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Cinnamate 4-hydroxylase (C4H) % X 3k ke 38 /X 3t %1€ (phenylpropanoids) 2 B % » &R #F S Hith £ &

—@ R AEY > B GAEEMN KR A% H B F (furanocoumarins) © BIRFT & C4H KR A B F4Ftk > i L
CHiE C4H SR FHERF 7] - Rt B S T K G EAR TR B B — 09 AdC4H cDNA F o A # -
F] B 5°- 511 3°-RACE-PCR # 3t & it AdC4H B £ i 47 % & Bl 18 4 38 18 R & A IRAF 2 & cDNA A 7| (accession
no. KJ453107) © #t AdC4H cDNA X T %# B4 1,518 B ¥ &k - T¥3% 4 505 @Az KA - & T2 A+ 24 579
kDa o AAC4H #& Fie KB - 7] A7 s B8 T Fe 3L € M4 CAH A 74% A Ly 4a B JE B cytochrome P450 454 69
A-F RRFHERE 6 BT EHRE - M AdC4H 7T 4% & cDNA A pYES2/NT 4 - 5 shE A T4216 ¢
cytochrome P450 reductase ATRI cDNA 4 & 3t #4574 pYES3/CT $8% » vA$k 2 & el Bk ofve 2 3% & I i3
IRAFHF 5 — B (pYES-C4H & pYES3-ATR1) Z $7 B (Saccharomyces cerevisiae) » K& KRB ikb &Gy
%o M — F AL RS R G AR EE R AT o B R A LA AT R BT AAC4H 74 25°C ~ pH 6.0 Z B BR A7 4% 1k
A &M - AdC4H 7 ATR1 7 F > ##4b cinnamate ¥& &AL F 0 838 m > & 4 p-coumaric acid 4 & & 18
A RERIE 62.9 uM o B Ay =3k BY 2 3 B2 - 1 9F 7T 4 1L bergapten % 8-hydroxybergapten * 3% & /& E-3u B4
NREREGEM > IC,, & 1.35 mgmL” © ABFREE AJC4H B cytochrome P450 % —#ERiA MR B > THAEZG -
B R M T B A SRR B AL T IRART AR H, o

EE##57 © (1 - Cinnamate 4-hydroxylase ~ 4HffIf# 2% P450 -

0y &Y FIHNRRBGE B o o] [F R Y
A& > Hp Pl C4H By LA B (Mizutani et
al. 1997) - CAH fi & Y B & S N WE

S
Cinnamate 4-hydroxylase (C4H) » {1k

trans-cinnamic acid 2 para-hydroxylation 4

% p-coumaric acid (supplemental figure) »
Fs phenylpropanoid U B8 (Y255 — (B 2 -
C4H F1 PAL (phenylalanine ammonia-lyase)
K 4CL (4-coumarate CoA ligase) =EZZ4H Kk
RO E BEFEER - G HEY)
LR ZRAEHYE » WKE R (Ehlting
et al. 2006) - 15 = FF RAE L S RS E T Ry E)

PRARE RS IRERHEH ABEEA =
Yrg - R (= > flavonoids) ~ AR
{Ra&ER| (2% » coumarin’s) KAEYIEY)E
(L i - isoflavonoids) - C4H & cytochrome
P450-dependent enzymes (Cyt P450) 2 — &
(Bak ef al. 1998) ¢

% TR IR R Cyt P450 By CYPs » Nel-

fsHB 20145 H S H B HB 201446 H26H -
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son et al. (2004) {f ¥ i BB Fr 511 69 FH DL
CYPs &7 BB fEl = (family) Jnpjfe (subfam-
ily) - C4H §7 & /> CYP73 %2 J% (Ehlting et al.
2006) o Cyt P450 i 206 14 o] R 215 - ¢
GECUV RS - SEEET BEEE) SRFEE
{8 mRNA F IR &% (Teutsch et al. 1993;
Chapple 1998) » Cyt P450 [ T & B8 P HG 5T
ZRIEYESS NS BEYIRREEINRE - R
& S JH - xenobiotics FIEEELE (Singh er al.
2009) o [ > Cyt P450 % A (18 Wik &) -
i EEE A @ (Ehlting et al. 2006) > FAEAY)
HG Y BV 2 i 2 M B PR SR 2 A RE T - BB
BEZE R SERAAARK -

