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new shuttle-vectors for E. coli & B. subtilis using cloned fragments
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ABSTRACT: The replication region of the chloramphenical resistance plasmid pSBK203 of Staphylo-
coccus aureus was cloned using pBR322 and pBD9 as vectors.

Cloned replication region and chloramphenicol resistance gene were recombined to pBR322. The re-
constructed vector behaved as a shuttle vector for E. coli and B. subtilis.
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+ shuttle vector7} sFgo{& 2wl =3} Primrose
% (1981)2 olul] ubgoi#] shuttle vectors AR&
sted B, subtilis el A plasmid 24 7H4] 7%
o) ]_\_ H o

P

{ori) 7} AAE A2 plasmidE ¥
glsholan o] & 2Bl d o Fe fald = o
+ plasmid®] BA A 7SS b= 29l
cloningg #18F =72 A8t (Niaudet 5,
1979).

Plasmid %A 755 2= DNA A#e] 3lal
% cloningel 3 dFE
Frlac?} R6-5% th4te 2 & Timmis 5 (1975)¢]
A9} B. subtilis plasmidel pC194, pE 194
{Horinouchi &, 1982) Aol =23} plasmid &
A A4 E2le] cloning ol Urh. E. coli
plasmidql pSC1014+e] B-Al 7|1] l=}E Z3hs)
= Hpall B35 pC1944+e] Hpa 1l w4 sdat
of AYgAA ate M= DNAZE E. coli el A
ab A 7bsdte 2doe g pCloaaky] Hpall
ARl pC194e] EA 7hA1e} AAAq]l Qolo] &
ZHE’% oAFP 1 w3 pC1942] Hpa 11 vl A
E194¢] - Taq I A& AIA1A B, subtilis
Zﬂ 753k 23 plasmidE =HEo 24

dol FAl A} 5215 A s,
—‘3: |414= Byeon 5 (1985)ol 2j3}ed S,

E. coli plasmid<l
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Table 1. Bacterial strains and plasmids
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aureusol A1 K= OHLM CmA g4 =5 7kl
plasmid pSBK203(3.7 kb)& thato 2 3}of
plasmid &4 70A] £-215 cloningslgdor] o}
7P olF o|8% E. coli W B, subtilisHoll4] =

i 54 7153 shuttle vectore] 4% 4| 5.8}

.
HE 2wy

52} plasmid

Adlo| AHE-E F5F 9 plasmidEe
Eht vle} Zhr,

Hetga o Al

ZHZT“ DNA 743} o] &2 2hel& 238l Algta

4. T-4 DNA ligase 52 New England Bio.
Labs, oAl -5)3}eq *F%OB;\J- calf intestinal
alkaline phosphatase (CIP)+ Phamacia Molec-
boicl, DNA +
AJekz} gy Al,

=~ Table 1o 1}

Lo_<_>_
)

ular Biology Divisionell#4 1935}
zlob A v 2}ZQollo ARG 5]
lysozyme, RNase - Sigma Chemical Co,
(st. Lewis, Mo, USA)ollA, six]o] 223} 4]
°F-2 Difco Laboratories(Detroit,

USA)ell4 Felsted Akgsis

Michigan

Strain or plasmid

Relevant genotype or phenotype

Reference or sourse

S. aureus D-H-1
B. subtilis BD170
E. coli HB101

thr trp

proA2 galK2
Plasmids
pBD9 Km-r Em-r
pBR322 Tc-r Apr
pSBK203 Cm-r
pBK41 Em-r Apr
pBK424 Em-r Apr
pHW27 Cm-r Apr
pHW33 Cm-r Apr
pHW20 Tcr Cmr
pHW21 Tecr Cmer Apr
pHW23 Cm-r Apr
pHW25 Cm-r

Cm-r Em—r Km-r Ter Apr

F-minus recA13 aral4

Byeon ef g/ (1985)
B. Weisblum
G. Cooper

Byeon et gi. (1985)
present study
present study
present stuyy
present study
Kwon et al. (1986)
present study
present study
present study
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i X

