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ABSTRACT Glycolipids extracted with pyridine from three 
strains of Mycobacterium tuberculosis were fractionated. Phospha- 
tidyl inositol, two phosphatidyl inositol dimannosides (A and 
M), and two phosphatidyl inositol pentamannosides (G and 
K) were separated and purified by a combination of solvent 
fractionations and chromatography on silicic acid. In each of 
these lipids, palmitic and tuberculostearic acids accounted for 
more than 90% of the total fatty acids. Mole ratios of fatty 
acid to P were: for phosphatidyl inositol, 2 ;  for G and M, 3; 
for A and K, 4. Certain mixtures of A or M with G fixed 
complement with human sera from cases of tuberculosis. Two 
serologically inactive dimannosides, each containing two fatty 
acid ester groups per atom of P, were also present. 

KEY WORDS Mycobacterium tuberculosis . phosphatidyl 
inositol * di- and pentamannosides * phosphoinositides * 

complement fixation * glycolipids * tuberculosis 

Tm ORIGINAL PURPOSE of this work was a search for 
an improved antigen for use in complement fixation tests 
in tuberculosis. Wadsworth, Maltaner, and Maltaner (1) 
employed boiled aqueous extracts ‘of tubercle bacilli as 
an antigen, recognizing that the active component of 
these extracts was probably a lipid; Witebsky, Klingen- 
stein, and Kuhn (2) described an antigen prepared by 
pyridine extraction. In the initial studies of this series, 
carried out by the senior author with the assistance of 
Miss Consuelo Padron, the active fraction of boiled 
water extracts was found to be a mixture of glycolipids; 
it was readily soluble in pyridine, hence the same fraction 
was probably responsible for the activity of the Witebsky 

Abbreviations : BCG, Bacillus Calmette-Guhin ; TLC, thin- 
layer chromatography ; PI, phosphatidyl inositol ; NIH, National 
Institutes of Health ; “Folch solvent,” chlorofom-methanol-water 
86:14:1. A and M, arbitrary designations of two phosphatidyl 
dimannosides; G and K, arbitrary designations of two phospha- 
tidyl inositol pentamannosides. 

antigen. Serologic studies of our earlier preparations 
were carried out by Dr. J. 0. de Almeida (3), who subse- 
quently reported an application of the glycolipid antigens 
in the control of treatment for leprosy (4, 5). 

The chemistry of mycobacterial lipids has been re- 
viewed by Anderson (6) and by Lederer (7) and the 
glycolipids have been the subject of recent reviews by 
Lederer (8, 9). The fraction originally described as 
“phosphatide” by Anderson is now known to be a mix- 
ture of phosphatidyl inositol mannosides (10-12) and a 
polyglycerophosphatidic acid analogous to cardiolipin 
(13). Recently the structure of the water-soluble com- 
pounds resulting from deacylation of the native glyco- 
lipids of BCG has been established by Ballou and his 
associates (1617). Their findings indicate that the origi- 
nal mixture contained phosphatidyl inositol and at least 
three phosphatidyl inositol mannosides having 1, 2, and 
5 mannose units, respectively. 

The object of our work was to separate and purify the 
original intact phospholipids. 

MATERIALS 

Three strains of Mycobacterium tuberculosis were studied : 
BCG, H37Rv, and a second human strain identified by 
this laboratory’s culture number 481 89. No differences 
were found among corresponding lipid fractions from 
different strains. The examples reported are representa- 
tive of numerous experiments on all three strains. The 
BCG cultures were grown for 8-12 weeks on Sauton’s 
medium; the human strains for 8 weeks on Long’s me- 
dium. The culture fluid was decanted and to the cell 
mass in each culture bottle was added at least 200 ml of 
acetone. The cells were thoroughly dispersed in the 
acetone and the mixture was kept at room temperature 
for at least 24 hr, usually longer. After the bacteria had 
been 24 hr under acetone, no living cells could be de- 
tected by cultural methods or animal inoculation. Sev- 
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era1 additional acetone extractions were made in order 
to complete the dehydration and to remove most of the 
acetone-soluble lipid. The cells in the last acetone sus- 
pension were ground in a Waring Blendor, then filtered 
and air-dried. 

