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BOMAE R P R 48 & BB E Al SaRHMs BY 52 & K £ 78

ARZY FEXY 4 @ £ 7 BIH? =T

(L. T REBIRE R 5, EFE R AP AR RN LA RGN, 778 T/ 510006;
2. [ R R 2 R R R O, S 24 b ] 5K RS G = s Ak, b 100700)

HE: W24 B8 (rhamnose synthase, RHM) /& JR # B 1% il 25k (UDP-Rha) 4= 4 & B 52 B g, LA IR
Ji T 4 Wl LA J5 B % W LI A7 72 R, W H PR E W 9% 1 4 B (UDP-Gllc) #% 4k Jy UDP-Rha. 4% 3¢ DA% BE 42 B4
(yeast extract, YE) 55 (19 KR A4 W5k Ak V3 &0 B D9 BF 50 64 ), 355 A5 920 S 28 25, 00 I s B HE 2 2 RHMU [, fim 44
5 SaRHM1 (GenBank & 3% 5 MK213340) A1 SaRHM2 (GenBank %35 MK213341). SaRHM1 Fl SaRHM2 3t [X] {5 T
BEIEHE 73 53 9 2 0072 040 bp, 73 7 94 668679 M2 HEER, A= W15 KB 2% 23 i #E U 73 -7 o & 43 73l 9 75.25.76.26 kD,
i %5 4 (theoretical pl) 2351048 7.24.6.41, #1245 RHM S5 A5 57 45 B K (GXXGXXG/A FIl YxxxK) . % H JF
FILEX 5 &Gk A 2R, SaRHML Al SaRHM2 55 AR F (1) RHM B A 8 e (1) [R1JE 14 A B e B o, 4
K 1 SaRHM1 1 SaRHM?2 ¥ B 4t UDP-Glc ¥ 1k 5 UDP-Rha [ Zh A . B4 5h 1122 $ 5 7R, SaRHM1 Al SaRHM?2
SN B AR pH 43 i 9 9 AN 8, L FE ¥ 9 40 °C, Hirh SaRHM1 il SaRHM2 (1) K {# 73 5 A 212.4 + 56.70 11 361.0 +
63.74 umol-L*, V,, 187 5 235.5 + 18.98 #1516.5 + 22.30 nmol-min™-pg*. AHF 58 K IIE T RRIMAE K RHM %2 B
FIAIE T HIhAE, N Ja SRR RZEWE T (R4 & R ER A SR ZE0E i 14 o
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Abstract: Rhamnose synthase (RHM) is a key enzyme in the biosynthesis of uridine diphosphate rhamnose
(UDP-Rha), reversibly converting uridine diphosphate-glucose (UDP-Glc) into UDP-Rha in the presence of
NADH or NADPH. In this research, yeast extract (YE) was used to stimulate Sorbus aucuparia suspension cells.
Based on a previous study of the transcriptome database of S. aucuparia suspension cells, two RHMs were cloned
from S. aucuparia and named SaRHM1 (GenBank No.: MK213340) and SaRHM2 (GenBank No.: MK213341).
The SaRHM1 gene contained a 2 007 bp open reading frame (ORF) encoding a polypeptide of 668 amino acids
with a molecular weight of 75.25 kD, and a theoretical isoelectric point (pl) of 7.24. The SaRHM2 gene contained a
2 040 bp ORF encoding a polypeptide of 679 amino acids with a molecular weight of 76.26 kD and pl of 6.41.
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Bioinformatic analysis indicated that SaRHM1 and SaRHM2 contained two special sequences of GxXGxxG/A
and YxxxK. Multiple sequence alignments and phylogenetic trees show that SaSRHM1 and SaRHM2 have high
sequence similarity with other plant species of RHMs. The results of enzyme activity assays in vitro revealed that
both recombinant SaRHM1 and SaRHM2 are able to convert UDP-Glc into UDP-Rha. SaRHMs displayed
maximum activity at 40 °C and a pH of 8 and 9, respectively. The K, values of SaRHM1 and SaRHM2 for UDP-

Glc were 212.4 + 56.70 and 361.0 + 63.74 umol-L™, respectively, with V

values of 235.5 + 18.98 and 516.5 +

max

22.30 nmol-min-pug?, respectively. This study reports the cloning and sequencing of RHMs from S. aucuparia and
verifies their function, which likely provide rhamnose donors for the subsequent biosynthesis of rhamnosides.
Key words: Sorbus aucuparia; rhamnose synthase; UDP-Rha; function characterization

