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Cloning and sequence analysis of phenylalanine ammonia-lyase gene from
Curcuma longa
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Abstract: Objective This study aimed at cloning the phenylalanine ammonia-lyase (PAL) gene from Curcuma longa (CurPAL) and
analyzing the bioinformatics. Methods PAL gene was cloned by RT-PCR and RACE strategy with the template of RNA extracted
from C. longa leaves. The bioinformatic analysis of this gene and its corresponding protein were performed. Results One unique
sequence of PAL, named as CurPAL (GenBank NO. KJ780359), was cloned from C. longa. The full-length of CurPAL cDNAwas 1 293
bp, including 243 bp of 5°-UTR, 123 bp of 3’-UTR, and 927 bp of ORF encoding 308 amino acids. The molecular weight and
theroretical isoelectric point (pl) of the deduced CurPAL protein were 33 000 and 5.76, respectively. The protein of CurPAL was stable
and soluble. The domination sites and catalytic active sites in PAL protein of Nerium oleander were also found in CurPAL. It was found
that the amino acid sequence of CurPAL had more than 75% homology with PAL of Prunus salicina, Camellia chekiangoleosa,
Capsicum chinense, and Musa acuminate via multiple alignments. It revealed that CurPAL had closer relationship with PALs from
Zingiberales plants than from other plants by phylogenetic tree analysis. Secondary and tertiary structures indicate that CurPAL is a full o
protein contained by homotetramer. Conclusion The cDNA encoding PAL from C. longa is cloned and reported for the first time. This
work provides a scientific basis for exploring the biosynthetic pathway of the medicinal ingredient and improving its quality in C. longa.
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3 Curcuma longa L. 2R EfLG 2y, &%
Rl LR 2R AN Y) . 223 B MY A 5T 60
EZiN T N 2 I N I N 2 [ el R e
SRR RV . R E A A R
MR HEI, HWopEHERLHN SRS B
TR, ZWERAPR. P, bUsSE2EfE
FHRSL, AT DS g R AR . A B Sk
Wi SIBKCEFEREAL . SR PR SRR |
i ¢ R S M0 25 2 R iR, 2523 200 Bl R 9%
S BRS A5  28 AR M AT TR SR I A 2 (R 4 T

ARERART A — DI & R b i 284 )
BRI G OE AR AR B A T AR S S
A TEZ B AAR =), X LR AR PR )
AR RT S PUW . HUis B ke 25 3 1 4 e,
LI EY)E el R AR T,
RNAMRMREN (PAL) AV R LA 2E—
A0 IO R S T R PRl B AN L~ T 2 R i 2
Mg A S U EERR 7 PR S U PRI A il IR
FIUZRIR . Jr T IREE TR ), BB RN SR
NG A FNPTBLIRAHEE A, SR JSTE 2R 5 I
5N B A L,

PAL JER SHEYIMZE . 2Rl AR5 AEAR
K s AT M, R PAL SR A £ JE R %
JEFTERRY, PAL JERIRZRIA S K B RIS ES (kL
FE O Bt BERAE TR Ry, R
H RS LN R BRI H TS Bk
TR ) PAL SELRIERET T IR T, (e
HOE AR LB RS PAL JERITE N (PR N e ARG 84
HROAH DGR SEE PRI I . ST AZE S o), T
JE3EE PAL JE[H] (CurPAL) 4K cDNA Hwh%, If
AT P A 3 WA RGeS AR MR IS 27 T PR T,
ki PAL JE[RI D B M Rst AR A B e SEal, 23R
AEARHE I A G D LIRS AR o
1

ZEE T 2013 4F 10 HR AR K2R A,
28 IS LRI ST 03 46 2 9 223 Curcuma longa L.,
TEDET G AN AT R, B T-80 CIRAE
%M.

M-MLV RTase cDNA Synthesis Kit, pMD19-T
# Ak, LATaqPolymerase, DH5a &324%, DNA Fx
HEAH XT 4> 7 i it DNA Marker DL2000, Takara
5’-Full RACE Kit with TAP, Takara 3’-Full RACE
Core Set with PrimeScript™ RTase 9 T~ 52 E4 1

FOKIE) HWRAR: &51W%H B TAEY) T
FEH AR RS A PR A T A . AR RNAout iR
T A ROR BE R A R A A, TIANScript
cDNA 355G il &y 3 R A RHE A R 2
Al WS G 1 R BB HEY oligo (dT)is.

