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ABSTRACT

Phages of Lactobacillus casei (PLC) isolated from plant drainage were classified and char-
acterized. The results are as follows:

1. On the basis of host range pattern, phages could be divided into 2 groups (PLC-B and
PLC-C), PLC-B group phages could be further divided into 5 sub-groups (B, B;, B, B,
and Bs). Although PLC-C group phages had the same host range, they could be also divided
into 2 sub-groups (C; and C;) by morphological type.

2. It was B; group phages that represented a major proportion (44.425) of phages tested.
However, B, group phages were shown to have the widest host range.

3. Electron micrographs revealed that the phages fell into three different morphological
types. By, B, and B; group phages had a hexagonal head (52nm in diameter) and a sheath-
less noncontractile tail (245nm in length). B, and C, group phages had a hexagonal head (56
nm) aud a short flexible tail (169 nm) having no sheath. Bs; and C, group phages were shown
to have a hexagonal head (81 nm) and a contractile tail (140 nm) having a sheath, a base
plate and tail fibers.

4. The inactivation of the phages by antisera indicated that serological relationships corre-
lated completely with morphological types.

5. By, C; and C, group phages produced a large (1.2 mm in diameter) plaque with a clear
ring. The morphology of plaques of B; and B; group phages was the same as those produced
by the above, but the average plaque sizes for B; and Bs were 0.8 mm and 0.5mm, respect-
ively. B, and B, group phages produced a simall (0.5 mm) turbid plaque with an irregular
edge.

6. The latent period and the average burst size of both B, @and By group phages were 90
min and 100, respectively. These phages required calcium ions for their multiplication.

7. B; group phages could not be adsorbed to R-variant KC,.
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8. The order of resistance of phages to heat was B, > B;, B, and B; ) B; and C,.
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B; group

phages were more stable than B; in various pH values. C, group phages were more sensitive

to UV irradiation than B, and B; group}phages.

9. Strains YIT 9018 and TAM 1043 were induced by mitomycin C treatment. Phage particles

detected in the lysates had a hexagonal head (38 and 49 nm,

respectively), but no tail. Any

sensitive indicator strain could not be isolated in spite of repeated trials.
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Table 1. L. casei strains used in this study

Serolngical

Strains groups Origin/Source
S-1 B Yakult Institute, Japan
SG-R B Yakult Institute, Japan
YIT 9018 B Yakult Institute, Japan
NG1 B Streptomycin resistant mutant
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of S-1, obtained by NG*
mutagenesis

KC1 B Rough colonial variant of S-1,
selected by phage TK93 inf-
ection

BN3 B Commercial starter

PR1 B Phage resistant mutant of YIT
9018, obtained by NG* muta-
genesis

PR5 B ”

PR35 B "

PR46 B ”

IAM 1043 C Institute of Applied Microhiol-

ogy, Tokyo University
IAM 1045 C ”
YIT 0003 C Yakult:Institute, Japan

YIT 0015 C Yakult Institute, Japan

sNG, N-methy1-N’-nitro-N-nitrosoguanidine.

2. Phage #

A el A i3k phage= Table 29} zbe
r phage: oFF 2 E 1B HKRE1E 3EY &
BBt (plaque) spfeel o sho] flME At & (E
A a9 e

