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Abstract: To clone the anthocyanidin 3-O-glucoside 5-O-glucosyltransferase (UGT75C1) gene from
Houttuynia cordata and analyse the prokaryotic expression. The cloning primers were designed based on
the transcriptome dataset of H. cordata, one unique sequence encoding UGT75C1 was discovered. The
sequence of UGT75C1 was cloned from H. cordata by RT-PCR. The physical and chemical properties,
secondary structure and three-dimensional structure of the UGT75C1 protein were forecasted and
analyzed, and its structure and function were predicted. And the different expression levels of UGT75C1
gene in rhizome, stems, leaves, and flowers of Houttuynia cordata were analyzed by fluorescent

quantitative PCR. And then the cloned opening reading frame of UGT75C1 gene was inserted into vector
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pGEX4T-1. The recombinant plasmid pGEX4T- UGT75C1 was expressed in a prokaryotic expression
system after they were transformed into E. coli BL21 (DE3) . The fusion proteins were analyzed by
SDS-PAGE. The cDNA contains a 1 461bp open reading frame and encodes a predicted protein of 486
amino acids. Transmembrane regions and no signal peptide were presented in UGT75C1. The PSPG motif
domain of glycosyltransferases was presented in UGT75C1. Relative real-time PCR analysis indicated that
UGT75C1 showed the highest transcript abundance in the leaves, moderate level in the stems and
rhizomes, and the lowest level in the flowers. The UGT75C1 gene was expressed in a prokaryotic
expression system. This study cloned the UGT75C1 gene from H. cordata for the first time. It will provide
a foundation for studying the function of the UGT75C1, and it provide a scientific basis for functional
genomics research of H. cordata and mechanism research of flavonoids biosynthesis.
Key words: Houttuynia cordata; anthocyanidin 3-O-glucoside 5-O-glucosyltransferase; clone;

prokaryotic expression

R YR FE 37 7% I ( glycosyltransferases, GTs A& 4 /N7 146 G I Bl RE 4 ( Claire et al., 2005),
P B A ) A I 2 4 A R~ 1 =L — (Weis et al., 2008), A2 AEM) 1 £ B5 4 S Y 11
—ANHEHr (Thomas & Patrik, 20000 BEAEAEFS M SR AY /N TACEH) GRBAREY . R
R N AN ) Jot LA RO i i e 0D OB 5T, I e BRI B s YR AMIS ) B #5 %: (Lim &
Bowle, 2004), Z 5 # V47 (Fujioka & Yokota, 2003). Bifil/c/% (Martinetal., 1999). fii
W (Kristensen et al., 2005). R4=ALi (Tohge etal., 2005). 1554 S (O’Donnell et al., 1998)
Ao Jackson A (2002) (RS RIAMHIL LA ML UGT84BL, R BUAEFRARIL H A K 2k
Ff4; Poppenberger %5 (2005) 7EfUlpg I+ HH it RISHEIL LR SN M773C5, RIS H [ I
WM NG (brassinosteroid) [FIHIA; Martin % (2001) H5HHILE R TOGT JE R E 8 2 b ot
Rk, RIVAEIT SR Y i EE M BUIER N Yamazaki 25 (2002) &3R4 AR 02D £ ik
ISR LR B IEHEIR s Achnine 2% (2005) M1 Naoumkina %5 (2010) JIhwe b 1 95 1 4 b dL %
ML IR T I Dh g A (2002) BBl ol T — AN A0 BB e R I AR R O30 UE T HLDh R
M AEAE (2013) SO T B DORAA B R Mg RE ] SQUDPGI A1 SQUDPG2; 7KALINAE (2012) K
Do AR R AR, TOPTHALAE (20140 RPRHRERAL WM is PEUE T 204, B AR A HERR 9 H
3 R R SR A (1 B B & /. UGT75C1 (anthocyanidin 3-O-glucoside 5-O-glucosyltransferase )
TR S 5 A WA B e RS L R (Tohge et al., 2005), EISH{ & BAR M &A% rp e 4 o
YERT . TR M2 & ) 2 24 P R e P o ) 22 IS > 22— BA RGP OIE L B sl ik i
o Ik B4 A« FOEBIEIR . BrEa i g O e A 41 B i Dh g Cf Bk, 2011).
KU NAFAEFORAS, BB mAMEEGA, B R T2/ E (Bhattacharya &
Sen-Mandi, 2011), &% 4 11 & 2L i 2R B A JL % # i (UDP-glycose: Flavonoidglycosyl-
transferase, UFGT) 4L (Masada et al., 2009). #fF5¢ fa i GopiSE R A2 B L K] UGT75CL %) T
W DT UER WS S W B & S A R R

