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INTRODUCTION

Though there had been many papers on induced changes in H
antigens of Salmonella, no report had appeared on induced changes
in 0 antigens until Bruner and Edwards described a short note in
J. of Bacteriology, 1948, in which O antigens of S. anatum and S.
meleagridis were reported to undergo a change from 3,10 to 3,15
and vice versa by antiserum. This note attracted the authors'
attention as they were interested in induced antigenic changes.
Uetake and Obara (1950), Obara (1950), and Nakagawa (195la; 1951b;
1953a; 1953b) extended this experiment and found that O antigens
of S, newington and S. new-brunswick were converted from 3,15 to
2,10 by cultivation In semi-solid medium containing 15 antiserum,
and vice versa., FPFurther Nakagawa (1951b; 1953b) and Uetake et al.
(1952) pointed out that the antigenic changes from 3,15 to 3,10
are not analogous to transformation reactions (Austrian, 19%52a),
which have been observed in Pneumococcus (Avery et al., 19Ll;
Austrian, 1952b; Hotchkiss, 1952; McLeod and Krauss, 1953),
Escherichia coli (Boivin, 194,7), Hemophilus influenzae (Alexander
and Leidy, 1950; 195la; 1951b; Leidy et al., 1953; Zamenhof et al.,
1953%), and Neisseria meningitidis (Alexander and Redman, 1953),
but is rather similar to the mechanism of antigenic changes observed
in Pneumococcus (Laros, 1949), Paramecium aurelia (Sonneborn, 1947)
and/or phase variation in H antigens of Salmonella. Soon there-
after it was observed that O antigens of S. senftenberg were changed
from 1,3%,19 to 3,15 by 1,19 antiserum and further spontaneously
changed to 3 slone. (Uetake et al., 1952; Ise, 1953a, 1953b).



Shortly thereafter Zinder and Lederberg (1952) reported a new
phencmenon, transduction. In 1953 Iseki and Sakail (1953a; 1953Db),
using S. london, S. give, S. anatum, S. newington, S. selandia,

S. new~brunswick and S. senftenberg, confirmed the authors'pg
findings and further added that the antigenic change from 3,10 to
5,15 could be induced by infection with phages which were obtalned
from Eo> group organisms. )

As thls phenomenon is related to transduction aan;oticeable,
the authors have confirmed, extended the experiments, have been
and are continuing the study at present. An outline of the re-
sults waes reported at the 27th General Meeting of Japan Bacterio-
loglical Society, in April 195), which will be described in this
paper.

During the above research, Iseki and Sakai (1953b) reported
that the antigenic changes from 3,15 to 3,10 were induced by prhage
antiserum. Lederberg and Edwards (1953), and Stercker, Zinder and
Lederberg (1953) reported on transduction of flageller echaracters
in Salmonella. Another related phenomenon has been observed in
Corynebacteriur diphtheriae. It has been reported that nontoxi-
genlic strain of Corynebacterium diphtheriae was changed to toxi-
gen.c by infection wlth phages obtained from toxigenic strain.

In this case it is pointed out that the induced variant cells were
lysogenic and variation rate was much higher in transduction
(Freeman, 1951; Freeman and Morse, 1952; Groman, 1953). The
authors' findings on antigenie changes in Ei, Eo, and E5:;$ganisms

of Salmonella are similar to the latter findings rather than to

transduction ﬁg far as hitherto studied.



MATERTALS AND METHODS
1., Strainsg

S. senftenperg Aa' 1s a straln possessing %3 factor alone as Q
antigen, which Ise(1953b) obtained as a variant of S. senftenberg
A. S. senftenberg 1IS-1 throug: ES-10 are strains recelved from
Bact. Dept., Faculty of Veternary Medicine, Hokkaido University,
8ll of whilcli were lsolated from chicken eggs.

All other strains of Ey, E, and Ez groups are internaticnal
standard strains which were sent from Kauffmeann to Bntercbacteria-
ceae Cormittee of Japan, the donor.

2. Immune sera: All of H and 0 sera were prepar=C according to
the rovtine methods. (Kauffmann, 1951)

5. Flagellar and somatic antigens were tested by slide agglutina-

tion, using suitebly diluted absorbed sera. When necessary, tube
agglutination and cross absorpticn test were carried out.

