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FER, IS R S FEIRAS CIFLDH 1Y) cDNA 731, FHIFMUREAE(ORF) N 855 bp, %ihd 295 A2 HLlR . MG R% 50
Mr# ], CIFLDH & A IAHN 20 T 28 31 kDa, LN 6.79, NAREMEG KPR A .. 8 pCE32a-FLDH JFA%RIL#AK,
HAE KA # DHSa FFiEATRIE 98T, EAHE RN SDS-PAGE HL kK I 45 SR 2 B H (K28 1 K/NA 37 kDa. GC-MS 43 #r & B,
CIFLDH & [ 7] A AL 3,5- — HV AR L2 B A [ 1,2-a ]k BR- 1,4- R, 6 H-3-(CH FF )T o 33 R 7R N FIAE 25 25 1 AL &4 2 B
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Cloning and Prokaryotic Expression Analysis of Sesquiterpene Synthase
Gene CIFLDH from Curcuma longa

LIN Hongming, WEN Siqi, LI Hua, JIANG Minchao, LIU Jianfu®, YU Hailing, WANG Mingyuan,
WANG Qizhi

(Institute of Horticulture Science and Engineering, Huagiao University, Xiamen 361021, Fujian, China)

Abstract: The farnesol dehydrogenase gene (CIFLDH) of Curcuma longa is a key rate-limiting enzyme in the
terpene compound synthesis pathway. To explore the improvement of terpene compound production in C. longa,
the cDNA sequence of C/IFLDH was obtained through homologous cloning. The open reading frame (ORF) of
CIFLDH was 855 bp, encoding 295 amino acids. Bioinformatics analysis indicated that the relative molecular
mass of CIFLDH protein was 31 kDa, with an isoelectric point of 6.79, and it was a liposoluble, hydrophobic and
neutral protein. The pCE32a-FLDH prokaryotic expression vector was constructed and expressed in Escherichia
coli DH5a. The SDS-PAGE electrophoresis results of the recombinant strain showed that the size of the target
protein was 37 kDa. GC-MS analysis indicated that the CIFLDH protein might catalyze 3,5-dimethoxyphenol to
generate [1,2-a]pyrazine-1,4-dione, 6H-3-(benzyl)-pyrrole. These would provide a new perspective for in-depth
understanding of the regulatory mechanism of curcuminoid terpene synthesis and lay a foundation for increasing
the production of curcuminoid terpene compounds through genetic engineering.

Key words: Curcuma longa; Faresol dehydrogenase gene; Bioinformatics; Terpene synthase; Prokaryotic expression
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ORI 9T 32 B TR AR 22 s HE R By e AT, R
TG B 48 K 2 BONAE i 28 L DO B
F, FE SR a- L8000, f-Z TR F7 2 TR
LI oL WE . A EAKOTE. AR ZF A 5
IS, [E A A A R R TR B A5 i B AL
s OME, B ER R A S AETE, Bl
oLl e AT R EE AR
FIZ MR RERNEE. OISR i 55 45 ik
HAWHR Brid. B LA AR & A piE v 7,
H 72 22 B ¥ 17 AR 22 (Zingiber  officinale
‘Zhugenjiang” )’ 4 Z(Z. officinale)’® % Hh ELF 52
i A=) B AE T OB R A S 7T, (B R
TR A WL B I SR D A P R
FHICHIF FUARIE o T 11 399 10 2 i AL B O 0 159 30 Ak
16 PR A5 2 i & Wi e B I AUl FLDH, 4 N
CIFLDH. 8¢5 PCR ¥ 1 su 195 CIFLDH
HE DRI DR S E , 0P R R AT AR 1R B
Fr, JFit—DHy A R R E AT B A R RS
XS HIhRERID 0 #lr, v R & & iz
B LA K B i il s 2RA & P 7 e PR S

1 BRI %

1.1 % et

PR RN ZE T (Curcuma longa) AR5 T, MR
A RINT REEDREARA AN, E coli
DHS5a ##k. pET32a # 4. pCE2-TA/Blunt-Zero %
(B8 FR57E) T TaKaRa 2 7 o FURLHEHGR
& R ESGF &I B AR Vazym; TA RAEHE.
PCR e M iX7). T4-DNA E#R 7 & . QuickCut
EcoR I. QuickCut Sal I lJ H TaKaRa A &; 51¥&
B I P AE SR AE MR A IR A R S
1.2 2% cDNA 7 &