& 5 C4H w2 ARG B (L2 7oK -
{5 C4H B KSR - w] DAe a7y AU
B BEVAKREAER AEAEKEEED
tEY) A EY B (Yan et al. 2005) -
A » 5916 C4H EERDIFERAERZ 2 4 &
% o B] AR S 4R T 2% A At A (Baucher et al.
2003) - [A]HF/F Ry 4B BEJR 2 A (Hisano et
al. 2009) » HEHCEARER » 0] i G Z) 08
1t (Hu et al. 1999) -

HIE 2 SEMERC 9y Fs 7 % 0 phenylpro-
panoid {3 B8 1 Py & i o A B 5T B B T H
i C4H F A (4dC4H) » 7y L Ae B I AR R R 14
BRr TR WEELERNEZRENEAEEOIEE
H¥)’& 8-hydroxybergapten (8-HB) (Piao et al.
2004) - HARTNEB O IR EMYE Z 85 0 77
HIE 2 & (EE -

MRS E

BE—1THERZER cDNA ZEJE

H 1E = B &% ff ~ 5°-rapid amplification
of ¢cDNA ends (5’-RACE) ¢cDNA ;. 3’-RACE
cDNA 7 HifG ;e BEE (R #8076 J7 75275 Lo et al.
(2012) - 2 & [ % & 2 C4H ¥ %1 (NCBI,
http://www.ncbi.nlm.nih.gov/) » £ B 5 % 5F
PE Y& 8 a3 st — BB M 5] F (degenerate
primer) 5’-GGTC (A/T/C) AT (C/T) GA (A/G)
TGGGG (A/C) (A/G) TTGC (A/G) GA-3 (P1)
¥} 3>-RACE cDNA EfTH— M7 K EH - &

rere

]

63 % 531

8 ¢cDNA £ £ 7 85EHI L P2 (5°-CCCCAAGCA-
CAGTGTCCATCTCATT-3") Jz P3 (5°-GCCCAA-
CAGGGCCTTCTCCAACAACA-3") — 5| 7 ¥
5’-RACE cDNA MEfTH | BB - BT
EfBE SMART™ RACE c¢DNA amplificationkit
i {E T I} & 7 (CLONTECH) « ATRI (Arabi-
dopsis thaliana NADPH Cyt P450 reductase 1)
ERFYI R B ZBEEAI DL ATRI-F (5°-CCG-
GAATTCATGACTTCTGCTTTGTAT-3") & ATRI1-
R (5°-GCGGCCGCCAGACATCTCTGAGG-
TAT-3") [T H1{57F Columbia wild type cDNA
#9EL ATRI 4= (Urban et al.1997) -

ERFBIEFED

F# %1 EE %f ] A NCBI Blast (http://blast.
ncbi.nlm.nih.gov/Blast.cgi) = & I & Bk Bk
(signal peptide) Kz a[gE DIz Al A Kyte-Doo-
little Hydropathy Profile #¢ #% (hydrophathy
plot) Ei ExPASy Proteomics tools 5 signal P
W - EOE M T8 K FEE DL Vector
NTI Suite 8 # 58 (Informax, USA) #E{T o

