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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 cDNA was 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
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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F Curcuma longa L. ZRIEEG T2y, 2%
Rl 8 2P A Y) . 220 @ A At AT 60
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TR, EHEHAGHR. i, PumsEi e
FHBSY, 0T ARG« AR . S R
Wi SIBKCEFEREAL . SR PR SRR |
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BRI S 2 AR M L AT IR SR R e 2 (R 4

ARERART A — DI & R b i 284 )
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0 IO IR S T R PRl B AN L - T 2 P i
Mg A S U EERR 7 PR S U PRI A il IR
FIUZRIR . Jr T IREE TR ), BB RN SR
N A FIPTBRRREENG A, SRS AR L E R G AL
TR R A Ak E D,

PAL JERI SRS K500, ARSI AAR
Wi A e DA S, R PAL FER A % R R 5K
BT, PAL FENNRIESZ K B S S (Ui
FE O Bt BERAE TR Ry, R
HO R LU B R R HAT A R
e R PAL FERFFREAT T 23500, (He 28
PR LG PAL FETE N BRI e A&
RO DGR R RO« AHF 9T LB o AbRE, I
JE2ee PAL 3L (CurPAL) 4K cDNA 5k, Jf
AT P A 3 WA RGeS AR MR IS 27 T PR T,
h PAL JER D RE ST RIS AL AL B8 HEfilt, 223K
AEARHE I A G B LIER L AR o
1 #8l

LT 2013 45 10 JR AR R =,
28 YR YL BTG 03 %8 58 N 238 Curcuma longa L.,
Ve TR RN R TV R, B T80 CORAT
%H.

M-MLV RTase cDNA Synthesis Kit, pMD19-T
#AK, LA Taq Polymerase, DH50 /%27, DNA Fx
HEAH X 43 7 i i DNA Marker DL2000, Takara
5’-Full RACE Kit with TAP, Takara 3’-Full RACE
Core Set with PrimeScript' " RTase %1615 /E4) T

FOKIE) HWRAR: &51W%H B TAEY) T
FEH AR RS PR A T A . AR RNAout iR
T AE R B E RN IR A w] . TIANScript
cDNA 385G ilfl &y 3 R AR A R 2
Fl, G R AR AR oligo (dT)ise

2 HE

2.1 5 RNA (2BUK cDNA F—3EE

B S TS, AR b R R R R R,
A R F AT A RN Aout 1876 i B 1 3R 22 i
& RNA, —80 CLRAE, /-l HEAM LRIV
VAT IR EE AN AT . DAZE0E S RNA AR, R4
TIANScript cDNA Hi—#E& Sak A&l ki %, &
J8 cDNA 545, [R5 Y)'ET-80 CIRIE, £,
2.2 PAL EF cDNA K BBy 18

WRAE /DR B Musa acuminata Colla. A3
Zingiber officinale Rosc %5 58 H #i4) PAL JER W7
Fl, Bk XS P H1514) PAL-F il PAL-R(EE D,
DL IR R cDNA B5—#E A, 3T PCR ¥
4, RT-PCR JNAKZE A 0.4 uL ) TaKaRa LA Taq
(5U/uL), 5|4 PAL-F (10 pmol/L) F1 PAL-R (10
umol/L) % 1.0 uL, ¢cDNA 1.0 uL, 2.0 uL f#] NTP
(2.5 mmol/L), 2.5 pL ) 10X ZEpfk, 17.1 uL ¥
ddH,0. PCR W 4cfF: 94 ‘CTiiAs ! 5 min; 94 C
AE 30, 53 ‘CiBk 30s, 72 CEM 70s, 30 M
5 72 ‘CHEH 7 min.

2.3 PAL E[& cDNA B RACE ¥ %

LH PAL 4K cDNA [0 5. 373 1) ve B ]
RACE W75 MRARMFAR 2 PAL 1 B)PAIME S
it RACE 514, 7F cDNA 5°F1 37553 it 2 4%
RretEg1¥ (R 1D, FFF)H Takara 5°-Full RACE Kit
with TAP F1 Takara 3’-Full RACE Core Set with
PrimeScript " RTase 73 HI3EAT 2 VAP k45223
PAL LAY 50 3 K e 41, R & A FH 5t B
FUATSEREAE. RACE RNAKFR A cDNA 1.0 L.
dNTP (2.5 mmol/L)2.0 pL+ b Fi#514) (10 pmol/L)
% 1.0 uL« ZE#9 (10X 2.5 uL« Dream Taq fif§ 0.15
uL Fl ddH,0 17.35 pL. PCR 44t 4 95 CHiAL
P£ 5 min; 95 ‘CAxME35s, 58 ‘CiBk 40s, 72 C4E
fif 2.5 min, 35 MEH, 72 CLEA 10 min.

