B3k s
2016 4F 10

RE#BEREER

Journal of Tianjin University of Science & Technology

Vol.31 No.5
Oct. 2016

DOI:10.13364/j.issn.1672-6510.20150146

— iR R BB AR R B S E R H BRI

W&, KRR, R, BER
(RUTTEEVEIR S TR, RUPHRIRE SIEPERE Kk 300457)

O OE. ARZEBRRENRETFAFF—RIZERMmE, % 16S IRNA 2R LT, S5 HhOBEFHERE
AN, KB AT AT B B (Citrobacter) , %% % Citrobacter sp.TUST-S5. #] /| GC-MS # il 5 & #k
Citrobacter sp. TUST-S5 el 4k ¥ C11—C28 #9)32)% ; 3 C20 vA By Kbtz , g5k 80% vA b, B4 AR 5 [ a5 4%
KE I m 25 0 AL 3 ARG £ Kt R o & B T B AR R 00 TR R 0 AL S J R B AR % AR 9 5L
WEE ) 47.86%, KM A 38.30%. WAk Citrobacter sp. TUST-S5 st K 4& ke )2 6 e fifak R B3, SUILAE AR R, 5+ T
BEiEF BT EAATRGER.

KA. BEERERANTE ; FrETRITEHE; MR, FURISTE; sk

RESES: Q939.9 XHEFRE: A XERHRE: 1672-6510(2016) 05-0019-06

Isolation and Identification of an Alkane Degrading Bacterium and
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Abstract: An alkane degrading bacterium was isolated from the water samples collected from Tianjin sea area. The strain
was defined as Citrobacter sp. TUST-S5 according to its physiological and biochemical characteristics as well as 16S rRNA
phylogenetic tree. Its degradation rate was determined by GC-MS. Results showed that Citrobacter sp. TUST-S5 had the
capacity of degradating C11-C28 alkane and its degradation rate of long chain alkane over C20 was more than 80% . The
growth curve and degradation curve of the strain displayed a change of the degradation rate closely related to the concentra-
tion of bacteria. Its emulsifying activity and the hydrophobicity were 47.86% and 38.30% . Therefore, Citrobacter sp. TUST-S5
has a good ability to degrade C11-C28 alkane, and will play an important role in remedying marine oil pollution.
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K, e s R RS B E A, i
Kot N A i A4 TRT S A Y A o e A T AN T Bt g —
XK. BT, CA ZFe R B o 5 ok, i
P E I8 (Pseudomonas) | JNIE J& (Vibrio) . Al &
J& (deinetobacter) | BT 15 )& (Flavobaeterium) | "< .
M JE (Aderomonas) | ToOFT 1 J& (Achromobacter) |
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(Staphylococcus) . WK TH & (Microeoceus) . FLI T &
(Lactobacillus) . 7 R J& (Nocardia) . & %t H &
(Alcanivorax) %5 &' Ml S AL A TE IR M A
B EBRSY, 2905 95% ~ 99% . FEIG RS,
FIRILEEAER, AT R4 Kmdisb, s
3 DR E LA R S A ) ik 1 T BB P R BRI rh it
BTG Y H AT, BRI S YOR B, R R £
R I 3 B VAR A W R A A TS e B A 1B
SRR, DR R % 2 I A ) R T IS U R
Bi. PRI, 0 1 3 RE S PRI | A7 S50 3 A A T R 1) B
A PRG540 S G R PR LA S

AR SCN KA TS YV 358 53 15 1 RE A5 A 0 R fi
Al PP E R S RS AR A TR, X HeE A T AR A AL
O3B BT SEE , TR TRRR e e R ik )
FAtbfE B 1) R FATER S, BTE T AR E bk
WA 5 T AL, A A TS Geia B T ARSI SRR

1 #MRlEHE

11w
.11 #H#A

SEIORE R A R R SR DX e A Sk
5§, (38°41'N, 117°22'E) #2)2 /K.

1.1.2 454

i ge 3% 37 354 Bushnell Haas Mineral Salts
(BHMS) 3552 5 (g/L) : KH,PO, 1, K,HPO4 0.2,
MgSO,47H,0 0.2, CaCl, 0.02, NH;NO; 1, 60% FeCly
VAR 2 W%, oK (BhBE 29) &= 1L, pH 7.0. AR
OB 1% 1) 0.22 um JEMEIEUERY 07 Sgih (i) ,
1 x 10° Pa &5 Hz€ 75 K 14 20 min.