AdC4H Rl &= ERVRIREREL

REEEG 2 B BE &R AdC4H
cDNA {E £y 5 kit - LA AdC4H-F (5°-CGCG-
GATCCGATGGATTTTCTGTTGTT-3"
J&& 4% &y BamHI [R ] B U] fiz) K AdC4H-R
(5’-TGCTCTAGATTATGATCTTGGCTTG-
CA-3; J&& By Xbal [RHIEG UML) WIS [ H#E1T
PCR 144E - BT 1,569 gk > F ES - K H#
&% BamH1/Xbal #Y) 2 pYES2/NT (B) HA -
FriS##E @ 44 /5 pYES-C4H - 55 1% pYES3-
ATRI1 #8G » I H7 {5 7 ATR1 cDNA » 4%
EcoR1 J Nodl Wi {H[RHI BRIV 1% > &2
EcoR1/Nofl #V]~2 pYES3/CT &85 > B
# 5S4 By pYES3-ATR1 » & pYES-C4H K
pYES3-ATR1 —# iSRG 2 & INVS-
cl B (E4HAE > EIP -~ 85 8& NFHETT A2 In-
vitrogen 73 ] AT IS i (5 FIRR B » Ry 2 H OF
P HRR AP B R - B BA = tryptophan
Kz uracil 7 SC [EFERFEEL [0.17% yeast nitro-
gen base ~ 0.5% ammonium sulfate ~ 0.115%
HSM (adenine ~ arginine ~ cysteine ~ leucine *
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lysine ~ threonine : aspartic acid ~ histidine -
isoleucine * methionine ~ phenylalanine ~ pro-
line ~serine ~tyrosine ~valine =2 : 1 w/w) ~2%
agar ~ 10% glucose] » 30CIE&E 3 d - ;FEEB 2
[ A AC Bl O U B o AT T A in vivo ZEEEAL
B 7 R R it B R U IR O SR R A
GIEZHETIE T EPVAR N AJC4H EQE &
HIE (Lo et al. 2012) -

in vivo ZEEALAE J1AR ol ¢ B AL ga-
lactose 5% & 2 F #5% > DL & 10% galactose J%
100 uM ¢rans-cinnamic acid 7 SC /REGHE & AL
[ » 30°C 554 20 h - F{S &K » IS ethyl
acetate £ H{ & ¥ p-coumaric acid » [l UPLC
HEITEEDT -

il & B2 2% AAC4H JE 14 f 0 - HY B 400 48
galactose 3% & 7 & #5 > 2 I Pompon et al.
(1996) J77AZEHIEE % » HUES 20 pg RRAEEEE >
Bl A 200 uL 2 200 mM phosphate buffer (pH
4.5-8.5) N & 0.5 mM trans-cinnamic acid J%
1.2 mM NADPH > A 25C X &2 h» B0 A
ethyl acetate 4% | 7 JE W ZE U E W) » 1B ethyl
acetate 4 A 7 g BL % 7555 > FF DL BE [
EHEE 0 HEFTEY) (p-coumaric acid) JRIE T
EE e

PE SRR c EEEZEE - RERM
% 1 'E % 7k SDS-PAGE (SDS-Polyacrylamide
Gel Electrophoresis) f & 7775 E Lo ef al.
(2012) = SR yE HLAS S E (] anti-His tag H1HS
AETTEM -

EH B BN AR BT R IE B 5 1T BE
Tt A

5 &% galactose 5% & 2 & #8 DL & 10% ga-
lactose 5z 100 uM bergapten [ SC RS HE & AL
[ 30C 553 20 h = RS &R » AT ethyl
acetate ZEE{EY) »  ethyl acetate 5 1A
HUtH 28 521% - DA ER [RS8 - F R = BRK
FHJE#71% (Ultra Performance Liquid Chroma-
tography; UPLC) 43 #T bergatpen B 8-HB FEY)
TS o FEHEE JItHILL Tyrosinase Assay 2 75
% (Piao et al. 2004) B0 DAE L » & B AL
FH i [E] A 2 98 » DL 80C /KB 2887 » FBA
5% DMSO [a] % - HL 40 uL > il A 120 uL =~

0.3 mg mL"' tyrosine (&> 66.7 mM phosphate
buffer, pH6.8) > JE &4 1% > 0 40 uL ty-
rosinase solution (87.5 units mL™") ;& & & J&
% > TLELRIE 475 nm WOEAE - Fik 37CHE
2 FE 30 min > FFZOHIE 475 nm YEE © PL 5%
DMSO Hi ek & 22 F 4 - [B Bl 0574 I
B > Fris8E LT T S Et B R e Bl <~ HI
REJT - Hf A ERNIERZOHEROEE B F
SERTZE B 4H R E - CE B IER BRI
1B 0 D By S ERTEERAHEOLE

