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Isolation, Identification and Mutant Development of Butanol Tolerance Bacterium. Jung, Hyesook and Jinho Lee*.
Department of Food Science & Biotechnology, Kyungsung University, Busan 608-736, Korea

Butanol-resistant bacteria were isolated from butanol solvent. The cell growth of isolated strains declined with increasing concen-
trations of butanol, and isolated strain BRS02 displayed more resistance to 12.5 g/L of butanol than other isolated strains. In
addition, strain BRS251, which was resistant to even higher concentrations of butanol, was developed by the mutation of BRS02
using UV. BRS251 could grow in LB medium containing up to 17.5 g/L of butanol, 32.5 g/L of propanol, or 6 g/L of pentanol,
whereas the control strain Escherichia coli was found to be tolerant to 7.5 g/L of butanol, 20 g/L of propanol, or 2 g/L of pentanol.
The isolated BRS02, a Gram(+) bacterium seen to have a cocci form under the microscope, grew in 6.5% NaCl. According to
biochemical tests, BRS02 can metabolize and produce acid with D-galactose, D-maltose, D-mannitol, D-mannose, methyl-3-D-
glucopyranoside, D-ribose, sucrose, or D-trehalose, as carbon sources. Also, this strain showed resistance to bacitracin, vibrio-
static agent O/129, and optochin, alongside positive activities for arginine dihydrolase, a-glucosidase, and urease. The BRS02
strain was identified as Staphylococcus sp. by analyses of the 16S rRNA gene, phylogenetic tree, and biochemical tests.
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29] F7tol| 71Q1%F A4t 23 A4 L= A /A
e AHESHA] Fa YA 7Hs et Ho] QU AR R ofjhE
I Bebga} Zre vio] @ dFEFE A5t A7 WS-
gibs] APE I QirH14, 17). E3], FEEY A& et
of vlg] 2 A U, B2 F71Y, 7HEE T e &
27t 7HERT Y 2 TR, dES,S AZ o] gt W
2 RAY TY FAE 7HAL o] dghEE dAE 5 9L
£ HolL oA 2 g WA Qe {78 oltH[12].
AEA ] o2 RegS A4abst= W2 Clostri-
dium acetobutylicum3t C. beijerinckii®} 22 Clostridium
£ n Y ES o] &3} 28R} acetyl-CoA2] condensation
of oJa)A WA &= acetoacetyl-CoAZFE] 407 2] FYS
AXHA BehE, obAE, dlghEo] TAld A== T
2 AR QJeh[12, 17]. 28 Clostridium sp. 42 3%
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&7t o9 oy F7]| 80 2HNA LA oF e MY
22l SO Y T} PAF 2O A 22 o HE
02 Q3 AFk FAdtE ALY AA, ReEo] nAE
o Alzato] FF& AN AZE Fole =2 FA,
6,12, 15] 522 i W& F2 /&S Y
Bu= Al Ytk 53], Feb&o o3t Nz =4o] 7t
A 2 EAZ Clostridium sp. w2 wjFH o] 7-13 g/Le] £
B2 HUsHAE Al ZAZR 0] 50% A3l e ALE & A
dem, #3= SN o5 djdsty]| S8 HFAe ek
< B4 1.8% FE-ZoA Qo] 7heet o et
H37k ARH12, 17) Beh& Bibs = ob4] 15-20 g/LY
22 a2 Aok H2, dAREERE B8l g4A A mAE
< ML 5 QL 2 FHES 275k 7129 acetyl-
CoA JAHEZE AR A §aL opw| il AR 2 Eaf At
AR5 0]83}9 2-keto acid decarboxylase?} alcohol
dehydrogenaseS ¢35 35l+= FARES Escherichia coli
9 Corynebacterium glutamicum®l| = 3}o] thoFst &=
< FHQ 1-Z2WE, o|aREE, 1-7eE, 2-HE-1- 7%
<, 3 E-1-R8E, 2.9 doghE 52 AT £ e 7]
22 Fjutste] B agTH2-5, 20, 23], 1Y, E. coli9} C.
glutamicum E38t 0|5 Lufjof T3t A o] uj-& oFste] bt
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ole YFLEFI} HAEE A9 Aol FAHHA B4
SA A F2o] Hn, o}A] I FEE wjL FE F FH
o §Ath4, 23]. webA], Hee-s Z33t ulo| & Y& 7
A&z Ai71es HEsh7] A 27122 27004
g7l W=n, A 22bo] golotn, #2 FeE WS
A oAEe] A3y Wt o] e S8kt
A7 A Clostridium sp. o ©] 9|9 n|FZo A et
Aol B3 A= F2 Enterococcus faecium, Lacto-
bacillus plantarum, Lactobacillus brevis, Pediococcus
pentosaceus, Leucnostoc pseudomesenteroidesS E3}H5= 2
Abato]] @A E o] Qlon, o] 25%Y Fer&o] YAS Y
= Aoz gglo] HYuTh, 13]. &, &2 WAEH &
g 9 15 Res YA NS AHE A B W
AR Tl F=2 AP H glen, 714+ ¢ &
. Bacillus subtiliso| A 2% &2 JAS UJeY = Aoz
LA G A dele(, e SR 2 B R 15
Q59 Q77 oS el Aeelct hebA HAEeHE B
T RS S o uho| oA TLHE LR A ¢
HHE DHE Nergo] hEE 2E
HEe BB A 477t oS Basthn Ag
2 A= 99% oY «EE #e FEhE &ujete &
Aste BB EC] 12,5 g/l FE&o WAS Udl=
Staphylococcus sp.& w2, T334 ILH, JFHolE &3
175 gL7HA WAS Uehls Hebs WAFS Austa of
2 R Z R W WA EE E. coli®} H]Lsto] 1 54
& AR AE B ustuA}; gt

