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B IES & Psychrobacter sp. G [REEZEBEE
PSYCG_10180 X5 FEFn £k F& ihiB B0 N B 5 1E 47
KoORLE WK SO MR

(. ERKEHER BRI IR F5 266061; 2. EEHEEER WBiEAYSEYRESTEE DR FH 266061)

W E:REEMEAE Psychrobacter sp. G 3 F 4 5% % H . H B % & A& E PSYCG_10180 2 K #4777 £ &
P FR A B IR Kk, 3 F I qRT-PCR # western blotting 3% A # 3 7 77 [ 8 & /25 & B 4 0 T o & ik 4%
HTT AR, Fol 2 RH,5%EE PSYCG_10180 M MR HWH A B EZ A MU ERBENE R EE AN
b E B (WP_010201745.1) , Z H By A LA 37% . # mRNA A-F E, 2 F PSYCG_10180 #y % 3k # 1K i
OOREFF A2, 2hAUAALEEZNH ERBE/RERRBE T 2hARKEAEFFL LA . THER
R0 C, 1 MME Hxk, £EEGAFEFRBEBET,EE PSYCG_ 10180 tyk#*k % 2 h B F A ,12
h WS EFRERE T, ZEANEAE 12 h YRGS, EB/BHAMYE T, %4 2h# & HBKS G
C,DFFHHALGTHEANRARHMH ., BN E W, E mRNA AF L, 2 EH PSYCG_10180 # % &
FEGZRENS N EEAKT L BENZAELRANEHMNERTEREE; ERA MR M E N, hELE FHE
A. ARARXYN XX PBREAFOTEERGELATHNEBFEEE, AFAXKY.BREE G HE PSYCG_
10180 7] # 7& W # Psychrobacter sp. G WK B ENEE LB FREEEZEA,

X : Psychrobacter ;s PSYCG_10180; fifr 8 % ik ;qRT-PCR; western blotting
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H R R L BOE B SR L ORFs 0y U AT B 88 1 S 41 2% SRR e A i oE ) . B 2 0y
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HRA T A BR Tk S R A SO T R B 2. PR JE S DR AL AR Y 2 AT 45 R ke S A
A B R L T A IR T B A 434 R S0 56 UE L3R DXL 4 T L SR X R R R AR R T BE T R A R
— A B R PR o RO S BT BE R A R R A AT SR A A LR

FAMNIE R B Psychrobactersp. G U2 FEHA N 3.11 M, G+C &N 42.44%,H 1 FHIE G A 1K
(CP006265) 1 3 /> fi ki (CP006266 , CP006267 , CP006268) ZH A » 1B 12 #5 1 4 ) o 2% €0 44 i1 J5i s T 5] 352 4
(Open Reading Frame,ORF) 4 26.3% M 72.2 %", AT B8 75 B ¥k 10 2R 8558 W v b & ¥ 5 EEAE Y R %8
F 2 Fp B Ho T e b 47 W00 S 56 E 7

Y is B3 :2017-02-21
HHTE :FRH AR ERE ST H— W E R W Psychrobacter sp. G 535 5 i T 3 028 3K 3% 20 0 B v /340 ik 56 DR 9 28 ML Al BF 5
(41176174) s AL PR BT 25 & 5 48 5 PP Al L I ——JU A T R 0 A A ) AR 25 2% 48 (CHINAREZ2016-03-05) FIIL e U E My B2 iR 2
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X B RE 2K B T RE TR AT LAZE A 2 R 5. Retief 'V A Hall"'® % B, v] DLl o 4 8 2 58 % & A (10 05 3
e Wi & 2 B W] e e L BB AT LI TreeView Al PhyloDraw W Fh k1) % R & &k & Wb 47 B AL LA,
DL B 0 o 1000 R K A S REEP M, Oany ZEPOI X W Bk Alteromonas macleodii AItDEL Wi & & H
amadl_06475 Y2 FE MR ¥ 41 3 A R B 1% 8 1598 BUE UM RNA 23 AR A AR & 0y [R50, 0 i 22 5 471
FEXS IR B i s 1 AR A AP v T DR ST XIS 5 TR I 2 e 0 e 5% B AR B D B Y T A
RNA R 8 25 RHE . Kanayama 5557 X5 BRI o 58 B (9 6 DX PpAKRL #E47 T 28R ¥ 51 43 17, OF
M AL R G B e B B DR S T T A Je G R L 2D 3 ek S 8 T e I RT 2 5 AR A ) 3 T 52
it #2 . Rajnish 2809958 358 [R5 M Lo % & B Zymomonas mobilis W) — R B & TN Y0 % BB i (ZMO1086)
5T P U A SROBE I 1 R B BE AR 40 06 (FLIE ask S R SR A E S T I EL A N 1) A SROME I A 9

