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Characterization of Endogeneous Plasmids from Two Bacillus Isolates. Yoon, Ki-Hong*. School of Food
Biotechnology, Woosong University, San 7-6, Jayang-dong, Dong-ku, Taejon 300-100, Korea —In order to obtain the
suitable plasmids for constructing plasmid vectors of Bacillus species, endogeneous plasmid DNAs were screened
from thermo-tolerant soil bacteria. Based on agarose gel electrophoresis patterns of the isolated plasmid DNAs, two
strains harboring small-size plasmids were selected. The isolates were identified to belong to the genus Bacillus on
the basis of their morphological and biochemical properties, and named Bacillus sp. 3-3 and 77-8, respectively. The
restriction endonuclease maps were determined for four plasmids including two plasmids from each Bacillus iso-
lates. It is interesting that Bacillus sp. 3-3 and 77-8 have an identical plasmid according to the restriction maps. The
three kinds of hybrid plasmids constructed by introducing each plasmid of two isolates into a Escherichia coli plas-
mid vector, pUCCm18 containing chloramphenicol resistance gene active in Bacillus strains, could be replicated in
B. subtilis and B. licheniformis. These plasmids are very stable in B. subtilis, suggesting that the Bacillus plastaids
identified in this work would be useful for development of new cloning vectors for Bacillus strains.
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slAct. 29 Bacillus % w5ollA plasmid vectors]
HHAE 5] BAe] A wel FE ] Bacillus
oA FlEl WAE Zekam=g) xS rolling-circle
replicating plasmids E.t3= theta replicating plasmids7}
o S S50 fFAlEE ALE dEiF gle12].
X8 Enterococcus faecalis?] Zekv|=<] pAMBLE} 7+
o] T2 Il Rej® Zelr|EX theta BAF E=)
2 =7t B, subnliseiA WA PIA fAlEE o=
=gl wdl[16], ©l2g R JRMITlN EBkem
=0 BAlgefe} kA7t JdubEql A ofo)

A A2 E2tav| =% T3 Bacillus & I
W2 wieFd of #A7IRE Fekan=e] QRN
wAACR YFEIL Q= PHe|BE B dFelrie A
A EeklA EEE Bacillus £ TFSE%E EatAn|=
£ WAl Bacillus & REjd 250258 Fod &5
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Bacillus sp. 3-33 77-8& Eofel|lA] E&#|¥ TolH
Bacillus plasmids®] AEH e A=Y D -FAApF2He-



A8 %FFOo2= E coli IM83 (ara, Allac proA,B).
rspL, 080, lacZAM15(r, myH))e] A&=goh =3 B
subtilis 1689} B. licheniformis ATCC 278112 ==&
plasmids®] PAHAH S FAMR SFTOZ ARE3gT
Plasmid pUC19% L&A 22]F Bacillus sp.2] plasmids
Z FFA7)7] Y5 vectorE o)L 9.2 | Bacilius & T
Foll A WEE 4 gli= pC1949] chloram-phenicol(Cm)
WA AR pUCL8e =331 A% pUCCmIsS 2
28] plasmidset 7 B subtilis®} E. coli 79
shuttle vectorZ A)|Z3}7] $]8] Al&-=%ir}, =3} pHSPI[9]
< Eelam =) IAAS vlasly] f8t Hakez AM-E

et

HX|

Egos ¥ vVIBL Felsp) NN 4T 9
(yeast extract, 5g; bacto-tryptone, 5g; polypeptone, 5 g;
beef extract, 5g; NaCl, 2 g; K;HPQ,, 1g; MgS0, - 7TH,0,
0.2 g; agar, 22 g; water, 1 liter; pH 7.0y ANM-3lgom,
E. coli, B. subtilis2} B. licheniformis2] Qululjekel= LB
H]A)(5g yeast extract, 10g bacto-tryptone, 5g NaCl
per liter)7} AMSH . HAARS 213 F vk AA =]
2 E colidl= SOB ®lZ](2% bacto-tryptone, 0.5% yeast
extract, 10mM NaCl, 25mM KCl, 10mM MgCl,,
1I0mM MgSOy), B. subtilisoll*= Spizizen ]%](0.5%
glucose, 0.02% casein hydrolysate, 0.1% vyeast extract,
50 ug/ml tryptophan, 2.25mM MgCly)2} B. lichenifor-
misoll = 0.25M sucrose® #7138+ Brain Heart infusion
(BHID) wi=l7} 242t ARg-=let. HAAgEFg Adslr] 4
8] A& chloramphenicol(20 ug/ml for E. coli, 5ug/ml
for B. subtilis, 40 ug/ml for B. licheniformis), ampicillin
(50 ug/ml for E. coliyZ ZA7}ek B S ALgsisdet,

