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# E. [ %] Acinetobacter sp. Tust-DM21 (GenBank & & 5 KX390866)2 A& 5235 % A B #h i 75
HBF L IR R E R R R K RESFE T 5B R — MG B hEME, L. . K
BRI R I B AR R AT S, AEIFemAaTx. [B 8] KR EBRE L REGHELEME, Bat
AT & EmIR R LGB ARGER. [7%] ¥ ERRRE. pH T4 144 h, @i GC-MS
N AT N T B R &0 RALE DL, A E L RERREM; R, BdAMNELFFRALL
Bn e iEmg A E, SEMNARSARETARREAR, sSee)&aFrdmis; mREsT2 4%
fEA B £ 0144 h 69 & A L 4T T Real-time PCR 947, [4 3% 1 Acinetobacter sp. Tust-DM21 4%
MR 4t A 35°C, pH 8.5, Z &M Tt a bR T 97.5%, ¥, stK4EbeR M FiL 98.5%,
SHIRR ) 81%, *TFHBRHA 87%; FAT, HARRIALR LY AH F IR R alkB (GenBank
% MH368539) e K& Ix 12 18 i A B almA (GenBank &3 % MH357335), 2 AEMARGEG &
i 5 LR RE G AILE —E eyAa e, FBE 648 MR &; 81T Real-time PCR &K ILiX 2 A
A E A 0-144 h 9 ARF R GA F BT ]2 F 32 5. [4548 ) Acinetobacter sp. Tust-DM21 J2 sx A% F&fif 514
T B A HE T THRRGEME S, FATRERBOEREHN LA RE; 2 Ak
tg Xt KGR FAE A BT IR A9 A KA S, JE T Bk Acinetobacter sp. Tust-DM21 #9 4 KFal4 iR 5
alkB Fo almA H B ¢4 LR R4 KB,

iR mHBRME, alkB, almA, BfEF, Real-time PCR
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Abstract: [Background] Acinetobacter sp. Tust-DM21 (GenBank: KX390866) is a highly efficient
petroleum degrading bacteria isolated early from the water-oil mixed sample collected from the waste
oil area of the Bohai Bay offshore oil exploration vessel in this laboratory. It exhibits strong
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degradability to short, medium and long chain alkanes. [Objective] To investigate the optimal
conditions of the strain for degradation at the application level and to investigate the role of
degradation genes at the bioinformatics level. [Methods] The strain was incubated at different
temperatures and pH for 144 h. Changes in petroleum hydrocarbon components were determined by
GC-MS internal standard methods, and the best degradation condition was calculated. Meanwhile, the
degrading genes were identified in its genome by bioinformatics analysis, and seven homologous
genes were selected for each gene and their protein sequences were compared. Real-time PCR analysis
of these two genes at 0—144 h were performed for their transcription expression research. [Results]
The optimal degradation conditions were 35 °C and pH 8.5. The relative degradation level of
petroleum hydrocarbon under this optimal condition can reach up to 97.5%. The degradation rate was
98.5% for long-chain alkanes, 81% for cycloalkanes and 87% for aromatics. Meanwhile, the common
alkane degradation gene al/kB (GenBank: MH368539) and the long-chain alkane degradation gene
almA (GenBank: MH357335) were found in its genome, the proteins of the two degradation genes are
similar to their homologous proteins, and the similarity of the same genus is the highest. Real-time
PCR showed that gene relative expression increased gradually over time. [Conclusion] It exhibits
strong degradability to short, medium and long chain alkanes under the optimal degradation
conditions, especially for long-chain alkanes. Combining with the growth trend in this time period, it
was demonstrated that the strain growth and degradation were associated with up-regulated expression
of the a/kB and almA genes.

Keywords: Petroleum degrading bacteria, alkB, almA, Degradation rate, Real-time PCR
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Y, AT LA R R AT R A
AN Bl TN A T 0 G ik AT A S4B S B AT AR OR Y
NEFHET S . I, BRSSO A R A
HEE L,

Acinetobacter sp. Tust-DM21 (GenBank %5

}1 KX390866, LAFfIFK Tust-DM21) A S % Rif
) DAV S V0 T A T T e X0 B R T — RN Bl
PR = SO0 BRI . e D5 R
A ARG R ARACR Y AT — 20 T HEA
[ b 3BT (B R BA P, R [RRBE RN pH (EL 45 1R T
Tust-DM21 FEffA MR RE ST, IR L K 4
WFPEERE, £ 2 ANEER P | KB bR R g 5L
alkB 1 almA EATAN ] FE gk IRF 8] 7 S5 o 5 Y i
PCR 5%, PIANA IR H 2Pl Mt S %
A
1 Met5 8%
1.1 ##l
1.1.1  E#EKRIR