EAMERAHLB SR, MR EY E Psychrobacter sp. G 2% (0 C.2 hHJF. BEHE A RENK
PSYCG_10180 ik & I+, HRKEM log, FC(L/OAE A X IRAY 4. 1 577, A SCxt Ha AT 7 3 A
v R 454 20 BT . 9T AL qRT-PCR Hl Western blotting 3 AR 43 5 mRNA 7K 3 F1 8 K EWF5E T H:
TEA AR B R FE LA KR 3 U 6] 638 8 A 3815 00 AR HZ BL I TE T AR G 3R B2 W PR 94 .

1 APRAS %

L1 E®REFEREREH

FIMIE VR T Psychrobacter sp. G 4385 H B ITI6 £ 8 P4 B 09 AKOF DR AF TAR LI % . B2 2540 i
Escherichia coli DH5a(D9057) , W& # A& pMDI18-T(D101A) ¥ 3L T TaKaRa (R %), Hfid A4

J& 20 CL il A K NaCl B 45900 (w/v) s ol SR BERE R AR P R 5 g, IE BB 1 g, NaCl 14 g, I f# T
1 Lid 985 (0 B i K (BRI Z58 3D H 35 T 1 X10° Pa R K B 20 min, Il A 6] £5 5 5% 35 5L 1
B2 OCHk[17],

1.2 BEZEOEEPSYCG 10180 HizRiZE ZMHE

1.2.1 A B PSYCG 10180 # % 4 % % #9158 5 57
YRR G A P4 5 A, e B H B9 3 i ORF 7 81, FIH Primer 5.0 #0F 34 51514, 76 51
W 5" 43 5 5 | HH L B4 BR 4 N VT Nde T AT Xho T RREGDIA A5 (% D,

F1 FHEEEEOEREPSYCG_10180 £ KM RIES4Y
Table 1 Specific primers used to amplify the full length of the hypothetical protein gene PSYCG_10180

Er PCR 5|4 N Y1 il
F: 5'-GATCATATGCCAGATCTATGCCAGCTT-3' Nde I

PSYCG_10180
R:5-GAGCTCGAGGAAAATCTTATCGGATA-3' Xho I

FesEg Yy AR AR A A A . DL R G B34 bk, #5147 PCR 4§71 . PCR &k
T:95°C 5 min;95 °C 455,52 °C 30 5,72 °C 20 5,35 NEFF ;72 ‘CHEMH 10 min, PCR =¥ alifb 5 % 5
pMDI18-T #fk I, 5% A KIGAT B DH5 e J8% 32 25 40 L, PRI 58 B 28 PCR % 20 BiE J5 26 58 e 5t 4 7 i A B
A

WP 25 3 38 5 EditSeq K 7F 2 % 9% 7F 8 09 JF 5 B 132 AE . 38 5F Basic Local Alignment Search Tool
(BLAST) (http: / www.ncbi.nlm.nih.gov) 5 GenBank H1 &4 B9 ¥ 5 SEAT 047 . B3 8 T ¥ 51 (—35 X .
—10 X)) MK 45 & 3 A5 (ribosome binding sequence, RBS) i1 Softberry B 5 Chttp: // linuxl.softberry.
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com/berry.phtmD 43 Hr 4845 . & ERR £ 7 51 LL AT R ] DNAMAN #1785 1 48 H i (pD L 43 F 3t (MW)
i Lasergene-EditSeq(v.1.02; DNASTAR Inc) iH 545 s R4 & & W 1 84 Mega 5.1 H 9 48 32 1%
(Neighbor-Joining Method, NJ) 4 # ,

1.2.2 ARk HEpe

B TR pMDI18-T-PSYCG_10180 5 ik JFiki pET22b [A i} A Ndel F1 Xhol #E47 XUV I 41k H
B, IR T4 DNA 48T 16 “CHE 4t %, M 7 AL S2 S 4 E. coli BL21(DE3) , HHZ W JE
100 pg/mL Amp B LB 55 55 308 12k B M 58 B I 22 PCR ) 45 501k I 26 52 B 5% 4 30 B A B 28 w1 0 2
1.2.3 RBEERGHEEXL % LB &

