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FHMEARE HX-2 Tt S0 5 R M R s B A L R W R

Biye 2B ENN EXw FEFE IW ¥E EE
REAFE TR b T2RBe K3 300384

B OE:ISFI S EAomB TGS E KA LIE T EAHKME, BIIEEE RER R
W AE A EE, (B8] 2o bEmE HX-2 96t e & Lt thiAn 2 e AR #ATHR. [F
%) it GC S AT H AR HX-2 £ RF B AN E A F A0 TR EmE L, A8 3 ENER TR
Wb fa iR B T A AT, LRI R s E AT B XISk % 2 (extracellular polysaccharide,
EPS)A &3 35 ¥ b e g Led ok, B AT A AR AR B #1477 qPCR o #74F . [4 %] &
W &R H Rhodococcus sp. HX-2 3T vA%t 10 000—100 000 mg/L &9 & i AT F4fg, 3 d F&fig R 34348 3] 70%
AL, FTE 1%-10% NaCl & FEMEab, £ 6% NaCl RE TAAH 43.8%0EME, sf HX-2 5
AT EEAUE G B R A, el P B TR A R E A TALRA BF £ 57, mARREAEEYFHE
BRIFARIE EPS 696~ Z B MR H HX-2 69at Atk BB, fa#94is XA, MR E B R
Aoid it )8 EPS 894 AL & ARG AT 2, & HX-2 HARIFE) 4 Ahe £ addtia & @ A/ HO. HI. H3.
HS5 = 1 ##4 E a8 A Al % 2L B BetB. 3t H 4k HX-2 49 2 B 45 F 547 & 9, NaCl. # E8ki%5F HO. HI.
H3 Fa HS 89 %34, E%’d’;‘{ﬁ%& ’5 NaCl £ 40, KB4 FAKFEE| R KME. [454 1 Rhodococcus sp. HX-2
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Abstract: [Background] It is challenging to remediate water and soil contaminated by petroleum
hydrocarbons under high salt conditions. Therefore, it is important to explore the salt tolerance of petroleum
hydrocarbon-degrading strains. [Objective] Salt tolerance and relevant genes of petroleum-degrading strain
HX-2 were studied. [Methods| The hydrocarbon-degrading strain HX-2 under different petroleum amount
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and high salinity conditions was analyzed by GC. The intracellular ion content was analyzed by
conductivity meter and atomic absorption spectroscopy. The effects of exogenous betaine on extracellular
polysaccharide and petroleum degradation in high salinity soils were compared before and after adding
betaine; finally, the related genes for salt tolerance were analyzed by qPCR. [Results] The
petroleum-degrading strain Rhodococcus sp. HX-2 degraded 10 000—100 000 mg/L of petroleum. After
three days of cultivation, the degradation rate of petroleum reached more than 70%, and it degraded
petroleum in the presence of 1%—10% NaCl. At 6% salt concentration, the degradation rate was still
43.8%. Studies on the salt tolerance mechanism showed that there was no significant difference in
intracellular cation concentration with the change of salt concentration. Accumulating betaine compatible
substances and promoting the synthesis of extracellular polysaccharide were the salt tolerance mechanisms
of petroleum hydrocarbon-degrading strain HX-2. Meanwhile, the results of scanning electron microscopy
showed that the addition of exogenous betaine could improve the salt tolerance of the strain by stimulating
the synthesis of EPS. Four betaine transporter genes H0, H1, H3, H5 and a betaine synthesis related gene
BetB were obtained from HX-2 strain. The analysis of gene transcription showed that NaCl and betaine
induced the expression of HO, HI, H3 and H5. When betaine coexisted with NaCl, the level of gene
transcription reached the maximum. [Conclusion] Rhodococcus sp. HX-2 has potential application in
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remediation of hydrocarbon pollutants in saline environment.

