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Abstract: UDP-rhamnose is a rhamnose donor in a reaction catalyzed by UDP-rhamnose synthase (RHM),
and plays an important role in the biosynthesis of rhamnoside compounds. The current literature suggests that there
are only a few genes can encode the corresponding enzymes to participate in UDP-rhamnose biosynthesis in plants. In
this study, two RHM genes (FMRHM1 & 2) were first cloned by using the transcriptomic data of Fallopia multiflora
(Thunb) Harald and the multidimensional analysis, including bioinformatics, functional identification in vitro and
tissue-specific expression analysis. The results showed that the open reading frame (ORF) of FMRHM1 & 2 genes
both were 2 013 bp, encode proteins consisting of 670 amino acids with a calculated molecular mass of 75.6 kDa,
and the theoretical isoelectric points of 6.20 and 7.19, respectively. Bioinformatic analysis also indicated that
FmMRHM1 & 2 contained 2 special sequences of GxxGxxG/A and YxxxK. The phylogenetic analysis showed that
the FMRHM gene has a high homology with RHM of other species. The results of enzyme activity in vitro revealed
that both recombinant FMRHM1 and FmRHM2 have catalytic activities for converting UDP-glucose into UDP-
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rhamnose. Measurements of tissue-specific expressions showed that the expression levels of FmRHM1 and
FmRHM2 were lower in roots. On the contrary, the 2 genes showed significantly high expression in the stems and
leaves. In conclusion, we have cloned and characterized the RHM gene function for the first time in F. multiflora.
Here we have provided the preliminary data suggesting the need for further research on UDP-rhamnose biosynthesis

by microorganisms.

Key words: Fallopia multiflora; UDP-rhamnose; UDP rhamnose synthase; function characterization
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Figure 1 The biosynthetic pathway of dTDP-Rha/UDP-Rha in nature
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Primer role Primer name Primer sequence (5'-3")

PCR RHM1-F CAGCAAATGGGTCGCGGAATGTCTACATATAAACCCAAAAAC
RHM1-R ACGGAGCTCGAATTCGGATCAAGCAGACCTCTTGTTTGGC
RHM2-F CAGCAAATGGGTCGCGGAATGTCTACATACACACCGAAAAAC
RHM2-R ACGGAGCTCGAATTCGGATTAATTTGGATAGTTTGTCTTC

gPCR RHM1-F GAGCGAACTACATGGGAAGAG
RHM1-R CATCCTTGGGTGTGGAAGAA
RHM2-F GGAAAGGGTCGTTTGGAGAATA
RHM2-R CATTGGGTCTGCCAGTAACA
Actin-F GCTCAGCCATTGAGAAGAACTA

Actin-R

CATAGAAGGCTGGAAGAGAACC
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Table 2 Physicochemical property of FmMRHM protein from F. multiflora

Protein Molecular formula Molecular weight/kDa Theoretical pl Instability index (11) GRAVY TMD
FmRHM1 CaasrHsroNo160100556 75.62 6.20 31.42 -0.359 none
FmMRHM?2 Ca377H525:N 50701012556 75.65 7.19 28.34 -0.394 none
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Figure 2 Cloning of FMRHM gene from F. multiflora. M: DNA
marker; 1: PCR product of FmMRHM1 gene; 2: PCR product of
FmRHM2 gene
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Table 3 Secondary structure of FMRHM protein from F. multiflora

Protein Random coil ~ a-Helices  Extended strand ~ g-Turn
FmMRHM1 35.97% 40.90% 15.97% 7.16%
FmMRHM?2 40.75% 36.57% 16.42% 6.27%
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Figure 4 The deduced three-dimensional structure of FMRHM
protein. A: Protein of FMRHMZ1; B: Protein of FmMRHM?2
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Figure 3 Predicted secondary structure of FmMRHM protein with SOPMA. A: Protein of FMRHM1,; B: Protein of FMRHM2; a: a-Helices;

p: p-Turn; E: Extended strand; R: Random coil
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Figure 5 Multiple sequence alignment of FMRHM and RHM1 from other plant species. Fm: F. multiflora; At: Arabidopsis thaliana; Oc:

Ornithogalum caudatum; Cs: Camellia sinensis
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Figure 6 Phylogenetic analysis of FMRHM1 and FmRHM2 from F. multiflora
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Figure 7 SDS-PAGE analysis of the expression of recombinant
FmMRHMs and AtUGT78D1. M: Protein molecular weight marker
(Beyotime, China); 1-4: Uninduced protein; 5-8: Induced protein;
1, 5: Empty vector protein; 2, 6: Recombinant protein of FMRHM1,
3, 7: Recombinant protein of FMRHM2; 4, 8: Recombinant protein
of AtUGT78D1
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Figure 8 HPLC analyses of the reaction products from UDP-Glc catalyzed by the FmRHM; S1: Authentic sample of quercetin-3-O-gluco-

side; S2: Authentic sample of quercetin-3-O-rhamnoside; S3: Quercetin

A & B o 2
81 = 15 o as
: .
o 2
g = £ 101 e
Z g R
£ 41 g ==
g 5 B
o o 54
2 2 o
g ? g
I &
0 = 6 —]
Root Stem Leaf Root Stem Leaf

Figure 9 Relative expression level of FmMRHM gene in different tissues. A: FMRHM1; B: FmRHM2. Note: Repeat 3 samples, each for

3 times. The vertical bars represent the standard error of the means of independent replicates. One-way ANOVA was used to compare the

expression difference between tissues. The significance was set at level “P<0.05, and "P<0.01
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