A VA VS T YA A TR T A e A B DX B
1 AR 22 A4S S0 06 25 {0 0 B 45 8 Tust-DM21 [
WRFEA, 7E-80 °C MM F¥RT 50% H i 24
rh o o [ T A ) TR R A L s X T TR PR
PEAT T WO, R Mk 45 MCCC 1K03249, 7E
GenBank %48 7 H 16S rRNA L H P& 55
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5 KX390866.,
1.1.2 BRBREERER

Tust-DM21 4= 5E R 21 Bk 7 T A8 5256 % A
Pacbio Ff. 43~ S H 4 L R 2100 7 e A5 (BB R 2
). Tust-DM21 fH 1 PNIRRGL A ARSER 2 K 3 M35
PRI B o BRI ZH A5 34 3 595 4, (G+HC)mol%
TN 39.18%, “FIFEEKE N 866.3 bp, H:[HH
FE4 1.011 genes/kb!"™),

FRHE Tust-DM21 FE R 2 FE R AN EL AT A1 T 2R
ffdE A, B LT, &P Tust-DM21 %
DRI HP A7 B A e KR P I R - T I — R AR
P XU A2 DR (kB I Bl ot et o i i PR v 25 45
& RN 4 I L A (flavin-binding  monooxygenase ,
almA) (£ 1), alkB FEH 41K 1 245 bp, fi T
Tust-DM21 LR 1 585 077—1 586 321 bp 4k,
almA JER 4K 2 275 bp, {7 T Tust-DM21 FEKH 4]

F1 ASLWAARAFERER

Table 1 Degrading genes is this experiment

419 407-421 681 bp Ab.alkB F1 almA B4 K KD 4

i FE 5 B 4258 NCBI $dis &, &35 00K

MH368539 Fl MH357335.

1.1.3 RIREZERES
TR SH alkB 5 almA WRERER D,

XS 2 ASHE N 7 5 i1y

s, BAHEA

prisk = g A G /78 S 0w (WE T Hi DR g S D 2 iy

FoX o

(1) alkB [l A{F R
T NCBI &5 I8 e 4% 8 D[RRk alkB Ak
Frém s i e S #2 Ak il (alkane  hydroxylase) 2 [ 7
A, R 2,
(2) almA [R5 FE B
T NCBI R B FEESE 8 M AFEM almA
LR BT 9 % 1Y) B R 45 5 0 4 (flavin-binding
monooxygenase)sk 1741, HEILFE 3.

B ISP eSSl kS FEIR HHFIERS BRI

Gene names GenBank accession No.  Gene length (bp) GenBank accession No. Amino acid length (aa)
of nucleotide sequence of protein sequence

BB 1-FUin A R A MH368539 1245 AWR93195.1 414

(fRIFR alkB)

Alkane 1-monooxygenase (a/kB)

R LA BN B A MH357335 2275 AWR93194.1 497

(fAIFR almA)

Flavin-binding monooxygenase (a/mA)

x2 SHKHEFA alkB ZEBER

Table 2 alkB protein information of 8 strains

Pk Strains GenBank &5} IR K

GenBank accession No. Amino acid length (aa)

Acinetobacter sp. Tust-DM21 AWR93195.1 414

Acinetobacter beijerinckii TY22 AMO65651.1 411

Acinetobacter sp. LAM1007 ART29879.1 412

Acinetobacter sp. strain HC8-3S AXA98735.1 415

Acinetobacter sp. M-1 BAB33284.1 415

Alcanivorax dieselolei AAT91722.2 394

Legionella jordanis VEH14023.1 360

Pseudomonas aeruginosa QIF36367.1 382
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*3 SHKEFR aimA EARER
Table 3 almA protein information of 8 strains

itk Strains GenBank &35 AR K E
GenBank accession No. Amino acid length (aa)
Acinetobacter sp. Tust-DM21 AWR93194.1 497
Acinetobacter baylyi ADP1 CAG69876.1 498
Acinetobacter sp. DSM 17874 ABQ18224.1 497
Acinetobacter sp. M-1 ABQ18228.1 496
Acinetobacter venetianus RAG-1 ABQ18226.1 497
Oceanobacter sp. RED65 EAT10988.1 499
Cupriavidus pinatubonensis JIMP134 AAZ64503.1 506
Limnobacter sp. MED105 EDM84915.1 507