Iy, Phage suspensions were prepared by autolysis of lysogenic

cells or by mixed cultivatlion of lysogenlc and susceptible cells.

Thus, about 300mg (wet weight) of 2l-hour sagar culture of
lysogenic straln were suspended in 10ml of saline and kept at
37° for L8 nours. The bacteria were remowed by centrifugation
and the supernate was filtered by Ciramberland L3' In some cases,
mixed broth cultures of lysogenic end susceptible cells were
centrifuged and the supernate was heated at 58°; ror 30 to Lo
minutes and then filtered by Chamberland Lz.

The flltrates were used as phage suspensicns, and tested for
sterility, both at the time of preparation and when used.

5. Induction of antigenic charges by phage
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Fech phage suspension was mixed with broth in proportiong of
5 to 7, Susceptible cells of z; and E§ group were cultured in
phage broth mixtures, and when neéessary, serlally subcultured
everyday up till the 10th passage. At ap.rcpriste intervals,
the cultures were plated on nutrient agar and single colonies were
subjected to serological diagnostic test. Further repeated single
colony isolations were made 1f the results were at all ambiguous.
In many cases single cell culturs teckniqus was applied by using
Peterfi's type of microraripulator.

6. Plegue counting was conducted by agar layer method.

f. Test for lysogenicity of induced variant strains

1) After soaklng tke culture in phage antiserum, single cell
isoletions of induced variant strsins were made with Petorfi
micromaninulator. From each single cell culture autolysate

was prepared and its lytic activity was tested by plaque count-
ing and by nephelometric determination cf the turbidity of broth
culture of mixture of the autolysate and E; group organisms.

2) Bach autolysate was alsoc tested for its capacity of inducing
antigenic changes in E, group organisms.

3) It was also tested whether each sinzle cell culture was
immune or susceptible tc the phages obtained from B> grcup
organisms.

€. Induction of antigenic changes by antiserum

The 15 antiserum was prepared hy absorhing S. newington“O" anti-
serum with S. london. The varisnt strains to be tested, pcssessing
15 antigenlic factor, were cultured in broth containing 15 anti-

serum and when necessary, serially svbcultured. At appropriate
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intervals the culture was plated on agar and single
colonies were tested by monofactor serums.

9. Enzymatic treatment

For enzymatic treatments, the phage suspension obtained

S.cambridge .
from P _ . was employed, which contained about | x 109
phage particles per ml, calculated from plague counting by
using S, anatum as an indicator strain.

For pepsin digestion test, Merck's crystallized hog
gastric pepsin was used, and casein was used as & control
substrate. The pH of phage suspensions was corrected to

L8 by adding phosphate buffer solution, though the optimal
PH for pepsin digestion 1s at 2.0 through 4.,0. Tt is

because the phages used were found to be inactivated by
standing overnight in refrigerator at pH 3.0.

For trypsin digestion Merck's crystallized trypsin was
used and casein as a control substrate. The pH of phage

suspensions was kept at 8.0, the optimal pH, during digestion.

As =a desoxyribopuclease preparation, varidase (Lederle)
was used, which was a commercial preparation, containing
streptokinase and‘streptodornase. Lytic activity and
antigenic change inducing activity of phage suspension
were tested after keeping the phage-varidase mixture at
30°C for 5 hours.



EXPERIMENTAL RESULTS

I. Lysogenicity of E2 group strains and phage susceptibility
of E]. group stralns.

Autolysates were prepared from S. newington, S. new-brunswick,
S. selandia, S. cambridge, S. kinshase, S. canoga, S. illinois am
S. thomasville, and 0.2ml of each autolysate were mixed with 0.7ml
of nutrient broth, in turn. In autolysate broth mixture, various
type strains of E] group were separately cultivated in turn and,
when necessary, seriagy subcultured uﬁ&illloth passage. Each cul-
tures were separately plated out in turn on nutrlent agar end the
colonies were seroclogically examined by monofactor serum. The
results are summarized in table 1, which indicates the followings.

1) Whatever the strain may be, the organisms of Ep group,
possessing 15 antigenic factor as a part of O antigens, were found
to be lysogenic and the autolysates were found to be capable of
inducing changes of O antigens of E; group cells from 3, 10 to
5,15.

