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Isolation and degradation characterization of C24MT1, a
highly effective long-chain alkane-degrading bacterium

HOU Lijun, ZHAO Leizhen, ZHUANG Yan, JIA Shuyu, CHEN Liwei, CAI Tianming*

College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210018, Jiangsu, China

Abstract: [Background] Petroleum is known as liquid gold. While creating a great social
value, the utilization of petroleum for industrial production causes serious pollution to the
environment. Microbial remediation is one of the effective approaches to control oil pollution,
which has the advantages of low cost, high efficiency, and no secondary pollution. [Objective]
To isolate and study the degradation characteristics and microbial remediation potential of
highly efficient n-tetracosane-degrading strain from the oil-contaminated soil. [Methods] The
strain was identified by morphological observation and 16S rRNA gene sequencing. Gas
chromatography was employed to examine the n-tetracosane degradation effect of the strain.
Further, we employed gas chromatography-mass spectrometry (GC-MS) to identify the
degradation intermediates for predicting the potential metabolic pathway. [Results] Strain
C24MT1 was identified as Acinetobacter sp., which was highly capable of degrading
n-tetracosane. The optimum degradation conditions of the strain were 30 °C, pH 9.0, and
salinity of 2 g/L, under which the degradation rate of 9 g/L n-tetracosane was 86.63%. The
strain grew well (ODgpp=0.39) in strong alkaline environment (pH 11) and maintained high
alkane degradation rate (75.38%), demonstrating strong tolerance to extreme environment.
According to the degradation intermediates, we predicted that the metabolic pathways of
n-tetracosane in the strain might include terminal oxidation and subterminal oxidation.
[Conclusion] Acinetobacter sp. C24MT1 had excellent environmental adaptability and
alkane-degrading ability, demonstrating great application prospects in the development of
microbial inoculants and the remediation of petroleum-contaminated soil. This study provides
excellent bacterial resources for the remediation of soil contaminated by high-concentration
petroleum in saline-alkali areas and enriches the bacterial resource for the biodegradation of
petroleum hydrocarbons.

Keywords: petroleum hydrocarbons; biodegradation; Acinetobacter; degradation characteristics;
metabolic pathways

AmPE I ROV R Rk, HoUER  ahisiea kel o5k, Mg Ui B A
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HABWEEE A AP ER, AR
Befi iz B £ R B 2 5 B w1
e, bR TS Y e 2 BRI 2 B R4
15 Y A8 5 I ) — KA o

165 h R BE L R 15 G iy HOR A W)
b A, e i S
ARgg 2z om0, BRTE 43 B B 0T R K
iR AEY R Z A E, R EE
(Pseudomonas)'" . ANShFT 1% & (Acinetobacter)™"
ZEAIFFIAE (Bacillus) ™ . #R IR (Nocardia)™
K 2T 3R & (Rhodococcus) ™4 . Hodh, Rahfr
PRI B A A S A T 2 S PR b R
fEEts 2 M S M M AL T R B R, A
A TE G ) 3 PR S R B A BE R
JE A7 H N (ARG, BERIRE K
JE 1 BE ke (>n-Cos) 23 DL 285 B9 JE X AE7E T 3 5
H, FRACR S R LI (<n-Coo) T 7 HLAT B 5R
A B AR RIS E T, WO 2 — i LAY X 25
Bids A DTS Y, DR A e s i e
P FEr, KAESEAE (n-Cag—n-Cao) BEXERL L
APl fE . Liv USRI T NS
RAG-1 FEfRIRA B (0-C —n-Coo) FIRCE , K IR
FEXF v 8 Bt 2 (<n-Cae) 1 53 19 B M 5 15 18
73.4%, (K BE LR (>n-Coo) 4l 43 JL T A 1 B
fift ;s BRIGAESECOVR BT KR W i TR D4 X A Ik
FEH (n-Cran-Coo) BEJ2 A & B U 19 B il 3%
(67.5%), (HXHHC Bk EE £ (n-Cyy—n-Cao) e SR 4 53
JUT- TEREMRAE s Kong 4517 16 2] 1) 14 bk 1
IR XT K B I 12 (n-Coa) B B B IF 19 B A 203
(80.29%) , (HAE SR AR5 T (pH 10.0) R AE K 2
Z ) BN, DL E LN RS T
HISEPRE R . EHGE, AT g HaER 2
PRy mis 1k B 2 52 S A (8.0<pH<11.0), HAZ &
WG Y (>3 g/kg)™¥ ™, R G 52 12 2 4 i 340
S5 V18 v 200 Ay B ik T ) 8 AT BT SR Y

