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Summary

Bla I, a Class II restricition endonuclease, was isolated by phosphocellulose column chromato-
graphy from an amino acid producing bacteria, Brevibacterium lactofermentum. This enzyme was
optimally active at 37°C at pH 7.5 and required 100—150 mM NaCl for the enzyme reaction. The
enzyme cleaved lambda, adenovirus-2 and pBR 322 DN As at the 21, 9 and 1 sites, respectively. The
enzyme had an absolute requirement for Mg?*, but 40 mM or more concentration of Mg** inhibited
the enzyme activity. The enzyme activity was also observed at 2 mM Mn?*. No contaminating
nuclease activity could be detected in the enzyme fraction from phosphocellulose column
chromatography. The enzyme fraction obtained from 50 g of cells was found to contain approxi-
mately 10,000 units of Bla I activity.

Bla I was found to be an isoschizomer of Eco RV, a restriction endonuclease of Escherichia coli
J62 pLG74, and recognized the DNA nucleotide base sequence GATATC.
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19704E1= Smith & 2203 % 6> T Haemophilus influenzae Rd 75, 4 H“NBFREEE" L 1P
BN5BREPHEELL, Zhik, DNA FOBEOEERFZFTHBL T, 22Uy s v
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1. (ERBEKk L i
HIREERAPER & U C Brevibacterium lactofermentumNo28% Fiv> 7z, B3 10% K Y ~7 b
v, W0%A=FA, 5%FMF M) 2L, SUBEZFA, BLURKER»SLE 7 A3 8
HiZR L, BOREICE, 743 VEMCL. T%0OER 22 2 RS2 o7,
2. BEHE
10mlD 7 4 3 > e &t ® / — L 8 T QUEE# » & B. laclofermentumNo28% 1 A& E
L, =/ —EREESEEE (hEEER 2HVT, 0CCT0RMIERERE2T- 2, &
DEFEAMND 7 A 3 UM E S 250 ZA7 5 A 21, EEREEERE (LD LYLEY
BlE) 2Hw, 0°CTURMEEE L, &850, 1 (0743 VvEE2EL5 (ZA75 A
W LR OREREEAOM 2 L, EEEREEEER R v T30°C THISFMIR B L /72,
3. EBFRRORY
LR 5000 X g, 159ELE LML, RE L. #OEKL0g £10mM Y > EEEHRK
(pH7.0) -7TmM 2-A WA 7 b2y /- 1mM EDTA 120.4M #4{tF + U & 2 %702 738
WA FFICBRE L 7e, COBBEEWHL 205, BERFAAEEE (UEEBER, 1> 27—
£ —200M) 2w, 2007 v F TI0ATEME L 72, BEHTHIEL - EREER Y, HirEE
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RARE LT —2FWhatmanP11% 7z, BEEPIC L DML -k Akl o—A %, 1.4X
20emD 71 7 MZFEHEL, 0.2M (LS MY v A% & E10mM ) > EEE (pH7.0)-7 mM 2 -
ANAT b2 /=N 1mM EDTA i CEHHE L 72, #980ml DIEBER i % B S wi-18, b
SOREEE TYE IR D280nm OBSEEAIFIF 01225 ETH T AR %7, WHT, 0.2M 5
1.OM O b U v ABERQE % b DEERR200m TEEE 2B L, 5T OESEED -,
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(DNA 1 ug), #BEWR16x (ORIGRE230°C, 3BMRIGS €%, 1.25%SDS 4 4 %
A RIS &k L 7z,

6. 7HO—XF LB

7 A u—2A (Sigma) 240mM b U 2 EEEEK pPH7.9) -5 mMEREE - b U & A-1
mM EDTA (pH7. )W, 1%wW/v L7 2 & 5 EH» L, $50°CIKd LT 5 10mg/md
TFYTATT I (Sigma) EREMZ, KIBE0.Sug/nts Uiz, Nk EEIESER S LIE
FREEE (7 — b —th) TR VRED BV, KENZ0.54g/mD T F Py AT 0 I K ST
A0mM b U ZSERARE N (pH7.9) -5 mM Feg 5 b U v 4-1 mM EDTA (pH7.7) %% &
777 VEREKBER (7 — b)) O LTEECH L TTo 7. BERIGOK - L3k %
8% af-0.025%7 0 LT 2/ — VT N—LibLIHEL, FLOREHEICELIZD
¥, 100V, 2EFRIUKENS ¥/, WKENMR, REREMET > (v b4 41y b TL-33)
FREL, BEHEEZEEL, DEXISUES A R 7400 (54 7667) TEEEZL .

