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THE: UMATH (Lepidium apetalum) JAPRL, @I W47 S5 LA HR, WilreRrEg1 Y, w7 AT
SERFERR -4-F2 LB (cinnamate-4-hydroxylase, C4H) FEK A cDNA 75, % N LaC4H, GenBank #3%'5 N
KX064050, 34T AM1E B30, REERE. ditk, HEUERES MBS RESW . SEREW: © LaC4H
BRI TS REAE (ORF) & 1518 bp, #wiidh 505 NMAEEMR, HEAMASFHERN 57.73kD. @ AWE %4 R
LaC4H % A E M B P450 MIRTIIT A 5 MFEMRME G0 A, A EE P450 BEFER L, Rait
A ER LaC4H EASHE A E+FHEEY C4H EARBEERES. @ @i B FEEEEHE
pET-32a-LaC4H 76 KAT# BL21 (DE3) Witk Ih®ik LaC4H EAE A, FIF NiT SR OREE 5 T 460
LaC4H EHEH. @ W ER PCR 45 REMW LaC4H FENAEE P RERRR, WP R, WPREERK.
ZIRFIL FHlE (methyl jasmonate, MeJA) %5 /5, M LaC4H RIEEWE LH, FF )5 48 h iIBB & E1E, rHH
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Abstract: Lepidium apetalum was used as an experimental material in this study. By analyzing the tran-
scriptome data of L. apetalum and application of the specific primers, cDNA of cinnamate-4-hydroxylase (C4H)
gene was isolated from L. apetalum and named as LaC4H (GenBank accession No. KX064050). Meanwhile,
the bioinformatic analysis, prokaryotic expression, purification, tissue-specific expression analysis and expres-
sion analysis after methyl jasmonate (MeJA) treatment were carried out. The results indicated that: @O The
open reading frame (ORF) of LaC4H was 1518 bp, which encoded a protein of 505 amino acid residues, with a
predicted molecular mass of 57.73 kD. (@ Bioinformatic analysis showed that LaC4H protein contained the
conserved sequences of cytochrome P450 (CYP450) and 5 substrate recognition sites (SRSs) of CYP73Al,
therefore LaC4H protein was a member of CYP450 superfamily. The phylogenetic analysis indicated that
LaC4H protein showed the highest homology with C4H protein from cruciferous plants (such as AtC4H from
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Arabidopsis thaliana). (@ Through the construction of the prokaryotic expression vector pET-32a-LaC4H, the

recombinant LaC4H protein was successfully expressed in E. coli BL21 (DE3) cells and the recombinant LaC4H

protein was purified by Ni*" affinity chromatography. @ Real-time PCR analysis indicated that LaC4H was

expressed in a high transcript level in stems, lower levels in leaves and flowers, the lowest level in roots.  After

MelJA treatment, the expression level of LaC4H in leaves was increased significantly to reach the highest level at

48 h. Furthermore, the expression levels of LaC4H were positively correlated with the flavonoids contents in

leaves. The results of this study provide the fundamental information on LaC4H gene in the flavonoids biosyn-

thesis pathway of L. apetalum.
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Figure 1 The general phenylpropanoid pathway *!
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repeat binding factor) 3 [HPO%% AT 3 VA AU



B IREE MUTIE C4H B e b 5 Rk A - 823 -

WA OB AR HR DR TR 1) T AR /D, Ma %5
SORE T OMAT S T A S W A & US4 I S S
P F LB 4 )L B FE WE IR & HUBE  (geranylgeranyl
pyrophosphate synthase, GGPS) %[, % LaGGPS
SENBEAT T AEMME B AR RIL . HEl, C4H
R C IR TS5 2 Mo ) b e B, T AT S
C4H BRI A WARIE, LaC4H HE N (1) 3Rk & 5 MAT 3
T B (A S VE AT R F 9 o AR ST AT S o
Ve T2 5EERENEMEY G R C4H FEHR
cDNA JF7 41, fir% N LaC4H, AT T EWME B 55047,
JRIZ AL . A RN ZVRR I A AT, 383 AT T AT SRAE
K B2 F BE  (methyl jasmonate, MeJA) i F T
LaC4H WIFRIEAKN5 ST & BAR -5 B S,
KR — BT LaC4H FERAEMAT SR BT 54
V& T T RESE 1 AR

MR5RE*E

M MATSR TR B R R AR L B AR IX,
HH VR R R 24 K 2 B B R 2 5 T AR R AT
KB R MAT S T8 A A7, KR AEN TR
EFE R 9%, BEFR 2618 16 h/23 CHLIR, 8 h/20 CE
M. AT RREFR 45 REFMATSRITAEG, REMAT
SRR 25, mRANAE, WEGEVR, ORAF T80 CUKAH,
HTHBRE RS . Bk FR 30 KJE, Wil
MeJA %55, MeJA TAEHSE N 50 pmol-L™', 43T
SJE 4. 120 24, 48 1 72 h BUMATSEM F, BES R
R 5 RAET—80°C, T HSERIENT.

