2060 * ¢ % Chinese Traditional and Herbal Drugs 3£ 45 % 25 14 3 2014 E7 B

« HMEFR .
BB GrGPPS EFEM R EREFIS T ERE#ZFTIE

IHE, A, 2 A FHE kg, ak?
1. ZE RN RERZ SR, = BW 650201

2. RRIMNERE R R S B # 0, = Ei& 653100

3. ZEALNFER A HEDTIR, =/ B 650223

T ZE:. BM MK Gentiana rigescens #)W v il Sk b &0 & 00 SRR 7 ) LIS BEBIR & S5 X GrGPPS, 1
AT IV T R RIS . sk WRIR =B R4] GrGPPS 3ER P4, WittrmtEs|Y, @i RT-PCR ¥ #4155
GrGPPS cDNA J¥ 31, JFHEAT TA SOk N7 J 73050 4 s K gt J5% ik 48044 pGEX-4T-1-GrGPPS, % N Escherichia coli Rosetta
(DE3) #, # 37 C. 1.0 mmol/L IPTG i3 FifTHE. ££R  GrGPPScDNA 2K 1107 bp, 4l 369 NAILRE; ¥4
iRk, GrGPPS FERE r IR FA I KGRI 0t s REERIT YIRS K E TR, GrGPPS 54 H AmGPPS 3% K7
B WE pGEX-4AT-1-GrGPPS T4k, 31372 (K pGEX-4T-1-GrGPPS Gt 5k % . SDS-PAGE 4 B3& W T ik K
H5TUAE AN, 458 T T GrGPPS #EE, ST pGEX-4T-1-GrGPPS Mt (MR RIER R, Hit—Haifb g
SE GPPS [ 0177 HL 45 F R Th 6 B2 e Sl

KRR VIR, A LSRR A R R R TORE JRAIT KRR

FESES: R282.12 XERFRERD: A XEHS: 0253 -2670(2014)14 - 2060 - 09

DOI: 10.7501/j.iss1.0253-2670.2014.14.020

Cloning, sequence analysis, and prokaryotic expression of GrGPPS gene
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Abstract: Objective To obtain the indispensable key enzyme involved in the monoterpene biosynthesis, the geranyl diphosphate synthase
gene GrGPPS was cloned from Gentiana rigescens, and its sequence analysis and prokaryotic expression were performed. Methods
According to the GrGPPS gene sequence of transcriptome of triennial G. rigescens, a pair of specific primers was designed, and the full length
of cDNA sequences was obtained by RT-PCR. Then TA cloning, sequencing and sequence analysing were performed. Prokaryotic expression
vector pGEX-T-1-GrGPPS was constructed and transformed into Escherichia coli Rosetta for expression under 37 ‘C and induced by 1
mmol/L IPTG. Results The GrGPPS cDNA had a length of 1 107 bp coding for 369 amino acids. Sequence analysis showed that GrGPPS
was the member of “short-chain prenyltransferases” super family. Results of phylogenic analysis showed that GrGPPS was at the same
evolutionary branch with AmGPPS. The SDS-PAGE results displayed that the expressed proteins were consistent with the anticipated size.
Conclusion The GrGPPS gene is cloned from G. rigescens, and the stable prokaryotic expression system of pGEX-T-1-GrGPPS is
constructed. This work will provide a foundation for further purification, structure, and functional research of GrGPPS protein.
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WIS IR BA R FIH, B8, Pt $i
B R HURME LA R A o A KA,
e & TR mEE R S, R I sk
G PR T A ER R, B )L IE FE IR
(GPP, C10), TZMLEWIN C10 B3 et ) LA
R 5 il (geranyl diphosphate synthase, GPPS) f#
5 M FEEERRIR (isopentenyl diphosphate, IPP)
JL 5 R R F L M R £E B R ( dimethylallyl
diphosphate, DMAPP) kE4iamik™. GPP g4
o 2 PR A I R S A o A . AR 10-
FRALRG. HERTTIR . ZONRARENR ., B 1T, A
S, BRI RORIR Y, GPPS S
S SR, AL 1 47 I¥ IPP 5 DMAPP &
% GPP, &R —M@Atrh — MR EZ NG, 7]
FR BRI AA = 7 e FE e Y,
Burke 25 U158 — Y M3 417 J A 4 R
Mentha piperita L. 1145 B H 2 AN EEEZH B 1) 7 Y
— B4R GPPS H 1, JFA cDNA SCIE i i 13 51
T GPPS 3N 4K cDNA 341, b5 GPPS J:[A
K2k WAL TF Arabidopsis thaliana L3, 13954
Humulus lupulus L. " KB Catharanthus
Roseus (Linn.) G. Don ", &1 ¥ Antirrhinum
majus LU VSR 5E ReAF 2], IR IL GPPS 43
11 S A4 DL K o3 b it i, HL AR Z8  2R A
SR AR PR A IR, R Rk
GPPS 1t 2 MR T H1% +2 Abies Grandis Lindl..
)85 25 42 Picea abies L. Karst """ VR 4 Fig 1 #i4)
fUFE T+ F i Lycopersicon esculentum Miller. 5
¥k Quercus robur L.. W8>~ Phalaenopsis bellina
L. HpAget® 32020 Je s ik GPPS W 7E 4k 1 Kt 3k
AT e Al Clarkia breweris VAT
FEAEURII0L Fegipy 1, 8Bk GPPS A kit
WAE PN EHE (SSUD FI—AN KWL (LSUD, X
LENY BE AT GPPS SRMAELE I T s PRI D RE, 2 Al
I (M LA 2 U R IIK GPPS fin kL),
FERNA R Je IR NR & 2 - A2 15 i R A AE ),
RRERA YR, EE AT 5N DI
IR, Kb ama R X . BA R EAE KA
HEHR1100~3 000 m Z8ARME L S, (iR
TP SR IR A 25 R A A 2 P I s, g
[ 25 80y 2010 TR, ARG 258 Je IR RE )
kil P HET, AR E 5T AR
PR ARZMRIR. AE R, BT R

