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Abstract

During the last one year, several foundamental experi-
ments were carried out and following results were obtained.

Phage al cultured by Sg is typically controlled by this
host and variated to be unable to produce plaque on S4S in
such good efficiency as when plated on Sg. This restricted
p.Lge P1 kSg) c~n adsorb on S 4 S and inject its DNA into the
interior of S4S cell.

Glt:coso and mannose can specifically inactivate the pur!-
phlge particles. These monosaccharides are also two

,,f .'Lc.r crrr-inal component sugars of salmonella antigen 0(12)
viiich 1 the recephor for this phaao.

Methods of extraction and purificaticn of al phage DNA
Iinve been greatly improved by using the synthetic medium
devised for Sg and the refrigerated centrifuge supplied
under this contract.

With this newly obtained sample the sedimentation rate
of al phage DNA could be calculated 9.7 x1O-' 3.

vixinfection of this sample of al DNA and the active alOs
phage particles belonging to the different serological type
could also yield some new type phages corresponding to the
recombinat, if any, between a1 and alOs, one of which was
very different from those previously obtained.
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1. A statement of the problem

In the previous experiment, it could be observed that
S. Zallinarum (Sg) doubly infected with active phasge 8ags
Particles and purified rNA extractec from phage a yiead
a few new type phages corresponding to the recombinant type
between alOs and a, with a majority of normal alOs progeny
phages.

In these experimental results, the following points would
be worth notice.

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

b. It was shown fnr the first time in this expeiment
that some recombinat type phages could be obtained even
between two serological unrelated phages. (Phage a1 is quite
different type phage serologically from phage a , and the
cross between a and a by doubly infection of gs with
both active phage particles have not yet succeeded.)

c. The genom controlling the lysogenic conversion of sal-
monella C (1) antigen was shown to be contained in the DNA
sample extracted from a1 phage particles. Furthermore it
was indicated that this genom could enter into the bacterial
cell of Sq upon the mixinfection with alOs active phage par-
ticles and it meight be incorporated into the phage particle
or even the phage chromosome of alos.

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

My chief research required in this Gontract is a genetic.
and chemical anaýlysis of this phenomenon, especially to
analyze the genetic factor concerning the lysogenic con-
version of salmonella C(1) antigen on the level of DNA by
means of mixinfectlon of phage DNA and active phage par-
ticles.

2. Outline of experimental procedure
L uring 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 studies on the genetic characters of phage a1,

transducing ability and variation controlled by hosh
cell Sg.

c. Analys'es of the receptor suostance of Sg for the
attachment of phage al and the specific inactivation
of a1 phage by some monosaccharides.

d. Preparation of the more effective samples of a, phage
DNA, and its biological and physical analyses.

-1I-



c terials and methods

i� •ria]. chiefly employed in these experiments:
the temperate phage liberating from
S. paratyphi A 1035.

Phnge :31s .... the temperate phne liberating from
S. pnratynhi A No. 10 strain.

........ S. gallinarum Akita strain, nonlysogenic,
good indicator for phage al and alos.
Phape 91 produces a mldqle large plaque
and phage alOs a pin-bole plaque on this
indicator.

S4;:S ........... S. typhimurium var cohpatahagen, artific-
ially delysogenized strain by ultraviolet
light irradiatLon, specific indicator for
' and al1s also good

S8,/. ......... R-sistant. strain to a1 phage derived from
Sg. Phase alos alone oroducas a pin-hc-
p'•rq>;i on this specific indicator.

Cxperlmental methods will be described respectively in
the item of experimenjtl results.

4. Experimental Fesults

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

a. Preparation of synthetic medium for S. gkilinarum

it is desirihale to use chemiicl defined medium for phase
-'rinmnts, especislly preparation of purified phage DNA

or experiment using isotope chemicsls.
So far exarnineo., the following chemical constitution of

mnedium se.,s to satisfy the growth requirement of Sg as weti
as SO4.

