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SYNOPSIS

Several pure individual lecithins, all but one of which were
synthetic, were used in cardiolipin antigens prepared for the VDRL
microflocculation and Kolmer complement-fixation tests for syphilis.
A number of compounds lacking one or more radicals of the

lecithin molecule were used as substitutes for lecithin in an effort
to determine reactive groupings.

Several synthetic compounds related to cardiolipin, but simpler
in structure, were tested as substitutes for it. Of these, certain fatty-
acid derivatives of bis-(L-a-glyceryl)-phosphoric acid and of L-a-
glycerophosphoric acid showed a limited reactivity in the VDRL
and Kolmer tests.
A number of weakly reactive antigens, in which both cardiolipin

and lecithin had been replaced by synthetic compounds, were
prepared for the VDRL test. The most reactive of these contained ,B-
(dioleoyl)-glycerophosphoric acid (sodium salt), dioleoyl lecithin
and cholesterol.

The isolation of cardiolipin and the purification of lecithin by Pangborn
enabled the serologist to prepare antigens for the serodiagnosis of syphilis
with the relatively pure components: cardiolipin, lecithin, and cholesterol.
This raised the question as to the role played by these components and
whether combinations of other, similar, compounds would have reactivity.
Evidence exists that the phosphatides, cardiolipin and lecithin, are not pure
individual compounds. Pangborn (1948) concluded that cardiolipin is

* A major portion of the study was undertaken jointly with Dr Erich Baer and his staff (Sub-department
of Synthetic Chemistry, Banting and Best Department of Medical Research, University of Toronto).

This work has been assisted with funds allocated by the Province of Ontario under the National Health
Grants Program of the Department of National Health and Welfare.
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probably a mixture of two compounds which are slightly different in struc-
ture but have similar serological properties. Rice & Osler (1951) isolated
several fractions from beef-heart lecithin (Pangborn) using a chromato-
graphic technique; some of these were serologically inactive. Rapport
& Alonzo (1955) recently found a high content of an aldehyde-containing
phospholipid-phosphatidal choline-in beef-heart lecithin preparations.

Pangborn (1947) considered cardiolipin from beef heart to be a complex
ester of a phosphatidic acid, composed of at least three molecules of
glycerophosphoric acid and one of glycerol, and substituted with unsaturated
fatty acids. Some interesting serological results have been obtained with
phosphatidic acids of plant origin which, in contrast to cardiolipin, consist
mainly of simple glycerophosphoric acids. Faure (1949) reported that the
phosphatidic acids of the cabbage, carrot, pea and peanut showed some
serological reactivity when mixed with lecithin and cholesterol, but that
such mixtures were undersensitive. Two fractions of phosphatidic acids
from wheat-germ were also reactive when mixed with lecithin and choles-
terol (Faure, 1953); on the other hand, simple synthetic a- and /-glycero-
phosphoric acids were only slightly reactive. Faure concluded that although
a given fraction of plant phosphatidic acids might consist mainly of simple
glycerophosphoric acids, it must contain a small quantity of a very active
product, perhaps a polyglycerophosphoric acid like cardiolipin. Macnab
(1953) found that preparations of phosphatidic acids from soya bean,
maize and carrots showed serological reactivity when combined with
lecithin and cholesterol. An interesting observation was made by Macnab
regarding a lecithin preparation isolated from soya bean. When this
product was treated with a choline-splitting enzyme prepared from carrots
(Hanahan & Chaikoff, 1947), a substitute for cardiolipin was produced
with serological properties practically identical with the phosphatidic acid
obtained directly from the soya bean. The observations of Hanahan &
Chaikoff (1948) suggest that phosphatidic acids of vegetable source (cabbage,
carrots, etc.) arise from enzymatic degradation of lecithin during grinding
and extraction.

The use of pure synthetic phosphatides of relatively simple structure as
substitutes for cardiolipin and lecithin has led to some interesting results.
Ehrmann & Foit (1957) have synthesized the monosodium salt of/-(dioleoyl)-
glycerophosphoric acid. They found that an antigen containing 0.03 % of
this compound, 0.12% egg lecithin and 0.9% cholesterol agreed closely
with standard VDRL antigen with both positive and negative sera. Also
in preliminary studies with the Kolmer test, an antigen of composition
0.03 % of the glycerophosphate, 0.05 % lecithin, and 0.6% cholesterol was
somewhat less reactive than standard antigen of the same composition.

