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Materials and Methods
Bacter/a.--The culture of Phase II Sh. sonnei used in this study was obtained from the
United States Army Medical School. The bacteria were grown in a medium devised by Dole
(3) using techniques previously described (4). At the termination of growth the microorganisms were killed by adding a solution of 100 ml. of 88 per cent phenol in 200 ml. of 50 per
cent alcohol. The culture was kept overnight at 5°C., the bacilli were collected in a Sharples
centrifuge and dried from the frozen state. The yield was usually 40 to 50 gm. of dry cells
from 15 liters of culture.
Antisera.--Anfisera to the type-specific antigen were obtained from rabbits injected intravenously with graded doses of the Phase II antigen as previously described (4).
Quantitative Precipitin Reactions.--The immunological activity of the various substances
studied was determined turbidimetrically by the method of Libby (5).
Bacteriophages.--The bacteriophages used for the experiments on inhibition were originally
obtained from Dr. Mark Adams of New York University. They have been maintained in
this laboratory for some years by transferring periodically on Escherichia coli B in nutrient
broth.
Inhibition Tests.--These were performed as described in earlier work (6, 7). Phase II
Sh. sonnei was used as the host.
4O9
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I n an earlier communication it was demonstrated that the type-specific
somatic antigen derived from Phase I I Shigelta sonnei previously killed with
formalin, was capable of inactivating in vitro three of the five T coil-dysentery
phages to which this bacillus is susceptible (1). Although the antigen inactivated T3, "1"4, and TT, it was without effect upon T~ and Te. Chemical agents
appear to have a profound effect upon the phage receptors of this bacillus (2)
and because of this it was thought that the techniques used in earlier work
might well have impaired or destroyed certain, though not all, of the antiviral
properties of this serologically active substance. A different method of isolating the Phase I I antigen has therefore been sought.
I n the present communication it will be shown that the somatic antigen of
Phase I I Sh. sonnei, obtained by extracting phenol-killed bacilli with water,
inhibits all the T phages to which the Phase I I bacillus is susceptible, and that
chemical degradation of this substance is accompanied b y a selective loss in
its ability to inhibit these viruses. The chemical, immunological, and antiviral
properties of this antigen and its degradation products will also be described.
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EXPERIMENTAL

The Purified Antigen of Phase I I Sh. sonnei.--The a n t i g e n of P h a s e I I Sh.
sonnei can be readily s e p a r a t e d f r o m phenol-killed m i c r o o r g a n i s m s b y r e p e a t e d
infusion w i t h w a r m distilled water. I t can be purified b y isoelectric p r e c i p i t a tion followed b y f r a c t i o n a t i o n a t low ionic s t r e n g t h w i t h alcohol. T h e i m m u n o logically a c t i v e m a t e r i a l t h u s o b t a i n e d has a r e l a t i v e l y h i g h n i t r o g e n c o n t e n t
a n d is essentially free f r o m nucleic acid.
14o gin. of phenol-killed lyophilized Phase II Sh. sonn8 was extracted with 2 liters of disfilled water for 1 hour at 65°C. The cells were separated in a Sharples centrifuge and reextracted. The combined extracts were passed through a Berkefeld filter, acidified with acetic
acid to pH 4.0 and allowed to stand overnight at 5°C. The main portion of the clear supernatant liquid was decanted and the precipitate separated from the remaining solvent by
centrifugation at 0°C. The deposit was suspended in 300 ml. of water and dissolved by the
cautious addition of alkali to pH 7.5. The solution was dialyzed against distilled water at
5°C. for 2 days, then concentrated by pervaporation, and dried from the frozen state. 12.75
gin. of crude antigen was obtained. This substance contained 12.1 per cent of N and 1.1 per
cent of P.
The material was now purified by precipitation with alcohol at low ionic strength as follows: 10.0 gin. of crude antigen was dissolved in 700 ml. of 0.02 N sodium acetate and adjusted
to pH 6.4 with acetic acid. The solution was cooled to 0°C. and precipitated by the slow addition of 700 ml. of cold 50 per cent alcohol. The mixture stood overnight at 0°C. The finely
dispersed precipitate which formed was separated by centfifugation at 10,000 g for 30 minutes, dissolved in 100 ml. of water by the addition of alkali to pH 7.6, dialyzed, pervaporated,
and dried from frozen state. 2.0 gin. of material containing 12.6 per cent nitrogen and 0.8 per
cent phosphorus was recovered (fraction 1).
To the supernatant liquid of fraction 1 was added 500 ml. of cold absolute alcohol. After
standing overnight at 0°C. the precipitate (fraction 2) was collected by centrifugation, redissolved, dialyzed, and dried from the frozen state. 6.5 gm. of a material was obtained. This
material, referred to as the purified antigen, contained 11.7 per cent N and 1.2 per cent P.
The supernatant liquid from fraction 2 yielded 0.8 gin. of substance which contained 13.1
per cent nitrogen. It had low serological activity and was discarded.

