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Studies on the multiplication of OP; phage
( Xanthomonas oryzae bacteriophage)

1. One-step growth experiment
under various conditions

Satoshi Wakimoto

3 B

Bacteriophage OH§HIORMNT, SARcHiCSAT b5 one step growth
experiment (---FHEWISIE) 11 Ellis and Delbriick™™=#4# b, 8 4 bacteriophage
ORFGIREOBRER L LCEBRL D255, EL, one-step growth experiment o
i, phage W60 cycle ¥—[RoAR->7, phage » bacteria z OFEFHEB AN
> bacteria » phage HFEOKBAFRRENCELL, o phage KBRHIhi-
fi{ > bacteria nHEI 23 phage ORFHAB/AICIL T DS %,. rhage
@ bacteria ~DEEFEOFEMEL, 4 8, BHEHTHRA SR BT - DRERR
VLEE < FISR i b, R AT 2 a - phage @ 909 DLt 5S4ELIRIIC
FET22 32 0fTHLATLS. JOEGBANEEN IS bacteria @ phage
X BB CHR DM, - OIMEL, susceptible bacteria & lytic phage * @DERCHCiL,
Fhic#t < latent period ##2TC bacteria HEHEEL, BEAB &/ phage R EHER ¢
cHH T 258 burst o 2G0T 2.

Bacteria ®E4EPICHNT latent period 5 phage O F&EOMMEL MR
MR hEROSE YR L2280, HicHis® bacteria-phage complex D&TEFIZ
FURTT RO H L vl VA b BFRRENC L b, Btk lysogenic strain &%
FUBU AR L b, RER, BHYF I 7= t~a, REFEEGESOR
RTFCL DEBHARC LV QFECHEBLOO5 D,

One-step growth experiment % /SH L o8 4 0y MEEEITD phage HEx ©
RO FIE R B EHERNIC Z © latent period iS5 RASOERED- -BIL $7x
%, C oL phage HAICEEYET S L B AP EOEHOERIZ L >THE

¥ URER RS RER R R
T AEERR X O PO RINORRR oA, RS ISR R OB TR R R AR
MR KT 5.
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AN HWAHBOTILE, *OREOXERC O 2, 30HBYIT, Hi phage Ol
MHERAR O FEATIE S 7o SRR S T - BB O T S NS E T O £F P BRI
DR 4 one-step growth experiment =k 9BRL f=.

# ¥

et bacteria ¥ X, oryzae No, 49™% H\, indicator strain & L€ o {EH
L #:. Bacteriophage {3 vitamin free casein hydrolysate @&k fy 10 per ml,
IBER L 7= OP; phage (X. oryzae bacteriophage )™ % H\ fe.

One-step growth experiment IZF[H L 2 I#FiL, 48 10°~10° per ml. ¢ phage
suspension #J4ml %6 10 EVEHLAREALELRACLOT, TREZ LD TRENS
phage OAEMERIGEEES K% 73 ¢Hhok.

K =23 D/txlog P./P
P.: t=0 OIS phage BT
P:t 440 serum B#EBOFEM: phage BeTH
D: Phage-serum mixture Mt 3 serum ORI
K: Phage OAHEMEALRGHEHEK

= O&R b 2RO phage BT A TEMLT 5 E-T L IO il BHEN
EHHUE, EREfNasofBEoRftt Avi.

One-step growth experiment 2 7= » OREOBRI TFTREOME LOCHL D,
BTz h bl REOHRER x OBFRCRTo L L T5.

{1) Na-Glutamic acid 2 pm,

KH. PO, 2.
FeS0,.7TH,0 0.1
MgCl, -6H.0 0.05
sucrose 20.
H.O 1,000,
pH 7

BRI O RARAED
Th: LRREHEMRANTIINICINC, X, oryace ORBROGEIAHLLLBDD

NRTHBEZADLDTHS.

{2) Casein hydrolysate (109 i) 1.ml.
NaNO: 1.gm,
Na.HPO,-12H,0 2,
NaCl 2,
Sucrose 15.
H.0O 1,000.
pH 7.

