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A ' Jyte Josephsen® D EFE
AKX HEDBEREXFELSLRE, il 250100)
HHEZSEBRERLR¥AHAWEAPER AR

W T W66 M FHAE LR P BBk Lactococeus lactis subsp. cremoris W56 T 43 8 B i1, — 1~ 22.4kb L4 B 6 A
B R R . TR Cla [ 3F pIWS66 R4 Mk, AR B S XA TR pvO WEABRNEENERRBT
A A 2 e B ) R O N S A0 R pIKL. I T SRR A b LB R R 61 T #4 Skb BT Sph [ -Hind[l DNA K
B, BAIHEWZEBAY 1 4572bp B F R ERAER, SIS — 1~ 1576/1584 MR EMBLAMMEO,
GEAMGLN UaBll. EARFBHEARBREZEAN N-ERE 7 MEFER. SRM AR [ ZNTRAY
MAEGREN CEANPRIEEA4TREN BHBEPESEMNOFIEFH, MEAN CEBFRTEM
BREN. XHhEAEBH . BHMa N DNARSHERN ZHEES, THEE--H M RE.

XA AMASRE, wEE RESHRL, FHEED
HES%ES Q783 UWHFIRE A X ERES 1000-3061(2001)06-0663-06

18 il F0& 45 & 45 ( Restriction and Modification sys-
tem, R/M system) =5 i BRI AE Fn FR L5 5 Mg A 4
BHMATRRETENE SRS, WA EET
S, EE AR DNA LRI A S, HERMER.
PRl A9 45 P T DNA & — 4§ &, it i DNA BT 24 5 1f
R (UPR B L8 ) B 3 4 DNA /9 FT &AL
BN RS A HRER, AR T
DNA, R'M EHERKEM P EHFE . R TA
HeldsBREsERErrmeaERmma".

ERBEER ZREFAREE T XIS
LS R . Bl 25 4. N ]
FEIMESIEIMARE A S HA AR
BABLE, i RN 4 R KR RS
DNA R A &I B & 6 RSB R LH .
Heh M RAELMAILRA P EEFE, HIA TR
—FAERMEEBRILET ., BCA 18 # /M
RGP ENSH, BRIt Bk 4 B, D Efu
FRak B, READBERSHE.DNA R B A
ADNAMBFAERFEEAE T, A4 L% RM
EHEF3MRY. [ B NRMNRNY, EESHE

R H 3 . 2001-04-02, 8 [5] B B9 :2001-08-16.
E4TA . AWRERTEREHRRTE.
« @ifEH,

BRI AAMERROREA, —EFFE LRI
HKRH RMBRBEB Y, WS EARET R
Lactococcus lactis subsp. cremoris W56 143 B 8] — 4>
22.4kb JRBE pW566 , WAt A 4 5 PR A A8 6 1 I RO
BHE LaBI'™ . @it ¥ %% E K SRR
ERZRAGEOEAN—-ZNRED, AR T
EME R/M RY

1 MERF*
1.1 HAHKAEFRE
AL REs AR AMEEEAI TR L, E. coli

WEF P LB FE3E, L lactis JH GM17 35558, Thk
AL FIE R E. coi & H 40pg- mL™' [PTG H

" 40pg mL ™' X-gal B LB ¥ 3R, L. lactis FA SGM17 B

F, VIAEWEAKRE: L lois RBEEN
SugemL ™' E.coli RBEN Bpg ol , BEXEFER
# 100pg-mL ™",
1.2 ITHN

PRI T4 R D RN X
Mung bean 1 % §§ 7+ 5| #§ H Bochringer Mannheim 2
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Table 1 Strains, plasmids and Bacteriophages

Strains , plasmids
and bacteriophages

Relevant characteristics

Reference or sources

Strain
L. lactis
w56 Industrial strain with multiple plasmids Obtained from J Josephsen
MG1614 Plasmid-free . host for phages skl ,jj50 and c2 [g]
E . coli XL1-BlueMRF" Transformation host, Tc" Stratagene, La Jolla, CA, USA
Plasmid
pCI3340 Shuttle vector,Cm'.5.7kb (9]
pvCs Marker plasmid, with Cm" gene, Obtained from J Josephsen
pBluscriptSK 11 + E . coli cloning vector, Amp" Stratagene, La Jolla, CA,USA
pIW566 Resident plasmid of W56, R* M* ,22.4kb (7]
pJK1 Derivative of pJW566,Cm" . R*M* ,15.5kb This study
pJK4 405aa deletion from C-terminal of pJK1,R™ M~ This study
K7 Hind [l - Hind [l fragment deletion from pJK1,R™ M~ This study
pIK24 Derivative of pJW566, with Cm' gene . KR~ M~ , This study
Phage
skl Small , isometric-headed 936 species [10]
jj50 Small , isometric-headed 936 species [7]
2 Prolate-headed , c2 species Obtained from J Josephsen

