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Abstract: Siraitia grosvenorii, belonging to Cucurbitaceae, is an herbaceous perennial plant native to South China
and north Thailand, and mostly prevalent in Guilin City of Guangxi Zhuang Autonomous Region. The fruits are
widely used as Chinese traditional medicine and meanwhile they contain extremely sweet flesh. As the main active
component and sweetner ingredient, mogroside V is a kind of cucurbitane type tetracyclic triterpenes which only ex-
ists in the ripe fruits of S. grosvenorii. In the proposed mogoroside V biosynthetic pathway, there are two independ-
ent pathways for triterpenoid biosynthesis (MVA pathway and MEP pathway). 3-Hydroxy-3-methylglutaryl coen-
zyme-A reductase (HMGR) , the first rate-limiting enzyme in mevalonate (MVA ) pathway of terpenes biosynthesis,

is the important regulatory site in mogroside V biosynthetic pathway in S. grosvenorii. However, there is little
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knowledge about function study of key genes involved in this pathway. In order to further understand mogroside V bi-
osynthetic pathway, the full-length of SgHMGR was obtained by RACE-PCR method from 3 d after fertilization
(DAF) of S. grosvenorii fruits based on the unigene of HMGR in transcriptome data, and further conducted by
bioinformatic analysis. The recombinant prokaryotic vector was constructed using pET-32a and then transformed into
Escherichia coli BL21(DE3) for expression. The results showed that a full-length Sg HMGR c¢DNA was cloned with
1 927 bp and it contained 1 749 bp open reading frame (ORF) encoding a protein of 582 amino acids (aa) (GenBank
No.HQ128556.1). The theoretical molecular weight (MW) and isoelectric point (PD) of this predicted protein were
62.6 kD and 8.18, respectively. The predicted protein contained the conserved domain of HMGR and proved it to be
a member of HMGR family. SSHMGR protein had the high homology with Cucumis sativus and Cucumis melo of
Cucurbitaceae plants, which were both 88%. Its subcellular localization was predicted in plasma membrane or endo-
plasm. By HMGR gene structure prediction analysis, the predicted SgHMGR protein had two transmembrane do-
mains in N-terminal which were located in 50-72 aa and 93-115 aa, respectively. Besides, there were no predicted sig-
nal peptides for SgHMGR protein. In order to avoid the influence of transmembrane domains on the heterologous ex-
pression, SgHMGR from 116 amino acids with no transmembrane domains was cloned and named as ‘Sg HMGR-1’
in this study. The MW and PI of SgHMGR-1 were 49.6 kD and 5.95. The recombined vector was transformed into
E. coli BLL.21 (DE3) and expressed by IPTG. The prediction indicated that the MW and PI of the recombined protein
of SeHMGR-1 and His were 65.8 kD and 5.95. The results of SDS-PAGE and Western blotting demonstrated that
the fusion protein could be expressed in both supernatant and pellet after induction by IPTG overnight and it had
highest expression in supernatant at 25 °C. This is the first report about cloning of full-length Sg HMGR c¢DNA and
its prokaryotic expression, and the recombined prokaryotic expression vector of SgHMGR was constructed success-
fully and could be expressed in BLL.21(DE3) of E.coli , which would lay foundation for further understanding of Sg H-
MGR gene function and molecular regulation in mogroside V biosynthesis and provide reference about HMGR gene
function study for other non-model plants.

Key words: Siraitia grosvenorii; HMG-CoA Reductase; cloning; prokaryotic expression
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B & W& (Tang et al., 2011), FIRGHF A
YA BRI R B 5 S A W R (IPP) fl 3, 3-—
H L7 T L 5 15 2 (DMAAPP) . — 3% 238 of W B %
iz (MVA) T i &5 0 B 9% 12 b (MEP) P 4538 2
T MVA & A2 & A 76 il T, MEP i 12 & A2 7E
B, O G AT A YA A A s A o
E MVA #48 HMGR(3-F256-3-H 3 5 — 1R 5 ik
B A TR JERE) AL 3-8 k-3 Y 3 N R A
ACHMG-CoA) 4 iU £ IR (MVA) L X — 2 [ i
TR T NADP /A A] 39 % 1933 F2 (Haralam-
pidis et al., 2002) s HMGR J& %1 £ v 1) ¢ 5 PR ok
ity , AT LA SZ 0 (AT 09 % — PR30l (Mrayam et al.,
2012) . 5PN 2 T I A 7 ) PR G I O 1 Y
JURE TR, — HAOA N E LAY A BE R PR A E
B PR FEAE

