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Abstract: In this study, based on the transcriptome data, a phenylalanine ammonia lyase gene was cloned and named P¢PAL using
Pinellia ternate as the experimental material. The analysis of sequence structure and systematic evolution revealed that the length
of the gene was 2289 bp, encoding 762 amino acids, and the termination codon was TAA. PtPAL was the similarity of 78% com-
pared with monocot Lilium regale PAL, with PAL-HAL, PLN02457, phe am lyase, Lyase aromatic, and HutH domains that
belonging to the Lyase I like superfamily. Phylogenetic tree analysis showed that PtPAL was closely related to the monocotyle-
don Lilium regale, Ananas comosusm, and Elaeis guineensis, and thus belonging to Moncotyledons. Real-time fluorescent qPCR
indicated that the relative expression level of PtPAL gene was the highest in leaves, followed by tubers and roots, and the lowest in
flowers. The functional expression analysis of PtPAL gene revealed that the PtPAL recombinant protein could efficiently catalyze
L-Phe to #~-CA, and the optimal pH and temperature of the reaction were 9.0°C and 70°C, respectively. Ku, Vinax> Kearr and Kea/ Ky
of PtPAL were 0.89 mmol L', 63.96 nKat mg’l, 6.56 57!, and 7.37x10° s™! M!. Further exploration of the effect of metal ions on
PtPAL enzyme activity showed that Ba>* could significantly enhance PtPAL enzyme activity, and Mn**, Co**, Cu**, and Zn*" in-
hibit the activity of PtPAL enzyme. This study lays the foundation for further research of the functional characteristics of PtPAL
and the metabolic pathways of amphetamine alkaloids in Pinellia ternata.

Keywords: Pinellia ternate; ephedrine; phenylalanine ammonia-lyase; gene cloning; expression analysis; enzyme kinetics analysis

(30500041)
This study was supported by the National Natural Science Foundation of China (30500041).
: (Corresponding author): , E-mail: wunb@swu.edu.cn
: E-mail: 992651097@qq.com
Received ( ): 2020-10-14; Accepted ( ): 2021-03-19; Published online ( ): 2021-04-01.

URL: https://kns.cnki.net/kems/detail/11.1809.S.20210401.1048.004.html



1942 47
(Pinellia ternate) RcPAL s
, , Phel26 His126 RcPAL
, 75%, TAL 22,
s L-Phe PAL PAL
[1]
R t-CA (1]
, (Dioscoreae rhizoma)!"*! PAL s
) PAL
[2-3] , PAL (13 (Cucurbita pepo)
PAL 4, PAL

L- (L-Phe),

(phenylalanine ammonia-lyase,

PAL) , L-
(L-Phe) - (--CA)
4 1961  Koukol
Conn 1966
PAL , >
PAL 1 PAL
PAL ,
(&7, PALDNA ,
2 1 ;
275~330 kD,
55~88 kD!, PAL PAL-HAL
PLN02457 phe am lyase Lyase aromatic
, PAL HutH ,  PAL
PAL-HAL PAL
L-Phe (--CA)
,L-phe  PAL
, PAL
L- (L-Tyr) Bl yy 1O
(liverwort Plagiochasma

appendiculatum) PAL , PaPAL
L-Phe t-CA ,
L-Tyr Ma

[15]

(methyl jasmonate, MelJA)
(abscisic acid, ABA) (salicylic acid, SA) ,

PAL [16-17] PAL

, RT-PCR
PtPAL ,

1 HESHEE

PtPAL

1.1
(P. ternate)
( =3 1)
> 3, 60 d
25°C, 80~220 umol m™2 s,
16 hW/8h( /
60d
, -80°C ,

