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Isolation and identification of a bacterial strain capable of
degrading butyl acetate

WANG Xue, XUE Fuhao, CHENG Zhuowei’

College of Environment, Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China

Abstract: [Background] Esters are one of the common components in industrial waste gas.
Using microorganisms for the degradation of esters has a promising application prospect and
thus deserves research. [Objective] To study the degradation characteristics and pathway of a
butyl acetate-degrading strain isolated from the activated sludge of a sewage treatment plant in
Zhejiang Province. [Methods] This strain was identified based on the physiological,
biochemical, and 16S rRNA gene sequence. The single factor experiments were carried out to
analyze the degradation characteristics of the strain for butyl acetate, and the degradation
intermediates were detected. [Results] The strain was identified as Acinetobacter modestus
HYY-1. It demonstrated strong degradation effect on butyl acetate under alkaline conditions (pH
8.0-10.0). The strain showed high degradation efficiency for butyl acetate at 264.75—-1 059.00 mg/L,
which nearly reached 100% within 120 h in the case of the highest butyl acetate concentration.
The initial inoculation concentration of the strain had little effect on the degradation efficiency,
which reached 100% within 120 h in the case of different initial inoculation concentrations. The
main intermediates in the degradation of butyl acetate by this strain were n-butanol and acetic
acid, and the final products were CO; and bacteria biomass. The proportions of the products
varied under different initial butyl acetate concentrations. [Conclusion] Strain HYY-1 has the
ability to efficiently degrade butyl acetate. Specifically, the strain may degrade butyl acetate by
ester bond hydrolases into n-butanol and acetic acid, which were ultimately mineralized into
CO, and bacteria biomass. This study provides theoretical support for deciphering the
biodegradation mechanism of butyl acetate and exploring the bioremediation path of butyl
acetate-contaminated environment.

Keywords: butyl acetate-degrading strain; isolation and identification; degradation characteristics;
carbon balance; degradation pathway
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X7 120 mg/L LR T Ee B2 A 95%; Qi
PR S AR RERH R TR ; gl
AL 3 O b P A 1S BR R T TR R
F35 3 BRIBCEATE A 12 RASSIAT 1, Hoh p i
W CBA12 AI7E 48 h W52 [ 100 mg/L 1),
fi2 1T R s U R A 3 s o 1
BN 2295 g/(m’ WA Z IR T HE LR N
96% ; Mathur 25215 1 T — ¥k Shewanella
putrefaciens Al 7£ 70 h N F#f# 500 mg/L LA R (1)
TR, &f Bk, HMOA —EXFLm
T ERBE MR R A HE , R IR TS
BRI R R AR o BRI, B TZ 7 T 5 R 24
HHTE R R R R R . TN 2L R 5 52,
ARG T 2R T TR W i A= 0 6 it 7 40 e I i i
o TEIRTH R T R I I SE A |, JF ks
fiff T 1Y) R A R L TR TR P PR W R R R AR
SEWFITRE R AR AL R T R I AR
TR S S B

AT W VL HE 5 7K A B T 36 M35 U 9l
Bt — R O IR T IRk ff v, XA TIE A
o HEMAEN R TFAEYEEEwEME, R
FH B TR 28728 9 40 AT D PR R i TR T TR T R
P, AR R P 0 R f R AR R T T, DA
WA R AT W R i 1R T TR A AL EE 2 1L
PR

1S

1.1 ##
1.1.1 #&

AT B FEE 75 e B B i v S K Ak
.
1.1.2 FERFIFLEE
SCESETH R THE . IE THE., ok
R Hr2l; Bzup FECZHREE R 20 DNA il

Gl &, WIFRHAEYREA RS .

