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Abstract: Volatile terpenes are important aroma active compounds in flowers and fruits of plant. Diversities of terpenes
are usually determined by type and function of terpene synthase in different species. Osmanthus fragrans is an important
fragrant plant, in which terpenes are the important components of floral scent. But there are few studies on terpene syn-
thase in O. fragrans. To reveal the biosynthesis mechanism of terpenes in O. fragrans, we predicted the physicochemical

properties, subcellular localization and structure of four TPS proteins by bioinformatics, and expressed them in prokary-
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otic expression system. Finally, the function of soluble TPS4 recombinant protein was analyzed by enzyme reaction in

vitro. The results were as follows: (1) The physicochemical properties of the four TPS proteins had relatively little differ-

ence. Only TPS4 protein locating in other targets without signal peptide had low proportional extended strand and no ex-

tended strand near amidogen terminal. (2) All of the four TPS proteins were successfully expressed in prokaryotic sys-

tem, but only TPS4 obtained soluble recombinant protein. (3) The purified TPS4 recombinant protein was reacted with

GPP, NDP and FPP respectively, and only one product (trans-B-ocimene, B-phellandrene and a-farnesene) was de-

tected. The results provide reference for functional analysis of floral scent related gene at protein level in O. fragrans and

for revealing the molecular mechanism of terpenes biosynthesis in plant.
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SEAE AR S Y 10 B 26 ) o, A
i A2 AN B DU 15 2 ( Moses et al., 2013 ; Du-
dareva et al., 2013) . AN G4 Fh 0] B9 5 45 28 9 ot h
Sr AV 22 AR, RRIAT (2012) 20 A M AREAE %
WML FEEA AT 5 22 A 2R R R
[ (TR AEAE, 2013 ) 5 A A8 B 45 K M o v it A 26 )
R AR GRUETSRZE 1 2010) , Wl PN AS T3] it ol )
TEWI BT 53 TN & B AT — 8 22 5, ALK T 4R
(2013 ) BEHCAS [R] it Ao 055 A A K Tih 00 A 3, < v s
Mg A TS LU, N BN B-EEE
TG R T I 2k G W A W e (] e T Y 22
FEPE AR O AR BIFFE A A R i I 2
A YA BRI g A . 2-C-F 36-D- o5 S A I -4- 0
PR 14342 ( Methylerythritol-4-phosphate pathway, MEP)
FNH ¥ 82 12245 ( Mevalonate pathway, MVA) ( Nage-
gowda, 2010) , 15 # & [ ( Terpene synthase, TPS)
SEAE T 5 s e — A0 0 SOV i, F MEP
Bt A B e 4 L FE % R ( Geranyl pyrophosphate ,
GPP) o MVA & 72 7= A= 1Y 74 U 3L £ B 2 ( Farnesyl
pyrophosphate , FPP) #E— Ak il 45 Fh i 1 251k &
%1 ( Tholl, 2006 ; Degenhardt et al., 2009) ., A HJ%)
Fif¥ TPS WAL GPP Al FPP A2 57 4 A0 8 46 56
W& (Neryl diphosphate, NDP) il Z, Z-FPP 7=/}
Bk &%) ( Bleeker et al., 2011) . TPS W FhZEF0
HREAEAE D Wy bl k1 o 1) Z2 A4, S [l 9 b
HHVIB 5 B B D 2R AR ] Zh BE A AR R B9 AN [R] ( Tholl
et al., 2005; Garms et al., 2010; Martin et al.,
2010) o HiF & Tl 4 i 1942 $ F0 Zh BE 23 B A7
AR IT HIAT R S R b b e 4T, oA

