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ABSTRACT 7 

As is proven, the UGPase gene as a sugar metaboliser in Dendrobium officinale weigh heavily, yet little 8 

is known about the substance’s structural and functional roles. To solve this problem, the biological 9 

properties of UGPase were investigated in this paper, and the gene encoding UGPase (UDP - glucose 10 

pyrophosphorylase) from Dendrobium officinale was successfully transformed into Escherichia coli 11 

BL21 (DE3) to construct an overexpression recombinant strain. UGPase is a stable hydrophilic protein 12 

nucleotidyltransferase. The molecular formula is C2351H3747N603O708S8, the theoretical molecular weight 13 

is 52.04 kD, the theoretical isoelectric point is 5.08 and the instability index is 27.95. Irregular 14 

convolutions as well as α-helices are the main secondary structures of UGPases, and they constitute the 15 

main backbone of UGPases. The fusion protein was obtained in vitro and confirmed by Western Blot. 16 
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The enzymatic activity of the recombinant protein UGPase was determined using different substrates and 17 

the recombinant protein UGPase was enzymatically active. Compared with the control group, 18 

recombinant pET-32a-UGPase was more tolerant to low temperature at -20 ℃, high temperature at 50 ℃, 19 

in 1200 mmol/L sorbitol. This study aims to predict the protein structure, express the protein in a 20 

prokaryotic expression system and to detect the resistance of UGPase in Dendrobium officinale, which 21 

provides an insight into the biological properties of UGPase in Dendrobium officinale. 22 

Keywords Dendrobium officinale, UGPase, Prokaryotic expression, Functional analysis 23 

 24 

Introduction 25 

Encoded by the UGP gene, UGPase (UDP-glucose pyrophosphorylase) is a family of enzymes found in 26 

a variety of organisms. It is an important rate-limiting enzyme involved in the entire life process of plants 27 

as far as is known 1. UGPase catalyses a reversible reaction, converting Uridine triphosphate (UTP) and 28 

glucose-1-P (Glc-1-P) into UDP-glucose (UDPG) and Pyrophosphoric acid (PPi). It is an important 29 

precursor to hundreds of glycosyltransferases in all organisms. It is also a substrate for the biosynthesis 30 

of a large number of oligo and polysaccharides, which plays an important role in plant growth and 31 

development 2. 32 

Dendrobium officinale Kimura et Migo (D. officinale), a member of the genus Dendrobium in the 33 

family Orchidaceae is widely used as medicine and food3. Modern studies have shown that 34 

polysaccharides are the main active constituents in D. officinale, with a wide range of biological activities 35 

4. Consequently, as a key enzyme in polysaccharide synthesis, plays an important role in the measurement 36 

of the medicinal value of D. officinale. However, research on the UGPase gene in D. officinale remains 37 

limited, despite its widespread distribution across various plant species. Currently, the gene has been 38 

isolated in poplar5, rice6, jute1 and other plants, suggesting its significant function in the biosynthetic 39 

pathways related to sugar metabolism. In addition to providing energy for living organisms, sugars can 40 

also exist as components of cellular structures. 41 

UGPase plays a key role in sugar metabolism, and in addition, it also has an effect on cellular redox 42 

balance and pollen development 7, 8, There is an overlap with the function of the glutathione S-transferase 43 

gene9. Then the hypothesis comes: is it possible that UGPase can directly participate in intracellular 44 

oxidative reactions and have an effect on cellular metabolism beyond polysaccharide synthesis? 45 

UGPase is able to influence cell wall development by affecting cellulose and hemicellulose content1, 10, 46 
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11. Cellulose and hemicellulose are the main components that make up plant cell walls12. The plant cell 47 

wall is the first barrier of the plant against various stresses13. So, can overexpression of UGPase increase 48 

the resistance of D. officinale to abiotic stresses? 49 

In our laboratory, one UGPase protein gene was cloned from D. officinale in the early stage, 50 

containing a complete coding frame of 1,419 bp and encoding 472 amino acids. It was confirmed that 51 

UGPase in the photoadaptability of D. officinale is related to the unique photosynthetic metabolic 52 

pathway it contains14, suggesting that the expression of this gene has an effect on the growth of D. 53 

officinale. In order to further understand the function of the D. officinale UGPase gene, the researchers 54 

constructed the D. officinale UGPase protein, conducted bioinformatic analyses, and evaluated its 55 

tolerance to adverse stresses through the Escherichia coli (E. coli) system. The results showed that 56 

UGPase in D. officinale had a positive effect on stress tolerance. This study provides ideas for the quality 57 

improvement of D. officinale, and helps further understand the function of D. officinale UGPase gene. 58 

 59 

Materials and Methods  60 

Test Materials and Treatments 61 

The material used in this experiment was two-year-old D. officinale, provided by D. officinale plantation 62 

base in Nongfeng Mountain, Guangxi, China. The base adopts the planting mode of standardised planting 63 

greenhouses and off-ground seedbeds, using pine bark fermented by organic biofungus as the planting 64 

substrate, with organic planting standards for planting management. The plant was identified by 65 

