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Table 1 Drug resistance mediated by plasmid (A) or
chromosomal gene (B) in pathogenic bacteria.

(A) Penicillins
Cephalosporins
Aminoglycosides
Spectinomycin
Tetracyclines
Chloramphenicol
Fusadic acid
Novobiocin
Trimethoprim
Sulfonamides
Macrolides
Lincomycins
Heavy metals

mercury and organomercurials
- cadmium
- silver
- arsenate, arsenite
- bismuth
- cobalt
(B) Vancomycin
Cycloserine
Phosphomycin
Bacitracin
Gramicidin
Polymyxins
Nalidixic acid
Nitrofurans
Isoniazid
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Table 2 Classification of B-lactamases on tHe basis of
amino acids sequence of DNA sequence |

Class Strain : MW Cofactor Essential
: amino acid
resistance in
active site

A Escherichia coli R-TEM 29,000 non Serine
Bacillus cereus 569/H
Bacillus licheniformis 749/C
Staphilococcus aureus PCl

I T T S e T T T T T e ]

B  Baeillus cereus 569/H 23,000 Metal
o (zn?)
C Escherichia coli K-12 (ampC) 39,000 +non Serine

Pseudomonas aeruginosa




Table 3 Chromosomally mediated B-lactamases

Strains which prodh;e class I chromosomal B-lactamase

Inducible production

Constitutive production

Proteus morganiti
Proteus rettgeri
Proteus vulgaris
Chromobacter violaceum
Citrobacter aerogenes
Enterobacter aerogenes
Enterobacter cloacae
Pseudomonas aeruginosa
Pseudomonas cepacia
Serratia marcescens

Yersinia enterocolitica

Bacteroides fragilis
Citrobacter koseri
Enterobacter aerogenes
Escherichia colt
Levinea malonatica
Pseudomonas testesteroni

Salmonella gallinarum

Salmonella typhimurium

Shigella sonnei
Shigella flexneri

Yersiniq enterocolitica

Strains which produce class II chromosomal B-lactamase

Aeromonas liquefaciens

Bacteroides clostridiiformis

Pseudomonas aeruginosa (Dalgleish enzyme)

Pseudomonas thomasti

'Strains which produce clas IV chromosomal g-lactamase

Bacteroides melaninogenicus

Bacteroides oralis
Aerobacter cloacae
Klebsiella aerogenes
Klebsiella ozaonae
Klebsiella pneumoniae

Neisseria catarrhalis
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Figure 1-1 Agarose gel electrophoresis of colony lysates prepared
from strains carrying parental plasmid and recombinant plasmids.
Electrophoresis was performed in 0.8% agarose for 6 hours at 90mA.
Tracks: a-1; recombinant plasmids cloned CSase genes of C. freundii,
m; pTY71 DNA. Chr., CCC, Linear and OC indicate chromosomal DNA,
plasmid covalently closed circular DNA, plasmid 1inear DNA, and
plasmid open circular DNA, respectively.

Figure 1-2 Agarose gel electrophoresis of DNA fragments after
endonuclease digestion with EcoRI. Electrophoresis was performed in
0.8% agarose for 4 hours at 80V. Tracks: a; BindI11 digested X DNA,
b; pMK1, c-e; plasmid DNA cloned CSase genes of C. frewndii.



Table 1-1 Substrate profile of cephalosporinase specified
by pTY71.

Strain Relative rate of hydro1ysisa) (%) Specificb)

CER .CET CEZ CEX  PCG activity

C. freundii

GN346 10 8 7 2 2 10.8
E. coli . .

€600 100 228  ND 41 ND 0.004

C600/pTY71 100 12 . 174 22 3 0.43

The enzyme activities of C600 were assayed by the micro-iodometric
method and the others were done by Perret's method.

2) pbbreviations: CER; cephaloridine, CET; cephalsthin,
CEZ; cefazolin, CEX; cepha]ex1n, PCG; benzy]pen1c1111n,
ND; not determ1ned

b) Units/mg of total cellular protein.
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Figure 1-3 Effect of anti-Citrobacter freundii cephalosporinase
serum on the cephalosporinases .activities.
O: C. freundii GN346, @: E. coli 255, A: E. coli C600/pTY71.
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Figure 1-4 Restriction cleavage map of pMKl.
(A) Heavy lines indicate inverted repeats (IS50)of Tns.
(B) Map was opened at the EcoRI cleavage site.
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Figure 1-5 Agarose gel electrophoresis patterns of DNA fragments from
pTY71 DNA digested with various restriction endonucleases indicated on
the top of gels. The digested product$S were electrophoresed on 0.8%
agarose gels. Small bars on the right side of gels represent the
migration position of HindIII-digested DNA, whose sizes are presented
in Materials and Methods.
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Table 1-2 Sizes of DNA fragments generated by complete digestion
of pTY71 DNA with various restriction endonucleases®

EcoRI Bamhl ~ Bell BglIl Sall

Frag- Size Frag- Size Frag- Size Frag- Size Frag- Size
ment (kb) ment (kb) ment (kb) ment (kb) ment (kb)

El 12.0 Bl 11.7 Bel 8.71 Bgl 8.15 Sal 9.76
°E2 7.3 B2 5.4 °Bc2 5.38 Bg2z 5.78 Sa2z 9.54
B3 1.55 °Be3 2.71  °Bg3 2.71
B4 0.65 Bc4 2.5 Bg3' 2.66

deel Hincll Miul Pstl Smal

Frag- Size Frag- Size Frag- Size Frag- Size Frag- Size
ment (kb) ment (kb) ment (kb) ment (kb) ment (kb)

Al 4.82 HT  5.92 ML 11.26 °P1  4.95 °Sml 6.98
°A2  3.68 H2  4.67 M2 4.85 P2 3.70 Sm2 6.44
°A3  3.36  °H3 2.58 M3 1.33  P3 3.76 Sm3 5.88
A4 2.25 °H4 2.54 M4 0.77 °p4 2.37
A5 2.12 H5 1.30 M5 0.72 °P5 1.19
°A6  1.44 H6  0.70 M6 0.37 °P6 1.14
A7 0.60 H6' 0.70 : °P7 0.92

A8 0.53 H8 = 0.60 P8 0.89

A8' 0.50 °H9 0.29 P8' 0.88

Q.

°P10

) The fragments were designated according to increasing
migration in 0.8% and 1.5% agarose gel electrophoresis patterns.
° indicate the fragments within pMK1 plasmid.

Figure 1-6 Agarose gel electrophoresis of pTY71 DNA fragments
digested with various endonucleases. pTY71 DNA was completely
digested with the restriction endonucleases indicated on the
top of gels and electrophoresed-on 1.5 % agarose gels. Small
bars at the right and left side of gels represent the
migration of HindIII-digested A DNA and HinfI- d1gested pBR322
DNA, respectively.
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Figure 1-7 0.6% agarose gel electrophoresis of pTY71 DNA partially
digested with BamHI. 1 ug of pTY71 DNA was digested with 1 unit of
BamHI for 5 min (d), 10 min (c¢), 15 min (b) and 30 min (a).

Lane e: HindlII-digested A DNA. Completely BamHI digested pTY71
DNA indicated by numbers.

Table 1-3 Size of DNA fragments generated from partial digestion of
pTY71 with BamHI endonuclease.

Size 13.25 11.7 7.6 6.05 5.4 2.2 1.55

Fragment BI1+B3 Bl B2+B3+B4 B2+B4 B2 B3+B4 B3
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Table 1-4 Restriction enzyme cleavage site frequencies in
pMK1 and pTY71.

Restriction # sites observed in -
oo ' # sites in E2

enzyme pMK1 pTY71

Adeel 4 9 5
BamH1 1 4 3
Bell 3 4 1
Bglll 2 4 2
Hincll 4 - 9 5
Miul 1 6 5
Pstl 7 10 3
Sall 1 2 1
Smal 2 3 1
HindIll 2 : 2 0
Kpnl 0 0 0
Xhol ‘ 3 3 0
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Table 1-5 Hybridization of chromosomal DNA to frd and ampC

probes of Escherichia coli.

(J. Bacteriology 155: 1297, 1983 S. Bergstrom et al.)

Strain Probe 13) Probe 2  Probe 3
Escherichia coli K-12 ) ++ ++
Shigella sonnei ++ ++ ++
Shigella flexneri ++ ++ ++
Salmonella typhimurium ++ -
Citrobacter freundii - . -
Enterobacter cloacae o +
Klebsiella pneumoniac o+ - -
Serratia marcescens ++ - -
Yersinia enterocolitica . - -
Yérsinia'pseudotuberculqs{é ++ - -
Proteus mirabilis ++ - -
Vibrio cholera ++ - -
Bacillus fragilis + - -
Pseudomonas aeruginosa +- - -
Desulfovibrio desulfuricans.. + - -
Nleisseria gonorrhoeae + - -

calf-thymus DNA

a)‘Probe 1: fydA-fde gene, probe 2: frdD and ampC promoter
region, probe 3: ampC structural gene (see Figure 1-10).

b)
hybridized.

++: strongly hybridized,‘+; week]y hybridized, -: not
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Figure 1-11 Agarose gel electrophoresis of DNA fragments after
digestion with endonuclease HincII. Electrophoresis was performed
in 1.0 % agarose for 5 hours at 80V. Tracks: a-f; recombinant
plasmids cloned 1.55kb-BamHI fragment (B3) to pACYC184, g; HindIII-
digested X DNA.

o i ;
= 1880 :200: 1010 t 980 4
B) £ B H B H H 2
1680 T y 1150 :290= 1010 y 280 v
) E B H B H H &

1680 ’ 1150 '400 280 1010 980

Figure 1-12 Restriction cleavage maps of pACYC184, pTY93 and pTY94.
Size of fragments are indicated in bp. A) pACYC184, B) pTY93,
C) pTY94. E: EcoRl, B: BamHI, H: Hincll.



Figure 1-13 Agarose gel electrophoresis of DNA fragments after

digestion with endonuclease HincII. Electrophoresis was performed
in 1.0 % agarose for 5 hours at 80V. Tracks: a; HindIII-digested
~ A DNA, b-g; recombinant plasmids cloned 1.55kb-BamHl fragment (B3)

to pMK1.
A EOH BHH H E
o T 2330 ézéaio 2500 ! 8780 )
E
B E_H BuH _ BHH H ;
Frot 2330 ioé 1150 éaés%o 2500 : 5780 !
E
o & H B __HBHH H E
o y 2330 ¥ 1150 43052&3%0 2500 : 5780 ’

Figure 1-14 Restriction cleavage maps of pMK1, pTY91 and pTY92.

Size of fragments are indicated in bp. A)
E: EcoRl, B: BamHI, H: HinclI.
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Table 1-6 Substrate profile of Citrobacter freundii
cephalosporinase.

Strain Relative rate of hydro]ysisa)(%) Specificb)

CER CET CEZ CEX PCG activity

C. freundii

GN346 100 8.4 174 21.3 1.7 10.8
E. coli
C600/pTY71 100 12.3 174 22.4 3.0 0.43
C600/pTY93 100 9.9 165 20.8 2.4 0.12
C600/pTY94 100 11.2 159 23.2 2.5 0.54
C600/pTY91 100 13.2 161 25.3 3.2 0.39
C600/pTY92 100 11.0 155 21.8 2.0 0.56
€600 . 100 228 ND 40.8 ND 0.004

The enzyme activities of C600 was assayed by the micro-
iodometric method and the others were done by Perret's method.

a) Abbreviations: CER; cephaloridine, CET; cephalothin,
CEZ; cefazolin, CEX; cephalexin, PCG; benzylpenicillin,
ND; not determined.

b) Units/mg of total cellular protein.

