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Abstract 

Based on the transfer vector pPICZαA the recombinant plasmid DNA pPICZαA-TP 

(4862 bp) containing cDNA (deoA gene, 1326 bp) of the Thymidine phosphorylase (TP) of 

E. coli were constructed. The cloned plasmid pPICZαA-TP used for expression of 

recombinant thymidine phosphorylase in Pichia pastoris yeast. The substrate specificity of 

the corresponding recombinant enzyme was studied by hydrolysis of thymidine (2-Deoxy-β-

D-ribofuranosyl) thymine) to thymine and 2-deoxy-β-D-ribofuranosyl. The recombinant 

thymidine phosphorylase (≈49 kD) expressed in Pichia pastoris GS115 cells exhibits high 

hydrolytic activity and can be used for enzymatic transglycosylation of nucleosides. 

Keywords: nucleoside phosphorylases, modified nucleosides, recombinant plasmid, 

Pichia pastoris, thymidine phosphorylase. 

Introduction 

Modified nucleosides are heterocyclic nitrogenous bases of natural or synthetic origin 

containing monosaccharides - cyclic pentoses. Modified nucleosides (or nucleoside 

analogues) are used for the treatment of viral diseases and certain forms of cancer 

(Molnupiravir - SARS-CoV-2, Tenofovir - HIV, HBV, Sofosbuvir - HCV, Fludara, 

Cladribine - leukaemia of various aetiologies etc.). Nucleoside analogues can be synthesized 

by chemical or enzymatic methods, or a combination of these methods [1-4]. Chemical 

synthesis is a long multi-stage process, including the introduction and removal of various 

protective groups in the carbohydrate residue and heterocyclic base, which leads to a 

significant decrease in the efficiency of the process [2,5]. At present, in the world, many 

drugs based on modified nucleosides are obtained by methods of multi-stage chemical 

synthesis, which has a number of significant disadvantages. Enzymatic synthesis has a 

number of advantages over chemical synthesis: mild reaction conditions, high 

stereoselectivity, minimal use of polluting chemicals and organic solvents, high efficiency, 

and the absence of unwanted impurities. Therefore, the biotechnological method for the 

synthesis of nucleosides using genetically engineered nucleoside phosphorylases makes it 
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possible to replace chemical synthesis with enzymatic [6-7]. The enzymatic 

transglycosylation reaction is usually carried out at 50°C to inhibit other enzymes such as 

deaminases. At this temperature, some nucleoside phosphorylases retain most of their 

activity. For example, reactions involving thymidine phosphorylase are usually carried out at 

45°C [2]. 

Bacterial glycosyltransferases catalyzing the transfer of a pentofuranose group to 

purine or pyrimidine bases are successfully used in the synthesis of various natural 

nucleoside analogues of biological and pharmaceutical importance [2,8]. The use of 

microorganisms producing nucleoside phosphorylases for the synthesis of modified 

nucleosides of biological and pharmaceutical importance has proved to be highly effective. 

An analysis of the literature has shown that Escherichia coli thymidine phosphorylase (EcTP, 

EC 2.4.2.4) is currently successfully used for the biocatalytic synthesis of derivatives of 

heterocyclic nitrogen-containing bases [9]. At present, one of the advanced expression 

systems that allow to obtain recombinant proteins on an industrial scale is the yeast system of 

Pichia pastoris. The accumulation of significant biomass during cultivation on inexpensive 

nutrient media, the absence of endotoxins and pyrogens, a higher level of recombinant 

protein synthesis compared to other expression systems are the advantages of Pichia pastoris 

yeast. [10-13]. Based on this, the aim of this work is to clone a recombinant plasmid 

encoding Escherichia coli thymidine phosphorylase (EcTP) in the Pichia pastoris expression 

system.  