|
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= % '

HHX|

a2 WA IS #£2st
Bertani) 32| S ALESHATH19]. Bad AS Hetel
15-30 g/L. A7}3}o] ARg-st4ict

get=E MR 22l

99% <X o HErE Lufj(Junsei AE, 4E) 100 mlS
0.2 um membrane filterE AE3to] SujE SHA|A A
£ ZA% o3, SHE 2 ml AP Aol AR £, 156-
30 g/L F&h&5 33t LB Sl A|of] =sto] 32°Co) A
2-347F gttt & F2Y FHE Hole v E 32F
< 13} A"ste] 15, 17.5, 20, 22.5, 25 g/Le] Hehe-S 3%
g LB gt A oA I AFFFE &kl HFH e
20 g/l A = 2 A7sthe 359 +& Adstglen, £e€
FFEL 38 &R F20% YA Sl ZAsHEAA A
&kt

HEZ L8 i

=AY 228 BRS02 w2 Ad ¥ 4 ml LBHIA S o
test tubeol Al FFdte] 16A17F N gt & ohF
30 ml LBEj A S 53t 300 ml AZE&A A9 seed o
2% & 3 thx OD7} 0.7 2 wj7hA] wfgstdet. v g
petri disho]] 71 ¥ stirringd}HA] 40 W R AFo2
40 cm FE 9 A oA 1587 RARSE & ThA] 1A17F X
vt ok A4 EEste] 25-30 g/LY] ReHES et LB
iAo ety 2-3Y%F vkt & E2Y FHE
Hol= mAEES 1A AEsty] 25, 27.5, 30 g/L F&H& &
TR A I ARFFE oAl Gt 27.5 g/L A%
o)l Axle 35S AT ¥, thA] 15 /L FehE T o
AfR A AY =2 WS YeEdE o+ 5 AEsa
oo, 38 4 B3 20% S A S| BH3IHA A
st