Several phosphatidic acids have been synthesized by Baer and his
associates, and we have used these compounds in antigens in place of
cardiolipin. Some of the antigens were reactive although quite under-
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sensitive with each of the following substitutes: L-a-(dipalmitoyl)-, L-a-
(dimyristoyl)-, and L-a-(dioleoyl)-glycerophosphoric acids; tetramyristoyl-
and tetraoleoyl-bis-(L-a-glyceryl)-phosphoric acids; and a pentaoleoyl-bis-
phosphatidic acid. In the latter compound the fifth oleoyl 1 group is attached
to a hydroxyl group of the phosphoric acid.

For the past few years we have also been testing a number of pure
individual lecithins in cardiolipin antigens as substitutes for Pangborn
lecithin, all of which were synthetic but one (dipalmitoleoyl lecithin). Of
the saturated lecithins, the dimyristoyl derivative has proved to be quite
satisfactory (Tonks et al., 1957). A recently synthesized unsaturated lecithin
may be even more useful as a substitute for the naturally-occurring lecithin
(Tonks, Allen & Fowler, 1956). Since there has been considerable specula-
tion as to the role played by lecithin in cardiolipin antigens, a number of
compounds lacking one or more radicals of the lecithin molecule have been
used as substitutes for lecithin in an effort to determine reactive groupings.

Serological reactivity has also been observed in antigens in which both
cardiolipin and lecithin were replaced by synthetic phosphatides. As a
result it is possible to form a more definite concept of the nature of the
Wassermann hapten.

METHODS OF STUDY

When a compound was tested as a substitute either for cardiolipin or
for lecithin, it was first dissolved in absolute alcohol. Different antigens 2
containing it were then prepared for use in the VDRL microflocculation
and Kolmer complement-fixation tests. For example, in the case of a
substitute for cardiolipin, the alcohol solution of the compound was mixed
with lecithin (in alcohol) in a number of proportions and concentrations.
Sufficient cholesterol was then used to give a final concentration of 0.9%
in antigens for the VDRL test or 0.3 % in antigens for the Kolmer test.
Absolute alcohol was added to make up the final volume.

With an antigen prepared for the Kolmer test, the first step was to test
a series of dilutions of positive serum with a series of dilutions of the antigen.
If the antigen possessed some degree of reactivity, it was often possible to
determine the optimum dilution; if not, it was usually used at a dilution
of 1:150. In addition, the antigen was checked for anticomplementary
properties by testing dilutions ranging from 1: 10 to 1: 600 with 0.4, 0.6
and 0.8 ml amounts of 1: 30 complement (6-8°C for 18 hours). Antigens
with marked anticomplementary properties were not studied further.

1 It has been brought to our attention recently that all derivatives of oleic acid should be named " oleoyl"
instead of " oleyl ".

2 The word " antigen " has been used throughout this paper as a general term for any preparation,
whether reactive or not, which has been tested for reactivity as an antigen in one of the serodiagnostic tests
for syphilis.
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An antigen was tested for reactivity by comparison with the appropriate
reference antigen. If no reaction was observed with weakly to moderately
positive sera, specimens of unusually high titre were tested to confirm the
apparent absence of reactivity. An estimate of the specificity of a reactive
antigen was obtained by testing a number of sera which had previously
been examined with a battery of tests and found to be negative. With the
VDRL test the nature of the antigen particles was carefully observed.

A. Compounds Used in Place of Pangborn Lecithin

General structural formulae of the various compounds used in place of
Pangborn lecithin are given below. In this group are included pure indi-
vidual lecithins as well as compounds lacking one or more parts of the
lecithin molecule. Their full chemical names as well as references to their
methods of preparation are given in the footnote.'