1.14 FERFFUFRIFFRE

Trizol, L EIEERHLABR/AH]; DNase I 4k
FRGR], Fermentas A F]; & RNA #EHURLH & 2
Bkl . miRNA St & . PCR Mix Al
Real-time PCR {7, dbmiifitsPRHA R
F; RNeasy Micro Kit, Qiagen Z\H]; First Strand
cDNA Synthesis Kit #1 Fast SYBR Green Master
Mix, Thermo Fisher BH%/AF] o

HLTKACRIBERS AR R GE, AU aTE B AR ki
HAMRAE] VRURESOHL, Sigma 28w J00GRE
i1, Eppendorf /A +]; 7+ PCR{Y, Thermo Fisher
FHE AT

LB Hiffdk(g/L): 4AH 5.0, EHAMK 5.0, L
JKFZRE 2.5, NaCl 3.01°), 23513 pH ik 7.5,
8.0 F11 8.5 3 3 4, 1x10° Pa K& 30 min. P [ {4
BRI AN BRE 15 g/Lo Al KIEFREE: RARMEK
(%5 0.22 um JEMEHHIERRE), 1%53H" ) (1x10° Pa K
30 min),
1.2 FHiE
1.2.1 Tust-DM21 FERERE T BURRSR

HBFSE Tust-DM21 7EAN AR EE & pH 254 T 1
I ERE ARSI, B Tust-DM21 2 5% B AL
KSR EL, RN EAELEQoL6)HHFY, A
I8 40P AT i 52 pH JEFY 3.0-9.0, AT AE KRS
T 20-40 °CM, Ha il 3 R s S AU A A A
pH, JMiBCEA R EZH pH {E1) A-E 2L (R
4), 130 r/min £/ FIRGEFE, 120, 12, 24, 48,

x4 TRERIREK pH BEFFHIRE

Table 4 Germiculture conditions of 5 groups

44H Groups #iJ& Temperature (°C)  pH {H pH value
A 41 Group A 35 8.0
B 4 Group B 35 7.5
C 4 Group C 35 8.5
D 4 Group D 40 8.0
E 4 Group E 30 8.0

72. 96. 120, 144 h i, &L 5 mL iF O ka2 BUs
ST, HHEBORT 4 °C fR17

A I B R I SR B R BER FH (GC-MIS)
WU TR A R, AR RS =T
Bl GC-MS FELLF &4 F 52 astr: (ilhh:
HP-5MS (30 mx0.25 mmx0.25 pm); LLE/SAERE
S PRFF 1 mL/min B R . R e Oy G
MG . JEFERR 1 L. @ FE R FHEDR (R R
{10 min AYESE] PR 30 °C fEE, SRR E
100 °C B}, #%H8 5 °C/min MY RLREETHE ; 24
FEALTF 100200 °C Z AR, #0820 °C/min )3
RS FHR  7E 1K F) 280 °C ZHi AT, 3% #8 30 °C/min
(R AR TR fF R 10 mint™, X452 1k
FTorue E M, A R i3 A R LR 23 20
SERL :

Dkfﬁnﬁ :(Cck _Ct)/cck (1)
A
D}Mé=1—(i)/(—°k) (2)
Ay Aagts
A A
Dy g =1—(——) / (%) 3)
G
Ay Ak
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AP &I FRR . CEL B BERR M B (mg/L) 5
Coa=X FE SRR I FE (mg/L) ;. A=SE B 2 0 i
TR Awr=SC B0 2 NFRYIIEE TR Age=X BEH 70 A
PIETHIFR 5 Aok =X BRELNAR PP TRI R ;. D=TRRXT
AT R %6,
1.2.2  alkB 0 almA FlRE AL

(1) REK BRI EE

1% 8 N 1T 54 A Database, i ] MEGA 7.0
B, WHISB R RS F .