AT BN H RT-PCR J5ik v fa i 5 UGT75CL 3L 1K ¢cDNA F B, Xt HAfE S 2 LR T 41
WEAT AR ST AT RIS A T, A IR DR AR AN R A 2R 88 B TR I 28 e ik, W R i s iudAk, ik
ATIRIZEIS, DA R @ R DR ()0 B AR B A e AR &R, b0 OR T R DR S BT R
1 5 1) 24 T {1 B3 BRI BE A
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11 #R5RFH

falE % (Houttuynia cordata Thunb.) F¥ 5 & [ K22 e e R BUZ 4 e, Pk T M b 2% B fa
IR, T 2013 4 6 HRER—HRMAER RN 25, M B35 mh v, fE55E, a8 s
M K SEBRIR — IR (DEPC) ZKALER, JANBA T IRAE, AF[HISese =, T - 80 CUKMTRAE#H .

RNA $#EGAF S cDNA A kil SR 5 TagDNA R4 B ek pMD 18-T Vector
¢t 5E BRI SYBR Prime Script™ RT-PCR Kit, 44 [ TaKaRa /2. JR%REH AR pGEXAT-1
A AbE RS A PR A . E. coli BL21 (DE3) M ASZE 4447, DNA [laithidF & . i
PERHGR A& O TR L. T4 DNA EERE. #FF IM109. DNA A2 A id & At
WG B A TAY TR (R BAF.

1.2 ERAzESEN

O EE S 2 E RNA FER 4% RNA SR HGA G Ul D AT, SIS HEAT s yoR ) At i e ik
FElsE s FET - 80 CLAfE&H o WA S Ui BIkT, RIERA K cDNA #, ZrEsaifh /58T
=20 CORAF& o I oy f Sl s A, RO — MRy UGT75C1 (anthocyanidin
3-O-glucoside 5-O-glucosyltransferase) [F# %A (CL3072). F AL L BAF I IL 5 A7 — A5 31 T
TBOBRIEAE ,  AE TP S AE e 51 I 3 ¥ 5 1. UGT75C1-F: 5'-GGATCTGCCCGGATCTGCTGG-3';
UGT75C1-R: 5-CTTCTCCGTGGACGTGACGTAC-3'[ A TAM TR (L) Bt Aal & .

PCR ¥ 14 [ AR B 0 S N S A AT B 2% (2013) #9053, HidhiB Ol A 58 °C. /1] DNA
[ Al A R G0 PCR = 43R AT [0 AC P g 4 BRI S Ut B B AT #45) » Kg alidb 7 )3 48044 pMD
18-T Vector, AVIESZAANML IM109, &0 ATiEG, WRAEFR, RIUTKIFE PCR %€ 5, %4E
T TR CEEED Bgr A a . K DNAStar 2454008 I 45 Bk AT 204 5 403, 75 NCBI W
i I Blast LG 2 & UGT75CL JE A i, W H BioEdit #AF1EAT 50 #7 . K | ExPASy Proteomics Server
PEAEIAE LR T 2o IR UGT75CL ik K gty 8 11 B4 Pk 0t 450 S T e AT 700

FIFH S 2¢ )6 52 5 PCR [0 77K UGT75CL JEA7Ef R N 25, dh 28, mhy 8% 4 %
TR RIA R . BT QUGTT5CL-F [¥41h: 5-GAGCGACGAATACGACACCT-3', Niifs|
) QUGT75C1-R J#41) ) 5-CCTTATGACCCACATGAACG-3'. i} ABI7500 £ PCR #iilll 245,
RAKZ U F: 10 pL 2x SYBR® PremixEx Taq'™, 1E X [7 5140454 0.4 uL, cDNA #H% 2 uL; il ddH,0
25 pL. KMNFEF: 95 C 3 min; 95 'C 10s, 60 C 20s, 72 'C 30s, 35 MEH, 5Ll PCR
SN LAFAJERE 18S rDNA 22, 18S tDNA ¥4I 154 18S-F: 5-CCTCCGGCGTTGTTACTTTG-3'
F118S-R: 5'-CCCGACTGTCCCTGTAATCA-3'. HAN RN EHR 3 K.

