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13. MISCELLANEOUS EXTRACTS OF THE REITER TREPONEME

ALCOHOLIC EXTRACTS

Klopstock (1926, 1927) prepared alcoholic extracts
of cultures of T. pallidum isolated by Ficker which
were moie reactive than alcoholic tissue extracts and
could be used in the serodiagnosis of syphilis. He
found that the alcoholic extracts of S. dentium gave
the same reaction as the T. pallidum extracts, while
the spirochaete of Weil's disease gave weaker
reactions.
Kroo & Schultze (1928) concluded that alcoholic

treponemal extracts could not be used as Wassermann
antigen because test results were wholly unreliable
and non-specific. Wadsworth, Van Amstel &
Brigham (1930) arrived at the same conclusion and
pointed out that media used in the cultivation of
treponemes contained alcohol-soluble substances
giving complement-fixation with syphilitic sera,
which could explain some of the conflicting results
as to the reactivity of treponemal extracts with
syphilitic sera. Eagle (1937) stated that it had not
been definitely established that extracts of the Reiter
treponeme would give specific complement-fixation
with syphilitic serum. Kolmer, Kast & Lynch (1941a,
1941b) found that alcoholic extracts of the Reiter
treponeme were less antigenic than phenol or formol
suspensions of the Reiter treponeme. The extract
antigens had 68% reactivity with syphilitic sera and
7.5% reactivity with non-syphilitic sera, presumably
due to lipids. A phenol suspension of the extracted
Reiter treponeme was non-antigenic, presumably
due to the absence of lipids. D'Alessandro &
Dardanoni (1953) prepared an alcoholic extract of
the Reiter treponeme by treating 1 g of moist trepo-
nemes with 5 ml of 95% ethyl alcohol at room tem-
perature for 5 days, which, after centrifugation,
reacted in high dilution to ubiquitous lipid rabbit
antiserum. Sazonova (1957) prepared an alcoholic
extract from dried bodies of the cultured treponemes,
but that antigen gave non-reactive results with a

series of syphilitic sera. She also prepared a sus-

pension of treponemes and treated them by alternate
freezing and thawing, the resulting antigen presenting
no advantage over the extracts from organ tissue.

TRYPTIC DIGEST EXTRACTS

Beck (1939) prepared a tryptic digest of Reiter tre-
poneme by the method of Raistrick & Topley (1934),
and found that the whole digest reacted with both

rabbit anti-Reiter treponeme and human syphilitic
sera in complement-fixation and precipitin tests. An
alcoholic fraction of the tryptic digest reacted only
with the rabbit anti-Reiter treponeme serum. Beck
postulated that the treponeme contained a specific
antigen which did not react with human syphilitic
serum unless activated or " intensified " by a ubiqui-
tous lipid present in alcoholic extracts of mammalian
tissue. Kolmer, Kast & Lynch (1941b), using Beck's
method, prepared a trypsin digest and an alcoholic
fraction of the digest and found both to be antigenic
with human syphilitic sera, the fraction being less so
than the digest.

Gelperin (1951) found that three serologically ac-
tive fractions, obtained by tryptic digestion of Reiter
treponeme and fractionation with alcohol, precipi-
tated different proportions of antibody in antisera to
whole Reiter treponeme. The fractions were: (a) K
fraction, a macromolecular fraction obtained by high-
speed centrifugation which removed all antibody re-
active with the soluble fractions; (b) L fraction, ob-
tained by the addition of two volumes of absolute
alcohol to the K supernate; (c) M fraction, obtained
by the addition of two more volumes of absolute
alcohol to the supernate of L preparation. K, L, and
M fractions were serologically active with rabbit se-
rum to the whole treponeme. K and L fractions were
slightly reactive with normal rabbit and human sera
and, to a greater extent, to sera from rabbits and
humans with syphilis.

OTHER EXTRACTS

Robinson &Wichelhausen (1946) isolated an active
fraction from the treponemes by formamide extrac-
tion which they used in precipitin tests to identify
strains of treponemes.
D'Alessandro (1957) and D'Alessandro & Del