Materials and methods 

In the experiments, enzymes and reagents from New England Bi-olabs (USA), 

Thermo Fisher Scientific (USA), Sigma-Aldrich (USA), SBS Genetech (China), Biosset 

(Russia) and Himedia (India) were used. 

Isolation of genomic DNA of Escherichia coli 

To obtain genomic DNA samples, Escherichia coli strain RKMUz – 221 (the strain 

was obtained from the collection of industrial microorganisms of the Institute of 

Microbiology of the Academy of Sciences of the Republic of Uzbekistan) cells were grown 

in liquid nutrient medium (LB Broth Miller, Invitrogen) at 37°C for 12 h. Isolation was 

carried out in a 1.5 ml tube containing 100 µl of bacteria in a liquid nutrient medium. 

Centrifuged at 8500 rpm for 4 min. 90 µl of the supernatant was removed and the bacteria 

were suspended in the remaining 10 µl. Add 90 µl PEG-NaOH reagent solution (60 ml PEG 

200, 5 ml 2 M NaOH and 25 ml dH2O) [14]. The mixture was heated at 80°C for 10 min and 
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shaken briefly before use. One-microliter samples were used directly for PCR in 20 µl 

reactions. 

Sample preparation for ligation 

Thymidine phosphorylase cDNA (deoA gene, insert), size of 1326 bp was amplified 

by PCR using as a template genomic DNA isolated from cells of Escherichia coli strain 

RKMUz - 221 using the following primers: 

1) Forward – 5’- AATTGAATTCATGTTGTTTCTCGCACAA -3’ 

2) Reverse – 5’- TTTTTCTAGATTATTCGCTGATACGG -3’ 

The amplificon (insert) was purified by precipitation with 0.5 M magnesium chloride 

(in final concentration 0.05 M) and 96% ethanol (in final concentration 70%) [15]. 

One μg of the transfer vector pPICZαA and PCR amplificates were sequentially 

treated with FastDigest EcoRI and FastDigest XbaI restrictases (Thermo Scientific, USA). 

Linear vector DNA with a length of 3536 bp isolated after electrophoresis in 0.8% agarose 

gel using PureLink Quick Gel Extraction Kit (Invitrogen) [16]. 

Vector ligation with insert (thymidine phosphorylase gene) 

Ligation of the pPICZαA vector with the target gene - thymidine phosphorylase was 

carried out in a volume of 10 μl in a molar ratio of 1:3, respectively, using recombinant T4 

DNA ligase (Invitrogen). 

Transformation of E. coli TOP10 cells with pPICZαA-TP ligand 

After precipitation with the ligation mixture, the pellet (recombinant DNA) was 

dissolved in 10 µl of de-ionized water. Dissolved DNA was transformed into 

electrocompetent E. coli cells of the Top 10 plasmid-free strain (Invitrogen) according to the 

method [17]. 

Identification of recombinant clones 

The molecular weight of plasmid DNA isolated from clones obtained after 

transformation with a ligation mixture was determined by electrophoresis in 0.8% agarose 

gel. Clones containing DNA with a length of 4862 bp (deoA gene + pPICZαA transfer vector 

fragment) were inspected by PCR analysis. PCR amplicons were analyzed by 1% agarose gel 

electrophoresis. [18]. 

Transformation vector (pPICZαA-TP) and expression of recombinant protein in 

Pichia pastoris GS115 

The recombinant pPICZαA-TP vector was linearized with SacI and transformed into 

Pichia pastoris GS115 using a Electroporator 2510 (Eppendorf, USA). The yeast was then 

grown in YPD selection medium containing the antibiotic Zeocin™ (100 μg/mL). To induce 
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thymidine phosphorylase expression, Pichia pastoris GS115 strains were inoculated in 

BMGY medium at 30°C with vigorous shaking (220 rpm), and then transferred to BMMY 

and incubated at 30°C with vigorous shaking (220 rpm) for 72 hours. Methanol (0.5-1%, v/v) 

was supplied to the culture medium once a day [21]. 

