9328 Na'f +UHEETOES/ILRICHEET 2H LLEBEFORR
BhERBFRE FIEF  BF CRRIEKRY BIR(LFERIEET)
ERBPEE ER WROTRILEKRS)

A= L)

EME, BEOBER U4 RISERRT ., i, ABRERORMEEL. Tiabb
AMLACHLT, EMHEBHCHRET D ENEEHALH,TEhD0H 5. HIXIE,
AWMTEELLEELRIBVav ICERE. REXNEOLEWEOHEMM, AV A
FEFELTHEFUVALTHREN TV D, Hr ik, ERSBRAT L L TERES (G
HEHo 1l 0FKBUE) CEELEERBBRTC B 214 OEYRISOMELIT> T
W3, iz, MEDOHMBENEEREORECL VEECEATHIIERPRCAVWEL
T3, ZAFRECBVTE., Na* 1 A VEETEBYHBEIAIVAZE5E L2, TOAMVA
FEFCSETHRETEERTHIIERAME L,

i Wik

BEFOISEY B-galactosidase DEHWC LHVBIET 2 LD, BEFIFI TV —%
Mu (Ap*, lac) 77—V %R AVWTERLE, Mu (Ap*, Jae) 77—V OREES VX
LIEAMEE Zh P h Bl i THEER T, BRAVAEHMLEZ, 37C. 28
M oke#k%., B-galactosidase DEMRPEL 2, BEANLAZENM L IR WEBEROENE
T AP EEFELE Lk, E, BHOA M VAVF 20V EOBRERND 2
W AR, BB T BB DN,

MrfER & E%E

Bohkz200HKKE2VWT, BEANVACHTIHELRANLCHER, FELEMX2. 0%
BzlboRoOkBLhk, REXOBHO—HLEDO2WT, ffiOX bV ARFENT HHEH
BN, EAERH Y 2 v JEH L TRISEND DS hizh ok, £k, SOSIKE
EPRTEHBCBEREANAEE X k2 ERO LRARRDShishole, 20T ERDL,
BEANVAKED, SOSHBERFERITDNADEBFREL BV ENTHRE M,
Fh! HHHPONatf AV ER EKBZRDOhadh ok,

EHOBER., SNLAEMES OHRRED S h, 20K 2 KM ¥ TREEFLRELE
RObhizhotz, ¥k, COM, BOMBERaY ba—LVEREBETH ok, Na* {4
Vi, Ca?* Mg/ AV EBEMI D EBREROFEIED Shigh o leh, K4
T VEBUBERFEEEOFELO LFXED L,

SHRE, DR DIAVY -V EFEEROBVERC R SR ERETFORR % &
BFUVRNVEBOTHLPECT S L, BEBECHIAL T0REFRAFERN OIS
MR D RBTH D,







9328 Na'4 A HEETOBES/LRAIZHETIHLIVESTFORRE
BRI IR (M B F GUR TR BIR(LFHISERT)
EFRIFFFEE (1IEH 3R ITEKRT)

OMFDHKY

B4 inBREOZEAL, HEHASREOSHM T Tabb A L AR L T, EYHEE
HZIEETDZEMREFHLMCEhD0H D, AlzIE, SFRBEEL(LE & bS8y
av 7 RESE. REHSEOEYEOTHEMAM. A FVARFE L TEEBFVRLTHE
ENRT0wd, FiZ, 8o av 2 2 v NI ER, %@&Eéh%i&@*& EREMECLVELD
N, HME. BEASavYVa v, BMCWEBBEAETRTOENTEDLNT
w3 (1),

Fa k., BERUBRERTL L GEBWE GOIKSBE0 1 0 AU L) KWEH LEERKS
BETCBY 24 OEYRISOMREITo TV, BIXE., MAEYOMAEEEH»BE T
BOBECIVBEZCTITIIEETTRRREL TS (2) ,

