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Cloning, sequence analysis, and prokaryotic expression of CpUGPase gene in
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Abstract: Objective In order to study the metabolic pathway of Codonopsis Radix polysaccharide, the key enzyme gene
UDP-glucose pyrophosphorylase involving in the polysaccharide metabolism, a CpUGPase gene was cloned from the roots of
Codonopsis Radix, and its sequence analysis and prokaryotic expression were performed. Methods According to the CpUGPase gene
sequence of transcriptome of Codonopsis Radix, a pair of primers were designed, and the open reading frame (ORF) of cDNA
sequences was obtained by RT-PCR. Then TA cloning, sequencing, and sequence analysis were performed. Prokaryotic expression
vector PET-28a-CpUGPase was constructed and transformed into Escherichia coli BL21 (DE3) for the expression under the induction
of isopropyl B-D-1-thiogalactopyranoside (IPTG). Results The ORF of CpUGPase had a length of 1413 bp coding for 470 amino
acids. Sequence analysis showed that CpUGPase had a conserved UGPase euk catalytic site and belonged to A type of glycosyl
transferase protein family. PET-28a-CpUGPase recombinant plasmid was constructed to obtain a stable prokaryotic expression system.
The SDS-PAGE results showed that the expressed protein were about 54 900 in size and consistent with the anticipated size.
Conclusion The CpUGPase gene is successfully cloned, and the stable prokaryotic expression system is established. This study will
provide a foundation for the further purification, structural and functional researches of CpUGPase protein.
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TR AR . IR BRI . IR IR
2 LB S5 R IR OB O AT A AR A
[FZH 21 UGPase JrflE A6 S N 7 AN [A] o B U5
(source) A2, UGPase F# S 5 W15 AL,
HFEREE IR & R (sucrose phosphate, SPS) 2
ft UDP-#i %Kk, W UDP-#ZHin =5 N2
B BRI B SR SR A . B (sink) HZH,
UGPase 2 5 RERE I A, K UDP-] % BE # 4k
52 2 B - LR, 2 B - -l U T R R
Rt b,

Hl, BFes ca s, kbl e
SR A B UGPase. RIRREVIRIL, A
A AR BRI TP B 2 W& 5 UGPase
PR AT B0 IO AH DG, A ) Tl T ) R 62 v 1)
ZWEE; FALKHE OsUgp2 JEH 4 2 AR A
Z W5 55 M Ak 2 B A 2 B AR RN SRR R 3 A R B B
™ el Ik %A E GhUGPase 3
DRI P 2 5 DR R e v ) o v e 2 1 s 4k
HHEM AfUGPase SEDS B, 40 0 BE 5 B e
0 35 5 22 W Yy ek ek Mg v
LgUGPase it K (1) 400 1 5+ AF Ak 0 %67 26 B « SR e 0%
I8 m T AR, RS R ] R
W UGPase LR &k, HATEREEACHS & 2 Bk
SR EREM .

%, 2 Codonopsis Radix J ¥ # Fl
( Campanulaceae) tH#) 3% Codonopsis pilosula
(Franch.) Nannf. ZE{£3 2 Codonopsis pilosula
Nannf. var. modesta (Nannf.) L. T. Shen 5¢)I|% %
Codonopsis tangshen Oliv. [N, yLgexk
m By, SHZHE WS ST .
Wi RSy, H 2R e T A
G SE B R H AT R 2 RSy, AT 5
BUAS . Y MBEER . Pt PiEeE 4ty
SEAE, IRETAE S B AR T RS
ZZPACEITTT. W] 2 2 G AR RS, X
WS ZPACHREE e R H A EE N E .
5 2B R MY, SE TS UGPase J&
DAL 1) e B S5 RIE T 2R A AR AT . A, ASEEG
X} 562 2 AR R A% T 110 S B il B DT PR 1 — IR i
LM IR LI CpUGPase J&[KIJF 5T, AR it 3¢
% Codonopsis pilosula (Franch.) Nannf % 5% 4[] SCJE
CpUGPase LR FHIMY, il 4% S vksy, @it
RT-PCR M52 ¥ 1915 2] CpUGPase 3, #4415

JERZ R BARTF R 5 3 HAR L, DU CpUGPase
A DI RENT 7T B E HAi
1 MEIFF

2013 ££ 10 H, T3ZK0AY, B b4 i
WA S GAP HEMIRAEESEAR, ToRIKDE
5 KB V)R REE R, AT
—80 ‘CHIT & RNA $&H0. A4 bl VG R
A2 2R S P A S E N S Codonopsis
pilosula (Franch.) Nannf.