Table 2. Phage strains of L. casel used

Phage strains Origin/Source

n Yakult Institute, Japan

NHc Yakult Institute, Japan

FYc Yakult Institute, Japan

TK6 Plant drainage, 1976. 6.23.
TK93 Plant drainage, 1976. 6.23.
PD1 Plant drainage, 1978. 9.21.
PD2 Plant drainage, 1978. 9.21.
PD3 Plant drainage, 1978. 9.21.
PD4 Plant drainage, 1978. 9.21.
PD5 Plant drainage, 1978. 9.21.
CP1 Plant drainage, 1978. 9.21.
CP2 Plant drainage, 1978. 9.21.
K1 Plant drainage, 1979. 7.18.
TK79 Plant drainage, 1979, 7.13.
o1 Plant drainage, 1979. 8. 4
@32 Plant drainage, 1979. 8. 4.
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BN Plant drainage, 1979. 8.29.
K2 Plant drainage, 1979.12.27.
@4 Plant drainage, 1980. 2. 9
a5 Plant drainage, 1980. 2. 9
76 Plant drainage, 1980. 2. 9.
a7 Plant drainage, 1980. 2. 9
@9 Plant drainage, 1980. 2. 9
LK1 Plant drainage, 1980. 2. 9
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migsly) 938 /ﬂ Klett-Summerson
etait(filter No. 66) 2 #IEE Eslel o

2) ¥ (temperate) phage

IEE(YIT 9018, TAM 1043)-2 Feikis 4.0
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0.G605M
DNaseQ]— RNase(Miles La-
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Feldte EE wols R 10%w/v)
PEG 6,000% stz vhA 1M NaClg gk 5
4°Col A 18 B skgl k. 2 4 8,000 go] 4] 10
il e ol phage~l'~
20mle] J; buffer (Khosaka,
< 1009 ¥skylob(Fig. .

AAAZ F 9A
1977) ¢} ¥ & 5}o]
Phage lysate(2/ of MRT broth)
Neutralized

|
Treated with DNase & RNase, each 1 pug/ml,
in the preseace of 0,005 3-MgCl, for 1 hr. at
room temperature

Centrifuged at S,IOUOXg for 20 min
Supernatant
Precipitated by 10:”5(“"/\7% PEG 6,000 and 1 »4-NaCl
Stored o/ln at 4°C
Centrifuged at 8,i()00,>{g for 10 min

Suspended in 29ml of J, buffer (0.05M Tris,
0.2 NaCl, pH 7.4
|

Phage suspension
Fig. 1. Concentration of bacteriophages.
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aml | | 1.4
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4ml 1.6
4ml 1.7
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Fig. 2. Schematic representation of CsCl step
gradient used for bacteriophage purification.
Gradient was run for 4 hours at 23,000 rpm as
described in the text.
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] A s
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1969)¢] K kel ek 0.2 minte] =% % s
B 2. 7mlE F & 37°C fEBKH ) 7 phage
W (108~100PFU/mI) 0.3 miZ {4, 404>

IRy 7 4:5% phageltE U5 5}““/

9. —FREW HE
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o] (M.O.L ¢F 5) KCN-&ol-& 1/500 Mo] 5| %
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4i28}9d o} (Clowes and Hayes, 1968).

11. |

De Klerk et al.(1963)¢] ikt npgh 7o)
56°C Aol A1 gk MRTHA wlz 65 ml o
phages g 0.05 miE  fngbe] Aufmsigl o

W] R R KNS A A Sl Kird MRTY
A wi A 2 B A eke] 454 phagelfi s BE S o
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pH 3.5~6.5% 0.1M citrate-0.2M sodium
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Tris-HCOISH 3 & Bekg o0] 39 5 mio]
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13. ¥o# B2

Phagegbt& Tris-salt (Sakurai et al., 1969)
2 100¢} 3 H3Fe] 2 b 5mlE 90 mme] S
Aabel R BEWA 50 cme] Ao A a4
+ Ratsta et AR SEEmBe HEES GL
15Wigel gl ov] B E 242 YE KL (Dulbe-
cco, 1950) % WA3H7] Sa FAA A}

S
S

1. fBEHH 28t phageo| 535 :
A HEROl M 4 HES phage 218k¢t HA Yakult
Brgehiel A1 AF:8 phage 3#kE L. caseifiifk 14
Hell Het BE B RA 5T HRE Table
33} ket
L. casei®) phager L. casei BRI S %iE
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A 715 CHUEH-2- #EEA 7] 7] %8} phage(o]sh
PLC-BZ! phagez} #g3b) o} iz CHEL
WA 71 e BRIEE #HA 712 %3l phage(o]
gk PLC-CZY phages} B ) & W4 & 5= 5o

