¢ %% Chinese Traditional and Herbal Drugs 35 44 % 2523 8§ 2013 12 A * 3379

3 MG RIA KRR 1 MTEASEFIE ST AR E

RIE D, e bt & OAD, kA HEET

1 R EESREERE ACath R 22 B 20 T 50T, dbat 100193

2. FRALMOERAE, PRI MEJRIE 150040

3. PERMRAE, B3R 100193

4. RE PR LTRSS s 2 BT, IR AR IR SR TSR R, R 7T 571533

W OE: BE U LANAAREGLEWAE (ASS) MWAME, B Lohaekak, ke 3 Pk ik ik R 46 W A0 e
PTG AiE MNARFEGHLAHIEUS RNA, RARR 514 RT-PCR Jik B -G &l 4SS KK, TR
T pEZS-NL # A1 pFGC5941GFP Bt & ik I, 4> Ak pFGC5941-GFP-ASS. pEZS-NL-ASS-GFP 2 #a#Rik &k, 4
I MR R AT AR Y B L JEDM R T AR e Al PEG BAL IR B AR 3 BRI TR B4k ik, BO%
R BB FWRELIEH M EIOEE T (GFP) @A R AN AIM G . R AT AR AN 52 a0 &
FIAE FUEFf T, Ala &R IO REMER S, 4SS FENE GFP MIah& & A=Y M 5 e e T, A
X R E AT MR MAZ, IRTJRAE AR P L TR AR . G538 ASS FEIRTE KT 5 A AR IR F R AR e A st
3 FMAZR IS5 R R, AN R4 ZR 005 B (1 1 0 At R 3 mT e RS IR 4 R, X RT g 5 RV B U A A R R A0 A
(HESCEEP R

KEER: AAKRTE; LA WAMEsr; B RIEABA; RT-PCR

FESES: R282.12 MEFRERD: A XERE: 0253 -2670(2013)23 - 3379 - 07

DOI: 10.7501/j.issn.0253-2670.2013.23.022
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Abstract: Objective To investigate the subcellular localization of a sesquiterpene synthase from Aquilaria sinensis (ASS) and
compare three transient expression systems in the subcellular localization study. Methods An 4SS gene was amplified by RT-PCR
using specific primers and cloned into the pEZS-NL and pFGC5941GFP to generate two plant expression vectors: pEZS-NL-ASS-
GFP and p5941-GFP-ASS. Three transient expression systems, agroinfiltration of tobacco leaves, particle bombardment of onion
epidermal cells, and PEG transformation of protoplasts isolated from ASS calli were adopted and compared. The expression of the GFP
fusion proteins were observed by a confocal laser scanning microscopy. Results The green fluorescence could be observed in all the
three systems. However, the results were comparatively different. The cytoplasm and plastid localization of the GFP fusion protein

observed in protoplasts was comparatively clear and was consistent with the studies in other plant species. Conclusion The results
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demonstrate that the ASS is located in the cytoplasm and plastid in the ASS protoplasts and the different locations in three systems

might be caused by the distinct characters of the heterologous or homologous cells.

Key words: Aquilaria sinensis (Lour.); sesquiterpene synthase; subcellular localization; transient expression technology; RT-PCR
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Table 1 Primers used in vector construction

1A R J¥31 (57-3°) K7 /op Bk
ASSshunshi-f GTCGACATGTCTTCGGCAAAAC 22 pEZS-NL
ASSshunshi-r CCGCGGGATTTCAATAGCAT 20