YIFPE A FRFIE

H:AE ( Osmanthus fragrans) &3 24 & ALY , &
16 B T 7E 1= I 75 7K A BRIt S ATk T SR T
12, REAEAE 2 R B IE B ME Lo E B A WS T
T W 25 R R 28 45 ) 0 (Ol 2K 4%, 2009; 4% 75 3 4F
2015) . WML G W R L R A R
Fr RGP W 5, 3 B R4 b S AN AS R ) i 2
(Xin et al., 2013;Cai et al., 2014) . AS[FEIHAE 5
Tl s 2 1 5 1) B 4 A H 25 5K Cai et al
(2014) IWF5E KB, ¢ JEMEER A o s aX-B-2
%, Wit g h B- W L £ T ¢ B s P
K R ISR &2 . Zeng et al. (2015) #E—FHF5%
KIN, TPS J2 1 BUA [R) b [ il 975 28 4 S o0 22
S REESE R TERE T 4 A4S TPS JER Y B I
FENR R R HEAT T RI25 D RE S UE . A B 5% 7 2R A
HATHAIIE ST O SE Rl B, XF 4 4> TPS 2K A BEAL T
JBT 240 B 5 AN S A EAT AR W A5 R T, AR
MR B AR AE K AF 1 b R AT R A 3k 9t 4li ik
Ak R 2 AR R AT MR AN BE G B IE , A R
BRGS0 A= W B oy LB R i 5 2
A B R B v R e LA A R AR
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Table 1 Website of bioinformatics analysis and function prediction
P 3l Ty e i
Website Function prediction
ProtParam AR BT A
(https://web.expasy.org/ protparam/ ) Physicochemical properties analysis
SignalP 4.1 Server {55 BRI
(http ://www.cbs.dtu.dk/services/SignalP/) Signal peptide prediction
TargetP 1.1 Server V. 4 10 5 37 50
(http : //www.chs.dtu.dk/services/TargetP/ ) Subcellular localization prediction
ChloroP 1.1 Server e i A5
(http : //www.chs.dtu.dk/services/ChloroP/) Transport peptide prediction
SPOMA Z AT

(https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl? page =npsa_sopma.html)

Secondary structure prediction

HEFAR S 110 RE A AT S R

1.2.3 Rz AR B pog M AR YE L H %565 7 51
Wit s1, BSOS ATG IR % 7 A N-iG
S FEG, LA St T AT Xba T R SRV A, 5149
FPHI UL 2, DS 5 PR A7 19 TA - 50 B Ry 15
e, 4 H Y i BeiZ 3] pET6xHN ( Clontech 23 ] )
JFEAE R IR AR AR b, PP P 5 B 6 28 w0,
J¥ 58 4 1E A 1) JR A% 3% 3K 2% (R 4% 4K Transetta ( DE3)
(RGN ) BZ Y,

1.2.4 TA R KL RMATRA T 8 F A& & SDS-
PAGE o4  HRHUBH 4 19 Transetta ( DE3) B # 5L
TERESEAP E] 2 mL LB (100 mg - L' Amp) 15 3% 3t
11,37 C 200 r - min RIS 12 h J5 B R
1 : 50 [y K535 ,37 °C 200 ¢+ min R 3% 5%
F2ZE 0Dy N 0.6~0.8 Bf, I IPTG ELIKE K
0.2 mmol + L', 7£ 18 °C 150 r - min W FXMUT1HES
Fik14~16 h FIERW ., UAS HBEER M
pET6XHN-%5 #.% AL B Transetta ( DE3) KIGHFTF M
BT BRSO S B B B A 1/10 J5E TR VR 1A FR
11 x PBS Z¢ o, fin A ¥ T/ g 2= A EE 0.75
mg - mL", A DNase I & 1U - mL” | H k&, M5
W3 WK 10 s, AR ZE VK BiE 30 s, S 4 C
10 000 xg &0 20 min, U 135 2 T 500 508
H, B 1710 JE AR 1x PBS 2% phil &

R 2 OfTPSs BiZFRiEHEWER AWM
Table 2

Primers used for prokaryotic expression

vector construction of OfTPSs

5% FSI

Primer Sequence

TPS1-Y-F 5'-GAAGGCCTCTTCGCCTAGTGTAACGC-3’
TPSI-Y-R  5'-GCTCTAGATCAATTAATAGGAGTGAAGAACA-3'
TPS2-Y-F  5'-GAAGGCCTCTGCAGTCTACAAGAGATCC-3'
TPS2-Y-R  5'-GCTCTAGATTATGGACGGTGCACCAAG-3’