R = fatty-acid radical

(a) CH2-OR

CH OR
0
111

CH2-O- P C-O---C2H4-N(CH3)3

OH OH

LECITHINS

(b) CH2 OH

CH-OR
0
l11

CH2 0- P -0- C2HC--N(CH3)3

OH OH
LYSOLECITHINS

1 L-a-(dimyristoyl)-lecithin, L-a-(dipalmitoyl)-lecithin, L-a-(distearoyl)-lecithin and D-a-(dimyristoyl)-
lecithin, as well as the unsaturated L-a-(dioleoyl)-lecithin, were synthesized by Baer and associates (Baer,
1953a; Baer, Buchnea & Newcombe, 1956; Baer & Kates, 1950; Baer et al., 1951; Baer & Maurukas, 1952).
L-a-(dipalmitoleoyl)-lecithin was extracted from yeast and purified by Hanahan & Jayko (1952). Two lyso-
lecithins, ,B-monostearoyllecithin and 1-monopalmitoleoyllecithin, were prepared by Hanahan (1954) and
Hanahan, Rodbell & Turner (1954). Tattrie & McArthur (1955) prepared L-a-glycerylphosphorylcholine by
the hydrolysis of lecithin. L-a-(dimyristoyl)-glycerophosphoric acid, as well as palmitoyl and stearoyl glycol-
lecithins, were prepared by methods developed by Baer (1951, 1953b). DL-a-glycerophosphoric acid was synthe-
sized by the method of Baer & Fischer (1939), L-a-(dimyristoyl)-cephalin by the method of Baer, Maurukas &
Russell (1952) and L-a-glycerylphosphorylethanolamine by the method of Baer & Stancer (1953).

Dr Erich Baer kindly furnished us with samples of the saturated lecithins, the unsaturated dioleoyl
lecithin, the glycollecithins, glycerophosphoric acid, dimyristoyl glycerophosphoric acid, cephalin and gly-
cerylphosphorylethanolamine. Dr Donald Hanahan supplied the dipalmitoleoyl lecithin and the lysolecithins.
The glycerylphosphorylcholine was prepared in Dr McArthur's laboratory.
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(c) CH2-OH

CH OH
0
111

CH2 O-P -O--C2H4-N(CH3)3

OH OH

GLYCERYLPHOSPHORYLCHOLINE

(d) CH2 OR
0
11

CH2 0-P --O-C2H4-N(CH3)3

OH OH
GLYCOLLECITHINS

(e) CH2- OR

CH OR
0
111

CH2-O- P-OH

OH
GLYCEROPHOSPHORIC ACID

(substituted)

(f) CH2 OH

CH-OH
0
11

CH2 0-P-OH

OH

GLYCEROPHOSPHORIC ACID

(g) CH2 OR

CH-OR
0

CH2-O- P C-O--C2H4NH2

OH
CEPHALINS
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(h) CH2 OH

CH-OH
0
l11

CH2 O-P-O-C2H4NH2

OH
GLYCERYLPHOSPHORYLETHANOLAMINE

The concentrations of cardiolipin and the concentrations (or range of
concentrations) of the various substitutes for Pangborn lecithin used in the
preparation of experimental antigens are listed in Table 1.

B. Compounds Used in Place of Cardiolipin

The various synthetic compounds used as substitutes for cardiolipin
are listed below. Their full chemical names as well as references to their
methods of synthesis are given in the footnote.1

(a) CH2-OH CH2-OH

HO-C-H HO-C-H
0111

CH2-O- P -O--CH2

OH
BIS-(L-a-GLYCERYL)-PHOSPHORIC ACID

(glycerylglycerophosphoric acid)

(b) CH2-OR CH2 OR R is C13H27CO (myristoyl)
or C11H23CO (lauroyl)
or C17H33CO (oleoyl)

RO-C-H ROCH
0

CH2 ~O P --~ CH2

OH
BIS-(L-a-GLYCERYL)-PHOSPHORIC ACID

(substituted)

1 Bis-(L-a-glyceryl)-phosphoric acid was synthesized by Baer & Buchnea (1958). The tetramyristoyl- and
tetralauroyl-bis-(L-a-glyceryl)-phosphoric acids were synthesized by Baer (1952). Baer and Buchnea (unpub-
lished work) synthesized pentaoleoyl-bis-(L-a-glyceryl)-phosphoric acid, L-a-(dioleoyl)-glycerophosphoric acid
and tetraoleoyl-bis-(L-a-glyceryl)-phosphoric acid. L-a-(dipalmitoyl-, L-a-(dimyristoyl)-, L-a-(dilauroyl)-gly-
cerophosphoric acids and dipalmitoyl-bis-(glycol)-phosphoric acid were synthesized by Baer (1951, 1953b).
Foit & Schindler (1956) synthesized the monosodium salt of 13-(dioleoyl)-glycerophosphoric acid.