B Aol ARl WA E, colis A3 LB
=) (bacto-tryptone 10g, yeast-extract bg,
NaCl 10g, pH=7.6, distilled water 10)¢ S,
¥l 2] (bact-
o-tryptone 5g, veast-extract bg, 10% K,
HPO, 10m{, 50% glucose 4m/, distilled
water 10)7} AH&5]9ov] 223 plasmid & &
9k plasmide] F41e1z Alwoell A-8-5 ampicil-
lin(Am; 30 xg/ ml), tetracycline{Tc; 30
ng/mi), kanamycin(Km ; 20 pg/ml), chlor-

aureus, B. subtilis®: 3 staph

amphenicol (Cm ; 20 xg/ m{), erythromycin
(Em; 20 pg/ ml)-& H24] LBuIA % staph
s zlell A7lslo A-E-etdc,

Agarose gel H7I9E % DNA ©Hel =&

1%~1.5%7} 5|55 agarose(Sigma, typel)
£ Tris-acetate $F&golof] =o| Et-Brg 2F
F57F 0.5 ug/ mi=A A7k & gele %
on} A7|%9E% 0,5pg/ mi] F=2 Et-Brol
285 Tris-acetate $h&E&NollA 100VE 1~2
17F Fob A Agta4 Hale] Ak
=29 ADNA % pBR 3225 27 Hind 111, Hinfl
o2 Arlsle] A3t Agarose gelZ FH
DNA xlseo] %% 2 International Biotech-
nologies, INC& % & 2 3 analytical
electroeluters AHE3lo] AlAjslolow
2 A z3|abe] ubiol whitet,

Plasmid®] 2| % HH|

Plasmid ¢ £ 2 ¥ Guerry %(1973)9]
SDS-NaCl #ell 23 Et-Br CsCl 2441+#
sl 7l Maniatis 5 (1982)ell &8k alkaline-lysis
methodol a4 B2 FAetsdem Rodriguez &
(1983) 2] whol ulel 260 nmeliAl DNA F3%
Z Z#5lo] DNA =5 ZAsAY,

B. subtilis % E. colie] HETE

B. subtilis®] 84A3L competent cellg °]
2%k Dubnau 5 (1971)9] vz} A¥FAA A LE
0]23l Chang and Cohen(1979)2} whH-S, E,
coli AAZTL Norgard 5 (1978) 2] uhg AHE
shodct,

gt ciEt =24 A 5l5 5 (minimal inhibitory
concentration, MIC)2| &F

>
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A7) FHkel o dEelE 100-20040 3] 4
F wsE PAAE AT A2 HAEAle
HEslod 37°Col A 18417k Fok AA] wiksted ot

ol zejz| v Hared FHiAddsre 23

z2 #

pSBK 203 A0l 2| XIEl= plasmid SH JHA]
H2l9| cloning

1) pHW 27 % pHW 339] +4]

S. auwreus® ¥ Feisle] B, subtilis HE
HAHZ, §x4712 & pSBK 203(Kwon ¥,
1986) Aboll EA5HE plasmid EA] 4] 45
cloning 371 $%ted pSBK 203¢] 7zt FAlQlxk
ol Cm AFAE EZAAINA U+ HindIl(2,72
kb, 0.63kb, 0.35kb)ES 7] 18] DNA wug
o} 0.5units® HindIlIE 10%, 208, 3087 %
$A17 BE slgREd & E, coli #HHARI
pBR 322¢9] Hind Il =hdAHel Abglated F7H9
AZ3 plasmid pHW 273 pHW33& <%
(Fig, 1), o|# <defzl A z3 plasmid®s pHW 27
2 B, subtilis oA #et obe} E. coli Hell A
. B} slselg ey pHW 33 E. coli Yol
At BA7} 7b58kn pSBK 20322 -8 el
3 pHW27 o pHW 334kl Cm A A olxl=
B. subtilis®t E. coli 254 wdsigo
pBR322% ¥ fest pHW 27 % pHW 334+
Ap A& dA}e E, coliellAlnt W& sigict,
w3l olo]Al A.23% plasmid pHW 273} pHW 33
o] pSBK 2039 Hindlll AH F ofx= AL T3
S QYEAE dolrr] Asted Zzte] FAAS
A2 FE H2ld plasmid DNAS HindlllE A
t13l & pBR 322 Hindlll skl dsd = pSBK 203
Hindll A¥iz} wlasiolct, ofw] pHW27<
pSBK 2039] 2.72kb A:3 0,35kb He| &
A A Az Akjlslel dier pHW 332
pSBK 203¢] 2, 72kb Hind 1l A gt Absls]e] 9k
et (Fig. 2).