13 E#FEHEgEINRE

FRPE P45 3, 2 H Oligo 6.0 AR 25 14): F: 5-AATGGATCCATGTCATCTCCTC
CTCCTCAG-3' (4 BamH I 117 ), R: 5-CTAGTCGACCTCATCCTTTGCATTCATGCAC-3' (&
Sal 1 F¥)47 15); PCR § 89744 BamH 1 A1 Sal 1 W) Jo , 5 28 [RIAERE D) 5 10 FORE 204K pGEX4T-1
A, A 740 Ecoli BL21 (DE3), M E 4R IAH AL pGEX4T-UGT75C1, 4 IPTG 5% 4 h )5,
F SDS-PAGE (15%) il H ()8 A R IE L, DL 8udsh 2 .
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P SSE

21 PR UGT75CL EEEE i I
L cDNA S#ik, FI31# UGT75CL-F 5000 bp —=-

3000 bp —=

UGT75C1-R #47 PCR #"H4. F=#%: divk R IR o :L: 1800 bp
Z5{E 1800 bp 40 1 4e5uis (B 1o FUb A B 0t —

[l 4litk, 5 pMD 18-T Vector %, #54k 7 250 bp —e-

TERTIN 5 AT, B 3R1S 7414 NCBI ) 100 bp —=~

ORF Finder 1% 741 5547 — > S8 3E I I I | S UGTISCL B PCR 14
BHE, 4 1461 bp, HENZwEY 486 M2 LML (& Fig.1 PCR amplification of UGT75CL of H. cordata
2).

GGATCTGOCCGGATCTGCTGGTGAAGAAGCTTCACAAGCGAGGCCGCCGGTAICATGICAICTCCTCCTOCTCAGCCTCAGCCTCACTTC
M SS PPPQUPQFPHTF
CTICTOCTCACCTTTOCAGOCCAAAGOCACATCAACCOGGOCCTCCAGTIGGOCAAGCGOCTCGOCCGCACCGGCGOCCATGICACCTIC
L LLTF PAQSU HINPALO QL AKRLARTGAHUVT F
GOCACCTCAGTCAGCGCCATCAACCGCATAACCAGCTCCACCACCCCGGCCTATOOCAACT TGACCTACGCCTCCTTCTICCGATGGCTTC
ATSVSAINRTITSSTTTPAYPNLTYAST FSDGF
GACGATGGCCTCAAGOCCACCGACGACGICTCICICTICAIGTACCAGT TOCGCGACCTCGGCTOOCTCAATGCOGGCCACCTCGTCCAC
DDGLKTPTDDVSLFMY O QFRDTVLG SLNAGHTL V H
TCICTTGCOGACCAGGGACGGACCGICACCTGC AT TGICTACACCATCCTCCTOCOCTGGGCTGCOGAACTTGOCGACCAGCTCCACATC
S LADQG®RTVTCTIVYTTILTLPWAAETLATDG QTLH I
CCCTCCTTCCTCCTCTICATACAGCCAGOCGCCCTOCTCTCCATATACTACCACCACTATAATAACAATTCAGICGTCTCTTCCTCAGCC
PSFLLTFTIO QPAALTLSTITYJYHHTYNNNS SVVS SS A
AGTCCCATCACCTTGCCGGGOCTICCGOCCCTCTIGCTGCAGGACCTCOCTACTC TAATCC TOCCTGOCAACCOCTACCAGTCCATAGCA
S PI1 TLPGILZPZPLTILLO QQDLTPTTLTILZPANTPYQS I A
GCTTIGTIATCCGATCTCTTTGTCACATTGAGAAAACAAGAAGGCAAGOCCCGGGTGCT IGIGAACACATTCGACGCGCTGGAGTCAGAC
A LLSDTLTFVTLREKGO QEGEKTPU RYVLVYVNTTFDATLTES D
GIATTGAATGCATTAGOCGGAGAGATGGAGGCGCTGGUGATCGGGCCACTCCTCCOCTOCGCAT TOCTCGACCGGAGCGACGAATACGAC
VLNALAGEMEA ALATIGPLTLTPSAFLDTRSDETYD
ACCTCCTTIGGAGGOGACCTCAI TGAGGGGACATCGAAGGACGAATACCTCAAGTGGCTCGACACTAAAGAGGOCGGCTCCGTIATCTAC
T S F GGDLTIETGTS SZKTDETYLJ KWLDTEKTEAGS VI Y
GICTCATTCGGAAGTCTCTCOGTGCIGOCGAGGCGGCAGATGGAGGAGATACTOGAGGTAGTGGAGGCGACGGGGAAGCOGTICATGIGG
VSF GS LS VLPRZRQMETETILITLETVVEATGE KT PTFMW
GICATAAGGAAATCGGAGAAGGAAGAAGAAGAGGCOGAACTGGAGGAAATCCGAAGAAAAGIAATGAGTCGAGGACTAGGGAIGGIGGIG
V I RKS EKEETEEA AETVLTEETIURREKTYVMSU RGLGMV V
GGGIGGIGCICGCAGGTGCAAGT TCIGGGGCATCCTICTGIAGGGTGC T TIGTTACGCACTGTGGGTGGAACTCGACGAGCOGAGGGACTT
G WCSQVOQVLGHPS VGCFVTHCGWNSTSEGL
GCTTOCGGCGIGCOGATGGIGGOGAIGOUGCAGIGGACGGACCAGCUGACCAATGCGAAGATGGIGGAGGAGGTGIGGAAGGOGGGCGIG
ASGVPMVGMPQWTDQP TNAKMVYVETEVYVWEKAG GV
AAGGAGCGAGIGGIGGAGGUGEGCGAGC TGAGGAGGTGCTTGGAGGTIGGOGAIGGGGAAGGAGGTGAGGGAGAGC
RARVNKEGVVEAGELRRCLEVAMGKEVRES
GCAAGAAGGTGGAAGGAGCTGGOGAGGGAGGOGGCGEGCGAGGGIGGCTCGICTGATCGGAATAT TCGAGTACTCGTGGAGGAGGCGAAG
A RRWEKTELARTEAAGEGGSSDRN I RVL VETEATZK
GGACAACAGGTTGCTACAGTGGAGGCTGTGTICGTOGCCACTGGAT TCATTIGTGGIGCATGAATGCAAAGGATGATAT TTTGTCTTGIGT
GQQVATVEAVS SPLDGSFVVHETC CEK G *
TGGATTGCITCTITIGTTTTTTGAAGGTCIAATCAGGTGTIGAATCTGAAAT TGAGAGTACCATGAACGIAAAACAAAAGGAAATTCGAT
TITCCTTCACATAATTAATGAAGAATGATATAAAGGT TT T TGAT TGAAGT T TCTAGTACCCCTIGICTCTTAACCCCTCTATTGICTTAT
TATTTCATTTTCTTCCACCTCICTTOCCOCTCCOCTCT TGACCACTAT TACAACCGTACGTICACGICCACGGAGAAG

