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IMITIE LaSPS EEHSEES
EYEEFEN T RREZRIE

R RN, AR, B oA R, BT AN, AR

QPR EAERE 25205, g BN 45004652, MFIBRILTT 525 0T &1 B 4 b A1 G357 Pt TR M 450046)

W4T E (Lepidium apetalum) %5 % o+ K # X4, £ A PCR F ik, ¥ ¥ 4% 2] LaSPS
H B # FF 7k 1) i 4E (open reading frame, ORF) ,#) 3% pET-32a-LaSPS B# Rk XA B AR FEXBHE
BL21(DE3) ##k P &ik LaSPS 4% &, &R & :LaSPS A ORF ¥ 1 269 bp, 4 & 422 A~
BABR, 0L 5B BB ER &l 5 M) IR, I R A A B F AR 0 R L 5 55 AT A I, LaSPS &
G RAE T AT R FTREAB R ;B A5 xt fe R AL 47, 27 LaSPS B a 5
&I (Arabidopsis thaliana ) AtSPS2 & G #a40 B 4 91%, F 4 # 4 % £ X A8 BL21(DE3)
Bk P B2 Rk LaSPS €& & , A B R LaSPS & B e 1847 E R ARER & M A R B A2 P 89 o b

T AR,

RERER) JUATHE 5 M Ve B FRWRTR 5 g s 2 X ST s 7 1) AT 5 IR R

hE4S3ES R 282.71

JEAAER (plastoquinone , PQ) F17Z B (ubiquinone , UQ)
RMEYRN FE 2 F A R MNEE MERZE, BT
ENHRTFEES S SRAEMMR N . FIABRAEET T
SR R E R FEBENABRR S, S 58T Mt
R N34 E R b B4, 2HEYOLEIERAR
AR B AR 43, T2 BRAFTE T LR, 2 WP
TSN AR5, S 58 F M NADH B EME &
R B AR b, BAE, 24WE T BARA 5
AR . AR FZ BRSSO 000
AR AAT A A R F ) BARBRFZ IR & A AR K
FER) SN B . R 2 HORE Y 4 T A IR 02 R T 2
A 98 10 A~ F N B B IS, InE R ST S A
PQ-9 1 UQ-9™,

O AR TR A 32 TR ) S5 IO 0 A i >k VR T S OG0 R

FE—EEEN AR A8, F &, 305, L BKFH MY
SF AEMFFHR LA, E-mail: zhaolel 983@126. com,

FEMEE AT 1961-), 4 W L, R, L AFHF LI ZN
F P E RS A RAALH F R T4, E-mail: zhengxk. 2006
@163, com.

HEETH:BREEABARL L AT R HX"HF %R A
(2013CB531802) ; 77 g & % B 4L 5 2 4 % 85 B (BSJJ2011-
0n,

KR EH:2015—12—16

92

NXEFRIRFE: A  XE4HS:1001—0009(2016)06—0092—08

EWEIR (IPP) F1'E MY 5 40 1K — B L 00 79 B AR B R
(DMAPP), 7EAE4H IPP Fl DMAPP % i f7 76 T4
BB A ) B 32 I BR 182 78 (mevalonic acid pathway, MVA
pathway) I 77 76 F 5044 o 1) Y 25 o 28 0 B i TR 3k 2
(methylerythritiol phosphate pathway, MEP pathway) 3
BT, TR AR C IR IR 57 V2 R A S S0 5 4 Sk
WF MVA SRARLE B TPP, T 5B F 53 150 2 000 45
MR F MEP & 42 4 LAY IPPE7 5 500 JE 000 5% A
IPP F1 DMAPP FF46-& B, o T8 BUB A i) S5 M 22 4%, 4n
15 B AL W I AR BR (farnesyl diphosphate, FPP) 1 20 fi
Ao JLFEHE 4 JL 36 A2 B IR (geranylgeranyl diphosphate,
GGPP), X J& H1 — R 5 £ T 57 [ 5 FE W 1R & L il
(polyprenyl diphosphate synthase)#fk, ,ix SL i #F EL A F
s E 4 B B (prenyl transferases) B35 4, UL IPP h BA
B, BIRFEA 5 MR T, XL 2 R F M FEEHRR G
JE BT R T AR W b e R, AR A A ) A T 21
WA Y B, (EL R 7E 5 S5 AL Fh X ik 2 22 SR 5 IR0 R £
PR A BUEA TS 30 . BRI R ST KRR A g
LI ST REAR 2 T A Ve BEAEBERR B B (solanesyl diphosphate
synthase,SPS) , FI-& ) 45 Bk i) Ve BE AR BER , it — 20
B BURRER PQYT-1

MFTE (Lepidium apetalum Willd. ) J& +F R
IRIBHEY) , BT AR AL E T 7, =15 M- b KT
PR EE ARG, BE W3R 4y B 18 ) SR 1k 2
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LAY A8 BB T S UBR AV 3 AR 7 T 28 L A B
KT MR TR KRS, HAHERA
B0 O I T RE A0 M EE T | Ik T R LR BR ST, B
HIAT ST T BB 2 5 v T A0 R 43 1Y) 43 B RN 2 21
YERIBIBESE , R TOUEAE A vh SRR A o T A2 B iz
P R BIF 5 i e DL AR