2) The susceptibility to a definite phage of E; group organisms
varied with strains, some of which were readily changed in thelr
0 antigenic structure (for example; S. anatum, S. batantan, S.
simi) while others were not so readlly altered (for example; S.
london, S.meleagridis),.

3) The capacity cf inducing antigenic variation im a definite
strain of Ej group seems to vary with phage strains. Thls may,
however, depend upon the amount of phage, though the details have
not been made clear as yet.

Beside the above, 1t was observed during these pxperiments that



culture of E] group organisms was less turbld in the autolysate-

broth than in broth alone. This is due to partial bacterioclysis.

II. Antigenic changes in S. lexington and 3. maceal len.

In both 8. lexington and S. macallen, 0 engigens are 3,10, which
are the same as those of the type strains described above, but
they were changed to 3,10,15 by the phage obbained from &. cam-
bridge. This type of change was also induced by the phage obtained
from other type of organisms of Ep group (S. kinshasa, S. canoga).

Since this finding is bery important in that two antigeniec
factors, 10. and 15, are able to co-exist in a single cell, the_
antigenic structures of parent strains and induced variants were
reexamined by single cell culture technique with.micromaniééator,
and the above findings were reconfirmed.

In the previous papers and the date described in the preceeding
paragraph, only the changes from 3,10 to 3,15 or from 3,15 to 3,10
had been observed, but the coexistence of 10 and 15 in a single
cdll had not been observed as yet. Therefore, this was the first

evidence of the coexistence »f 10 and 15.

IIT. Antlgenic changes in S. chittagong.

The 0 antigenic structure of S. chittagongﬁs shown as 1,3%,10,
19. As the phages from Ep; group organisms seemed to attack the
organlisms, possessing 10 antigenic facbor, S. chittagong@as ex-~
posed to the phage. By each of the phages from S, newington and
from S. canoga, 0 antigens of S§. chittagon@kere converted from
1,5719 te 3,15 (table 2). 1In this case, it is noteworthy that the

entigenic changes involved ths loss of 10 as well as 1,19 anti-
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genic factors. The following experiments, however, showed the
possibility of cocexistence of 15 and 1,19 in a single cell.

IV. Antigenic changes in S, niloese and S. senftenberg-simsbury

When these ®wo strains were serlally subcultured in broth
containing the autolysate of 3. canoga or the mixture of auto-
lysates of S. newington, S. new-brunswick and S. selandia and/or
when serially aubcultured in broth containing 1,19 antiserun,
which was prepared by absorbing S. niloese 0 antiserum with S.
london, the induction of antigenic changes was not observed in so
far es examined. However, when these two strains were subcultured
in broth containing both the mixture of autalysates of the above-
mentioned three strains and 1,19 antiserum, antigenic varlants
were obtained from each of them, which were agglutineble by 15
monofactor serum. As these variants were agglutinated not only
by 15 antiserum but also by 1,19 antlserum, antigenic structures
were reexamined by single cell culture technique, which revealed
that the 0 antigens of the variants were 1,3,15,19 (table 2). 1In
short, 1t was confirmed that O antigens of S. niloese and S.
senftenberg-simsbury were converted from 1,3,19 to 1,3,15,19.

In these cases it 1s hoteworthy that the induction of formatiam
of 15 antigenic factor did not result in the dis;ppearance of 1,19
antigenic factors, when compared with antigenic variation of S.
,chittagoqp as described above. The reason, however, has nct been

made clear as yet, wheré:from this difference comss.

V. Antigenic variation of S. senftenberg 874ar.

S. senftenberg 87Aa' is a strsin which was obtained from S.

sengtenherg A by Ise and has only & 3 factor as a major O antigen.
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0 antigenic structure of this strain was changed from 3 to 3,15
by being exposed to the phage from S. canoga. This change was
accomplished without subculture (table 2).

VI. Lysogenicity of antigenic variants.

As described above all strains of Ep group, possessing 15
antigenic factor, werdeen found to be lysogenic and the phages
obtained from such strains nawerdeen found to be capable of
inducing antigenic changes in Ej group cells, resulting in changes
from 3,10 to 3,15 or to 3%3,10,15. Then experiments were conducted
to determine whether the induced antigenic varlants possessing 15
factor are lysogenic or not and, if any, whether or not phages
obtained from such variants are capable of inducing the same
antigenic changes as those obtained from Ep group organisms.