W4 2 B 3F TF B 1 35 T E.coli BL21(DE3)-pET22b+PSYCG 10180 #4715 5%, I FH &M E -l 1
mmol/L A5 N F-B-D-H ARtk i 2 FL W F (Isopropyl B-D-Thiogalactoside, IPTG) X ®H A W # 1T T i F F
ik, B RBEME pET22b+PSYCG_10180 Fik i H W HE A EEAALMHAKD  h TixEA C b
AR B K XSO HLAT B S A R X3, DR OO AN SE A NG SR RNZ BT R i alifh . AT R A
PG 6 TR A L 92 3% 5 1 b i AR W R AT DD I Al Ak A5 R LR A I OB R A 2 BRI

1.3 BhiEAbIE
ZROCHRC19 ], XK G #EAT 85 R AU a0 A0 38, LT mRNA KR FKF LR 22 R R B 5.
1.4 qRT-PCR & #7

FIAH RNA $2BOR ] £ (DP430, KRAR L I 50 L HCZ AN [R] W 38 4b 35 A5 [ [P 380 B 8] 9 PR PR G 19 8L RNA,
HC 5T A ok o A260/A280 fH i 2 . M H R % 5% K fl & PrimeScript RT Reagent Kit (RR047A,
Takara, KiE) ¥ 15 2 1 1 000 ng RNA &% 5 & cDNA, ffi i SYBR Premix Ex TaqTM II i %] &
(RR820A, Takara, K#%E) #17 qRT-PCR 43#71.

FIFH A Primer 5.0 B3R E E A KN PSYCG_10180 #E47 qRT-PCR #9514 (F: 5'- CCAGTA-
ATGCCAGATCTATG-3"; R: 5'-TTCTGCGATATCATTAAGAGCG-3"), W& KK & GAPDH (F. 5'-
AGTCAGGCACATTTAGCG-3"; R: 5-GGCATAGCCCCATTCATT-3)H? | gRT-PCR £ 4:95 °C 3
min; 95 ‘C 30 s,iB kIR E (PSYCG_10180; 55 “C,GAPDH: 52 ‘C) 20 5,72 °C 20 s,40 P&, A LI
T 3W, T FEFRE(COXIEE PSYCG_10180 i mRNA #4175 &, R AR Ct B2 (2250 b3
AR A, X B L DR R i R AL Ry 1, JF X REAS B T 52 PR DA R REAS IR A 22 S HEAT O 25 0 B L T S Tk 25
A TR

1.5 Western blotting #& il

R 45 2 BH 25 R R western blotting $ AR XHB & & (1 26 PSYCG_10180 A [] 61 2% 4 T 76 B %
IR b 351 LA T T A I 5 437
1.6 FEAE pET22b+PSYCG_10180 A H1 % B iE M il =

B IPTGAWE J 1 mmol/L)ESF I & pET22b+PSYCG_10180 i E. coli BL21 F K 1 mlL %%
T 1.5 mL EP &, T—20 CAW.2 h JFHUR BT K b 1 h (HHFEE, Blik 5 B H T —20 ‘CR %k 2 h,
ZIE HBCE TR 1 h (S 2 R 2 ATk EE GRE 1 k. Bl R Z VR 0,1,2 F1 3 IR A
W LL 1% R RN T 5 mL & Amp 19 LB RS 35 541,37 °C L 150 r/min #5355 4 h JF I ODy, , HE 3
W, DL TR pET22b (9 E. coli BL21 BIAF3% R AE Ry % B 2H O & i Ab B ) E) ),
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2 AR50

2.1 BEZHEMRE PSYCG 10180 HI=[E R F 54

HRAE TRk G 5k DS 21 58 B P17 R 35 R o e U e 285 SR o0 A 2R B B B kI PSYCG 10180 1) ORF £
624 bp, ik 207 MEIER, FIEE A4 TR 23.12 kDa, 25 5 (pDE N 4.80, B3 FIF% —35 X (5'-
TTTAAT-3)FI—10 X (5'-“TTTTATTCT-3") 4 347 T 4% S F ATG i 436 bp Ml 415 bp &b, 5 5t
A7 &5 (transcription start site, TSSOV T —10 X F i 6 bp &b ;B IR E 18 T FE 7 bp A — > ML 5 1) 2% 4
1R 484 7 8 (ribosome binding site(RBS) ,5'-GGAG-3") , K 14 bp 8 F Ji##E (downstream box(DB),5-AT-
TGATTCTACAAA-3) i TG H L F ATG Fii# 10 bp 4,

aaattcttatcacactctgatttctgtattttttaat tttatatagattttttattct gtcataaaaatatcgaatattc 80
351X -10 X TSS