2.4 PAL EF ORF 18

PGP 4 K1) ORF X3, Beit— 057 4]
5714%) ORF-F F1 ORF-R (¥ 1), LA & H1) cDNA
S BB, $HT PCR 9734 [NV AKR R A 0.75 pL
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ff] Trans Taq" ™ HiFi DNA polymerase, 5|4 ORF-F
(10 pmol/L) FT ORF-R (10 umol/L) % 1.0 puL, cDNA
2.0 uL, 4.0 pL f NTP (2.5 mmol/L), 5.0 pL
10 X Trans Taq™ HiFi 2E/W I, 36.25 pL
ddH,0. PCR [N 4cPF: 94 CHiAETE 3 min; 94 C
AE 308, 65 CiBk 30s, 72 CEM 60, 30 MG
My 72 ‘CHEH 7 min.
2.5 PCRA&=YIHIEIL. ESNF

 DNA 463K & Bl e PCR =) 5
PMDI9-T # 4k (Takara, HA) #H47&ER:, KRG
BRI EAL K AT E DHSa, 37 CREACH; 7, @
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PLPRE A B 75 HE T PCR %558, B R4 BH M e e
HE— P EIUORL A TR D) S e Je ik Bl AR TAEY) T
FEELAR MRS A PR R 34T

F1 E#HPAL EARERSIYFS
Table 1 Primer sequence for PAL cloing of C. longa

ElL B g9 (5°-37)
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
T RIZE N BamHI B A7 15

ORF-R GCGCAAGCTTTTAGCAGATGGGAATTGGAGCGCC
R4k HindIII BV 5

26 E£MEEFESH

F DNAstar #E4T5: 8 v Bebif 4%, A A NCBI-
protein blast 7£ 28 73 84 73 7 22 3 PAL JE 5 5 oAt
YRR RJEYE; FHAEZM G (http://isoelectric. ovh.-
org/) TN PR 4 i) 2 SR 45 H sSURV AR 11 TAHDN
Ttk FIH NCBI/ORFfinder (1) ORF 40 i 55
(R TP e B HE S, 1 ExPASy %4 1500 4 i & 1
PEEARPE ARG K A TM-HMM 84453 Hr
iR IS X s JH SignalP 84 0 4 i 25 1
f55ik; H COILS Server #4147 Coil X 43 #;
F TargetP ¥ 2 5 25 1 (00 30 40 P <€ 475
PORTER #k 1 ¥l M & & it — 4t 45 14 ;. H
SWISS-MODEL % {1 il £& 11t = 4 45445 M
Mega 5.0 #KEH 1) Clustal W K AEXANH] PAL &

By HVAT Z FHF FI A CUJS A S5 K
LI E R R EW
3 ERESH
3.1 ZEHEME S RNA BYZEFNAE N

B S pL $2H0U5 B RNA, 7E 1.0% 15 Ik ke
JiE L HEAT HACRSIN, PR 1 R DA R 22 B
AR RNA SEEEPELT, B RNA 783K 260 nm AT 280
nm ARG EUAE Dk 2.0, 415 HL s . DNA V5 54/,
A DAHEAT 5 SE I S sk SO
32 E#H PAL EETIERFYIFHE

R/ NREF R A5G LRI PAL FEDRI P
G, Berh—x 519, METH ) cDNA Hd i —4%
250~500 bp KMk gty (B12), @iz B
KEH 419 bp; Blastx LEXF TR 524 PAL F
A A R IR, A 223 PAL JER T4

288
18 S

58

M-Marker 1-%35 & RNA ff] PCR /)
M-Marker 1-PCR product of total RNA

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

M

2000 bp

1 000 bp
750 bp

500 bp

250 bp

M-Marker 1-CurPAL 5EH (%) PCR =4
M-Marker 1-PCR product of CurPAL

2 CurPAL ERRFFY
Fig.2 Conserved sequence of CurPAL
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KH RACE HARIZEAT cDNA PP 41 14"
W, 23k 3°-RACE #3145 1204 bp M B (K
3-A), &3k 5°-RACE k43 T 1 454E 212 bp ) 7 B
(& 3-B), M 7 Fpf 4 4 R B H ok PAL LRI 3°
i Al 500 P A . 2535 PAL FEIR ) cDNA 4K 741