2) pBK 4249 74

Primrose 5 (1981)3 Niaudet % (1979)¢] =
We thi 448 oz =7 plasmid pBK
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Fig. 1. Construction of recombinant plasmids pHW27 and pHW33 from E. coli plasmid pBR322 and S. aureus plasmid

pSBK203.
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Fig. 2. Restriction endonuclease analysis of pHW27 (A)
and pHW33 (B).

41 FASETH(Fig.3), § E. coli 1A
plasmidél pBR322% Clals} BamHIe 2 Hulgh
& o7lel B, subtilis +3H plasmidel pBD 9

249 EmAEGEA ozt 23S E Cllny
BamHI° 2 H=hslo] pBR3224F] Tc #3H4 <l
2 Aol ARgletedet, olgA ukeelAl pBK 4l
& E. coliHell A=t £A4)7} 7153 Apoll gk
AGPAers Al 4 vt 22t pBD 9llA
fel=lo] pBK 41422 cloning® Em =84 ol
A7} B Aol AHE E. coli HB101 Wl 4]
d&sl=a9 o E. coli HB101 A7} 2+
< ¥lad 75 Emell oid A3 wlgol) gl
+7b i, weld oluf wbgoiA Az
plasmid pBK 41¢] pBD 9o 2 Y& £aigt Em=|
FAJAAE e Clal B BamH] A 235
I Y=g o F-E vle)r] 93t pBK41S %
AT FAHIAHF Asted Maniatis 5 (1982)0f]
9)%l alkaline-lysis-methodel 2J8le] plasmid®
22 AAZ & Clalst BamHIo2 %4 Azhsl
of gelsiaict(Fig. 4, A). & o7]4 oA A
2% plasmid pBK 4145 Fig. 30ll4] 2= uje} 7
o] BamHIo = ®tdA4HE sHE 3 o 7o) pSBK
203 Mbo 1 ¥d7b-23) H3S T-4 DNA Hga
422 HPA17] F Emel 10 #g/ ml 3719 staph
DA AN B, subtiliss BRAZAH, o)
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BamHI
|

pBD9
((8.2kb)

ol
Em’ ﬁ ;N
pBK424
(7.5kby

A" BK41
(5.75Kkb)

Mbol

potential fragment
of G+ replication
origin

only replicate Mbol

in E. col replicate in E. coli and B. subtilis

Fig. 3. Construction of recombinant plasmids pBK41 and pBK424 from E. coli plasmid pBR322, B. subtilis plasmid
pBDY, and S. aureus plasmid pSBK203.
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FIErE : + s
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Fig, 13} Fig. 391 Zzle] ¢spd pSBK 203¢)

122 BA] A B9 Hindlll 39 5 0,35kb A
 a1s 2:19517, Ulol] &a8t sb54do] 9lem g agarose gel A7
942 §§§/ GEE F olzel siushs band® Fehulol
437 :.'g / electroeluterg AH&3ke] %3 3 23t 7o)
232 ggg/ EA A Asel EAelRs wgsin &,
056 8:236/ Fig. 39 pBK41& 74 wie} AR ubig A}