SO TR . B T € R SR A R Y
(GC-MS), ZHRFHHEARA A XA IH
IR ZERK R, Rl R ETFRm);
3 FRAE, il —fER 2 AR A R A E] g
TAER, BMERETHEARARAA; AT
WA R, R R A T AR A IR H
1.1.3 ERE

Jo ML £ 55 #F F (g/L) . K,HPO, 0.942,
KH,PO, 0.234, NaNO; 1.700, NH,CI 0.980,
MgCl,-6H,0 0.203, CaCl,-2H,0 0.011 1, FeCls
0.016 2, ffFHICE 5 mL/L. pH 6.0-8.0, %
R TR HpfE i K (g/L): ZnCl, 0.088,
MnCl,-4H,0 0.060, KI 0.010, Na,MoO,4-2H,0
0.100, H;BO; 0.050,, 110 °Ci JEZE 1<K 40 min,

LB i 5(g/L): BELEE 5.0, NaCl 10.0,
M 10.0, pH AR, BRI EEFK, K
B FE AR ANASIN 15-20 g/L Bifg . 121 °Ch [k 7%
YK 20 min,

1.2 ZETHMEBENISERE
1.2.1 PEBEHEYIML. pESEK

R EYETS WA TR ML, Ik R
HFEEREIN 1 mL LR T g A e o AL ER 15 5%
Wo YRy 24 HJE, B10 mL i& M350
A% 50 mL TCHLERRE SR 330 mL FEE A,
FEAN 1 235.5 mg/L () 218 T Be AT & R 9%,
FEOMR T BRUCEEAWIIR AT 50%0F, M H HLH
5 mL &R T 50 mL B fif TCHLER B 55 3
AR R R T iR, H Bl E AR 51k
J&, BRI E SR TR R RR(107°-107°),
S HL 50 uL YA 2 LB B AR 373, 30 °CHs 3%
24-48 h, EHAERKIEHBIWRREEHITZ
A alifl .

1.2.2 BEERLEREEELERE

B alifb B R EFT 16S rRNA FE K51 43 #r

AP A ARG S E . 16S tTRNA KK 41 504t
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K Bzup #EUHNEE IR 41 DNA il 055 &k
WUFIZEAL BRI DNA, 4 °CIR-AF. FI4nEmmS |
Y) 27F (5'-AGAGTTTGATCCTGGCTCAG-3")#l
1492R (5-GGTTACCTTGTTACGACTT-3")#47
PCR §" 3. PCR W AAZFR(50 pL): . TUF5l
(25 pmol/L)%& 1 uL, DNA 1 pL, 2xTaq PCR
Master Mix 25 pL, ddH,O 22 pL. PCR JZJii 4%
. 94°C 4 min; 94°C45s, 55°C45s, 72°C
1 min, 30 MEH; 72 °C 10 min. ¥ PCR =4
ali Ak DSOS HEATIN)F o A AR b S ) A
P4 A Bl 58 T8 A TS S TR AN R B 5 0 AL
B o PR S R B AR AR AL A 38 ZE FE U VT R B
T BT B R K A R vl (S i VAR Tl A P ik 5
DAY, #3R-A5H 16S rRNA R P25 1
&% NCBI #1535 5%%5, 5 NCBI H¥sEH 1
FER P4 4T BLAST HeXf, FfF]H MEGA 7.0
A R E LB

1.2.3 E#RIE KL E

W aliAb IS B TR PRIEFIAE LB IR G S 5k,
30 °C. 160 r/min §%55%, FME—ERTAEE 2 mL
B IR, 54N AT DL A ool B R e
600 nm AbF IR EIE, DAL RAF IR
1.3 PEREEPERR M BE N E K8

W3 B 0 Y LR TR R A TR AR AE LU
LR T R A ME— B P A ML AR SR R S, 7
30 °C. 160 r/min MFEIRH 53R 72 h, &M 12 h
T L S LA E B N SR T R MR
RSB E 2 AT AN 1 AN XTI, AR s
LR T TRA) If Vi B R o VR B Y 250, 1A
i TR LR T TR Y A %