Dr Erich Baer supplied us with all except the last of the compounds listed above. Samples of this com-
pound were kindly furnished by Dr Elizabeth Foit.
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TABLE 1. CONCENTRATIONS OF CARDIOLIPIN AND OF VARIOUS SUBSTITUTES
FOR PANGBORN LECITHIN USED IN ANTIGENS PREPARED FOR THE VDRL MICRO-

FLOCCULATION AND KOLMER COMPLEMENT FIXATION TESTS *

VDRL test Kolmer test

Concentration of: Concentration of:
Name of substitute

cardio- substitute cardio- substitute
lipin li pin

%** %~~** 0%** 0%**
L-a-(dimyristoyl)-lecithin 0.01 0.09 to 0.25 0.0175 0.1225

0.02 0.10 to 0.38
0.03 0.12 to 0.39

D-a-(dimyristoyl)-lecithin 0.03 0.30 0.0175 0.0525 to 0.20

L-a-(dipalmitoyl)-lecithin 0.01 0.06 to 0.21 0.0175 0.1225
0.02 0.12 to 0.50
0.03 0.09 to 0.45
0.04 0.16 to 0.44

L-a-(distearoyl)-lecithin 0.01 0.02 0.0175 0.02

L-a-(dioleoyl)-lecithin 0.02 0.40 0.0175 0.095 to 0.290
0.03 0.15 to 0.525

L-a-(dipalmitoleoyl)-lecithin 0.02 0.40 to 0.50 0.0175 0.245 to 0.262
0.03 0.15 to 0.525

P-Monostearoyllecithin 0.03 0.15 to 0.45 0.0175 0.1225

fl-Monopalmitoleoyllecithin 0.02 0.40
0.03 0.15 to 0.45 0.0175 0.1225

Glycerylphosphorylcholine 0.03 0.15 to 0.45 0.0175 0.1225

Stearoyl glycollecithin 0.01 0.03 to 0.38 0.01 0.075
0.02 0.30 0.02 0.075
0.03 0.06 to 0.39 0.03 0.025 to 0.15

0.04 0.075

Palmitoyl glycollecithin 0.01 0.15 - -

L-a-(dimyristoyl)-glycerophosphoric 0.015 0.075 to 0.225 0.0175 0.1225
acid

DL-a-glycerophospho.-ic acid 0.03 0.15 to 0.45 0.0175 0.1225

L-a-(dimyristoyl)-cephalin - _ 0.03 0.025 to 0.05

L-a-glycerylphosphorylethanol- 0.03 0.03 0.0175 0.175 to 0.4375
amine t 0.03 0.05

* Cholesterol was used at 0.9% concentration in antigens prepared for the VDRL test and at
0.3% in antigens prepared for the Kolmer test.

** %=g/100 ml of solution.
t Owing to the limited solubility of L-a-glycerylphosphorylethanolamine, antigens were made

up in an 80% methanol-20% ethanol mixture, and 0.3% cholesterol was used for both tests.
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(c) CH2 OR CH2 OR

RO-C-H
0
11

R is C17H33CO (oleoyl)

CH2-O- P -O--CH2

OR
PENTAOLEOYL-BIS-(L-a-GLYCERYL)-PHOSPHORIC ACID

(d) CH2-OR CH2-OR
0 R is C15H31CO (palmitoyl)

CH2-O- P -O--CH2

OH

DIPALMITOYL-BIS-(GLYCOL)-PHOSPHORIC ACID

(e) CH2 OR

0
11

R is C13H27CO (myristoyl)
or C15H31CO (palmitoyl)
or C11H23CO (lauroyl)
or C,7H33CO (oleoyl)

CH2 -- O-P -OH

OH
L-a-GLYCEROPHOSPHORIC ACID

(substituted)

(f ) CH2 OR
0
11

R is C17H33CO (oleoyl)

CH O- P -ONa

OH
CH2-OR
,B-(DIOLEOYL)-GLYCEROPHOSPHORIC ACID

(monosodium salt)

The concentrations of each compound substituted for cardiolipin and
the relative amounts of Pangborn lecithin used in experimental antigens
are given in Table 2.