Digestion of the Purified Antigen with Pancreatin.--A considerable increase
in t h e serological a c t i v i t y of t h e purified a n t i g e n (fraction 2) as d e t e r m i n e d
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Analytical Methods.--The carbon and hydrogen content of the materials studied were
estimated by the micro method of Pregi; nitrogen was determined colorimetrically by the
technique of Koch and McMeekin (8) and phosphorus by the procedure of Allen (9). The
amino nitrogen content of the substances studied was estimated by the colorimetric procedure
of Moore and Stein (10) on samples hydrolyzed in 4 N HC1 for 24 hours at 100°C. The deterruination of reducing sugars was made by the method of Shaifer and Somogyi (11) after 6
hours of hydrolysis at 100°C. in 1 N HC1; the results presented in the tables are expressed in
terms of the reducing value of gIucose. The estimation of amino sugars was made by the technique of S~lrensen (12) after 10 hours of hydrolysis of the substances in 4 ~ HC1 at 100°C.
The percentage of lipids was determined by weighing the chloroform-soluble material liberated
after hydrolysis for 6 hours at 100°C. in 1 N HC1. The determination of volatile organic acid,
calculated as acetyl, was made by the method of Elek and Harte (13).
The absorption spectra of the materials studied were observed in a Beckman spectrophotometer (model DU). Electrophoretic analyses were made in a Tiselius apparatus, using the
scanning method of Longsworth (14).
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b y the turbidimetric m e t h o d was achieved b y digestion with pancreatin. I t
was necessary to repeat this procedure several times before obtaining material
with a low nitrogen content.
6.2 gin. of the purified antigen was dissolved in 200 ml. of 0.05 M phosphate buffer at pH
8.0. To this was added a solution of 0.2 gm. of pancreatin. The mixture was placed in a cellophane membrane and dialyzed at 37°C. against three successive changes of the same buffer.
Sterility was maintained by the addition of chloroform. The solution was treated twice more
at 24-hour intervals with fresh 0.1 gin. portions of pancreatin. The digest was finally dialyzed
against running distilled water, pervaporated, and dried from the frozen state. 1.57 gm. of
material having a nitrogen content of 5.1 per cent and a phosphorus content of 2.8 per cent
was finally obtained.

1.2 gm. of enzymatically degraded antigen was added to 50 ml. of 90 per cent phenol. The
mixture was stirred at room temperature for I/2 hour, and then placed in a cellophane membrane and dialyzed against running distilled water at 5"C. After 2 days, the precipitated
protein was separated by filtration. The precipitate was washed, dissolved in 20 ml. of water
by the addition of 1 N NaOH, dialyzed, and dried from the frozen state. 0.33 gm. of substance
was obtained which contained 10.9 per cent of nitrogen and 0.5 per cent of phosphorus. The
filtrate from the protein was concentrated by pervaporation, dialyzed, and also dried from
the frozen state. 0.76 gm. of a substance, the lipocarbohydrate, was recovered, which contained 2.9 per cent nitrogen and 3.8 per cent phosphorus.
F u r t h e r purification of the lipocarbohydrate was achieved as f o l l o w s : 0.70 gin. was dissolved in 10 ml. of distilled water. To the viscous solution was added 200
ml. of chloroform-methyl alcohol (2:1) and the mixture stirred vigorously. The precipitate
which formed was first separated by centrifugation, then dissolved in 20 ml. of water, and
finally dialyzed and the solution dried from the frozen state. 0.61 gin. of lipocarbohydrate was
thus obtained. This material contained 2.8 per cent nitrogen and 3.9 per cent phosphorus.