Be#h: Ch A kil
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(3) Vitamin free casein hydrolysate (10% #) 2.ml.
H.0 1,000,
pH 6.5
BE¥5 1 VI Ch E4Hmiaklk

{4) Vitamin free casein hydrolysate (10% %) 2,ml,

CaCl: 0.5 gm.
H,0 1,000.0 pH
pH 6.5
B4#: Ca Vi Ch B okidks:
(5) Potato 300, gm.
Ca (NOs): 05
Na.HPO,-12H.0 2.
Sucrose 15,
Peptone 5,
H.0 1,000,
pH 7

BEAR . BENEN AR iR
RE: Plating iz +-voRic 29 @ agar >z izd ox Hvfe.
(6) FBY% 02gm. ¥R T 10ml. OZERTHEK & L, 6,000 rpm, 154~
EioEdk e O, BRSYR b0, pH 65
BEFR © TR R

i} -3

One-step growth experiment ORI FEIAREK Adams?dicft-of-.  HUEROEE
Thd, HHET 09 ml OFREC T BHEL S KIRELANEC A RKMEREL TR
7= bacteria % 10"~10° per ml. i@ REGC suspend L, Fihicy 107 per ml. @
phage suspension - —%% (multiple infection, singl infection &4 OWFIZ LD
B2) #mzT 554k, Mxic phage OA free ORBIIEOTS O DLYFEMLT
3P4t anti-phage serum @ —gEYint, 54T bacteria ~DBRFOEL
otz free o phage LMD S SMHOEKIC X D AAFEMAT 2, (ChikETae
Xk~ growing tube @©--f% 6.000rpm, 10 4Fi&E | T bacteria-phage
complex #¥ L, _L&7% plague count FHuf k) 825, FHEELTHEV- 09
ml. OEE14r, 495 ml. OEEEE: 2 Aok FVGEER ATV, 1 o 4 o (first dilution
tube 1:10), #8204, 0 (second dilution tube 1:1,000), 3049 (growing tube
1:100,000) %73, FoE#Eo growing tube L b, phage ¥Hs 1551 h SMERE
1= plating method™™ (= & b active phage 2%\, +OMNNERESYBYT5.
TOREROBEREC R L TR Y, BECETIRBLSMNITT 30°C OERMY
A L 7. Plague O3 %k plating 04 12~15 s Y ©H 5™
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< e
I. Casein hydrolysate @ phage R~ D%
X. oryzae OSMEER X U TR LEY L STy 5 EFHEEIE TR T phage ik
A HEmELAF, chic casein hydrolysate iz WX BaEHIA 2 B3 5 Dik Table
1 oinhchs.

Table 1. Effect of casein hydrolysate for OF, phage multiplication,

] ! ;
H{’;};i&ﬁif* o|lt1t|2({3|4]|s5]s6|7,8:9|wlwlie|a 23!34
I
Control | 280 —| —| 210 200! 240 140 240 260| 280| 240| 320 280 —{ 250 —
Plaque ! ! I
count Plus casein
Ihydrolysate 7201 8300 C

0.1 mi. of 1094 casein hydrolysate solution was added at 19 hours after infection per
10 ml. of medium,

#, X. oryzae DFERIEL LT T BEREARFEERITH T phage
BB B0, QBB DMLY I casein hydrolysate #}Hu iz Ch s
pFEhr R Th phage BEECELAS. BHH - WSO BN S OP) phage ©
RT3 B T casein hydrolysate MZAEN T HEBEOME Ot N8y 3
3o rA¥5. fnisR, vitamin free casein hydrolysate DAROERIEHISL VICh 5%
FRBINT, ¥ 95% © phage iX 15 4RAIC bacteria KWBEHE L HAHBRILASS - &
- i el

II, Catt ¢ phage R~ DZHR

Vi Ch #:383tduziRC phage OWATTIIER = LA BMC 20T, Catt MR
oRFit EHbc 0 ViCh fREr CaViCh fﬁiﬁfmm L, ¥t one-step
growth experiment = X->f-.