1.2

Biospin RNA
Dnase 1 ; RNA
PCR Kit (AMYV) ver 3.0 Ex Taq

PrimeSTAR Max pMDI19-T Vector

TaKaRa ( ) ; DNA



10 : PtPAL

1943

Axygen ; TaKaRa RNA PCR Kit (AMV) 3.0 (RR0O19A)
Hiafair II 1st Strand cDNA Synthesis Super Mix for , RNA ,
gPCR Hieff TM qPCR SYBR Green 1 cDNA
Master Mix 1.4 PtPAL
; Invitrogen PCR ; BLASTP PtPAL
DNA , PAL
1.3 RNA cDNA , 1 unigene
> PtPAL Primer Premier 5.0
Biospin RNA PtPAL (D cDNA
(Cat#BSC65S1) RNA, , PCR PCR 1.0%
1.0% RNA R Thermo , pMD19-T vector ,
Nanodrop 2000C RNA DH5a , PCR
, RNA -80C ,
*1 AHRFAASY
Table 1 Primers used for this study
Primer function Primer name Primer sequence (5'-3")
PtPAL-F CACCTAAACCTTCTTCCGCAG
Gene cloning PtPAL-R GATCTTACTTGTTACTGGTTCCAAT
PCR PtPAL-qF CCAACATCCTGGCTCTGCTCTC
Fluorescence quantitative PCR PtPAL-qR GTCCTGCTTCGGCTTCGTCA
PtGAPDH-qF TCGTCTTGAGAAATCGGCGAC
PtGAPDH-qR GTCAAAGATGCTCGACCGCT
PtPAL-Hind 11I-F CGCAAGCTTTTATGGCGGCCAAGTCGAACGGTCT
Construction of prokaryotic expression vector PtPAL-Xho 1-R CGCCTCGAGTTACTGGTTCCAATAACCCCTT
1.5 PtPAL PCR (D, PtGAPDH
DNAMAN 8.0 , Bio-Rad 1Q5 PCR
, InterProScan 3 , p-AACt
ORF Finder PtPAL , SPSS 22.0
(open reading frame, ORF) ExPASy , GraphPad Prism 7.0
ProtParam PtPAL 1.7 PtPAL
SOPMA PtPAL
SWISS-MODEL pET32a(+)
NCBI BLASTP ) SnapGene , Hind Il Xho1
, DNAMAN 8.0 , 1
, MEGA 5.05  pET32a(+)-PtPAL BL21
(neighbor joining method, NJ) (boot- (DE3) , SDS-PAGE
strap 1000) ; Proteinlso Ni-NTA Resin
1.6 PCR (qRFPCR) ( )
RNA, PtPAL Ni ,
Hiafair II 1st Strand cDNA Synthesis Super Mix (Bradford ), Easy Protein Quantitative Kit
for qPCR cDNA, ( )
qPCR PtPAL



1944

47

1.8 PtPAL
pH 0.1 mol L™ 100
uL 0.01 mol L™" L-Phe ( 0.1 mol L™ ,
pH 9.0), 1 mL 0.1 mol L™ (pH
9.0) PtPAL pH ,
290 nm ;
pH , PtPAL
ODay9 3,
pH ,
pH PtPAL
L (pH 9.0) ,
L-Phe , 100 uL (10 pg) PtPAL
, ImL, 70C 37C
PtPAL

2 HERENHR
2.1 PtPAL

100%,
0.1 mol

5 min,

, BioEdit BLASTP
1
unigene , NCBI
, PtPAL
PtPAL ,
cDNA , R ,
2289 bp,
2.2 PtPAL
221 F¥E PPAL HEFI 54T
PtPAL ( 1) PtPAL
2289 bp, 762 , TAA,
83.44 kD, (ph) 6.42
222 F¥AE PIPAL RARAFF % Fikxth 2 4itde
w5 NCBI BLASTR PtPAL
, PtPAL
PAL ,
58%~78%

BLASTX

PAL PtPAL
( 2 , PtPAL
PAL , 78%; ,
PAL ,
75%:;
58% 66% 59% ,
PtPAL ,
PtPAL PAL-HAL PLNO02457 phe am lyase

