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ABSTRACT

Many industrial processes those employ bacteria are subjected to phage infestations.
In r-glutamic acid fermentions using acetic acid, the phage infestations of the or-
ganisms have been recently recognized. In efforts to elucidate the sources of phage
contamination involved in the abnormal fermentation, a series of study was con-
ducted to isolate the phages both from the contents of abnormally fermented tanks
and the soil or sewage samples from the surroundings of a fermentation factory,
to define major charateristics of the phage isolates, and finally to determine the
correlation between the phage isolates and temperate phages originating from the
miscellaneous bacterial species isolated from the soil or sewage samples. The re-
sults are summarized as follows;

1) All phages were isolated from the irregular fermentation tanks and soil or sew-
age samples, and they were designated as phage PR-1, PR-2, PR-3, PR-4, PR-
5, PR-6, and PR-7, in the order of isolation. These PR-series phages were pr-
oved to be highly specific for the variant strains of Br. lactofermentum only, name-
ly, phage PR-1 and PR-2 for Br. lactofemrentum No. 468—5 and phage PR-3~
PR-7 for Br. lactofermentum No. 2256. By cross-neutralization test, the 7 phages-
could be subdivided into 3 groups, i.e., phage PR-1 and PR-2 the first, phage
PR-3, PR-4, PR-5, PR-6 the second, and the phage PR-7 the third.

2) The 7 phages were virulent under the experimental conditions. They produced
plaques with clear and relatively sharp margins without distinct halo. The mean
sizes of plaques were 1.5mm in diameter for phage PR-1 and PR-2, and 1.0mm
for phages PR-3~PR-7. Double layer technique modified by Hongo and described
by Adams, was applied to assay of the PR-series phages. The factors influen-
cing the plaques were as follows;young age cells of host bacteria cultured for
3~6 hours represented the largest number and size, optimum was pHd 7.0,
incubation temperature was 39°C, and agar concentration and amount of overl-

ayer medium were 0.6% and 0.2ml!, respectively.
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3) PR-series phages were stable in 0.05'1 tris buffer and 0.1M ammonium acetate
buffer solution. ‘The addition of 5X107*M magnesium ion effectively increased
the stability. Thermostability experiments indicated that PR-series phages were
stable at the temperture between 50°~55°C in nutrient medium, 45°~50°C in
buffer solution. However, the phages were completely inactivated at 60°C and
65°C within 10 minutes. The phages were stable at the range of pH6~9 in nutr-
ient medium and of pH 8~9 in buffer solution, respectively. Exposure of the
phages to UV for 25, 60 and 100 seconds resulted in the complete loss of infec-
tivity, respectively.

4) Electron microscopy showed that PR-series phage particles exhibited rather sim-
ilar morphology, differing in the size All of PR-series phages had a multilateral
head and had a simple long tzil about three to five times long as compared with
head. By the size, phage PR-1 and PR-Z, PR-3, PR-4, PR-5, and PR-6 and PR
-7 were classified into same groups, respectively. The head and tail size of pha-
ge PR-1, PR-5, PR-5(T) and PR-7 were 85nm, 74nm and 235nm and 350mm,
and 72nm and 210nm, respectively.

5) Nucleic acids of PR-series phages were double stranded DNA. The G+C conte-
nts of phage PR-1, PRLS and PR-7 were 56.1, 32.9 and 53.7, respectively. The
values of G+C contents derived from the T, were in agreement with the chem-

ically determined values.

6) PR-series phages effectively adsorbed on their host bacteria at the rate of more
than 90% during 5 min. K value for phage PR=1, PR-5 and PR-7 were calculated
to be 6X10°m/ per minute, respectively. The pH of the medium did effect adso-
rption rate, but both temperature and age of host cells did not. Generally, opti-
mum adsorption condition of phages seemed to be almost same as optimum
growth conditions of host bacteria.

7) In one-step growth experiments, the latent periods at 30°C for PR-1, and PR-7
were about 70, 50 axd 55 min, respectively. The corresponding average burst
size was 200, 70 and 90, respectively. Lysis period according to the multiplicity
of infection and a phage series. In case of m.o.i. 100, strain No.?2256 (PR-5)
and No. 468-5(PR-1) failed to grow and turbidity decreased after 50 and 70min,
respectively.

8) In the lysate of a plaque purified phage PR-5 infected bacteria, there observed
2 types ofphage particles, {.e., phage PR-5 and PR-5 (T) of similar morphology
but differing at the length of phage tail, and phage tail-like particles. The
phage taillike particles could be divided into 4 ty‘pes by the length. Induction
experiments of Br. lactofermentum with UV irradiation, mitomycin C or bacitr-
acin treatment produced neither phage PR-5 (T) or phage tail-like particles.

9) No lysis occured when the growth of 7 strains of miscellaneous bacteria, isol-
ated from soil and sewage samples, were inoculated with either phage PR-5 (T)
or phage tail-like particles the inoculation of phage PR-5 pellet resulted in the
growth inhibition of the orgainsms in the spot test. The lysates obtained from 3
miscellaneous soil derived bacteria following mitomycin C treatment the growth

of Br. lactofermentum, but did not lyze the bacterium.




September, 1979) Rhee: Studies on the bacteriopkages ¢f Er. lactofermentum 99

33 L]

Bacteriophages] ZEH 2, Twort (1915)
b AT 2] ERERE 3 3 A
ol ¢ty W2 d’Herrelle (1917) G4 “i#
HipHol gt sEol 2eolz] && EHolet
T el A FUANE rhol el 29 FAEE whs
Y] 3. o] 2 bacteriophageg}il ®-2 A o] 3
Bacteriophage (LUF sholx] =i
47w F2 gtotAd
ol g st HdA
T shiAE 4oz Agos (Stent,
1963), &3] KM stotal 9 AFHq A+
B ooed HT4angs w4 A st
Aol HmY ABEL oldse o Fa3 o
AR - 5

e O}X] b TEHEYA v AE o g 2
2 fgee o) mrh A4l %o|4 Whitehead
(1953) Fof w3l 2] = Al 24 o] of7 s &
ik #Ee]  z) 213l Abo] Streptococcal phage
o oo o3 Zolete A4S Bag A
o} # zolu] ¥ A al butanol-acetone 4
Mol REERY oA shobx] il g
ubs) A eb ORTF 5, 1952, KL %, 19
65). L ule] . streptomycin A A< Ac-
tinophage(Saudek & Collingsworth, 1947),

Folt}.
gk ) el bk &7
og A 3 5s

Z

sl A AL Lactobacillusy  z}olz] (£
{1, 1968), amylase 4 A-49l Bacillus su-
btilis®] sholz] (JLELer, 47T, 1958) %o

A4 dAslazA sholx] ol fks
LAl gl sldsz gew okd Fa
¢ AR s, shobr] e & =5
Ste AR e A dhoba]l iRk E
2] 3t A} §-5te] (Burnet & Lush, 1936;

HIEn, 1972). 2 whe] s oz Am gy
A, (Oki et al., 1968), ¥i4#M(Oki et al.,
1965) &% A}$-3F7 9 o} =E wuio] m}
obxl o & wRldhe A4 Hal Frle
2pab T ﬂ—i A o] Ha EEha
et o] & = *%Jsh— °ﬂi—~ AT 4(1965)
of & o7} gkeh. % 2+ butanol-ac-

ctone P AL#Fo) Cl. saccharoperbutylaceto-
nicum®] @32 Wl FFol HAHE sloba]
HHE PR st mholalst wayar
wjebel stolx S fifpEe ¥elsted (Ealsk
Sot, WitEgEeket LERe] o Az 12
A2l HM shopz] 7} jiiiggsted g84:sti=d 2
HA AIE @St 9o

1959 el T MEEfkC . ub®l L-3-
FEbal Ab A ARl A 2 sholx] e o gk El
b et 2E4Ed A g A,
AT ol AHEs v H1 9o
(LB %, 1963), o]l 359 AxE wx

4 3 stolal ] 2 @A), b sjola] 2l
A = 9 okzAS del 2ol s} g},

L-F2ehl b ARTL 4F3a 23 95
L3 s o] gl oL, 1972), a3
NEHE e FE BT IR o

1% Mycobacterium(Gardner & Weiser,

1947)4 Corynebacterium(Freeman, 1951)
TollA shobrl b Fel = gla, AT
Ao A L-ZRErul AL Aol Al 8 2
aL =i 9lvf. Oki et al., (1964 a, 1967)
& Brevibacterium lactfermentum 22562}
jPO}ZI PERES] RLE B (P4 sholx])
71 % (APR stoba)) ol A Hulsba] gy
i E"’B’Joi Sffo . fp¥Este on, vl
% Microbacterium ammoniaphilumel s}
obx] (M5 %, 1965 a,b,c) =1 Br. glut-
amigenes(Su, 1966)2] sjolx] =2 of-rr}
o) o
8 L-F ek 4

Br. lactofermentum -

AAE FA A glel A

FEEBOR L Ao =

28 952 so] L-Zrelaig 44w
T Lol ¥hElzl ot (B % 1962). of o w

2 AT AE A 2R A {49_
BA AASZEE Azksh ot olAl7ba]
s ks stobale el g7 %
Y O 4E 2T 5 UA Hel, A
WA R ZARY IR A I (HK, JUMD
A= 197047 AlH oz A3E 24
o2 Agstg el A&FF5 Br. lactofer-

mentum 468—53) © D% ZAo R 98 % A




100 KOR. JOUR. MICROBIOL.

g T FETAHL F 247 £2 54
A, 22 2 5 R TR oA
BEgol viebdbed 2 FKiKg =Ag A3,
272 2ARES #HET L-FFEehl4k
HEFA stola| 7} dAsdE o7 B
SLoEouk Gl mhobxl o] o] 3 MEEY R
FEolol WAl ol Fime ZAEK
2] L-EFebnl Al il TR sholx] o o3t
ol ol A7l A& AZl=Z, ols}Fe gfobr|
7h BESE Aol WEololA] (Temperate
phage)d] 2|q HEEFHEAA obim  Fw
EF & Exde A8 AAE 02 B
AF FF stetxlz ¥l felsle Al
stotrl 8] 2@l AlY 5 e B
Bz e slolxE Felabgn, = 3
A ®of wl BRSAA FE Hat
o %o Br. lactofermentume o& o
F B Br. flavum 5 A7 A4l
WS B2 e sholal & Eelste o
=Y HEMRE 24802 BRERRY
+ dodle shobAlY BREE e axt
shlov, ohge RuEEEEE 1 g 5
Jeoll Al £elI’ stebl ] o} 4% ik
o A Zo] ¥ ¥ Brevitacteriumd s}olx]
BT % st MEWRY HRe B
ER

2ol &

®HE R HE

1. EREH W S

TBEH o B streptomycin kst s}o}
2] Tt 23 Br. latofermentum No.
468—59) E3 Mitthe ZHFx] kgtor}
< KER L-27eA¢ £#Esle Br.
lactofermentum No. 22562 i f35}4 o},
T gt FAFH Y L BRA S
g 9 A9 Bk #RE 9T, Bacillus
group, Microbacterium = 4-%9] Brevi-
bacterium B2} #tk7t HAS . EEE
3} wlobr] MRfie] ALE8F EfHiE  nutrient
medium (NMujza])o 24 =z HRKL glu-
cose 10g, polypeptone 10g, meat extract

[Voi. 17,No. 3

7g, yeast extract 2g, NaCl 3g MgSO, -
7H,0 1.2g, 284 1,000mi=4 pHT7. 04
& 115°Cel A 15470 = -#stdch. &4
FTEE TR 1.2%, @EEts 0.6%
% oh.