Carpio (1958a, 1958b) isolated a lipopolysaccharide
antigen from the Reiter treponeme that reacted in
complement-fixation tests with human syphilitic sera
and with rabbit anti-Nichols T. pallidum and anti-
Reiter treponeme sera. Antigen inoculated into rab-
bits produced antisera reacting with homologous
antigen and with a suspension of Reiter treponemes.
These antisera did not react with heterologous lipo-
polysaccharide antigens derived from Gram-negative
enteric organisms (Salmonella typhi). Non-reactive
results were obtained in a small group of normal hu-
man sera and in nine BFP sera reactive with cardio-
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lipin-lecithin antigen. Reactive results were obtained
in 76 of the 85 human syphilitic sera tested. Cross-
absorption experiments showed the antibody was dif-
ferent from antilipid or antiprotein antibodies. The
lipopolysaccharide antigen was prepared by treating
the Reiter treponeme with sodium desoxycholat -. ex-
tracting with trichloroacetic acid, and precipitating
the antigen with ethyl alcohol. The lyophilized anti-
gen dissolved in 0.85 % saline, in the proportion of
1 mg per ml, was an opalescent solution and had in
vitro and in vivo powers. The phosphorus content
indicated its lipopolysaccharide nature. D'Ales-
sandro & Dardanoni (1958) reported preparation of
a desoxycholate extract ofthe Reiter treponeme which
reacted with both Reiter treponemal antiserum and
syphilitic serum. Pretreatment of the organisms with
acetone and ether was omitted to avoid deleterious
effects on the activity of the protein group antigen.
The antigen was precipitated from the extract by
ammonium sulfate and then dissolved in Veronal
buffer. Investigations showed that the serological
activity of this antigen was similar to that of the
ATPS prepared by cryolysis.

Christiansen (1962b) dealt with the serology of the
Reiter treponeme polysaccharide used as antigen in
the complement-fixation test. He stated that D'Ales-
sandro's polysaccharide antigen isolated by treatment
with sodium hydroxide is reactive in concentrations
of 0.15 jig per ml with immune serum. He prepared
polysaccharide antigens by the phenol-water extrac-
tion method and precipitated different fractions with
50%, 66%, and 75% ethanol. No fundamental im-
munological differences could be demonstrated
among these fractions. This polysaccharide in con-
centration of at least 1 ,ug per ml reacted with homo-
logous immune sera and induced production of anti-
bodies when injected into rabbits. It did not react
with syphilis sera from humans or rabbits. The
ethanol-50 fraction contained 57% polysaccharide
and RNA and showed the greatest reactivity with
rabbit Reiter treponeme immune serum; the ethanol-
66 fraction contained 37%Y. polysaccharide and no
nucleic acid; and the ethanol-75 had no nucleic acid
and a polysaccharide content too low to measure.
The ethanol-50 and ethanol-66 fractions possessed
the thermostable properties of a polysaccharide; the
reactivity remained unchanged after heating up to
70°C for 1 hour and when stored for 2 weeks at 4°C
and up to 4 months at - 20°C.

Pilot, Nadal & Bordier (1958), Pillot & Faure
(1959), and Vogelsang, Pillot & Faure (1961) pre-
pared a purified protein extract by delipidizing Reiter

treponemes with butanol and ether adjusted to pH
8.5-9.0, disintegrating the treponemes by ultrasonic
waves and purifying the extract by precipitating the
soluble protein antigen at pH 3.5. The antigen was
preserved by adding equal volumes of glycerol to the
buffered antigen solution, and was remarkably stable
and devoid of anti-complementary power. When the
antigen was titred there was very little zone pheno-
menon, but if it was denatured during preparation
the zoning became very consequential. The antigen
was used in an RPCF test (see Vogelsang, Pillot &
Faure, 1961). The sensitivity of RPCF with purified
protein extract was somewhat less than with crude
treronemal antigen of disintegrated Reiter trepo-
nemies. The specificity was superior to that in tests
using cardiolipin-lecithin antigens, but less than in
the TPI test. Purification of the antigen did not seem
to increase its practical value.
Hardy (United States Public Health Service, 1959)

disintegrated Reiter treponemes mechanically by
grinding with pavement-marking beads. The gross
cellular debris was removed by centrifugation at low
speed and the extract was centrifuged at 9000 g for 1
hour to remove additional inactive material. The
active material was sedimented at 78 000g for 2 hours,
and the pellet was resuspended in saline to give an
opalescent antigen with optimal reactivity at 1: 1500
dilution. The antigen was used in a modified Osler,
Strauss & Mayer (1952) complement-fixation test.
It was stated that the extract was impure and con-
tained more than one antigenic component. The test
had good sensitivity but low specificity in the Serology
Evaluation and Research Assembly (SERA) study
(United States Public Health Service, 1959). Hardy
& Nell (1961b) demonstrated in purification studies
that the Reiter protein antigen contained other anti-
gens and stated that false reactions in Reiter protein
tests might be due to common antigens or contami-
nation of the antigen in preparation. They found that
the protein antigen was obtainable only by disruption
of the Reiter treponeme. Spontaneous disruption of
the treponemes occurred at pH 11.2, and acid preci-
pitation of the protein at pH 4.5 was found to be as
satisfactory as ammonium sulfate precipitation. This
antigen reacted with antisera to other cultivated tre-
ponemes, but it was not tested diagnostically. They
found that RNA was always associated with activity.
Montes de Oca & Maekelt (1960) prepared two