M-Marker A-CurPAL £ 3°-RACE 7% B-CurPAL [
5-RACE *¥]  C-CurPAL 3£[X ORF /=¥

M-Marker A-PCR product of 3’-RACE  B-PCR product of
5’-RACE C-PCR product of ORF

B3 RACE ¥ 889 CurPAL £ &
Fig. 3 Result of RACE amplification of CurPAL gene

1 293 bp, Blastp LEATEE R, 1255 DIHEDN 1)
BIEMRFH 5/ REF . W% Ananas comosus
(Linn.) Merr. )28 PAL 47 90% AL FRIARBLE:, $ED
JONZET PAL KL

e PAL FE 42K cDNA s %4 N CurPAL, %4
DNAstar )2 ORF finder #1573 H1£ W], CurPAL 1)
cDNA 1 243 bp 1 5’-UTR. 123 bp [ 3>-UTR, 1i
$% 12 bp [ polyA 4544 J 927 bp 4ihth 308 2 IR
TR EAE CORF) 2% (18 4). 244~246 bp
) ATG MARIEF%] (GCGATGG) FF& HAZEW)
IR ATG TR 57 P (A/GXXTGG); fE
3-UTR A7 AL AR 5 “AATAAA” (K 4);
{E CurPAL J¥%0H, A L6, V23, A7 F1L22 %
it I FE R IR I (I 4) 5 B AT AR I kA7 A N29
G30. N145. G146. N300. G301. HNQDV (78~
82), IXLLYE VAL & 5 I Bk Nerium oleander L.
rh R E IR AH ], 188 CurPAL J2 PAL & [ 5T 15 K
2. GHRKFYE GenBank B 1 K& ik
h KI780359.

3.3 CurPAL REERFIIELRE S #7 B3R5 47

it NCBI L8 H )74 Blastp Al ClustalW %k
TR, CurPAL (WEAKER S HARKEY) PAL Yitith
EEEIR T H AR s RENE CRT 75%, B 5D,
5 EZ Prunus salicina Lindl. . Wiy 40 11 4%
Camellia chekiangoleosa Hu F$U R I+ Arabidopsis
thaliana (L.) Heynh. ZJER 751 1)—E RIS 2] 78%,
5 Capsicum annuum L. F—21HE3] 79%, 5
ANREF RN —BPEIL B 84%.

KRG CurPAL 5 IABKEY) PAL 2 1] ()55 &
KZH, W Clastal W X2 P 7 LextfE, FIH
Mega 5.0 #%A}i#id Neighbor-Joining (NJ) 7£#)
SR P B (B 6), 25 R WoR, £
598 Musa balbisiana Colla Fl/NREFREEE H—
X, WOAEREH, HS5IERNSRE R W
THAEYPESEE . REH. #iH . ERAEH .
RSS2 Ry 55— 32 MWEEL L&, AR
BCRBEEDI R 2K, AAREYIN PAL A
TR R R, XA W HEM PAL 7E3Efb o F2 rh e
FMORSE ), CurPAL 5 BT FELE S5 MR T BE - LA
— & B AR
34 CurPAL EHBEX RS