THO—ADMBEEE0.8%W/v LT THW 3BT, KFR7H a—X 7 VESKEIEE (71
&, AH-16) =R L 7.

1. RESLUEE
EE DNA & UT{EML 72 pBR322DNA 3 5EW, 77/ 74 L A-2 DNA(BRL &) iz
RERWME 2 SEA L7, SIRERET FEERS & UM TE®» SBAL 72,
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1. RRAFEAO—~RAASLIOT LT F5T7 4 —BEHDFEHE

B. lactofermentumNo28» 5B SN BEORA TN T—AN T LI AR T F T 4 —D
HSR 3ABEIICE D, ADNA L FIGs 8, 20OEEE2 A7 7EREKETHRE L, Fig. 11
T &9, 13RHEHD 52248 HOE S I IEE

BELNTEYD, K0 DNA /x> R Fig. 1 Agarose gel electrophoresis patterns of
ot . . ADNA digested with fractions from phos-
SFHEEN -7~ . 2 =]

PHER T & Jo. EHEXI6AHDEZ AR b phocellulose chromatography of lysate of

g, HbF bU T ABEHISMTEHS Brevibacterium lactofermentum No 28. Portions

(20 wxl) of column fractions (5 ml) were in-

>, CODOEEELH FOmHELT .
ni. DEFREHIREROMARIAL, cubated at 30°C for 3 hr in a 40 yl reaction
Bla I &7 7-. mixture containing 1 g ADNA, 3 mM Tris

~-HCl (pH 7.5), 3 mM MgCl,, 3 mM 2-mer-
captoethanol. The reaction was stopped by
adding 4 g1 of a solution containing 1.25 % (w/
v) sodium dodecyl sulfate. Then 10 ul of a
solution containing 40 % (w/v) sucrose and
0.2 % (w/v) bromphenol blue were added and
samples were loaded onto 1.0 % (w/v) agarose
slab gel 15 cm X 15 cm X 0.2 cm thick. The gel
was subjected to electrophoresis at 100 v for
2 hr in the presence of 0.5 pg/ml ethidium
bromide and photographed under ultraviolet
light with Polaroid film (type 667). Fraction
numbers are shown above each lane of the gel.
C; undigested A DNA.
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Fig. 2 The effects of metal concentrations on the BEEDO Mg TEMEIZE
Bla I activity. The experimental conditions =3, 60mM LIETER
are the same as described in the legend to Fig. N
1, except for MgCl, or NaCl concentration. In FElAshixmoiz,
(A), the enzyme activities in reaction mixtures 2. 2 Natogm

with different Mg®* concentrations were

compared. In (B), indicated concentrations of BlalTigkAKRtLo—

NaCl were added to the standard reaction AHTAhTuvw TS
mixtures, and the enzyme activities were 74 —THEEF Y T AD
compared.
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Btz 13 490.5M @
Na*mEET 3, 2o Nat%fgE+ 279, 10mM Y VEBEER (pH7.0) -7 mM 2-2 1%
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Y= NTRIGEIT o7, M0* B 2 mM (R DB OCEE TEMSEIE L 7248, SBE T
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Fig. 3 Effect of Mn** concentration on the Bla I
activity. The experimental conditions are the
same as described in the legend to Fig. 1. Lane
1;0.4 mM MnCl,, Lane 2 ; 0.6 mM MnCl,, Lane
3 ;0.8 mM MnCl,, Lane 4 ; 1 mM MnCl,, Lane
5 ;2 mM MnCl,, Lane 6 ; 5 mM MnCl,, Lane 7
; 10 mM MnCl,, Lane 8 ; undigested ADNA,
Lane 9 ; standard reaction condition, Lane 10 ;
0.4 mM MnCl; plus 3 mM MgCl,, Lane 11 ; 10
mM MnCl, plus 3 mM MgCl,.
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2 3 4 5 6 7 FHEs N7, &7, M@ R I 3 mM BES ¢ TRIET 2
: . ‘ &, TNBEMTIRESED A 5N d o 72 Mn?*0.4mM T b 35
WHFERL, Livl, Me™ BSEfEEL T b Mo Oy
BI0mM Iz 3 EBRFERREE SN, ChoDER L
Fig. 3177,