EHREBNTE, APV ARFELTERAVARERL 2, FiZ. KIBHEWRIREZ
DEEEEHROS OB WY T2, 000k bp CEABEEBRIIAEREEHLTED, D
NAVRLVIZB DMBTHRLEITLT0IEYTHDHE 0D (83) . #2 T, Nat
AT VEETCRIIEESINARZEZ, ZOA M ARFRISETHEEFOERE 2
DREMEITI>ZEEZHBE L

REFTEHLONATOWDIA MV AR YAIER, BER—ORFCLINZHFEEILD
TERMBR TS (4) . #->T, HHOBEFHRAEEhDE, Thd OBEFOK
EHAEOMITE . TORIHEBEL EROBEFHELRT D LICHKAFLhD,
Fl, FELOBVEGFAER SN D &, B FORRGIENAFEE L 2D SAEIC B
LHEFELSFLND,

Ol HRAE
1.1 2&5)?%1)1%\7"?%%&077——/% Table | WiR$, Mu7 7 —VOBRETH 5
Escherichia coli MAL103 (5D W&, Mu (Ap*, lac) 7 7 —VHHAMD LD WCHFERL Iz, Z
DB, BERMT 77— & Mu (Ap*, Jac) 7 7 —VO2EENEACATED, VT
Vb —2 R PNEERZTECTLL~4COBWETY 7y —VOFERNBRIVBET S,
BEBE L T, L coli GHI000 (B) AL L, ZOHERMEWE7 vEV Y v
(Ap) BEUETHY . 527 b—AARO VOFEERETFERIAL TS, SOSKHEEE
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F suld W& Mu (Ap®, lac) 7 7 —=UMEA &N Ecoli PQ3THE (7) k. BE/ILA L
SOSIKEDHEDEREFANDIBKE, RUT4+7aviro—nLEeELTHVE, FHEOD
TVAY T A7 7 2 —XE, BENKCRR TR VAIERRBEEZEOEREE L THE
AL,
1.2 REHbiHE AR
LEHAER : RURThY10g, BEEZXX, NaCl 5g. ®BHEEK
1y b (pH=7. 0) CHEML =,
LEXREM  LEMIC 15 g0RREEML 12,
L (Ca, Mg) @ LEMHEZA—I I VU —T7#T%, CaCly. MgS04th TN B KEE
5mMBLU1 OmMERD & 5THEML 2,
L (Ca, Mg) - EX : EEADOL (Ca, Mg) - TEXREEHIE, L (Ca, Mg) &
TRz 0. 4%FMT 2T LW LDRHEL =,
MEYWE7 EYY Y (Ap) W26 p g/ ml ORETHEMICHEML 2,
1.3 Mu (Ap*, lac) 7 7 — VW DRABR
E.coli MALI03 # L (Ap) HMbTHIEE L (30°C, overnight) . Zh¥ LEH THOEWK
FRL 2o OT, 0CTOOHBEER, 4T TN OAFRLAERITV., FWTITCTH
ONEETIECLIVEERE B2, Th®3000rpnT5ELL . 0.45un= b —
A7 47— (AdvantecHtB) TAHBMEL T7 7 =V E Lz, 7 7 —VEBERXKTD
NREFHEZELODPEL., L.4~1.7X108nl ' EZE -,
1.4 77 —VBEOHIE
L3 THRRLEL7 7 —UM% L (Ca, Mg) HEMI TR YW HERL 223%0. Inl & #91X 10%n1?
(0D600 = #91) OWEBEWHRHRL 7= £ coli GWI1000 OEK0. 2nlZ#EA L . 30C T30 #
BLA, 2hwdnloL (Ca,Mg) N v T 7 H—%Mx LTV —bECE Wk, 42CT
overnight¥ &% 75— 7 xAEL 1=,
1.5 Mu (Ap*, lac) 77 —=UHAT 475 OB
E.coli GW1000 % LM cHiEEL (30°C, overnight) . Zh® L (Ca,Mg) 3EHTOD
600=#90. 4l FHFRL 7z, 30°CTODBO0 = ¥y 1 (HEE # 1X10°n171) LB FTHEEL
et ZOBEWInlE Mu (Ap¥, lac) 7 7 =T 20~100u 1R AEL (mo. i. &R
<0.02) . 0CTANHFEL o, ZDE. LIBHTIOEFRL. 0.Inl2 L (Ap) 7L —h
WERER L T30C Covernight & L o, HIR L lchpfitEa m=—% Mu (Ap¥, lac) 7 7 —
VIVRELEAE LT, HEF200858 .
1.6 L RAES DEI
1.5 THELAEIA7Z)2008k W 1{ES32 £ coli BSI~ES200 L &EE% L. 2hb
7V —1rhh 2nldL (Ap) BEMICHEEL b, 2RSS, BIEERL2. 4nlo LigE
I IGHEE LT #2 BRI, 0D600 = 0.2~0. 3B F THEEL kb, & OEMEIERERL 4nl %
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BRL#t#! Disposable Electroporation Chamber (BHBEMEEERE 4 mn) W AR, SV A% El
MU Tzo AAZEIMCAVWEEE R, K4 AHEHOREGERICAVWTVS LD T, BRLIL
£ Cell Porator SystemlZ[E*td Voltage Booster®#fEL CTHEAL L (8) ., FEE
1. Voltage Booster{# FABFZ Power Supply ®iE#iiklow, a7 V¥ OEKIOuFIZt v
NLio COBAHHOBEKEBR2LFCHES L, FHRTR I OFEHETTHEAL .
F 72, Voltage Booster @IEHIEE4kQ . BEREMIKXA0VE Lk, TDL &, BHEEER
WERAN & N BE SV ABE ., #96kV/enTdH o e,

