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Studies on the multiplication of OP, phage (Xanthomonas 
oryzae bacteriophage). 2 

Interference phenomena in the multiplication between OP1 

and OPw the growth temperature mutant obtained from OP1 * 

SATOSIU W AKIMOTO and HAZIME YOSHII 

INTRODUCTION 

The multiplication of bacteriophage starts by the injection of the 
contents---desoxyribonucleic acid-of the phage adsorbed on the surface 
of the host celL The penetrated DNA from the parent phage plays in 

the cell the principal role of the reproduction of new phages as the 
genetic marker. 

When a bacterial cell is infected by two kinds of the virulent 
phages, the interference phenomena between the phages will take place. 
Phages are classified as the related with each other or as the unrelated 
on the standpoint of their serological reaction and morphological rela­
tionship_ And the interference phenomena between two phages are 
different in accordance to their mutua! relationships. 

in the case of the unrelated phages, as it is reported with Es­
cherichia coli phage (/. (Tl), a (1'7) and T (1'2), the mutual exclusion 
phenomena and depressor effect have taken place.'" /1', Nameiy, in the 
case of simultaneous infection of two unrelated phages, the contents 
of one of the two phages penet rate and multiply, while the other phage 
(,::=Jll110t self-repronu(':f' due tn the exclusion of the previollsly penetrated 

vhage. The excluded phage which adsorued 011 Lhe cell surface, iII ib 
turn, interferes or depresses the multiplication of the intruded phage. 

In the case of the related phages, both t\VO phages penetrate and 
multiply without any interference between them, if they simultaneously 
attack the same host cdl. In the progenies, besides the reproduction 

i!- Contribution from the Laboratory of Plant Pathology. 
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of normal phages of the characters of the respective parents, are pro­
duced the recombinants having the characters of both two parents as 
the results of recombination of the parent characters. When infection 
is unsimultaneous, lapse of time necessary for the excluding action of 
the prior phage against the succeeding phage is determined by the 
nature of the former. Interference phenomena of related phages were 
detailed in the experiments with T -even phages by Dulbecco.8, ~) 

The authors isolated a mutant OP I ! phage--which differs in its 
optimum growth temperature from the wild type OPt (Xanthomonas 
oryzae phage). Many kinds of phage mutant such as host range 
mutant,"'"- 1:)) plaque morphology mutant,' , llJ) adsorption cofactor mutant,3) 
proflavine resistant mutant/I) and heat resistant mutane) were reported. 
The OP lt phage is a new type mutant and is named the growth tem­
perature mutant. 

The writers report the experiments on the interference of OPH to 
OF I phage multiplication studied by the single-burst experiment4

, 10) and 
the one-step growth experiment.1ll) 

MATERIALS 

OPI phage: A host specific bateriophage of Xanthomonas oryzac, 
the causal organism of the bacterial leaf blight of rice, and some 
physiological and biological characters of the phage were reported.li"') 

OF l t phage: The growth temperature mutant obtained from OP h 

and has the same serological and several other characters except in its 
optimum growth temperature with OF I' 

X. oryzae no. 60: Newly isolated strain obtained from X. oryzae 
no. 49. 

CaV[Ch mediurn : Vitamin free caseinhydrolysate mediuIIl with 
CaCl~. The protocol of this medium was reported in the previous 
paper. lr

») This medium is profitable for both OP] and OPu phage multi­
plications but is not so preferable for the multiplication of X. oryzae 
as the semiartificial medium. 

Anti-OP! phage serum: The method to make this was also pre­
viously reported.l,·,j It reacts with both OP1 and OP1/, phages in equal 
activity. and inactivates them with the same inactivation constant. 

1\1ETHOD 

The single-burst experiment is the method with which the re­
produced phages from each infected single bacterial cell are assayed 
quantitatively. If two kinds of phages attack a bacterial cell simul­
taneously or unsimultaneously, the interference, if present, between both 
phages in the same host cell will be cleared by this method. The 
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principal of this method is to divide the phage infected bacterial sus­
pension to the test tube-growing tube 2 in Protocol 1- , before 
bacterial lysis takes place, so that each tube will contain, un the 
average, less than one cell of the infected bacter ia. After the burs t 
of all infected bacteria in each tube under definite environmental con­
dition, the produced phage progenies are quantitatively assayed by 
usual plaque count method. 

The procedures of the single-burst experiment used in this experi­
ment are indicated in Protocol 1 and 2. 