R A RNA FEIGAFI & kLN
& DNA 74k & i DNA [Hk
WA B AR KRR A A o RFEFRAE K
FFRE A A0 B Ak A &P A F] . DNA Tag
Fig. FR#IPERZEZ A VIEE. pMDI9-T Vector. T4 DNA
ligase I H TaKaRa A#]. 5IY)A A FF 5 AL
BT S AE A B e R R IA K pET-32a H
ARSI ARAT, FAh AR B o b 4k

RNA f2BlK ¢cDNA WI&RL (HHEYE RNA
FERURF SR BOMATSEMR . 25, M. JEME RNA, LL
K MeJA 753 )5 A [FII) [A] R AT 320 7 B RNA,
F 1% Bt H o e I L ik A I RNA FR SE 8P . (8 I
SRR &, DM R MAT S S H AU S RNA N
BR, oligo (dT)y AT, [IEA Bifs BIMAT R % H
2] cDNA Fl MeJ A 175 5 Ji5 /S [R] IR 1] s 8047 S 1
cDNA.

LaC4H EF7FE 870 Hr S = w5 1)

AT S8 e A K b C4H R 541045 B, Primer 5
Wit —X LaC4H BN s 7% 51¥): LaC4H-F (5-TT
CTGCTTGTTATTCATTCGG-3") Al LaC4H-R (5'-AG
TCATTTACTTTCTTGGCTT-3"), LA S % 5% 15 31 (1) -
F cDNA JMHE#R, #E4T PCR 71, PCR F2/5 M: 95°C
2 min; 95°C 10s, 54.9°C 155, 72°C 1 min 42 s, 35 4>
fE¥F; 72 ‘CHE{H 8 min. PCR F#¥I4E 1% B AR A e
HLPK ARSI S, DD R RIS T8 R/ — B At did
T-A ToEk HOER R pMDI9-T #ik L, i KTt
DH50 254008, HEIMRATE LB PR (F&F
HRR) b, 37 CHRIERFE 12 h, Z£HE% PCR &G
Bk 32 BH 1 e B 3R AT DU Y

LaC4H EFEMEMERZNH KT AEEIM
LaC4H BRI B 545 B34 8] NCBI Mk, @it
blastp 58 H AR TUREIE AT P A HLXT, SR 58
it NCBI ORF Finder &4 IF M EHE (open reading
frame, ORF). ffi F{ ExPASy #& L[] ProtParam tool T
Wl LaC4H & AR # AL, {8 InterPro Scan Filill
PR 57 2 /48, PredictProtein TN AR A R ) — 2% 4544,
SWISS-MODEL #1478 [ i i) = 4 [=] A, 16
SignalP 4.0 Server 178 i3 5 K7, TargetP 1.1
Server AT & H W AN D 2 AL TGN, 83T TMHMM Server
v.2.0 TR H S REIX . {EH DNAMAN #A4xf A [H]
fHY) C4H | AR IR T 5 AT 2 17 51 x4 b,
i MEGAS B AHARZE % (neighbor-joining) 4
R G, bootstrap K536 ) E & XA 1000 K.

pET-32a-LaC4H FERFRBHAFHE Bk
LaC4H JEH W Fp 45 ARG B4 1, %
h—X LaC4H BN JFEAZRIE 51 Y): LaC4H-Exp-F
(5'-CGGAATTCATGGACCTTCTCTTGTT-3', KXk
#5924 EcoR 1 V)L 55), LaC4H-Exp-R (5'-CCGCTCG
AGTTAAACGGCTCTTGGTT-3', FRIZ#5 N Xho 1
B U147 23, LA IR i) pMD19-T-LaC4H Jit Fi A4
#, F PrimeSTAR HS Taq §# LaC4H 3:[H¥) ORF
7%, PCR #2FHN: 95°C 2 min; 95°C 105, 60 °C 15 s,
72°C 1 min 36's, 30 ME¥L; 72 C4EAH 8 min. PCR 7=
M2 1% BRBERE IR kR 5, H DNA 7=#4ify
WA R sl H 2R, 285 H EcoR 1 F1 Xho 1
4 S R F A B4R pET-32a I PCR 4lifk =it 47
WUEEY, SR BORTE R BE, H T4 DNA
ligase W4 XU V) J IR v BoA B 2 DR BUAE 16 °C
W RGERE, R RER AL R AT BL21 (DE3)
BN, ¥WERAE LB TR (FEATFTHER)
F, 37 CHEIEREFE 12 h, PR o RERR SRR, H
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EcoR 1 Hll Xho 1 %15 3| B FRLEAT XA V) %02, BV
U IEH I e Bk 8 mIN T

