by kidney slices from media with different concentrations of K + shows a direct rela- 
tionship to K+ concentration in the medium, each uptake curve being exponential in 
time. Rb behaves so much like K that it may be administered to K-deficient, alkalotic 
animals and will correct the extracellular alkalosis, and it appears that it may freely 
enter cells without signs of toxicity (RELMAN, Roy AND SCHWARTZ 6, ANDERSON AND 
MUDGES). 

The kinetics of Li + and Rb + transport have not been precisely determined how- 
ever, nor have any of the authors cited actually directly analysed for either of the 
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