B 2 AR SR T A A I 6- I A OB, 2
VA BE IR SRR 2 B8 R M B BR A 22 I 4 i B
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IR SR 2 (UDP-Rha) ] AE Nk A 5 /N 4k
B IRERA A B AR AR D R 2 WE . T B
() AR B AE — 8 R b AT 3G I o M AR, A
PR R AE — 8 A . 4, 2 2% 3-O- B 2 0
Ui 7 I AT BRI AR B, B 3R -3-0- 8- I 45 Bl
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DR ZEHERE SR V) B 2 A A s . AR R
W5 B (RHM) W] L3R 3 b () UDP-Gle # 4k
% UDP-Rha, 1% 3 F. UG4,6-Dh.UDP-4K6DG 3,5-%
I7] 57 #4111 UDP-4KR 4- i - 38 Ji i 3 o g 1 Dy g2, 3
R P 511745 NADP(H) 45 417 15 (GXXGXxG/A) Al
S ABL RmID fig &5 F4 R M H oty (Y xxxK) Bl

KA€K (Sorbus aucuparia L.) %7k} (Rosaceae)
SEIRAEFRL (Pyrinae) AR, S T W A P 74
B, A T R E A5 5 1 X, FL S R R 2R
BTN, B PR MR R A A VLR Kb, B
A PR PURE IR FA B A A AR FHT, BRI TE MR T
I A ZR 0 A0 G A E A B R e AR o PR ARGE,
WK A6 ARk T 21 B 7 B2 BESE HUY) (yeast extract, YE) i
TR AR AE B AR ), RS ERTE R RV 3- 5
FE-5- FHAH L ICOR AN 2-F JE IRk R S R Kb &
Y, JEL T S RN AL S5 AR A7) i R P B R 1) K e T
Fow @ (B K Erwinia amylovora) A — & (40
FHEO, B RS R ERHEYI R R . BRI, TR
T T BE 2 SE AL B AE A B XS A B G ) B )
JRUL2 A F RN A FLE T R E D,
R Z RMMBIRRES, AT T HBE R RN
F, N E gk — 0 R AW & B T3 15 A OB R
ety F LAl . PRV AT IR H YE 175 3 BRI AL k&
AN, JEREAT TR R HN R o AR T s A
PETHEIE 30 T 2 2 SaRHMs, A Ja SE 15645 51 25 i 11
AW R A BR AR R (A

MrEEE

MARL RRIHAEAR R A i R b o R B i A
FUHTIH R L A G 1%, B T 25 °CHE 3746 I 15 97,
1 120 r-min?, £ 14 R4 1R, 5810R RUICIR %
#5501 (Eppendorf, £#[E), Nano Drop 2000 430/t 6
1t (Thermo Fisher Scientific, 3% [&), 4 #M it A8 53 BT
X (Gene, 1 [E), MM400 AR AHEE(X (Retsch, £ [E).
fe RV AR € B S B T B 1 (Waters Acquity 1-Class
UPLCTM % Waters Zevo G2-S Q-TOF MS) (Waters,
£ H), i HA: BEH Amide t53%4E (2.1 mmx100 mm,
1.7 um). AR EE{L: Waters Acquity H-Class UPLCTM
R v O B A (Waters, 92 ).

Rt s ) b st BBV EM ARG R A 5 &
&, KOD-Plus-Neo = /& BB H AR g7 (Big) EDR
F B BR A F], 2xTSINGKE Master Mix ) [ b 5 % R #r
b A=W AR A BR 2 7], Power SYBR Geen PCR Master
Mix. Baml/Notl-HF/Scal/EcoRI [f #1 % A V) B 4 5
New England Biolabs 2 &, T,-DNA & [ . -5 3 &
M | 5 P AR AR 2 FLKE FF (isopropyl 5-D-1-thiogalacto-
pyranoside, IPTG).i& J5i B 4 i1 (NADH) ik J5t 284 4 iy
11 (NADPH) FlJRF i 2 %1 %) # (UDP-Glc) 3418 H 4t
FILRAEMHE AR A . Ni-3 5 b g+ (Ni-Agarose
Resin) 1 B AL AR AR AR . BRI
A I RIS A A 7R A RNA $ R & K
i #F & Trans1-T1 A1 K i #F 5§ Transetta (DE3) #4114 B
e e EMHEARER A,

