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ABSTRACT. In mammals, adenine phosphoribosyltransferase (APRT, EC 2.4.2.7) is present in all tissues
and provides the only known mechanism for the metabolic salvage of adenine resulting from the polyamine
biosynthesis pathway or from dietary sources. In humans, APRT deficiency results in serious kidney
illness such as nephrolithiasis, interstitial nephritis, and chronic renal failure as a result of 2,8-
dihydroxyadenine (DHA) precipitation in the renal interstitium. To address the molecular basis of DHA-
urolithiasis, the recombinant human APRT was crystallized in complex with adendsimensphosphate
(AMP). Refinement of X-ray diffraction data extended to 2.1 A resolution led to a final crystallographic
Riactor OF 13.3% and amRyee Of 17.6%. This structure is composed of njfwstrands and six-helices, and

the active site pocket opens slightly to accommodate the AMP product. The core of APRT is similar to
that of other phosphoribosyltransferases (PRTases), although the adenine-binding domain is quite different.
Structural comparisons between the human APRT and other “type I” PRTases of known structure revealed
several important features of the biochemistry of PRTases. We propose that the residues located at positions
corresponding to Leu159 and Alal31 in hAPRT are responsible for the base specificities of type | PRTases.
The comparative analysis shown here also provides structural information for the mechanism by which
mutations in the human APRT lead to DHA-urolithiasis.

Usually, adenine is detected at low levels in blood and deficiencies are currently recognized in humans, both due
urine due to APRT activity X, 2). In mammals, adenine to mutations in the APRT gene. Type | deficiency is the
phosphoribosyltransferase (APRT3 present in all tissues  result of a complete loss of APRT activit$)( whereas in
and provides the only known mechanism for the metabolic type Il deficiency, APRT has a reduced affinity for PPRP,
salvage of adenine resulting from the polyamine biosynthesisleading to a 10-fold increase in ti&, for this substrateq).
pathway or from dietary sources3{5). Two types of  Both types of deficiency result in the accumulation of
adenine, which is then oxidized by xanthine dehydrogenase
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during which pyrophosphate is released first, followed by Escherichia coliDH50 competent cells. The recombinant
the release of the nucleoside product, in either gh & plasmid was purified by the alkaline lysis methdd) and

S\2 displacement mechanisrh@). If the reaction occurs by  the haprt gene sequence analyzed by sequencing in an
an Sy1-type mechanism of nucleophilic displacement, one ABI377 DNA sequencer to confirm the lack of PCR-
transition state is supposed to involve a positively charged introduced mutations. A selected clone was digested by the
oxycarbonium molecule. On the other hand, in a2-8/pe restriction enzymedNdd and Xhd and the haprt gene
nucleophilic displacement, the enzyme would promote inserted into the pET29&() vector and used to transform
simultaneous nucleophilic attack and product formation, E. coli BL21(DE3) competent cells. Cells from a single
where a rapid PRPP transfer is thought to take place with colony were grown overnight at 310 K and 250 rpm in 5
the formation of a ternary complex ). mL of LB medium containing 3@g/mL kanamycin. A larger

PRTases are classified into two groups named type | andcell culture was grown in 2xYT medium with 30g/mL
type II. The type | PRTases are structurally identified by a kanamycin at 310 K and 250 rpm until an OD of 0.60 at
conserved PRPP hinding motif, which features two adjacent 600 nm was reached. The culture was then induced for 6 h
acidic residues surrounded by one or more hydrophobic With 0.1 mM IPTG (final concentration).
residues 12). These PRTases reveal a commudfi-fold at Protein Purification.The recombinant hAPRT protein was
the PRPP binding motif and a flexible loop, besides a core Obtained by a two-step purification protocol. All steps were
region of at least five parallg-strands surrounded by three carried out in ice unless otherwise indicated. Thecoli
or moreo-helices 9, 12). Type | PRTases present also a BL21(DE3) cell culture Containing recombinant hAPRT was
structurally variable region, called the hood subdomain, harvested by centrifugation at 6ap@r 10 min. The cell
which is implicated in the base specifici§, 12). At present, ~ Pellet was suspended in 10 mL of 20 mM Tris-HCI (pH 7.4)
the Salmonella typhimuriumquinolinate phosphoribosyl-  and 5 mM MgC} (buffer A), and cell lysis was performed
transferase (QPRT) is the 0n|y known structure of a “type onice by sonication for 5 min (FiSher Scientific model 550
II” PRTase. This PRTase does not present a PRPP bindingsonic dismembrator) at 1 min pulses with 1 min cooling.