MBI N A W E AR (/L) - 2k
B S, AR 5, NaCl 3, IMAZRIB/KE 1 L, Hidky
AR, pH 7.0 ~7.2, 1 x 10°Pa {5 JEZE 05 KA
20 min.

12 Ak
12,1 HE#egimit

fE 100 mL Gk A 5 mL RAEFE,
28 “C . 150 r/min &% 85557 2 J, BU 1% $E50h 28t 1)
TEERE AL, JEAE 1 M, R 3 W HIRE 110,
1:100.1:1000,1: 10000 FH)57E KA BHMS
KRFRIEIRA, 28 CHEFR 2 KRR , EBOR RIE SRR
HERBATA TR, QIR B FRalifl A 78
122 HAHGET

BRI FLE 025008 - 76 100 mL A EA 5 77 5L

REBEBREER B35 Hsl

HER 1 mL 4L ERE, 28 'C L 150 i/min %R,
TEHW Agoo N 1.0~ 1.5 BF, JEBOLHF L DNA, k17
16S rRNA I § 3. [Em g %N 27F: 5-
AGAGTTTGATCCTTGGCTCAG-3' , Jz I 31 ¥ N
1 492R : 5-GGTTACCTTGTTACGACTT-3", JZ I {&
F RN 5525 3CHR[13]: 25 uL ) PCR P4 1AK £
R 514 27F 1 ul; 514 1492R 1 uL; ANTP Mix-
ture 0.25 puL (20 mmol/L) ; 10 x PCR buffer 2.5 pL; taq
fif70.5 puL (5 U/uL) ; DNA F£4S 1 uL; JCR#7K 18.75 uL.
Pt 95 CHIAEYE 5 min; 94 ‘CEME 305,53 °C
B 1 min, 72 CEEMR 1 min, 30 MEFR; 72 °C T
10 min; PCR J7#1F 4 CLRAF, T8, % PCR j=¥ift
AT AL 7. #E Eztaxon (http://www.ezbiocloud.net/
eztaxon) "PHEF AL R T A1 I LLXT , HEAE MEGAS.2 #X
7 1 il Neighbour-Joining 7% F 47 # 4% 43 47 1Y
Bootstrap #£#£ 1 000 IX.

PRIk S TR T T A8 43 i RS B TR TR I S
KN TBAR %k R B RO SRR, UL
P PR R [ 2 T3R5, SRRV B A
FERE KT, e T A T B R TS

R PR 4 A BEAE AL AT« X R RR R A 78 2 PR e £
FHOLLr V. P 3Rl | BERG . S5 CIRG L IRIG . 2R 4R
Mg | B PR ER A I | A A W ARk R e 2 — RV AE A4k
ﬁﬂﬁ“"’”l,

123 HHkeg S s

FESZEEC: 7E100 mL BHMS 35553, in AR
IYBCR 1% 1 0.22 um JEMEIEIERY 07543, 1 x 10° Pa
KH 20 min J&5, A 1% AR, VICIE N SE54 ;
WERINARW AR IR X R4, 28 *C | 150 r/min
PGSR 10 d, HIE CReA BURAR e B TRk b i 35
45, Bk, B 0.22 pm JEREIE g, 4 CIRAT-

GC-MS X RAEMIFE ST A i, SRR br v
ik C7T—C30 IEFRERE M S5 = 1t , AvEdlh (L il
FREF TR S5 SCHR18] : Bt CT—C30 FIEALE
FEARE ST R T IE Ceis i, R BI 2 vk B
100 mg/L, ¥ 57 = TLefE A NAsY AS) , FE O kel
T, T BERLST MR 100 mg/L, K AR 545
S RBUR G, IEE A FEA TP I AR R FR Y
WFRY, IREIISIG , BRI, IS4 400 T e e )
Fe X (1) —X G) THR .