Lyase aromatic =~ HutH ,

(Lyase I like Superfamily) , PtPA
(GTITASGDLVPLSYIAG, 209~
225 aa), Ala-Ser-Gly
(213~215 aa), 1
(7] , PtPAL
(Y124 FI151 LI152 N270 Q358 Y361 R364
F410 Q497), (181,
PtPAL
NCBI 17 PAL

, MEGA 5.05 Clustal W
, Neighbor-Joining ,

18 PAL 5 (3,
; PtPAL

PAL
223 ¥ E PPAL & G & #Hin
PtPAL
53.41% o-
turn) 8.53%

(random coil),

SOPMA
, PtPAL
(alpha helix) 6.43% B- (beta
(extended strand) 31.63%

PtPAL -

, SWISS-MODEL

PtPAL , PtPAL
PcPAL (PDB:1w27)!""!
, 4 70~713
, PtPAL  PcPAL
61.79% PtPAL “« 7 MIO

(MIO domain)

(inserted shielding domain) 3

(core domain)

( 4-A) , PAL 4
, PtPAL PcPAL 4
, 2
) ( 4-B) ,
PtPAL Ala-Ser-Gly (ASG)
, ASG
MIO PAL

PtPAL



10 : PtPAL 1945

1 ATGGCGGCCAAGTCGAACGGTCTCTTCCGCCCCGCCGACGCCTTCCGCCCGCCCACCCTCCCCCTCCCCAAGGATGGGTTAAACCCCATCTTCGTC
MAANKSNGLFRPADAFRPPTLPLPKDGLNPIFYV
97 GCCGGCAGCTCCTACATCCCCGACCCGCCGCACTGGAAGAAGGCCGCCGAGGCCCTCCAGTGCACCCACTTCGACGAGGTCCGGCGCATGATCTCC
AAGSSY T PDPPHWEKIEKAAEALQCTHFDEVRRMIS
193 CAGTACCAGTCCACCCAGGCCGTCGACCTCCAGGGCACCACCCTCACCGTCGCCCAGGTGGCCGCCGTCGCCCGCCGCTCCGACGTCTCCGTCCGE
QY QSTQAVDLQGTTLTVAQVAAVARRSDVSVR
289  CTCAACGAGCCGGTGGCCAGGGAACGCGTGACCCGGAGCGCCACCTGGGTCTCCGACAACATCGCCCGCGGCACCGACACCTACGGCGTCACCACC
LNEPVARERVTRSATW¥VSDNITARGTDTYGGGVTT
385 GGGTTCGGCGCGACCTCCCACCGGCGCACCAACAAGGTGACCGACCTCCAGACCGAGCTCATCCGCTTCCTCAACGCCGGCGTCATCGGCAAGGAG
GFGATSHRRTNKYTDLQTELTIRTFLNAGYIGKE
481  CACCTCCCCACCAGCTACTCCAAGGCGGCCATGCTGGTGCGCACCAACACCCTCATGCAGGGCTACTCCGGCATCCGCTGGGAGCTCCTGGAGGCC
HLPTSYSKAAMLVYVRTNTLMQGYSGIRWETLTLEA
577  GTCGCCAAGCTCATGAACCATAACATCATCCCCAAGCTCCCCCTGCGGGGCACCATCACCGCCTCCGGCGACCTCGTCCCGCTGTCCTACATCGCG
VAKLMNHBNT T PKLPLRGTITTASGDILVPLSYTA
673 GGACTGCTCACCGGGCGCCACAACGCCCGAGCCGTCACCCCCGCCGGGGAGGAGATCACCTCCTCGGAGGCGCTCAAGCGGATCGGCGTCAGCTGC
G LLTGRHNNARAVYVTPAGETETITSSEALZEKT RTIGVSC
769  CCCTTCGAGCTGCAGGCGAAGGAAGGCCTCGCGCTGGTCAACGGCACGGCGGTCGGGTCCGCCETCCCCGCCACCGTCTGCTACGACGCCAACATC
PFELQAKEGLALVNGTAVYGSAVAATVCYDANI
865  CTGGCTCTGCTCTCCGTGGTGCTGTCGGCGCTCTTCTGCGAGGCCATGCAGGGTAAGCCCGAGTTCGCGGACCCGCTCACACACGAGCTGAAGCAC
LALLSVYVVLSALFCEAMQGK®PEFADPLTHETLKH
961  CACCCGGGGCAGATCGAGTCGGCGGCGATCATGGAGTTCCTGCTCGACGGCAGCGACTACATGCGGGAGGCCAAGATCCGGAACGAGCGGGAGCCG
HPGQITIESAAITMEFLLDGSDYMREAKTITRNETRETP
1057  CTGACGAAGCCGAAGCAGGACAGGTACGCCCTGCGCACCTCGCCGCAGTGGCTGGGCCCGCAGCTGGAGGTCATCCGCATGGCCACCCACTCCATC
L. TKPKQDRYALRTSPQWLGPQLEVIRMATHS
1153 GAGCGCGAGATCAACTCGGTCAACGACAACCCCCTCATCGACGTCGCCCGCGACATCGCCCTCCACGGCGGCAACTTCCAGGGCACCCCCATCGGG
EREINSVNDNPLIDVARDTIALNGGNTEFRQGT®PITIG
1249  GTCTCCATGGACAACCTCCGCATCGCCCTCGCCGCCATCGGCAAGCTCGTGTTCGCCCAGTTCTCCGAGC