Figure 1-15 Cloning of cephalosporinase gene(s) of
Citrobacter freundii GN346 to various plasmids.
E: EeoRl, B: BamHl, H: HincIl, Bg: Bylll.
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DAREVWTS AIFE2FHLTW R (Figurel —I18A)
L0 m-vkDF AT FDNA EWHELL PstIH BV
HHinclITHWHW L. 0.8 ¥7 ¥ v — 27X L BRKE <&

N ke B, 1.55kb@Banll ¥ 5 7 X ¥ b RpTVTIT &2 2

=2Vl I3hTVBsENXBEID R (Figurel —
18B) , Figure 1l —19i R/ ¥ M. pT¥77 & 1.55kbo
BamHI (Figurel—38) Mz u—-—=vr73hihiEad. A

BLUB. 220 HBRAIAMADI D=y I NEX D
néo Aﬁﬂ%@%é\ MCII?S.QS\ 3.24\ 2-56kb\ K



joPst]T6.85+ 1.95. 1.0kb ® 7 5 7 2 ¥ F KWW & h
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PstI 8.3 + 1.0 . 0.45kb@ 7 5 7 x ¥ b WH s h 3,
Figurel —18C¢RULAEBIL. ADMECTCIu—=v7 &

4,

hrhothBRINL, CO7 5 A FAplYI0 &HA
L7, Table 1—TwRULAEBIE. E. coli C600/

pTY90 + 2 5 k< C. freundii HBEWF -7 7 52— ¥
ERERBIAADo k., DTFDPEBDONES - 57
e — FIEBEE. coli COOOCRABKOBRRRETD Y |
zOBEEBW. B. coli C600@basal KL XV TH o R,

HEo 7 n®s—4%—%F2DN 7572y PO0HE. N
) h— T 5 AL FOREEIIDOTRETIRTTH
50T, - ®1.55kboBanil 7 57 4 ¥ P, &7 7@
AE)F—COBMBEETRAUMN, 7RE—F —REF
ELRWEEL O R BS0,
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B)
a b c d e

Figure 1-18 Agarose gel electrophoresis of pTY90.

(A) 0.5 % agarose gel electrophoresis of colonylysates prepared from
strains carrying trymethoprim resistant plasmid. Tracks: e and f3;
pTY77 plasmid DNA, i; pTY90. Plasmids shown in other tracks

migrated just with pTY77.

(B) Electrophoresis was performed in 1.0 % agarose for 6 hours at 90V.
Tracks: a; HindIII-digested A DNA, b; PstI-digested pTY90, c; Pstl-
digested pTY77, d; Hincll-digested pTY90, e; HimncII-digested pTY77.

o 17 03 4 s 6 7 8 9 e
pTy77 G 08 H HE
PSSR S A A H | £
YR S A S B f £

Figure 1-19 Restriction cleavage maps of pTY77, and pTY90. There
are two possible direction of cloned fragment, B3 (A, B).
E: EcoRI, P: Pstl, Bg: BglIl, H: HinclI.
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Table 1-7 Substrate profile of pTY90.

Strain Relative rate of hydrolysisa) (%) - Spetificb)

CER CET - CEX : activity

C. freundii

GN346 100 8.4 21.3 10.8
E, coli

C600/pTY90 100 274 44,4 0.005
- C600 - 100 229 . 40.8 0.004
a) Abbreviation: CER; cephaloridine, CET; cephalothin,

CEX; cephalexin.

b) Units/mg of total cellular protein.
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B2 2 EBEF Citrobacter

freundii GN346 ¢ =

= v o A Y g —
O R W o A R X & =
oo B fH B BE oo B8R v

RBERCRXESIIR T30 -3524%=—Fid.
AP CEEIhZI e 7y R RV F—-FHTHD, B
Morsrs rBEREECRBIN T3, Citrobacter sp.
¢36>_ Enterobacter sp.37°38)> 4 v F— i

Proteus sp. ¢39 40> Pseudomonas ¢4 262>
Serratia‘®3 % X U'Yersinia™®t % ¢ H 5, L LM
b, 7y unARY F-FYEEFHHOATFBBEIVIT h
PEHBELFVWILSKEHOAEZRSIATOLEY, 2
ZC. freundii GN346 . 5L UB 1 BRFV T 0 — =
YILREOET ru ALY F—EREFEALTE D
BB L X,

B 1# Citrobacter freundii GN346D & 7 » v AR Y
;- FOFRELEBRK

BRAMEOE Y e AR Y F—FYEERTE. VvV
MRy Y YRPEORVEEBRE T H D W
Pseudomonas aeruginosa® & 7 » v X K ¥ 4 — & Z6APA
(6-aminopenicillanic acid) iﬁjlféb‘ ZEAMECD B &
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HEShT 3B,

C. freundii GN346 w>WTHE XD L -5 7 % AHAE
HEZEPE L L CHEZFELEROBI—22) K-
T ote, Figure2—1 . BEEE lnld bt 7 >
n2ARYF—EFHEHE, Figure2 — 2 B HBREEED I
Dot 7ruREYF—FEREAOCAHIPEREL
HLT7uy b LAEADDOTHLE, Y IY A=Y VE
400 ~16002g /mlTH0~B0FFOBEFENR oh . &
7 FYF V6.3 g /1T 7 A Y »iF20~50
tg /mlTL 772 F—nid2bueg /alllETE R
FnHAOBEoEEFTEMLRONL, AH. 0. freundii
GN34B wwHFT 2z Ry v wv~_=v Y oMt 28,000 £g
Sl TH DL 400 ~800 wg /MITHEORERECH
BEEBARLILEWBLTY 3, Sawail F3B &
3 &. C. freundii GN346 LT 6—7 I/ R¥v Y w
Ry VBE. BUPEORVEIPE TRE (.
100 g /mlT. WEHOFAEENR L BT EXL
AR

Figure 2— 3 it . GN346 Q20 CEBEVP X HBHE I
| BLArB. vy ) vERBESI 2g /mli
BABEmMA. 2. BHES: SERL. ELEBB LUV
EEABKRKC2EERLAKR. DEOOO L /S5 KED
BuHra a2 2MATEREL. EREI LD 7 ¥
n 2Ry F-—FFEREFRAELLDOTH S, BT FH
BEE2FTOL. vy var=vy 800 g /nl&HOH
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o
(=]

CSase activity of bacterial culture (units /

{

0 2607300 7600 3200 8400
Concentrations of benzylpenicillin (ug / ml)

Figure 2-1

Effect of benzylpenicilin as an inducer on CSase
synthesis of Citrobacter freundii GN346 at 20°C
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20

(units/mg of total cellular protein)

Specific activity of CSase

1 1 3
0 63125 25 50 100

Concentrations of inducers (pg/ mt)

Figure 2-2 Effect of inducers on cephalosporinase synthesis of
Citrobacter freundii GN346 at 20°C. '
Symbols: @ ; CFX (Cefoxithin), a ; CFS (Cefsulodin),

¢ 5 CMD (cefamandole).
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RE7oAHFERLELBO L, BELEERET. dLokg
RBEOFTEREIEFEERI L DO DL THEHREAE

Lk, ZBEPE. ~vIr=vy vyERBREH—HER
PREOBMBEAEEARFTLTILBN., TO0BERBICE
EBERRS L, BEVEERELEIEREIRITLLD
DR BAEABCZLARRBEBI L, EEKH
Ly iRy ynveyv ) vEF0oBEMEMA 2B
. EEROLRRELNB500. T M LR
COBEOIMALBREPRELLCOXRY I =y Yy
B HOERBRAEBRCEELTIVLAEL, T4 EENEDS
NABMrosEREREELLTER. RRERVY I =YY VA
MAZBRBRTE. 3t 7ruxRY F—E¥2Rtaw
EEINTHED. MALNY IRV Y YidEeT7 70
CARY F—F R LT BEALHBRISAZ L DO
BELOBABIBLOALADE. RY 75X 2HOE7 ¥
RARYF-FERAELI, 20FRAEINsBBIT 2®
DEHRANHETCEROLDLEEL LN S,

Sawai B U. BAWER. <V I A<=V ) Y ORF
e, C. freundii GN346 0 &7 y u xR Y +— ¥ EH
M. 25C TR 3. 30C. 3TCTHR2IBOLEREREL h
BT EBRVLILELERELTVS, COBEHI &
L3 C 3T CTRFEAYEERIMLES T DI T
BOEREMNEOIhBILTh B, ¥4 b5, C. freundii
MMS@@?7HX£U%—€M\%%?ﬁ%§%KE
EE3h. . 3TCTCREBBRNEEEI R EAXAHLMT
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H Do

RueBECIIGHEEEERM LA (FigureZ2—4) &
FEREROBI—20) wRlh, BE@E. ITCTRE
SREELEEBEDTCHOOFH. M@ EX. 7y xRV F
P ERAMBEREAEDLVO2 = P CRDLTH
B, 300 B RBEAELENBER S L. 120 HF&R 40
BOEEENAROONL, BABRELTECAOAT
W3BE, coli @B -3 vy -—¥ohé. BEYE
B, 72023 WHRBIEEZEEHERT S
CEBECBOFZEBHEBR DS, COBRLBRIBHAOR
Helec. RO >OTEEINELLONRE, W D30%H
Bl EREALYE (activator ) AEESIh 3. QBEEY
REMEHE (V7o ¥ —) OBMEIBEL. 550
HEEBEC L3 7Ly b —0RBILLEERXEL. @& 7
yEARY F-—FOARBENBL, LALAERG. 20
crbBnT I BHoEHMOoOFEE T, TTCRE0~60FOR
BEREFLTIVLDAEAIEHAORBEAEESI R 3,

Fh. COERTLRCTREBEEIT o LFIMN.ITCTHT -
hHFEEBRLT. ETEEEN LT L2, 3TCREH D
CTHHEPMBEOFEAET. SR 2BEEOREEZOHAN
R eBAADESZ L. 3T TCRBRUIRACE
LB eELond, LIALEBHOL. freundid
GN346 . 42T CHMAMAETS &, EARERE
(aggrregation) WH Y. ERLHEHEERIZVLOT.
RCTHREBYBERELEBANET S LRIATET
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15min
20°C ) 42°C ) 37°C

@ 2

. 20°C ) 37°C { 37°C
A - (- S
e 20°C § 20°C ( 20°C

N [
o o

Specific activity of CSase
3

(Units/mg of total cellular protein)

: .. */f\?
(o] 30 60 90 120 150
Time after induction (min)

Figure 2-4 Induction of Citrobacter freundii GN346-
cephalosporinase synthesis by temperature shift up.
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H o,

Pigure 2 —5 X EBEE Oshift up&shift downit &
27 rurARYF—FREEOELEBRFLLEAERT D
2, EREE7rua R F—FHEHE. ARREERE
BroAEREIERBE IndDLhOoBTEDLTN S,
WTEERI MK EABCELAAKEZ 0tine LT &
CTHMBERITCREY. 2.0 RERLIERT 5 <.
Figure 2 — 4 tEBEHOFoBEHFIAIRELNL S, &
ST FHE BT ARSI BERL. BEEEX20T (
Q) 23V IITC (A) RLT.HRESEREREHRT 2,
HREEIICOBAE. 3o IBEENZEELEN L
RL. BABLEBHCAZ L. BRBEEL L, 20CTH
ELELBEAR. WIBHE. s b —HROBHEEAL
BEAEBLTCVLSN., DBARBEHEIS LTV, BER
tze7ryruaRY - FrEEOFEEI. FEABE. N
vy Yy vy CeRONLESE (Figure2—3) &3
b THEHBLTWY X,