MR PR 20 HT ARG ) R B AT S e R s , e
HA — MR e B R BRI G g (SPS) Y LY, i A
FERMNIMATIEH T T SPS 2N ) cDNA F31, #47
WS BT, B IR LaSPS & 4 7] 68 5E i 78 M G4k,
S 5K AEY G B R E ¥ LaSPS F[H 5ok 2 R
BFRRE AR pET-32a 1, # 2 H 21 Bk, pET-32a-LaSPS,
JEITE K FF 8 R 3k LaSPS & H, It — B B 5
LaSPS BN TEMATIOG & v F15 33 5 4 43 B IR BR A= 9
B R IVE RIS RERE € T FEA
1 #R5FE®
L1 a5k

MATIER AR R A L A AR IX, H T g B
7 e 78 I BA 2 AN IR e 19 A s Dy + AR R E Y ok
IRBMATSE, BUEL A 778 16 h.23°CH%HE,8 h.20°C 2
W 25, T N TAMRAR 35 3%, SR =4 vt A 4R S
ek

FEH S RNA $2 8050 & L BRI i) & L % il
DNA 7= {ki 5] & .RNase-Free DNasel , ¥ 38 55 I8 b
HEE DNA [l & #0 B b st RAR AR A R A
A, I FIF & TransScript [[Reverse Transcriptase .
KIGHT B2 A 40 Trans5e #1 BL21(DE3) g B b5
LY BAERAF . Ex Tag B FRHHEZERN Y]
B (EcoRI. XhoD) . pMD19-T Vector. T, DNA Ligase t§ H
TaKaRa AR, 5196 B R GIF AR =1 4
VEARBRFTEA R ER
1.2 M H B RNA BB cDNA #E 5%

i FAAE A 5 RNA 32 R & 48 BOph 47 32 4 5 vt
J B RNA, F NanoDrop 2000 F1 1% B B ¥ 58 Jis¢ H vk
Kl RNA &2 M i, DIa3A RNA B,
oligo (dT) 5|4y, i FI 52 % %50 &, & As 2] it Jr
cDNA,
1.3 JhA73E SPS ik

MR VR B 20 1 9175 2 /0 M A7 S i sk A B UE, A
Primer 5 B4 & i+ SPS & K ) #¢ 5 ¥ 51 4 : LaSPS-
Exp-F(5'-CG GAATTC ATGATGATGTCATGT -3',F
R 43 9 EcoRI B 1) % £) » LaSPS-Exp-R(5'-
CCGCTCGAGCTAATCAATCCTTTC -3', FRIZ#4>H
XholBGYINL &0 , AR - <DNA AR , 3 BT 51 5 1R itk

47 PCRy"#.95°C 2 min;95°C 10 s,53.4°C 15 s,72°C
1 min 36 s,30 MEF; 72°CHLEH 10 min, £ 1% BEARHE
EEW VKR PCR 74 )5 , FH B AR MEBE . DNA 1] ik
31 & 101 AT 5 0B R /N — B 258, AR JE R L o B B
pMDI19-T #fk b, b KA A Trans 5o BRAZ A 40 M,
BWHOBRMESAATEFHERMN LB Vi |,37°CHE5% 12
h J& , 2 PCR Kl J5 Pk BRME 7o ESEA T I
1.4 MF73E SPS # WKLY BFo i

WM P13 2] /) 7 51 3@ 33 NCBI ORF Finder 25 $87F
TR BRIEHE , H3@ i NCBI blastp 55 nr $4fg e #1755 L
XF43#t. LaSPS % [ 4 85 25 H A 3 £k M B 39000 ok A
ExPASy Proteomics Server #& 4L 7 2% T E Protparam;
{8 InterPro Scan T 8 I A PR ~F 4544385 R F SWISS-
MODEL #4178 H i i = 4 [F) I &2 A% ; {4 SinalP4. 0
Server #4743 WK H Wil ; F| FH Target P 1.1 Server #f
172 EENAE 5 T 5 5 15 X 35003 1 TMHMM Server
v. 2. 038 F§ MEGA 5 k{45 4B % $#£ 1 (neighbor-joining)
RGN .
1.5 %73 pET-32a-LaSPS [F B RBBUR I E 515
FRIK

F EcoRTF1 Xhol 435I % W ¥ 1 8 (9 0 J5 1E 5 9
pMDI19-T-LaSPS FUkiFl R A% 3R 1k # ik pET-32a #£47 3L
171 5 1 /0 Byt B W U5 JC EbL T A ) )5 i Ak Tl e B A 3 X
Bk /5 B, M, A T4 DNA Ligase 16°C (#9337
B R K AT B BL21(DE3) B2 S 40 i, 3950
WATE LB B AR (EH 100 mg/L AT EER),
IR T R AT TORL A 3R B, SR JE I EcoRTHI Xhol B
Fif U % 7 , Bl V) % 8 1E 9 R 3% b 3t = m R A W)
W