2. 4 Caomm

2. 3EBRIC Mg Db iz Ca™* 2 AL TRIEEF -7z,
Ca* DRE % 2 mM #» 520mM % TZ 2 THEF L7228, Fig.
IR T L, BREERE{Ebhitn» o7z, Mgt s 3
mM FRCFESE Ty, Ca® @ENI0mMM @ & &, Eitid
HE X7,

: 3. BEEMCHTE pH EEEORE
Fig. 4 Effect of Ca?* concen- pH %#7.0, 7.5, 8.0IcFHEE L 7> 3 mM b Y RIEESEE K%

tration on the Bla.Iactivi— B, 3mME(~Z32voa, 3mM 2-X0%F Ly
ty. The experimental

conditions are the same ~ —/VTEETTADNA 28BE L L T30°CTHRERIERT -

as described in the legend 7. Z (%5, pH7 SHBEEL O B pHTthzzrnBHs
to Fig. 1. Lane 1 ; un-

digested ADNA, Lane 2 : 2 C7& D72,

standard reaction con- 3 mM b Y REEEEER (pHT7.5) 2w, 3 mM b~
dition, Lane 3 5 2 mM oz o v ) 3 mM 2-ANH T b 28 ) NEET T, KIS
CaCl,, Lane 4 ; 5 mM g ’ 1 s BRI
CaCl,, Lane 5 ; 20 mM BE#25°C, 30°C, 35°C, 37°C, 40°C %z T 3G &
CaCly, Lane 6 5 10 mM . 30°CLIT CIRIEHICKZ L b o 7278, 3TCHEERE

CaCl, plus 3 mM MgCl,. s
: T HOBEEETH- .
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Bla I OESHRBICHEETIRFICOWTEAM LER, BENSORESRELT, 3
mM b U REFEER (pH7.5), 3 mMiE{k~s7 2y w4, 3mM 2-AnhF by S —0
FIET, £H ADNA L BREZICCTRIGE ¥ & L LT, 28, BERE L TRAKEL
U—AA T L5 OEGRERT LBEIMESZ VA, BfL L THEL -BERE AV 31
EWIFEAT U Y A %100mM 25 150mM _FEEORICIMZ 3 HERH B,

Bla I D3RG 1 A0 EE ADNA 1 pg #37°C, 1EMICUM T 2@He L. 2D
Ex s, Bla 1k B. lactofermentumNo28 D BERS0 8 70 & #4910, 000B GG S M- EHE 22 3,

5. Bla 1 OREBMHEE

Bla I ##8 ADNA : RE& ¥, BEHICH > 7)) v 7 L TRIGEB R T, ZOKE <
¥ —>% Fig. 512/ T, 4RO RETIZIEESIC ADNA BYIiahTB ), UBHRIG
¥iebDTH DNA DY Ny — 3B L TuRy, 202 Ehs, ZOBRRTICEMO -
VYRRV T —EDBEBABIEBEAEZOIEPHETH S, RARELRA AL T LTINS
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Fig. 5 Time course of ADNA digestion
with Bla I. Twenty ul of enzyme
solution was incubated for various
times at 37°C in a 40 gl reaction
mixture containing 3 mM Tris-HCl
(pH 7.5), 3 mM MgCl,, 3 mM 2
~mercaptoethanol and 2 ug ADNA.
Lane 1 ; undigested ADNA, Lane 2 ;
1hr,Lane 3;2 hr, Lane 4 ;3 hr, Lane
5;4 hr, Lane 6 ; 6 hr, Lane 7 ; 8 hr,
Lane 8 ; 24 hr.

Fig. 6 Analysis of the cleaved fragments
produced from various DN As by Bla
I digestion. The enzyme solution
(20 ul) was incubated with 2 ug of
phage, virus and plasmid DNAs for
6 hr at 37°C in a 40 ul reaction
mixture containing 3 mM Tris-HCl
(pH 7.5), 3 mM MgCl, and 3 mM 2
~-mercaptoethanol.  The reaction
mixtures were analyzed by horizon-
tal electrophoresis on 0.7 % agarose
gel (135 cm x 135 cm x 0.3 em
thick) and other experimental con-
ditions are the same as described in
the legend to Fig. 1. Lane 1 ; un-
digested ADNA, Lane 2 ; Bla I
digests of ADNA, Lane 3 ; undigest-
ed adenovirus-2 DNA, Lane 4 ; Bla ]
digests of adenovirus-2 DNA, Lane
5 ; undigested pBR322 DNA, Lane 6
; Bla I digests of pBR322 DNA, Lane
2" ; the positions of fragments of
Lane 2 and nucleotide number of
fragments, Lane 4 ; the positions of
fragments of Lane 4 and nucleotide
number of fragments.