attgtatctacctctgtaaggttgegttgcaagcetttatagctagtattaaatttgagacatgaaattatattcataaat 160

ttttattatttatatttgctaaatagccgtttatttttcctataatattttttatagctgtagatattttttatatgaat 240

attacctaaatattgttcaatattaacaacttgttatttgccataaacatacattgctttgatcactaaaacagectatg 320

atgtaaccaacttaatacaattaatataaatatttataaaatcaataatataccaagccgatctgtgtttagaaacgtct 400

tgcttctatggttttttctaaaaatgagtatggttgtcttagetacatttacctaattatag ggagaagetgaatgtcac 480
RBS M S

caacg lattgattctacaaalcccagtaatgccagatctatgeccagettgtatatctgagecacattacgtctactggtcta 560

DB

PTIDSTNPVMPDLCQLVYLSHIT STGL
tctaactctagtacgcttaatgatatcgcagaagtcgcaaataagetgaataaaattgatgatcttacgggtattetttg 640

SNSSTLNDIAEVANIKLNIKIDDTLTAGTITLLZC
ctacggcaatggttacttttttcaatatgtcgaaggtactgagcaagcactgaccaaccttaaaaatcgcttgttaatag 720

YGNGYFFQYVEGTEOQALTNLIKNRLTLTID
atgatcgccacaaagatttaaaaatattggatttttcagcgattgatgaacgccgcetttgaaggatggtcattacgetcet 800

DRHKDILIKILUDT FSAIDERRFEGWS STLR RS
attacgcttgagecgctggatggttaatgagectaagetaaaagectttatgecttttagacctgatagetggaagtcaaa 880

ITERWMVNEPKILKAFMPFRPDS SWIKSN
gaatggcagcagtttttagatattctgcaaggctattatgaagecgecaggaagtgactggtgatactgattctcagecgca 960

EWQOQFLDILOQGYYEAQEVTGDTD SSOQ?P
taaaatacagcacgctagggttaacattaggcaaagtagtagggcagecaccaagcatttttcttgatccaaaccatattg 1040

IKYSTLGLTLU GKVVGQHOQOATFFTLTIOQTTIL
gotgeattgattgtgttagcactactgtggctgattttatccgataagatttt ctaatcagcataaattgetggettttt 1120

GGLIVLALLWLTIL SDKTIF-
ttgtttttacaatcaggtattaagtggctgttaggctgcatggacaaggegtaatagatatatttatgctgaaaagtag 1200
aaactaatccacataaaaaaaccctatcacagtatgttgtgatagggtttttagtggtacgcttattagtcttatctaat 1280
gcttaaccaagcatatttgctaataagtgacgecaaatagt 1321
K1 e & A PSYCG_10180 K5 % 41 43 4
Fig.1 Analysis of hypothetical protein gene PSYCG_10180 and its regulatory sequences
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FH BLASTP Xf i€ 8 1 PSYCG_10180 #47 T X 3 Mot Mt T R G R BW (K 2). TTLLE L K
FEE TR SEESRA PSYCG_10180 tHXME M, — KN EEREN, & WAL EES . SEREEH(WP_
041753194.1, Psychrobacter cryohalolentis) BARRIEE AT I8 97 %6 3 75 — N BB AL EE F1 , (H 5 ( AH L 3
ARAR, iz b 2 1 5 H AR UM B & 1Y Psychrobacter sp. PRwi-1 9 #5614 184 1 (WP_010201745.1) /Y
HRLEZEBALA 37%.

Psychrobacter cryohalolentis (WP 041753194.1)
]_()O(Psychrobacler cryohalolentis K5 (ABE75644.1)
37 PSYCG_10180 (WP 020444051.1)
20 Psychrobacter sp. PAMC 21119 (WP 010196365.1) [ 1YPothetical protein

Psychrobacter sp. P11G3 (WP 057761169.1)
Psychrobacter (WP 025643872.1)

AW):’sychmbacwr sp. PRwf-1 (WP 011959849.1)
Psychrobacter phenylpyruvicus (WP 028857946.1)

100

Psychrobacter urativorans (ALF60067.1) blue light sensor protein
63 _:Psychrobacter sp. PAMC 21119 (WP 010201745.1)
96 Psychrobacter sp. P11G3 (WP 057758456.1)
A
0.2

2 fRAEHEA PSYCG_10180 MRS K & 1T
Fig 2 Phylogenetic analysis of hypothetical protein PSYCG_10180

