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[ Abstract | Objective;: To obtain the glycosyltransferase gene involved in modification reaction of
phytoalexin from Sorbus pohuashanensis suspension cell, and conduct sequence analysis and prokaryotic expression
analysis. Method: Based on the transcriptome data, specific primers were designed to obtain 2 ¢cDNA sequences of
SaUGTs genes, construct prokaryotic expression vector HIS-MBP-pET28a-SaUGTs and induce the expression of
recombinant SaUGTs protein. Result; SaUGT1 and SaUGT2 sequences were cloned and obtained from
glycosyltransferases, then bioinformatic analysis of the sequence and prokaryotic expression analysis were
conducted. SaUGT1 gene contained 1 458 bp open reading frame (ORF), encoding a polypeptide of 485 amino
acids, with a relative molecular weight of 54. 27 kDa and theoretical isoelectric point (pI) of 5.50. SaUGT2 gene
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contained 1 431 bp ORF, encoding a polypeptide of 476 amino acids, with a relative molecular weight of
53.49 kDa and theoretical pl of 5. 63. Bioinformatics analysis indicated that SaUGT1 and SaUGT2 protein had no
signal peptide, and the conserved domains of glycosyltransferase family were detected. Phylogenetic results showed
that SaUGT1 and SaUGT2 proteins had the closest relationship with the UGT85 family of A. thaliana. Differential
expression analysis revealed that the relative expression levels of SaUGT1 and SaUGT2 were increased significantly
after being induced by yeast extract ( YE), with the highest expression level found at 24 h and 12 h. The
recombinant SaUGT1 and SaUGT2 proteins were successfully expressed in Escherichia coli DE3 cells and finally,
the recombinant SaUGT1 and SaUGT2 proteins were purified through Ni** affinity chromatography. Conclusion :

The glycosyliransferase gene was cloned from the S. aucuparia for the first time, and the prokaryotic expression

vector was successfully constructed, laying foundation for further study of the function of this gene.

[ Key words |

RN ALK ( Sorbus aucuparia) 2y 38 ARk LR
FY S5 F U R U S5 A R I
=il RS A 2 R AL ), B A AL R A IR
I V- Wity 45 22 B 25 B O R I, BRI 4B Rk
L R B A AEMK (S, pohuashanensis) 55 , 154
Ji T A2 ) 1 R R ) (YE ) A0, R 5| A 1
RS R RE 175 5 U A6 ARk A B T 4 T A
LRGP B I R A R O ke 2 A A R Y A A
F G SRR ) B B A N . ZHOU 267 YE i
AL WKOE I AN M, MR I E) OB R R A R R O2'-
hydroxyaucuparin Fll noraucuparin DA X 4% [H AH L /) B
TR 3 I ik — 2 T B T AERCE R I L AE YE
Y5 N S BUH TT , 78 AH N A A B B AE T
Az OB 5 OC &R o BRI, 6k RO AR R TP A O BB
HME T 2 G URE G B B ik B B i 09 BIF 5T 0 oKk L
C{FSIERS

¥l L 55 72 B ( glycosyltransferases, GT ) , i {1k 4
B G AL AR oy T e R B Z AR 4y 7 b 5
RO AN e S AT O S IR R U
w0 Wl 3 UCTT9B2/79B3 S, A 4L ik 4k
5 FOBE 3 Ak, 32 1T 3% 5 K MR A4 T 335 P Augustin
S SR RO IF 1 4 SRR R AL, o
UGT73C10 F1 UGT73C11 7] 44k hederagenin 3 fij 2
SLwE kAL, i BH 1k B 45 S0k S B L ( Phyllotreta
nemorum ) [ 45 £, LI %' S RE R /N 1) 1 A3
FERS R 3L [N HoUGT13248 , fifi R & 8 J] W ( Fusarium
graminearum) 73 s {4 JBi 48 T 6 i T T U B R R
(DON) ¥ 564k, 1M fff DON 2P FEAIC, nl 0o L 5% 55
M2 Z S5 AE K EE . B, 5248 F o5 B
UHAE AR HH 05 A S AR DR 3R WE T 5 JIURH D L 7 % il ik
PRI, Sy 348 i 3 SRR ) 8 470 6 P B Al