antigens from Reiter treponemes, one a saline total
extract and the second a saline protein extract without
acetone-ether-soluble substances, after the method of
Portnoy & Magnuson (1955). These were used in
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complement-fixation tests on 102 sera from syphilis
patients, 100 sera from yaws patients, and 60 sera
from pinta patients. The results showed cross-
reactions of the two antigens in treated and untreated
cases of yaws and pinta. With regard to the extrac-

tion of treponemal antigens, a method developed by
Mirdamadi (1962) was described in which he added
mercury and crushed glass to a washed, thick sus-
pension of Reiter treponemes in a flask and agitated
this on a Kahn shaker for 30 minutes or longer.

14. WHOLE TREPONEME SUSPENSIONS AS SEROLOGICAL ANTIGENS

HISTORY OF PALLIGEN ANTIGEN

Gaehtgens (1929a, 1929b, 1930) tried several
pallidum antigens, but only the washed pure Reiter
treponeme culture suspended in 0.5% phenol saline
gave reactive results with syphilitic sera and ex-
ceeded the sensitivity of the cholesterolized heart-
extract antigens. He obtained a standard prepara-
tion from heat-inactivated Pallida suspensions in
the same manner, showing that the efficiency of the
preparation always and solely depended on the
simultaneous content of phenol and a sufficient
amount of treponemal bodies. The reaction did not
take place with pallidum supernatant liquid. Gaeht-
gens stated that the Wassermann and Pallida
reactions should probably be considered different
processes and that " the washed, carbolized Pallida
suspension represents a highly sensitive antigen with
specific action, the use of which for serological
diagnosis of syphilis appears for some reasons
desirable and promising ". Gaehtgens & Otto
(1929) examined 7000 sera and concluded that the
best results were obtained using serum diluted 1: 5
and antigen with 0.3 % phenol in a Wassermann
technique. The Pallida-reaction (PR) was superior
to tests with heart-extract antigens in certified cases
of syphilis, with the superiority less evident in sus-
picious cases. The higher sensitivity and specificity,
together with the absence of anti-complementary
and haemolytic properties, as well as simple tech-
nique, permitted the Pallida-reaction to be con-
sidered a valuable addition to the collective sero-
logical tests for syphilis. Over one-half of the
non-specific Pallida-reactions (0.5 %) were weak or
doubtful (1 + or +), and many were traced to tech-
nical inaccuracies. The PR involved a protein anti-
body, whereas the Wassermann involved a ubi-
quitous lipoidal reagin. The PR was shown to be
highly efficient if the exact technique was followed
and the complement was satisfactory. It was
necessary to determine the optimal antigen dilution
daily, since watery antigens slowly became weaker.

Antigen could be kept refrigerated for 6 months
and samples stored at 37°C for 2 months retained
reactivity almost unchanged. The test provided a
valuable service when used as a bridge between
Wassermann and precipitation reactions. Gaehtgens
(1932) removed the antibody involved in PR from
serum by treating it with Pallida treponemes without
affecting Wassermann reagin, and removed Wasser-
mann antibody from serum with dried syphilitic liver
and preserved PR reactivity, showing the tests
involved different antibodies. The PR controls were
set up with saline instead of antigen for easier
detection of possible auto-inhibition. Gaehtgens
(1937) stated that the specific action of syphilitic
serum was directed against the Palligen antigen only
and not against antigens prepared in the same way
from Spirochaeta dentium, S. icterogenes or Esche-
richia coli. The antigen remained stable for 10-12
months, but a simple adjustment of the complement
had to be made because of the anti-complementary
reactivity of the antigen. The superiority of the PR
over the original Wassermann was expressed by the
efficiency ratio of 3: 2, especially evident in primary,
latent and central nervous system syphilis, and less
pronounced in secondary, tertiary, and congenital
syphilis. Isolated PR reactions in patients with
definite syphilis anamnesis were regarded as ex-
pressions of an actual syphilitic infection. Sera
heated to 63°C usually lost reactivity for the Wasser-
mann test, but PR reactivity was preserved in the
majority of sera. Gaehtgens stated that perhaps
certain lipid materials of the treponemal bodies,
closely related to the lipids of the organ extracts,
also reacted in the PR. However, decisive importance
did not attach to them, but to other substances which
were responsible for the occurrence of the PR, and
which presumably were proteins of the treponemes.

CHARACTERISTICS

Nagell (1930) reported using the Palligen antigen
from the Behring Works and having peculiar results.