BAEX, JEHATRUE B R A IR T
R A i) — A B BRI

AR 3CE A BE B 8 IE = 1 I %E (CaaHso)
o WE— B I, SR ol A 2 - BN 32 A Tl 3
Fi% -t S8 Fp G 2 TR 52 il B 35 Y e A b s
fp A, I T 2SS K gy 1 AR W T BB E P
PR BRI 28067, FFBIF 58 O IE — A DU ke
F1R) 3% St o Ik S e A i A, LA S B o A il T
Qe PRIE A8 52 S At Bk — 20 g RS BE A B AR
o

1 MR5r%

1.1 M
1.1.1 4

it JC T 57 M\ P it L AR A% Ak T el XA 1A 27
AIHTE G ) S CRAEIRE 10-20 em, DL EVA T
J& n-Cg—n-Cyo AL A M B T5 YRR, W EE
TR 263-2 240 mg/kg) L 10 g Hrfif 1- 455
FREAE T, LS H 2 9000 % 5 o B 2
100 mL KA #E K, 7EFEIRH L 30 °C,
200 r/min B S5PF SR04 12 h, Hil 35 L E D)
VIR &, BT 4 °C VKA.

1.1.2 ExFE

TG ML W A B 57 3 (¢/L) : NaCl 1.0,
(NH,),SO; 1.0, KH,PO, 0.5, K,HPO, 1.5,
MgS0,4-7H,0 0.2, #4i/KERZE 1L, ¥ pH A
J 7.0 Z247, 121 °C 815K 20 min,

LB WAk 35 (g/L): NaCl 5.0, &M
10.0, EEEEHY 5.0, H4i/KEXRZE 1 L, ## pH
M 7.0 224, 121 °C ZE¥5 KA 20 min,

LB [A{A #5575 . 5 100 mL LBy KRS 55 5
A 1.5 g BEAE K, 121 °C 2895 KA 20 min,

BErEEPERE IR AL . TOMLER RS FE o
AIE AP, ff 1E A PUBEHE A 100 mg/L

KEEER K : 9.0 g NaCl ¥ T 1 L #R4lizk
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t, 121 °C 7&7R KA 20 min.
1.1.3  EZE RTINS

A UUEE(=99%, AR) . IECE HE(>99%, GC),
Aladdin A W] [ECkEH 31 FEMLEREISIRR
(C10-Cao, 1 000 pg/mL), Jb 5t H R ERHEH R A
Fi] ; FastDNA Spin Kit for Soil, MP E¥JEEI7 /A
Fl; 2xTag Plus Master Mix I Wi, FA &L i ME
e MR IR A FR A H D

SR, WA F s S PR
LIS, Bruker 22 H]; 2RAMMEILE T,
OGRS AR A F] ;K% pH i, MR-
FoF 2 AU (B A RAE L AR R4,
Yamato 2 A 5 B BIEVENL, TINS5 E LI
HARAR; ZEERIESA, LERITE
ISR AT FRA ]

1.2 7%
1.2.1 EHRB 7 BEMAEL

B 10 mL A Uil aa i 4 W, 3580 T 100 mL
Pl PR RE SR, F 30 °C. 200 r/min ¥k
BigR 7 d T E A, 7dIE L 10%ER R
R R, B 3 IR, KRN
ANAE o X I I — WS 3% BT A R % IR VR 2R A 7 i
JHE LB AR B . R4k, PR R
R A EE, IMAREREFER R T
30 °C. 200 r/min %555 — BBt A5, 8077k Rl
& WG AN AT AE LUOE Z 1 DU Ay W — Rtk 5 1) B 5%
AR e e B R Y R AR AL R
B I E R, B A IE - DU e s R R i A
T A3 BRI R AR AF T80 °C UKA8 -