HMGR J:H T Z 776 T 400 L 5 L sh ) FAE
Wb, BT HMGR 2 H € A 2 Fhoid o) 45 DL s
%, N+ KR FF (Aquilaria sinensis) (Xu et al.,2013), A

2 (Panax ginseng) (Luo et al., 2013) , H ¥ (Gly-
cyrrhiza uralensis) (Liu et al., 2012) , 4l FI% (Ar-
abidopsis thaliana ) (Enjuto et al., 1994), 7% £
(Litchi chinensis) (Rui et al., 2012), & JN (Cucu-
mis melo) (Kato-Emori et al., 2001) F1# JK ( Cucu-
mis sativus) (Accession No.XM_004170850), % LA
VB 245 HIRL W FEEREE B B A B 0 25 )1 XU 0 {H
CXF A AL o 7 Seast A% B AL S5 D7 T T R T OBESY
(Chiu et al., 2013; Fu et al., 2012; Liu et al.,
20115 BEAC W45, 20145 43 5% B 25, 20145 1 B 45
2005) . fH F AT T 2 DOUREEH A 06 ik 48 b ok
SH T 1) T 5T AT 0, JIC X B — S BR B SgH-
MGR 1Y 58 [ e T REWT 50 1 oA WA il . AR TR
SE TR B PR e S ALY L Ay B R B T B BUR
RIH A& it B rh JL-F BT A R HE P b 2 3T
4it% HMGR 1 unigene, AW 5% SgHMGR it
117 RACE 4K 1y g B L A W) 45 25 43 A L) B Jit
BRIK ST X T %€ SgHMGR & Y ) fig . 58
A B DUR T AW G g A S A 5L R AR T Bk
Bt S ERAEESEMNE.
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DL DU G R R BE B6 FO14 S 4 K}, B Al T
I A EE L, T 8 A AR S 3 d 4R, il
HE T WA R RO AE B 5 -80 C vk AR A7 Tl LA
)5 . Trizol ik Wy H Invitrogen 2\l , 55 — 4%
J G SR & pMD19-T 2K . DH5a 252 745 41 i
Y H Takara /A ), RACE i %] & 5 Advantage
cDNA PCR X5 & A Clontech 2 &), Bk £2 Bk
Al B e I ik R & 4 W 3 Axygen A ), Taq
Plus DNA Polymerase I§ H KM A4 LB+ 28 A, H
Ml an 2w VAT SR SR A dE s T
1.2 ¥R RNA 12EUK SgHMGR i) RACE £ K52 [&

FIH Tang et al.(2011) BB B Trizol 42 HL
BUCR 3 d R RNA, 2009 4F3K7 T 2 DR
O Y MRS S HMGR 1 unigene J B 33t
5'-RACE 3| # ( TTACAGCAGCAGGTTTCTT-
GTCGGCAC) #il 3'-RACE 5| ¥ (GCCGATGGC-
TACGACGGAGGGTTGCTTG) , fil HH RACE i3
EEUL AT PCR ¥ 38, x5 H i H BE R 47 i [a]
W, T B EF AL R AT I DHS o, PRIE 7% PCR
FHME v B 3E 47 00 5 DF 3. R4 PF 307 510, R A
Primer premier 5.0 B4 i15147,5' 5191 3' 514
4% 9 ATGGACCGCCGGCGTCCT Fl CTAG-
GAGGAGACAGTGGT ,PCR 5 [ H 58 % 1 FF il )
BEHE SgHMGR-ORF, PCR BRIV AZR K 25 pl,
H.p Taq Plus Mix 12.5 pL,J:T"{jJ‘?%%% 1 ‘uL,*ﬁ
M 1 pL, 4k 10.5 pL J ddH, O # 5% . % PCR &
MNAEEF N 94 °C 5 min; 94 °C 30s,58 C30 5,72 C
70 s,40 MEF ;72 “C10 min,
1.3 TN HMGR EEMEMBERZSWH