Physical Properties of the Purified Antigen and Its Products of Degradation.T h e purified antigen (PA), the enzymatically degraded antigen (DA), a n d the
l i p o c a r b o h y d r a t e (LC) are amorphous substances of high molecular weight,
which are readily soluble in water. T h e specific optical rotation of the purified
antigen is --21.8 °, t h a t of the enzymatically degraded antigen + 5 5 . 0 ° whereas
the rotation of the lipocarbohydrate was found to be + 9 0 . 0 °. T h e ultraviolet
absorption spectra of these substances, measured on 0.05 per cent solutions
in 0.05 molar p h o s p h a t e buffer a t p H 7.0, are shown in Fig. 1. T h e absorption
curves of P A ( I ) and of D A ( I I ) are comparable to those of proteins; the maxim u m a t 275 m/~ (curve I) is due to the presence of aromatic amino acids. T h e
absence of m a x i m a a t 260 In# indicates t h a t the materials are free from nucleic
acid. T h e low extinction values shown b y the spectrum of L C ( I I I ) indicate
t h a t this substance has b u t a slight content of amino acids.
Electrophoretic analyses of PA, DA, and L C were performed on 1.5 per
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Isolation of the Lipocarbohydrate.--The enzymatically degraded antigen still
contained bound protein which could be removed b y dissociation in 90 p e r
cent phenol (15).
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cent solutions with a potential gradient of 4.4 volts/cm, in veronal buffer of
pH 8.6 at an ionic strength of 0.1. Under these conditions the substances form
but a single boundary. The mobilities were calculated from the descending
patterns and the following values were observed: for PA, u = - 5 . 3 6 × 10-5;
for DA, u = --6.27 X 10-5; and for LC, u = --5.68 X 10-s c m : volt-1 sec.-1.
It can be seen from Fig. 2 that the shapes of the peaks are slightly assymetrical,
especially in the case of PA. This fact indicates some heterogeneity of the
materials and that they consist of molecules with closely similar electrical
charges.

Chemical Properties of the Purified Antigen and lts Products of Degradation.-
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FIG. 1. Absorption spectra of the purified antigen of Phase II Sh. sonnei and its degradation products. I, purified antigen; II, eazymatically degraded antigen; III, lipocarbohydrate.
reactions characteristic for proteins and a positive Molisch test, which indicates the presence of a polysaccharide. It also forms precipitates with the salts
of Ba, Zn, Cd, Cu, and Pb, and is precipitated by picric and trichloracetic acids.
As can be seen from the analytical data given in Table I, the substance has a
high nitrogen content (11.7 per cent), nearly all of which is liberated as amino
nitrogen on hydrolysis. From these values it can be estimated that the substance contains some 65 to 70 per cent of protein. The reducing sugar value
indicates that it also contains approximately 8 per cent of a polysaccharide.
In addition it yields on hydrolysis some 12 per cent of lipid.
The enzymatically degraded antigen, in contrast to the native antigen, is
not precipitated by the salts or by the acids listed above; however, it still gives
a positive biuret reaction. As can be seen from the data presented in Table I,
the degraded antigen still contains some 25 per cent of amino acids, and its
reducing sugar and lipid contents are 20.6 and 23.4 per cent, respectively.
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The purified antigen is a complex substance which can be classified as a phosphorylated lipomucoprotein. It is precipitated from solution at pH 4--5 and
redissolves on the further addition of acid. The complex gives the usual color

M A R G E R I S A. J E S A I T I S AND W A L T H E R F. G O E B E L

413

I

<

:

F

~Downloaded from http://rupress.org/jem/article-pdf/96/5/409/1143364/409.pdf by guest on 10 May 2021

II

C

I

III

A

a ~ c e n d i n 9 .~

J
:

~ de~cendin$

FIG. 2. Electrophoretic patterns of the purified antigen of Phase II Sh. sonnel and its degradation products. I, purified antigen; II, enzymatically degraded antigen; III, lipocarbohydrate.
The lipocarbohydrate (LC), obtained by dissociating the degraded antigen
with phenol, is soluble both in acid and in alkali. Its alkaline solutions are viscous. Aqueous solutions of LC give a strong Molisch test as well as a positive
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reaction for hexoses (16) and hexosamines (12). The color reactions for pentoses
and methyl pentoses (17), desoxypentoses (18), uronic acids (19), ketohexoses
(20), and mannose (21) are negative. Hydrolysis of LC with 1 N acid results
in the liberation of lipid. The lipid fraction, which accounts for 29.2 per cent
of the total weight of LC, contains 1.4 per cent of nitrogen and 1.3 per cent
of phosphorus. The lipid itself contains no cholesterol as indicated by a negative Liebermann-Burchard reaction. The other components of LC, both reducing sugars and amino acids, are present to the extent of 29.8 and some 8 per
cent, respectively. The substance also contains 3.9 per cent of bound acetyl
groups (cf. Table I).

i
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I
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I d e n t i f i c a t i o n o f the M o n o s a c c h a r i d e