DR A A YR 00 350U 28 Ak R R 4
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FEHEAT T3 S 20 1y, 45 B 1 AH SR SR 5 AL I 5L 1A
MRS A 5T 1 55 B i U (PCR) 4%
AR TEREAT B 2 % WU A ARk F) AR s A L i L DA
A AR 25 o B s T ELAT 58 R 1) W S B A Il S e
PSPG RSFE5H R, 38 3 i T 235 40 7 AR 36
WA SaUGTL i SaUGT? SE P ME (058 , by 2 7
JEA%RIBHAR,IF SR T A EAE A, MR
SaUGT1 1 SaUGT2 JEPA 1) T RE#2 t 1 HIS AR I
1

DU A A 77 40 M AR el e R 2 B A P F 5 i
MRS GG R . B IR 7R MS WA FR
F 25 °C,120 r-min "B SET IR B3R, HIS-
MBP-pET28a £ ik # &k H T 35 [E Dr. Zhang L5
% ( Karmanos Cancer Institute)

RNA 2 B0 & [ RARAEARRHE (L5 AIRA
Al 4tt5 Q5609 ] ; KOD-Plus-Neo 5 & HL 8 [ 7R ¥ 25
(L) =R A BRZA /] #5401 ] 52 x TSINGKE
Master Mix (bR H L AR W EARA RS AL 5
7SE004) ; Power SYBR Geen PCR Master Mix ( 35 [H
ABT 73 &), it %5 1411477 ) ; BamHI BR ) 14 4 U] i
(New England Biolabs 2y &] , 4t 5 0101507 ) ; T,-DNA
ARG [ R (L) AR A RN AL 5
0000156368 ] , IPTG (Jb 5t L R AW H AR A A it &
0847 ) ; pEASY-Uni Seamless Cloning and Assembly
Kit, Bk /IR0 &, 0 m i 4l A7) &, K 3R A
W Trans1-T1 N K W % % W Transetta DE3 Fl
Trans2K® DNA Marker (Jt 5t =4 W3 R A R
AN HE, S 4y Bk K21204, J15Q037, CO2P186,
160117 ,1.100415,1.20510 ) ; Color Prestained Protein
Standard ( Z£ [ New England Biolabs, it 0091608 ) ;
196 K e R 55 H G & RS R E W HOR A TR
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2 FHik (http ://www. ebi. ac. uk/Tools/InterProScan ) 3 17 45

2.1 RNA WFRICE S s WU A6 A0k & 77 200 i o5
FSAJFAT YEFS LR REWER3 gL',
SIS EBE N 0,4,8,12,24 ho W BORE i FH 40
KA, BT -80 CUKM IR A, HIRAEY & RNA $2
HOR ) & Ui 0 5 32 B0 RNA, T 1. 5% 14 B i 0 e
HL UK A I RNA A9 56 8% P o Bt i 5 4% 19 RNA I
e R & AR5 cDNA B T -20 C KA RAF H o
2.2 DRUNAEMOHE L R M SE X e fe Sk T o4 v
e Hi AR JR 3, $% IR pEASY-Uni Seamless Cloning and
Assembly Kit % B 45, % 1T % BamHI Ff 8 v 55 1Y
cDNA JC48si e 519, L cDNA Jgfif, W2 1, 1R
## KOD-Plus-Neo #t BY 4 B ] PCR & %, distilled
water 32 pL, 10 x PCR Buffer for KOD-Plus-Neo
5 wL,2 mmol-L~" ANTPs 5 wL,25 mmol-L ™" MgSO,
3 L, Em5#4 2.5 wL,ecDNA 1 pL,KOD-Plus-
Neo 1 pL, KW FEF:94 C 2 min;98 C 10 5,55 C
305,72 C 30 s, X 35 0¥, ;72 C 5 min,
PCR W) U1 M5 & T - 20 CARAF 48 1 o

