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Abstract

During the last one year, severil foundsmental experi-
ments were carried out and following results were obteined.

Phage a1 cultured by Sg is typlcally controlled by this
host and variated to be unable to produce plaque on S4S i1n
such 2004 efficiency as when plated on Sg. This restricted
pr.age & 18g) can adsorb on S48 and inject 1ts DNWA into the
interior of S4S cell.

%1lveose and mannose can specifically inactivate the puri-
i1~ - prege particles. These monosaccharides are also two
LI tour v rmrinal component sugsrs of salmonelle antigen 0(12)
wnlch (o the recephtor for this phage.

Methods of extraction and purificatlcn of aj phage DNA
iiave been greatly improved by using the synthetic medium
devised for Sg and the refrigerated centrifuge supplled
under this contract.

With this newly obtained sample the ssdimentation rate
of &1 phage DNA could be calculated 9.7 x107%

Mixinfection of this sample of a3 DNA and the active 8]10s
phage particles belonging to the different serologicel type
could also yield some new type phages corresponding to the
recombinat, 1f any, between 87 and ajgs, one of which was
very Gifferent from those previously obtained.




GLNETIC ANALYSIS OF MICROORXGANISM bY MIXED INFECTION OF
ACTIVE FHAGE PARTICLES AND FHAGE OR BACTERIAL DNA

Isamu Kondo

Professor of Bacteriology
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1. A statement of the problem

In the previous experiment, it could be observsd that
8. zallinarum (Sg) doudbly infected with active phage a as
particles and purified INA extracted from phage a yieiasd
a few new type phages correspondling to the recomb}nant type
between 81ps and a; with a majority of normal 810g Progeny
ohases,

In these experimental results, the followlng polnts would
be worth notice. ,

a. The genetic activity ol phagze DNA is directly shown
on the level of purified DNA.

b. It was shown for the first time in this expelment
that some recomblnat type phages could be obtalned even
between two serologlcal unrelated phages. (Phage aq 1is quite
different type phage serologlcally from phage 29082 and the
cross betwesn a4 and 8 0 by doubly infection of'gg with
both active phage part}cies have not yet succeeded.)

¢. The genom controlling the lysogenlc conversion of sal-
monella C (1) antigen wus shown %o be contained in the LNA
sample extracted from a7 phage particles. Furthermore 1t
was Indlcated that thils genom could enter into the bacterilal
cell of S¢ upon the mixinfection with ajps sactive phage par-
ticles and 1% melzght be incorporated into the phazge particle
or even the phage chromosome of ajps.

However, this experiment was preliminary and there were
too much problems which should be critically analyzed.

My chief research required in this Gontract is s genetic
and chemical enalysis of this phenomenon, ~=specially %o
analyze the genetic factor concerning the lysogenic con-
version of salmonella C{1l) antigen on the level of DNA by
means of mixinfection of phage DN& and actlve phage par-
ticles.

2. Outline of experimental procedure

During the last one year, following rather pasic experi~
ments necessary for the development of the above experiment
were chiefly concerned.

a. Preparation of synthetic medium for S. gallinarum,

b. Further studles on the genetic characters of phage 815
transducing ability and variatlon controlled by hosk
cell Sg.

¢. Analyses of the receptor suostance of Sg for the
attachment of phage aj; and the specific inactlvation
of a; phaze by soms monosaccharides.

d. Preparation of the more effective samples of aj phage
DNA, and 1ts blological and physical analyses,
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‘kerials and methods

herigls chi=fly employed in these expariments:

GRS R e e
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B2,/7 voeeonnes

the temperate phage llberating from

3. paratyphi A 1016.

the temperate phage liberating from

S. paratyshi A No. 10 strain.

S. gallinarum fkite strain, nonlysogenic,
good indicator for phage al and aips.
Phage a7 produces a middle large plagque
and phage ajpg = pin-nole plague on this
indicator.

3. typhimurium var cohpanhagsn, artific-
1ally delysogenized strain by ultraviolst
light irradiation, specific indicator for
241 and agpg. also good

R-sistant strain to aj phage derived from
Sg. Phege aj)s alone »nroducas a pin-hcle
plac .z on thig specific indicator.

Cxp=rimental methods wlll be described respectively in
the ltem of experimental resultso.