DEogRAEREWK. C. freundii GN346 O &7 » 1 R
.£U%—€§&®Hmﬁkmzooﬁﬁﬁxﬁi@n5o
WABTHEYTCLADERMBMEZEREOHMME (7
syrax—%—-) k%5, ORI BRXBEEOLRF
PHEAMBEOEME LIV FRLrREARSh 3D, T AR
BEr i3 RMEzr 34 RBEOEL. D20 B
AVMBELORBARL LT 72574 x"——w&#T 5,
ZORB. t7ruAR ) F-EHMEREFOESNE
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Bahs, cORMTHMWBBE. 7582 —24~<ny
THOhTVLBN, @527 r—24nuyTc@bhb
BAEM Yy Frod—Edbn. Y7Ly ¥ - RBHEEY
HiBEd s sidd. FELSNhB, 20y 7
vy ¥ — ik i'S ( temperature sensitive ) Z E 49
CHUORREERL. BRBEEOLERE LY. ¥V 7Ly
F-RNAWHFERHECERBLTEBL. OFHIABERIN S,
ZORRE. 272K Y F-FREFOESMNMEES
hd, 20, ERCERLTIFLZY 7L v ¥ =N
H&RE N 23FCDlag tineld BEASRIXERBI=HE .,
CO220HBBOVLTRCHLEREELIHEEZD RS
s, s AB2EBIHEHSLOTRIVORBIEXR
TELIEBRBRES L, LML, . QWS OHHRES
DHMSRTHITERISE TSR, £ B,

coli

D7 ru2ARYF—FEBEFTHOLALTLI2HET F
"= a2x—%— (attenuator) 9. r3LBRBEO
Bacillus sp. CHIONTWVLWARBAETVYF 2 U 7L v ¥ —
(antirepressor ) P ’Z o5 ARHELLTES L
s

B 2H# Citrobacter freundii GN346D £ 7 » 1 A R Y
F-—FEHEELEENCANPL <A & 0B

—BE. HELXS>2LEMER—ORERERLLTEA
BTN ERAVIORLLEUMEEELEYT S, R LA
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B R F2REZEACEFOEMTE. coli # M
5. 7 P RA0RPFELERYNS 2 Py FEEBZ
b -F3 v -EbELBL, UL 52 b
A EB—OREMELCEASE. ChoOBELA
BEUEETZ, LML, 52 F—R&FEISIrva-2%
%mKMiéa\:mémsab—xﬂmwﬁimié
B, bl s h. 52 F-RAFANRT PN
F5, cOBBEIrAra— A E (glucose effect) & 3
Wik, RAERMBEYMH (catabolite repression ) ¢33°
2. cAMP (cyclic adenosine 5’ -monophosphate ) AVEH
EF 3 eMWobwshT 35 o oo Hma
P BEEFELTEL lac o ara gal . mal ©& &
Npv, wvstbt=-aELtvarEr—nroflBH. £
B.BE. /0547222327 EFALFYRT7
5—¥. /uT v vELREFEAAMOATYL B,

% T Cifrobacter freundii GN346® & 7 7 u & R
VFP—FELEFORBCPT S, Fva-20R %8
Lk, ERFERFZEOBI—17) Lk, Figure 2
— 6 B IPTG (Isopropylthio- B -galactoside) 2 MA T
BEENYABE Otinel LT, MEBRENEL 2 &
RTHd., (A) NP -HA52 vy —¥@HEME. (B)
NP -5 7r=—-—¥EFEHBEZEDLTVLSE, 2hEh. pl
7.0 0.1IMY BNy 7 7 0FHET. (A) ONPG (O-

n‘itrophenyl—bﬁ’ -D-galactopyranoside) 3 X T8 (B) &
7y YV vERRELTHAERT -,



'Poppe sem 92d jo |w/Broos 192d

‘pappe sem asoo|b ¢,G0:B ‘D, £ 1B umoib g '), 07 1B umoibioz

0zl 0

(uiw
6

)INWIL

0

Bozg—w0

09~ o€

02—

co%uw\
5odifoz
PAS

1828

(9)

410051

000t

10002

(ueyoud Buwyuiwysajowu) A;g/\p,;e aseweper-§

AC_EWVMEF
06 09 _ Of 0

[=]
o
-

O
&)
.
o
o

2.

[

]
A

S
o
[}
Ui /Sajouwu)

d Buyy

=
S
(uisj04

16

(V)

S||92 //punady v Ul (g )9SBWE}de-f pue

(V) esepisojoeieb-g J0 UoldNpUl Uo 3sodn|b Jo 1d3y3 9-z2nbiy

HAI}OR asepiso}oeeb-g

— 59 a—



C. freundii GN346 @ B ~# 5 2 b v ¥ — FEH .
0.5 ¥0 7/ na—20BEMTHEAEAMHAShi, 7
a—-2EEMCTCOL-F5 s by -—FEERT. (13T
CTHAM. @0CHRA. QRY IV R=v Y YEET20T
BE. OEBEPLTL3N.,. Chid. IRoBBEAERE
DEWLIBZEEELZDODNDS,

C. freundii GN346 @ f -5 2 ¥ = — ¥ HE . 20C.
BTCVWTFhoBERKFVTH, 2. GEAPR. xv Y
Ry ) yOEMOBFECODODDLDLST Fra—-20
ERQUROohAd»o R,

PEo# R XD, C. freundii GN346 0 B — 5 2 % =
—FEEEY. BEARCIANPL XAV - 2 0BEENHB S R
B3R -H5 2 VW -EFREOBMERLIERIHAE
FUTL3LEAGNS, A RELRMBBELRES
ZBME. PSS vRARY vy XBEBIh. BRPWEEHE
éﬂ%?nﬁ.&;?;;:r—zv?-’za‘*wl"i:/7\7:1:5—-

FOS), BELHEERRKERE I ZD0LEDbLN B,
BI3IH RERXZERGEHAVEAGAELZBHORK

BoEE IR~ BEAEEZOBEEL. 351, &K
EZEWMRFELEHO IR TILDEE. Bl1ETHOAL
o< C. freundii GN346 Ok 7y u R R Y F —FHEF
krm—=v 7 LTS5 AIFpI¥Tl VT, ROW
RET - R |
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¥ 4. pTY71l %C. freundii GN346-16k FRE#RE ¢
BAL. 20RBEEPEARLL, FPFVR7 2 —=v  E.
2588 /mlOAFTAYVERATy IV FE-—BERERT
BRLAE, BOhL PS5 VATZ72 -V FD—20 b
DNA 2B B HECHBEL. 0.8 Y74 n—-2X vBRKRDY
2170 E. coli C6007pTYT1 " XKW B LA T S AL
FDNA & HE® L & (Figure2—17) o A wpl¥Tl 735
A X FH. C. freundii GN346-16HwBA S hT Vv 3 &
t?)‘iﬁi)\bﬁéhfco GN346-161 . GN346 %NTG MEL T
BonhtZERBET3) 72 fY) F-FEERE
BHol%EETDHY (Table 2— 1) « - BEHFHE
bk o>TWWB (Figure2—8) o, GN346-16.7pT¥T71 +
D3ITCw B I2BEEEE X, BLBGN34E ¢RI L~ T
- f (Table 2—1) , Figure2—8 WHEHEF W%
BoBH IBEAROSETCRHLARE TS, &5
K. GN346-16/pTYTL * k. GN346 SR B O RB WX &
EFHEEIBYoh. BERELEE QGN34E ¢ L&
Blh, COoBRED. 20 —-—=2vrXahhl.3kb O
EcoRI 735 27Xy rPHREE. 72 RY F—-F O
EEEFELHAERE. Y- - ARV -HRESE
Lo EABEoNMER S R,

Wi~ T.3kb EcoRI 2572 v IrPHOHNEREFER
fHyoardic. HIRBELinclIR X2BHUHESL X
ohoe 1 g ®pTYT1 DNA X LT 1229 +O
HincIIZMmMA. 37T 5. 10+ 15+ 30. B L TLHHER
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Figure 2-7 Agarose gel electrophoresis of pTY71 DNA preparea
from GN346—16/pTY71+ (a) and C600/pTY7]+ (b). Electrophoresis
was performed in 0.8 % agarose for 5 hours at 100mA.

Table 2-1 Cephalosporinase activity of the Citrobacter freundii
cells grown at 37°C.

Specific activity

Strain (Units/mg of total cellular protein)
GN346 10.8
GN346-16 0.09
GN346-16/pTY7] 11.5
GN346-16/pTY132 0.63
GN346-16/pTY133 0.78
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. BHBHBEEST . 15§}m2u?ibﬁfﬁ%f$lté~&ko 0.8
Yo7 HF -2 NVEBERRBTCHIUBERRIBL &2 (
Figure2—9) . 154 L U0HWHREL LY v 7N
AT4Y) H —¥T5 45 —va vl B coli CO00%BE
EHBlLAh, 7y BY F—¥12.5ug /mlITHEOGL
bS5 vRAZ7r—2ry bEG6HK. 2= —@FEET0.8
% (PN v 7 7)) FHAu—2RFX VvBREBZI»MFILER
MFigure 2 —10TH 3, WF N b1Vl BRABL D B
BEMNKE (L %?i#d\é(fgofmact%fﬁlﬁﬁb
oo D6 2u—yXib75 2 FDNA 285 & Tl H
L. BIBEEHinclITUH LT, 0.8 74 -5 w
BERARB AT B EDMFigure2 —11TH 3, 1.3kb O
Hincll7 53 72 ¥ P BRELET S AT F (No.2) %
pT¥132. 0.6kb . 0.7kb (# 4 =—) HLXTL.3kb @
Hincll7 5 274X Y P BRRELET S AL F (No.l) %<
pTY133& L 2 (Figure2—138) . #h€fh o775 A I F
DNA #C. freundii GN346-16~BHEEHRE THAL. #
Fed4vy25ug /ulMEOLFSF VY RT7 2 —= ¥ b EE
RLEh,. Bohhk P75 vRAZ72—=VYPFLD75RAIF
DNA 28 BECHBL. 0.8 Y7225 vEXRKY
24T 0. E. coli CO00X MM L LTS5 2 FDINA &It
B L % (Figure2—12) . CoO#RE L. pIV132H LT
pTY133MC. freundii GN346-16REF I h T B &%
HRL k., GN346-16/pTY132% . # X LGN346-16
PTY133+ Ok 7 7 u A R Y+ — € EEE Alable 2— 1
g4 —
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Figure2-9 Agarose gel electrophoresis
of pTY71 DNA partially digested with

~ Hincll endonuclease. Electrophoresis

was performed in 0.8 % agarose at
100V for 4 hours. 1 ug of pTY71 DNA
was digested with 1 unit of Hincll

for 5 min (e), 10 min (d), 15 min (c),
30 min (b) and 45 min (a). Lane f:
PTY71 DNA completely digested with

Hincll.

Figure 2-10 Agarose gel
electrophoresis of colony
lysates prepared from strins
harbouring deletion plasmids
(1 to 6). Lane a: pTY71 DNA.
Chr and CCC indicate
chromosomal DNA and covalently
closed circular plasmid DNA.
E1éctrophoresis was performed
in 0.8 % agarose gel at 100 mA
for 6 hours.



Figure 2-11 Agarose gel electrophoresis
of Hincll-digested plasmid DNAs

prepared from just the same strains of
Figure 2-10. Electrophoresis was
performed in 1.5 % agarose gel at 80 V
for 5 hours.