Professor Teng Jianbei of Guangxi University of Chinese Medicine as Dendrobium officinal Kimura et 66 

Migo, categorised into the genus Dendrobium (Dendrobium Sw.), family Orchidaceae. The prokaryotic 67 

expression vector pET28a and its Escherichia coli DH5α and Rosetta (DE3) are kept in this research 68 

laboratory, where the D. officinale UGPase gene was cloned and is preserved either. 69 

 70 

Bioinformatics Analysis 71 

The protein structural domains were predicted using NCBI-CDD 72 

(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). The physicochemical properties of the protein 73 

were predicted with ExPASy ProtParam (https://web.expasy.org/protparam/). The secondary structure 74 

and hydrophilicity of the protein were assessed using SOPMA SPLIT 4.0 Server 75 

(http://split.djpept.com/split/4/). The tertiary structure of the protein was analysed with SWISS-MODEL 76 

https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://web.expasy.org/protparam/
http://split.djpept.com/split/4/
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(https://swissmodel.expasy.org/). Transmembrane regions and signal peptides were predicted using the 77 

TMHMM Program (https://services.healthtech.dtu.dk/services/TMHMM-2.0/) and SignalP 4.1 Server 78 

(https://services.healthtech.dtu.dk/services/SignalP-4.1/). Protein phosphorylation sites were predicted 79 

using NetPhos 3.1 (https://services.healthtech.dtu.dk/services/NetPhos-3.1/). The subcellular 80 

localization of UGPase was predictively analysed with WoLF PSORT (https://wolfpsort.hgc.jp/). 81 

 82 

Cloning of UGPase Gene and Construction of Expression Vector 83 

The study analyse the sequence of the D. officinale UGPase gene, which has been cloned in this research 84 

laboratory. The open reading frame of this gene is 1,416 bp, and 472 amino acids are encoded. Primers 85 

were designed at both ends of the coding region of the UGPase gene with the corresponding enzymatic 86 

sites added. 87 

The first strand of cDNA was synthesised from the D. officinale RNA according to the instructions 88 

of the PrimeScript™ Ⅱ 1st Strand cDNA Synthesis Kit, and then reverse transcribed to be the template 89 

for PCR amplification. After amplification by PrimeSTAR™ HS DNA Polymerase and recovery by gel 90 

electrophoresis, the product and expression vector pET28a (+) were purified, recovered and ligated 91 

following double digestion by NheI and NotI, and transformed into E. coli DH5α sensory state for single 92 

colony PCR. Positive recombinants were sent to the company for sequencing. The extracted plasmid 93 

from the correctly sequenced positive recombinants (named ET28a-UGPase) was transformed into the 94 

expression strain E. coli Rosetta (DE3) sensory state, and the positive recombinants were screened for 95 

subsequent induced expression. 96 

 97 

Induced Expression and Detection of Recombinant Plasmids in E. coli  98 

Protein Expression 99 

Under thermal stimulation, the recombinant plasmid pET28a-UGPase was transformed into E. coli 100 

Rosetta (DE3) receptor cells using thermal stimulation. 42 ℃-heat-excited E. coli is spread on plates 101 

with 30 µg/mL kanamycin and 34 µg/mL chloramphenicol. After overnight incubation at 37 ℃, the 102 

monoclonal colonies were picked and incubated at 37 ℃ in liquid medium containing 30 µg/mL 103 

kanamycin and 34 µg/mL chloramphenicol. When the OD600 value reached 0.6, 0.5 mM inducer IPTG 104 

was added and the culture was continued overnight at 16 ℃ and 20 ℃ respectively. The specimens 105 

without added inducer were marked as negative control. At the end of induction, the researchers 106 

https://swissmodel.expasy.org/
https://services.healthtech.dtu.dk/services/TMHMM-2.0/
https://services.healthtech.dtu.dk/services/SignalP-4.1/
https://services.healthtech.dtu.dk/services/NetPhos-3.1/
https://wolfpsort.hgc.jp/
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centrifuged the samples at 4,000 rpm for 10 min, discarded the supernatant and collected the organisms. 107 

Then Buffer A was added to the collected organisms which were fully solubilised using an ultrasonic 108 

crusher later. The supernatant and precipitate were collected by centrifugation, with the latter solubilised 109 

using Buffer B. Separate samples of supernatant and precipitate proteins were prepared for the 110 

gelatinisation assay. The bacteria were cultured in medium containing 30 µg/mL kanamycin and 34 111 