(2) [FIEE A RSTF A5 S IR T 5L P

i# 1 NCBI M35 Conserved Domain Database %
P& £ (https://www.ncbi.nlm.nih.gov/cdd) Fil i [7] I 25
FRSFEE M), F5FF MEME (http://meme-suite.
org/tools/meme)*! X} 4 3 R )7 41 (R °F K& P R AT
53T

(3) IR E P A T

i i ClustalW 7E £k b XS T2 H (https://www.
genome.jp/tools-bin/clustalw) 478 7 F HE X}, i
i1 ESPript 3.0 T H£ K22,
1.2.3  alkB 0 almA BEREZRIZHAR

(1) FEahhl &

% Tust-DM21 7€ LB RiFedtrpigfb)5 e+
7 MM KRG 7R3 (pH 8.5)H, B THEIE 35 °C.
130 r/min ¥55%, 7E0. 12, 24, 48, 72, 96. 120.
144 h BN ODgoo L, 37HL 30 mL $55% 6 000 r/min
B0 2 min, KEEATEAKIEGE 2 )G Trizol
IR, T80 °C UKFETRAF .

(2) SERTZEERE B Real-time PCR 5255

x5 ZWATASIMER

Table 5 Primer information

HHE Tust-DM21 5 5 US4 55 1R 20 )7 8] (5L
AN, RIAAELEIEREARILR alkB F1 almA
FIFERLT S, iR G 178 (#% 5). H SG
Al RNA S0 @42 U RNA, 7S/ DNase
[ 4b# )5, i Thermo First cDNA Synthesis Kit i
17 i s sy, SEm T S I E B LE 5. i
2xSG Green qPCR Mix (with ROX)#47 Real-time
PCR )i NZHERIBYBEE LA Tust-DM21 P 16S
rRNA BEPRUAnifE, XEEEA T AR T e
C 75 BARGETHoHr TR Prism 5 4eit4y
Mo 58 i

2 ZR545W
2.1 Tust-DM21 S EMEMBEHEIAR
Tust-DM21 BAFERY A-E Ab BT RE i S5 i 1)
GC-MS K& WL 1, Horp B> BREH A9 35 0 (O6F
HE) 12, 24, 48, 72, 96, 120, 144 h (FH FfEF
G FEHES ) IR GC-MS ElEH-ATR. K1 e
W P B e e AR R W AN IE + 7S BE (CreHag) AL S
(CisHsg) . KAEELRAERYUNIE =17 BE(Cs6Haa) F
1E = \BE(CgHrg) . RS 3-TN IR O I
(CoHy) LA St ZI1T5 1AW 2-H BE25(C Hy ) 5 7E
GC-MS K1 AT i iR L AT OL, Bl A BRAsT
] AR, AN [ b B XN ) Y e 9 B 4 2
o FAH GC-MS Fff IR mBUE SN, %
AR T P R AR R 5 BT AR 2 7E 144 h
BT GC-MS W HIFHER IR/, RIS T i
RSO AT

HH A 5191)7 51 FEHIRJE Length (bp)
Gene names Sequence (5'—3’)
16S rRNA Forward primer: GGACAACATTTCGAAAGGAATG 322
Reverse primer: ATTAACTAAAGTAGCCTCCTCC
alkB Forward primer: CAATCGCATCAAGTGGTGGA 137
Reverse primer: AGCGGGTTATCAATTTGGGC
almA Forward primer: GTGGTGCTGAGATCAAAGGC 91

Reverse primer: GCAGAAAGTACACGATGGCC
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Figure1 GC-MS map of crude petroleum degradation by Tust-DM21 strain in different treatment time

e Ar A WCPRAEAEA RIS R A AR B: B ARPRZEZEA R A] A REAR I 5 C: C ARBRELAEAIR]IH ] ] A REfR 1K D: D Ab3E
HAEARIE PN PEARIE s B B ARFRALFEN RIS IE] P 0 At 12

Note: A: The degradation charts of A treatment group in different time; B: The degradation charts of B treatment group in different time; C:

The degradation charts of C treatment group in different time; D: The degradation charts of D treatment group in different time; E: The
degradation charts of E treatment group in different time.

it GC-MS FHHEIBUL MR ARIH  97.34%, 7ESR NI, Tust-DM21 X%
Tust-DM21 A [A] A—E AbBRZH X [ A B AE T , 45 MLEREI N C 41(97.34%)>A 21(88.21%)>E 41
RN 2 FeR AEFRZH W E 2H7E 96 h TR R (82.60%)>D #1(80.32%)>B 2H(77.63%). HiltLAI %1,
M 96 h FFIRZE 144 h, C UMEfERT IS, 5 M4RFRIEEHN 35 °C. pH 8.5 B, Tust-DM21 7£
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Figure 2 Biodegradation trends of five groups under
different culture conditions

T A-E 7L Ab B2 A-E.
Note: A, B, C, D, and E represent treatment groups A, B, C, D, and
E, respectively.
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Figure 3 GC-MS spectra of degradation of alkanes in crude petroleum at 144 h in A—E treatment groups

H: 0h %R K A—E Ab3maH R R

oI EETIFHES], B AH Cie, BB A Csy.