Plasmid DNA 22|12} Tzl plasmid2| H|=

B} §AAF2RE plasmid DNAS 2e)5l7] ¢
& Bimboim#} Doly ¥PH[3]2} Qiaprep kit(QiagenyS ©]
3t en], L&A Bacillus sp. TTFEINE T
plasmids®] A|gHEA =5 2HJsl7] 9135 plasmidsE
H71x] AgE 42 22lslal o2 agarose gel A7)°%3%53}
o Athe DNA 749 2718 AAside. et Relde
2HE 22]% cryptic plasmids®] RS FFHA|7)7] 93]
plasmid pUC199} hybrid plasmidsS A|F3le] w2 ko]
plasmidsE o] AlFEs: Atk HAF Felslgin). Agel
AH-E AstEA, T4 DNA ligase®} alkaline phosphatase
= Boehringer Mannheim¥®} Promegaci|A] -T%i&le] =
FZ0AM AMEslg e agarose gelell4] DNA 272 &
3}7) $ellME= Qiaex Il Gel Extraction kit(Qiagen)® A&
sheieh
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E. coliz- Hanahan Yol 2]s] A|Z% competent cells
= B2 o830 B. subrilist Spizizen ¥
oA EERE v 7 wiokd-S FhuiAl 1%7) H
=5 HFII 37°CAM oF 5547 Awpuekd oz
competent cellsg AZsATHB]. wiokde] AF-E 3
plasmid DNAZ E3lgk F 37°Ce|A] 30837 wbA]sbar
SOC wiAlE A=k Arpslgiet. 59 XM 1Az B9t
Zleboksl 3 aFAA7F A71E LB wiRle] =4Ekal 37°C
oA Bk wieksldw}. B, licheniformise electropora-
tion BPel ofsf w2 zre] aAAZ slodvt. 025M
sucroseE 3718t BHIP A58 37°CollA] s}5xk wiokst
F olF oA wWA 1%7t FHE=E AT 27 dgr]
(ODggp 0.4} HHE o wickldE dgola] of 2087 A
s, 4°ColM AA2=lsld TAE a3k o8 4
o "WFX]E A7 SM O E9B(0.25M sucrose, 1 mM
MgCL)e.2. Al&g F 59 S FAE sl A
&g FAZ AMgsige)h. 74 dgelF plasmid DNAS
gk E8lsle] Gene pulser(Bio-Rad)E o]&3led 6kV/
cm A717AA719] A71F5AE 71 F F4 1mi?] 0.25M
sucrose= % BHI sjA|E 3| 3fe] 37°CelA] 147
St Aehilek s, o & IS P78 BHI 3]
Alef] Emkslar 37°Cel| A wloFslsict.

PlasmidQ| SF&A EA

B. subtilis?t B. licheniformis®] 32A 83| plasmid
DNA®| ¢Fg4g 43| Seir Hdxss 22WE g
RAF A7F BHI wiAle] AEslar 8125 viokst 3 o
F PAAZE A=A g2 TRl 1%} HEF AHE
315 zlehifiok sjsic). wiokAIZhE: 124]7k02 Ee] A
wioFslma] Ak FHe) AAAE ArishA] - BHI 3
AufAlel] =l 320F wijeksle] Azt E2042 A2 3
RAE A71e BHI AR 7 st wickste] A
gt F=2Me) $F5 A0k =5 o) E2PE plasmid
DNAZ E2|5le] agarose gel A7]93EE Al 2 =
718 EAskEt

=t

3 o pE

EQF Ha[#e| plasmid DNA ERMT} 2a|Fe| =X

okl EA3l= Bl E F Bacillus 4 TFE Ailsly
Hl] B RE Arjaldpel HEeled 65°ColA 308
Fxegt 5 BghifR]el] =USET 55°Cel| 4] &F4E wljoFet
024 FEoko] thE coloniesE AILE T, o] 5 oAy
ZlellA] wieFsle] -2 FAZFE] plasmid DNAsE 223}
o] agarose gel 7G5 2 plasmide] &R F-F2F
e FETh. 2 A3 e BRI 150 FERE
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Table 1. Morphological and biochemical properties of Bacillus
isolates