1.2.2 EHHEE

1) AR %

TR A TR S Mg, IR Bt B
BRI TR . YA SRt HOELL
SEE . WIS | SRS AR FAE AL RS
B ILANER R G E T ) POEA T 4T o

2) HiiEmEmEL

W TR IG5 20804 K1 (24-48 h), WRHL
B3y, 2578 10 000 r/min 250> 5 min /53¢ LB
WS SR, WAERIATIE T 1.5 mL &.0%8
B G RIN), FEKBE AR KIEDE 2 1k, 5%
2 LU, IREREGE A 4 °C A () HLUBE [
FEW, S BPERS

3) rT¥E

FIFH 2 fi s P B AR JE I 4 DNAL 2B
A E S 27F (5-AGAGTTTGATCCTGG
CTCAG-3")5 1492R (5'-TACGACTTAACCCC
AATCGC-3")%} i #k C24MT1 1) 16S rRNA FE[A
HATP 3G . PCR W AR ZR (30 pl): DNA AR
(DNA W)} 100 ng/ul) 1 pL, F. FiHE5l
P)(1x10”7 mol/L)%% 0.6 uL, 2xTag Plus Master
Mix IS W % 15 uL, ddH,0 12.8 uL, PCR S )i
.94 °C 5 min; 94°C 30, 54°C 30s, 72 °C
90 s, 35 MEH; 72 °C 10 min, ¥ PCR ;=#i%
2R TR TR () B A BRA /I EL T
W5 345 B B AR Y 5 $is A EzBioCloud ¥4 78 H ik
1T BLAST EuXF, FIH MEGA 7 8455 AR
HI 10 MR 90 64T Z2 3 e 0 Lexd S o3, 9
| FH 4B 1 7 (neighbor-joining method)#) i & 4t
KEW
1.2.3 £ KHZRNE

TCR AT, B — 2 b I 100 TR o fi 4 VR 42
Bl LUIE DU 4200 mg/L) Ay ME— Bk 5 A4 G
MLER AR F2 3 v, 37 °C, 200 r/min &K 1 57
84 h, R 12 h B % RO 1540 oot
FE I 2 2 ODgoo , I 78 X 107 1) 1E =+ DU e vk
FE L R R M 2k, SCOm Al e E 3 P17
124 BRERESHZERR S G E

B b A 0 BTy 10 mL & RS ABE (4
BEESHR, A S mL @3 aliiE & e iE TR R,
VRO AR OB R, S0 HT e 8 R & 4%
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2 000 r/min %€ 10 min, T8 A RE 30 °C,
FEFHAR 40 kHZ)ZEH 30 min, f%/57E 3 000 r/min
MR 5 min AP SKMSZ, TRE
FIEAENARIEH 0.22 pm JEREUE, BRSO
I AHETE T .

SAEGE SR Liv 2058 5,
HAAR BT . RB-5 A% B4 @35 (30 mx
0.32 mmx0.25 pum, 5%FH, 95%H LR fEA
fi), FID fillds, #ACHmaia <, #EhlnsE
4 30 mL/min, S HH# R 30 mL/min, 2500
O 300 mL/min, ATH#ERE T RGN A8 IR 10
300 °C, PEAEAFL 1.0 uL; FEAFHEBRF T
16120 °C FA£4% 1 min, A 15 °C/min 3403
290 °C, f&%F 1 min,

Jo % 45 A 2 BT N 00 Oy 1 BIRIR RS MR ek
i, FREEWT . 81U ORI B
54 230 °C 11 150 °C; #EH 150 °C ££FF 2 min,
SRIGLL 5 °C/min YR EEFH ] 200 °C, FLA
10 °C/min 13 B F+ £ 290 °C, f#%F 20 min;
HL Bl I+, #AIZER 6 min, 70 eV, 4
H# O, HHEEE 20-500 amu.