Figure 2-12 Agarose gel electrophoresis
of no-digested DNAs. Electrophoresis
was performed in 0.8 % agarose gel at
80 V for 4 hours.

Lane a: GN346-16, b: C600/pTY133

c: GN346-16/pTY133, d: C600/pTY132,

and e: GN346-16/pTY132.
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Figure 2-15 Effect of benzylpenicillin as an inducer on CSase
synthesis of Citrobacter freundii GN346-16/pTY71 at 20°C.
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Figure 3-1 Construction of transferable plasmid, pTY75 carrying
cephalosporinase gene(s) of Citrobacter freundii.

Figure 3-2 Agarose gel electrophoresis of EcoRI-digested
pTY71 (a), pTY75 (b), and R388 (c).



Table 3-1

Substrate profile of cephalosporinase of

Citrobacter freundii GN346 in various strains.

| Strain Relative rate of hydrolysis (%) Specifica)
CER  CET CEZ CEX PCG qctivity

C. freundii : o

GN346 100 8.4 174 21.3 1.7 10.8

GN346-16 100 - 154 25.7 - 0.09

GN346-16/pTY75 ©~ 100 13.3 149 19.8 1.7 111.7

GN346-16/pTY71 100 7.3 195  21.4 1.7 11.5
E. coli fL

C600/pTYZ5 100 12.7 180 21.1 5.6 0.21

C600/pTY71 100~ 12.3 174 22.4 3.0 0.43

C600/pTY91 100  13.2. 161 25.3 3.2 0.39

C600/pTY92 100 11.0 155 21.8 2.0 0.56

€600/pTY93 100 9.9 165 20.8 2.4 0.12

C600/pTY94 100 11.2 159 23.2 2.5 0.54
P. mirabilis

25/pTY75 100 - 187 - - 0.03
S. typhimurium

LT-2/pTY75 Jo0 12.7 206 23.1 1.8 0.33
P, mn@mﬁi o f

1510/9/pTY75 100 8.7 159 - - 0.65
P. vurgalis

K22-2/pTY75 100 - - - - 0.05

a)

Units/mg of total cellular protein.
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t7r ARy F-CHEETFOES AN, p1VT1 & & U
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5 R2IFOF e —%—MhoOread throughit & 2 35
&b GN346 DA UBEETH o k. T HED BRI,
C. freundii GN346-16H T . pT¥Y71 &pTV95 THBMEE
EENPIOIERERBZETH B, pI¥VTl B 7353 A1 F
ColEl i F =4 v P53 vaARYvInh OB L kpl
K12 ~2 % -2 LTHD.E coli HTHEEFEZO2 Y —
BI220~30& T 3630, & . pl¥95 Wincho 7
5 A % FR388A N2 # — &L TH Y. E. coli W@
WrOaV-BB2~3BELELAOLNRTL 3,
18 —



Table 3—1 W@ LAY5 2 F. ¥ d2omBE
KWEBEWVWT, BETH > kP. 28—, E, coli e
HULeBBTLOFLAOARL, T, BEELARO
HER. 732 Foav -, B, coli &,

hwﬂﬁ&&@ﬁﬂaékw\M3H—ﬁﬁ\ggﬂg
meEEBTHD. EVF s T REMOMBI2Y 57 4 7%
HHRNEEL. v r2x R - FREFRHE
4 Znegative gene dosage effect AL, 37

7 A

P

FRI7 -2 oDOMINMread throughdt. C.
freundiiC HF VW TOHB. FOBEMNEL LN B,

E. coli D, 20t 7rurEYF—¥J—¥H
EFORBEACH I IBZREBEEOREERHN L (Figure
3—3) o E. coli C600/pT¥Tl + W MEK X 3 %Y
EERRYonNB o, R E, coli C600,/pTYT1 +
DRy YA REYY Y XBFEHERM LU (Figure 3
C—4)  FEEREBROBI—22) wBlk, BEE ml
bRRODOBEERBEBEANEL. TH. 200 g /nlH
EoxRvyvR=vyrvrofmeld. BEIrEESIL L,
COREREL E. coli C600/pTYT1 * CRIHULEAY
REETTH. 0CRSOTREABINEEALE S
BBV ELERLTV S, 8ok, Br OBERER S
FoaRyv Iy yOPRERFL L (Table 3—
2) . MBEMB Y (0D610nm = 0.5) OEEERE
FRRBR TR TERBERL. vV r=vy v12.5
kg ulEMA. a0, FSERBEECOD610am = 0.5
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Figure 3-4 Effect of benzylpenicillin on CSase synthesis 1in
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Figure 3-6 Induction of CSase synthesis by temperature
shift up. B
Symbols: e; Proteus morganii 1510/9/pTY75

A Proteus vurgalis K22-2/pTY75.



Table 3-2 Cephalosporinase activity in E. coli C600/pTY71
grown at various temperature in the presence or absence of
benzylpenicillin.

Growth Inducer concentration Cephalosporinase aétivity
temperature (ug/m1) (Units/mg of o
total cellular protein)
25°C 0 0.58
12.5 0.61
30°C 0 0.52
12.5 0.56
37°C 0 0.68
12.5 0.73
42°C 0 0.69
12.5 0.73

A bacterial culture growing exponentially in BHI broth at an
indicated temperature was diluted 5-fold withra fresh medium
to give an optical density of "about 0.1 at 610nm. In the case
at cultivation in the presence of an inducer, the indicated
amount of benzylpenicillin was added to the culture. The
diluted culture was incubated with shaking at the indicated
temperature until its optical density at 610nm reached about
0.5. Cepha1osporinasé>qctiyity was measured by Perret's:
method. Cefazolin was used as substrate.
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Figure 3-7 Construction of pTY48.
E: EcoRl, B: BamMl, H: HindI1I, S: Smal.
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Figure 3-8 Induction of cephalosporinase synthesis
by temperature shift up.



(Units/mg of total cellular protein)
oW &

Specific activity of CSase

025 100 200 300 400 500 600 700 800
Concentrations of benzylpenicillin (ug/ml)

Figure 3-9 Effect of benzylpenicillin on cephalosporinase
synthesis in C600M2/pTY71 at 20°C.
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n 2Ry F-FEELER. VI =Y YORMN
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@ﬁﬁﬁ?‘%g& freundii @k 7 » 2R BV >~ FELEE
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FRAIFPRBLEZER 75 23 FplVI2:2BREERE T
AL &, C600M27pTYI32F & X TC600./pTY132 O &
EGEERAEEEFigured — 10 R 3, C600N2,/
pTY132+ &C600. pTYI32t O 7 >y A RY F—¥¥EHE
D20C iz & Bbasal level . BEALEMNEL.
A BECIFERIDBOonB I, §RbDDB. N2
ZRU.VHEZTFORBLZpIVI2R B HEEHIE <.
pTY7l OHMBEEFCEALC. €70 A RY F —¥F
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Figure 3-10 Induction of cephalosporinase syhthesis by
temperature shift up. ‘

- Cephalosporinase activity was measured by Perret's'method 3k
and cephaloridin was used as substrate.

Symbols: e; Escherichia coli C600/pTY132

®; Escherichia coli C600M2/pTY132.



Table 3-3 B-lactamase activity in E. coli strains at 37°C

Specific activity

Strain (Units/mg of total cellular protein)
C600/pMK1::Tn2601#4 ' 3.12)
C600M2/pMK1 : : Tn2601#4 3.3%)
€600/pTY136 © 2.5%)
' C600M2/pTY136 2.22)
€600 . 0.0032b)
C600M2 | - 0.00352)
a)

B-Tactamase activities were measured by Sargent's method
and benzylpenicillin was used as substrate.

b) B-lactamase activities were measured by Microjodometrical

method and cephaloridin was used as substrate.
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Figure 3-11 Induction of penicillinase synthesis by
temperature shift up.

Penicillinase activity was measured by Sargent's method
and penicillin was used as substrate.

Symbols: e; Klebsiella pneumoniae D8 his’

‘ ®; Escherichia coli C600M2/pTY132.
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I -BrlEEEREEARBRLIEERBLTL S,

Fh. BB Ry Y F—FEXET 5pTV136d .
C600t & CO00M2 & CHERERBEAL <A TH 3,
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AorOBEERTOOLEDLPNRE, LALEMNSG.
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str ) B X UTGH31./pT¥Tl + (thr . leu < his . thi <
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Huo, Co00M2X VM2EREEBRAAL £, N2ER T
C600./pT¥71 + £CBOON2/pTYTl * D& 7rn Y ¥ ¥ 0O
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MAC Z2oR&E W7 Yy Y ¥y (12.508 /nlE XT200
g /nl) THOVCTERLA,  MEREAZ. 7V
YY) v50mg /I TERRLA, < 0RABLISTS & UGN
ODROPBORBHEREL -2 - RELNL D - 2,
.18 5 h ZAB115TH2 /pTYT1 *+ ZGM31M2 /pTYT1 + % %
BWE L. WIBY5S (met - Hfr ) #®EWEL<T. L7
22T, HREBESEELIToA.-HHEL. 2HAEES
Bk, A P74y 100 vg ~ml%iER
T —A =& LT, £, ABIISTH L UGH3lOF X HE
RH#E Zcounter selection & L. 3B 735 R I Fpl¥Tl
DBIROAEDI F <=4 ¥v25ug /nl&H Olavis OB
m%ﬂ%mmrﬁﬂbko
CmatingZ7 B R luld kYO ENEhORREBTHE
hit#lsBA KB ETable 3 -4 RFRLA, ~BOoHHA
bH DM, pro Mdleu | ara S RBEBME CREHS
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DECATVWBZEE2RLTWVWD, HWHfr - WI895 i
Cavalli ‘83 @Hfr €% v . purE (124) * kWM& L
T BRI CRBEKING ZERSE3 Ao N
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Table 3-4 Numbers of Recombinantsa)
Recipient AB1157/pTY71 GM31/pTY71 )
Expt. No. . ap
Selection I 11 I I position
marker
pro - 1.7 x 10° - - 6
leu 1.3x10% | 70x10° | 2.5 x10% | 3.0x10° | 1.8
ara 9.0x10° | 4.0x10° | 1.7x10% | 3.0x10° | "1.5
th 5.0x10° | 1.3x10° | 7.5 x10° | 1.4 x 10° | 100/0
arg - 4.0 x 10° - - 89.5
5 3 5 3
mtl 7.0x10° | 6.0x10° | 1.4x10° | 1.0x10° | &
oyl 2.0x 10" | 6.0x10° | 2.0x10° | 2.0x10% | =0
his 1.0x10% | 1ox108 | 1.0x10% | 1.0x 10 | 44
gal 1.0x10% | 1.0x10% | 1.o0x10* | 10x 0% | 17
a)E. coli W1895 (met', HfrC) was used as a donor and mating was interrupted at

b)

B. J. Bachmann, Microbiol. Rev. 47:127-284 (1983)

120 min. The results were expressed as No, of recombi nants/ml of mating broth.



