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Cloning, sequence analysis, and prokaryotic expression of GrCYP450-17 gene in
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Abstract: Objective To obtain the key enzyme gene GrCYP450 involving in the terpenoid biosynthesis, a CYP450-17 gene was cloned
from young leaves of Gentiana rigescens, and its sequence analysis and prokaryotic expression were performed. Methods According to
the GrCYP450-17 gene sequence of transcriptome of triennial G. rigescens, a pair of primers were designed, and the ORF (Open reading
frame)of cDNA sequences was obtained by RT-PCR. Then TA cloning, sequencing, and sequence analysis were performed. Prokaryotic
expression vector pGEX-4T-1-GrCYP450-17 was constructed and transformed into E. coli Rosetta (DE3) for the expression under the
induction of Isopropyl B-D-1-Thiogalactopyranoside (IPTG.). Results The ORF of GrCYP450-17 has a length of 1 545 bp coding for 514
amino acids. Sequence analysis showed that GrCYP450-17 was the member of CYP714 family. Results of phylogenic analysis showed
that GrCYP450-17 was close to SICYP450 of tomato. The SDS-PAGE results showed that the expressed proteins were consistent with the
anticipated size. Conclusion The GrCYP450-17 gene is successfully cloned, and the stable prokaryotic expression system is established.
This study will provide a foundation for the further purification, structural and functional researches of GrCYP450-17 protein.
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(1) CYP450 JEDRI P A4 43 85, (RAE 2 IR, ik
PIIBFFUA R T K e ), #38, aeids, wle,
HEL EREAPSTEA R 2P, R, KRk
A2 A CYP450 JEPR K o dmit 85 (A Dy RE, %)
THERLEY) G OB IIARNT o3 B

BURRH AL 2 JeR i = Bk . |
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TRIG AR A E R AL TG 1 1R 2 i K FF B DHS
(CD201-02) I Rosetta ' £ (DE3) (CD801-02)
AW T IR A REAH . ZHEYA
ZUPBGR 7 RNAiso (9752A). J % 518 %) &
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F5 I8 2 BRI AN R HGAF RNAiso 37 &5 Uk
PSS ECEORNE L 5 RNA 5 2 800 5 Sl 7] o ik
B 5  cDNA. M8 A% R iA #idk pGEX-4T-1 £
S AT S N EE SR GrCYP450-17 3L R4, ¥t
— X HES DM GrCYP450-17 BamHI-F: GGATCCAT-
GGATATCAAAGGGGAATATTTAC, GrCYP450-17
Xhol-R: CTCGAGTCATTGATCTGAAATATCAAC-
AGG. LA cDNA AFHHAT PCR Y1, [ WVi4eAt:
94 °C, 3min; 94 ‘C. 30s, 52 'C. 30s, 72 C.
93's, 30 MEH; 72 CHLEff 7 min.
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X}kl pGEX-4T-1 Fil pMD19-GrCYP450-17 4y
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24 GrCYP450-17 ERWEMERFED

fff I NCBI M ¥ L ) BLAST # J¥
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edu.ru/eng/scripts/01_11.htmD) FEATFA Z 05 4347
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Feg, 37 °C. 250 /min B335 12 he SRJ5LL 1 2 100
el B e HAE & 1 LB iRk g3, 37 °C.250
t/min }57E 3 h (4go=0.8), 7F 37 ‘C. ZREN 1
mmol/L IPTG 3 FiHT&IL, 70i5F 0. 2. 4. 6
h JEWEEREE 2 mL. RIS DAAH IR 5F pGEX-4T-1
FALRAE XTI . 4 °C . 10 000 r/min &0 1 min HE 14,
FE 3%, M 100 pL ddH,0. 25 pL f#) 5X SDS-PAGE
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t/min 2.0 5 min. B 20 pL b3 A, #E1T SDS-PAGE
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M-Marker 1-double digestion result by BamHI and Xhol