WP EF MR TR EATEHE RN LB
PRIEFRFS 3T CHEFA RG] 1 2 100 L4 Fh
FEAFTHEERMN LB BAREFFE+,37°C.220 r/min
PR 85 5% 2 X B4 K1 (ODyoo 2 0. 6), 8K J5 78 28°C .
0. 4 mmol/L IPTG.150 r/min 44 F}53% 8 h, i ST
3% LaSPS BAEHMEL. HF MG, H SDSPAGE
(S YO VRAFMEAN 10 %053 B O Kl F 41 8 H i Rk .
2 BRESW
2.1 Ph473E LaSPS B 1 vaks

FHE 1 AT, PCR §™ 34458 1 4% 1 200 bp £ 1%
W, R R /NERF. 4075182173 LaSPS %
K cDNA FF31, K/ 1 269 bp, il 422 &R,
LaSPS £ 7345 B B #2352 %] NCBI GenBank, ¥ -5
b KT318734,
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2.2 ThAT3E LaSPS FMN S E AW AEYE R F0
2.2.1 FELMERRAMT  LaSPS E:PH 4G 422 MR IELFASR
F,38 17 ExPASy Proteomics Server F{I7EZR 4 Protparam
T LaSPS F X 455 25 15 ) 5 F 208 Caoss Hangs Nass Ogag
Spe 43 FRAE: 46. 40 kDa, S5HL A 5. 15,7 f AR S (Asp
+GlwH 58, H IE B R FE B (Arg+Lys) b 47, ZEHM
ARERECH 43.49, Ui LaSPS BEHANRE , FAKER
R —0. 053, UL B B H A RKMEE H. LaSPS EH K
cDNA 45 X J75 B 2 R T 5 A0 2 Fim .

2.2.2 fRSF&EM WM A InterProScan i il ()
LaSPS & H AR SF SIS T . B8 5 UG A SR ¢
fifi (polyprenyl synthetase-related) (IPR017446) .22 3 5 1%,
W3 L (polyprenyl synthetase) (IPR000092) ., 7 We i

¥£:M,DL 2 000 DNA Marker;1,LaSPS 3K ORF,

Note: M, DL 2 000 DNA Marker;1,0ORF of LaSPS gene.

FEWEAR A B (solanesyl diphosphate synthase) (IPR014120)

E1 PCR ¥ LaSPS & E ORF S T K A LB 25 ¥ 38, (isoprenoid synthase domain)
Fig. 1 PCR amplification of LaSPS gene ORF (IPR008949) ,
1 ATGATGATGTCATGTCGAAATATAGACTTGGGTACGAGTGTTCTTGATCTGATGCCATGCGGGTGTTCTTCTAGC
1 MM M s ¢ R N T DL G T S V L DL M P C G C S S S
76 ILIILIILIALAAGILGILGAIILIIGILIhIGAAIIhIILGAAGAAIhIIIhIA(bAIIGhIG(LAAAA(LIAF
26 s s s T S R R F L S V N C S K N V C R I 6 G K S Y
151 GGTGGGAATTTGGTATTTCTACGTCGAGATTTTGGGAGTTGCAGAGCGGTTCCTGCTAAACCCAAGGAAAATTCT
51 ¢G G N L VF L R R D F GG S C R A V P A K P K E N S
226 CTTGTCAATGGTATAGGGCAAGATAAAACAGTGATGCTCAATCTGAGGCAAGAGTCACAAAAGCCTATATCTTTG
76 L V N G I 6 Q D K T v M L N L R Q E S Q K P I S L
301 GAAAGTTTGTTCGAAGTAGTAGCTGATGATTTGCAGAGGTTGAATGACAATCTCTTATCGATTGTTGGTGCAGAA
101 E s L F E V VvV A D D L Q R L N D N L L S I V G A E
376 AAILLAGIIIIGAIAILIGLGGLIGAALAAAIIIIIAGIGLIGGIGGIAAAAGGAIGAGGLLIGGIIIGGIAIIL
126 NP V L I S A A E Q I F S A G G K R M R P G L V
451 CTT(TATLACGA(LCALT(LG(AATTA(LA(GLCTAAAG(AACTTACAATA(AACATL(GL(TTTAGCTGAGATL
151 L v S R A T A E L A G L K E L T 1 E H R R L A E [
526 AIIGAGAIGAIILAIALAGLAAGIIIGAIALALGAIGALGIGIIAGAIGAAAGIGAIAIGLGAAGAGGAAAGGAA
176 I E M I H T A S L I H D D V L D E S D M R R G K
601 ALGGIILAIGAGLIIIILGGAALAAGAGIAGLIGIAIIAGLIGGAGALIILAIGIIIGLILAAGLIILAIGGIAL
201 T vy H E L F G T R V A V L A G D F M F A Q A S W Y
676 TTAGCAAATCTGGAAAACCTCGAAGTCATTAAGCTCATCAGTCAGGTGATCAAAGATTTTGCAAGCGGTGAGATA
226 L AN L E N L E I K L I S Q@ vV I K D F A S G E 1
751 AAACAAGCATCGAGTTTATTCAATTGTGATGTTGAGCTTGATGATTACTTATTAAAGAGTTACTACAAGACAGCT
251 K @ A S s L F N C D V E L D D Y L L K S Y Y K T A
826 ILAIIAhIA(LI(LAAGLALLAAA(GA(LI(LAAIIIILAhIAAAGTT(AAALL(AAGIIG SAGAGCAAATGTAT
276 L V. A A S T K G A A [ F § K vV E T E V A E Q M
901 LAAIIIGGGAAGAAILIGGGIIIAILIIIILAAGIAGIIGAIGALAIIIIGGALIILALILAGILLALAGAGLAG
301 Q F G K N L 6L S F Q vV V D D I L D F T Q S T E
976 CTA(G(AA(CLT(LA(LLAAT(ATTTA(LLAAA(GTAALATAACL(CGCCA(TGATLTTLGCGLTAGAGAATGAA
326 L 6 K P A A N D L A K G N I T A [ F A L E N E
1051 LIAAG(LIAAGA(A(AILLIILAGILI(AGIILIGI(AGLLI((LILGLII(AA(AGGLAAIIGALAIAGTTAAA
351 L R L R E I L E S E F C E P G S L E E A I D I V K
1126 AATTGCGGTGGGGTCAAAAGAGCTCAAGAATTGGCTAAGGAGAAAGCTGAATCTGCGTTAAAGAATCTGAATTGT
376 N C G G V K R A Q E L A K E K A E S A L K N L N C
1201 CTTCCCAGAAGTGGCTTCAGATCAGCCCTTGAGGATATGGTGATGTTTAATCTTGAAAGGATTGATTAG
401 L P R S G F R S A L E D M V M F N L E R I D *