TGCGACTACTACAACAACGGG
vV SMDNLRTIALAATGKLVFAQFSETLVCDYYNNRGEG
1345 CTGCCCTCCAACCTGTGCGGCGGCGCCGACCCCAGCCTGGACTACGGGCTCAAGGGCGCCGAGATCGCCATGGCGGCCTACTGCTCGGAGCTCCAG
LPSNLCGGADPSLDYGLI KT GAETAMAAYTCSETLRQ
1441 TACCTGGCCAACCCGGTCACCACCCACGTGCAGAGCGCCGAGCAGCACAACCAGGACGTCAACTCCCTGGGGCTGATCTCGGCGAGGAAGAGCGCC
YL ANPVTTHVYQSAE QHNIQDVNSLSGLTSARTIEKSA
1537 GAGGCGGTGGAGATCCTGAGGCTGATGGCGGCGACCTTCATGGTGGGCCTCTGCCAGGCGATCGACCTGCGCCACCTGGAGGAGAACCTCCGGGAG
EAVYV ETLRLMAATFMYV GLCQATDILIRUHELETENTILRE
1633 GTGGTGAAGCACGCGGTGGTGCAGGCGGCGAGGAAGACGCTGTACACGGCGGAGGACGGGTCGATGCTGGAGTCGCGCTTCTGCGAGAAGGAGCTG
vV VKHAVVQAANRIKTLYTAEDGSMLESTI RTEFTCETZKETL
1729 CTGCAGGTGGTGGAGTGCCAGCCCGTGTTCTCCTACATCGACGACCCGGCCAACCCCTCCTACGCGCTGCTGCTGCAGCTCCGGGAGGTCCTCGTC
LQVVECQPVFSYTDDPANPSYALLILZ QLT REVLYV
1825 GAGAAGTCCCTGCAGCAGAGCGAGGAGGAAGGCGGCGCCGGCTACGCCGTGTTCAAGCGGATCCCCGTCTTCCAGGAGGAGCTGAAGAGGGCGCTG
EKSLQQSEEEGGAGYAVFKZRTITPVFQETETLTZ KT RATL
1921 GAGGAGGCGGTGCCGCGGGCGAGGGAGCGCTTCGAGAAGGGGGACTTCCTCGTCGGCCACCGCATCAGGAAGTGCCGCACCTACCCGCTCTACAAG
EEAVPRARERTEFEZKGDTFLVGHRTIRI KT CRTYPLYZK
2017 CTGGTGCGCTCCGAGGCCGGCGCCGGATTCCTGACCGGAGAGAAGAAGGTGAGCCCCGGGGAGTGCATCGAGAGAGTGGCGGACGCCGTCGCGGAG
L V. S EAGAGFLTGETZ KTI KVSPGET CTITETRVYADAVAE
2113 GGGAAGCTCGGGGAGGCCCTCACCGGTTGCCTTGCCATGTGGAGGGGATCGGCGGGGCCGTTCACGCCCAGGCCGGAGGTGTCGTCTCCGGCGCAC
G KLGEALTSGCLAMWRGSAGPFTPRPEVSSPAH
2209 AACAACCCGGCGTTCTGGAGCTGGTTCGACATCGTGAGGTCGCCCTCTGCTACCAGTGGAAGGGGTTATTGGAACCAGT AA
NNPAFWSW¥FDIVRSPSATSGRGYWNRQ *
B 1 ¥E PPAL EHE LK CDS ZERIEERFT