22l L. casei BBl &k 7550800 25
PLC-B# phage% oS5 #isgebd ofA 549
subgroup (B,, By Bs, B, @ Byez i 4
USom % grouphl 434S wwl Bflo] 22.2
%, B:Mio] 11.1%, B:#le] 44.49%, Bile] 11.
1%, BsMo] 11. 19654 T4} kK Fol &= Balilo]
b s AGH o n eSO £ Yol

et Bk YakultBfgePiel ] AF3l phage
Jio] %%k BB phages} s w918k i B
& deblldrh (EWENS b EEEe] 9
o WEE ELEES ks el @ Bile)
0.8, Byfio] 0.6, Byfle] 0.6, B,fo] 0.4, Bs
Tl 0.701 % Fk)

Table 3. Classification of phages by host range patterns®

Indicator strains

Z:’jug:s f:;:g;s Serological group B »»}Serological group C
S-1 NGl KCL SGR BN3 [T PRI PRs PR35 Prag AM IAM VIT ¥IT

n T S T S S

ol S T T e S

PLCBl 02 T e S
a1 e S S S T

29 e e e e E

PLC-B2 K2 + 4+ 4+ o+ o+ o+ - - - -~
a6 T S S

TKS 4+ + - = k- = o+ = ==

TK79 + -+ - — + 4 — — - - — — _ -~

TK6  + b = =+ & = = - = = -

Pl + & = = 4 = = = = =

PLC-B3  PD2 T
1 = S S

04 T S S

o5 I T T S S

PLCB4 . KI U
) e
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PLC-B5  PD4 + 4+ - - 4+ 4+ 4+ = - - -
PD5 + -+ - - -+ -+ + -+ + + - - - -
NHe - - - - - - - - - - 4+ 4 + 4+
FYc - - - = === = = = g
PLC-C CP1 - — -~ - - - - - - - - o+ + +
Cp2 - - - - - - - - - - -+ + + +
LK1 = - - - - - - - - - + -+ -+ -+
* +, lysis of bacterial strain; —, no lysis.
2. HRERY Bt

L. casei9) phage 24 v BTEHEo = I
BE BMED AL Billel 3%, G, @), B
o] 1#k(K2), Byfle] 6#k(TKes, TKy, TK,,
PDi, PD:, PDy), B,Jo] 1#k(@BN), By#le] 1
¥:(PD,), CHile] 5#:(NHc, FYe, CP,, CP,,
LK) 2 2% 17#k0] 9l on o] E9] =7 = Table
49} ket CH phage 5#kE 75Eie] 2%
Zovt WEe 2HEE By F 997 4
ol C;E(NHe, FYc, CP,, CP)3#} C,H(LKy)
2.2 Wodte] #apskglch

L. casei2] phage BBy o. 2 =4 SHEM
2 EBST 4 33t & By, B 2 B#
T Bradley(1967)¢] BZ! phageo] %3l 7o
i"‘i o] - 52 nmEE 9] TS} 245 nmiRE o)

1 REE T4 He flov WReE Bl $H
F“g"» o]z Bt Ri#fi(sheath)r} ¢l JEWckitkol
B B Fo i Eik(base plate)o] ¢z iz
flowery end . 5| o] glot}(Plate 1,1, 2 2 3).
C.% phage: Bradley(1967)2]
CHl phageo] 438l 7zl o 24 HEE 9 group
# farelv 274 Aol st ek & LEEe]
Bﬁéﬁf 56 nmz. W] Szatgl ot JRUREMS R

= 160nm= A4 Fokch(Plate 1, 4% K, 7).