6. Bla I ®&%E DNA €18
Blal +#E L LUTADNA, 75/ V4 )VA-2
DNA, pBR322DNA % K& & €T, Z DU ER
BHL7, RIiCRS&EE2ZNLEN2 pgiliz b LD
wwrn, Bla I EZE®F20u], 3 mM b)) RIEREEH
W, 3 mMiEl~s 2y v A, 3mM2-2AVvAT
Iy = VIEFET, pHT.5, 37°CT 6 BT o 7.
FNZFhOWkEI Y —> % Fig. 61277, ADNA
DEFE, V= 2R T LD WISERD /N FHHER
T&7, TF /74 VA-2 DNAOEER, v—
LRHESNDB LD, W0ERD S FICyIia ik,
pBR322DNA T3, Z“2fF, Z&fBbH b0, K
EEObD TV~ 5 RTEI 4RO/ R
MEHSNE, cNE Bla Il TYTs2ELv—26
DEIE, 1ROV REBRZZZFICES, Ih
i Bla 112 & - THRD pBR322DNA 23 1 7]
N TESERODNA K 72 25T, 20
Zre, Blalid ADNA 2U4»A, 77/ 74N
#-2 DNA #% 9 2off, pBR322DNA % 1 » Ay
T2 EEZSN, LirL, ADNA oyt & hiz15
KDY ROBB & #0iEE (Fig.6 Dv—2)
EEFHLTCHB500EH CE SRV LS,
Bla 112X % ADNA QU EIZ 4»FR L D H v &
EZzohiz.
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7/ oA NA-2 DNA % 9 2, pBR322DNA % 1
DRI T A HIREERTH . ZOBEROFEIM
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Table 1. Recognition sequences of restriction enzyme cleaving pBR322
DNA at one site.

) number of clevage sites
sequence enzyme refference

ADNA Ad-2
5-A | AGCTT-3 Hind 11 7 12 19)
5-A | CRYGT-% Aft I 20 25 30
5-AT | CGAT-3 Cla 1 15 2 17)
5-AGT | ACT-3 Sca 1 5 5 14)
5-CAG | CTG-3 Pvu II 15 24 8)
5-CA | TATG-3 Nde I 7 2 29)
5-CGAT | CG-3 Pvu 1 3 7 8)
5-C | GGCCG-3 Xma Il 2 19 15)
5-CTGCA | G-3 Pst I 28 30 3, 24)
5-C | YCGRG-3 Ava I 8 40 18)
5-G | AATTC-3 EcoRI 5 5 9)
5-GACGT | C-3 Aat 11 10 3 27)
5-GACN | NNGTC-3 Tth 111 1 2 12 23)
5-GAT | ATC-3 EcoRV To21 9 12)
5-GCATG | C-3 Sph I 6 8 5)
5-G | GATCC-¥ BamH]1 5 3 3
5-GTATAC-3 Sna I 3 3 20)
5-G | TCGAC-3 Sal I 2 3 2)
5-TCG | CGA-% Nru 1 5 5 4)
5-TGG | CCA-3 Bal I 18 17 6)

Y=Cor T, R=A or G, N=A,C,GorT.

BWRIET 272010, DFEHI/NE S RIEEFTIA T TICH & 21278 - T % pBR322DNA % F
W THRET £1T - 72, pBR322DNA % 1 »FTYIl & 2 B2 & 2 OFFFEHRAIE Table LioRd &5
W TIRBHONT NS, TNOOBEED ADNA L 75 /o4 L A-2 DNA o343 % YIi
BHEEERL TS, Z0OE»S ADNA 2 UMM LYK 28R 2HET £, AIIPY (20
»A), Clal'” (15587, PvuII® (15487, Pst 1329 (285:Fr), Eco RV'? (214»F), Bal
198N O 6ETH2. £7, 77 /74 A-2 DNA QY% s 45 & Bla I LREUY]
W9 w3 DIz EcoRV 723 TH s, Zh oo DNA OFIWiE» 6, Bla Iid Eco RV 248
PILTwB I EREsmER T,