C. Combinations of Synthetic Compounds Used in Place of Cardiolipin
and Pangborn Lecithin

The following combinations have been studied in the VDRL test:
(a) L-a-(dimyristoyl)-glycerophosphoric acid and L-a-(dioleoyl)-lecithin

RO-C-H

RO-C-H
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TABLE 2. CONCENTRATIONS OF VARIOUS CARDIOLIPIN SUBSTITUTES AND OF
PANGBORN LECITHIN USED IN ANTIGENS PREPARED FOR THE VDRL MICRO-

FLOCCULATION AND KOLMER COMPLEMENT FIXATION TESTS

VDRL test Kolmer test

Concentration of: Concentration of:
Name of substitute substitute| lecithin substitute lecithin

%* %* %* %*

Bis-(L-a-glyceryl)-phosphoric acid 0.06 0.06 to 0.36 0.08 0.033

Tetramyristoyl-bis-(L-a-glyceryl)- 0.02 0.C6 0.03 0.05
phosphoric acid 0.04 0.04 to 0.53 0.06 0.025 and 0.05

0.06 0.12 to 0.60 0.08 0.033 and 0.20
0.08 0.08 to 0.46 0.09 0.05 and 0.10

0.10 0.042
0.105 0.05
0.12 0.025 to 0.20
0.15 0.05 and 0.062
0.18 0.05
0.20 0.04

Tetralauroyl-bis-(L-a-glyceryl)- 0.02 0.06 to 0.18 0.08 0.033
phosphoric acid 0.04 0.16

0.C6 0.12 to 0.24

Tetraoleoyl-bis-(L-a-glyceryl)- 0.01 0.10 to 0.20 0.0175 0.20
phosphoric acid 0.02 0.10 to 0.40 0.03 0.05

0.04 0.12 to 0.32 0.04 0.033**
0.06 0.12 to 0.60 0.06 0.02 to 0.04
0.08 0.16 to 0.64 0.08 0.033

Pentaoleoyl-bis-(L-a-glyceryl)- 0.06 0.06 to 0.48 0.08 0.033 to 0.24
phosphoric acid

Dipalmitoyl-bis-(glycol)-phosphoric - 0.08 0.033
acid

L-a-(dimyristoyl)-glycerophosphoric 0.03 0.24 0.08 0.033
acid 0.07 0.21 and 0.56

L-a-(dipalmitoyl)-glycerophosphoric 0.07 0.085 0.0175 0.0875
acid 0.14 0.085 0.05 0.03

0.21 0.085 0.08 0.033
0.29 0.18 0.12 0.033

0.16 0.033

L-a-(dilauroyl)-glycerophosphoric 0.02 0.06 to 0.18 0.08 0.033
acid 0.04 0.12

0.07 0.14 to 0.28

L-a-(dioleoyl)-glycerophosphoric 0.01 0.04 0.0175 0.20
acid (disodium salt) 0.03t 0.06 to 0.72 0.04 0.033**

0.06 0.03 to 1.08 0.06 0.02 to 0.06*
0.08 0.08 to 0.96 0.06 0.01 stt

i-(dioleoyl)-glycerophosphoric acid 0.03 0.12 to 0.28 0.0175 0.20
(monosodium salt) 0.04 0.12 to 0.28 0.03 0.05

0.05 0.25 0.04 0.033
0.06 0.18 0.06 0.02

0.06 0.01 to 0.04ft

and cholesterol at

* %=g/100 ml.
** Cholesterol used at 0.3% and 0.6%
t Antigens were prepared containing 0.03% cardiolipin, 0.12% lecithin,

three different levels (0.9%, 0.6% and 0.3%).
tt Cholesterol used at 0.6%.
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(b) Monosodium salt of fl-(dioleoyl)-glycerophosphoric acid and L-a-
(dioleoyl)-lecithin

(c) Tetramyristoyl-bis-(L-a-glyceryl)-phosphoric acid and L-a-(dioleoyl)-
lecithin

For the Kolmer test, tetramyristoyl-bis-(L-a-glyceryl)-phosphoric acid
has been used in combination with DL-a-(dimyristoyl)-lecithin.