R T MR W R SIS, A
2514430 mx0.25 mmx0.5 um) HP-Innowax {2
WERE, PERE DR E 210 °C, A £ (flame
ionization detector, FID)J& & 200 °C, i 90 °C,

aga

AU E 40 mL/min, 753 & 450 mL/min,

HAMWAAR, AEHERE | mL/min, SiE
33.4 mL/min, 43 A 15:1, kR 800 pLtl,
14 ZBET BePERR o EEMRRIS N0 E = 3058
141 HEEKERRAGE

WM 2 LB MR R R, 7
30 °C. 160 r/min &0 T B55 EXTECE K A A
(ODgpo=1.3), 8 000 r/min &5.{» 10 min YA FHIA,
AR KBER 2 Kk, BEEMH TR 2R M.
1.42 AREYEKRETZERT BRI SE

WA H R 9.45 me/L WY B EEM &
pH 7.0, PR T BEWI W B2 435 264.75 .
353.00,441.75,529.50,617.75.706.00, 794.25 .,
882.50 Ml 1 059.00 mg/L AICHLER B FRHL
30 °C. 160 r/min 3535 120 h, 50 12 h W& 2%
TR EE FT ODgogo
143 A [E pH{ETZERTEsRIPE MRS

FH NaOH ¥R 15 TR KR 52 20 pH {H
N 4.0-10.0, [MIEFEEEHESIN 882.5 mg/L 1)
TR T HE - 4£Fh 9.45 mg/L BHEM, 30 °C,
160 r/min 557 120 h, A% 12 h W& L8R T 1R
He B FI ODgoo0
1.5 ZBRT BaP&fE e =N E 75 7%

HR 5 R A ST CO, 77 1 AN 1 A= i T
&, HEEER, C-Co, Ml C-AEYm, LIkt
WL IR T BRTERERIEMRIEIT T, KRABE 4
RfER COL I HLO, PRI AN ol =4 A A o
PR GC-MS S (6 3% SO R e 14 <A
BRI TR, S A R

GC-MS 1% 43 #1 45 14} (60 mx250 pmx
0.25 wm) HP-Innowax €&+, HEFE 1R E
230 °C, [ /1 18.571 psi, A ¥ f& 10.008 mL/min,
Sr ke 5:1, P 40 °CIREF 5 min,
12 °C/min J+ % 75 °C. 12 °C/min F}% 200 °C),
HERETE 1 mLo B3k oA i A ki s
B 30 °C, KR 50 mA . KRR KOH
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B B A 20 mmol/L | it 1 mL/min ., &L T{ER}
W] 8 min. #EFER 1 mL. CO, SAHEIE(GC)
M2 (30 mx0.50 umx0.32 pm) HP-Innowax
%R, JEFECTIREE 100 °C. #5I #§ (thermal
conductivity detector, TCD)ii & 180 °C. ik
42°C, BWSAS 7.0 mL/min, HSHEAS.
BIE M E 0.2 mL/min, AR 107 mL/min .,
Sy bRy 3.3:1, EFEL 800 pL.

BEEWRIERRE 5N 176.5, 529.5, 882.5
M1 2355 mg/L MR T Heds R, HMyth
WRE R 9.45 mg/L BB, W R i 2ok A2 v 2 1R
TERFIE R EE , JR R C i, il
THE T

2 BRS04

21 ZEBETEERBRENS TEVFERE
#R
211 SBEERHESLEESER

R ERERIEL Mk 7/ R 2UNTE U

—
0.002 0

E1 PESEE HYY-1IESHBEERRAS 0000 RZ LB R

EH R TR, AN
HYY-1. R HYY-1 ®E S E 6, 5857,
ANFEG, LRI, ZPE EH BT AR
ER B B, THEE(E 1A), KN
1050 nmx1 433 nm, &> [QYL Ak,

2.1.2 16S rRNA ERAFIINES RGELE

bR HY'Y-1 RO 74528 F 4% 2 NCBI,

PRAFE SRS MZ617269, [FIEPHE %7515 NCBI
Bl e b i BE R P 81 384T BLAST B & BH:
J& T Acinetobacter, 5 Acinetobacter gyllenbergii
strain RUH 422, Acinetobacter courvalinii strain
ANC 3623 1 Acinetobacter vivianii strain NIPH
2168 HA 99%MARIME . M ZE R ik i 10 B
Acinetobacter H. A fLRMERE L, DL 16S rRNA
LR P A [R) I A S Al R MEGA 7.0 K {4
WERG KBW, WE 1B, @i G e &
16S rRNA BE[F 741 X, % 43 B ik o 52
PRI FCITAS 3 #T 7 (Acinetobacter modestus),
w44 A Acinetobacter modestus HY Y-1 .