motif and is composed of a mixed/8 N-terminal domain The crude extract was clarified by centrifugation at 200
and anajﬂ barrel-like C-terminal domainl(-})_ for 30 min. The clarified soluble fraction was then loaded

The human APRT (hAPRT) structure reported in this work onto a 10 mL N-6 attached AMP agarose column (SIGMA

) : : - A3019), previously equilibrated with buffer A. The column
represents the first mammalian type | APRT crystallized with .
its structure resolved. Moreover, this work provides new Was Washed with the same buffer A (total volume of 40 mL)

information: the identification of the residues responsible at a flow rate of 0.7 mL/min, and hAPRT was removed with

- By : .« 20 mL of buffer B (buffer A with 2 mM AMP). This partially
for the adenine specificity through the comparison of this . o
structure with other known PRTase structures and the Purified hAPRT was _furt_her purified in a 25 mL. Superose-
structural basis for the serious clinical dysfunction known 12 column (Pharmacia Biotech), previously equilibrated with

as urothialisis resulting from APRT mutations. This repre- Puffer A at a flow rate of 0.5 mL/min.

sents a fundamental contribution to the understanding of the Protein Charactenzatlonfl'he apparent mplecular mass
catalytic mechanism as well as of the role of the APRT of the protein under nondenaturing conditions was deter-

mutations associated with human disease. mined by analytical chromatography on a Superose 12
column (Pharmacia Biotech) as described. The isoelectric

point for the recombinant hAPRT was determined by gel
isoelectric focusing in a PHAST system (Pharmacia Biotech).
Human aprt PCR Cloning and Expressidehaprtgene The N-terminal amino acid sequence was determined sub-
was amplified from a human fetal brain cDNA library sequently by an automated Edman degradation method.
(Invitrogen) by the polymerase chain reaction (PCR) based Enzymatic Assaythe PRPP and adeniti&, values were
on the available sequence (GenBank accession numbemeasured by the method described by &bell. (16) at 295
NM_000485.1). Two oligodeoxynucleotide primers for PCR K using a reaction volume of 500L. The reaction was
amplification, withNdd and Xhd restriction sites introduced initiated by the addition of 20 nM recombinant hAPRT and
at the 5and 3 ends, respectively [ESSCACGCGCATATG- monitored at 259 nm for 30 s. To determine Kyefor PRPP,
GCCGACTCCGAGCTGCA-3 (Ndd) and 3-AGGCTC- the reaction mixture was supplemented withy®0 adenine
GAGGGTCACTCATACTGCAGGAG-3(Xhd)], were syn- and the PRPP concentration was varied from 2.5 ta/80
thesized for insertion into the pET29)Y expression vector  To determine th&, value for adenine, the reaction mixture

MATERIALS AND METHODS

(Novagen). The PCR, including 100 pmol of each primer
and approximately 50 ng of the cDNA, was carried out in a
GeneAmp 2400 thermocycler (Perkin-Elmer CETUS) with
5 units of AmpliTag DNA polymerase (Promega), according
to the manufacturer’s instructions. The sample was initially

was supplemented with 2aM PRPP and the adenine
concentration was varied from 1 to 10/.

Protein Crystallization, Diffraction Data Collection, and
ProcessingFor the crystallization assays, performed at 291
K, the purified hAPRT was concentrated by ultrafiltration,

subjected to a denaturation step at 367 K for 2 min, followed using Centriprep and Centricon 10 concentrators (Millipore),
by 25 cycles of denaturation at 367 K for 0.5 min, then an up to 6 mg/mL in buffer B. Crystallization drops, by the
annealing step at 313 K for 1.0 min, and an extension stephanging drop vapor diffusion method, were prepared by
at 345 K for 1 min. A DNA band of approximately 550 bp mixing 5 uL of the concentrated hAPRT with &L of the

in length was gel purified by the Nal glass powder method crystallization solution. The crystallization solution was
(14). This purified DNA was then inserted into the pGEM-T composed of 15.0% (v/v) glycerol, 25.5% (w/v) polyethylene
vector (Promega) according to the manufacturer’s instruc- glycol 4000, 0.17 mol/L sodium acetate, and 0.085 mol/L
tions, and the vector thus prepared was used to transformTris-HCI (pH 8.5) in a volume of 50L. Small crystals
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1BD4),E. coli XPRT (PDB entries 1A95, 1A96, 1A97, and
1A98) and OPRT (PDB entry 10R(3, typhimuriunOPRT
(PDB entries 10PR and 1STQjrypanosoma cruziGPRT

