¢ %% Chinese Traditional and Herbal Drugs 38 46 % 25 1 3] 201541 A <101«

- HHERR -

IE R RER4- R EBRE R RS RE S

YA, R & AT
1. fERTCAESE 118 BBt 29, Wive &0 325000
2. B UEEREMBRACER 2425, L 200003

B OE. B wERET RER-4-REGE (C4HD EEF, HUATEWE BEMIRE ST i RAH DNA Kunthidy g
(RACE) HiRsghe C4H HF 4K cDNA 751, MMk ILEEREL] DNA /741, il RT-PCR A0 C4H & ATEARRIZSE
2 FIMI S RN 2 R A TSI, 4558 FAUE C4H L[4 K cDNA 4 1674 bp (GenBank &3%5: GU014562), & —4 1530
bp HIFFIEAHE (ORF), Zwhd 509 NEIEMILEE. XN IFER AR, C4H ZERWE 2 MAET, 3MMNEF. R, 2.
MR Rk, HPRlRES .. PRAKZEZINES (UV-B). SERIBRFEE (MeJA). Bi¥%5ME (ABA) FIfR#% (GAy)
AR LR T C4H ERIA B, 4518 W ASEERA s 45 31 C4H SEHIK cDNA 4 K741, FHIEsLIAEf R
i, HAEMMNERE N RIA R B, S DR R PO BRI B AR TR RS IR R AR A R TR B e
KB MW WEERR-4-FRELEE: W WG RS RS

PESZES: R282.12 MHRFRERD: A MERS: 0253 -2670(2015)01 - 0101 - 06

DOI: 10.7501/j.issn.0253-2670.2015.01.020

Molecular cloning and expression analysis of cinnamic acid 4-hydroxylase gene
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Abstract: Objective To clone cinnamate 4-hydroxylase (C4H) gene from Isatis indigotica and to analyze its bioinformatics and
expression. Methods The full-length cDNA of C4H was 1 674 bp (GenBank accession No. GU014562) long with an open reading
frame (ORF) of 1 530 bp encoding a polypeptide of 509 amino acid residues. The comparison of C4H genomic DNA sequences and
C4H cDNA sequence revealed that the C4H genomic DNA contained two introns. Southern-blotting analysis indicated that C4H was a
multiple copy gene. C4H expression could be detected in all tissues at different expression levels, with the strongest expression in the
roots. Further expression analysis revealed that the signaling components of defense/stress pathways, such as ultraviolet-B radiation
(UV-B), methyl jasmonate (MeJA), abscisic acid (ABA), and Gibberellins (GA;) could up-regulate the C4H transcript levels compared
with the control. Conclusion We have first extracted the full length cDNA of C4H gene from /. indigotica, and its structural and
bioinformatic analyses are carried out, which will help us to further illuminate this pathway. The research also provides a possibility to
study the antiviral active constiuents in /. indigotica by plant secondary metabolic engineering.
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VR G R AR AL I 2R T AN RIS, A b
HEATAH R IR AR AR AR cDNA R B
41 (rapid amplification of cDNA ends, RACE)
BOR, B IRMAREE 73 B A B NR 2R A 6 i oR
B W R -4- 2 & b B ( cinnamic acid
4-hydroxylase, C4H) &, b5 ZL0F e ps s b oA
JIE 22 o3 A R 45t 90 B Al
1 R
11wy

PRTERD- 1 RAE FAE 2 R 2 ek o i
WEFP-R RO B TV R AR B, FERP 3 MS $5
Ikt BARAGTCE N . AR KAE 25 COL 16 hy 18
CHEHMEE 8 h = . WA 2 /N H psi
WAL, 2R, PR RNAL DNA (1l
1.2 K7

KW #T v B Pk TransSo b0 % /& pEASY-T1
Cloning Vector. 3%l & TransScript First-Strand
cDNA Synthesis SuperMix . /NEAL[FICAFIEL EasyPure
Quick Gel Extraction Kit I F At 374 U A AR TR
2w); RNA $RBGGRI & DR IoRHdm & B -
IHETE Y ARATIR A 7], SMARTer™ RACE ¢cDNA
Amplification Kit {74 [ Clontech (FE[E) Aw];
Real-time PCR 71| %% PrimeScriptTMRT reagent Kit.
TaKaRa LA Taq i§JJ [ TaKaRa (HA) A, FRiEIE
WUIEEIE B A 9eteEEeR. s AIRAH .
2 7
2.1 FAEEAZERRYIRENFN RACE cDNA ERIMIE