1.2.5 BEHREBRMEREMR

PAIE A DU A —RRIR, DL 5% 5|
200 r/min 3" 200 mg/L #1E - DU ke ik JE
R E SR, BERAEAFIR (20, 25, 30, 35
140 °C). AJF pH (3.0, 5.0, 7.0, 9.0 1 11.0)
KAFESMMEREEO. 2. 5. 10 Fl 50 g/L)* Fkk
C24MTI1 BB B A R B 5 ), g 2H 14
3AAT; BEE R C24MT1 XA [\ ) i 1k
J& 1IE — - PU%E(50, 100,200, 500 1 1 000 mg/L)
T 52 Pk M B AR AR, A E 3 4 FiT. W
S AN 7] S 36 20 TP B R 7 2B K T (ODoo) LA PTA B
LI ST TR 9 S B A R
1.2.6 KEIRBIPERESN 1% R PERRHIBAAR

FE TE = DU ot S5 AR B8R A 25 1 T 2R A7 52

BB 12 h B P B b AR A i e ke 4 3 i
A ATE B, 0 XT 1 B Z1 8 ODgoo
DA 22 i) TR AR 56 i 50 0 2 il 5 BBURRE A T/ A 4
HURE i T GC-MS 434, LA 1E — -+ DU e
fiff 7 A e R o RS BURE SR 3 AT
1.3 HEBLERE

SIS B ] Microsoft Excel 2019 #1443
TR R, SPSS 23.0 B TG40 Hr itk
11t/ i 3 22 55 (least-significant difference, LSD)
KT

2 HZREW®

2.1 Bk CUMTI I BEE5LE

23t 3 WarEalifh, M2 YLy 1 4%
H i 1B 75— PR 1R AR Y OE 1 DU B R i T
PR, fir#ah C24MT1, HAE LB F4F 30 °C #5
7% 24 h G VSIS WE 1A s, IRE 4,
B, WKL, REEIE G, R,
HARARIE; WPk C24MT1 L 7 BB i
SR ILE 1B, WIRRERFPR, FHREERY
F1.2-2.0 pm; FAFRAA LI ZE R W 1.

ST BR C24MT1 () 16S rRNA HE[H 741 E
13500, HABAK R 1 436 bp (GenBank % 5%
53l ON459715), 7E EzBioCloud %4 e th k17
[ XS, RIS Z AR A M AE 98% L) |
B AN ST & 8 (Acinetobacter), HAHES
AN AT 1 (Acinetobacter  pittii) W AR LT &
ik 99.30%, J:T MEGA 7 #4448 1 vk Al 28 i)
R G5 R B A AT E B B RS AN S AT O R A
T B RS R F (K 2),
22 HEHREKHZ

WiE 3 s, HERk C24MT1 76 IIE — 11
Jot Ry ME— B VR B TG HLER BE IR P AR K R AF,
H g8 i oA E — 1 P %e: 24-48 h J& FIA
PR A X B0 A, X 1 B e R A R L
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1 EHk C24MT1 BT

Figure 1
under scanning electron microscope.

£ 1 Bk C24MT1 HIERHEIBE LM

Table 1  Some physiological and biochemical
characteristics of strain C24MT1

TR 45
Characteristics Results

22 YL S Gram stain -

ZEF Y4 {4 Spore stain -
iz 8 Motility _
i JL 21 5256 Methyl red experiment +
V-P )i Voges-Proskauer reaction -
n5[1k A i Indole production -
1L A AL S Catalase reaction +
AL Oxidase test -
MR ER A JF Nitrate reduction -
+: BAME; - BIME

+: Positive; —: Negative.

P, BOZI A BEIN ODgoo 24 0.30 HYHIKTE LB
] A 55 SR R L R R A, A5 X I TRV AR
(85+7)x10® CFU/mL; 60 h B B kk C24MT1 4 K
T8 B i R IFE AT, XA ODgoo 1 0.50
[ 75500 (146+11)x10° CFU/mL], 1A [R] BE Py
XPRERE IR iR T4 53R 712 h A,
ODqoo 2 TR %, RUIBMRIT R iE Al T
A, Fe 2% 84 h IN X 200 mg/L 1E — | DU 1) ok i
RN 92.51%,

A: LB Vi EREEIES. B: HMHE T WEIKES

The morphology of strain C24MT1. A: Colony morphology on LB plate. B: Bacteria morphology