Fig.1 Full length CDS nucleotide sequence and amino acids sequence of PtPAL in Pinellia ternate
*

The coding sequence and the deduced amino acid sequence are shown in uppercase letters in bold. Termination code is denoted by the asterisk;
initiation code and termination code are denoted by underlines.
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LtPLA  ARRTSVSVALDEPTERARYDRYA 185
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PtPLA ARRSDVSVRLNEPVERERYTRHATIRIS DNI AR{GI TR RN LY RPSIMINKV T 181
EAIT ASGDLVPLSYI|AG SPNSKAVGPS[EETLTAS 262
EAVAKII ASGDLVPLSYI|AG SKVVTPE[EEI MAM 282
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ETIE ASGDLVPLSYI|AG SKVRTRI{ETENS G 280
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LrPLA V€ 1|PALLSVV E INREERLR 385
GbPLA V€ AVLSEVM DG SHMNEQRAKL 380
EaPLA NC VLLAEVI EGEISHNQARAKL 386
PaPLLA AC IAVEAEI S| D VK AR AKL 390
PtPLA NC€ I[BALLSVV D 381
AtPLA KM 462
VvPLA B 482
LrPLA B 485
GbPLA  BM| s RN 480
EaPLA B 486
PaPLA BS 490
PtPLA  BS 481