Characteristics Bacillus sp. 3-3  Bacillus sp. 77-8
Gram staining + +
Motility + +
Cell form Rod Rod
Spore formation + +
Catalase + +
Voges-Proskauer + +
Acid from glucosc - -
B-Galactosidase + +
Arginine dihydrolase + +
B-Glucosidase + +
Urcase - -
Indole production - -
Nitrate reduction + +
Gelatin hydrolysis + +
Citrate utilization + -
Arbutin utilization + +
D-Tagarose vtilization + -
Oxidase - -

+, Positive; -, Negative

BAP|EE AU Q= -2 28 TFH.eH o]l ¥
7| e]Ake] plasmids”} EA|sl= AL E FHel=Adot. Aga-
rose gel 71935 B8k AR plasmids F ¥ 2H W
L. of EAElaA] 2 =7)7F 2 plasmidsE A= T
TFE Aslsiet.

o] FFEL IV A TSR AE HAISHH
A gebe BAL AR A3 (Table 1) Bacillus 4 T2
P xe] o]EL Z¥e}t Bacillus sp. 3-37 77-8& HH3|
o} =3 API 50 CHB & &4 kit(bioMerieux Vitek, Inc.)
E o)8s}ed B subriliss} v)El A3 5085¢ veeilE
o digt FARE & Reld 3-32 guE, Eeld 7782
95-8-0] zol7}t gle Ao vehiel oeldl olF T
37°C =t oz} s5°CelM® AAAQ A s AL
2 JehlEd o]& o] AYL 9= plasmidsE o]-83)
o Bacillus % Tl A3 = 9= plasmid vector=
Aslr] e Helw 3-32 77-82] plasmid DNAsS &
Az,

22| LHXHE plasmid

2T 339 77-8% A7 #H3F ) o)Ak plasmids
2 A e AR wEFHEd 27 AR T %)
we Aes velt 4 7 plasmids?] AgE TAX=E
24517] 919 229 plasmid DNASE A7]95 813 o
59 agarose gelolA] 27t elution 3}ivt. Bacillus sp.
33020 2e|¥ F plasmids 5 & AL pl7, 22> A
2. pT10 Z28|3L Bacillus sp. 77-81A 22)% plasmids

Fig. 1. Agarose gel electrophoresis of the plasmids from Bacil-
lus sp. 3-3 (lane 1) and 77-8 (lane 2).
Plasmid DNAs are indicated by their names.

Z AL pT6, 22 72 pTISE 242 =aldch(Fg. 1).

ol plasmids® M| &&S> EcoRl, Hindll, Psd, BamHI,
Xhol, Bglll, Kpnl, Smal®2 ztz} Awlsle] #7]d5-&
s33F A3} Rl 3-3004 E=2)8 plasmid pT103} 77-8
Al 22]® plasmid pT6 EcoRlel] 2]4] g #zhe= %
wEjgden] 7 =)= oF 49kbE FUSEIT Hindllleh
Pstiel] oS E A 53 z=7)e] F 20 E AdEg
b A o]E2 AR B4R HuEZA ¢doks WE ag-
arose gel F7]99FA FUTL o] F=F Ho|dl gle] pTeat
pT102 543t plasmid® gl B=lds 3-35 77-8
oA Z7F B89 = TE plasmids pT72} pTiSe 1 =
717 Z7F 5.6kbs} 4.1 kbR ME. FL3HA ¢kem, Table
Il 4 Hel vlel ko] M2 TR AR AL ol EOF
A Bacillus & F TF7F 3R] BHE T
plasmid® -3l ohe AL wl§ =23 AMdelt
4 gle}. 13d o] Re|eEE ¥E 2=2]3) plasmids
2] ¢ko] Aomg A(EAL =T AH3I A3 S
W2 oFS d& "ev) giek M olF plasmidsE AlE
BAE o83l g Fzhes AwE $ puCI98l hybrid
plasmid® #|Z38}g<}. Plasmid pT7 BamHIZE., pTi0
3 pT62 EcoRICE, pTIsyE PslCE bzt Ardsle] &
g3 @A Aud®E puClost 27t ligationdle] tHARTS
2 ®Egre =i 4t A%s 4 259 hybrid plasmidsE
A FARARA NN Rk ArpA] ApESE
thele] A7|edgoz BAToRH HFAHOE plasmids
pT6, pT7, pT10, pT159 AFEAL: A =F ZHAdsloled)
pT6= pT109 931%5) FUd Aoz He=e] vehlA] o
sk} (Fig. 2).