Table 1: Crystallographic Summary

Diffraction Data
space group P452,2

unit cell parametera andc (A) 58.31and 109.54  (PDB entry 1TC2),Homo sapiensHGPRT (PDB entries
resolution (A) 40.6-2.10 1HMP, 1BZY, and 1D6N),Trichomonas foetusiGXPRT
no. of observed reflections 95875 (PDB entry 1HGX), andr. gondiiHGXPRT (PDB entries
e e ey e 11527 1DBR, 1FSG, 1QK3, 1QK4, and 1QKS). Al structures were
overall completeness of data (%) 99.3 sequentially superimposed on the basis of the@rdinates
completeness in the last shell (2:2210 A) (%) 97.0 of the “PRPP loop” (residues 147451 of the human APRT),
overall Rmerge(%0) . 4.0 which is a structural motif characteristic of the PRTase family
&;’fg‘ﬂfgg)lag shell (2.222.10 A) (%) 112122 (12), and then visualized with @6). Structures containing
AMP bound were also superimposed with our structure on
esidues in most favgtr;UdCIr‘éreioF;esfi(g/e)”"e”t 040 the basis of the € coordinates of the respective overall
residues in additional allowgd regioﬁls (%) 4.7. structures (Table 1).
residucs In Giealowed regions (6 "> RESULTS AND DISCUSSION
(] 0.0
overallRyst (%) ? 0 13.3 o .
overallRyee (%) 17.6 Characterization of the Recombinant Human APRfe
E!gﬂ'resoiugon Bi%w(zzilges__gzilc?zz f‘) E;/O) %g‘?‘ expression and purification protocol described here allowed
rrlr?s ci:\?i(;ltlijc:r?gfré)mr?ééél value's, bonc)i I(e;)gths A) 0.016 the recovery of approximately 16 mg of pure reco_mbmant
rms deviations from ideal values, bond angles (deg) 1.618 hAPRT enzyme fromm 1 L of E. coli culture. After purifica-

tion, activity assays and SDFAGE were used to monitor
éhe purity of the sample. Via 15% SB®AGE, the purified
recombinant hAPRT migrated as a single band at ap-
proximately 25 kDa. The apparent molecular mass deter-
mined by size-exclusion chromatography was 46 kDa,
consistent with the proposed functional homodimer structure
for the native human APRT. The N-terminal sequence of
the recombinant protein was determined (ADSELQLVEQRI),
and further model building of almost all residues onto the
electron density map reinforced the identity with the native
protein. The isoelectric point determined for the recombinant
hAPRT was 5.4, close to the theoretical one of 5.8, as
calculated with ProtParam using the amino acid sequence
(26) and the values of 4.78 and 4.55 previously reporg (
28). Kn values for adenine and PRPP of 4 and 8M,
respectively, were obtained, consistent with those reported

as the search mode2(), from which the ligands and water for other mammalian APRT28, 29), and confirm the activity

