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FL B ZL PR B ZLAE IE A W56 mh lTHL pJW566 B ¥ F 451
1 & HE%E SEx¥

(UAEXEREDEREREALRE HE  250100)

B OE.NPHEILRE B R Tl BE P BR B FLAE IE A ( Lactococcus lactis subsp . eremoris )W56 5, 43
ET A4 22.4kb MR pIWS66, K 2% OB FE L B R H RE K BRI L. laetis MG1614,
SMQB6 B Bk, FRA5 5 4L F X 3 1 963.c2 1 P335 MMM A LA — M. 2FEmE &
DL K A A pIWS66 i B Bk BT 3 & A0 M B AR L & B R 3 A0 IR DNA B A R A48 45 (Re-
striction and Modification, R/M)FEF . # pIWS66 ¥ b 3] — B M B b 0 /3% 0 3L W% T ol A 7= B Bk
I lactis CHCC2281 ,TE4 8 R BE , R P00 B dm i g v A Bt 1 PR PO DO O PE S R AR, i
TR BA AR NS E Mg2+ M ATP, T AdoMet{ S-adenosylmethionine , AdoMet) X BB TS A
RN,

X AR, WEE, RilFemER, Fh pJW566

h @ 47 28 10933 FREARIDAD: A X &S -0001-6209 (2001) 05-0542.-06

V5 29 % B 5 1 5L R L ER B ( Lactococeus lactis ) TEFLHI N e 93 , A S - h R E
ERA, BT KB % AR 5 1 A R R, bR R R T R BE T,
B 00 = 5 ) R R RUER , 8 b Ar R B R 2 R k. B TR A A Y ROk A 0l R
FHEREEE, AEENAREEE, A HARL LR R E R

B0 FHEEARE S FEYFERRNEA Bib—2EES T AT EABEE K
Btk EIREHE SR T R T RN ARER, ELRSRE T
ZHE BRI R B REE R E AR AR, UL 28
[y e 24 7Y . v 7 (A VR B ) DNA 18 AR 55, BR il 4% 85 ( restriction and modification, RAIM) & 5t
A e L . R/M ZR 45 FE 3T 22 4 MG 4 B 4 PR 1 P B0 BT AR 05 DNA RYER 1, Xt B &
DNA MBI ST AR Him AP e R E . M RETEAREP EZFE,
BOAHE - MASOEEAN R . BRTEAERE T L E W 10 £ # A R KR &2
A%, el kBmahBuRn, O Rs TRak e,

WA EEABBESEREFI S4B Y —# L. lactis subsp. cremoris W56, TE L FBR 4k
FrRERGRBASEEASE. £ AR BHKEE 7 MER. ZELPRE=FAR
L B LB L R FORL pIWS63 R pIWS6S M e ik LM O BF T . &
SO R pIWS66 (973 B R A M R AT T RS

EEEMT AL Bsd -0, 2 IFEHFEA MR AEMEDEAERESTREREE L 99 FHAER
REWALN KT8, FEABILBENAERMHE.
I #% B #9 :2000-11-10, f& B 8 #1 : 2001-03-20
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1 #HEmrE

1.1 E#fiEFE

AL EM WEANERIITE 1. IR ERFE(GMI7)R M7 K&
(Difco), I 0.5% % 4548 ; B 4L 35 35 £ (SGM17) 7 M17 X5 5 5, I 1% i E¥E, 2. Smmol/L
MgCl, ,2 .Smmol/L CaCl, , Spg/ml. B % % ; W B (AR Y K GM17 H5 5 &0 S0mmol/L.

CaCl, ;2 W HEFH N 10% A4 1, 0 0.5% HE ¥R 0.7 % B &b 8 .
# 1 LIFT A Sk R

Table |  Strains, plasmids and bacteriophages

Strain, plasmid Or phage Relevant features Source/reference
Strains
L. lactis
W56 Tndustrial strain with multiple plasmids Obtained from J Josephsen
MG1614 Plasmid-free , host for 936 and <2 phages [14]
CHCC2281 Industrial strain, bost for CHCP412 phage Chr . hansenA/S Hérsholm, DK
SMQ86 Derivative of the industrial strain L. lactis UL8 ,host for P335 phages [15]
Plasmids
pIW566 Resident plasmid of W56,R* M™ ,24.4kb This study
pSA2 Marker plasmid, cat’, erm” Obtained from ] Josephsen
Phages
p2 Small, isometric-headed 936 species Obtained from T R Klaenhammer
skl Small, isometric-headed 936 species [15]
jis0 Small, isometric-headed 936 species Otained from ] Josephsen
CHPC412 Small, isometric-headed 936 species Chr. hansenA/S H$rsholm, DK
2 Prolate-headed, 2 species Obtained from T R Klaenhammer
ul36 Small, isometric-headed P335 species [15]
Q30 Small , isometric-headed P335 species [15]
036 Small , isometric-headed P335 species [15]