Adenin'ý 20 rr,7
A.-partic Acid 20 mg
Tryptophane 19 mg
Leucine 20 njg
Cystine 26 mr
hTS 04 0.2 g
(NH4)p2SU 4  2.C g
KHi2 PO4  9.o g
K2 HP04 21.u g

Glucose (40%) 5 ml
(Agar) 11 g)
Aq. dest. 1000 ml
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It is interesting and also fevorable for our experiment
that the medium contains adenine as indispensable growth
factor for Sg, since ridenine is one of the oases of DNA and
can be directly incorporated into the chromosomal component
of phage or bacterium.

b. Further studies on the genetic characters of a 1

Host controlled variation:
Phage a, cultured by Sg forms plaque on indicator S- in

good efficiency of plating (EOP) but scarcely produces on
S4S. On the other hand, phage al cultured by S4S can form
plaque either on Sg or S4S with almost same eop.

This restricted phage al(Sg), however, can also adsorb
to S4S as well as to Sg. The K value, velocity constant
of adsorption, of a (Sg-) is a little lower (4.7 x 1.0-"ml/min)
than that of a 1 (S 4 S ý(2 x lO-'Oml/min) in this case.

Transduction experiment using the restricted phage al(S9)
and auxotropic strains of S4 S:
It is of some interests to examine whether al(Sg) can or

can not inject its DNA into S4S cell. Under this question
transduction experiments were carried out using al phage
cultur,?d by Sg and auxotropic strains of' S4 S.

The results showed that some of genetic marker of Sg (pro-
line and iso-leucine veline markers) could be incorporated
into the capside of a, phage and be injected into the auxo-
tropic $4S cells in which transduction was succeeded without
development of vegetative or pro- phage. Since the rate of
transduction of these markers was shown to be almost same
irrespective of whether they were transduced from Sg to $4 S
by al(Sg) -'r from S4 S to Sg by al(S 4 S), the injection itself
of these genomsupon the infection of al(Sg) to S4 S seemed to
be carried out at the same rate as upon the infection of
al(S4 S) to Sg or S4 8 qnd al(Sg) to Sg.

Another evidence was found that indicated the injection
of phage DNA of al(Sg) into S4 S cell. About five minutes
after the infection of S4S by a (Sg) phage, the infected $4S
cell was shown to be agglutinabIe by anti-O(1)-serum, indi-
cating that 0(l) antigen was formed on the infected S4S cell
under the control of injected a, phage genom. However, of
corse the progeny cells of S4S infected by al(Sg) were not
agglutina.ted by anti-Okl)-serum. Consequently the above
mentioned conversion is temporary one restricted to the
infected cell itself, and the converting genom can not be
transmited into its progeny cells



c. Analyses of the receptor substance of Sg for al phage,
and the specific inactivation,-of al by some mono-
saccharides:

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 in oacteriochemistry of salmonella antigens that
at least the sugar component of salmonella antigen 0(12) is
composed of two branched chain respectively terminating with
glucose and rhamnose and the glucose chain has such a sequ-
ence as c-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 salmonella
antigen 0(12).

In fact, it could be observed that glucose and mannose
could both inactivate the purified a1 phage although other
components, galactose and rhamnose, were not effective for
this phage inactivation.

To analyze further this interesting phenomenon some
studies were carried out. The resulting data are summariz-
ed as follows.

i) The inactibating effect of glucose and mannose can
be observed on the purifled-al phage but not on crude lysate
by phage a1 .

ii) Glucose effect is less than that of mannose. Pur-
ified aj phage sample incubated in 1 mol solution of d-mann-
ose at V7C for 3 hours ahowed ti-er dropped to about i0-
of its original one. In the case of d-glucose the inacti-
vation rate is about 10-' at the same condition.

iii) A positive control experiment was carried out us-
ing Pc phage, one of the salmonella virulent phages isolated
in our department. Pc is known by our previous studies
to adsorb to almost all salmonella bacilli possessing 0(12Y
antigen. And it is also specifically inactivated 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. Terada and I. Kondo; 1959,
Japan. Jour. of Microbiol. vol 3, no. 2)

In this time experiments it was revealed that Pc phage
was also inactivated by d-,lucose and d-mannose. It is of
some interests that the inectivating effects of these sugars
are respectively about l0-6 and l0-3,A*, and this relation is
just the reverse of that observed in a1 phage. Incidentally
Pc phage is not also inactivated by galactose and rhamnose.