Purification of recombinant protein, SDS-PAGE  

Extraction of the enzyme was carried out by destroying the yeast cells using a 

benchtop two-stage high pressure homogenizer (APV - 2000, SPX Flow, USA). The device is 

capable of treating liquid samples at pressures up to 2000 bar. For the treatment of yeast 

suspensions, the two-stage (two times 1200 bar) was used. The suspension temperature at the 

exit of the homogenizer did not exceed 40°C. Treated samples were cooled to 15°C 

immediately at the outlet of the device using a water-ice bath. After that, the yeast culture 

liquid medium was added to the homogenate. To obtain primary purified thymidine 

phosphorylase homogenate was precipitated using gradient precipitation with 20%-60% 

ammonium sulphate. The precipitate containing the enzyme was separated by centrifugation 

at 8000 rpm for 30 min. The precipitated enzyme was dissolved in PBS (150mM NaCl, 

5.2mM Na2HPO4, 1.7mM KH2PO4), pH 7.4. 

The molecular weight was determined by electrophoresis in 10% PAGE in the 

presence of Na dodecyl sulphate (SDS) according to the Laemmle method [19]. The protein 

concentration was determined by the Lowry method, using bovine serum albumin (BSA) as 

the standard [20]. 

Enzymatic hydrolysis of Thymidine by recombinant TP  

Reaction mixture contained 3.3 mM KH2PO4, pH 8.0, 2 mM thymidine (1-(2-Deoxy-

β-D-ribofuranosyl) thymine) (Sigma-Aldrich, Cat. T9250-25G) and 5 µl thymidine 

phosphorylase fraction (total protein cons. 16.7 mg/ml). The reaction mixtures were 

incubated at 50°C up to 8 hours. Substrate and product quantities were determined using 

HPLC. 

HPLC detection  

The products of hydrolysis by the thymidine phosphorylase were detected using High 

Performance Liquid Chromatography (HPLC): Shimadzu LC-20A Prominence, column 

Shim-pack GIST C18 5 µm, 4.6 × 150 mm, eluents А – 10 mM KH2PO4 in H2O, В - MeCN, 

flow rate 0.5 mL/min, detection PDA at 254 nm. Gradient: 0 min - 100% A, 10 min -95% A, 

15 min – 90% A, 20 min - 100% A.  

Results and discussion 
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Recombinant plasmid DNA pPICZαA-TP (4862 bp) was constructed based on the 

transfer vector pPICZαA (3593 bp) containing a 1326 bp thymidine phosphorylase (deoA) 

gene encoding Escherichia coli thymidine phosphorylase (49 kDa by PAGE electrophoresis) 

for expression in the yeast Pichia pastoris.  

Figure 1 shows the genetic map of the cloned plasmid DNA pPICZαA-TP, which 

includes the following elements: 5'AOX1 promoter (methanol-regulated induction promoter): 

nucleotides location 2-940 (939 bp); α-factor gene for the secretion of the expressed protein 

into the nutrient medium: nucleotides location 941 - 1207 (267 bp); deoA gene (cDNA 

encoding E. coli thymidine phosphorylase): nucleotides location 1214–2539 (1326 bp); Myc 

epitope tag (human c-Myc proto-oncogene, intended for affinity purification of the expressed 

protein): nucleotides location 2544 - 2573 (30 bp); HIS tag (polyhistidine tag for affinity 

purification of the expressed protein): nucleotides location 2589 - 2606 (18 bp); transcription 

termination fragment 3'AOX1 TT: nucleotides location 2686 - 2932 (247 bp); BleoR gene of 

resistance to zeocin for selection of recombinant clones: nucleotides location 3432 - 3806 

(375 bp) [21]. 