B. subtilis$} B. licheniformis O|M B2l plasmids®]
=X



Pvull 3.007
Psti 2.9

EcoRl 0.00
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st 0.00
Pl 0.15

Pvull 4.07,
EcoRl 4.0Q

Hincll 0.90

Pvull 1,30

Hinell 2.40

Fig. 2. Restriction endonuclease maps of plasmids pT7, pT10, and pT15.

The numbers show kilobase pairs (kb).

Ndel 9.10,  BamHI 0.00

{/
AP pTUC?

\ 2.36 Kb

BamHI 5.60

Fig. 3. Hybrid plasmids pTUC7, pTUC10, pTUC15, and pTUH10.

Ndel 8.39, FcoRl 0.00

Ndel 7.90  Hindill 0.00

Ndel 6,81

Hindlll 4.35°

The closed bars indicate the plasmids of Bacillus isolates. The open bars correspond to the pUC18 and the dotted bars to Cm-resistant gene
of pC194. Ap is an ampicillin resistant gene. The only restriction sites shown were used to construct hybrid plasmids. The numbers show

kilobase pairs (kb).

Feli2] plasmids pT7, pT10%+ pT157} B. subtilis$k
B. licheniformisollA replication @ < =212 47|94
A A4 o]E plasmidsel] Bacillus 4 d5llA 2dd 5=
uE AR fAixte] =9do] Hasiel wEA s
aureus®] FokA =9 pC194EHE Cm WA AL HE
< pUCI8l =413 pUCCm182- o] &3l Rl Zet
2w)=9l hybrid plasmids® A 3=elgGok(Fig. 3). Plasmids
pT72 BamHI, pT102 EcoRl, pT152- Psiloz Zp2 &
thete] o] 55 FUg AlstEA= Fodst pUCCmIg] =
ggke 24 pTUCT, pTUCI0S} pTUCISE ZH2t Allz=ska
. ©]5 plasmidsE o] &3l B. subtilis®] competent
cellsS HAAF A1 A7 B subnlis= plasmid pTUC7
F pTUCLSH| &8 Zi2) 3zl Hglew, 2 P43
Fo|A olF SElam| =9} T =8 Efavn|=r) %
ARG}, o|l&2A 12X F2lTe] plasmids pT7384 pT15:
B. subtilis|A 712 4 & replication origing X 1L
sioke Aol #el=Egdel. 28y} plasmid pTUCIOE= B.
subtilis7} AAZE A dsk=d) o] Ho} hybrid plas-
mid A|3:A] AREES T EcoRle) 2]8f plasmid pT10£]
replication origin®] = H9E 7PeAlo] 9loEE plas-
mid pT10Z w2 $X]ellA Bedshe HindllE A3k
hybrid plasmid pTUHI0E A|&Z8tedv}. A|£% plasmid
pTUH10& o] 881} B. subnlis3 28 A)Z] 47} Cm
o WS Zb= HAASEY dejzer <124 pTio=

B. subtiliso| ¥ BAR = AL & 4 9o

pC1940l A Fall=l 5U& Cm WAFHAS 7R 9
°x Bacillus < dolA HAsHA fAHE AeE o
Z] plasmid vectorg] pHSPO2} oA AFH plasmidsE-
2y 8t B. subnilis?] SAA WAAEE ZARE A3t
27 WA plasmids® A=FH pTUCT, pTUCIS,
pTUHI0E -8t B. subrilis 22857} pHSPOS- T
gk FARET ¥ ¥ Cm F=(50~70 pg/mlelM =
AEol] AAE =] o= A o2 JEPEH o] Cm
AR Tl A8 e B plasmid ANE
o 23 Jgke® FEFH,

=g} Ay 3 £72) plasmids?t B. subtiliss: A Ak
4 FiMol BL ALR® B lichniformiso|ME EAE
We7kE ) A B subtilis BRARNBFZHE
Y7ol plasmidss E#l8le] B. licheniformisE 345
Bl 7 Az} pHSP9 ¥wt okel pTUCT, pTUCLSS
pTUHI0T 2allA 2 Cmell WA Reol= B licheni-
formis FARRF7) LA B. licheniformis M= Feld
9] plasmids7} EA|g el Eel=gin}.