T 268 (Figure 3—12)
Boh-@lsBikoF EEIR~<— % — %Table 3 — 5

Wik 3., counter selection 24 % Y » 2 0100 THE L

o= — 4 —OHfr WIXIEE. coli OHBAEELHY X
?ibko:n&@\Mﬁﬁomﬁﬁﬁmﬁu\g;a
arg OM. ¥ 2 b bR EEMR E100 5 £89.53 0M &
METELEESNhD,

Ri100 #H>589.58z CcoMESI o #EMRE < v U
VIS BahDit. 7y —VPIRLXBZERAALEIT - 1,
C600M2 (thr . leu . thi  M2* ) THMSIEAP1I7 »
- U A S AWABLLIST /pTY¥71 * (thr | leu . thi «

lac « gal « ara ~ xyl <« mtl  pro . his . arg -
str ~ M27 ) < RAL1/pTY71 * (meld” . Alac¥? .
M2~ ) . ¥ X TRE16./pTY71 * (melB~ . Alac¥YZ <
M2~ ) W moi 0.2 CRRIHE. 7YYy ¥Yi0ueg /
mlTHERL. N2ER £1inkd 3589.582 6100 FETO
v — A — %P~k (Table 3 — 6) . thr AEHBHZE

BilinklTERBI A TWLBZEMXBEOHILERE -, com

transductionD HENRKD o h 3 &E. REARLAENuD R

G rp Huohe—S-—02HAHoBEENAIRD OIS,

distance between two markers

cotransduction frequency = 1—(

Pl7 » — & 290kb. 3 B b BE. coli BBERMET 2

B ODNA A EXR, COME. Hud X Dlength of
—100 —

length of transducing particle

)3



transduction particle W& A L. cotransduction
frequency WRAIL7pTY7l +* 2 BHE & L K 0.4 .
RE16/pTY71 +* 2B RB L LB R0.632RAT 3 &
dist’ance between two markers. 9 A H Hthr LM2ER
EOHEMEMN. ThEh0.358XT0.290 LB S,
W~ htransductant@ A+ HE B & 600
thr = » &thr * ~ ®revertant (?iﬁ?ii) O W B g
ErENEord. SohEE. N2&thr HOHEWN
BHEBLILEBEI I LURAETCHS, LML, B E
BU2ER . thr (100 &) > 599 OHMEHFET 5
ARSI,

. Figure 8 — 12+ MWV RE. coli BB FrORETO
v - A -OHE. BLXUIO~100 FErcodtshBRE
FZr Lk, Table 3 - TWHZ2ho0EETFTOERT X o
TRIARABRSEERLL D,
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Table 3-5 Genetic constitution of the recombinants

Markers and their map position

Recipient M2 pro leu ara thr -arg met mtl zyl his gal
5.9 1.8 1.5 100/0 89.5 89.0 80.7 79.7 44.0 17.0
AB1157M2/pTY71 73 60 100 8 80 20 -6 0 0 0 0

80 8 90 200 9 10. 0 0 0 0 0
58 97 100 100 100 21 8 5 5 0 0

e e em e en e foe e em e e B e eu | e SM Ge e Be mr @ Ge oe G e e An mo e we e e e e

GM31M2/pTY71 92 100 100 92 46 O 0 0 0 0
‘ 71 100 100 78 14 O 0. 0

73 85 88 100 3 0 0 0

E. coli W1895 (met , HfrC) was used as a donor. The marker used
for selection was.rpéL and those used for counterselection were shown
by 100 (italicized). The resuslts were expressed as percéﬁtage.

The recipient's markers are as follows.

AB1157: pro” lew ava” thr™ arg” met mtl” xyl™ his~ gal”
GM31: Zeu ara thr arg met’ mtl” ayl” his” gal”
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Table 3-6
Frequencies of cotransduction with M22

W M2 th  mel Distance between)
B ecipients— ara met @9 | M2 and thr (min)°

ABUST/PTYTI  [100% 0% - - OW|
RAN/PTYR | 100% - 40% 0% =~ | = 0.53
RE16/pTYT1 100% - 63% 0% - 0-29

a) Phage Pt propagated in C600M2 was used for transdmtnon |
b)The markers of recipients are as follows.

 ABTIS7: lac™ pro~leu™ ara™ thr™ thi~ arg~mil” xyl™ his™ gal~ Strf
RAN: melA~ AlacYZ Strf

RE6: melB™ alacYZ Strr
¢)The value was caliculated by Wu's formula.

cotrgnsduction frequency g( distance between two markers)3
- length of transducing particle
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Figure 3-12 Linkage map of Escherichia coli K-12.
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Table 3-7 Genetic markers of Escherichia coli K-12.

- Map - o
Gene _ : . Alternative gene symbols;
symbol ?%?;§1on M“em°"1c phenotypic trait affected
ampC 94.3 Ampicillin B-lactamase; penicillin
' resistance:
ara 1.4  Arabinose Arabinose-utilization
arg 89.4  Arginine Arginine-synthesis
eet - 99.9 Colicine E2  xef, refIitolerance to
: colicineE2
deo 99.5 Deoxyribose
fexd 99.9 : sfrA§ F-pilus synthesis
- conjugal donor activity,
and surgace exclusion
flrd 99.7  Fluoroleucine Regulation of iy and Zew
genes; fluoroleucine
resistance
gal 17 Galactose Galactose-utilization
his 44 Histidine Histidine-synthesis
lac 8 Lactose Lactose-utilization
leu 1.8 Leucine Leucine—éynthésis
meld 93.4 Melibiose , mez¥7;.a—ga1a;tosidase
melB 93.4  Melibiose mel-4; thiomethlgalactoside
permease II ' '
met 89 Methionine Methionine-synthesis
msp 99.9 Male-specific Sensitivity or resistance of
phage male strains to male-specific
' phages R17 and 12
dye 99.9 ~ Resistance or sensitivity to

methyleneblue
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Table 3-7 -Continued

Gene Mggition Mnemonic Alternative gene symbols;

symbol ?min) phenotypic trait affected

mtl 80.7 Mannitol Mannitol-utilization

phoM 99.85 Phosphate Positive'regu1atory gene for

' pho regulon

pro 5.9 Prd]ine Proline-synthesis

purk 12.2 Purine ade3, adef, Purl;
phosphoribosylaminoimidazole
carboxylase ‘

riml 99.3 Ribosomal Modification of 30S ribosomal

modification subnit protein S18;

acetylation of N-terminai
alanine

rpsk 73.4 Ribosomal strd;30S ribosomal subunit

protein small protein S12

seg 99.9 Segregation Replication of F-factors

serB 99.6 Serine Phosphoserine phosphatase

sfrA 99.9 Expression of F-factor
conjugation cistrons;
antiterminator

thi 90.3 Thiamine Thiamine-synthesis

thr 100/0 Threoniné - Threonine-synthesis

- trpR 99.8 T}ybtdphan B%ry; reguiation of trp operon

and aroH; trp aporepressor

tsr 99.2 cheD; methyl-accepting
chemotaxis protein I

xyl 79.7 Xylose Xylose-utilization
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= 3 ) =B
I = B B O}
1 BEH:ARCcHEHALALEBEIL, Table 4 o7 L %,

2 75 AIF :EHLA?S 23 Fit. Table 5 235
|

Table 5 Plasmids used.

Plasmid " Relevant markers Source/reference
R388 | Tp, Su (34)
pMK1 Km (col, imm) Given by H.Ogawa
(Co1E1::Tn5)
pACYC184 Tc, Cm (73)
pMC81 Ap (trp, lac) (74)
pA03::Tn2601#38  Ap (<mm) (15)
pMK1::Tn2601#4 Ap, Km (eol, imm) ( 6 )
PBR322 Ap, Tc (75)

B WNI2FYVF 7=V i HHULANIFYUZ 7y =D
PLiZL Dr. W. ArberX 0 2B W R X WAY21 /P1*
SO BLAE, CO7r -V RBEBEREIEANY > -
TH90kbDDNA 2B AT X 3,
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Table 4 Strains used.

Strain Genotype Source
Escherichia coli K-12
€600 thr leu thi supEd4 lacY Dr. Hosoya
' tond A~ F~
AB1157 thr leu thi laeY galk

ara xyl mtl proA his_
argE str tsx sup37 AF

GM33 dam3 A~ F_ "Dr. Matsubara
KP77 Alae X\~ F Dr. Miki

dRow ‘ colicinEl sensitive

GM31 thr leu thi lacY galk - Dr. Matsubara

gall ara xyl mtl his
str dem tonA tsx supE44

A F
CR34 © thr leu thi thy Zac
tond str A -F :

WA921 thr leu thi met lac + Dr. W.Arber

' . hsdK(m R ) X~ F~ P1

W1895 met .\ Mfr + Dr. Yoshikawa

RAT1 ‘ ' meld B_ AlacZY str A_F_ Dr. Tsuchiya

RE16 ' melA' B AlaezY str A F Dr. Tsuchiya

AT2459 . thi serB X F originally derived

from Dr. D.A.Glaser

Citrobacter freundii :

GN346 our laboratory

GN346-16 our iaboratory
Salmonella thyphimurium

LT2 | our laboratory
Proteus mirabilis
- 25 our laboratory
Proteus vulgaris

K22-2 . our laboratory
Proteus morganii

1510/9 _ our laboratory
Klebsiella pneumoniae

D8 his . our laboratory .
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4 i
BHI (F A yvynNn—FbA4 v T a—=Yag vy 7oz :
(3 BF 4k 2)

29 v B HE 200g
Yoy L EE W E 250¢g
~ 7 bV 10g
AR R 28
WS P U YA 58
Uy BKRES LI DA 2.5 /1 pH 7.4

BHI A (XW{ILFE) BEX]L.D Y&E€F.
2 w2 ¥ F — (MacConkey ) TEX R :

RBY ~F bV : 20¢g

¥ 10g

W>F FY DL 10g

T 0.03¢g

2 YR ANAF Ly b 0.001¢g

- KR l4dg /1 pH 7.0
pHEAE LR THL. WL E I I RI VN T Uy
FEMA B,

ME (R 2 —5 -t v b¥) Fuax (Difco )

vy EHY 300¢

AFIIBF I =N 17.5¢

Ny P HEREBRR 1.5g./1 pH 7.4
MEEXEHE. 1.7 ¥EXK (MEHEER) 2N n
AREmRL &,
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FY T A T4 vEWE (RHLSE)

FY TRV 17g
VATV 3z

7F Y B 2.58

Yy YB1IKEALZY D A 2.58
BMiLF FY YA 5¢ /1 opH 7.3

FPYU TPV ABEBXBEHBIEIEX 1.5%EH.,
L 7oA. L EXEH

RY 7 bV 10g
B+ , 5g
AR lg
=0 A A S R 7 B N og 1 pH 7.2

(# 1) L Agariz~ EX15g 22X 3,

Davis minimul medium

Yy g2 Ay YA Tg

Yy YBR1AY YA 2g
=272y 45 0.1g
@7 ve=v A lg

27X VB3F LYY A 0.5¢ /1

T BBERCHACBELARBR 29 4 BLUT B

W n L T20% O BEM50ml. 7 I 0 Bk iR B E40

geg /ml. €23 VBl {(F 7)1l peg /nlni
53, BEE®BMEIrEIBSCR. BULRBREOEBNE:E

REMYBEL. TREELIEHMWNEESY %,
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K-medium

yVYB1F Y YA lg
yvB1lAY YL 6g
B>tV 9a 3g
A7 ve =9 L 0.5g

A I 2B (Vitamine free . Difco ) 10¢g

S ua— R 15g
W=7 %Y A 0.125¢
F7 I v Img
BiAnryyon 10mg /1

2 TCAHBLTCHhOBET S, rva—2, BR~<
FEr v A, B2y A ZBERBICMA 5,
PYP Bpitih (= v 24) : BAAEEA 3,

A 0.5g

B $ 0.5g

HALF LY DA 5g

Y VYB1IKRKEAIY Y L 0.3s
Z7x/J—=NlUy F 0.02¢

ZX 3g /1 »plH7.2

ChitEX12e TmA. BEEEHMELTCH -, B
. 1% 3BBCmiA 3.
BAORBABHYEYAREREW (v X 4)