8.2
1.9
1.1

4.2
Components

of the L i p o c a r b o h y d r a t e . - -

The identification of the sugars from which the polysaccharide moiety of the
lipocarbohydrate is constituted was achieved by means of paper chromatography and by employing the cysteine color reaction of Dische (21).
The latter procedure is based upon the fact that many saccharides, upon
heating with H2SO4, give decomposition products which show absorption in
the ultraviolet (22). These products react with cysteine and form colored compounds. By performing this reaction under strictly standardized conditions and
by comparing the absorption spectra of solutions of unknown material with
those of pure sugars, it is possible, even in the presence of other saccharides,
to identify and to quantitate the individual hexoses. Since many organic substances produce color when dissolved in H~SO4 in the absence of cysteine, it
is necessary to run appropriate controls under identical conditions. For the
full details of this method the reader is referred to the original communications
(21)
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TABLE 1
Chemical Properlies of the Purified Antigen of Phase I I Sh. sonnei and Its
Degradation Products
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Fro. 3. Absorption spectra of Phase II lipocarbohydrate and of glucose, galactose, and
galaheptose. A, 500/zg. of lipoearbohydrate; B, 50 #g. of glucose; C, 50/zg. of galactose;
D, 100 #g. of galaheptose.
In each instance, curve I represents absorption spectrum of control sample, curve II absorption spectrum of primary cysteine reaction, and curve III absorption spectrum of secondary
cysteine reaction.
T h e absorption spectra of the four substances are given in Fig. 3, in which
curve I is, in each instance, t h a t of the substance without a~ldition of cysteine.
Curves I I are those of the substance to which cysteine h a d been added; the
spectra were measured 1.5 hours after the addition of the reagent. This is
termed the " p r i m a r y cysteine reaction." Curves I I I , those of the "secondary
cysteine reaction," represent the spectra of the l a t t e r after standing 48 hours.
I t should be noted t h a t the spectra of the solutions without cysteine (curves I)
showed b u t little change on standing and are therefore measured only after
1.5 hours.
A comparison of the absorption spectra of the three monosaccharides with
the spectrum of the lipocarbohydrate (curves I) reveals t h a t t h e y have certain
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To each of two tubes containing 4.5 ml. of 87 per cent H~SO4 at 0°C. was added 1 ml. of
an aqueous solution of the material under investigation. The tubes were warmed to 24°C. for
5 minutes, then heated to 100°C. for 3 minutes, and finally cooled to 24°C. by immersion in
cold water. To one was now added 0.1 ml. of water, to the other 0.1 ml. of 3 per cent cysteine
hydrochloride solution. Mter standing for 1.5 hours, and again after 48 hours, the absorption
spectra of the two solutions were measured in a Carey recording spectrophotometer. In each
instance, the spectrometer was balanced against a sample of the appropriate reaction mixture
to which an equal volume of water had been added in place of the solution of saceharide.
Four substances were examined, the llpocarbohydrate derived from the Phase II antigen,
two hexoses, glucose and galactose, and the seven-carbon-atom sugar, galaheptose (d-ot-gala1-mannoheptose). The solutions employed contained 500, 50, 50, and 100/zg. per ml. of the
respective saccharides.
1.2
1.o -~i
Y
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x The authors are greatly indebted to Dr. C. S. Hudson of the National Institutes of Health,
for his kindness in supplying the samples of heptoses used in this study.
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characteristics in common. The spectra of glucose and galactose show absorption maxima at 308 and at 298 m# respectively, whereas the spectrum of galaheptose has two maxima, one at 318 and the other at 400 m/~. The absorption
spectrum of the lipocarbohydrate also shows maxima at 300 and at 380 to
400 m~. It is apparent, therefore, that the polysaccharide contains all three
of these monosaccharides. It should be noted, however, that the maximum
shown by galaheptose is located sharply at 400 m#, whereas that of the polysaccharide is broader and appears between 380 and 400 m#.
Corroborative evidence for the presence of these sugars is again had by comparing the curves of the primary cysteine reactions (curves II). Here it can be
seen that the lipocarbohydrate shows two maxima which now appear at 410
and at 500 to 520 m~. The first maximum agrees quite precisely with the maxima of the two hexoses (curves I I B and II C), whereas the second maximum
coincides approximately with that of galaheptose (curve IID).
Examination of the curves of the secondary cysteine reactions (curves III)
yields still additional information. The maximum which is shown by the lipocarbohydrate at 410 m~ (curve II A) has become a double maximum with
peaks at 390 and at 410 m~ (curve IIIA). Furthermore, the maximum of the
galactose curve, which appeared in the primary cysteine reaction at 410 m#
(curve II C) has also shifted to 385 to 390 m~ (curve III C), whereas that of
glucose is located at 400 to 410 m~ (curves I I B and III B). On the basis of
these observations it now becomes apparent that both glucose and galactose
are present in the bacterial polysaccharide.
It will be noted that both hexoses also show maxima at 600 m# (curves
III B and III C), but that the extinction coefficient of galactose at this wavelength is some 2.5 times greater than that of glucose. Because the optical density of the polysaccharide at 600 m# is high, it can be concluded that galactose
must be a constituent of the polysaccharide. Finally, it can be seen that the
maximum shown by the curve of the lipocarbohydrate at 510 mtz (curve III A)
corresponds to that of galaheptose (curve III D). On the basis of this evidence
it can be stated with reasonable certainty that glucose, galactose, and a heptose
form part of the polysaccharide moiety of the lipocarbohydrate complex. Still
further confirmation of the presence of glucose and galactose was had by evaluating quantitatively the spectral data by the method of Dische (21). The
results of these calculations, although not presented here, indicated clearly
that these two hexoses are constituents of the lipocarbohydrate.
It should be pointed out that the characterization of the heptose component of the lipocarbohydrate could not be fully achieved on the basis of spectral
data, for it was observed that three other heptoses, glucoheptose, glucoheptulose, and mannoheptulose, 1also gave absorption spectra similar to the spectrum
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of galaheptose3 Although the absorption maxima shown by these three heptoses lie approximately at the same wavelengths as those of galaheptose, they
differ in that their extinction coefficients are considerably higher. I t is also
worthy of note that, because the lipocarboyhdrate failed to give a positive
test for ketoheptoses (orcinol test (23)), it was possible to conclude that the
heptose present could only be an aldoheptose.