Keywords: Petroleum degradation, Salt tolerance mechanism, Betaine, Salt tolerance gene
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i AFAE P, AR G S (BetA) s H 2 e i3
Tl P JI5E L T (BeetB) 14 a0 45 N M Wik A2, 8k
T 0 R T 5 A b o 2 TR I e AR 2 i T
FARO R ScmkRaE , BRI s B N
FHME BCCT 5> ABC #1585 111 MFS
F i (major facilitator superfamily)®), BCCT %Kik
()G 32 26 1 R AP /e T AN, HAR L R th il
B EUR TR IREN . ABC 4z iR RN K
R EREEEENEGEZ —, HEETA LY
e AR s g R, MFS R
T T RK s,

ARSCHRIT T LUERE R HX-2 BIFHSERR A AT 56
B BerB VIS AR HO. HI. H3 T H5
TERGERAMF R RYZIE, [INH04r T 208k IE bk HX-2
AT ER AL, X HAE R PREE T X A (B 1
DT THRTE o T ELMERALHI B T B, Fvk
SEAREE 2R AR A o () A FR R AT 1 A
FERIAEE; AMEEINESEEE S T EPS LK
TR TIE A AR . IR AE AU i
SRS YRR LA B -3 A 5 5 SRR
1 RS h%

1.1 EFERFIFLEE

P iR TR I AR - X, A
BN MRS 65.75%, F5E1ET7.67%, AEkE
P ii 10.85%, WHEL 15.72%. % VARIO EL
Cube JCEAHAGIE, F T & LK AT 1
PELT AN %0 A7 A R A T, Lo o 434K
M K: N 041%, C 83.71%, H 12.981%,
S 0.411%, O 0.426%, BRA LA 205.421 4, B
b 6.448 4,

RNAprep 4ift/40 7 1A58 & . TOYOBO qPCR
EA LS 1IQ™ SYBR® Green Supermix), K
A AR (AL ) A PR F] . At Ak 2350 2 [
FRAr Rl

Qubit s TE, FEERCHIRBHE (P EDA
BT 2 RSO i PCRAY, bt IpEkA: 4

BHERBARATR; MRS, Agilent 2AH],
1.2 HERFIEFRE

PIPE HX-2 ik A B s Pl M, 2241
SIMTERE, BRE HX-2 AHCL R, Aisd,
AR, JoEEd, BT SRR\ BUHES R AE
JRFLrEkER"Y,

LB WA R (gL): EAMK 100, Btk
5.0, NaCl10.0, pH7.0-7.2,

ToHLER B FR B (g/L): Na,HPO, 1.50, KH,PO,
3.48, (NH4),SO; 4.00, MgSO, 0.70 , [ £ ¥}
0.01, pH 7.2, JoHlERIEFRIENIA 20.00 /L A E]
AT AR TR

B 55 35 B4 7E 2.049 MPa & JE 78K KA
30 min,

1.3 AiHPERETIE
1.3.1 AHMAEXPEEEMN

T Ao R R A 1 A R TR ) TRV T
s XA AR A E R GC Ay kY
FHIE C e A B SR 5 h AR A, 288U A
HLAHZE NapySO,4 T8 J5 £ FH A 5430 2 A1 i
fife 2, il A5 A O L FEE HP-5S B E T
(30 mx320 pmx0.25 pm), KM#EHK FID K #s .
ZHRORE N BRI 280 °C, DU #R IR AE
280 °C. FEJF R APIGIRE 80 °C, fHIR
1 min, 15 °C/min 7} £ 260 °C, fHE 3 min; XS
N, Fiii# & 10 mL/min, H, &~ 30 mL/min, 2358
300 mL/min; ZMFikb A 1:50, BERERR 10 uL, A7
TR A

C

a=@x 100%
CO

L oA AIHERERR, %; Cofl C il kiR
Wi JERIA M, /L, CoHi2s It IRIAS
TEAN R A TR RS (10—100 @/L) 4 A7 T e i 1 55
FErPHE 2% RN, 25 °C 200 r/min FE53E 5d
Jei W A MR A BE T AN TR AR A KA L
1.3.2 MEESRL
it ER PSRRIy e ) 1.3.1, il i AR A R
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R FREL(50 g/L)FIMARFIWESE NaCl (0%—10%)
HELEARITERTERE, 3L 25 °C. 200 r/min 5537
S5dJE, BERRNARK KIEMERET .
1.4 HX-2 TFEM IR
1.4.1 HX-2 ZHREA K'/CT B9FR R

SR FH L S350 22 (0 7 g T HX-2 53 iUk
9 K ¥ TR (DHS o) O R I5 18 55 500 fil i i §RA0
MHETE 100 °C Jn#k 20 min FiJ5 HX-2 FIRGATEH
(DHS o) 255