TPS3-Y-F  5'-GAAGGCCTCTGCTGCCCATGAACGAAC-3’
TPS3-Y-R  5'-GCTCTAGACTATGGCTGTGTCAATTGAATG-3’

TPS4-Y-F  5'-GAAGGCCTCTGAGATATCAGGTGATCA-3’
TPS4-Y-R  5'-GCTCTAGATCAAATTAGAGGAAAGGGCTC-3’
pET-F 5'-TCGATCCCGCGAAATTAATACGAC-3'
pET-R 5"-AGCAAAAAACCCCTCAAGACCCG-3’

DUE . FEAS B 38 A E 207 W b 40 il i A 5
TRFRY 2xSDS FHE 22 vl iR 51,95 Cm#k 3 ~5
min, 10 000 Xg &> 2 min, [ 4T SDS-PAGE
(5 DUAEIE 12 %3 B ) , K 25 1 ik 45

1.2.5 EE G0 5 5 AL BAR I B TE M 54 B
18R AR i LTI PR A v R A TR DT
U1 mg WEARTTIEMA 20 pl B R 20 Y L
5 hn A HisTALON xTractor Buffer, FEEITIE . 15
2 mL HisTALON xTractor Buffer HH /i1 A 1 wL DNAse
(1U - pL) BREEAT, VKB 15 min, BRI G,
4 °C 10 000 xg B5.0> 20 min, /NOYCEE T H Y 1%
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W, H0.45 pum AU UEE AT R UE . =% UL F A
JH] HisTALONTM T /7 4% ( Clontech 2\ 7)) % 5 4H &
HiEFT4l4k . FH Bradford J5 v 46 0 1 2 75 H FR Y
WRBE I B 4l Ak 2k #% ol B8 1% 45 41 43 4T SDS-
PAGE 5r#7., N TG S5 AS 325, il i PD-10
FE(GE A R]) i i L Bralifb s & s b ot 2
KM | K T A 1 O T 52 o YR 48 1R 9%
[15 mmol - L"MOPSO0,12.5 % (v/v) Hil, Immol -
LB MAR, 1 pL - mL' & 20,1 mmol - L' & 1k
£E,2 mmol - L' DTT,pH 7.0], [ 5 mL AJ 25 £HA9
NEHAIA 50 pg HAMEF(LL 100 C HIF 5 min
() 50 wg T4 X IR AIZREE R 10 pumol -
LY GPP FPP ¢ NDP, ¥l iz )i 2% vh il & 2
mL, IR A5, EE, BT 28 CHIFEIK, FH 125
v+ min” |, SN 40 min, R4 B A GLAE HL(SPME )
AEWCKAER A BA , #HE 2R HL 40 min,  FE HUSE AL
ZJa 4T GC-MS 4347,

1.2.6 GC-MS % #7  H 30 m x 0.25 mm X 0.25 pm
HP-SMSE41EH: (] & W Scientific 23 ) ) #E47 {61
Ay LA SRR 575 (99.999% ) N ES, RE N 1.2
mL - min" o EREAT A AR LR AR 40 C 4EHE 3
min; LA 3 °C « min" (Y EF 2 73 °C,f~45F 3 min; DA
5 °C « min" FF £ 220 C , 445 2 min, %54 HP5975B
PO M 5T % ( Agilent Technologies N AT S
Br, BB AT AL 2R R 250 °C 5 & R
JESR 220 °C;EI R T RE N 70 eV 3
Y BT R 45~ 450 amu, FEAHIFI BI04 T % C8-
C40 [ IE M St SR bR e (BB P 2 0..005
pL + mL") (Sigma-Aldrich A7) #8417 GC-MS 4347,
TR B O B A8 (RT) .