7] 1 New England Biolabs, GIBCO BRL %\ %] ; Nested
deletion kit ¥ H Pharmacia Biolech %% @] ; Thermo Se-
guenase™ Fluorescent Labelled Primer Cycle Sequencing
Kit ¥ B Amersham Pharmacia 22 %),
1.3 BB K BY 4 58 30 5 47

W B 1A () 1% 54 $ B Terzaghi and Sandine HY 77
M, WEH (K8 AT (Efficiency of plating, EOP) f)
SE W R R B G R (BN & R B pIWS66 )
R ) 9 B M B R B OB B bR (0 MG1614) R IR
HRE 2 th . i M B (A B A R MR R TR R
FZFIHB, ESF 10mmol/L CaCl, Iff GMI7 FH L,
Ak LRE A E B BRI E &
W, R W BURBE Bk, AP RS
MEE - BREEESE R EABRTF AP
T, TR o A A e R O A, T R
LN G
1.4 JR¥ DNA R4

E.coli ik DNA $l& , BRI R ¥k, &K
SCHR(12])0 L. lactis BB DNA RO & FLERBLEK N
A 10mg-mL ™' 75 4 B STE & MK (6.7% Su-
crose, 50mmol/L Tris, Immol/L. EDTA, pH8.0) 7 37C
B#f® 30min, A QIAGEN kit( QIAGEN GmbH, Germany)
R, AMAFAHETLE. B LY BioRad
%> A B Gene Pulser 7 & .
1.5 L.BIEBAFIINME

pIW566 DNA 2 Cla | , EcoR T F1 EcoRV i fk,

BB S RE pBluscriptSK II + EEE.E4E.
coli XL1-BlueMRF' SR 4l , 7E & F (PTG Al X-gal
IBER FHREAEE. YEOCEEIRLT
J& B BURL DNA, R T3 #0117 R E ) & R W 5
9,8 5F DNA FF 5. HUARTE ST 58,MA
Walking Primer 3552 B ¥ 1~ LlaB I % F X5 DNA
F5 @ E. F5 8 EH Aulomaled Laser Fluorescent
(ALF) express™ DNA # ¥ {{ 5 1o
1.6 BRERE

Sph I BT LB E:ET ¥, ¥ plKI %K
#4E/5 , A Mung Bean #% BE RS 7E 30°C §% & 30min,
Z V- B, F Bl Nested Deletion Kit 4h ¥4 [F] o
8], 4R 5 B B i B, ¥ 4L B 0 Bk H ne B AU

‘L. lactsi MG1614 o , 1 15 W B PR SRR B Bk . 7EFR

BRTHRPEBEAMMBENK k1, AMEREHRK TR
CEEEE. MR HMRER, FMEREAHEN
DNA FF 51,

2 # £

2.1 plKl REMNEE

hTe R RR W A4 i BB L A, BB pJWS66 £
Cla ] BRHIBE NI, I8 R Bt L. lactis-E . coli F#
ik pCI3340 7 4, ¥ 16 ) X BB B v i 6 SR
L. lactis MG1614, B R Ef %, BABRTEN
LaBIERA,EHZEEAE Ca | FBRE. R
#i pIW566 2 Cla | AE 2L, BB S5XARK
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Bpve MEBRFERNERER LB L. lacis Clal 1

MG1614 B, 7 SCM17 Fi F A B EHMEEE, BsrETL13780

HBB 24 T AMEE HEFR LA XK EN Hoell 12450 Clal. 2200
X2UNTAERREEEHT WA skl JiiERE, Hpell 12399 Jal. 3200
HY a b FRAEWMEEGYE, R 20 MRAN el 11300