T cinetobacter gyllenbergii stain RUH 422 (NR042026)

0.002 0 F#/RIEEARR, X KELRRE

AR BECEE Y, BE RO, FORBEARZSBUN BUE M TR A A R AE, datE el 5

Figure 1

Transmission electron microscope (TEM) images (15 000x) and phylogenetic tree of strain HY'Y-1.

0.002 0 represents the distance scale. The branch length represents the evolutionary distance for each node.
The closer the distance, the smaller the sample difference. The numeric value reflects the bootstrap value for

each node, also named the confidence level.
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213 TEEMNEEBEEFUEEER

W2 PR HY'Y-1 XPHELIR GN < | 47 Bk
TR A RE ST o 455 A 3R W O] % 20 1R O e il
B ER AL e - R IR AL 3 A BHME S
N, AR 44 FhEs B RN
2.14 NEEKRNEIKHEZ

WPk HYY-1 7€ LB ARG 5 A K 1E
SLANE . A3 h Rt P AR, 75 15 h A4k
FIXTEAER I, S HEA T F%E, ODeoo fE 55 i1 AT
ik 1.4, mKRAEYETIA 1000 mg/L A7,

22 EiHBEERERIROEZSR
221 ZBRT BEHNIA IR X BRI R AR

WK 2 s, Bkk HYY-1 XSFSCE 2
MR T MR B A A B B E T, R TR EE S
264.75-441.75 mg/L B LR T BR, BRI
100%# 4 48 h, X} TUEN 529.5-882.5 mg/L
IR T, F% 84 h, XF THJE 4 1059 mg/L
KR THE, F5% 120 h, 7EC TR T HEWE K
441.75 mg/L BRI AE KAE R BT, B
AR Al A 2 300 mg/L.o

WYEE 2 REfRMhZe, F—Zz i sh Ji%

3501 2 264.75 mg/L

© 353.00 mg/L
300 ~441.75 mg/L A
v 529.50 mg/L L A
2501 ¢ 617.75 mg/L i

706.00 mg/L ®
»794.25 mg/L A "
200 [ » 882.50 mg/L
*1059.00 mg/L

dowd
€ v

150 |

»

100

o4 o

Bacterial biomass (mg/L)

T
P
<

50

0 24 48 72 %6 120
Time (h)

B
1200|'

HREHATIE, BIEERINE 1 PR,

CFCoe(_kt)
KLp: Ch ot BHZI IR T e 5% & Wk %
(mg/L); Co N LR T BEH) Ui JiT i ¥ i (mg/L) 5
k A AR R R H BL(h )

PG LEREH, — RN 8 T4 BT AR AL
U Hb A IR R T R AR W R it 7R
2.2.2 pH M BEKMEBREENE I

pH WA P S BURE R, M
W 1 A i 3 sh A BRI R S ER 5 pH % DI AR
KU gl 3 s, 120 h ERE HY'Y-1 7E9)
Ifi pH 4.0-10.0 W 4 RERFMF— & 5 A LR T 1R,
XTHIMH pH IS NS LT . ZEAE IR 4G 2R
THEGWE T, W4k pH 9.0 B ik 2 58 SR AL
48 h, ¥Ith pH {EAKT 9.0 FIE T 9.0 AR f# AT
A Fr R, HES 9.0 Mo, R )t s
£ 120 h P, WI4h pH (B4 514 8.0.9.0 F1 10.0
MR FRIEN R T BRFEAR 22348 100%, Ui
BRRFEBRME 2508 T X 1R T i B A 507 1 it
REJ) o TEWIHG pH (43510 4.0, 5.0, 6.0 1 7.0
IR R RAR I K 54% . 54% . 65%. 98%. 73