BZiEiel Bs ¥ Ci%l phagey= Bradley(1967)<]
ATl phageo] 3}z 2024 vh& groupe|
8 A4l 7l chal HiEgkel BHH(SI nm) e Yok
«1 & BE(140nm) 5 2tz Slgich(Plate T,

9 1, 6). 53] o] & phagedl & JEH#o] 3
6}“% R#el BEHL(tail fiber)® frdrsl ol ot
3. MFPH Rk

B.#lo] 431+ phage 18] HluiFol 23t 4 74
phage?] T{H{LE Wi HF g v}, Tables

phage

23 By 2

Table 4. Dimension® of phages of L. casei

Phage Phage Head Tail Overall
group strain diameter length length
I 60 225 285

PLC-B1 a1 52 234 286
@2 48 240 288

PLC-B2 K2 54 236 290
TK93 50 280 330

TK79 49 238 287

PLC-B3 TK6 55 262 317
PD1 58 265 323

PD2 46 228 274

PD3 51 237 288

PLC-B4 UBN 58 168 226
FLC-B5 PD4 84 134 218
NHe 84 138 222

PLC-C1 Fyc 79 146 225
CP1 81 140 221

Cp2 78 144 222

FPLC-C2 LK1 54 169 223

*Dimensions(nm) are the mean of 10 measurements.

8} zho] BS(TK93) 3 By(K)# phage:= B
phages} W28k [fE-¢ el Qo By(PDs)
o CI(CPI)ﬂ phageﬁ 9] 3f@%e] phagesty ot
= hgE vehiide BAs B Az g
]—‘:— A et gA] Bl Bl Wt "ol 2
ol 7F Sl MiFRCo 2 WA TEsA &
sketh. el Bs @ CiE= 2o ByMd 3« s}
e AL mFERMHors FE Ho]st A
},

2
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Table 5. Inactivation of various phages by anti-J,
serum

Phage strains Survival fraction®

J1 1.2X107°
TK93 1.0X107°
K1 1.1x107°
PD5 8.0x107!
CP1 7.5x107?

* The anti-J, serum was diluted to K value of
about 0.2min"! in YP broth and warmed to
37°C. The various phages were mixed with
the antisera and sampled to determine the
surviving phages after 40 min.

4. $EBBY B
1) %HEpt(plaque)s] IRk

S EE —nvo. 2 phageo] FHol
ujz} th2r] = Fo] phage BFol F238 %3
o] =t}

Bi, C. %@ C.8 phaget: %7 13 FHEM
L e 271 L2mmAEg e By g Bs
8 phage &4 Fejslz [ HHEBEE R
gl ol s E 72t 0.8mm, 0.5mmA LR
°f7b #hgket.

ey} By¢l B§ phagei: 0.5 mmA =S &
3 EEE el WHBE-E MEE A

2) WHRWISE T

—BRTE S #5 pbage Ji#h TKO39) K
11 9047, Fedigh 1000.8 A 2 zhgkri(Table
6).

Table 6. Some properties of L. casei phages
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7+ Table 63 7ro] phage Ji¢] 0.006, phage
TK93¢] 0.0224 AEY Hol oy w5 &
Aol Zgg 28R FE 4 A

4) B &

Phage J;# TK939] S-1#¢} R-variant KC;
Beol W8k BEEZE-L Table 73} zeow phage
TK93.& R-variant KCi#koll W& 4 97
P EEEA SeE ¢ 5 AL

Table 7. Adsorption of phages to S-1 and
R-variant KC,

Phage Latent period Burst E.O.P. on

strains (min) size  citrate media®
J1 90 100 0.006
TK93 90 100 0.02

* The citrate sensitivity of the phage was ex-
pressed as their relative efficiency of plating
(E.O.P.) on MRT media supplemented with
2% (w/v) sodium citrate.

3 A% BRI
295(w/v) sodium citrateZ 3 7}3} o A of A

o] %A (efficiency of plating) & 43 2

Phage Bacterial strains

strains S-1 KC,
I 90% 60%
TK93 93% 1%

5. pE{c@e ER0 Het wEl

1) B

MRT brothe] 4} 55°C2 3041 pEslg S 15
5% B,3 phage(Ko)& 79 ZEshgl o (AR
ok 50%), Bi, Bs ¥ B:¥ phage(d,, Ky, PD;)&
90%0] 4 Abeslgla Mol s By g
C.3 phage(TK93, LKi)& 99.9% o] 4 A48
A vt (Fig. 2).