B 2 LaSPS EH cDNA 453X FF 51 & 3t iz S B B8R FF 51
Fig. 2 Coding sequence and amino acid sequence of LaSPS gene cDNA

% IPRO17446 ZRFIUHIES MMM Polyprenyl synthetase-reated

: : _ »PTHR12001(GERANYLG...)

@ IPR0O00092 ZERSFIMIES il Polyprenyl synthetase

- : - :»PS00723(POLYPRENYL...)
' oy ‘ »PS00444(POLYPRENYL...)
: " »PS00348(Polyprenyl...)

% IPRO14120 A B A Solanesyl diphosphate synthase

# TPRO08O49 T+ MR AL AN Isoprenoid synthase domain

94

»»PTHR12001:SF18(SOL...)
»TIGR02749

> G3DSA:1.10.60...
> SSF48576(Terpeniod...)

& 3 InterProScan il LaSPS & H R R =F & #35
Fig. 3 InterProScan prediction of conserved domain of LaSPS protein
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2.2.3 {55 BK. 4 Ml e A KB BRI H A
Signal P4. 1 Server il LaSPS & H HIERWEH, A
BAES K, FIAELKM Target P11 Sever Fiill]
LaSPS 25 H i 41 g & (L5 B0 , 45 R 3R B LaSPS L T
Mgk (E 4), #] i TMHMM Server v. 2.0 T il
LaSPS iy 5 5 X, 45 5 3K B LaSPS & H . 5 & X
(E 5,

£ Name Len ¢TP mTP SP  other Loc RC
LaSPS 422 0.769 0.057 0.029 0.133 C 2
4 ¥UH Cutoff 0.000 0.000 0.000 0.000

T : Len R JFHIK BE , TP ARRFF &4 i R if iz Bk, mTP R 3%
Fr oA SRR R 1 L SP ARER 751 & A 43 Wik 2 1915 5 ik, other A3
76 40T P H B 7 5 Loc 327 AR 4484 TN S0 40 B <€ 31 (C R7m -4t , M
FRLRIE,S KRG WEE) ,RC KA B M AT HIEFH (S H1E S
%, BB/ N R T ) 7T 5 BEAR D o

Note: Len represents sequence length, cTP represents the sequence

contains a chloroplast transit peptide,mTP represents the sequence contains a
mitochondrial targeting peptide, SP represents the sequence contains a
secretory pathway signal peptide, other represents any other location in the
cell, Loc represents the prediction of localization based on the scores (C,
Chloroplast; M, Mitochondrion; S, Secretory pathway), RC represents the
reliability class of prediction (from 1 to 5,the lower the value of RC the safer
the prediction).
Bl 4 LaSPS ZH T4 KEFN
Fig. 4 Prediction of the subcellular
location of LaSPS protein

