& é % % iﬁﬁ Jul. 20, 2017, 44(7): 1535-1546

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.170012

— k= U IR BEBRE Acinetobacter sp. LAM1007 BY57 &
K== \
U 7E M BERRAF I
A WEAFY EILY BHT OAEAES KED RRAT k4"
(1. BFSBITTE A A Rl e S RN B R R b SR P AR e JiE 3B ASF  830046)
2. HELE R EBEAL N GRS A X RIFFE T Al AR MY fCAE P 5 R e A -5 AR B S S
JEE 100081)

(3. Hrmde - i IS R A Y PR AR R FH S SL I8 HrE PR 843300)
@. el KA Rl AR A B AR R S SRR I I 430070)

B E (IR SGSRBREREA, Ao mBR T8 IRREBLRAMN TR, [Fik]
AE+ SR AE—BIR, HRXREBFTERIHT B RAIGZEZRBEERBEH SR, A
WA AR AL F 20 A 16S IRNA KB 55| 94T F 7 ik AT S 2 5 2 %0 % FIat
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Isolation , identification and degradation characterization of
an alkane-degrading Acinetobacter sp. LAM1007
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RUAN Zhi-Yong™" DONG Wei-Wei' GUO Xiang” KONG De-Long’

ZHANG Qi* ZHAO Shu-Miao* ZHANG Wei'"

(1. College of Life Science, Xinjiang Normal University, Key Laboratory of Special Environment Biodiversity Application
and Regulation, Urumqi, Xinjiang 830046, China)
(2. Key Laboratory of Microbial Resources Collection and Preservation, Ministry of Agriculture, Institute of Agricultural
Resources and Regional Planning, CAAS, Beijing 100081, China)
(3. Key Laboratory of Protection and Utilization of Biological Resources, Production & Construction Corps, Alaer,
Xinjiang 843300, China)
(4. State Key Laboratory of Agricultural Microbiology and College of Life Science and Technology, Huazhong Agricultural
University, Wuhan, Hubei 430070, China)

Abstract: [Objective] We isolated and identified alkane-degrading bacteria to provide microbial
resources to remediate petroleum hydrocarbon pollution. [Methods] With n-hexadecane as sole carbon
source, we identified strain LAM1007 isolated from Daqing oil-contaminated field by analysis of
morphological, physiological and biochemical characteristics, cellular chemical composition, and 16S
rRNA gene sequence. Furthermore, single factor experiment was used to evaluate various parameters
including temperature, pH, biomass, shaking speed, concentration of n-hexadecane (0.1%, 0.3%, 0.5%,
1.0%, 1.5% and 2.0%, V/V). [Results] Strain LAM1007 was isolated and identified as a member of the
genus Acinetobacter. Optimum condition of the strain was in an inorganic salt medium supplemented
with n-hexadecane at 30 °C, pH 7.0, 1% (V/V) biomass and 180 r/min. The degradation of
n-hexadecane (0.3% V/V) was 90% after 60 h under the optimum conditions. [Conclusion]
Acinetobacter sp. LAM1007 has the potential to remediate petroleum hydrocarbon pollution.

Keywords: n-Hexadecane, Acinetobacter sp., Diesel, Paraffin liquid
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2.0% (TR L) BYHIE , 2255000 A3 AR ik AT P S vk 2
AXEN 1.0%"1 i AR S 7 0 81 43K Bk R e
RSB LAM1007 7] RLAFA KT 2.0% (AR ) IE
TNk TTHLER B R . R, AW SE DL B
LAMI1007 A5x4, il JEARHE . AL
RIS . A0 LA 5 T2 16S rRNA LR 351 40 #r
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JETE T HXF IE 7S BB A I 5T LA RO S
AR SRR A BB T R TEA

1 eSS

1.1 FERFIFUSERIEFE
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i M Ak 2= 4 53 h BE T R S5 AR T R 1 43 B EEE S R
Ruan 2B H5R 0 k.
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BRI O R S R TR IR 1

