









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Protein Expression and Puriﬁcation 27 (2003) 158–164 www.elsevier.com/locate/yprep



Cloning, overexpression, and puriﬁcation of functional human purine nucleoside phosphorylase Rafael G. Silva,a Luiz Pedro S. Carvalho,a Jaim S. Oliveira,a Clotilde A. Pinto,a genes S. Santosa,* Maria A. Mendes,b M ario S. Palma,b Luiz A. Basso,a,1 and Dio a



Grupo de Microbiologia Molecular e Funcional, Departamento de Biologia Molecular e Biotecnologia, Instituto de Bioci^ encias, Universidade Federal do Rio Grande do Sul, Avenida Bento Goncßalves, 9500, Porto Alegre-RS 91501-970, Brazil b Laborat orio de Biologia Estrutural e Zooquımica (CEIS), Departamento de Biologia, Instituto de Bioci^ encias, Universidade do Estado de S~ ao Paulo, Rio Claro, SP 13506-900, Brazil Received 26 June 2002, and in revised form 5 September 2002



Abstract Purine nucleoside phosphorylase (PNP) catalyzes the phosphorolysis of the N-ribosidic bonds of purine nucleosides and deoxynucleosides. A genetic deﬁciency due to mutations in the gene encoding for human PNP causes T-cell deﬁciency as the major physiological defect. Inappropriate activation of T-cells has been implicated in several clinically relevant human conditions such as transplant tissue rejection, psoriasis, rheumatoid arthritis, lupus, and T-cell lymphomas. Human PNP is therefore a target for inhibitor development aiming at T-cell immune response modulation. In addition, bacterial PNP has been used as reactant in a fast and sensitive spectrophotometric method that allows both quantitation of inorganic phosphate (Pi ) and continuous assay of reactions that generate Pi such as those catalyzed by ATPases and GTPases. Human PNP may therefore be an important biotechnological tool for Pi detection. However, low expression of human PNP in bacterial hosts, protein puriﬁcation protocols involving many steps, and low protein yields represent technical obstacles to be overcome if human PNP is to be used in either highthroughput drug screening or as a reagent in an aﬀordable Pi detection method. Here, we describe PCR ampliﬁcation of human PNP from a liver cDNA library, cloning, expression in Escherichia coli host, puriﬁcation, and activity measurement of homogeneous enzyme. Human PNP represented approximately 42% of total soluble cell proteins with no induction being necessary to express the target protein. Enzyme activity measurements demonstrated a 707-fold increase in speciﬁc activity of cloned human PNP as compared to control. Puriﬁcation of cloned human PNP was achieved by a two-step puriﬁcation protocol, yielding 48 mg homogeneous enzyme from 1 L cell culture, with a speciﬁc activity value of 80 U mg1 . Ó 2002 Elsevier Science (USA). All rights reserved.



Purine nucleoside phosphorylase (PNP)2 catalyzes the reversible phosphorolysis of N-ribosidic bonds of both purine nucleosides and deoxynucleosides, except adenosine, generating purine base and ribose (or deoxyribose) 1-phosphate [1]. The major physiological substrates for mammalian PNP are inosine, guanosine, and 20 -deoxyguanosine [2]. PNP is speciﬁc for purine nucleosides in the b-conﬁguration and exhibits a pref* Corresponding author. Fax: +55-51-3316-6234. E-mail addresses: [email protected] (L.A. Basso), [email protected] (D.S. Santos). 1 Also corresponding author. 2 Abbreviations used: ESI-MS, electrospray ionization mass spectrometry; IPTG, isopropyl b-D -thiogalactoside; LB, Luria–Bertani; MESG, 2-amino-6-mercapto-7-methylpurine ribonucleoside; Pi , inorganic phosphate; PNP, purine nucleoside phosphorylase.