METHODS 

Serologic Activity 
The complement fixation technique used was that de- 
scribed by Kent and Fife (18). Human serum was ob- 
tained from persons with tuberculosis; “normal” control 
sera were from laboratory personnel. Antigens were 
prepared from methanolic stock solutions of the lipids 
containing 1 mg of lipid per ml. A 1 : 20 dilution was 
prepared by adding 3.8 ml of triethanolamine-buffered 
saline (18) to 0.2 ml of the stock solution. From the 1 : 20 
dilution, further dilutions in triethanolamine-buffered 
saline were prepared as required. When mixed lipids 
were tested, the mixtures were made in the methanolic 
stock solution. 

Analysis 
Phosphorus was determined gravimetrically as ammonium 
phosphomolybdate (1 9) and colorimetrically by King’s 
(20) modification of the method of Fiske and Subbarow, 
or by the method of Bartlett (21). Sugar5 were determined 
by Seibert’s (22) modification of the carbazole method, 
with mannose as a standard. The brown color given by 
mannose in the carbazole reaction is readily differen- 
tiated from the rose-red tints given by other nionosac- 
charides. Mannose was also identified chromatographi- 
cally in acid hydrolysates by the method of Adachi (23), 
with the use of ethyl acetate-acetic acid-methanol- 
water 120: 3: 3: 2 for development of the chromatogram 
and phenol-sulfuric acid-ethanol spray to reveal the 
spots. No monosaccharides other than mannose were 
detected. Inositol and glycerol were identified by paper 
chromatography after the samples were subjected to the 
procedure of Bohm and Richarz (24) modified by the use 
of Whatman No. 1 filter paper and n-butanol-ethanol- 
water 40: 11 : 19 (25) as the developing solvent. When 
glycerol was to be identified, the samples were hydro- 
lyzed in 3 N HCl instead of 6 N. The method of Bohm and 
Richarz was also used for the quantitative determination 
of inositol. Glycerol was determined by the method of Blix 
(26) ; futty acid ester groups by the method of Rapport and 
Alonzo (27). Methyl esters of fatty acids were prepared 
by the method of Hendrickson and Ballou (28) and dis- 
solved in n-hexane for gas-liquid chromatography on a 
Barber-Colman model No. 10 gas chromatograph 
equipped with an argon ionization detector. Separations 
were obtained on a column of diethylene glycol succinate 

polyester, 15.40/, by weight, on 80-100 mesh, acid- 
washed Chromosorb W, supplied by Applied Science 
Laboratories Inc., State College, Pa. The column was 
maintained at 17OoC and the flow rate of argon was 2.5 
ml/sec. The instrument was standardized with NIH 
standard methyl ester mixtures. Reproducible results 
within 1.5% of actual composition were obtained with 
mixture D. Where possible, each fatty acid peak was 
identified by comparison of retention times with methyl 
ester standards. The NIH standard mixture and the 
individual methyl esters were obtained from Applied 
Science Laboratories. Branched-chain fatty acids were 
separated from straight-chain fatty acids by the urea 
inclusion method (29, 30). Fatty acids (200 mg) were 
dissolved in petroleum ether containing 2% methanol 
and the solution was poured onto 1 g of finely ground 
urea moistened with methanol. The mixture was stirred 
gently, the supernatant solution decanted, and the urea 
complex washed several times by decantation. The pe- 
troleum ether solution was washed once with 3 N HCl, 
then six times with distilled water. The urea complex 
was dissolved in water and petroleum ether, and the 
petroleum ether layer was washed in the same way as the 
uncomplexed fraction. 

Cation Exchange and Washing 
Although our earlier experiments were carried out on the 
native mixed salts of the phospholipids, much cleaner 
separations resulted when these mixed salts were con- 
verted to sodium salts with EDTA. A residue of this 
reagent could not be tolerated, as it would interfere with 
the complement fixation test. Dialysis proved inadequate 
to remove it. A rigorous washing procedure was essential 
for this purpose and also for the elimination of water- 
soluble impurities, largely polysaccharide, which traveled 
with the lipids during column chromatography. Both 
requirements were satisfied by the following method. 