4 i CTAB £ FI RNA 4 B ) & 48 A U0 0 43

SITEEUAS I DNA FI RNA,  FF3E47 FH R (1) 9 B Al
PERTIN o % J e 55 & TransScript First-Strand
cDNA Synthesis SuperMix #1F i K RNA i % 5%
2} cDNA. #% SMARTer' ™ RACE cDNA Amplification
Kit (Clontech, F[E) FIEA/ERE P EE RACE
cDNA 3, HEUF 3’ -ready 1 5’-ready RACE
cDNA LR 3 e /MR AFET-20 "CUKAR .
22 FiE C4H EE 2K cDNA B[ HIEEEHF
FIRIIRIS

T 5CAR T GenBank % 5% C4H (1) cDNA 74
PR X BT — X 8 9514 dC4HFP Fl dC4HRP FHT
14 CAH JERLR ST B MEMTARYE C4H DA R
SEXFEA, Rl 3>-RACE 514 C4HF579 Al
5°-RACE 54 C4HRA71, T 514 k50 e it 1)
UPM (Universal Primer A Mix, Clontech, Z£[E),
I3 WILL 3°-ready 1 5°-ready RACE cDNA 3 )% Jy i
WA 3RS CAH BEPIR U741, ¥ 3°-RACE Hl
5°-RACE I 74 AT b Bf 5, ik #E s
C4H N4 K514 C4HQCF il C4HQCR, 43/ LA
Fili cDNA HI DNA A HI SR B8 LA Taq
DNA H A BT PCR 9343380 C4H KR A K
cDNA SO0 B [ 2L PRI 741

PCR 4" # Je NAK Z Ky 50 pl, S &5 oK ) FLik
H 0 R B ml e i 4t )5 55 5 B 40 /& pEASY-TI
Cloning Vector 4%, Ji7 4% N KW B & #k Trans5a,
2o 3k PCR 9347k , BRIE & H 007 B sk 2
AR AR TR IR REATI Y . PCR 345K
B BT 519 75 OB KR 1.

F1 MK C4H EEREMFREDFETASIYFT

Table 1 Primer sequences used in gene cloning and expression analyses of C4H

EEEZS S (5°-3) Ab PR EES

dC4HFP ACTGGCT(G/T/C)CAAGT(A/T/G/C)GG(A/T/C)GA(C/T)G 57°C, 30s L

dC4HRP CATTGATGTTCTC(A/G)AC(A/G)ATGT

C4HF579  GAATCCTGAAGCCGCCACGAAAG 58°C, 30s 3’-RACE §"

UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 58 °C, 30s 3>-RACE ¥ 14
68 CHIAMEIREE 5-RACE 471
{£05°C, 30s

C4HR471  CCTCCAGTGCTCACCGTAGACAG 68 CHEMEIRBE 5°-RACE ¥
f£0.5°C, 30s

C4HQCF CAGCTTCTCCTGCTTCTTCAT 56 °C, 30s HEH4K

C4HQCR  CATGACGATGGTTGAGTGGGT cDNA 3t

C4HF579  GAATCCTGAAGCCGCCACGAAAG 581°C, 30s CAH ERER A

C4HR862  TAGTCTTCGGTCTTTCACATC

18SF ATGATAACTCGACGGATCGC 58.1°C, 30s C4H JERERIA T

18SR CTTGGATGTGGTAGCCG TTT

C4HF579  GAATCCTGAAGCCGCCACGAAAG 583 °C, 30s Southern

C4HR1154 CTGTGATTTGAACGCCTGGTC blotting Z4A8
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2.3 #iE C4H EEMEMERFESH

