9122 Na*, K # ok 38 LWHRRIESEDRSE
EA #CERTEKRE

iA=L

ek, {I:%%%K’Eeb%ﬁﬁé#@%%mu%'ég5EE%%%§H‘%L’: LegmLT
W3, ThoDEKIK, ROBGEFERFEMBEATE RV E2HKY, Na*® A
LWEGEFEAEORBELZITORIL 2, 2OFHERZ BT L LREFEEZRCT S
iz, BIEOERLE FHBEILE A DX LADHRAEHKITITI k PEHBE L,
iR |

ERAL MBI Bacillus subtilis MI113 e ¥ OE¥EE S L MEWBE L L T
FATEELTHERE4AEDIE DO Baci I lusBMBEATETH D, 779 A3 Nk pCl94(Cn*) %
Fuot, MEBORBRERERE. LERTS 7C, —RIFKEEL LEEY 1 %HL
WLEHRCHEEL 2. SREHEEREEZE L L, 0. 4ml 0EEKEZ 1. Sl BRY S
DL YBIHEELF 2 - T B L, 10,000 x & 2HBELEE L, 41 0mMO
KClkZEHImlIKBHBL, 30C. 4545 HEHEL -, BHEBRBHELE O 1 %275
A3 FDNA (BulBTF) tERE, TONBRYVZFLYJYya—- (PEG) 80
OOKBHEZS50u1EMLE, I1mlOLCRBEZEMZELHE®ITo 1, WL
REERY Iml OLEHICEEL 37 CT2RMBEEEL. BEFRRALTo &,
MEWEEEULERBHICERL &,

M OEEEER., RPEGRRERICEL TEEY T Lllar, KC 1 AR BB
BE50nmTOBEEDOE P EZHRELLTI0OCETRHEL %,

BEkoiER, ERoltBEzFv— I —2FT52@EOESKEREAER. AEEE
RRBECE L CKC I MAESLOPE GAEER TS 2B, WThoBEKEbLIMET &R
VORISR EWBHAT AR LDITo R,

Mot R & H&

FILVIVERBNFA VI L DIEEGREOMHIE - ZBEL2ITo2Z A, #3047
ETRENETTH5REENHFEE N, TOFEREEEKOM, MEDBEL LT
MREBLEh T IHEE MO Paci | JusBMECDBERATETH >, EHKETH
L7 LGHEMBERE» D) TR TILEEMECHIRBHECE CREGRRTETDH
o, WEBBOAN =X LEL TR, D F4FVOIERYECHEESERIBKO BT
L, 7 b IAMEERTOVHBBMERISCLS2bDEELbN, RRCHAEKED
BHEPRALEZA, THREGERIEL4OBEGERY T a0 — RS HEE S hiz,
ZDZEMS, TRMNTITAMPREOBFBENEETFAMED O, BE > ORM T

LWEBEE L TSEROFHFANBFEND,







9122 Na*, K1 F (& 3% LW BIRMEZEDRRE
EH & RRIFERT)

O D BEY

Haik, EZEBECEbo T, BECPELVHAENREREYHIHRZITVEE
OB Bacillus subtilis % ZDERME L THEET DI LB L TS (1. 2) .
ZOEET. ZOEDOEETFORTB LUVEGFRECREVWTTIAI FORERRE
FhEreBEEED, I TKMONTVWAIAERYEAL LXREGRMET bz
Wi, K. Nat 2 VRS L OEEFEAFEOMEMELITo>TER (83, 4) ., 2O
EHHZISISETETE A, T OREHRIRGBENSERU L2251, B O &g
m&%gﬁmmﬁﬁwﬁ%ﬁéhko&h:@ﬁ&ﬁ&%%%&@#tmﬁxw:XA
COWTETHATH S,

M A S BEFEEAL L) ETHEORERRE (VYT Y M) &
OMIEREE (FOrTSAMNE) OELLh AV, DLQOFHERZ LT NI
OMERIFN., FLEASNIEETFORE S, BEAEIDOTE- (B>
FWSTAHRELTH o T, BEQOHERETHRELEMLTBINTIAMEYS
KR L2, MaREER Y s Ly ya—- (PEG) OFETTEME
CHEPRMA X EE, TO%, BEEHE VI ED THEMEZER T3 ~4 B2 TElE
FOA- HE%ERT 5.

o NERL RS TOORERERED A D =X LT, Nat, KPAEAL TEET
PREAENDEVIEETH>TORER, ZOBRERT - 2HEBETHICR>TLLA
QDA CIEVEE X EARBVE VI BARERAPAL LKL > TE e, &
DEHEFLEADI=ALDOHERITIZERZBNE L I,