2.2 XHREMBRNE

I 3 7] UL, 7E mRNA /KF I & M PSYCG 10180 3R iA B E ¥ K (0 O)iE S, LR E T
A FRIET 2 h FBIAERBN R KA XA 12 75, SHiRG0 O F&ET =i, b5 6 I e,
ZIEREIENEBEFE T, T 12 h 23] 8 FHMEH , 2RS4 X IRAR 0.2 4%,

m C20 ) oocT B510C m 30 C
16
14
1 12
& 10
® 8
E 6 Exs
4 **i*
: o el .
6 12
t/h

W x REEFEE(P<0.05); »» UEEFHEE(P<<0.0D
B 3 HESEMAILFE PSYCG 10180 Xk B Il if i 57 25 FR1F

Fig.3 Expression patterns of hypothetical protein gene PSYCG_10180 in response to temperature stress

Western blotting 25 2 K JEFH 5 A B £ W (B O JFEFE HKFE L BEE A PSYCG_10180 By K ik &
TERE I A (2 h) NAEFE AR KL, F 6 h BF S8l B it E] (12 D WREAE S, JF T 10 CHEH R R B R,
2 RN R ZH Y 4.6 %,
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TP TP TP
0C 10C 20T 30T 0C 10C 20T 30C 0C 10C 20T 30C
2h 6h 12h
: GIRENZSHEN (GAPDH) ; TPARKHME M (Target Protein)

(a)Western bloting % & (6)

5 M C20 ) Ooc BHic 30 cC
4_
i
& 3L
K
1k
2 6 12
t/h

()R EE B PSYCG_10180% i e vt iy Jir 244
Bl 4 IREMA T EEEA PSYCG_10180 K FE BT

Fig.4 Expression analysis of hypothetical protein PSYCG_10180 in response to temperature stress

2.3 EERME AR

i [ 5 7] W, 75 mRNA K F LB PSYCG_10180 A2 35 7E 8 I 1) (2 h) IN B3, 6 h #5512 h
P B FEIHDRA , 7EMRER 0,15 & T LB H PSYCG_10180 A E T 12 h W xF IBLH 19 0.3 1% s 76 i
890,120 AT L F P PSYCG_10180 iRk 14 A%t FR4L Y 0.8 f5 1 0.3 fi5 .

Western blotting 4% 528 JK FE 13 J5 43 Hr 26 W1 (1 6) L 7E 2R K b BUE B 1 PSYCG_10180 R Ik 1E
e Bsf 1] (2 b P BR k(90D SR A1 AT g H A £6 B A L O T i AR (1200 B AR (1 Rk ik Bl R oKL 2 Rt
MRZH 1Y 2.5 %536 h LI ER B @ K % B A G SRk BB il OF 76 55 58 (00) B FRaB fE 5 I 7€ 2 F1 6 h BF & A
1) 3% 3K 35 T 5 2 COO) Pk 5 12 h BH 8 8 78 11 (0 283K 1 T 015 5

W C(45) o 815 m 90 120

2.0 -
1.5+
5
w® Lot *
'
Z o5} * m@ *
0.0 ; = s
2 6
t/h

W x REEFEBFE(P<0.05); » [LEELFWMEZE(P<<0.0D
K5 BaEEEIER PSYCG 10180 X £k B Bk il iy 1 & #:fiF

Fig.5 Expression patterns of hypothetical protein gene PSYCG_10180 in response to salinity stress
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G G G
TP TP TP
0 15 45 90 120 0 15 45 90 120 0 15 45 90 120
2h 6h 12h
H: GIRERA S H (GAPDH); TPAUK H 94 [ (Target Protein)

(a)Western bloting % &l (S)

W C(45) 0o 815 m 90 120
25
2.0+
m —
X 15 é
£ wof = i —
7 — q —
0.5+ — \ %
0.0 = ! I mn . =

—
Do

== I

(b)Y BEE EPSYCG_10180% %k 2 v i BL 2 A4HAE
K6 EhEEIE T E S PSYCG_10180 (33540 BT

Fig.6 Expression analysis of hypothctlcal protein PSYCG_10180 in response to salinity stress

2.4 XHiE B/ EHE B R R &

f & 7 ) O FE IR/ SR EE R A AR LA 2 h R A S PSYCG_10180 119 3¢ 15 4B nf 4% fI% 1R 175
S UHOR PR EARER (0 °CL15) W F S, R IR 2 A IR Y 8.2 £ . 76 3 A1 50 B[] 25 1] B sy AR
E£ (30 °CL15) M, Kk &g 53 5 W R Y 0.4,0.3 F1 0.3 1%,