ASSZES PR LS A48 ] Vector NTI Advance
11 ZA4-F1 BLAST (http://blast.ncbi.nlm.nih. gov/Blast.
cgi) HEATHAT, JFIBHEAE (ORF) & HFIA% 1
R Y%} 35 4E NCBI ¥ ORF Finder Chttp://www.ncbi.
nlm.nih.gov/ gorf/gorfhtml) b 5¢ak. 2 JRFEANE
JE BT http://www.expasy.org 3 HE A 1 AH 22
UG D22 M AT C4H A RGdt o ¥,
i/ CLUSTAL X (1.80) BRI FEHIEAT £ LA,
JFHI MEGA 2.0 84, SRAIARART R (NI SR
BEA AT B AR T S R SR T A R 4 M ik
(bootstrap analysis) 17 1 000 XER . C4H HHIM
FERS 31 e A5 L RN 25844 H Veetor NTT Advance
1T AT CAH R (1 & E ] GOR
IV (http:/npsa-pbil.ibep.fr/cgi-bin/npsa_automat.pl?
page=npsa_gord.htmD) FI /37 . H45 Swiss-Model™ !
( http://swissmodel.expasy.org/ ) It 17 [F] Y& B 2
(homology modeling), /| Web Lab View Lite 4.0 £/
AN =8 . 2 HONNRGER AR
P 30 C4H H A AH O E B 2.
24 15 C4H EFE IR E RMBRIES

KH RNA $RPGAR IO iR . ==, ot
DLACS A a i, B4 (UV-B) MU SRR

*2 C4H ZBHEXER
Table 2 Information of C4H proteins

FrB#4FR GenBank 5 REA

RgC4H  AANG63028.1 =7 Ruta graveolens

LICAH  ACZ54906.1 4 Leucaena leucocephala
AmC4H AA062904.1 KFIK 5 Ammi majus

AtC4H  AAC99993.1 fURIFF Ammi thaliana

SmC4H ABN48717.1 #+% Salvia miltiorrhiza

BrC4H  ABE68874.1 KA Brassica rapa subsp. pekinensis
PhC4H  ACA25599.1 e Parthenocissus henryana
CsC4H  CAK95273.1 3%)K Cucumis sativus

GaC4H AAGI10196.1 ¥Hi Gossypium arboreum

CaC4H  AAT39513.1 EM Camptotheca acuminata
CaC4H  ACRI10242.1 #i#i Canarium album

PtC4H  ACE95171.1 FE [ Populus tomentosa

RcC4H  EEF38439.1 Bk Ricinus communis

OsC4H  BAF45113.1 JK¥& Oryza sativa Group

SbC4H  AAKS54447.1 =%t Sorghum bicolor

liC4H  GUO014562 A1 I indigotica

s (MeJA). Wi7AMR (ABA). 7% % (GA3) 4b
PR JS AIASEE T F R s RNA, $%# TaKaRa /4] Dnase
I FHAERER, 78 37 C R 30 min BLAER RNA
FEAL A ) DNA. M4l TransGen #:4F T Mg 'S
TransScript First-Strand cDNA Synthesis SuperMix 15 /i
%5—4% cDNA. Real Time PCR Jx I & SYBR
Premix ex TaqTM (TaKaRa), HAHAEHAR7 Ui
o PRI 25190 C4HF579 il CAHRS62; #Aii
18 S rRNA JERIEAXIE, PR T519)2 18SF
FI18SR; WA WA 1.
2.5 #2415 C4H HYJ Southern blotting 73T

PIAR I cDNA A4, C4HF579 Fll C4HR1154
J514, 9744 Southern blotting Z4 AR EL - B 20 pg
(1) Wi BE DX 2H DNA #7373 EcoR1 A1 Xbal 11 37
‘C. BstEIl 1t 60 CHgYIIt 1%, EcoRI. Xbal A BsEIl
7E CAH A=K XS4 B PRI o5 o i D) 2 S fe
i 1% 5B 80 V LK, #EIHLVK ¥ DNA £
JRAIZERS | AR AT R 2 J5 10X SSC 3 Bl47 1E L
P Je e 1, 80 ClilsE 2 h 2 Ja 1458 B4t
Frids 2358 PElRAI A2 (5 S R34 Amersham
Pharmacia 2 &) [IFEALS P8R 10857 &A1 CDP-Star
A AT & bR AR A EAT , 2828 A XO6 A i,
EEREE 20 FEE. ©%.
3 ZER5%H
3.1 MIEEFESK cDNA BIEERHBIED