µg/mL chloramphenicol. When the OD600 value reached 0.6, 0.5 mM inducer IPTG was added, and the 112 

culture was induced overnight at 20 ℃ for bulk expression. At last, the cytobacteria were collected by 113 

centrifugation. 114 

 115 

Protein Purification 116 

The above collected cytobacteria were lysed in buffer C, broken by sonication and centrifuged to collect 117 

the supernatant crude proteins. The researchers took 5 mL of Ni-NTA and washed the equilibrated column 118 

with 10 times the volume of Binding buffer in the column bed. The crude protein was incubated with the 119 

equilibrated column packing for 1 h and the effluent was collected. The equilibrium column was washed 120 

with Binding buffer again, and then with Washing buffer. The effluent was eluted with Elution buffer and 121 

collected. 122 

The crude protein and effluent fractions were processed separately, and samples were prepared for 123 

SDS-PAGE purification and detection. The purified fractions were dialysed into the pH 8.0 protein 124 

preservation buffer with 50 mM Tris and 300 mM NaCl. Subsequently, the samples were concentrated 125 

with PEG20000, filtered through 0.45 μm membrane, dispensed into 1 mL tubes, and stored at -80 ℃. 126 

Expression of target proteins was detected by SDS-PAGE electrophoresis. The above prokaryotic 127 

expression of target proteins was further verified by Western Blot. SDS-PAGE assay: protein samples 128 

were processed and prepared. Using 12% resolving gel and 5% stacking gel for electrophoresis to detect 129 

molecular weight. Western Blot Validation: protein samples were processed and prepared. The validation 130 

utilises a gel electrophoresis setup with a 5% stacking gel and a 12% resolving gel. The primary antibody 131 

used is a mouse-derived antibody specific for the His-tag, while the secondary antibody is a goat-derived 132 

antibody against mouse IgG. Tetramethylbenzidine (TMB) is employed as the chromogenic substrate for 133 

visualisation, and labeled antibodies were used for validation. 134 

 135 

In Vitro Enzymatic Activity of UGPase 136 
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Kit Method 137 

According to the protocol of the plant UDPase assay kit (Shanghai Baililai Biology Technology Co., 138 

Ltd.), the researchers conducted enzymatic activity assay of purified recombinant proteins containing the 139 

UGPase gene. Protein content was quantified according to an enzyme-linked immunoassay (ELISA) 140 

assay kit (Shanghai Baililai Biology Technology Co., Ltd.). The target protein inactivated by boiling was 141 

used as a control, with three parallels per treatment. UGPase activity was determined by reaction 142 

spectrophotometry at 340 nm in the reaction mixture (from the UGPase assay kit) using the Epoch2 143 

microplate spectrophotometer enzyme marker. One unit of UGPase activity was was defined as the 144 

amount of enzyme required to reduce 1 mmol NADP + per minute. 145 

 146 

UGPase Activity toward Other Substrates 147 

Referring to Edwards 15 and Habig 16 approach, of measuring the ability of UGPase protein to catalyze 148 

1-chloro-2,4-dinitrobenzene (CDNB), 1,2-dichloro-4- nitrobenzene (DCNB), 4- Nitrobenzyl chloride 149 

(NBC), 7-Chloro-4-nitrobenzo-2-oxa-1,3-di-azole (NBD-Cl), L-threo-2,3-Hexodiulosonic acid (DHA), 150 

2- Hydroxyethyl disulfide (HED), the increase in product per unit volume per unit time was measured. 151 

The target protein inactivated by boiling was used as a control, with three parallels per treatment. All 152 

assays were carried out on a UV2600A UV-visible spectrophotometer. 153 

An appropriate amount of substrate assay buffer, an appropriate amount of the first substrate GSH, 154 

an appropriate amount of the second substrate (CDNB or DCNB or NBC or NBD-Cl or DHA or HED), 155 

and an appropriate amount of purified recombinant proteins or inactivated proteins after boiling were 156 

added to the cuvettes of the control group and the experimental group, respectively. Specific substrates 157 

and dosages are shown in Table 1. 158 

After mixing evenly, the researchers used a spectrophotometer to detect the increase in absorbance 159 

of the reaction product at room temperature, and read every 30 seconds for 3-5 minutes until the substrate 160 

was completely reacted. The absorbance change value for 1 minute came from the following 161 

formula.Specific activity [μmol/(min/mg)] = (△ ODABS*V)/(ε*T*L*E) 162 

△ODABS is the change in absorbance per unit time, V is the volume of enzymatic reaction (μL), 163 

ε is the extinction coefficient of the product (9.6 L/mmol-cm), T is the reaction time (min), L is the 164 

optical range (1 cm), and E is the amount of enzyme added (g). 165 

166 
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Table 1 Enzyme Activity Substrate Table  167 