2.3 EFk C24MT1 % 1E =+ U ke i P& fi
FiE

FEHERN R 5% . $RIREE 0 200 r/min (1
T, ARSI . pH. AMINERE KXWk
IE A Page ik BE A TR MR C24MT1 1Y R S5 5
FE3% 72 h SR R e R R i 2 S TR AR A K i
K4 iR, MIE 4 A, . pH. HhEANS
YL W) b e FEE 1) 73 Ak 2 AN [ R B2 b 52 Wi 2B 9
A, R TR A %o A T R B R A R B

B Pk C24MT1 15 2040 °C ¥ Fl ]y 7]
TR A, W0 e K B A 2R AR R TE 45% L) |,
2 BH B 62 T BV RS N R A, Bl 4A T
TN, BARTE 30 °C X aE A DUt i) B A % i
W, N 72.81%, X R A B IR A K B R,
ODgo 3% 0.58; 7E 40 °C 5T, Witk C24MTI1
PR A A9 1E — - PO G R A R (51%) 0 255 b ]
IR AR C24MT 1 X 1E - DU 1) fe s R a3
30 °C, SHiEL M EIMRE#E Acinetobacter sp.
YQI-1P1 kgl B A i Acinetobacter sp. KJ-15¢)
) o VLB Y18 R (3035 °C)— B,

HMRIRBER pH 2y el AR b i) S b IR
JEHL A, DA 52 W BAE P TR IO B SR
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36 C24MT1 {ON439713)
47\ Acinetobacter pittii ATCC 19004 (APQPO1000001)
55 Acinetobacter oleivorans DR1 (CP002080)
49 Acinetobacter pittii strain PR366 (NGCT01000020)

96

0.002
—

E2 BHEHk C24MT1E T 16S rRNA EEFFHMENRSELER

— Acinetobacter seifertii NIPH 973 (KB831199)
o7l cinetobacter nosocomiatis NIPH 2119 (APOPO1000014)
Acinetobacter pitti ANC 4050 (KB976987)
87 — Acinetobacier baumannii 573719 (JFYAO1000003)
_L‘élcinetobacter lactucae NRRL B-41902 (LRPEO1000019)
Acinetobacter oleivorans strain PF1 (JHQKQ1000023)
Acinetobacter calcoaceticus ANC 3811 (KBY76986)
100 |Ac1‘ne!obac!er calcoaceticus DSM 30006 (T) (AIECO1000170)

03 S B BT R R G I

1000 YL MOZ 1 s E o0 b s 23 SO R EEACRIEALIE B, BB 0.002
Figure 2 Phylogenetic tree constructed from the 16S rRNA gene sequence of strain C24MT1. Numbers at

the branch nodes are bootstrap values, expressed as percentages of 1 000 replicates; The length of branch
represents the evolutionary distance and the coefficient is 0.002.

—— p-tetracosane residual amount

\'_]50 ——CK — OD{-U{)

£ 200+ 106
b= —— i -

Z 160 | 0.3
g {104
733 120 + 03 s
3 103 g
s 80 102 N
o )

z 407 i 10.1

(=]

B el P
z 0 12 24 36 48 60 72 84

=

Time (h)

[El 3 EHk C24MT1 B K%k KRS AR 2%
Figure 3 Growth curve and substrate degradation
curve of strain C24MT1.

JEE R, A i X AN AR T S Y ) R
AR RRCRDT R 4B AT, AS[EIEG pH X
PR C24MT1 Y8 18 [ A 28 HA W] A9 5 i
R PR P45 (pH<5.0) & , B PRI 1 — 1+ DU Y g
JI0A B ARG, XN RS 22.34% (ODgoo 1H.
0.03). 32.17% (ODsgoo 4 0.03); it 554 (pH
{E>7.0)%F 1E — - IUke i L BR B KT 70%, H
PR B R B W 2 pH 9.0 B, BRIARXT IE
Vb R R R RCE R, 18 94.17% (ODeoo