FIFAR 3514 dC4HFP F dCAHRP 1475 5]
C4H FEAI) 783 bp K/NFIERST v Bro MRABILLR ST Fr
BORiHRE RS 1, R RACE R, 2l3kfs C4H
FEPRIR 1066 bp [ 3° KAl 493 bp ¥ 5° Ky, ik
BLAST JP A1 Lb 516 A B bRFEDE W, 7 Vector
NTI Advance 11 806 3 AN Wrded il L A 4K,
RIZA KT, Bt KEET514, DA cDNA
S S PR R AT B BE I KP4 C4H 2K
cDNA Jj 1 674 bp (GenBank %35 : GU014562),
f5 > 1530 bp [ ORF, %ifith 509 N SRy K.
280k BLAST JEATHER XS, I3 2I¥) cDNA J741
55¢% Brassica rapa L. ssp. rapifera Matzg H[1] C4H
FEPLEAT 9O1% AR, S54RI Ammi thaliana (L.)
Heynh 1 C4H JEPHHAT 88% AR . C4H XJMiIT
FERIAFH1 1 946 bp AT 04T, C4H FERIEA 2 NN
T 3AMNET . AR LA 1,
3.2 FAIE C4H ER LGB TUNFEHE S 47

18 F Vector NTI Advance 11 343647 1000 A0 43+
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M 1 M 2 M 3 M 4 M 5

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

1-C4H ZEF R 71X PCR 414 2-C4H JE[AIf) 3-RACE  3-C4H
JEPK 5°-RACE  4-C4H JEP cDNA 4K PCR 474  5-C4H
o AR 4K ) PCR 738 M-Marker

1-PCR amplification of C4H gene conserved sequence 2-3’RACE
of C4H gene 3-5’RACE of C4H gene 4-PCR amplification of full
sequence of C4H gene cDNA  5-PCR amplification of full sequence
of C4H genomic DNA M-Marker

1 #0E C4H EREMTIE
Fig. 1 Clone of C4H gene from I. indigotica

Hr, C4H TGTHE A AL (pD 24 9.07, AHXS 43
T LN 58 220,

i i protein-protein BLAST 4;#1& B, C4H
HIHABKEY) C4H & HA M m AR . 55
F C4H (FEAEXS: BAI7T7480.1) HAT 98%
PAHLYE; SIm I C4H (A&l
CAP08828.1) HA7 98%[MAHALL: . 1 it Clustal X
Ak, 2RFAIL SR Wor, # A P450 &
FURF A AR S AL 2, 7 5 439~449 fir 51 5
R4k (PFGVGRRSCPG) 41 B £ 5 45 A v 1k
(heme binding region), 17T %5 363~366 fif 2 Jt
FRARIE (ETLR) 4% K 82l (K helix), 7T
306~311 {7 & FETRLFHE (AAIETT) LRk 1 i (1
helix), {7+ N ¥ig M 34 F| 43 7 E 1) 10 DNMEIER
5% (PPGPMPIPIF) 41 Rl & IR 52 5% (proline
hinge).

FIFHAEF GOR IV il T C4H 4 A 1) — 4 4514
(K 2), #5988 AT 39.29% o B8iE. 17.68%ZEfi
FHER 43.03% TG M1, o B8KE 1= BT N i fllER
FI AL B, A S BE A T N u A C oy, o
A o3 A T H A

JE ik SWISS-MODEL, LA CYP P450 5k &
1 (PDB id: 2nnjA) AZHUENR, ##E#T C4H &
I =4igh fpi il (| 3), HIFHgER C4H A
RHRFAE, B = 4E 450 70 i PR =480y 1

Weblab viewerlite £ .

i

ummuru\)

Heli
Sheed)——

s i

e

L\E/bp
Tk, WKL, R ERMIRER o 8BHE. AR L HER IR i

Alpha helix, extended strand and random coil were represented by the

longest, the second longest, and the shortest vertical bars, respectively

B 2 C4H EAMZRLEH
Fig. 2 Secondary structure of deduced C4H protein

LR -0, R B-AfT R, A LOfRAH i A FLER
The o-helix and B-sheet were indicated in red and blue, respectively