molecules were excluded. The searches for the rotation ancxOf the purified recombinant hAPRT.
transiation soiutions were performed using data in the Structure Determination.CryStals of the recombinant
resolution range of 18:32.1 A, which included 11502 hAPRT protein belonged to the tetragonal system in space
unique reflections. To minimize model bias, simulated 9groupP4s2,2 with the following cell parametersa = b =
annealing using the maximum likelihood method was 5831 A andc = 109.54 A. X-ray diffraction data were
performed, followed by coordinate amifactor refinement processed up to 2.1 A resolution and data collection statistics
with data between 30.0 and 2.1 A reso|uti0n, using CNS are presentEd in Table 1. Molecular replaCement trials with
(21). The model was finally refined using REFMAQ3), AMoRe using the.. tarentolaeAPRT monomer resulted in
including TLS parameters. During each refinement cycle, @ clear rotation and translation solution, confirming the
the model and the electron density maps were built with P4:2:2 space group, with a correlation coefficient equal to
XFIT (23) and Visua”y inspected_ The remaining Side Chains 19.6%. The ﬁnal reﬁned hAPRT mOdel Comprises 179 amino
were located by fitting ther®|F,| — D|F| electron density acid residues (numbered-280), 206 water molecules, one
map, as calculated by REFMAC. Arp_watePgl{was used AMP molecule, and one chloride ion per monomer. In
to locate water molecules based on bathiR,| — D|F| and general, the electron density for most of the structure, as
m|F,| — D|F¢| maps. Refinement was concluded when no Well as for both ligands, was clearly interpretable (Figure
significant Changes iﬁcrystalanthreewere observed and no 1) Dunng structure bUIldIng, residues 2 and 3 could be
more Structured atoms Could be added to the modei_ modeled W|th d|ff|CU|ty Methionine 1 was eXCised during
PRTase Structural Comparisanghe refined human  expression irE. coli.
APRT structure was compared to other available phospho- Almost all residues are in either the most favored or
ribosyltransferase structuresk.. tarentolae (PDB entry favored regions of the Ramachandran plot. It is well-known
1MzV), Leishmania dongani (PDB entries 1QB7, 1QB8, that a magnesium ion plays an important role in the catalytic
1QCC, and 1QCD)saccharomyces cerisiae (PDB entries mechanism of PRTase8)( To analyze the presence of the
1G2P and 1G2Q)Giardia lamblia APRT (PDB entries magnesium ion, several searches using WASB) énd
1L1Q and 1L1R),Toxoplasma gondiUPRT (PDB entry Xpand @1) were performed. No single site for a Ky

could be observed after 5 days, and reached a maximum siz
of 0.2 mmx 0.15 mmx 0.2 mm after 4 weeks. For data
collection, single crystals were mounted on nylon loops
(Hampton Research) and quickly frozen in a gaseous nitrogen
flow at ~100 K (Oxford Cryosystems). Seventy sequential
images, with an oscillation angle of #ach, were recorded
on a 345 MAR Research image plate detector at the National
Laboratory for Synchrotron Light (LNLS-Campinas) with a
wavelength of 1.4538 A and a crystal to detector distance
of 200 mm. The frames were processed using MOSFLM
(17) and SCALA from the CCP4 packagd§). General
statistics are given in Table 1.

Initial Phasing, Model Building, and Refinemeiitial
phasing was achieved by molecular replacement using
AMoRe (19) and theLeishmania tarentoladPRT structure
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Flexible
Loop

Ficure 1: Electron density map at the active site showing the
position of the bound AMP. A [E,| — |Fc| omit map at 2.1 A is
shown phased with the final model at a contour level o62The Ficure 2: Ribbon diagram of the AMP-bound hAPRT monomer.
bound AMP is identified. This figure was produced with Xfit. The flexible loop, which is reported to sequester the substrates from
the solvent, is shown in its open conformation. It is possible to
visualize that it does not interact with the hood subdomain, which

complying with the minimum requisites of coordination and is important for base recognition.

distances, could be found; therefore, the final structure is
considered without the ion. On the other hand, electron
density and surrounding atoms suggested the presence of i
chloride ion near R87, with partial occupancy. Attempts were
made to refine a water molecule in this position or an
alternative conformation for the R87 side chain. Both led to
poorer results ifReor Values and electron density, confirming
our initial model with the chloride ion.

Overall Structure.The sequence and structure of hAPRT
were somewhat identical to those of other known AMP-
containing APRTs. The sequence of hAPRT is 44.7%
identical to that ofS. cereisiae (PDB entry 1G2P), 36.6%
identical to that ofG. lamblia(PDB entry 1L1Q), and 27.5%
identical to that ofLeishmania(PDB entries 1MZV and
1QB7). The overall superposition of the hAPRT structure
with the LeishmaniaAMP-containing APRTases revealed

an rms of 1.25 A. The human APRT is composed of nine Ficure 3: Calyx-like structural feature of the human APRT. Proline

p-strands and sia-helices, and can be divided into the 93 (P93) belongs to the hAPRT dimer counterpart shown in green.
“core” (residues 33169), “hood” (residues 534), and The structural arrangement in the format of a calyx is formed by