1.2 MEE % (efficiency of plating, EOP) H i E

W TES BT S SRR AR PR R R L, R EOP
k1.
1.3 JEH DNA B3R EX

¥ L. Lactis B S RN, B OolE R, HE4EA 10myml FAHBE 37CH
#% 20min, Fil GIAGEN plasmid Mini-prep kit ( Chatsworth, USA) , 1% [ 52 1 Vo B 2 X BT DNA,
1.4 HEL

%, Holo 1 Nes BT 1. ML ZEFL1Y N BioRad 4 &) Gene Pulser, ik ol £ % 1.25kV/
mm, 254F F1 2000,
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1.5 AYEFEENE

WHB L. Lactis B # 3] 1L GM17 355 E 1, 35 5% sh, B0 WEE &K, F 200mL
50mmol/L Tris-HCl 2% Mk (pH8 . 0) Ve ¥ 4 MY , SR J5 7 f# 7€ 10w buffer A (50mmol/L Tris-HCI
(pH7.6) , 10mmol/L MgCl, , 25mmol/L NaCl, 7mmol/L B-mercaptoethanol) F , f} French Press B
BAAR , 7E 4°C, 10 000r/min 2.0 10 min, BREIMBE o B 200pL EiE# 5 100yL Dextran
PEG R EWMASIRE , K Smin, .0 ZBRULIEA RNA, F BP9 B M. V9 YTREE
P & LA A B Bk () ADNA 44 , 7E NEB Buffer 1{ 10mmol/L bio Tris. propane-HCI, 10mmol/L
MgCL, , 1mmol/L DTT, pH7.0) % ,37 CEEf# 60min, DNA #5275 0.8 % NS BEAR a3k .
1.6 FPEFEPREHEEEENNE

B 1%KL laciis BIFHF0 10" pfu/mL CHPCA12 WK 4> BB FD F omL K 4 1R85 5
#,IREEHEIRLE 30CH Malthus 128H 285 48 38 55 37 2 7R 15 6 1] P9 o3 300 A9 728 £ Kk
EREERMBR(EKML).

2 EBHER

2.1 MR pJWS66 KI5
L . lactis subsp. cremoris W56 AFLBEATWHK, F A S HK , ZH B AR M H &
$E0ED, T UM B R OLEE, X RS TR EAT 74088, 4RBL L. lactis subsp. cremoris
W56 SRR DNA, 545 & R pSA2 BA 1001 Lo fl 3t
FALBI L RN Bk e R L. lactis MG1614 1,
ESHERERM SGM17 PR LB, A XKL
ERT TR BRI okl Wb, SRBR S A
FAEE %, REFER DNA 2 E R, b %1k F
MG1614-26 7 Bk pSA2 Fl K/N23 % 22.4kb Y R
pIJW566. FI novobiocin 4L BE , I\ MG1614-26 Bk #7 &
BB pSA2, BB R & F pIwseo W 4k F MGIl614
[pIW566], &R WA 1,
2.2 SEHREN pIWSe6 BRI E R EENRY
AABGEET, BRERERS FHMEEMHLERE
B 1R pIWS66 4 EMERN,BELESN DNARBENOARR, BF
Fig.1 lsolation of plosmid pIW366 fom L. J7 0 12 T1Bo WAL= P RHER, B b BR RE
lactis W56 BTHAHEEENE IR, EM2E L R EE
1: Supercoiled DNA ladder; 2: Total DNA from P335 J& , & KR WE B (K 2 & #1 B kR m & & 936
L. lactis W56 3: pJW566 + pSA2;4: pJW566; E[s] . Z'Iiﬁm‘ti]i 3 ’T\ER%"#’W#B@ 7 ﬁ”@ﬁﬁi
5 B9 A I A RO pIWS66 [ B Ak A e B UK O U (R
2)o WREEIK p2,skl #1 jj50 A& 936 B, EfILFEEHFEM EOPE R 107° ;B & 2 /£
F 2R, EOP{HYS 936 MM MR AR . T LA ul36,Q30 Al Q33 LK P335 EHm
H AR A BETE MG1614 BT, BOKE BORL pIWS66 4% 4 B g W AR R L. lactis SMQ86 1,
F % EOP. G5R ZI XL WEH KN EOP N 107° 8] 107, BULP |, & & Fk. pIWse66
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L B AEABREIRER wse I EIE pJWS66 BIE W51