Turns and loops were indicated in silver

3 C4H EQ=4LEHER

Fig. 3 Three-dimensional structure of deduced of C4H protein

3.3 i C4H EEHIARFH UM

h T4 CAH R H 5 HAWYIFT C4H HrH 2 1A
R G 2R, MRIEHETHE M C4H A 2
TR AL R C4H EEAME T — ARG
(B 4D o kg il R e EAL M B0 65 16 DM HFD CAH
WA, WA AT R . CAH 5[]
B4R E K 2% Brassica rapa subsp.
pekinensis var. laxa (M. Tsen et S. H. Lee) Hanelt JL
A KR, FJE—i%. SN, HEk
JRH) CAH B2 B RS E 115, 1 n v A7 1) B 1
HREIZE CAH R 1%, XTI R B % .
3.4 FiIE C4H EREBIFRIE D

H TG CAH FEDRIAE AR W AN [F 20 A6 47 1) 2
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IEAEDL, L6 ARIESN T, A ISR 25, i
HRHEEUE RNA. F 514 C4HF579 fil CAHR862 HEAT
TSI E R PCR, JHE S 18 S rRNA SRR
P X L SR FH BB AL X &5 25 43 BT 7 v Ak B S 56 e
JORFH SNK KrB g LS . 25 mpRIE 2= R,
E WL EOR CA4H FET A AL A RIE, 3 e
R E R A ZR (P<0.05), BEEm, Lk
ek, MRk ER> (K5,

o |
RcC4H

——— LIC4H
~| — CsC4H
CaC4H

T

PtC4H
PhC4H
CaC4H
SmC4H
RaC4H
AmC4H

AtC4H
4| E liC4H

BrC4H ——
[ OsC4H e
—

1R

0.10 0.05 0
MR

4 MR C4H FIHM C4H BEERI R FHLH
Fig. 4 Phylogenetic relationships of C4H proteins from

different species

L6 [
12
508 -
X
#®
N .
0 ||
R . It

El 5 C4H EFFER/EPRIFRIE
Fig. 5 Expression of C4H in different tissues of 1. indigotica

R ARG =R 2 #EAE ) N T X R
B BB DR B 112 22 B R A P R
AR PR AR, RN R R S IAR
AT AR RS DR 251t 1~ R, AR st % e
FAACHEL Z R N C4H (RSN WK 6
fizn, UV-B. MeJA. ABA FIl GA; £F—EFEfE L fig
73 C4H 1383k 1. o UV-B U 30 min, fig
7E 24 h WRFSE 1] C4H (3KIA, 24 h J5 C4H FRik
IEF)E g MeJA AbFEJS C4H Bt i, 16 h &ik
ER) s 5 UV-B ARBEAHEL, ABA AbEEJS RERELE

o X EUV BMelA

HABA EBGA;

g
A
i

(=]
=

B 6 C4H ZEZTHRIETHIRIE

Fig. 6 Expression of C4H under various treatments

24 h WFFLE B C4H I3IA; GA; bBE)E, ARl
M LH C4H &k .
3.5 FA¥% C4H HY Southern blotting 747

H T HT CAH BRI 8 VIS L, As i L R
DNA i 2> B EcoRI1. Xbal F1 BstEII B3 1,
EcoRI. Xbal 1 BstEIl 4 C4H 4K X 35 %A 1R 5
R R ARG TE i FE PR IR A A T JEAT JE R A A SiE
5. TPl AR ETOE R A C4H HEH
cDNA —E¢ 575 bp 741, SKEEER (K7D BoR,
1E EcoRTVKIEAT 2 453 W () 457 FI 1 45 T0R BRI 2571
1t Xbal JKIEH 6 Z5I5 M1 45717, /& BstEIl VKiEH 7
SOG4y, KW CAH AL B T 24
HH

EcoRI Xbal BstEIL

.
l. |

-

B 7 #15 C4H E[EHBY Southern blotting 2233 4347
Fig.7 Southern blotting analysis of C4H in L indigotica genome

4 g

CAH AR Z A& g e L kR L 11,
AR 2 2R AR AR ) SR A AR
B ERE R RIS T R C4H fERR T R IA e fe
PEUE T DIARTE ARAE A i 25O AR AN 2

R AEARH = IR 2 HOE A R T i
HL FrRLEN A I B AR 2R BOE X B AR AR )
B AR A4 (0 A st AR T R R (13X
Tl P T AV 49 it 0 3 >4 PR SRR 7 AR KR I H A
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82053 v 1 P i RN/ 3¢ 0 N = N s W A S g
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