The lipids were dissolved in the minimal volume of 
chloroform and transferred to a separatory funnel with 
sufficient methanol-water 1 : 1 to dissolve all the chloro- 
form. The solution then had approximately the com- 
position of the upper phase of the separation mixture de- 
scribed by Folch, Lees, and Sloane Stanley (31). If the 
lipid sample was to be treated with EDTA, the reagent 
was added at this point: for each gram of lipid, 5 ml of a 
0.1 M solution of the disodium salt of EDTA, brought with 
NaOH to pH 7.2-7.5, was used. After a few minutes, 1 
ml of saturated NaCl per 100 ml of the solution was 
added and the mixture was twice extracted by vigorous 
shaking with about of its volume of the lower phase of 
the Folch mixture. This lower phase, chloroform-meth- 
anol-water 86 : 14 : 1, is hereafter referred to as “Folch 
solvent.” 

The lipids recovered by evaporating the chloroform 
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extracts were emulsified in water (50 ml/g), an equal 
volume of acetone was added, and the mixture was stirred 
until all lumps were dispersed. One milliliter of saturated 
NaCl for each 40 ml of water was then added and the 
mixture vigorously shaken ; the lipids flocculated and 
were separated by centrifugation. After five or six repeti- 
tions of this procedure, the lipids were once more parti- 
tioned in the two-phase Folch mixture and recovered by 
evaporation of the lower phase extracts. 

Chromatography 
Thin-layer chromatography was carried out on 20 X 20 
cm glass plates that had been coated with 0.2-cm thick 
layers of Silica Gel G (Brinkmann Instruments Inc., 
Westbury, N.Y.) and activated at looo@ for 90 min. 
Test samples contained 1-2 mg of lipid per ml of chloro- 
form. To the plates were applied 20-pI portions of such 
solutions; the plates were developed for 90 min in chloro- 
form-acetic acid-methanol-water 40: 25 : 3 : 7, dried, 
sprayed with 40% HZS04 v/v, and heated in a 100°C 
oven until charred spots were visible. The glycolipid 
spots could be observed after 1 hr of heating, whereas the 
phosphatidyl inositol spot required 4-1 8 hr. 

For column chromatography a mixture of 3 parts by 
weight of silicic acid to 2 parts of Celitel was used. Col- 
umns were usually prepared from a slurry of the adsorb- 
ent mixture in chloroform-methanol-water 180: 19 : 1 
and the same solvent was used for application of the 
sample. Addition of water was necessary because of the 
unexpected behavior of the pentamannoside K, which 
was not completely adsorbed from anhydrous chloro- 
form. Mixtures that did not contain K could be chroma- 
tographed on the column prepared with the above solvent 
or on one prepared from chloroform alone. In either case, 
the sample, 5-10 mg/g of adsorbent mixture, was applied 
in a volume of 3-4 ml and washed down with at least 1 
displacement volume of chloroform-methanol 9 : 1 .  Elu- 
tion was carried out with methanol-chloroform mixtures, 
the methanol content being increased stepwise. After 
elution with methanol-chloroform 1 : 1, 90-100% of the 
material applied to the column was recovered. 

Columns of 18 and 22 mm I.D. were used, the amount 
of mixed adsorbent in the smaller column being 30-50 g 
and in the larger column 60-100 g, depending on the size 
of the sample to be applied. Flow rate in the smaller 
column was 10-12 m1/20 min and in the larger column 
13-15 m1/20 min. Fractions collected at 20-min intervals 
were examined on the thin-layer plate. 

Certain persistent impurities were not efficiently re- 

silicic acid: HlSiOa. nH20, “precipitated,” Fisher Scientific 
Company, New York, N.Y. Celite 545 : (Johns-Manville) washed 
6 X with H20, 3 X with methanol, 3 X with acetone, and dried in 
vacuo. 

moved by chromatography. After the first chromato- 
graphic separation, the several fractions, pooled accord- 
ing to their TLC patterns, were again washed successively 
in the two-phase Folch mixture and by precipitation 
from 50% acetone. A chloroform solution of the washed 
lipids, 30 mg/ml, was mixed with 10 volumes of meth- 
anol, heated to boiling, and cooled to room temperature. 
If an appreciable precipitate separated, it was reprecipi- 
tated from chloroform with methanol as before and the 
final insoluble residue was discarded. The lipid fractions 
were recovered by evaporation of the pooled chloro- 
form-methanol solutions. 