2. @A REI HEWK HM

Fig. 1A 2 AR ubel o] 37454
IS0 A4 & AR’ F, 19735 17158 12
7bz] R A A A A BEE A3 s
22 A AT AT L2 Kol
A 10cm ol 7z L8, HE 1A 5& A
Fste] AFIE v AAF] 23 £°CY 3
LA REESE . FEFFY Fele 3
Aol 93 5 colonyyox sty
& Zel del 3 PR @RSt o

Concraate

Facing
- So0il l Drainage
_ I I R SRR IS
5 I ' ot i3
d l > I » B > ©
N l ! » 2,
I 7
- ' ! ol I g
il brp /3 2
» st
I R B ) a0
2 i ! o
il ok
L o
A
| S-3 §-2 S-1 0 prScummEmenaes ROy

Fig. 1. Map of sampling position inthe fa-
ctory & Sampling position @: Tap

3. mopxiel HK % R

(1) shobz] o] Sp

O REBEBAIAS o

ol A WE wE 5000xgz 1087 44
28 k&S NMelzl 2 A3 3 A4sq
ket 5~5071 2] &3t (plaque/plate)ol
1A & F, & Azt AR wFt 55F
bl 10mls] o HFH HHE AAAA
&7tol "Hdizlz] e Wi okgkrt(Bradley,
1965; Hongo ef al., 1965 a). o|# 3 =




September, 1979 Rhee:
g 33 wbEEte] o2
sholzl gk2 3t

@ g Gl Ao St

EX lgg peptone Smld] 3 AE F 20
o 9AEe (5,000<g, 4°C)ee &
L& 0.5mlE %3¢ o) ofol (ODg0.3) 10
mle] A ZE8e] 15A] 7FE-oF =l ebu] okgF t}
S o] ¥ o) o} chlorform-& 78] A (30°C,
0%) &3-&& 54 T, (BE, 1970) o}
2 A Ee1(5,000xg, 102)5te <& I
He AL & BEE A A
sto] shelA] & el shgirt

@) stolA S E

shopr| o] e HFEEHi(double layer
method) ] 2] 3t FEEEEE | Bk (plaque coun-
ting method) 22 A eFstg oo (Adams,
1959), PR-z}ola] o] f-ulel AAE= 2
B 24 o AA s

+EAE £5T

W

spot test

4. SRES TOIXlel f4te

(1) EEEy BE

BEES ot st &AL F e
oz wAstgo. F a3 ot AA
& FFEOE AT, FBAY 43
t}7} spotz] o (108PFU/mi)-& 0.5m!
A spotgt 3 30°Col 4] 15~24A] 7+ Fof W)
o¥x] 7 v} (Hongo et al., 1965 a; Oki ef
al., 1964 d). AL &5o] o) FHuk
of AAS st od¥-z2A FAAS}AG. A
43 Eitke ¥ AFA(BRAUMK ®EY
2O REs)d REFEH e Aoyl

(2) IR sholx] Hlo BREE

wmEMEY 944 o ¥ NMigsel =
AmA oA F% No. 468—59F No. 2256-&
152 7k W oFste] A Feler F, RS o
o] A} spot testslod s o} (Luria, 1951
Hongo et al., 1965 a). 4#fxl stolx] 7}
WA (virulent)ol 7} R A (temperate)

Q1 7k L FAY A oz 10574 it
e Eelsted £l R, o] WAGem
8] stetr|Ab Hilisl w7t A ¥ At
o RESATH(ARL 5, 1965).

Studies oa the bacteriophages of Br. lactofermentum 101

(3) stobxl o} Gist:

D Ao M2 shobal Fpk: stol] 2
Bifg 10°PFU/mig sz oz 10% 3 4
sted vbolz] 7} 100PFU/mls A &F &, 30°C
ol A 607k Wzl g g 0.1mig 384
AbE slhotzl & A wFst ol v} (Hongo et al.,
1965 b).

2 pHelA A 1wl 2] 9] pHE N-HClat N
-NaOHZ ~sti 4 ge)x = pHujer(Hit-
achi M38)x. 233l pH~pHIIZA] =
At 5, zhopald] (10°PHU/m!) 0.1mlZE
A% pHO #lzx =% 39 9.9mld] @ 3
30°Cell A} 60437k WA 2l Fof #E shob
x| o] ok g A =kstgd v} (Hongo et al.,1966d
; Oki et al., 1964 b).

3 TR ANEN:AL ¢ skoka] o (10° PFU/mi)
0. 1m1_§— ng] 4% %9 gLz Fd F
of - 0.9mle WA me shEe] rRRbE.
10-51— o 0.1mlE 78] L shobz] 9 <o
£ A =Fstg ok (Hongo et al., 1966 d; Oki
et al., 1964 b).

@ EARES S AT ANEHL 1 0.1M
24 g A3 o2 34 % stopa] A
(10* PFU/ml) & Akzlel 1ml F7lm i
N (G (Dulbecco, 1950; Bowen, 1953)
E wAlstrl 18] A A AhelAl

A%

(R4 GL 1581 15W F}2} 257nm) o
= 448 ARFL 2AE FA AHE Hoh
A9 kg Aekatglch(Harm, 1963). A&
oF A A 5319 Awl s 40cmd o),

(4) stobal 9 Eﬁﬁﬁrﬁk B Bl

D shoba] ¥ #EHE B R

zhotza] of o] 3l A 7<\ Hongo et al.,

(1966 c)o] A-&-3r W& uhgltvh, F &
T (10°° PFU/mi) & #1454l H-21 (5,000
g, 1047)3be] AbabE wlEl k& mili-
pore filter2 o=} & F, o] & A 1%

L4121 (30,000 x g, 6047)5ke]  HHES
shobal o} & A st vk, 2 FEk Fig, 23}
et

@ T EEEHRREL K

Microscopic grid($f, 3mm, 150mesh) ]




102 KOR. JOUR. MICROBIOL. [Vo1.17,No. 3,
magio . collodionfiig- dol Ah&olA 3 2539 o (Hitachi HUS-3% A1), A%
Weska, AAR stotx] gHuEds BEy o i Az #e]Ad e JEM-100 BR(Japan
2 collodion =rgle] 1A 8te] (william & Electron Opticus Laboratory Ltd.)>] 4 t}.
Fraser, 1953) 40°Cefl 4] A %% & carbon

lysate
' centrifuged twice at 5,000X g for 10min.

sediment supernatant

cenrifuged at 30, 000 X g for 60min,

supernatant pel\let
suspended in 0.1M ammonium
actate buffer (pHS.0)
l centrifuged at 5,000X g for 10min,

|
i
sediment supernatant

centrifuged at 12,000 x g for 60min.

l

repeat these steps supernatant pelleg
2~3 times suspended in buffer

centritfuged at 5,000X g for 10min.

sediment purified phage suspension (10“*PFU/ml)

Fig. 2. Concentration and purification of the PR-phages.

(5) sholxl e} iy T A 56°Cel A 301—2} 93] gF Fo]  AbE3HY
M #sholnl iniEe] #ik oh, =g FFAAA FHlde FAE F
TifES B stolAl 48 (10'°PFU/m/) = Al A st g o} (Hongo et al., 1966 d; Oki
2. Fig, 24} 2ol AaAsted 0.1M &4+ b et al., 1967).
U4 sk (pH 7.4) 0.2 et A  4°Cd @ ¥izteln] m#ES A
wesd A Aged o, PuwEeE <) KEY 24 ¢, v&ﬁMZl miEd 2f% o
155ke] HUEQl sholx] #eld]l ImlE 7 & AL qhEel o A4 0.5mle} 7 =
o HEERel S 1A Fabsted  10aRy  oRAl) 0.5ml% (1x<10°PFU/mbD) & 4

2

Al 48t 2 et sinfat smie] 3] & WEFE TR Fe| 30°Cel A 550 KA o

el A A Este] KES ZAsgor. A  ibdel Bxdd, KER 0.ImlE #HsiA ok
Aol 244 2k %{?ftp Fobsted Jige BEMT AR L v 102 45 E
uA s, 109 el HEFMRo el telAle FF Ao, RS-

20mi 4 ¢ pimsta ek, A Fe = A gFekal o] (10°PFU/mi) =k Hima (K =10)2-
of wo] 30°Ce A 60%7F wha|gk Iof & 727 0.mi® Eghste] o wigkom AHeub
W A ATaL, Aatel do] Waba o o, Kffie ot & Ko Tagch
wivA A Sedebrt 1 A g Fel ol K=2.3D/T-log P,/P

A eetol A g fach. uEe # P& k&gt shopx] el 4, P,= T 432
fegte] 4°Cel 2 st ol AGE7e o miabR 2bE stelr] o, Dr ghg-of v 2

M 2 o
rm

N




September, 1979) Rhee: Studies on the bacteriophages of Br.

piztobz] o] 3] A v 4o} o} (Dellbrick,
1945; Jerne & Scovstad, 1953).

(6) St Sl th itk

SEREERT

zlo}z] o (1108 cells/ml)=} F (1x10°
cells/ml)¢ 27 Imld 9 A 4191 4 (2
&% 30°C) 0,1,3,58 & Z2 0.1m!
A& Fsted kBT Wiz 9.9mld) Yo &
1000 2 B A g3l TAd Fay 2H-g A
24717 e w2 5,000xg(4°C) 2 44
el st Fol FAE sholAl &
ohg Al el ol g2 R 2HETlola] B
F SubAl gy o7 A=keted oh(Hongo et
al., 1966 e).

@ —RIEEE S

Ellis & Delbriick(1939)<] whd o] 23
ok, F gt (1x108%cells/ml) 0.9mls} szho}
Z] o} (1% 108PFU/ml) 1m! E o] 30°Cqj
A 5zt BEA A (REEEE 0.1). o
rz-%c’l?oﬂv} K=109] #uimi# 0.1m/E ©}A]
587k wbgAlgl F 1 104aﬂ B Agato] Hifi
iHY f’Fﬂﬁ—% el i o A A zkwbe} 0. 1ml4
4 Heol stolrl % % 3& gt 5 o} (Hongo et
al., 1966 e).

3 sholz] o K WAHE

WHERS 18mlie] NM 4 AWz & 92
T-A g ate] &F7FE ODg 0.1x10°cells/
ml)EA A Fohe] 30°Cxm A wf oFstwiA
ODygeo 0.3(1 X 10°PFU/ml)e] =14l & = =}
o}A] & (m.o.1.0.01~100) & FFo 7t A
A +THEE &3 stgict(Hongo et al.,
1966 1).

OESEER T

T shebal el Efikissl DNAS S

sfobz] o] AA & Fig. 29} e JjHeow
24 AA 3 o}& trypsin(50ug/ml)#} RN
ase 50ug/m!l) %t DNase(2ug/mi)=2 30°C
o A 30%-z+ A el gk F(Hongo et al., 1966
<) 3y o Y A4Felstd oF EAE
A A st 2x102PFU/ml 54 5x1073M
Mg o] £ A7 0.05M EARFE G
3ol (PHT. D o2 FeAA Aestal.

AT LA

lact fermentum 103

DNAY] —,—% 9. Kaiser & Hogness (1960) 2}
HEg oy | detde] Fuf
2] phenol x3}4 [&%-3k phenolg 0.05M
A RV F 454 (pHT. 4) 4 ii}*l
E4)g hsl 837°Cel4 DNAE #&A4

& o) A3 (20,000 g, 15% )6}04 2=
thE A 712 AbAbe W
HiEo R Melste] AF4g Feldtr
o] =Sl x} 2 vkl absolute ethanol
& Zbe Wil DNAI A S el
Fobdglnh, B 248 AGEdd A
¥ e ethanol &5 & w&FE whgo
A viebite.