First substrate 
and dosage 

Substrate buffer and dosage 
secondary 
substrate 

Amount 
of 
protein 

Reaction 
product 
absorption 
wavelength 

50μl 60mM 
CDNB 

2.85ml 0.05 M K3PO4，pH=6.5 
50μl 60mM 
GSH 

10μl 340nm 

50μl 60mM 
DCNB 

2.85ml 0.05 M K3PO4，pH=7.5 
50μl 60mM 
GSH 

10μl 345nm 

50μl 60mM 
NBC 

2.85ml 0.05 M K3PO4，pH=6.5 
50μl 60mM 
GSH 

10μl 310nm 

50μl 10mM 
NBD-Cl 

2.85ml 0.1M sodium acetate，

pH=5 

50μl 60mM 
GSH 

10μl 419nm 

25μl 20mM 
DHA 

900μl 0.1M K3PO4，pH=2.5 
50μl 100mM 
GSH 

10μl 265nm 

100μl 7mM 
HED 

500μl 0.2M Tris-Cl 
100μl 10mM 
GSH 

100μl 340nm 100μl 2.5mM NADPH in 
0.1%NaHCO3 中 

 168 

Resistance Analysis of Recombinant E. coli pET28a-UGPase 169 

Determination of Growth Kinetics of Transformed E. coli under Adverse Stresses. 170 

Referring to the experimental methods of He Xuegao17 and Liu Linya18, the expression strain E. coli 171 

Rosetta (DE3), which was transformed with the recombinant plasmid of pET28a-UGPase, was 172 

inoculated into 2 mL of LB culture medium containing kanamycin (50 μg/mL), and incubated at 37 ℃ 173 

with shaking overnight. On the next day, 0.2 mL of the culture was transferred into 20 mL of new 174 

kanamycin-resistant LB liquid medium and incubated at 37 ℃ for 4 h, until the OD600 of the culture was 175 

increased to 0.8, and then the researchers added IPTG whose final concentration was 1 mmol/L and 176 

induced for 4 h at 25 ℃. The OD600 of E. coli transformed with pET28a-UGPase and pET28a blank 177 

plasmid at the end of IPTG induction was conformably adjusted to 0.8. 1 mL of recombinant and non-178 

recombinant bacterial fluids were taken into EP tubes and subjected to low temperature (-20 ℃, 24 h) 179 

and high temperature (50 ℃, 40 min) treatments, respectively. The treated bacterial solution was added 180 

into LB medium at a volume ratio of 1:100, and incubated at 37 ℃, 200 r/min for 24 h, and the OD600 181 

value was determined by sampling every 2 h, which was used to draw the growth curve. The pH of LB 182 

medium was adjusted to 5.0 and 9.0 to simulate acid/alkaline stress. A final concentration of 500 mmol/L 183 

NaCl, 1,200 mmol/L sorbitol was added to LB medium as high-salt and hyperosmotic treatments. In the 184 
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treated medium, recombinant and non-recombinant bacteria were added at a volume ratio of 1:100 and 185 

incubated at 37 ℃ and 200 r/min for 24 h. The OD600 values were determined by sampling every 2 h and 186 

the growth curves were plotted. The experiment was carried out on LB medium without any stressor as 187 

a blank control group and three replicates were set up for each treatment. 188 

 189 

Effect of UGPase-transformed E. coli on the Stress Resistance of E. coli 190 

For E. coli culture, IPTG induction and stress treatment, shares the same method as for the growth 191 

kinetics assay. At the end of IPTG induction, the researchers transformed the E. coli with pET28a-192 

UGPase recombinant plasmid and pET28a (+) blank plasmid, and conformably adjusted the OD600 of its 193 

culture to 1. The culture was then diluted with sterilised water into 6 gradients of 100, 10-1, 10-2, 10-3, 10-194 

4, 10-5. Operator took 50 L of each dilution gradient of the bacterial solution, respectively spread onto 195 

LB solid medium containing NaCl (final concentration of 500 mmol/L) and sorbitol (of 1,200 mmol/L), 196 

and incubated at 37 ℃ for 12 h, with subsequent photographic observation of bacterial growth. At the 197 

same time, 1 mL of undiluted recombinant and non-recombinant bacterial culture was divided into EP 198 

tubes and treated with low temperature (-20 ℃, 24 h) and high temperature (50 ℃, 40 min) respectively, 199 

diluted according to the above method, and then placed in 37 ℃ to culture for 12 h, with subsequent 200 

photographic observation of bacterial growth. It was verified that E. coli transformed with the pET28a-201 

UGPase recombinant plasmid exhibited resistance. The experiment was carried out on LB medium 202 

without any stressor as a blank control group with three replicates for each treatment. 203 

 204 

Results and Analyses 205 

Bioinformatics Analysis 206 

Protein structure analysis showed that UGPase proteins belong to the PLN02474 family (Fig.1a). The 207 

molecular formula of UGPase protein is C2351H3747N603O708S8. Its theoretical molecular weight is 52.04 208 

kD. Its theoretical isoelectric point 5.08. It is acidic protein. The instability index is 27.95, the number of 209 

negatively charged residues is 65 and the number of positively charged residues is 50, with an extinction 210 

coefficient of 37,025, a fat coefficient of 103.4, and an average hydrophobicity of -0.084. According to 211 

the rule that the lower the amino acid score the more hydrophilic and the higher the score the more 212 

hydrophobic, amino acids between +0.5 and -0.5 are mainly amphoteric amino acids, so the protein is 213 

hydrophilic and stable(Fig.1b).  214 
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 215 