ST, TR GPPS FH 4™ A1)
RE BT A AR ILARIE o AT TR —AF 2B R 4%
AL ) LEREE IR & iliE (GrGPPS) JERIF41,
B RE DY), AR h sl D2 B S RNA,
[ #es 4 cDNA, Y 1% GrGPPS 51, Jf it
ITHEO)EE . WP AR H 008, ARG HEAT I % R
ko G5 REW] GrGPPS ¥ALTEAE 37 'C. ZIRIE N
1 mmol/L IPTG 53 I & HEH . A0
FUABUIENE K e IR R A b R R I ks AL 5 ) 1
WG B A I 9T B8 AR, i o Ll AR
GPPS M5 %
1 #FREFR
1.1 #l

HJENH Gentiana rigescens Franch. #3512~
B AR e 25 R AWT 5 B M i B 5t (25°08
04.50"N, 102°46'15.05"E). #k}HEFIL 1 942 m,
PR 147 C, FFIREKE 980~1 050
mm, 3t B R 30.4 °C, M B IR % 0.2 C.
BTG ARE A e A A R A 1 gl o K R R
Escherichia coli Trans 5o Fl Rosetta (DE3) B Ff
THEAEWIR CRKIE fARA.
1.2 iRF

RNAiso for Polysaccharide-rich Plant Tissue
Reagent. J sl & PRI P9 DI 2 e A S50
RAFLBEET (isopropyl-1-thio-B-D-galactopyranoside,
IPTG). X-gal 3 EAY TR COKIE) HRAA
Py mE AR N BRI . 2 R DNA 4
AR G 30 B A E R e A AR R A
s JIURE pGEX-4T-1 th W FE T2 B TR
W O A RAT: I LR B TR
NS Sl S/NTEIE 5 5 e W b 28 S A S 7/ M 54
ARG B2 7] 58 B
2 7
2.1 FtHE RNA 2BUK GrGPPS 1K cDNA B
SEbE

% 8 RNAiso for Polysaccharide-rich Plant
Tissue A& U4, FRIGEUE IR L)) 6 RNA;
% Reverse Transcriptase M-MLV (RNase H-) i
FIEE UL P45 B cDNA, —20 CHRAF&H . MR#E =
SEAEERIREE AL GrGPPS FEIN ¥ 51 R R A% R 1k 3K
& pGEX-4T-1 Z seEBEUIAT £, Wit X5 4
GrGPPSSall-F: 5’-GTCGACATGGCTTTGATATAT-
TCTACTCCATC-3’; GrGPPSXhol-R: 5’-CTCGAG-
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TCAATTATCCCTATAAGCAATGTAATT-3". Ll cDNA
HBEREAT PCR Y1, [Ni4cAT: 94 "C. 3 min;
94 C. 30s, 53 C. 30s, 72 C. 67s, 30 M
s 72 “CHEMH 7 min.
2.2 GrGPPS ERBINFS 5