VDI S TTYLVANY TH LKKAJESS AVSQVAKRVETVGANGELHPSRETERDVLQVVD 562
RKY VEI SATYNVARWLY H VRE HLI TQVARKTLYTDEDGTLLESRFCEKELQQVVE 582
SEYHVEL VSTFVVRRY: Q LREVRMHAVVAAAEI TELSANAD. . . .. .. VLKELVQVVE 578
ﬁRI- LEI A H NQATIQVVAQVAKKTLS TGKNGELLPGRFCEKDLLQAVD 580
1 EI H NQAI YHVVKKVI KKSLYNVEGESLLPVAGAEKELLSIID 586
SAEQHNQDVNSLGL Sﬁm 1E MH NLAGUYQVVQQVAKKTLFADEAGVLLPSRFCEKDLLKVVD 590
AEQHNQDVNS LGLI{SE'RKSAE Al H LREVIISHAVVQAARKTLYTAEDGSNLESRFCEKELLQVVE 581
A
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VVPLA  NLPVESHIRDPTNPSNTELP DVINYERALKDPKST. ... .. DSAGYSI |3KRI PI|3QE ER{#I EEI SKARERFDNEeDFPI PNRI| K Tyl MG 676
LiPLA  RQPVYSNIBDPTNP AALNLOMEVVNERAVGGSEE. . .. ...... GLAARKKVP ARQTEMNE RISNKEV GRAIVE RFGREDF VV GS Rl K Ty VK 668
GbPLA  SQHVETHIBDPCSATHPLNQ QVINVEHAFKNTESEKDP. . .. .. NTSI|§NKI NLISEQEI®NS QRES EVDLTISANY DK[ENS AVANRI| HD{#2S YIS LW E 674
EaPLA  HQPVESHIpPNASNPIDRALNLQIRQI LYEQTFKVPADSEDES GANS QVPVLIZNAL PVIJEQAMNE ABDKET PKAIRES YDS[€DF AVPNRI N Ty LK 686
PaPLA DTPPE DATS KSHPLNT EVLEYNHAI EN. . SKLDD. ..... KCSV]§RRI SVREE TQREVTVPQI kS QYDS[eVTST AN K TFlgl fN 682
PtPLA  CQPVESNI[BDP ANPSWALLLQIBYEVIYEKS LQQSEEE. . . . . . GGAGYAVIIKRI PVI3QEERIRAJE E AV P RANE RFE KIEDF LV GHRY| RKM3 TY[SLIK 675
AtPLA  DELNTE ENVREIJYIEFDIYFLAL S. . D@ULI DPLL K L | T NP N TN P P 707
VvPLA  KEVETKUBsfes NKVERSaDI EXQYVEAL N. . DANLGDVLVKBIAFS e TS GPFTPRPS GLSSPAQFNPEYWGWFEKLRS PSS AS NGRVAVDQL. . . 766
LrPLA  EEVGTE EKKVERZY# FI ERYyYEEANGDS Gl GMNVLV (9B A; AAGPFTPRPE. VSSPAYKNPETWGWFDQARSPSSTS. GR. . ... .... 752
GbPLA  TQLGTKLIS[eTRATIIZ®a Y] EXYFDAI C. . EDWI 1 EPI 1 K{WD: TPGPE. . . ottt 724
EaPLA  SELGTN TAPREIZE2DI EKQYFNGI V. . EQULAI PLL E SAGPFTPRPV. PASPAAFNPAYMAWFDNI RSPAANA. GKGSVSSSAFG 777
PaPLA - SLGTKUIVETETRIZEID! QLI YEAL N. . EQEFASPLLSIMIDGIHEAPI PIDV. . ...\ttt ir e eeineeiennenns 733
P(PLA  SEAGAGFWTICEKKVEIIG3cCI ERIADAVA. . EQILGEALTGMIAMR(ES AGRETPRPE. VSSPAHNNEAFVSWEDI VRSPSATS. GRGYVNQ. . . . 762
2 FEEY) PAL SR B FYE E bt
Fig. 2 Multiple alignment of amino acid sequences of PAL in different plants
s Ala-Ser-Gly
s s AtPAL: (NP_187645.1); VvPAL: (RVW44079.1);
LrPAL: (ASV46344.1); GbPAL: (ABU49842.1); EaPAL: (AAW80639.1); PaPAL: (AIU99853.1)

The identical amino acids are shown in white with black background, the conserved amino acids are shown in black with red background. The
conserved active site motif (Ala-Ser-Gly) is indicated by filled triangles under the sequences, the other active site residues are indicated by
open triangle asterisk, the conserved active site motif is denoted by red box. AtPAL: Arabidopsis thaliana (NP_187645.1); VvPAL: Vitis
vinifera (RVW44079.1); LrPAL: Lilium regale (ASV46344.1); GbPAL: Ginkgo biloba (ABU49842.1); EaPAL: Equisetum arvense
(AAW80639.1); PaPAL: Plagiochasma appendiculatum (ATU99853.1).