erence for ribosyl-containing nucleosides relative to the analogs containing the arabinose, xylose, and lyxose stereoisomers [3]. Moreover, PNP cleaves glycosidic bond with inversion of conﬁguration to produce a-ribose 1-phosphate, as shown by its catalytic mechanism [4]. The human erythrocyte enzyme is active as a trimer, with each subunit presenting a molecular weight of 32,000 [5]. It has been reported that genetic deﬁciencies of PNP cause gradual decrease in T-cell immunity, though keeping B-cell immunity normal as well as other tissues [6]. The absence of PNP activity is thought to lead to accumulation of deoxyguanosine triphosphate, which inhibits the enzyme ribonucleotide reductase and ensuing DNA synthesis inhibition, thereby preventing cellular proliferation required for an immune response [7].
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Thus, this enzyme is a potential target for drug development, which could induce immune suppression to treat, for instance, autoimmune diseases, T cell leukemia, and lymphoma and organ transplantation rejection [8]. Moreover, some PNP inhibitors have been tested in combination with nucleoside antiviral and anticancer drugs, showing the ability to potentiate the in vivo activity of these drugs [9]. In addition, a simple and rapid spectrophotometric method using 2-amino-6-mercapto-7-methylpurine ribonucleoside (MESG) and bacterial PNP has been developed to both quantitate Pi in solutions and to follow kinetics of Pi release from enzymatic reactions [10]. Although the reaction equilibrium favors the nucleoside formation with natural substrates, this synthetic substrate favors the cleavage of its own glycosidic bond [11]. Further studies have shown the possibility of using PNP as coupled enzyme in a continuous spectrophotometric assay for phosphorylase kinase [12] and protein phosphatase catalyzed reactions [13], as well as in combination with phosphodeoxyribomutase to remove Pi from solutions [14]. To pave the way for both using immobilized human PNP enzyme as a target for drug development in highthroughput drug screening and to test its viability as a tool for coupled enzymatic assay, the human PNP encoding cDNA was PCR ampliﬁed, cloned, and sequenced. The enzyme was overexpressed in soluble form in Escherichia coli BL21(DE3) host cells by a low-cost and simple protocol. The enzyme was puriﬁed by a twostep puriﬁcation protocol, yielding cloned human PNP enzyme with the same speciﬁc activity found by other authors. This improved and simpler protocol for human PNP protein production in large quantities will contribute to current eﬀorts towards the search for new drugs and the development of a low-cost Pi detection coupled assay.