GrGPPS PCR =425 1.0% 135 IR BB v bk
R, R IR Sk B i Bodk AT dlidk,  alifh
Ja s FLEH ) pMDI19-T #fk I, 1k E. coli Trans
So ZAMM, WA THRMNETESHER (100
mg/L). IPTG. X-gal [f] LB *F#% I, 37 CH;F% 12~
16 h Ji5 FEHLERECH P v B 4 o 5 2 Bk, 48 PCR
G W0 R g U) 5 TE A S BEAT DU, 3RAS EE A Ak
pMDI19T-GrGPPS.
2.3 FERZFIEHRAEE

X} pMD19T-GrGPPS B2H JFoRiAl pGEX-4T-1 2k
I3 AT Sall A1 Xhol XU, [RIWC H R RN ZAA Fy
B %R 1 D 4 VB A G4 Ligation Solution T 342
JE Ak E. coli Trans Sou JESZASYNIL, WA T Nz
FH# (100 mg/L) [ LB P, K HBEHIEREBHPE 5
VR RBUTRL, 22 PCR A FIRG L) 5 IEA)S
AT, ARG LA & pGEX-4T-1-GrGPPS.
2.4 GrGPPS BIEIERF DT

I NCBI M3k ) BLAST FEFHEAT R4 EL
XF, N H DNAMAN Z AR AT 24 518 741
IF T E BT AR XS J3 1 o R AR L AR N
Megad.0 FRAFH RGBT s ) Bl e 0 5
http://molbiol.edu.ru/eng/scripts/01_11.html FEATHAH
HH T3
2.5 FHER pGEX-4T-1-GrGPPS TEXFHFE
HIFRiE

A AL B4 TR pGEX-4T-1-GrGPPS
Ak KW HF i Rosetta (DE3) J&3Z2 541, Pk
BT 4 mL LB ARSI (45 100 mg/L 24
TEEZE) T, 37 C 200 r/min BFELR. KH
BL 12100 (LB EI A S A T EH RN
LB WA R 7%, 37 “C 200 r/min 8597 £ WO
(Ago0) 1H 0.6~0.8, 7E 37 C4&MHF, A IPTG
(R FE N 1 mmol/L) AT S HKIE, [FBLUIIA
IPTG (ZKJE 1 mmol/L) ] pGEX-4T-1 Jitki 4k
BG5S 0. 1. 20 4. 6 F1 8 h Ja 4y Al g
W 2 mL. 12 000 r/min #3250 1 min 5, 7 1
7, M 20 pL /) 5X SDS-PAGE _EAEZEME [250
mmol/L Tris-HCI (pH 6.8). 10% SDS. 0.5% %

Wy 50%H M. 5% B-Si4EE], 100 puL Milli-Q
water, iz, 100 ‘CZ& ¥ 15 min. % 12 000
r/min 0 5 min, B 20 uL FE& BAE, HEAT
SDS-PAGE (4%¥R 4 Al 12%5 B M) FL Ik A il
3 BERE55R
3.1 E#BE GrGPPS cDNA HITE[&
PLEJZH cDNA A5ty 3 i) PCR =4
TR RH I r A, 25 SRR I 7 BeAE 1100
bp Zifi, WK EMA B (B 1. EH Rk
pMDI19T-GrGPPS £ V) S ik 1E 42 11, A B W)
B HIS,  HH R4 5000 40 1Y)
A (B D WMpaREH GrGPPS (k5 H
KF922375) 4=K: 1107 bp.
M 1
4500 bp

3000 bp
2000 bp

1200 bp
500 bp
200 bp

M-Marker 1-GrGPPS ¥"34/=4) 2-#H4 ki pMD19T-GrGPPS
Sall F1 Xhol XG4

M-Marker 1-PCR product of GrGPPS 2-product of recombinant
plasmid pMD19T-GrGPPS digested by Sall and Xhol