PR 7% e R A i 5 Bl e PO ol
HE— BRI ER LA, R T RO T v D
T FAEH 6% NaCl iy LB K554 HX-2 4l
P Na", K", Mg® 1 Ca™ By
1.42 FREET HX-2 5% HEEPS)RIFA R

TEEH 0%, 2%. 4%. 6%, 8%. 10% NaCl
) LB ¥kl HX-2, 25 °C. 200 r/min ¥537
3 d JEHEH EPS. ARHESCHER[371PTIR, XTHEEL EPS
RRFREVEIE . $RBCER A : 4 °C. 10 000xg &5
> 10 min WA AT FVEW; K 3 R IARFTA JoK
CEEIMAE] 250 mL _ByEWP, DliEdn, FwEE
IR T R DTEY) . 2 HETTEY S 250 mL
HEAlKTE 30-40 °C %, JIA 250 mL 10% —5.Z
g, 4°CH{FE12h, 4°C. 10 000xg E.0> 40 min i
£ R, M WA 3 AR oK S
M, PTEER, 4°C. 10 000xg 2.0 20 min Y 5EZ
VRULUE , PR 20 TR aikd, B TS
IR 4> T4 14 000 Da), 7£ 4 °C #4li/KhiEHr
2d, H8hit—yUK, K@M/ 1521 EPS FR VR
TR T4 24 h, 152 .
143 AEEKE THBMEARNE

MRYEA LI 2 AT 7 45 58, HX-2 B R AY A
ZEMEY R R ERE R, A I R I E 225 S
BR[18]0
1.5 SMBERMEEBAEISETEERTIER
TS PE AR R B2 N
1.5.1  SMBEARIE SR I 2 1B =2 R AR
310

e — B ERFTSMIRER = 0806 EPS 4 1

R, EEA 0%, 2%, 4%, 6% . 8%. 10%
NaCl /) LB 5525 AMETR I 150 mg/L AT
FF4ERl, 25°C. 200 r/min 535 3d, 4°C. 10 000xg
2.0 10 min YCAEFR, EPS WA IESIR 14.2,
TE 6% NaCl ¥ B (1) 41 1 B A 1 5 55 (A Tl vk
1 5%) i 2% R R, WS 150 mg/L G AR
1E 25 °C. 200 r/min #5535 4 d 5, 4°C. 8 000xg &
O 10 min JEPCERR, A &8 T oK U e I
3, BARYNAE R R e, ZJEeE
70% . 90%F 100%HY LFERLBEBAK, T8I 28m8
4 EEAE NS, R A 1 # FB B (scanning  electron
microscope, SEM)MELHIARHIL M, ik
Has A IR 3R 0 e 6% NaCl #e B2 1A i
i B 5 5L GRS NI S0 1 R %) B
1.52  SMNERMEHSERET IR A HBEER S
R 3 [ R R TR e s, AR R
9 pH 7.2-7.4, K 12.35%15.28%, A HLT S
H102-122 ghkg, BASE 12-20 gkg, HRWES
i 10.0-19.6 g/kg, TEFHATELIRZ AT, Sk
BRIAFD G FBRAT, L 3 mm 0, HARX
T 7 do AT IE O BEVA R A 1 498 v i
THIAE] 5% (RBVER). #E 3 d ek
KB 10%F TR ABYE R, 10° CFU/mL)AIA
b KSEe FHEE T 25 °C fHIREEFRA B
Fe, EWIEHE, BN TE RS R 5 g RIEREAL
550 mL iECkEIRA, MNEIEPRECAMAT GC
O3B RIS AE () - 3E7E 50 °C R T4 48 h IEHFEE L
PR FL S M) o AT HLAHIE 3 Na,SOs e 45 2
0.2 mL. B41FAT 3 MESMERATMEMIEN. 5
] EIEHIIA 2%, 4% 6%0 NaCl ([R5
NaCl % f#7E 50 mL JCRE/KPIFImAZI 3 15
FARSMF T T 7 d IS FEEge) . SEgedln bk
TIEPIA 150 mg/g FERTR . 7RSI A4 3 d
TeHLERFREFRILIMA 3R AR R E TR T o
1.6 TERERE ST
1.6.1 FHEWEMEXERARECEEREE
ARV BTG T 2 RR A S . DU s i |
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TEEENE . TE S RS, ol A YA R
W P s AR R I BR85S B
?&‘f@%’?}i’i%~$¢féﬂil HeE LR SR, JF B R
Wy BT FE B/ (0 2 M B R ) AR sz i 2 i
I TAEEZUE T HX-2 7T 2L E 577 3 D B3R
B b UM AR T (Fmi), B A — 2D ARSI
S A M in SR o MR SRk [2814kE , il
S Rl 2 108 Ao JIE 5 U T (BetA) AT it Si Bk 28 M3t L
(BetB)id A iy . ETSem i) s 8 1 L A TR
LR, Hb ol E R BCCT KK ABC #
i53E AP K MES KP4 GenBank | EL4R
iB ) —#E Rhodococcuserythropolis CCM2595 H1Af
FIEREITEI1 (R 1), ik HX-2 HRFHEEAHE
KHEMA
1.6.2 RNA 2 EKKAEEE PCR (qPCR)