“flexible loop” (residues 95-113) domains (Figure 2). The F19, F26, and F16 of one monomer (shown in gray) of the dimer
core domain consists of a five-stranded pargisheet (S3, ~ &rangement. This figure was produced with Xfit.

residues 5965; S4, residues 8288; S7, residues 122128; stabilizing this structural organization. A search for similar
S8, residues 141156; and S9, residues 1#176). This core structural conformations was performed using the SPASM
domain corresponds to the conserved type | PRTasef@d (  web serverd2) and none was identified, suggesting that such

13) flanked by foura-helices, H3 and H4 (residues 363 a side chain arrangement is uncommon and perhaps a feature
and 68-79, respectively) located on one side of fheheet that might be relevant.

and H5 and H6 (residues 13446 and 163169, respec- Structural Comparisons and APRT Base Specificity.
tively) on the other side. The hood domain includes two Several conserved residues of type | PRTases have been
o-helices (H1, residues ¥218; and H2, residues 3¢B5) shown to be important for binding the nucleophile during a

and twog-strands (S1, residues327; and S2, residues 24 catalytic cycle. These include the hood subdomain of the
29). In this AMP-containing hAPRT structure, the flexible known PRTase®(-12, 33). Despite the structural variability
loop is formed by twqs-sheets (S5, residues-9%03; and among different PRTases, the hood contains one or two
S6, residues 106113) folded in the open conformation. It conserved residues. Those residues are responsible for
was observed as a “calyx-like” feature, formed by the side determining either the purine or the pyrimidine nucleophile
chains of Phel6, Phel9, and Phe26 (Figure 3). This arrangeaffinity of the enzyme. In addition, the hood subdomain
ment is located at the dimerization interface. The Pro93 side contains a highly conserved aromatic residue involved in the
chain of the other monomer is positioned pointing toward correct positioning of the purine or pyrimidine base. In the
the center of the calyx. A close inspection of this feature AMP-bound hAPRT structure, the carbonyl oxygen of Val25
suggested that Pro96, Gly90, and Gly94 participate in forms a hydrogen bond with the adenine N6 atom and the
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Ficure 4: (A) Cartoon diagram of the AMP-bound hAPRT structure showing selected residues of the active site (carbon atoms in green)
and AMP (carbon atoms in orange and surface in mesh). Alal31 and Leul59, which have been associated with base specificity, are shown
with carbon atoms in yellow. (B) Stereoview of the detail of the hAPRT active site showing selected residues which interact with AMP.

Arg27 amide nitrogen forms a hydrogen bond with the the Leu26 oxygen and Glu28 nitrogen ator88)(with the
adenine N1 atom. These contacts are equivalenSto base. IrL. tarentolaeAPRT, Phe42 stacks against the purine
cerevisiae APRT—adenine contacts, which are formed by base. In contrast, the corresponding atoms inTthecruzi
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Ficure 5: (A) Stereoview of the superposition of the hAPRT and human HGPRT active sites. It is likely that, in addition to the main chain
contacts andr-stacking interaction originating from the hood subdomain side chains, the residues located at the positions corresponding to
Leul59 and Alal31 in human APRT (residues labeled and shown as thick cylinders) explain the different specificities of type | PRTases
for their respective bases. (B) Stereoviews of selected residues of superimposed hAPRTcaraisiae APRT structures. In the AMP-

bound hAPRT structure (residues labeled and shown as thick cylinders), the Asp65-Ser66-Arg67 segmentisdartf@mation and the

Asp65 side chain forms hydrogen bonds (shown as lines) with thiealskbone atom ofis-Lys88 as well as the Lys91 Natom. Arg87

does not contact Asp65, as opposed to the equivalent arginine resiSueéneisiae APRT, which forms a salt bridge with the aspartic
residue. (C) Stereoview of selected residues of the hAPRT active site. Leu110 (conserved hydrophobic residue at this position) and Leu64
interact with the CG atom of Thr135, which is inserted in a hydrophobic environment formed by 1le86, Ala139, and Met136, orienting thus
the hydroxyl group of this residue toward theghosphate moiety of PRPP (or AMP). In the AMP-bound human APRT structure, the
hydroxyl group of Thr135 forms a hydrogen bond (shown as a line) to the phosphate moiety of AMP.