Materials and methods PCR ampliﬁcation and cloning of human pnp cDNA Synthetic oligonucleotide primers (First: 50 aatggagaacggatacacctatg 30 , second: 50 atcaactggctttgtcagggag 30 , third: 50 tcatatggagaacggatacacc 30 , and fourth: 50 taagctttca actggctttgtcag 30 ) were designed based on the pnp cDNA sequence reported [15]. The ﬁrst and third primers were complementary to the amino-terminal coding strand, and the second and fourth ones, to the carboxyl-terminal coding strand. The start and stop codons are shown in italics. The 50 NdeI and 30 HindIII restriction sites of the third and fourth primers are shown in bold. The ﬁrst and second primers were designed to be complementary to 22 and 21 bases of, respectively, the N- and C-terminal ends of the PNP
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cDNA. A non-complementary A residue (deoxyadenyl30 ) at the 50 end of each primer was added to protect the start and stop codons of primers 1 and 2, respectively, since, in our hands, occasionally a base is removed from the 50 -end of primers during PCR ampliﬁcation experiments (data not shown). Removal of a nucleotide from the 30 -end of the ampliﬁcation primers would have no eﬀect on the gene product. Moreover, the extra four bases at the 30 -end of primers 1 and 2 were added to improve the likelihood of PCR ampliﬁcation of the PNP cDNA. The primers (ﬁrst and second) were used to amplify the pnp cDNA (870 bp) from a human liver cDNA expanded library in k TriplEX phage (Clontec), using standard PCR conditions with a hot start at 99 °C for 10 min, and Pfu DNA polymerase (Stratagene). This PCR fragment was cloned into pCR-Blunt vector (Invitrogen) to be employed as DNA template for further ampliﬁcation attempts. To introduce the 50 NdeI and 30 HindIII restriction sites, the third and fourth primers were used to amplify, using the same PCR conditions, the PNP cDNA that was cloned into the pCR-Blunt vector in the ﬁrst round of PCR ampliﬁcation. The PCR product was puriﬁed by electrophoresis on low-melting agarose, cloned into pCR-Blunt vector, digested with NdeI and HindIII, and ligated into a pET-23a(+) expression vector (Novagen), which had previously been digested with the same restiction enzymes. The DNA sequence of the ampliﬁed human pnp cDNA was determined using the MegaBace system (Amershan Pharmacia Biotech) to conﬁrm the identity of the cloned DNA and to ensure that no mutations were introduced by the PCR ampliﬁcation step. Overexpression of recombinant human PNP The pET23a(+)::pnp recombinant plasmid was transformed into electrocompetent E. coli BL21(DE3) cells and selected on LB agar plates containing 50 lg ml1 carbenicillin. Control experiments were performed under the same experimental conditions, except that transformed E. coli cells harbored the expression vector lacking the target DNA insert. Single recombinant colonies were used to inoculate 5 ml LB medium containing carbenicillin ð50 lg ml1 Þ. To evaluate human PNP protein expression as a function of cell growth phase, E. coli BL21(DE3) cells harboring pET23a(+)::pnp recombinant plasmid were grown in the absence of IPTG and samples were removed at various times for OD600 measurements and for electrophoretic analysis. The cells were thus incubated at 180 rpm at 37 °C for 5 h10 min, 5 h40 min, 6 h20 min, 9 h20 min, 12 h20 min, and 28 h without addition of IPTG, harvested by centrifugation at 20,800g for 20 min, and stored at )20 °C. The stored cells were suspended in 50 mM Tris–HCl (pH 7.6), disrupted by sonication using two 10-s pulses to release the proteins, and cell debris
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was separated by centrifugation at 23,500g for 30 min at 4 °C. The soluble protein content was analyzed by SDS– PAGE [16]. The proportion of recombinant human PNP to total soluble proteins in SDS–PAGE gels was estimated using a GS-700 imaging densitometer (Bio-Rad). Puriﬁcation of recombinant human PNP Single colonies E. coli BL21(DE3) harboring the recombinant plasmid were used to inoculate 1 L LB medium containing 50 lg ml1 carbenicillin and grown for 22 h at 37 °C and 180 rpm for large scale protein production. Cells (4 g) were harvested by centrifugation at 20,800g at 4 °C and stored at )20 °C. The cells were suspended in 15 ml of 50 mM Tris–HCl (pH 7.6) (buﬀer A), incubated for 30 min in the presence of lysozyme (0.2 mg ml1 ), disrupted by sonication as described above, and centrifuged at 48,000g for 60 min at 4 °C. The supernatant was incubated with 1% (w/v) of streptomycin sulfate and centrifuged at 48,000g for 30 min at 4 °C. The supernatant was dialyzed against buﬀer A and centrifuged at 48,000g for 30 min at 4 °C. The resulting supernatant was loaded on an FPLC Q-Sepharose Fast Flow ð26  9:5Þ column (Amershan Pharmacia Biotech) pre-equilibrated with the same buﬀer. The column was washed with 10 volumes of the same buﬀer and the absorbed material was eluted with a linear gradient (0–100%) of 20 times the column volume of 50 mM Tris–HCl, 0.2 mM NaCl (pH 7.6) (buﬀer B). The recombinant protein eluted from the anion exchange column at 40% buﬀer B, the fractions were pooled (82 ml), concentrated down to 6.6 ml using an Amicon ultraﬁltration cell (MWCO 10,000 Da), and applied to an FPLC Sephacryl S-200 ð26  60Þ (Amersham Pharmacia Biotech) column pre-equilibrated with buﬀer A. The column was run with 1 volume of the same buﬀer. The recombinant human PNP protein eluted in a total volume of 10 ml and stored in 85% ammonium sulfate solution. The protein content was analyzed by SDS– PAGE [16]. Protein determination Protein concentration was determined by the method of Bradford et al. [17] using the Bio-Rad protein assay kit (Bio-Rad) and bovine serum albumin as standard.



The source temperature (80 °C) and needle voltage (3.6 kV) were maintained constant throughout the experimental data collection, applying a drying gas ﬂow (nitrogen) of 200 L h1 and a nebulizer gas ﬂow of 20 L h1 . The mass spectrometer was calibrated with intact horse heart myoglobin and its typical cone-voltage induced fragments. The subunit molecular mass of recombinant human PNP was determined by ESI-MS, adjusting the mass spectrometer to give a peak width at half-height of 1 mass unit, and the cone sample to skimmer lens voltage controlling the ion transfer to mass analyzer was set to 38 V. About 50 pmol (10 ll) of each sample was injected into electrospray transport solvent. The ESI spectrum was obtained in the multi-channel acquisition mode, scanning from 500 to 800 m=z at scan time of 5 s. The mass spectrometer is equipped with MassLynx and Transform softwares for data acquisition and spectra handling. N-terminal amino acid sequencing The N-terminal amino acid residues of puriﬁed recombinant human PNP were identiﬁed by automated Edman degradation sequencing using a PPSQ 21A gasphase sequencer (Shimadzu). Purine nucleoside phosphorylase assay Recombinant human PNP was assayed in the forward direction in 50 mM Tris–HCl, pH 7.6. Enzyme activity was measured by the diﬀerence in absorbance between 2-amino-6-mercapto-7-methylpurine ribonucleoside (MESG) and the purine base product of its reaction with inorganic phosphate (Pi ) catalyzed by PNP [10]. The bacterial PNP enzyme and MESG are commercially available as the Enzchek phosphate assay kit (Molecular Probes); the assay was performed by replacing the commercial PNP by the recombinant human PNP. This reaction gives an absorbance increase at 360 nm with an extinction coeﬃcient value of 11,000 M1 cm1 at pH 7.6 [10]. Initial steady-state rates were calculated from the linear portion of the reaction curve for extracts of E. coli BL21(DE3) cells harboring pET-23a(+)::pnp plasmid and all fractions of the puriﬁcation protocol.