LaC4H EHEAMFSRESHAHL HillFiE
W BT (& pET-32a-LaC4H i ki) #%Fh T LB W
WEi A (BENEER) b, 37 CRiREHE, B
2 RIGHR 10100 LLflFh B SR E®HRN LB |
¥EFIE G 7F 37°C. 220 rmin ' Z&4F N B FE T 05
AR (ODgoo 22 0.6~0.8), I IPTG i A HK )y
0.4 mmol-L™', #RJF4kLEAE 28°C 150 r'min ' Z4FF
R:9% 8 h, 34T LaC4H EARAMEIL, FF
SERUE, F SDS-PAGE (5% M4 AT 12% 4 B 1) A
M EHE A RIE.

G LaC4H HEA R AMIE S KM, KERFEX
AT B BL21 (DE3) Btk (% pET-32a-LaC4H Jiiki),
FEREMIGTE 4°C. 8000xg 41F T B0 5 min UL HE
WA, 4 PBS ZEiiRVER G, TE UK i R R K
AT A, KA B R E 4°C L 10000 x g 2644
T EL 10 min, A3 WA BIERATTE, K UTTE HE
T 8mol L' JREMI A& 25 (20 mmol-L™" Tris-
HCI. 5 mmol-L™" KM, 0.5 mol-L™' NaCl. 8 mol-L™"
PRE) Hh, AR TR, 10 000 x g 2611 T ES.O
20 min, & EIBEW, £ 045 pm MBS NEE, FH
Ni*" SE A, i ] Ni-Agarose His 252K (1 46k
A&tk LaC4H AT H, HAFBKMIKE (50,
100, 200. 300 #1500 mmol-L™") ¥EMt HHIEH, &
SDS-PAGE il 5 7 7€ #5¢ £ WK M 3o i v 12, Wig B £
— 2 H R GRS, i@ RGE e, 334t
) LaC4H HEAHE M.

LaC4H HLFFHRMRIE FESREFHMMIT
XMAERREEENE MITEHLN cDNA Al
MelJA 55 5 AN RIS (] SAT S ) cDNA, #
10 {5545 N7 o€ B PCR (Real-time PCR) 2 M ARAR,
LL EF-1a ZENP> PV ]S40 LaC4H LN TEMATSE
HHARFRIEE (EFRSIY: 5-CAAGAGGCCATCA
GACAAGC-3'; &I54): 5-TACCTGTCTCAACAC
GTCCC-3"), LaC4H X RT-PCR IE[ 514 (5'-GA
AGCTGTCCCGGGATCATA-3"). K 51% (5-AGC
TCGAAGTTCTGGACCAA-3"), HAFEMES 3 X,
RT-PCR < JMfA % A: 10 pL 2 x QuantiNova SYBR
Green PCR Master Mix (QIAGEN). IE < [7] 51 %1% 0.4
uL. cDNA 4% 2 pL. Jil ddH,O % 20 pL, MFE
FoN: 95 CHiASTE 3 min, 95 ‘CAS1E 10 s, 56 ‘CiBk
20 s, 72 ‘CHEAH 30 s, 35 MEFS, HRAE KA it 2k A
RT-PCR P#¥IHE S 1k, HIXT s B MR 2724 Ty

RPN SeaG B F Gt M SPSS 16.0 HEAT B A
K ENM, T LaC4H FE R A ZURE 2 ik i DS
173 CtEIPFIEEN 1, 78T LaC4H 2K
SRIARTLL O h 7 CeE PN 1.

Z 8 Zheng 5Tk, RSNy e B i
E MelJA 755 J5 48 h F1 72 h AT S F B B il &5 &
DL T A v b 222 ol b o il 28 96 T S RDA O R,
ERES TR RS R (mg-g' DW), BAMEMELE 3
W, SLEGEAE T SPSS 16.0 AT LR &R 7 Z 0.