*£1 SaUGT1,SaUGT2 EE =KW

Table 1 Primers used in seamless cloning

5194 Fr Fra(5'-3")

SaUGT1-F  TCCAGGGGCCCGAATTCGGAATGGGTGCCACAGCAGTAG

SaUGT1-R GACGGAGCTCGAATTCGGCTAGATTTTTCTCAGTAGCAC

SaUGT2-F  TCCAGGGGCCCGAATTCGGAATGGTTTCTGTAGGAGAAG

SaUGT2-R GACGGAGCTCGAATTCGGTTACAACTGAAATTGATTCAC

2.3 SaUGTI il SaUGT2 F£ik#H ks e E 4
HH R IA AR HIS-MBP-pET28a, BamHI 122 £ {444
FE B V)AL 5. K U R ki PCR 7= 1) 3% 42 3|
HIS-MBP-pET28a Fik #ifk I, 3T 4%tk 2 K v
Trans1-T1 o P& J&% 22 & 40 M b, W 5 & A
50 mg-L’1 Kana f) LB &R =& Fd g as, ik
HUBRL o B UEAT BV PCR B IR, JF4 BH 1 45 SR % 8
I SR IE 5 0 P 435 R TE B 60 BT ORI R R
2 5B, K 45 2 A T 4 ok HIS-MBP-pET28a-
SaUGT1 I HIS-MBP-pET28a-SaUGT2, 4y Il % 1k &
KW W Transetta (DE3) 3RKIKEZ S MM, Ik
fi e %45 50 mg-L™'Kana (4 LB [ R RS 37 3k it i
Br A% U S R HEAT TR IR PCR OB IR, B 254 1E i
AR TR R R 5%, TR o

2.4 SaUGT1 F SaUGT2 JLIH ¥ 5 1 A ¥ 15 B 2% o
Bro KWy A% 2] )F 51 98 i InterPro 7 £8 3K 4

¥ 3 4> Mr, PredictProtein  ( https://www.
predictprotein. org/) M 7 T 4% 45 M T,
TargetP1. Iserver ( http://www. cbs. dtu. dk/services/
TargetP/) # 47 18§ 5 K 4> #7, ExPAS ProtParam tool
(http://web. expasy. org/protparam/ ) Fi Il && = AH X}
oy 5 A B g 45 AL i, TRMHMM  server v2. 0
(http://www. cbs. dtu. dk/services/TMHMM-2. 0/)
HEAT 5 RS B o AR 4 NCBI BLAST 53R 2% [n] ¥
FE3, 43 58 H] DNAMAN 2 f4FF1 MEGA 6. 0 {3t
17 275 X T 2R Ge AL iy g e

2.5 SaUGT1 #1 SaUGT2 F:H I F L ¥ LU YE
G5 AN [R]I] [R] A 5 1Y cDNA SR, 1 B actin 4
B A, R 0 DU B ARk B TR A0 L TP oE S B S I
SaUGT1 I SaUGT2 K&K 33k it iy 724k, B it 52 mf 2¢
e msl Y, Wk 2, RMIKFK:2 x SYBR Green
Mix 5 L, E B 8] %& 0.5 wL,cDNA 1 pL,ddH,0
AEE 10 pL, M F:50 C 2 ming 95 C 10
min;95 C 15 5,60 C 1 min,40 NMEH ., 51 F
Ja RTINS ,60 ~ 95 CHUA ML . &
IO7 45 VRIS 3 AT 0 4 RN A M 2 A R AR
AREA 3 W, IR 27 % S BT SaUGTL FI
SaUGT2 K&K WA XS K3k & o

& 2 SaUGT1,SaUGT2 RT-PCR 5|4
Table 2 Primers used in RT-PCR

EIE7E2 FEa(5'-3")
actin-F AGCCTTCACCATTCCAGTTC
actin-R GTCTTCGTTCGTCTTCGTCTT
SaUGTI-F ACCTTCATTCGGACTTCAGATAC
SaUGTI-R CATCTGGCTCTAAGGCATCAA
SaUGT2-F GGACTTGCACCACTCAAAGA
SaUGT3-R GGAGATCCCTCAAACGGATATG

2.6 SaUGT1 il SaUGT2 W HFE L HBIRA
B P K5 9% T 200 mL 547 50 mg- L~ Kana [
LB Pk 85 9% 3 f1, 37 C 250 r-min ™ % 5] Ay, 4
0.6, A 5 9k o AL 2 FL R H (TPTG ) & 2 9k
0.4 mmol-L"',16 °C ,200 r-min 'S 12 h, ¥ iF
B0 4 °C,8 000 r-min "B 5 min WER
&, H ddH, 0 ¥ ¥k 2 K, e J5 FH W e £k 22 vh il (pH
7.4)10 mL EERAK, M EEWEKE Tokd, HE
% 2 A R IR P R T (309 HRE L B R S s, [ B
5 s, 4%%% 5 min) , W5 4 °C,12 000 r-min ' B0
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15 min, b 35 RIH 8 FHOHL$E 9 .