&34, B, subtilisHoll Al W& 3d= pSBK 203
Aol Cm A& &A% Rep 122 (Kwon 5,

A " - 1986) Aukslod E. coli $1H plasmide! pBR

(] z2]eFA1L. Bl i]g] = o]AlH. o
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v, pBR322 =zl Te A4} E. colish B.
uf A Ashe @AM A S AWsle] plasmidE ¥ subtilis ¥% 2504 W 713l Cm A4 9l

2]3F A2 pBK 41 BamHI ¢lA5-2le] pSBK 203 zg FAloll Zhe A =2F plasmid pHW 208 -+
2] 1.85kb, 1.6kh, 0.25kb Mbol HH (Kwon A3t (Fig,5). M=& plasmid pHW 202
%, 1986)% 1.85kb Agie] ARglsle] glglowr ghokAdt plasmidel pSBK 20322 R faizt
(Fig. 4, B), o] =¥ plasmid pBK424w= B,  Cm A& Qlabs La8l 22 B, coli Well A=l
subtilis ol A Wb ofe}l E. coliHellAE % BAE 4 Qlov g olf o]gsle] aatefldal
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v
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Fig. 5. Construction scheme and agarose gel electrophoresis profiles of restriction endonuclease digests of pHW20

and pHW25.

fo

B, subtilis Hell o] B4l 7|4 F2]¢] cloning
Al=stelel, pHW 208 Hind 12 w9 A&
T & o710l electroelutersd A-&sle] Ha] 23
3t pSBK 2039 Hind Il A#%F 0,35 kb AA
AL o2 T-4 DNA Hasx2 Hzhs Az},
oluf lofxl #§z3F plasmidE pHW 252} =i
st o (Fig, 5), ©) AMxF plasmid pHW 25%
E. coliellA 5AI7L 7ha3lds #®ak ohje}
B. subtilis ol M =88 sy, =3 B,
subtilis ol 5. B-A 7} 7b53F A 2E plasmid
pHW 25 ol pSBK 20322 H-E H-a38k 0,35 kb
Hindlll A3o| EATHER2] of 5 2qlalr] 9
slo pHW 250l ©j3F A dsAz Fg Feigh
plasmids HindllIZ Arlslod pSBK 203 Hind 111
A#dxt wlawsiolc} (Fig, 5), %%, pHW20&

rulo m{)i Lo

AAeke wbd et FAR8E Wi e 2 pBR 3229 Ap #
w4 2zt W Te 24 Qlxls- B34 )7)%] ok
55 PonllE At & of7]e] pSBK 2039

Cm A4 <lahg ARIAA pHW21E 743}
, TR o37]ell pHW 258 F43 w9} Sols}7

=

pSBKzo:u 0.35kb Hind I A1 4ke14]7
pHW 23& 748t (Fig. 6),

AZEER plasmidel EXE w9 HEMEH
tHollMe] obEA

N3 plasmid7t STAZS HAAD (]9
HlE <= Table 20 vfebt leb, Guerry 5 (1973)
o] el ol CsCl 2AlReldioz DNAZ
+elsled  Rodriguez 5(1983)2] 9ol wlz}

DNA 5% 74#3t3 Dubnau 5(1971)el 23}

of A4l competent cell WHer £Zqze
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pHW21 +Hind IIT+Bgl I
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pHW23
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pBR322
pHW21

) Hind III
Hind IIT potential fragment
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origin

pHW23
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in E. coli Bgl II
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A 4
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B

replicate in E. coli
and B. subtilis

gl 11

Fig. 6. Construction scheme and agarose gel electrophoresis profiles of restriction endonuclease digests of pHW21

and pHW23.