1.7 B-galactosidaseiEMMIE X & % B izFFRHE O HENE

1.7.1 pB-galactosidase I&EMHIE

1.5 TEMAEIAT IV, 97 b—AARa YV OBERETF lackiFoIlcu7 7 —
URHBRAENRTED, JackkMu7 7 —VREAS W EBEEIREAREFOTRE—2—O
YR EZHBEELZLND, fEo T, B-galactosidaseEHERPET 2HEIC LD, BEH
BEFOMT 7 —VEASMCORROBELIEET 2ENTE D,

B-galactosidaselEME DR E W, Miller OHFEREL . LTFORIC—HWEL L&
FHWE (9) o SULAEREHML LEFHEERERLOnLE, 2 bE—LE LTV AZEIN
Ui WEFRE 3L Onl 2 37°C, 2B BRI LD . BT 2 RIE X ¢ %0600 THEGR
ErREL .

B{EREE0. Inl® 2 buffer (Na,HPOs, 60mM; NaH,POs, 40 mM; KCl, 10 mM; MgSOa,
1mM; pH, 7.0). 0.9ml whnz. 0. 1% FF U ILBREEF b U v AV S0u] &ommhb
LS50ul BEMULTTCWHmCEBEL, BEMEEOSR AL HEL 2, 28C, 100 ™
WE#% 7 buffer Wang-nl 'OEE TE» L *zonitrophenyl-B-D-galactopyranoside
(LLFONPG & B FR) vAW % 0. 2nlh0 2 CT28°C THI50~604 [ . BFERIS 21TV, 1M NayC0s
Inl 2z CRIGEEL & @iz, ONPGIk B-galactosidaseDEETH D . AL > TRE
WEETH0T, WHREAEC LI VBREELWETE S, Miller OFETE. B-
galactosidase V&M DREW D420 £ D550 D2 R THRIEFREL T2, FHFFHTIE
3,000rpm, 104r D LA E TV, RISELEEFOBRBEN 2R EEEHZ LILD .
0D420 LEE DA DEKEFEI & D B-galactosidaselFE = REL 72,