—u—264.75 mg/L
—e—353.00 mg/L
4 441.75 mg/L

1000 L\ —v—529.50 mg/L

+ 617.75 mg/L
800

S - 706.00 mg/L
600 L<E\\ —b— gz;gg rr;:gl]:
400 \\"\ \\
200 \:\\v\ \\

‘\g ~ \\: N o

Butyl acetate concentration (mg/L)

—o—1059.00 mg/L
o A=

. . "

0 24 48 72 9 120
Time (h)

2 BT ERWIARE XN EK HYY-1 £ 4 (A)FNFEHE(B)RY 52 i

Figure 2 Effect of initial concentration of butyl acetate on the growth (A) and degradation (B) of strain

HYY-1.
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®1 EHRHYY-1 XN BT EEEMEREN—RENNFHE

Table 1  First-order kinetic equation for the biodegradation reaction of butyl acetate by strain HY Y-1
TR T T b e i SR Bl 12 SV 3 B BT
Butyl acetate initial Reaction kinetic equations Reaction rate constant Correlation coefficient
concentration (mg/L) ) (R
264.75 C=223.77€70:07635Y 0.076 35 0.972 8
353.00 C=327.530:064129 0.064 12 0.958 6
441.75 C=413.30€70:05754) 0.057 54 0.927 7
529.50 C=494.4570-04705Y 0.047 05 0.935 8
617.75 C=589.51¢70:041 980 0.041 98 0.949 7
706.00 C=724.0470:04153Y 0.041 53 0.948 8
794.25 C=834.1270:033 540 0.033 54 0.957 0
882.50 C=949.750:02923Y 0.029 23 0.947 5
1 059.00 C=1 136.06e 0024870 0.024 87 0.946 1
A B
r 1800 = pH 4.0
400 pH 4.0 ) e pH 5.0
e pH5.0 - B 4 pH 6.0
3 3p0) 4 PHEO A AR E 1500 v pH 7.0
@ v pH 7.0 v i = + pH 8.0
£ + pH 8.0 2 1200l pH 9.0
@ pH 9.0 @ g % » pH 10.0
g 2407 5 pH 100 . £ g vV s @i !
.-g X v X 3 5 'é 900+ 2 & & & # i i :
= 160 - ' L] & 3 " o = A A
E 2 o 2 600F * v A
5 > a8 .
5 4 5 B Y L
@ 80f < 300} ' % ” .
S z v
» \d ‘ 5 i CE ! . t A T v v
0 24 48 72 96 120 0 24 48 T2 96 120
Time (h) Time (h)

3 EFEE pH MEH HYY-1 £ KERA)FEBECER T B5(B)H SN
Figure 3  Effect of initial pH on the growth (A) and butyl acetate degradation (B) by strain HY'Y-1.

e T FEAR 120 h J5 CHLER B3R 3E 0 pH, KB
AW 4G pH B FR 5L pH AR B T — & RE R 1Y
BEAG, HEDPT R 2 P AR E R AR O TR T R I 0 72
HE AT g AR T R AnEl 3 PR,
EARFPILG pH FRMA KSR, KB
F—With pH FRYBLRANG, eSS T
(pH 7.0) TR bk B i 20 TR T 18 A= o8 179 &t 127 A6 ) o
% .Y pH 7.0 . LR T BRI EE N 670 mg/L .
HERRRI AR A= Y05 N 9.45 mg/L B}, I5E T 28R T
it B 240 B A W et B I () AR fR 1 DL (B 4), B RR AR

80 h NAEREANS 670 mg/L 2R T Fal& e, [
B 20 B A= M i 3G i #)) 235 mg/Ls
23 DERKMEEIERTERERR
23.1 [EBFEISH