Table 2. The frequency of E. coli and B. sublilis trans-
formation by various recombinant plasmids

Frequency of transformation
per ug of DNA

Plasmid E. coli B. subtilis
pBR322 1.6 x10 -
pEL94 — 5.4 X10
pBK41 2.5x10 —
pBK424 1.4x10 2.4 %10
pHW27 1.4%10 24 x10
pHW33 1.3x10 -
pHW23 1.3x10 2.0x10
pHW25 2.0x10 2.4x10

&z
o o

vla kel glste] W22 B, sublzlzs

pE 194 (Horiuouchi &, 1982) %, E. coli%]
+ pBR322-% A7t 4ol A ARt Az
A GA Hol| 49 MEF plasmide] oA
ZAFel7| flsted aRA3A7F Hobsl=] o8 LB

|zl ZH7ke] =) =%} plasmidE 7FA AlES
S5041eH o wiok F Zh7tel A= plasmidz}t %
= A =g ZAlelztel] el shalA )
Hobgl AR Ao 2 §A 7h Aol el
z gk el whe of 2 plasmide] QtAAL =Ale}
2i+l pBK 424 (80%)—"’— Alelgh vioja] & Ay
= pE 194} pBR 3229} 43l A
veblch(=k8 5

1—— o 0

23} plasmids
wol opnga (95(/~100°0)“—€

A A EHA & 25%k-3),

MEE plasmid?t e
o] micit &3
Tube Dilution Test Method(Malke and Holm,

x| g ZAAx}
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Table 3. Minimal inhibitory concentrations (MICs) of an-
tibiotics against host strains and the recombi-
nant plasmids habouring strains

MICs (in zg/m)
Sirain and plasmid Ap Te Em Cm
E. coli HB101 <5 <5 <5 <1
B. subtilis BD170 <5 <5 <5 <5
Plasmids

pBK41 >400  —  >400 —

pBK424 >400 —  >400 —

pHW27 >400 - - 100
pHW33 >400  — - 100
pHW20 —  >400 -~ 100
pHW21 >400 >400 — 100
pHW23 >400 - - 100
pHW25 - - - 100

1981)ll <3 E., coli % B. subtilis o212 =)
Z3} plasmid®] d-8Alol gk MIC 22 Table 3
er 2o}, EFRE A2 plasmidE 27 g
. colisy B, subtiliss *Hg-slolon
£p, Te, Em, Cmoll dldled 5 pg/

Soll A= A xjelx] ekgieh, b,
E. colizt /va‘E A z¥ plasmid 49 Cm #§H4
AAH100 pg/ mi)E Aoigk ejx) Mard Ql=t
o] E. coli B B. subtilis o412l MIC 3H& =
400 pg/ mi o|4kel g el

o &
Primrose (1981)+ pC 194-pBR 322 shuttle
vectors B, subtilisol4] HAl 7)o AAEH
HZE plasmids ¥2|8tg03 Niaudet % (1979)

& o] & olgsted B. subtilis plasmid]] cryptic
plasmd pHV 400¢] 54} 7|4 #-9E cloning 3}
deb, B = o5 wlS i A5l
pSBK 2034+9] plasmid A4 A4 235 A3}

gt pSBK2034¢] Cm A4 <x:= B,
subtilis ¥at obel E, coli oAl = Htgo] 7}
Fok2= (Kwon %, 1986) E. coli plasmide!

pBR322%
4 <Apate] 23ds

vector= 5}04 pSBK 20349 Cm A
£ pHW 202 pHW 212

ort gene of S. aureus plasmid pSBK203 269
TAsE 2, 58 pBR3224 o B. subfilis

asmidol pBDgAl_O,] Em 34 9lzjlulo) A1
pBK41& FAFAdct, o &
plasmid pHW 20, pHW 21, pBK41-& =% £
coli Mol Aat EA17} 7bssbe, w8t B, subtilis

B CES

ol Al BA7} 758 74 a3 & ol Ay
QA& A dksli g 4‘1 o & A=
plasmidE-2 Primrose 5o H2ld B, subtilis

Hell A A4 715 244 plasmldcd pHW 329} =
dg 7155 Zsr plasmidelt}, ol F pBK4l
Aol pSBK203 Mbo 1 Ha5g AFlsiedg o
bl Msp 1(0%) <149l 2l

pSBK 203 4 =

899%~43% Woll 2xlsks Mbo 1 ZHaie] 4balx]
AN z3 plasmidatel B, subtilis Holl 4 2415 3}
olord pBDOo i Bl & Em g4 QlapE ub