FZERE52H
1 LaC4H EFEMTE

T8 A3 AT AR SIEIG B T AR AT R SR AT SR e s L
W, R — RN R R -4-F2LE (C4H) HIFE 3%
A, KJEH 1639 bp, FIF NCBI ORF Finder 43 #7 &
NHAE AR ORF, MRIEZIER 7515 &,
Wit —X R RS9, DAIATSEM 7 cDNA AR,
#E4T PCR 73, PCR F=#1%1°4 1600 bp, 5 TiHA K/
A, KA RWE 2 fios. ¥ PCR FHEHE:F|
pMD19-T #fk b, W7 53R IAT S LaC4H HE A 1)
cDNA J£%1, K/NA 1639 bp, & LaC4H R 56 %
i) ORF F£%1, K/NJA 1518 bp, H7F 90~1607 bp X
B, 9t 505 NEIERR, LaC4H #: K cDNA )7 51115
SO A # NCBI Genbank, &% 54 KX064050,
LaC4H %K ¢cDNA A% H R 7 41 oot B 28 5L 18 471
w3 frw

2000 bp—,

1000 bp —,.
750 bp—
500 bp—=
250 bp—
100 bp—

Figure 2 PCR amplification of LaC4H gene. M: DL2000
DNA marker; 1: PCR product of LaC4H gene

2 LaC4H ERREEANENEERZST

21 BEUMBES#H  H ExPASy Proteomics
Server HIEZR4K 1+ ProtParam tool Tl LaC4H KA
5F e 57.73 kD, SH AR 9.04, 73 TN
Cae2oHa150N7140721S16, 1 T HEARF I5R L (Asp+Glu): 61,
i IE LA IR 7R S (Arg+Lys): 68, AEaE RECH 43.13,
HZEHE T A REEA
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1 ctgettgttattecattegyegACGAGAATTTCTCACCGGACTATAATCAATCTCACTGTGAATTACTARATTCGAGAG
79 CGAACAGTTATGGACCTTCTCTTGT TGGAGAAGTCTCTAATTGCCGTCTTCGCGGCGGTGGTTCTCGLTACGGTGATT

M DL L L L EK S L I A VvV F A AUV VL ATV I 23
157 TCCAAGCTCCGCGGCAAAAARACTGAAGCTACCTCCTGGTCCTATGCCGATTCCTATCTTCGGAAATTGGCTACAAGTC

5§ KL R G K KL KL P P G PMUPTIUPIFGNWILQV 49
235 GGAGATGATCTTAARCCACCGTAATCTCGTCGATTACGCTAAAARATTTGGTGACCTCTTCCTTCTCAGGATGGGTCAA

G DD L NHRWMNILVWVIDYAI KU K FGDULVFULTLUZERMGQ 75
313 AGAAACCTAGTGGTTGTCTCTTCACCGGATCTGACTAAGGAAGTACTCCACACACAGGGTGTTGAGTTTGGATCGAGA

R N L vV Vs SsS PDILTI KEUVILHTOGQGVEFG § R 101
391 ACCAGARACGTTGTGTTCGATATCTTCACTGGGARAGGACAAGATATGCTGTTCACAGTTTACGGTGAGCACTGGAGG

T R N VVFDIFTGI KTGOQUDMV VFTUWVY G EH W R 127
469 AAGATGCGAAGGATTATGACGGTTCCGT TCTTCACCAACAAGGTTGTGCARAGGAATCGTGAAGGATGGGAATTTGAA

K M R R I M TV P FFTWMNI KV V QRNUZRUESGWE F E 153
547 GCTGCGAGTGTTGT TGAAGATGTGAAGAAGAATCCAGATTCTGCAACTAARGGAATTGTGT TGAGGAAGCGTTTGCAA

A A S VVEUDVEKIEKNUZPDSATIEKGTI VLRI KUZRILQ 179
625 TTGATGATGTACARCAATATGTTCCGTATTATGTTTGATAGAAGGT TCGATAGCGAGGATGATCCCCTTTTCGTTAGA

L MM ¥ NN MFRIMUFDURZRYFDSEUDDZPLF V R 205
703 CTCAAGGCTTTGARCGGAGARAGAAGTCGATTGGCTCAGAGCTTTGAGTACAACTATGGCGATTTCATTCCTATCCTT

L KA LNGEUZ RSRILAZ®Q® S F E Y N Y G D F I P I L 231
781 AGACCATTCCTTAGAGGCTATTTGAAGATTTGCCAAGATGTGAAGGATCGAAGAATCGCACTCTTCAAARAGTACTTT

R P F L R G Y L K I CO®QDV KU DI RIERTIAILTFIEKIEK Y F 257
859 GTTGACGAGAGGAAGCAAATTGCGAGTACTAAGCCTGCAGGAAGTGACGGATTGAAATGCGCCATCGATCACATTCTT

vV D ER K QI AS T KUPAMSG S D G L K OCATI DH I L 283
937 GAAGCTCAGGATARGGGTGAAATCAACGAAGATAACGTCCTGTACATTGTCGAGAACATCAACGTCGCTGCTATTGAG

