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o HI TG Y D AR A ok B 2, RS A AR )
1R AR IEAE AR % G 0 £ 7 VAR A8 1 AR
FIFRBERISENA o FE T 437K b A HE AR N FH B ok e
Jyz L, Blanay DL o A almA - B F S RN 32 B R )
EAEYME R ) A M. 3 Ah, X almA i
PRI 2T R T, WA B T RS G i 58 A= )
BEHTANAE T TR X TR & e
WHE S, e HT B almA | DL K X [R] almA (4 44k
RAPETEAT AT SRR LR 2 11 ) — DIF R R

T E ki (Alcanivorax hongdengensis) AR A-
11-3 53 55 F S 7S U R e 56 22 7K, 2 — R A il i
RN 2R e A Y R AR S LA L BB L G -
Co BYLERE g i — B IR AN BE PR AR . MR HRTP 2 &
SERER] T alkB B:[H Fr Be (426 bp) Al P450 BEPH R B
(843 bp) " ' HXFHA BE LR B AR DL A AT 42
AT SR 1 kR A-11-3almA FERAAAE SR,
It —2BAE mRNA JKF EREH] T H 5 K8
il (R RE S o

1 MoRHAu 7 &

1.1 ##l

1.1.1 PP #ikk A. hongdengensis A-11-3 AL
U5 % AU IR OR e T v VR TR W R b o0
(MCCC 1A1496 = CGMCC 1.7084" = LMG 24624 ") |

Lk Cg = Cog M bEAE yiE—FR IR AN RERAE K
L1.2 83060 ATlKEERE(MMC) 7, @
M2 iR

L1.3  F2RG0 RS e ke : IE 2 be  IE e L IE
BEbE ESEgE T o e A A e i 3
B2 (4l Bz iR Al oSkl | R EET
2R 9T i s+ — % IE T DB - Sigma 23
mls T NKE . ke = e H Eastgate 23 Tl
+Eg B New Jersey 23 ) ; .+ kel H Mayflower
ANl =1 Nk H KOCH2L-IGHT LABORATOR
TIES A ) 25 Sl Al - X0 8 SR M50 DXk
)" PCRAHICIH i TaKaRa 421 H ¥ TAE &
(TN AL B8 A PR R 5 15 I 15 75 48 ( Memmery
1 SHP-250 |G 2 B A MR D) 5J1-250 JK-F-E
JEEHTRA (R FET R A BR A A ) 5 fH R 35 57 48 R
(b T 8 A A % T i AT BR A ®] ) 3 PCR Y
( Eppendorf ) ; AlpHa Innotech ¢ ¢ il 1% 1¢ ( San
Leandro, California) ; Ultrospec 2100 pro %8 4h 43565
1l ( Amersham pharmacia ) ; AE240 H 173 #1 K
( MettlerDCode DGGE ( Bio-Rad ) ; 5Z B+ 22 1 PCR X
(IQ™5 Real Time PCR Detection System, Bio-Rad) ,
1.2 almA FER) PCR ¥ 1B F

L2.1 5.3 1 RS % Bt A be ke B fin S i
5[4 (almAf/almAr) ,

#z1 almA EFEMEFHF PCR 5[ E5R AL EE PCR FR59

Table 1  Degenerate primers for almA gene and specific primers used for Q-PCR
Primer Sequence (5'—3") Target gene Function®
almAdf GGNGGNACNTGGGAYCTNTT almA degenerate primers( f)
almAdr ATRTCNGCYTTNAGNGTCC almA degenerate primers(r)
A-11-3re almAlf TAATGATGATGTCCGCCTCC A-11-3 almAl Q-PCR (f)
A-11-3re almAlr CCGTCCCAGCTATAACCC A-11-3 almAl Q-PCR(r)
A-11-3re almA2f ATAGGTTAAATACGGTTCTCTGCAG A-11-3 almA2 Q-PCR (f)
A-11-3re almA2r CAGCACTGGCCAGATAACTACG A-11-3 almA2 Q-PCR (r)
A-11-3 re GyrBf GCCGTCACGCTGGGGAATATTGT A-11-3 gyrB Reference gene specific primers for Q-PCR (f)
A-113 re GyrBr GCGCAGCGGCGAGGAAGATG A-113 gyrB Reference gene specific primers for Q-PCR(r)

*.f, forward primer; r, reverse primer.