By means of chromatographic studies, it was possible to show that the unknown heptose present in hydrolysates of the lipocarbohydrate migrated a t
the same rate as did galaheptose. Additional evidence confirming the presence
of glucose, galactose, and glucosamine was likewise obtained b y this technique.
50 mg. of lipocarbohydrate was hydrolyzed for 6 hours at 103°C. in 5 ml. of 1 N H2SO4.
The precipitated lipid was removed by filtration and the solution neutralized to pH 5.0 with
Ba(OH)o,. After separation of the BaSO4 by centrifugation, the supernatant liquid was evaporated in a desiccator. 23.2 mg. of residue was obtained. This material, which contained the
saccharides liberated by hydrolysis of the lipocarbohydrate, was suitably diluted in water,
and used for chromatography. For purposes of comparison solutions of pure glucose, ga]acrose, glucosamine, and galaheptose were placed on the chromatogram. The latter was developed for 40 hours by the ascending metho:l (24), (using No. 1 Whatman paper) with a mixture of 5 parts of ethyl acetate, 3.5 parts of pyridine, and 1.5 parts of water (25). All solvents
were redistilled and mixed prior to their use. The developed chromatogram was dried and
stained with ammoniacal AgNOa (26).
As can be seen from Fig. 4, the hydrolysate of LC produces three distinct
spots which have Rol 3 values of 1.0, 0.91, and 0.55, respectively. The positions of these spots correspond to those of glucose, galactose, and glucosamine.
I n the presence of hexoses, galaheptose and glucoheptose do not appear as
separate spots on a chromatogram developed with the solvent employed, because their Rol values (0.93 and 0.98) are very similar to those of glucose and
2 The authors wish to express their thanks to Dr. Z. Dische, who in a private communicaion has informed them that he has made similar observations concerning the cysteine reactions of other heptoses.
The ratio of the distance travelled by a given sugar to that travelled by glucose, is defined
as its RGI value.
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FIG. 4. Chromatogram of hydrolysate of Phase II liopcarbohydrate.
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galactose (RG~ = 1.0 and 0.91). I t was possible, however, to locate the heptose
b y spectrophotometric analyses of eluates obtained from sections of the chromatogram.