Note: The spectra of 0 h control and A—E treatment groups were arranged from top to bottom in order. Figure A is C,¢; Figure B is Css.
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Figure 4 Degradation rates of alkane at 144 h in A—E treatment groups

H: B AN Cis; KBl Cys. A-E 20l UL HIZH A-E.

Note: Figure A is Cy¢; Figure B is Css. A, B, C, D, and E represent treatment groups A, B, C, D, and E, respectively.
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Figure 5 GC-MS spectra of cyclic hydrocarbons in crude oil degraded by A—E treatment group at 144 h
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Note: Figure A is 3-propylcyclohexene, Figure B is 2-methylnaphthalene, the highest was 0 h control, and the next is 144 h degradation

spectra of group A to E.
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Figure 6 Degradation rates of cyclic hydrocarbon in A—E treatment for 144 hours
W A K 3-NEIR O, KB B 2-HEEZE A-E 1 illfURAHI4 A-E.
Note: Figure A is 3-propylcyclohexene, Figure B is 2-methylnaphthalene. A, B, C, D, and E represent treatment groups A, B, C, D, and E,

respectively.
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Pseudomonas aeruginosa (alkB) (QIF36367.1)

Figure 7 Phylogenetic tree of homologous amino acid sequence of alkB gene

T FPBIEFRR B, X RERFORGRRLIE, WRAMIGTE S A NIZEH GenBank %535

Note: The values in the figure indicate the confidence level, the branch length represents the genetic relationship, and the GenBank accession

number of the protein is shown in brackets after the strain name.
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Domain families on selected sequences

Q#1 - >A.Tust-DM21 ((Local ID))

Di-iron ligands i Y Ad

Specific hits
Superfanilies | Membrane-FADS-1ike superfamily |

Di-iron ligands Q4 Al AL
Specific hits
Superfanilies Membrane-FADS-1ike superfamily

Q#3 - >A.LAM1007 ({Local ID)) Redundancy: [Nl Show functional sites

Di-iron Lisands g4 Adh Fry

Specific hits
Superfanilies Menbrane—FADS—1ike superfamily

Q#4 - >A.HC8-35 ((Local ID))

Di-iron ligands 4 Al Ak
Specific hits
Superfanilies Membrane—-FADS—-1ike superfamily

Q#5 - >A.M-1 ((Local ID)) Redundancy: [ERiErLCOICEIRd Show functional sites

Di-iron ligands Ty FTYy

Specific hits
Superfanilies Membrane-FADS-1ike superfamily

Q#6 - >Alcanivorax ((Local ID))

Di-iven ligands j) Ak Ak

Specific hits
Superfanilies Membrane-FADS—1ike superfamily

Q#7 - >Legionella ((Local ID))
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Superfanilies | Membrane-FADS-1ike superfamily

Q#8 - >Pseundomonas ((Local ID))
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Superfanilies Membrane—FADS-1ike superfamily |

El 8 alkB ERFEREIRERRTHEME
Figure 8 Conserved domain of a/kB homologous protein
0 NAEZEL N EETIKIKHN : Acinetobacter sp. strain Tust-DM21 | Acinetobacter beijerinckii strain TY22 , Acinetobacter sp. LAM1007

Acinetobacter sp. strain HC8-3S . Acinetobacter sp. M-1. Alcanivorax dieselolei . Legionella jordanis Fll Pseudomonas aeruginosa.