@ sholz] BMES] HEEALK

stobA] 4o B3 Bk} $% & diphe-
nylamine W2 (Burton, 1955)2} hydro-
xylamine %}-$ (Schuster, 1961)¢] & W
¥eskel A A st eh. DNAY W4 fRe Wy-
att & Cohen (1953)9] whel & wlgdo}.
° 5mgel DNAE spold| fol 210
100mm)ef} 7. formic acid (98~100%,
Merk#l) 0.5mlE ~}sl A 7ratsbd A F4%
1% ol %3k Fo] 175°C2 3087 A
Sach. 388 44 98 B el ey

= 7‘1&/‘1 71 F IN-HCl& 7hs) Ky

%, stob)

y
A

~

S S ST
o o e n[

leg
Ny
o
1.4-
s

Tig % 539 vhg micropipettec 2 o] Al
' 0.01ml[2 « 2] (5-oF 2] Neo. 51)9)c}
At spotshae}. HEZAE FAd A
< 7] (adenine, guanine, cytosine, thymine,
uracil; Nutritional Bicchemical Corpora-
toinfd) 5 o] spotdtg . (Hongo et al.,
1966 g). $vl+= Wyatt & Cohen (1953)%]
isopropanol (65%, v/v) hydrochloric acid
(ON) Faefg Agstda sidsomn A
#} 3k4 ©F. Chromatogram |-2] spot: Ma-
nasulu light(Manasulu Chemical Industry
gyom AZaedl AA Ak A e v
3L 0.IN — HCI 5.0ml2 7}a} 37°Co 2] 2
7t A7 E EEAAT SEAe Y
g5} (4,000r.p.m., 3%)
spectrophotometer (Hltachl EPM 9A64)5'-_
sAsas. Ad FEogd gl F




104 KOR. JOUR. MICROBIOL. {Vol.17,No. 3,

sxe} FAFFASRAE beAd gt & FAE 4L (5000xg, 08) e
o1 7 eg:w 3+ % o} (Bendich, 1975). M= L ¥ & rhAl membrane filter(pore size
TSYO_ Me 4719 £, Ex ¥ 34 0.8 3E ojztste] gaafg s sl
Ad, ODe 2 F5sbgoln], Fa+ F4  spot testdlo] zAbstdich(Hongo et al,.
A4 Wyatt & Cohen (1973)0] Al¥lgl 1965 a).

e d9n. @ A 4o 9T B A TFE AA
® DNAS] 18t 9 9%k ODggo 0.2~0.39) Fol g a FApe]
DNAS ol b & £x8 g%l meb o $4(FA 2mmblF) A4 BAW,

Gx AT @olA WAL Jdesmz  Fuba 257am) Wef 3oms A Fa

(Doty, 1961) ¢-%o] we §%xe) 43¢ 401202 24T T A% 6~843% Ay
Z4std ok, ¥l & Marmur & Doty (1962) kst A 44 o3& fAdn = o
o HEg abglvl. & DNAgE- (3 2 sali- oFd) [y ow spot testdle] zAbstalvh
ne-citrate Kol 719 20pg/mid] o} ¢l (Hongo et al., 1969; &&, 1970).

B 2% A Al ¥, 10°C g5 ©® Ml g FHi
oF 2¥4 dAulAl sl 2 LxdA 108 ARES Al W oF3irtrl ODg,0. 30] =)

i %, 260nmo] X FHEE A 31 o mitomycin C (1~5pg/mi)\} baci-
(Hongo et al., 1966 g). 719 =482  tracin (5~100pg/ml)g WoFa] <o 713t
Marmur & Doty (1962)2] % G+C=(T,, A& zealof A BES zAsko
—69.3)/0.41e] s A Abstarh. T.e BHEMES 2 A 59 3 (Ogata et al., 19723

UOLEES) F Aol B wH, 1970).

5. Br. lactofermentum2| uio}x| PR 6. BH&Wol 2|5t Br.lacotofermentum
5-(T)2t molx| RiffiFo| HE o A HHEE

L AR . W AR 7R W okal o FAFW 157 #ATalA AMA R 1804 =

‘ bacterial suspension f (OD at 0.3~0.4)

centrifged at 9,000 r.p.m. for 5min.

supernatant

{ pellet I
l suspended in 10m! of M/15 phosphate buffer (pH6.5)
I suspension ]
treated with 0.5m/ formalin for 30min.
centrifuged at 9,000 r.p.m. for 5min.
SE—
supernatant I pellet
suspended in M/15 phosphate buffer
' suspensiaA]
repeat i
centrifuged at 9,000 r.p.m. for 5min,
3 times -
supernatant

l pellet ]
i suspended in M/15 phosphate buffer

{ suspensmn

Fig. 3. Formalin treatment of bacteria for phage infection
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Hoh 3008 YA oR AU T T %
L A WR g BEL 15 ¥R
PR SRR BT = o) F BMEEK
g Wl mitomycin CE 1~5pg/mi4
A 2 3} (Ogata ef al., 1972) <F 6417k 5
ob Alek WFAAAN A4 LT kife 7F
2}, 517 o) Br. lactofermentum 468—
5¢ 2256¢f] spot testdle] AEPLYE MES
4 s ek,

7. totx|] PR-5 (T)Q} mjotx| RMERF
BB W

423} Wl oke] 2l 294 W mitomycin C
2 Ae|g Br. lactofermentum 22562
oFed & 44 ¥l (5,000xg, 108) & ¥ k
HE 7ML e R FFE HATFoR
spot testdlo] Zt4A o R-F 2AES
=, stebz] PR-5 BEmK e A4 £21(3,000
xXg, 608)sto] EkiEs) pelletoz  FH 3t
) o5 77t o] opAlFol spot testst
of A ¥ E ZASAT. £l A
5 AL ohA Ay FFATE £

At

8. B&® jgEEo| k35t Brevibacteri-
um2| ¥H

D EEER Brevibacteriume] £ : oF
A &7 0.1mlE TFA DA wWoF
%] Brevibacterium s o} (ODgg00. 2~0. 3,
18ml)e] A Esa AAHCR BEE 24
e 47 +5 A dze &7
of & FAe (100°C, 5%t E2EAst A
A AL A Es3 0

@ Formaline 2 FEEHEEr Brevibacterium
9] &7 : formaline 2 Azl g+ 4wy & Fig.
33} oo o] et Smis} &Fd  Lik
Imlg 4o 4~6A1 7 A oA &3toi
% ZAEtd o (Ogata, vEE). HEE 9
A G A el st A St

RS B

2 HEen sty L-F3elv] AL Mg
o BEe RBH, S BESRESY
A A AP A shoba] FHe] it A
olo] WA}, wuwlels Br. lactofermen-
tum 468—50] 7t 5] wlolr] PR-1, PR-
2 ot Folseta stalch. sl st-
reptomycin iH{4: @ kk= streptomycin F<F
WEGE T by o g sbolx] fifthel Hhat
o (Hirose et al., 1967), &3], Wtk No.
468--5% oA 7tx] & A utolzld s
ZEg Mg 2% TFel7] w ol g
H 2 stolAld A5 flske AA ubgt
A X o] nutrient mediume] A2 -
Al A 7He FF No. 468—5% 338, 3
No. 22562 38%-c 2 A§o] ofz3ty
Mg o] & 5x10Me] #7be stola] 9] ab
A w8 Folrck ¥, BEE E
No. 468—52} Hil: No. 22562 » % JRyAE
PR o] Balsiglonl, SMET T2
obxlo] g YABEAE(Lysogenizing ability)
+ BEL A9, E AYdzA e =
5 48 (virulent) gl o] 98 3 o},

1. molxiel &g

Br. lactofermentum No. 468—5¢] {3}t
L-Z3etalal $agd Bl vebdd 7
7] & dEzsYe  Be§ 2 siolaE
slotz] PR-1, PR-22 #&stda =23

o 2497t AdelA Mg Eoolr}
2VE5Y A= o 3Rozdyg Reg
oA A9 s}obx] 5 sjolz] PR-3, PR-4,

PR-5, PR-6, PR-7= 9+ 3}5ict.
2. PR-motx|of B
tobz] o] FEEIRS ¢ SolHojoiH B

WA SFFIL A= A% BE &
g AFAAL 72 = & Qr LEHEM
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(multiple virulence) & ‘}EliE AT 9
o3l gro}(d’Herrelle, 1926). Oki %:(1964
a) o] ¥eljt P% slelal £ EH4S ek
v 2 t5+se] BrevibacteriumBBe] HE
2} Microbacterium % Bacillus @7}x] =+
diElcls Rusta gerz A& 742 PR
F slobale] dl#j A4 = Microbacterium
Bacillus @7}z &3t A xstect. =

KOR. JOUR. MICROBIOL

[Vol.17,No. 3,

Azt Table 1z} o] Br. lactofermen-
tume A9 zAE RE FFY g
el flen MM REMI A
= ¥ BEERELS YeRl A Shelx]
PR-1, PR-2& #F No. 468—5¢|ut 7+
s1¢l i, zlotz] PR-3, PR-5, PR-6, PR-7
2 FF No. 225647k 7+ =)k,

Table 1. Host range of 7 PR-series phage of Brevibacterium lactofermentum

tested bacteria

PR-phage
4 5 6

Brevibacterium lactofermentum 468—5
Brevibacterium lactofermentum 2256
Brevibacterium flavum 2247
Brevibacterium glutarium
Brevibacterium loseum
Brevibacterium saccarolyticum
Brevibacterium lactofermentum 465
Microbacterium glutamicus

Bacillus subtilis

Bacillus circulans

Baci!lus cureus

Bacillus natto

+: Lysis —: No lysis

3. gEE(Plague)o| K

FTUAFY wold
w2t X 2A 4 3tsbedl (Hershey & Rot-
1949), #Hehel wzhele  &3uko]
24 He A(rdol), FA =He A (mHo]),
FEWEA A Sl e A (tude]) 5ol dH A
At} (Hershey & Rotman, 1949). PR%
shobxl o RS 2% W ok 10~15m5H
el AR AA, otk shsht
2 BREOSEE, W], REIEE (Adams,

man,

1956) 9] W42} sholr] 9] genomeo] &

o RSl HEIREC] Eslch. = W

2] AR 78 BB stobA]  EEid o«
AR 22 fiftEEA A el 49 o
ol FEWIE WEHC) MR

Plate 1,26} 4] ®.& nls} 7ol stolxPR
-58] Ewbg 2l Eol 4y Immz A o
z PR-5, PR-29 ¥y 1.5mmxc} A&
fTH-& B4 en stelz] PR-3, PR-4, PR
-6, PR-7x s}olx] PR-5s} -kIA/NESHS
. B BIRE BE dke] BT
Ji: -2 A% F-e] (halo)7h gl Al i
ot. whebal PRFAstobA] S F3abg dele
BE Zgtovk arle 2%FF= vhE gl
2 PRF% ghobz] o] ARMS & 4-& Oki et
al., (1964a)2] P% sho}z] o} vl matr| o &
Z710] gebal FebEtR| gk shoba] Pl 0.
7~1.8mm, 3}0}A] Peed 0.4~1.4mm%
2 448 Pk stepal sk £ 748 PR%R
vhobz] o Subg wlmstw, 27| eb 3§ E
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ol Bha atolst e RE o

(2) M MRS BREG

stelzl o] EHRF dpA o2 A4l &
JB % (double layer method)-2- & o] wtek
WY B W ERESF 2A et
el & 2.41% vebd ok (Hongo et al.,
1965 b). zejmm HEY HE RISER
o7l Sl &k 279 o 4
+ FlAle 84 % Fol WHEB —wst
v WS ESHA] gowl ok,

% 9%t} Table 20]4] Table 77}x]9]
24& A= e, FEE Sl 3t
7] Bt &bk sbeg & aA s
?t%l-“‘* ﬁHEL, LTy Fe wol veht
& T ZE Ade TR 33

r

- £3

-'I%iﬂﬂ\ui FFeal £5% L= TFatgct.

Ligsuhe ERgEe A4 S

277 Zonk 0.5% L Fe TR Last
olHgomz Oki ef al. (1964 b)e 0.5%

E AESRAT £ AYAE 0.6%% &
EERBER Aorch. RRESHS e 0.2
mis] BEOIGL ol vt Bow S
a507F Aebaln 4% F9ich. WAL pH
6.5 A 757 fEstdled ol
S B pHIEol St ZheA Al Y
o oA ZEE ol F Sl 23 SR
wol vebstiet. F ol wo) &gt
vl Az At 5 FFLS b F
v AL AR A shelA b FAs] o
22 A7, ol AFY F4E BT
1 x10%ells/mig v}, =hopz] el ZA & &)
Al e EEREY B 94 %Eﬁb‘!ﬂfﬁﬁiﬂ]
FeFe A SFHFo R wgon

gho] Zobxl 3 % AA vhebbe 7;“\—% i
FT Aol YA dEez 44y
WA Aol ke gAol A okl
S FE 510G A 1x108742] = A9
kAl gk ot ODse, 0. 600 4 BT 1%
10°cells/m/>] =z OD 0.4~0.62] w] oFF
0.Im/ & AF£-3F2] F9bol, vfx]eto =z sig)
wWoks] 2R 5579 AN 2
Aol EFgtowmw 30°Ca A stg ).