FET RS, JR ] AR TR 5K i B B X
TMHMM posterior probabilities for WEBSEQUENCE

12
= 1.0 |
B o8t
@ 06 e WENBEIX Transmembrane
- s A B Inside
;‘% 04r s SRR Outside
02r
0 g ; ; o . , .
50 100 150 200 250 300 350 400
FHE Amino acid sequence position
5 LaSPSEHERX N
Fig. 5 Prediction of the transmembrane
domains of LaSPS protein
2.2.4 Z=HEgE¥gTm  F PredictProtein %} LaSPS & H

B “REEMHATHN . SGRBREZEAT IRIEL
915 49. 53%, 3378 5 3. 79% , LA th 5 46. 68%,
FH SWISS-MODEL iiil] LaSPS & (4 i) = 2% 2544 , LIRS
IF B — A 4% L BE FR A& B B (long-chain-length prenyl
pyrophosphate synthase) (PDB ID:3AQ0) H#4R , 751 41
RLEE Ky 39. 43%0 , TE5E 102~422 {3 G B PR ERAR AU 25
% 75%,

Bl 6 LaSPS ®EHR=ZLEMBN

Fig. 6 Prediction of three-dimensional

structure of LaSPS protein

225 ZRFIIHX oM #K¥E NCBL M ¥ | i
blastp Fexf nr 8 H 88 22 #)#8 RE5 R, 473 LaSPS
FEH S5 HIEE I (Arabidopsis thaliana) WL T PF 4K 1
AtSPS2 & 1 (BAD88534. 1) J7 5 MU B i85 , ik 9126,
SR T F Ltk iy AtSPS] & 1 (BAD88533. 1) 4
UBESR 79% , SHEHEY P F MR R K SPS & H
g B (Hevea brasiliensis) HbSPS & H (ABD92707. 1)
R R 71% .3 (Solanum Lycopersicum) SISPS & H
(ABI63627. D AELBE R 67% , K g (Oryza sativa)
AL T SRR F OsSPS2 # H (BAGY0037. DAL E
S 63%, T 5 K FF AL T £ B4k i) OsSPS1 & [
(AK071299. D HIHE L R A 33%. i il DNAMAN
8.0 FMXF LA E & FhAE YY) SPS B H 1T 275 L
Xf , 85 R K] LaSPS FHH SHEMEY SPS & H—+, #
TH 2EERLERDDCOND I RSF P31 (E D,
2.2.6  RGEHMM P M UniPort 04z 22 , BEHCH:
EHEYITH S5 SRR EE A R B, 40k e R AR R
4 i B (farnesyl diphosphate synthase, FPPS) . # 4= JL.
Fea a4 L B R & BB (geranylgeranyl diphosphate
synthase, GGPPS) D) K 7 We & £ B R A& i (solanesyl
diphosphate synthase,SPS),3t 20 £&FEHFIEN S F,
ERGHAR ., W 8 FiR, X 25 5 I F %
B RLEE , =K, —K 2 SPS 7%, LaSPS HE X
— 4332, Hirp LaSPS 5 AtSPS2 %k REUR , FFFIHM
PR 91%, X5 ZFH X R — 3G KR
GGPPS #3158 =282 FPPS R %], iX S #f B A F 1%
W B RIS E (B ) .
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LaSPS M NIDLGTSVLLL .MPCGCSSSSSSTSRREFLSVNCSKNVCRIGG. . KSYGGNLVEFLRRDFE 61
AtSPS1 T NIDLGTMMMA...... CGCGR. ...RQFPS. .LAKTVCKFTSSNRSYGG. ... ... vV 45
AtSPS2 .M NIDLGTSVID...... HSCSSSSTSRRFLEGNSSKTVCMIGG. .RSCVGNLVFLRRDL 56
OsSPsS1 S.. RWALARRVAALGATSGGGDG . ¢ ¢ e e e e v v ww ATAQAQRLFSSAAALLGRHPPPPSPPH 50
OsSPS2 1.5V RVYMSRKALDFGQTIASCRCR. ¢ v v v v e e v e WAGRSGMRVAP. .RRRMPCVCEFVAS. . 50
S1SPS SV NLEIGRTPLES...LACGCS. .« vt eeeen. FSKGVLRNVS. .RRFSGKKLLSCR. . 46
HbSPS SM SLDFGRTVEDL. . .AACGCSSNASIDRCSVRNYARSVYRTCN. . RDYAARRSPYCRRD 60
Consensusm

LaSPS GSCRAVPAKPKENSLVNGIGQDKTVMLNLRQESQKP i 126
AtSPS1 GSCKAVPTKSKEISLILNGIGQSQTVSEDLKQESKQP V%A 110
AtSPS2 ATCRAVPAKSKENSLVNGIGQDQTVMLNLRQESRKPE V%A I 121
OsSPS1 YQIRSKVVGCRGATEVSSRWLHDAQYQVRQODGLSRSEEQQD VﬁA 115
OsSPS2 PSQPGLAAVDVPAEAIS..... SARTTTM. . . V%A 107
S1SPS QEFGRIS.TKASLTGLA..... PVLDLNK. .. V%A 102
HbSPS SAWCRVSSTKAPETLLNGVSQDPAVNIKE. . . V%A 122
Consensus v ae