RESULTS

The results obtained with antigens containing substitutes for Pangborn
lecithin and with those containing substitutes for cardiolipin are given in
Tables 3 and 4, respectively. Different levels of sensitivity have been graded
as " reactive " , " moderately reactive " and " weakly reactive ". The term
" reactive " implies that, by the use of suitable concentrations of the
components, it was possible to obtain an antigen at least as sensitive as
standard antigen. The " moderately reactive " antigens are those which,
by the use of what seemed to be optimum concentrations of components,
approached but did not quite reach standard reactivity. When evidence of
reactivity was observed only with strongly positive sera, even with the most
reactive composition, the term " weakly reactive " is employed.

As will be seen in Table 3, dimyristoyl lecithin has been successfully
used as a substitute for Pangborn lecithin. Antigens containing the D-,
L- and DL-forms of this lecithin were equally reactive. Although dipalmitoyl
lecithin showed some promise, it was not entirely suitable, particularly in
the VDRL test. Distearoyl lecithin was not satisfactory, owing to its
limited solubility in alcohol. Details of the results obtained with these
compounds have already been reported (Tonks & Allen, 1953; Tonks et
al., 1957). The unsaturated lecithins, dipalmitoleoyl lecithin from yeast
and synthetic dioleoyl lecithin, were each successfully used as substitutes
for the naturally occurring lecithin (Tonks, Allen & Fowler, 1955, 1956).
The " optimum compositions " given with the various lecithins in Table 3
are the compositions of antigens which were equal in sensitivity to standard
antigen and are not necessarily those having maximum sensitivity.

None of the compounds lacking the complete lecithin structure was
entirely suitable as a substitute for Pangborn lecithin. A satisfactory
Kolmer antigen was prepared with stearoyl glycollecithin (Tonks & Allen,
1953), but neither the stearoyl nor the palmitoyl glycollecithin was a
satisfactory substitute in the VDRL test. An antigen for the Kolmer test,
containing dimyristoyl glycerophosphoric acid in place of lecithin, gave
positive readings with strongly positive sera but was moderately anti-
complementary. No reactivity was observed when antigens containing
this compound were used in the VDRL test. The use of cephalin as a
substitute for lecithin was not satisfactory, owing to its limited solubility
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in alcohol and to the anticomplementary properties of antigens prepared
with it. The solubility of glycerylphosphorylethanolamine in absolute
ethyl alcohol was also limited, and the findings were inconclusive.

In Table 4 it will be seen that weakly or moderately reactive antigens
could be prepared with a number of the synthetic substitutes for cardiolipin,
although in all instances they were undersensitive compared with standard
(VDRL or Kolmer) antigens.

Some success was obtained with antigens in which both cardiolipin and
lecithin had been replaced by synthetic compounds. An antigen prepared
for the VDRL test, containing 0.04% tetramyristoyl-bis-(L-a-glyceryl)-
phosphoric acid, 0.24% dioleoyl lecithin and 0.9 % cholesterol, was reactive
with strongly positive sera. The combination of 0.07 % dimyristoyl glycero-
phosphoric acid, 0.315 % dioleoyl lecithin and 0.9% cholesterol behaved
similarly. A considerably more reactive antigen was obtained by using
0.02% f-(dioleoyl)-glycerophosphoric acid (sodium salt), 0.28 % dioleoyl
lecithin and 0.9% cholesterol; however, even this preparation was less
sensitive than standard VDRL antigen. With each of these mixtures, the
antigen particles were small and discrete when normal sera were tested.

In preliminary studies with the Kolmer test, using tetramyristoyl-bis-
(L-a-glyceryl)-phosphoric acid and DL-a-dimyristoyl lecithin, no reactivity
was observed.

DISCUSSION

Of the compounds tested, those lacking the complete lecithin structure
proved to be unsuitable substitutes for Pangborn lecithin. With the removal
of one fatty-acid radical, as in the lysolecithins, there was a decrease in
sensitivity and loss of specificity, in both the VDRL and the Kolmer test.
In the case of glycollecithin, this loss of specificity was observed only in the
VDRL test, but it was more marked. In the absence of both fatty-acid
radicals from the lecithin molecule, there was apparently a complete loss
of reactivity. Without the choline group, reactivity was greatly reduced
in Kolmer antigen and was absent in VDRL antigen. It appears therefore
that two fatty-acid groups and the choline group are necessary.

