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Complete deficiency of hypoxanthine-guanine phosphoribosyltransferase (HPRT) causes the Lesch-Nyhan syndrome.
Previous characterization of a mutant form of HPRT, HPRTYale, from a subject with the Lesch-Nyhan syndrome revealed
normal mRNA and protein concentrations, no residual catalytic activity, and cathodal migration upon PAGE. We have
cloned and sequenced HPRTYale cDNA. The nucleotide sequence of full-length HPRTYale cDNA revealed a single
nucleotide substitution compared with normal HPRT cDNA: G----C at nucleotide position 211. This transversion predicts
substitution of arginine for glycine at amino acid position 71, explaining the cathodal migration of HPRTYale. Chou-
Fasman secondary structure analysis predicts a change in the probability of beta-turn formation in the region containing
the mutation. Inclusion of the bulky arginine side chain in place of glycine probably disrupts protein folding as well.
Cloning mutant forms of cDNA allows identification of specific mutations, provides insight into mutational mechanisms,
and facilitates structure-function analysis of mutant proteins.
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Abstract

Complete deficiency of hypoxanthine-guanine phosphoribo-
syltransferase (HPRT) causes the Lesch-Nyhan syndrome.
Previous characterization of a mutant form of HPRT,
HPRTy,., from a subject with the Lesch-Nyhan syndrome
revealed normal mRNA and protein concentrations, no resid-
ual catalytic activity, and cathodal migration upon PAGE. We
have cloned and sequenced HPRTy,,. cDNA. The nucleotide
sequence of full-length HPRTy,,, cDNA revealed a single nu-
cleotide substitution compared with normal HPRT c¢DNA:
G — C at nucleotide position 211. This transversion predicts
substitution of arginine for glycine at amino acid position 71,
explaining the cathodal migration of HPRTy,,.. Chou-Fasman
secondary structure analysis predicts a change in the probabil-
ity of B-turn formation in the region containing the mutation.
Inclusion of the bulky arginine side chain in place of glycine
probably disrupts protein folding as well. Cloning mutant
forms of cDNA allows identification of specific mutations,
provides insight into mutational mechanisms, and facilitates
structure-function analysis of mutant proteins.

Introduction

The purine salvage enzyme hypoxanthine-guanine phosphori-
bosyltransferase (HPRT;' EC 2.4.2.8) is encoded by an X-
linked gene in humans. Complete deficiency of HPRT causes
the Lesch-Nyhan syndrome (1), while partial deficiency of this
enzyme leads to purine overproduction and gout (2). Single
amino acid substitutions have been identified in four HPRT
variants by comparative mapping of tryptic peptides and se-
quencing of the aberrant peptides (3). However, most HPRT-
deficient subjects have insufficient amounts of mutant protein
for this type of analysis. Furthermore, the HPRT gene is very
large (44 kb) and Southern blot analyses of genomic DNA
from most HPR T-deficient subjects with HPRT cDNA probes
are normal (4). On the other hand, the majority of HPRT-defi-
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cient subjects have normal quantities of HPRT mRNA (5).
RNase mapping analysis can be used to detect mutations
within mRNA in some mutant subjects (6). Allele-specific oli-
gonucleotides in conjunction with RNase mapping allow de-
duction of certain nucleotide substitutions (7). However, this
technique is limited to mutations for which the nucleotide
substitution is already known. Therefore, in most cases where
sufficient mRNA is present, mutant cDNA cloning currently
is the method of choice for defining mutations at the HPRT
locus. The amino acid substitution in a fifth variant has been
deduced from the nucleotide sequence of a full-length cDNA
cloned from a subject with partial HPRT deficiency (8). These
previous studies are summarized in Table I.

In the present study, we have cloned and sequenced a full-
length HPRT cDNA from a patient with the Lesch-Nyhan
syndrome. We have identified a single change in codon 71
(GGC — CGC), which predicts an amino acid substitution of
arginine for glycine. This HPRT variant, which was previously
termed HPRTy,., is characterized by a normal intracellular
concentration of enzyme protein, reduced catalytic activity,
and cathodal migration in native PAGE (5). The altered charge
of this mutant enzyme is consistent with the predicted substi-
tution of a neutral amino acid (glycine) by a basic amino acid

(arginine).