Mass spectrometry analyses



Results and discussion



The homogeneity of protein preparation was assessed by mass spectrometry (MS), employing some adaptations made to the system described by Chassaigne and Lobinski [18]. Samples were analyzed on a triple quadrupole mass spectrometer, model QUATTRO II, equipped with a standard electrospray (ESI) probe (Micromass, Altrinchan), adjusted to ca. 250 ll min1 .



The nucleotide sequence analysis using the dideoxychain termination method of the PCR-ampliﬁed human pnp cDNA (870 bp) conﬁrmed the identity of the coding DNA sequence of cloned fragment and demonstrated that no mutations were introduced by the PCR ampliﬁcation steps. Although the strategy used here for cloning did not involve complementation [19] and
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hybridization [15] previously used for cloning pnp cDNA, it proved to be suitable and eﬃcient. Probably, owing to the lack of complete sequence complementarity between primers three and four and cDNA, no PCR product of the correct size (870 bp) could be obtained using these restriction site-containing primers under a number of experimental conditions tested for ampliﬁcation. Hence, the pnp cDNA was ﬁrst cloned without restriction sites and re-ampliﬁed from this recombinant plasmid using the restriction site-containing primers (third and fourth ones). Human PNP was overexpressed in E. coli BL21(DE3) cells carrying pET-23a(+)::pnp recombinant plasmids. Analysis by SDS–PAGE with Coomassie blue staining indicated that the cell extracts contained a signiﬁcant amount of protein with subunit molecular weight in agreement with the expected MW for human PNP [5] (Fig. 1). Densitometric quantiﬁcation of the SDS– PAGE protein bands showed that recombinant human PNP constituted approximately 42% of total protein present in the soluble cell extract under the experimental conditions used. Enzyme activity measurements demonstrated that there was a 707-fold increase in speciﬁc activity for human PNP when E. coli harboring either pET-23a(+)::pnp or pET-23a(+) crude extracts were compared (Table 1). Contrary to what was previously described for this enzyme [20], where human PNP represented about 5% of total protein present in the soluble cell extracts with addition of IPTG (1 mM ﬁnal concentration), overexpression was achieved here (after 22 h of cell growth) with no addition of IPTG. Recombinant human PNP protein expression as a function of cell growth phase in the absence of IPTG could be detected at all time intervals tested (Fig. 2). However, recombinant human PNP protein expression



Fig. 1. SDS–PAGE analysis of protein-soluble crude extracts. Overexpression of human PNP after 22 h of cell growth in LB medium without addition of IPTG. Lane 1, E. coli BL21(DE3) [pET-23a(+)] (control); lane 2, MW markers; lane 3, E. coli BL21(DE3) [pET23a(+)::pnp].
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Table 1 Measurements of recombinant human purine nucleoside phosphorylase enzyme activity Cell extracta



Sp actb (SA, U mg1 )



SA cloned/SA control



Control PNP



0.02 17.04



1.00 707.10



a b



Cell crude extract in 50 mM Tris–HCl, pH 7.6. U ml1 =mg ml1 .