Ol. MEFHE
1.1 ZBIECTHVEEKRBL T TS A3 NE Table 1 KR T,
1.2 SEHbiE AR
LIt RU~7 v 10g, BEBz*A25g, NaCl 5g. 2&REK
1Yy bV (pH=T7. 2) KEML Iz,
LEXREH: LEHCLI S gDEXRZHEML I,
LC¥yg : L 100nM CaCl, ZEML 7z,
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SpizizenDH /W #EH ¢ (5) DWIEEMEL THWIZ,
INOLOEMCHBEEZIGCLTCZ7IVEE (50pueg/ml1) WML 2,
MEWEI/I I L7223 -0L (Cm) BE5ug/ ml DOBEETEEICEN
L7,
1.3 75 A3 FDNADKRHE B & O eE5
B. subtilis 5075 A3 NOBEEIE 7 A BV HHE (8) itoizh, UV F—
LOEE® 5 mg/mliz ., solution | @ ZLa—x%xrm—2x (25% (I/V)) WEZT
TTolko 75 2AI FOREREX 7L VD%, CsCl-EtBrEi 2 & 5 Bl O 4 B i
WL DiTo ke,
1.4 MEEORERE Y bn ik
BEEOQLBREGERER., 711 SBRC L IMEBOREEGERE (3) ¥ B
subtilis MI113 €72 A3 FpC1lO942AVWTHREITDHZIEWEIDERKL 2, Lig
HT3TC, —BIFSIEEL LEEEY 1 %5 L OLEHICHEEL 2. SREREEEL
o 0. 4m 1 OEEEE L. 5m1BERY 7OV L VEIMEELF 2 -7 B L. 10,
000 x g. 2HMELEE L. 41 0mMOKC1lABZE I mlKEEL., 30°C.
A5HHMEL Iz, BHEBB®RSOu 1 #7523 FDNA (5u lUTF) LB,
TO%KRVzFLYFYa—-L (PEG) 6000KkE®R®S50 LMLz, 1ml
DL CEBZBMEEO)BER T/, WML 2EAES ImlOLEHRCHEEBEL 37C
T2REMBEEEL . BEEFRBLTo tENEDE» S LEREHICEEL 2,
1.5 il EiE o filE
KC1#E®FToMIEDEEIE Mk SvarachornZ (7) CHWB50nmTOBEED
WHOEREEELT30OCKTHEL 2,
1.6 MRl & % ok H
REHROKREE., B hBEFY -2 -2 AF T3 2BEOEGEYRA%. TEkE
BRECELTCKCIMBERSLVPEGREY T L&, WFhOEE L EET X
WEREPEH W BRT AEC L DTk,
LT zofho ik
7HA0 =27 VEKkE) L SanbrookZ D HiE (8) K& - 7,