Protocol 1 • 
Protocol of s ing le -b urs t ex pe riment (1) 

1. Adsorption tube: - - - - - ----. Ten) .("C) T ime 

OP1 phage s llspension 

(2.0 x 10"/011,) 0) 1Il1.~ 
OP" phage suspension 
(.'3.3 x lO'/ml.) 05 m1. 
Bacterial suspension 
(5.0 xIO"!ml.) . 0.5 m l. 1" 0.1 m1 

2 . Serum tube: i\nt i ·pha~e semm 05 m1. (2 - -- --
3. Dilution lube I : CaVfCh m ed iu m O.!) 1ll J. T-10 j -m:l. 
.J. Dilu tion lUbe l : CaVfCh medium 9~ nil ~ 
5. Growing tube 1 : CaVfCh m edi Ul n 50 0 ml IDOl mI . 

5 min. 

5 m in . 

30 m in. 

6. Growing tube 2 : 50 tubes ~.----;-'"",,,,,"' -,ftI'i"C' 
7. Plating for plaque making l:~ . l !1_J : . a ~ i.q~l_o_i:-- __ __ ._ .•. . ___ 30-60 min. 

IS hrs. 
8 . Change of the incubation temperature ' . ::--- - ---- - ~ g~: 
9. Plaque (QUntiflJ.: _. __ . . _ ___ ... ________ __'-___ w"-'! 

Protocol 2 
P ro tocol of s ing le -burs t experiment (2) 

1. Adsorption tube : ___ . ___ ___ _ • __ ____ _ ~ ... _ . . _ . __ _ Tern .eC} 

OP1 phage s us pension 
(2.0x 10&/m l.) 
OPu phage suspension 
(3.3 x lOl/m 1. ) 
Bacteria l s uspension 

2. Serum tube: Anti-phage serum 
3. Dilution tube 1: CaV£Ch medium 

0.1 ml.b 
0.2 ml. 

05 
U.Ul m!. 

. m l. 1 
0.5 ml. -_.---.---. 
0 $ ml.:mJU.1 __ ,:n.,:. -- . 
99 I 

:J][]O.l m l. 
Dilution tube 2: CaVfCh medium . Ill . EJ O.I m l. 

5. Growing tube 1 : CaVfCh 'mediu llI SO.O mI.? 
4. 

:iO .. ' .. . 

ime 

5 min. 

5 m in. 

?05 m in. 

6. Growing lube 2 : 50 tubes ____ "'-::.:J2!..!,,"\! -- ---
7. P lating fo , pla<lue makinn . __ }·P • .ITlJ :_ .~ li~~l.~t 35 -60 min. 

... 15 hrs. 
8. Change of the Incub:. tion temperature - - -; - - .. . -. ~ I~~: 
9. Plaque counting _._.<__ __ .. ____ :- : ~.:: : ___ __ _' .... '_ __ .L...i'--" 

The method used for the one-step growth experiment of OP1 and 
OP" phages is as Protocol 3. 

The discriminating method of OP, from OP" phage by plaque 
morphology is as follows. 

OP, phage forms clear plaques a t 25°C. or 30"C. on X. oryzae no. 
49 (Plate ,figs. 1 et 3), while it forms indistinct plaques at 35°C. (Plate 
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Protocol 3 
Protocol of one.step growth experiment 

1. Adsorption tube: Tern .eC) _---'T.,,'"i""e_ 
OP, phage (or OP" phage) 

suspension (9.2 x lO'/ml.) 
Bacterial suspension 

2. Serum tube: Anti-phage serum 
3. Dilutiun lube: eaVieh medium 

~I ::; min. 

'ip~:- :; min. 

25 J min. 

I, fig. 5) Namely, X. oryzae no. 19 cells infected with OPt phage are 
lysed prefectly under these temperatures unless at 35°C. While OPl 
phage forms clear plaques at 25"'C., and cannot at 30"C. The ability of 
these phages to lyse the infected bacteria might be depressed by some 
unknown reasons under such high temperatures. 

After plating the mixture of OPl and OP lt, phages by usual method, 
and placing the culture plate successively at 25

c
C. (15 hrs.), 30~C. (3 

hrs.) and 25"C. (several hrs.), clear rings will appear in every plaque 
of OP lt phages on account of lysis inhibition of the infected bacteria 
under 30

c
C., while there are normal plaques in the case of OP I phages. 

By the presence or absence of the rings in plaques, OPI and OPu 
phages are distinguishable from each other easily (Plate ,figs. 2 et 4). 

If the plate of the bacteria infected alone with OF1 phages is 
incubated successively at 25°C., 35°C. and 25

n

C. each under the appro­
priate period the plaques having clear rings will appear as when OP It 

infected bacteria is incubated at 25°C., 30
G

C. and 25
Q

C. successively. 
These are based on the fact that both phages differ from each other 
only phenomena in their optimum growth temperatures. 