F A ExPAEy Proteomics Server HYJTE 2k 8 4
Protparam (http://web.expasy.org/protparam/) X}
SgHMGR X % it 1) 8 H 147 2L 1R 5T ) 500
i i SignalP 4.1 Server (http://www.cbs.dtu.dk/
services/SignalP/), PSORT ( http://wolfpsort.
org/) Ml TMHMM Server v.2.0 Chttp://www.cbs.
dtu.dk/services/ TMHMM,/) # 44 k iill SgHMGR
A AE K, A 5 A B 5 I DR AL . R
NCBI B BLAST & 4r #f SgHMGR 5 H {1 ¥ Fb
HMGR # 1 # [6 U8 ¥, PROSITE %k {4 Chttp://

prosite.expasy.org/) F K 43 B H AR 55 45 ¥4 35k , IF 3
it MEGA6 # /¥4 4 Neighbor-joining % 4t it fb
(Tamura et al., 2013),
14 EARNMHBERETE

TMHMM # 4 #] SeHMGR # 1/ N i
115 ANZERR A 2 s 25 R IXC, DR O 7 A 28 )t A
Y1 JFORCRT S I SREFT A 115 SR . M 116 A
MR 06 e 1H % A B YD 467 2 (Bgl 11/ XhoD F 514
(AGATCTCAGTCTTTC ATAGCGCGT) 1 R 7]
Y (CTCGAGCTAGGAGGAGACAGTGGT) . PCR
RNAK R 4K FifE PCR.SEIH WA BEAH 1.0%
T N W e g v Uk 0 8 S R AT S Ik, Dl PCR =
W, pMD19-T K, #% 6 KA FF 3 DH5a J& 52
AY0HE , Amp G 38 FHE sE B L 28 B AR AR
A R TR EAIE . B BgI 111 Xhol XUV & 4H
JERE AN R A% 2 3K 3K pET-30a(+) , 43 5l [\ e F )
FBER R R 8RR, 4 T, DNA % 4 il 7% 32, ]V 4K
F AL RIKBAR pET-32a #4K 1 oL, HIY A Bt 1
pl,3 pL 19 ddH, O #hFF 2 5 pl, £ 16 Ci#EHE 2
Nk . % ) A BB R Ak B R g AT TR LB21
(DE3) #, Fl #4514 (T7 promoter) Fl H )
FEHEM T U (R 519D V% PCR %5 , % FH
P T R T 58 3IE
1.5 BMEARIE

PRI AR % F 5 mL & A kan(20 pg * mL'OH
LB 3R, 37 CHFRLK % 1 M EKiEse
50 20 mL i LB i, 37 TR G HEFR 2
ODsop = 0.6, Hrr 2 i fin A IPTG ¥R FEh 0.1
mmol « L', 2 M A 20 %0 AL WE LM E R 1%, Fl
A 1A AT AR 5 S 00 S B X B, i ACH [F] 375
SR 2 TR R A T 37 CC M 20 CCREFRAE PR
Vi IR B R R AEXT B T 37 C R gk g iy
Ft 4 h, 37 CHYWMHFE 4 h, 20 CHY R KK IR 16
h J& 43 W B 10 mL B V5 0 MG B TR AR, AL 2
mL A% BEZZE phK (20 mmol « L' Tris-HCI, pH 8.0,
300 mmol » L* NaCl, 1 mmol « L' DTT, 0.1
mmol « L' EDTA) AR FEE A, 12 000 r + min™
B0 10 min, b5 BAE R 40 i B R TR A L YE A A
BOVEM 1 mL KEKAERNDEE M. 4351010 pL
FRE MW N SDS-PAGE FREZE i, 100 C# 5
min PEATHLTK . R AR I AN 4 B I A e E 4 R 5 %%
125 fHE 80V #E AT W 45 e L UK o 157 48 7 7 ik A
SEIEZ R B E 120V, B UK 58 e 4% T il s %
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oAUl
1.6 FE B 44k F1 Western blotting & il