Table 2. Agar concentration of overlayer
medium and the number and size of the
plagques formed by phage PR-1

% number plaque size(mm)
0.4 — 2.0
0.5 395 1.7
0.6 405 1.5
0.7 392 1.3
0.8 390 1.0
1.0 384 0.4

Table 3. The quantity of overlayer medium
and the number and size of the plaques
formed by phage PR-1

m! number plague  size(mm)
0.1 393 1.0
0.2 396 1.5
0.3 372 1.3
0.4 300 1.0
0.5 247 0.6
1.0 185 0.3

Table 4. pH of overlayer medxum and the
number and size of the plques formed by
phage PR-1

pH number plaque  size(mm)
5.3 250 0.4
5.6 300 0.7
5.9 351 1.2
6.2 372 1.2
6.5 390 1.4
7.0 402 1.5
7.5 " s 1.4
8.0 192 1.2

Table 5. Cultural age of strain No. 468—5
cells and the number and size of the pla-
ques formed by phage PR-1

hours of culture number plaque size(mm)

2 390 1.6
3 395 1.5
4 394 1.5
6 390 1.5
8 372 1.3
10 357 1.2
15 395 1.0
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Table 6. The number of host cells and the
number and size of the plaques formed
by phage PR-1

number (X10%) number plaque size(mm)

400 275 0.9
200 390 1.3
100 401 1.5
50 398 1.5

20 391 1.6

10 306 1.7

5 250 2.2

Table 7. Temperature of incubation and
the number and size of the plaques formed
by phage PR-1

temperature(°C) number plaque size(mm)

KOR. JOUR.

20 183 0.7

25 300 1.2

30 408 1.5

33 396 1.5

37 275 1.3

40 201 0.9
1707

679

409

) I W W | 1 i}

25 50 100
Relative Phage Concentraticn

Fig. 4. Linear relationships between num-
ber of plaques and phage concentration

(3) MERfsIel VA LA

SEE Al el 3t sholx Y A Fele
Ao obd LEu5d HldaA 39
5z gow <kxlvi(Ellis & Delbrick,

MICROBIOL. (Vor.17,No. 3,

1939). 1.96x10¢* PFU/ml¢] z}o}z] PR-1
Sdde NMejzl2 B A A &g
= Fig. 49} o] sl Awjso] o ELLH
sich. ole shte) W shie st
olz] a2yl FM=EckE A4 (Stent,
1963)¢0] sto}lx] PR-1o]A %= 223 & el
Riks SUNL B2 N

4. HR{cpyy REHO| Bapeol

nX= A%

BHO}X|

(1) E¥EEA# (salt solution)e)] 4] <
A ek

stolx] & Aol glolA stetx| st F3F
e dl #HA Y o] LA E Wil AL
% F 9%, PRRIolA = NMuzl 2 2
AT 73S A2d] ok srgdch. el BN
Wolrt gtAMAlz 3 Astd  z3x B
59} A A8 gtopx]v AAE
44 471 % gk & stoprl oA KEMS
T B el 29 MKe dolad &
ol ot} of 2ol goh(Stent, 1963). ¢
A stelxlw AQFEEdAe ofF Azt
24 & 9ol A dolet sid=lE &
2H5tx] Babehia gheh(Stent, 1963). e
v} Mgt o] &3b g 2718 ol &g Inst
W oA Mg et iAot g} (Puck et al.,
1951; Tolmach & Puck, 1952). = o} §-%
Adams(1959) & Mg?®* o] 20| zlolx]e}l o
ARo g HAE WEr dFd A
ANzlchi A=t glew, Puck & Tolm-
ach (1954)& A F< 3= =2 stelz] 9lzp
ot [H—3 A 5E Wl o] stolA b F
Ashe AL el sk Bol 2. o]l F
MAA Fria de st gt stel & Bol
2o Fa s Yoy Axwhe v
TZASE stopAldA ot dEo®
A Zksl ek (Stent, 1963). HEH-S oholx] <
34 ol sl stobAle HA A W
59 AeuHqd Ade T oA AE&5He A
o stolx]e] oA Aol L HAMAE A
W sted o} grt. PR shopzl o] 2 Ao

z}to}
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Table 8. Cofactor requirements of PR-series phages in vanous salt Solutxons

salt solutions

phage survivals (°

PR-1 PR-5 PR-7
nutrient broth 100 100 100
distilled water 40 2 20
physiological salt sol. 20 50 50
physiological sol. +1073M Mg?+ 80 90 90
phosphate buffer (0.1M) 85 90 80
phosphate buffer (0.067M)+10"*M Mg+ 70 100 100
phosphate buffer (0.067M)+107°M Mn** 15 20 8
phosphate buffer (0.067M)+10"3M Ca?** 5 15 10
phosphate buffer (0.067M)+1074M Mg?*
phosphate buffer (0.002M)+107*M Mg?* 95 100 100
0.02M Tris buffer 95 100 100
0.05M Tris buffer 100 100 100
0.1M ammonium acetate buffer 95 100 100
0.005M ammonium acetate buffer 100 100 100
0.1M ammonium acetate buffer 100 100 100
0.5M ammonium acetate buffer 100 95 95

*The assay carried out by plaque countinz method after treatment for 60 min at 30°C.

2%t daps Table 92 e}, Oki ef al.

(1964 b)-& Brevibacteriume] P&% = AP
H stotal el AAl o] 0. IMalAt ¢H3A& A}
£-51¢1 3, Hongo et al. (1965)-& HMs}o}
#12] AA el <lat gkF-4 (0.002M) =k Mg?+
o] (107°M)9] EAKE A&t e PR

% stobAlE AlA AN TR A

gz} 0.05M3} 0.1M 2Argte -4 sk
3z} 0.05M Tris SF& o)A oF& 8+d ).
3] NMu]x] & w159 Mgt o)28 5x
107°M gefrshnl stobx] o] attkel Egto
g ghFfo] Mg of & @Himste A&
3% ot

(2) pH etk

stolAl & o A AT pHE A ArE oF
A& vebed Ao ptkigel A ot et
v}l gkeh(Stent, 1963). PR% shopx] &
Fig. 5e41¢} 7ol NMulz] ol sl pH6o|
A pHIZER &) Aol A kA stg ok 0.1
Mz aterm] 3 st3ddl el 4 pHS. 0o A
P EL oA E mgl. o] Ase Oki

et al. (1964 b)2] P3% shobzl el o 5]}

57 Rol gl vt

(3) REAERAL

stobrl & % Wzl HelAE FHiRel A
% okA . P sholxla 60°C L ko] A
RiEMAbs o] & shebz] ]  oko] FH <
#o}a groh(Oki et al., 1964 b)., e}
PR%s} ol &= NMslz] W] A% o] mch ot
£ 50~55°C, +F el Mg 45~50°Ce]
A 438 E2A=g R (Fig. 6). PRHK
stobz] Fol 4 stolx] PR-lo] {EE#H(L
o de) A AL sholx] PR-57%
ZH 2 LE FRASE ek 47
TR YAMs 2EAstE e glieh
A Exe glolAd EgAske wg e #
F oz V. /V—-e'l\'fs] Fo] wheo
Hz9 stolA ¢ Vol g a& ﬁ}°}2‘»$
F Vo vle 2F Ador dah ¢34 &
wh2e), 2§43 F Fobge whek 2=
stobAl o] e zhAgeh. stopA £x 4
st Al AE B2 Rast ey 3
LA doivke A shelx] A
WA 71l A 2ok, Krueger(1932)

A
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o] 9)3}el Staphylococcus®] Kslol}z] & 51
~61°Col A b A o dwiAo] olofdoixn
#91, = Gold & Watson (1950)& CI.
madisoni®] spolalE oAk SkEA o4 60°
Cz 587 A& sl A=+ 2
Wxlof A 60°Cz 3047 el = 4
e A geon sl 23inz 7 s}
78 ex obA AL A by olrt 34 aY
Aol o] whel Abeds] ohEcor. gisl stebz] 4
BB RS R o BUiEe R
ARy FA ekl Ek ol ¥ NEEEE A
o7E #Ee 40°Choe Eon o
(Stent, 1963).

(4) SEAmmatel KT RiGEL

Woigel gt stepal Y AEM{be shot
1o B A oldl Byt UVETH
AR5 Feke Bilisl L Fau oA

ol -7} sholz| o) HEBUMKEES st 8
£ wFolu], oleigt st |H— polypep-
tide el <1zl g+ thymine B~}
dimerd & A s}7] = F-5] o} (Beukers & Be-
rends, 1960: Wacker et al., 1960). UV
e 2536A0 shgdA A W E4t
J 1% = o] (Zelle & Hollaender, 1954),
UV &7 wike THRESK soxl g 5
ol 7l e 74t Heol el 3hr}(Stent, 1963).
MR o3t shotx] o A¥EM(LE G
2 Gghd o7 oejvtrl o Fel (Harm, 19
59) # x99 stolxl # Vol W3 &AM
ni&o) BwfEslelx ol B V.o BEe Fi
7isbe] whel FARMCE RAE o] aiA
= R R E ek

Vo/V =e kD

o g3 Rataolw, Kv BE

Z b = gk4ro] v} (Zelle & Hollaender,
1954). 4E4tERIAS] o3t PRARstorz| &
AT iR > Fig. 73 Zond AR
o A& ARGtk ER e sleta] PR-1, PR-7,
PR-59] £4 2 7+ stolzr] PR-13 PR
-5 BRI el obub AAH o2 FaEG
2n} shepz] PR-7& A AH 28 7h43HA]
skotrd. PRATFoMR 9 PRulotx| & zhs)

{Vol. 17,No. 3,

A zAbd 23t TEHEe vlastd PRt
otz 9] Piyy Puy Pusye 1202 Fob A
FogA gtAls 243} sy steta] Py
o Aol AA AdA zA g8 EE
A3k §r] ot stged (Oki et ol.,
1964 b), PR% slolxly stolz] PR-1o}
254, utotz] PR-7o] 60%, stolz] PR-5
7b 120% B2 RiMbsd oz PR%
spotrl 7 P shobal mek aslAl 7h44 ol
= Aol

5. Symest miotxiel w4

1) stobA 8 R

shojz] ¥ el W TEESIC R 3
ar=l o)+ (Ruska, 1940), A3l 2 4
wtkEol 44 gy, dwAez st
obx] KT BRI T& S e &
el B#E #ech giflidlv Akl 3F
Hol 1 By SFbde BaGREel o
Ty, Tr slopxl & 22 Bt g3ld Ao
2 =g o} William & Fraser(1953)
7t FARAREE AR gt B
ArtE Ae WY RN I ol el of
T B3 slelz] ol gl —ikiNoR R
e 23 de Adex A4S glo.
Brenner & Horne (1953)¢] f&3]4] ¥ 7
oz FASA 3 negative Y& AL
sl whola] i) vl A-T-F7} uhE A o)
stobal K79 Helb =ole shobale) i
Flol whel b=z I EAo] shola] 4p%i
S shtel Aol AT Ak & WY F
Al L-EFehl AL G EES] sholx] o] &
o dslAe otAzbz] PR 4setz] (Oki
et al., 1964 d))e & R w} glch. Br.
lactofermentumito) A ste 72 PR%A
stotz] o] F e} & EHBMEIS HEHs 3t
Astget, gtolx] RTE MHEKo=m RME
HopRst e & o dEEiso]l glol A EEI
3L, = oshelz| ol gle] YL Helx] @k
t}. Plate 3¢ 4 stolz] PR-12] A =tala]
7 ARAE B Foh stelx] PR-12 %ii
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L
;
I
> i
o .‘r H
g ks "
z }
‘
.