X HX-2 #547 RNA $REGE XA A 5

&1 3Mgit

Table 1 Primer design

HEEER 54k 55

Target gene  Primer Sequence (5'—3")

BetA BetA-upper ATGAACACCCGCGAGGAATGG
(1485bp) BetA-lower ACTTCGTCGACGTGAATTTGT
BetB BetB-upper ATGACGGCAGTAGCCGAACAC
(1500bp) BetB-lower CCTTGGTCTGGGTGTAGAGAT
BCCT BCCT-upper TCAGTCCGTACTGGCGGCTTG
(1834bp) BCCT-lower GTGGCGTGAACTACGGAAACC
HI H1-upper ATGACTACACCAGAGAACTCG
(1423bp) Hl-lower CCTTCATTCTCTTGCGGCGAA
H2 H2-upper ATGCGCACCTCACGATTTCGT
(919 bp) H2-lower GGCCCTGCGCCGTCACCCACG
H3 H3-upper GTGATCACATTCGAGGGCGTC
(1126bp)  H3-lower TGAAGGCGACTCGGTTGCGTT
H4 H4-upper ATGCGCTGGCTCATCGACAAT
(664 bp) H4-lower CAGCCACGACGGCGGGGACCT
HS5 H5-upper ATGAGCATCTTCACCGGAGCC
(670 bp) H5-lower GTGTTCGGCGCAGCCTGCCGG
H6 H6-upper TTACTCTGTCGGCTTACCGAC
(1615bp)  Hé6-lower ATCCGAACAAGATTCCGGGGC
H7 H7-upper CTACAAGCGATCATTCTCCGG
(400 bp) H7-lower GCTCGAGAAGTCCTGCTTCGT
HS8 H8-upper TGGGCGCCCTATGGGATTTTG
(627 bp) H8-lower TAGTGAGACGACCGATGACGA
H9 H9-upper ATGACTGAAACCATTCCGTCT
(1191bp)  H9-lower GTCTGGCTCTTCGTCGTGGTC
HI0 H10-upper ATGACTGCCACGACAGAGGAG
(799 bp) H10-lower CGAGATAAGTTTCGGCGAGCG
HIl Hll-upper ATGACCAAGACTTCGATCACC
(976 bp) Hll-lower CTTCCGAGACCAGCCAGTCGC

S BetB Je 4 RhEERIRG A AR HO. HI |

H3 . H5 W% stk 47 0 B, B PR i
GenBank #3508 MN567073, MN567074

MN567075. MN567076, MN567077. HX-2 fEAR
[ 26 F AR (LB BEgR R &AM 0% 2%,

4%. 6%. 8%. 10% NaCl #l 150 mg/L FH0), 2
PESCHR[41109 7 4 RNA FEATHREUI qPCR Hyiil
FE o FEXPEUE KPR, FHHR4P% RNAprep 4
it/ 240 1 30 e A B AR BOUE RNA . 38 3£ Qubit
st mﬂ'ﬂ;éﬁ&;%ﬁﬂﬁu RNA . FIH
TOYOBO ¢PCR iatifl &, f#iH] 500 ng RNA fF 15
W75 —%% cDNA E"J%ﬁi#ﬁi 20 pL A
R JHiL qPCR (T s B L R e i 43 #