¥ SDS-PAGE i N 2 1 # #% 31 NC & |,
TBST ¥k 2 UM AE P, B 1 b, Blfidf
PO A —3t BR$T-His Bdr.4 CEE LK. e
—PrEIMA ZH HRP prid W FPi R 1gG, E i E
1 h, finA ECL TAEW , I 5 min, BA K & #E 47
XOGE R, T BT,

2 HRH4M

2.1 iR SgHMGR % F # RACE 3 [&

Wit RACE F5, w318 T SeHMGR %A
() 5'-RACE il 3'-RACE 1Y | B, 20 i 18] dig Jis ) 5
BAIE4> 504 1 276 bp A1 1 081 bp(J& 1), ¢ HF 4
Jif3 %] SeHMGR M4+ 0 1 926 bp 3% 81 bp 1Y
5-UTR M1 96 bp ) 3'-UTR, #Wi il ORF Fk 82~
1 830 bp 33+ 1 749 bp, 4 1 & A JF L% 582 aa,
%N T % 5% GenBank, & 55 HQ128556.1,

M 5'-RACE 3'-RACE ORF M

bp
2000

1000
750
500
250
100

K1 ®BUR SgHMGR #£H 5'-RACE,
3'-RACE il ORF " #4 i B
Fig. 1 5-RACE, 3'-RACE and ORF amplification
of HMGR gene in S. grosvenorii

2.2 SgHMGR EFHEMERES

SgHMGR i i 1) 25 F1 5t 43 1 X8 Corsy Huno
Nigs Osz2 Sy » BRIR 3 F 1N 62.6 kD, FFHL AN 8.18,
HIEH AR I (Arg A1 Lys) b 57,17 i B3R (Asp Fl
Glw N 54 AFE RECR 37.15, 1 R 2 2559, 5
Wi 2R 92.03, 2Rk HE R ECH 0.059, ProSite 3 {4
AT IZEE R T HMGR ZE 8 01 . A7 — B <r 4%
A7 T 168~572 aa (& 2),

SignalP 4.1 Server il SeHMGR & 1A
HAE S Ik, PSORT #4045 I 3% £ 1 89 3 40 1l €

7« JBRBE B 5E 67 B BN 5.0, N B M I RE 7 &R RO H
5.0, M-SR E A7 RN 3.0, PRI I% 2R AR AT RE
TR E sk, TMHMM Server v. 2.0 %K
HHMZE A 2 BB X, 206 F 50~72 aa
M 93~115 aa, ¥ SgHMGR 7 11 ¥ 51) 2 52 %]
NCBI 4 26 BLAST #E47H1RUHE: Hext , 45 5 R
SgHMGR 5 #i /R 8 N (XP 004146762.1) Fl &
JR(BAA36291. 1) AH b1 ¥ 34 5 i ik 8826, 5 7 kL
( ABF56518. 2) fl 4 ¥ ( Nicotiana attenuate )
(AAL54878.1, AAO85554.1) il [a] JE % 43 5 ik 83 %
M 73% . FATM NCBI # Nr £ bk e T 6 4>
YR 6 £ HMGR J7 514 i &R e it AL i, 0 45 3%
JRE) HMGR (XM 004170850, 1), #ft JK 9 HMGR
(GU176320.1) . L m ¥ 1 HMGR(NM 106299.3) ,
M B HMGR (U60452. 1), 7% £ 9 HMGR
(JN034589. 1) Hl B FK (Ricinus communia ) I
HMGR(XM 002510686. 1), ¥4k 1 18 3 FF 7%,
SgHMGR 5% 72 Bk 2 IR K R U8 2 el , 5 B
R[] 58 1 A 3
23 ERRZFIFUESEARNOHUERETE