~ 7 v : 2.5g
EARKBEBRS FY DA 2.5¢g
By ve=?a 5.0g
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yvB1IKEAD VY L 0.5g

Yy YyBREZ2FEFY DL - 1.5¢g
Bir v 9 A S5g
SunEeFe—7 - 0.024g.71 pH 7.2

ChictEXIS5:s #mi. BEEHELTCHV, B
. 1 B2 ICMA 3,

Bacto-Penassay 7 v A& (Antiboitic Medium 3)

(Difco )

Bacto-Beef extract 1.5g
Bacto-Yeast extract 1.5¢
Bacto-Peptone bg
Bacto-Dextrose 1g
BEiFrFrY DA 3.58

U YBKEZAT Y A 3.68¢g

Uy YBAKELAIT Y A 1.32¢ /1

6) EM:7YEYYYFPYDLA (Ap) . VYV
=YY rvFrY YA (PCG) IR PV P2 A
Y (Sm) « 2 uaF%F¥ vy vy (MCIPC ) . 7 » u F ¥
(CBT ) . B> b 59427y (Tc) « BilAF=
4 vy (Kn) « 272y u22RY v THBEEKKL D
A% ¥y v (MPIPC ) WA EHEkKkID. ANV 7 7 £
5V v+ Py YA (Su) v PYRXFTY LA (Tp) BH
BEEFEKLXD. 705457 2=2—0 (Cn) Bdi1zW
BEKKLD. FUVSRY VB (NA) L U7 vEYY
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(Rif ) RE—H{EKKXD. 77V v (CEZ ) i
BIREE kkkb. 7rynuy Py (CEBR) BEEHE
Bkkik V. E7 7 bEd vy (CEX ) WEMLBELkL .
7y Y F—A (CHD ) BovAd s FEEKRKID .
7zuYy (CFS ) BWRHEBEEKkID. FE5Sh %,

A2 F =4y (Sp) WBHBEREEEZRH#F L
BABT X OREERT L, WTFhdbA@OHL IR
boMrEHIhL, BB - KRB EHEBkIVE
ALk,

6) BEHFH : BB FEAccI. BanHl . BglII . EcoRI .
aell « HincII. HindIII | KpnI. Mlul. PstlI. Sall.
mald® & FXhol B EHi&Ekk L 9. BecllikNew England
Biolabs X WA L 7, T4DNA D X — ¥ B E B FEkk &
D. YT F—A, UEFYRILT—FA. BLUF

=

g |

AF LYY FEEFYRILT—F I . Signa LOEAL
P o |

(7 BRADH. BEEFEREAFRE: 74 —-REF -
p4F (7Hr-21) BIXCEHEEKk (014 ) £ H
R, 79‘)11'7‘:.]‘*\ N-N ERAXF VX722 07T
I F IXBDH chemicals LTD X 9. BHEET vE=9 4.
NN LN, PSS XA F LYy I T IV 2-ANAT P
¥ =, 539U NEESFY YA (SDS ) ZEASTHAN
KODAK Cok 9 . k U B . EDTA-2Na . 27V ¥ ¥, 4V
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oy nra—n, 22y —7Y ‘.}‘7:/}7*)11-\
Ay -, BB, =z F V9 AT red F. VFFd2R
vA bF—=n (DIT ) BEHLEFEkkLD. 77/ ¥ ¥-3-
Yy v@g (ATP ) BR—=—Y v —=2vnNndnlhTuauz
72/ =7 - (BPB ) . 7Y u— iRk E
&Y. FY R (Trizma base ) iXSigma K OB AL X,
DNA BRAEABHIFE -4 — 0 ADNA BEBEEKk X
b, EHRERKEBHEHSFE < — % — Pharnmacia
Fine Chemicals® H %,

FOoBMEROBVEY. REIRREELHERHL &,
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o 2= ER 5 s

n %éﬁéﬂw

BABBIEDN. 8LVl Tea 72 R
BHI Vw22 @RHLL., WEEFAZIOEHFRL. L
Fa-—TJETHREOEFREL. SBRBAEATPY
(0D610nm = 0.4~0.6 ) wHWV T, REH: REHE
ok%*1 :100kETRERAL. LI 22 %5 ~10
mimA.3TCC2WH~—RERETVL. RBLT S
A FOMBERERCEIBEERENLECEXE
Bt . transconjugant®EIR T 3,

4,

@ EERERT

WHE TS EREE. L7 22d 30 EBH 7o
AWI0~20 B ML . HEEAB B (00610nm =
0.4 ~0.6 ) ECLF 2~ THEREIERT S, 2
cCeELER (5000rpm « 7 4 Hitachi 0BPR-7) UL .
HEBBOIOnMELS PY D A BRERER. 1.2
AEOSMME LA A YD A BBL. 0C585 30
3204 (5%) BMELAZ. ELR. InloBElD 1Y
v A50mM CaCl WEEB L. 0CHHd30i4048 (5
3) BEL. 1 ~5ug ODNA G REAEL.B0FH B0
2204 (40%) 0 Cc @ EHR. 45CcTc 24 (14%)
B4 2, @RS %B. L7z, BHI Y2 xdb 50 2N
7uR (FPYAPTYATCEROES) 25 ~10nlin
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ALCRBVTLFa -7 TP < 0 2 ~5BHIE
EOBBEB. BUACHERP»IVOVIBHL. ERERE
BMUAERCTC. PS5 VYR 72— Y P A28BRL -,
() Wo &AW, Citrobacter freundii GN346-16 %
BRERT EHBATH 5, |

&) FHEACTETI
@7y —YEoHEH
RERMUEXREI.D n1 2.5 aMELL I Vv v 4 &
ﬁLanLSMKMZT;NﬁT%ﬁﬁEHET
BR®T S5, COBHKO.S mlw2.5 mMELA VYo A
EFL 72 ZA4.5m1 P17 » = 20.1 ml (MOI,0.1)
EMAT.3TCTH~6RHEBLIELOERET 3,
7ok VAEMAEREC200KER. 3000rpm <
BELUL. 2ok a2 BENLICEET S,
B Titration
7y —VHEREO.Inl LEFE (ZEB) 0.25nl
ERY. 3TCISHAMEBH. 2.5m1 OL Y 7 b7 4 —
NEANDEREL?PY-VERECEBL., 37TCT
B®Y4 2, BE7Y5 -7 BEBRAL B, B% PFU (
plaque forming unit ) 10 /wmiffo 7 » — Y HH
S ha,
) EREA
P17 7 =V #0.1ml & ZEXHH0.5n] BLUTL S
A0.4ml ZRYE. 3TCIS5HHEBT 2. EEd 30
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BEBRETESLERER &R T 3, BB TE
RoBR. RFHLZBEHER C2EEHRLTHDHL
foo MOI . BEB LD 0.02~ 1 (phage /
cell) T -k,

@EKERNE DG
HHE —HAERBEEL 72250l Cl0BERL.
0D610nm = 0.5% TR E > XT3, BLHE (5000
rpm 57) L. BHEFHEERERCES. 2 BsH 7
5, BHk%®5nl00. M2 x v~y 7y (ph 5.5) &
BERER InlNIG (= tvy277=vy) £mi.
CTHERRIT 2. NI oBRE. BEBRHI. F»
Survival 1 ~10% B 2L H50EDTHL, B L L
L7a2230mlEzmMATRIE%E &%, 5000rpm 105 & L
75, BBERCAEEEE A Cc2HmMERL. L7 2
SmlAEMA3ZTC 1 BHexpressionE M 3, AR H
. BEL. BE-ERTBECRHT 3,
Survival M MFE
LEORKO.IN2 = v BNy 77 (pH 5.5) ¥
BLEERZEZR 1nlT25 AHAEL. RBE 0. 50.
100 « 150 « 200 #g /ml ®ONTG ®#A. 30C20
~30BREBEBR. FR{FRL. L7V -1 ERCE
L (BFERIN ~300 mv=-HMBAITIHEE) .
2= —-BEMEL. Saurvival 2 H B T 3,
Survival (%) = No. of colonies of NTG
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treated fraction,/No. of colonies of untreated

fraction

{5) 20U v vElO B %G
E. coli CR34thy ColEl #%10ml BHIZ u 2 (
thymine 100 #g /mli&ln) T—HWERL. EHEH1I
THERBINCCHEEOERT S, 00610nm = 0.5 &
Lk b ng/mlmtoﬁiycin A E 2wlimA. 37TC T
20~308 P> VEESIBXT 5, BOKE (8,000
Crpm - 104) #&. 0.01M U YE o 7y (pH 7.0) &
BEL. Vor—4d-RLO0BBRT s, ARBERREE
L ( 30,000rpm < 904) L. EEEZRO. BIERT
VeSO AS0KNMMKE B AL mMAL 0 CIHIREF
+ 5, BO (8,000rpns 1083, 0C) WCHEBEBEED.
30m1®0.01H ¥V vE NNy 7> WBB&R. 7Y £u—n
AEEMA. YVRT7T 742 - FEHOTCHSBERFL .
—20CCRET B,

6) =2y ¥ vEIEABELERERE
@z vy v vYElEAERE
BBREAX MY TV ATH—ERBL. RBHE
ODEAREHRWE I2unsVvatBLisBEELALO
Fugs. 0pEChET . 2R ES L EH
. =9 —op2Ertrsrnuikrrikstdd, 20O
FHRE. coli dRow FUY T FY A7 u2BER
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0.1 ml1ZMA 23wl Y PPV AV 72 FTH -
(50Cc) *ER T2, 31TCT6~2{BME®HL. H
EHoROhALE 2y v VEIEEBBR LT 3,
(‘b)lrx Yy v YEl1% B 8k
0.l mloa 7 v VEIZBH/LLEERK. 1 207
5V —SCHRREOBEREREST 5, 6 ~248
HERL. BHEIT I3IEIDTCHET S,

(M PEDNA O PFHELCS O
[ E]
@0.14M HILF + VY Y &
@TE»N v 7 7 (0.04M Tris-HCL1. 0.025M EDTA pHB.5 )
®RNase (2 mg./ml)
@Lysozyme (50mg./ml)
®Sarkosyl (0.75% in TE/N v 7 7))
M7 =/ —n (IE~Xy 7T B, )
@IMEEBET Y D A
®zy /s —n (—207C)
CERTE]
®10ml1@BHI 7 o 2 I HE ® & 2200 m1DBHI 7 m 2 &
BlL.oarxvyo—REBERT S,
®8,000rpm. 1043 2 CRTHEBEL. 0.141% H{ F b
Y v ATED,
®@5mlDTEN v 7 7 WBEL. RNase %20.3 nlln i 3,
@Lysozyme® 0.4 mimA . 0 CT200EL .
—127 —



®Sarkosyl %5.7T miltA . 65C. 85 MET 5.

@7 v vy—-—whId. HiEEELT. |

@RNase % 1lwmllmA. 37C. 1 BFEMET 5,

@HM7 =/ —nE2120lMA.1 FHEEL>T S,

®5,000rpm. 108 2 CTCELL. $F+EFV -5 3
Wi, 100 21 @A ¥y PTLKE (LEH) 2R
3, .