M NCBI 71 5 #% 22 80 4 Fh CIFLDH & [ i f£
S IX %51 % FLDH-F: 5'-CGGAATTCCGATGGG-
GAAGGTTTTGGTGACG-3'# FLDH-R: 5'-ACGC-
GTCGACTCAGTATCTAATCATCCCCAATTCTTT-
GAG-3', FALESIW) E53 WIARIN EcoR 11 Sal T 1)1
YIGE &, T34 CIFLDH cDNA f#5FIX . LA f%
SR RN 25 cDNA BRI F H LK FLDH )
PCR ¥3, BUEE“YIHAT 1.2%3 Il F vk,
xif B 2 AT Si AR R R0, K i B S
PCE2 #iA&ER:, HHEME KT H DHSa B2

M, A6 RS Amp. X-gal 1 IPTG K LB [ {£F
1, 37 CH:FR 12~16 h, TERURETE. BJEH6I
PH 1 SR TR V3R AT R VR PCR AN, KA ) &5 SR B 2
WEE B T VS R R E MR B A PR A R EAT I
1.3 EMERZEST

X ExPASy ProtParam tool (http://web.expasy.
org/protparam/) 7Tl 7 U 5 1] CIFLDH %=X 2whd
AR R A B AR s SR InterProScan (https:/
www.ebi.ac.uk/interpro/search/sequence/) 7 ¥t CIFLDH
FAMRTEEM; KA SOPMA (https:/npsa.lyon.In
serm.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_s
opma.html) Tl CIFLDH £ ) — 4585 R H
SWISS MODEL (https://swissmodel.expasy.org/) T il
CIFLDH & H 1) =4k 4515 K H TMHMM (https:/
services.healthtech.dtu.dk/services/ TMHMM-2.0/) 1
SignalP 4.1 Server (https://services.healthtech.dtu.dk/
services/SignalP-4.1/) 73 #7 H 75 I 25 # 3 AE 5 ik
F FH DNAMAN %At o 7y 45 SR 33k 47 Ll st BL &
CIFLDH 5 At FLDH & H 23 82 /7 51l 3k 47 2 H b
XFs {fFl MEGA 7.0 # 4%} CIFLDH 5 H A4 Fi )
FLDH & H 2 FE MR [ V5 71 ) i AL B
1.4 CIFLDH BRI F%RE

H SRR B SR R IR 3k pET32a ] Ty
DNA Ligation Kit W&, BRI Rr=EAL
2R DHSa JERSZASZHM, HeiP3) LB ARG 77
B E(RIRBEREE N ERTUL), PR REVE AT
¥ PCR B0l VIR S Amp f) LB KRR
Sk, fE18 °C, 180 t/min R}57% 16 h, [FN i E N
A DH5a FIBATERTHE, BLRZAE 37 °C, 200 t/min R 5%
FRMBHPEXT IR . 5597 16 h JE A5 TR THRAAE T,
PL2 348 xg, 4 CEL 20 min, FF LiEW, U
i, f#iH] Tris-HCl (pH 7.5)Z&H e AT 2
U 15 mL Zept i S A YTE, /£ N&DN
FA 55 G 75 U A R BEAL R, R BN
T5%DI%(1 000W), HHE 2 s, 154 s, SRR [
20 min. AEHESE AOARIFE AL 25 100 mL ZRAFE T, 4 °C,
11 363 xg B0 35 min, IR ZEHH 50 mL &
O, FERYTRF N 15 mL 20K, RIEEY
TR2), FERE AR S0 mL B0 . B 2.5 ul FFE
ZZAMBOINAET ) PCR /NE S, B3N 10 wL |
5 EEMYESE A, WK 5 min 5N E =R, B
B0 15s, 34T SDS-PAGE Hibk, MEZEAS[H b
XF FLDH £ [ &I H AL R .



%3 RS SR SRR CIFLDH 1 5B RS A0 A 339
1.5 GC-MS B4 4 it HETEPE NIST 11 IR REER, 456 SCHRE ATbr v

IR EH W LR OBE=1:1 L BR A, RS
WIS ERHAT A, R AR B bei, ek
BR B IR OB R 58, e R A 5 mL
ToK B MR, B 1 mL YRR B ik iR/
i, #ET GC-MS 3. SIS B
A HP-5ms A T B30 mx0.25 mmx0.25 um)
FE SR B % 5 B FH 43 (Agilent 7080B-5977A),
170 ‘CLR%F 1 min, 28)5 LA 20 “C/min FHEF] 130 °C,
FLL3 C/min FHEF) 180 ‘C, #iJ5LA20 ‘C/min T+
JF] 220 CHEARHF 5 min. Z NN, FHE
N 1.0 mL/min, #FEAEFIRERN 1 ul, SHHHN
30:1, ZMMEN 30 mL/min. JRBESME: HET
SN ELE, B TRERN 70 eV, B FIRIRE v 220 °C,
JREFHETE R 45~700 amu. 3T 1HEALE SR

