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Phage Particle Proteins and Genomic Characterization of the Lactobacillus plantarum Bacterio-
phage SC 921. Kim, Jae-Won, Young-Jae Shin, Young-Sup Shim, Seung-Ku Yoo', Sung-Sik
Yoon*. Department of Biological Resources and Technology. Yonsel University, Wonju 220-710,
Korea, 'Department of Biotechnology. Yonsei University, Seoul 120-749, Korea - Bacteriophage
SC 921 of Lactobacillus plantarum, isolated from kimchi, showed high lytic effects at 0.2 M.O.L. level.
The phage particle contained 4 major proteins (48, 34, 32, 29 kDa). Intact DNA of phage SC 921 is
a double stranded linear molecule, and the genomic size is approximately 66.5 kilobase pairs (kbp).
Restriction analysis of the genome showed that Sma 1 gave single site cut and Xba I gave 2 site cuts,
while Cla I, Kpn I, and EcoR I formed 4, 5, and 6 cuts, respectively. Hind IIl digested phage DNA
to many fragments. A restriction map of genomic DNA was constructed using the restriction endonu-
clease Kpn I, Sma 1, and Xba 1. Bacteriophage SC 921 was compared with B2 phage which had been
reported to infect Lactobacillus plantarum ATCC 8014(KCCM 11322). Bacteriophage SC 921 differs

from B2 phage at least in thr size of its genome and phage particle proteins.
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AR AFH Lactobacillus® phageZ= L. casei
[9], L. sakel13], L. bulgaricusl4], L. acidophilus(1], L.
delbrueckii subsp. bulgaricus[12], L. helveticus[18], L.
delbrueckii subsp. lactis[7]1, L. gasseril8], L. plant-
aruml 3,16, 19] 5§ SFd2E sh= ZE°] St} o]
E ZolA Lactobacillus plantarums SdX7]= bac-
teriophagedl| F3}e] oA 2R vyl A ¢l1,
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TZxe FHE dFRye o ¢y glen[16],
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Lactobacillus plantarum®] ATHejF=} bacteriophage
2] 2212 ¢s)4 MRS #iA](Difco, USA)l CaCl;E 0.1
M #7}3ke] ARg-3] o, ¥-2]3F bacteriophage®] W<
g titer 242 94+ MRS broth, MRS 3Hul=]
(MRS broth+1.5% agar) ¥ MRS <d3bHui=](MRS
broth+0.7% agar)& AH$-313ith

AT

22)3 bacteriophage?] SFd 2= F=rIAEL
ZAE] (Korean Culture Center of Microorganisms)ell
A okl I actobacillus plantarum KCCM 113229} L.
plantarum KCCM 12116 2 £ AP 227 L
plantarum YSD-1, L. plantarum YSD-25 MRS ZHi#)
Ao A 272y o 2 Alulo s Zhzh A8l

M.O.I. &0l [ME EE0o) B3l

Bacteriophage®t 55719 ¥|&& 27} 0.002, 0.02,
0.04, 0.27} | =% AHE3 F 37CNA wieaiA 5
2 AM8F L plantarume] Sl w2t dohvl= &
2] H3E 600 nmollA U.V. spectrophotometer(UV-
1201, Shimadzu)& AHE3l] 1A ZHA o8 £A3)
At
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Bacteriophage £-94(3.0x 10" p.f.u./ml)=} PEG 6000
£4(9% PEG 6000, 0.5 M NaCD)& &§3}e] d-&F
A 3087k ukA3F 5 7,800 X gollA] 1587 9dAl-E-2] 3}
XA 3} bacteriophage particles SM buffer® HA|7]
th-& 100Coll4] 3%7) boilingdled denaturation A1t}
[14]. =9" Ar)3E2 SDS-polyacrylamide gel
Laemmli[11] 52] Wl wet 2A8d o A 89 &
Zehulal & 12 5% acrylamide gelitell4 30 mA, 100
VEZ A7|dEstgct. Arldsel A3 2EDA e
phosphorylase B(97 kDa), bovine serum albumin(66
kDa), ovalbumin(45 kDa), carbonic anhydrase(31
kDa), soybean trypsin inhibitor(21 kDa), lysozyme
(14 kDa)= A3 £33t AME3ldct. AV|dE F
gel2 Coomassie brilliant blue(Sigma, USA)Z <1445}
37, methanol 10%(v/v)<} glacial acetic acid 10%(v/v)
< Aol BE 2ALHNA 2Tk ARl FAS
color film(ASA 100)% ©]43}3, micro A= Apxl7]

(Minolta X-370) & #33}ic}.
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Intact DNAZ} linear form ?1#] circular form2l#| &
ool}7] $3le] Exo III(DNA2] 3'—5'exonuclease) &
37°ColA 3087 vHS-A17] ¥, S1 nucleaseZ tHA] 304
7k v A1 AA DNAY size} E1=£4] 75 7]
ES& sle] IS 14].
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Bacteriophage®] DNA¥ 2]+ Sambrook 5[17]¢] W
HE W] AABEen, §e]3 phage DNA2
restriction enzyme patterng 7r<%] ¥.7] 918 Hind
111, Eco RI, Sma I, Kpn 1, Cla 122 37ColA 27k &
o} digestion3}it}.