LaSPS 178
AtSPS1 162
AtSPS2 173
OsSPS1 180
OsSPS2 159
S1SPS 154
HbSPS 174
Consensusp 1 saa

LaSPS 243
AtSPS1 227
AtSPS2 238
OsSPs1 245
OsSPS2 224
S1SPS 219
HbSPS . 239
Consensusih asl

LaSPS 308
AtSPS1 292
AtSPS2 303
OsSPS1 310
OsSPS2 289
S1SPS 284
HbSPS [ 304
Consensus

LaSPS 373
AtSPS1 357
AtSPS2 368
OsSPs1 375
OsSPS2 354
S1SPS 349
HbSPS 369
Consensus

LaSPS 421
AtSPS1 405
AtSPS2 4106
OsSPS1 429
OsSPS2 402
S1SPS 397
HbSPS 417
Consensus

H ARSFFS] DDXOnD B AR .
Note: The conserved functional motifs, DD(X)nD,are boxed in black.
Bl 7 LaSPS5ET#YP SPSEAMZFIILL Mo
Fig. 7 Multiple sequence alignment of LaSPS and SPS from other plant species
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99r—@ LaSPS
95 AtSPS2(BAD88534.1)
64 AtSPS1(BADS88533.1 A
39 ( ) e

HbSPS(ABD92707.1) ST
60l SISPS(ABI63627.1) iﬁﬁz
100f} 0sSPS2(BAG90037.1) SPS
SmSPS2(AFK29285.1)
0sSPS1(AK071299.1)
AtGGPPSG6(NP 175376.1) 7
SIGGPPS1(ABB82554.1)
100{| 99 SIGGPPS2(ABB82555.1)
sol* CaGGPPS1(P80042.1)
OsGGPPSI(BAH00537.1) | 4= L3t a:5k
AtGGPPS1(NP 195399.1) TR & il
AtGGPPS3(NP 188073.2) |GGPPS

53_|:ArGGPPs4(NP 179454.1)
99 AtGGPPS2(NP 179960.1)

AtFPPS1(Q09152.2)

T OsFPPS3(BAG93128.1) ‘J#gﬁ%&
5|-|3 iOsFPPSl(BAAl‘)SSQ ) gGFé;sm
— 99L—— OsFPPS2(BAA39347.1)
01

TR ER G R G AL R G 0 BB S O B T AeSPS2
(BADS8534. 1), #{mi7+ AtSPS1(BADSS533. 1), #fie#t HbSPS(ABDO2707. 1),
% M SISPS (ABI63627. 1), 7k #§ OsSPS2 (BAG90037.1), 7+ £ SmSPS
(AFK29285. 1), /K% OsSPSL(AKO71299. 1), I3 AtGGPS6 (NP_175376. 1),
i GGPPS1 (ABB82554. 1), & #ili GGPPS2 (ABB82555. 1) , #i#l CaGGPPS1
(P80042.1), /K A OsGGPPS1 ( BAH00537.1), il # 3F AtGGPPS1
(BAH00537. 1), #l B 3F GGPPS3 (NP_188073. 2) , #l #i 3F GGPPS4
(NP_179454. 1), #l B 3F AtGGPPS2 (NP _179960. 1), 8l #§ 3% AtFPPS1
(QV9152. 2) , 7k &G OsFPPS3(BAG93128. 1) , 7k #§ OsFPPS1(BAA19856. 1) ,
7k A% OsFPPS2(BAA36347. 1) ,

Note: The accession numbers of proteins used in this analysis are
Arabidopsis thaliana , AtSPS2 ( BAD88534.1), A. thaliana, AtSPS1
(BADS88533. 1) y Hevea brasiliensis  HbSPS (ABD92707. 1) , Solanum
Lycopersicum ,SISPS (ABI63627. 1) ;Oryza sativa , OsSPS2 (BAG90037.1);
Salvia miltiorrhiza ,SmSPS (AFK29285. 1) ;0. sativa,OsSPS1 (AK071299. 1) ;
A. thaliana, AtGGPS6 (NP _ 175376.1); S. [lycopersicum, GGPPS1
(ABB82554. 1) ;S. lycopersicum, GGPPS2 (ABB82555. 1) ; Capsicum
annuum ,CaGGPPS1 (P80042. 1) ;0. sativa, OsGGPPS1 (BAH00537. 1) ;A.
thaliana, AtGGPPS1 ( BAH00537.1); A. thaliana, GGPPS3 (NP _
188073. 2) ; A. thaliana, GGPPS4 (NP_179454. 1) ; A. thaliana, AtGGPPS2
(NP_179960. 1) ; A. thaliana, AtFPPS1 (Q09152. 2); O. sativa, OsFPPS3
(BAG93128. 1) ; O. sativa, OsFPPS1 (BAA19856.1); O. sativa, OsFPPS2
(BAA36347. 1).