YA ZcH(Fig, 7, Table 4), olulle] Mbo] Hsie
pSBK 2034kl 4 0,35kb @ 2.75kb Hind Il &
Hillel EA5la = o] Aadulol] pSBK 2039 Cm
Al qlzbsl £3kEle] 9lemg pSBK 2039
Hindlll 2435 24 pBR322 Hind1l] chdA

pHW23/
pHW25

pHW33

pBK424
\ 100/0

pHW27

pSBK203
(3.7kb)

Fig. 7. Identification of seplication ability region in
pPSBK203. The region of between Mbol site
(89%) and Hindlll site (97 %) is capable of repli-
cation initiation of pSBK203. In each recombin-
ant plasmid indicated part of pSBK203 is in-
serted.
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Table 4. Replication ability and expression of resis-
tance determinants of various plasmids in E.
coli and Bactllus subtilis

Plasmid Size Replication in Phenotype in
(kb) B.sub. E.coli B.sub. E. coli

pBK41 5.7 - + —  Apr

pBK424 7.5 + Em-r Apr

pHW27 7.4 + Cm-r Cmr Apr
pHW33 7.0 - + —  Cm-r Apr
pHW20 5.5 - + —  Cmer Ter
pHW21 55 - + —  CmrTcrApr
pHW23 5.8 + + Cm-r Cm-r Apr
pHW25 5.8 + + Cmr Cmr

Holl 4kelstel E, coli W B, subtilisHelA 2
A Hoteh, olwf qdojxl AxF  plasmid
pHW 27, pHW 33% 0,35kb Hind Il EH-g X
#ale 23 plasmid pHW 2730l E. colish
B, subtilis B5olA EAE & 4 9T HoE
Hol pSBK2034¢] 0,35kb Hindlll &3 Akl
pSBK 203¢] E-A] 74| 947} 9lg Aeg &
o] o] pHW20 % pHW 2lol pSBK 2034k¢]
0.35kb Hind I A#ukd ARIA|Zon], o7
TA45 pHW 23, pHW 25+ 2% E, colist B.
subtilis ol A BAE 3lsich(Fig. 7, Table 4),
uj2bA pSBK 2034+] plasmid £4 744 $-9)&
pBK 4242] 899% el Mbo lellA HE 97%
29 Hind el AA81+= 0, 3kb o| o] & A
o2 A} o] A= Horinouchi & (1982)<
ol ¥ pC194 % pE194¢] EA| 744 <l
A7b Zkzk 200bp, 280bpell YA g ¥ w9}
|zl pSBK 203449] plasmid 54| 7HA] <z}
o Faxtglol #idd Aoz woixich, o A
ol A #olx pSBK 2034k B A4 F4&
ot 0, 35kb Hindlll B Ao &3tz o] & o]
L5)o] aElekdyt Wl aakgAgdlolAe] FA=}E
22A8L 93 A2 shuttle-vectors 7HHbat
4 AE Aoz rivixcl, g, pSBK2034+<
B4 A4 B9 cloning #3%F 4% pBK
424, pHW 23, pHW 25, pHW27& =% E,.
coli®t B. subtilis oA 2AE 4 gl A4
QAA}7b gle = 2 (Table 4) shuttle vector® 220
A 7hsAdel lem w3t E, coli HellAgt E-A) 71
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=m B, subtilis plasmidol A Felgh A4 ol
A5z Az3 plasmidel pBK 41, pHW 20,
pHW21, pHW33& =5 B, subtilis % S.
aureus® F-¥ F-eHe cryptic plasmidEel %A
WA FHE gelshe =2 2o{A shsAdo] gl
ok webA, olE Zﬂzf{} plasmidse] zZ& Z4
Qlxol] vl 4 ASEE (Table 3), %ol w}