2 ZER545H0
2.1 Etk LAM1007 B9&E

FHk LAM1007 7£ TSA AT 30 °C 555 48 h
JEWREIEA Sy e, BB, dhRElhi, R
MY, WS, HAZ 0.5 mm—4.0 mm (K 1),
g QYA IR, AR, OB N ERAPIR
(0.7-2.0) pmx(0.5-0.8) um (& 2), A=K 554 WE
5 6-45°C, pH N 5.0-11.0 LA & NaCl & 0-3% (J&
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Figure 1 Colony morphology of strain LAM1007

200 nm

"

2 HE¥k LAM1007 FE551334 08
Figure 2 Electron micrograph of strain LAM1007
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|

B3 Btk LAM1007 A97A L& R
Figure 3 Hemolytic reaction of strain LAM1007

=1 Efk LAM1007 93304 T4 (ki ie

Table 1 Partial physiological and biochemical

experiment of strain LAM1007

AP AR 45 ARPVEARRAIE AR

Characteristics Result | Characteristics Result
DRI + | DR =
D-Raffinose i D-Gluconic acid
D-fg5EhH + 0 DL -
D-Trehalose D-Galacturonic acid
Zi# + | DU -
Acetic acid i D-Glucosaminic acid
DL AR AR o ARSI -
D-Galactonic acid lactone ! Nitrate reduction
IR + L BBk -
Succinic acid i Gelatin hydrolase
TR L A T IR -
Voges-Proskauer test ! Indole production
B-t-FL Tl L =<7 -
B-Galactosidase i Methyl red
Rk - kR +
Starch hydrolysis ' Ttaconic acid
Db S +
D-Glucose ! Malic acid

Ve o+ BIME; - B
Note: +: Positive; —: Negative.

K F AN AL oy R R A 25 R an &l 4 Fir
JRo PR LAM1007 22 rERE R . XUBENE ot
HiH (Diphosphatidylglycerol, DPG). g 2 BEf%
(Phosphatidylethanolamine , PE) . % 5 Mt iH B
(Phosphatidylcholine , PC) . T JE Bt H il
(Phosphatidylglycerol, PG). — Fl K iy 4% 14 JI ot
(Unidentified lipids , UL) Fl % il oK iy 44 (1 1 g
(Unidentified phospholipids , UPL1-2) . [H £
LAM1007 3240 AR 7R (>10%) fl 4 Cisa

Tel: 010-64807511

®9c. Summed feature 3 (C 6.1 ©7¢/C16.1 06¢)Fl Cig.0,
S A JE NAGE B PIAR R Acinetobacter junii
LMG998" #1 Acinetobacter venetianus LMG 19082" #H
b, FEARMRA 8, RS RA AR 2).

Rl 4347 T T Fk LAM1007 5 16S rRNA F£[H
FE5), HABEK R 1 443 bp (GenBank &35 .
KT957431), Z&FHFH X 8, KMHEHS
Acinetobacter junii LMG 998" UL % =5 4 98.8%,
5 Acinetobacter venetianus LMG 19082" A Ky
97.0%, 3 HEETFEA 1M 16S rRNA FE[H 551 Fr ey
1RG0 B AR 2 B R RS O R (B 5)

DL b 25005 28 245 W) 0 R W bR T
H T H (Pseudomonadales) % $17 ] £} (Moraxellaceae)
ANEFF I & (Acinetobacter).

L]

» >

Dimension 2

T « UPL2

Dimension 1

4 TE#k LAM1007 fEER MRS
Figure 4 The major polar lipids of strain LAM1007

%2 LAM1007 5ERHIEEELER S ERIELER

Table 2 Cellular fatty acid comparasion between strain
LAM1007 and relative strains (%)

Fiiiﬁfid LAMI1007 A. junii A. venetianus
Cioo 1.1 1.3 1.0
Cizo 3.5 34 4.0
Ci20 20H 2.7 2.8 2.7
Ci2: 30H 5.6 5.5 59
Ciso 12.2 20.4 15.0
Cis:1 ©9¢ 37.0 34.1 38.0
Summed feature 3 22.5 23.7 22.3