1 RI-PCR ¥ GrGPPS £ F K X Es158F
Fig. 1 Fragment of GrGPPS amplified by RT-PCR and
restriction verification of pMD19-GrGPPS

3.2 GrGPPS F5|59Hh

3.2.1 SRR AT FIAH DNAMAN LA
M Genetyx AR GrGPPS W57 0 #r, 4551
R GrGPPS R I BAHE CORF)K: 1 107 bp,
it 369 NI (8] 2).

FIH GeneBank %4l i th () Blastp F2 )7 %)
GrGPPS [N 2 SEMRIAT IR TE T, 45 R WE T
JIH GrGPPS 54>t % AmGPPS 45 [ A AH ALY % 1
b 80%; 55 i MpGPPS FIN% K i#ifa McGPPS
AP AR BAR, 4 68% (£ 1.

FIFH Megad.0 ¥ GrGPPS 2 JL 1% 741 5 I\ NCBI
Hh kI 110 [R5 v TR 40 AN S AT R Ge AL
SN, SEIRFIEOEE GrGPPS 5 K#4t CrGPPS
FER—H AR b (K 3), RUHRGCRRID; 5
T MIGPPS. MU ¢ HIGPPS [f)i54% fh g iz (&
3), RKUFE A GrGPPS 575 MiHPPS. M {E
HIGPPS (155 4 5% R IRz
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ATGGCTTTGATATATTCTACTCCATCATGGGTACAAGCACATACTATTTCCATATACCATGGTAATGGATCCAGTTTT
M A L I Y S T P S WV Q A H T I S I Y HG N G S8 8 F
TTCCCCTGTTATCTTTCCAAGAACAAAGCTCCCGTCTTTCTATCAAACCCATGTAAAAAACCCAACCTTGGCCGTTCC
F P C Y L 8$S K N KA PV F L S NP CK K P N L G R S
CCATTGTCAATCTGTGCGATTCTCACAAAAGAAGAGAGCAAAATCAAGAAAGCCCATGACTTTTCATTCAATTTCAAA
P L s 1 ¢C A I L T K E E S K I K K A H D F S F N F K
GACTACATGCTTGAAAAGGCGGATTCAGTGAACAAAGCTTTGGAACAAGCGGTTTCGATTCGTGAACCATTAAAAATC
b vy ™ML E KAD S VDN KA AULEQAV S I RE P L K I
CACGAGTCAATGAGGTACTCACTTCTTGCTGGGGGTAAAAGGGTCCGTCCAATGCTCTGTATTGCTGCTTGTGAGCTA
H E S M R Y S L LA G G KRV R P ML C I A A C E L
TTTGGCGGGGATGAATCTGTTGCCATGCCTTCTGCTTGTGCTGTTGAGATGATTCACACCATGTCCTTAATGCATGAT
rFr 6 G DE S v A M P S ACA AV EMIHTM S L M H D
GATCTTCCTTGTATGGATAATGATGATTTAAGAAGAGGGAAGCCCACTAATCATAAGGTTTATGGTGAAGATGTGGCT
p L. p CMDNDDTLURRGI K P T NHK V Y G E D V A
GTTTTAGCTGGTGATGCACTTCTTGCATTTGCATTTGAGCATATTGCAACTTCTACAAAAGGGGTAACATCAGAAAGA
v L A G DAL L A F A F E H I AT S T K G V T S E R
ATTGTTAGAGTAATTGGAGAATTAGCAAAATGTATTGGCTCAGAAGGATTAGTAGCAGGGCAGATTGTTGATGTGTGT
I v RV I G E L A K CCTI G S E G L V A G @Q I V D V C
TCTGAAGGGATATCTGATGTGGGTTTACAGCATTTAGAATTCATTCACATTCACAAGACTGCTGCTTTATTAGAAGGT
s E G I s DV G L Q H L E F I H I HK TA A AUL L E G
TCTGTGGCTATGGGGGCAATTCTGGGAGGTGCAGATGATGAAGAAGTTTCTAAATTGAGAAAGTTTGCAAGAGGCATT
s v A M G A I L G GA DDEE V S KL R K F A R G I
GGCTTGTTGTTTCAAGTAGTGGATGATATCTTGGATGTTACAAAATCTTCGAAAGAATTGGGGAAAACTGCTGCAAAA
G L L F Q vvoDDTIULDV T K S S KEL G K T A A K
GATTTGGTAGCAGATAAGGTGACTTATCCGAAACTGATCGGTATCGATAAGTCTAGAGAATTTGCTGAGAAGTTGAAT
b L. v ADI KV T Y P K L I G I DK S RE F A E K L N