F r o m these observations it is a p p a r e n t t h a t the heptose migrates at a rate
only slightly higher than t h a t of galactose, on chromatograms developed with
ethyl a c e t a t e - p y r i d i n e - w a t e r solvent. I t can also be seen from Fig. 4 t h a t the
RGI of a known specimen of galaheptose is nearly identical with t h a t of the
heptose present in the lipocarbohydrate. On the basis of the d a t a presented,
there can be little doubt t h a t the hexose components of the lipocarbohydrate
are glucose, galactose, and glucosamine, and t h a t the fourth constituent is a
heptose which shows properties very similar to those of galaheptose.
Since the monosaccharide components of the lipocarbohydrate have now
been identified, it is possible to estimate their c~ntent a p p r o x i m a t e l y from
spectrophotometric data. By comparing, at a p p r o p r i a t e wavelengths, the extinction values shown b y known amounts of the saccharides in question with
those of LC, it was found t h a t the lipocarbohydrate contains a p p r o x i m a t e l y
9 per cent each of glucose and of galactose, and 20 per cent of heptose, calculated
as galaheptose. Because glucosamine does not produce a color reaction with
cysteine, its content in the lipocarbohydrate was estimated b y the method of
SCrensen (12) and was found to be 8.3 per cent.
Finally, it should be noted t h a t the total monosaccharide content of the
lipocarbohydrate, determined b y the spectrophotometric method (46 per cent)
is considerably higher than is the reducing sugar value determined b y the copper reduction method (29 per cent) on acid hydrolysates. This discrepancy is
due to the fact t h a t b o t h galactose and galaheptose have considerably lower
reducing values than does glucose. I n addition, not all of the glueosamine is
liberated under the conditions employed for the hydrolysis. When the reducing
value of the hydrolysates was determined b y an alkaline ferricyanide method
(28), excellent agreement (44 per cent) was had.

Serological Properties of the Phase II Antigen and Its Products qf Degradation.
- - T h e Phase I I antigen prepared in the manner described differs in its chemical
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Thus, 40/zl. of a solution containing 5 mg. of the hydrolysate of LC was distributed on the
base line of a sheet of filter paper 18 cm. wide and 46 cm. long. The sheet was developed for
40 hours with ethyl acetate-pyridine-water mixture. After drying, two narrow strips were
cut vertically from both sides of the sheet and the location of the hexoses was determined
by staining with ammoniacal silver nitrate. The unstained portion of the chromatogram containing the hexoses was cut out parallel to the base line of the sheet and divided into 6 sections of equal width. The strips were numbered 1 to 6 in the direction of flow of the solvent.
They were dried in vacuo, suspended from a wire in large reagent tubes, and each was eluted
(27) with 3 ml. of water. The cysteine reaction was performed on two 1 ml. samples of each
eluate, and the absorption spectra were measured after 1 hour, and again after 48 hours. The
spectrQgrams revealed that the unknown heptose was present in eluates 2 and 3; galactose
was found in eluates 1, 2, and 3; whereas glucose appeared in eluates 4, 5, and 6.
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composition from that obtained from formol-killed bacilli (4). The chief difference resides in the higher nitrogen and hence protein content of the antigen
prepared from phenol-killed bacilli. In order to compare the serological properties of the latter and of its products of degradation with those of the antigen
derived from formol-killed microorganisms, quantitative turbidimetric precipitin tests were performed (5). The immune serum employed was that of a rabbit
immunized with the purified antigen derived from phenol-killed bacilli.
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of a n t i g e n
Fio. 5. Turbidlmetricprecipitin reactions of Phase II antigen and its degradationproducts.
I, purified antigen; II, enzymatically degraded antigen; III, lipocarbohydrate; IV, antigen
derived from formol-killedbacilli; V, lipocarbohydratederived from IV.
Various concentrations of the material under study were added to standard homologous
antigen antiserum diluted 1: 7.8. After standing for 30 minutes the turbidity which developed
was determined by means of a photoelectric turbidimeter. The turbidity, which is proportiona2 to the precipitated antibody nitrogen, was recorded in arbitrary galvanometer units.
The results of these tests are presented in Fig. 5.
Inspection of the data shows that the differences in the chemical composition
of the material studied are reflected in the shape of the turbidity curves. I t
can also be seen that the activity of the purified antigen derived from phenolkilled bacilli is not great; only slight turbidity is produced by 10 #g. of this
antigen (curve I). The removal of the protein component enhances its serological activity (curve II); for the e.nz~atically degraded antigen precipitates
approximately twice as much antibody as does the same quantity on undegraded material. From this it appears that the digestible portion of the protein
component of the antigen contributes but little to its ability to function as a
precipitinogen. The lipocarbohydrate, at high dilutions, reacts as vigorously
as does the enzymatically degraded antigen; however, it forms little precipitate
in the region of antigen excess, as can be seen from curve III. The shapes of
the precipitin curves given by the antigen and by the lipocarbohydrate obtained from formol-kflled bacilli are nearly identical with the shape of the curve
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given by the lipocarbohydrate derived from phenol-killed microorganisms
(curves IV and V). From this it is apparent that the antigen prepared from
formol-killed bacilli by extraction with 7 M urea (4) has undergone considerable
chemical degradation by the method employed.