% inhibition
=[(A-B)-(C-D)] (A-B)"' x 100

IEEEEEEDH

L& YRS E & 77 1t DL UPLC #E 1T > 1%
By Waters ACQUITYTM UPLC system f# %Y
(Waters Corp., Milford, MA, USA) » M1 B
BEH C18 column (reverse-phase chromatographic
column, 150 mm x 2.1 mm, 1.7 pm) ~ f& 4 28 &
Ot B T fik #G P 51] el {5 Ol 25 (Photodiode Array
Detector; PDA) » f% )7 £ 270 nm > & £ 8
& 40C » BEBEIE R 5 (gradient elution) » £F 0
min B - BEIFH FBE LK S =85 15 (viv) »
5 min B > B {E/K @ EHEE = 60 : 40 (v/v)
7 min 0% > EEE{E/K @ S HGE =5:95 (v/v)»
9 min 8§ > AEE{E/K @ SHE =85 : 15 (v/v) >
JRHES B 0.25 mL min > SRS E S ul o
{B7KZ Bo B DA B E A8 F7K 2 pH 3.0 -
PL0.2 um FEEEJEMHF o 4B 5 trans-cinnamic
acid ~ p-coumaric acid ~ bergapten 4fi & 99% -
Il B Sigma-Aldrich (Sigma-Aldrich Chemical
Co., St Louis, MO, USA) - 8-HB i H Herbo-
real Ltd. (Edimburg, UK) » 4i/& 99% -

TR
HIE AdC4H = RERAF Y 2 & B 45
K il
Fs T HUG AdC4H W 4R & 2 & & P75l

HECEYN C4H AN H— BT
P1 (& 1) - DL P1 H# ¥ 3°-RACE cDNA #717
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3’-RACE PCR [Z & » T 5H & 708 & fig 5 ¥
HFFFI R B KB EEY)fE 2 C4H L ¥ 1%
WEEASHEEME - 2R Bt =51+
P2 K P3 ¥} 5°-RACE c¢cDNA PCR ¥E [ JE% -
A[#3 AdC4H cDNA £ K751 > & poly (A) Z
1,760 {EigA s - vI4RE=EA 1,518 {HinkE -

TEOHITT#EEE & 505 ([ Bl T8 H
57.9 kDa » & B pl 55 9.05 « AdC4H {4 FE#E
a5 fE B 2 1 Kozak consensus sequence §F

Foe3w H3H

5 W dEEEEEE 23 A + T rich » FEE I SCBLET
HEEAEY) Cyt PAS0 2 B ZHFH (Joshi 1987)
LUK #S TH M 3% B AAC4H 2 N- Iy A 31 2 B
fif (signal peptide) ° ﬂ,uﬂiﬁiiztﬂﬁimﬁ (signal
peptide cleavage sites) TEM A 2 [ : 5 1 {# L]
fir BELEES 20 (R ﬁ@a alanine 155 21 {Iﬁtﬁﬂa
isoleucine [t » 25 2 {E V)] {ir BEEEE 28 il e B
% glycine 155 29 {lEl g Ff% lysine 2 [ (& 1)
fie s Bk B 51 bh 3 45 5 > AAC4H il &

1£ ATG I3

3R/A-HKG- FHE

AAGTAAGTAGTCTCACCCTCAACC C.

M DFLULULEIZKATLTULGTL

Vs s PDLAZKDVILHTAOQGVETFG S

R KKUILESTIIZKSVDNNGTLI KT CA ATID

HIULEA AQQIZ K GETIHET DNUVTLYTIUWV

K P R S L *

1) CYP #H EE %A 21%-99% K9 48 [ & » %DJ\

ACGCGGGGAACTACACATAAACAAAGCACACACCTAGAACACATCACCTTATAT 54
CACACACAGAAGAAGAAGAAGAATAAT, 114
ATGGATTTTCLGTTGTTGGAGAAGGCCCTGTTGGGCTTGTTCATTGCAACCATTGTAGCC 174
I AT I V A 20
ATAACTATTTCCAAGTTACGTGGCAAGAAACTCAAGCTCCCACCTGGGCCTATTCCCGTT 234
I T I SKTILTPRGAMK KL KLPPGTPTIZPYV 40
CCTGTGTTCGGTAACTGGTTACAAGTTGGTGATGATCTTAACCAGAGGAACCTGGTGGGC 294
PVFGNWILQVGDUDTILNQRNTLV G 60
TATGCCAAGAAGTTTGGTGACTTGTTTATGTTACGTATGGGACAGAGGAACTTGGTGGTT 354
YAKEKTFGDTLFML®RMGQRNTLVV 80
GTGTCTTCACCTGATTTGGCTAAAGATGTTTTGCATACTCAGGGTGTTGAGTTTGGATCA 414
100