2 Fk

2.1 2 RNA $2BUE cDNA E—HE& K

B S TS, AR b R R R R R,
A R F AT A RNAout 18716 1 B 1 3 22 i
& RNA, —80 CLrRfE, /AN GRETHFI
VKA IR EE AT . DAZE0 S RNA CABIR, AR
TIANScript cDNA 5 —5E4 il ST )%, &
J8 cDNA 5i—5, [P ET-80 CIRTE, &,
2.2 PAL EH& cDNA R BBy 1

48 /N L BF 2 Musa acuminata Colla. ZF 3%
Zingiber officinale Rosc %5 (45 H #54) PAL &[5 (17
Hl, Bt XS P H15 14 PAL-F fil PAL-R(E D,
DA BB By cDNA 28 —#E Bk, #4T PCR 4~
4, RT-PCR VA% A 0.4 uL ) TaKaRa LA Taq
(5U/uL), 514 PAL-F (10 umol/L) F1 PAL-R (10
umol/L) % 1.0 uL, cDNA 1.0 uL, 2.0 uL f¥) dNTP
(2.5 mmol/L), 2.5 pL ) 10X i, 17.1 uL 1)
ddH,0. PCR W 4cfF: 94 ‘CTIAEYE 5 min; 94 C
A 30's, 53 ‘CiBk 30s, 72 CIEH 70s, 30 M
s 72 CHEAH 7 mins
2.3 PAL £ cDNA B RACE ¥ 1%

FH PAL 42K cDNA [ 57, 33 1) ve B K
RACE 7%, fRIEIF310) PAL JBUPHIME E
it RACE 514, 7F cDNA 5°F1 3%5 53 kit 2 4%
B k51 (£ 1), HRIH Takara 5°-Full RACE Kit
with TAP F1 Takara 3’-Full RACE Core Set with
PrimeScript™ RTase 735347 2 Yy 3005 23
PAL JEDEIfY 571 3" A P41, 42 a7 & FH 15 B
FUATSEREAE. RACE RNAKFR A cDNA 1.0 pL.
dNTP (2.5 mmol/L)2.0 uL. L 35147 (10 umol/L)
% 1.0 pL ZEpPi (10X ) 2.5 ul Dream Taq fiff 0.15
ul F1ddH,0 17.35 pul. PCR M 4&ft 4 95 ‘CTids
P£ 5 min; 95 ‘CAxME 355, 58 ‘CiBk 40s, 72 C4E
2.5 min, 35 /MEFR, 72 “C4Eff 10 min,

2.4 PAL &R ORF ¥ 18

RGP 4 KK ORF X3, ¥t — X <7 4
514%) ORF-F F1 ORF-R (% 1), LA &4 Hif1) cDNA
5B B, HEAT PCR 744 Je AR R A 0.75 pl
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ff) Trans Taq'™ HiFi DNA polymerase, 7|4 ORF-F
(10 umol/L) A1 ORF-R (10 umol/L) 4% 1.0 uL, cDNA
2.0 L, 4.0 uL ¥ dNTP (2.5 mmol/L), 5.0 pL f
10 X Trans Taq'™ HiFi ZZvP i 11, 36.25 pL [H)
ddH,0. PCR M 4cfF: 94 CHiAETE 3 min; 94 C
APk 30s, 65 ‘CiBk 30s, 72 CIEAH 60, 30 MG
s 72 CHEMH 7 min.
25 PCR =#¥8iEIY. =iESNF

H DNA 263X 55 & [ PCR =¥ if 5
PMD19-T #iffk (Takara, HA) #ATER, REH
B AL K AT # DH5a, 37 CREACH; 7, #
A Amp 1) LB 557856 BT IS AR, Bl
PUBREL (1t B 75 EAT PCR %58, K 3RAF 1R BH P v e
HE— P EIUORL A TR D) S e Je ik Bl AR TAEY) T
FEELAR MRS A PR R 34T