The results were as follows,

1) Variants possessing 15 factor, derived from E; group strains,
were found to be lysogenic and the phages obtained from such
variants were found to be capable of inducing antigenic changes

from 3,10 to 3,15 in E7 group organisms. These observations are

conslstent with Iseki and Sakai's report.

The antigenic variants were found also to be resistant to the
phages obtained from E, group organisms,

2) Variants of S, chittagong, possessing antigenic structure
of 3,15, were also found to be lysogenic and the phages obtained
from them were found to be capable of inducing the same antigenic
changes,

3) In variants of S. lexington and S. macallen the states were

found to be the same as described above, as to the lysogenicity
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and the activity of the phages.

l4) In variants of S. niloese and S. senftenberg-simsbury the
states were also found to be the same as described above, as to
the lysogenicity and the activity of the phages.

These findings indicates the close correlation between lyso-
genlclty and formation of 15 antigenic factor 1in Salmonella
organisms of E;, Ep and E3 group and/or their antigenic variants.

VII. Correlation between lytic acitivity and activity
inducing antlgenic changes

1) Effect of pH
Aliquots of phage auspenslons obtained from S. cambridge
were separated into several portions, in each of which pH was
corrected to pH 1.0, 2.0, 3.0, L.0, 5.0, 8.0, 9.0, 10.0 and
11.0 respectively and kept in refrigerator for 20 hours.

Both the lytic activity and the activity of inducing anti-
genic change of the phage were found to be destroyed at pH 3.0
or below and at pH 11,0 or over,

2) Effect of temperature

The results of plaque counting showsed a considerable
reduction in number of active phage by heating at 60°C for 320
minutes and a complete inactivatlion of phages by heating at 65°C
for 30 minutes or at 70°C for 15 minutes. The activity =
inducéing antigenic change was found to be retained after
heating at 60°C for 30 minutes, but not at 65°C for 30 minutes
or at 70°C for 15 midlghes.

3) Effect of enzymes

(1) Phage suspension obtained from S. cambridge was treated
with pepsin at pH L.8 at 37°C overnight, without any reduction
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of lytic activity or destruction of activity inducing

antigenic changes,

(2) Phage suspension was treated with trypsin at pH

8.0 at 379C for 20 hours. The results were the same as

th?se in pepsin digestion.,

(3) Varidase treatment resulted 1Q:Bestruction of meither
lytic activity #or activity of 1inducing antigenic changes.

L4) Turbidity.of broth cultures

The cultures of susceptible cells in phage-broth mixture,
from which antigenic variants were isclated, were always less
turbid than those 1n broth alone. Though the grade of turbidity
was not exactly measured, it is clear that there is a certain
correlation between bacteriolyslis and antigeniec changes.

All of the above findings indicate that the lytic activity is
parallel to the activity & Iinducing antigenic changes, and no
evidence has been obtained by which to indicate the separation
of the two activities.

VIII. Induction or selection ?

The possibility that the antigenic variants were spontaneous
mutants selected by the phage minimumized by the following.

Even when S, anatum or S. butantan was exposed to the phage
for only one minute and plated out, many antigenic variant
colonies were detected on the plates. And the number of colonies
of antigenic varlant were so numerous and the time of exposure

variants
to the phage was so short that %Rsv could not have been selected

butvbould reasonably be considered as induced by phage infection.
they
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In the course of this experiment another notlcesble phenomenon
was observed. Thus, it was noted for the first time that the anti -
genic varianhtd formed translucent colonies which could be easily
distinguished from the colonies of parent cells. Such translucent
colonies were formed exdsw when the parent cells were sxposed to
the phage for a short time and plated out at once, and pure cul-
tures obtained from such translucent colonies did not show the
aforesaid transparecy. This 1s a very interesting p:ienomenon,
though the mechanism involved has not heen rmade clear as yet.

IX. Reversion of converted antigens.

The 0 antigens 3,15 of the phage-induced variants of Ej group
organisms were reverted to the original structure %,10 by cultivat-
ing the variants 1n broth containing 15 antiserum.