 

Figure 1. Physical map of the constructed recombinant plasmid pPICZαA-TP 

The obtained clones were screened by PCR using primers synthesized for gene 

amplification. Figure 2 shows the result of PCR analysis of recombinant clones. According to 

the results of PCR, the selected clones contain the DNA fragment (gene) with a molecular 

weight of 1326 bp (Fig. 2, А). Thus, PCR indicated the presence of an insert (the deoA gene) 

in the investigated plasmid. 
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Figure 2. PCR analysis of recombinant clones 

A – pPICZαA (К-); B – pPICZαA- TP; C – DNA Marker. 

Figure 3 shows a comparative restriction analysis of the recombinant plasmid 

pPICZαA-TP and the original pPICZαA vector at a single SacI restriction site. After 

electrophoresis analysis, linear DNA were detected, the mass of which corresponds to 

theoretical calculations according to the physical maps of plasmids. 

 

Figure 3. Restriction analysis of the recombinant plasmid pPICZαA-TP 

A – pPICZαA-TP/SacI (4862 bp); B – pPICZαA/SacI (3593 bp); C – DNA Marker. 

Expression of the recombinant enzyme was carried out in 250 ml four baffled flasks 

for 72 hours. After destroying the yeast cells by high pressure homogenizer, homogenate was 

cooled to 15°C immediately in a water-ice bath. The yeast culture liquid medium was added 

to the homogenate. Homogenate was separated by centrifuging at 8000 rpm for 30 min after 

gradient precipitation with 20%-60% ammonium sulphate and the fraction were dissolved in 

PBS pH 7.4. The fraction containing recombinant E. coli thymidine phosphorylase from the 
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yeast Pichia pastoris GS115 using denaturing 10% SDS-PAGE electrophoresis was analyzed 

by staining with Coomassie G-250 (Figure 4). The protein concentration in the fraction 

containing the recombinant enzyme, determined by the Lowry method, is 16.7 mg/ml. Figure 

4 shows that the recombinant enzyme appeared in the 49 kDa band corresponding to its 

nucleotide sequence. 

 

Figure 4. 60% Ammonium sulphate fraction of Pichia pastoris protein extract 

A – Pichia pastoris protein extract (60 and 40 µg protein per well); B – fraction after 

gradient precipitation with 20%-60% ammonium sulphate (3 and 7 µg protein per well); C – 

Novex Sharp Pre-Stained Protein Standard (Invitrogen). 

The catalytic activity of the fractions contained thymidine phosphorylase was 

determined by hydrolysis of thymidine (Scheme 1). 
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Scheme 1. Enzymatic hydrolysis of Thymidine (2-Deoxy-β-D-ribofuranosyl) 

thymine) by thymidine phosphorylase (TP) 

The level of hydrolysis and the identification of the formed thymine after hydrolysis 

were carried out by HPLC for 1-6 hours (supplementary file, figure 5).  
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Figure 5. Time-course of enzymatic hydrolysis of Thymidine catalysed by TP 

As can be seen from the graph (Fig. 5), the fraction containing recombinant TP leads 

to the hydrolysis of thymidine within 1 hours by more than 50% under our experimental 

conditions, which confirms its high hydrolytic activity. 

Conclusions 

Thus, a new recombinant plasmid DNA pPICZαA-TP (4862 bp) for expression of 

recombinant thymidine phosphorylase in the yeast Pichia pastoris was cloned. The achieved 

results indicate that thymidine phosphorylase (≈49 kD) has substrate specificity to thymidine 

(2-Deoxy-β-D-ribofuranosyl) thymine) and may be used for enzymatic transglycosylation 

reactions of thymidine (pyrimidine) type nucleosides. 
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Supplementary file 

1) Hydrolysis of Thymidine – 0 min. 

 

2) Hydrolysis of Thymidine – 1 h. 
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3) Hydrolysis of Thymidine – 2 h. 
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4) Hydrolysis of Thymidine – 3 h. 
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5) Hydrolysis of Thymidine – 5 h. 

 

 

6) Hydrolysis of Thymidine – 6 h. 
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