1.2.2  almA F i) PCR ¥8 : DA bR A-11-3 3%
PRIZH DNA SRSt , FAS S 56 28 BT A e Jas B A e i
5|47 (almAf/almAr) 147 PCR §"3#4, PCR WK £
(B AR 50 wL): 10 x Buffer 5.0 pL, dNTP
(0.2 mmol/pL) 4.0 uL, 5% 1 (10 pmol/plL)
6.0 uL,51 % 2 ( 10 pmol/pL ) 6.0 pL, Taq Tif
(2U/pL) 0.3 pL, DNA £ifz ( 50 ng - 1 pg)
1.0 pL, 287K 27. 7 wl, PCR ¥ B4A9 444 95°C
5 min; 94°C 1 min, 50°C 1 min, 72°C 1 min, 30 4>

& ; 72°C 5 min,

1.2.3 455 #: PCR P2 ¥ glifk. | i% 4% pMDI19-T
J& AU E. coliDHS o JRSZ S rp , i il A T
SERCI o P45 5 7E NCBI( http: / /www. ncbi.
nlm. nih. gov/BLAST) # 17 4% #r, 38 o 4% {4
DNAMAN ( version 5. 1) X} 34 55 %] #1 GenBank 1
EGA P AN BT LEXT, H] DNAMAN 8547 fin A%
( neighbor-joining ) DL B f% K 2l 2k ¥ ( maximum-
likelihood ) R 4L K 1
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1.3 ERNIFESESR

PEHURBR A-11-3 B BLEE K T 30 mLM2 1373k
(150 mL =) thiffk 24 hy 32 1R 1% (v/v) B4
EREEFEYE R 53 41 30 mL B e M2 55
B 0RO 8 1 mL SO B R (2% i)
FHTCHKBE B M U, He T 50 mL MMC $5 55 5k rh
(250mL =) , M 0. 1% FeSO, ¥ W S i i It
ZIRW, BB A 0.1 % Cy — Cy A1 Pristane
(CoHy) fERBERY AR ERI 1 % (w/v)
PSR AN (NaAc ) Ay flk 5 %) X0 RECEH 3 o b 3R 2 o 855 57
Y, 8T 25 C, 180 r/min fHiF £ K ik S5 3%
72 h,
1.4 2 RNA fyiiR R it

SRS SRR A-11-3 TR (20
Hi SE <5 x10%) , # H RNAprep pure 15 3% 41 Hfd/ 4
LG RNA #2050 & (Tiangen) Y BEH 4573 B 4lifl
RS RNAC B RNA W& ) i S N 41 DNA
ffiF} RQ1 RNase-Free DNase (Promega) 2%,
1.5 RER

B0 P G TR A L A0 TR RS RNA 0. 25 —
0.5ug, FEHLG 147 (50 w mol/L) 1 plL,dNTP Mixture
(10 m mol/Leach) 1 pL, % 7% RNase free dH,0 %
10 w365 CIRIA S min J5, 37 ZIHCEIK [ 2074 2 min
DL 5 BB B AR RNA 545 TR AR 4R
T (microtube ) JIEHR ; 76 b A48 v B i 52 76 5% e
N : R RNA/S )55 TR -G 10 wl, 5 x
PrimeScrip Buffer 4 plL, RNase #Ji ] 5] (40 U/uL)
0.5 plL, PrimeSeript ¥ # 3 fif (200 U/plL)
100 =200 U, %75 RNase free dH,0 % 20 L, <%
F 554430 °C 10 min;42 °C 60 min;70°C {575 15min
JEVK ¥R AT, 5B cDNA IEW AT B T qPCR
R
1.6 HEZETEE PCR

FARBRAEARE Bio-Rid 2 H] 1) 1Q™S5 AIF ¢
& PCR Y4 BH 45, 5] #i%31{# F Primer Primier 5. 0
Bk, X HIZECY R SYBR green T #EATHHR & it
ST, B e T PCR 93 S5 fk . 51475
W 1, 285 vk BE BN R B 19 D0 Ak 20 45 9 228 5
)5, 96 i PCR B MK & : 1Q™ SYBR Green
Supermix 12.5 wL, IE[A] 5[4 (10 pmol/L) 0.5 pL,
& 55149(10 pmol/L) 0.5 wL,cDNA %k 2 wL, Jil
ddH,0 £ 25 pL, PCR #)#:95 € 3 min, 95 C
10 5,58 °C 30 s (DGR, 40 4~FE) ,95 C 30
$,50 °C 30 5,50 +0.5%C /cycle 3£ 80 ~EH, A

() PCR S hy #4943 ASH 52, ASS R B e i T 4 1Y
I [ 35 8 TG S i i 0 e S TR B ) R B 1Y)
B B (NC) , B AN Jim DNA A8 Al 194 J6 85 i xof fif
(NTC) .