Each fraction identified by a TLC spot was rechro- 
matographed until a limit of purity according to this 
criterion was reached: if less than 10% of a salnple re- 
covered from a column occurred in tubes showing s- 
ondary TLC spots, while all tubes of the major portion of‘ 
the eluate gave the same single spot on the plate, the- 
material collected from this central portion of the eluate 
was judged “chromatographically pure.” 

Separaiion of Phosphoinositides 
Dried cells were extracted 5 times with pyridine (5 
ml/g) : the mixture was warmed to 5OoC for 1 hr, allowed 
to cool, and filtered by suction. Pyridine extracts were 
concentrated at least 20-fold in vacuo, then mixed with 3 
volumes of methanol. The flocculent “wax” precipitate 
was separated, redissolved in the minimal volume of 
pyridine, and reprecipitated with 3 volumes of methanol. 
The combined pyridine-methanol solutions were evap- 
orated to dryness in vacuo and the residue was dissolved 
in chloroform, 8 ml/g; to this solution were added 4 
ml/g of methanol and 3 ml/g of 0.4% NaCl (31) and the 
mixture was shaken vigorously. The lower phase was 
evaporated to dryness and the residue was washed twice 
with acetone, then triturated with absolute ethanol (100 
ml/g), the mixture being stirred overnight. The ethanol- 
insoluble portion was the glycolipid fraction, while the 
ethanol extract contained the cardiolipin-like phos- 
phatidic acid. A typical batch of 200 g of dried cells of 
strain 481 89 yielded 5.2 g of crude glycolipid. 

The glycolipid was dissolved in Folch solvent (50 
ml/g) and mixed with an equal volume of methanol; the 
precipitate was redissolved and reprecipitated 4 times 
more in the same way, then 3 times by addition of 
volume of methanol. The last precipitate was designated 
fraction Z; all the chloroform-methanol supernatant 
fractions were combined as fraction ZI. The amounts of 
the two fractions in most preparations were nearly equal. 

Resolution of the various components on the thin- 
layer plate is illustrated in Fig. 1. Fraction I consisted 
chiefly of the pentamannosides which we have referred to 
as G and K. Fraction I1 contained two dimannosides 
which we designate A and M, and phosphatidyl inositol. 
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spots wcre pooled and rechromatqraphcd if necessary 
i i n t i l  "pure." Three or foiir colriinn runs, including thr 
first separation of crude fraction I, wcrc iisiially siifficicnt 
to yicld chroiiiatographically pure G and K. 

Froc.tion / I  was precipitated twicc froin chloroforiii, 30 
iiig/'niI, hy addition of 5 voliiiiics of ethanol. The precipi- 
tate was trcatcd with EDTA and the washed sodiiini salt 
iiiistiirc was chroinatographcd. Separation of a typical 
batch is illustrated i n  Table 1. 

I:roc./ion A was rcchroiiiatographed. Thc coliiiiin was 
washed with 2 displacement voliiiiics each of 10 and l5?,: 
nicthanol in chloroform, at least 4 volunics of thc 20% 
iiiixtiirc, and finally with the 2.iC;;. illistiire unt i l  no more 
illaterial was rliitcd. The loo/, cliiatc contained a trace of 
piqiiicnt: thc 15Yh clriatc, a littlc A togcther with an t i n -  

idcntificd coiiiponcnt moving faster than A on the platc. 
1 1 1  the 20yc eluate, 70y4 of the total inatcrial was re- 
covcrcd, all tribes showing the A spot only. The final 
portion of material clritcd hy thc 2S'x niixtrirc was a 
illistiire of .4 and bl, accounting for about 100' of t h r  
original. 