1. VICh resgltrhic it 5 phage OH§5H

Table 2. One-step growth of OPF( phage in ViCh medium under the
condition of multiple infection {30°C).

. | | ree phages at
Mig‘f‘;gf! :nft“ 15 200 23| 30 35| 400 455 50 55 0| &5 mi 75 8020 min. after
i infection
T

I| 29y 220 25 23 25 28 73| 99

1804 1701 178] 172 186i 0
Plaque
count [

\
T 1110 125] 135] 160 1130l 160| 2001 230 73)| 970 8501 950 980|'950 0

The numher of bacterial cells and phage particles mixed in each experiment,

Experiment 1 : Number of bacterial cells 85 X 100
Number of phage particles 3 X 108
Experiment 2 : Number of bacterial cells 28 X 107

Number of phage particles 3 x e



M&4 97 : OPy phage (Xentkomonas oryzae bacteriophage) oM 3 2WE 1585

lo

Step uize
@
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Fig. 1. One-step growth curve of OP; phage in ViCh medium
under the condition of multiple infection (30°C}),

2. CaVfCh E:IEq Mt 2 phage DI

Table 3. One-step growth on OP; phage in Ca VICh medium under the
condition of multiple infection {30°C).

y— P i ' Free phages
E“}”f.a 15| 208 25 30y 35] 40/ 45| 50 55| 60 65| 70- 75 80  at 20 min.
infection ! after infection

I [235]2201235(2200 215| 250( 440(1100/131012080[2380(248012520[2360 0

Plague
count

II | 28] 97, 77 761 80| 93! 200y 440| 690 990{1040! 9801010 980 0

The number of bacterial cells and phage particles mixed in each experiment.

Experiment 1 : Number of bacterial cells 23 X 167
Number of phage particles 3 X 108
Experiment 2 Number of bacterial cells 85 X 10¢

Number of phage particles 3 X 108

Table2, Fig. 1 By Table3, Fig. 2 5, WEERIECRTS latent period, rise
period K7 average burst size % Fefiediud Table 4 O Th 2.

jol, single infection T4 VICh EREREZRCIEES{HE - latent period,
rise period, average burst size %31 1.
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dtep sice
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0 10 20 30 40 50 680 70 80
Ninutes efter infectlion

Fig. 2. One-step growth curve on X. oryzae in Ca. ViCh medium
under the condition of multiple infection (30°C).

Table 4, Effect of Ca-ion on the multiplication of OP; phage (30°C)

Lat?::hie)nod Rl%em?:'r;ﬁf | Average burst size
VICh medium 40 20 7
CaVfCh medium 40 20 L 12

I REHTERESRTDO phage O

‘Table 5. One-step growth of OP; phage in the press juice of rice leaf
under the condition of multiple infection (30°C).

Minutes after 15 ﬂ 25 a0

; Frae phages
35| 40 4s) 50 55 6oi 65 700 75 Bof at 20 min.
! ; | after infection

infection

!
113991016642|ll‘0100{0
Plaque ! [
P o S LA S N R I
1 984920[15’820|6 5|1 0’2— 3 0’ 4]
B FEREM- it phage OHLL MM TSRS (Table 5).
1V, Phage Oolic X1 S RMONE
Table 6. One-step growih of OP, phage at 20° C (1)
. Free phages
Minutes after | g 251 a5 40f 45| 50| 60| 70| 75 80 85 % at D
i after infection

Plagque count 270| 260 270] 220 250 2501 260| 300 3300 520! 00! B20) 0

20°C "FICH#NT 5 phage OHEIL latent period HHUS05MCHEEEE N, #4 i lysis
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L free @ phage »AHEH 2H 35 (Table 6).

Table 6. One-step growth of OPy phage at 20°C (I}

. e Free phages
M’ﬁl‘}t"cﬁigﬁler 15| 20 25 35 40| 45 50| 55 40 at 20 min
after infection
i
Plague count 5000 520 450, 500| 480 700| 830) C | C o

After infection sample was kept at 30°C for 10 min., then it was incubated at 20°C,

Phage o g2Es 104541 30°C i+ af% 20°C T{8>C4 latent period it
hE DEEL KV (Table 6).