Fig. 5. pH stability of PR-phages in NM
medium and 0. 1M ammonium acetate bu-
ffer solution (O:PR-1 @:PR-5 +:PR-7

curvival(s

o A ks ot

Temperature (°C ) Terperature(*C )

Fig. 6. Thermostability of PR-phages in N
M medium and 0.1M ammonjum acetate
buffer solution O:PR-1 @:PR-5 +:PR-7

100

10

survival (7)

Fig. 7. Ultraviolet light inactivation curves
of PR-phages in 0.1M ammonium acetate
buffer+5x107°M Mg?**
O: PR-1 ®: PR-5

44 (end plate)o) v} Rk

PAR =

] 2. 85nm%l i

+: PR-7

o} g
(tail fiber)7} ¢l k47 moky
3 Za dor, Ui

R#Y) ol & 375nmgieh. spopx] PR-52)
WOFHMBE A4S Plate 451 ok, o] st
A9 A5 shep] PR s 2

.4.,;5 Sifittol L {50l RIEES o

BE 23 gem 2y sheps)
PR—IEE} keh. stobxl PR-59 Axbd

974 AR FAA 2019 spepaleh =

%9 shobxl REMTOL BEHANG. ol
G ALe A% AU Tral deh v
Aoz Ffstel stebAs ez

2E AYEAE HAsd gagont ¥
e S A 2822 A g
ehie A ¢ stobd PR-52 Astga an
47 debde A4 stepr] PR-S(D2 7
sheleh, shobx]l PR-58) S Fo 5 3
#9 stopx7k 2dsE o HE AL
3 shobAl b SFFel FAse] W4
2397 B RAN £39 9
A#s Aol ohdst Azstdsh, zH 5t
o}x] PR-3(T)7} stopa] PR-5uck R+
A Zlow A )‘~,’"‘1‘s§o]a]-\=%
gto}z] PR-57F 4~&3]a #Ao|c}, dukd o
] AF S C}—é‘* Bl o4 EiE }{—7;3
T ALER s AL gholx
&—f%-?‘& Aoz A4 4 gl
= BEEE TET AL I
71 W el ul A RIS zelol %H%
stez] PR-5(T)& 44 72 B#E
oog M2 HRI :'L]-O]—Z]i % 5k oF
A sboll B AR of o) °a‘°%‘&
#HEY A& <3}
e A B SRR pe Feu
¢}2]7} o Be] vhehg ol ng soja] PR
57} sEolvhie AR & g, 20
22 o]7le] Vet shopx] PR-5(T):-
stela] PR-5ob 848 BE shopx gl
LIS DR ERLIE S T
shobrl 7t WAAGE o] T S o
& sob] PR-S(T)E olvl el
Esh RSl = T atede B A¢)
k. ¥} Br. lactofermentum 22562 4%
#+%¢ 5! mitomycin C, bacitracin®] <F]

r.m 03':, l‘lol'

.
il

fe)

o
>«

)
_94
o
ru{o n.qo m*‘
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N
el
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Aol JalA s HEEA ge6-@%x)
R 22 stolx] PR-5(T)7
Sholal el i % A ReH (defective mu-
tant)ql prophage (Jacob 1952 ; Lwoff,
1951)7F AbaRkpitthstolal o zbd ol o8] %
78l Asbrt obd st A7k, Jacob, Fue-
rst & Wollman (1957) & 7949 szho}x]
& EEPA A A defective prophageZ %
AR e ol & kel 98] defective pr-
ophage?] genome?] wh¥l = B-oleli 3}
t}. &9 prophage immunity substance
B 23 gle] e stelrly A & whsle
vk ]w: Effistola] o b 2 &8t o)A &
Y97l o Fol (Jacob, 1960; Kaiser &
Jacob, 1957) FHikstolz] 7t Al Fzwle) 1B
Wiete A& el 5kr] oo (Stent, 1963),
Mol Al = RmfEstobR] B ol FA T &
ol ohal gboh(Bertani 1953; Jacob & Woll-
1953). el 23 stelz] PR-5(TH=
Hestolal o sbsdel artn s %
o}z] PR-5(T)% e} = Plate 52} o
stotx] PR-5(T)s} the PRAsolA 9
8% v w3 »Awx Fig. 83 v}, Br.
lactofermentum PR&s}olz] o &+
=A% B 2 Tl mE e 9 e
Atk 2% stebx] PR-1o] A% @ sho}
A PR-79] 73 #ghod, a7l olslde
el Abolob fRomw MERN AR
E ZE 319 slolr) g} sbopz] PR-5(T) =k
% et sk, Br. lactofermentum 22565
PRIAIAY Fel 2 44 stopx ]
st Ank s o] ¢l o (Oki et al., 1964
d) P} 4stebasl & T/ PRFAs}o)
AE A on vadwl, 8L wast
Az B 2o e 71 B#E 2o
woBg oyt a4 fastgd o 2]
5.01 42 ¥ PRFA 79 sholzlel PR
dtobr] b ¥ Zolo ztol 7 lglvt.

2k 2% ghela] Prust shelz] PR-5:=
TARE B ont Bt o d Y
7} sbolza] Py 3.5, dfelx] PR-5= 3.1
E &k Aol vF Yy, BRY Frx sh

man,

{Vol. 17,No. 3,
phage PR-S Phage PR-S{T) phave FR7 rhn~2 DR-]
T o~
7 ’nr\ E\" T'.’:nr. [E ";[w m Tenm L \i
n r + T \1 ) |
| ‘ | -
"EJ‘” 34ma 21%n 37 cam
LU
ok :
12nn —Ltn ;'Zn: ’*rrt

Fig. 8. Schematic morphology of PR-phages
o}z Py,7F 15nmel ¢} uls] slo}z] PR-5i=
I2nmz apelsl Slglem RS HH®
Oki et al., (1964) & BB o s wglon} &
Stolx 9] 7§ AR ¢ Ui giel P
8 4sbolx] sh ¥ PR 7 8| shol] 2}

= g4 0 £o2 2353, shopx)
e T
A¥ME dEhd AL A HAAL o2
ol WiFd Rolwh.

@ stobx 9 i

shobal ) #gMgel WIRE #%tE Afstola)

7P BRI otel del @A got ok

W stobzl o] FEAIRE BiZESbel = H3E 2
of B 9A e

e sholrlZb 43t #4ae DN
Acldl o] sfe}x] DNA.4 B RS
AETE 2o B4R 9% Fe A9
wrl, Wyatt & Cohen (1953)% ] A s
oAl T, T, Te ol cytosine Al Al
2.2 ¢l7le]l 5-hydroxymethylcytosine o]
THElol S waen, 25 ge o
T2 s} Bacillus subtilis®] Fi
stopal £-& ¥ thymine 9 4l ¢ 5-hyd-
roxymethyluracil€ zti gla, = £94
stolzlel  B. subtilis®] s}lelz] PBS2:-
thymine ] Al o] uracil® 21 ¢ & A}4 =
o 8 ek (Virus £741). ol s} o] shobn)
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o #atel = BE Aolst Jomz slhelx
o e stolx] H¥EY Fad BHENE
o] = 1 ¢Jc}. Brevibacterium A F& 718
2 o sl &9 Mol 2T WE=
= P#Y 3zlolzlsl stolz] Ap 858 D
NA(OKi et al., 1968)0o] ol sl &L A =
ol k. PRAstolAl9] #fe o4 2% DNA
gdomz 24 zlolx] PR-12] DNAY &4
#HGRE TAstsleh. 2 A3} paper chro-
matogram o] e}t spote] Refis &
BEZ o A He 0.23, 0.34, 0.46, 0.759 %
4l o] & Wyatt (1955)7} 4#13t DNA
o Rrzl (Whatman No. 14}€) £ guanine
0.25, adenine 0.36, cytosine 0.47, thy-

mine 0.773} A9 —gsta glch. ohala] &
#iZo] A 2e| guanine, adenine, cytosine,
thymineo 2 [#s ¢l o» uracil® ¢ 9lc}.
% spot WMWY At Q FEFAE 2
@ Ash A A7 Wl we AgAq
FAE dEionz ol & thal sl sk
2] 3. she}z] PR-59F PR-7= o why
ow FAegrt. 2 A3+ Table 924
o] PR#%w}o}z] 9] guanines}t cytosine, ade-
ninex} thymine?] Brwu= 1o wj & -}
7tobA A+T/G+C8) W& shopr] PR-12-
0.78z}o}z] PR-5% 0.89, spojz] PR-7.e-
0.86>) g =},

@H EEY Bk B2 DNAY 3%

Table. 9. DNA base composition of PR-phages determined chemically

mole percent

phages guanine adenine cytosine thymine G+C
PR-1 28.1 22.2 28.0 21.7 56.1
PR-5 26.6 23.8 26.3 23.3 52.9
PR-7 26.9 22.9 26.8 23.4 53.7

percenty: {LEEfY o 2 st & Azt
o WA dAHe Audn. B AdY A
el PRY APRshelzl o] el o
Oki et al. (1968)0] 7#7gk fERHE K
3= PR&AIoIRIY G+ C eFe 52.9~
56.1%, PHztorzr]s 34~55.3%, 1=
stola] Ap85M2 56.6% = wlAA $-Atgk 3t
£ Jeblt. el =8 Br. lactofermen-
tumg FEEE She FoxlEFL E. colid
THslolr] (34.2~35%), B. subtilis®] I
HE WA wREEstobx] (38~43%), CL.
saccharoperbut ylacetonicum2] HMFxz}o}
2} (26.1~35.2%) SRt G+CY &l
¥3teh. @Y shoba PR-52 PR-79 G+
CY &EL FHisigdont o Auye o F
F ol MR Fote A& Inlste A
& opgch,

Table 10. T, values and mole percent G
+ C of PR-phages DNA

mole percent

phages Tw(°C) G+C
PR-1 92.4 56. 34
PR-5 91.0 52.92
PR-7 9I.1 53.17

(3) shobx| o] mifudl BAH

@ shotz] K BB

stoba] 7} Bell BESE Aol BN A
sholA 7t MEksHE &A1Y wAlolvh. R
o€ f&ET Bl 29 A% v dg
b sl a(Adams, 1959), = oj& =}
obx g HEolv EFEHS 22 w2t
2 g 7&ti gch(Anderson, 1945). s}
olxl & B Eoz &4-FM 2o KFH
4 ol AT Axd] EKHEA e KR
el receptor ¢} e} o] ARULHAY # Ao 4K
gt} gvl(Burnet, 1934; Stent, 1963).
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T

Relative abserbance { 779 nm 3

100
Temperature (*Z
Fig. 9. Thermal denaturation curves of DNA
O: phenol extracted of phage PR-1
@ phenol extracted of phage PR-5
X : phenol extracted of phage PR-7
*The result expressed as relative absorba-

nce at 260nm being the ratio ¢f absorb-
ance at t/absorbance at 25°C.

%11&W4ﬁwwM1@aﬁrd~$
FE g4 ez ok (Krueger, 19

=2.3/Bt logP./P

Ke WEHEERCI Y By My, P
= 0900 QoA 8 shelr] o] ol 1, P
trthe] ol F2 BAE slorx) o] Moloh, g
7% shobxl = ule JHMRES] oA e
Well ¢l 34 v, 2 Asbe Fig. 10¢]
A 2} zbol gholx] PR-12 55 95%,
shebAl+= PR-5% 90%, s}elx] PR-72
87% %At 7t slelx 9 KEE +Ad= 6
2 10% 4.6x10° 1.8x10°2 2 AAb=ich, L
“EFERlAL A ALE shopr] Pg & pH7~7.5,
ZX 30~35°Cofl A MRl kB HPI 5¥z)
o] 80~90% W3 < chaare}(Oki et al.,
1964 b). PRA|stoba| = 4] 5%zle) 80
~90% BAESNAL 1053 %Ko w A Kol
Euet, sholal A Hell BEL dole T
BEEREE 9 pH ex %9 Ao A

KOR. JOUR.