Note: Summed feature 3: Ci4.1 @7¢ and/or Cig.1 06C.
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96
Acinetobacter modestus NIPH 236" (KT997474)
Acinetobacter venetianus LMG19082" (AKIQ01000085)

62

81

100 | Acinetobacter vivianii NIPH 2168" (KB850133)
Acinetobacter courvalinii ANC 3623" (KT997472)
Acinetobacter baumannii ATCC 19606" (ACQB01000091)

Acinetobacter gerneri DSM 14967" (APPN01000041)

LAM1007" (KT957431)
Acinetobacter junii LMG 998" (APPX01000010)

Acinetobacter towneri DSM 14962" (APPY(01000064)
Acinetobacter radioresistens DSM 6976" (BAGY01000082)
Acinetobacter indicus CIP 110367" (KI530754)

Acinetobacter parvus DSM 16617" (AIEB01000124)
Acinetobacter guillouiae CIP 63.46" (APOS01000028)
Acinetobacter calcoaceticus DSM 30006 (AIEC01000170)
Acinetobacter lactucae NRRL B-41902" (LRPE01000019)
Acinetobacter oleivorans DR1" (CP002080)
Acinetobacter pittii CIP 70.29" (APQP01000001)
Acinetobacter bohemicus ANC 3994" (KB849175)

0.02
& 5

Pseudoxanthomonas sacheonensis BD-c54" (EF575564)

HFE# LAM1007 5B H Mt BIEEFREY 16S rRNA EEFFHENRSG L B LR

Figure 5 Neighbor-joining phylogenetic tree based on a comparison of the 16S rRNA gene sequences of strain LAM1007
and its closest relatives

2.2 E¥k LAM1007 33 IE+75BepE BRI O 3=
221 REXIESEFEMAIEN: MK 6 A4,
24 ODgoo 1 0.8, #EFE 1%, pH 7.0, 180 r/min,
K53 60 h J5, BRIAR T A I A R AR A FH 9 I R 5
Fl%EiZ, 30 °C BB IE /S ke RER E Bk
90%, [RIFHTE 30-40 °C Z [AIARRE (R Frfa e HEsm)

FEfRRE ST . MIREETE 15-25 °C B, Tk LAM1007
E@Vﬁ’é““ﬁ%ﬁ‘/}ﬂiﬁ%- MUREE R 45 °C B, R4
KEIRD, BRI 5%, NIt EE R E N
120
g100- N 1
2 80f
£ 60
7;;3” 40
A 20+
0 ’_L| L T e B
15 20 25 30 35 40 45
Temperature (°C)
Bl 6 FRIEREXIPERIE+ RSN

Figure 6 Effects of different temperature on the degradation
of n-hexadecane

30-40 °C.,

222 #14E pH IIE+7]KEPERAISIE: 24 ODgoo
H9 0.8, R 1%, 30 °C, 180 r/min I}, &l 7
AIHL, WIhG pH X T RBRREMEE N bR B R
i, [ B ARTERI LR pH 5.0-9.0 PIgAT AR K, HF%
il RAE 20%—88%Z[] . HIUG pH i R I ) R A%
GBI RE EE PR AT BT AR, X kg B

PRI 45 A0 —3. Mwiih pH o~ 7.0 B, BEiRA
K%, FEMECcRES, M 88%.
1201
~ 100}
& o
2 80t
c
£ 60}
e
ED 40
2 a0f ’_L‘
0 1
5.0 6.0 7.0 8.0 9.0
pH

E7 7[E pH XPEREE 7RISR
Figure 7 Effects of different pH on the degradation of
n-hexadecane
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223 BEMEXTIE+7SEEMERINSIE: 24 ODso N
0.8 I, 7E 30 °C. 180 r/min &FF, ANEHERMR
(0.5%8.0%) 5 3% 60 h Jii, & PUHERh B X bR
LAMI1007 FEfRIET7SEersgm 2SR e . H
& 8 AT, YIEFIETE 0.5%8.0%N, FEfFITE
70%L b 8RN 0.5%IN PR Ty 85.0%; 4
PRl 1%—4%0], FEfRRER A 90%. Ktk
B 1% MR R Bid e 45

224 FHRERIFIENEEEBRRN: 5T E
¥k LAM1007 FEfRIE-T75bi A BLE R, bl
G G A I, B RR R AL T S BE R RE
JrR SR . A 9 WA, ML EAF] 180 t/min
BF, B R R AR IE T /S B RE ) B S G0 s I 245
BT 180 r/min J&, FEMFFIFTCH B, Hit
Fe AR HN 180 r/min.