i Fi] ProtParam 1- E./0 ¥ CurPAL i td 25 13 1) B
PESTT, 455K, CurPAL Si & (AN 4> T i
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1GAA ACC TAC ATC AAG CAC GUC AAG AAG CTC CAC GAT CAG GAT CCG CTG CAG AAG CCG AAG
61 CAG GAT CGC TAC GCG CTC CGA ACG TCG CCG CAG TGG CTT GGC CCT CAA ATA GAA GTC CTC
121 CGC TTC GCC ACC AAA TCC ATC GAA CGC GAG ATC AAC TCC GTG AAC GAT AAT CCC CTC ATC
181 GAC GTC GCC CGG AAC AAG GCC CTC CAC GGC GGC AAC TTT CAG GGC ACA CCC ATC GG CGTC
241 TCC ATG GAC AAC ACT CGT CIC GCG ATC GCC GCA ATC GGC AAG CTC ATG TTC GCC CAA TTC
M D N T R [ 4 1 A A1 G KL M F A Q F
301 TCC GAA CTC GTC AAC GAC TTT TAC AAC AAC GGA TTG CCC TCT AAT CTC TCC GGC GGA CGG
s EL VW N D F ¥ N ¥ ¢ L P § N LS G G R
361 AAC CTT AGC CTT GAC TAC GGT TTC AAG GGG GG GAA ATC GCG ATG GCC GCC TAT TGC TCC
N L §$ L DY G F E G A E 1 A M A A Y C S
421 GAG CCC CAG TTT CTG GGC AAT CCG GTG ACC AAC CAC GTT CAG AGT GCG GAG CAG CAT AAC
E P Q F L GNPV T NUHUV Q 5§ A E H N
481 CAG GAC GTG AAC TCG CTG GGG CTG ATC TCC GCG AGG AAG ACG GCT GAG GCC GTC GAC ATC
Q D V N § L G LI S A RIEK T A E AV D 1
541 CTC AAG CTC ATG TCG GOG ACC TAC TIG GIG GCC CTC TGC CAA GCC ATC GAC CTG CGA CAC
L K L M s A T Y L Vv 4 L ¢ @ A I DL R H
601CTG GAG GAG AAC CTA AAG CAC GCG GTG AAG GCG GCG GTG AGC CTC GIC GGC AAG CGC GTA
L EE N L K H A V K A A Vv s L VvV G K R V
661 CTC ACC ACT GGC GOC AAC GGA GAG CTC CAC CCC GCG CGT TTC TGC GAG AAG GAC CTC CTC
L T T G A N G E L H P AERTFOC E EKEDTULTL
721 5cC GTG GTC GAC CGC GAG CAC GTG CTG AGC TAC GCC GAC GAC CCC TGC AGC TCC GCC TAC
T VvV VvV DR EH V1 8§ Y A DUD P C S § A Y
781(3'[(3 CTG ATG CCC AAG CTG CGG ATG GTA CTG GTG GAG CAC GCC CTC GGL CAC GGC GAC AAG
v L M P K L B M V ILVE HALG HG D K
41 GAG AAG GAC GCC GCC GCG TCC ATC TIC CAC AAA GTC GCG GCT TIC GAG GAG GAG CTC AAG
901EhDA,-‘1A5 F H K VvV A A F E E E L K
GCG GTG TTG CCG AAG GAG GTG GAA GCG GCG CGC GCC GCC TTG GAG AGC GGC AAC CCG GCT
¢ A VL P K E V E A A R A A L E S G N P A
ATC AGC ATC CGG ATC AAG GAG TGC AGG TCG TAC CCA CTG TAT CGG TTG GTG AGG GAG CAG
fo1 I § I BRI K E C R S Y P L Y R L ¥ ® E
CTG GGG GCG GCT TAC CTG ACC GGC GAG AAG GTG CGG TCG CCG GGGGaG Gu.G TIC GAG AAG
L G A A YLTOG EX VR 8P G EE F E K
GTG TCC GCA GOC ATC AAC Gcc GGG CTG GTC ATC GAT CCT CTG CTT CAA TGC TIG AAC GAG
1141 V. 8 A A N ¢GL vV 1 D P L L Q C L N E
TOG AAT GGC GCT CCA ATT OCC ATC TGETAA GTG TGA GAT TAT TAA TTA AAG CAA AAA AAA
1200 WN G 4 P I P I C =
GTG TGG AAT TGT GTC CAA TGA AAT CAG AAG CAA GTT ATT TCT TGT TTT TAT TTT CTT TTT
1261 AAT CGA AAA TAT GTT CTT GTT AAA AAA AAA AAA

T (ATG); MU EORZ IR T (TAAD s BERIEAL G T HENURL A s LSS AL LA R Rl 2k Ze %k

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

2574 33 000, P
53§ 3 XA ClagaHaz76Na100445S13. CurPAL

4 CurPAL ERMZERRFIIFHENOREERFT

Fig. 4 Nucleotide and deduced amino acid sequences of CurPAL

rh 576, BILUEE 4 728

-3 (E) 5 0.65%<5%, LHNE# (C) &
34.44%, o-BETERCHLIN G S A i )

it

() 67 LA 28 R RR AR S (Asp+Glu) $0k 38, 1E Hifif
TIERIRAE (Arg+Lys) 0k 31; {E41RL CurPAL
AN 20 FraBEmR T, R IT I e B, 1A
F 13%, EBRPT I LBIRAR. CurPAL &AM
ANREIRECA 29.55, BEWIHRECH 10049, R A
Guruprasad J7 5% ] CurPAL #1425 ; Grand
average of hydropathicity (GRAVY) {E 4—0.022,
JRBER I AR KM, TM-HMM P 45 5 8 R i% &
FAGRBE R, TR, S0 Tapmt,
H N SmAEH EEENAE SR, W] CurPAL 22—
ANFVETEEA
3.5 CurPAL EH T4 =4 MRy

izJ1l PORTER 7ELHATHEAT 430 PAL B
YA R TN (7, F Il &5 Rk, CurPAL
W YL, o-I8E (HD (5 65.91%>45%,

HhE B NI gh i o, T CurPAL J& T4 o R H .