O2. MEHR
2.1 WEE O R E T E o i ik o B SR
MEMELEETIHEHCOEATELZ7 LIV SBEC L 2R EERE (3) .
DTolO0BE»5k%, (DMROLE. (DMEOKE. (iID7AIVEEDF4
YRE, (V)77 AIFDNADOEM. W75 A3 ReEEOEM. (Vi)PE GO,
(Vi) BSOCTOPEGAE, (viii)42CTOHMLE, (i) PEGOERB L 0k,
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(x)BEEFRER, A7y 7()~GDETEITIDCE~BRFELEET DD, BIFD
B LEITOEMOEEERAD ELDEHREBEILEITo 2. £7 . EL - EHERELE
T 5HR) 7oLV VEOMEELF 2 -T2 TS5 ARBRBECEDVRAL 2, ¥
ATy 7 ()OEEBLIC (V). (vii), (viii) ORFEIZ AL COLREGRDRICEE
PRISERVWI EATHRMBRFTOBEZCEOTHHELE, MTOREILERIEZ 0LH
TRBOTIT- 2,
2.2 HBEM ORE
2.2.1 KC1BE
TR AFAYDOHRIBWTK ECsT R ftidLi*, Na*y Rb* & Db L DR
REERFELZE L, KC1lECsClOREGRMIRAREETHHZ o b, itk
EREMEZERECONTKC I C LI HBILRFELZITo k. HADORERIETER K410
M KClesuwtEsnizFig. 1),
2.2.2 KC 1 MR
KCIABERHMCOWTKRFN 2T hEZA45 5 TRIZEENHCREEGRE
WML 72 (Fig. 2)o 77 AIRpC 194 BFEMLBEWEREHRRELEL RV &,
FlEL nERWEE» SREHRREAVWEPCLI4 LRALYFERXHFTHT I A3
FARERENDZ ERMNEERALLE (F-357-8F) ., KC1AHEAP1550EAT
DNALlpgdk W HEOREGRENEL TVWE I LR, FEOHEMREPELT 254
MIBRE AR TOREGREFEZEL D E2ERL T3 LDEKEN,
2.2.3 HEE
BEEY*EFFOBEL 1ELTO. 1»510FTELEREEZAS, HEE
0. SBRBVTIHmADEGIRYMERAE LNz (Fig. 3)e ZOWELTTLUETD
SHRAFEZWETL 72,
2.2.4 A FAYVDEE
MgClod 2 WidCaCloa 2 PEGHFRMOFWEHEML 2 & 25, REGBRHKRLY
10fEEHLE (9) . LALIhSLZfMhF AV 2 PEGHEMERICINZ S EHICTE
EnfrBEZCHET A2 RO h i (Table 2), ZORFEODVWTRECHEES
DOEMILEBEEL TRICEET 5,
2.3 BECHAEBEZRXEKOEEER
COREBEBEREIT VIV EBECKEL Twd, —FH., 7LIVEBERIIHE
HOEHCHEEBRMEELE D2 ZERAOATNS (7, 10) . 22 T7LH V%
BRCIIREGREL HECEEBEZROEEL L OBBFEEDVWTHRNS HE., HEE
EERXEKEF J 2 (N-acetylmuramyl-L-alanin amidase, endo- 8-N-acetylglucosam
inidasefiB R HEE) (1 1) Z#HHETH DMarburg 168K ER—DEFETRBWTE
B iTole, TOMER Table 3 KA THREXEEZOBEIHRCKD TH » 1,
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1 B8P RI(EEAGRE N DL, FI2HTREREGRENES hi
Mmole, TDIZEDL, TAIVEBA AV IIBEBREE VT, BCAEESRN
EERRETRELLCWHRZ ENTE R,

2.4 BCAEEE LR ERIRAREDOMF

ECAEBREEEREGREORREFAND )., REGREF TR 288
BS50nmOBEDOHMCLIDPEL Iz, BEGROFHETTE O THEEL LML O
Bz 4100mM, 410mM, 103mMD &K C 1 kB KB LIBE 2 ERHCHANL (9) ,
ZOFER Fig. 4-1 G THE. BEZ4IMMOBFCEDL L (I D KW T41000M, 1
BnMDIETH > e LA L, BEKCEFLZHREBEL LBEAREEHAEOTLIRBER
higtrofle (F-2mREY) ., REGRYR L EHEHOBFRE Fig. 4-2 WRT L35,
EEMAEZ DR T WVIEE (410mM>4100mM>103mM) £ B A D Ix {2 ) (410mM<4100mM<1
03mM) | FEEEHRSIRIEE < 72D (410mM>4100mM>103mM) & & ASHIBA LA EIENE LR E
GRDEORERENZORBRE» L LR E hiz, 4100 B 3K C 1 QMR IE 4 5 4
DBEETH D Fig. 2)H, ZORBE. BIEBRERGHELTIERNTH S Z Ehbh
% (Fig.4-1),

FRKCl 2REKTEE LEMICHEMRL 2 2 A2 REGREBIZE Lo iz
(F=2m&d),

2.5 L DE~ D Jis

TANVEEA AV E ACHEEBEROEMEL S L O EGREE D=2 Bk BEEA
HOTENTENT, FLECHERREMES MR CLE LD RIS E BN HFET
DEZXLNTVD, Lizho THRE hi @R E ik A% o @ b &G
RETHDEEZ LN LOBF 2ITole, ZORERTF NUINEWBEEES B sub-
tilis NB22. RB14, UB24. YB8 WRWTCHERAFHEETH >z, T B pumilus W20. B.
megateruim 216 (A) E VWS FER R T HEEC L ERATEETH 21z, Lh LIFAMEMAET
&% Bacillus stearothermophilus CU21 % Bacillus brevis NAGANO W& % T IdiE 4
M 21T - R REGIRGRES R h o 12,