A M1 RNA

S DU O B IR T EAT AL 2 e RO P 5, SR
Gk ARk, HESHP K A AR

2 SR

2.1 CIFLDH 3R 75 &

DL ¢cDNA AR, 347 HEEF R PCR 9
4, PCR F=1% 1.2%B5Ta bt kg, =r W,
CIFLDH % K/INZ17H 900 bp, 5 H I KN —
HE 1), FETEHEFABIEIRG CIFLDH A
ft) cDNA J5%1], #] Ff DNAMAN #4454 NCBI ORF
Finder %} CIFLDH #:[X ¢cDNA J# 5| 3E47 247, FF
Ji 5 S2AE ORF Ay 885 bp,  4ifith 294 MR FER(K 2).
gE R CIFLDH B H%E R v B e 2
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& 1 RNA Bt HLik (A)F FLDH 35 [R 55 [%(B). M1: RNA Marker; M2: DNA Marker; 1~3: FLDH 374,

Fig. 1 RNA gel electrophoresis (A) and FLDH gene cloning (B). M1: RNA Marker; M2: DNA Marker; 1-3: PCR product of FLDH.
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1 ATGGGGAAGGTTTTGGTGACGGGTGCTTCGGGCTTCCTCGGCGGCCGCCTCTGCCACCGGCTCCTTGCTGAGGGAAACGCCGTATGTGCCTTCGTGCGGCGGAGCAGCGACCTCAGCTCC 120
l1 M G KVLVTGASGFULGGRILCHRLLAEGNAVCATFVRRSSDTILS s 40
CTGCCCCTCTCGCACCCCGCGCTTGAGCTCGCCTACGGGGACGTTACCGACCTACCCTCTCTCGTCGATGCCCTCCAGGGCTGTGACGCCCTATTCCATACCGCTGCGCTCGTCGAGCCC 240
L PLSHPALEILAYGDVTDILZPSILVDALSO QGCDALTFHTA AALTVETP S8
TGGCTGCCGGACTCTTCCATATTCTTCACAGTAAATGTGGGAGGTCTACAGAATGTGTTGCGAGCATTTCATGAAACAAAGACACTGAAGAAGATTATATACACATCATCCTTTTTCGCT 360
WLPDSSITPFFTVNVGGLOQNVILRAFHEETTI KTTLI KTEKTITIYTSSTFTFAI2
CTCGGTCCAACTGATGGCTACATTGCAGATGAGAAACAGATACATCAAGGACAGACATTTTGCACAGAATATGAAAAGTCTAAAGCTGTTGCAGATAAAATTGCATTGCAAGCTGCAGCT 480
LGPTDGYTIADTETZ KO QTIHO QG QTTF CTETYETZ KSE KAVADI KTIALTG QA AR AA I
GATGGGACACCAATTGTTCTTCTTTACCCAGGAGTCATCTATGGTTCCGGGAAACTTACAGCTGGAAATGTTATTGCACGAATACTGATTGAACGTTTTAATGGGAGGCTGCCTGGTTAT 600
DGTPTIVILILYZPGVIYGSGEKILTAGNTYVTIARILTIERTPFNGRILZPGTY 20
ATTGGTGGTGGAAATGATAGGGAATCACTTTGCCATGTTGAAGATGTGGTCAGTGGACACATTGCAGCTATGCATAATGGGCGACTAGGTGAACGCTACTTGCTCACTGGAGAAAATGTA 720
I 6GG6GGNDRESLCHVEDVYVSGHTIAAMEHENGRLGETRYILILTSGENV 240
TCACTTAATCAAGTCTTTGACAAGGCTGCAGCCATCACCATAACAAGCAAGCCATTTTTCCACATCCCTCTGGCCGTAATAGAAATCTATGGCTTTATATCTGGTTTCTTTTCTCCAATC 840
S LNQVFDI KAAATITTITS SIE KTPTFTFHTIPLAVIETIYSGTFTISGTFT FSTZPTI 28
ACAGGAAAGCTCCACTCATCAGCTACCCGAATGTGGAGGGGGTGA
T 6 KL HS SATURMWRG *