¥ 8 Ni-Agarose Resin Ui B 35, ¥ Ni B I b B
SRR 51 5 A g A, = IR #E 10 min H AR A7
WO, 5 BY L8 F oKk d o/, B
10 BV iR £5 2% vh W V- Ml B HE I, B FE 42 i 300 3
10 BV-h ™' #& ¥ FH10 BV 50,100 mmol - L ™" Ibf
0B B2 R g8 o W UE WG A% B B, 4 i 200,
300 mmol - L ™" B I 1) 4 2 £k 2% i i VB JBE SaUGT1 il
SaUGT2 & 11, i J5 M FH 5 BV 500 mmol - L ™" bk ik
M BE R h 2 vh W L W R h &% vh il A ddH, 0 Pk R R
LG 20% BB AR AT 4 CUkAE. ¥
SaUGT1 1 SaUGT2 %8 (4 i 4> 1 10 kDa 8 yg %5 ik
F7 IR 4, I S AT 1 ot 5 B3 1R 4N - SR TN s TRk B
(SDS-PAGE ) #E it H, DKk A6l o
3 #R
3.1 ERUNAEMK A K cDNA B3R 40t 2 Xt
A BamHI il UJA7 5 947 5 VE 519, DL 6 3k B I
Y cDNA SHBAR 1T PCR P73, 7 W) 28 5 s i v
JEE FL DK A, 72 1 500 bp Bz A B 52 2541, 5 B H
1) 5% K/Ah—3, W7 45 R K], SaUGT1 1) ORF
KN 1 458 bp, Gt 485 A KPR ; SaUGT2 11y
ORF K/NHN 1 431 bp, 4 476 A& R, WHE 1,
3.2 BRI AEBOBE S5 B I 0 A= )15 B E B
3.2.1 HiAe MRS 45 M B Hr SaUGT1 #
SaUGT2 £ [ (1 AH X 73 7 it & 43 %1 g 54.27 kDa Al
53.49 kDa, 155 54T B 7n To A5 5 BK, 25 Bk 4 1y
GPORRUIH N E D, T W EH . 45 BB

SaUGTI1 CHeEQVMNHES L
SaUGT2 CHeEQVMENHES L
UGT73C6 SHeMLIMSHES L
UGT72AD2 ] IEIMGHGR L
UGT72AEl VSVERNTS \
UGT72AF1 LSVEEHES L
UGT72AG1 LEIMERPR \4
UGT72AHI1 SAIMSHGS L
UGT72B4 ' TOVLAEGS L
UGT72K1 S TEIWSHCS L
UGT72L6 AR T CIMERFES v
Saymetid: LEVMLAREL v

QOVELAERNVIEVIV

) VHMINMDHES \'

w g 1 g L

M SaUGT1  SaUGT2

2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

Bl 1 BEIEMIEEE B E SaUGT1 f1 SaUGT2 £ H £ K= [E PCR
TRk

Fig.1 Agarose gel electrophoresis of full-length ¢cDNA of SaUGT1
and SaUGT2

], SaUGT1 7 363 ~ 406 aa Kb 7 A WF HL 5% 78 il 45
Fy 35, SaUGT2 7 357 ~ 400 aa Kb 75 A b 5 4% 78 il 45
Pl o g 45 T 45 R GO, SaUGT1, Jg #1145
MR oo-BE T8 205 g S HE 32 L 5 4 S A, T R0 4 i o
47.63% ,a-12HEZE M 5 40. 21% ;SaUGT1 , JG Hi | 4
AN - BR T8 25 1 S HE 2 S5 4 SR A, TR 4 it o
47.27% ,a-"2 e 554 & 38.87%