tlo mo wg Sk

HEI2
=1

‘-IFLII

mE, HEES Ldx: &3

T, Wk digh WA =& LB HA A
o 2323 nAAEEL E coli
g8 0-35g/Le TEFL FL 0-
t F=EE H71g 4 ml LB WX E &
F&t 15 ml Al He FF 3 T 32°C, 16| 7t vl 3Tt
S, AP RerE WAEE A5 HeiAe Ad W
3t seedE Z+ZF 12.5-22.5 g/l HEH2-2 3531 50 ml LBH]
Z](300 ml AZFE g2 F)o] OD7} 0.2-0.39 A H7}3t k2,
HjFH S A7 HE FH3to] A X ODE SA 3t A2
Ao B33 % A (Shimadzu UV mini-1240, Japan)E ©|-&
sto] 600 nmoll A FFE=E S st ST Be AY
< 13] 281, ¥ 33] whE Ao

m

=,
e,
g Agotel 243
Top10< 0-20 g/L2]
10 g/Le] HehE-S 7+

E
()
1=)
B

£ (e

=4 3]

4z ¥R =

N

o

HEtZ LIEMTL| el & dstetx EMEN

Ao Jel= 2FGM(Difco Gram stain kit) & Fskd
u] 7 (Model Motic BA210)2. 2 235} t}h. D-galactose,
D-maltose, D-mannitol 3 Z-& 7+ g4 Yo 8t 243}
59, bacitracin, novobiocin, polymyxin B 52| A A<
st A5, arginine dihydrolase, o-glucosidase,
phosphatase S¢] o e &4 et AFera AL
Biomerieux®] VITEK 2 Systems Version: 05.025 A}-&-3}
k.

16S rDNAQ} 16S—-23S Ribosomal DNA {FXjAt0| 227t
(intergenic spacer, IGS) G7|MEEM 2 I EUME
=g

16S rDNA+ 16S-27F(5'-AGAGTTTGATCCTGGCTCAG-
3¢} 16S-1492R(5-GGTTACCTTGTTACGACTT-3") Z =z}
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o|HE ALE-3le] 38 A A4S (polymerase chain reac-
tion, PCR) ©]-&3t FEZ3t4TH11, 19]. 5% DNA &
HL SAEGF plasmid T-blunte} Agsle] A+ Topl0
o] FAASSI I plasmidE ARS8t E7IMES 4
3l 16S rDNAQ] 7|4 E8-& National Center for
Biotechnology Information(NCBI; http:/www.ncbi.nlm.
nih. gov/)®] BLAST serverS A&t 43¢}, 16S-23S
IGS+ 16/238-1525F(5'-GCTGGATCACCTCCTTTCT-3) %}
16/23S-40R(5-CTGGTGCCAAGGCATCCA-3") Zgto|H &
o]23}lo] PCRZ ZZ35}o] oF 0.45kbo] DNA ©HE A A
g & T-blunt plasmido] 24935t A7 E& #4351
tH11]. IGSe] ZAst= tRNA E A2 genomic tRNA
database (http:/lowelab.ucsc.eduw/GtRNAdb)E AH&3F R
o} oA EH<E (multiple sequence alignment)S CLUSTAL
W Z2383& AMgsto] 435t er[21], A EdEE
MEGA5 L2132 0] 83}4[10], B4 4 2H-& neighbor-
joining®H[18] 2.2, A LAY ZE H7}= BootstrapH S o] &
so] 2EoL