2.6 #HRE AL A B ok

TIJBRERMEDRL D B subtilis MI113 (arg™ trp™) B L OB subtilis MI115
(let)z ZhZhiEE%. BARETKC I AE*TWPEGULEY T2, MI113i
B77AIFpClO4%.FHEALTHE, MAEMEMEDO L TORMBEHOENT D
BRSLIKCL TRV, BEFRAOKCERDKCHBL., BoEMm (M) cof o
Y (L) BEUOCm: EHFTHIMLCmMT L — NCBEL 2, 21 Table 4 Wind &
S WHMITI3(pC194) PHILISEI DI o 0= — REShiznh, MEEY BEEEbe TP
EGREL L&, MIISO7 IV BBRMEL /OS5 L7z =0 - AfittEs o kan
SRR L, ZZTELhkan=—%, MCm7V— b CLT YU D Li, 2Dk
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B OREAHEALT7TIVBERERE L EvIn= —RAE LN (Table 5), TOER
WHECT I VBBERESTOVTWVRIZ &S, MEAMERELTWEZ ERATRE N,
FhihbofdEt ECHEMRELMEEOFICE, 0. 02ppmD7AF=Y
EEWICHEMT HETTEZOHEEREL (ASEhd eIt Ee{ EnstEY
FTH5b0bEERTOR, FILOVMEYOHEEFREEFELTLE%RHIEETH 5,

O3, Ex

FHRECBNTTAVD ) SBREGREOBHEL L OREILEIToLEZ A, £HED
LEGFRBEADIETOREAIOLL5 0QLUNETEDS b BER &N TK
B EMEE iz,

EEGROA DAL L CECHEREEBEROEEAU TR EHALEZ b
oo (DEEGBLABEEEDL —MHF 4> (K, Nat, Cs*. Rb*, Li*) WL FHE R
nd. (IDRFF, EFFEREDORBREFET CTRERXZED >hizw (12, 13),
FleLEtrTKC I AEERT> TOREGREZE Czv, (i) AEEER S BERE
PFRLEELAEY (10, 14) ., FLIOBHPHUEREGHRHRLELL RS, (iv)
KClHPBREEEARLBEVE &0, BERRMHEKRLZE KR Loz (Figs. 4-1,4-2),
VAEEBREZRE—@AFA VORBECLIDZLWHELRZYS (7. 10) ., ¥ =EEE
MIMRLKC 1 ORERFELEZ T L, VODBREBRZEXEKRF J 2 RFREGRETE
BT b o7z (Table 2), (Vi) DAY Y AR T 2D LD ZEhF 4 v
PPEGHFFEPICEHMT 2 LIREGBRFIRN L OB ML 22, PEGAEER I
BMLESERELVWREGROMEERS &R I L iz (Table 2) , MEEBEN THABEIEMEN
FlERIENEETL., ThOTMAF 4+ VIRABCEREYEILET 5325 (7) . ff
I EEESEEZHET A2 L EIDMIBOREEZHC O CREGIRGRNERT 2
bDEEXOLND, MEDZ EPLFEEGRBGECAEEROEELL EECEEFEL
TWwdEELLND,

FREEBRDADI=ZALELTE., ZrHY) 054y (PIzIEKY) WL EEILLEhE
BECEEBRC L VMIRE LB E O K4EC, PEGRAER LD Z /M
PBLTCT5AIFNDNAOHMYAZARZI ), BEFERRAPCHBEEDEBELITLA
SUDREGRERELDEELLND, o THEEYRLEBRETSITOLT S A
MNECUWRBOVBEEHABEHILE L LD, BAINCEPEGOERICL 3/
MERRI>TwdEeELLND, RE, BERD2EGEFI-I-—2ETH 28K 2AE
FETTRIGLEZEZATTODVWTNOEKELEGLIRAR S RTan = -2 HEL
ZEPLMAMERARI > TV2bDEELLNE, 7B NS AMRERTII LR
CHIfEREHRAELN D EThET e VTS A MLEZFOEEAKFEE ., EEFERR
HAOHEBER L TCZIOAENERATEDZ k), EREERALERIGTH D EE X

—-181-


SSRF020
スタンプ


5hd,

COT7NVAVEBECLOIREREGIRELBELOBEKFABALLEZ A, A F 2
VHEEM B subtilis ®ffi. B pumilus W20 % B. megaterium 216(A) WHBWTDHIE
HiREhBohiz, . Tho 75 L0GHMEORZLT S 7 LBEMETH 2K
FZB Escherichia coli WHBWTOBEMAFMAETH S LWL XFIEHEAL T0D (15) .
B> T, FREBREZELZVCEECEATEZ 2REGRETHDILEEELLND,