4, Experimental fesults

The results of the above experiments are respectively
summarized as follows.

a, Preparatlon of synthetic medium for S. gzllinarum

So far examined, the following chemical constitution of
medium sesms to satisfy the growth requlirement of 3g a3 werl

an 348,

Adenln- 20 mg
Lzpartic Acid BU mg
Tryptophane 19 mg
Loucine 20 mg
Cystine 26 ng
M@S04 0.2 g
(NHq ) 2S04 2.0 3
KHoPQy 0.0 g
KoHPO4 21.0 g
Glucose (40%) 5 ml
(Agar) 11 g
Ag. dest, 000 ml

- 2 -
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It is interesting end also fevorable for our experiment
that the medium contains adenine as indispensable growth
factor for Sg, since adenine 1s one of the vases of DNA and
can be directly incorporated into the chromosomal component
of phage or bacterium.

b. Further studies on the genetic characters of aj

Host controlled variation:

Phage a, cultured by Sg forms plaque on indicator Sz in
zood efficlency of plating (EOP) but scarcely produces on
S4S. On the other hand, phage a] cultured by S43 can form
plaque either on Sg or S¢S with almost same eop.

This restricted phage aj(Sg), however, can also adsorb
to 545 as well as to Sg. The K value, velocity constant
of adsorption, of a1(Sg) is a little lowsr (4.7 x 10-"“ml/min)
than that of 87(848) (2 x 10~'°ml/min) in this case.

Transductlon experiment using the restricted phage a1(Sg)

and auxotropic strains of S4S5:

It is of some interests to examine whether 81(Sz) can or
can not inject 1ts DNA into 545 cell. Under thls questlon
transduction experiments were carried out using aj phage
cultur=d by Sg and auxotroplc strains oi 5$4S5.

The results showed that some of genetic marker of Sg (pro-
line snd iso-leucine veline markers) could be incorporated
into the capslde of a; phage and be injected into the auxo-
tropic $43 cells in which transduction was succz2ded without
development of vegetative or pro- phaze. Since thz rate of
transduction of- thas: markers was shown to be almost same
irrespective of whether they were transduced from Sg to 548
by a1(Sg) or from $4S to 3 by a1(S4S), the injection 1tssif
of these genomsupon the infection of 87(Sgz) to S4S seemed to
be carrisd out at the same rate as upon the infection of
81(848) to %3 or 348 gnd aj(Sg) to Sg.

Another evidence was found that indlcated the injection
of phage DNA of aj(Sz) Into $,S cell. About five minutes
after the infection of 543 by a,(Sg) phage, the Infected S4$
cell was shown to be azzlutinable by anti-O(l)-serum, indi-
cating that 0(1) antigen was formed on the 1nfected S4S5 cell
under the control of injected a; phage genom. Howaver, of
corse the progeny cells of £4& Infected by a1(Sg) were not
agzglutinatsd by anti-0(1)-serunm. Gonseguently the above
mentioned conversion is temporary one restricted to the
infected cell 1tself, and the converting genom can not be
transmited into 1ts progeny cells

-3 -
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c. Analyses of the receptor substance of Sg for a) phage,
and the specific - inactivation.of aj by some mono-
sacchartdes: <

Concerning the phage P22 which seems to be very similar
to phage a;, Lederberg has reported that the receptor for
this phage would be overlaped with salmonella antigen 0(12).

On the other hand, it has been revealed by recent deve-
lopments 1n vacteriochemistry of salmonells antigens that
at least the sugar component of salmonella antigen 0(12) lis
composed of two branched chain respectively terminating with
glucose and rhamnose and the glucose chain has such a sequ-
ence 8S A-glucose-galactose-mannose-rhamnose,

These things considered, it will be supposed that the
receptor for a; phege has some relations In its molecular
configuration %o the terminal sugar component of salmonelle
antigen 0(12).

In fact, 1t could be observed that glucose and mannose
could both inactivate the purified 8, phage although other
components, galactose and rhamnose, Were not effective for
this phage inactivation.

To analyze further this interesting phenomenon some

studles were carried out. The resulting data are summariz-
" ed as follows. .