CGCACTCGTAACGTTGTTTTCGATATCTTTACAGGCAAGGGACAGGACATGGTGTTCACA 474
RTRNVVYVFDITFTGZ XK GQDMVF T 120
GTCTACAGTGAGCATTGGAGGAAGATGAGGAGAATCATGACAGTCCCTTTCTTTACTAAC 534
VYSEHWRIEKMRRTIMTVTPFEFETN 140
AAAGTTGTCCAGCAGTATCGATTTGGGTGGGAGGACGAGGCTGCCCGTGTTGTTGAGGAT 594
KVVQOQVYRTFGWETDTEA AARTYVYED 160
GTTAAGGCCAATCCTGAGGCTGCTACCAATGGGATTGTGTTGAGGAACCGATTGCAGTTG 654
VKANTPEAATNGTITVILRNT RLOQTL 180
CTCATGTATAATAACATGTACAGAATCATGTTTGATAGAAGGTTTGAGAGCGTAGATGAT 714
LMYNNMSY®RTIMPFDIRTRTEFTESTVDD 200
CCTTTGTTCTTGAAGCTTAAGGCATTGAACGGGGAGCGCAGTAGGCTTGCTCAGAGCTTC 774
PLFTLZXKTLZEKALNSGETRST RTLAQSF 220
GAGTACAATTACGGAGATTTCATCCCTGTTCTTCGCCCTTTGCTCAAAGGTTATCTCAAA 834
EYNYGDTFTIZPVILRPILTLE KTGYTLZK 240
CTCTGCCAGGAAATCAAGGACAAAAGGTTGAAGCTCTTTAAGGATTACTTTGTGGACGAG 894
LCQETITZXKTDTEK®RLTE KTLTFETE KTDTYTFVDE 260
AGGAAGAAGCTTGAAAGCATAAAGAGTGTAGATAACAACGGCTTGAAGTGCGCCATTGAT 954
280

CACATCTTAGAAGCTCAGCAAAAAGGAGAGATCCACGAGGACAATGTTCTTTACATTGTT 1014
300

GAAAACATTAATGTTGCTGCAATTGAAACAACACTATGGTCAATTGAATGGGGCATTGCG 1074
ENINVAATIETTTIPIWS I EWGTIRA 320
ACTGGTTAATAACCCTGAAATCCAGAAGAAGCTGAGGAATGAGATGGACACTGTGCTT 1134
LVNNPEIQKKLR&EMDTVL 340
GGGGTB%?AGTTCAAATCTGTGAGCCAGACGTCCAGAAGCTCCCTTACCTACAAGCTGTC 1194
VQICEZPDVOQZXKTLTPYTLOQAV 360
ATCAAAGAGACTCTTCGATATAGAATGGCCATTCCTCTTTTAGTCCCTCACATGAACCTT 1254
I KETTLRYRMATTPTLTLVYVZPHMNTL 380
CATGACGCAAAGCTTGCAGGTTACGACATCCCCGCAGAGAGCAAAATCTTGGTCAATGCA 1314
HDAEKTLAGTYDTIPAES ST KTITLTYVNA 400
TGGTGGCTTGCCAACAATCCCGCTCACTGGAAAAACCCAAATGAGTTTAGGCCTGAGAGA 1374
WWILANNTPATHWEKTNTPNTETFRTPE R 420
TTCTTGGAAGAAGAATCAAAAGTTGAGGCTAATGGAAATGATTTCAAGTACATACCATTT 1434
ESKVETFTLETEANGNTDTFTE KT YTIPF 440
GGGGTTGGGAGGAGAAGCTGCCCTGGAATCATCCTTGCATTGCCTATTCTCGGTATCACA 1494
GVGRRSCPGITIULALTPTITLGTIT 460
ATCGGGCGTATGGTGCAGAATTTTGAGCTCTTGCCTCCTCCTGGAATGTCTAAGATTGAT 1554
I GRMVQNTFETLTLTPZPZPGMSEKTD 480
ACAGCAGAGAAAGCAGGACAGTTCAGTCTTCAAATTTCGAAGCACTATACTATCGTCTGC 1614
TAEKAGO QTFSLOQTISZ KEHYTTIUVC 500
AAGCCAAGATCATTATAAATACTCTGTCTCTTCTACGTTTGTAAAATTGGGTGGACTTGA 1674
505