545

IR E A S Mg A, P X
MEHETE IR FE 25°C,30°C Al 37°CHT X IE
BiEH EOP B MR, & W T Fiki pIwsee
HA WP R v R R
2.3 M pIWs66 B 75 R # 0 1E 6 E
R

& BB pIWS66 B B B %o 1 B4 1
I — TR (EOP R 1077 ~ 1077,
2, kAT RANBEXKRS
EHRE E M. £ E g skl BB
MG1614[ pJW3S66 1 BYF 8 L, Pk A~
BT, 35 4) B A W B R B A R L T PR
MG1614{ pJWs66 | =K , Mg B fm — KB
T B 4K X B Bk MG1614 [ pIW566 | 19
EOP,% B EOP = 1. %69 8 ¥ MGl614
[pIW566] K - 5F B 5 Fr B B R B 1K
sk 1 7 PR 75 A , #0008 T4 44 sk1 DNA B9
BEU A7 5 ol 8B 8 5 R pIW566 4t Y

£2 HZHEAW W6 MEHKIBEEHRME

Table 2 The resistance levels of the sirain containming

pIW566 against lactococeal phages

Bacteriophage species’ Bacteriophages EOP"

936 skl 3.2x1073

P2 2.t x 1073

Jis0 6.1x107?

P335 ul36 52x10°*

Q30 2.2x107°

Q33 1.8x10°%

2 c2 1.2x 1073

&: The EQOPs of the 936 and c2 phages were tested on L. laces MG1614
[ pIW566] . The EOPs of these phages are 1 on MG1614. The EOPs of
the P335 phages were tested on L. lactis SMQ86[ pJW566] . The EOPs
of the these phages are 1 on L. loctis SMQB6.

b: Calculated as the ratio of plaques on the resistant host to plaques on
the sensitive host. The results are averages of at least three independent

determinations .

HALEE TS, A BEBE pIWS66 40 15 i KR 4k Py LD G BT D &1 . W9 30 Fh B RR Ak i MR B 1A
FEBEG ST FE MGl614 P EF . S RITBMAMEE K EOP EH5WH K EOP M
(107°), F I R pIW566 % 15 A9 BR 1 7k A LI Bt 4k B 24k iy ki DNA HRR®IMER. HE
WL EW, BN pIWs66 B A AT M (AL A 7 0 BR 8 F1E 5 ( restriction and modifica-

tion, RRM) R .,

2.4 SEREBpIVSes MABREFPEB T

W8 B 4 AT A 1

¥ pIWse6 G AT B M B BE L. lacis 1400
CHCC2281 #, 4% B 18 & #k CHCC2281 [ pJW566 ] gaou
A S H 10° pfu/mL B £ CHPC412 (936 Ezm
B) WA iE T E T, 300 85 35 A R At fal, LU
FEPHFEHFARREHRERFR(E 2).

1

500

100

0 | I I TN NN NS N S S R E—
D 1 2 3 4 5 6 7T 8 % 10 1112

Wik CHCC2281 A M A R AW HIEKF A
B, A B, B 9% 3 ~ 6h BEAFERE K, 6h

kB GE M (). % Bk CHOC2281 IR

R, R EP AR A H A E

Caoltural time/h

B 2k L. lactis CHCC2281 0 L. lactis
CHCC2281[ pIW566 1 ZE 4 i i e R i K h 48

Fig.2 The growth curve of CHCC2281 and its transfor-

31.8% , Ui B B gk CHCC2281 £ K JL P BN B pam c1ec2281[ piwse6] in milk

(A) ;T 66 Bk CHCC2281[ pIW566 |3E FEZEF =4
B R B Bk CHCC2281 19 83.1% , B:iE T &
Bk CHCC2281 A KAKF, EH L BB E

© PEMZRR

A: L. laetis CHCC2281 attacked by phage; B: L. lactis
CHCC2281 | pJWS66 ] attacked by phage; C: L. Inetis
CIICC2281 without phage.
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PRFEME (B) o otk BH BB pIWS66 L5 A BR i 148t 2 S0 7T LU R ok #9 g i ME 3 4 Talk
Zoyual sp
2.5 EEHETF pIwses P LI EEE R B W