Dy =(py = i)/ Py x100% (1)

D, =(py = py)/ pyx100% (2)
D,=D,-D, 3)
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K p, A B A T 0 3 5 v TE AL ot S 1) IO ok
(mg/L) , oy« py 53 BRI T S 56 2H R X BR2H v
ERI B0 BBk B (mg/L) , Dy 53 Sk rh ki ig
SRR (%), Dy R FAR AR SE 1 T 5 R 1Y) [ Ao
(%) , Dy I TRARXTSETM IR AR R (%) .
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fE 100 mL BHMS 35, M AKF 3 4Ch
19% B+ 5ke)a, 300 1 mL B, 28 C . 150 r/min
PG IGFE, BB 24 h WE Aeoo, 2 HI R M
2. TR, RIS EIEL , WE AR, 2R
fif i £k.

125 Ui b sgkm

AH TR AR ) B B RN E TN B iR IR A, i

24 h 5402, IR (@) HE RIS (%) 1.

FULIEYE = By /1, x100% 4)
o iy A by 23 R FUAE S B (mm) FILE AR =
JE (mm) .

AH TR AR ) B B RN E TN B iR B IR A, e
24 h JE5r)z. BONAH, DABERRZE v (pH 7.0) A% 1
XTHR, ME 600 nm T IYMOEIE , 4% 18X (5) TG K
P (%) [20].

BRIKPE = (A — Ay )/ Ay X100% (5)
e Ay A Ay, 535X B RSB 2 RO

2 ZER59H

2.1 HEHRMITHIE

MFEA PSR B 6 MRAERE MR R Ak , Horp
1 BRERANAE RVETEAS | B S5y T 5 o B R AS
ERNTRERZ SRR NAT WAk RO 2T SR (PO
1, FRIC N TUST-SS, Fx H kA7 ik — 2B i F 5%

22 HEHHEE

Btk TUST-S5 76 BHMS #7258 IR TR
meE 1 fin, AEEAAA, B, AR
1.5 mm, HFR] B, U2, MBI, Htk TUST-
S5 HIES LS A& 1(b) Fion, Bk AR,
KA —, HRKERAH 1 ~2 pm.

(@) WEIES
B 1 FE#k TUST-S5 ME R SEMEMBIEE
Fig. 1 Colony morphology and electron microscope scan-
ning map of strain TUST-S5

(b) FHELA

Bk TUST-S5 (R AR BA AL RRAE AN T « 3522
ICBATET , N EA s, B IEL0S0 0 | SRR A I
S Y RCBAE 5 B A R AR A SN L R DT | 2R
R VR 5 V. PN SR B ; AN A Ve g | SRR
AT A R 2B Ry e TR AL

16S rRNA LA 4 Wil ¥ J5 A5 2 e 1 B R
1 432 bp, 7£ Eztaxon (http://www.ezbiocloud.net/ez-
taxon) [LXT, & BLIZ A 15 1] B B B i 04 (Citrobacter
Sfarmeri) PIREER Citrobacter farmeri CDC 2991-
81 (T) AAMARIPES 98.46% . Ttk TUST-SS &ALtk
BN 2 s, Bdk TUST-SS Sttt i e
Citrobacter sp. T7(2011) WZEZ K R , 456 WK
FRIE A AR IE S A BRAE AR RAALE , B TR RIS T R
¥ E J& (Citrobacter sp.) , fii44°h Citrobacter sp.
TUST-S5, GeneBank %552y KM186147.

Citrobacter amalonaticus THB B1517 (KF475837.1)
itrobacter farmeri THB B 1033 (KF475827.1)

_|— Citrobacter sp. T7(2011) (HQ600991.1)

95 'A Citrobacter sp. TUST-S5 (KM186147.1)
486|——,— Citrobacter amalonaticus DD74 (KC689304.1)

Citrobacter sp. 36-4CPA (JF812082.1)

72
83 C
38
56 Citrobacter sp. ST8D (GU458292.1)

Citrobacter farmeri W17-1(JX393004.1)

99 ° Citrobacter fameri CDC 2991-81 (T) (NR024861.1)

0.002

Salmonella enterica subsp. enterica serovar Typhimurium 85 (JQ694621.1)