K 0.34) PESCHERIRIE , BUA 1K AEBEE (>n-Cao)
B A 6T pH (ATt 32 Y0 B A/, — 0T &R
7.0-8.00%, HLARAN BT Ak LA = pH i 32 M (G
10.0-11.0), fH A H AR 5 Koo i B e ke
R AR BRI SRR T R, e SR 26t [ 15 $h i
I AR T 32 pH ik 11.0, {3 BLA F AL
A5 1A K (ODgo0=0) ", X Aot A2 114 A 4
R AN T FE(<50%) 4 AR BFIE P i bk C24MT1
A pH {EE 5 11.0 FISRAsE, Wi H & R
U B I - DU e B A7 505 (75.38%, g T pH
7.0 BFXFR A 73.06%). BEAN, BEARKUR(ODsoo)
— P BEBREE (7.0<pH<11.0)Fy 48 K misse fin, k—
LR RE C24MT1 X A i A58 FL A5 R G0 3
IV REST -

HNEREE HR G ER 40 XoF TS AN 9B 8 T ) -
AEWLELEAMER, SIS 5
SUREE D TRE, S AR PN K 433 A AR
PR IR A A K ZE T i 4C W]
MITEASTE A0 6 B2 (UL NaCl 3f) B, bk
C24MT1 X 1E -+ POt iy B i 56 HAT 30 B i
25, EAIREREQ g/L)if, HREI R
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. 100, 112
& ]

; g0l 1.0

= 40 108
= 20 10.6 g
3 I loa ™~
22 102
= ol ' - : 1o0

200 25 30 35 40
Temperture (°C)

C

100 . S 12
S

s 110
5 80f oe
= 60t 17 ¢
2 - 106
5 O o4 ©
::_?)n 20+ 102

= ol AL 100
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% 4

B

100 L 1 1.2
B ]
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EGW -QSg
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= L 104
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= plle = s : 1190
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D
100 112
Q —E
s J1.0
5 80} os
= 60| 17 s
g 106 &
§4W loa ©
5 20| o H.o.z
A 1100
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MR E F X BE#k C24MT1 PEREIE — + kT RO 20

Figure 4 Effects of environmental factors on degradation of n-tetracosane by strain C24MT1.

PP 23, BEMRETTIA 97.78%, MW & T
JCANIN L B I A B A 2.(75.18%) s TE#h FEEL R
(5 gL, Bk C24MT1 A FEff %
2 B BAME], FEE 44.07%; Mi0E FTHE
50 g/L B, XtR B kERE g ILF-R 0. J34h,
H C24MTI1 WY IARECR B b aT i, BRIPRTE
HMMERRE R 2 ¢/L BFAE K S ieE, ODgoo ik 0.55
DA BRI B — AR Y, ki)
X R B AR Z1 AT R PRI T 4 R — B

FE 72 h N, IE A VO R A 2 Bl ) f vk
B ETFM T, & 4D s, iFE ki)
TR FE A 50 mg/L By A Rk ok A % e v
TE 72 h Al 35 94.08%; Bl & 1F 1 DUk it vie 2 14
hn, BB GE R B R A R B R R, MIE A
VOB B TF 2 1 000 mg/L b, T MR XTI Al [
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FIREHE o ik — DRI vk B B e 1 e
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Figure 5 Degradation rate in 7 days of strain
C24MT]1 to high concentration of n-tetracosane.
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DU e 1) B AR I 99.77% . 88.80%
87.89% . 87.64%FH1 86.63%. H i IRIiEAIFRS>
ERRK B (on-Coo ) SEFR A T, FRIRR Shewanella
sp. LZO2™Ixtpitnik Bl 5 g/L MIE DUk
(n-Co9) ) 7 d FE&ARZ N 72%, Hikk Acinetobacter
sp. LIPSt wI bk Bk 3 g/L IE = —4%¢
(n-CoBY 7 d BEFRRA 69.47%, M, 1E
A IF) B9 P2 A B8] P9 (7 ), A SCH B BT PR C24MIT L
XFRAEBEEE T %, n-Co) HA T HRE
AR (86.63%-99.77%) . SIL[RIAT, FEfwISFE
XTI ODgoo (1.02—1.66) 7% B 25 Vi B 1 b 48
FFEARXTR MR C24MT1 38 BUrE FAE T, AT E B
TR X v e PR ) R Al oy o AR S % 3
PR FE C24MT1 AN B A58 (pH 11.0) 2 AT
BRI SZ R ), HATE S e ek B T PR R
R AR 27 A N XTGR9 g/L I IE =+
VU BE R AR %R 86.63%), W15 R BH B #k C24MT1
FERR i IR BE N AT AT R 2 T .
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WK 6A FIT /RN , B bk C24MT1 78 53 45 14 (4%
Pl 5% #8 RFE 3 200 r/min, 30 °C, pH 9.0,