Western blotting 4% 5248 JK B £ 45 J5 43 A 22 W3 (& 8) o 76 1 B /3 B8 P [) s £ 14 °F L 8 38 1 KF b L B
FEHEMA PSYCG_10180 M5 HAME 2 h #im R (30 CL I E S (FBEA NI AR 1.3 175, a4
P B am

B C(20 T, 45) o<, 15 B 0T, 90 3o <, 15 § 30 °C, 90

10 *

AN RE R

g

t/h

TE: o« AR B (P<0.05) 5 »x A2 54 83 (P<<0.01)
7 EEEAZEN PSYCG_10180 X/ b R Mk i (9 5 25 454
Fig.7 Expression patterns of hypothetical protein gene PSYCG_10180 in response to

combined stresses of temperature and salinity
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G G G
TP TP TP
a b c d e a b c d e a b c d e

h

2h 6h 1

Do

e GIRF AN SR (GAPDH) ; TPARZ H I 1 (target protein); af8#O0°C, 15; bfREOC, 90; cft#20°C, 45; dfRFE30°C, 15; eftFOC, 90
(a)Western blotting %5 E(6,S)

B 20 T, 45) OJowc,15 HEow,9 [I30%C, 15 30T, 90

1
t/h
(bR EE EPSYCG_10180%i8/2kE 1 5] il B Jor & 45 4E

B8 EARMMA T E & 1 PSYCG_10180 [k 44
Fig.8 Expression analysis of hypothetical protein PSYCG_10180 in response to

14 -
1.2
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]

) 0.8

& 06
0.4
0.2
0.0

TR
%

[\

combined stresses of temperature and salinity

2.5 EAEKRBIURRMIE N

WA WG I EYUURAE AP IG5 R WE 9, FTLVE 1, W R IAEE # H PSYCG_10180 (19 & 4 14
5AUE pET22b By H 4 W BEAT I B VRl ARG R AW N R H R0 H A TG R A TR . TERML 3
WL G A EEE T PSYCG_10180 MY H 20 I MY 7716 SR 29 0 X REZ Y 15 18 . Be s vl o) 28 Ui i L fBoE 1
PSYCG_10180 55 IR 3Rk Al 42 & 16 T E. coli BL21 MHTVRALEETT .

100 * —e—pET22b_10180
—apET22b

90
80
70 +
60
50
40 +
30 |
20 L
10 L

0L
-10 . .

0 1 2 3
RS

9 PSYCG_10180 F 21 T4 ¥k 14 Bt o5 il 92 56
Fig.9 Freezing and thawing resistance of PSYCG_10180— overexpressing strain

TG R /%




43 i R AR FIRIG YR A Psychrobacter sp. G EGE 8 FIAE R PSYCG_10180 il 4 AR B JH38 1y N 2 RFAiE 23 A 555

33w

RIARYECH XM IE R H Psychrobactersp. G IR JE W38 5% 5 4H 1 He 38850 B, % Heoop — R IR W 38
Je 2RIk W2 T R e B AR PSYCG_10180 #E4T T 2B 5ok 5 )% 51143 Hr . 3 FIFH RT-PCR Fl western
blotting AR 4 5l A mRNA /KFFIEE UK WE G T HAEAS [R1 B /46 B2 ol 301 4% 44 °F 1 3R 5K 15 00 DU 48 7R
B RE G X Bl A B iy P58 1) 43 738 L BIL A

JE 5 43 AT 2 B FE B R 3L PSYCG_10180 M IR %% T ATG Tl 10 bp A& MK 14 bp 1) F i
HER)AELE . A TFFE R B, T U AE X 8 00 A 1 A= 457 iy 100 200 e 1) 380 2% o R 2 b 35 12 X 28 B L i M e
BT RELE bR G AOMIIRE W e rh 5 EEA/EH . BLASTP AR 3| 1 W28 5% 05 & & AR 9 8 1, A
Pl R EE A MR & 97%; 52 FIMEER) Psychrobacter sp. PRwi-1 ) #5 15 B E H (WP_
010201745.1) BYARALEEANL R 37 %6 . X U B, A 0 58 1 i 90 i — 2P 99 k1% 5E 9 i D 6E .