RESULTS 

The result obtained by conforming to Protocol 1 is showed on the 
table of Result 1. 

Result 1 
Result of single. burst experiment 

No. of plaques No. of plaques 
Tube no. Tube no. 

Op, OPu OP, OPu 

1 0 0 6 0 22 

2 15 9 7 2 32 

3 20 14 8 4 24 

4 6 9 9 2 34 

5 13 19 10 3 27 



11 7 26 31 0 44 

12 0 39 32 0 27 

13 0 1 33 0 43 

14 () 0 34 0 0 

15 26 26 35 0 43 

16 0 2 36 10 15 

17 13 3 37 17 2 

18 0 0 38 0 16 

19 17 16 39 43 23 
20 0 2 40 1 20 

21 0 20 41 7 23 
22 0 fi 42 1 28 

23 7 3 43 9 37 

24 0 0 44 11 13 

25 14 17 45 0 32 
26 6 7 46 0 53 

27 0 40 47 6 23 
28 () m 48 47 26 

29 0 35 49 0 39 
30 19 13 50 0 4 

-- - --- ------_ .. _-

------- _ .... _- --------_.-

Tubes containing Nos. of phages in tubes 
Total tubes bacteria infected 

with OP1 

50 26 

Check (no. of free phages) per 0.1 m1. of dilution tube 2. 
-------T -

OP1 OPlt --' _._----­, 

2 
I 

6 

Total 

815 
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The result obtained by conforming to Protocol 2 is showed on the 
table of Result 2. 

Result 2 

Result of single-burst experiment 

I 
No. of plaques 

II 

No. of plaques 
Tube no. ,-_. Tube no. 

lOP, OPlt Op, OPu 
-- --_ .. _-- - ----

I 0 57 6 0 81 

2 0 85 7 0 81 

3 3 59 8 0 88 
4 0 118 9 0 112 

5 0 70 10 7 120 
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11 

12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

1 
22 

0 

0 

0 
21 
0 
0 
0 

0 

0 
15 
15 

7 

25 
0 

0 

13 
29 

0 

95 
54 

90 
56 

90 

75 

96 
92 

120 
58 

110 

140 
96 

82 
45 

79 

112 

160 
102 
67 

31 
3Z 
33 
34 

35 

36 
37 

38 

39 

40 
41 

42 
43 

44 
45 

46 
47 
48 

49 

50 

4 

o 
o 
7 

o 
37 

28 
o 
1 

o 
o 

a 
o 

16 
o 
o 
o 

15 
1 

o 

69 
100 

100 

120 

140 

112 

90 
95 

140 
150 
95 

65 

l Z0 
70 

120 
70 
70 

ZOO 

170 
190 

---"".---~-

Total~:J 
50 

Tubes containing 
bacteria infected 
with OPl 

zo 

Nos. of phages in 20 tubes 

OPu Total 

281 2064 2345 

Check (no. of free phages) per 0.1 m!. of dilution tube 2. 

-- - - .... 

____ ~:' _+~--O~" i 
The multiplication formulae of OPt and OP 1t phages on X. oryzae 

no. 60 resulting from one-step growth experiment conforming Protocol 
3 are given in Result 3. 

Op, 

OPa 

Result 3 

Resul t of one-step growth experiment under 25~C. 

Latent period I 
(min.) 

Rise period 
(min_) Average burst size 

T ,' -- 4540----i - 2200- - - - r -- -Z-5 (2-2-- -28-) -

I 25 (22-28) 
- - - - - '--- -
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DISCUSSION 

As stated in the introduction, the interference phenomena between 
two kinds of phages on the site of reproduction are different according 
to whether the phages are related or not. When serologically or mor­
phologically related phages attack simultaneously the same host cell, 
both phages will penetrate and mUltiply accompanied with some re­
combinations. 

OPtt is the phage derived from the wild type OPl and is related 
to the latter with the exception of its optimum growth temperature. 
It will be expected therefore that simultaneous penetration and multi­
plication of both two phages in the same host cell will occur when 
they are inoculated simultaneously, Protocol 1 is the single-burst ex­
periment carried out with the expectation to confirm the existence of 
above phenomena and to confirm the possibility of alternation of phage 
reproducing ability of the double infected bacteria with that of the 
simple infected bacteria. 

The distribution pattern of infected bacteria to 50 growing tubes 
in Result 1 is discussed with Poisson's distribution. 

nr • e-n 

P(r)=---­
r! 