TP E B R AR S 8 3 2. gPCR I
MiAZ: 1Q™ SYBR® Green Supermix 10 uL, ¢cDNA
2.0uL, 5% F #1514 R (10 pmol/L)4$ 0.4 uL,

*2 EMECEAEERNFRESY
Table 2 Specific primers for various transporter genes
HEEE 514 731
Target gene Primer
PCR
BetB BetB-F (Xma 1) ATGACGGCAGTAGCCGAACAC
BetB-R (Xba I) CCTTGGTCTGGGTGTAGAGAT
HO HO-F (Xmal) TCAGTCCGTACTGGCGGCTTG

Sequence (5'—3’)

HO-R (Xbal) GTGGCGTGAACTACGGAAACC
HI HI-F (Ymal) ATGACTACACCAGAGAACTCG
HI-R (Xbal) CCTTCATTCTCTTGCGGCGAA
H3 H3-F (Ymal) GTGATCACATTCGAGGGCGTC
H3-R (Xbal) TGAAGGCGACTCGGTTGCGTT
H5 H3-F (Ymal) ATGAGCATCTTCACCGGAGCC
H5-R (Xbal) GTGTTCGGCGCAGCCTGCCGG
qPCR
BetB BetB-F AGCGTAACCTTCTTCAGATTG
BetB-R CGGAGTCGTCAACATCGTTC
HO HO-F TGGTTGGTCATCACCATCATC
HO-R CCCAGAATCAGGACGAACAG
HI HI-F TGGTACTCCTACGCCTACTG
HI-R GCCACATATCCTGCCAGAG
H3 H3-F GTGGTCACGGACAACGGAAC
H3-R CGAGTGCTTGGCGGAGATC
H5 H5-F CATCACTCCCAGACCCATGAG
H5-R CGGTGCCCATCGGATTACTC
168 16S-F CTCTTTCAGCAGGGACGAAG
16S-R AACCGCCTACGAACTCTTTAC

TE: FRIZFIRBREPE N DI

Note: Underlining indicates restriction enzyme sites.
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A DEPC 7K % 20 pL.qPCR JZ i 2514F: 95 °C 3 min;
95 °C 30 s; 61 °C 20 min; 95 °C 30 s; 95 °C 5 s;
55°C 10s; 74°C 15s, 43 4MF¥F; 72 °C 5 min,
20°C 30 s, f§ifH] 16S rRNA JEFRFRHEILIE NS
NI, MRS 27O PV S o

2 HR54H
2.1 FAHMANEX FERKERE S

HE L AT O, BRRE HX-2 76 2% mh i, A ik
FELE 20 000-100 000 mg/L Dk N R IAITE 90%LA
b TEAHIHREE S 50 000 mg/L I, 3555 3 d 7
fift I iR E 97.6%. 2 SLH H A TR B A
50 000 mg/L,
2.2 AEEEXN HX-2 AMEERIZIN

B SR R A A A K R — A R IR BT R
Ko HE—EMEEEEN, MEYEL &S E
R B 7 20 B P 8 8 R R4 4R P A D A
SR, TR AR AR DAGE R B AR AL . 3
Fh e B2 TT RE 2 BRI R SR B Dy R REXTHE 280 B
I LE MR RCR Y, I 2 B, bk HX-2 BE7E
NaCl #EEH 0%—10%MTEF A, 7E 0%3%3E
Rl PN R A AR TE 80%L) |, 6% A NaCl e JiE
SR AN R A R RO, XERP] HX-2
J&FHEE AR TR, P LA SRR Ak R s
Y E s .
2.3 HX-2 T EHLHE R
231 ‘ARERRBIEMRMAEAEEFIRE

L T AR HX-2 5 KT 8 (DHS o) 19 241 g
fEBE, DIRER HX-2 i EhpLE . i 3A
FER, HX-2 BB 51 Bl NaCl i BE 4 38 fin i ik
RGN, X F R R R TR T A0 i e A SR
SEHHER B R R P NFIN E T Z R S
A BT, KRBT (DHS ) 2 — Fh X £ Uk
AT, U R A RN, AR, —
I R T R 1 98 1 MR 2 B o R VR B 1 388 i i
AR,