S RNAZEUK cDNA &R BRI A6k & i 41
WIR5dE4S TYER S, ZWE N3 gL 75 FH A
BE N 0.4.8.12.24 he WCHURE o FH R R K 5, B
T80 CCUKFEPRAF - T2 IR 0 RNA $2 B 77 & Ul
45 42 B A RNA, F 1.5% (1) 35 i 458 Jie e vk A )
RNA (1) 58 B 1, H4 7 & A 4% 19 RNA 3% sl &
345 cDNA, F T A 5250 0F 7 16 B D o

EERESHAEE SRR 9
3¢ 21 B 45 & NCBI (http://www. ncbi. nlm. nih. gov/)
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BLAST, 3R 15 B 2= 4 A B RHM & D8] 15 41 R0 e 5] 152
HE (open reading frame, ORF), 4 11 cDNA 4= K 73 [% 5]
W) (1), HRHEKOD-Plus-Neo = {4 B 5 B 15 H] PCR
1A %1 ddH,0 32 pL.10xPCR Buffer for KOD-Plus-Neo
5 pL.2 mmol-L* dNTPs 5 pL. 25 mmol-L* MgSO,
3 uL.1E &A1 5194 2.5 uL+cDNA 1 uL f1 KOD-Plus-
Neo 1 pL. Sz % FEJ¥: 94 °C 2 min; 98 °C 10 s, 55 °C
30s, 72 °C 30 s, # 5 35 M #; 72 °C 5 min, 435l H
Baml/Notl-HF 1 Scal/EcoRI # % B il ¥4 P 1) B XU
YIPCR = =4, Jx Mk & 4 F : ddH,0 21 uL.NE
Buffer 5 pL.pET28a 44 13 pl A1 PR HIPE 9 UIEE & 1 L,
37°C5h. & HRIEH A pET28a [A] i 47 B V) S
B EE V=i 5, 14 T,-DNA B W 456 B 1
B 58, JE A2 KT B Transl-T1 5o &2
AYAM A, 3347 £ 545 50 mg-Lt Kan (1) LB [ {45 77 3
IR IR, e R T R HEAT BRI PCR, K BH 14 45
IEA TP IR . H4 3R 15 1) 4H JUR pET28a-SaRHM 1
H1 pET28a-SaRHM2, 73 il #% 1k 22 K )17 AT i Transetta
(DE3) KIABEZAAHM M, WA £ 54 50 mg-L* Kan [
LB [ A 55 77 36 & b % 85 77, % B B o B gk AT T
PCR, ¥ BH 4 45 5 1% 23 w1l 7 56

Table 1 Sequences of primers used in the SaRHMs cloning

Primer name Primer sequences (5'-3")

SaRHM1-R GAGGGATCCATGGGTTCATATACCCCCAA

SaRHM1-F GAGGCGGCCGCTTACGCCTTCTTGTTTG
GTTCAAAG

SaRHM2-R GAGGAATTCATGGATACTGCGTATAAACC
GAAGA

SaRHM2-F GAGGAGCTCTTAAATTGCTGCTCCACCTG

ROMAIERL SaRHMs FIEE R ZE D HillF13
B 7 4138 5 InterPro 7E 28 A4 (http://www.ebi.ac.uk/
Tools/InterProScan) #f 17 45 14 3k 4 #7 . i ik EXPASyY
ProtParam tool (http://web.expasy.org/protparam/) i i
WA T RIS E A HYE NCBI BLAST 45
NE AT S, 4y 4% DNAMAN {1 MEGA 5.0
BAFAT 2 B A LA R Gt b R 2 . SignalP
4.1 (http://www. cbs.dtu.dk/services/SignalP/) #1715 5
Jik53#1. TRMHMM server v2.0 (http://www.cbs.dtu.dk/
servicessTMHMM-2.0/) 47 #5 i385 #7 . PredictProtein
(https://www. predictprotein.org/) HE 4T — 2 &% K4 Fi A
TR KT .

SaRHMsEHEAFRBRAEN  FIRFIERY K
B35 F 100 mL 54 50 mg-L* Kan f) LB ik 5 75 3 o,
37 °C 250 r-min™ $% 2 Agpo 21 0.6, I 5 P 2 AR 1= 7L
PEEF (IPTG) £ 49K # 0.4 mmol-L?, 16 °C.200 r-min

FHF 12 he HIFFEM B 4 °C8 000 r-min & L
5 min W& B &, I ddH,0 3 ¥ 2 Ik, B i A 10 mL %
FR SR G2l (pH 7.4) H BB A . 3 E BRI E Tk,
FH 8 75 I8 20 B A AL 75 B (300 Dy %6, B 5 s, (]
F% 5 s, $F %25 min), B #% J5 4 °C .12 000 r-min? & .0
15 min, LiERINE AR .