A A DNA® genome sizeE A 3}7] 9130 restric-
tion enzyme patterncllx] 7} -8 AchH-E el
£ enzyme®.Z digestion & ¥ 0.7%2] agarose gelol
7199 % 3}, A phage DNAS Hind IIIZ digestionA]
70 marker(Promega Co., USA)¢} v|wsle] =715 3
sk

Bacteriophage DNAQ| restriction enzyme mapping

Sma 1, Kpn 1, Xba 12} A7} enzyme2-Z single ¥
double digestion(Sma I; 25°C-2h, Kpn 1, Xba I, 37C-
203k, A71°94%5S & ¥ EA bandE gel elution
(GENECLEAN II® Kit, BIO 101 Inc.)3}d &<tz
4] mapping= A 4] sk 15].

DNA &7J|QS

1719452 0.5X TBE 2+5-4-94(0.045 M Tris-borate,
0.001 EDTA) ¥ 0.7% agarose 4% gels& °]&-3}o]
100 VellA] 1-2X17F AATslsdet. A719% F gel 0.1
g/ml9] ethidium bromide §-<§oll 4] 30&7F 4% F
U. V. illuminator(SL-20, Seoulin Sci. Co., Korea)=
FRslgic}. A719537 gel AR microF =9} UL V.
2 red filter§ F323 AFz17](SL-5GD-photographic
system, Seoulin Sci. Co., Korea)®l| polaroid 4 3&
(Kodak 667)= AH&-3Fed #eod i)

g & g

M.O.| =0 [ME SES1IR| &3

M.O.I7} 0.2 735 &) 71 wh2 A 35| 74]
7t Foll= 5= 2713k =2sksich(Fig. 1). M.O.
I7} 0.002, 0.02, 0.044 7% 2447k Follx= S Ato]
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Fig. 1. Spectrophotometric analysis of turbidity showing Iyt-
ic effects at various M.O.I. levels.
M.O.L level: —& , 0.002; + , 0.02; =% , 0.04; -4 , 0.2.
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Fig. 2. SDS-polyacrylamide gel -electrophoretic analysis of
phage particle proteins.

M: marker proteins (phosphorylase: 97 kDa, BSA: 66 kDa, oval-
bumin: 45 kDa, carbonic anhydrase: 31 kDa, soybean trypsin inhi-
bitor: 21 kDa, lysozyme: 14 kDa), lane 1: phage particle proteins.
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band2 vlept=dl Zhzhe] Rxjeke 48, 34, 32, 29
kDa¢|9it}. Coveney S[51°) L?&HM] 2J3hA Strep-
tococcus cremoris2}  Streptococcus lactisE FFFA 7=
phage® ¥Z-& 40, 35, 34 kDa®] phage particle pro-
teing o522 7HAlvkw sigdch. zeln, AE7HA] B
=) L. plantarum bacteriophage Fol4] capsid
proteinell t3led B 3gl 72 B2 phagedtol $levl
[13] o]+ 5709 main protein®& z+z} 37, 32.5, 26,
25, 21kDa®] whiA g o]folx glcti sisich. B2
phage= ¥ AlgelM AM83%F L. plantarum KCCM
11322(ATCC 8014)F <F& 3= phageZA4], 54
TE ST A2 2 A9 phage SC 9213 B2
phage®?h= 74 izle] tlarh= 7S & 4 i}

Bacteriophage DNAQ| ‘E‘ﬂEH':”H

Exo TIIE. 3027} WF$-A17) ¥, single stranded DNA
endonuclease?! S1 nuclease® ‘4/‘] 3087t WS- A1 A A
719455 sl F-Z 3} DNAY sizer} o1& AL g4l
gtolch(Fig. 3). 22122 olefl9] A& el thak A
Aol o] & o, SC 9212 linear 3jef2] double
strand DNAY-S &9l & < 9ladr)l. Nes £[19]8 B2
phage«] 749l = linear form®| double strand®] DNA

ARG EARZ 7FA 3 9lvhw » wsksicH16].
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665kbp__,. |