Fig.1 Domain analysis of UGPase protein (a), prediction of hydrophobicity (b) and 216 

secondary structure (c) 217 

 218 

The secondary structure of UGPase protein is characterised by irregular coils, which accounted for 219 

45.97% of the total, followed by α-helices with 34.11%, and extensions with 19.92% (Fig.1c). In order 220 

to further resolve the functions played by UGPase genes in D. officinale, the possible formation of higher 221 

structures is predicted by Phyre. In addition to the core domain, the typical UGPase protein had a β-222 

folding carboxyl-terminal domain to form a barrel structure (L-loop), an amino-terminal domain with an 223 

NB-loop, and a glycan-binding domain, which was characteristic of UGPase proteins. The prediction 224 

results showed that UGPase has the above typical characteristics, and it was speculated that UGPase 225 

plays a typical function in D. officinale (Fig.2a). 226 

TMHMM prediction showed that the UGPase protein does not have a transmembrane region (Fig.2b) 227 

and has a 100% probability of being located outside the membrane. Thus, it was presumed to be a possible 228 

secreted protein with no signal peptide (Fig.2c). Furthermore, the WoLF PSORT website was used to 229 

predict the localisation of UGPase proteins in cells, which showed that UGPase proteins may be localised 230 

in the cytoplasm. The UGPase peptide chain contains 39 phosphorylation sites, including 21 serine (Ser) 231 

sites, 14 threonine (Thr) sites and 3 tyrosine (Tyr) sites (Fig.2d). 232 
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 233 

Fig.2 Predictiction analysis of tertiary structure ( a), transmembrance helix (b), signal 234 

peptide of UGPase protein (c) and phosphorylation sites (d) of UGPase protein  235 

 236 

Construction of UGPase Gene Prokaryotic Expression Vector 237 

With D. officinale cDNA as a template, the cDNA coding region of UGPase gene was amplified by 238 

primers with added cleavage sites, and the target band of about 1,500 bp was assessed (Fig.3). The 239 

amplified fragments were recovered and purified, and were ligated into the pET28a (+) vector after 240 

double digestion by restriction endonucleases NheI and NotI. The recombinant vector was transformed 241 

into E. coli DH5α, and then the positive clones were sent to the company for sequencing, which showed 242 

that the sequence of the inserted fragment was consistent with that of the cDNA coding region of the 243 

UGPase gene, and the sequence of the inserted fragment was consistent with that of the cDNA coding 244 

region of the UGPase gene. It indicates that the pET28a-UGPase prokaryotic expression vector has been 245 

successfully constructed. 246 
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 247 

Fig.3 Restriction map of the recombinant plasmid (digested with NdeI-XhoI) 248 

Lane 1: Plasmid Digested with  NdeI-XhoI  249 

Lane 2: Plasmid  250 

Lane M: DNA Marker  251 

 252 

Induction of Expression and Detection of Recombinant Plasmid pET28a-UGPase 253 

The constructed pET28a-UGPase prokaryotic expression vector was transformed into E. coli expression 254 

strain E. coli Rosetta (DE3). The recombinant plasmid was identified by colony PCR amplification to 255 

show that the recombinant plasmid had been transformed into E. coli Rosetta (DE3). After induced 256 

expression of the expression strain transformed with PET28a-UGPase recombinant plasmid with 1 257 

mmol/L IPTG at 25 ℃, it was ultrasonically broken for SDS-PAGE. The results showed that induction 258 

with 1 mmol/L IPTG for 4 h at 25 ℃ induced the target proteins with molecular weights consistent with 259 

those of UGPase proteins, and the recombinant proteins existed in the form of both soluble proteins and 260 

insoluble inclusion bodies（Fig.4）. The fusion proteins were then purified by chromatography using a 261 

nickel column. Based on the SDS-PAGE staining results（Fig.5）, it was found that the fusion proteins 262 

were predominantly enriched in the supernatant before purification. After purifying and eluting the 263 

supernatant, the target bands appeared above 60 kD. 264 
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 265 

Fig.4 SDS-PAGE analysis of the fusion protein expression test.  266 

M: Protein Marker; 1: Total protein before induction ; 267 

 2: Soluble supernatant after 20°C induction;  268 

3: Insoluble fraction after 20°C induction ;  269 

4: Soluble supernatant after 37°C induction ;  270 

5: Insoluble fraction after 37°C induction . 271 
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 272 

Fig.5 SDS-PAGE analysis of fusion protein purified by nickel agarose affinity 273 

chromatography  274 

M: Protein marker; 1: first sample; 2: disgorge; 3: 20 mM Imidazole elution component ; 275 

4: 50 mM Imidazole elution component ; 5: 500 mM Imidazole elution component  276 

 277 

After purification of the fusion protein, SDS-PAGE analysis showed obvious bands near the 278 

theoretical molecular weight(Fig.6). The performance can help judging initially that the fusion protein 279 

has been successfully purified. 280 
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 281 