B2 E#k TUST-S5H7 16S rRNA R4t i
Fig.2 Phylogenetic tree of TUST-S5 16S rRNA

2.3 BEIHRHIPERRSIE
IR figp i 5 97 o i 2 23 o0 A 1L, AN 3 (a) BT
/N3 HER 10 d 5, X IR R SEIG 20 B SR AL v AT 20

o33 A EL i 3 (o) i 3 (o) Bz, FRimd oy iy
JEE AR AR ) 0 P ] 10 TR ARAS: B, MR B A RT3
(D—30 Q) , B AR 20 B B R R A
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Fig. 3 Peak diagram of residual oil component in culture medium
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Tab.1 Concentration of residual oil in culture medium and the degradation rate of the strain

kel py /(mgL™) py ! (mgL™) P/ (mg:L™) D\/% Do/% Ds/%
Cl1 41.68 34.47 8.20 80.31 17.29 63.02
C12 113.10 88.34 11.14 90.15 21.89 68.25
C13 223.80 184.20 29.39 86.86 17.69 69.17
Cl4 324.70 263.10 42.34 86.96 18.97 67.98
C15 322.80 268.10 50.69 84.29 16.94 67.35
Cl6 288.30 234.30 47.92 83.37 18.73 64.64
C17 305.80 254.60 50.65 83.43 16.74 66.69
C18 213.70 172.90 26.16 87.75 19.09 68.66
C19 192.00 150.20 21.70 88.69 21.77 66.92
C20 155.30 132.50 18.36 88.17 14.68 73.49
C21 103.00 97.72 12.22 88.13 5.12 83.00
C22 79.40 76.15 9.91 87.51 4.09 83.42
C23 53.55 49.85 5.08 90.51 6.90 83.60
C24 31.81 29.88 3.04 90.44 6.06 84.37
C25 22.92 21.77 2.42 89.41 5.01 84.40
C26 14.41 12.85 0.00 100.00 10.82 89.17
C27 10.81 9.61 0.00 100.00 11.06 88.93
C28 6.54 6.18 0.00 100.00 5.54 94.45

itk TUST-S5 RERFfEE: C11—C28 mykiks,
MEARAETTE 60% ~95% , W FHEKAE C20 LI EMy
Yk, ARIRRRIRE] T 80% LA |, HIEffRRHEE

FBEBERE AR R AR B, (EIBE] T 60% .
2.4 BEHRUIE+7Nke A E—RRIR R £ K SRR
PR PR A K 2 R e fige 2 an 5T 5 s,

T B B3 N2 - ka3, ikl 4 Fros. AR 1.4 80
100 12} % 70
osl 10l 160
90 2 08 |5 =

S < o6l 19 <

85t —— A 130

041 =D, 120

801 0.2} {10

75t 0 : : ‘ : , 0

1 2 3 4 5 6 7
0 50 Cal a2 C23 Coa C25 C26 C27 Cos i
Bkt I 5 %k Citrobacter sp. TUST-S5 R &K th 2k S5 P& R
4 BB MRS 2 1L 2

Fig. 4 Change of degradation rate with
length

alkane chain

Fig. 5 Growth curve and degradation curve of Citrobac-

ter sp. TUST-S5
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IE 7S B R AR 5 TRV B A OG , RIARAERS 37
e 1~2 R, K080, T EH N, KAH
10% [ TE T 7S BEp BEAf s B 2 RIFARFF IR IE AN
By, BAEANRE: 2d Aok, MIEH BRI f#
R 10% EFHE] 60% ; 7656 4 ~ 5 RIMRIEA TRE
W Z IR WL T R RR R, EA T R,
WUE, TET7SBER AR T2 72% Aty
2.5 BEHHIANEESTRAKME

TER R SR R = A B B LA B S, SE56
BRI FALIETE R 47.86% , BiK 1K 38.30% .

3 it ®

FERRAT H R Bk 2 A E . N KH
TG YRR B 1 RRGE IR PR AR AN TR, 5 A R
¥FE & (Citrobacter) , fii4: A Citrobacter sp. TUST-
S5(GeneBank # 5 5 &1 KMI186147) . Citrobacter
sp. TUST-SS5 7EH5 55 i Hp O PR 58 (135 1] 56 F1 4058
HL A S R A T R B4 43, TR %
BERRIIFEARRIE 80% LA I, PEMRCRIE. B4
I I R RSO AR AT, 0 5 DR Ay S e e Ak
PRARA B HAT— 5 i 1),