Oftim & 1% DEE

1. ZVHhVEBAA VR LHREGRRFEORHR - RELER>LEZ A, 304712
ETREMT IOHERBE L TRL > E bR EEGRREORMIETHIIL iz,

2. BEMAVSHh DMarburgikDfth, MAEWELEEE LMD Baci/ lusBAEIC DA EHA
HHEETHDHZ ERARENTE,

3. REBBRDOAN=ILELT, HOBODHCHREBERZOESEILNECESEL TV
TN, BCHRHEEBRXEROREGRPCPKC I KBARTEBI I BHEELEORNEZD
T—ahbRENhiz,

4. BCARBROERHILC LD 7O b TS A MR OWHABEAREZ s> T3 2
EREZLbN, B 2BEFI -0 —2EOZHEOEKEPAEL L I AERCHE
HoOMERY "I an= - HELhE, ZOFKERE. FILOMEEEO E»S LIEE
CEBETHDI EELLND,

SREIIOTEFTIA MeERieOIBlRMEEORBELEITV. AN =X LD L0
MRt E RCTB A DFAMEN~OBEBA L AR, FLOMEDERBOHE L L T
THIEDBSEOBRETH D,

O35 Ak
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Table 1. Bacterial strains and plasmid'used.

Characteristics

B. subtilis MI113 arg-15 trpC2 hsmM hsrM

MI115 leuC7 reck4

168 trpC2

FJ2 trpC2 lyt

NB22 Iturin®

RB14 [turin®

UB24 [turin*

YB8 [turin*
B. pumilus W20 ade
B. megaterium 216 (A) Sm*
B. stearothermophilus CU21 Sm*
B. brevis NAGANO Gramicidin S*
Plasmid

pC194 Cm*
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Table 2. Effect of divalent cations on transformation.

Added cations Time added Number of transformants

(transformants/ml)

MgCl, Before PEG treatment 40
(100 mM) After PEG treatment 6,130
CaCi, Before PEG treatment 0
(100 mM) After PEG treatment 10, 800
None 860

Table 3. Transformation of B. subtilis FJ2 deficient in

autolytic enzymes,

B subtilis 168 B. subtilis FJ2

(parental strain)  (mutant of 168)

ODseo at the end 0.43 0.65

of main culture

Number of transformants 2,200 0
{cells/ml)
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Table 4. Effect of the transformation treatment on the

cultures mixed

Volume of culture mixed Number of colonies appeared
(1) on the MLCm plates
PEG dilution with
MI113(pC194) - MI115

L medium LC medium
0 - 800 0 0
400 - 0 0 0
20 - 760 675 586
100 - 600 115 29
200 - 400 19 21

Table 5. Prototrophic growth of the colonies appeared on the
MLCm plates described in Table 4.

Mixed ratio Number of colonies Growth on the

tested MCm plates

growth no-growth

20 - 760 50 5 45
100 - 600 32 7 25
200 - 400 18 3 15
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Fig. 2. Effect of incubation time in KCI solution on transformation.
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A new rapid and micro cell fusion method by alkali metal ions

like K* and Na*

MAKOTO SHODA AND TAKASHI ANO
Research Laboratory of Resources Utilization

Tokyo Institute of Technology

Summary

Since no transformation occurred by two conventional methods to a newly-
isolated Bacillus subtilis which shows a broad suppressive spectrum to phyto-
pathogens, we have developed a new transformation method by using alkali metal
ions like K* and Na*. We have simplified the procedure of this method and
also analysed the mechanism of this new method.

The transformation treatment is briefly described as follows. 0.33 ml cul-
ture of B. subtilis grown in fresh L medium was transferred into polypropylene
tube, pelleted by centrifugation and resuspended in Iml of 410 mM KCI solution.
An aliquot of this suspension (50 x 1) was mixed with plasmid DNA (less than
©1), and then 50 w1 of 70% PEG solution was added to this mixture. After PEG
solution was diluted by the addition of 1 ml of LC medium, the cells were pel-
leted, resuspended in L medium and kept statically for 2h at 37°C for the ex-
pression, followed by being spread onto plates containing the antibiotic. Au-
tolysis of whole cells in KCI solutions at 30°C was measured by monitouring
the turbidity at 650 nm. Cell fusants were selected on the plates on which
neither of the strains could grow because of their different genetic markers.

Simple and quick method for transformation of B. subtilis by plasmid DNA
was developed. About 30 min was enough to complete the all steps before gene
expression stage and several thousands of transformants were obtained from one
ug of plamid DNA. The activation of autolysin(s) of the cells was strongly
suggested to be involved in the mechanisms of this transformation.  Colonies
which expressed the completely different phenotype from that of parental st-
rains were obtained at high frequency by this method, and cell fusions without
protoplasting were considered to be the possible mechanism for this transfor-
mation. Applicatiuon of this new rapid and micro method to the industrially

useful microorganisms will be promising.
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