1) The inactibating effect of glucose and mannose can
be observed on the purified-a; phage but not on crude lysate
by phage 83, :

11) Glucose effect 1s less than that of mannose. Pur-
ified &, phage sample incubated in 1 mol solution of d-mann-
ose at 37'C for 3 hours ahowed titer dropped to about 10-*
of its original one. 1In the cass of d-glucose the inactl-
vation rate is asbout 10~“ at the seme condition,

111) A positive control experiment was carried out us-
ing Pc phage, one of the salmonellae virulent phages isolated
in our department. Pc 1s known by our previous studles
to adsorb to almost all salmonella bacilli possessing 0(12¥
antigen. And 1t 1s also speciiically inactlvated by the
culture filtrate of these salmonella bacilli in which the
0(12) antigenic sustance would have been eluted from the
surface of these bacilli. (M. Teradas snd I. Kondo; 1959,
Japan. Jour. of Microbiol. vol 3, no. 2)

In this time experiments 1t was revealed that Pc phage
wasg also inactiveted by d-glucose and d-mannose, It is of
some 1lnterests that the inactivaeting effects of these sugars
are respectively about 10-%and'10~3%, and this relation is
Just the reverse of that observed in aj phage. Incldentally
Pc phage 1s not also inactivated by galactose and rhamnose.
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iv) As another control, T2 and T3 phage were examined.

The results of examination show that T2 phage 1s not
affected at all by almost all hexoses while T3 is inacti-
vatad by gelactose and arabinoss as well as glucose and man-
nose. The latter date are interesting in consideration of
the evidence that the receptor substance for thils phage 1is
recently reported to contaln galactosmine and glucoszmine,
and on the other hand the sugar effect of arabinose end gal-
actose in the blockage of the antiserum asgainst humarn blood
type antigen are put into the same one category by Mekaela's:
classification of monossccharide.

These results of experiments on the phage inactivation by
monosaccharide were summarized and reported &t 10th General
Meeting of Japanese Society of Viroclogist, and now they are
in press.

d. Preparation of more effective sample of aj phage-DNA
and 1ts bilological and physical analyses,

Methods of the purification of phage &7 and the extrac-~
tion of DNA from this phsge could be greatly improved by
using the refrigerated centrifuge supplisd under this con-
tract. .

The more pure phage sample could be obtaine by using al-
ternatively hizh speed centrifugetion by Sharples or Spinco
type ultracentrifuge and low speed centrifugation by this
refrigerated centrifuge. Tspsecially low speed centrifuga-
tion by this instrument at low temperature for enough long
time made 1t possible to purify the ssmple without droppoing
its biolozlcal activities,

Filgure 1 indicates the sedimentatlon patt=rn of the purl-~
fled a; ohage particles at 30,000 rpm centrifugation by
Splnco E type centrifuge. There can be observed only one
unicue peak. Also fig. 2 - & show the pattern of sedimen-
tation of purified phage-DNA extracted from a)(84S8) taken
at the moment of 0, 10, 20 and 30 minutes after the speed
meter just indicates 60,000 rom.

The sedimentation rate of aj; phage calculated from these
pattern is 9.7 x 10-1¥ s,

It was also known during the corse oi =xperiments that
the a7 phege particles enough purified by means of the combi-
nation of the refrigerated centrifuge and Sharples or Spinco
type ultracentrifuge were much more sensitive to freezing
and thawing method for rupturing of the phage coats than
that purlfied by the previous method with Sharples type
ultracentrlifuge alone.




For instance, 1t needed at least about sixty times of
freezing and thawing in 5 mol. Nacl solution to drop the
titer of infectlve perticles untll to 10~ for the a3 phage
sample purified by the previous method, but 1t is enough
scomplished with only tem times of the same treatment for
the sample purlfied by the new method.

Blologlcal analyses of the above DNA sample are now carri-
ed on, and so far examined the previous results which we
reported in Japanese Journal of Cenatics vol 34, No. 8 {1659)
are also verifled with these new phage INA samples, i.e. the
micinfections of these a; DNA and the active phage particles
a19s yielded a variety of new type phages corresponding to
the recomblnasnt type between a1 and aids.

However, one of these new type phages is & little differ-
ent from those previously reported. It produces plaque
lerger than that of phage 2] on both indicators lether Sg or
Sg/z while the new type phages previously obtalined are all
those producing a plaque larger than algs plaque and smaller
tharu a1 plaque.  Furthermors it seems to be mors virulent
being able to produce a pla-ue on Sg(alos), Sz lysogenized
by aj s phage.

The biological and gensbic analysis on this curious new

tyoe phaze x will be chiefly cerried on in the n2arest
future.

£. Summary of expsrimental results

By the expariments during the last one year, the follow-
Y}t svidences could be known.