[Vol.17,No. 3,

1940) v}o}
ﬂﬂé%%ﬂﬂ%rﬂﬂoigﬂ%ﬂ%

J%%A%&ﬂi%ﬂ sho}x]
stola o Fatel G ]
ﬂiﬂﬁﬁ Jrpolt F

I3

4

—{ﬂ

ruio
)

221 7o Al 1041 2k7h 2] 30° Coj] 4]
Wekatd Al 4 Al 49 stola] Fabgg
AEs . Table 113} o] 4359 age
A A el= @ik, o] Azbe Oki ef
al. (1964 )2 Ao} npxirla] Ay o] =
59 Alxe gdo 9+ phage recep-
tor= agest Al glo] A& vlelilal
RAee et & 4 Qivh. = aged
ot AT Az ¥4 Wae gor 3
zlet.

i) @K g

Fae W 2x9 k) vd Stent &
Wollman(1952) & T, stolx]&  25°Col 4]
5°C7tA 2% Wi mENETES 1/
102 oz sgch. stefa] PR-19 ox
Hate] M WEES AEsr] 94 20°C

o2

100
9
\
— Y
~\
A8 “\
~— \J
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> .
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Fig. 10. Adsorption kinetics of PR-phages
onto host strains
_:: Phage PR-1
@®: Phage PR-5
+: Phage PR-7
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A 40°CAA =T MeANEA Fikg
AT A3 0~3°Col A L FEE

& Fagg vetdlenz A5 ghop
PR-12 20~40°C Atojol A& Fatste
o 229 g i vt
(Table 12).

iii) pHe < 3

PH 6.0 23] pH 9.09 ¥ 2o A%
4ok, pHE= IN—HCl =& IN—NaOH=
ZAstg k. Table 133} 7o) pH 713+ pH
BN FAEe A s ot ol
HAE Aok FabgE A o
= stetz] 8] pH kAo A Y Ad Aas

2 1o dlo o
e

$eT L

Table. 11. Effect of bacterial age on ad-
sorption of phage PR-1

culture time (hr) adsorption rate(%)

95

95

5 95
10 95

Table. 12. Effect of temperature on ad-
sorption of phage PR-1

temperature (°C) adsorption rate (%)
20 85
25 88
30 95
35 93
40 84

Table. 13. Effect of pH on adsorption of
phage PR-1

pH adsorption rate(%)
6.0 60
6.5 73
7.0 95
7.5 95
8.0 95
8.5 81
9.0 77

250 - ,

1 A i e i i
0 20 40 60 80 100 120 140
Tatant time ( mip )

Fig. 11. Onestep growth curves of phage
PR-1, PR-5 and PR-7

e IRz Az 3A7 Qe Aown A
ek shobal o WS A Aukpel pH
ol A WEEES 2l zcha ghe}(Stent,
1963).

@ —BIRME

Ellis & Dellbriick(1939) & —Ey BRI
(One-step growth experiment)-g #%ste]
stoba]7b fEE zhdEw ol dAA L

7}A] ARE Qoo dA kel 2p4s sholx]
ot 548 E7Ee] dJebdebe A

A gt B sl A
A shobr] M) BB (parameter) &
L sholzl e ol AW L & o A
B o obebs #@hoh H, BRI
(latent period)®] 7ol &= W] waja W
stol (Maelge, 1950}, = =F4 FA 29
dokolrt W], pHEE shobx] o] ¥Rk
B B(burst  size)o o g-g v] Al v} (Dell-
brack, 1940; Heden, 1951). 2|3 =}¥.7
b WEFE ghobx] #Y o Ffol v =
= FY AR Tiolx] BT A
B oo2e £FATY ASd oAz AR
et kel & vhebdl A uk Al A = ghed
S & vtola] glatel o e M - Aol
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E vehdlzl geura g (Dellbrack &
Luria, 1942). zejoz X798 zo]e
StobA1 9 it R AelA zde A
% soba] il wet Sl g vhebio
o o] —BURMEEBE stolx] FA L A
B A8l & Aol

Br. lactofermentum2] PR% slo}z] 2]

A oparg zASG. stobxl 49 3
A z2AL dA 339 A AHEMEL
A&tz PRFA stelx 8] F4z45 4
9 H4 A§zAL aud. 2 2
s} Fig. 113} gon] A2 & stelz] P
R-57} 50%-0]) gl 3L s}o}x] PR-70] 60%, 2

NS B oy

4

2] 3L sm}opr] PR-10] 70¢-02 7}AF A ¢l o},

gto}a] o] W& stotx] PR-1o] 200 pa-
rticles/cello} ¢l 32, zfolz]  PR-7o] 100
particles/cell, s}o}x] PR-57} 70 particles
Jeello] gl o}, o} = Oki et al. (1964 ¢)o] P
& stolrl g AK7] 60~80F-3} WE4 8~
23 particles/celle] wis] W& 47} E9bc}.
@ stotz] Zddo] o2 WEEERIR
vhopx] o} M- —PURAEERE colddx
ZREERKS BES HaE z2Aee Y
A wEgERE $A9 E F . #
Tl eFf ol stelz] 7} A= HEE A
oz =d 2 ol f& el g Mk
le) gy W3l ol 2ol A7 = HEM A
Ao Wt o Folety gt} 2 F T F4
2 FEe] AAow FASHA ARV}
Eutnd el okl BEE oA FHs do
A 2o eA WiEsl o (Doermann, 1948).
2k GFA g W3 g shobx] 9] b
b tom 2ololE WHESY AESF HokA
ST AAFA L Wi Ads e %3
oFAmE viebd kot ghede] wlol i Wk
A AA Gatfabe] viekhdd, L
P oz HEEEE mo.id =zt "Ag
Zpol & el B stolz] flie] ot A5
o el HEFEY atoje] T A7
& oFAE vebdcl. O AEEEBRR
= 2R ed oy B Es] A
o =& stetxldl o+ mEEZHsI= lyso-

A o
=
f

[Vol. 17,No. 3,

zyme2] < gFo] o A 5 o] (Koch & Dreyer,
1958) zts=stolz] s} W& =2l &2 A A A

wWoFale] &gro]l FolAE HAAS Wt
(Doermann, 1948).
sle}z] PR-13} PR-5¢ 2]& Br. lacto-

fermentum 468—521 2256 BE#k 2 VAEGEE
Hwe AEstde. = Az Fig. 12, 13%
Zom mo.i W WEHE At AEs
vk, SEHEY] moo.i 1009 B¢ B
¥ No. 468—52] slelz] PR-13} No. 2256
WKkl shelx]l PR-5% wiast o s}olz] P
R-1¥.t} shopz] PR-58] B Zbol Z e
A2 sholx] PR-58 #27]5} sielx) PR-
1o Fe o Foletx A4, BWEA
% sto}r] PR-10] 704 z}lo}z] PR-57} 50
oz —AHgBEEHAAA FEole
e AFE vk mI SFF ok
ODgeo 0.3%1 5 sholz] & 713 F AbA| W
7} Zb &5 = 712 Doermann(1948)2] A&
Aztsl —Fshe Fiol Stk m.o.i. 109
4 ¢ stotzr] PR-1¢ 70¢ Fo stAds <
TEg A Aot stelx] PR-5E 210
= Fol A E SEAAG. o] Ade m.
o.1. 108] stolr] PR-57} AR &FHo I

KA R Az AAsu o 41w

st} s ol ok vlaa SFEAZHEW m.
0.1, 18 A $% E3ro] Z2I10EF Hdgowvw
oA A5 mood 108 A 5E e m.
o.i. 1=} T Aelst flvia shalch.
stolz] PR-1¢ A 9% m.o.i. 13 0.19)
% 33 wbE g 2 Azt &
¥gonw L&F5E Az} mooi g A
Wl H oz —#sAe & Adde. &
i sglolz] PR-1o] gloi A 28 A g 4
% m.o.i. 13 0.1& vl wsbed BES 2}
o] = =4 stelx] PR-59 7 $-& m.o.i.
105} 1o] 78 Alzte] &-F=glo]lx wx g
Aol zb Azl skd A& spopx e §it
39 Aol F 1a WEH dtopAFY %
el ofs] A gd s okl Aelrt dadd
g oz A7}, %, stejx] PR-1o} st
okx] PR-5mc©} wE7F 24 ol A a7] uf
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Fig. 12. Lysis of host bacterium(strain 468
—5) by phage PR-1 infection at different
m.o.i. ( ): m,o.i. (phage/bacterium)

arrow; phage addition

.

Time ( hr )

Fig. 13. Lysis of host bacterium (Strain
2256) by phage PR-5 infection at different
m.o0.i. ( ): m.o.i. (phage/bacterium)

arrow: phage addition

ol At T4 Fo ARdHE & F m

0.i.7F AR HEY Aelvp, zeln £ o}
otz ¢ & AIzbE TATE o F R
ot st @, $FFe o= AR
& A zkel 7 sl %—Zrih% A 245
A HEed o]
*}0}7&1 WEES 54 1 ﬂf& AozA &

Foolw Ads B WA Tl T4
2171 o Eolw, ATl Ffse YA &
£ A A Aol g B AY BT
ODggo 0.1 A =7bx] &=k, e} o7
A AN AL 9= wgk

N2 E AH&oted gt Agolnz o Az
F XIg,

(4) shebxl ] AR 58

stobz] o] KR JipsR o ﬁ\zﬂv}f A]—
A & Bordet & Ciuca(1921)¢] 9] »
o stolx] ity g uE whalAl g 3401
Rome HFow 2geted kel Ky
71 o ol g Eol = Hikss) 24710 slol
| fee fEEMR R ks As
Ae 3%%:41 8ol (Stent, 1963). Hipaor

WSk HURY mAR s
S s 8 % 9o
n® ﬁPO}ﬂ@ Aa b A A ERES
of wel FhHel EH L ok Bd M
i BRI Qe shelrl = 4
178) BN, THEERMY, (LER{Y, SERMEsom
BRHGR7T 2oka o} (Stent, 1963; Ei,
1970). $Uo.2A9 shobal ol zbsh Huuws
2o KE slolx] 7} Higkel o st 5
€ o] ozl ] EYEN S A4S
PR ] of (B8, 1970). ol = shvie] 4
Barob s ghela] KITe}  ZEshe)
HEWE dAg oz F o] (Stent, 1963)
gojurbr] -8l v (Delbrick, 1945) Fa+
o] aleojiteietx (Burnet, 1933) 754 &
A Shobxl o RIS S
© WA REgigel A B A6l a3
W AAAAE WHEELEA deta
grrh(Hershey, 1943). 3t ol®l #islolx
07 FfEstola] o] slol  fiffzholA] o))
LA A = ol T REMALA 7)o o
ZA$ ol F vholAl = HEPIEE 2 3)
0.2 2 (Adams & Wade, 1955) [AfEW #] =

TighEe 2 E5gct. ez shelxy
MEEN RG] 2A s AR

o &gtc}, Br. lactofermentum PRFu}
ob2l Y fEEEE BA] T FFo MEEK
No. 468—58} No. 225661l 5H4) 5] & E-of
A& L}EP‘;Ii ot WEENoEE YA A
e FRE THsgd g Tl
PR%JH}Z] il IM7EERHY BRRGRE A
st fl4, Z7ke] PR%  slolxl & 108/
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A ')A Fa3te] (Hershey & Chase,
1952) fistelr] 1Ee deded 259 K
f=1= Table 143+ 7ro]l 10444 1, 30077
Al eyt

u

Table 14. Neutralization rate constants of
PR-phages with homologous antisera

groups phages K values

PR-1 1,370

: { PR-2 800

( PR-3 112

; 1’ PR-4 79

| PR-5 10

‘K\ PR-6 €3

I PR-7 446

ol Fhobx] PUER fbEMy HE A
ol = [N WIERIEFHIES R Fol A
EARAS) HigcREEEY MRz =wal A
o2 B

g, Oki et al., (1967)-2 1071 PX%=}
o}l s} 8402 ApFstola] el w2419 L
spota] =l sholx] S,% 2148 Fe{do] A
o & Br. lactofermentum o] 52 =}
oA B AT TR PRHE AAA steba]