E A Q DK G E I NEWIDW NV LY I VENTNWVAMA ATI E 309
1015 ACAACATTGTGGTCAATCGAGT GGGGAATTGCAGAGCTAGTGAACCATCCTGAAATCCAGAATARGC TAAGGAACGAN

T T L W § I E W G I A E L V N H P E I ¢ N K L R N E 335
1093 ATCGACACAGTTCTTGGACCAGGAGTGCAAGTCACAGAGCCTGTGCTTCACAAACTTCCATACCTCCAAGCCGTGATC

I bpbTVvV<>LGPGWVQWVTEUZPVWVILUHIE KTLZPZYUL QA V I 361
1171 AAGGARARCACTTCGCCTAAGAATGGCTATCCCACTTCTCGTGCCCCACATGARCCTCCACGACGCTAAGCTCTCTGGC

K ETLERILUERMATIUPIL LV P HMUNILMHTUDAI KL 5§ G 387
1249 TACGACATCCCAGCAGAAAGCAAAATCCTTGTCAATGCCTGGTGGCTAGCAAACAACCCTGACAGCTGGAAGAACCCT

¥ bpb 1 P A E S K I L VN A WW L A NNUPUD S WK N P 413
1327 GAAGAGTTTAGACCCGAGAGGTTCTTCGAAGAAGAAGCACATGTGGAAGCAARCGGTAATGACTTCAGGTATGTGCCA
E EF RPEURVFFEEZEA AHVEA AWNTGI NUDT FRY V P 439

1405 TTTGGTGTTGGGCGTAGAAGCTGTCCCGGGATCATATTGGCATTGCCCATTTTGGGAATCACCATTGGTAGGTTGGTC

F 6V GRRS CUPGI I LALUPTIULGTITTI G R L V 464
1483 CAGAACTTCGAGCTTCTTCCTCCTCCAGGACAGTCTAAACTCGATACTACTGAGAAAGGTGGACAAT TCAGT TTACAC

Q NF ELLPVPPGQ S KULUDTTEI KTGGUQQZF S L H 491
1561 ATCCTTARACACTCGACGATTGTTATGAAACCAAGAGCCGTTTAATTTTTCTTCATaagocaagaaagtaaatgact

I L. K H &8 T I vV M K P R & VvV * 505

o

Figure 3 Nucleotide sequence and amino acid sequence of LaC4H gene cDNA. The marker represents termination codon, the left
number indicates nucleotide position, the right number indicates amino acid position, the bold italic lowercase letters represent cloning
primer sequences of LaC4H gene

22 RTFLEWIAM  fFH InterProScan il Wl 1) NI 4H M (5 2 P450 2A6 (human cytochrome P450
LaC4H & H IR O MR P450 451438 2A6) (PDB ID: 3EBS) NHEHR, J741—FH N 25.22%,
(cytochrome P450) (IPR001128), It4h LaC4H & Hik FEEE 30~503 f 2 FERR s, AT 35 % 90%, A
A 1AMRSEALR, AT ZIREE C o 4e i s 3 P450 T 45 3R, LaC4H & A AT 68 DL A (1 7% XUk #5476 F
TRAFALAT (440~449 FIZBEFRTREE, TPRO17972), ¥ (K 4).

B LaC4H & 1 J& T 4 fiu 4 35 P450 8 KR i 51

23 ESK.THAmEMKEEREXTM {4 H SignalP
T LaC4H & A SR Z 0.296, 75 20
RN 21 A7 2 B2 lR 2 IRl T &L R 22 0.303, (H2 Rik
B RAE o F) I AE 2854 TargetP T LaC4H £ (A i E
Y E R, 45 BEW LaC4H A8 T4 Whigss, ol
A E AL T BT, [RS4SR 7R LaC4H &
N A5 20 AN FR 4L ) — BEF K P o1 e 45
F, AT DK LA e R RN . R TMHMM Tl
M LaC4H EHRIFEMIRLIX, 450K LaC4H EH/E N
AUy 1~20 7 28 F2BR2H B — 5 X o

24 ZREMF=HLEHTTN  F PredictProtein X
LaC4H £ M R a5 M7 W, 45 R BonEixE 2.5 ZFEFILEIT M K LaC4H & A LR 7 41
I -2 R TG R 25 il L S B EE M e, 1B $E2Z NCBI W38 blastp FLXF nr 35704 5 (1 5085
17 50.50%, JCHLAE b 41.19%, g-9T8 4 8.32%. J#, blastp ELXT4E B8 LaC4H & A5 HARE Y
F SWISS-MODEL il LaC4H £& [ /) =445 #y, LL C4H EHA ) ZMIRENE, SEIT (Adrabidopsis