XoF R I SR EAT GC-MS 43T, B3I
TE 6.69 min ZbA 1 MU, ZRVCHLHH & R IE T 1.
MR THRM RS TEAMATERT
FEA U 2R T R AL PR A R
i FIAR R B2 (T, DAL I i 000 25 — oA 7= 0 T R A
LR, BETEIGSITE T HAATE

/.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2222 (YIS Gk

Microbiol. China

800 —o Butyl acetate concentration

%: 700+ —° Biomass concentration = 1250 ~
£ § / )
g ‘oot : 1200 £
g 500 2
= o
D 1150 &
8 400+ =
S 2
o 300 1100 8
3 4
§ 200 - s
= 150 o
2 100t =
fos) y
. ; 0
0 20 40 60 80
Time (h)

B4 CZETEXRESEKHYY-1 £ 2 MR
B} (8] 38 14 Hh 2%

Figure 4 Time course for concentration of butyl
acetate and biomass of strain HYY-1 during the
biodegradation of butyl acetate.

232 HEETHESH

1E 176.5. 529.5. 882.5 % 1235.5 mg/L ¥)
BOTR TBRWRIET , MR TE S iE T .
LR . CO, KA RAE 120 h NAVRE AR {k
Wil 5 fon, 4 RS C R T RTE 48 h INI4RE
BN KR o 16 1 235.5 mg/L ¥R, 024 h
PN o i TSR A 3 MR BRI, DU Xy
AR B X TR R A K I e EVE A PR, v vk B
Xt RGP A — 2 B EERYT, 2= 2448 h
N BRR AT IR K i B PR i T e . IE T
BER VR LR TR T TR i B g i s n , 78
176.5. 529.5 J% 882.5 mg/L ¥J¥ F, 7F 24 h i},
ETEER Rk B R A, MEZEH N, 176
176.5 mg/L F1529.5 mg/L ¥R & T 7= A (1) 1E T BEAE
120 h NZ#iRERR 0, 7E 882.5 mg/L & T ™
A IE T BEUCR B4 REfR, FE 1 235.5 mg/L ik
JER 72 h BHIE TR ik K, FEEA—/
BT BEAG, AH KR 433 2 LA (8] 7™ 1 1) 5 15 %
Bo 760 h A 238> 2R, H 4 DU
o AR ], AT AN 1) 25 R
W, HEWTHEE O T lE /N oK i AR, TR

0-120 h W AT/NIR 43 L BRHE WL, 7 176.5.529.5
K 882.5 mg/L WREE T 7 A 1Y L BRAE I J #R 8%
A og 4, 1235.5 mg/L ¥ JE R P2 4R (0 2 BR7E
120 h BHAF /N /358 B o CO, S A A
HZE KBOHLL, BEE W T ERkEfE, CO, K&
YT A=) T B BT, TR T B AR 8 B R
AFsElR R, ZIEmAH TR,

N 2 Fron, 120 h AR HY Y-1 X} 176.5 .
529.5.882.5 & 1235.5 mg/L WY 2R T A5y
HA B E ERRACE, Bk 96%L |, ik
R iR FE TS I B C i, A
B S A SCHRE I 46% S PRI
SR, 4 AR IR B 4T HEIITE 92%L)
o, UEBH PRI AS LR SE 4, A2 100% 19358
43 AT RE A B TR A BT iR 22 2 3L

3 W54 ®

B 5T IS PR 15 Ve H DAk i 28 4 — PR BB LA
LR T TR A ME—a IR A K BRI HY Y-1, %
BEFRTE 120 h PIXT 1 059.00 mg/L Z 1. T ik i) &
AT K 100%, 25 16S rRNA HE[H 514347 Fil
AR KE, PR E SR A S
(Acinetobacter modestus)