In the variants of S. chittagong, O antigens were reverted to
1,%,19, the structure of the parert strain, by 15 antlserum.

In the varlants of S. senftenberg-simsbury and S. niloése, C
antigens were reverted to 1,5,19, the structure of the parent
strein, by 15 antiserunm.

X. H antigens

In each of the O entigenic variants, 4 antigens were fcund to
be the same as these of the parent strainsrespectively.

XI. Biochemical behaviors

Bilochemical behavicrz of the antigenic variants were found to

be the same as those of the parent strains respectively.
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DISCUSSION
The above findings may be summarized as follows.

1) The antigenic changes hitherto obderved, are surmarized as below.

(E1E)) (EjEz) (E2Ez)
3,10,15 1,3,10519 1,3,12,19
P P 8 » S ptrc
P !
3,10 2 > 3,15 1,3,19
(E) s (E2) . s (Ez)
m |p
3

Z Direction of antigenic changes induced by phage infectloen.

Direction of antigenic changes induced by antisdrums.

5] wl ol

Direction of spontaneous mutation.

2) As far as tested, all of the Ep group strains were found to bhe
lysogenic and the phages obtalired foom them were capable of
inducing antigenic changes from 3,10 to 3,15 or to 3,10,15 1n
El group organisms. They were slso capable of inducing anti-
genlc changes In E3 group organisms from 1,3%,19 to 1{5,15,19.

In special cases, they induced antigenic changes in S. chittagong
from 1,3%,10,19 to 3,15 and in S. senfterberg 87Aa' from 3 to
5,15.

3) In so far as tested, all of the Induced variants, possessing
15 factor as a part of C antigens, wsre found to be lysogenic
and the phages obtained from themr were found to have the capacity

of induclng antigenic changes, in comnecticn with the formation
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.of 15 factor, in Ej group organisms. Thils point seems to be
similar to Groman's findings in Corynebacterium diphtheriae,
and to be different from transductior which was cbserved in
Salmonellas by using bacteriophage of 8., typhim:rium. In
transduction it 1s pointed out that the transmission of any
givén character can be readily seperated from the acticn o f the
phage. (Lederbers and Edwasrd, 195%; Stocker, Zinder and Leder-
herg, 1953)

L) In transduction, phages which were propagatad on ocne strain,
transnitﬁed some genetic trait of this donor strain to the re-
ciplent strain, wiile in the authors' experiments phages
invariably induced the activity forming 15 factor in E; group
orgenisms, even when they were propagated on E; group cells.

5) In many of the El group organisms O antigenic stricturss wers
eltered from 3,10 teo %,15, but it was suggested that they still
retained their latent activity forming 10 antigenic factor,
because when the variants weres cultured in broth containing 1%
antiserum, 0 antigenic structures were reverted to %,10. This
is also & very important point of differerce which exists be-
tween transductiocn and the authors' observations. In trans-
duction, "a replacement of genetic trats" has bhesn pointed ouvt
(Stocker, Zinder and Lederberg, 195%), while in the authors!
experiments there las been nc evidence as yet that the antigenic
changes from 3,10 to 3,15 are considered to involve the replace-

ement of genetlc trailts for formation of 10 artigenic factor or
sceme other character bty genetic traits for formation of 15

factor,
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In antigenic changes of S. chittagong, the states seems to be
the same as described above.

) In the previous papers antigenic changes were reported to
occurresd only from 3,10 to 35,15 or vice versa, and the formation
of 15 antigenic factor seemed to be followed by *the disappear-
ance of 10 factor. The states were the same in many of Ej
group strains used in the experiments herein, but the coexis-
tence of 1C and 15 antigenic factors was observed for the first
time In two strains. Thus in S. lexington ard s. macallen, O
antigenic structures were changed from.3,16 to %,10,15. This

~ fact and the findings, that 3,15 were changed to 3,10 by anti-
serum, suggest that the antigenic changes from 3,10 to 3,15 do
not involve such "a replacement of genetic traits" as observed
in transduction.

7) Antigenic changes from 1,%,19 to 1,3%,15,19 suggest the same as
mentioned above.