-4-



iv) As another contro2, 'T2 and T3 phage were examined.
The results of examination show that T2 phage is not

affected at all by almost all hexoses while T3 is inacti-
vated by galactose and arabinose as well as glucose and man-
nose. The latter date are interesting in consideration of
the evidence that the receptor substance for this phage is
recently reported to contain galactosmine and glucosamine,
and on the other hand the sugar effect of arabinose and gal-
actose in the blockage of the antiserum against human blood
type antigen are put into the same one category by Nekaela's,
classification of monosoccharide.

These results of experiments on the phage inactivation by
monosaccharide were summarized and reported at 10th General
1leeting of Japanese Society of Virologist, and now they are
in press.

d. Preparation of more effective sample of a1 phage-DNA
and its biological and physical analyses.

Methods of the purification of phage al and the extrac-
tion of DNA from this phage could be greatly improved by
using the refrigerated centrifuge supplied under this con-
tract.

The more pure phage sample could be obtaine by using al-
ternatively high speed centrifugation by Sharples or Spinco
type ultracentrifuge and low speed centrifugation by this
refrigerated centrifuge. Especially low speed centrifuga-
tion by this instrument at low temperature for enough long
time made it possible to purify the sample without dropping
its biological activities.

Pigure 1 indicates the sedimentation patt-rn of the puri-
fied a, ohage particles at 30,000 rpm centrifugation by
Spincol• 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 o'(S 4 S) taken
at the moment of 0, 10, 20 and 30 minutes after the speed
meter just indicates 60,000 rpm.

The sedimentation rate of a1 phage calculated from these
pattern is 9.7 x 10-1.7 s.

It was also known during the corse of' experiments that
the a1 phage partiales 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 purified by the previous method with Sharples type
ultracentrifuge alone.

-5-



For instance, it needed at least about sixty times of
freezing and thawing in 5 mol. Nacl solution to drop the
titer of infective perticles until to 10- for the al phage
sample purified by the previous method, but it is enough
acomplished with only tem times of the same treatment for
the sample purified by the new method.

Biological 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 Genatics vol 34, No. 8 (1959)
"8re also verified with these new phage DNA samples, I'.e. the
micinfections of these a1 DNA and the active phage particles
alOs yielded a variety of new type phages corresponding to
the recombinant type between al and alose

However, one of these new type phages is a little differ-
ent from those previously reported. It produces plaque
larger than that of phage al on both indicators iether Sg or
Sg/z while the new type phages previously obtained are all
those producing a plaque larger than alos plaque and smaller
thv•u nI pl!ýque. Furthermore it seems to be more virulent
being able to produce a plaque on Sg(alos), Sg lysogenized
by alus phage,

The biological and genetic analysis on this curious new
type phage x will be chiefly carried on in the neprest
future,

F. 3 ummsry of experimental results

By the experini,?nts during the last one year, the follow-
la,, evidences could be known.

A. Remarkable host controlled variation can be observed
in a1 phaie culLured by SS. The platin., effeciencies of
ý(SgP) on indicator Sg and S4S are respectively 1 and 10-
while al(S4S) cqn produce a pla'ue on these both indicators
with almost the s':Jme e.o.p.

b. The restricted ohage al(Sg), however, can adsorb on
3':> cell and inject its -DNR into the interior of the in-
tected cell. Cons~ouently the somatic antigen O(1) is
produ>,d on the cell surface on -:4S infected by this re-
str1•tr6 oThnge. NIow-ver, this antigenic co:iv-rsion is

, observo:-i on bne infected ;ells under the con-tr~ol of' ti-i injeocted converting genoa, and the ability of
production of 0(1) antigen can not transmitted to their

.'r"), 9.tn cells.
c. The receptor substance for the adsorption of a1 phage
closely related with salmonella 0(12) antigen. And it