HHT, B 24 22 A e A I 0 40 T 1 2 85 1 R
Hp i R Z — SR BB AU B AR , (EAEXT BEdR Y
KA Rl b SUAAAERRE , 9 40 28 MUAT 1R (Geobacillus)
strain DM-2ZER& AR C16—C36 [keiz, Hodpst 28
MR s L 15 88.95%, X4k K/NT C15 Hukeie
BEARAE IR/, Horp R C14 PIFRARRA N 2% ; EHA
Re 5 WA (Bacillus stearothermophilus) ¥ C15—
C17 BRI E Ik 88.5% , (HEMEEK/NT C15
KT C1T keke AR/ MR AR rg i i
¥ (Thermophilic bacillus) NG80-2 HREFf# C15—
C36 Mk, XF C8—C14 Wbtk KB KT C40 1)
BB AT A T ). s el o 42 2=,
Hr el o AR K —EB 457, (LRI PR i bk
ol S B e ke ) TR R AR AS BEAR - b A A7 o5 e , i
Witk Citrobacter sp. TUST-S5 FEiX 7 HIAFAE B 219
PEFA. T L 12 T ke 5 At o2 fip e e o e A DL N T
PREST IR A T RED TRA T RE 2 ) 5 AT P [ A
I, FERE A R W s T oAbk 3R Y A A T
FEABE IR

A ) AT M R A WA R AR R AR K
i v 43 06 9 HE A A0 1 EL AT 2% 1 TE PR 0 AR

WP e A ok fire TR R 1 PP e T T R P A
A — s M UEVE Y. Suzuki 251 % B (A2
() L 7K 1 R 6% A1 1 200 TRT X A T P R A . TRT AR
TUST-S5 5 K £ [] 2h RE 89 I £k 40 Rhodococcus
erythropolis G2P2 (FLAL 16 ¥l 30.8% , B K 1 A
27%) K Achromobacter piechaudii strain O1°" (FL4k
TR 35.7%, BiKMER 32%) bR, IR FLALTS
P R g K PES AR &S . IRk TUST-S5 AEF T IR+
FNBERT , BRI AL A m B KPR S IE oS be i i, 2L
AR R i — AR 2E I oS ke kiR, E—2 Tl
AN T Bt 7K VR R 2 5 ik 0 BL B S o ) 1 44
1R B RR R BE AR A R Ao

KTt S W it TR AR X e JE B i i AR ) F 92 2 A
FHEAHIER. A 4% Citrobacter sp. TUST-S5 [
Rt S PR ML THR ST, X0 T i — R S A
PRIVREA RE 7 HAT BB SR X

SE 3k

(1] 38, Wiees, ska, . HEVEA T A b 0 0 1k 5 e
fEtEREM ST [1]. B4R 5 T/ ,2015,15(11) :
152 - 154.

[2] Wk, %30, WA TS e ss Bk S B iR (0], 38
Rl 543, 2007,23(9) : 78 — 80.

(3] A0, A0E -5 A TE e nia B (], ARy,
2004,39(4) : 13 - 14.

(4] T, B, 2Kt 1 PR YR A Tk O BF 5
(], PREERb22A47, 2001,21 (1) - 84 - 88.

[5] B%4, ATIE. AmERE e E wEEO e Jrikirid 7],
A S RREAT., 2004,33(3) : 206 - 216.

(6] SKERE,MER, Wk, & WA MR L
E R RGP (T]. A2 T 5 T2, 2015,32(1) .
31 - 36.

(7] Fwels, &0, o=k, DL AR i 0 T 1k S HL R ak
JwteE L], & H W AREEIR, 2001, 40(5) -
562 — 565.

[8] Das K ,

biodegradation efficiency of Bacillus subtilis and

Mukherjee A K. Crude petroleum-oil

Pseudomonas  aeruginosa strains isolated from a
petroleum-oil contaminated soil from North-East India
[J]. Bioresource Technology, 2007, 98 (7) : 1339-1345.
(9] whF, A, AEaE A, A, T P e DA i A T
T 6 | 4 S 2RI (0], B A= 2547, 2009,
20(5) : 1202-1208.
[10] XUEAS, skpB L. A s g RG FR R it (37, M



e 24 -

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

HEER, 2012 (4) : 35-38.