1 pMDI19-GrCYP450-17 AR W EGI 45 R
Fig.1 Double digestion of pMD19-GrCYP450-17 plasmid
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Or-Orobanche  ramose St-Solanum  tuberosum Sl-Solanum

lycopersicum  Rc-Ricinus communis

2 GrCYP450-17 EH S5 HAEY CYP450 EFMIRL
REN
Fig.2 Phylogentic relationship of GrCYP450-17 and
CYP450 proteins in other plants
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GrCYP450-17 ~ oveveen- ILHFWGRVLISLETILFLGLLER . LYNALVGKEEKFRSALR TEPROKLLLENALBMKKAKDKTAN . 69
TecCYPA50 ~ eeeeee-- LEFYVKIFLALVLLAFFGLLVR . LYNGLVVKTKLRARLG PPPTLLLENIORTKKAQSNVVK . 69
RcCYP450  eeeennn. L. ..IRILVSFAVVGFFGILLR . VYNVLVLKSERLRSILK NEPPPTLVLENIRIBIKKSOSSKVGN 67
SICYP450  eeeennnn L....... LAITLVCVEGLLFH. LYNLLITKFRKLOLALK POPKFLLENTBMKKSYEAAKK . 62
PgCYP749A20 MSWNNIGVVMTPILFQFLLSSLCVFLLEVE IRELNDIWWT[HIRLORVERQR PSYGELYENTKIBI LNMRKESMS . 78
AtCYP72C1 ..., MLIIITVRKVFLIGFLILILNWVWR . AVYWVWLRIFKRLEK Y LKK@F SENS YR I LMEDMRINSNOMDQVAHS . 70
M 5 e p qg g g e
GrCYP450-17 . ITADGVEVIHNCGSAIEFRVEDEWIKOY(E DOSDMVRBITTCTSLENLGKPTYQAKOMGS LGHGT 147
TeCYP450 . TPSTQPPATHNCAALLEJRFFEQWRKOY(E W TOPDAVRIIITTCTSLSLGKP SYQHKERGPLIBGOGT 147
RcCYP450 VTPTSQPPVTHNCAADI FFFFEQWRKOY(E (NQPDMVKI®I TTCTSLDFGKPSYQHKERGPLIBGOGT 146
SICYP450 IVSNGDVVDSHNCGATI LIFFFDQWHRQY(E (TQPEMVRIBITTCTSLDLGKPTYQVKERGSLIBGGNGT 141
PgCYP749A20 .. .RPMDYLSHNIFPRLOFHLYSWLNI Y (TQVDFVKETMIKDOAY PKMDPEWFAK . . KLIBGDGT 152
AtCYP72C1 ...LPLP.LDADFLPRMMZFLHHTVLKH DPETLRYIMSKHELFPKPKIGSHNH. . VEMSG. L 142
AR TR 43 P g v e 1
GrCYP450-17 VIAPELYMEKVIEGMVNLVOERTLTLVNLKS I IEANNGVADINIDKHIRSFSGDVISKACES s¥s 226
TeCYP450 ILAPELYMDKVSGMMNLI IESTFTLLNSKSRIEAKGGLADLKIDEYMRSF SGDVISRACIHESNYS 226
ReCYP450 ILAPELYMEKVGMVNLITESTNTLVNS@KIRIDSDGGI SDIKIDDAMRSE SGDVISRACIHESNYS 225
SICYP450 ILAPELYMDKVGMINLVQDSALTLLNS@NNE IEAQGGIADIKIDPDLRRF SGDVISKACIHESNES 220
PgCYP749A20 LANHAFHAESLISSMTPAMIASVEMMLKRQKOHEGRE . . . . . IDVFQEFKILTSEVISRTARESSYL 226
AtCYP72C1 STLNPAFRIDNL|§STLPAFNSECKEMLEEJERLASAKG . TMELDSWTHCHDL TRNMLARAS|EED SYK 220
HI 5 k W fg
GrCYP450-17 KGEEWSLKLRALOETASKTSMTGKIPGMRYLP . NKTNMKKWALEKEIKTLILKVVKE . .RTEVG. . . . .. YEKDLLOMI 296
TeCYP450 RGEEMILKLRALOEAMSKKSLSTGVPGMRYLP . TKSNREAWALEKEVRDLILQVVKE. .RKEAA. . . . .. YEKDLLOMV 296
RecCYP450 KAERINQL.LLRSLOEAMSRKSLAT . VBGMRYLP . TKSNKEAWALEKEIRNLILEVVKE . .RQEAT . . . . .. HERDLLOMV 294
SICYP450 YKLRALOEASSRRVMSTGIPGIRYIP. SKNNRETWALEKEIKALILKIVKEKRRSEAAP. . . .SDQKDLLQMV 294
PgCYP749A20 DGKDIIDRLTOLGI I ITRNSYKVKLEGISLEYKSNDEIEAEKLDQGLYDSILRIMEKREKESTMSGEVGSFGTDFLGLL 305
AtCYP72C1 ~ DGIKMgEIOQQEQ........ IDLGLLAIRAVYIPGSKFLETKENR. ......... RLRETERDMR. . .......... AM 269
HAIFI R 5
GrCYP450-17 LEGAKSSDLKPDEIDRF IVDNCKNIYLINEYET LEICNGQIEDYDMIRKMIOLT 375
TcCYP450 LEGAKNSDLSQEATDREVVDNCKNIY! LEVCGGRIJDADMLRKMNOLT 375
ReCYP450 LEGAKNSNLSQEAINRF IVDNCKNIY! LETCGGRMEDADMVRKMAMLN 373
SICYP450 LEGAT INMNTQNAIDNE IVDNCKNIY: QICKSRIJFDADMIROMEOLT 373
PgCYP749A20 MKAMNDADEKNRITAQDVVDECKTEY LNLFGQEIENSDGLAKLINTVN 384
AtCYP72C1 FKAMIETKEEEIKRGR. . ........ TLVALSQHODENKARDIT SOAFGNNEFDFEGLSHLVVT 337
JElE B W wq re P k
GrCYP450-17 Is@SIBNMEREA s VVSREAFKDMKEGDIK IWTLVTAL] TTE@cKo. PHILYM 453
TcCYP450 AVVS|JEAFKDMKEGDIL IWTMVLTL TTGMCKL.PoMYM 453
RcCYP450 AVVS|REAFKDMREGKIN VWTMVLPL TAGHCKY.PFMYM 451
SICYP450 AVISEALKEMKEGEIS LWTIVTTL TRGMCEF.PHVYM 451
PgCYP749A20 TFLTRKVKEETKFGKLTLFANYHIVVPTLAL SOEVAKITNNNAAAFF 463
AtCYP72C1 YFTCRITKQEVKLERF SLIFEGYVVTIPMLL) AGRTKG.RLSFL 415
AR I 53 g a
GrCYP450-17 TLvsLILSNESES TVNLVIEBGOBVNEMLKK 513
TcCYP450 LMSLLLSNESFSL} LRLVIEREN@VDLLVKK 513
ReCYP450 TLIALIVTNECESL TKLVIEWEYEVNLLVKK 511
SICYP450 TLISLILTKECLSIH LNLVIEEGHEVYLSLRK 511
PgCYP749A20 TALAMILOCYSFAL OILTVREOHELOVMLOP 523
AtCYP72C1 LELAMVLORESVELIEE FPAATTEOH@AHLT IRK 475
MR 5 k P g