Il 2 3 45 6 78 910

Fig. 7 Single and double digestion pat-
terns of Bla I, EcoRI, Hind III and
Pst 1 on pBR322 DNA. The experi-
mental conditions are the same as
described in the legend to Fig. 6.
Lane 1 ; undigested pBR322 DNA,
Lane 2 ; Bla I, Lane 3 ; EcoRI, Lane
4 ; Hind III, Lane 5 ; Pst I, Lane 6 ;
BlaIand Hind I1l, Lane 7 ; BlaI and
EcoRI, Lane 8 ; Bla I and Pst I, Lane
9 ; Hind III and Pst I, Lane 10 ;
EcoRI and Pst L
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IOk RHESRT 275, pBR322DNA % 1 I+ 5 b EE#, Eco RI, Hind Ik &
U*Pst 1 & Bla I ©pBR322DNA 0 —EYIWi£21To7z. ZORRE Fig. TI0RT, v—>2
5 5 FTIFEEEHM T pBR322DNA 247H L7z & 0 T4363HHE D EHHRD DNA D3>
otz oz, HindlI® EcoRI & Bla I L &M (L—> 6, 7) Th o> FiZEEMO
rELFERAICMBECSH D, Zhid Bla T OYIHAIESS Hind 1% Eco RI D I {AHECH S
ZrEWLTCWS, Bla e Pst I COZEYIMTE 2ADSY Fhsash (L—>8), Bla
I+ Pst ] OUIRAESLEDVENLTHLL I ENRENT., TO2KDSY FOKE & 21k
T 278, YU BEOb» > Tws Pst T & HindIll, Eco RIick 2 Z&EYIM 21To72088
v—>9, 10TH5. F7i-, pBR3I22DNA % 1 il ¢ 2 BEZOVIMLE £ Fig. 8 12xR7.
L—Y 9D T HD/NY FIT7848E, v — Y100 THD Y RIZTHUEET, v—r 8D THOD
NY R IRE DKRE S KENEEED SEET 5 LB TH 72, —H, EcoRV & Pst I
DYIMTIZ & > THEL /S 58y R OEHEHIZ40TH D, Bla I 0 pBR322DNA D4l ir &
BMEcORV LEUTH 2 L s N, 22T, Bla I O+ 28ERY Iz Fig. 9 1R T &
51z, ¥-GATATC-3TH % L&z o7z, Bla 112k 240l DNA OFKIgOHERTIC D
WTERRE L TORODT, Z06EEND L ZZ2YET 502 EHS» TR,

Pl EogEsE R 1z, Bla »8Escherichia coli J62 pLGT747 & 438 & v 7-Eco RV¥disoschizo-
mertHhd I LERLTRS, LhL, BROEcoRVEBlal 0MERERTA5 &, Blal ik
AT+ )Y ABEORCHEETER SRR T 28 TEORV LB Lo T3, kB, Mn* T
VEMSFEE T 2 HIC o0 TIE, Eco RV TIRBENLZ LD THRS N,

TNV L VBEBICBEWLNT W A2ME DO 1 B Th 2 Brevibacterium  lactofer-
mentum 7 5 I EIRBEESSEINTD, COBEREGFREONRZ F— LTI R
& Tv»% pBR322DNA % 1 AT CYII§ 2729, BRMEOH L WEE-R2 ¥ —RORRK
WEMNDHDEEZ SN,

O Blal

i £:3

TNF I VEBEEREO 18T % Brevibacteri-
um lactofermentumNo28 0> & [ B EIBEEE % &
U7z, BERRARELD—AIT AT R
757 4 —THLT b Y 2GRN SMA T T
el COFRERBla 1 0B BRGEME
¥, 3mM b+ Y 2 iEREEE W (PH7.5), 3 mMig
fb~eZ2vvh, 3mM2-XVHF by ) —
Ly 150mM AL b U v ATEET TEE L 37°C

yma W 93°
Nru 1 972

/.
7, %,
» &

/‘fq

6122 1w yay

5'-GATATC-3’
37-CTATAG-5
Fig. 8 Restriction map of pBR322 DNA. CTATAG-5
Numbers show length of nucleotide
base from 0 point in the clockwise
direction. All listed enzymes cleave

Fie 9 R -
pBR322 DNA at one site. ig ecognition sequence of Bla I.




DOk - B - B - Hoh - N Brevibacterium lactofermentum DHET 2 HIBEEBla] 9

TRIGE €S ZEThole, Mg BEIGICAETH - 7245, 40mM Ll ETRE L { B
L7z, Mg DR D iz 2 mM @ Mn* T4 EHIZFB L7z, Bla 112 ADNA, 75 %4 L2~
2 DNA, pBR322DNA 2 zhzh, 2158, 955, 12FWiL7:. Bla 113 Escherichia
coli J62 pLGT4 % & 538 & N7 4IFREER Eco RV & isoschizomer L £ 1 50, DM+ 2
WEATE 5-GATATC-3Th - 7.