B -galactosidasel®Et (0D420) & EE{KILEE (OD600) &0 . BIkESH £ h OBRIENED
BAL (unit) RIRATEHEL 2,
B RIEME QR OEH

OD (420nm)
OD (BOOnm) XvXt

EEL. v EHE (ml) ; t EERSER (min.)
BB L KIS EGH1000~ OMuY 7 — VA S 4 75 U ESI~ES2000 20081 2T £
EOREECERIEE Y EL L,

unit = X1000
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1.7.2 Alkaline phosphatase {&¥ @ Hi5E
E.coli PQ3THkZE AWz & &1k, B-galactosidasel&@MERIE D fhic . HRE OBEIZFHE
#1795 alkaline phosphatase {EMEDWEHIT-o 72, BREUEREDOHEE . EFRMIC
B-galactosidaselEIERIE D HEE W UTFOHETHUEL &, |
BHECERAVAZEHML . BFRASE LK., BEEER0. Inlk 1M Tris-HCI
buffer (2-amino-2-hydroxymethyl-1,3-propanediol) pH=8.8, 0.9ml &% . B-galac-
tosidase DB EH & FRDIEFERITolc, ZOBE, EEEL T, iR ® 1M Tris-HCI
buffer Wdmg-ml~*DEE CT&EH L kp-nitro-phenyl phosphate (LATFPNPP & BE#R) Wik %
Rwiz, PNPPI& alkaline phosphatase@EEHTH D, HAEC L THEBZEART D, Rk
Wi[E % 50~602F & LT, 24 HCI 0.5ml &I X TRIG®FILEE iz, ZOHE. BiERT
REOEBRIGHAHEHZD2DT, k& b, 2M Tris ¥k 0.5ml&mmMLpHE AR, £
BOFETHFREEZEHL &,
1.8 Mu (Ap™, lac) 7 7 —VHEABKDBER NIV AGE
BRANVAZEHMT 2RBHEOML o BROBREEOBLZZEH L, Thth
DIEWELEEEK AV ASEDORZEEL LTHVE,
BEANAGE DIEE

e EBRBOBZER
EEL = SmmopmEl

DI, BCERLEHIBERIOROERIET,

1.9 SOS#EELE

AMVARED—DTHDSOSBEIEELEERANABBECEDYRSH07E ) e
BETT 27z, SO SEEREH B-galactosidaseiEBHEREC LD IRHETE S £ coli
PRTHRZ AWz, L (Ap) B TV ) VRFW S SHEE L CTL2RFMRTHEERS. Lk
W1BHEEZTW30C, 2K/, FFEL LEEACUATOLERITo /2,

1.9.1 4z E

SOSEERZGEIEDI O, BHECEMEAUERITo . BENLVAREKRE K
V747 arvita—rELTSOSIEER PQITHRE AV, EABESE, 7V -y
FROBRBETEFAL I, RETEBRES V7 6L 15 (EEH8) ©. £12253. TnnD 3
ROENRERH T D, 7)) —URVFARE2EORBENNFEFTCEELTHD ., 2h
EFNORET 5 HKFHEW I5enR O 115en, $HEHFEIE S50cnDLBER T AFv I ¥y
—VR2EE. TOTISAFy I Uy —VICEEEERINE —EICET . KR 3080 IR AT
Lz, 2%, BHEED ., BE 1 nl 237C,0FHKEL ., BEFORBERIT- 2%,
B-galactosidaselEEDRE*1T- 1=,

WS O SEEINERRFHEEANVACIGET 202 ADEEE. SOSIER PQ3T
e, BT 47arba—LE L TEENALVAGEREE B0,
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EEEBRCEENAVIREML iz, EDINSEMAEE. H96kV/cnd BESL A & EH L T2E
L o S, IEEIMOEEL D b, 2EENML Lk ARBWEELEAESh 2D TH
2. TOK, JTC. 2RHOBREC LN EETERBE L. B-galactosidaselEE %
WEL o TOZODRBETIFL LD, BENALABEEEFESOSIHE L OME
EEZhZThOA NV ADOWHEDSBEL 2,