R/, Remarkable host controlled variation can be obsesrved
‘n a1 phaie cultured by Sg. The plating effeciencles of
+1(S3) on indicetor Sg and S48 are respectively 1 and 10- ,
whils &31(S48) can produce a pla~us on these both indicators
with almost the swme e.0.p.

b. The restricted ohaze a1(Sy), however, can adsorb on
34- ceil and 1inject its DNA into the interior of the in-
{azted cell. Cons:nuently the somatlc antigen G(1l) is
produce~d on tha cell surface on :4S infectsd by this re-
stricted phage. Howaver, this antiganic conversion is
Fewsoraplly observad on the infected c¢ells under the con-
trol of the Injected converting genom, and the ability of
L production of 0(1l) antigen can not transmitted to théeir
nrogsay cells.

c. The receptor substance for the adsorptlon of aj phage
1o closaly related with salmonslla 0(12) antigen. And it

Toudnown bhat glucose and mannoss, two of four sugar com-
ponents of 2(17) nntigen, can insctivate this phage, while
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other two sujgar, gilactose and rhamnose can not affect at
all. The specifity of this sugar effect is shown by var-
fous control expsariments.

1. Methods of the purification of phage sample and the
exbrsctlion of phage DNA could be greatly improved by using
the refrigerated centrifuze supplied under thls contract.-

Ths sedimentation rate of a; phage is calculsted 9.7s
from the ssdimentatlion pattern of this phage analyzed by
the ultracentrifuge of Spinco I type.

2, Mixinfection of Sg with the purlfied DNA extracted
from a1 phage and the active particles of ajng phaze can -
yielda s3veral new type phages besides a majorlity of ai0s
progeny phage. Ons of them 1s shown to be different from
those obtained in the prsvious expsriment. At least 1t
can produce @ plaqre larger than that of a; phage on both
inaicators, 3¢ and Sg/z, and even on Sg(a)0s) -

6. .iscussion

The hout controlled vsriation observed in aj; phage cul-
tured by L3 is very typical. The evidencecs that the rest-
ricted phage 21(Sg) can acdsorb on the cells of $45 and in-
Ject 1ts DNA intc the interior of 45 cell wlthout the deve-
lopmeat of inlective phage particlss sre of some utility
vrlues 'or this research. For instance, mi.Znfectlon of
54% with the DNA extracted from the nonrestricted phage
a1(548) and the active varticles of the restricted phage
21(8g) will e 1A of promising exp-riments to analyze the
natar> nf th= bk <t controlled variation and the lysozenic
coavertion of salronella 0(1) antigen.

'he soecific inactlivabing =ffect of gluconse and mannose
to oAy sharx 38 also Interesting slthough it 1s rather beyond
Yy Lrane of this rerespch,. However, the relation bstween
suinp coamoonants of salmonella (1) anti.en snd 0(12) anti-

e Tf Loohn notice l'or the blochemrical analysls of the
ivgofenie coanversion coneerning CG(1) aaklzen by A. phage.
e r 1@l sbove, the sugar compoaent of the 0(12)
watios, Yo rgeeptar for ny phtge, 18 £ glucose-galacbose-
o = rmnos e vnile the O(1) mntiz-n ie slec composed of

£ slvecss, pslactore, mannoss and rhemnoss wlith the same
setuencs.  The only diftorence 18 the llnckuge between the
serminal plucosc snd the secoad sugar-palactose, which is 1
- © in the formzr nd 1 - 4 in the latter. There will nate-
relly ralse Lhe gu atgien: I& Lthare some clofe inierrel-tion
betwaen iLh= 0(%) antigen converted by &, phage 9. the cabl-
gen 012) ac the receptor for this phage? And iIs it & 2s-
s:nhial part of the lysogenic conversicon of salmonells (1}
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antigen that the aj phage genom injected through the re-
ceptor, 0(12) anbizgen, induces the production of such a
enzyme as converting the 1-6 llinckage between glucose and
zaluctose in the 0{12) antigen to 1-4 linckage ss observed
in the 0(1) antigen.

The tmprovement of the method of extrection and puri-
fication of aj phage DNA seems to be shown in the sedi-
mentation pattern of ay phage partlcles and aj phage DNA
in Figures 1-5. The sedimentation rate of a] phage DNA -
7.9 x 10-19 is a 1ittle smaller than those reported of T
phage.

As for this evidence 1t will be s future problem to
analyze whether this smaller s value indicates the speci-
ity of aj; phege DNA 1tself or the rather drastic method

(freezing and thawing in 5 mol salt solution) employed in
this experiment.
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Sedimentation pattern of a; phage. Photograph
is tesken at 31820 rpm.

Sedimentation patterns of aj nhage DNA.
Photopraplis -5 are respectively taken O, 10'd
20 and 30 min. after the moment Just the spee
meter indicates 60,000 rpn.