DO@EHLOEL. KBE1.4 nlO3NERS + Y Y A
£25mlox ¥y 2 —n (—20C) EMA. —20C T2
By, —-2RBIT 5,

@TIEN vy 779 mlT_Vby FPEBBL. SNEFER > + Y
v Al ml&20mloxy /) —n-(—20C) A B
G/ —wERETI,

BO%(27 =/ —VENBCBZZETRIOEL. EESR
LT, 0D280nm & 0D260nm 2 ME T 5. 00280nm
/0D260nm = 0.53 CThrhEdHy v ne&d s,

® 7323 FDNA OWMBB—Hi e v Y aEB)
100 ~1000uxg ODNA OHEITETH 3,
(RE]
@0.14M B F + Y D &
®25% Sucrose# ¥ # : 25%Sucrose in 0.054 Tris-HCl
(pHB.0 ) +~ 0.001M EDTA - 2Na
®RNase A ¥ : 2 mg/mlRibonucrease A in 0.025M
B> 7> (pH 5.0) < 100 C5FRE
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@Lysozyme 8 # : 50 mg /ml Lysozymerk ik

®Triton Lytic Mixture: 0.1 % Triton X-100, 2.5
mM EDTA - 2Na « 10 mM Tris-HC1 (pHB.0 )

@TES Ny 7.y ¢ 0,05M Tris-HCL (pHB.0 ) ,0.05M4
EDTA - 2Na ~ 0.05M NaCl

DrFYovassuawdF (EtBr) ##E :2.5 mg/nlx
FYYV LT uTA4 FREE

®@50% RV T FLYISYa—ve000KkER

(%]

@ L 7u2xd30EBHl Y225 ~10mlT5~6K
HEeS>B#EH.RB 70 2200 n] (RO2 v V)
wmA. —BEEOBRERT S, T 27521 F
M. ColEl & 2 v QpACYCIB4HIR T dH 3B S
0D610nm = 0.5KHBWVT. 72235457 =252 —N
150 #g /mli@lnL &, |

@BLME L (Hitachi, RPRIZ-2m — & —) . 0.14 X
BiF btV Y A1mlcBES 5, BRE. Hitachi
JOPAELEA~B L. 8,000rpn. 10533 5 ¥ 5,000
rpm ~ 153 EL T 3.,

@B %8 n1?®25% SucroseABWEHBL. 0.2 n1D
RNase A BEEMAI Sy —CH/ET 3,

@0.3 mlLysozyme¥ A2 MA. 0C. 10~203 &Y
3,

®0.5 M EDTA (pH 8.0) %21.6 nlimA . BEBER L.
10RXREBT 5,
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(9)

[

®K®B L xTriton Lytic Hixture 12.8ml 2 A & #&
BRL. I BRET 3,

®Hitachi RP50-22 — % % H v T30,000rpm 454 & L
U. F#E %2Hitachi 50PAF = — 7 ~B L. 6ml @50
YRV IF Ly ISy a—nEMiE. & 5I5NERSF
FU Y A3 3 mlkMAGBENT 2, 2KHHE~ 1K
K& T 3, |

®8,000rpm, 4 T, 1053 &» 5 iE5,000rpm 15 &
DL TES Wy 7764 nlBERL. 6.9 208
fbtevvartAhr=tonern—2xFa2—7N
Azl LRk, BtBriZ® InlE A 3,

@~y o= vT¥65u—% —%RFHL T3IT7,000rpm 18~
0B M. ISCTTELT 3,

BELF2—-~TOBEABRARTERY . 216 EHe =
LTSS RARIFNRYFEFET 5, 47 T ar)
— VT F VY LT FEMBE. 0.10 Tris-

CHC1 (pH7.5 ) ¢ 2EZEH T 5., 0D260nm %2 M 9 .
REEXHT.

75 A FDNA O WEE—5 k83
1~5u#g ODNA OHEMNTRT D 5,
HE]
@®Solution 1: lysozyme 2mg./ml. 50mH" 2 — 2
10mM EDTA . 25mM Tris-HC1 (pH8.0 ) . AR &
®@Solution2 : 0.2N KEILF F VYV I &, 1 %SDS .
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A B

®Solution 3 : SHEEE A ¥V 9 & (pHL.8 ) & 5 W 3N
BB bY YL (pHAB) . BERF

@Solutiond : 0. 1MEEEE F + ¥ ¥ & . 50mM Tris-HCI
(pH 8.0)

®Solution 5 : RNase lmg /ml. 5mM Tris-HC1 (pH
8.0 ) « 100 c. 10%. mMBREHR. —20CHFHF

[B#%] |

OL7 oA kBBH Yo 2 CEBEIEBE~—BE
¥4 2, 2056722 —NItXABEBEEITST
DRV,

@15 MO L v RYFAVT7Fa—TTInlFHEEE 2
M. 0.5 ~15ELERHT 3,

@~V vy FiSol.1 100 #1 ZmMA. B&EL. 075
~10} KRBT 5, |

@S01.2 200 w1 2#mMA. ¥5 2#BTRE¥. 0C5#
EET 5.

®S01.3 150 #1 #mA. EHEAMKR. 0 T, 45~60
FHRET 5.

@157 BLE. LEE300 1 RO, B Fa-7
wBL. By, —-600 1 EMA. —20CT10
~30FHET B,

@D2HBOB. Ly FSol. 4100 #1 ZMAEE
L.Bzs/7—n200 ¢l MARE¥ET—20C 10 ~
IAKET B,
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®2ABLEB. Fa2a—-TER7RAEV—-F—-THINFT
. X1y —-nERLITEFEL. BRHERBLEN Y
7y BEBT L, WHBEBZTOYHI 2K &, 100
vl ORBEBER NNy 7 BLUT10u1 ©S0l.5 T
BRLU.3TC3 0 mER. HRBETOYHIT 2. B
BERCHVL 2B I50mEBLRLI LYY A TEELT
H 3, ‘

@2HBLEB. Fa—-—T(7REVL—%—-THINHD
.1y —nimsitdEl. BRRB L LN
7y BB TS, VEBECOUH T SR &, 100
vl OHBBEEHE NNy 773 XT10x] ®Sol.5 T
BBL.3TC3AmMER. HEBETUHS 5. B
HERCAL 2B I0mEBELI LYy 2 THBBLT
Hwv3,

W DNA OHEBEE R XU
(a) 5¢ & W W
DNA 1 weg wdl Tl ~3 2=y rOoOBEEEMA.
2~3EHHERERBEBI¥SE, RBOFLE. 65T 105
Vim?ﬁ’s“éi)\ BPB-SDS-Glycerol (0.025 %-5%-50
%) 220%MmMA 2. 0B oHhT 2, RIDEHR
Table 6 Rl k., “HUWHOHS I LindlII %%
PRB&AT. ABWFS>S . UhBvFoBET
W Lhth. RE&BEERAC. b5 —FOBET
MW LA, Lug ®ADNA 2 1B CRL YW T
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Table 6 Composition of reaction mixture of restriction endonucleases

r : 1
| Restriction Tris-HCI MeCl  NaCl KC1 2-Mercapto- FUBIRE |

| endonuclease  pH 7.5 ethanol |

- |
| BeoRI 100 mM _ 10wM  50mM - - 31|
| Accl 10mM  10mM  50mM - 6 mM 3ic |
| BamH1 | f
| BgllI | |

| Haell I
[ HincII |
| Hind Il |
| Hinf1 |
| Mlul |
| Pstl | |
| Sall [

| Bell : 10mM  10mM  50mM - 6 mi 50c |
| Kpnl EaM  GmM  Bud - 6 mM e |

| Smal 10 mM M - 20mM 6 mi 30°C |
| Xhol 6 mM BmM  150mM - & mM 37c |
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E3BE Iz FLEAREIRTL B,
{b) ¥B & D Wi , .

DNA 1l peg LT, la=y tOBEEMA.
O~ 104 15 30, 60 T s w2 0 —FEHRD . 65T
THUAMBLTREBER2LED. 7o —-28K8KkE T
UHRBET®MID 2,

(11) DNA @ 7 Fu — 25 L BERIKE
[eE - -ZE]

BRAB Ny 7 BNy 77 (89mM Tris « 89
mMsk o B . 2.5 nMEDTA - 2Na « pH 8.4) & & 1 ik, EP
7y 7 7 (89mM Tris < 8.9 mMsk » B . 12.5mMEDTA -
2Na « pH 8.2) 2WH LA, Y2 BEWR. 0.5 . 0.7 <
0.8 1.0 1.5 ¥EZEHLAE, ABEBEL. EEEY
A5 7TRBARPDEBPIVAREE RS 7BRERDESE
%miﬂf:; FAd 4 X3, EEEI. 140 x 140 x 4
mm. KREE I, 105 x 100 x S5 mwmTH 3, FF Vv R4
A% % =% —i2C-81 (ULTRA-VIOLET PRODUCTS ) % &

HULUX,
C#E]

¥ YT L. BPB-SDS-7 Y Ew - v E20%MAE T10
~50ul ERB LA, EEERXRS ¥ AT, Bry
7y MMHLAARE. EFEEC80~120V. 6 ~ 3 BB
ARBEFTOLEPNy 7 3 MALABR. EEH5% ¢80
~120md T~ A RHEERBET -, KERHR S 750
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T, EEETI0~80V . 20~5BHM. BNy 7%
WAHLTRBET> L, RBE. 2F VD467 e

FO0.5 ~2xg /mlZ&ELHRB /Ny 7> 005588
@%\ 10~607FHMEKkB N vy BdRACEEL 2,

FS YRANMI 22 —RLXOFVTFED G254 nnd

RABEEHLC. BEBREE2IT -, BB XY
W7 572 bOFA X RindlI] GW A 7 » — ¥

DNA & % . Hinfl S0 HipBR322 DNAZ R W o ik 8 L
S ThOoOBEELIYIAXLDBEBERERL. &7

592V IO A X EPu~x—2 (kb) &LTHEHL

2o ADNA OHindIII WH 7235 27 4 ¥ b 223.7. 9.46.
6.67. 4.26. 2.25. 1.96. 0.59kbT & ¥ . pBR322 DNA
@ﬁi_gflk W > 5272y Fil1.63. 0.52 0.51. 0.40.
0.30. 0.22. 0.20kbT & 3,

(12) 2 o= -BHEZHVWAYS 21 FDNA OB H
T. Eckhardt ‘B o F B EHBL k., |
2041 Lysozyme mi‘xture (7500 units.” ml lysozyme

0.3 units /ml RNase. 0.05% BPB. 20% Ficoll 400

in EP buffer) Wauv=—-%2BHBEcLE2 ~3 B8

REBs¢.5 HEBKES 5. Overlay Nixture (

0.2 % SDS. 5.0 % Ficoll 400 . in EP buffer) *

30ul MAvortexI $ ¥ —FH . 65CHHMBT 3,

MBI IFSy—%L >dY»iF. BPB-SDS-7 Y

tu—nxl0pl MALEPN 2y ZFRH L7 A 0
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- 2ABREKBEITS.