2. MRER

2.1 Mu (Ap*, lac) 7 7 —VEAKORE

BRINNVACGET 5EETF () OFRETI LD, 72 —2#&FT. 8-
galactosidase DIEEBEETFOAEEFET S Mu (Ap™, lac) 77—V D5 VX LFEAKED
AT 7Y —DEEEITohk, 2077 —VRABEHOREEFEICHAAET R BB, FIC
FHEOPEDOLNT I VA LACHARAETNZZ ERMOhTWS (10) , #-T., 5
BEFRARKHEAZILD L, ZROBETFEMELN LRETHEA S, ZOFEREY
B-galactosidase DIEMEE L THETEI EATARETH 5, AKCERD 7 7 — U A Y
THIERETD DT, FEHMIEY L) OBYE Y » —VRFHOH (n.o.i.) A
0.02 BT &hd Lo CREmEHEZREL = (1.5) .

REFEOBRGFHEE., 93, O00ETHILHEThLTVWD, 2 TEDOHN1 5%
DICHETZ200H505 VR LEBAGBEZOVWT, HEMNCEBIREELYRET I LI L
D BRKANVAGERETFHEEOAREE 2 AL,

2.1 Mu (Ap™, lac) 77—V ARD B-galactosidase EMHD 4%

1. WiRLl 20 0MOBAEERERBE T DOVWT, NILADERW LD B-galactosidase
EEOLEThEhRD iz, BREELOSFIK, Fig.l KRLALEITHY ., BEAL
ACEDWBEREEL LA T I2HRRE N THD . FELANLI2BEL LD, 40%TH
2l, ¥l BREUVLEEELR L LHEAIBREShzOE L., EEAENIZECHE
DU IBERELhEh oz, ROBWIEMLLZ IR L ikld . ESI8SHkDEMLH=2.83T4 -
leo =ABOENEMEEZ T L 28, ESIG2H OEMLE=0. TITH o e, E 7z, EHLS T
DE—F&, EELE=1.2Th>k, BOFEEUETL LEHEON., 20LEEHOEE H»
5. D{EDRERICIRESI228k % E W A iz,

2.2 SOSISELBER A NAGE

REEOREBERENMECAEZRFNCEIVEOT LN L, SOSKEE EMIEH 5—
EDRYRIBERPRD OIS (4) . BEESLAR, BROREGREENTH S
RHE . in vitro CEWTDNARZYMT A2 ENRERTOVS (11) , #E>T. XL
TRONEEIAVAGEHRLSOSHELRL TWAHEEMENTEENS, 22TS0
SIEEBREFD—2 suld FIC B-galactosidase EIEFHHHIAE h-PQ3THE & ES1224%
DL % 17> 12 (Table 2) ,
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5 7 3

BEIC SRR 2 BT T D &L PQATHEDIEMEAI0EIEE LR L. SO SEERMVISEL T
WAHAEMRZEDLNDS, LAl ZOFF ESI22BkOEH LA ST, BKRANALZES
ET 28 ETESOSKERRERVEELZLND, R, BHECESSIVAREHML &
ETA, MW BSI2HDIEMEV2ERE LA T 20 L. PQITHOEHECE{LEEAD Hh
T, SOSISEEGTFREZASANVACHLULEEL ROV ENTREhk, £k, ERAAVAK L
h alkaline phosphatase {EMDZE/LLAD SN WT EMRFIEREA DT, X2 U
VEAROEFENGTEREEDEL TRV EE X LN D,