WEARRRY, BB XERLTHRE DNAL K BelL10700

vk, R RERWERFELTFHE TR
B, K/ANK 15.5kb BE B N pIKI ¥ LT, R AW
EEyit KRR NE RS AR
ANERL pIK24 RIEL T R R RSRE, MESE
BUBL pIKI B9 4L+ MG1614[ pIK1 16 MR B R A IR
HEmER, ERENE 2,

Nsil.10630

Hind 1 5200
EcoR1.5450

i1 BRORL pIK1 B4 2R B 3
Fig.1 The physical map of plasmid pJKI

F 2 L.lactis MGI614 & K ¥4k F B 18 78 o 3K 44 (9 35 4 ( EOP)
Table 2 The EOP of phages propagated on L. lactis MG1614 and its transformants

Phages propagated on MG1614

EOP* of phages propagated on

Host strains of phages

and its transformants MG 1614 MG1614( pJW566 ] MG1614( pIK1]
FOP EOP EOP
MG 1614 skl 1.0 5.0x10°} 5.0x10°°
jis0 1.0 2.4x107? 4.0x10°°
e2 1.0 5.0x107? 5.1x10°?
MG1614[ pTW566 ] skl 1.0 1.0 1.0
jis0 1.0 1.0 1.0
2 1.0 1.0 1.0
MG1614[ pJK1 ] skl 1.0 1.0 1.0
ji50 1.0 1.0 1.0
2 1.0 1.0 1.0

a.Calculated as the ratio of plaques on the resistant host to plaques on the sensitive host. The EOP of phages are [.0 on the sensitive host. The results are av-

erages of at least three independent determinations.

B 2 a1, # L F MG1614[ pJK1 | Xt Mg 8 1k
skl, 2 Hl jjS0 I % #r (EOP) 5 & # MGi614
[pIwsee ) # 7], FHH Bk pIK1 B4 T LlaBI R
WM., MK sk1,c2 0 jj50 FEFE LT MG1614
(pIKL B =5 B W AN B A&
MG1614[ pJW5s66 ]BR # ,EOP 24 1.0, LA Mg B {& DNA
F) B o ¥ A U0 o 5 B EORL pIKI AT T B A4
Z %% MG1614[ pJWS66 ] i bk HY B 1k £ i 5 it B ikt
AH B pIK1 FRER %1, EOP 25 1.0, iy ik UF B8 Ji ki
pIKI #5758 8M RIM R,

2.2 L.BIEAMNTEREREIZH

H AR pJKI A Hind MM WY LIS , B T4
HEMLE RERELE L. leaisMG1614 1, EF5
¥ 1LT MG1614[ pJK7 | X 1% B & k1 /) EOP iy 1,3
BB R T SR 4K sk BOFRHIE . SEBUR R
pJK7 DNA WL 3kke 8, A B RORL pJK7 8K T pIKI1 £
M Hind [I-Hind 1 H B, M WIEBR T & K &3 LiaB

MEHAKRERLTFR . WEE pJKL 8 Sph [ B51)
fSEGEATBI ARG, BRMAET RN
pIK4 ¥ pIK4 B A L. lactis MG1614 1, T 15 B # [
REETHMEE kI WREMERER, £
LiaBIN #E (7 F Hindl-Sph I W DNA B L, H
Vo Er A2,

FA T T BIEm R WG, LR Walking
Primer ¥ %f 49 Skb #) Hind ll-Sph | DNA FE 2 F
FIALEE DNA B 5E , £ 5) A FramePlot {4 it 17 4047,
ERZR BAE —1~ 4572bp B9 FT 3 B 2 HE %2 (Open
Reading Frame , ORF, GenBank £/t 2 % AF347071),
IS —A 158471576 A4~ (BLH T Fir (i A Y 1A 5 52
FIEEMREMARNED, AMZEARS TEN
180.6kD,pl Jy 5.52,

% ORF H M1~ [5] (4 12 1 6 6% F ATG, H /R 8
NEE® AT 408bp 4L 19 ATG L#7 20 PR T
434bp AL B ATG LU 8 BEEAE, FT-BRIRTFME
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666 25 2] T
—— T , EOP(¢skl)
pJW566 X C C SICCCHHC 82NC 107