Table 7. One-step gro wih experiment on OF, phage at 40°C.

Minutes after | !
infection 15| 20 25 30i 35 40| 45 SO0[ S5 60 6% 0| 75 80
|
Plaque count 25 5 O O% 0 0| O L, 0 2| ]i 1 1 0

The adsorption and the inactivation processes were taken place at 30°C.

40° C Tk, bacteria-phage complex 3 &z 2ERNCITTIEREEIh TP L.
i L THEA O ~ERO L H%] 6043481 burst &[T 5 X 5 ThD (Table 7).

Phage © bacteria ~O@BAME L £ < free © phage OFFEEGEE, HI
LMD 10 GRA 30°C ¥, gEvT 10°C kinE ThuE, phage £EOBEALER
Lok #4790 d 5. WL C—aEEEEY 30°C eBeid bacteria X lysis ##lL
phage *HH+%. o5t Table 8 winl ¢h%.

Table 8. Effect of the temperature changes on the multiplication
of OP; phage,
i i Free phages
M;g}‘;gfwﬁf‘“'1520253035404550|55’6055|?o‘75|ao 85 90| 95/L00{105[110[115]  at 20 min.
i ' | ! | after infection

: [ f
Plaque count IEO BGJ?S =1 ‘80 75|36{57 (B0 83 80I9(485|85 160 I?OfEDOI 9({45(.'!‘523 530 8]
|

After infection, bacteria-phage complex was incubated at 30°C for 10 min., then it
was incubated at 10°C for 60 min., and after this time it was placed at 30°C,

H 2
One-step growth experiment 2.4 { ® phage OHIEERAMRRITICHH IR, 285
& phage i=2%, BFRc latent period, rise period, average burst size Ak «#f& 2
n, RohSrZifAT2EROFM, Bt oER» BRI MAERRAOFHE
RLF A BEIRODEE.
£ < & phage izt latent period (iiﬁbi&,@‘&ii{ﬁ‘l‘%ﬁn LRV OTRHEBESD
Hmifgxh, rise period 4EEHE « ¢, ErBEAHETeRT S average burst size
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LA DREMCE S EHRMA MR LR LTS, -0 bacteria L Th, i
PR UBLEEHO phage 12X 488 latent period, rise period, average burst
size #7311, Wi —FHKO phage KL THFRCR IS £ EOFHD bacteria Wit
ThR«OFELRT. hS0iEM bacteria Hit phage OEICHIBHHE =
i HEI N TV BT,

ARBOME, 0°C RS X. oryzae No.49 icxf+5 OP, phage » latent
period 2§40 435G D, rise period it ZHICH A0S TH Y, T VICh Higelt
o falr % average burst size 7 THD 2 EBHLMC 2. CRBEL, HGRTIR
BB T HAAREC L D BT B30 TRTH LY, TORMFL Fhuckhd 3 860
fEEGHl S d it b iy,

Phage @RHGZHT2 70 1 & = OB R W T 405N 5 b LB S M,
W3 g Catt AR phage TR MG, Xk phage CHsaic 8, L ibEm
i THE e o 2RSSR T W5, OP: phage @ X, oryzae No. 49 ~OBEiciL
g T Ca*t OfnE L8 L 2T VICh 5 v HMRTTiECh 5. Wil Tz ok
#iww Catt @ikt phage OMIIPBIGCEEEY ST, Cacls » 0.00MBM ofLfE,
ChE &L MEVHEOF L7 £ phage »4ET 5. U0, phage ® latent
period, rise period itit & { LR B VZ kit Table 4 X b IAGL2 G b, phage
OEEESEDCERER SO REELTVB L3 THD.