3.2.2 A AR K RS R
DNAMAN % 4% SaUGT1 F1 SaUGT2 Y5 #l B I7
(Arabidopsis thaliana ) , B¥ K 5. ( Glycine soja) , K &
( Glycine max ) , %5 % ( Vitis vinifera ) , ¥ & ( Pueraria
lobata ), ¥ ZE IR B 15 ( Medicago
truncatula ) , J& W o ( Cicer arietinum ), 3¢ &
( Phaseolus vulgaris) , % 75 ( Perilla frutescens ) Fll & 4+
(Scutellaria baicalensis) W FEFE R b W) A FE TR 17 £
HIFH X, Lok 45 8 0L A 2,

montana var.

b 406
400
398
b 433
393
. 386
b 417
b 387
b 413
391
b 403
b 197
b 366
382

UGTT73C6. LIR30 5 5% 7 B (NP_181217) ; UGTT2AD2. 5F Jo i b 45 5% 5% W ( KT_895082) ; UGTT2AEL. J i b # 5% £ i (KP_410265)
UGTT2AF1. 4% 5 3£ 55 £ 1 ( KT_895083) ; UGTT2AG1. B % i 3 5% 3% filf (KT_895084 ) ; UGTT2AHI. 35 # 4k T 4% 15 3 55 £ WG ( KT_895085 )
UGTT72B4. Ji W o 1% K 5 Wi ( AK_336772) ; UGTT2K1. Jk i B #: 56 B ili (KP_410266 ) ; UGTT2L6. 3% 5 B 55 B fili (KT_895087 ) ; flavonoid 3-
0-glucosyltransferase. 7 4 bl 2L 7 5 il ( AF_000372) ; glucosyltransferase. 4 5 4 2L 7 3 i ( AB_002818 ) ; flavonoid 7-0-glucosyltransferase. # 45 i 5t

RS (AB_031274)
2 UGT FIlEHMtEMEER 5kt

Fig.2 Multiple alignment of amino acid sequences of UGT
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SaUGT1 Fl SaUGT2 & R & A7 Wil JE 1 % il 3 A 127 & saUGT2
e SaUGT1
B om R SF PSPG ( plant secondary product 10{
elycosyltransferase ) 5 ¥ 18, H &% J5 — & L 4 E 8
NG " A WL B T SRR . LA 43 T X s
A, KU AL WS S 5 RS il SaUGT1 F1 SaUGT2 541 g 4
BT 85 ZFIEWE IRl R 4 ¢ R il , WAL 3, 21
= AWUGTE5A2 L 4 8 12 2
100 AtUGT85A5 t/h
i AtUGTB5AT
100 AUGTS5A4 B4 YE %S SaUGT1 71 SaUGT2 RE A E M RIEE(n=3)
[—SaUGT1 Fig.4  Expression analysis of SaUGT1 and SaUGT2 at different
<l 10— sauGT2 treatment time by RT-PCR(n =3)
AtUGT76C1

AtUGT76C2
AtUGT76C3
AtUGT74B1

E—
e I
ral
o LUGT72AH1
LjUGT72AD2
- —35: LUGT3
LjUGT72AF1
P L — LUGT72AG1
80 LjUGT72K1
AtUGT85A2. Il B ¢ UDP-glucosyltransferase 85A2 ( NP _173653.1) ;
AtUGT85A5. 1) B 7+ UDP-glucosyltransferase 85A5 ( NP_973885.1) ;
AtUGT85A7. L #§ ¢ UDP-glucosyltransferase 85A7 ( NP _173652.1) ;
AWGT85A4. 8l {5 J% UDP-glucosyliransferase 85A4 ( NP_177950. 1) ;
AtUGT76C1. 48l 4 3+ UDP-glucosyltransferase 76C1 ( NP _196206. 1) ;
AtUGT76C2. 8} ¥ ¢ UDP-glucosyltransferase 76C2 ( NP _196205.1) ;
AtUGT76C3. #) #§ 7+ UTP-glucosyltransferase 76C3 ( BAB10795.1 ) ;
AWUGTT4B1. 1 % 4F UDP-glucosyltransferase 74B1 ( NP_173820. 1) ;
LijUGT72AHL. A Jk # flavonol glycosyltransferase ~UGT72AH1
( KT895085.1 ); LjUGT5. H fk # isolate LjUGT5
glycosyltransferase ( KP410266. 1 ); LjUGT72AD2. & Jik R flavonol
elycosyltransferase UGT72AD2 ( KT895082. 1) ; LiUGT3. & Ik isolate
LjUGT3 flavonoid glycosyltransferase ( KP410265. 1) ; LiUGTT2AF1. & ik
M flavonol  glycosyltransferase ~ UGT72AF1  ( KT895083.1 );
LjUGTI2AG]. B Jk # flavonol glycosyltransferase ( KT895083. 1 ) ;
LjUGT72K. & k4R flavonol glycosyltransferase UGT72K1 ( KT895087. 1)