 ¥AA LE(Tabe 2)5 zrtetalen ok
1 o] k2 EA| FE o M olxbe] w3
A& zAelrh(Table 4), 24 Aslvzs
coli plasmide] pBR322% ®E feig Ap %
Terb 247k S abaeel] vlstod 80wl o]4te] 115“4
= V]'E}LHME.‘”] B. subtilis plasmidel pSBK
20308 HH Feid Cme 7#$+E E. coli ¥
B. subtiliso)| A s3] wlsled zhzb 100¥),
20009 A&, Emel A3 B, subtilis Hell
A 80l o] Ake] A EHAE ‘JrEMM of= 73}
10~20 pg/ mie] FHAA 7L %

HAAS Al =] 9] of -5 b %‘ '/rL‘ u3ieh, Hg
H A=g plasmidEe] FAAS vls = FE, coli
oA shuttle vector®: 23 RE Ax2F

plasmid&-°] E}l"‘“fﬂﬁi #1231 pBR 32201
sted o] AV A 22 AR YAAG =HYo
M B, subtilisellAx tzAddel A43 pE
1948 e} 93)8 o] £ PAHE UEE BAF
1 gcH(Table 2), =37 °]% A42F plasmids
o A GA HellA 1A 4] pBK 42401 ¢
}-0:1 AR | B subtilis (80%)5 A9d =
A 2R Eo] 90%~1009%2 HAAS Bo
zA¥ oz A3 pBR322 % pE 1949}

sdd oHHAE velel B, subtilis®l
host-vector systeme] Zt= FrpA] E2]8F A E,
LZAZHAAS  plasmid A (Gryczan
%, 1978 ; Clewell &, 1979 . Uhlen &, 1981 ;
Kreft 5, 1983; Ostroff %, 1984)3 <FAE
o) gaA3 vl (Cohen 5, 1972)% x3lslod
T ‘il% Aoz A7, ARHeg B Ay
ollA] olo]xl AzF plasmid pHW 20, pHW 21,
pBK 41, pHW 33(Fig.8)& B. subtiliss <51
22 cloning® 4 & =78 AHEE e ¥
a} ohiz} g7 A= pHW 21, pHW 25, pHW
27, pBK424(Fig,9)¢} 7%= E. coli = B,

) 40)1 rn o
ot
Eogyn) oﬁ,

[
*S

[*)

AN
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Clal

EcoRI | HingIIl

EcoRV
BamHI
Scal

Pvul Nrul
Pstl
Aval
oriG
Ndel Bgl 11
Clal

(5.75kb) Sall

Nrul

{
Ndel  pyy

BamHI
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Clal

BgllIl
Cm* Tcr
HW20

EcoRI HindIII

EcoRV
BamHI

Sall

Pvul p Nrul
Pstl 1(5.5kb),
Aval
oriG-
Ndel  pyyq1
Clal

EcoRI

Scal
Pvul

Pstl Bglll

Ap' Cm”
pHW33

(7.0kb))

EcoRV
BamH]
4 |
Ndel Pyull Aval

Fig. 8. Schematic representation of four hybrid plasmids replicated only in E. coli. For construction details see results,

EcoRI ClaI

\ EcoRV
BamHI

I Sall

((5.8kb)y’
Nrul

Cm”

oriG el Bglll
EcoRI Clal
Se aI Bell
Pvul
n
Ps pBK424
{7 5kb)’ / )

oriG- / \

Nrul  pyunn

EcoRI (a1
\
EcoRV
BamH
Bglll
Sall
Pvul
Pstl Nrul

oriG~ / Aval
Ndel Pvull

EcoRI_Clal
~
< oriG+
Ny
Pvul
Pstl

Bglll

OriG- |
Ndel Pvull

Fig. 9. Schematic representation of four hybrid plasmids replicated both in E. coli and B. subtilis. For construction

details see results.
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subtiliss &FEFoR sk fAx maAde #
L3HA 2oqA £ »)c% 7»121 7]"41%"4. w3}
yr

pBR 3229} pBD 9%
o ori #HE

W 5] = shuttle vector 748 A= 8b3ict,
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