ASS-59411 CCCGGGGATTTCAATAGCAT 20 pFGC5941GFP
ASS-5941u CCTAGGATGTCTTCGGCAAAACTA 24

NRIZE AT EFYIAL A, GTCGAC 2 Sal I, CCGCGG 2 Sacll. CCCGGG 24 Smal. CCTAGG 4 Avr IT
Underlined sequences are the enzyme digest sites. SalI GTCGAC, Sac I CCGCGG, Smal: CCCGGG Avr II: CCTAGG
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Fig. 1 Strategies of vector construction for subcellular localization study of ASS
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ASS 1S SA- 5 NNDS N RNLLV S Sk ] 80
Cl1 FLENNDSILEKHEELKQEVRNLLVVETSDLPSKIQLT 80
C2 80
C3 80
C4 80
Consen 80
ASS GYHFETEIKAQLEKLHDHQLHLNFDLLTTEVWFRLLRGHGEFSIESDVFKRFKNTKGE 160
Cl1 GYHFETE QLEKLHDHQLHLNFDLLTTMVWFRLLRGHGEFSIESDVFKRFKNTKGE 160
C2 GYHFETEIKAQLEKLHDHQLHLNFDLLTTEVWFRLLRGHGF SIS SDVFKRFKNTKGE 160
C3 GYHFETEIKAQLEKLHDHQLHLNFDLLTTEVWFRLLRGHGE SI)ESDVFKRFKNTKGE ¢ 160
C4 GYHFETEIKAQLEKLHDHQLHLNFDLLTTEVWFRLLRGHGF SISJSDVFKRFKNTKGE 160
Consen gyhfeteikagleklhdhglhlnfdlltt vwfrllrghgfsi sdvfkrfkntkgef teda tlwclyeathlrvdge 160
ASS LEEAIQFSRKALEALLPEBLSFPIEECVRDALHI PYHRNVQRLAARQYIPQYDAEETKIESLSLFAKIDENMLOALHQSEZN]
Cl ILEEATQFSRKINLEALLPELSFPLIECVRDALHI PYHRNVQRLAARQYIPQYDAEIRTKIESLSLFAKI DENMLQALHOSERZN]
C2 DULEEATQFSRKINLEALLPEBLSFPLYECVRDALHI PYHRNVQRLAARQY I PQYDAEIETKIESLSLFAKI DEFNMLQA LHQIREZ]
C3 DULEEATQFSRKRLEALLPALSFPIEECVRDALHI PYHRNVQRLAARQYIPQYDAE@TKIESLSLFAKI DFNMLQA LHOREAN]
C4 DMLEEAIQFSRK C LHIPYHRNVQRLAARQYIPQYDAEETKIESLSLFAKIDEFNMLQALHQIEZ]
Consen duleeaigfsrk leallp 1lsfpl ecvrdalhipyhrnvgrlaargyipgydae tkieslslfakidfnmlgalhg 240

I L. REASRWWKEFDFPSKLPYARDRIAEGY YWMMGAHFEPKEFSLSRKEFLNRIE SLIDDTYDVYGTLEEVTLEFTEAVE
LREASRWWKEFDEFPSKLPYARDRIAEGYYWMMGAHFEPKEFSLSRKELNRIf IEL.IDDTYDVYGTLEEVTLFTEAVE
G SLIDDTYDVYGTLEEVTLFTEAVER

SLIDDTYDVYGTLEEVTLFTEAVER
SILIDDTYDVYGTLEEVTLFTEAVER

ASS <YM \ Y Y. SYQREAEYFHTGYVPSYDEYMENST I S
Cl1 v 5 Y. ] YOREAEYFHTGYVPSYDEYMENSI I SEEI0]
Cc2 DYCIDYAIEVFKEIVRSYQREAEY GYVPSYDEYMENSI I SEE]
C3 \ DYCIDYAIEVFKEIVRSY Y YVPSYDEYMENST I SEEi}
Cc4 400
Consen wdieavkdipkymgvi gmlgifedfkdnlinargkdycidyaievfkeivrsyqgreaeyfhtgyvpsydeymensiis 400
ASS GGYKMFIILMLIGRGEFELKETLDWASTIPEMVISASSLIARYIDDLOTYKAEEMRGETVSAVRCYMRERN J 480
Cl GGYKMFIILMLIGRGEFELKETLDWASTIPEMVISASSLIARYIDDLQTYKAEERRGETVSAVRC W 480
Cc2 GGYKMFIILMLIGRGEFELKETLDWASTIPEMVI#ASSLIARYIDDLQTYKAEERRGETVSAVR! 480
C3 GGYKMFIILMLIGRGEFELKETLDWASTIPEMVIMASSLIARYIDDLOTYKAEERRGETVSAVRCYMRE}R & 480
C4 GGYKMFIILMLIGRGEFELKETLDWASTIPEMVISASSLIARYIDDLOTYKAEERRGETVSAVRCYMREN e 480
Consen ggykmfiilmligrgefelketldwastipemv assliaryiddlgtykaee rgetvsavrcymre vsee ackkm 480
ASS SEMTIE ITEWKRLNKTTLEADEMSSSVVIPSLNFTRVLEVMYDKGDGYSDSQGVTKDRIAALLRHATE] 546
Cl1 NEMIEIEWKRLNKTTLEADEMSSSVVIPSLNFTRVLEVMYDKGDGYSDSQGVTKDRIAALLRHATE] 546
C2 NEMIEIEWKRLNKTTLEADEESSSVVIPSLNFTRVLEVMYDKGDGYSDSQGVTKDRIAALLRHATE] 546
C3 IISSSVVIPSLNFTRVLEVMYDKGDGYSDSQGVTKDRIAALLRHATE] 546
C4 NEMIEIEWKRLNKTTLEADENSSSVVIPSLNFTRVLEVMYDKGDGYSDSQGVTKDRIAALLRHATE] 546
Consen semieiewkrlnkttleade sssvvipslnftrvlevmydkgdgysdsqggvtkdriaallrhaie 546