KA B DHSa W A A4 TAEY) TR A1
BRAT, sk A pMD™18-T W H 5B TR CK
) ABRA T . Fik4d TR BL21 (DE3) 52 1%
@y B B RA R, RiLH AR PET-28a
)1 DR R R R A ]

Trizol /st RNA Sl A B L2 A
#5387 £ PrimeScript™ RT reagent Kit with gDNA
Eraser. Ex tag M. FREIENVIEE BamH 1 H1 Xhol.
T4 DNA FEERGE T 520 TR O HRRA W ;
TR MR R RE I [P &0 B Omega 7] ; X-Gal Al
IPTG T4 LAY TR CRfE AR A, H
A8 Ay [ o3 B 4l
2 AE
2.1 2 RNA 2B CpUGPase EF £ 1K cDNA HJ
g

IR U, $RIBUESHE RNA JF
Mg cDNA. i ik 41 b CpUGPase 741,
FIH] primer premier 5.0 F1 Oligo 7.37 & iI— X551
¥ CpUGPaseF: 5°-AATACAACACTTCCCCGT-3’,
CpUGPaseR : 5’-AGTAAAACTCTCCCTCCG-3’ .
K¢ cDNA Fike 10 1% A RS T PCR 9718,
NAK B AUHE: TaKaRa Ex Tag 0.25 pL; 10X Ex Tag
Buffer 5 uL; dNTP Mixture 4 pL; Template 2 pL;
CpUGPase-F 2.0 uL; CpUGPase-R 2.0 pL; ‘K&
ddH,0 34.75 L. x40 95 Cy 5 min; 94 C.
1 min, 55 °C. 1 min, 72 ‘C. 2 min, 35 M,
72 ‘CAE{H 10 min.

2.2 CpUGPase £ & 52 f&F0i

PCR "WI1% 1. 2%IR IR Bk 70 B, VIR
Jei s RHE MR & 5 ) Bodb AT e, I
F 4 pMDI8-T #ifk I, ¥4k 2 KA DHSa /%52
SA0M, WAk, T4k pMD18-CpUGPase
ZAEAL BN A e R DRURHBB AR A PR 23 =) X1 0
Fe, N R4
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2.3 CpUGPase RIEMIERZE 0

A M NCBI f£ £ T. H ORF finder
http//www.ncbi.nlm.nih.gov/gorf/gorf html FOE 7
CpUGPase [1JFFJBU 524E (open reading frame, ORF).
S R B 1 PR 3 AR T SR ) ExPASy Proteomics
Server $E it [ 7F 2 T H Protparam Chttp://www.
expasy.ch/tools/protparam.html) 47 53#1. FJH NCBI
FE2E T H “blastp” Chttp://blast.ncbi. nlm.nih.gov/)
X Gt RS S R AT AT o R DR 2
fE £ I B4 C httpy//www.cbs.dtu.dk/services/
YinOYang/, http://www.cbs.dtu.dk/services/NetNGlyc/ )
X CpUGPase 2 ith ¥ 2 SE R MH B AT s 1 dEAT P00 43
Mo FIHAELH A TMHMM Server v.2.0 Chttp://www.
cbs.dtu.dk/ servicess TMHMM/)  Fiiill 25 14 1) 85 i X
I #E 2k T H SignalP 4.1 Server Chttp://www.cbs.
dtu.dk/ services/SignalP/) TIMIME T ik. WL T H
WoLFPSORT HEAT A M s 7 il o S HERR Iy S AH B
PEIEE NCBI (http://www.ncbi.nlm.nih.gov/) 2
ST EAEEREAT blast, JFAIH DNAMANG6.0 #4}:
BATR IR 2 Ty Fl Xt Jlid MEGAS.1 ik
Neighbor-joining ZAHEAH, BEE bootstrap=1 000.
2.4 CpUGPase £F [FE#xFiEHIKBE