HGPRT structure in complex with the hypoxanthine analogue binds hypoxanthine, xanthine, or guanine present lysine
7-hydroxy[4,3d]pyrazolpyrimidine are the nitrogen and residues in direct contact with guanine, which is located at
oxygen atoms of Val1651@). These differences may have the position equivalent to Leul59 of hAPRT. This position
evolved to accommodate the carbonyl oxygen connected toin adenine phosphoribosyltransferases is always occupied by
the purine ring of hypoxanthine rather than the corresponding a hydrophobic residue, either isoleucine or leucis& 87,
amino group attached to adenine (Figures 4 and 5A). Given 38). Interestingly, a single residue change (Lys134Ser) in
this structural variability, the hood subdomain may not be Tri. foetusHGXPRT enables it to bind adenin&2). The
sufficient for base specificity9—13). On the basis of the  hydrophobic Alal31 residue observed in the hAPRT structure
hAPRT structure, we suggest that Leu159 and Alal31 mightis highly conserved across APRTas&@3)( In T. gondii
contribute to select adenine over different purines through UPRT, an alanine residue is observed in the equivalent
hydrophobic interactions. In agreement with this hypothesis, position and all known OPRTase structures contain a
Denessiouk and Johnsadj identified a common structural  threonine residue in the equivalent positi@®,(39, 40). In
framework for the adenine binding, incorporating both polar contrast, PRTases that bind hypoxanthine, xanthine, or
and hydrophobic interactions between the protein and theguanine bases have aspartic acid residues located at the
ligand. Similarly, Nobeliet al (35 demonstrated that equivalent position, in direct contact with the basBs§,
protein—adenine complexes exhibit hydrophobic interactions 12, 13, 34, 35). Thus, it is likely that, in addition to the main
below and above the purine ring, stacked by arginine residueschain contacts ana-stacking interaction, the residues located
(36). Guanines on the other hand are less exposed to theat the positions corresponding to Leul59 and Alal31 in
solvent than adenines and interact with glutamic and aspartichAPRT explain the base specificities of type | PRTases as
acid residues3pb). shown in Figures 4 and 5A.

In the hAPRT structure, the highly conserved Arg67  Human APRT StructureFunction Relationship with Clini-
interacts with the adenine base. Moreover, PRTases thatcally Important MutationsHuman APRT deficiency leads
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Ficure 6: (A) Stereoview of selected residues and water molecules of the hAPRT active site. In the human APRT structure, the waterl
and water7 molecules participate in a hydrogen bond network (shown as lines) involving especialiptibshate moiety of PRPP (or

AMP), the Met136 backbone nitrogen, and-@xygen atom of the conserved Asp127 residue. Waterl must be an important element for
PRPP binding, and perhaps the Met136Thr mutation favors competition of the hydroxyl group with the backbone nitrogen atom of the
same Thrl136 residue for this water, shifting this molecule closer to the threonine residue and, consequently, disfavoring the bond to the
5'-phosphate group. (B) Stereoview of selected residues and water molecules of superimposed hABREm#idiae APRT structures.

In the S. cereisiae APRT structure (residues labeled and shown as thick cylinders), which does not contain either a PRPP or a AMP
bound, the equivalent water 516 (waterl in hAPRT) forms a hydrogen bond to Ser137 (Thrl35 in hAPRT) and, as opposed to water505
(water7 in hAPRT), is shifted compared to the positions of the equivalent waters of the three other structures, which bind PRPP or AMP.
All the hydrogen bonds are shown as lines.