SRR

Plasmids2| SFYM

B. subtiliss} B. licheniformis 3A%185oA plasmids
pTUC7, pTUH103} pTUCISS] Hulja <FiAg FAlslr]
L8 A Z ArrelA 92 BHI QAAl|A] 124]70}
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Table 2. Plasmid stability in B. subtilis and B. licheniformis

Plasmid stability (%) in repeated subculturcs of

B. subtilis at 12 h intervals

Plasmid stability (%) in repeated subculiures of

Plasmids B. licheniformis at 12 h intervals

la 2:! 33 4a 12\ 221 3{\ 4a
pHSP9 92 83 79 70 98 98 97 93
pTUCT 100 100 99 97 96 92 90 85
pTUC15 99 98 97 97 935 92 91 90
pTUHILO 100 100 100 99.3 92 90 38 83

YNumbers of repeated subcultures.

o} AlfuleF shuA Ao A WA A AE
E BAsigdch. 37°CelA] 12471 Aekaieks] kg &)
A7} Q7FEA] ok ghuiRel =dsle] A2 ERLE
Cmg 73 vix2 7t AR T [ 200 759 &
A 3Rk vioksle 9% 22 F SR8k Table
20 ®.Ql wke} 2ol Bacillus < FFA AT AR
2R 2 ez Zehan) s pHSPOS) qHAS wlmEt A
9} B. subtilislA pTUCT, pTUCLS, pTUHI0Z kA
o] =& Aow EPLOY B licheniformislAE L gt
el pHSPYe ®BlsiAE= w3l}. pHSPOS] replication
origin® B. subtilis®] W3 plasmid pTA1060.22 5 €
Sl F9=d o]% hybrid plasmids®] $HHA}e] Aol
Bacillus 55 57 a2 Aoz woxlch A4 B
stearothermophilus©l| TFERANME FYT
plasmid®] qFgAle] H2rh= Zlo] B iyl olet (191

W 7 gAASge] wiok Al E FE plasmidsE B
glsled A71935q A2 siA|Well JAA 7L o %ol F
Agle] wAlellA F2)gl Zhbe] plasmids ko] frAkak A
o2 3ol Hglom w3l 1 Z|dE W] gl Ao
vehdel(data not shown). Wel Bacillus & TF25E

2 plasmids pT7, pT10, pT157F = eFAAlll= Zpel7}
AT B. subtilis$} B. licheniformisol X 25 ¥]324 <t
AalA BAlRehe ARle] &) FH9lemE oF plasmids
'Bacillus & 352 plasmid vector 7l 2 4= 3]
Aoz g@xdgct AA 949 plasmid vectors7} 7iRE
Ho] 9J2ol = B3I A28 Bacillus T5-ollA A z2=3F
plasmide] 722 BeFAAl e E-bdAde FAE o
ojule A97) wUrle dHelA] B @ Bacillus sp. 3-3%
77-81A =l plasmidss FAAMA 22 227 Qlns
sl

Saje

"

=
.

L
=

e <%

Bacillus 4 TS #4244 S22 fdsled AME
7] A3} plasmid® BH317) 98] EokelA elg 24
P FEZHE plasmid DNASE £831ge. |55
agarose gel A71°3%S 59 FAFgowy FAAFAE

Aaslzlel gt 2719 oFE A 9= plasmidsE F
f3t 2 TR FE AElY ol 2T HHH
B9 Aspeld B :Abste] S A3 Bacillus &
F322 FeFelct. 2eld Bacillus sp. 3-3% 77-86) 4
242t 2 Z579) plasmidsE F2)led AgEL A =E 2
e F o5t 2707 4.9kbe] U8 plasmidE X
W3z gl ARde] ERlEgin). ofF FFolM EelE A
2 o2 3 £%2] plasmidsel] chloramphenicol WAI-f51}
Z =%yl A)=5F hybrid plasmids® Bacillus subtilis®t
B. licheniformis® 717t 372x 8 Alzoex Hege] 3
Z% plasmids’} BF EA| PR AMdo] ElElvl. =5
AR g A% B. subtilis?y B. licheniformis
AN HFAA Bacillus 2217 plasmids’} = FHAS
SAel= AR et Bacillus & TS IR #47
SabAle] Aol o]8E 4 Qg o wddd.
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