Kohno T, Sugimoto Y, Sei K, et al. Design of PCR
primers and gene probes for general detection of alkane-
degrading bacteria[J]. Microbes & Environments, 2002,
17(3) : 114-121.

L IR, BRAE AL, 55 A R A T 5 AR ) A
HAE s e B g a0, A 9in Tad #,
2009,7(6) :21-24.

Tan Zhiyuan , Hurek T, Vinusea P, et al. Specific
detection of Bradyrhizobium and Rhizobium strains
colonizing rice (Oryza sativa)roots by  16S-23S
ribosomal DNA intergenic spacer-targeted PCR[J].
Applied and Environmental Microbiology, 2001, 67 (8) :
3655-3664.

Yy, whE R bk, 4. T DNA -Fhric B
Py it R Gr b AL G S [0, A= 15 B o, 2008,
6(4):168-171.

H I, XA, TEHE, 2. A= W0RE 40 L BT A T
JrE L] SR MRS, 2013,32(5) 1 45-53.
fitkd R E, HAW N E. (AZNRHE R g% w T
(M]. 8 it Jbmt. BlA ikt 1984.

RFFER, b, W WANTE R g% T IM]. st
B kL, 2001

5T S S 1 s TV (3 P i) 21 - DO TR
Wi e 280 R B SOM R R 20 A 0. 2 A I~ i
2007,26(6) : 847-850.

Hassanshahian M, Tebyanian H, Cappello S. Isolation
and characterizationof two crude-oil degrading yeast
strains, Yarrowia lipolytica PG-20 and PG-32 from the
Persian Gulf[J]. Marine Pollution Bulletin , 2012,
64(7) : 1389-1391.

Pruthi V , Cameotra S S. Rapid identification of
biosurfactant-producing bacterial strains using a cell
surface hydrophobicity technique[J].
Techniques, 1997, 11(9) : 671-674.
. FERITEE (Citrobacter) 153255 % € [J].
s AR 2%, 2005, 15 (12) £ 1535-1536.
Hassanshahian M, Zeynalipour M S, Musa F H. Isolation

Biotechnology

and characterization of crude oil degrading bacteria from

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

REBEBREER B35 Hsl

the Persian Gulf (Khorramshahr provenance) [J]. Marine
Pollution Bulletin, 2014, 82 (1/2) : 39-44.
XE s, £ AR, 5. EHU S AT DM-2 £&
R ERTIE (0], BREERNE, 2008 (12) £ 3554-3560.
Sorkhoh NA, Ibrahim A S, Ghannoum M A, et al. High-
temperature hydrocarbon degradation by Bacillus
stearothermophilus from oil-polluted Kuwaiti desert[J].
Applied Microbiology and Biotechnology, 1993,39 (1) :
123-126.
Wang Lei, Tang Yun, Wang Shuo, et al. Isolation and
characterization of a novel thermophilic Bacillus strain
degrading long-chain n-alkanes[J]. Extremophiles |,
2006, 10 (4) : 347-356.
W2, AL, . Ailis A s SRk ).
HASIEEAAAR, 2009, 18 (1) :361-367.
KRB, RN, A5, 5. LRI B ey
Kok WSS A B AR AR OC R D). Al A
AT, 2014,30(1) : 94-99.
T, MR A R R R R e e R
R AR FIASE (D], s iK%, 2005.
B, AR, wRIGE L S5 AR R TS R AR T
A B 1 K 2 RS R R AR E PEE ST (D). AR E R,
2005,24 (6) : 631-634.
J/NEL, WOEH], R S A AR T B
Bk A R R A EVE T 0. BT S 3R A4
Yi2#4i, 2006, 12 (4) : 570-573.
Suzuki T, Yamaguchi T, Ishida M. Immobilization of
Prototheca zopfii in calcium-alginate beads for the
degradation of hydrocarbons[J]. Process Biochemistry,
1998,33(5) : 541-546.
Hassanshahian M, Ahmadinejad M, Tebyanian H, et al.
Isolation and characterization of alkane degrading
bacteria from petroleum reservoir waste water in
Iran (Kerman and Tehran provenances) [J]. Marine
Pollution Bulletin, 2013, 73 (1) : 300-305.
I, R 0 5 TS Qe A W R A e LB
WFFE 0], RO TR 24k . A ARBL A, 2011,
31(3) :68-71.

RIEHRE: R4