2 HRH A

2.1 EEREUERSH

B 5t ProtParam 43 #7 P4~ TPS 45 [ 2 3k iR B
TP, 45 5 L% 3, TPS1 & (M 581 D& L
R, AR T 67.27, B4 L 5N 5.49, T
TiF% L Asp+Glu 82, TEHLAFFR AL Arg+Lys 69, 3¢
W10 30 h, AFasE 2% 55.60 (A FaE & Er<40 B}
), B TARESRN, BN &40 92.19,F ¥ 5L

KPR -0.274, K36 KB, TPS2 F I H 555 4>
FIETR A B, M 53 1 & 63.68, HLIR G A
6.08, 7L HL ff 7% K Asp+Glu 74, 1F HL faf R BE Arg+
Lys 65,30 30 h, AaE #%035.03, )8 T
EHE M, IET R %L 87.35, FHEi K A -0.350, K
FIKEEH . TPS3 M 591 /™2 58 /2 4 A, #H XF
Jr ¥ 68.27 B AEHL RN 6.07, AL fif kL Asp+
Glu 74, \EHLff 7R JE Arg+Lys 67,251 30 h, A~
e RE48.01, )8 TAR EEHEB, BN &4
88.97, F @ K VE N -0.299, MK EH, TPS4
HITH 548 2 KL 1R 41 B, A X 4y 1 63.53,
WARHL R 5.23, AL AR Asp+Glu 75, IF HLfi
BRIE Arg+Lys 54, P 30 h, AEE R AL
52.04, )8 TAREE A, BB R 97.12, ¥ B
IKIE R -0.247 , H3EKEHA
2.2 EATMEE NS S BAT

P H AR 2R T. B TargetP 1.1 Server X} TPS
B AT 020 M RE A T, 45 L 4, TPST E
PEAE M SR P O HER S 0.831, 2R kil ol 0.131, K
A3 A A AT REE 0.028 , HoAth (9 AT REE 4 0.067,
PRI A6 T IR A 1 T 5 B e v o TPS2 i T4
EIREE R 0.226 , ZRifk S 0.530, 2453 W48 Y
Al REME 0.028 , HoAth iy nl BEME R 0.196, I LA 1T A
FENL T 2R AR, TPS3 & fir T i 2% 1K 1) HE 3 K
0.409, £ ki K Ky 0.222, K 4 W & 1 19 A] BE 1
0.071, HA vl fevE Sy 0.245 , F I A] B 5E 37 T 1
SRk, TPS4 i F T SRR A AE %N 0,145, 2k 1k
90.147 , R 43 WA AT R 0100, FoAth A W] fig
£} 0.804, SignalP 4.1 Server 434 4 4~ TPS M
B W 015 5 IR 5 IR BT U0 47 £, 25 R ok
FIHi . ChloroP 1.1 Server 43 H TPS1 #1 TPS3 fY %%
iz KA BE AR ) g 47 S F 38 DR FERR
2.3 TPS EH Kl

iz [ SPOMA Tl TPS i 45#y 45 B ink 5
A 1, TPS1 E A 391 MEFEMRIE K o-125E,
bR 2, N 67.30% ;32 R IERR Y AL AE B | &
b 5.51% ;21 DEIERRIE W B-F M, 5t 3.61%;
AT 137 A TE TR0 i, o5 B 455 23.58%
TPS2 #1369 MR ELRIE B -8 T, 5 i £,
H 66.49% ; 23 NRIFERIV RAEEE, 5 H4.14% ;



628 OO0 M W

39 %

=3 OfTPS EAR—RLEHTNER
Table 3 Analysis of primary structure of OfTPS proteins

T 25 5L Prediction result

— IR
Primary structural trat TPS1 TPS2 TPS3 TPS4
HIEMEH Number of amino acid 581 555 591 548
% Molecular weight (kDa) 67.27 63.68 68.27 63.53
ZEH a8 PI 5.49 6.08 6.07 5.23
T 5% %L Asp+Glu Negatively charged residues Asp+Glu 82 74 74 75
1F B fp e i Arg+Lys Positively charged residues Arg+Lys 69 65 67 54
2L Half-life (h) 30 30 30 30
AFESE BB Instability index 55.60 35.03 48.01 52.04
N& Wi 2% Aliphatic index 92.19 87.35 88.97 97.12
SEEER K Grand average of hydrophobicity -0.274 -0.350 -0.299 -0.247
= 4 OfTPS & B 1 I 4 A TE i Ll 45 R