TACCATTTTGCTACAATATTTTAATAATTTGTGTAAATCTATGAATTTCTAATATGAATG 1734
TAAR 1760

TTTATTC

1. I AdC4H cDNA BEFEH > B A 3 « ittt R e BB S B i A5 7
IEBE > FiUEFRT [T 0 EEJE4R By polyadenylation signal ©

SERLAGEE R AT (R
2 RS RERR U A B -
Fig. 1.

B HRFRORHEERL

THAS R R T LT 2 >
—AiETE

Nucleotide and predicted amino acid sequences of AdC4H cDNA from A. dahurica. The numbers of the

nucleotide sequence and amino acid sequence are indicated on the right. The bold letters in the nucleotide sequence
indicate start and stop codons. The primers are indicated by arrows. The polyadenylation signal is double underlined.
The translation end is marked with an asterisk. The triangle indicates predict cleavage site.
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#5 Homosapiens 2 CYP3A4 (BAG97065.1)
Ry (& 2B 21% HEE (B 2) - AdC4H K
Gotoh (1992) K Teutsch et al. (1993) A2 A
TR 6 I 47 57 M & 8, (A-F region) K 6 {fH =%
E R (8 2) - Cyt P450 BELfI& B (mono-
oxygenase) Z EHEFMEFF]  MINIGEA S
& proline 7 region B (PPGPIPVP) ~ {F£{F A B
H CYPT73A 2 % Z tf 7 Region C (AAIETT)
 Ala-Ala 5 1 (Ehlting et al. 2006) & {3

(aniy 209

HEERI heme 55 AL fu B4 & - HILMIHE
CytP450 EL¥f > cyteine (T EAHE ~ E &R >
ARG BT SR TS R H e A
It %5 BEAE BT A 22 W) 2 CytP450 & [F] (Werck-
Reichhart and Feyereisen 2000) °

AdC4H RIS EERZ DREM R ERF D
M
i1 > AdC4H ZE ZE Cyt P450 reductase ¥

* AdC4H - 55— Cyt P450 B Z&5HE fy region  FE4 EfE(BVEME - WL DB HUS Z LA
F (PFGVGRRSCPG) » It & i it KL i cysteine  JF ¢cDNA #EJE 44 ATRI 52 % ¢cDNA ¢ £ > &

AdC4H
AgC4H
AmC4H

UMDEVLLEKALLGLEIATIVAL!ISKLRG
Atca  -HDLEBUBRSHIAVEVEVELATVESKIRG
0sC4H  -MBABEVERVEEGEEVAAVLALVVARETG-

HsCYP ---MABIPDLAMETWLLLAWSLVLLYBYGTHSHGY

HRNDALARREGDIL

LLRMGVRNLVVVSSPDLAKE
FLGNIESYHKGFC-MFDMECHRKYGKVWGEYDEOQPVLAITDBBMIKTVLV

AdC4H
AgC4H
AmC4H
e SR G T RS §: A B8 W - o
oscaH GDEWRKMRRIMIVEEETNRVY §E GHE: EAR L YVEDVRR DEABATS G VYRR REQLMMYNON - RIMED

HsCYP KECYSVETNRR---PFGP FMKSAISIAEDIE.KRL.SLLSPTITSGILKEMVP——IIAQYGDILVRNLRREAETGKPVTIKDVFGAYSMDVITSTSIG

AdC4H

AgC4H

AmC4H

AtC4H VDR ADFKKYEVDERKO 1 A§SKPT6S E GUKCATDHITEAE OKGETN

0sC4H  RREDSVDDPLENKIKArNAERSRISQSFEYNYGDETPYIRPELRR YIARCHOLKS ORMKIHEDHEVOERK - - RVMEQTE - -E 1RCAMDHILEAE

HsCYP VNIDSLNNBQDPFVENTKKLLRFDELDPFFLSITVFBFHIBIEE-VENIEVEPREVINFERKSVKRMKESREEDTQKHRVDFHOLMEDSONSKETESHKA
400

AdC4H
AgC4H
AmC4H
AtC4H
OsC4H
HsCYP

AdC4H
AgC4H
AmC4H
AtC4H

0sC4H  PAESKILVNAW < AVEAIGNDE®  PECUGRRSCE
HsCYP BKGVVVMIPSYAERHRDEKYWTEBEKEL KKNK---DNIDPYI¥ SEPRNGIGMRFAEMNMKLALIRVLONESFKBECKETQI PLKLSLEGLLOP