2 CIFLDH % B BR Fr 51 K 45 ) RE 1R 7 51

Fig. 2 Nucleotide sequence of CIFLDH gene and encoded amino acid sequence

2.2 CIFLDH A¥{5 B 2047
K[ERT FIFHTEL AR+ EXPASy ProtParam
tool Xf CIFLDH %&£ K 9 it & 1 33047 BEAL P 5T 4047 .

T CIFLDH £ [ 19§ 3N Cra30H22390N3830410Ss 5
Iy FRE 31kDa, i 6.79, ARERECN 34.71,
RE W A8 20N 99.56, EIEBRA L WK 1; HiAKMEE
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7 PO, B2 KT8 E(GRAVY) A 0.186, #]
S HEN CIFLDH F: X 9w 15 1) 8 A N B AR 5E 1O g v 1
Bk H S E(E 3).

# 1 CIFLDH 4 (A s SRR 4 1o b

Table 1 Amino acid composition analysis of CIFLDH protein

AEm mR | Akm ER o,
Amino acid Number Amino acid Number
Ala 28 9.5 Leu 33 11.2
Arg 13 44 Lys 12 4.1
Asn 9 3.1 Met 3 1.0
Asp 13 44 Phe 16 5.4
Cys 5 1.7 Pro 12 4.1
Gln 7 2.4 Ser 21 7.1
Glu 13 4.4 Thr 17 5.8
Gly 31 10.5 Trp 2 0.7
His 10 34 Tyr 3.1
Tle 20 6.8 Val 20 6.8
25 ProtScale output for user_sequence
) Hydropath /Kyte Doolittle
20t
1.5¢
1.0
jo)
s 05t
A
& 0
S
-1.0t
-1.5
,20 8
25 50 100 150 200 250
{37 111, Position
P4 3 CIFLDH & FH#i/K P 734

Fig. 3 Hydrophobicity analysis of CIFLDH protein

PEREAEMIE,  SignalP 6.0 43 #7 % W], CIFLDH
EALESKWE 4: A). K 4: B+ Transmembrane
A
10 s —
Y Score
08
g 06
S04
02
0.0 A
0 10 20 30 40 50 60 70

{3755 Position

¥ 4 CIFLDH % A (MBS 58 0T . A: 551K B: BSR4 H3.

HE% Probability

FORBEIEX, BUEBRK, REDNXEIER T 51 5
XAl et R, 455K CIFLDH & H /) 258~
281 MR 2 (B 1 AN BB P BB e X . x5
HFKES 4 R —%, W] CIFLDH & A N g
PR PEE A

CIFLDH &EH%M  FIH SOMPA il =15
CIFLDH £ B R4 T o-BRTE 15 46.13%, ZEfif
15 13.69%, TR G 33.04% (B 5: A); FIA
SWISS Msi7ELL T CIFLDH 45 [ ) = 425 b
A, GMQE N 0.65, QMEAN N 0.63+0.5, i3
Mt AT {5 B s (B 5: B)s

BEALRHIE  FIH DNAMAN %44 CIFLDH
A5 H A A R B B2 R T S0 AT X oy
M, —SUEEIE 80.55%, AFEIBEACEAS[H 1 [H
TRFR R, BB X AR SR R VR R BE =ik 100% (B 6);
FIFH NCBI " f] BlastP 7288 #F45 2 CIFLDH & [
1 TRV 7 1 5 3 B IR R A 1 15 A TR 51 )
F MEGA X 8T KRG A (B 7), 23%
CIFLDH % A7 5 [F @ Yk 2 AW RE 4-
B R P 51 (KAG6482557.1) 4k T [A] — HE AL 43
X, RGMERE, SR REIL 100%, A2 A
WE-4-34 )5 )& T8 JE RS, X5 CIFLDH & [ Tl
iR —.
2.3 EEMGLWESE CIFLDH FR%ERE

AT To-DNA A ERRG S ) [N B )4k
FLDH 5% f] EcoR I Sal I 1] () pET32a # /4
R, IR KT DHSo B2 SN, @it
B FR B WGEAT PCR BRIE(E 8: A), HIk A& I,
VYiB FLDH %315 pET32a #iAKki%#H:,; ¥ pET32a-
FLDH T 4 MRi3EAT 4 i i SDS-PAGE H ik (]
8: B), pET32a-FLDH B AWK E T AR E T 15

1.2 B
1.0
0.8
0 Transmenbrane  Inside Outside
: AR JEEA N HEA Ml
0.4
0.2 ‘ ’
0 1 aned . p
50 100 150 200 250

Fig. 4 Transmembrane domain analysis of CIFLDH protein. A: Signal peptide; B: Transmembrane domain.
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Fig. 5 Structural prediction of CIFLDH protein. A: Secondary structure; B: Tertiary structure.
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Fig. 6 Amino acid equence alignment of CIFLDH with FLDH of other plants
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KAG0492411.1 5% Vanilla planifolia