=
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I
o
w
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-d
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>
%
010
b
10 . N
0 10 20 30

TIME (MIN)

Fig. 3. Heat inactivation of bacteriophages. The
phages were maintained at 55°C in MRT broth. At
intervals the samples were brought to chilled MRT
broth to determine the viable phage. Symbols: O,
phage @1; @, phage TK93; {1, phage K1; M,
phage K2; 2., phage PD5; A, phage LKI1.
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2) pH Rtk .

%1 phages] 9% pyo] 4 o) pHEEIS 2
A fRE Fig. 49 201 Bed phage(PD,) 1
PH 3.87 =il wsgsigl ot pH 3.6 7
A3 Asg 3 Byl phage(TKT9)%= pH 6]
AE FEEES el FAS o] E vy
SEER

" % - ~
.
z
Q
— el
ot}
q
o
i
é 1
g - ‘
> -2
o 10
D
v
i
o . . .
8 7 6 5 q 3

pH

Fig. 4. pH stability of bacteriophages. At zero
time, 0.05ml of phage lysate were added into 5m!
of pre-warmed buffer solution (pH 3.5-6.5, 0.1 M
citrate-0.2M sodium phosphate dibasic buffer; pH
7.0-7.5, 0.1M tris-HCI buffer) in 37°C water bath.
After 40 min, samples were withdrawn, diluted
in chilled MRT broth, and assayed for viable
counts. Symbols: O, phage TK79; @, phage PD4.

3) B R

A9 A Wagtel o 8 phage] FEm, %hHE = Fig.
59 o] B:% phage(]1)$} B3 phage(TK93)
= v AR MHEe Bgdoen o va C,
% phage(LKi) &= #AHR BEZHo] o & o} 70
sec fRSfel oF 99% FE sl o}
6. ¥ phage

L. casei YIT 9018#:9} 1AM 1043 = mitomy-
cin Coll 93} &F¥ o] sl gl oo (Fig.
6) A A n] 4 Fol 4 5= phage $iF5 Bag 4
Asiet(Plate I, 8 2 9). o5& R#Es 9o
24 HEEe HEHH 38 2 49nm)wtoz
o] o1 Slalrh. zev o] 5 ¥ phaged] &

[Vol. 17, No. 4,

SURVIVAL FRACTION

oz -

TIME (SEC)

Fig. 5. Sensitivity of PLC-B group phages (O,
phage J; @, phage TK93) and PLC-C group phage
(&, phage LK) to UV irradiation. Bacteriophage
(5ml) were irradiated after a Ix10°2 dilution of a
lysate into Tris-salts. The irradiation was done in
a 90-mm glass petri dish with constant stirring.
The UV source was a Toshiba 15 W germicidal
lamp (GL-15), placed at a distance of 500 mm.

WS 2AHA Fgton] o W] Axdn
E7-3}3L cured strain (Seaman et al., 1064)-2-

o LAY
A 4 gl

1SO}
=
=z
z /o/‘
100 + /
—
—
LLs
—
X
S0 \q\
o \A\‘_‘“

0 | 2 3 4 5
TIME (HOURS)

Fig. 6. Changes in optical density after induct-
ion of YIT 9018 and IAM 1043 by mitomycin C.
Optical density was measured by a Klett-Summer-
son /colorimeter using No. 66 filter. Symbols: O,
YIT 9018 (control); @, YIT 9018 (MC treatmet);

A, TAM 1043 (control); 4, IAM 1043 (MC treat-
ment). '
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PLATE 11

Explanation of Plates
Plate |.

1. Phage @1, x146,000.
2. Phage K2, x69, 000.

3. Phage TK93. %100, 000.
4. Phage @BN. x100, 000.
5. Phage PD4. %265, 000.
Plate 1.

6. Phage CP1. 69,000,

Phage LK1. X100, 000.

Phage-like particles induced from YIT 9918. %112, 000.
. Phage-like particles induced from IAM 1043, X100, 000.
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