AMINER BE 2 ¢/L) T B ff w0 4h v B A7 200 mg/L 1Y
EZ A TUEERT, LelRREMER T ODgoo YRR f#
WP TG, HAE 48 h F#aT RS . &
R BEPE 72 h 89 ODgoo M 0.21 FJH2E 0.64, W]
FEfRAR R 90.35% M9 1E — P ke, i B p Bk
C24MT1 A 5 H AR F = P be i g T 2
IEAHSE, 025 2% B B A A PR 0 mT A S i e
K I AR D5 0 A 2 AR B

P SCRRIRTE , Tk W XAk 2 W I e e
H—Hh S AR In(C)=—kt+a F
IRo XIEZ DU BEEL In {8, fdi ] Origin
AFRLE IS B R] ¢ 126 R 13 BB bR C24MTI
(sh fE ML mE 6B Fras, s il
In(C)=-0.0297+5.30, R>=0.991, FKHIHLIAHR
R, BIEERE C24MT1 X 1F —+ POz i R it 3t
PG — R Mah 1%, SHEmEPCFAR
SFFA YQI-1 B zh )12 iy —8 . o
AR A5 R O 1 D b B A A
23.96 h, XN fc KRR %N 5.63 mg/h, #IH
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Figure 6 Degradation and kinetic curves of strain C24MT1 against n-tetracosane. A: The relationship
between the biomass of the strain C24MT1 and the concentration of n-tetracosane. B: Degradation kinetics

fitting curve of strain C24MT1.

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



RN S5 — R B 2K BEBE e PR T C24MIT 1 [ ide e L P A 1k 2329
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H i3 3 A A o S 1 A Ak S R b AR
R fi el R A G R AR 2P IR, AR IR W) LRl Ak
SR Fr B RIANR], — e ) 43 Sk AR i S AL
WA A AT R0 FER S AL A DR
B, 3T SO BT i (GC-MS) s il ¢ 4
] 7= ) 3 45 A AH S PRI PE B R i E B AR
JoT R fif A AR 10 43 A T B — B Ak o A

D7 R WY A s AR il AR B2
KH GC-MS X #k C24MT1 Ff#IE -+ DUke
TR T A R A A T S B A b, K
TEN R e =g 2 B, &80 5% EY
GC-MC & E WL 7.

SEA MR TE P SO e R i a4 VRN
x24I, TR IE - DU e B T A A i
B 8 Fros. MHETY A (- ).

®2 ER C24MTI BEHEIE Z+ Mkt~ B EER =YL HE

Table 2 Spectral data of main metabolites from the degradation of n-tetracosane by strain C24MT 1

hig=s AMLIvEY Irigcigaa
No. Metabolite m/z (%)
A 1-—+ M 1-docosanol (C,,Hu60) 43(100), 57(43), 83(48), 41(33), 69(71)
B 1-+/\ e 1-octadecanal (C,sHz60) 43(100), 57(95), 85(43), 109(20), 137(8)
C 1-F75%5/8  1-hexadecanoic acid (C¢H3,0,) 43(100), 73(72), 51(62), 60(61), 256(9)
D (142)-14-+ )\t . B2 T 43(100), 85(44), 41(18), 69(31), 123(27)
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Figure 7 GC-MS spectra of major intermediate metabolites. A:

1-hexadecanoic acid. D: Z-14-octadecen-1-ol acetate.

1-docosanol. B: 1-octadecanal. C:
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Figure 8 Proposed degradation pathway of n-tetracosane by Acinetobacter sp. C24MT1. A: 1-docosanol. B:
1-octadecanal. C: 1-hexadecanoic acid. D: Z-14-octadecen-1-ol acetate.
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HF B, W% E NA DT (Acinetobacter
sp.)o TE I8 451 (30 °C .pH 9.0 AMnER i 2 g/L)
T, 7 d iR C24MT1 X 9 g/L f1F — -+ Pk
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