(9 SKH Y IIVERBRS. 505
OTeKH

AdC4H
AgC4H
AmC4H
AtC4H

HILNHS TTVMKPRN
0sC4H QOITRHATVVCKBIDA----500

HsCYP EKPVVLKVESRDGTVSGA-503

2. HIF AJC4H BLEANY)fE . C4H F1 CYP ZRAREFPHILLES o Fed o DURSRIE AP H IRV ZE IS AR
ELEHEESR o fEG R IRTFIEE > TEG 2 EPRE - HAYfE > CAH RyufEl & iy (AgC4H, AEAT2281.1) -
= HIG (AmC4H, AA062904) ~ [A[HL{E17¢ (AtC4H, CAP08845.1) J /KK (OsC4H, BAGIT065.1) = 55— 5 A S
CYP3A4 (HsCYP, BAG97065.1) =

Fig. 2. Amino acid sequences alignment of the AdC4H protein and other C4H and CYP proteins. A dash in the
sequence indicates a gap introduced to maintain good alignment. The six highly conserved regions (regions A—F)
are indicated by a box. The SRSs are indicated by an underline. The five C4Hs are cinnamate 4-hydroxylase of 4.
dahurica (AdC4H) ~ A. gigas (AgC4H, AEA72281.1) ~ Ammi majus (AmC4H, AAO62904.1) ~ Arabidopsis thaliana
(AtC4H, CAP08845.1) and Oryza sativa (OsC4H, BAG97065.1). The HsCYP indicated CYP3A4 of Homo sapiens
(BAG97065.1).
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1% pYES3-ATR1 #§ 48 > 1 AdC4H & & 1] 4
EE G 2 RBEEE pYES2/NT(B) - —#(#S
pYES-C4H F pYES3-ATR1 4 [ ## ¥ % B2 5
s KR E 1% > B2/ N & trans-cinnamic
acid 2 /RpE T &AL - L 30CE&E 20 h % > |
AR P A S trans-cinnamic acid K EY)
p-coumaric acid ([& 3) - K& &4 S8
ZEREH 100 pM [FE £ 38 uM o [ EY 4
R =EHEREE > FIIEE 62.9 upM > 4
5 0.57 mg g 4l fl EE 0 o8 AACAH Fh & B
ZMEETEME P AENE o M RaE (EEE
A EHE - BAE) ERENREEY &
.

ol — BB RS P RS AJC4H
2 WEACERDER ZEQE  #T
SDS-PAGE & k77 &t » IR FE 40N 57 kDa
AR (B 4A) - BHEHIAEFTEHHRY -
HERKB R EE 2 84ER L > DL anti-His-
tag PrAG1E R B Hak(EH » TSRS FEKR

HITEBE LR B 2R 2 ([ 4B) -

Ry PRET AAC4H Fh & B 2 7 i 8 pH > {F
25°C T LA potassium phosphate 4% &7 i & pH
4.5-8.5 HIEME » 455388 /r AJC4H F pH5.5
B &M #87 pH 6.0 jEME 2 N % » & pH
8.0 Bllfe M~ EE M (& 5) - JEMEfE 2 pH(H
firfs pH 6.0