2.3 PtPAL ( 35 , PtPAL
PCR (QRTPCR), , ,
PtGAPDH , PtPAL
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Fig.3 Phylogenetic tree analysis of PtPAL and PAL from other plants
Bootstrap ( 1000 ) PtPAL
The number of each interior Branch is the percentage of bootstraps value (1000 replicates). PtPAL is denoted by red dot.
A
MIO domain
N-terminal
Core domain JA d
C-terminal
Inserted shielding domain
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Fig. 4 Deduced protein structure of PtPAL
A: ; B: MIO: 3,5- -5- -4H- -4-
A: monomer; B: homotetramer. MIO: 3,5-dihydro-5-methylene-4H-imidazol-4-one.
07 2.4 PtPAL
a
25 pET32a(+) ,
3 . BL21 (DE3) PtPAL ,
] - .
Fi (MW) 102.3 kD His
- PtPAL BL21-pET32a(+)-PtPAL
= L
3
o , SDS-PAGE , 6-A
Z 10l
210 1h ,PtPAL 102kD
o
0.5 > )
. , PPAL
0- .
Root Tuber Leaf Flower Ni-NTA >
g . PBS , )
B 5 FRBLRAPFEE PPAL BEARESH
Fig. 5 Relative expression levels of PtPAL in different tissues SDS-PAGE , PtPAL 150
) ) 0.05 o ‘ mm 01 Lfl ,
Values with different lowercase letters show significant difference
among different tissues at the 0.05 probability level. PtPAL 102.3kD (  6-B)
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Fig. 6 Time gradient induced of the recombinant PtPAL and its purified His-tagged PtPAL
M marker A: PtPAL ; B: His PtPAL
M: protein molecular weight standards. A: time gradient induced of reconstructive PtPAL; B: the purified His-tagged PtPAL.
2.5 PtPAL PtPAL PtPAL
251 F¥FAPPALEMFZRGIRER PAL pH  7.4~9.8 ,
L-Phe (t-CA) pH 9 , pH (
LC-MS PtPAL 8-A) 30~70C , PtPAL
(G , ; 70°C , PtPAL
, 22.638 min; ; PtPAL 90C
, 22.630 min, ( 8-B)
: i pH 9.0 70°C 37°C ,
, PtPA PtPAL L-Phe R
L-Phe t-CA PtPAL ( 9,
252 ¥ A PIPAL £4% AR B K E KA PAL
B Zh 1 5 AT PtPAL ( 2 , 70C
, pH PtPAL K,, 0.89 mmol L', Vyox  63.96 nKat mg ™',
2.604 [e)
2.40 N
2201 OH
2.004 ,<_PtPAL
1801 frans-cinnamic acid
1.60
2 1401
1.204
1.004 trans-cinnamic acid
0.804
0.801
0.404
0.201 Control
0 ¢

0 200 400 600 800 10.00 12.00 1400 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00
Retention time (min)

E7 PtPAL EAEZANRELTE
Fig. 7 Functional identification of the recombinant PtPAL

The blue, red, and black peak maps are trans-cinnamic acid standard, reaction, and control reaction sample, respectively.
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Fig. 8 Optimum pH and temperature of PtPAL for the reaction
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A: the activity of PtPAL under changing pH levels; B: the activity of PtPAL across a range of temperatures. Bars indicate the standard errors

of the means (n = 3).
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Table 2 Comparison of PAL Kinetic properties from different plants

Enzyme Tempoerature En O Vs n Kf?t Iim/Kj References
(C) (mmol L") (nkat mg™) (s7) (s M)
PtPAL 70 0.89 63.96 6.56 7.37x10° This study
37 0.80 37.67 3.75 4.69x10°
EsPALI 37 0.144 7.45x107 0.588 3.87x10° Taketo et al. (2008) 2"
EsPAL2 37 0.152 5.77x107° 0.457 3.18%10°
BoPALI1 50 1.01 — 10.11 1.0 x10* Hsieh et al. (2011) 2!
BoPAL2 50 0.33 — 16.04 4.86x10"
CdPAL 55 0.101 — 3.36 3.32x10° Hu et al. (2011)
RgPAL 50 1.3 — 25x10° 19.20 Zhu et al. (2013) %
RcPAL 45 7.90 — 52.31 6.62 x10° Ma et al. (2013) 14!
Es: ; Bo: ; Cd: ; Rg: ; Re:

Es, Sv, Rg, Cd, and Rc are Ephedra sinica, Bambusa oldhamii, Rhodotorula glutinis IN-1, Cistanche deserticola, and Rhus chinensis, respectively.
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Fig. 9 Michaelis-Menten curves for the velocity of PtPAL
(n=3)

Bars indicate the standard errors of the means (n = 3).
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