8 LaSPS 5HE#E% SPS.GGPPS,
FPPS B & B RGH L S 47
Fig. 8 Phylogenetic analysis of LaSPS protein with
other plant SPS,GGPPS and FPPS proteins

2.3 LaSPS R FRIL BRI E

FH EcoRI F1 Xhol 435X Rz R ik # & pET-32a il
W77 IE B4 i pMD19-T-LaSPS ki 47 XU Es U, F FH &
20 DNA $ AR , 154 2 5 4 fok pET-32a-LaSPS, 8k f5#% 4k
KA H BL21 (DE3), ¥ £ 5 57 b 32 Ul kL 5, A
EcoRI 1 Xhol #£47 WEII KR , 45 R B/RA 1 200 bp £
F B H 2R 6 000 bp 2 HOERIARSH (| 9) . #3L
Fif 11 %5 78 TE B i B T P4 B A RN, M P 45 R B &

85

- LR

4 JFOhL pET-32a-LaSPS ' LaSPS K751 5 H 12N
LaSPS FP3|—8, R Z A BAERERBHRE, RAC
JEHS LaSPS N v ke 2 R B Rk 4k pET-32a L.

¥ :M,DL 10 000 DNA Marker;1, EcoRI #1 Xhol S 455 .
Note: M,DL 10 000 DNA Marker;1,Double digestion result by EcoRI
and Xhol.
B9 FE#ERiEHE pET-32a-LaSPS BIWEI L E
Fig. 9 Identification of prokaryotic expression vector
pET-32a-LaSPS with double digestion

2.4 LaSPS EHMEZRRA

W B TE 8 14 pET-32a-LaSPS [k A K B FF B
BL21(DE3) J& , 4 K i #F 1 4 K 2= ODyo 2 0.6 B, 7E
28°C 0. 4 mmol/L IPTG.150 r/min £ F 3 8 h,i%
FMFTH LaSPS EHE H MR, A 10 fras, 2K

250 kDa —»
130 kDa—>
100 kDa —

70 kDa—
55 kDa—
35kDa—»

25 kDa—

15kDa—

M, B0 TR ;C, & pET-32a 28 #i4k i E. coli Wikk7E 28°C .
0.4 mmol/L IPTG & F % 8 h BB MEEA; L HFE KT &
pET-32a-LaSPS FkLf E. coli Btk FEM MEH .

Note: M, Protein Marker;C, The total proteins of E. coli containing pET-32a
induced with 0. 4 mmol/L IPTG at 28°C for 8 h;1,The total proteins of E.
coli containing pET-32a-LaSPS induced under the same condition.

10 LaSPS EAZAMEZERX

Fig. 10 Prokaryotic expression of recombinant LaSPS protein
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ME H#E 1T SDS-PAGE 430#71, £ 60 kDa &b 31 H )
HEH&W, STNMELS LaSPS MEHSFEHS T
A SRR (PET-322) WXt BEFE 5, B TS E
ikJG S 7E 60 kDa Ab R WL 257 HH L., 455K, LaSPS &
H R IN7E KA BL21(DE3) 133k,

3 itig

FEARER RN A BT b AR v B 4 oy FEAE
Y — &R 9 NF IR BRAL R MEE, 40 PQ-9, X T
HYIREEE AN A EE ., ZM R E KA MATEF
BT — 42 5RRERA BERE LaSPS, 3 H AW
BT LaSPS B MRS HKE HFY, 451 %
B LaSPS 5 HEHEY+ SPS B HMMME S, & A 7K
I T A BRI A R B AR BRI A B AR <F 45 ¢35, A DD(X)
nD MERSFF 5, BA B IUGRE B RSN, Bd2)F
HI X R G SR, BB LaSPS B H 5 AtSPS2 &
HA 91 %A, R R BOr . BRI B ATHRE
A 2 PR BEER A B . 43 B A AtSPS1 I AtSPS2, £
T PURE I HH I TR R 5 AR 114 28 S G O S A 1) A G »
— IR, AtSPSL 2L F LR H , J2 4O A 0 1
B PR AT i/ i) 25 14 5 AtSPS2 i F ik ik, 2
MR IENEA B FRHEBRBLESMAY . TARGET P #l
LaSPS 2 H &N F gk H, fir L, i A73% LaSPS & H
A REAI R I i AtSPS2 ] — 287 () il , T BB L AE 1L
FENL TSR, 25 KRR £ YA .