H7|MY 71HHS (accession number)
16S rDNA ¥7] A ¥ 9 GenBank SAHE = JX648551
ot}

X

FTEnE
HEIZ LY Mz 22| ¥ EF

R 80 E eI & A g5 dE3t ARE ARES)
o 15-25 g/LY] R&-&E T/ A o] =dste] 4%
3t TEYE 2T oto] R8E YAAFS Adstan. & =
2Y 3271F 1A AEsta, 20 g/L Her& TR Ao A &
AARste 42 22 A 3 2 A9 i FYS A
A HFHOZ 3l H+FE At R YA
AEE &Rty Yot REES T2 -3t HA)
A& o] gsto] e wjgFet A}, 252 tfxHQ 4t
| EQ E. coli= 10 g/LO A A|32o] AJ7Fo] 73] A 3)
He= e, A3 e Bekg WARY A9 2F 125 g/L
TR 7k Mg AFo] o] FojH e 15 g/L o] F&
o e AlZ Ao &3 As=ded, 1 5 45
BRS027} 71 & F8& YARIAE Uedo] & d+9
ndo2 AAsEth(Fig. 1).

HELS LHMRTO| Malsty EX

IYEAN Fof dnj7goz A A3t A w3
o aHFA Aoz Flo] Hth(Fig. 2). BRS029| of
ot Aystela A& 2ARE A7} 6.5% NaClol A A&o] 7¢
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Fig. 1. Butanol tolerance of the screened butanol-resistant
strains and E. coli Top10.
Cells were cultured in LB medium with 0~20 g/L of butanol for
16 h at 32°C. Relative growth of BRS02, BRS13, BRS34, and
E. coli Top10, respectively, means cell growth in butanol relative
to medium without butanol.

H
2

Fig. 2. Light micrograph of BRS02 strain after Gram stain-
ing (x1,000).

53}, arginine dihydrolase, c-glucosidase, urease 4
g4de 7R Qgith(Table 1). &7 2 A D-
galactose, D-maltose, D-mannitol, D-mannose, methyl-p-
D-glucopyranoside, D-ribose, sucrose, D-trehalose® B4
Qo2 Aststel 42 AT 4 AT FAA B 1
A9l 7L bacitracin, vibriostatic agent 0/129 %
optochin®] WAlo] 1= ¥HH novobiocind} polymyxin Bo|
A= FadS veEth
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Table 1. Phenotyphic characteristics of the Staphylococcus sp. BRS02.

29

Characteristics Results Characteristics Results
Shape cocci Novobiocin resistance -
Gram stain + Optochin resistance +
Growth in 6.5% NaCl + Polymyxin B resistance -
Enzyme activity Utilization of carbon source
Ala-phe-pro-arylamidase - N-Acetyl-D-glucosamine -
Alanine arylamidase - Amygdalin -
L-Aspartic acid arylamidase - D-Galactose +
Arginine dihydrolase + Lactose -
Leucine arylamidase - D-Maltose +
L-Proline arylamidase - D-Mannitol +
L-Pyrrolydonyl-Arylamidase - D-Mannose +
Tyrosine arylamidase - Methyl-B-D-glucopyranoside +
Phosphatase - Pullulan -
Phosphatidylinositol phospholipase C - D-Raffinose -
o-Galactosidase - D-Ribose +
o-Glucosidase + Salicin -
o-Mannosidase - D-Sorbitol -
B-Galactosidase - Sucrose +
B-Glucuronidase - D-Trehalose +
Urease + Xylose -
Antibiotics resistance L-Lactate alkalinization +
Bacitracin resistance +

490{_7

(B

tap

Staphylococcus warneri strain G72 (HQ407248)
hylococcus pasteuri isolate CVS5 (AJ717376)

Uncultured Staphylococcus sp. (DQ532289)

Uncultured Staphylococcus sp. (F1695588)

65

Uncultured bacterium (DQ342329)

Staphylococcus pasteuri strain HNL02 (EU373331)
Staphylococcus pasteuri strain SSL11 (EU373323)
Uncultured bacterium (DQ532139)
Staphylococcus sp. BRS02 (JX648551)

24

Staphylococcus sp. Nj-58 (AM491462)

Staphylococcus sp. es13 (AJ704791)

—
0.0005

Uncultured Staphylococcus sp. (EU071508)

Fig. 3. Phylogenetic tree of strain BRS02.