(13) DNA 7527 A v @y m—x=yyi8e
@)DNA o HIRER I &L 3 WH

DNA 1 sg #BB500] RLT. ARO&HETH
BEETCYWHT 2, Ju—=vIi~xss—-—~0HE
BEUWvssrAaviosun—-—=vIrSoB&E. 7
D= VI RIF—EDHEERVT IV FOE
wEE1 : 1L T. &DNA BE%: lueg /500l
L¥ 5, HEBEORMNARAE IR, Bla 07«
-7 TCTUHL. UMRDBELRBIESEDLE. £DNA &
Ex lpeg /501 2943, Erzo2n—=vIsyo
Ba&R. 7523 FDNA 1 reg 2HBEBECOHL
oo BBHKDNE 75 XA VIO IR - YIS RENRD
#—7 %5 A FDNA : e ®{kDNA oEER %X 2 : 1
LT DNA 2~3 ug /50p] BBHIEL R,

b5 45— a v (Ligation)

BB R & 3 WHKIE265T T10~158 M L
TREELEZB. HIRFAE0 2B BEODOS Ay — v a
VIRSBEBZENOL] MA. 100 21 D5 4% — ¥ a
VRGO R BE £60nM Tris-HC1 pH 7.5. 10mMig
=7 % v A, 10nM DIT. 0.05mM ATPWE &b % 3,
T4 DNAY ¥ — ¥ % cohesive endD & . 0.2units.
flush end (Hincll) PHRBEKDINA 7 574 Vv } %
su—=v 23 53KEF. 1 ~2units /1 #g DNA
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MA. 12C. ISKHMRD s,

© % R & B
CRBHECHE R VY Y kR ESON K B R
mi. BHETBRB~BRERET - 1o

(14) BIBBE - L2 RE752 FOBRR
REZSSAIFRIBBREC L3%2UWd 30
BAYHB. 275 AF —va vEFTS o &inkD

P

ERLE, R2UWKE L3 L7 20—V 0K E
B, ZEBRAEFE (13) iRl k, T, HEBSE
Hincllic X 2 WA WH I & 3, pTV1328 & ¥FplY1330
EREBEROSPVTHERS,

20g ®7 5 A FDNA 2H L 3TCwREL 2500
vl ORGEB ~202 = v F OHinclIZMA. 5. 10,
15+ 30, 45. 60 w80 ul T 2o& . 65T 1543 m
BLEBEELESELE, SREVP YTV ID2001 %
D 7 -AX VEIKRBEMTL 75 2 I FDINA
ABAIUHIh T3S Y 7rveaRBL. 208 V7
w501 % (13) OB BETSAF —YaviEITR,
Co00P EBEREREBEBBER. ¥ F <oA1 v v2ipg /nlbB &
Cezyul) ¥ vi2beeg /MIEFETHRTERL. B
By —v. 2y vy VEIEEE. ARE. P -F2 7%
- FOEERBRBETFN. 2752 FDINA 2R
BL. HIRBECUMLREEBREREL &,
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(15) EFWEEORATE
MEER. EXERERECIDAELL., BBE
OIBRFHBTER LI BHFREB. b el 2B OBE
DEFEEFITIHEXERS I VIIMMEXER~ B
BL.3TTHB30I0TCKH L TISHBEEHRRE. Bl
HEZHAORFLAHLEITZIBIMOEHNBE (BHhREH
I #E. NMIC | minimal inhibitory concentration)
BrLR. RETEIRAOEMBE (BARNES
BB MAC | maximum allowing concentration) % M
CREL. ChEpg /elTRLE, BEBEETR. § 2
n7 35 vy — (TYPE M1 T-P (A& HERLLd.) 2 4

W,

(16) B -5 72— F¥YOoRBEROFARLERNE E
(a) ¥ B¥ % 4% 0 9 B
BHI 7o A ~HAHEREHLVLBII 72 210~
200 mlwimA . 37T CCHBRMEMB Y (0D610am =
0.5) s cRET 3, ELEH (8.000rpm. 105
0c) . Bk %£PBS-Mg (13mMV Y B~y 7 » pH
7.0 L 0.68%EALF F YV AL IaMEEB TS % oY
A)Y THHEL.0.INY BNy 75 pH 7.0 (3 2
na—FEOBSIR0.050 Yy rBoNy ) 12~14
mliC B &R . sonifier (cell disruptor 200.
Branson ) Z2@WH L TRAHERB (output 6.5. 1 ~
C28) v5., EL (17.000rpm 205, 0 C. I 2
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uag-— FEoFE&E32,000rpm « 458 0C) K &
DHREBERBRFERZILALLBEEAEBESR LT 2,
OF-2:3 54" 20
Sargent ‘87 Perret#® ‘%8’ I s ma - F &
(89 1. Sawai B OB R L 2,
HHE. 1=y PELIVTCTED 1 tmol ORER
KRBT BIL -5 ~=—-¥FEHRTH B,

(1T)y B—-#35 2 v v -—FYollBIROHER L
R E B

@B-—HFS527 vy —FolHBIROAH
C. freundii GN346 22 ¥ I VB O L2 2B EE &
CAKEMT20CR THBERT &, 150 mloFEF#
WOBFERLADOEZAEFEV. BOD a2y T,
0D540nm = 0.5 CHR L OSBRI S, —XK s v
—RA%ES5¥MAL 10REEH>HB. 7 va—-2FKn.
RN & dIsopropyl- A -D-thio-galactoside ¢
IPTG) # % BEO.5oM KA 3X5KMA. 2hZh
AoROavyEinl T 23ET 3, 205 B
O—RFoUuERYyIL_R=2YY Y00 g /nl% M
Ao —KREEDIEWCTEEZIETEET S, B
OFEODarxy —RF 23 3THHhRITCRERE
EZBL.EBLOBREST 2, REC ey vy 1%
EARAORDOa2A Ry EDImlT 2L TEPIR
BREIMCBR3BECFFPIDPATFAFEMA. &
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DEBE (5,000rpms 105 0TC) F 5. 0.144 H 1t
FrU D ATCEEEEER. 120100 10Y VBN
77 (pH 7.0) THEBL. BEFEMBEL. EL (
17.000rpm ~ 2053 0C) . EEBEZEEHEM L
T B35 2 vy —¥REBREBIVL-577F <
- FHEEEBEL o
L -F5s vy -—FEEREZ

0.1My vB»Ny 75 (pH 7.0) TEEFRL ¥
EFRBSml~vy x5 A VEE (20mg/nl) 1nl%m
A3TCcT 3 mE#H. 3TCHE->720.010 ONPGIEE K
(0-nitrophenol galactoside ) 1ml&EMA. 37T
TISHEERBSE 3, IMREBF FY D 2EK I
EPMARBA2BLES . I HEREREST 5. 0.14
yvBaNy 7y ENBELTAM2mERAEL. RE
BEIODHEBRLREO)-= 7=/ — (ONP) OE®
MB Lk, B RLowry BRIOVBEFEHNOERE
AAEL. BRELEREAEILVDOEBEELE TR
L% -

B—H5 o2 b v ¥ —F¥FHEHEL1 = b

=1 gmol of ONP ./ min

(18) EBRHOEERE
Lowry 90 FHE i -2,
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(19) XEBFREOHE

Divis OBRABMET ¥ ) B40ee /miEMA T
PR OBMERBEW A, BHHE Eavis O RS
Hba0i. =v 24 0PIP BREN. BHERBRR
FORBWBMCEE I YMACHE LA, HoBR
. L7 o REXLEBEI 72X/, 0,140 B L 5
PU@AﬁﬁikﬂMﬂs®ﬁ$%mmﬂv7yﬁ2
ERLERLTC. 3 20rs5 vy —-—T8HET LM, 2
Y5, VTBE LR, BROan=—2HET 5B
L7 ABER L SR,

(20) E7r xR Y F—FOBREREZR S
20C —®WBHI 7 v Z G E B Z0D610nm = 0. 10 %
SIS ~10FHR UL 0D610nm = 0.5 CHE & 5 Lo
0D610nm = Q.1 B 3B rL2CcE R B20COH AR S
R CHERL. 42C % 2 B20CCISHAMBRE 05 &
LT 3TCERRBWCTHRESISERERI. v v 70
ERHEH @B LUL, 20CCBREL A5 O %base
linek LTXMBIT & ok, 42CISHMBT 2EER.
BrBFOoTOHRACRLALHERAROAB L & &N
bBbArAD. BT20CTHo3TTRTSEFRAEN T LB

&ddb 3,
ERHOBHEER LB, 20C —%BHI 7 u 2 Wi
EEAEOD610mm = 0.1 5385 ~L0RERL 2 b
®%2AED. 0D610nm = 0.2~0.3 FTEHEE 5 L.
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—A%(23TcuBlsdtito. BEHI Ly e
FEL I,

(21) E7 xRy F—FOEABFHAER I

20C —WBHI 7 v A WHEHEEOD610nm = 0.1 %
2S5 ~10FR L. 0D610nm = 0.5F TR & 5 L.
BrxOBREDODP -5 2HEMEEMATL ~2.5
BH0Ccw TR EOIBRETL. Yy 7@ L L,

(22) BiMEORME &

C. freundii GN346 OB L &7 » 2 ARV F —
Fiudd aHMmiE sanatl P oFEwREVEARL.
IgG HEEIHFEE? vEY 2RBR X THEL X
C9% >

Mo err xRy F—Cidd sBER. 30
C 104 0.05M V v@ o 7 THMBEE LY ¥
n2RYF—FERBL. 1708 —FETEBFEL Y
rRRARY F-EFHREANELL, ¥BEREFLEF
EMA .

23) ABEAOREBLERKE
QABEY 08
ABBORBES S 0FBECRVEES O
. SarcosylNL-97 AEE S & LTCHBL L, 377C.
. 'Penassayf g 220ml —BEEEFREER (8,000rpn.
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154« 4c) L. 0.018 vy vB»Ny 729 (pH 7.0)
CEEBB. 0140 B—A A S 2y~ EH
0.01M ¥V YBA» 7 7y 20l BEL. KB FCES
WK L. EL (10,000rem . 104, 47C) L e
EFHEEFBRUL, BRI OLEEERL (33,000rpm -
0%+ 4C) L. BonABES (Lo t) 28
BRBSBCEBL. REBE2~3 %z,
SarcosyINL-97 BB AMA . THECNFKER. 8
L (33,000rpm « 4053 4C) L. BHERCHER
InloBZEATERBL. ABRKBLELTHL &,
LABRBEHEHDOSDS- BRI 72V 07 FALERKS
MR Laemnli Vo FE4—BEBELTH
sk, ABREBEREE (1 ~3mg/ nl) “EARBOY ¥
TNy 7y (0.50 Tris-HCI pH 6.8 12.5m1 . 10
%SDS 20ml. B—A AT VX ¥ ) =N 5ml. 2V
tua—n 10nl . Y272 -7 0—-0.002 %)
EMAL100 cT2omBT s, 5 %BEy v (7
JYNTIF ERT2Y 073 F=30:0.8 1nl .
1.54 Tris-HC1 pH 6.8 1.5m1. 10% SDS 0.06 ml
TEMED 3 #1 . ZEK3.38ml. 0% BHBMT v & =
7 A0.06ml) L 10%BEY VY (7290733 F B
A7 2 Y7 IF=30:0.8 5ml. 1.5 Tris-HC1
pH 8.8 3.75ml . 10% SDS 0.15 ml. TEMED 5 #1 <
EEK6.02nl. 10 BHE 7 ve=920.075ml )
BEUKRE Ny 7y (Tris 3.1g « 7Y ¥ vid.4e .
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SDS 1.0g71 pH 8.4) 2 VT, BEHERS 7 ¥ N
ERABEEC ImmE S0 LT, EEHKI2. 50l

2.5 B kB %25mA I.5BEMERB LA, REBRER
BIl. I.ODC—BET2F0. I0%ER—®E
BLARI, Bkl B25% A Y 7 asNs -y

0.025 ¥ = v ~—7 907y - 1I0%ERER
BT, RBEIRIONA Y 7 ass) =, 0.025 %
sy =7y Y7y A~ I0EEBMERT. B
BHEME0.0025% 2 <y —7Y Yy 7 v hb7—_10
YEBMERCTH S, PTE-—F-BREFRL X,

= ) aFE
Phosphorylase b | 94,000
Albumin 67,000
Ovalbumin 43,000
Carbonic Anhydrase 30,000
Trypsin Inhibitor 20,100
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