Note: From left to right, top to bottom, they are: Acinetobacter sp. strain Tust-DM21, Acinetobacter beijerinckii strain TY22, Acinetobacter
sp. LAMI1007, Acinetobacter sp. strain HC8-3S, Acinetobacter sp. M-1, Alcanivorax dieselolei, Legionella jordanis, Pseudomonas
aeruginosa.
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Name P value Motif locations

A. Tust-DM21 2.28¢-294 | [ | BN
A.TY22 3.26e-294 I I | I
A. LAM1007 6.46c-287 I | | I
A. HC8-3S 8.10e-296 ] I | I
A. M-1 2.83¢-290 | 1 | T
Alcanivorax 2.79¢-165 [ [ — &= .
Legionella 8.08¢-107 B

[
Pseudomonas 5.40e-108 [

Motif Symbol Motif consensus

. NYIEHYGLKRQKDENGKYERTMPEHSWNNNNIVTNLFLYQLQRHSDHHAY
LVPTGYNHFRVEHPYGHHKRAATPEDPASSQMGETFYEFWPRTVIGSFKS
TRPFQALRHFDEAPELPSGYASMLLPALIPPLWSKMMDKRVFDHYKGDLN
YACYLTSRKETSFJDKILLGISMGAINGIAINTAHELSHKHDRIDHILSH
TTRLKRKGKEFWSTDNELLQGWGMSAAFHGSMVGIFGKGVIPYLATQAFY

1l

&9 alkB EHRTFERF

Figure 9 alkB protein conserved motif
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A. Tust-DM21 SA VIPYLATFAFYGISL
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Pseudomonas 2K

E 10 alkB [5REBF5EEx

Figure 10 Sequence alignment of homologous protein of alkB

e M EZETIKIK A Acinetobacter sp. strain Tust-DM21 . Acinetobacter beijerinckii strain TY22. Acinetobacter sp. LAM1007 .
Acinetobacter sp. strain HC8-3S . Acinetobacter sp. M-1. Alcanivorax dieselolei . Legionella jordanis F1 Pseudomonas aeruginosa.

Note: From top to bottom, they are: Acinetobacter sp. strain Tust-DM21, Acinetobacter beijerinckii strain TY22, Acinetobacter sp.
LAMI1007, Acinetobacter sp. strain HC8-3S, Acinetobacter sp. M-1, Alcanivorax dieselolei, Legionella jordanis, Pseudomonas aeruginosa.
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Acinetobacter sp. DSM 17874 (almA) (ABQ18224.1)
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100! Acinetobacter venetianus RAG-1 (almA) (ABQ18226.1)

99 Acinetobacter sp. Tust-DM21 (almA) (AWR93194.1)
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B 11 amA BERRBREEEHRSKAER

Oceanobacter sp. RED65 (almA) (EAT10988.1)

L—  Limnobacter sp. MED105 (a/mA) (EDM84915.1)

Figure 11 Phylogenetic tree of homologous amino acid sequence of a/lmA gene

e BIRBERR BRI,

Oy SR EERARG R RILI, WRARIG 55 N IZE F GenBank 5% 5.

Note: The values in the figure indicate the confidence level, the branch length represents the genetic relationship, and the GenBank accession

number of the protein is shown in brackets after the strain name.
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B 12 alkB EFERREERRTEIE

Figure 12 Conserved domain of a/kB homologous protein

e MEZER. MEETMKIKH: Acinetobacter sp. strain Tust-DM21 ., Acinetobacter baylyi ADP1., Acinetobacter sp. DSM17874 .
Acinetobacter sp. M-1. Acinetobacter venetianus RAG-1., Oceanobacter sp. RED65 . Cupriavidus pinatubonensis IMP134 Fll Limnobacter
sp. MED105.

Note: From left to right, top to bottom, they are: Acinetobacter sp. strain Tust-DM21, Acinetobacter baylyi ADP1, Acinetobacter sp.

DSM17874, Acinetobacter sp. M-1, Acinetobacter venetianus RAG-1, Oceanobacter sp. RED6S, Cupriavidus pinatubonensis JMP134,
Limnobacter sp. MED105.
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Name P value Motif locations

A. Tust-DM21 0.00e+0 — [T [ [0 e N
A. ADP1 431le—294 — [T [ S N
A.DSM17874 0.00e+0 — [ s .
A. M-1 0.00e+0 — [ [ N I
A.RAG-1 0.00e+0 — 71 [ [ N I
0. RED65 9.62¢e-236 — [T I [ N I
C.IMP134 2.96e-235 — [T [ [ N .
L. MED105 5.13¢-246 — T I O I

Motif Symbol Motif consensus
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Figure 13  almA protein conserved motif
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C. PElYNPWDORLCH R E RILISS GEEILBAD IFAA T s Lo L G 6lY 1y v 3
420 450 460
X A NNYL
. | NYL
A Ad INNYL
A. AH A NNYL
A, P E INNYL
[534 b KiNAADRL NNYL
0. Fil KSAKDVLY NXYX
ok echz cElcRNVLE HNEZ