1201
100+
80 T
60

401

Degradation rate (%)

20F

0

0.5 1.0 2.0 4.0 6.0 8.0
Inoculation amount (%, }71)

8 A EHEMEXEK LAM1007 BEARIE+7 kA0S
Figure 8 Effects of different inoculation amount on the
degradation of n-hexadecane

120 -
100 -
g 1 L
o 80r
s
& 6o0f
=
=
S 40r
2
20
O 1 L L
120 150 180 210
Shaking speed (r/min)

B9 A EEEXPERRIE+7<EAFNm
Figure 9 [Effects of different shaking speed on the
degradation of n-hexadecane

225 FEVEREMIEHNEXER LAMI1007
FERRAIRANSLNE : 7E 30 °C. 180 r/min., 1%3ER
M, ASFERIGR B R IE +758E(0.1% . 0.3% .
0.5%. 1.0%. 1.5%. 2.0%) 60 h N FEARSCERINA
10 FR, MIET/SBERIMREE R 0.3%0, BEffRER
Bk 90%. RIS IE 75 BE(Cro) I EE A 0.1%0H
FEMERIFRCA R Cre MBS, UiAH T
DI Cro ANRESEHFTRIAM KA, WICHk 2 I
PRR A S I e SIS, %G5 X TSR i
TEER—E BEE Cio IREEMIGIN, PR HTE
I, AR IE 7S BEr i B ik 2.0%, PR ALEE
ik 53%, PR E— MR EA T LE N M E ) =2
Tt R R A DRI R o
2.2.6 Eik LAM1007 £ K8 5% E 2L
BIEZR: YEM LAMI007 75 i KM 4T
(30 °C, pH 7.0, 180 r/min, 1%35RhE )R AR K
0.3% (2 310.4 mg/L)AY1E 75 Belst, il 11 s,
EAAREYRTE 48 h JFELBETEE, I ODgoo
H 1.2, BEASCRELRIE 85%; MKiFE 72h)q,
REFEWIH ODgoo N 1.3, FEAM G IR R e
2 310.4 mg/L WIIET7Sbesot Rft . XUt B R
E T SBErIREAR e 1 5 A Wy i e A G, REAf B
(A K 5 1E 7S B gk B 1 06 R0 5 SR AT
JEH H HEETE L

120 -

100 -
80F _T_ l
60

40 -

Degradation rate (%)

20

0

0.1 0.3 0.5 1.0 1.5 2.0
Concentration (%)

10 EH LAM1007 33 A [E #1567 B B IE+ 73 K
3.3

Figure 10 Degradation of n-hexadecane with different
initial concentration by strain LAM1007
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. 3000 116 2.3 Ekk LAM1007 %t F 4550 % iR A wEpE iR g

E 25 145 HHH TS

g _ 2000/ 110 FitR LAM1007 7E 1%[1HeR it 30 °C., 180 r/min

23 100 1088 APFFHE 6 . MY 2.0% (KB

g 10 b F S R AR T 5 e K1 5 0 HE B 47 T B

£ 02 B, WP 12 B IR AL TR
T PR B T TR T P IR T 43S BB 7 T 507, W2 3.
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i) LELARR R T TR ALSNC —C o) FUAT

11 E#k LAM1007 RE KEFME+HGSRERRE g omgmie A, R C BMUEs B2, it
L FUEREPr, SR CopMHEAACIR B3, W1

Figure 11 The relationship between the biomass of the

strain LAM1007 and the residual of n-hexadecane kel 5 MMl e Sy o e, HARSS TR0 5%
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Figure 12 Change of alkane component in the diesel before and after degradation
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Note: A: Control group; B: Experimental group.
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Table 3 Relative percentage content of each alkane
component in the diesel

ke ZspxtEgl iy@éﬁ iyﬁég/xﬁﬁﬁéﬂ
Alkane  Control group Exp;:)rlr;;ntal Exrgggrzl;tal/