WIEERZEH DNAWHM A AR ESH TG, (545 W M R84 H
SRR TR RUR RS o b Bk pIWs66 LA (1 PR A6 1 2 G5 9 A4S B0, %
TEAHETHAT TIE(E 3), HREW, R pIWse6 915 8 FR B 1 N U1 BT B MgCl,
1 ATP, GTP HfE A R AW, i AdoMet(S-adenosylmethionine, AdoMet) Xt 8575 ¥4 {2 #
R . MBS T LA, B pJwses LA 19 ROM REHS T A,

12 13 14

L2 A s 0 7

0 1

B3 EHETF Mg  ATP 1 AdoMet 3T P U B8 17 HE i 820

Fig.3  Agarose gel electrophoresis of A DNA digested with partial purified enzyme preparation from MG1614| pJW566] , Showing
the effects of Mg®* , ATP and AdoMet on the endonuclease activity

1:ADNA/ Hind [l standard marker;2:ADNA plus heated extract;3: Extract plus Mg * 54; Extract plus ATP;5: Extract plus GTP;
6: Extract plus AdoMet; 7:Mg** plus ATP38: Mg’ plus GTP;9: Mg®* plus AdoMet; 10:Mg®* plus ATP plus AdoMet; £1: ATP plus
AdoMet; 12: Mg®* plus GTP plus AdoMet; 13:CTP plus AdoMet;14; ADNA .

3 Wi

FUPERE TR X B b pIWS66 M FLER G  fE PR E B RS T BT, DL o R
Mgt B R SR RE AR, R HEBR T pIWS66 5 A [ VBE 74 {4 Wl BAHIG S A DNA 3 A R RE 4L, 58
I B T W TR (R K R MG 1614[ pIWS66 ] BT BE B ME B8 K 89 EOP, GESA T TR pJWSe6 B A A
SRR DNA ) FR ) OB FE A o X0y 2 8 A0 A0, B 0 PR O 0 N SR LA A R o R i
WA AR TE . ABF 58 R F 0B B 1R okl TE Pk MG1614[ pIWS66 ] 9 B =k, H H i 218
skl DNA _b &% PR i 44 B 40 057 k5 IS B pIWsee b B TP 3k 10 M6 48 1 , B0 BOR 7 6 BB 3610 v P9 40
EEAD B, 45 R AT EOP =1,

RIM REAABRE R Z IR, R IP BB F A % W 5 (R Ut 7 I 2 2 R e 4
Mo AR % R/M FR SR W28 14 9 PR I PR B o e ] 43 MR #E(EOP 1077 ~ 107°) (R EF#L
P (EOP 107* ~ 107" ) IS4 (EOP 101 ~ 107 3)1 , Rl pIW566 4S89 R/IM R G AH
JTERTUR B R, Bl pIWS6es B MPTENULE B St RIM &4, T EOP B /h
SRR NN E R G, 50 W& DNA |8 B U100 5 1 80 &N, Bk prwses it
P335 RERE & LOP U2 5, "I REA THE B & DNA b B4 17 &5 ) Wl 78 B0 1Y -

PRSI SRR RN M E R I B A B BOA N B -
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77 Et o B T R A o P i R P A R B T, B A PRI, BT A AR SR
Fr4k LI B 78 1k R H S B AR X W SR AR A R R AT A

ERMAGY, I HMEBERN—MRM AL REAARE B S, B3 ER
AT HAR Y . MR pIWS66 R HBEEHE N E SR THES I
WEE M RERE 1R, B3 ERX - RM BAEREEN LR FEFMNE R84S
B, WIESE T AL pIWs66 BE M MM RE A E TEHREN RM RE .25 1 BB — 44
o

Bl AR RST R SR EHOR LA EFLE AR SR RHEE Jytte Josephsen. HY TR
DTRH, LR MB A ER, FRomEE,

2 £ x W
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THE CHARACTERIZATION OF pJW366 FROM L . LACTIS
SUBSP . CREMORIS W56

Kong Jian Gu Xisomei Ma Guirong
{ The State Key Lab of Microbial Technology . Shandong University, Fnan 250100, China )

Abstract: The plasmid pJW566 was isolated from L. lactis subsp. cremoris W36, one strain for
Danish chadder mixed starter cultures. The strain containing plasmid pJWS566 showed resistance
against three common phages species 936,¢2 and P335 worldwide. i was found that pJW566 encod-
ed for an restriction and modification system, and showed strong resistance to phage CHCP412 when
it was introduced into the indusirial strain L. laetis CHCC2281 in milk medium. The endonuclease
activity analysis indicated that the endonuclease required Mg’™ , ATP, and was stimulated by
AdoMet.

Key words: Lactococcus lactis, Bacieriophage, Restriction and modification system, Plasmid

pJW566
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