Methods

Materials

Lambda gt 1 arms and in vitro packaging extract were purchased from
Vector Cloning Systems, San Diego, CA. M 13 sequencing vectors and
universal primer were obtained from Pharmacia Fine Chemicals, Pis-
cataway, NJ. The 956-bp normal HPRT cDNA was kindly provided
by C. Thomas Caskey of Baylor University, Houston, TX (9). HPRT-
specific synthetic oligomers used in priming sequencing reactions were
synthesized on a DNA synthesizer (model 380A; Applied Biosystems,
Inc., Foster City, CA) by the Center for Molecular Genetics, University
of Michigan. Avian myeloblastosis virus reverse transcriptase was ob-
tained from Life Science, St. Petersburg, FL. All other enzymes were
purchased from New England Biolabs, Beverly, MA. Radioactive nu-
cleotides were obtained from New England Nuclear, Boston, MA. All
other reagents were of the highest quality commercially available.

Methods

¢DNA cloning and sequence analysis. EBV-transformed lymphoblast
cell lines derived from patient K. T. (HPRTy,.) were harvested from
suspension cultures and lysed, and total RNA was extracted (10). Poly
A* mRNA was purified by oligo-d(T) column chromatography (11).
RNase mapping analysis of this mRNA was performed as described (6)
using human HPRT riboprobes spanning the entire HPRT coding
sequence. Both first and second strands of cDNA were synthesized
with avian myeloblastosis virus reverse transcriptase according to the
method of Polites and Marotti (12). The double-stranded cDNA was
blunt-ended with T4 DNA polymerase and ligated to Eco RI linkers.
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Table I. Structural and Functional Abnormalities in Five HPRT Variants

Michaelis constants

Specific Immunoreactive Amino acid
activity protein (CRM) Hypoxanthine PRPP Isoelectric point substitution Position Reference

% control % control
HPR Troronto 33 52 Normal Normal Acidic Arg — Gly (50) 3, 6)
HPR Twmunich 3 79 Increased 75-fold Normal Basic Ser — Arg (103) (3, 6)
HPRTngon 59 35 Increased 5-fold Normal Normal Ser = Leu (109) (3, 6)
HPRT Ann arbor 10 11 Increased 10-fold Increased 2-fold Acidic Ile > Met (132)* (6, 8)
HPRTk;nston <0.7 72 Increased Increased Basic Asp — Asn (193) (3,6)

Arg, arginine; Gly, glycine; Ser, serine; Leu, leucine; Ile, isoleucine; Met, methionine; Asp, aspartic acid; Asn, asparagine.

* The initial methio-

nine is counted as amino acid 1 in HPRT s, arbor- In the mature protein, methionine 1 is cleaved. For those variants whose amino acid substi-
tution was determined by amino acid sequencing, alanine was counted as amino acid 1.

After digestion with Eco RI the cDNA was purified by Sepharose CL4B
column chromatography and ligated to Eco RI-digested lambda gt11
arms. The resultant cDNA library of ~ 260,000 phage clones was
screened by using a *?P-labeled normal HPRT cDNA (9) according to
the method of Benton and Davis (13). For sequence analysis, the
inserts of positive clones were subcloned in M13 vectors. DNA se-
quencing was carried out by the dideoxynucleotide chain termination
method (14, 15).

B-turn prediction analysis. The relative probability that a tetrapep-
tide will form a B-turn (Pt) was calculated from Pt = f; X f,; X fi;,
X fi.3 according to the protein conformational prediction method of
Chou and Fasman (16). The f;, f;,,, 12, and f;,; are bend frequencies
in the four positions of the 8-turn. Bend frequencies are based on a
statistical analysis of 29 proteins (16). As a reasonable cut-off value in
predicting 8-turn, Pt = 1.0 X 10™* was chosen (17).

Results

Two positive clones were found on screening ~ 260,000 re-
combinant phage plaques as described in Methods. The sizes
of the cDNA inserts from these clones were determined to be
1.4 and 1.0 kb by Southern blot analysis after Eco RI digestion
of phage DNA. Both ¢cDNA inserts were subcloned to
M13mpl9 and sequenced using synthetic oligomers and the
universal primer. The 1.4-kb cDNA, designated pHKT,, was
digested with Hae III and then subcloned in M13mp19 for
determination of 3’ noncoding sequence. Since RNase map-
ping analyses of HPRTy,. mRNA using normal HPRT ribo-
probes spanning the entire coding sequence were normal (data
not shown), pHKT, was sequenced in its entirety, and the
coding sequence of pHK T, was completed in both directions.
It shows a single nucleotide change (G — C) at nucleotide
position 211 (Fig. 1). This G to C change predicts an amino
acid substitution from glycine (GGC) to arginine (CGC) in
codon 71 (Fig. 2). Sequencing of the 1.0-kb cDNA clone,
which is 138 nucleotides short of the entire coding sequence,
also revealed only the same nucleotide change. This nucleotide
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change does not alter any recognition site for a restriction
enzyme within the HPRT gene.