1E CpUGPase FE[X ORF WS NI £, ¥
ARV 514 CpUGPase (BamH 1) F:
5’-CGCGGATCCATGGCTGCTGCCGATA-3’, CpUGPase
XhoDD R: 5°-CCGCTCGAGTTAGATATCCTCGGG-
ACCA-3>, LLFFIERGI . &4 H 3R 4 5
W AREMGIEAT PCR 41 o 4 43545 211 B B 5E1)
A 5 PET-28a (+) 73 24T BamH 1T Xhol XL
W), B TER rhvk (Bl 4% 1 ¢ 4 Wi b (R34
HEBERD A, s DHSo &2 540,
WA T 100 mg/L RIFE 2 1) LB FilfAR: 75 |,
PRI PR v, 6 AR IBUTORL TRV % E, R1G
20 5Ok PET-28a-CpUGPase.
2.5 PET-28a-CpUGPase 7 XA+THE P AIRIER
FIEFHRMAL

73 WAL, PET-28a-CpUGPase #11 PET-28a £k
JuAt R BL21 (DE3) B2, BRI B i et
T3 mL % 100 mg/L RAFE 21 LB iR 773,
37 °C. 180 t/min #3457 12 ho SRJ5 LA 1 1 100 [
EE G H2 il 215 100 mg/L -RABEE 25 11 LB i AR 7 5
H1, 37 "C. 180 r/min #=FHHEIR, 1F Agoo N 0.6 I,
I IPTG Z K% 4 0.2 mmol/L, 30 ‘C. 140 r/min

PFRIE She BT 0HUE I 1 mL #¥E 4 000 r/min
B0y, FE BV AN 100 L SDS _FREZE R, 78
Iy aE, AW 10 min, HARWH 2 =R 5T SDS-
PAGE (5%iR4AMKE, 12%43 B 28T, LA &
HEHETRIA,

TEMEEEAL b, SIS FIREE R IPTG (449K
JE53 50 01 0.1, 0.2 0.4, 0.6, 0.8+ 1.0 mmol/L)-.
B PAFEAFEBE (0. 1. 24 37 5. 7. 9 h). fE
ANFEHREE (25, 300 37 C) RS, HTES4
AL .

3 BR55
3.1 %% CpUGPase ¢cDNA [F5H %

PA3E 2 cDNA AR, 1753 1 600 bp /it
oA B (B 1), i TA v B 3515 & 41 Fokn
pMD18-CpUGPase, iy 45 R E W] Iy 84 7 51 55 i
WIBZ] 248 NCBI 85 AJA91184.1 11
cDNA J¥4—%.

5000 bp
2000 bp

1 000 bp

500 bp

250 bp
100 bp

M-Marker 1-PCR 3145 ft
M-Marker 1-PCR result

1 CpUGPase £& PCR &R
Fig. 1 PCR result of CpUGPase gene

3.2 CpUGPase £EMEMERFHH

T3 CpUGPase J£[K cDNA 42K 4 1 612 bp,
TSR TT IR AHE, KB 1 413 bp, 4alidh 470
ANEIEIR . A F RN 51402 a5 FLRZEHL N
(pD & 5.99, lfiEHIERIEEL (Arg+Lys) & 50,
R IR (Asp+Glu) 4 55. ZEANARE R
Hoh 2594, FWZE A PUEE .

NCBI blastp 7 #r45 # W.7~, CpUGPase £ 15
IR UGPase_euk [N AT, JBT A BUBEIE
BRI (K 2), By E T
UGPase #& K Z %

X} CpUGPase $iIEA0AT ST 437 45 3 o
ZHE AR 162~164 123512 (N-Q-S) AbA7{E N %
FEREFEALAT &, 7E 6 7 (Tys). 3547 (Ser). 169
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Query seq.
Substrate binding site
Active site

Specific hits
Superfamilies

225 300 375

e —————

450 470

UGP ase_euk
Glyco tranf GTA type superfamily

E 2 CpUGPase EHRF XIS
Fig.2 Prediction of conserved domains of CpUGPase protein

£ (Tyr). 371 A7 (Ser). 377 £i7. (Ser). 426 £i7. (Ser)
ARAFAE O FEREHEFARAT 55 o A S HEY) UGPase 1%
SEIIES 356~361 {7 2 Rk H: (RFLPVKD 5{RF
GIEFRA 14 257 A7, (Lys )+ 323 £7.(Lys )+ 361 {7 (Lys )
402 i (Lys). 403 £ (Lys). [AINAE 93~96 {7
B (T-M-G-C) e IR S 3 (8 3).