P} shobr] Ly9f wted shopa] gl  2{HAf
& xgsbe Mo R SR v
gt & Az 2Eo PR oshoba|el i
PR% shola] ~rwzre] IMiEERN MBS T'”ﬂ
2 ug 4 glol =hx] PRR shopx| 9 i
aaEnk g ALt el Br. lactofermen—
tume] TS PRFAstolzlob 7718 disto}
2 MEe A7 z3hetel 49449 A8l Tl
& mabEshbeg ek, 2 Ade
Table 152} FFol 742 zlopz] & 3ffo =
Aas) v 4 Y. F oshel] PR-L,
PR-29] 2ffiz} s}olx] PR-3, PR-4, PR-5,
PR-69] 4fi5l stopx] PR-To] 77t wtste
gl o] Aute il FFek dA s
ol dyed 54 JelaA FAo]
A A2 gohe A (B, 1970) 3 2o A
gtk olel A PRFATIoIx|7k2] 2 kst

[Vol. 17, No. 3,

ofzlell &k 7+ Fistelx] MirES 4 Hlind
EHe vagdestdd. duwhEe F3h
o} 5 wholx] #rel WA B hRfE o 2A
g nm ol slola] 7k mAES-ol A
o > g S] JiE Ki= stopx] 2k a3t
AL vebe dutd ow Blbkel SRk
o & KES zlolzt eleta st fadzkA7t
nl z}om W55 ghol dn HALAA 9

4 0% viehiel PRAstolal 4azbel
”“lﬂ‘%ﬂ)iﬁﬁﬂ/ﬂ 3 2. K& Table 163}
ok, AR Ao e Be] Sete b
ofzl o gk HES Kfe A 72L& &
T& AT F, 22 B KBS 2oE
stopzr] Zhofl & B49] A& ot & F
A= dith. el nE e S5 KK
£ o] vleolx] PR-1z} PR-2 2|3 z}hof
2| PR-3, PR-4, PR-5, PR-62 72} u]$-

Table 15. Results of cross-neutralization
test of PR -series antisera

monospesxf:c antisera

groups phages 1 4 5 6 7
: fPR-l - - - - -
\PR-2  + 4 - - — — —
PR-3 - — + + + + -
J/]’R-ﬁi - -+ + + -
\LPR-S - =+ 4+ -
PR-6 - -+ 4+ + + -
i PR-7

+: neutralization —: no neutralization

Table 16. K values of 7-phages with hom-
ologous and heterologous antisera

PR-phages
groups antisera 1 2 3 4 5 6 7

‘1 13001085 0 0 0

0
L2 758 80 0 0 0 0 O
3 0 0112 80 74 82

0 0 91 79 81 70 ¢

'

0 c 8 11 10 13 @

5
6 0 0 76 60 78
7 0 6 0 0 O

|
|

0 446
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At WEIEE 22 Qlgol Sk

6. TOtX| R#KFo| BAD M

(1) stebx] BEERIT WIE

BHEIR Sl et stolal  BEERL o
#gE 98 Gratia(1925)7} colicine. 2 <
#H A 9+ PiEYE (antibacterial substan-
ce)d] sl WERE WEToEA A
et Colicing Bifgo] #4512 &2 Hid
HET24 & 51y EZEEEY 4est
receptord] ME= AFY DNA, RNA
3 ORHE A% HESY MEe 3ol

=i, ol HFE olzEd HTE A=
e MY FF F o EAQ FFw M
EENE 27 = Fo 1&5}— PR A A ] e

ol 7t HEMEA Nl WEHE e W
t#H (antibiotics) de F 29} 7o)
138 tFErpa ghel(Reeves, 1970). Colicin
o] #HE Fo e dFatd g HAT
ol A FEAE oleld EABERTY
A7 A g ed TAE e ot

NIIn 1N In
Ti0nnm 110nm
l l iSCnn
_{ }.. _{ ,,_ } 2E5Cnm
17nm 22nm _" '_
Type 1 17nm
Type 11 J 450nm
T+
171
Type 111
J A
4+
17nx
Type LV
Fig. 14. Schematic morphology of phage

tail-like particles detected in the lysate of
phage PR-5

Vibriocin (Wahba, 1963), Pyocin(Jacob,
1954), Subtilicin(Nomura& Hosoda, 1965),
Enterococcin(Brock Peacher and Pierson,
1963) 5o =2 fpfstel %2, Jacobet al.,
(1953) & o}t ¥ [-& HEof bacter10c1n
ofehil shlek. ol &2 [TARMKES AT
ol A = #A s A B S A EA o
AA FART ek o EE spelr] ma
(phage-like) =+ szto}al e} mok(phage
tail-tike)2] e} F & glo], defective
phageql Al 7ol 3ol (Endo et af., 1965),
SIS hAl Ao Zhx] g8 Aol ,JP]'—L ki3
tk, E. coli 157} A3+ colicin(Mukai,
1960; Ryan et al., 1955)2] & e} = o] 7+
130~150nm, x]&o] 20~30nmolw| 67}
2} JURE L Yokl gieh

% Clostosin M (Ogata et al., 1972)2
ol 7} 125nm, - 22nmz F-2r)} ¢l3 B
Fol v Hki(base plate)o] <kzb vhebyict
aL grr}d, Brevibacteriuml g A =
o17] olel gt sholxl BEEK 1) A7) ol
57 o3l gl sholx] PR-5 Lol 4
QA WL o SRR heen
defective phage(Stent, 1963)2] E#i-l o}
o Eske ok ek el EUE
AE Aot —EIA deAx sl
defective phage®] Rifzty @A & F&
Aglth. stoa] PR-5 5o o
shobz] Bigkr1-(Plate 6,7,8,9)8 vx+
Fig. 149} zxbol 5 Fx7 glil ¢&EF <)
T HEfel 9lglevl (Plate 7 3bx), ol 52
2714 wle} 110x17~22nm, 150x17nm,
250 17nm, 450x17nme] 4%ic 7
sk

Cl. saccharoperbutylacetonicum <}
Zol A wA R Clostocinzl 73S gk &
Gtef FolAl 2 b F F /Y Clost-
ocin Q¢ Mol whA s glal x o] &2 she-

ath$ 2 A% 22 9E A% o Fx
1

vheb st

e 4

bbbk 2 A A E da sheln
Mepl e e 2% vEdEed 2%
M5 Nog& a8 o Adad 23
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9 stobx sleRlAnct Aglert 1€
196 §48 F2% 23 99 =19

A A =EA Uk F3-o sheath 2 A&
ZeAx Jelt gel o bacteriocin

o FAF Ade AT £ k.
i ol B RT-E8 HelHel EA o] ge
T A E &) Ao A slelx] BHE
17 Z bacteriocino]gt= Ajg] Hol FAZ
el 4 glglomE ol g dHeR e
] & Hjhke 98 24t mitomycin €

(Ogata et al., 1972) =¥ -84 & A3t

o ol &g FUAT LA AEHFor =
ol %ol el HFho T WE EF W @
Vmae Yels W stgont oln o
WoEE $esA goreh et ol
A% gom shelx] vl Ast ohdetw

P e el Aol EAol 5 BAlE
2 HE2e AydzAsdAE FEAE
¢ Aoz 47Aw.

2) stolz| BEERLT
o FhEE

Br. lactofermentum 2256 ke RjalLst
nheb ol ¥Eshelz| 2t B R 8 (spontan-
eous induction) =z @& IFBEERIE
o galsiglet. Lelv} stobxl PR-5 R
ol A 2% 59 sholzlsb #RSAIL of
2l B stetx] Bk BRI S
% Br. lactofermentum S EEELE =
= BEEEEkR L S F Sl 28
ofAl A ele] 2’ AL HEE A =shch
wWhstolzl o] gRFES (0. 1~1pg/ml)2
25 0.1%0 52 ot zk9l Aol v} mito-
mycin CE {EHA 71 s = &2 100%
747 A EotA vt st (B, 1970; To-
mizaloa & Ogawa, 1967), olw# & iR
(42~45°C, 10¥%) =] 24 prophager} %
gxl 7] & gkvb o dbe}(Horiuchi & lnouchi,
1967). ol & 23t ATFEEEEHEs A9
A 9A %A% o F mFsh DNAd
AE T M 24 shelr] F4 Ha

g 7158 EWHES dAA7le  immunity

sho}z] PR-5(T)

KOR. JOUR. MICROBIOL.

{Vol.17,No. 3,

substance zt#v EE 2 #EES ot} A7
024 o|A7tA AASAR oA FHik
S BHRAA Fe A2 A4sy o
(Thomas & Bertani, 1964). Zel=2 3§
Bl M a3 e Alokolvt A ol
% Wolx prophage Hiftel HEE F7t
fBE slolz] £EENE A ZE B

#HRY BWAEE BRES slon, =9
Al Be BREY £EEer A 1/1000]
HE okol Fria Ao (FE, 1970). 3

2 olelgt 278 18 5te Br. lactofer-

STRAIR 46§8-5 Fol STRAIN 2258
(tontrol) [ ‘C"“‘””O"'O
Yok ,/ ,
/
0.8
h:
o 0.6F
g (49 sec) O(40 sec) L
“
2 O(30 sec) (30 sec)
5 o.
’ ®(120 sec)
2. - q
) 3 i L L .
o 2 4 0 2 4 ]

Timé { hr ) of incubation

Fig. 15. Effect of ultraviolet light for ind-
uction of phage PR-5 (T) and phage tail-
like particles

-
STRAIN 2256 -
o
.

. g ) g ol
/ !
{Contral} / /) {Contrel) Il /!
S8 L (1g/mn) // ! /.
s /! /j(/wq/ml)
,’l/ /0
/
%%N)

STRAIN 458-5

.
I
2 0.6
&
-
¢l

<

Timev( br } of incuhation

Fig. 16. Effect of mitomycin C for induc-
tion of the phage PR-5 (T) and phage
tail-like particle
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STRAIN 2256 :
-0
o

//(Control)

/

/ ( 5 ug/ml )

0.8 /
/ 8::8 8
{ 10 ug/mi )

20 at 6450 nm
o
()]

~ ’/ ( 50 ug/ml )
L /
0.4 ,
I3
. ( 100 ug/ml )
0.2 +
,/
o
o 1 1 ) ) 2
0 1 2 3 4 5

Time ( hr } of ineubation

Fig. 17. Effect of bacitracin for induction
of the phage PR-5 (T) and phage tail-
like particles

mentum No. 468-5¢21 No. 2256 kel A
#+9) A (Hongo et al., 1969)} <FA| (mito-
mycin C, bacitomycin)® 2} s}e] ¥Es}
obx1¢ #EE AEsAcH(Ogata, 1972;
Tomizawa & Ogawa, 1967). =z} Fig.
15,16,173} ol %39 A3k A A 54
LS4 stelxle fursA @otel.