Plros/htinlyl Ittositof. Fractions coritai ning a larsc 
proportion of 1'1 admiscd with M were diflicult to I'C- 
solvc by colriiiin chroinatography biit coiild bc separated 
by crystallizing out 1'1. Eliiatc fractions showing no TIX: 
spots other than M and PI were first clarificd to rcino\'r 
traces of aiiiorphoiis iiicthanol-precipitable siihstanccs: 
the dried iiiatcrial was dissolvcd i n  chloroforin (20 i i iq ' 

1111) and iiiiscd with 2 volumes of methanol, and t h r  
niixtiire was warnicd slightly and imriiediately ccntri- 
fiiged. The soluble portion was evaporated to dryness and 
dissol\.cd in pyridinc (50 ing,'Inl). An equal volrmc of 
incthanol was added and the iiiistrirc was first warmed 
to cffcct coiiipletc solution, thcn allowed to stand at roo111 
tciiiperatrirc for at  least 24 hr. The PI typically separatrd 
i n  dcnsc rosettes. Thc spccificd concentration was crit- 
ical: from more concentrated pyridine soliitions, fraction 

Fit;. 1. 'l.hin-l;ryrr chrtmaioar;im ofglycolipitls. I.;riirs I 5, prwilirtl 
comlmnrnts ( ;irbiirarily namrd ) a s  tlrsiqn;itc-tl ; i t  rial11 of liqrirr. 
I.;inr 0. criitlr fraction I .  strain I l37Kv; h n r  7. crutlr fr;iction 
11, strain 48189; Ianr 8, oricinal gIycoIipid mixrim.. str;iin 48189. 

Othrr components, c.g., niinibers 3 and 4 i n  Fig. 1, arc 
present in  srnallcr aiiioiints and may not he visiblc on thc 
t h i n - l a p  chroiiiatoqraiii iintil thcy have bccn conccn- 
tratcd by prcliiiiinary fractionation. 

Frar/ion I was trcatcd with EDTA. Ivashcd thororighly, 
placed on the silicic acid coliiiiin, and cliitcd with at 
least 4 displaccnicnt voliinies each of 20, 30, 40, and SOYc 
iiicthanol i n  chloroform. The first two sol\.cnts washed 
out A and A [ .  Thc 40% inistiirc clritcd coniponcnts 3, 4, 
and K, i n  that ordcr, and thc i00/, iiiixtiirc rciiiovcd G. 
In the first separation thcrc was risrially considcrahlc 
ovcrlapping of ad.jacrnt coinponcnts. At the cnd of the 
500/, clriatc thcrc was a trace of iiiatcrial which iiiovcd 
still more slowly on thc TIL: plate than G. Eluates of 
like T I X  pattcrn wcrc pooled for further prirification. 

Any tiibcs o! thc K fractioii that also 
showcd spots 3 and 4 wcrc poolcd and the iiiatcrial was 
reprecipitated 2 or 3 tiincs from Folch solvent by l'2 

'r;\i%ix 1 CIIROMATOCRAPIIY OF FRACTION 11 
Fraction K. 

Eltitins Solvrnc 
-__..- 

Cll~OlI in 
<:I ICI, Volumr \\'rich! TIC Spor h r r r n  volume of methanol; components 3 and 4 \vert largely 

removed i n  the supernatant solutions. Thc reprecipitated % ml m.e 

inatcrial was thcn pooled with any elriatc fractions that 
consisted chiefly of K, and the whole was rechroinato- 

Yellow rain 
Fast spots, unidrntifird 

.\ 
53 3 I 5  100 

15 50 48.6 
graphed. Tho coliinin was first eliitcd with 30% nieth- 20 35 97.4 :\ 
anol in chloroforni, then with 3-10 displaccnicnt 20 630 344 x 

20 180 47.7 :\ and M 
25 400 160 M and PI* 

Fraction G. The coltillin was eluted with 1 displace- 50 400 167 3, 4, and G 

980 mq of h c t i o n  11, derivcd from M. fuhrrcrlasis strain 48189, 

voliinies of 40% inistiire, and finally with 50% inixtrirc. 

ment volume of 30% incthanol in  chloroform, then with 
at least 5 disp~acclncllt ~,o l l l lnes  of the 40% lllixtrlre to 

material was recovered. Fractions showing single TLC 
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was applied to 100 g of silicic acid-&lite 3:2. 

but ,111 were mixturn of M and PI. 
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TABLE 2 PROPERTIES OF PHOSPHOINOSITIDES 