Figure 4 Prediction of three-dimensional structure of LaC4H
protein
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thaliana, AtC4H, AAC99993.1).JiZ% (Brassica napus,
BnC4H, XP_013748807.1) fH%. (Nicotiana tabacum,
NtC4H, ABC69413.1) - % (Salvia miltiorrhiza,
SmC4H, AJD25173.1). H%ZE (Solanum tuberosum,
StC4H, ABC69046.1) EMH (Gossypium arboreum,
GaC4H, AAGI10196.1) Z5HEY) C4H & &R T4
[ — B3 518 96%- 95%- 88%- 88%- 87%- 87%.
BMATHR LaC4H HHHX 6 Y C4H &AM
RIERFHHATZ F I, SR 5, nTLLEH
LaC4H E 5 HAEY K C4H FE A —FE, B P450
{#5FF %, W PFGVGRRSCPG (M40 & 45 &4, &FH

{R5F 1) FxxGxRxCxG J¥%1) 1 PPGPMPIP [ & 7% fifi &
B2 (4R 57 X, (P/T) PGPx (G/P) xP [%%1], [ LaC4H
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Figure 5 Multiple sequence alignment of LaC4H and C4H from other plant species.

The P450 conserved sequences are boxed in

black and the underlined regions represent the 5 SRSs; At: Arabidopsis thaliana; Bn: Brassica napus; Ga: Gossypium arboreum; Nt:

Nicotiana tabacum; Sm: Salvia miltiorrhiza; St: Solanum tuberosum



B IREE MUTIE C4H B e b 5 Rk A - 827 ¢

{ Arabidopsis thaliana (AAC99993.1)
100 Brassica napus (XP_013748807.1)
—: Salvia miltiorrhiza (AJD25173.1)

63 Scoparia dulcis (AGX85600.1) I

Gossypium arboreum (AAGT0197.1)
E Nicotiana tabacum (ABC69413.1)
100 Selanum tuberosum (ABC69046.1)

A LaC4H

Vitis vinifera (XP_002266238.1)

Hordeum lgar (AHJ61295. 1)
Triticum aestivum (AAG 17469.1)

a

o Oryza sativa (BAF45113.1) 1T
E Zea mays (NP_001149158.1)
9 Sorghum bicolor (AAK 54447 1)
99 Pinus pinaster (AFL65041.1)
4951—: Pinus taeda (AAD23378.1)
100 Picea sitchensis (ACN40359.1)

Ginkgo biloba (AAWT0021.1)

9 Physcomi patens (ADF28535.1) ]IV
%9 { Selaginella moellendorffii (XP_002977018.1) v
72 Dryopteris fragrans (AHI17493.2)

Figure 6 Phylogenetic tree analysis of LaC4H protein with other plant C4H proteins.

I : Dicots; II: Monocots; III: Gymnosperms;

IV: Mosses; V: Ferns. The accession numbers are showed after the name of species, bootstrap values of the nodes represent the

percentage drawn from the bootstrap test

—% b, RGRARRIE, RFE5FHS. Wk,
B, LR, HESHEDN C4H BAN—K, R
THEDAFHEY) (B 61);, KR, XK. NFEH
FRERARRHEIN CAH BoN—2K, #RAM T
FEFrEY (B 6ll); WAy JLERZ. MM
KBRS CAH R N —2K, B TR Y (Bl 6lll); 7
7T AN 6% R R L VTR AR TE AR L IO R A,
X3 MAEYIE) C4H TEN—3K, srlE T & EEE YR
B (E6IVATV).
3 LaC4H [FRFRIEHFRIME

H EcoR 1 Ml Xho 1 43 5% R 1% 188044 pET-32a
AU BV A5 PCR 4hifb =it 47 W), FIH
HZH DNA £iR, 185 i% K15 #4E pET-32a-LaC4H,
SRJG AL K AT BL21 (DE3) B2 440, Pkt
FEL T PCR %€ 5, #RIUIKIH EcoR 1 H1 Xho 1
BEAT UG Y) 4558, 2R WE 7, ks RERAH 6000
bp A7 IR S AT 1500 bp 2247 B A 3E R 4635
W XUBR V) 45 7 E A ) B e BRI A E Y, 45 R
BN E AR pET-32a-LaC4H 1 LaC4H W17 55 H
(BN LaC4H ) ORF 741 — L, KRR AW RAL
FENFIER R RAS, Ui B J5iA% R IA#AK pET-32a-LaC4H
B
4 LaC4H EHZERAMEZTIESHEK