. AGAGAAGCTCAAGATCAACTTGCTGGTTTTGATTCTGAAAAGGCTGCTCCTTTGATTGCTCTTGCTAATTACATTGCT

R E A QD QL AGVF D S E KA AAU®PILTIATILANY I A

i TATAGGGATAATTGA

Y R D N *

2 GrGPPS #] cDNA F5I| R E TN B 4RF5E B R REERFT
Fig. 2 cDNA sequence of GrGPPS and predicted amino acid sequence coding protein

%1 GrGPPS £ F%5|5 NCBI 1 2511E4 GPPS FH| L 4E R

Table 1 BLASTR result of GrGPPS amino acids with other GPPS sequences in plant of NCBI

kb AT /% B TR

KA Catharanthus roseus 77 CrGPPS AGL91645.1

G405 Antirrhinum majus 80 AmGPPS AAS82860.1

W& Picrorhiza kurrooa 70 PkGPPS AAW66658.1

BRI AT Mentha piperita 68 MpGPPS AAF08793.1

WAL Humulus lupulus 69 HIGPPS ACQ90682.1

IREE KA Mentha canadensis 68 McGPPS ABR15420.1

1% Salvia miltiorrhiza 77 SmGPPS AEZ55681.1

T2 IR Mangifera indica 75 MiGPPS AFJ52722.1
o FEAIAE N R EIE GRS, LA RIS (P
CrGPPS 4, BE— BRI 2 e AR BB SR 1 A
SmGPPS 322 EALPER S B G RLAF H ExPASy
MEGPPS ProtParam tool i 75} 7, GrGPPS 4 [ A% 4
ﬁ%ﬁ% JiiE N 40 050, BARSERAN 6.14, 221N

3 GrGPPS 5Hfth GPPS EEMARLK L E
Fig.3 Phylogentic relationship of GrGPPS
and some other GPPS proteins

Il DNAMAN # GrGPPS ZJLIR 7415 M
NCBI Bl 1) [ Y5 1 5 v 1R 3 70 AP A1 AT 2
FEHILEST o8, 4K W] GrGPPS & 15 2

C1775H284sN4g00533819 « - 3 ] ( mammalian
reticulocytes , in vitro) A 30 h. ANEE I8
(instabilityindex) & 34.85, fg/lijikiE%L (aliphatic
index) 4 95.22, &-FIEKYE (grand average of
hydropathicity, GRAVY) 4—0.035. &K1/ K
PRI AR B A Y GRAVY (R TI, GRAVY {H
{E2~=2, FNIEAH, WbsEEAGUKEER, K
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GrGPPS MSFVH[STTTHVEAQS TYCLENGRSSSMRSN .  LCHEEENQLEEfF EETIRK FSCSRLS|SEIIMRETQEESESRSRREVAFSSTSSETREr T 97
HIGPPS . EE;ESTESW RETISIYHENGSSEEE. . . .. CYLSENEBEY . . FLENECKHENLGRSPLS[ICBLL IEEF‘“\ ...... EIXBRHDES. .. .[EMEEFEL S%
.MESE|. . LTRVETE SMENGRERSRSSTENL . . LEYHELREVIEEE|- FRTERQREETSSES . . S8RV ER....... VTEDEE(. . KSTEHEK
Mfgg,);ss MSAEEEIP\’A, WERI[IETDVAY 1RPPR‘1R5TLFLSHFE|RTEHEEEIL BlSPLEAERTES. . . .WSAVEMEEGS. .. .. ETROEERPSTSPAEDED QUL Zé
........................................... E.E[VERRNRSLS...... LREEEEDF . KEVE LGRS L|
yk%(i)F;)F;S MSAINEEVAE] ﬁ T GVEDVHEGRRERSRSTLEQSHE] ﬁrm E E ElsprzzafRTES. . .EIrCfpfRpsTsPAFEEGEt 91
SmGPPS HSILVH . TTRERTE S TLNIQENT SKXLTEFSTL ERE[LTHNL EFNPESNISNSNTE. . .BQNEEITE...TFOERReL 85
AR MSLLVNPLA. . . JIICVEDVEEERRSRS . v v veerenrevrennnnns GLLSTSVKTR. .. .SEVFEMEE. ......... CRlE. . . THAREDRE| 58
t f wvm
AmGPPS e REILAEACELG 186
CrGPPS 2a RASLOWACELF 197
GrGPPS R RPSLCWIACELY 182
HIGPPS B2 REYLQEEACE STMHDDLECH 183
McGPPS SR RESLCAEACE EDDLECM 191
MiGPPS e RELCMEACE STMEDDLE 142
MpGPPS KRERBILOWEACE HODLECM 191
PkGPPS 8 {FjIiR Bl LOWE L CE HODLECH RRGE. 185
SmGPPS 52 RESLCURACELY GERESAME HODLECMONDDLRRGEETHHGJHE 158
#HWE’B% acel gg e3 amp acavem htmsl hddlpcmdnddlrrgkptnh e va
AmGPPS EG z 286
CrGPPS EG 2 297
GrGPPS ole] 7 282
HIGPPS ole] G| 283
McGPPS ol Gl 291
MiGPPS EG G| 242
MpGPPS EG Gl 291
PkGPPS IRV v EG G 285
ii—lmﬂGE\P/S} ILRELECH 2| 258
Gk -
AmGPPS 371
CrGPPS 382
GrGPPS LA 367
HIGPPS LA 368
McGPPS I3 376
MiGPPS iF 327
MpGPPS 1A 376
PKGPPS Ly 370
SmGPPS . 343
e
HH IR 5 aaplia  yiayr