Fig.6 SDS-PAGE analysis of the final purified protein.  282 

M: Protein marker; 1: Fusion target proteins  283 

 284 

The purified proteins were further verified by Western Blot. It was verified with labeled antibodies 285 

and visualised using the TMB Colour Kit. As shown in Fig.7. The fusion proteins also showed target 286 

bands near the corresponding positions, indicating the accuracy of target protein expression. 3 mL of the 287 

target protein was successfully purified at a concentration of 0.35 mg/mL, totalling 1.05 mg. 288 
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 289 

Fig.7 Western Blot analysis of the final purified protein.  290 

M: Protein marker; 1: Fusion target proteins  291 

 292 

In Vitro Enzymatic Activity of UGPase 293 

Kit Method 294 

The standards were prepared and assayed according to the method of enzyme-linked immunoassay 295 

(ELISA) test kit of Shanghai Baililai Biology Technology Co., Ltd. The extracted UGPase protein and 296 

the OD value of the boiled protein were brought into the equation to calculate the concentration of the 297 

sample, and then multiplied by the number of times of dilution (5 times), leading to the actual enzyme 298 

activity of the extracted protein. The specific enzyme activity was calculated according to the following 299 

formula. 300 

Enzyme specific activity = enzyme activity (U) / enzyme protein concentration (mg/mL) 301 

302 
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Table 2 Determination of protease activity by kit method 303 

samples absorbance enzyme activity（U/L） Specific enzyme activity（U/mg） 

proteins 

0.782 97.768 279.33 

0.766 95.295 272.27 

0.777 96.994 277.13 

boiled protein 

0.347 33 94.28 

0.277 23.06 65.88 

0.291 25.04 71.54 

 304 

 305 

Fig. 8 Comparison of protease activity of purified proteins and after boiling 306 

As shown in Table 2, Figure 8, enzymatic activity was present in the purified UGPase proteins and there 307 

was a significant difference between the enzymatic activity of the purified proteins and that of the boiled 308 

proteins. The mean value of purified protease activity was 96.69 U/L and the mean value of specific 309 

activity was 276.24 U/mg. 310 

 311 

UGPase Activity toward Other Substrates 312 

To further analyze whether UGPase has a function other than its involvement in polysaccharide synthesis, 313 

the antioxidant capacity of UGPase was probed with a number of different substrates. The activities of 314 

UGPase protein on six substrates, including CDNB, DCNB, NBC, NBD-Cl, DHA and HED, were tested 315 

and the results are shown in Table 3. 316 

317 
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Table 3  Viability of purified proteins against different substrates  318 

Substrate △ODABS Specific enzyme activity μmol(min·mg) 

CDNB 0.003 0 

DCNB 0.003 0 

NBC 0.012 0 

NBD-Cl 0.015 0 

DHA 0.01 0 

HED 0.012 0 

As can be seen from the table, the UGPase protein showed no detectable activity against any of the 319 

six substrates. 320 

 321 

Growth Kinetics of UGPase-transformed E. coli under Adverse Stresses 322 

The reasearchers analysed the resistance of recombinant bacteria pET28a-UGPase and non-recombinant 323 

bacteria pET28a, which were induced by IPTG for 3 h, under various stress conditions including low 324 

temperature at -20°C, high temperature at 50°C, pH 5.0, pH 9.0, 500 mmol/L NaCl, and 1,200 mmol/L 325 

sorbitol, using recombinant bacteria and non-recombinant bacterial suspensions without stress treatment 326 

as controls. The results of growth kinetic analysis of the transformed cells (Fig.9) showed that under 327 

normal conditions (Fig.8a), the growth curves of pET28a-UGPase and pET28a transformed cells were 328 

basically the same, and there was no significant difference between them. Both strains entered the 329 

logarithmic growth phase after a latency period of approximately 3 h, reaching a plateau after 12 h, 330 

indicating that UGPase expression in E. coli does not adversely affect E. coli growth. After treatment 331 

with 1,200 mmol/L sorbitol (Fig.9b), recombinant bacterium pET28a-UGPase showed better growth 332 

compared to the non-recombinant strain. Conversely, in medium containing 500 mmol/L NaCl (Fig.9c), 333 

the non-recombinant strain exhibited superior growth. When subjected to ph=9 (Fig.9d) and ph=5 334 

(Fig.8e), both strains had similar growth rates for the first 6 h, after which pET28a-UGPase outperformed 335 

the non-recombinant strain. The growth status of pET28a-UGPase cells was also slightly better than that 336 

of pET28a after low temperature (Fig.9f) at -20 ℃ and high temperature (Fig.9g) at 50 ℃. These results 337 

suggest that overexpression of UGPase can improve the resistance of E. coli to all adversities to a certain 338 

extent. 339 
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 340 

Fig.9 Detection of OD6oo value of recombinant strain and control strain in different 341 