B ST A R R AR IR ik pET-32a-LaSPS, X,
e KA BL21(DE3) B bk 38 T M473% LaSPS
FH, K E BL21(DES) B bk AT LA hin 40 M R &
R A Y A, 8 45 2 R R R R 4 R, DA
pET-32a AR R WELAEH N 5HA 6 4~ His Tag #r
&GS EAE A M4, s g 1ok ik
LaSPS & [ , i — W 5% LaSPS & M i A P12+ 15 M, LA
K LaSPS SR MATIREBARER A W) & BUE R M AEY
S IIREBEE T 2R

S ik
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Cloning and Bioinformatic Analysis and Prokaryotic Expression of
LaSPS Gene From Lepidium apetalum

ZHAO Le'? ,MA Ligang'? ,HAN Duwan' ,FENG Weisheng"? ,ZHENG Xiaoke'"?
(1. School of Pharmacy, Henan University of Traditional Chinese Medicine, Zhengzhou, Henan 450046 ;2. Collaborative Innovation Center for
Respiratory Disease Diagnosis and Treatment &. Chinese Medicine Development of Henan Province,Zhengzhou, Henan 450046)

Abstract; Taking leaves of Lepidium apetalum as experimental material, using PCR method, the open reading frame

(ORF) of LaSPS gene was amplified,and the prokaryotic expression vector pET-32a-LaSPS was constructed and then

Escherichia coli BL21 (DE3) cells were transformed with the plasmid pET-32a-LaSPS in order to express recombinant
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(L B RITE B 3 R T2 B 10 iR 30, Wt 3K 43800052, TKIIHE 355 WIHb48 SR MR Rk B B S LK%,
KA LR B IR R BB 0 » AR 22 B, W1 3E 3R 43800053, A rpRaly KAf FRZ AR B, Bk 5L 430070)

M E.AEr-137% P ARM RARLE RS AZER ALK G (GFPIRE AR WK
BEAEHRBERRERFHY MRS AT RARN T FREHRGHT R, BEREN.

GFP RGBT PPy R,
KW FEEERERITE 2 M REE
hESES.S631.103.6 CEKFRILED:A

% N (Raphanus sativus L.) J& T F- 45 F} (Brassicaceae)
¥ MR A BN ES YR, B
MEMFEE AN ZME, B E T &AM E R
§. RPN RIE R ET SRS, SR
F &L ERIE MRE T 6 BXUBR OR H F0h E
FHHARMEAESR. HFERARY MU B E
WS, et 1S MBS MM A MNE, BB
¥ PMHBNY R E MEATHEEFE T BEHAER
FA) [R5 40, 326 W 8 R AK 25 2 35 T FR Bk 2 A 90 ) B B %
2. BMIEREEREENME MR ESTFHEZH
. ZERAWEEE R, BEUTHERG CHEE
JEM  VF 2 R D P AR IEZE 4T 423 I K

F—EE™N B o198, k. Mt %8 . AL ENEHSAE
HERE B RFFHRT LA, Email:21581872@qq. com.
FHEMEE F4A983), 8. L, 3t AEEANEEMRFS
H A E AR TAE, E-mail:lishisheng2002@whu. edu. cn.

EE®WHE Hl i A4 F K2 % 855 B (2013CFC126); #1 4b 4
HET B AR FH AT BR B (D20122703),

W s HH#3:2015—12—23

X E 45 :1001—0009(2016)06—0099 — 04

H¥AREHFELERNANFCER. ¥ MIFTIEE
FEFERE ER I P 45 AL RS2 A . Bl &% MR
SrEERE BRI C R E RS R KT RE %
& (http://bioinfo. bti. cornell. edu/radish) & K& 3K
JFHEE, FEA Y MRRIASERAIFH) . RIEFin
2 (EST) BAFE N7 5] K H I ReiR s Y b5 538 B
J ALY R 2 A1 (SNP) | &) B2 7 31| B & #r i (SSR)
BEEESEZERFR. A HR¥ELNHAE b
(Daikon) #1377 & 7F 26 606 4~ EST f/NEIEHE B , x4k
EST RI8f#2 A% 10 381 /> unigene™ . L, H A& FH A
i TE NEREEAFIS R ASTE REREL
Ket—P i R DR EIR SR AL T AR R AEF

H T REERSE A RS M AR &
HedEEHR EEIREIT L E T4 B R 5
R MET 2. B MsER R E S, — 7T R
BeE MR TREIR A, 3 — T AT AR KA #EE b
PR B X ERACE, #ET ot S 45 R RIRS . iF
T T RIFERINAFE N BAERER 7k, FI A
40,75 % H (green fluorescent protein, GFP) & £ 3R %

LaSPS protein. The results indicated that the ORF of LaSPS gene was 1 269 bp (GenBank accession number KT318734),
which encoded a protein of 422 amino acid residues. The LaSPS protein which contained solanesyl diphosphate synthase

domain was the member of ‘polyprenyl diphosphate synthase” family. Bioinformatic analysis indicated that LaSPS protein

which located in chloroplast had no transmembrane domain and signal peptide. The multiple alignment and phylogenetic

analysis indicated that LaSPS protein showed the highest homology, 91% similarity, with AtSPS2 protein from

Arabidopsis thaliana. The prokaryotic expression vector pET-32a-LaSPS was constructed and the recombinant LaSPS

protein was successfully expressed in E. coli BL21 (DE3) cells. This study provided the foundation for follow-up research

of its function in plastoquinoe biosynthesis pathway.

Keywords : Lepidium apetalum ;solanesyl diphosphate synthase;gene cloning;sequence analysis; prokaryotic expression

99

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