2.3 E—bav i EBRANLAGE

KEBEOA M AGEOFRTLH, b—bvav 7 5ER. SO SIKE L RBICHEITE
ATOERTHD, ARCLFanmn Y EREELTOWE I EXMbATVWS, TZT, b—
FoavlZ EBRANAORBRERAND 2HIWK., 30CTEERIT- 2 ESI2Z2KC45TC,
SHMoe—hrval®5 %1z, B-galactosidase DFEUEFREL Izht, b—hvav
JWLBDFEEOFERLFDOhd ol (F—2R&T) ., ¥k, BEUAC L X
J—VREBEEERR EDEMICL > TOAMNVAR YN IERFEE WD Z LML
TWw3, T, BEANADOWDDICZ X ) — L OFMEMKBEEL%. 2 %DEETIT
o, LAL, WTFhoBe bHEEHEEREDOhiahokh, FHOFELAD LN
Bolz, fEo T, ESI2Z2HEDEBEEK A NVAGEEEFEE—bYav I L ¥anVikERETFH
WERELRDZLDEEZLND,

2.4 TEEBBUBOBEINANVAGEENDOBE

BEWBoBahs, BERANVACIGETH 2HROBERBEXN T INERHAL, Hr k.
HEEHED 1 OFBULTHYETE2TAS VNLOERIEN., KIEHOHMBE CHEZE L E
EPRTIERHEL TS (2) , I T, TOHKWCHEL TESI22( % . WEUHMEIAE T
SRlE, HMEEO Im I ENMRFa—7 AR, 87C. QKM 1175725 HRiEY
il 7z, Fig. 2 WiRdHRIC, ESI220IEMW, RIBCID ER Lsholz, LA L. L
BRI B DIETEIEEN R A FERC BV THRD b h iz,

2.5 AR EBEREEOFEE

LM B 5 BB SNV AEME TN EDF, BRENCY V7Y VT RITOIERE Y
BEWE, ERTNEFNOF YTV VIR A LB IBEEREELREL 2 (Fig. 3,4) .
BRINANVAOFRCLDEREE, BEALHEEZT P TOIRWI &b, TOXEHFTTR
BHEEENOEEHRRIZD OhivwEEXON D, > T, BRIV ARIEHMEY H
BETD2RATDANVARFTREWEEZIOND, .

Tl BREWER Fig. 4 WRTHRIC, SOHRCEESIEED8 0% EAFES h
TED, Pl b 2FME TREZLELEAD O hkr >z, KBEOE— NV a v
JRVRIEORE, BB Y7 PLEE, 5SS —SKEL, 30N TEEL
AROH2~BBLELECIENLLATWS (12, 13) , f#>T, ZDESI1220E
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FFEOBILFMONZ -V ERL TODIAHEMERD D,
2.6 ENINEEBERAELE

E—bYav 2/ OBARELZ0RBECEOKBE., ThZhFEORBEENIFET S,
BEANADEE, aVFUF—ORBRKREL Cndic, AMFHORENEHRTDH
Do TIT, NLADBERL(LE DI LWL, IMBEEDREKREFERHRN L,
Fig. 5 WA, 0.75 kV 25 6.0 kV FTIRIFEMICEREEIERL 2, S
A 2EFETIR, BHEOLFEHFEL LR ZA U LERMERZD bhish o,

2.7 Na'bUHoA A VvEETOEBISIVADLE
FFECBNTEESLVAFEMT BB AV LR, BT MY, BRBIF A,
NaClo3myhr»rsind (1.2)  EERSERVEREBTCEIAAVAZHMLEED 5,
RYRT by, BEIFAZBOVTLHER. 2D bhixhokdhNa ClE2BREERE
DFERRZED SN2z, 22T, NaCl®#KC1l, CaCl, MgCIl,KE&#
ACRBOERRPToLEZA, NaClERZOESHLAPKCIEZBOWTOAED D
N, CaCl,. MgCl BTk, #h¥hl. 02, 1.05& EAMBRADL NI, olz,

O8. EE

Mu (Ap*, lac) 77 —VHAKERAV, BEXSAVACHRTIIGEEREERL 2, TOD
R, SAZAEIMCH L TEBREEN LR, BT L EERCSO2ELRE, 2ZOZE X
D, BENALANRARLVAE LTHEFECALLrOIEFAERIELTVDEZEZLNS,