%1% Ni-Agarose Resin it 143, K5 Ni-Agarose Resin
RN AT G N (i, =I5 5 E 10 min, KR 7E 0 2
R, FH S AR AR 1) 25 B oK P4 OB, B R 10 £3%
R L) 8 TR 2 % R T R A S R, B R
/N 10 5 AR, B 10 F5 A AR AR 1) 20 mmol- Lt Ik i
) Tl TR 5 2% i e Mot < 5 A1, 200 mmol- Lt IK Bk ()
T R £ 2% 0 i SaRHM L FI SaRHM2 2 (1, i Ja ik
URFH 5 435 4485 500 mmol - L2 K P 1R B2l 12 35 22 h ol T
FR 5 22 1P BURT ddH,0 e B4R, 5% e A 20% £ B B 47
R 4 °CUKH « & SaRHM1 Fl SaRHM2 25 9 1 i
SriE It 10 kD R BE A EAT L Eh w4, DL v B AR
¥ vH ] Bradford J7 7% (Bio-Rad Protein Assay Kit) il i
B, HEAT 1+ e B IR A - 5K W M Bt % (SDS-PAGE)
18 Jio FEL K AR

SaRHMs E4HE AR & KM BHE P E R
SR £ 200 pL, 97 SaRHM1 Al SaRHM2 25 14 20 pg.
1.25 mmol-L"* NADPH.1.25 mmol-L* NADH.1 mmol-L*
UDP-Glc.20 mmol- L™ B2 £h 22+ (pH 7.5)3. DAAR
HEH: H AR 1 pET28a R IA B AIE T HRA .
S NIR A WITE 40 °C R & 1 hJ&, o B 400 pl 2% 1k
SN, #6434, 12 000 r-min B0 10 min, B E S
2£.0.22 pum B FLJE B8 ik, B4k 38 ¥ T UPLC-Q-TOF-
MS AT A o YRFRAS I 2% A4 MBI AH: 25 mmol Lt
95% & 24— 2 (pH 5.5) (A)-Z 15 (B); B 5 ¥k i -
0~0.5 min, 70% B; 0.5~3.5 min, 70%~60% B; 3.5~
6.5 min, 60% B; 6.5~8.0 min, 60%~55% B; 8.0~
9.0 min, 55% B; 9.0~9.5 min, 55%~70% B; i i :
0.2 mL-min, i : 40 °C, HEFEE: 1.0 plo J5 W% 4G I
M BT AR R T, BN N 2 500 V,
LR A 30V, BRI A B, 900 L-ht BRI
IR 2 450 °C, B 75 IR 2 100 °C, 4546 N
m/z 50~1 400, filf & AR & <. KRR BRI trap
LB N 6 eV, 1 BE B 14 I trap BB 9 35~65 eV, it
fiff o B %5 2 %0 R i K (leucine enkephalin) 1 12
1E .

SaRHMs EHERBHERN F ST e B
4lifb T 415 A AL B B pH FE R IR, IR E
ANTE] pH B B K IR FE AR o B> SaRHMs [z MR 454
) S AR FR N 200 pl, 55 20 pg 4E4k (1) SaRHM 25 11
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1.25 mmol-L"* NADPH.1.25 mmol-L* NADH.1 mmol-L*
UDP-Glc, 221134 51 4 20 mmol- L R 7 1 R o 2%
. (pH 5~7)+20 mmol- L B 2 #h 2% vh i (pH 7~9) Al
20 mmol-L* Tris-HCI 2% % (pH 7~10), Jx N ik & 43
)% B 4 10.20.30.40.50 f160 °C, ¥ & 1 h. i@ id #
AbFE (100 °C) 10 min £ 1k Je B, BEAS [ V. BB 3 WK o
HIR AP LL 12 000 r-mint 50 20 min, B35 T &
BB 05 BEAT R I, TF45 S M) UDP-Gle %8 4% &1,
181 Fil Graphpad Prism 6.02 #fF i+ 5 5) /1 25448 .