Cat pene from pVC35
pJK1

10°
plK24 —— M M —— 10
pIK7

pIK4

1.0
1.0

_

HH C S

LiaBII R/M system

B2 BE LBINEZERRF
Fig.2 The schedule of the subcloning of LiaBII
The position of the LiaBIl gene and direction of transcription are
indicated , Plasmid pJW566 and its derivatives were transferred
into L. lactis MG1614 , transformants were tesied for phage
resistance against phage skl.X. Xho 1 5C. Cla | 5
S1.Sal I ;H. Hindll ;52. Sph I :N. Nsi I

L lactis 16S-rRNA # UL B2 /9 #% b8 4 25 & 47 2% (Ribo-
some binding site, RBS)AAGAA B AAGGA., HERA K
BRTFHES T A7 ATC LA —BES
B4 (1 & 47 X 3F (GATAAATA, TACAAAAA) , #E T %
K% LaBI $1i% R DNA EHIRETER.

A EFET TAA T E—1THERRXEY
B, HEHEAG= —41.8kecal moL ', FH B
poly T( TITTGTTITTTT) B B , E i Z & MR — T A 1K
T o BFIELT.

2.3 EN LBIRERFINEELESH

WiE LBl ORF & #HBRITFIH MG B HKEA

(1 — R4 H , A BLAST $X {76 & O R 5 51 808 R o

HTRESHEERN. SREN,. ZEASHECAE
ERFF) R R R . E7EE 5 8 N-R 5 E 650
TMEEBRBREK, KB 5 Wtk Helicobacter pylori
26695 # Chlamydia trachomatis MoPn FJ % BE B ( Heli-
case, Accession No. 7 AE000580 i AE002329) [A] I #
4r51 % 33% 1 28% , 55 Escherichia coli 15T SiH K
R/M T 2 K il B I 28 fif EcoA ( Accession No.
“1291) FBHE R 22% . FERBAZEFBAR 7R
SFOREX IR, 5 R/M F 45 1 B A0 [ 5 nd R | A ek aR
Ve HE BB AR IE 9 W) AR |, or BlicHE L 1A,
I,0,V,V, VI, £X 7 HMRFREZ6,EH—
A8 20 MEEMBMLARMNIEERT, ZFIIRNE
ETRMESLN I BHMRWHEEALGS, BE#L
DNA Wiy Thee™ . DL E A REH, ZEHK N-E
WAfEN LaBIl M ZEMBR BN B IE
K,

FEHRE A M 720 B5E 1200 M A ERKE
MRS, B84 N REBRT EEBES(N-
Adenine methyliransfase } B9 4% <F K 38, JLJBUT 2 CMIs,
CMI,cM Il %0 CMIT, CM [T # & % 8 4 & N-GN-
PPY-, RERTEHAGFM M B EMAL
AR, UaBN S F EALAE T N-REN P E
HEMAN, K yA™, EXHEARPEXE,L
HE 4 MEFFEH, &R M5 Helicobacter pylon
26695, Borrelia burgdorferi #l Bacillus stearothermophilus
( Accession No. 4+ %] 4 AE000636, AE001584 #i
AF(098974)K] DNA N°-JR H Bt P R B BB R
B, K3 Fw.

23 LHEON-BERAEEBMORTFFIORARELRR
Table 3 Alignment of the conserved motifs in LizBX with N°-Adenine methylase motifs from the N,; group

+ Four conserved motifs

Methyltransferase
CMIs cMml CMI cMIl
M. HypA GIVYTPIEVVDFILRAT IFDPFTGTGSFIARLL IRVIIGNPPYSA VEKDRGVIGFVVN
LiaBI GIVFTPIEVVDFIVHSY ILDPFTGTGTFIVRTL ITVIMGNPPYSA [SDNGVIGEFITN
M. Blu GVYYTPSPIVSFIVSSL VILDFATGTGTFLLEYI ILVILGNPPYSA IKGSEEGLLGIITN
M. BuLVI GAHFTPDKLAEVIAKR VLDPACGDGELLAIN VDIITANPPYVR QLKSNGIIGVITS

* The bold were indicated the conserved motifs of N®-Adenine methylase

LR LaBIl M C-AKREFAEU ST R/IM &
g 1 BRI ST B (HsdS) A R IR, N Z XK E A
#7 DNA iR SIThEE .