B P IERA Y pET-32a-LaC4H JFUki 4L K i dT
W BL21 (DE3) J&, KM i K 2 ODggo N 0.6~

M 1

10000 bp
7000 bp
4000 bp

2000 bp
1000 bp

500 bp
250 bp

Figure 7 Identification of prokaryotic expression vector pET-
32a-LaC4H with double digestion. M: DL10000 DNA marker;
1: Double digestion results by EcoR I and Xho 1

0.8 Iff, #£28°C. 0.4 mmol-L ' IPTG. 150 r'min ' %%
PERESIETR 8 h, X5 TG MR A B
1T SDS-PAGE 73 #7. & pET-32a-LaC4H Jfi ki [ ik
WL IPTG S5, £4) 75 kD AHHBEMEA
it (B 8A), KA LaC4H & A EHHT A R IART,
H N-Kuifh & 7 pET-32a #AAMFRZE 751 (Trx-Tags
His-Tag fl S-Tag), 7+ TR EN A 77.73 kD. 5
il B B AR JE B 7 T RN T AT B TV MR AR
5K LaC4H EAHHE A F UMK TE AL T
JUET (B 8A). & pET-32a FHAKME KL IPTG
FESJE, KA 75 kD AHBLA, MAE 20 kD A
W25, BN pET-32a AR KIFRZET I (Trx-Tag.
His-Tag fll S-Tag) 7£ IPTG i S th & Rik@ & E A,
K/NZ1H 20 kD (K 8B). 45 R FE W, LaC4H & H L
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Figure 8 SDS-PAGE analysis of recombinant LaC4H protein.
A: The solubility analysis of recombinant LaC4H protein (M:
Protein marker; 1: Uninduced E. coli containing pET-32a-LaC4H;
2: Induced E. coli containing pET-32a-LaC4H; 3: Soluble protein
from induced E. coli containing pET-32a-LaC4H; 4: Insoluble
fraction from induced E. coli containing pET-32a-LaC4H. The
arrows show the recombinant LaC4H proteins). B: Prokaryotic
expression and purification of recombinant LaC4H protein
(M: Protein marker; 1: Uninduced E. coli containing pET-32a;

2: Induced E. coli containing pET-32a; 3: Uninduced E. coli

containing pET-32a-LaC4H; 4: Induced E. coli containing pET-
32a-LaC4H; 5: The purified recombinant LaC4H protein. The
arrows show the recombinant LaC4H proteins)

e K AF i BL21 (DE3) Htkh&ik.
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H (K 8B).
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FIIFH %t & PCR A LaC4H FE R (14 445 7+
PERIL, 458 EIR LaC4H 3 RESAT ST A L4 1)
HEk, EEPRERE, HAEh ke, Rpkik
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Figure 9 Relative expression level of LaC4H and flavonoids content.

L. apetalum.

difference at 0.05 level

Time /h

P<0.05; B: Relative expression level of LaC4H in leaves of L. apetalum after MeJA treatment.
content in leaves of L. apetalum at 48 h and 72 h after MeJA treatment.

S5, LaC4H ik FJH, 4 h RIEE 2 0 h RiL &
[ 3.57 1%, BEJGAE 12 h f1 24 h RILE N, H£FHS
J5 48 hik B mifE, /& 0h KILEM 830 f5, £/ 72h
LaC4H F£iE&E N0 h #) 1/2. MelJA iS5 LaC4H
) s A5 0] e 5 s R AR B Ok, d i e
48 h. 72 h XRS5 MeJA AbFEZH M- B 1) & &
RIXTIEGALAE 48 h A 72 h 3 & B A W A1k,
il MeJA AbFE417F 48 h B % & 21.15 mg-g ' DW,
PexTHE A3 = T 43.40% (P<005) fE 72 h MeJA
WFRAREN S BN 12 mgg ' DW, HEXHIRA FRET
13.23% (K 9C).
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FI& CYP450 F PR S5 I8 UL AR ARV IR IR 45 &
Br 128 3@ i S IR Y B X 45 SRk B LaC4H 2K 1
5 A C4H & A W7 51 = B [FUE, J& T CYP450
FIEM IR TEEEMNE T (W1 UV-B Bhig), &3 M%
Ftp i C4H S5 KR R 1A & 136 IS4 R A 20 2R rp 3
WAL B n, DAROG s a2 A T
1 AtC4H FEN R, 2R N e RlhE e, AT
HARRE T BRI, HAMNES S RBIEITHEEAT .
FERRIR /N R B 1, 0 ArC4H FEDR X 0L 37 IE
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A: Relative expression level of LaC4H in different tissues of
P<0.05; C: Flavonoids