FER5VHL
1 SaRHMs#£[E cDNA Y52 bE

DA P 16 PRk - 40 L cDNA 9B i3t 47 PCR 7 34,
P70 22 B B et R HL R D, 7E 2 000 bp BT A B 5
o (B 1), S E & KAN—8 WPas R,
SaRHM1 [ ORF K./ Jy 2 007 bp, % fith 668 /™ 42 3k % ;
SaRHM2 [#] ORF "k /N 4 2 040 bp, 4% 679 N L%

M SaRHM1 SaRHM2

Figure 1  Agarose gel electrophoresis of the full-length cDNA of
SaRHM1 and SaRHM2

2 SaRHMsEHRREMEEZSH

SaRHM1 1 SaRHM2 & 1 ¥ 731 Jii & 7373l 4 75.25
H176.26 kD, 3 it 55 ML 543 il 9 7.24 F16.41; {5 5 ik
BT RN TOAE T K R A3 b 45 SR I R R R AR
F, T A . 45 W55 1T % B SaRHMs [ N i
X 1, (SaRHM1: 10~315 aa; SaRHM2: 11~316 aa) &
H NADP(H) 45 & 47 f, 1M C ity [X 3%, (SaRHM1: 385~
557 aa; SaRHM2: 389~561 aa) & A 21l RmID i 45 14
(3 P Hp Ly, 3R B I AN JE R AT R 3% B A K UDP-Gle
H:AX 2 UDP-Rha [ A W6 1 . R 45/ TN &5 SR 12
N G A5 i o- B8 e 25 44 /2 SaRHMIL = 22 45 44 ot
1, TEHR I 25 #h 5 51.35% . - B2 JiE 45 1) 15 33.68%:; oK1
1 255 1 A1 o0 B2 e 45 44 J& SaRHM2 B 45 ¥y so 4, To i
I35 #h 1 54.64% a- 42 iE 45 74 15 30.34%.

3 RIREMEE R A G H R S

BLASTP X Lt 5 R & 7k SaRHM1 Al SaRHM2 5
NCBI % [K] F 11 [7] 5 4% i 80%, 3,45 Bk Prunus persica
PpRHM (XP_007215006.1) . JI| % Morus notabilis
MnRHM1 #1 MnRHM2 (XP_010109352.1 1 XP_
010093448.1). ©n © Theobroma cacao TcRHM
(EOX92988.1). % I} Jj £ 7 Albuca bracteata AbRHM
(ANK57460.1) ¥k 1 ¥ FZ # Quercus suber QsRHM
(XP_023887068.1). # Ziziphus jujuba ZjRHM (XP_
015899272.1) . Kk M &t # Bk Prunus avium PaRHM (XP_
021809658.1), i% 4% i ] RHM £ 1 & 2 & /7 1 7
ROt LA S ERRT . B EAS SaBRHML Al
SaRHM2 ZE R 7 #1147 % 8 7 71 Lo, KB SaRHM1
1 SaRHM2 14 47 7£ GXxXGXxG/A 3 7 Al YxxxK 3 7,
ZHE ¥ SaRHM1 AT SaRHM2 2E [ (1) T i 45 A4 401 (1]
2). LX) 45 IS %, SaRHM1 1 SaRHM2 1] fig 34 4 —
Tl 22 Thie M, 1% T 3@ i Hh A 4 UDP-4-i -6- it 440 F
%) 4 1T UDP-4-i - B 245§ 1 UDP-Glc 4E Ji% UDP-Rhal*4,
N T it — 2B 5T SaRHM1 Al SaRHM2 2 [ 1 B g, 18
NCBI ' F # 5 % RHM & ([ & JE R ¢ 41, FI H
MEGA 6.0 % 11 #4) 2 2 Gt b A #% (181 3). 45 2R L,
SaRHM1 5 Rk il # iz #k (XP_023887068.1). & (XP_
015899272.1). JI| 5 (XP_010093448.1) A1 ¥ i FHf 1% Bk
(XP_021809658.1) & Jy— 32, 5 R I & BK 1) 55 2% %
# it ; SaRHM2 5 1] A (E0X92988.1). JIl 5% (XP_
010109352.1) F1#k (XP_007215006.1) % N — 37, 5Bk
ESZ ST sl
4 IPTGES SaRHMs EAFRIE