BH 2 T X e 4 i s B P 2 e bl of

T iP5 HX-2 ATt AL, A I T 200 N
TR RGN . TEU IS AU 6% NaCl i LB 3%
FRHEPIITE T HX-2 4PN AS [R] BHESFve E
& 3B /8 T LB Hl LB+6.0% NaCl 53 5Ef) HX-2
I Ca™ . Mg™ . K'HINa FHER 225, Uil
ER AT, WA E A AR R L
YRR AN 2 3 TR V. P SR [44)4k0E it ER
R AR E MU-1 76 R 3R W BT AR 3R KA

IR LT AAE S, AN E TR EAR
S HX-2 Byt ER AL
100 zzADegradation = CFU 11 800
95t % 0 7 11 600
% 7
I % 9 |1 400
gzg % %2 12008
g % %// , 1000 <
3 j(s) % % ~ oo £
2 ~f / 0 B
2 ol % /
; 1111 =
60 aA /) %% 4 7! % A
SRR, Q QQ O @ @ @

Q QQ N
EN \Q

W N
ORESNEANRRNRPNINRPI

Inltlal concentration (mg/ L)

[0

1 AN E X B AR AR A0 #200

Figure 1 Effect of initial concentration on degradation of
petroleum by strain HX-2

100, 7 @7 Degradation —a—Growth 716

Degradation (%)

& 2 NaClRENPEBEENZIE

Figure 2 Effect of NaCl concentration on degradation of
petroleum by strain HX-2
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Figure 3 Cell membrane permeability and accumulation of intracellular cations
TE: A: A NaCl#BE T HX-2 HERGAF R W AIEERS &M B: BiFRdE HX-2 WS T4 &,

Note: A: Cell membrane Permeability of HX-2 and Escherichia coli at different NaCl concentrations; B: Cation contents of HX-2 in culture

media.

2.3.2 HX-2 fEShZ HEEPS)RIFAR

VE R IE MR T5 e ZL e ) S 5, EPS 7
TSYI R L A Y R AR AR Al RE S TR A I
PRI B W T 32 I8 A% 45 PS5 114 5 Wi 5 7 T R
FEREMEA, WLmhaE = EPS Je—Rhk
KW, AT DLAE I BE 4508 T 76 4t M ) DR it — 2
R FA f B 2 H 52 SR BB g S i 101

AR SZHWFSE T EPS 78 HX-2 i $h 1tk vh B v 7E A
Mo Kl 4 878 HX-2 7EAN R T 431 EPS (1.
EPS FZHAE 0%—6% NaCl YL B N 5 bk i L B IE
M, 7 6% NaCl B ik ]z KAE(222.67 mg/g).
TEH F Y NaCl ik T (8%—10%), EPS Fo iz i
[, Kumari 550000 21 BE & EL e B934 i, EPS 7=
o S BT 8 K A U YA R T
T Z 453 EPS SRR A1 I e 52 AR R e I
FrE B AR ) A SClkRaE, HERTE SL
ARV AR SR 120 h RIS R Y EPS
(70.64 ¢/L)**1 Hua Z:4[38 T 7E L 44 1F F (LB+9%
NaCl), Z&AF PR EPS F= i M 1 350 mg/g T4l
FARIEANE] 1 825 mg/g™ . FEABI IR, MEREH
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Figure 4 Secretion content of exopolysaccharide (EPS)
by HX-2 at different NaCl concentration
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YR IARE . & 5B UEHITE AT AN 6% NaCl (AL
RN T AR SEA TR i
R, HAorad B A e e Bl g . SMIE I AT
SRS, AR BUBOIRY B (K 5C). R
ML S K SB AL, (R4 % g B 2 Y
PEZEFE TS, X AT B FANE Pt S SR sE . B&Al
DX b AR ) A2 ph 20 A 206 EPS. PR T4 AL
e R Fh I BE TP G R 52 SN I R B A E R e AR
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Figure 5 Scanning electron micrographs of cells of HX-2