N T HEE almA1 F almA2 P C (B FRTERZE
TEHL Cog 1 Csy 75 AL B 720 (Y cDNA #48}, 43144
B 1 - 10" A5 B, PCR F2IF[R) Lo il VA o il 28
I 2 A B 10° A5 (B i vl RNA R B A5 AR 250
10, Ho Aty f B2 B BE AR i 15 DUBCHLAR UGB 1 | 3R ]
DI B E M A DE S8, 2 22 MR
PRI SCHR9 Jo 2%k, KR AL EIAR
RIS SACFRRE S AT L, 2 Mk B AR R
I gyrB, LAZ AP 5 JEX almA1 1 almA2 #E47 A
XRE R
1.7 ERAF7

PB4 almAl F1 almA2 3& A FE 5 £ 52 3
NCBI f) GenBank 348 ZE T, almAl 7£ GenBank %
s£5 o FI263132, almA2 7E GenBank % 3% 5 N
FJ263133,

2 #XR

2.1 B mEEERE admA B PCR xEF45
#r

K IE 519 almAf/almAr ( WL3R) , i 3 451
ALY PCR 14 S, 3845 1 R/NA 1130bp 1Y
AN TF) BER 45 5 BN E 5L almA R Br, &
NCBI Blast 73 #7 5, H 4 5% 19 2 Ik 5 8] J& 19 A
borkumensis SK2" [/ 5 2 45 & M A 3L (YP_
692002 ) A F E A0, S 81% , 5 ¥k Acinetobacter
sp. DSM 17874 B3R 455 BN A G almA 11 W] P51
$958.6% . almA2 Gl i £ K5 SK2" (B 1 2
SRR (YP_691910 ) A5 i i AH UM, K 86% , 5
Kk Acinetobacter sp. DSM 17874 % 2% 254 BN 4R
filf almA FIRIENE N 53.2% o almAl 5 almA2 %t
(B HERR Y 5 [ 64. 2%

K1 g2 almA G AR IF I RGERE
o A-11-3 BB almA B 7 Br 5 HAB B R 455
IR g 0 22 IR ER B A S AR SF A B
1142 motifl ( GGTWLP [ R/K ] YPGIRSDSD ) . motif2
(IGSGATA) . motif3 ( TMLQR [ S/T]P) . motif4 ( ADI
[V I/V][S/T]ATGL) il motifs (GY[ L/T]N[ A/
IJ[S/P]WTL) . X S6R 57 1 45 M I b 1F 2 22 s TR
(S) HAEMR(T) MRLAIR(D) mERSF, Ul
13 20 B A BE AT S22 B 3R 25 5 I AR R Y 7 Bt
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0.05
Acinetobacter sp. ADP1 almA (CAG69876)
100 .
100| Acinetobacter sp. DSM 17874 almA (ABQ18224)
Acinetobacter sp. RAG-1 almA (ABQ18226)
35 100|
[ Acinetobacter sp. M-1 almA (ABQ18228)
Marinobacter aguaeolei VT8 Cyclohexanone monooxygenase (ABM20899)
100 Marinobacter algicola flavin-binding monooxygenase (EDM48565)
78 100 Nocardia farcinica ITFM 10152 putative monooxy genase (BADS57540)
g8 A-11-3 alm A1
Alcanivorax borkumensis SK2 putative.monooxy genase (CAL15730)
el
. A-11-3 alm A2
73 L
1 Limnobacter sp. MED105 flavin-binding monooxy genase (EDM84915)
Nocardia farcinica IFM 10152 putative monooxygenase (BADS57540)
3_1 Oceanobacter sp. RED65 Flavin-containing monooxygenase (EAT10988)
— L Psvehrobacter crvohalolentis flavin-containing monooxy genase (ABE76067)
76

Ralstonia eutrophu JIMP134 flavin-binding monooxygenase (AAZ64503)

71 Parvibaculum lavamentivorans DS-1 flavin-binding monooxygenase (ABS62476)
Aspergillus clavatus NRRL 1 flavin-binding monooxygenase (EAW13597)
80

Pseudomonas aeruginosa PA7 flavin-binding monooxygenase (ABR84379)

1 AN3ERESEMEBATHREBEBFIINRELTH

Fig. 1  Phylogenetic tree based on partial amino acid sequences of flavin-binding monooxygenase (377 aa in total) from strain A-11-

3 and closely related representatives. Bootstrap values ( form 1000 replication ) are shown at branch points; The scale bar

corresponds to 0. 05 substitution per amino position. The numbers in parenthesis men sequences accession number in GenBank.