OP, phage % VICh 3isirh CHOMETGE R = 21280725, bR 4do7 2
8% Z, bacteria DY L b TARIR G I 5 MTHECH B FEEMT (6,000 rpm, 10
SR L) R T{TH phage % bacteria W X T L HAHLE P RIBICARFENAL
2hT@ <. OP phage JEMFERC BIFAET 2RI L L T, HREMD Tiz8IH
LTw3:Bhh, I Cfikofiies iciRig X B Lc? bl oRiE & oo
KEETS. —oEHREk» THEL» T2 D Tha.

X. oryzae OIEFHBIL 25~30°C THEH, T OEBR T phage DL 30°C 5
ERThHD LELLRS, 20°Cie Tt latent period 149 80 i i 3 5 54, latent
period ©EAD 10404 30° C iR, £ 20°C i@t latent period §3#y 4045011
HEETT o kil Table 6 L WG TGEHES. 30°C & W04V Td 10°C
O{EREBHE phage ORI AL, RL7EL phage LEOTESLHARGH:
L, 30°C B EHgnie s+ 5. - oo latent period @py 30°C 1ok Bk
flirai 30~35 40k 500, #i 30°CeEri-3840 latent period 4044z ks
Lt Ev-birth s, B 100C Feidtcd phage £FD SoMNBRET L 12 %
o r B, TMHHERMH burst 04 < Aok HiEENL, o latent period
ORI, = O KBRS —stage FHEL T3 BL LR 3. B°C RTE
bacteria-phage complex % phage MTRIEBEE TR+ LFAEME TR TP AL -
SRR 30°C ioEaiE4E 307 complex {F phage » £Et5. 40°C & RCH
complex IXMEBEAEEALINB. X, oryace OIEMIEEES 53 CTh v, OP, phage
OFIEEALRE L KER—CH D05, K, complex ORBILEL b X HRE
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o (8 A0k AR Ly W

H *

I. OP, phage (X. Oryzae bacteriophage) i} vitamin free casein hydrolysate
DHniEERICT, X, oryzae No. 49 FogBA L EE, # 40 449 latent
period, 20437 rise period ##%C average burst size #77 @ phage %+ 5.

II. -E0seedic 0,006 M @ CaCly #mid latent period, rise period imidZ (k%
& iAi, average burst size 13812 1A 5. '

T fRiehsiric RCIRREB AL 7 phage B ARIEILE T L.

IV. 20°C ATt latent period iE#Y 80 sMc EE 1585, FEL latent period &
B 10 % 30°C i { & latent period 12540 SO EF XA RT. 40°C KR
bacteria 4, phage I @REIPICSERET 5803 750D, bacteria-phage complex 2,
ks indicator strain 12T plaque * LTHbRhAREAR %S, 30°C KiTEER
AEW free phage O EME(EL M 2 24 bacteria-phage complex # LifE 10°C ik
#iul phage o8FHTIEBILVA, ZhEAEHY 30°C wReY phage OHHLITE
BB I s, Mt 10°C o F G bacteria-phage complex 3%/ — stage %4
TarELLRD.
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Summary

1. Xanthomonas oryzae bacteriophage (OF, phage) intruded into X. oryzc
No. 49 at 30°C in vitamin free casein hydrolysate medium, multiplied with the
average burst size of 7, and with the rise period of 20 min.

2, The addition of 0.0045 M of CaCl; to the vitamin free casein hydroly-
sate medium increased the burst size up to 12, with no effect both on the
latent period and rise period.

3. Within the press-juice of rice leaves, the phage could not multiply and
was inactivated gradually.

4. The temperature seems to affect the latent period and probably the
burst size of OP, phage. In this experiment the optimum temperature for
the growth of OP, phage seems to be about 30°C. At 20°C the latent period
was prolonged to about 80 min., but when the host-phage complex was kept at
30" C for the initial 10 min. just after infection and then placed at 20°C, the
normal latent period of 40 min. was unchanged. In the experiment when the
host-phage complex was incubated at 30°C for the initial 10 min. just after
infection and then was placed at 10°C, the complex remained at a dormant
state. 'When the latter was again replaced at 30°C, the phage multiplication
was continued. At 40°C, the host-phage complex was inactivated rapidly.
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