4 GrGPPS 5HthEY*H GPPS S EBFIIAE FFI L 4R
Fig. 4 Multiple sequence alignment of GrGPPS amino acid sequence with GPPS in other plants

MR SEKPEE . AN ProtParam BRAF 7 H 45 Aok
&, GRAVY {i4-0.708, #tH] GrGPPS kK&
. GrGPPS HHEEH 20 Fhad b, HhNami
(Ala) MR &, M 10.6%; HIGETRR (Lew),
H101%; EIR (Trp) K, N 0.3%.

Xt GrGPPS A7 B AT w6 T > My

Chttp://molbiol.edu.ru/eng/scripts/01_11.html), &5
KW GrGPPS B RAT #8115 0.8%, 5 —HkEK
SR AT AL R RS O, PR R] Bk
BL21 5% Rosetta (DE3) #HTJfi%%KIA.
3.2.3 AR RE R =4t R SSpro 77
12 (http://scratch.proteomics.ics.uci.edu/) % GrGPPS
BEAT R o B . G5 R A — REH T o-
BiE (H) 5 64.4%, B-#T& (E) 5 2.45%, Jo#l
WA (C) 7 33.15%.

FF CPHmodels 3.2 Server fEZE# A4 (http://www.-
cbs.dtu.dk/services/CPHmodels/) Fill] GrGPPS #5111 =
Yrefhitt) (B 5), IWEH T LUE 2] GrGPPS 1) = 4E4h
o 2 B R e A5 R AT ALk, B ik
T E SR8 54h, H=4ES5MIB R “ /O 1)
REDCHE, WG 7R FLAEMEAL B b e G BREE HY

CPHmodel

5 GrGPPS =445 TN
Fig. 5 Predicted three dimensional structure
of GrGPPS protein

3.2.4  ZERIRTIN KA InterProScan 74k T H i
M GrGPPS & H MR F &Mk, GrGPPS HA 7 4

PRy g5 (B 6), 32 2L R NI & 13l (polyprenyl

synthetase) (IPR000092), 43 7lf7 1 105~354 i
(PF00348). 286~298 {17 (PS00444) Fl1 153~169 fif
(PS00723 )5 i 25 4 i M ( terpenoid synthase )
(IPR008949), 47T 75~366 fii. (1.10.600.10) Al
77 ~363 fii (SSF48576 ); 2 TN # #H 3¢ & B fiff
(polyprenyl synthetase-related) (IPRO17446), {1
61~365 fi. (PTHR12001). 4b, A4 )L k4
MR & G A M, 7F PR HH B2, 1T