Cl1~C4 M T A E BN 4 Ak & i)
C1—C4 are four sesquiterpene synthases identified from 4. crassna
2 BABRHESHESERNEEFESEEERFT L

Fig.2 Comparison on amino acid sequences of ASS and other sesquiterpene synthases from A. crassna

[5]

A-#EAL pFGC5941-GFP-ASS #0445 M #2252 41 )i
BRI ATA SR IR A 5 2 41

C-#61k pFGC5941-GFP 4 J IR AR 5538 B2 40 A-Fefl pEZS-NL-ASS-GFP HA4 J5 117 282 K 41
A-tobacco cell transformed with pFGC5941-GFP-ASS B-ARHAT AT BRI 7 3R B 4
B-control cell without transformation A-onion epidermal cell transformed with pEZS-NL-ASS-GFP
C-tobacco cell transformed with pPFGC5941-GFP B-onion epidermal cells without transformation
3 ASS B R FEMNE SR B4 T RO T AR 4 ASS BERETEFER KM RIBIT RiA
Fig.3 Transient expression of 4SS gene in tobacco Fig. 4 Transient expression of ASS gene in onion

epidermal cells epidermal cells
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A-#51X pEZS-NL-ASS-GFP 3 A 5 1) (A ACH @t JRL AR i ik
B-ARFALAT AR AR s I A i
A-protoplast of ASS transformed with pEZS-NL-ASS-GFP

B-protoplast without transformation

Bl 5 ASS EREEHAKRERG RS RIK G B8R FRiX

Fig. 5 Transient expression of 4SS gene in protoplasts
isolated from ASS calli

FrRBLVEA 1RGN uifs 5 8K, BT LS A
AR A AL T ST, (H Shen 450 I 5845 1
BB A TR A, AT TR X
Wy —A N wifs 50k, TR T4k, ASS
AR Z 505 il AW —FE, ASE 9k Tk,
FERE T T35 2 25 S0 40 i 52 AV PRS2 36, R 0
AL T R R I Won L R BRIk
Hh B3 2 0 il B A R P (B AT A0,
a1 g 2 AR FH OB A IR A e B 2 £, 20 B B A4 2R 6
HRO S H PR 2 £ i R o 1 A rp T, A s 48
RWIR ASS AE FUARFR AR it rb s A 1 5 A0 i
1, 1% ASS AN AN e A5 5 Ik, T DAJLE
S it A7 1] e 52 B LR EEAT B IR g e, RS
EARE AL E AT, w4k (FPP)
JE AT fig 3 B A E ORI A

RFF BTSSR E By SR AR AR AR
PEG 15564k J5UAE SR A A A rh s I 3 i iy 4 4
D71 AR LA ER A0 M 467 B o S R B S
RAT IR o AWFFEF X 3 P R0 AT 457 1)
R T A 1 5 T 1) LU0 M A7 PRI S &5 SRR
ASS JER 5 GFP LA 8 =) Ae W s b e
Rr T HUJBT, 707 2R B e A T MRSUR A A%, 1
AR SR A T o s A T SR T AR . 3 Bk R I B
R, AR TR S R B R AR R vy, W]
SRAFK R BN B, (L 50 40 i 25 R AR, AN
BEAT R ALWEST, IS TP R A B ARG T 2 sk
HERISEU o T 3R B AN M 5 LR B R (AT
A 1 A0 5 7 R AR, AR AR AT S L T
PR HED 5 5 AFITAR LS5 3, Al Ag 2N
SRR A= E R E S R . A S IR

i A A il 1 3 A 52 BV SR s, R R
BIVIX 3 R 4 1 b 5 i 15 B IR FPP (¥ 5 7>
ATRTREAN A INFER SR S MR IE WP TT R, T
JEGA R REIE BRI AN H T A3 A
FIF0EIT H ARSI 27, 5 40 FPP
AFE, B ARG S Bl LASRAS RKCF H b
fir Pl BT, ASS AR AN AT
WIS, RTRE H TR A A [ X 0 FPP B,
WU A DA A A Tk

HILHESE ASS (AN AEAT, P AR K &5
FHLELZE AL E AL, D RS 2 AL 15 4SS
7 A B IR B e R A A K H B8 T kAt

SE Ik

[1] Chen H Q, Wei J H, Yang J S, ef al. Chemical constituents
of agarwood originating from the endemic genus
Agquilaria plants [J]. Chem Biodivers, 2012(9): 236-250.