3 GrCYP450-17 5EAEY S CYP450 FHIEIE FHILLITER
Fig. 3 Multiple sequence alignment of GrCYP450-17 amino acid sequence with CYP450 sequence in other plants

1L ExPASy ProtParam tool #£4T43#T,
GrCYP450-17 £ [ AN 73 T Bl 57 730, pl A
8.98, AN CogosHaroNessO7378260 A EFREA
33.64, JE THREEN: IRNIGEIEECH 100.14, 2P
BIHKPE (GRAVY) 2 0.08. 48 5 i K P
WG H 1 GRAVY H K P, GRAVY {H A1 2~-2,
HONIEAE, W PO BUK B, R A 2K
HH I, GrCYP450-17 K Hi /K & H -
GrCYP450-17 A 20 Fra iR, Hmmii
s, A 11.90%; OO A oozl iR, 7
A 8.40%H1 7.20%; ZH 2 R AN It 2 e i B A1
$31.60%.

XI GrCYP450-17 HATHAT %05 100 #r, &5 Rk
W] GrCYP450-17 JE H WA B0 17 1.17%, o
Bl IBCHR A7 B0 S I L, DRk T i A
BL21 &f, Rosetta (DE3) #{T)RZEIXL.

X} GrCYP450-17 & AT E S Ik Br 4 ik

WX AAEESIK AR WA, FIFH GOR4
J7iEXT GrCYP450-17 AT 45k ot . 45 KW
ZHE g gikh o tB0E (HD & 36.77%, B-HT&
(E) 7 20.62%, MM (C) & 42.61%. FIH
TMHMM T EF5ll GrCYP450-17 & A )5 M2 e
X, 450 ELW] GrCYP450-17 A NAEEH . K
NCBI {E4: T BTl GrCYP450-17 £ AR 2544
W, 455 EW GrCYP450-17 A HA P450 #8 5 ik
ghbgsg (B 4.