T B2 38 X5 HE P PSYCG_10180 7 mRNA FIAE F K - R ik Y52 W A7 724 B . 22 5% . 7 mRNA K
B AE 0 CCHEEER PSYCG_10180 i3 3K e 95 48 S5 #7610 F1 30 “CIZ BN i R IKUAE 6 h Z H|i
T 37 P i DR EL A A VR T R K I R A 7 2 1 BT RRAIE 5 1 AE AR 1 KOE B B B 1 PSYCG_10180
T E S, HR ARt 55 S . Etchegaray ZPI B KL, Y K G AT B A 7 IR EMR T HigE
TS B YU 11 CspA Y 3R IK i 23 76 FE I (A NG T+ 55 . Song 5 Y R B, B LB Csp2039 7
mRNA /K [ 3R35 0T i E AR S 7R UKF BRI 1 Csp2039 1R IR IR il BRI S 5, X 5 A
SCHEFEZE R A — 3, MR i N il A KR 37 “C R FE R 10 “CHE, L CspA B AR ER R IK &N
MM 3% X 5 A OB EE H PSYCG_10180 fEARIR (10 “C) &8 F HE B £ 5 & & K #H
—5,

AR B2 38 X PSYCG_10180 7E mRNA IR H 7KV By K3k (52 W A7 76 5 W W 22 5% . £ mRNA /K
b ZFERTE 6 h BRI E (2,12 b I G], JUAE 12 h BT A $h B 4 W M R 0k L (H SR
oK T 1% PRXT 6 58 11 IO 28 R AE AN BH 85 72 JR K OF b i B R A M R IR T Eh B S IR TE 6 h ¥z B
il s e AT R PN (2,12 W BRTE 2 h A E b BE OO A i B A M Rk W Z 81E S . Fo R W, Y p
WA R (Listeria monocytogenes ) WG FRF PN 3% ) NaCl J5 . B EH CspA WERE BB EF T
1R o AT R AR IR B ALY 2.8 A5 BRI, ZE I AENT XV R 11 Csp2039 7E mRNA KFAERL A~
AR 78 & B, B 3k (90, 120) f 3 30 W I B 3L ] Csp2039 MY FRIA, X T RES Csp2039 FEHAY 5'-UTR
FURTELE AT-rich UP element A )&,

TE H AR AT s Psychrobacter sp. G il 5 2 [A] I T80 X 22 b I8 558 1 7, Tt B8 72 Ak 5 1 B o &k i A8
A28 TR e A SR i /R B R B A R R E R PSYCG _10180 MRk B W EAT T 200, 459k,
T/ R U IR Pl 3 X6 3B S 3 TR mRINA K S LB 128 7K 18 28 38 A9 52 i B 0F S 58 @ — 8. 1 mRNA K
b R FRIAAE 2 h BRE (30 °C L, 15) i &b Ay B A 55 40 A5 = LR AEARIRARER (0 "CLI KM T,
FE R KO b % B0E 8 A R BREEAE 2 h BB s IR AR ER (30 °CL15) i R LAAL AR &5 T X9 i il .

WAt XFFEE PSYCG_10180 78 AN [R] I B L £6 B DL Rl B/ 3k B8 W30 2 140 7 I R IR e AE F o & 0, 1
mRNA 7K b 5B AR B2 S8 I 36 3 % PSYCG_10180 3 K 19 15 5 6 31k W] B w5 T 55 B X 5 A 1Y 15
S B A B A TR /B I I A IR R T R R A R AR KO TR R R B 4 ) e R
X PSYCG_10180 & [ 3R 35 (4 5% W £ FH RS = 1 46 B2, 76 L2 /46 B U W) e 30 sl 66 B8 5 40 7 32 S/ D T ko
gm0

XFFiA M E E H PSYCG 10180 MY 1E F 1 E. coli BL21 #4700 B R Al 236 W, ik B EE A
PSYCG_10180 f4 41 B 1Y 47 1% FIg i & TAU & pET22b 19 1 20 5 76 52 B Ukl 3 R LA - HAE I R 24 Ky %ot
M4 pET22b HA WM 15 f5, Bea5 R Ui, B E H PSYCG_10180 iR Rk & T 1 £ W E. coli
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BL21 BPTVRALAE ST . Jung S0V X & A VR MR 1 Csp A, 1918 E R IGFT I #EAT 1Y S 2 VRl 52 g0 R W, o &
RIBEWE T CspA, i fE 1R AT 3 BT SERE 13958 1 10 f5 A B, LA R EZWIEE HEH PSYCG_10180
FLAT Ve W 1 T 4 R i T T A0 BT R R T A 2R AR

44k

FR 45 B W 3B 12 B Psychrobacter sp. G 143 R 241 5¢ m & L 3 3 e 114 S5 e 5 1 0 i e R H B PSYCG
10180 #H4T T 5wl , Xt Hb A7 7 31 40 #7551 3% 3% I AE mRNA 7K 3 Fl 8 /K P b x5 88 /3 B ok 36 f1) g
N I XEE B PSYCG_10180 (915 £ K IAFF A #EAT T VR AL S . 15t DR 2538 .