No. of Moles Per G-Atom P 
Phosphorus 

Carboxyl 
Fraction [alo CHCh Found Theory* Inositol Glycerolt Mannose Esters 

% 
A f 3 3 . 5 "  1 .88  1 .83  0 . 9  1 . 3  2 .0-2 .2  3.9-4.0 
M +39 .5"  2 .11  2 .16  1 . o  1 . 2  1 .9-2 .3  2.9-3.2 

- 2 . 2  2 . 0  
- 2.1 1 . 9  

- - - 2.41 
2 .33  - - - 3$  

41  
G 4-56.0' 1 .56  1 .62  0 . 9  1 . 2  5 .0-5 .5  3.1-3.3 
K +55 .5"  1 .47  1 . 4 2  0 . 9  1 . 2  4 .7-5 .4  3.9-4.3 
PI +9 .70  3 .60  3 .64  1 .o 1 . 1  None 2 . 0  

* Calculated from whole number ratios deduced from observed data, assuming the molecular weight of the fatty acids to be the mean 

t The Blix method for glycerol gives high results in the presence of sugars, but we consider that these figures taken in conjunction with 
of the weights of palmitic and tuberculostearic, 256 + 298/2 = 277. 

the other analyses confirm the presence of 1 mole of glycerol per atom of P. 
These samples were not rechromatographed. 

TABLE 3 FATTY ACID DISTRIBUTION IN PHOSPHOINOSITIDES 

Tuberculo- 
Palmitic stearic Stearic 

Fraction Acid Acid Acid 

70 of total fatty acids 
A 68 28 4 
M 63 33 4 
G 62 34 4 
K 49 43 8 
PI 56 44 Absent 

placement volumes of 20% methanol in chloroform re- 
moved any remaining A. A little PI was usually found in 
the first few tubes of the 25% eluate, while 70-80% of 
the total substance was recovered in the central portion 
of the 25% eluate, showing only the M spot on the plate. 
A final elution with 50% mixture yielded small amounts 
of components 3 and 4. 

RESULTS 

M also separated. When precipitation appeared to have 
ceased, the precipitate was separated and washed with 
acetone, and the pyridine-methanol supernatant solution 
was mixed with 4 X  its volume of acetone to precipitate 
M. 

The behavior of PI in mixtures illustrates the marked 
effect of the glycolipids on the solubility of accompanying 
compounds. Thus, while the above procedure was con- 
sistently successful when only M and PI were present, it 
could not be applied to mixtures containing appreciable 
amounts of fractions A, G, or K. After one separation 
from pyridine-methanol, the PI could be recrystallized 
from chloroform-methanol mixtures, although it did not 
separate from these same mixtures in the presence of M. 
It was dissolved in a mixture of equal parts of Folch 
solvent and methanol, and filtered while hot to 
remove traces of amorphous impurities, then allowed 
to crystallize at room temperature overnight. The 
precipitate was redissolved in chloroform (20 mg/ml), 
mixed with 2 volumes of methanol, heated until it 
dissolved completely, and again allowed to crystal- 
lize. The pure PI was not appreciably soluble in pyridine. 
Under the microscope it showed rosettes of needle crys- 
tals, strongly birefringent in polarized light. No sugar 
was detected in the recrystallized substance. 

Fraction M was rechromatographed after the PI had 
Abeen separated by crystallization. Elution with 2 dis- 

Composition of Phosphoinositides 
The results of analyses of the purified fractions are sum- 
marized in Table 2. Preliminary data on components 3 
and 4 are also included, although these fractions were 
not rigorously purified. To  determine whether the "chro- 
matographically pure" fractions were actually substances 
of definite composition, we determined ester: P and 
mannose:P ratios in individual tubes of eluate. The 
range of values found in the major peak of the material 
in each case is given in the last two columns of Table 2. 

The two pentamannosides G and K differed character- 
istically in the appearance of their aqueous solutions, 
which were examined by dissolving 1-2 mg of glycolipid 
in 5 ml of distilled water and observing the turbidity in a 
Klett-Summerson colorimeter with blue filter No. 42, 
before and after addition of 3 drops of saturated NaC1. 
The G fraction swelled to transparent lumps that dis- 
solved only on boiling, and yielded a highly viscous solu- 
tion that showed no detectable turbidity before or after 
addition of NaC1. The K fraction dissolved readily at 
room temperature, without noticeable viscosity, the 
turbidity readings being 12-15 in distilled water and 
50-65 in 0.9% NaCl. Incompletely purified K prepara- 
tions showed still greater turbidity in NaCl solutions, 
with rapid sedimentation. 