KD AKF Nl LI
KD AKF NpsJ LIY
KD AKF NjsJ LI
KD A SF NV VI®O
KNARF DGV
KKGKIE#] L3
LKQP IEjs] V)
[TIRHP VS| ALEY

Bl 14 almA FIREAFYEX

Figure 14 Sequence alignment of homologous protein of almA

T I EZE RN : Acinetobacter sp. DSM 17874, Acinetobacter venetianus RAG-1, Acinetobacter sp. strain Tust-DM21 | Acinetobacter
sp. M-1. Acinetobacter baylyi ADP1 . Limnobacter sp. MED105 . Oceanobacter sp. RED65 Fl Cupriavidus pinatubonensis JMP134.

Note: From top to bottom, they are: Acinetobacter sp. DSM 17874, Acinetobacter venetianus RAG-1, Acinetobacter sp. strain Tust-DM21,
Acinetobacter sp. M-1, Acinetobacter baylyi ADP1, Limnobacter sp. MED105, Oceanobacter sp. RED6S, Cupriavidus pinatubonensis IMP134.
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251 alkB FA almA EFEH] Real-time PCR %% &1k

ARNA KA 15 Fis, B RNA 50148
M, JOR, FFA SRR

¥ alkB F almA FEASARR ] B A XS 2255
ROHIREARE, BARFRECF RIS, AR
RFAXTFA TR, U 16 AR . HIRTRIA B I
6. K 16 F15k 6 ATEH, 7E Tust-DM21 1 alkB
Fl almA FERIIAAG Feak , HARXT 8 5 bl 75 b PR ]
FIBEINTE AN . almA £ 72 h WA RA BE FiR.
2.5.2  alkB EEF almA EEFRiE 5B RE KPERR
FESER

A A A ) B A TR 52 9 ODgoo 2211142
KAk, E 17 . WRIEE 17, g6 A
S RFFE AT, Tust-DM21 BBEE 0-72 h
BF T RIHER T Al e i, ez £ 5 0E
FRERFARK T, BRAb T REAF A, S e
72-144 h AT XI5, BRBFT IR KRR AR A T RS

1.5r

alkB

1.0+

Relative expression (27241

16 alkB # almA B Real-time PCR X} RIS

23S rRNA
16S rRNA

5S rRNA

15 alkB FA almA 2 RNA HK[E
Figure 15 Total RNA electrophoretic diagram

H: WEZRL N alkBTE 24, 48, 72, 96, 120, 144 h fl aimA
1E 24, 48, 72. 96. 120, 144 h ¥ RNA.

Note: From left to right are the total RNA of a/kB at 24, 48, 72, 96,
120, 144 h and almA at 24, 48, 72, 96, 120, 144 h.

B, AREA; 144 h S S EREECE BT,
R A KIEARE W] 45 G AR Fek R E (K
16)AT 401, IR alkB JEEF almA HEHEPZ%R
SRS 3, PIERIEA,
KA IR (E 16)25G 2.1 HIZ X M
Rt S (1B 2C), BT UL BRAAXT ST 14 B2 A 23 Bt

1.5 almA

1.0 -

0.5 r

Relative expression (2744)

Figure 16 Relative expression of a/kB and almA by Real-time PCR

F 6 alkB 71 almA HIHEX RIEZE
Table 6 Relative expression rate of alkB and almA

isf ] Time (h)

alkB BYHIXTFA 2R Relative expression rate of alkB

almA BIFIXTFE K2R Relative expression rate of almA

24 0.010
48 0.001
72 0.030
96 0.070
120 0.400
144 0.460

0.03
0.01
0.08
0.26
0.15
0.80
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12 24 48 72 96 120 144
z(h)

17 Tust-DM21 £ KHEHE
Figure 17 Growth trend of Tust-DM21

[, 7E 72 h R ERTE, 5 2 MR
HEPIEA—F, IEA T alkB Fl almA S M
NEFEREGI IR, I S5 30T SR R AR
i, Tust-DM2 1 AR R A 356 DR 14 AF X 20 1t S B
fift 7 BRI 11528 25 B 1o P AR A AL

3 g

AR FLE TR T 4. sp. Tust-DM21
Xof 1 AN TRV AL 93 (0 e fife e ) S B AR R 45, )
BF, FEXT B A /5 KB T alkB Fl almA
P OCRRRE AR L LR, A x2S R bt ) ) g
FISHFEE AT 4, il Real-time PCR
JFERIET X 2 ANSEFTE 144 h RN s,
TR T HSREMAER . B Z R

HAT, SR TR T R R A o
s, ERIEE . b KEEeE ROy &R
A RATREAGRE ST TR LA =, RER S Bekeis
i B e R B B R R 70%-90% , AR 256 % 1)
Tust-DM21 W #EFE 35 °C., pH 8.5 Mfi& 44T,
A FP R AR 97.5%, SHKBERERERR R
ik 98.5%, XIEH 81%, XFIFEIEN 87%.