7£ 4 T. L. WoLFPSORT 3V 41 Jifd 5& 7. %3 #7 45
Bon, QMTENRECh 9, WERARE N RECY
3, AL EN RECN 1, B CpUGPase & H %
Bl fefr T 40 ik p . TMHMM Server v.2.0 F5 il
SERITN S5 R K, CpUGPase [f1 32 LR 7
G, R RIS A b i G A X, AR
TWEANE 1. SignalP 4.1 Server 15 5 Bk 7 4 5
7R, CpUGPase “F-3J S {H 0.110. C {H 0.115. Y
fH 0.111. K S ff 0.110, ¥J/hF 0.45, F£HY
CpUGPase 1 74P ANEAE AR 5 ik, Tl
INZE AT REIEA Rt R AR S, S 5
T &5 R AH — .

FJH DNAMAN 6.0 # A X%F CpUGPase A 4))
¥ UGPase #HATZ LR 512 E LA 0 #T, 45
LW CpUGPase 5 HARIFI ) UGPase S
FOARABLEE , Herp 5% 24 UGPase FUAHBLUE fei, A
88% (I 4). M NCBI %) HAL 11 MR
UGPase & /751, FIH MEGA 5.1 AFE#E ARG K
B (E 5. gi L B7R% 2 CpUGPase 54 % 1)1
GRBAN I, WA —3, 52 Y
138 SR 20 RA R
3.3 CpUGPase £[HE [RiZFRiEHIKHIGE

P A VI s 5 | 403E4T PCR 43, 7487
W22 FL VIR 26 B 5 T R — 2 (B 60 HH I
A BB a4tk J5 ] BamH 1 A1 Xhol MUY, %
2 2 A0 [ B V) I f5 Y PET-28a |, 3R 14
PET-28a-CpUGPase %R IAEAA, FA KT
DHS50. 2R D)4 e IE6f e (&7,
SRR H ML 5 EF 51—, Ui A5k
PET-28a-CpUGPase #J & i 1) .

I MaAsADTEKLAKLOSAVAALNQISQNEK SCFINLVERYLSGEAQHY
46 EWSEIQTPTDEIVWVPYDTLASVPFEDSSETEKLLDELVVLELNGGL
91 GTMGPI{SVIEVRNGLTFLDLIVVQIESLNTKYGCNVPLLLM
136 NSFNTHDDTLKIVEKYSNSKIEIHwQFPRLVVDEFLPLPSK
181 GHAGKDGWYPPGHGDVFPALVNEGELD TLLIQGEEYVEFVAMNSD ML
226 GAVVDLEILHHLIONKENEYCMEVTPE TLADVEGGTLISYEGEVQL
271 LEIAQWVPDEHVNEFKSIEKFE IFNTHNLWVNLMAIERELVO)ADALK
3t MEIIPNPEEVDGIKVLOLETAAGAAIKFFDHIIGINVPRERFLEY
361 £ATSDLLLVQEDLYSVEDGY‘JTRNTARKNPANPSIELGPEFKKVG
406 SFLSRFKSIPSIIELDSLKVEpDVYFGSSVVLKGKVVIAAKSGVK

451 LEIPNGAVLEMEKEVNGPEDI*

] FLEE T2 A N BRI, BRI A O FERR MMEIEALAT A, WXLk B A PR ST RUIRIR IS, WSS A TR [ Lys FRIE, misRE

I F AT IR A 5 3

N linked glycosylation site was marked with a straight line, O-linked glycosylation sites was painted with red frame, the double line part was

conservative amino acid residues; yellow shade was conservative Lys residues, wavy line part was nucleotide binding loop

&3 CpUGPase EHRRERFT
Fig. 3 Amino acid sequence of CpUGPase protein
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2 VERYLS $TP [ Ha DRl
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JBR AR VMRYLSGEA K )
FIH 3 ) 2F) PE 79

it EE P SRR BRSO

Consensus maadteklsqlksavaglnqlsenekngfmlvsrylsgeaqhvewsk1qtptdevvvpydtlapvpedpaetkklldk
W5 JLKLNGGLGTTMGC VRNG wWjo VNS D 160
A7 LKLNGGLGTTMGCTGPK NG 0 KYG MNS D 155
e ALl JLKLNGGLGT VNS D 159
JER KU LKLNGGLGTTMGCTGEK g 0 KYGON MNS D 159
liivea 155
Consensus