2, SgHMGR # H N ¥ 115 aa WAFTE 2
B R XA T B 5 el J A% R GA L PRI AN 116 A 2 KR
P T e B T A B DDA 5 51 R P 1 ORF, 3 A47]
P4 N i 115 aa 19 ORF K B g4 7 SeHMGR-
1. PCR =¥ 2 1% W9 3 g B 8 ¢ FlL Ok 43 A, 7
1404 bpZe A7 H B S0 5, KNS T AH A
JFFIEW . P85S pET-32a 2% 1K 1% £ 5 1k 3
BL21(DE3) /&7 25 4 i i, 2R /Y e | 9 i |
9 7 B R 5 kAT PCR 9714, o vk 45 45 ) 20
—B1 404 bpZe Ay 27 PH I JORL 26 1 & 12 F)
JT o 45 3 W H 41 8 ORI A @ P . Protparam
TEL BRF W SgHMGR-1 By B8 4> F & 4 49.5
kD, %L 8o 5,96, M EE R R R AE TP & H
Trx F1 His 325 (1 fl & & A B 5r 754 65.8 kD,
SEHL AN 5.95,
2.4 EHARNKIE S RILY SDS-PAGE &1

0.1 mmol « L1 IPTG 5 & 47 3 41 Fki i1y
R 40 BIAE 16.25.30 F1 37 °C R s S ad 12 . 1 TS
L PR b AU EE R AT SDS-PAGE H 3Kk A& . LA
AT T 1Y TR LT R UE ABOM B AR BR T 16 C
TR BE R O R AR A AE LR 3 AR S T
THMPLTE T AE 45.0~66.2 kD 2 [A] 3474 W7 & 09 4%
S, SRS SgHMGR-1 #ii & /~65.8 kD
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Hits by PS50065 HMG_COA_REDUCTASE_4 Hydroxymethylglutaryl-coenzyme A reductases family profile :
1 100 200 300 400 500 600 700 800 900 1000
ruler:
USERSEQ1 HMG_COA_RECUCTASE_d4 ! (582 aa)
168 - 572: score = 140.223

DEEIVRMVVNGSIPSYSLESKLGDPKRAASIRRVALQRMTGRSIHGLPFEGFDYESILGQ
CCEMPVGYVQIPVGIAGPLLLDGFEYSVPMATTEGCLVASTNRGCKAIYVSGGATSTLLK
DGMTRAPVLRFGSAKRAAELKFFLEDPNNFDTLAVVENRSSRFARLQSIRCSIAGKNLYG
RFCCSTGDAMGMNMVSKGVONVLDFLQHDFSDMEVIGISGNFCADKKPAAVNWVEGRGKS
VVCEAIIKGDVVRKVLKTINVEALVELNMLKNLAGSAMAGALGGFNAHASNIVTAVYIATG
QDPAQNVESSHCITMMEAVNDGKDLHVSVIMPSIEVGTVGGGTQLASQSACLNLLGVKGA

NRDSAGSNARLLATIVAGSVLAGELSLMSALARGQLVKSHMKYNR

Kl 2 ProtSite AT SgHMGR £ 5F 25 14 3,
Fig. 2 Conserved domains of SgHMGR protein predicted by Protsite

100~ Cucumis satiyus [XM 004170850. 1]
100 [a mblo [GU176320. 1]

Siraitia grosvenonii [HQ128556. 1]

52

Arabidopsis thaliana [NM 106299. 3]

Nicotiana tabacum [U60452. 1]
_:Litchi chinensis [UN034589. 1]
88 Ricinus communis [XM 002510686. 1]
—
0.05

Kl 3 SgHMGR Z 4t ik 4k 43
Fig. 3 Phylogenetic analysis of SgHMGR

— B, WA R T P R R R AR R B
AT TE H R R B 22, 3 3R W A SR Y b 3 R
ULBE 7 7E SeHMGR W (& 4)
2.5 Western blotting £ 7E