Lecithin itself is often used as an emulsifying agent; its surface-active
properties are derived from the fact that the molecule possesses both fat-
soluble (fatty acids) and water-soluble (choline) groups. It is interesting,
therefore, to speculate whether the lecithin in these antigen systems acts
merely as a surface-active agent or provides essential groups for the antigen-
reagin reaction. Antigens lacking the lecithin component, i.e., those con-
taining only cardiolipin and cholesterol, have been found to be reactive
(Schmidt, 1955). However, it is doubtful if antigens containing only lecithin
and cholesterol react with syphilitic sera. The action of lecithin may be
only physical, providing the surface activity necessary for the production
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of a proper colloidal suspension. This view is supported by the work of
Sharlit & Rein (1954), who found that batches of lecithin having unsatis-
factory emulsifying properties were also unsatisfactory in serological tests.
On the other hand, the presence of the glycerylphosphoryl unit, substituted
with fatty acids, in both cardiolipin and lecithin, may be more than co-
incidence.

An entirely satisfactory substitute for cardiolipin has not been found,
but certain fatty-acid derivatives of bis-(L-a-glyceryl)-phosphoric acid and
of L-a-glycerophosphoric acid have shown reactivity in the VDRL and
Kolmer tests. The length and nature of the fatty-acid chain is important,
since the tetralauroyl bis acid, in contrast to the tetramyristoyl and tetra-
oleoyl derivatives, was not reactive in either test. There was also a complete
lack of reactivity with the unsubstituted acid. Similarly, in the glycero-
phosphoric acid series, the dilauroyl compound was not reactive. The
point of attachment of the phosphate group to the glyceryl radical may also
be important. The sodium salt of L-a-(dioleoyl)-glycerophosphoric acid,
although moderately reactive as a substitute for cardiolipin in the Kolmer
test, was not reactive in the VDRL test. On the other hand, the sodium
salt of /-(dioleoyl)-glycerophosphoric acid has shown considerable promise
as a cardiolipin substitute in both the VDRL and the Kolmer test. Further
studies are being conducted with this compound.

It has been possible to prepare weakly to moderately reactive antigen
mixtures in which both cardiolipin and Pangborn lecithin have been replaced
by synthetic compounds. Efforts to determine reactive groupings or radicals
will be aided by the use of antigens containing simple substances such as
dioleoyl glycerophosphoric acid and dioleoyl lecithin. Moreover, if a
suitable level of reactivity could be attained, the preparation of standard,
reproducible antigens might be greatly facilitated.

RI2SUMIt

Le remplacement de la cardiolipine et de la l6cithine par des phospholipides de syn-
these dans la preparation d'antigenes pour le diagnostic de la syphilis a deja donne des
resultats encourageants.

Les auteurs ont etudie l'action de plusieurs phosphatides dans des antigenes destines
au test de microfloculation des VDRL et de fixation du complement de Kolmer, et ils
ont cherche a determiner quels etaient les groupements chimiques actifs.

La dimyristyl-lcithine, quel que soit son pouvoir rotatoire, est un substitut acceptable
de la l6cithine naturelle. Deux lecithines non saturees - la dipalmitoleyl-lecithine de la
levure et la dioleyl-lecithine synth6tique ont egalement donne satisfaction.

Un certain nombre de produits ont ete mis en experience, auxquels manquaient ou un
plusieurs des radicaux de la lecithine, afin d'etablir quels etaient les groupes actifs. Ni les
Iysol6cithines, ni les glycolecithines, ni l'acide glycerophosphorique et ses derives, ni la
cephaline n'ont pu remplacer la l6cithine dans les antigenes; certains de ces produits ne
r6agissaient pas du tout.
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Des composes synthetiques apparentes 'a la cardiolipine, mais de structure plus simple
ont et substitues a cette derniere. Le sel sodique de l'acide f-(dioleyl)-glycerophospho-
rique a donne des resultats prometteurs.

Un certain nombre d'antigbnes, faiblement actifs, ont ete prepares pour le test des
VDRL, dans lesquels la cardiolipine et la lecithine etaient remplacees par des composes
synthetiques. Les plus sensibles contenaient le sel sodique de l'acide ,-(dioleyl) glycero-
phosphorique, de la dioleyl-lecithine et du cholesterol.
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