Table 4 Prediction of subcellular localization of OfTPS proteins
WA T 245 5 Prediction result
Subcellular localization —_ —_— PS3 —
LA 8 K TP 0.831 0.226 0.409 0.145
LR R T Ik mTP 0.131 0.530 0.222 0.147
SUBERFE SR SP 0.028 0.048 0.071 0.100
H A ) AR Other TP 0.067 0.196 0.245 0.804
T A B Prediction location C M C _
T {5 BE Reliability class 2 4 5 2
HHAE KK ¢TP-length 47 — 38 —

21 NEIETRIE W B-F5ff1, N b 3.78% ; i40F 142 4> SR 1 X 3,

TERCTCHEIN A M, o 8 554 25.59% . TPS3 &
399 ML L o- 1858, 5 i, 67.51% ;25
B IERIE BAE (RS | & H04.23% 517 A E IR
B, H 2.88% ;i F 150 NIE BTG LI 4
Hi B AHE 25.38% , TPS4 B 379 MR K
o-B2E, i Z, N 69.16% ;20 & BRI i 4t
gk, 5 H3.65%; 19 & BRI WL B-55 M, i b
3.47%; A 130 A8 B T0 B 45 i, o R 4Rk
23.72% ., M 1 AT LLE H, TPST, TPS2  TPS3 £ [
16 N i 4 A7 A6 G ARV BE | TPST 1) % {1 Bk 255 1 K,
TPS3 ¥k, TPS2 /0>, TPS4 fl) N Ik i 3% A4 4iE i
B, TPS1 B9 N s SE i 4% o 55 59 > 20 HE PR 1Y X Jk
W, TPS2 ¥ J2 42 A2 SR 1 X3, TPS3 ¥ [ 46 1

24 TPS ERERMIEZRIESW

JF A 38 3K 31 1) A8 g 2 B, TPST AT TPS3
SR EBT 47 F1 38 DNE AR W s Ik, WA A
BN SR T 24 M REERMAEARE, &
ProtParam T %) 5 2H 25 FH 43 F 1 4 3 K 65,66,
67 .66 kDa, 4 HEIEfiff 1) A2 32 3k 2 AR e 1k 2 K
FFH Transetta DE3 H1, 250155 4 NE A E A AP
REMETE R FT B R LA M ik, IR E A B+
AT 50~70 kDa 2 [8], Ui B 5 WU 09 2 (1 R/
—E (2. A), XRG4 E AT R
Br, 25 1A TPS4 8 A 7E RIiE W b A £k, HAb
“AEAEAE LR PILERE AR (K 2.
B) . ¥ TPS4 & T — L E A4 B 5 4lifk,
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Table 5  Analysis of secondary structure of OfTPS proteins

U 25 S Prediction results

TR LERy TPS1 TPS2 TPS3 TPS4
Secondary structure
Number ercentage Number ercentage Number ercentage Number ercentage

(%) (%) (%) (%)
a-T2HE a-helices 391 67.30 369 66.49 399 67.51 379 69.16
FEH15% Extended strand 32 5.51 23 4.14 25 4.23 20 3.65
B- £ B-turn 21 3.61 21 3.78 17 2.88 19 3.47
TER 4 i Random coil 137 23.58 142 25.59 150 25.38 130 23.72

TPS1

et |I||'|IHIII||%I||||||II) MM

188

3o8
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o
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l""'"i"lMl||III||||IN|I|| 1|I|HIHII|I|HIIII| S +I|I|I|II|||||||||'||III|'|||'I|*|IH||I)|'|IH||II| e