*1 Z&HPAL EFERERSIYFT
Table 1 Primer sequence for PAL cloing of C. longa

EkZE 51P51 (5-3)
PAL-F ATTGCAAAAGCCGAAGCAGGAC
PAL-R ACCGGATTGCCCAGAAACTGG

3’-PAL-Outer ACACCCATCGGCGTCTCCAT
3’-PAL-Inner GCTTCGCCACCAAATCCATC
5-PAL-Outer AGGGCAATCCGTTGTTGTAAAAGTCG
5’-PAL-Inner TGAGGGGATTATCGTTCACGGAGTTG

ORF-F GCGCGGATCCATGGACAACACTCGTCTCGCGATC
TR BamHI BV
ORF-R GCGCAAGCTTTTAGCAGATGGGAATTGGAGCGCC

RIS Hindi IR 5

26 EMEERFEDH

FH DNAstar #i4T 5: 8 v Bebif 4%, #I A NCBI-
protein blast 714k 73 1 41 73 B 22 3 PAL JE A A,
VIR EEYE . FHAEZ MG Chttp:/fisoelectric. ovh.-
org/) TINS5 PR 4 ) 2 SR 155 H sSURV AR 11 TAFG
T AJH NCBI/ORFfinder [ ORF 43 H i 1% 4]
(R TP PR HEZE, ] ExPASY %4 1500 4 i 2 1
PEEAPE ARG KM A TM-HMM 8453 #r
SR IS IR, ) SignalP #5441 4 % 25 1
=5 Hk: ] COILS Server #4347 Coil X 43 #7;
F TargetP B ¥ 2w 5 25 1 00 30 40 i 52 475
PORTER & ff Tl Wl &5 © Ju — 4k 5 # 5 H
SWISS-MODEL % {1 7l 2& 11t = 4 45445 M
Mega 5.0 #f:1 f) Clustal W 3K £ 60 A 7] PAL &

By HVAT Z FHF FI A CUJS A S5 K
YNEMER G R E W -
3 HREH
3.1 ZEEMEE RNA BYREFIHE

I 5 L UG O RNA, 7E 1.0%[ B ekt
e L REAT R BRI, E ] 1 R DR BRI 22
AR RNA SEEEPELT, B RNA 783K 260 nm AT 280
nm AWK E LEAR A 2.0, 4008 LhA = . DNA V5 447D,
A AT J5 B2 J e 5k O
32 ZE# PAL EETIE K FHIHFHE

R NREF L, A5 LRI PAL JEDRI P
G, Berh—x 519, T cDNA s i —4
250~500 bp KRS (8 2), 2l B
KB4 419 bp; Blastx LEX R B IL 5 24 PAL 5
DA = R IR, BATA A 2238 PAL KR F 4.

2000 bp
288
1000 bp 18S
750 bp
500 bp 58
250 bp
100 bp

M-Marker 1-Z£% & RNA ¥ PCR /=4
M-Marker 1-PCR product of total RNA

1 ZEMREZRNA
Fig. 1 Total RNA of C. longa leaves

2000 bp

1000 bp
750 bp

500 bp

250 bp

M-Marker 1-CurPAL 2£[X/(f] PCR 74
M-Marker  1-PCR product of CurPAL

2 CurPAL ERRFFT
Fig. 2 Conserved sequence of CurPAL
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KH RACE HiARIZEAT cDNA P41 14
4, 23t 3'-RACE 314 1 45 1204 bp 7 Bt (&
3-A), &1k 5’-RACE 3k43 T 1 451t 212 bp ¥ 7 Bt
([ 3-B), Il e Mt 45 SRR W H A PAL FEA (1) 37
it K1 573 41 o 3236 PAL FE A1) cDNA 4K 541

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

M-Marker ~A-CurPAL 3% [X 3’-RACE 74 B-CurPAL & [H
5°-RACE ##) C-CurPAL J£[X ORF =4
M-Marker ~ A-PCR product of 3’-RACE
5’-RACE C-PCR product of ORF

B-PCR product of

3 RACE ¥ #&HY CurPAL £
Fig. 3 Result of RACE amplification of CurPAL gene

1 293 bp, Blastp Fxtah BRI, Z5E KN )
R[ERITH S5/ REE. % Ananas comosus
(Linn.) Merr. 128 PAL 47 90% LA FRIAHALME, SR
LN PAL JE[A.