Fatty Acids 
No unsaturation could be detected by iodine number 
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determinations in any of the glycolipid fractions. Gas 
chromatograms of fatty acid esters from A, M, G, K, and 
PI showed the same two major peaks in each instance. 
The first peak was identified as methyl palmitate by 
comparison with the reference standard. The second did 
not correspond to any of the available reference esters; it 
occurred between the peak positions of methyl stearate 
and methyl oleate, consistently with the assumption that 
this peak represents the ester of tuberculostearic (10- 
methyl octadecanoic) acid. Fatty acids from phospha- 
tidyl inositol, strain 48189, were separated by the urea 
inclusion method. The liquid branched-chain fraction 
had an equivalent weight by titration of 300; theory for 
tuberculostearic acid, 298. 

The fatty acid distribution calculated from areas under 
the chromatogram peaks is shown in Table 3. In  addi- 
tion, the four mannosides showed traces of oleic and at  
least one unidentified acid, the amounts in each case 
being less than 1% of the total acids. These trace compo- 
nents were not found in the acids from phosphatidyl 
i nosi to1 . 

Fractions A and M gave marked 
nonspecific reactions with complement. However, by 
mixing either of these fractions with G, we were able to 
eliminate the anticomplementary reaction while retain- 
ing reactivity with tuberculous serum. The demonstra- 
tion of “specific” reactivity depended on the use of a 
balanced mixture of the di- and pentamannosides, the 
optimal ratios being approximately two parts of A or M 
to one of G. The M fraction appeared to be somewhat 
more active than A. 

Fraction G alone did not fix complement; this sub- 
stance was, however, the major component of the “G-1” 
fraction previously studied by de Almeida (3), who was 
able to demonstrate by indirect methods that the G-1 
fraction did combine with antibody. Fraction K alone 
was weakly active. 

Phosphatidyl inositol reacted nonspecifically with 
complement and admixture with G had no selective 
effect: when enough G was added to eliminate the anti- 
complementary reaction there was no longer any reaction 
with tuberculous serum. 

Components 3 and 4 showed no reactivity in the com- 
plement fixation test, whether tested alone or in admix- 
ture with G. 

Serologic Activity. 

DISCUSSION 

The only difference so far discovered between the mem- 
bers of the pairs A and M and G and K is in the number 
of fatty acid residues. I t  seems probable that in each case 
two of the fatty acids are esterified on glycerol, forming a 
structure analogous to that of phosphatidyl inositol ; all 
the free hydroxyls of the inositol and mannose are then 

possible sites for esterification of additional fatty acids, 
two in the case of A and K, one in G and in M. Isomers 
differing in the position of attachment of these “extra” 
fatty acids might exist. The pentamannosides recently 
described by Pigretti, Vilkas, Lederer, and Bloch (32) 
apparently contained fewer fatty acid residues than G 
or K. 

Lee and Ballou (15, 17) showed that all the mycobac- 
terial mannosides they studied had the same branched 
structure, the mannose units being attached to the 2- and 
6-positions of the myoinositol ring, and that, of the two 
possible groupings of mannose units in the pentaman- 
nosides, only one was found, having four mannoses in one 
side-chain and one in the other. These workers also estab- 
lished the configuration of the mannose-mannose link- 
ages. The possibility of isomerism in the niannose- 
inositol structure seems therefore to be excluded. 

The serologic activity of the several purified fractions is 
to be the subject of further studies. We mention our 
preliminary findings at this time only in order to indicate 
that the complement-fixing activity of the crude water- 
soluble (1) and pyridine-soluble (2) antigens is in fact a 
property of certain of the glycolipids present in such 
extracts. 

Animal inoculations and cultural tests of the viability of bac- 
terial cells were carried out by Miss Mary Clark. For the gas- 
liquid chromatography of fatty acid esters we are indebted to 
Dr. John Glenn and Mr. Edward Opalka of the Albany Medi- 
cal College. Serologic tests were performed by Mrs. Wilhel- 
mine B. Lawson under the direction of the late Dr. John F. 
Kent. 
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