Ak, il 6 B TEAIE NaCl ¥ T usm
150 mg/L FEEIMH%EE EPS a4k, 6% NaCl
WE X UL EPS Pt A BT in, 6% NaClik EE I
EPS =i &, iK% 445 mg/g (WG nEEzE
—A8)o TREE R I F R AT A o HX-2 A
T S KA P Jt i ER A5
2.5 SMERMESEE LIEAMMEREYNEN
Al

117 NaCl (2%—6%) )/ i 3P 150 mg/g
RSO, BB AT INEISEIAE X I, BT R
T HER AR S, IR T PR, R R

; p
o 300 nm \ -
EHT=! B/ D=14 3 mm Mag=30.00 kx Signal A= SE2 ’- EHT=5.00 kV"" WD=14 3 mfi*Mao=30.00 kx Signal A= SE2
oy

TE: Ar ZENTRBRAEEFRIEGS %A P A KA B: 757 6% NaCl (1 il A TR ILS %A P AE K AIIE; C: 1557 6%

NaCl BT IMFEAEEE TR RE(S %A I 150 mg/L FHSREBAE K A 2.

Note: A: Cells grown in basal medium containing 5% petroleum; B: Cells grown in basal medium containing 5% petroleum and 6% NaCl; C:
Cells grown in basal medium containing 5% petroleum and 6% NaCl with addition of 150 mg/L betaine.
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Figure 6 Extracellular polysaccharide (EPS) secreted by
HX-2 before and after exogenous addition of betaine
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Figure 7 Effect of exogenous addition of betaine on the

degradation rate of diesel oil in soil at different salinities
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Figure 8 Transcription analysis of five genes at different NaCl concentration (0%-10%)
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Note: A: Transcription analysis of BetB genes at different NaCl concentration (0%—10%); B: Transcription analysis of H0 genes at different

NaCl concentration (0%—10%); C: Transcription analysis of H/ genes at different NaCl concentration (0—10%); D: Transcription analysis of
H3 genes at different NaCl concentration (0%—10%); E: Transcription analysis of H5 genes at different NaCl concentration (0%—10%).

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



1694 (DGR ESTE(

Microbiol. China

NaCl B RS RME, 0T NaCl B Rk
(1) 1.74 51 4.18 f%, SRJGTE 8% NaCl B ¥ 1A T R
(K1 8B. C). H3 Fll H5 M sk /K- BliAg 5 B2 1y 15
T HN(2%—4% NaCl), 7E 4% NaCl Bk 3 Al ,
BN NaCl B ek s i) 10.21 F551 6.73 %5, 4R
JATE 6% NaCl B JF4R T (8 8D E). oA
FHSEORET, 5z 8 LR LA I i 55 K F-
It HAR N EITSER R T BerB R 3RIA

2.6.2 FHIEEAEL NaCl JREX 4 st izEQER
HO. HI. H3 F1 H5 852K F8E 0
N THFRLERE HX-2 | 4 FhiksE RN

— — [\ [\
o b o W
T T

Relative expression

o
n

5,,.,,,,?

HO. HI. H3F H5 53K SEEEEL NaCl ik B
ZIRIE R ECAESHA 2% NaCl i LB B 5k
1 HX-2 53R EXTECE R, K an s ph 2 o A
150 mg/L #3208 . 6% NaCl ¥ LB 3533, 311U
ANTINER A X, i 9 Fris, 54
NaCl FIFHSEm AT LB HPA: K iy HX-2 L, 7E
FHSEOA NaCLAEAE T, HO. HI. H3FH5 JEHEM
A2 T, e 2,92, 2236, 37.14
1 25.73 f%. XECEHEIEA T HO. HI. H3 il HS
B DR 27 S5 7KV 1 e R 3 TR B T R v B R R S
AT

g %/
:2;15— %
%10— /

o7z %/% %

\/S © &56"("'\06 ><$%C
%5\‘3.6\6 x %6\0:6\6
- X

D 30

25+

g

‘% 20+

8

2 1s)

(]

2

< 10F

°©

=4 v
; 7
NP .

\/$%C %6\%.\06 ><$(AO\
%e\f&.\oe x $e\(b.~\<\e
P X

9 HX-2 1 HO (A). HI (B). H3 (C)%1 H5 (D)RY3EF KT
Figure 9 Transcriptional level of H0 (A), H1 (B), H3 (C) and H5 (D) of HX-2
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