F PAL FE[K 4K cDNA iy 4y CurPAL, £
DNAstar & ORF finder & {7 #1# 8, CurPAL [
cDNA Hi 243 bp ) 5’-UTR. 123 bp /] 3’-UTR, {1
45 12 bp 19 polyA £5H % 927 bp 4l 308 A4 KL
IF IR EEHE CORF) 4k (¥l 4). 244~246 bp
[f] ATG KALIE 741 (GCGATGG) fF&rHiZAEY)
I ATG TR 57 2 (AIGXXTGG): 1E
3-UTR AT AL AR 5 “AATAAA” (K 4);
E CurPAL /741, f& L6, V23, A7 fil L22 %%
I a8 FE I R R IE (T 4) 5 B AT AL T PR A N29.
G30. N145. G146. N300. G301. HNQDV (78~
82), X ULITIEAL 5 5 27T Bk Nerium oleander L.
R IE A [, 3689 CurPAL S22 PAL & 115 58 % i
A2 . ZIEF T GenBank HUdk e 1 & kil 5
ki KJ780359.,

3.3 CurPAL SEEEFFFEIR S #7 R 4

it NCBI L8 H )74 Blastp Al Clustalw %k
PE53 W], CurPAL 24 55 1% 5 HoAh A Y) PAL 2t
Pz LR 2 A B K RN E CRT 75%, K1 5),
U1 5 [ 25 Prunus salicina Lindl. . T 20 1L 2%
Camellia chekiangoleosa Hu Fl1#lF5 5T Arabidopsis
thaliana (L.) Heynh. ZJEIR/7 41 1) — Sk 2 78%,
Ej5iH Capsicum annuum L. f—2iA3) 79%, 5
ANREF RN —BPEIL 2] 84%.

HEST CurPAL 5 HiAlAEY) PAL IR 155 2
K&, M Clastal W XL oI LLxt 5, FH
Mega 5.0 % fFiE ik Neighbor-Joining (NJ) #E#y
AR T (K 6), giREIR, FEH
Lj## Musa balbisiana Colla 1/~ 5L B #5258 o —
X, ¥owEEH, HHEERSEE SR W
TR KEH. Sk H . B
MG 88 H 2R A o —32 . Mt fem BF, AHIERE
BRRF M I —3, BAFRFEY)E PAL A
AR R, XA AT PAL fEREAL I R 2
AR SEIY, CurPAL HEF g AITRE B RA
— 3 AR
3.4 CurPAL EHELMERS

iz Tl ProtParam "I B2} #t CurPAL % it 25 11 1) 3
k5T, 45 W], CurPAL Zht 8 IR 43 1 ot &
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1
61
121
181
241

301
361
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541
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721
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M BALORRGEE T (ATG); MM FRZIEEE T (TAAD: BURIEAL G T HENRLAA s HEALSAS AL A MRk Zeiierh

IR

Start codon is in bold and italics, stop codon is indicated by an asterisk and bold, and the deamination site are boxed and in bold, the catalytic active sites

are underlined and in bold, nubers on the left margins represent nucleotide sequences

4 CurPAL EF BI#ZHELF FIFIHEN B S EBL 5
Fig. 4 Nucleotide and deduced amino acid sequences of CurPAL

2974 33 000, BHiLSEHACH 5.76, SILfUfE 4 728
MNET, 5> T3 CragaH2376Na100asS13. CurPAL
(47 LT LR R L (Asp+Glu) $0 38, 1F HLfir
TR E (Arg+Lys) ¥k 31; fE41) CurPAL
W 20 Mz R, V2RI 5 I Le il i v, ik
F 13%, AT I HPIEAK. CurPAL
At 2955, MaWite%Ch 10049, R
Guruprasad J7V% % W] CurPAL #1252 ; Grand
average of hydropathicity (GRAVY) {f 4—0.022,
IRBER BN K YE: TM-HMM T 25 5 7R 1% 25
FIAENRE [, TosMgs s, 0 T4,
HON s A S A HE A NGk, U8 CurPAL & —
ANATEEE A,
3.5 CurPAL B\ Z4EfN=HE A/ aa TN

iz} PORTER R4 fAhdkAT08 PAL R —
YrLERI TN CE 7, s 45 ok, CurPAL
HA Y, a-BBiE (HD 7 65.91% >45%,