stresses  342 

Note: a: Control; b: 1,200 mmol/L sorbitol; c: 500 mmol/L NaCl; d: pH=9;  343 

e: pH=5; f: -20 ℃ for 24 h; g:50 ℃ for 40 min 344 

 345 

Effect of UGPase-transformed E. coli on the Stress Resistance of E. coli 346 

To investigate the effect of overexpression of UGPase protein on the growth of E. coli recombinants 347 

under different environmental stresses, the reasearchers diluted and spread recombinant bacterial 348 

pET28a-UGPase and non-recombinant bacterial pET28a cultures on different plates. Fig.10 shows that 349 

in overnight cultures, pET28a-UGPase and pET28a grew similarly on Luria-Bertani (LB) medium. In 350 

normal medium simulating high and low temperature stress as well as in medium with 500 mol/l sorbitol 351 

added for simulating high osmotic pressure, pET28a-UGPase grew better and had more colonies 352 

compared to pET28a. 353 

Fig.10a shows the growth of recombinant pET28a-UGPase and non-recombinant pET28a in LB 354 

medium under non-stressed conditions. The growth status of pET28a was similar to that of pET28a-355 

UGPase. Compared with pET28a, pET28a-UGPase formed smaller colonies on the plate, and the number 356 

of colonies formed by both was basically the same. 357 

After high-temperature (Fig.10b 50°C, 40 min) and low-temperature (Fig.10c -20°C, 24 h) 358 
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treatments, the cultures were coated with gradient dilutions and incubated on LB medium. Compared 359 

with pET28a, pET28a-UGPase showed significantly better survival and higher persistence. When 360 

cultures were diluted up to thousandfold, pET28a formed fewer colonies on the plates, while pET28a-361 

UGPase colonies were densely packed. It was shown that the expression of UGPase gene enhanced the 362 

tolerance of E. coli to high and low temperature stress. 363 

The response of UGPase proteins to high osmotic pressure (Fig.10d) was examined by adding 1,200 364 

mmol/L sorbitol to LB medium. In sorbitol-induced high osmotic stress, pET28a-UGPase grew 365 

significantly better compared with pET28a. In plates with different dilutions, the growth situation of 366 

pET28a was similar to that of blank medium, whereas pET28a-UGPase growth was somewhat restricted. 367 

It suggests that UGPase gene expression provides tolerance to hyperosmotic stress in E. coli. 368 

In high salt medium containing 500 mol/L NaCl (Fig.10e), pET28a grew better than pET28a-UGPase. 369 

The pET28a-UGPase colonies decreased significantly with increasing dilution, and at 10-6-fold dilution, 370 

pET28a-UGPase hardly grew. Meanwhile at different dilutions, pET28a had significantly more colonies 371 

than pET28a-UGPase. 372 

The researchers quantitatively analysed the growth of colonies in different treatments was 373 

quantitatively analyzed using plate counting method, and selected colonies within countable range were 374 

selected for statistical analysis. The number of colonies in different treatment groups is shown in Fig. 11. 375 

In the environment of high and low temperature and high osmotic stress simulated by sorbitol, the number 376 

of colonies of pET28a-UGPase was significantly more than that of pET28a. It was shown that the 377 

expression of UGPase gene could enhance the tolerance of E. coli to high and low temperature and 378 

hyperosmotic stress. 379 
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 380 

Fig.10 Functional characterization of UGPase in  E. coli Transetta 381 

Note:a:Control; b: -20 ℃ for 24 h stress; c: 50 ℃ for 40 min stress;  382 

d: 1 200 mmol/L sorbitol stress; e: 500 mmol/L NaCl stress  383 
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 384 

Fig. 11 Comparison of the number of colonies in different environments  385 

 386 

Discussions 387 

Dendrobium officinale holds significant medicinal value, with polysaccharides recognised as one of its 388 

most active components. UGPase is a key link in the glucose metabolism pathway, so the study of 389 

UGPase in D. officinale is of great significance. The effect of light quality on the UGPase of D. officinale 390 

has been previously understood by the researchers’ group14. 391 

UGPase uses UTP and glucose-1-P as substrates in the forward direction and UGPase and 392 

pyrophosphate (PPi) in the reverse direction. Thus, UGPases are located at key junctions in plant 393 

metabolism and are indirectly involved in the synthesis of complex carbohydrates as well as in sugar and 394 

energy metabolism19. The UDP-catalysed production of UDP-glucose is vital for the sugar metabolism 395 

cycle in plants, facilitating the formation of the primary cell wall during early development and 396 

promoting polysaccharide accumulation throughout growth stages. For these reasons, the aim of the 397 

present study was to understand the nature of the protein and to gain a preliminary understanding of its 398 

resistance. Notably, the overall morphology of many UGPase proteins resembles a bowl, featuring a 399 

concave interior that can be divided into three major structural domains: N-terminal structural domains, 400 

central structural domains with nucleotide-binding loops and C-terminal structural domains with 401 

insertion loops. These structural domains constitute the catalytically active region of the UGPase, which 402 

is the UGPase functional domain 20, 21. Whereas the N-terminal and C-terminal domains of UGPase 403 

enzymes from different plants have enzyme-specific folds, they may have different regulatory functions 404 

in different pyrophosphorylases22. 405 

The UGPase proteins are UGPase-A and UGPase-B, both localised in the cytoplasm23. However, 406 
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later studies have demonstrated that the localisation of the UGPase is not the same in different plants. 407 