7S FIL 1) SaRHM1 Al SaRHM2 £ (4 £ 44k J5 1
SDS-PAGE i 45 F (Il 4) & W, 72 IPTG 5 3 Kig#T
Transetta (DE3) 1A Ji5, ¥ 4H & 1 pET28a-SaRHM1
Fl pET28a-SaRHM?2 7£ 3/t 70 kD 4b 47 & (A 4% iF, 5 il
B R RN B AR — 0, 1 B RN A6 K B 2 5 ol il
SaRHM1 1 SaRHM2 $4 7£ K i A1 T4 Transetta (DE3)
HS TR IK
5 SaRHM B8{E /2 246

f# H UPLC-Q-TOF-MS X} B {12 s N #E47 73 o XF
H 2 5 S 6 2 2 i 5 bR € 1 ) L IR BA, AR A
5A-a Jyxf 40, K 5A-b iy SaRHM1 i AfE s 3 Sz 56 48,
5A-c Jy SaRHM?2 g {i2 i 7 52 54 26, ] 5B-1.5B-2 Fll
5B-3 73l U 1.2 3 1) i ik (el o 38 o i P AT e,
1% 1y NADH (m/z 662.103 1 [M-H]").l% 2 ;) UDP-Glc
(Mm/z 565.045 7 [M-H] ")\ 1& 3 4 NADPH (m/z 744.084 7
[M-H]"). H1E 5A-a m] 1, %f HEAHL A ok o 30T 16 7= 4
I | 358 BH 25 3 A BE 18 1k UDP-Glc 4= i UDP-Rha; 5 %t
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Figure 2 Multiple sequence alignment of SaRHMs and RHM proteins from other plants

B LA EL, K 5A-b A& 5A-c 7E 5.28 min B T 7 H
FEPE (I 4), i (I 5B-4) BRI 4 (k% EE miz
4549.051 9 [M-H]", H1 k75t 745 UDP-Rha (8%}
2% J5i £ 9 550), Bl SaRHM1 #1 SaRHM2 & H 3 B
B 2R A R 1Y) D e o
6 SaRHMERIRzN 147

St % P Rl SaRHMSs & 1 (1) 42 1) S e ML 4T

AL, LUEYUDP-Gle 5
SEERIER I

rENEREMT, 3
o 45K, SaRHML7E pH 9}
BoRERIETE, T SaARHM2 7E pH 81 s i ki, Fet:
IR E 840 °C (K6). FF Michaelis-Menten J5 T2 &
SaRHMS K BV, JfE (E 7). SaRHM1F1SaRHM2[¥]

Ko 573
{E5391 4 235.5 + 18.98 fl1516.5 + 22.30 nmol-min-pg .

RIS T St pH.

5°K212.4 +56.70 F1361.0 + 63.74 umol-L ™ V.
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XP_023887068.1 Quercus suber
XP_015899272.1 Ziziphus jujuba
XP_010093448.1 Morus notabilis

® MK213340 SaRHMI

XP_021809658.1 Prunus avium

XP_024632194.1 Medicago truncatula

XP _025610783.1 Arachis hpogaea
E:I{:XP_DUSS43 185.1 Glycine max

— XP_022984309.1 Cucurbita maxima
100—— XP_022931402.1 Cucurbita moschata
XP_006477818.1 Citrus sinensis
XP_021607919.1 Manihot esculenta
NP _177978.1 Arabidopsis thaliana
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Figure 3 Phylogenetic analysis of RHM proteins. Amino acid sequences were analyzed using the clustal X2 program and the bootstrap

consensus tree was constructed using MEGA 6.0 software with the neighbor-joining method and 1 000 bootstrap replicates. Black circles

indicate SaRHMs
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Figure 4 SDS-PAGE analysis of recombinant protein of SaRHM1
and SaRHM2 protein purification
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Figure 5 UPLC-Q-TOF-MS analyses of the reaction products from UDP-Glc catalyzed by the SaRHMs. (5A-a: Reaction products of empty
plasmid with UDP-GIc as a substrate; 5A-h: Reaction products of SaRHM1 with UDP-Glc as a substrate; 5A-c: Reaction products of SaRHM2

with UDP-Glc as a substrate; 5B-1: MS analysis of NADH; 5B-2: MS analysis of UDP-Glc; 5B-3: MS analysis of NADPH; 5B-4: MS
analysis of reaction product)
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Figure 6 Effect of pH (A and B) and temperature (C and D) on SaRHM1 and SaRHM2 activity
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Figure 7 Determination of Michaelis constant of recombinant protein of SaRHM1 (A) and SaRHM2 (B). Data are the means of three

replicate analyses + standard error
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