T. BEWE ERASH ToIx| FLREURR

(1) B4 ks Br. lactofermentum
o AEHHE

Br. lactofermentum 468—52 2256 7}
54 Thola s EAYAL $AH shobx
FHaeRYE 4SS S3te Aol
222 ol SAstelx w4dos
A AF Fo FAEgol} olgoz
#29 L3 44357t A4 4
Fote Eok ol & $89 Fol Sl ¥
BtaL B4EE sloba| s}l vha] WE e Q.
AE ded £ qdda AT 4 .
222} shopa] WA Fe] AR A2E o}
Ao A E e w9 weld, A{T%(1964)

o

8 ox

+ I Abole] 12419 M 2g Fholalrl W)
vt dEste 4T AA g waEa
POonz, AT sobx s 541 Fol A
A vhobal ] Ao Folztw, WA
el ZAEE - 9lv AEE stolx 9] W o]
g Est R w2 o Fol Rofdee
WA el A7 shelx]7h olm] EAlEa ¢l
il AR 4 G & Feleh.  whebA] &5
2 Brevibacterium/@o vl A 5= Aol
chlet Af Al FoRYEl HA = dlolA]
7t £53F AzAdadA 248d 2 9
+ ALEZE AAE F vt 29BE ¥
oFLo] MAste 4EFFFTR Nel Br. lac-
tofermentum®] %L AA7 = £43)
b} stebAl slop A FEHEAT 2

Table 17. Growth inhibition of Br. lacto-

fermentum by lystates and culture broth
of various bacteria

strain lysis by tested treatment
*MMC bacteria none *MMC
5-S-1 Lysis No. 2256 - + ¢
No. 468—5 - + +
6-S-2  No lysis No. 2256 + -
No. 468—5 + -
6-W-2 Lysis No. 2256 - -
No. 468—5 + -
7-C-1  Lysis No. 2256 + -
No. 468—5 + -
7-C-2  Lysis No. 2256 + -
No. 468—5 - —
7-C-3  Lysis No. 2256 + -
No. 468—5 + -
7-S-1 Lysis No. 2256 + -+
No. 468—5 + e
11-8-1 No lysis No. 2256 - -+
No. 468—5 - -
12-S-1 Lysis No. 2256 - + +
No.468—5 - ++
12-§-2 Lysis No. 2256 ++ +
No. 468—5 ++ +
1-5-1 Lysis No. 2256 - + 4
No. 468—5 - ++
1-S-2  Lysis No. 2256 - -
No. 468—5 + -

*: mitomysin C

+: inhibition -~ no inhibition
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Abstglet. A b Table 1731 2ov o] &
A AFRE 0] b F 2T
olghE Aiffol Azl AdE ek
TFabE 7 AT Ae2A o E o]
3 No.468—5¢} No. 22562] A} g-o] A8
Aauba)l dgromg w4 A8 stedct.

(2) stebx] PR-5(T)e} shoba) FEEehr 1~
RS A

ztolz] PR-59] 7+de] 28t Br. lacto-
Sermentum 2256°) (A A LR ¥
JEstobaint stelx] BRI £ [HABRE
ALHHES =2 egbeh, zevh &k &
Aobobz b HAEER o 2ol g
ol o] ERstolal ol BZikol M WY
{73 oty Br. lactofermentums) YA s}
ofxl b o] REEEMEPAENY ditkstelx] 2 (R
Mste] @HATE Aoln, o g5 shobr] 7}

i

ﬂFE

Table 18. Killing activity of culture broth of Br.

{Vol. 17, No. 3,

t}A] Brevibacterinm®] g 2We] A 9

£ Qe FFRA A 4 mofoz g
SRR LRSS AR HKvlol|

W2l & slolr] BEgHI 7o RZik& xA43
st} o] Axtx Table 187 7owd 1-S-1
TFe LB AgTe He) Aol A
Sont el e A ko] gk
stopa] PR-5 & to] kel slolz] RiF
¥ir-el pellet ?4 =4 W)= BWEstolz]
o BEME Rolv YHEEKS B Az
+ Table 195} b, oA 7e) A 1-S-1 G+
gk pellet ok Zo] s =5 Hiffo]
A ot Ve R] EEe  pellete] ¥s)
Auk fgel Ak, 28z 1-S-1
Bikks 2256 e e wiokdd e 4
o] A= gl o

(3) W4 Wnol 9% Br. lactofer-

lactofermentum 2256 on various isolated

bacteria
tested bacteria
treatment 6-W-2 7-S-1 11-S-1 12-S-2 5-S-1 12-S-1 1-S-1
none - - - - - - +
*MMC - - - - - - +
uv - - - - - - +
*MMC: mitomycin C +: growth —: no inhibition
Table 19. Killing activity of phage PR-5 lysate on various isolated bacterla
tested bacteria :
lysate 6-W-2 7-S-1 11-5-2 12-8-2 5-5-2 12-8-1 1-5-1
supernatant - - - - - - +
pellet + + + + + + +
+: growth inhibition —: no inhibition
mentum V5T 2ENe FiEs BEstorz| 7t Br. lactofer-
AE EdoA Fel PR b mitom- mentume]  dtkstorx =AY {)iste)  Br.
yein Cell K& VATHol deolvt #5F & 10 lactofermentum$ WEAZ 4+ Q&
4"’934 el oo } Ag oy & 8 AES R 2ed ¥ AR ik onw
E Aot ol o zTasodwdl wE Brevibacterium-g A 712 2sbg s, 1-
»}OM 7k mitomycin Co <& Fag=lol ¥ S-1 @igkob -5 No. 22560 W ke Rkt
HE Ao g & 4 gtk ol F F ¥ stelz] PR-5 Bl kel LHFAS =l

K kol Br. lactofermentums] 27
& ostAl fHES AW Egke 1-S-1, 1-S-2,
12-S-19] 3k, 2olm2 o1 % 3k

e A KRR R4 520 0

A& FF No.2256 o] s 1-S-10)
HE AR AR AL Akl A E

ofvf Lirutebxvk wlofolatel el Ao
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e A ohrh mE Fw Rk A Ha A RS s AT Wikl Brevi
g Al 72 &7 o] Brevibacterium®] 4%  bacterium®] A:viS A ""H et A wfo}
2 AAAF erb(Table 17) &3A1912 & A9 fAEiH0] Hold 4 glohs 7heAd &
AL Sl At ook & Aols mokdl  AHs] Aabst: 3o "EZ}EJE}-.

1 E

%4%&%%3%%]Hiﬂﬂﬂﬂﬁﬂﬂéwﬂﬂﬁﬁilﬁﬁﬁﬂﬂﬂ 2L Adahs

L-Esebala 5326 bl 47 28 248 23 sfolxl o) eddel g4 214l waeh o &

A1z stobale] el gle] WAkl 213t BMREICIA] b FHaAdel wrEski 9t shobal
0 /< }_

o golel &g AAAY o ¥§ W aA o] ANEE )0 FolA B o4 ubE oz 2 E] e Ehd o
& vpopAl b FAEE & ﬁlw‘:— DaEy A 2ok o aitel Br. lactofermentumS 47 % 5} i
shopal g Eelshdleh, = 8 §'~°J: Foll A G A3 ATl B kA S A o) gl vlofal
7} Bre \1bacter1um°ﬂ 711 A 49k

7H oA ¥-§ zAbstsdel, AskE goksly] cheal ).
1. o4& x5 2opdl _?J/if»ﬂ/ﬂ el g stobal = Felqk 40 2 spolx] PR-1, PR-2, PR-2, P
R-5, PR-6 B PR-72 @ #skleh. o] PRASIOIA & £ fHA 4R S el sholx] PR-1, PR-2
< Br. lactoformentum No. 468—5eflut 28] @ s}elz] PR—3~PR-7<- 3 No. 225601 1 f: fif o]
TA Y, A PKE Az o] TS stk 3fEe s uNgdEdl, IRdE velxr PR-1x
PR-27} &9 32 T#el & stekrl PR-3~PR-6, z2] 3 MEdlL sholx] PR-7¢] %3},

2. 748 PRfsfobr] & B4 1{1 el A =5 EM Fekx|<l el whaldel, =E Wpmre = &
ool FRSI Tadle ST TR Qe Aol WHKY - 2s1& stebx] PR-1, PR-27)
1.5mm, vtolz] PR-3.~PR-7& Imm% e}, PR;‘?J]-O}ZIP ] GEE 2 Adams(1959)9) 8-Fuk Al 4w 2 4
ek shobal PR-1% 7Rrla AR 2d ¢ A 2T A ote ohgd 2ok, AAdF9) agex ojnl 4
Foka, A TFE 1X10%/mizk Fokor] 4319 44 s xel ke A7t 0.6%sH 0.2midek, W
A9 pHE 7.00] Fotw, wokew = 30°CoF Zokoh

3. PRFEw}olzl & 0.05M tris buffersl 0.05M ¥ 0.01M ammoniun aceate buffere] 4 <= 8k
3t Mg?*el 2 5X1073Mel A7k whopxlelAl ek A ¢ Folvk, shobx| o) % 2 a8l NMoj )|
f 4] 50~55°C kgl el A 45~50°Coll A A 8] % g4 8l5]r] Azeld A7t 65°Cs] 60°Col] 2] 8
23l #2A s E]"iDP pHol 7 PR-Avtola] o) ok 4] o pH 614 pH 974219 welulell A ol7 st
e 0.1IM zAbekuy F8tFo] Sl A= pH 8ol 4 A2 oA skaleh. ol A FRgtel o) N34 e
skobz] PR-1le] 25 sbopx] PR-7¢] 60%, slobz] PR-6& 100&64 277 9 %*r%ﬂil-‘ﬂ%‘w}-

4 AR A5 ek gAg VA slelale zolwk bE 4 o o Feledo, &, wT o)

A& B el REBRET ¢l 94 2 melE 2w 99, 2% sholx] PR-1e] -2
8nm B# 375nm= 7} 2l x, sholr] PR-72- BATK 72nm, B 210am= o} vhoba] v} #poke).
72l AL srobal PR-5 &3 &ol Al & G 74nm, B 235nmeal sholal #} Ui 70nm, RS 350nmel
i+ @ele] shobx] PR-59f PR-5(T)7} wad s]4l e},

5. Br. lactofermentum®) s}o}z] PR-1, PR-5, PR-7& # A glo} #rwtsa- st ek, Ak DNA
TREHRA glgr e g Bl gk GCHekg- vlolx] PR-1¢] 56.1, stolz] PR-57F 52.9, s}holz] PR-7¢]
53.70]4ck. DNA® &% WAl whe} Tno2ie] 79 GC &% 52,92~53.17% 384 oz 2
A Aahak A o

6. PRFAstolx 8] Fabe 5¥-Fabe] 90%0) 4 o] 07}, stelx] PR-1, PR-5, PR-78] 423
TS A A9 Kgbe) =492 6x10° 4X10% 1.8x10%]glc}, ?"M] dFE FE oo
G age, £, WA pHell sl 7] 2 A3} 4779 LS agel 4 °§‘5$?*“'li1171 ?éf‘ilf".
vipHE tha g Fvh gl Al £330 253 g9l Nel A whelal e Aal WK

e dor Axpscl,

rl
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7. —BURARERS GSH B/NEEZ1E stobx) PR-5, PR-7, PR-1¢] 47 5047, 555, 704belqich.
WA AAFE P BT worA Y e shobx] PR-57F 70, stelz] PR-7e] 100, stelz] PR-1o)
200014 =},

SFEY FEGE SFEt stokAdl wet vhar] FAdA Yol A Mg okl 8] ok (m.o.i.)
o wteh st2eh moo.i 10002 SEFEA A FFAFE 28] 2E g AD2A9 9 s
¥71sh [—% Aotz FF No. 2256(PR-5)2 50%, #% No. 486—5(PR-1)& 70%e] &7 ¢ c}.

8. stobxl PR-5 £ o4 % 3% stobx] %, shopx| PR-55} selx] PR-5(T)7F 54k,
T stebAlE RARE HElE 23 Yo B el atolsk A stalel. =3 stoba] PR-5 i
Foll A wh8) shobx] wlokqlatzt gAH ek, o] E sboba] w]okqixb= =oo] whel 48 o' 559
= whobA] PR-5(T) sk shobz] wlekelabg 241917 $1sked #19j 4 W4t 2 mitomycin Cs} bacit-
racing Helstg ot 2E A $ o] 52§05z @ik,

9. ok 3l o zEoRNH LR T Aol e stobx] PR-5(T)sh sbolxl REEK T o
¥ 5P & AR o ol B2 &F3x] gakeh. 28, stolz] PR-59 pelletd »1ala  spot
testdt F - ol % THY AT AFHl AAHGH, % £k W o val4 $el3) AFoere mito-
mycin Coll 93] 4= KT 38Fde] Br, lactofermentum® %8 A s o) o] 5 £F
A& Br. lactofermentum S 43 2| 7 A = H5kg ct.
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Explanation of Plates

Plate 1. Plaques of phage PR-1 o1 Br. lactofermentum
Plate 2. Plaques of phage PR-6 va Br. lactofermentum
Piate 3. Electron micrograph «f phage PR-1

Plate 4. Electron micrograph ¢f phage PR-5

Plate 5. Electron micrograph of phage PR-5 (T)

Plate 6,7,8, 9. Elecivron mirograph of various phage tail-like particies