2 @[EE UGT75C1 EEMZHMRFIREN R ERFI
* FRORLKIEE T, TFRIZFR R PSPG-box motif.
Fig. 2 Nucleic acid sequence and supposed amino acid sequence of UGT75C1 gene fragment of H. cordata

Termination codon is indicated by an asterisk, PSPG-box motif segment was marked with underline.
2.2 fafEE UGT75CL miTEEFIESThaE

FIF] ExPASy FIZELRF A0 IR UGT75CT 2 (A B P RS- T TN 0 B, 45130
C2373H3740N6380714S17, AHXT 4> T 3K 53176.6, ZEHLei pl A 5.22, NHAMATREEN, MiER
ok 54.81. JEWIRECH 93.09, GRAVY CPFEHI/KRED A -0.07. #Hilll UGT75C1 & A1 4 &5
Frf o - BRBE Y 38.48%. B - Ty 7.82% LHLNIEE M 37.65% H HLEM 16.05%. NH Prosite
BTN S — B 44 ANEIEMRINEEIX PSPG motif: WCSQVQVLGHPSVGCFVTHCGW
NSTSEGLASGVPMVGMPQWTDQ (344 ~ 378 {\7), #fi ARHIEE SRS IE . H SWISS-MODEL
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fa B AORE S B BEL N UGTT5CT [ ve i B A% R 0.
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TR UGT75CT (= ggitind 3. N HEL R B4 MR IR 5 UGT75C1 A5k, BT
PERR (B 4). WHZER A 0040 M0 5 A7 T I, FEAE 4B 1 e 2 R B 0.65, ZekiiAIE w
SERTREHN 0.1, AR ARRBEARBL 2 A7 R BN 0.1, TR E AL R ECH 0.05,

2000 —1-0
1000

N 0f
N-terminus N -1 000
Ciji g -2000+
C-terminus ;:: 3000
5 -4 000+
-5000+
-6 000}
SO0
0 50 100 150 200 250 300 350 400 450 500
S ILES % Number of amino acid
3 UGT75C1 BA=R&MANE 4 UGT75C1 EREEFNE
Fig. 3 Three-dimensional model prediction of UGT75C1 protein Fig. 4 Transmembrane prediction of UGT75CL1 protein

2.3 #&BEE UGT75CL BIRIES

255215 ¢ 58/ PCR A UGT75CT LA A fa e i R 25, Mo B35, by fepiRisaE, 459
FWLEH TP RIE B m, HEREREEHNRK, HHPRHREERK (5.