XT HE B B R R A SR T TR TR R B R RE
1 Acinetobacter pittii CBA12 7E 48 h N fE [ fi
56 100 mg/L ZFR T M. Shewanella putrefaciens 7£
70 h REREARSE 500 mg/L LR T HE!' ™™ 75 A
PR H , WAA —LoC TAEY RO aH b & SR T

BIESIBESY , AR AR AEERAE R SR A i i
PR AT<373.4 g(m>h) IR T BER R %
BRI 90%, RHIBRRAE RSB A Vi g o Xt
LR TR R BB 548.5 g/(m’-h)P+>,
ABIF T 36 10 TR R T < TR T T 1) 3% fege 2k e R T
AR H ATHE 1 B KA, N HTEAE Y I
I #% oA RE S PR T RE AR A FRPERE
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Figure 5 Concentration changes of pollutants and products under different butyl acetate concentrations.
A:176.5 mg/L. B: 529.5 mg/L. C: 882.5 mg/L. D: 1 235.5 mg/L.

R2 EHHYY-1120 h £HIEB BT BepY iR T 1
Table 2 Carbon balance of 120 h biodegradation of butyl acetate by strain HY Y-1

i H Z TR T HE¥E 2 Butyl acetate concentration (mg/L)
Item 176.5 529.5 882.5 1235.5
C-Z TR TR C-butyl acetate (mg) 10.73 31.79 53.39 76.94

[ M £ B2 T BERK Degradation efficiency of butyl acetate (%) 96.42 98.79 99.15 97.80

C-#i %71 Z TR T I8 C-Degraded butyl acetate (mg) 10.35 31.40 52.94 75.24
C-CO, (mg) 5.15 16.06 18.35 19.42

C-4 ¥ C-biomass (mg) 5.13 12.88 12.48 14.00

1F T N-butanol (mg) 0.00 0.00 18.64 34.18

2R Acetic acid (mg) 0.00 0.00 0.00 1.96

C-P W) /C-#E %A i) 212 T i C-Product/C-Degraded butyl acetate (%) 99 92 93 92
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URHCRE B3, TR CO, RN TR A= 1y ik 3
OYBEREAG, IE T BRI 2R Y ) 72
DR AT R SR B bR HY Y-1 JC 1 58 4 A s vl )i
TR TR, W=kt L, #i5y
ORI TR T EaRefg e 2, 5k
CO, Y LLZEFIAE W IERIR 53 2R 50%F1 45%,
VLI T RIPE HY Y-1 7] 58 P4 % 530 mg/L 412
THE, FER 45% 724 A PLRE L CO,
SR

EL A Y SCHR DL OC T34 W Al R T TR
IRAR MRS o AT 5T AR 00 A5 1 B8R Aot = 4 o
W EEHEDN T AU E MR RS, WK 6 PR
LR T BRACHF A A AR Y& . PR IE T
15 o SR (ASWF A 2 ), Bif 5 33K 79 ol v 6] 7 4
B8N COpo X TR BE (<500 mg/L)H L PR T
Bs, WE =PI 20 CO,, (HXF T4
R (>500 mg/L)RY LR T HR, Az sy Hp fa) =
YA 10%2 45 1 1E T BEg it — 240 g h
CO, Ml HyO, A 90%iF T A BAER 35 1 24
W S5 A SCHREL T 2R T R R AR
7 ) A K o o it P R T 202, I 2 R TR 1)
AV AR RN . LR T TR 28 e 58 K A T (TG

BT VER T2 75 A RiCOO-R, JEA KM
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I SRR AL IE TR TR, 1E T Rt
LRI WA R 5 IRAELE L BEAEE A &%
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YIRT . BRI AR IR IR R AW S8 I A W e
i TR T TR LB K P B 1 6 fige T fE 9 4 3L 1R
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g5 PRI, AT R R HY Y-1 A5 5
W IR T BRI A Y LIt T R R, H
A RRUERR TR TBRIAE ST . T AW %%
B PR &R 5L T 46 W R 3 AT R (Acinetobacter
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Figure 6 Schematic diagram of the degradation pathway of butyl acetate by strain HY'Y-1.
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