P (r); Proportion of tubes containing bacterial cells infected with 
phages in number (r). 

n; Average number of infected bacteria per tube. 

The following results were obtained with OP1 phage. 

, 
No. of tubes (50·P) No. of bacteria infected with 

I 
OP1 (r· 50 . P) 

P (0) 
-------------, 

0.48 
-----------

24 0 

P (1) 0.353 18 18 

P (2) 0.131 7 13 

P (3) 0.032 2 5 

P (4) 0.006 0 0 

Total 36 

where n=O.74 because 

Namely, out of 26 tubes which produced OP, phage, 18 tubes had 
contained one infected bacterial cell each, 7 tubes 2, 2 tubes 3, and no 
tubes were found to contain 4 or more bacterial cells infected with 
the phage. So, the total number of bacteria infected with OP1 phage 
in 26 tubes was calculated at 36. The average burst size of 01'1 phage 
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in this experiment were therefore obtained by divid ing :l26-total yields 
of OPt phages by 36 . -the total infected bacteria l number of 26 tubes. 

326 
Nop,= 36 = 9 

As to OP" phage, by dividing tota l yields of ~89 in 26 tubes in 
Result 1 by tota l OP] infected bacteria of ;16, the l1V(:ragc burst size 
was obtained. 

No p,.= ~~9 = 1:1.6 . 36 

Considering it as a whole. 26 tubes containing 36 infected bacter ia 
which produced both OP1 and OP lr phages; the total phages produced 
amounted to 815. So the average burst size of the mixed phages (N) 
was calculated as follows: 

N= 815_= 22.6 
36 

These fig ures a rc nearly eq ual Lo t hose which were obta ined from 
Protocol 3, Result 3. In other words, there are scarcely any differences 
on the phage producing ability of the bacteria when the case of mixed 
infection in compared with that of simple infection. 

Protocol 2 is the experiment in which the proportion of the number 
of OP If phages to that of OP I is changed. From the table of Resul t 
2, the average burst size of the bacteria regardi ng OPl phage is about 
9 which is the sa me as that in the case of Result 1 obtained from 
the experiment Protocol 1. In other words, in lhe case of mi xed 
infection, so far as this experiment in concerned, the rate of phage 
producing abi lity of the bacteria is not affected even if the ratio of 
the particle number of the inoculated phages is changed. 

Finall y, comparing the rcfults in the tables of Result 1 and 2 
with those of Result 3, it is reasonable to conclude that the partition 
in constant proportion to the reproducing ability of the host bacteria 
of OP1 and OP l1 phages, in the case of mixed infection, is due to the 
differe nce in the la tent periods of both phages. 

SUMMARY 

OP l t phage, one step mutant of OP I (Xanth omonas oryzae phage). 
is found to be a new type mutant. It is called a g rowth temperature 
mutant because its optimum growth temperature (2SoC.) differs from 
that of the wild type (30"C.). 

When these two phages attack s imultaneous ly the sa me host batcria l 
cell, they both penetrate and mult iply. 



i Latent period Rise period 
i (min.) (min.) .. _____ i ___ _____ ________ ..... , op, , 

J. 
45 20 

40 20 
-- __ ..1. __ . _______ .. ___ .. 

Average burst size 

2:; (22-28) 

25 (22-28) 
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T he phage producing potency of the cell is divided not in accord­
ance with the different multiplicity of the inoculated phages but with 
their fac ul t ies or reproducing speed and the cell released both types 
of phage progenies in a definite proportion. 

Scarcely any difference on the average burst size between the case 
of mi xed infection and that of si mple infection is found. 
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EXPLANATION OF PLATE 1 

Fig. L Plaques formed by OPt phages, incubated for 15 hrs. at 3OuC. 
Fig. 2. Plaques formed by OPu phages, incubated for 15 hrs. at 25~C., 3 hrs. at 

3O~C. and 3 hrs. at 25u e. successively. 

Fig. 3. Plaques formed by OPt phages, incubated for 15 hrs. at 25~C., 3 hrs. at 
3O~C. and 3 hrs. at 2SQ C. successively. 

Fig. 4. Plaques formed by OPl mixed with OPH phages, incubated for 15 hrs. at 
25~e., 3 hrs. at 3Ooe. and 3 hrs. at 25"C. successively. These plaques with 
rings on the upper left side are formed by OP}t. While the others are 
formed by OPI. 

Fig. 5. Plaques formed by OPlt phages, incubated for 15 hrs. at 30~C. 

Fig. 6. Plaques formed by OPu phages, incubated for 10 hrs. at 30~C. and 5 hrs. 
at 25"C. successively. 
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