KA0507577.1 £1f§ Dendrobium nobile

PKA63790.1 8124 Apostasia odorata
WBR34624.1 %} 2% Hippeastrum vittatum
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9
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MQL84873.1 %£ Colocasia esculenta
XP 009383622.1 /NREUF A Musa acuminata subsp. malaccensis

1% Zingiber officinale
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Fig. 7 Phylogenetic tree of CIFLDH protein
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HEAMRFEL, EARSTELH 37 kD, 5Tl
(¥ 31 kD MHiE, FF&MIR/AN. BREATEE L
TEWR R RIE, WEDTE R RIEBAR, Wi CIFLDH
WA RRE SR A, 5 Pfam-A TS5 F—5.
2.4 pET32a-FLDH B A KT ERE =9 947
M 2 FAE 9 WL, R EERAR S 32 B Ry
Ik, EXTHEAR LG, EH ORI AT B PR AR [1,2-a] it

bp

2000

1000
750

500
250

WE-1,4- i ,6H-3-(CF H 58)-nib s Al 1,3,4- = FE AL JR s
WE 2 FoErnn, His S e M AR [ 1,2-a] ik -
1,4- i, ,6H-3-(C4% F 28 -IE s 2 R 15 5 BRI 5.42
B, MARESEBTH 3,5- - HEEEMRESE
BRI 9.22 1%, BRI HIPHEN FLDH J R 4 i () &
F 5 3 B T AL 3,5- PSR R AR [ 1,2-a] it
B5-1,4- i 6H-3-(ZK 55 )-nE g5

BkD

250
150
100

75

50
37

25
20

15
10

& 8 pET32a-FLDH T[] PCR (A)f1 SDS-PAGE (B) ¥k ¥ ilF - A: M: DNA Marker; 1~3: CIFLDH; B: M: #r#E& )5 1S: RiES LW B KEA;

1P: RFSVUEHKMEA; 28 F LRHEA; 2P BSUUEHNEA.

Fig. 8 PCR (A) and SDS-PAGE (B) electrophoresis verification of pET32a-FLDH bacterial solution. A: M: DNA Marker; 1-3: CIFLDH; B: M: Standard

protein; 1S: Uninduced protein in supernatant; 1P: Uninduced protein in precipitation; 2S: Induced protein in supernatant; 2P: Induced precipitation protein.

# 2 pET32a-FLDH Wl 7211 GC-MS 44t

Table 2 GC-MS analysis of pET32a-FLDH liquid culture

g = e AHXT - Relative content /% LB A (min)
No. Compound XtH& Control  £¥%'T Uninduced 55 Induced Retention time
1 5% Indole 83.83 64.28 67.81 7.791
2 1,3,4- = HIILJRMENE 1,3,4-Trimethyluracil - 8.00 6.28 19.844
3 2-2.3-1,3,4- = AR B3t W k-5 -l 11.48 - - 22.565
2-Ethyl-1,3,4-trimethyl-3-pyrazolin-5-one
4 3,5- “HEILIER) 3,5-Dimethoxyphenol 4.69 23.42 2.54 23.030
[1,2-a]ML R -1,4- i ,6H-3-(ZK FF 2% )-nig - 4.31 23.38 23.384

[1,2-a]Pyrazine-1,4-dione,6H-3-(phenmethyl)-pyrrol

3 SRS

2 2 5 g 2 TP R TR R IR A B B SR AL S )
HIMEACEE, Ak KA Y)& ROl 42 i B 24 A
FERERAE DG e R R EZ RERN. B
MBI (£ e 5 B DR e v B, Rl
FETEAE B (Artemisia annua)'™ . 42 (Abies fabri) ),
#ti £} (Solanaceae)! ' fll 28 2 (Ganoderma sinense)!'”!
55 30 RIDFNRE kA Bl 2R I e BRI AT . B
W IEEA KT R, DUBZEA R YA N K ILE 2
A, AT I R R TR R R R AR A AT A

R SIS TR 1 3R KT T 3 il SR A A Ak AR
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Fig. 9 GC-MS total ion chromatogram of pET32a-FLDH recombinant E. coli fermentation solution. A: Blank control; B: Uninduced recombinant bacterial

solution of pET32a-FLDH; C: Induced recombinant bacterial solution of pET32a-FLDH. 1-5 see Table 2.
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