A ] PN X R A TR AT T, R o
(2007)BIF5E T —RRSLIMEARTR , 7 d X bR REfg 3
H 73.33%, 21 d k%] 94%1 7 TR Q201 1%k
TR ZB 11-12 WA 25 A DAl R A f L4514
TR T7%); A SL R 2 (9 Tust-DM21 7] LA
TERACEMET T 144 h (6 d)NIEE] 97.34%HIK5 AR

% HATH B, X Tust-DM21 $5¢:1kfb)E, 5
ARSI S RTAE AR ) 7E 6 d RS T 2 AT 9 d
X e 48 O 4R A7 2 (98 %), 1T LA A 2% o L e fi
BORAT T T .

7 3L R TR KO- ARG Jy T, BRAS SO F
A, A A IE A e kR s S g
e RS BIRRB . i ETTI55(2010)
XTBERE A. hongdengnsis A-11-3 1) 2 A~ almA F&[H
A EMPRH TR, K almA HAEKEEE
$e C—Csy MRS T BIAZ XY, AHEEE(2011)
Xt Salinisphaera sp. C84B14 1) 5 /[ ff R [ UE1 T
T Real time-PCR, H:H{U$% alkB Fl almA FEH
SOl A A K B IE M BRI T, IR LSRG p 4G
R, ZHEM alkB 7EREEERES T LIAREE
¥, Kb s A B, almA JEE LT
NIk B A5 (2011) % — bk T T PR A 45
K YR 1) £ B 55 42 (PAHSs) [% f# 1 A il Real-time
PCR F 57 S5 R fife it 3k (R 76 AN W] PAHs 155 F 1Y
FIR NI, FRBR4E(2012)i 1 Real-time PCR 4}
Mr, ZLERTE P14 ) alkB FERTERRE Cl16. C24.,
C28 W FHRAEY EM, IEM TIZERN S5 %HE
ke kA A S5 AT 1 ARG X alkB
Il almA FERFEREES, BB 2 MREREEE
Pk H 2 AR BLAE, WEBT T Tust-DM21 X+
TR BE BRI RAFIEAR 15 alkB A1 almA ) L
P FIRAEAE LB . X Tust-DM21 1Y almA H£[H
AHXT A E N 96-120 h HiBL T WS4 R 1, HED s
FR: (1) almA RREELEERE R, LR gnhd
XALEA almAl F almA2 IR, HIL, 5%
Tk 2 RIEHNERHL P 2) FEARR A
KATE, HEE RNA EH EFHE IR TR
%, almA FEH 96 h J5IFn REE %83, 5
120 h FF4R T BT A X FhRLEE , TT BB 2 A T P A
B B R AL

B2, AR almA FEFITIEE HATA B Y
SCHRARGE , ASSCIUBI A Rk 0T, FARBEFEHLE]
ARpagit—2moe .
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4 S

Tust-DM21 XAy ke i B AR A5 1F R 35 °C.
pH 8.5, TEXAMNFT, “ad 144 h, HXFpasbikars
filt 33k 97.5%, XKEEVEREFEFAIE 98.5%, PR
Y2l 81%, W IFEEN 87%, Xof A4 L2048 5.
R TR R BRI EE ST

Tust-DM21 &4 2 PNEEMEEEA alkB F1 almA,
SRR 2 AR A RERE 80T RERESY, R IIZ
# -5 Acinetobacter sp. strain HC8-3S JEZ K R EIT,
55 W) R A B BT % I R R D B B AR LR B, T
BT T B AR AR TR s X 2 AN RAR L I JEF T Real-
time PCR 5256, &3 2 REAFSLH 133k 32
KBNS, [FRA K S R AR b 2 B
[FIREREESY, AT Tust-DM21 XK EELeR )
A 115 alkB 1 almA FEIR () _FJHZRA7AEICHE
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