The 16S rRNA sequence was analyzed and compared with nucleotide sequence database using BLAST program. The tree was
created by neighbor-joining method. The numbers on the tree indicate the percentages of bootstrap based on 1,000 replication. The
scale bar indicates 0.0005 change per nucleotide.
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T3 BRS022| 16S—rDNA 2! 16S—23S ribosomal DNA
IGS M

+3F5 545H7] 93 BRS029 16S rDNA M E& 274
StITh BLASTE o] &3t 454 45 & 4%, g2
Staphylococcus sp. (HQ407248, FJ695588, AJ704792,
AJ704791, AM491462, EU373323, AJ717376)2] 16S rDNA
AEET 99~100%2) A8 5 LA (sequence identity)S &
213t t}. Fig. 32 BRS029] ASHYEE FHI AL
Staphylococcus sp.oll 43}, E£3| Staphylococcus sp.
es13T} 7H8 G VS A o2 golo] ¥ichee). wakA, &
Aol A 22" BRS02+= @rF TF, A3 4,
16S rRNA F71X ¥, 282 AT = E423 Staphylo-
coccus sp. Y& SISttt TH rRNA 2329 H47
48 o Fapy] i3l BRS02e) 165238 1GSHS
PCREZ ZZ3ko] o 450 bp 27]¢] 1714 GRS dgo
438 bp2| F7|MEE AATt tRNAS #A3% A3 %Xé
tRNAS d5dtet= AR 0T &+ gt A548S
B8 A3} uncultured bacterium clone BITS URP1_
W28 (HQ543010)2] IGSSH= 435 G714 ZoIA shute] &
71ME Zpol&E Yol 7HE 2 Ad s UEHe
o, Staphylococcus sp. 3 (AY728166) L Staphylococcus
aureus (CP002110)2] IGS2H= 2+ 92%, 90%2] A 5AlS
Ueb it & Aol A &2, 83 BRS02= 7]&] 2
38 Staphylococcus sp. S+ rRNA 2HE9] §-A% &
3 oA e Aol TAEIS AT 4 deltt

BEIZ WdTEFol JiY Y ATS 00| CHSH LIME

WA e Fell A 15 g/L o] 49] Fet-gof ozt S 2=

FZ /est7] 93 BRS02E EdFE ARE3lo] 2o A
& RAFStY 1% RERS YWAHE sty 1587 2
QS 2AG Adt 3 APEES 99. 2%E Uetfslon,
25 g/Le} 27.5 g/LolA WS Uetl= F2Y F 4480 &
% 5% & &4 Hstgon, EMQE 15 g/Le} 7
S T AR oA Y =2 WS bhiMlh
Z BRS2512 A3l AA 8l 2| o] A] mFZ2 BRSO2
o] 7§ 15 g/Lo FerZolA o] &ds] AsfE whdo
BRS251: 17.5 g/L A7t 271 A2 7ol o] Fo| 7
H(Fig. 4). ATTEE Hehg 5= F7tol| W A xo J3F
< WES Ao M= hFHY H$ 125 gL H7t2 7ol A
= Aol A o|FojA A ¢F& WHH, BRS2519] ¢ 7
s BT A" olA 7P Aol mEr, 125, 15, 17.5 ¢/
LA &7t 718 8 A29 4F4&=7 =i &
AT 5 e, 20 gllol A= T o] wj$ A A=,
225 g/lLo| A= A& Aol ¢t He Ag FAsHth(Fig.
5). FEH& 0199 T2 g gt WHEE 2AFH] 9
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Fig. 4. Comparison of butanol tolerance between BRS02 and
BRS251.

Cells were cultured in LB medium with 0~20 g/L of butanol for
16 h at 32°C.