[2] Gao Z H, Wei J H, Yang Y, et al. Identification of
conserved and novel microRNAs in Aquilaria sinensis
based on small RNA sequencing and transcriptome
sequence data [J]. Gene, 2012, 505(1): 167-175.

[3] Gao Z H, WeiJ H, Yang Y, et al. Selection and validation
of reference genes for studying stress-related agarwood
formation of Aquilaria sinensis [J]. Plant Cell Rep,
2012b, 31(9): 1759-1768.

[4] Pojanagaroon S, Kaewrak C. Mechanical methods to
stimulate aloes wood formation in Aquilaria crassna
Pierre ex H. Lec. (Kritsana) trees [J]. WOCMAP III:
Conservation, Cultivation and Sustainable Use of
Medicinal and Aromatic Plants, 2005, 676: 161-166.

[5] Kumeta Y, Ito M. Characterization of J-guaiene synthases
from cultured cells of Agquilaria, responsible for the
formation of the sesquiterpenes in agarwood [J]. Plant
Physiol, 2010, 154: 1998-2007.

[6] Nagegowda D A. Plant volatile terpenoid metabolism:
Biosynthetic  genes, transcriptional regulation and
subcellular compartmentation [J]. FEBS Lett, 2010, 584: 9.

[7] Lange B M, Ahkami A. Metabolic engineering of plant
monoterpenes, sesquiterpenes and diterpenes-current
status and future opportunities [J]. Plant Biotechnol J,
2013, 11(2): 169-196. .

[8] Gershenzon J, Kreis W. Biochemistry of Terpenoids:
Monoterpenes, Sterols,

Sesquiterpenes,  Diterpenes,

Cardiac ~ Glycosides and  Steroid  Saponins  in:
Biochemistry of Plant Secondary Metabolism (Wink, M.,

Ed.) [M]. Boca Raton: CRC Press, 1999.



tEd

Chinese Traditional and Herbal Drugs

B4 P23 2013F 12 5 + 3385«

Shen B Z, Zheng Z W, Dooner H K. A maize
sesquiterpene cyclase gene induced by insect herbivory
and volicitin: Characterization of wild-type and mutant
alleles [J]. PNAS, 2000, 97(26): 14807-14812.
Nagegowda D A, Gutensohn M, Wilkerson C G, et al.
Two nearly identical terpene synthases catalyze the
formation of nerolidol and linalool in snapdragon flowers
[J]. Plant J, 2008, 55: 224-239.

Aharoni A, Giri A P, Verstappen F W, et al. Gain and loss of
fruit flavor compounds produced by wild and cultivated
strawberry species [J]. Plant Cell, 2004, 16: 3110-3131.
Nieuwenhuizen N J, Wang M Y, Matich A J, ef al. Two
terpene synthases are responsible for the major
sesquiterpenes emitted from the flowers of kiwifruit
(Actinidia deliciosa) [J]. J Exp Bot, 2009, 60:
3203-3219.

[13]

[16]

Sallaud C, Rontein D, Onillon S, et al. A novel pathway

for sesquiterpene biosynthesis from Z, Z-farnesyl
pyrophosphate in the wild tomato Solanum habrochaites
[J]. Plant Cell, 2009, 21: 301-317.

Hohn T M, Ohlrogge J B. Expression of a fungal
sesquiterpene cyclase gene in transgenic tobacco [J].
Plant Physiol, 1991, 97: 460-462.

Wallaart T E, Bouwmeester H J, Hille J,

Amorpha-4, 11-diene synthase: cloning and functional

et al.

expression of a key enzyme in the biosynthetic pathway
of the novel antimalarial drug artemisinin [J]. Planta,
2001, 212: 460-465.

Wu S, Schalk M, Clark A, et al. Redirection of cytosolic
isoprenoid precursors elevates

or plastidic terpene

production in plants [J]. Nat Biotechnol, 2006, 24:

1441-1447.