2.2 EEPCR MR ETESTSRERZNE
A7

T E i PCR W] SRR FERA P, 2020080
i PCR P24 SMEA PCR A 3h J1 25 AE il i
fil it 26 43 M7, K almAl P TE 86.5C - 87°C,
almA2 FERTE 87 °C, GyrB JLH7E 86°C 4 454 B
— [0, R almA A FE AN GyrB 3 K 24 9 R 57
P, TEYSGE R PCR G, 018 TR EUS 96 6H
XFSREE Y S B 12 k. Tt almA i & GyrB
FED HAREC S AT 5 813 40 B B, 2Rty
IO 15 =31 ANEARERRR AN Y, 230 R BEAR ()P
Rk, ARSI B PCR S e 18 H
almA SR AHXS R T 53T o

3 )3 U A e YR 175 Ak B 5t AR AT R B R
B, LABEA almAl 1 almA2 [T 7€ & PCR, &
G FE B cDNA BiMR W B 5 C M 5C R 4k (B
2) o TERIIRMRBEAR A IE O T, JCI e W) 4 v
2/l R A — i (B R R .
XL alm Al #E475E i PCR, Cog H1 Cop Kb BR A B 4

HZR BB AR — 3. 567 1 —3. 277 , Wids o i 2%
(ARG 2280 R4 514 0. 996 F1 0. 997 , 52 I3 250 %
BT 99.8% , XtILH almA2 175 H PCR, Cy FlI
Cop b 3 19 H 2 h 2 0 L2 43 5 - 3.319 FI
-3.268, WitnifE il 26 10 #1562 8 R 43 510 0. 997
F10. 988, W RCR AR T 99. 9% , YA %R 2 7T LA
MTF9 e i PCR K&,
2.3 almA EEAMIBEERIEDH

TEPAL T 3 X519 (3R 1) M L 4 e,
FIEMRLRIT 5 1. 4 TR 3R 1 55 35 Z5 X B AR A-
11-3 HHATIA TR . IS B2 NaAce Ji3R & C, -
Cse , Pristane ( C,o Hyy ) 15 3 09 TR (48 B S50 29
5x10%) , FlFH RNA $2H& 77 & ( Tiangen ) fh 42 9120
AL AT 5 RNA , J2 %% 5% i cDNA | T J5 #£47 RT-PCR
G3HTe FHELIKAS I ] T, T Y RNA 58 3 AH X
0. YN A RNA 285 Dnase 1 JH 1k DNA J5 HL ik
E.JC DNA 159, 0D,/ ODyo (B 1.9 = 2.1 JEFH N
VLA A A FE AR TR B 225K . RT-PCR 255 (&1 3)
T NS gyrB R IR IR MATE TG
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Fig.2  Q-PCR Standard Curve between Ct and ¢cDNA templates with gradient dilution.

LT AR —F, M almAl 78 NaAc 5520}, A —E
HIAE R B E AN B, 78 Cy - Cp, HIAAW B 78
C3,Cs,,Cs,Csq, C o Hyy 1935 T, H: mRNA 74 5
YA W p 3 i, W 7R X e B i S i AE I T , 3X
almAl BRI AE FHFEIL, almA2 7E NaAc §5 357
TEOLT, WA W 1Y 3R 3K M AE Cy, Cy, Coy, Gy
Cy, CioHyo 5 1, He mRNA 7 A 155 B B (@ (1% 4
e Rtz g R, AT #7720
SIS 5 PCR 43#7 .

5OE T PCR AT 45 KW (8 4) , almAl Fl
almA2 WIS SR B KB e I 5 5 T L Rk
almAl 7E Cy Fl Cyy 15 S A R HIH 0 22 7 63k,
1E Co 5 SN B 8 0 22 59 33k, W 7 Cyy, Cyy s
Cy Ml Pristane (Cpy Hyy ) 155 I 22 7 RIBAH B,
almA2 TE Ca 5 A B B i 22 7 3858 7 C,y,
Cog, Csy , Cyy HI Pristane ( Co Hy, ) 55 I B 2 119 22 57
HIFRIR  TTHE oo 5 B 22 S RIEARB I

3 3tib

H AT A TR B e Js e ik 1 AL ) S B AR 2D
Throne-holst ¢ A (2007 ) M\ Acinetobacter sp. DSM
17874 {45 T almA FEPR, -3 1ok 9828 2 1% B YCIE B
T almA JEH BEFE A5 KT Cy O L BEBE SRS,
oAb, E & F N (2007 ) M Geobacillus
thermodenitrificans NG80-2 I Kb h 352 5
el AiR i 55— 2 BN R LadA 1 9F 3 1o 4l i
TR L PVE R C s - Cygo