KT, BEAVAMMCHL ., EENEF L HERKREYTH o, EELLR
THEVIER., IbEILOEEETORRAVARALVRLEALLEWIETHH0T, B
SANAEMEH L, REMMFEZ2EETFLD b, BRRPMEEL N LIEEFOHF L
WEEZLND, Thik, HENRA ML ACHET DS, BEOX VAT REERE S
TED, FEC R VUAIREFEELMPTANA NV AR LDEL EHF e RECHGL P
FTwEEzLND, ZEC, A MVAGERO—DOTHDSOSEBERTLY T VY ¥ —
OB LD, BEFREOEEALET>TWS (4) BExrs, XRERO L) CEEL
AHERKEHTH 2EOHUPNTE D,

SO SEBERECOVWTHANLZER, SOSEEFNIEETHEHFTTETHES S
NABBBEIFRGEET, FLYREENSNVAREZEGFRIGET 54T, SOS
BHEFREELRVEAER S Az, ZO2RLVBEKSNVAREEEFRERSOSKHEET
HZEEFE (SOSVFXany) Cik, BLTwirweExXLNRD, REMNLKA ML RIG
BEELT. SOSKEUNE, e—bYavd, T2 —=NHEMEDOTIRE L b, IS
BaDoohlahrolk, £, BERSEFICBVTDL, BEH (2) O L5 CHEBERERR
HoEhER, BREHOFEIADOhkbholz, #-> T, BRANVARRE EETFEEEA
DAMVAVF 2o VREBELTOWRVAIEENBEVWEELLON D, Sk, BEFLU AN
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NTORBMEITI LKLY, SEEETFERMNOBEZFEDORRBRELACTH I LN
BEETHD, ZOHE, REFCHEAL EMu 77 —VKK&, 7YY ) VICHT S
LIARAENRTHWEIDT, TOEHI—I—2HFEC L TEEZTFOIn—=V %175 C

EDRMBTHDEEZON D,

BHEORVWEL, Nu7 7 — VAKX L DHEBEEEL R TRV EEZLNDIELD,
EWE R B ocoli ES122k % EWC AWV, BRALAREDHFHEE DWW TIRET L o, ISEH
BOEGTFUNLTOHFMESHOBRTREETHIMN, ERALVALEDFIERIESHD
EEZLRDMIERRE L~V (HRERE) CofBexl T, BENCMazRET Dk
HDOBRETEOTREERE X Sh, Mla0BBCx T 2EERIEOETE I BR”~L L
BRI,

F 72, PQITHEW B W THER T I 5 TWwd alkaline phosphatase OIEME R FE L f2 A%,
BRANACLDEBEFRRUVANIVOBEES DV EREEE S Wiah o, B-galac-
tosidaselEUEN EF L 2 BE L, BHR2EQEGEFRAVAANRLEFL T dhbd, FR
B EEFRRELRERE 2720, 6> T, alkaline phosphatase JEME (LMD
BhiznwZ ik, BHEOLEN A VA EEROLEN R ERCLDbOTERRWI £
FEhtEVnxd,

KEHIBEZOLEFEEHOS 0% WHELTS2, 000k b p KEDBERTIAER
EENTHEY. DNAVRLKE R DBMAFLETLTDIENTHD V2D (3)
HoT, BENNVARIGE 2 TTHKOBETFIHIE ZORINERET DI &E, B
BISET 2EEFEHMLOMBTE LI, EYPOBEBRGREANDQIGE L VI Bk, H L H
B Ezh D,

Ofim & S1E DR

1.Mu (Ap*, lac) 77 =VHEABERAO., BEALVACH T HIEEGEHERL LER.
FEN2EB2DLOMNIBAD LR,

2. BEANACISE L LESI22H ., B4R, e—bYav i, =8 —LIRINEDBLA
DAMVARFIRIGELIxhol,

3. SOSKHELTTPRMHEE., BEEANAKXE >SS Liaholz, 2T, EERAN
NAWZEBDNABRBREL TV EEX LR,

4. BEwEE (11.757 A7) PRV THEREFRRD LR, BELRFRED LR
holz,

5. BRANA L2HEEEZRRADLLT, FEEERAMMEECKHL THEXL 2,
SR, BERANVALREE T EEKOGERETF DR FUNATOFNT, FEEED
LFOBOBROAIY —=V JEEBRFIBEFRELR S AT LANDGANERLHRETH D,
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Table 1. Bacterial strains used.