Fig. 3. Agarose gel electrophoretic analysis of phage DNA
treated by Exo I1I and S1 nuclease.

lane 1: intact DNA, lane 2: DNA treated by Exo Ill and S1 nu-
clease.
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Fig. 4. 0.7% agarose gel electrophoresis of phage SC 921
DNA digested by various restriction enzymes (a) and Hind
III digestion for measuring the full size of DNA (b).
(a) M: A-Hind 111 size marker, lane 1: Hind 111 , lane 2: EcoR I,
lane 3: Sma 1, lane 4: Kpn I, lane 5: Cla 1, lane 6: intact DNA.
(b) M: A-Hind 11 size marker, lane 1: Hind IIL

2|8} bacteriophage DNAE Hind 111, EcoR 1, Sma
I, Kpn 1, Cla 122 37CelA 2417k E<F digestion¥t ¥
electrophoresis® AAIZF Z¥+= Fig. 49} Zt} B2
phaget Xba 1, Sac 1, Bgl 1, Sma I o3l &0 At
A8 7HA L, Ava 12 27M, Sal [ 5709 A9 E
7M1= A2 ¥ s 9dch16]. 22} phage SC 9212
Sma 19l a4 170, Cla 1, Kpn 1, EcoR 1ol HsiA] 22t
24 4, 5, 670 S 7 2 3L, Hind 10 of

e Aozt ol B2 S & 4 Adek(Fig. 4).-

Xba 1ol M= 2709 HdH9E 7|3 gl 7R
= SdcH(Table 1).

DNA<9] A A genome sizeS &3 317] HaiA 7P 22
AR E 71X Hind MIZ digestiondlel A7id %52

Table 1. Fragments induced by restriction enzyme for map
of phage DNA

Fragment sizes (kbp)

Xbal Sam 1 Kpnl Xbal Kpnl Xbal Smal
Kon1 Kpnl Xbal Smal
Sma 1
17 *23 *18 *32 *23 *35 *47
16 16 17 18 17 17 *18
9.4 9.4 9.4 *13 94  *13
7.5 6.6 75 *3.9 6.6
6.6 4.7 6.6 4.7
4.7 3.2 4.7 4.1
4.1 1.0 4.1
32
1.0

*Fragments not shown in triple enzyme digestion.
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Fig. 5. Restriction map of the genomic DNA of phage SC
921 using the restriction endonuclease Kpn I, Sma I, and
Xba 1.

AA1Eke] 223 AR}, Al genome sizew F 66.5 kbp
Qx5 tHFig. 4). ©]& 73 Kbp A =2} B2 phages} v] 23l
£ uj intact DNA9] =7]+& o7t 22 A 22 vepyic),

Bacteriophage DNAZQ] restriction enzyme mapping

Sma 1, Kpn 1, Xba 18] A7FA] enzyme o2 single
digestion, double digestion 3}37(Table 1), gel elution
3} enzyme digestion(data not shown)3}*] mapping 3}
g ch(Fig. 5). B2 phage®] restriction enzyme mappi-
ng¥ ¥lws B A7} Sma 12] AHHY & 2o} 2
Ax7b th23, Xpa 19 AEy-9e 2 Botwe SC
921, B27} 2tz 27N, hE A2 TEAe & 5 o

e ¢

7= 28] B2l3 Lactobacillus plantarum bacterio-
phage SC 9212 M.O.I7} 0.24 7% $-FE =7} wh2A
APP S 4 4 U2, SDS-PAGEE- 4 A3+ phage
particle protein® FAlsll ¥ A=} 470¢] major pro-
tein®2 FAE ol |52 77t 48, 34, 32, 29
kDa2 g2 A=} 9lch Evo [IIZ 3037k WA ¥
S1 nucleaseE *12]3led DNAS] e S ZAlel £ 23
intact DNA¥ linear form2} double strand® 342
EAZ 7IX 2 ik AlEsel it At AHE =
ARRE A3}, Sma 16 HalAl 10, Xba 1, Cla 1, Kpn 1,
EcoR 1l WsiA] 242t 2, 4, 5, 6719] Ah3-2E 7IX 2
Ao, Hind Il e e 9071 o9 g2 2&
& = et Hind TIE o143t intact DNA®| geno-
me size® AL A3} oF 66.5 kbpP =Gt A A
¥ 7ZA5}9} restriction enzyme mappings 38 7|0
ot2]2l bacteriophage B2¢} wlns|E Ax} 3T =
Zov A ql Fxu FANGEIR B F2E A
2 oEL 4 4 odslth

ZAe =

B AFE ermshad A R](961-0502-
020-2)2] 2E2A-ql 2L & o] FAH G
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