Anti~iral Properties of tke Ptt~e I I Antigen and Its Product of Degradation.

0.5 hal. portions of a dilution of phage in nutrient broth, containing approximately 2 X 103
particles per ml., were placed in each of five tubes. To the first four tubes was added 0.5 ml.
of the appropriate dilution of the substance to be tested. The material was first sterilized as
previously described (1), dissolved in 0.1 ~r phosphate buffer, and then diluted in increments
of 10 in nutrient broth. To the fifth tube, the virus control, was added 0.5 ml. of nutrient broth.
The tubes were incubated for 18 hours at 37°C., and finally, 0.1 ml. portions of the inhibitorvirus mixture were plated with Phase II Sk. sonnei (6). In the case of T~ and TT, plaques
were counted after 8 hours of incubation at 37°C., and after 18 hours in the case of T~, T4,
and T6. The plating of Tr was made on neopeptone~meat infusion-agar, whereas the other
phages were assayed on nutrient broth-agar.
From the results of these tests, which are presented in Table II, it can be
seen that the purified antigen derived from phenol-killed bacilli inhibits all
five T phages, although its antiviral activity is not great. Concentrations ranging between 100 and 10 #g. per ml. were necessary to obtain inactivation of
50 per cent of the T~, T4, Te, and T7 phages. The T3 phage was inhibited even
less; only 43 per cent was inactivated by 1 rag. of antigen. After digesting the
antigen with pancreatin, however, much smaller quantities were required to
achieve this effect. The enzymatically degraded antigen, even at concentrations
as low as 1 ~g. per ml., inactivated some 80 to 90 per cent of the T~, T~, and TT
phages, and the inhibition of T3 was increased nearly tenfold. The To phage,
on the other hand, was inhibited less vigorously by the degraded antigen than
by the material before treatment with the enzyme.
The tests reveal that the antigen isolated from formol-killed bacilli inhibits
only T4, TT, and to some extent Ts, and is without effect upon T~ and T6.
Furthermore, its activity against T7 is considerably lower than that of the
enzymatically degraded antigen derived from phenol-killed organisms.
In order to learn why the antigen prepared from formol-killed bacilli does
not inactivate T~ and Ts, a study was made of the effect of the chemical reagents employed in its isolation, on the fully active inhibitor. Treatment of
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- - I t will be recalled that although the antigen derived from formol-killed
Phase I I bacilli exhibited markedlantiviral properties against certain of the
T coil-dysentery phages, it was active against only three of the five phages to
which this microorganism is susceptible. Our belief is that the antigen derived
from phenol-killed bacilli represents the substance more closely as it occurs in
its native state. A comparison of the antiviral properties of these two immunologically active materials and their products of degradation has therefore been
made. The antiviral tests were performed as follows:--
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the enzymatically degraded antigen with 1 per cent formalin or with 7 M urea
solution in the cold failed to diminish its antiviral activity. However, exposure
of this substance to 50 per cent pyridine for 24 hours at 37°C. destroyed completely its activity for T2 and T6, but had no effect in so far as its activity against
"1"3,T4, and T7 was concerned. Since pyridine is used in the preparation of the
antigen from formol-kiUed bacilli, it is undoubtedly this step which causes
partial inactivation of the antigenic complex.
TABLE II
Inactgvation of T-Phages by Different Preparations of the Somatic Antigen of Phase H Sh. sonnei

. __Ph~g~

Final concentration of antigen in virus-antlgen
mixture*

ling.
Purified antigen from phenolkilled bacteria

T,
Ts
TT
T2

Enzymatically degraded antigen

Purified antigen from formolkilled bacilli

T3

T,
TB
T7
%
T,
T~

T6
T,

0.ling.

0.01nag.

0.001rag.