iz 1l SWISS-MODEL fE& A #E4T CurPAL 1 H =
HegE R (& 8), T4 5ok E, AL
WIS PAL BRI &I T 227 [Petroselinum
crispum (Mill.) Hill] PAL & Er% E 1w27.1 ) A
HEARL, P PP 1) — 2k ik 31 78.57%, CurPAL

L RIS DU SR AR, et R A R, e A
S v AR B PAL KERZ IERAIT .
4 itig

FNRIRM M) AT S R A DA

B ERIER YA RACE AU A B RACHS
AR N e SACH 2 — 0 N, 2R e SN

A S B R PR B, AR e A iR A5 R T
R Z W, CEREN. KRR, HFE5. AP
R A AE AR PR A i R A AR
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consensus

AFC372
AAC33966. 1
NP_181241
AET41698. 1
AAN32867. 1
AEX32790. 1
AFG2632
ACG56648. 1
KJ780359
consensus

AFC372
AAC33966. 1
NP_181241
AET41698. 1
AAN32867. 1
AEX32790. 1
AFG2632
ACG56648. 1
KJ780359
consensus

AFC372
AAC33966. 1
NP_181241
AET41698. 1
AAN32867. 1
AEX32790. 1
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consensus
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AAC33966. 1
NP 181241
AET41698. 1
AAN32867. 1
AEX32790. 1
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KJ780359
consensus

AET 41698.1-"1[E2= NP_181241-#lm7F AAN32867.1-"kilinE  AEX32790.1-% %5
AFG2632- Tk ACG56648.1-/N 4
AET 41698.1-P. salicina

701

- - MDATNCHGSNKVESF CVS- - DPLNWGVAAETLKES HLDEVKRVMVAEYRKP VVRLGGETLTI SQVAAI AGREGDVGVELSETARAGVN
METTQETGNVLQSFCLKDPLNWENVAAE S LKGS HLEEVKRMVDEFRKPLI QLEGATLTI SQVAAI AR- DSDVVVELADS ARARVK
- - VEFAPKAQVVENGEAF CLKADP LNW KAAESLTGSHLDEVKRVVEEFRKPLVRLEGATLTI SQVAAVAAARSP VRVELSEEARDGVR

GTTS|
GR SC

W EKL \E
LLTMRP

EALT]
SGDLV NS KA F
yDl\PI\b ¢l S VGIYS
DLVPLSYI AG NKALE RV
DLVPLSYI AGH \ EAV

PLRGTT TS
PCLPLRGT)YI
PCLPLRGT
PCLPLRGTIT

/MYGKP GG
EVMYGKPEF TDHL THYL KHHP GQI E

TDHL THKL KHHP G
TDHL THKL KHgP

LIX \\NL:AI’FI’I [«
PIC

LAWNGAPLP

AFC372-HTAT 1A AAC33966.1-F
LA

NP_181241-4.

KJ780359-3%

thaliana ~ AAN32867.1-C. canephora. ~ AEX32790.1-V.vinifera ~ AFC372-C.

AAC33966.1-C. annuum AFG2632-C. osmophloeum ACG56648.1-M. acuminata KJ780359-C. longa

5 CurPAL 5EHEY PAL S £ 5512 = Xt

Fig. 5 Multiple alignments of amino acid sequence between CurPAL and PAL from other plants

chekiangoleosa
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6 CurPAL SEMIEY PAL SEBRFIIMRFH LS

Fig. 6 Phylogentic relationship of amino acid sequences
between CurPAL and PAL from other plants

MDNTRLATAATGKLMFAQFSELVNDFYNNGLPSNLSGGRNLSLDYGFKGAETAMAAYCSE
CCHHHHHHHHHHHHHHHHHHHHHCCCCCCCCCHHHCCCCCHCCCCCCHHHHHHHHHHHHA
PQFLGNPVTNHVQSAEQHNQDVNSLGLISARKTAEAVDILKIMSATYLVALCQAIDLRHL
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Fig. 7 Forecast for 2D structure of CurPAL protein
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Fig. 8 Forecast for 3D structure of CurPAL protein
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