188

388 488 i1}

™ eHlH

I

A

il

il

i

el

188
m— 0-82JE a-helices

3088

== SE{HI5E Extended strand == B-3%ff B-turn === FEHRN B Random coil

Kl 1 OfTPS HH B —HE5H
Fig. 1 Secondary structure of OfTPS proteins

BAEAMN BB 2. C iR, &
15 B A5 by 52 B A v 4 B 1 TPS4 Eéﬂ@&lﬂ ,
Al — 2 1 A YRR T
2.5 TPS4 EAEHRIINBED T

Falifbr) TPS4 HAHE 5K GPP FPP Fl
NDP F3 5l 7 [ I 28 vh i Hh 2R 47 ) g, g 7 9
SPME-GC-MS J7 ikt A=kl (| 3) . HEl 3 7]
A5 gk EnR RSN JE ) TPS HA M (CK)
L, RINGE 5 GPP SR 5 , 7EAR: B I E) ( RT')
16.95 min FAE B HEEIA S AR AR I | 285 R AiE AN
TREFEEL (RI=1047) %5 5E NI X-B-% WM 5

FPP i, ZEAR- B B ] (RT =1 505) 33.30 min [
78 R IE 0 S5 a-TE R 5 NDP S
Je AEPREAEHE (RT=1 021)16.90 min A9 {7 & H BL
TS RIS oy B-/K I . XS 3 FURY)
G3 AT RN # H T — R S

3 4T
FIAHT 1 A% 43k R G5 BAT AL 1S 5L 48

Bty o BTz AR, AT TR AR R
E R PR AT DA 55 24T (Cabrita &
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70 kDa
50 kDa

B = - ¥ 1 |
——— — = —
— e — 70 kD
70 kDa o -< a
50 kDa B = = <50k
EEee,
-==
-—
a.'i'
-.- - - - .
— . o —
M CK bl b2 b3 CK b4 M
C
70 kDa
w -

50 kDa

M cl c2 c3 c4 c5 c6 c7

. A. OfTPS & 1 £ KA1 h &35 1) SDS-PAGE 4347 ;
B. OfTPS HE FRIEINE ML AT, C. OfTPS4 3 H 70 4
fbid 21 SDS-PAGE 73047, I (A) #I(B) H1 1 4 OfTPS1,2
9 OfTPS2,3 } OfTPS3,4 4 OfTPS4,CK s [ xf I, &
(C)HHY o1 a2 /iRy L5, 2 N 2id sl iE 2 J5 1Y
VW, 03 G TR B S VAW, o4 M2 10
mol + L™ KA. 18- 52 o i U JL ) VA AL, 05 -7 A 22 5 150
mol + L DKM VR LR VE IS 19 OfTPS4 H AR, M hEE
bR 71

Note: A. SDS-PAGE analysis of OfTPS proteins expression in
Escherichia coli; B. Solubility analysis of OfTPS proteins expres-
sion; C. SDS-PAGE analysis of OfTPS4 protein purification
process. In figure (A) and (B), 1 means OfTPS1, 2 means
OfTPS2, 3 means OfTPS3,4 means OfTPS4, CK means the blank
control. In figure (C), ¢l means the supernatant before purifica-
tion, ¢2 means the supernatant undergoing the purification
column, ¢3 means the solution after elution by equilibration
buffer, ¢4 means the solution after elution by equilibration buffer
including 10 mol - L imidazole, ¢5-7 mean the solution after elu-
tion by elution buffer including 150 mol + L imidazole. M repre-
sents the standard protein molecular weight.

Kl 2 OfTPS & i A% Rk Koy B i 45 R
Fig. 2 Results of expression and isolation of OfTPS
proteins in Escherichia coli Transetta DE3

Bottomley, 2004 ; Terpe, 2006) . #f45%/= wr = H DA
AL 2 32 8 09 A U5 I 21 2R 1 S8 B R Y o6
i, AR EAEES A S EERA L E AR
KPR FHREA —ERR R RGP RILW
FLAZEE U AR DA W] P 1 0 0 1R 8 U fE 7E , AN
EL& Y2715 7% ( Wilkinson & Harrison, 1991 ; Shi-
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