3 it
Bk pJW566 # pIK1 5 A TG FUR H e pA P UR

) L. lactis MG1614 17, 8 564k FREBBAM W H
RBPE(EOP 3 10 72) , TN A B E TR A RS
FRHIYE A (EOP = 1), ULBH T R AL pIWS566 #E 1 A R
RS LA, SRR E A PLBE O B RV A R
) F1 4% i ( Restriction and modification) £ &, il %
EREMT %R ZERE T Y 5kb Hindlll-
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Sph 1l Bt L. DNA FBFIr MR HitE AR,
Hindll-Sph I B &5 — > 4572bp 9 ORF, M E
B# N-Kas o NI Be T X %, B (6] 5 BB L S 1
DX, MEAN C-ARSCHEOXTEMRE
. ATERA DNARAITRE, X AARH &M
AJRER DNA IR SITHEEM E THEEE AR THEME
Y R/M RS, TR —F ) R/M KR,

% Sph | -Hindll F B £, A —1 KK ORF, ®
A2 MREED T, LeBIMEEHHAHF— 1, RE
BEMMMH EFFH—-FPIEE, £2 MERBED
FREWFAES QWEEILSE S A (RBS), HE
ERATFHEFFA IR LBIWBEFETER
BE-1EMETEBNERATFH. EXRAN
N-AmERRM IRHANBANYBREN 7 MR
SERFFIANfE{L DNA BT M RHIE X, K I AR
ATP I G0, T F3 B A 1k ATP K1
Y %8 LaBI £5% A B R DNA 724
T ## € 8§ (Helicase) fE . W& ATP KW R {EGER,
KEERAME NI EEEH B RIEL (R
HHEEE).

LaBIIHEEMER PR R BHFEN 4 METF
AT N-BRERTEABERERFIARA
MR B, RSP BT X, R<F 7
B cM I fn cM Il 4+ 51K S-Adenosyl-1-Methionine ( {!
HALR) FIR RSB SE A &, B 1E Timinskas
FARENPER OB, LBl WA KR
FN BT EEENE N,

Sph T i T LieBII BEEA L7 F¥, AT RE
ST e, Sph T 4% 5 BBk R, 18 ] MGlel4
(pIK4],FEH R- M R, 2550 & & BLZ A & Bt
KT 45 M EHEMBE(D"™ ™), 18 LB AR
HMEHERATEXNRERES Y, d R X 5%
FEMF R/MT B HedS T 867, BFH DNA R 51
BB, IRIELL G5 B BAR A3 PARK
hEe X 3%, 4 $i % B F R/AM 1 R4 A9 HsdR. HsdM FI
HsdS, FF ARIAT R R/M T Bep 3 A RE LT,
HR—TETEREESE(RM,S,), M LaBIl &4
TINMREREE EMER - TMEUEER. X
PSRBT Heamophilus aegyptius 7 ] R/IM
AEPYHREY EEILIBREN RM ZEPHR
B, HaBIIFRER— 19T R/M R 5.

B W AXRPIHAAALZERFHRARRF
Ao Fo SLA) O R TR, 45 B Jytte Josephsen # A &
é'ufsﬁs'ﬁ%ﬁi%éﬁo
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Cloning and Structure Analysis of A Restriction and Modification System,
LiaBIl from Lactococcus lactis subsp. cremoris W56

KONG Jian™' JYTTE Josephsen® MA Gui-Rong'
' ( State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, China)
*( Department of Dairy and Food Science, The Royal Veterinary and Agricultural University , Denmark )

Abstract A 22.4kb naturally occurring plasmid pJW566, isolated from L. lactis W56, was found to encode an R/M system
named LaB[[ [V . The LiaBII R/M system was isolated on a chloramphenicol resistant derivative of plasmid pJW566, resulting
in a plasmid pJK1. Subcloning analysis showed that the LiaBIll determinant was located on a 5 kb Hind{ll -Sph 1 fragment. The
fragment was sequenced. It contained a single open reading frame (ORF), corresponding to a protein of 1584 or 1576 aa. In the
deduced amino acid sequence seven helicase motifs characteristic of endonuclease type 1 and type I and a conserved catalysis
motif X in the R subunits of type I R/M systems were located in the N-terminus, followed by four conserved motifs found in DNA
N®-adenine methyltransferases. The C-terminus of the deduced amino acid sequence showed no homology to known R/M systems.
Therefore, this polypeptide encoded by LiaBIll is a multifunctional protein possessing putative DNA recognition , methylation and

restriction activities.

Key words  Lactococeus lactis , bacteriophage , restriction and modification system, multifunctional protein
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