VIR 175 5 10 T VAR O R, B 5 45 SR 3 W X i i
AR 54 AL B b RDOTE 4 LR R AR
H(E 5,

it it

HMGR #1176 sh i & B0, K30 DUk gk oy
S JIFL [T o v ) B R L i O 5 R R R
A & HMGR [7] R 76 48 9 05 25 F0 S B ik
R E X EENMHYEM, ML MVA &4&
— L E B IR RN . A SRR IRAE B U v v
F| 1 4 SeHMGR &K M, R0 H i 2 BUR 198
TR HE AR 2R 19 AS 58 3, DR MG 3t A A/ 51 36 Cn Ji A
KRG R EHIBEZTITH. X SgHMGR i
W3R IR B sl R AR R LU SR A 6 R AR 1

3

B4 EA TR A R T % KA SDS-PAGE
T OMLETE ARRE: 1L RER R 20 RS AL
¥ 3.16 CHEFIA LR 4. 16 CHE PR AT s 5. 25
CFFAR L ; 6. 25 CFFRAEGLIE) 5 7. 30 CifF Tl
KR 8. 30 CFERAKWLIE); 9. 37 CiFERHK L)
10. 37 CHE SRR LD .

Fig. 4 SDS-PAGE analysis of recombinant plasmid after
induced expression at different temperatures M. Sangon
protein marker; 1. No IPTG (Supernatant) ; 2. No IPTG (Precipi-
tate) ; 3. 16 “C overnight (Supernatant); 4. 16 ‘C (Precipitate) ; 5.
25 °C (Supernatant) ; 6. 25 C (Precipitate); 7. 30 ‘C (Superna-
tant) ; 8. 30 °C (Precipitate); 9. 37 °C (Supernatant); 10. 37 C
(Precipitate).

AR R SE Al B Ok T LA B S B 5 A IR
R e A e N B W S BT U P U i B
HMGR R4 5 =5 25 By & &, © &AL 2
A8 W) H BRASAR K i % (Harker ez al., 2003;Kim et
al., 2013;Aquil et al., 2009), @it 4= W15 B 2% 5
Mr, BATHM 2] Sg HMGR 3 R 53 7 B} HAb A 4
HMGR &9 [/ 98 1 8w, 72 He ORF B9 N S 77 15 2
Bros I AR KRR B oM 5 i R R R A R Gk
fR 238 FRATT SR I T 1Bk N 3 5 R IX %) 5 32 e Bt 31
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1 2 3 4

K5 HABYE A Western blotting 1. 7F 25 CZ IPTG
VR LW 2. 48 25 CE IPTG R IWULKE s 3. 7|< sy i
iifs 4. REFRMIURE.

Fig. 5 Detection of target protein by Western blotting

1. Supernatant induced by IPTG at 25 °C; 2. Precipitate induced by
IPTG at 25 °C; 3. Supernatant with no IPTG; 4. Precipitate with no
IPTG.

SgHMGR-1 R Bt, i S T H1E E.coli W B
BL21(DE3) H1 1R ik , I L35 FUTIE H #5460 2]
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M SeHMGR-1 @il & 8 F 7 25 C i Rk 5 df, ik
BF 19 %R R SRR e . RS ZE B LR
BATEH R FEMIRE T MVA @42 SeHMGR 14
Kru b EWE B 2E o it SR A% R IR B T % kA
JEA R AL B T %5 B G 5 3-3 3k -3- 1 3 8 iR
WA A R A, B AT g 45 R A Bh Ik
AT AR % DR AT A W A L] DA e R B 1 X
FAE 53 FE AR S K A .

HHli HMGR J& PR 7E 25 IR 19 oiF 58 2 46 vh 7E
ﬂ%cﬁ@ﬂm% P S Bl ORI RN HE 5, 2013),
HMGR % & th 2 3 % Y A7 i AR
47 [ V5 35 PR (8 00 E R ) 3K 48 35 R 7 AN [) 3 o7
AN A R E W0 Rk BN R X R 22 R Gk
PRE T BRI T 1] . FRAT A 4k 2 A SR 2 Bl
KRB AETE HMGR B[R G5 5 N U Jé SgH -
MGR S 2 3k B0 o8 e BB ik, ilf — B R
WO DR A G R, b B H TR FBEA
I =0 2 A A BT T R o R A A 2 AL A

S 3k
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