5.5
= -0 - E. coli butanol 0 g/l
5.0 - - - E. coli butanol 12.5 g/l
—2— BRS251 butanol 0 g/
4.5 —&— BRS251 butanol 12.5 g/
—&— BRS251 butanol 15 g/l
4.0 —— BRS251 butanol 17.5 g/l
—*— BRS251 butanol 20 g/l
35 —O— BRS251 butanol 22.5 g/1

3.0

2.5

Cell growth (ODsoonm)

2.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45
Time (hr)

Fig. 5. Growth curves of strain BRS251 and E. coli Top10
in different butanol concentration in LB medium at 32°C.

2o Wt W4

o} =8 gy g 2
2 %&% T2Re 9 AN B3
o]

Hij R ol A 22t 20 g/L
A 16], BRS2519] A ¢ =

2 WAas Yeiigien, 35 g/L o]

OIW a *3%01 AAs] AR o, HekZ o] ¢ 8g/L
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Relative growth (%)

20

0 5 10 15 20 25 30 35
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Fig. 6. Propanol tolerance of the developed butanol-resistant
strain BRS251 and E. coli.

Cells were cultured in LB medium with 0-35 g/L of propanol for
16 h at 32°C.
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Fig. 7. Pentanol tolerance of the developed butanol-resistant
strain BRS251 and E. coli.

Cells were cultured in LB medium with 0-10 g/L of pentanol for
16 h at 32°C.

ol o A Aol & s As|E Wdth(Fig. 6, Fig 0. %,
Staphylococcus sp. BRS251-2 thAof v HetL, =2
g 12 dgZo] ddAHo R 2 WS YE ST
2 E. coli®} C. glutamicum sp.o|A] ofu|At 34 2
w3l tHAFE 2ol A %%01‘04 ‘:H/\}““tﬂ';ﬂ o2 gE 4
o|gsto] RetE & o|afthEs P4 5 Y3 Ko
FAA T 2 F Hpo] @ oF 5 o] AL A A EZ 8] FFo]

e ’%FEHC’UH ”H-?* LY £ER FFo] Ho] I Y4 %
TE7h o B2 Adgolth4, 23], webA, S 2 AFoA
L I—‘Q_ E]—_Q— q]/ﬂ S 7= 2AEE 7|2 Staphylococcus
23519 o =& R4S MW, E colif
Staphylococcus shuttle vectorol|[8] T& FAAE<] deg]‘
adhs FAAA £elatd 7] =AM Het o 1

Y, 5 vlole dm e AT 4 e AoR 71
R
Q Ok

Behe gujolq AESHE B hA nARe Bes)
. 298 NYEEY AZYFL RO S 3719
of ke gashg on, 1 Fol4 BRS027} 12.5 gLl A 7
A £2 WAEE Lrehigich E3, UVE o] §3ko] BRS02
7o HolE &l 1xr BHek2 YA+ BRS2512 )
walgich Yebe A BARRE BRI W Ree, %
2 % WGl G HEE U Aok GB L

2 2L WEHE SEAHA) 4

150 175 gL Hete
7} 325 g/ Z2WE, 6 ¢/LL %ﬂ%—% FETHA] AEo] 7Hsst
ok 22l TS A A THAN 5 Fotan
Aoz BT A3t 1RYPA e FEOE 20| Hslow,
6.5% NaClol| 4] Ao] 7hsstadct. Astela EAS BAs)
A3}, arginine dihydrolase, o-glucosidase, urease & A4
S IR o, 57)7¢ ZZA A D-galactose, D-
maltose, D-mannitol, D-mannose, methyl-B-D-glucopyranoside,
D-ribose, sucrose, D-trehaloseS BrA Yo 2 2}3}5}to] A
A8 4= 9191 91, bacitracin, vibriostatic agent 0/129
4 optochino] thgt FYA] WS et $ich. 16S rRNA
A% ALE AReT ABLAE B4 F5) BRS02E 3
£ 02 Staphylococcus sp. 4 A3}t
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