B-#1& (E) 5 0.65%<5%, LML (C) &
34.44%, o-BENEFI SR e i H i = R
B KMEE I o, 0 CurPAL J& T4 o B A .
1z H SWISS-MODEL 1t £k #1347 CurPAL [ =
YeERI TN (P 8), TS, FoR T, ASLE
N2 PAL R E 2 EE T AT 22 )T [Petroselinum
crispum (Mill.) Hill] PAL £ 1R 7450 1w27.1 1] A
BEAEALIR), W93 P 41— 311k £ 78.57%, CurPAL &
1 RR DU SRR AR, 5 AR AR I DT, e A
SIS B IK PAL FE R TERA o
4 g
RNRAMRIEANG V2 AL TSP A > £l
L. ERIEBA IR RARE R R N AR
AR e AR 28— 20 N, AR R AR
110 B R PR, R R N e AR 4 12
RIRZ . EAEREN. AR, FER. KW
M TS AR AR = 0 O R R R R
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AET 41698.1-1[EH 4= NP_181241-fUR 7+ AAN32867.1- Al AEX32790.1-i%4 AFC372-WHILLLZ  AAC33966.1-HH
AFG2632- T Ak ACG56648.1-/NRLEF#  KJI780359-2: 3

AET 41698.1-P. salicina  NP_181241-A. thaliana ~ AAN32867.1-C. canephora. = AEX32790.1-V.inifera ~ AFC372-C. chekiangoleosa
AAC33966.1-C. annuum AFG2632-C. osmophloeum ACG56648.1-M. acuminata KJ780359-C. longa

5 CurPAL 5H{EY) PAL RERLFFI% E by
Fig. 5 Multiple alignments of amino acid sequence between CurPAL and PAL from other plants
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JRR RS
IR
FS
HRARANIIE S
B
EAW
HpoL i
RS
INJLET R
By
23
0.02

6 CurPAL 5EHEY) PAL RIEERFIIR RS L 2
Fig. 6 Phylogentic relationship of amino acid sequences
between CurPAL and PAL from other plants

C-ERMNA M H-o-185E E-B-#i&
C-coil H-o-helix E-B-extend
B 7 CurPAL EH 4N
Fig. 7 Forecast for 2D structure of CurPAL protein

8 CurPAL &R Z=#H M
Fig. 8 Forecast for 3D structure of CurPAL protein
BRI AW ORI E KR E S PR
B AN S5 A B . TR, ¢ PAL %
PRI ARSI 7t s A BIE T A
ABIFT AZE T (R S R K] PAL JE R e 41 vt
519, MR A a7 14 PAL R[]

JrBIF4E G RACE M7 ERAS 17 5° /1 3% 741, 1
N PIRIS T 1 4 PAL JERI4K (¥ cDNA ¥
Hl, fir4 ok CurPAL JE[. EMME 22Tk,
CurPAL & PRI (1) 2 L 1Ry 1) 5 L 4 3 A8 42 1)
PAL JE Rl 2 BE IR e A1 AR e (1) — 3l CRT- 75%),
FETHE SR AR 1 5 Ho A AR E R A PAL LR 2
LR 75 2 5 LU R R e AL 4347, CurPAL JE A
F/NFEFEE S —3Z, CurPAL JPFI4 7 L180.
V181, L230. A231 FFfliizd SEad LRk, Aok
WA 0 A N234. G235, N356. D357, N358.
H370. HNQDV (460~464), XSbyhtEAr i 5 KR
AEKBIAHE, LIRS A G B —E W)
ARAAPE . FIOL, FERETS RN CurPAL JER RN
i fif T 3 TR o 0 ok T o RN = 4 4 h 3R
CurPAL i 2% /7 PAL 2R [ &5 44— 301k ik 2
78.57%, HH [FIVS DY SRAAAE Jil, ANAFEAEFIRAIE S K,
TCEs RS R, AL AN, RBER I A ek
Py o-BRTE MG R i H 8 1 i R i b
RIS ToE, B4 f AN GE P BE A 1 AN R
JiH .

L el RN BACH IR AR A B, AR
AR A I A N e A R IR AR ) — A DB il R R T
il G0 R S8 R BRI P 25 5 ) 22 2 21 1K) 5 o
BRI, A TGS BEn] b 225 R 2R S WA 1) 41
WL E SEAl, hfe 2 RS L s
85 R AR AL RS AR

S 3k
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