24 fPRE UGT75CL RAZF- 480 R #% ik

B & YL pGEX4T-UGT75C1 52% ki pGEX4T-1 [ K AT E. coli BL21 (DE3) 7353k
THESHERIES, XHZR™Y) SDS-PAGE Uk 7r#r (& 6), HikiE 2 A5 pGEX4T-1 5 14
73 4 h, UKiE 4 A A pGEX4AT-UGT75C1 B KE T 4 h, 735l KILAEKE) 26 kD F1 79 kD Abf
BRI Al s JKIE 1 & A pGEX4AT-1 MEAEAR TGS, VKIE 3 &% H pGEX4T-UGT75C1 w14
KiFES, FrRLm A, 41 GST Kikkr%Eh 26 kD, UGT75C1 [T 4 1N 53.176 kD, %
F 58 pGEX4T-UGT75C1/BL21 TR 248 ™ Wy v vk Ja B w R B 1 45 K/ N2k 79 kD 8 AT .
RWIPEIL AL BT UGT75CL SERAE K IAAT 1 o L Zh Rk

pGEX4T-1 pGEX4T-UGTT75C]
Marker 1 2 3 4

1.6

= 1.4+
HE 12 105 kD —= - C -
qE 0+ — —
2k no— o Z S
= E-u L 50 kD —=- - = ==
w04 3TKD —=
0.2+
T ——— I L .
Riﬁizr;-fc F](:Ev'cr }%ij LL::I;L[' 25 kD —- - - - _
B5 &EEREHEAP UGTI5CL 6 PGEX4T-UGT75C1 EE XM & H RiAER SDS-PAGE 4+#f
EFEMHEMNKRIEE 1. 3: RiFES: 20 40 FT4h.
Fig.5 Relative expression quantity of UGT75C1 in Fig. 6 SDS-PAGE analysis of products expressed
different organs PGEX4T-UGT75C1 vector in E. coli

1, 3: Uninduced; 2, 4: Induced by IPTG for 4 h.
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3 e

R ol SR Wl e AT 35 IR B IR — AP B2 4R 2, eSS SHAEK R 2
AR CEZEFENYL, 2008) . i JL 3 7 i Ik DR OCHS AR IR S5 (B SUATAE , AN ) (PR L % A% il
SRIGIUEPEANH 5, 20 E A AL 45 My 1——PSPG motif, A8 5 M) R TF B 5 4 W ol b
B3 46, DMERIEILMEAIIRE . 15 2 2 R S5 R 1 IR R 3 78 i AR AE R A b T A
15, AH S WL AL I L R (e A h Bl i e B A 22 o S TR SEEC R Il AT 2 PhDh RE RN AR 2 5 1k
BT T2 RN T, oy ah 2,

AHEFEH R RT-PCR HoAR v b 1l ol BE AL AL B EE ] UGT75C1 ()4 ¢cDNA J¥41).
HSg B IO EHE (ORF) i 1 461 bp, 4wt 486 N IEES . XHHES R IEBR P4 AT 40015 B
b, RMMILEAESIKTH, 2R, RAARRR B EIERE, 56— B 44 M
&%) PSPG motif, V.40 HuE A7 s Ho oA T4 L sUr4i a2 vh, X vl e 52 2 S E s s,
8T RAIELZ I RER A A0 AT .

Bl A A IR AAR = e i 7 Nz —, X RME M 7 AR B 5 — P T (Haralampidis
etal., 2002). X T IRAAR =PI B ZTE 1, BEIEFLFE TG 0 /E RN B2, Bl 0B 5 78 WA o0
IARWIRN, SRR, S0UF L= A2 aam s A A DR 4 1 25 4 R e e il 2 DR
PRI E TP, AIFIT B O v b T 5 UGT75CL JE K cDNA 741, W%k T IR izkiE
Bk, FESILT AR, S AR N R O SRR A R B AR R, R R R R R — P
iF UGT75C1 Dhg HEAR L RS AR, A B0 TS0 ar bR LA o ge, 04T 25 A A st A o | AN

AP
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