in E. coli BL21(DE3) host cells as compared to the control cells transformed with pET-23a(+) plasmid appeared to reach a maximum in the stationary phase (Fig. 2). The values for the proportion of recombinant human PNP to total soluble protein indicated in Fig. 2 are underestimates, since lower loads of protein on SDS– PAGE indicated a proportion of approximately 40% human PNP to total soluble protein after 22 h of growth (data not shown), in agreement with the results presented in Fig. 1. Hosts for pET vectors (Novagen) harbor the highly processive T7 RNA polymerase under control of the IPTG-inducible lacUV5 promoter. Although it is often argued that the cost of IPTG limits the usefulness of lac promoter to high-added-value products, it was shown here that high levels of expression of human PNP could be obtained with pET vectors as cells entered the stationary phase without addition of inducer in LB medium. Similar experimental observations were reported using the pET system [21,22]. It has been demonstrated that when kDE3 hosts are grown to stationary phase in media lacking glucose, cyclic AMP mediated derepression of both the wild type and lacUV5 promoters occurs [23]. These authors also proposed that cyclic AMP, acetate, and low pH are required to high-level expression in the absence of IPTG induction when cells approach stationary phase in complex medium, and that derepression of the lac operon in the absence of IPTG may be part of a general cellular response to nutrient limitation. As described in the pET System Manual (www.novagen.com), the E. coli BL21(DE3) host strain is a lysogen of bacteriophage DE3, a lambda derivative that carries a DNA fragment containing the lacI gene, the lacUV5 promoter, and the gene for T7 RNA polymerase. This fragment is inserted into the int gene, preventing DE3 from integrating into or excising from the chromosome without a helper phage. Once a DE3 lysogen is formed, the only promoter known to direct transcription of the T7 RNA polymerase gene is the lacUV5 promoter, which is inducible by IPTG. A characteristic of the pET-23a(+) expression vector is that it contains a ‘‘plain’’ T7 promoter. Background expression is minimal in the absence of T7 RNA polymerase because the host RNA polymerases do not initiate from T7 promoters and the cloning sites in pET plasmids are in regions weakly transcribed (if at all) by
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Fig. 2. SDS–PAGE analysis of total soluble protein as a function of growth time. A time course showing an increase of recombinant human PNP expression in the stationary phase. Lanes 5 and 13, MW markers; lanes 2, 4, 7, 9, 11, and 14, E. coli BL21(DE3) [pET-23a(+)] (control); lanes 1, 3, 6, 8, 10, and 12, E. coli BL21(DE3) [pET-23a(+)::pnp]. In brackets are given the values for, respectively, time intervals of sample removal, their OD600 , human PNP proportion to total soluble protein for the following lanes: 1 (5 h10 min, 0.315, 9.7%), 3 (5 h40 min, 0.380, 10.8%), 6 (6 h20 min, 0.511, 13.9%), 8 (9 h20 min, 0.846, 21.7%), 10 (12 h20 min, 1.440, 31.6%), and 12 (28 h, 4.358, 30.0%).



read-through activity of bacterial RNA polymerase. The fragment of DNA cloned into the pET-23a(+) vector harbors no other piece of DNA, except the coding DNA sequence of human PNP. It seems therefore unlikely that other promoter is present that might titrate out the lac repressor. Human PNP was puriﬁed as described in Materials and methods and analyzed by SDS–PAGE with Coomassie blue staining. The relative mobility of the polypeptide chain in SDS–PAGE indicates a homogeneous protein with molecular weight value of approximately 32 kDa (Fig. 3). The enzymatic assay and protein concentration determination showed a speciﬁc activity of 80  3 U mg1 for the homogeneous target protein with MESG as substrate, indicating that the protein puriﬁcation protocol used resulted in a 3.2-fold puriﬁcation (Table 2). The speciﬁc activity value for the recombinant human PNP compares favorably with the value of 55 U mg1 for the homogeneous human erythrocyte PNP using guanosine as substrate [5]. Approximately 48 mg of homogeneous cloned human PNP protein could be obtained from 4 g of cells or, stated otherwise, approximately 48 mg L1 of LB medium (Table 2). Protocols for human PNP puriﬁcation have been described either using erythrocytes [1,5,24] or prokaryotic host cells expressing recombinant human PNP [20,25].



Fig. 3. SDS-PAGE analysis of pooled fractions from the various puriﬁcation protocol steps. Lane 1, S-200 gel ﬁltration; lane 2, QSepharose Fast Flow ion exchange; lane 3, crude extract; lane 4, MW markers.