72
14
96
93
68

46
6
60
31
10

0

43
97
100
98
96
72
100
47
98

95
52
100
34
95

97
26
98
10
95

92
0
88
2
84

0
57
98
0
92

0
14
97
0
54

0
0
92
0
34

0
0
9]
0
9

4
2
0
0

* The figures represent per cent of total phage inactivated.
The treatment of the enzymatically degraded antigen with phenol also destroys the activity against T, and T6, for the lipocarbohydrate obtained by
this procedure inhibits only the T3, "1"4,and Tr phages. The degree of inhibition
however, is somewhat lower than that shown by the material from which it
was derived. The protein fractions obt~Aned by dissociation of the degraded
antigens in phenol, show no appreciable antiphage activity.
During the course of this study a number of preparations were isolated by
the methods described, and tested for antiviral activity. In general, all preparations, regardless of the method of isolation, inhibited strongly T4 and TT,
whereas the inhibition of T3 was usually not great. "1'2 and T6 were inhibited
only by antigens obtained from phenol-killed microorganisms. A fewexcepfions
were encountered, however; one preparation from phenol-killed bacilli showed
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low activity against T4, whereas another failed to inhibit T6. On the other hand,
two preparations of the somatic antigen prepared in this laboratory in 1948 (1)
inhibited the T3 virus vigorously and maintained this property for several years.
The reasons for the occasional variation in activity of these antigen preparations are not fully understood.
DISCUSSION
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Miles and Pirie (29) showed that the native antigen of Brucella melitensiz
could be extracted from bacteria which had been killed with dilute phenol,
acetic acid, or chloroform; when other bactericidal agents were employed,
only degradation products of the native antigen could be isolated. Analogous
findings have now been obtained with Phase II Sh. sonnei. When this microorganism is killed by heat or by dilute formalin, only small amounts of material, having low serological activity, can be isolated by extraction with
distilled water at 65°C. In order to obtain the antigen it is necessary to employ
potent agents, for example 50 per cent pyridine and concentrated urea solutions.
When the bacilli are killed by dilute phenol, on the other hand, some 10 per
cent of bacterial substance is released when the cells are extracted with warm
distilled water. The somatic antigen thus obtained differs in its protein content from that isolated from formol-killed bacilli (4). The substance isolated
by the first mentioned procedure has a nitrogen content of 12 per cent, whereas that of the antigen isolated from formol-killed microorganisms is much
lower (4 to 5 per cent).
The Phase II somatic antigen is a complex substance which can be designated as a phosphorylated lipomucoprotein constituted from a large protein
moiety firmly linked to a phosphorylated lipocarbohydrate. A number of fractionation procedures were employed in an attempt to learn whether the substance is a true chemical complex and not a mixture of protein, lipid, and polysaccharide. In no case was it possible to obtain fractions having a nitrogen
content of less than 11 per cent. This fact, together with the observation that
the antigen shows a high degree of homogeneity on electrophoresis, leaves little
doubt that the protein and lipocarbohydrate moieties form a single macromolecule. In view of this and because of the mild procedures whereby the substance itself was isolated, it is believed that the material closely resembles the
antigen as it occurs in situ.
This concept is substantiated by the fact that the antigen has marked biological properties; it inactivates in vitro all five phages which attack the parent
microorganism. It is suggested that its antiviral activity is an attribute of the
molecule as a whole, and that the presence of certain specific groupings is essential in order that it can function in its entirety. By chemical treatment it is
possible to deprive the molecular complex of one or more of its antiviral functions. Thus, degradation by proteolytic enzymes destroys for the greater part
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StrM~AR¥
1. The somatic antigen of Phase II Shigella sonnei can be isolated by extracting phenol-killed microorganisms with water. This substance inactivates all
T phages to which this bacillus is susceptible.
2. The Phase II antigen is constituted from a protein and a phosphorylated
lipocarbohydrate. The major portion of the protein component can be removed
by digestion with pancreatin. The enzymatically degraded antigen thus obtaL'aed can be further dissociated into its protein and lipocarbohydrate components by treatment with 90 per cent phenol. Glucose, galactose, glucosamine,
and an aldoheptose have been identified as the monosaccharide constituents
of the lipocarbohydrate.
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its ability to inhibit Ts, but leaves intact its capacity to inactivate T2, T3, T4,
and Tz. Similarly, its antiviral activity in so far as both T2 and T6 are concerned,
can in turn be eliminated by subjecting the substance to the action of phenol
or aqueous pyridine, again leaving intact its affinity for Ts, T4, and T~. This
observation indicates that the capacity to combine with these three phages
and inactivate them is a function of the lipocarbohydrate portion of the lipomucoprotein, a concept which is supported in part by the work in the accompanying paper (30). It is important to bear in mind that those groupings which
determine the serological specificity of the intact antigen are not identical
with those which endow it with antiviral properties for T~ and T6. On the other
hand, since the specific immunological properties of the antigen are determined predominantly by its carbohydrate moiety, its antiviral activity against
T3, T4, and T7 would appear to be related very intimately to the structure of
this portion of the complex.
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