For example, the rice mutant UGPase protein is localised to starch grains24 and the Xing’an Larix UGPase 408 

proteins may be found in chloroplasts11,. The difference in their localisation is probably due to the 409 

different structures formed at the N-terminal or C-terminal of the protein sequence. The functional 410 

diversity of different enzymes and isoenzymes involved in UGPase synthesis in plants is influenced by 411 

subcellular localisation25, which coincides with the place where it functions. The cytoplasmic membrane 412 

is crucial for maintaining the cellular homeostasis and regulating cellular activities, suggesting a potential 413 

link between UGPase localisation and its role in stress resistance. 414 

In plants, UGPase proteins are directly involved in carbohydrate metabolism and polysaccharide 415 

synthesis, and their metabolites indirectly affect redox and growth and developmental status in vivo 26。416 

For example, uridine diphosphate glucose (UDP-Glc), generated by the UGPase reaction, is a key sugar 417 

molecule involved in more than 270 reactions in plants and is a direct precursor for the synthesis of 418 

polysaccharides, glycoproteins, glycolipids, and cell wall components27, 28. It can also act as signaling 419 

molecules with potential roles in mediating ROS signaling and programmed cell death (PCD) 29. Proteins 420 

exhibit different enzymatic activities in vivo and in vitro 30. On the one hand, because of the different 421 

environments, enzyme activity in vitro may be affected by a variety of factors such as ionic composition, 422 

pH, etc., which may be regulated by intracellular homeostatic mechanisms in vivo 31, 32. On the other 423 

hand, during purification, protein activity is affected due to prolonged exposure of proteins to extreme 424 

conditions or changes in protein structural conformation 33. Therefore, the UGPase enzyme activity 425 

assayed in vitro does not represent the true activity it exerts in vivo.  426 

The E. coli expression system (prokaryotic expression system) is renowned for its ability to produce 427 

high levels of exogenous proteins, thanks to its well-characterised genetic background and biochemical 428 

properties, along with its operational simplicity. It is therefore commonly used for functional and 429 

mechanistic studies of plant resistance-related genes34-38. The results of Adriana et al.39 showed that 430 

expression of plant LEA proteins directly contributes to increase stress tolerance in bacterial host cells. 431 

Additionally, the ApCystatin gene from Bacopa monnieri was overexpressed in recombinant E. coli 432 

Transetta (DE3) to improve the tolerance of E. coli to osmotic, drought, and low-temperature stresses 40. 433 

The colonies formed by recombinant bacteria, however, are likely to be affected by transformation 434 

efficiency and plasmid stability41. High salt environments may also affect protein stability and correct 435 

folding, and recombinant proteins may form non-functional aggregates or inclusion bodies, affecting 436 
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their expression and activity42. In this experiment, the researchers successfully constructed prokaryotic 437 

expression vectors, seeing that the target genes were effectively expressed under IPTG-induced 438 

conditions, and the recombinant strains were significantly more resistant than the control bacteria. 439 

Moreover, recombinant bacteria were more tolerant than non-recombiners in simulating high and low 440 

temperatures, acidity and high osmotic stress. 441 

UGPase expression is co-regulated by phosphorus content, glucose or sucrose content, as well as 442 

light conditions and low-temperature signalling, and these conditions may have a superimposed effect 443 

on UGPase expression14, 43, 44. Previous studies have indicated that UGPase activity is regulated by 444 

temperature changes in some organisms with abiotic stress and phloem organisation-associated promoter 445 

progenitors43. Therefore, it is reasonable to hypothesise that the significant increase in survival of 446 

overexpressed strains under abiotic stress is due to the increase in polysaccharide production resulting 447 

from overexpression of UGPase. This increase likely contributes to the protection of the strains and, by 448 

extension, enhances the plant’s tolerance to abiotic stress. In the D. officinale over-expressing UGP, the 449 

transgenic plants showed certain resistance to mannitol-mimicked osmotic stress and low-temperature 450 

conditions 45, demonstrating that UGP in the phytosome also enhances the plant’s tolerance to abiotic 451 

stresses. 452 

 453 

Conclusion 454 

In this study, the researchers successfully cloned the UGPase gene from D. officinale using RT-PCR, 455 

resulting in a UGPase protein with a complete coding sequence of 1,419 bp that encodes 472 amino acids. 456 

To further elucidate the function of D. officinale UGPase proteins, the purified proteins were assayed for 457 

enzymatic activity, the researchers conducted bioinformatics analyses and verified the expression of 458 

recombinant proteins alongside their resistance to abiotic stress.  459 

This research lays a theoretical foundation for understanding the structure of D. officinale UGPases 460 

and contributes to expanding the existing database on these proteins. 461 
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