B 23
AR EITI Wi VERZHEE 218V 0B ERIKS A S M i a5,
X N
1) Arber, W. and S. Linn (1969). Ann. Rev. Biochem., 38, 467-500.

2)
3)
4)
5)
6)
7)

8)

9)
10)
1D

12)
13)

14)
15)
16)
17
18
19)
20
21
22
23
24)
25)
26)

L~

Arrand, J. R, P. A. Myers and R. J. Roberts (1978). J. Mol. Biol, 118, 127-135.

Brown, N. L. and M. Smith (1976). FEBS Letters, 65, 284-287.

Comb, D. G. and 1. Schildkraut, unpublished obsevations.

Fuchs, L. Y., L. Covarrubias, L. Escalante, S. Sanchez and F. Bolivar (1980). Gene, 10, 39-46.
Gelinas, R. E. and 1. Schildkraut, unpublished observations.

Gingeras, T. R., P. A. Myers, J. A. Olsen, F. A. Hanberg and R. J. Roberts (1978). J. Mol. Biol., 118,
113-122.

Gingeras, T. R., L. Greenough, I. Schildkraut and R. J. Roberts (1981). Nucleic Acids Res., 5, 4525
-4536.

Hedgpeth, J., H. W. Goodman and H. W, Boyer (1972). Proc. Nail. Acad. Sci. USA, 69, 3448-3452,
Hiraoka, N., K. Kita, H. Nakajima and A. Obayashi (1984). J. Ferment. Technol., 62, 583-588.
Kato, F., M. Yoshimi, K. Araki, Y. Motomura, Y. Matsufune, H. Nobunaga and A. Murata (1984).
Agric. Biol. Chem., 48, 193-200.

Kelly, T. J. Jr. and H. O. Smith (1970). J. Mol. Biol., 51, 393-409.

Kholmina, G. V., B. A. Rebentish, Y. S. Skoblov, A. A. Mironov, N. K. Yanl{o?sky, Y. I. Kozlov,
L. L. Glatman, A. F. Moroz and V. G. Debabov (1980). Dokl Akad. Nauk. SSSR, 253, 495-497.
BEEZ, KEEE, GEEFx, FEER (1982), BABRELFRESHEESE, p. 533

Kunkel, L. M., M. Silberklang and B. J. McCarthy (1979). J. Mol Biol., 132, 133-139.

Langdale, J. A., P. A. Myers and R. J. Roberts, unpublished results.

Mayer, H., R. Grosschedl, H. Schutte and G. Hobom (1981). Nucleic Acids Res., 9, 4833-4845.
Murray, K., S. G. Hughes, J. S. Brown and S. A. Bruce (1976). Biochem. J., 159, 317-322.

0Old, R., K. Murray and G. Roizes (1975). J. Mol. Biol., 92, 331-339.

Pope, A., S. P. Lynn and J. F. Gardner, unpublished observations.

Roberts, R. J. (1976). J. Mol. Biol., 102, 157-165.

Roberts, R. J. (1984). Nucleic Acids Res., 12, r167-r204.

Shinomiya, T. and S. Sato (1980). Nucleic Acids Res., 8, 43-56.

Smith, D. L, F. R. Blattner and J. Davis (1976). Nucleic Acids Res., 3, 343-353.

Smith, H. O. and K. W. Wilcox (1970). J. Mol. Biol., 51, 379-391.

Smith, H. O. and D. Nathans (1973). J. Mol Biol., 81, 419-423.



10

EHRFRFEHER 58505 (1985)

27)

28)
29)

30)
31)

Sugisaki, H., Y. Maekawa, S. Kanazawa and M. Takanami (1980). Nucleic Acids Res., 10, 5747
~5752.

EAEES (1980). METIR(ERERME, MM, HI, p 16-17,

Watson, R. ]., I. Schildkraut, B. -Q. Qiang, S. M. Martin and L. P. Visentin (1982). FEBS Letters,
150, 114-116.

Whitehead, P. R. and N. L. Brown (1983). FEBS Letters, 155, 97-102.

Wilson, G. A. and F. E. Young (1975). J. Mol. Biol., 97, 123-125.