D3 ot v AR BB E H H I PSYCG_10180 Y & LR HE47 7 41 43 #r /5 ] — 10, — 35, TSS.RBS %
P4 X DL R GRS T ATG RiiF 10 bp 4bK 14 bp B FIFHE., RER T £, SEEEA PSYCG_
10180 AHLMEFe B BN Psychrobacter cryohalolentis W E T A (WP_041753194. 1) , AH I 3K 97 % 3 5
AR B o B I BE B B 1N Psychrobacter sp. PRwi-1 B W Y644 & E H (WP_010201745.1) , A Bl
A 37%.,

2) W FE A X HE P PSYCG _10180 £ mRNA JKF LR 11 /K F- 35 19 82 i 4775 4 W W 2% 5% . 7 mRNA
HKAF b AR O OO PSYCG 10180 1Y 2R3k SE 9815 T A8 Ja w4 ), 3 2% BH 3% 5 R BL A3 % T 1 ik IRk
T FEE 300 97 255 A L TR R AIE 5 i 2R P KOF AR B PSYCG_10180 JG i i B v A . H: 3 1k 359 Sl e 9 1 5
P BB A XS FE [ PSYCG 10180 7E mRNA /K P FliE FH K F B RIKW W WA E W B 2 5. 78
mRNA K b ZFEFELE 6 h BT, AR E (2,12 b @I Hl; 72 8 K F b xR B ELE 6 h g, A
BRI (2,12 D) BRTE 2 h (9 w36 B2 (90D Sb, i B & 1 19 SRR ¥ 2 B0k . IR BE /30 BE U 1) W 3e L 7
mRNA K FEE K L 256 A 2 38 [R) s 52 T B 0k B 5 g

3) 38 3 S IR R AR E F 1 PSYCG_10180, HoAim 32 K W AT B i Bt vk il g 0 45 21 B 2 42 55
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Analysis of the Response of Hypothetical Protein Gene PSYCG 10180 to
Temperature and Salinity Stress in the Antarctic Psychrotrophic
Bacterium Psychrobacter sp. G

ZHANG Liang'?, LI Yang'’, ZHANG Zheng'?, LIN Xue-zheng'*
(1. The First Institute of Oceanography, SOA, Qingdao 266061, China;
2. Key Lab of Marine Bioactive Substances , SOA, Qingdao 266061, China)

Abstract: According to the complete genome sequence, a hypothetical protein gene PSYCG 10180 was
cloned from the Antarctic psychrotrophic bacterium Psychrobacter sp. G and it sequences was analyzed.
The expression characteristics of gene PSYCG _10180 under different temperature and salinity stresses
were investigated by quantitative real-time PCR (qRT-PCR) and western blotting. Sequence analysis
showed that the proteins with relatively high similarity to PSYCG_10180 were unknown proteins, and the
highest similarity of the known functional proteins (blue light sensor protein, WP_010201745.1) was only
37%. At the mRNA level, the expression of hypothetical gene PSYCG_10180 was induced by low temper-
ature (0 C); under different salinity stresses, the expression was inhibited at 2 h and 12 h; in the com-
bined stress treatment, the expression was induced by low temperature at 2 h, and it was inhibited by high
temperature, low salinity (30 ‘C, 15). At the protein level, the expression level had little changes at 2 h,
and it was induced at 12 h upon temperature stress investigated; in the combined stress treatment, the ex-
pression was inhibited except induced at 2 h by high temperature and low salinity (30 °C, 15). Comparative
analysis showed that, at the mRNA level, the expression of gene PSYCG_10180 was more sensitive to
high temperature; at the protein level, the expression of hypothetical protein PSYCG_ 10180 was more
sensitive to high salinity; in the combined stress treatment, the effect of salinity was dominative. Freezing
and thawing test showed that the survival rate of the recombinant strain expressing the hypothetical
protein was significantly enhanced compared with the control group. The study indicates that hypothetical
protein PSYCG_10180 may play an important role in environmental adaptability of Psychrobacter sp. G.
Key words: Psychrobacter ; PSYCG_10180; Stress expression; qRT-PCR; western blotting
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