The probabilities of 8-turn occurrence were calculated for
the 11 tetrapeptide combinations of the 14 amino acid residues
in position 64-77 of normal HPRT (Fig. 3). The Pt values at
residues 68-71 and 69-72 were 2.0 X 107* and 0.6 X 1074
respectively, and the Pt value at residues 70-73 increased from
0.9 X 107*to 1.2 X 107* (Fig. 3).

Discussion

We have defined the mutation of a mutant HPRT (HPR Ty,;.)
isolated from a patient with the Lesch-Nyhan syndrome. The
predominant abnormality in most patients with the Lesch-
Nyhan syndrome is reduced concentration of enzyme protein
rather than a defect in enzyme function (5). HPR Ty, belongs
to the latter class of mutants. In previous studies HPR Ty,,. was
shown to have an almost normal concentration of enzyme
protein, no detectable catalytic activity, and a cathodal migra-
tion in native PAGE (5). The mutation in HPRTy,, should
therefore affect catalytic function rather than protein synthesis
or degradation.

MUTATION

T
Lys Gly [Arg] Tyr Lys
HPRT Yale AAG GGG [CIGC TAT AAA

211
Normal AAG GGG [GIGC TAT AAA
Lys Gly [Gly] Tyr Lys

| 655
ATG TAA
1246

-132
—Hh poly A

Hal Ha2

Figure 2. Schematic representation of HPR Ty, cDNA (pHKT))
with position of mutation and sequencing strategy. The coding re-
gion is shown in black. The arrows indicate directions and the ranges
of sequence determination. The letters indicate locations of HPRT-
specific synthetic oligonucleotide primers with sequences represented
in 5'-3' orientation: a, AGTGATGATGAACCAGG:; b, CACTGAA-
TAGAAATAGT; ¢, GATATAATTGACACTGG; 4,
CCCCTGTTGACTGGTCA; e, AGTCCTGTCCATAATTA. Hal,
Ha2, and H are digestion fragments of the cDNA with Hae III or
Hind IIL
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Figure 3. Probability of -
turn occurrence around the
region containing the mu-
tation in HPRTyy,. The
probability value of a tetra-
peptide composed of i to i
+ 3 is plotted against i,
where i represents the
amino acid sequence num-
ber with the initial methio-
nine labeled 1. The solid
and broken lines indicate
probability of S-turn occur-
rence of normal and mu-

PROBABILITY OF B-TURN OCCURRENCE (x10-%)
5

tant HPRT, respectively.
— T r The horizontal line corre-
70
& & & & sponds to a cut-off value of
AMINO ACID SEQUENCE NUMBER 1.0 X 107,

The amino acid substitution predicted in HPR Ty, is lo-
cated within a predicted S-turn region (Fig. 3). According to
the method of Chou and Fasman (16), replacement of glycine
with arginine at residue 71 reduces the probability of §-turn
accurrence at residues 68-72, and elevates its probability at
residues 70-73. However, the Pt value at 68-71 in HPRTy,.
was still greater than the arbitrary cut-off value for S-turn for-
mation. Furthermore, the increment of the pt value at 70-73
in HPR Ty, is small. It has little apparent impact on enzyme
protein stability since the intracellular concentration of
HPRTy,. is normal. Other secondary structural features such
as a-helix or B-sheet around the mutation site do not appear to
be substantially changed by the glycine to arginine substitu-
tion. It is not entirely clear if a change of probabilities of §-turn
occurrence around the mutation site is sufficient to explain the
catalytic dysfunction of HPR Ty,

The substitution of arginine for glycine introduces two ad-
ditional structural changes. First, arginine has a relatively
bulky side chain compared with glycine. Second, a net charge
difference occurs. The previously described electrophoretic al-
teration in HPRTy,., cathodal migration during native PAGE
(5), is consistent with the substitution of a neutral amino acid
(glycine) by a basic amino acid (arginine). Both of these effects
alter the regional microenvironment of the protein and proba-
bly disrupt normal protein folding. Therefore, this impairment
of tertiary structure, as well as the change in net charge, might
well affect substrate binding and catalytic activity. This sup-
position is difficult to evaluate directly due to the absence of
residual catalytic activity. Since the three-dimensional tertiary
structure of normal human HPRT is not known, the import of
structural changes resulting from amino acid substitutions
cannot at present be assessed beyond predictions of this sort.

Since most HPRT-deficient subjects have normal levels of
mRNA, mutant cDNA cloning is a useful way to identify
specific mutations. The marked molecular heterogeneity of
human HPRT-deficient states (4-6) thus offers an ideal system
for the examination of altered structure-function relationships
as well as mutational mechanisms.
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