:.::owN thnt glucose and mannose, two of four sugar com-
ponents of OI?) nntigen, can inactivate this phage, while



other two suGar, ,xalactose and rhamnose can not affect at
all. The specifity of this sugar effect is shown by var-
ious control exps)riments.

it. Methods of the purification of phage sample and the
extriction of phsge DNA could be greatly improved by using
the refrigerated centrifu.e supplied under this contract..-

The sedimentation rate of a, phage is calculated 9.7s
from the sedimentation pattern of this phage analyzed by
the ultracentrifuge of Spinco F type.

e. Plixinfection of Sg with the purified DNA extracted
from al phage and the active particles of al o s pla3e. can-
yiela s~veral new type phages besides a majority of alOs
progeny phage. One of them is s•iown to be different from
those ootained in the previous experiment. At least it
can produce a plaqre larger than that of a1 phage on both
inaicators, Sg and Sg/z, and even on Sg(alos).

6. -Iscussion

iThe hoýýt controlled variation observed in al phage cul-
turel by ',.T_ is very typicnl. The evidencets that the rest-
ricted phso sl(Sg) can k§sorb on the cells of S4S and in-
iect lts DNA intc th,. interior of F4S cell without the deve-
Loprne:it of infective phage particles :--re of some utility
w!-luý- 'or this research. For instance, mL-,'nfection of

4 with the NA extracted from the nonrestricted phage
aI(S4S) Fnd the nctive oqrticles --f the restricted phage
•i(S.) will 1,e r,q of promising e.p,-riments to analyze the
nrt ir- nf th- I- -7t controlled vari•t•on and the lysogenic
ccnverti rn of s,)Ironella 0(1) antigen.

2he s-ecific inactivasting ffect of glucose and mannose
•o q),_,, is n]so interesting although it is rather beyond

i• f t.e of thi.s rveqrcr. However, the relation between
y ýr -,ironns of salmronella 0(1) anti.:en and 0(I•) snti-

_era " ..... ,non , e for rhp biochemic,.l analysis of the
o r conrsion coricernin, 0C1]) antigen by F. phage.

Se, lbove, the sugsr component of theO(12)
,e receptor for rifih, , is v glucoze-galactose-

,: -. .t , rm , , Ile f.-ne 0 1) tnVl -n is rlo composed of
i 4u~cs'e, salactoý.e, mannose and rhqmnoe with the same
s1uen,>e. The .nl-yC if't>rence is the llnckltge Oetween the
;crmlnl.v glucosc An1 the second su~&r-saisctose, which is I

- , in Lhth former noi I - 4 in the latter. There will natir-
r NIy rei1-e Lth qu ', tjon: Is Iv',ro boiee cI o e in err•:]'Ition
bttw~en Q., O(l) antigen converted by a phage iic Lhe ,.ntl-
gen 00?2) aL; th:: receotor for this phage? And is it a es-
•,nftlC,] l.irt oC th-.ý .yLogenio conversion of salmonella ý.(I}

7-



antigen that the a1 phage genom injected through the re-
ceptor, 0(12) antigen, induces the production of such a
enzyme as converting the 1-6 linckage between glucose and
galactose in the 0(12) antigen to 1-4 linckage as observed
in the 0(l) antigen.

The improvement of the method of extraction and puri-
fication of a, phage DMA seems to be shown in the sedi-
mentation pattern of a, phage particles and a1 phage DNA
in Figures 1-5. The sedimentation rate of ai phage ONA -
7.9 x I0's is a little smaller than those reported of T
phage.

As for this evidence it will be a future problem to
analyze whether this smaller s value indicates the speci-
fity of a1 phage DNA itself or the rather drastic method
(freezing and thawing in 5 mol salt solution) employed in
this experiment.
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Fie 2 Fig 4

Fig. 1. Sedimentation pattern of aI phage. Photograph
is taken at 31820 rpm.

Fig. 2-5. SedinintEtion patterns of a.1 pbAcP DNA.
Photopraplh £, are respectively tken 0, 10,

20 and 30 min. after the moment- just the speed

meter indicates 60,000 rpm.