FIFH Swiss-Model Workspace Tiill] GrCYP450-
17 EEM =4, WNIE 5 bl LUFE 3
GrCYP450-17 1) =R 4544 3= 22 o858 e 45 R4 A1 TG HI
W AR, 5 A R TIO 45 S — 3.
3.3  GrCYP450-17 ER R #ZFIEHIKGE

1 1l BamHI1 1 Xhol X V) JJi ki pGEX-4T-1-
GrCYP450-17, WY H B R Bl 4T 3k, H
KRNI B YR NE A CEL 6, K
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1 75 150 225

300 375 450 514

P450 #BFRE

4 GrCYP450-17 EBRF LA RO TM
Fig. 4 Prediction of conserved domains of GrCYP450-17 protein

Bl5S GrCYP450-17 By =4 L5 TAN
Fig. 5 Predicted three dimensional structure
of GrCYP450-17 protein
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M-Marker 1~2-Jfifii pGEX-4T-1-GrCYP450-17 BamHI F1 Xhol
XUEFY) S Xhol HABGUILAL  3- ORI Y
M-Marker 1—2-digestion result of plasmid pGEX-4T-1-GrCYP450-17
by BamHI and Xhol, Xhol 3-plasmid control

6 I pGEX-4T-1-GrCYP450-17 Bt
Fig. 6 Digestion of pGEX-4T-1-GrCYP450-17 plasmid

GrCYP450-17 38 & s iddi NA pGEX-4T-1 .
R, SEYIRIEFTR pGEX-4T-1-GrCYP450-17
AT . 253k, HEERSRPH—3, H
A BIREEE AR R I 5 . X LG AR W] T 3R A
IEff I A Tkl pGEX-4T-1-GrCYP450-17 .
3.4 GrCYP450-17 EA/IFRIX

B EY TR pGEX-4T-1-GrCYP450-17 #4bK
JATF R Rosetta (DE3) JGiEAT IPTG 55K IA. 17X

7 C. ZIKEEN 1 mmol/L IPTG F, 2) ik S #Kik

0. 2. 4. 6 h J5, &S HE AT SDS-PAGE 7347 .
5 (B 7O R, 5XT AL, pGEX-4T-1-GrCYP-
450-17 TREWA PTG 535 , 7EARXS 40T iR 78 000
(% GST &) Ay 1 S B4, RVJEA TR
PGEX-4T-1-GrCYP450-17 7 X JAHF % Rosetta 11555

120 000
100 000

80 000

60 000
50 000
40 000

30 000
20 000

M-Marker 1~2-CK 37 C. IPTG &IK/E% 1 mmolL F
PGEX-AT-1 Z# AL FHT 0. 6 h MEEA 3~6-HHRI4MF
TG RETRERES 0. 2. 4. 6h FEEA
M-Marker 1—2-CK is the expressed product of pGEX-4T-1 with 1
mmol/L of IPTG induction for 0 and 6 h at 37 C  3—6-The
expressed product of pGEX-4T-1-GrCYP450-17 with 1 mmol/L of
IPTG induction for 0, 2, 4 and 6 h separately at 37 'C
7 37 CTARREIFSEN GrCYP450-17 EAKRIE

2RI

Fig.7 Effect of different time on expression

of GrCYP450-17 protein at 37 C

Fk T GrCYP450-17 H . SildEHR 37 C. 30
24 6 h i, BAREERA, THENT NP0
FEAgifk.
4 g

TEM Y G B firh, CYP450 S b ke
AT B 1 T, CYP450 197 2 JE T hL
MIAH LM . 258 R B CYP450 A5 C 41K
CYP450 F AFINER T 40%, IBAiZEASHAE
KV R IRl — 0L, A5 WA s T8 Sk
T AR T 40%I1M /N T 55%, W E 18 1A
— KGRI ANRNE KGR s AR T 55%,
W = J& T R K U A A BT
GrCYP450-17 2& ()74 bR I+ 8 Ui 4, 45
FRHPHE AICYPTI4AT1 IR (44.36%), it
W] GrCYP450-17 J& T CYP714 ik, (HA)E TV 5 ik
A B R, JLFETA CYP450 #E AT AR
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