AT NLEIERE T/ A-11-3 h PCR ¥ 1§ 4R 15
T2 A ERE G RIMARE RN B, almAl 5
almA2 . "EATS C 8 A b Ja B A 5 MR 9 AlmA
AR R E . RGBT R, almAl 5
Nocardia farcinica IFM10152 ( BAD57540) B i %A i
T — A%, admA2 58 4EHE A borkumensis
SK2" (B almA fi F—A~4r 32 1, 1 5 oAb 3 R
55 AR REIE B AU . KelR s T ARIB T A R AR
B, BENARRE DK B bR 1S 3Rk, oAb, almA2
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1 2 3 4 5 6 7 8 9 101112 13141516 M

1 2 3 4 5 6 7 8 9 101112 13141516 M

)
[==3=3
SS T

B

1 2 3 4 5 6 7 8 910 111213141516 M

E 3 RT-PCR :EE#RME A-11-3 HFA almA &
EEARRHIRES T mRNA FRRE

Fig.3  Semi-quantitative RT-PCR analysis of mRNA expression of
almAl, almA2 in strain A-11-3. A. almAl; B. almA2; C. gyrB,
as a reference gene. 1. NaAc; 2. Cg; 3. Cp54.C1555.Cly36.Cigs
7.Cg; 8.Cys 9.Cp; 10.Cy; 11.Cx; 12.Csy; 13.Cy;
14. C34; 15. C5¢ 5 16. pristane; M. Market.

SO = N W R N0 O D

almA1
W almA2

Realtive expression (fold change)

ninnininl

C24 C28 C30 C32 C34 C36
n-alkne

Pristane

B4 FERREIESH A-11-3 amAl 7 almA2 EE R
KK FH B SEEE PCR 5347

Fig.4 Real-time PCR analysis of the expression of almAl ( Black
Columns) and almA2 ( Stripes Columns) in different substrate as
sole carbon and energy source. gyrB was used as the reference gene,
and cells grown with sodium acetate were used as the control state.
Substrates used are indicated. Relative expression levels were

determined with real-time RT-PCR.

SN IR REB S b ke (8, C o Hy ) T RIK
YT A-11-3 THIRAY almA FE AT BETA T B R bEAE
FISCHERERE AR A o X HB DI D RE , 38 A 1 i 1od il
ST BRI BSR4 T B A T IR U

O 4438 , AIkB A1 P450 ( CYP153 FKjit) 135

SERE K (Cs — Cop ) ORRAR o FETH A-11-3 o,
AT R B T XS i R4, it s
b & PCR i T EAM TR FE R Gy - Cy,
W PASO IS RS 2R C - Cy (REFHR) .
R, B PR A-11-3 HRTIEE A 3 B bk 2 in A il
G5, EATTR A BB B, 3P 22 JE PR S oAy
PV PRI T A A5 I AR A 25 R 2R TR (g s B 1 17 ]

5% Xk
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Identification of AImA genes involved in long-chain alkane
degradation by Alcanivorax hongdengensis A-11-3

1 2 %
Wanpeng Wang' , Zongze Shao
(" School of Life Science, Xiamen University, Xiamen 361005, China)
(* China Key Laboratory of Marine Biogenetic Resources, Third Institute of Oceanography, SOA, Xiamen 361005 , China)

Abstract ;[ Objective] The aim of this study is to identify of genes involved in long-chain (LC) alkane degradation in
Alcanivorax hongdengensis A-11-3. [ Methods ] PCR was applied to obtain Flavin-binding monooxygenase genes, then
quantitative real-time polymerase chain reaction ( Q-RT-PCR) and RT-PCR were applied to analyze gene expression in
response to different LC-alkanes and pristane. [ Results ] Two homologues, almAland almA2, were obtained. They
showed 58. 6% and 53.2% similarities with almA of Acinetobacter sp. Strain DSM 17874, respectively, at amino acid
level. Enhanced expression of almAl genes was observed when strain A-11-3 grew with long chain alkanes (Cy to C 5,) ,
in sodium acetate medium. However, the induction expression was not observed in the case of C,-C,, alkanes. Similarly,
almA2 was induced by long chain alkanes ( C,, to C ;). In addition, it was also induced by the branched alkane pristane.
[ Conclusion | AlmA genes were mostly responsible for the degradation of long-chain alkanes and pristane in strain A-11-
3.

Keywords: Alcanivorax; long-chain ( LC ) alkanes; pristane; flavin-binding monooxygenase gene ( AlmA );

biodegradation
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