However, PNP is estimated to make up only 0.04% of the total protein in human erythrocytes and puriﬁcation protocol involves a number of steps resulting in only 1.2 mg of homogeneous human PNP from 130 ml of freshly drawn blood [24]. Recombinant human PNP expressed in E. coli cells has been shown to represent approximately 5% of the soluble protein cell homogenates [20]. However, the puriﬁcation protocol using a dye-matrix resin and isoelectrofocusing chromatography yielded about 2.6 mg of puriﬁed recombinant human PNP from 1.0 g of cells [20]. Therefore, to the best of our knowledge, the straightforward two-step puriﬁcation protocol (ion exchange and gel ﬁltration) associated with high expression of the target protein (42%), which results in a yield of approximately 12 mg of soluble and functional protein from 1.0 g of cells, represents a signiﬁcant improvement on previous methods of expression and separation of recombinant human PNP. The subunit molecular mass of active human PNP was determined to be 31,966 Da by electrospray ionization mass spectrometry (ESI-MS), consistent with the post-translational removal of the N-terminal methionine residue from the full length gene product (predicted mass: 32,097 Da). The ESI-MS result revealed no peak at the expected mass for E. coli PNP (25,950 Da), thus, providing evidence for both the identity and purity of the recombinant human protein. The ﬁrst nine N-terminal amino acid residues of the recombinant protein were identiﬁed as ENGYTYEDY by the Edman degradation method. This result unambiguously identiﬁes the recombinant protein as human PNP and conﬁrms removal of the N-terminal methionine residue from it. A common type of co-/post-translational modiﬁcation of proteins synthesized in prokaryotic cells is modiﬁcation at their N termini. Methionine aminopeptidase catalyzed cleavage of initiator methionine is usually directed by the penultimate amino acid residues with the smallest side chain radii of gyration (glycine, alanine, serine, threonine, proline, valine, and cysteine) [27]. Interestingly, the E. coli expressed recombinant human PNP enzyme seems not to conform to this rule, since the
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Table 2 Puriﬁcation of human purine nucleoside phosphorylase from E. coli BL21(DE3) [pET23a(+)::pnp] cells Puriﬁcation step



Protein (mg)



Units (U)



Sp acta (U mg1 )



Puriﬁcation fold



Yield (%)



Crude extract Ion exchange Gel ﬁltration



382.95 66.42 48.10



9569.92 4994.12 3851.84



25 75 80



1.0 3.0 3.2



100 52 41



a



U ml1 =mg ml1 .



N-terminal methionine was removed, despite the penultimate amino acid residue being a charged residue (glutamate). As previously pointed out, there are a number of potential applications for human PNP. From the viewpoint of biotechnological tools development, a bacterial enzyme has been used to follow Pi release kinetics [9] and human PNP has been studied for its application in purine nucleoside analog synthesis [25,26]. The commercially available ‘‘bacterial’’ protein used in continuous spectrophotometric assay for Pi detection has been shown to be about one-third PNP by weight [10] and to contain a large content of albumin [14], which may require further puriﬁcation for its use in coupled assays. From the viewpoint of drug development, inappropriate activation of T-cells has been proposed or documented in several clinically relevant human conditions, such as transplant tissue rejection, psoriasis, rheumatoid arthritis, T-cell lymphomas, and lupus. Since genetic deﬁciency of human PNP causes T-cell deﬁciency as the major physiological defect, speciﬁc PNP inhibitors may provide useful agents for these disorders. Accordingly, a transition-state analog (Immucillin-H) that inhibits PNP enzyme activity has been shown to inhibit the growth of malignant T-cell leukemia cell lines with the induction of apoptosis [28]. The real-time BIA from Pharmacia Biosensor AB (BIACORE), which is a label-free technology for monitoring biomolecular interactions as they occur, was chosen for high-throughput drug screening studies. The detection principle of BIACORE equipment relies on surface plasmon resonance (SPR), an optical phenomenon that arises when light illuminates thin conducting ﬁlms under speciﬁc concitions. Direct immobilization of protein ligands is possible through linkages between the N-hydroxy-succinimide (NHS) ester groups on a hydrophilic dextran matrix and amine groups on proteins. In protein molecules, NHS ester cross-linking reagents couple principally with the a-amines at the N-terminals and the e-amines of lysine side chains [29]. Since human PNP protein has 12 lysine residues in its primary sequence, it is likely that immobilization of the recombinant protein will not present diﬃculties. The work presented here represents a crucial step in our eﬀorts towards both using immobilized human PNP enzyme as a target for drug development in high-throughput drug screening and testing its suitability as a tool for coupled



enzymatic assay. Moreover, since the deposited atomic coordinates of human PNP (PDB access codes: 1ULA and 1ULB) have been withdrawn due to low resolution, the work presented here also provides protein in quantities necessary for crystallographic studies. Indeed, we have recently deposited the atomic coordinates of the crystal structure of the recombinant human PNP protein  resolution (PDB access code: 1M73). solved at 2.3 A
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