WS 240
Gik:] 235
e L] 239
JRR KU 239
KB 239
liivea 235
Consensus

iz 320
k| 315
SO A 319
JBR ALY K VTPKTLADY SYEGKVQ AQVPDHVNEFKSIEKFKIFNTNN A ] 319
KINEY 1y SYE( NEFKSIEKFKIENTNNLHW \ 319
i ¥ea MEVTPKTLADVK SYEGKVQ AQVPDHVNEFKSIEKFKIFNTNN ATKRLV 315
Consensus

e 400
Gik:] 465
ST A 469
JBR ALY 469
FIN N 469
e 465
Consensus

2 470
G BB m&m 1.
S TR S LE NGREDS 469
JER KU

SREFK GDVIJEC Thi NPNr i 469
2 A SFLSRFKS PJILD;LP G KGRI TN KE LE RING L 469
Hage ©NFLSRFKSHPSI{TELDSLXVIGDVI]F IXAMILK GKV T TENETI 465

Consensus fkkvqnflsrfksipsiieldslkvtqdefqaqltlquvt1aaksqvklelpdqavlenkelnqpedl

4 CpUGPase 5H {154 UGPase F5| LLITLER

Fig. 4 Multiple sequence alignment of CpUGPase amino acid sequence with UGPase sequence in other plants

— THIE (AAF86501.1) M 1
T K (XP_003544964.1)

— BRRA (XP_012074723.1)

e (AD032901.1)

—  —— FEIEH (AEF13021.1)
— Hi% (XP_002282276.1)

— 3% (AJA91184.1) 1000 bp
BIEIF (NP_197233.1)

—  — %KAM (AGA17038.1)

] PER (XP_006646789.1) 250 bp

T K (XP_008644002.1) 100 bp

— W% (XP_002453185.1)

5000 bp
2000 bp

500 bp

5 CpUGPase E0 5 H{h#&4) UGPase ERR ARG L M-Marker 1-CpUGPase ORF PCR #/"3{ £5 {t
S M-Marker 1-PCR result of CpUGPase ORF
Fig. 5 Phylogentic relationship of CpUGPase and UGPase 6 CpUGPase ORF PCR J #&45R

proteins in other plants Fig. 6 PCR amplification of CpUGPase ORF
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M 1

5000 bp
2000 bp

1000 bp

500 bp

250 bp
100 bp

M-Marker 1-BamH 1 F1 Xho 1 X1 4
M-Marker 1-double digestion result by BamH I and Xho 1

7 PET-28a-CpUGPase Gk B W B 45
Fig. 7 Double digestion of PET-28a-CpUGPase plasmid

3.4 PET-28a-CpUGPase E X EDHIFEER
EREHRK

¥ PET-28a-CpUGPase %1k K W #F i BL21
(DE3) Jail7T IPTG W3Rk, 45 KW, HXIH
AL, PET-28a-CpUGPase LFi# 4 IPTG %55,
AEAIRE 2> 7 i 54 900 (CHEMGEM) LA 4%
T4 (B 8), R ELL ki PET-28a-CpUGPase
KA E BL21 (DE3) Wi $%ik T CpUGPase
HH.

WEMPA PTG REXWRRANES
CpUGPase T4 MK IL, IPTG KKEH 0.4
mmol/L I 41 (AR IA &= AR, WAL A
(R £f BESE B S TIPTG IZIRIE N 0.4 mmol/L,
WK 9.

97200

66 400

44300

M-Marker 1-% PET-28a W ARIAS 2-7% PET-28a IS
3-7 PET-28a-CpUGPasc IR 5T  4-7 PET-28a-CpUGPase [1]
BITE S

M-Marker
2-PET-28a-carrying host cells induced

1-PET-28a-carrying  host cells non induced
3-PET-28a-CpUGPase
carrying host cells non induced 4-PET-28a-CpUGPase carrying

host cells induced
El8 PET-28a-CpUGPase 7£ E. coli BL21 (DE3) H13RiARY
SDS-PAGE ##ft

Fig. 8 SDS-PAGE analysis of expression products of E. coli
BL21 (DE3)/PET-28a-CpUGPase

97200

66 400 '.