Strain ‘ Genotype

E. coli MAL103 F~ Mucts dl(Ap*, lac) Mucts
A (proAB 1laclPOZYA) X111 strA

GW1000 lacA U169 tif-1 sfidll his—4

PQ37 sulA::Mud (Ap* lac)cts trp::MuC*
Pho® Jacl169
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Fig. 1 Distribution of number of pulse-induced transductants.
The ordinate indicates the number of transductants that belong
to the ranges represented by their mean values on the abscissa.

Table 2. Induction of B-galactosidase in fusion strains.

Strain  Treatment B-galactosidase activity (U)  Ratio of
treated not treated induction
PQ37?% Electric pulse 48.0 48.2 1.0
PQ37 uv 563.4 56.4 10.0
ES122° Electric pulse 63.0 26.9 2.4
ES122 uv 39.2 40.3 1.0

a PQ37V has Mud(Ap, lac) insertion in a SOS gene, suld, which is
involved in cell division inhibition.

b ES122 is a transductant isolated in this work exhibiting
clear response to the electric pulse.
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Fig. 2 Effect of magnetic field on the response of ES122. EP and MF denote
electric pulse and magnetic field, respectively.
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Fig. 3 Effect of electric pulse on the growth of ES122 after exposition.
Closed and open boxes indicate samples with or without electric pulse
treatments, respectively. Values on the abscissa represent the sampling
time.
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Fig. 4 Time course of the ratio of induction of the strain
ES122 after electric pulse treatment.

3.0

075 15 3.0 45 6.0 6.0 *

Electric potential exerted (kV)

Fig. 5 Effect of the magnitude of electric potential on the
ratio of induction of ES122. Asterisk indicates that electric
pulse was exerted twice.
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A trial on the isolation of electric pulse-induced Escherichia coli genes

in the presence of Na*
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Summary

According to the linkage map of Escherichia coli, the chromosome comprises
4,750 kilobase pairs and the genetic positions of 1,403 loci are now known.
These results suggest that there may be over 1000 genes still waiting to be
discovered.

Prokaryotic cells respond to environmental or chemical stresses by inducing
specific sets of proteins characteristics to each stress. The proteins within
each set and the genes that encode them constitute a regulon; well-characterized
prokaryotic examples include heat shock, SOS response, and oxidation stress.

In this experiment, we employed an electric pulse in the presence of Na* ion
as a stress on the £. co/i and searched for the presence of a pulse-stimulated
gene(s). The search of electric-pulse induced genes in £. col/ was carried out
by operon fusion techniques with a hybrid bacteriophage Mu, which creates trans-
criptional fusions of the structural gene of B-galactosidase to the host.

Among two hundred transductants tested, nine colonies showed higher express-
ion of more than twofold when they were treated with electric pulses. An elect-
ric-pulse stimulated transductant was not stimulated by UV irradiation, which is
known to induce an SOS response. Conversely, strain PQ37, which has an operon
fusion in one of the SOS genes, did not respond to an electric pulse treatment.
Alkaline phosphatase activities of pulsed and non-pulsed culture of PQ37 showed
that no enhancement or reduction of protein synthesis occurred.

A possibility of the presence of the electric-pulse stimulated genes, which
were not induced by DNA damages, was suggested. As the electric pulse did not
damage DNA /n vivo, a gene with an extremely higher induction ratio can be used

as a new regulatory switch in the bio-industry.
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