P<0.05. Different lowercase letters indicate significant



B IREE MUTIE C4H B e b 5 Rk A - 829 -

A EE TR S YRR AV A S R —
REENL T W RINANE b, ZA915 B %941, LaC4H
O N K, TR 20 NEERRA R — B
X, ¥ C4H F1 PAL. 4CL BRI Z M E &5 e {E
W AN b, 25 B R A& VA& U 1
AL OB, WY C4H BN (35 B 40 1,
PRI ArC4H fEZ R RIEE R G RFP R A
TEh /UL 3E BnC4H 75 25 L Hh ik B,
AR T rp FIE EBAL, e ER PCR 45 R R
LaC4H {EMUATSEII T A A8 b ¥4 £k, fEM4T3%
Rk E R G, AR R, R RIEERK,
X 55 40 B T R S R R 9T 4 SRAH A, LaC4HAEZE
RiEBER A REMZT NPT HNATESREBEZ M
A5 AR B 2T R I 36 R, LaC4H AE M A
FIE B IR YL MAT SR A S R 2 B B 2%
&

Mel A fE N —FIEREYIA N 2 AFE R,
TERMES TS5BS R (W 23 HUR
i, KR, TR, B m Y X AR K
S, HINTEER . SHE SR A RPN, g
RIE MeJA RE T NS =R UEWNEY &
g, WM RS B P, it
SR EIE R R NN MelA, RefE I INETT
20 b B ) A RO BT LAHEDI MeJA RERS 5 S AT
KA AW AT A R R, P
LRI MeJA 52 5 MAT M LaC4H BEDH H) 3%
A AR, RWESE LaC4H Riki LTt
BE/5 12 h Al 24 h RIEE AT T I, 3 48 h RKIZEIE
Pl mifl, 76 48 h MeJA Ab¥H 4 {35 B & & bt
HIRE T 43.40%, T3] 72 h LaC4H [F)36 355 T %3]
0h 172, M H MeJA AbFEZH () BB & B Eb xR 4L F
B 7 13.23%, BHIMATSEM it LaC4H )R Ik B
TEHAFR R B (A R AEAR G, X Le gk RAYLE] LaC4H
AT B R A T A A BORR A R .

AT T IRAE KA B PR IA 74728 LaC4H
HE, ABEEEDKFHAMITHR LaC4H EAME
Y12 ThAg. Zhang 2P ## pET-32a-SmC4H %
B, RIESFRIET IS SmC4H E A, HER
A CAH HA VLKA RIFAE. Zeng LU
pET6xHN Jy#ifk, £ KMHF i Transetta (DE3) H11
FRIA T HAL OfC4H HE A, (HERIEN OfC4H fl &
R AWM RS, EZELVEMAIE A . A5
A R R R IA B K pET-32a-LaC4H, MINTE K
AT B BL21 (DE3) BPkH RIS T 473K LaC4H &

F, HREHEN LaC4H 7 FEH H FELUAEL
B ARTE A TR, IXATRE & T LaC4H K N K
i BAENE R E S NERX, SR RNE
I8, W& LaC4H HEALE AE KA B A
TR A RAEERY, T HLAE K A R IE RS
HATEESERF C4H & A AL IS L 20 NADPH-4
Jitl {4 3K P450 iE 5 (cytochrome P450 reductase, CPR),
SRR IEN CYP450 EA®A WM, ME S
CYP450 % [ LALIRR T A7 AE, W SR 278 K #F
W RIEH ED TR C4H T A I BT IR
Br, BUTEME C4H A CPR Fh&7E A, 43X 95 Fh il
TERKIAT i AL R IE, RIS R 5%, BRI K
M RIE T KB C4H AT T e el
TERERERIE RS, BEREEA MM CPR, AT LA
T In] CYP450 & ALk, FTPL CYP450 & (A ] LAER#
RER G A7 Rk H R AGHEALThRE, B a0 R H B
BERIL ARG RINEIE T 50 MLULERIEY CYP450 &
FIF AT IhRE % 2P, Yao 7 HIH pYES-CsC4H H
1% IR B AR R IH TE BRI B2 R R IA T 7MY C4H B
FIIF H3RE T HEM AR AR C4H E . Ak
A FI AT IR 8- B AN R IE RARIE CYP4S0
HEAF ST RS E, HERKRERGHEER
PR, MHEARB R E R, HATEERERIERFENR
& CYP450 RAMEZERE RS T B0 LLE
AR AR A R S B R T, B R R R RE B R
ERGRIL LaC4H HHH, S ATEMER LaC4H HE H,
TE AR AMIFE 50 3L il 25 R AE S fRE AR TS M, B mT LUK 44k
) LaC4H 4 5 i 4% 2 w B didk, WFFt LaC4H 1
MAT R K RIEE DL, NilE— B0 5 LaC4H
BE R E AAT SR B RS W AE W & O R TR I Th g
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