44300 |

M-Marker 1-% PET-28a MW ARET 2-i% PET-28a WIS
(IPTG /% H 0.2 mmol/L)  3~9-% PET-28a-CpUGPase (17

IPTG ¥ S9KS% 50500 04 0.1, 0.2+ 0.4, 0.6 0.8, 1.0 mmol-L™"
M-Marker 1-PET-28a-carrying host cells non induced
2-PET-28a-carrying host cells induced with 0.2 mmol/L IPTG
3—9-PET-28a-CpUGPase carrying host cells induced with 0, 0.1,
0.2,0.4,0.6,0.8, 1.0 mmol-L™' IPTG

9 FREIESRE IPTG T PET-282-CpUGPase £ FE Kik

B SDS-PAGE 4t

Fig. 9 SDS-PAGE analysis on expression products of E. coli

BL21 (DE3)/PET-28a-CpUGPase at different concentration

I IPTG 1 h Ji CpUGPase T4 & A EIH %
ik, 83 h g RiEsikBmA, ZFHERERENTE
F RS E AR BR3P kR
FEIF- IR A 3 h, WK 10, i IR X CpUGPase
FHEAMRILER —EMEM, £ 30 CHi%E
FRA R, WWE 1L,

97 200

66 400

44300 |

M-Marker 1-7% PET-28a [{i#{ R 5S  2-7 PET-28a IS S h
3~9-7; PET-28a-CpUGPase [F/1# 5 li%F 0~3. 5. 7. 9h
M-Marker 1-PET-28a-carrying host cells non induced 2-PET-28a-
carrying host cells induced for 5 h  3—9-PET-28a-CpUGPase carrying
host cells induced for 0—3,5,7,9h

B 10 AEFSHET PET-282-CpUGPase 3 ik HY
SDS-PAGE ##ft

Fig. 10 SDS-PAGE analysis of expression products of E.
coli BL21 (DE3)/PET-28a-CpUGPase at different time

4 itig
OGS EH NS 2R 5, XL
G2 2 W E PR AT A A s, Horh
Bl 32 0 OHE R R, G SR BT B AR . AR,
ORI Z 0 R AL PR +
AL RE I O R, ORI Lk SR B R,
Feingold 251818 UGPase Ak 2 /i (11 UDP-% %4 %
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97200 |

66 400

44 300

M-Marker 1-3% PET-28a [MH AT 2-{ PET-28a [N 37 C
TS 3~5-7 PET-28a-CpUGPase [F1# IPTG 5330 55 435k
25, 30, 37 C

M-Marker 1-PET-28a-carrying  host  cells  non
2-PET-28a-carrying host cells induced at 30 T
3—5-PET-28a-CpUGPase carrying host cells induced at 25, 30,37 'C

induced

11 FREIFSEET PET-28a-CpUGPase % i% &Y
SDS-PAGE 43 #ft

Fig. 11 SDS-PAGE analysis of expression products of E. coli
BL21 (DE3)/PET-28a-CpUGPase at different temperatures

5% UDP-FiH7{[14 . UDP- A, UDP-1-FL Bk . UDP-
AT 2 T TR 5 I AV AL SRR R T4, T X ey A B
W2 G e 2 Z B EERY), it CpUGPase &
TS 2B A R R BN, v B R
CpUGPase H:PEX) 32 2 BRI R AR 0T 0 A A7 2L
=X

KU E A R4 1 A UGPase J&
R, ARG SRR R A KRR, g 200 g
P JF A o AR R ARBAE R i1 UGPase. 7K 8
R 2 AN RIS UGPase 2K UGP1 #il UGP2 #%
TR T HALALIE: R 81%, 24 BE1R 7 I AHALLE S 88%,
XA RITERL . 25, 418U 3R, Il UGP2
ML UGP1 RiIA BARIRZ . L (f) 2 Bl UGPase
FEN 23514 UgpA F1 UgpB, iX 2 FF5 AT 27 A4
IEAF, JEFET S AR ES . PRI
RIZL 1) 2 4 UGPase &[5 UGP1 Fil UGP2 73l H
469 F1 470 NEIEBRGAS, AT EE XA N i
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