In this experiment, the changes from 1,%,19 to 1,3,15,19 were
observed only when the test strains were exposed to a mixture

of phage and 1,19 antiserum, and not when exposed to the phage
alone or to the antiserum singly. However, the role of anti-
bodies is not clear as yet, because the variants still retain
1,%3,19 factors. Besides, it can not be denied that the differ-
ence among results of the above experiments might be only an
apparengsedepending upon the number of colonles examined in this
kind of experiment that has to be limited to a certalir small
number.

8) In S. anatum and S. butantan, both of which are liable to
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undergo antigenic changes by phage iInfection, many antigenic
variant colonies were detected even after exposing the cells to
the phage suspension for only a very short time. This high
variation rate is in contrast with the low frequency in trans-
duction, and is rathrer similar to Groman's findings. Thils
difference, however, could be guantitative rather than qualita-
tive in nature, as pointed out by Groman (1953).

9) When phage was inactiveted by the change of pH or heating,
the activity inducing antigenic changes was lost simultanecusly.

10) Demoxyribonuclease did not inactivate the activity inducing
antigenic varlations of phage suspension. Thils Indicates that
the sald phenomenon differs from transformation which has been
observed in antigenic changes of Pneumoconccus, H. influenzae,

E. coli anq:;eningitidis. In transformation, the active princi-
ple is inactivated by desoxyribonuclease.

11) Among the induced veriants, those possessing 0 antigenic
structures of %,10,15 and 1,3%,15,19 have not been 1isolated as

“ yet from natural sources. FPFurthermore, the immedlate practical
contributions of these variants are probably in the avallability
of the above for use as antligens for serum production.

12) In thé authors' experiments sntigenic changes have been ob-
served in 0 antigens cnly but not in H antigesns. These facts,
Lhowever, do not sxclude the possibility that chenges in H anti-
gens may occur by phage infection. It depends on the method of
detecting the veariants, whether or not H antigenic variants can
be discovered. If H antigenic variants should be sought, it

can not be denied that they might be discovered. Experiments
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along these lines are now under study.

13) It has been observed that anti-15 monofactor serun induced
antigenic chenges from 3,15 to 3,10, from 1,5,15,19 to 1,3,19
and from 3,15 tqi},lo,lg. Isekil and Sakgig?ggorted that phage
sntiserum induced a change from 3,15. to 3,10. As anti-15 mono-
factor serum was prepared by absorbing S. newington "C" anti-
serum with E; group orgunisms, 1% can not be denied that it
might have contained entiphage antibodies. This is new under
investigation. Even though Iseki and Sakal's report were
correct, there remainsanother question to be determined, as to
how the anti-phage antibodies induced the varlation from 3,15
to %3,10. Sakai and Iseki (1953) reported that the phage anti-
bodies combined with prophages within E, group cells. This
explanation, however, is difficult for the authors to accept
for the following ressons:

The first reason is that there has been no evidence as yet
that prophages can be neutralized by phage antiserum or that
they possess any antigen which reacts with antiphage antibodles.
(McKinley, 1925; Freeman and Morse, 1952; Lwoff, 1953)

The second reason is that even when cells cf Z. coll B were
soaked in anti-Tp serim for a 5 days perlod after infection
with phage Tp, neutralizatlion of phage ( gonophage) was not
observed wi£hin the cells. (Okada, psirsomalccommuhication),

Now, 1f the prophages can not be neutralized by antiphage
antibodies, what would be the appropriate explaration of the
mechanism? It has been reported that lysogenlc strain may

G
yield nonlysogenic cells in its progeny though igﬂvery small
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number (Lwoff, 1953). This may be true in E, group strains.
If so, it should be possible that such nonlysogenic cells
would be selected by phage antiserum, Nonlysogenic cells
are supposed to be yielded, if any, in a very small number
and to be infected by free phages present unless antiphage
entibodies are added. This may be one possible explanation,
and further study will be required in the future.

1l4) In the early stage of the research, the phages obtalned
from Ep group organisms seemed to be adsorbed by strains
which carry the 10 somatic antigen. However, from the
findings that they were also adsorbed by E5 group strains,
it is doubtful whether the receptor for the bacteriophage can
be the 10 antigenic factor itself, though the 10 factor has
been reported to be of a complex nature (Kauffmann, 1938).