AdC4H &1t bergapten #3 8-HB < BE
EHSE BRI H

Fs 7 M AdC4H 2 45 7] $ 52 bergapten
B%E > W ERE(LR 8-HB ([ #%) - &F
87 EPEERE 0 B S 100 uM bergapten
IR R B A - & 30T ~ 20 hiﬁ§?§ S
hrg b AR EY) 8-HB B 16.9 + 2.6
UM > 49 £ 0.44 £ 0.06 mg g' %HEH@E » ROR
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Fig. 3. Content of p-coumaric acid in the culture of S. cerevisiae INVScl containing different vectors. The cells with
empty vector pYES2 (A), harboring only pYES-C4H (B), harboring only pYES3-ATR1 (C), or harboring with both
pYES-C4H and pYES3-ATR1 (D) were expressed in the presence of substrate. Asterisks mean undetected. The error
bars represent standard deviation (SD).
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4. DA} AJCAH Z 5 H'E &k » DA Coomassie blue Hyfh (A) FIREHEIELE (B) - 2Z##8 pYES 2
BB (1) BVHEELR pYES-C4H 2 BERFE (2) - M @ B VB REAE 5 » TS AdC4H %% -
Fig. 4. AdC4H was overexpressed in yeast and its separation by electrophoresis (A) and detection by Western blot

(B). The yeast cells were harboring empty pYES (1) or pYES-C4H (2) plasmid. M indicates marker proteins. The ar-
rows indicate the overexpressed AdC4H. A signal corresponding to AAC4H was detected with an anti-His tag antibody.
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Fig. 5. Effect of different pHs of potassium phosphate buffer on the recombinant AdC4H activity. p-coumaric acid

is normalized on the basis of an equal amount of yeast cells. Three independent experiments in duplicate were carried
out for each analysis. The error bars represent standard deviation (SD).
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HIPBELE > WEREESYE ZHEERN
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Wi 5. (Pisum sativum) J & 5. (Glycine max) »
fie Bs B % H i 12 503-506 [ - o + & IR
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Cloning and Functional Expression of Cinnamate
4-hydroxylase Gene from Angelica dahurica (Bai Zhi)
and Producing 8-hydroxybergapten in Yesat

Shu-Chin Lo"" and Pei-En Chung’

Abstract

Lo, S. C. and P. E. Chung. 2014. Cloning and functional expression of cinnamate
4-hydroxylase gene from Angelica dahurica (Bai Zhi) and producing 8-hydroxybergapten
in yesat. J. Taiwan Agric. Res. 63(3):205-215.

Cinnamate 4-hydroxylase (C4H) is an enzyme of phenylpropanoids pathway, which can syn-
thesize plant secondary metabolites, including furanocoumarin, a type of pharmaceutical components
in Bai Zhi. To characterize C4H gene, the complementary DNA of AdC4H was cloned from Bai Zhi
root using degenerate primers designed from the highly conserved regions of other plant C4H. The
tandem 5’- and 3’-rapid amplification of cDNA ends via polymerase chain reaction was used to obtain
the full-length AdC4H cDNA sequences (accession no. KJ453107). The AdC4H cDNA contains an
open reading frame of 1,518 bp encoding a polypeptide of 505 amino acids with a molecular mass
of 57.9 kDa. Amino acid sequence alignment demonstrated over 74% identities on protein level be-
tween AdC4H and its homolgous proteins among plant species. They possess all cytochrome P450-
featured conserved region A—F and six substrate recognition sites. The full length of AdC4H coding
region was introduced into pYES2/NT vector. Besides, the full length of cytochrome P450 reductase
ATRI cloned from Arabidopsis thaliana was introduced into pYES3/CT vector. The transformed yeast
cell (Saccharomyces cerevisiae) harboring two different plasmids (pYES-C4H and pYES3-ATR1)
were obtained by growing in the medium without containing tryptophan and uracil. The recombinant
AdC4H protein was overexpressed in yeast and partially purified. The recombinant AdC4H revealed
optimum activity in pH 6.0 potassium phosphate buffer at 25°C. It suggested that AAC4H together
with ATR1 overexpression showed highly efficient catalysis of 4-hydroxylation of cinnamate, the
p-coumaric acid was increased from undetectable to 62.9 uM. The yeast harboring two plasmids also
catalyzed bergapten to 8-hydroxybergapten. The IC;, value of tyrosinase inhibition in the medium
was 1.35 mg mL". The AdC4H enzyme that belongs to a member of cytochrome P450 ClassII family
may be a transmembrane protein and its enzyme activity can be detected with reductase from different
plant species.

Key words: Angelica dahurica, Cinnamate 4-hydroxylase, Cytochrome P450.
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