TT IR



¥4

Chinese Traditional and Herbal Drugs

Fask H148 204ET A 2065 °

61~365 {7 (PTHR12001:SF8).
A I 7 B B P 41k %R NCBI ) CDD
(Conserved Domain Database) 25 /%, K I GrGPPS

InterPro Match ¢
1

HAJE TR IR (K 7, Hofgn
AE -5 BRIl S T £ AT Ko
325 fESIk SR, VAN E A7 S D RE T 4T

Query Seq

TPROOOOS2 Polyprenyl synthetaze

PFO0348w
PE00444

I Description
368

B polyprenyl_synt
[ POLYPEENYL_SYNTHASE 2

0

PE00723m .

IPRO0BE4D | Terpenoid synthase

[ POLYPRENYL_SYNTHASE_{

1. 10. 600, 10y ————————— - W 1o description
8P4 88T b . W T:rponoid symthases

IFRO17446 ] Polyprenyl synthetase-related

PTHE 12001 » ——————————— - [ GERANYLGERANYL PYROPHOSEHATE SYNTHASE

nolPR unintegrated

PTHR12001: 5Fé» ———— - [ GERANTL GERANYL PYROPHDSEHATE STHTHASE

6 InterProScan 7l AY GrGPPS & B {RF &5+
Fig. 6 Conserved domains of GrGPPS protein predicted by InterProScan

Graphical summary show options »

1 50 100 150

Query seq.

Specific hits
MNon-specific

Superfanilies
Hulti-domains

Search for similar domain architectures |

enath dete asFartate-rich res
=z
aspartate aion
it ] polyprenyl _synt
its pren
'

PRK10581
Trans_IPPS
GerC3_HepT
Isoprencid_Biosyn_C1
prenyl _cyano
PRK10888

Isoprenoid_Biosyn_C1 superfamily

PLNO2857
PLN0O2890

Refine search |

7 GrGPPS EHRFH A
Fig. 7 Conserved domain prediction of GrGPPS protein

FIH ExPASy SignalP 4.0 Server Chttp:/www.cbs. dtu. dk/
services/SignalP/) 431 GrGPPS 21, H¥H KIUES
Ik, ISR AR .

FIH Expasy H1f] TMHMM I H (http:// www.
cbs.dtu.dk/servicess TMHMM-2.0/) Tiiill GrGPPS &
5 R TE X, 45 BL W] GrGPPS S AR & H,
T R iE X

FIFH7EZ T 2 WOLF PSORT Chttp://www. wolf-
psort.org/) Tl GrGPPS NV 4H e A5 L, 4521
WoRIZE A REE AN T SAE, EALRECH 14.0
(chlo: 14.0).

i/ ProtFun AT A0 1) HAT AL fig
HIPERALEXS, X} GrGPPS & AT DI RE Tt ,

g5 7R GrGPPS 5 [N G FImEmE ik FHE. A
AT AE T RETE R 0.521. 0.243. 0.293, H:
AT REIE B EE I i T HA D RE, XSk S5 4k
PIRFFE R T — s A -

3.2.6 GrGPPS iRk @kt AR Sall
Xhol X)) # 4 Foki pGEX-4T-1-GrGPPS, w1
251107 bp By Bt (¥ 8), KIY M) GrGPPS Jv
B O N34 pGEX-4T-1 h. fESbIEAE [, X4
FIE kL pGEX-4T-1-GrGPPS BEAT Il /7> o 45 S 6 W,
HEANRBEAAP PR FBCS BRI —3, JFH
Ry VA= o A 7 R B 11 N wBE R T 2 SR
B . LW CIRS T IEHT GrGPPS [f R %k
IR TEATR .
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M-Marker 1-pGEX-4T-1-GrGPPS XUl 45 %
M-Marker 1-digestion result of recombinant plasmid
pGEX-4T-1-GrGPPS by Sall and Xhol

&8 pGEX-4T-1-GrGPPS HEi714
Fig. 8 Digestive detection of pGEX-4T-1-GrGPPS plasmid