15) Teking H antigens beside 0 antigens into considerations,
when 0 antigens of S. anatum, S. nyborg, S. meleagridis,

S. give and S. uganda are altered from 3,10 to 3,15, these
strains are changed to forms which are indistinguishable

from S. newington, S. selandia, S. cambridge, S. new brunswick
and S. kinshasa respectively. Table 3 shows a comparison of
the sources from which they were isolated. Though the
surmarized data in table 3 are not complete as not all of the
references concerned were available, they show that each pair
of S. anatum and S. newington, S. nyborg and S. selandia,

S. give and S. new-brunswick, and S. lexington and §. 1llinois
has been 1isclated from similar sources respectively. Besides,
the corresponding two types are identical or almost identical

in biochemilcal behaviors with each other.
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Though between S. meleagridis and S, cambridge no definite
similarity of sources has been found, further accumulation

of data will beﬁ%ﬁired in the future, as it has not been

long since S, cambridge was discovered. The state seems to

be the same in the relationship between S. canoga and S.
senftenberg var. newcastle, both of which are identical in
biochemical behaviours. The details of S. kinshasa could

not be surveyed because of the unavailability of the references.

Anyhow, in the strains which have been laolated not so
recently, it is noteworthy that each of the above pairs are
not only identical in antigenic structure but alos are identi-
cal or almost identical in biochemical behaviors and have
been isolated from similar sources. These findings seem to
suggest that one of the pair was yielded from the other as
a result of antigenic variation, in nature. This might be
supported by the fact that more types have been 1solated in
E1] group than E, group and each of the E, group types has its
corresponding type in E; group.

From the above it might be assumed that E, group type
strains might have been ylelded as a result of infection of
Ey group organisms with the phages which were liberated from
some unknown strain, though’thare has been no direct evidence

as yet.
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SUMMARY

1. S. newington, $S. new-brunswick, S. selandia, S. cambridge,

S. kinshase, S. canoga, S. 1llinois and S. thomasville of Ep
group were found to be lysogenic, and the phages obtained from
them were found to be capable of infecting Ej or E5 group
organisms, resulting in establishment of lysogenicity and anti-
genic changes from 5,10 to 3,15 or 3%,10,15 and/cr from 1,3,19
to 1,5%,15,19.

2. S. london, 8. give, &. anatum, &. amager, S. zanzibar, &.

shangani, 3. butantan, S. veile, S. meleagridis, S. eligaheth-
ville, &. simi, S. weltevreden, S. orion, S. lexington and S.
macallen of E] group were found to be receptive to the phages
obtained from Es group organisms and to be lysogenized, result-
ing in the said antigenic changes. The antigens of the variants
can be reverted to 3,10 by cultivating the variants in broth

containing 15 antiserum.

5. S. chittagong was also lysogenized by the phage and its 0O

L.

antigens were converted from 1,3,10,19 to 3,15, which were
reverted to the original structure by cultivating the variant
in broth containing 15 antiserum.

S. senftenberg Aa', possessing % slone as a major (O antigen,
was lysogenized by the phage, resulting in antigenic changes

from 3 to 3,15.

5. S. senftenberg-simsbury and S. niloese were lysogenized by the

phage, resulting in antigenic changes from 1,3,19 to 1,5,15,19;
weaye
whichAreverted to the original structure by cultivating the

variants in broth containing 15 antiserum.

- 20 -



6. Thus, when the organisms possessing 15 factor, whether they
may be type strains of E; group or phage-induced antigenic
variants, were cultured in broth containing anti-1l5 monofactor
serum, antigenic changes were induced from 3,19 to %,1C from
3,15 to 1,3,10,19 and/or from 1,%,15,19 to 1,3%,19.

7. The phages obtained from the antigenic variants possessing 15

factor were found to have the same activity as those from Ep
group organisms, In infecting E; group organisms and inducing
antigenic changes in them.

8. Desoxyribonuclease, trypsin or pepsin treatment affected the
phege in neither lytic activity nor capacity of inducing anti-
genic chsnges. \ |

9. The loss of lytic activity of the phages by heating or change
of pH was accompanied by the loss of capecity inducing antigenic
changes.

10. The observed phenomenon was compared with tranaduction and =
few differences were focused and discussed.
1l. The hearing of the prasert firdings on taxonomic prablems

was discussed,
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