B3 UGTs ZG#t LB 47
Fig.3 Phylogenetic tree of UGTs with Arabidopsis thaliana UDP-

flavonoid

glucosyl transferase

3.3 YE % S SaUGT1 F1 SaUGT2 3t X 3 ik 4> B
FI 2B 98 5 PCR SN YE 75 5 46 kR 17 40
MU [F B [8] 5 SaUGT1 Fl SaUGT2 & PR () A %) R 3k
o AT A R BUR, YE BB W E 4R S SaUGTL Al
SaUGT2 BN ik i, JF7E 24 h H1 12 h, SaUGTI1
Ml SaUGT2 LA K3k 5 38 B d5c i KF-, 23 51 0 h 1
2AEMT A W4,
3.4 IPTG 55 SaUGT1 #1 SaUGT2 & 1 &L/ #r
15 T R IA 1 SaUGTL Fi SaUGT2 £ 1 2l 1k 1)
SDS-PAGE 145 F W] 78 IPTG i 3 K % A 14

Transetta( DE3) 3k J5 , # 4H i ki HIS-MBP-pET28a-
SaUGT1 Fl HIS-MBP-pET28a-SaUGT2 % ¥ 1 1
100 kDakb A £ 11457, 158 B WU 26 ABkHH 55 e 7% il 5k
SaUGTY M SaUGT2 ¥ i Ty ££ K by 3% A Wi
Transetta( DE3) A sh ik, WK 5,

M  SaUGT1 SaUGT2

11 —

M. Marker; SaUGT1. HIS-MBP-pET28a-SaUGT1 T 41 & 4 4li fk & 45 ;
SaUGT2. HIS-MBP-pET28a-SaUGT2 i 41 % 11 2 fk 44
B 5 SaUGTI1 #1 SaUGT?2 &i{k & 8 SDS-PAGE &7
Fig. 5 SDS-PAGE analysis of recombinant protein of HIS-MBP-
pET28a-SaUGT1 and HIS-MBP-pET28a-SaUGT2 protein purification

4 itig
T 5L 2 % Tl B 008 1 L0 W 3 DTS 1k 1 IR 43 1
BRI ZME 07 L, 8T E ki 2 R 3 W R
S E HA ML PSPG RS 45 M . AW
TE P00 R IF T BRORR 45 22 4505 SE 1 B8 i 3L P kAT 3F
BB 2 B F0 & 3 R Y A L X, & B SaUGT1 A
SaUGT2 SEH 540 pg JF UGT85 K 4 K Rk,
HE A BB ) B S B O ST S5 M 3. i TR
FUWE L5 R il B A fef A7 H23E , ELBE L 5% B Il 5% T
REL ZEEEBHOEELIRa Rt —2
U511
AT 5T B IR S AR B 2 2% RRCUH A6 ABORE 3L 5 75 il
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FEH cDNA feK . SERPEOE e e R W, YE B8
P SaUGT1 Ml SaUGT2 H:H iy # ik i, 78
24 h 112 h IR IA B & RAE, 3 5 R xk B2 Y 2
AE AN T A%, % B SR X A6 W8k 2 T 40 M A 1 i Bl A
M55 SaUGT1 Fl SaUGT2 K 35 35 £ 55 i K
SEBY I} 8] 25 7F 2'-hydroxyaucuparin 1 noraucuparin
W AR KR Bz, N, fE— 2 E L, YE
T 2 175 S A I A AL Tl L DR ek KO 1) R ke i R R
RAEBETT I G . TR B, AR SC o i 8 T A% 3R 3k 4%
1A, 1 ) Hb A K 35 A T X SaUGTL Fil SaUGT2 B
AT T IR RIS, i — 2D W9 i 56 I i D) g
TSR
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