Pr 5.46 10.59 1.94

Ciz 0.30 0.64 2.16

Cis 0.65 0.51 0.78

Cis 2.46 2.16 0.88

Cis 435 3.30 0.76

Cis 16.28 8.81 0.54

Ci7 10.13 7.97 0.79

Cig 14.09 13.35 0.95

Cio 11.70 10.70 0.91

Cao 9.70 9.96 1.03

Cy 15.26 16.79 1.10

Cyn 10.67 14.18 1.33

Beks, TEBk LAM1007 S0 %5 Cyo AR ,
X5 Acer MBS R—B AU, K
PRAERE AR AR A B Bt R B HE AR R A R . 181 13
HTERE 3 d IR 0.3% (IRBR L)W A 5 AR RIS 45
LEIRLH o AR B F B A R A, [T A B ke 2 4y
WS T AR T BRE LR B ARDRE 7 20 B s B s iR AT 1 i — 2P
IR, WK 40 GERBIIBRAT T C13—Cos FEMECR
BF, THXT Ce MEMESCRECN B, X
— B ULZ AR 2 Cie IR . bR
LAMI1007 J&—kRIEH A BN A TR
{0 = S 5
3 5Tt

AHIF S DA I 32 A0 3175 G i LSRR S b o
it — R M AR R T LAM1007, Jd i B35
WEE . ABRA AR . ik A2 )2 16S rRNA
HEFI T ESEZREE T AT ER
(Acinetobacter).

PIE 7B i ME—Bi, 2R AT R4 S i T
JEVERI(15-40 °C)NFEMIE 7 0t 72 h INXTHRIE

1 0.3% (RFRLG) Cio BEATE2REMR , [FBT 60 h Y
XFF R 2.0% (B EL)BD 15 402.6 mg/L (9 1E 1
ANEERE IR FRARE T IA 53%, S H AT 4l i
AL 7N BE v i s R AE 7S e BE ) dRc R Y
—RER o SR T HA A (14 B2 A DT HI PR SRR MR B 11 1E
TR PR ICRA A ., dniki8 55y
TR BRIAR C18 7E 47 h AXT 900 mg/L 1 Cy6 7] 5¢
LA ERERECYH R TE SY 16 4T 150 mg/L
AN IE 7R sl R A (s AR aie S5 T i
ITERE S5 X FARMR EE (I 1E 75 %e(15 mg/L)HA B
RS BIRXTTEA RS E AR
ZARIE, HR R 2 B0R R H R FI Y A7 i S
Yy, T LAMI1007 WRAR AT BT A K TP 2.0% (&
FHER) A9 S 0.3% (PARBR L) o 44 i g il — sk
VR AARRE TR I, FE43 I v BE () S v
EIE L 53(Cr3—Coro) LA BRI SR i i B e 2
G3(Cr3—=Cos) S HA R 0 FEfFRE T -

H i AR P18 2 A2 AE 1 1) U AR D)
FEfRRE I ANEREAR, 2Bl A e = sl A B A
JNEE A AT ) A 0 3R T T R A YR A T R
RARRARCY . R, ARSI B TR LAM1007
e ARG LR WG S 0 TS ) B e U R AR v T

x4 RAAEERPEREESHENESEE

Table 4 Relative percentage content of each alkane
component in paraffin liquid

SERGEH SEHGZH /N R

Bele s - S
Alkane  Control group EXP;;;T;nta Exp(e::(r);ntlre(:)r;ta
Pr 2491 49.15 1.97
Ci 0.86 3.49 4.05
Ciz 2.61 1.81 0.69
Cus 8.88 6.10 0.69
Cis 13.73 6.28 0.45
Cis 20.19 8.51 0.42
Ciy 14.49 12.67 0.87
Cig 9.60 4.81 0.50
Cio 4.75 10.02 2.11
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