to an increase in the level of adenine oxidation by xanthine Nevertheless, theansconformation has never been detected
oxidase, resulting in the accumulation of 2,8-dihydroxyad- when PRPP is bound to the active sifd, (12, 36). In the
enine (DHA), an insoluble compound the accumulation of human APRT structure, the Asp65-Ser66-Arg67 segment is
which causes urolithiasis and kidney failure. At least seven in the cis conformation and the Asp65 side chain forms
missense mutations and one deletion in hAPRT are associatedtydrogen bonds with the Noackbone atom ofis-Lys88,
with such renal dysfunctionl{, 33). The known hAPRT as well as with the conserved basic residue Lys9hfdm
mutations cluster into three regions: the one that binds to (Figure 5B) 83). Arg87 (Arg89 inS. cereisiaec APRT) does
the PRPR5-phosphate group, the one that binds to the PRPP not contact the aspartic acid residue, reinforcing the impor-
5'-phosphate group, and the region of the flexible loop that tance of thecis conformation for binding the pyrophosphate
is proposed to close the active site during cataly8)s ( of PRPP (Figure 5B). The Asp65Val mutation is likely to
The Asp65Val 41) mutation is close to the PRPP enable a shift of the valine residue close to Leul10, a position
B-phosphate binding site. Philliget al. (10) observed that  always occupied by a hydrophobic residue in al APRTases.
the carboxylate group of the equivaldntdonaani Asp80 Such positioning will allow the Val65-Ser66-Arg67 segment
forms hydrogen bonds with the.Nind N,; atoms of the to adopt therans conformation, preventing PRPP binding.
conserved Argl102. This residue, Arg102, contacts the other The LeullOPro42) mutation is associated with renal
APRT monomer of the dimer, at the PRPPPphosphate  dysfunction in humans. Inspection of the human APRT
group. The same Asp80 side chain hydrogen bonds the N structure does not clearly reveal the correlation of the
backbone atom ofis-Ala81, thereby stabilizing, with these LeullOPro mutation with APRT activity and therefore
two interactions, the unusueik-peptide conformation of the  clinical dysfunction 10). However, Leul10 is a conserved
Glu61-Ser62-Arg63 segment. Thiss-peptide sequence is  hydrophobic residue, and Leu64 interacts with the CG atom
thought to be conserved in all APRTases and to be essentiabf Thr135 (Figure 5C). Thr135 is inserted in a hydrophobic
to PRPP pyrophosphate binding) (trans and cis-peptide environment formed by 1le86, Alal39, and Met136, thus
conformations of this segment (Glu61-Ser62-Arg63) have orienting the hydroxyl group of Thrl35 toward thé- 5
been observed in high-resolution crystal structures of type | phosphate moiety of PRPP (or AMP). In the human APRT
PRTases when the pyrophosphate binding site is en®pty (  structure, the hydroxyl group of Thrl135 forms hydrogen
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bonds with the phosphate moiety of AMP (see Figure 5C). basis of our data and other known APRT structures. A novel
On the basis of the rotamer database of O, Thr135 can adopfinding is the assignment of function to those three point
three rotamer conformations, of which only one has its mutations, identified as being responsible for DHA-uroli-
hydroxyl group oriented toward the'-phosphate. We  thiasis and renal failure. From such studies, we predict that
hypothesize that the other two possible rotamers of Thri35waterl is an important element for PRPP binding. The
are disfavored in the presence of the neighboring Leu110. Asp65Val mutation is likely to enable a shift of the valine
The Leul110Pro mutation at this position could favor the other residue close to Leul10, a position always occupied by a
rotamer conformations and allow threcarbon of Thr135 to hydrophobic residue in all APRTases. Such positioning will
point to the 5-phosphate binding site, obstructing PRPP from allow the Val65-Ser66-Arg67 segment to adopt thens
binding to the active site and hence compromising APRT conformation, preventing PRPP binding. We also propose
function. that the Met136Thr mutation favors the competition of the
A third and very common human APRT mutation, hydroxyl group of waterl with the backbone nitrogen of
Met136Thr @3), is localized in the 5phosphate binding  Thrl36, shifting waterl toward the Thrl36 residue. This
loop. In hAPRT, Met136 is in a closely packed environment, change in the position of waterl will disfavor its binding to

similar to the equivalent residue Alal55 from thedonasani the B-phosphate group and will result in a reduced APRT
homologue 10). Comparable arrangements are also observedactivity of Met136Thr. Additionally, Leu110, a conserved
in theG. lambliaandS. cereisiae APRT structuresy, 33). hydrophobic residue, contributes, via its interaction with the

Philipset al. (10) suggested that the substitution of Met136 CG atom of Thr137, to the orientation of the hydroxyl group
with the -branched threonine side chain could disrupt the of this residue toward the/ phosphate moiety of PRPP (or
conformation of the Alal131Thr135 segment at the PRPP- AMP) in APRTases.

binding motif. Superimposing the hAPRT structure with the
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