327 GrGPPS HEHANFIE HELIRH pGEX-4T-1-
GrGPPS AY K Rosetta G 715 528608 7140k
FE0 1 mmol/L IPTG. 37 C R liF 3k 0. 1. 2.

4, 6 f18h J5, FEHCKIIT B E T SDS-PAGE 77
Bro i R, 46 A AN B 5 45 R
pGEX-4T-1-GrGPPS 4 1PTG 535, (EWIARIE AAH
X 66 050 CRuFEEdA b GST &) Aififi 1
SRS, A S TR LR pGEX-4T-1
X HTORL ) R B IX 4% B A, 3R AL TR
PGEX-4T-1-GrGPPS 75 KJliiFF 1% Rosetta (DE3) 1153
FIET GrGPPS . ilEH 37 C. N 4h

116 000
66200
45000
35000
25000

M-Marker 1~2-%ff: 37 ‘C, IPTG Z¥K/% 1 mmol/L K}
PGEX-4T-1 FHAMEHA TS 0 F1 8 h (M Ht s 3~8-HFI& A
T, MEREIHEET0. 1. 2. 4. 6. 8h MEEN
M-Marker; 1—2-CK is the expressed product of pGEX-4T-1 with 1
mmol/L of IPTG induction for 0 and 8 h at 37 C; 3—8-The
expressed product of pGEX-4T-1-GrGPPS with 1 mmol/L of IPTG
induction for 0, 1, 2, 4, 6 and 8 h separately at 37°C.

B9 37 CARREFSMNEHEAFREEHFIT
Fig. 9 Effect of different time on expression

of recombinant protein at 37 'C

4 iHig

FIHA A1, GPPS GG EAAE D B b 4
WH5T, H GPPS [ FZAAAE T AR K i i 4
ik, aifbAEH NAERY, X GPPS (T o7 1 ik o
A7 HEKT BB RS J5 (K 520, Q) Martin 2522500 425
Vitis vinifera "' VwGPPS W% 3347 504, &M
VvGPPS JEDHAE Fuli AR 4 45 il Pl L EE/EH 5 Chang
2 B0 o BT Th K MpGPPS A8 2 A LA i
A INREM RN LR 2 SR B A W DhRe /s
WP, I FLAIE S 55 AT W 1A 25400 45 R 65 Rai 250
KT Te 5 CrGPPS 3N, KBl CrGPPS £
KA DL R IR R 2R K 2 FhE 4778, HRIL
HAEH GrGPPS.SSU HIZ2 58 Ik GPPS fig % MIA
WL I GPP . X1 Van Schie 2525 %
U T E5 F IE R CER S DR 2 Al LeGPPS 3%
ARG T B R P RN, BB RIIX
LERR/MEAR T AR R IR, M2RHE ~ R
SR RARERL, LY GPPS AMULEREZEM
WG R AE R 1 B SRR B R A R .

S GPPS TE U AW ool A BEEEH],
{1 GPPS 7R ¥ D e LL A A GPP AR 1)
FEHLRIBE IR AR D o e SRR K 77547 cDNA 22
S ik B IS W R v DI
M EST ¥, AR BRI v v Re S 5 19, E%
M cDNA SC 2 55 R 41 S e rh 36 55 DR A SRmes 11—
8759, Il RACE. Tail-PCR %5, AHFFTHIE TE
TR S0 GrGPPS 25741, Bevh— X etk 5 1
Y, B RT-PCR HEARIEATY 1Y, 432564411 cDNA
5, Hfin 4 GrGPPS. 47515381 » KL GrGPPS
4K 1 107 bp, 4w 369 NEIEMR . BLASTp 2047
i oK, GrGPPS [H[AIJEER />, (HEH ALY
Bl GPPS Ht I IAHALE e v o LA LIk e SR
GrGPPS SR @ TR IR IR HKIE R - iRk
Ak pGEX-4T-1 WA B H KRG GST #5455,
HH T GST A28 BN, AHXT 431 2T 2 600,
T S5 v i R L FH R LG S5 R A 28 R 1 R D) S Tk
1T H R AW 5 89T

AW RINFIEE T IEJEIH GrGPPS H: N 5k
LBk pGEX-4T-1-GrGPPS, #: N\ E. coli Rosetta
(DE3), JfIhis F#&IAH GrGPPS & [1. SDS-
PAGE #5 . W eI o () GrGPPS LA 9 i
oA R4 (B9, Kt GrGPPS 2 [ Al gl #
FEMGEL S R R AR, XD (S0 S
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