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ABSTRACT

Recombinant plasmids containing DNA inserts complementary to mRNA coding for
hypoxanthine-guanine phosphoribosyltransferase (HPRT) from mouse and Chinese
hamster cell lines have been isolated from cDNA libraries and characterized by
DNA sequence analysis. A total of 1292 nucleotides of the mouse cDNA sequence
and 1301 nucleotides of the Chinese hamster c¢DNA sequence has been determined.
Each of these sequences includes an open reading frame of 654 nucleotides (218
amino acids) corresponding to the HPRT protein coding region. The deduced
amino acid sequences for the mouse and Chinese hamster enzymes are presented
and compared to that of human HPRT. At least 957 of the amino acids are
conserved in the three species. In addition, we present evidence that two
species of HPRT mRNA, which differ in the site of polyadenylation that is
utilized during processing of the RNA transcripts, exist in Chinese hamster
cells.

INTRODUCTION

The elucidation of mutational events responsible for alterations in the
expression of eucaryotic genes has now become possible through the use of
molecular cloning and DNA sequencing techniques. In mammalian cells the
hypoxanthine-guanine phosphoribosyltransferase (HPRT, EC 2.4.2.8) gene has
been extensively used in mutation studies, primarily because it is a function-
ally haploid locus due to its location on the X-chromosome and because power-
ful selection techniques allow the isolation of mutants and revertants (1,2).
In addition to genetic analyses, a variety of biochemical techniques have been
applied to the study of induced and spontaneous mutations at this locus.
These studies have focused on characterization of electrophoretic, immunologi-
cal, kinetic and thermal sensitivity properties of the enzyme product, as well
as on tryptic peptide analysis (3-12). The examination of mutational changes
in the HPRT gene at the nucleic acid 1level has, until recently, been
impossible due to the lack of cloned probes.

We have previously reported the isolation of partial cDNA recombinants

complementary to HPRT mRNA from a mouse cell line which was found to overpro-
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duce HPRT mRNA by virtue of having amplified the HPRT gene (13,14). This
report describes the construction of cDNA recombinants containing the full
coding sequence for mouse HPRT and the isolation of similar sequences comple-
mentary to mRNA from a Chinese hamster cell line possessing amplified HPRT
genomic sequences. These recombinants have been characterized by DNA sequence
analysis. A high degree of homology is found between the mouse and hamster
nucleotide sequences, particularly within the protein coding regions. The
sequence analysis of Chinese hamster cDNA recombinants provides evidence that
two species of mRNA, which differ in their site of polyadenylation, are
present in hamster cells. The data also allow the prediction of the complete

amino acid sequences for the mouse and hamster HPRT proteins.

MATERIALS AND METHODS

Purification of mRNA and preparation of double-stranded cDNA

Total cellular RNA was isolated from the mouse neuroblastoma cell line,
NBR4 (14,15), and the V79 Chinese hamster cell line RJKI59 (8) by guanidin-
ium/HC1 extraction (16). mRNA was partially purified by two passages through
oligo dT cellulose (Collaborative Research) and recovered by ethanol precipi-
tation (17).

Single stranded cDNA was synthesized from mRNA in a reaction mixture con-
taining 50-100 ug/ml mRNA, 50 mM Tris/HC1 pH 8.3, 40 mM KCl, 10 mM MgCly, 20
mM B-mercaptoethanol, 1 mM each of dATP, dCTP, dGTP and dTTP, 20-50 yug/ml
oligo dTj3-18 (Collaborative Research) and 1000 units/ml of AMV reverse tran-
scriptase (Life Sciences). After 1 hr at 46° the reaction mixture was
extracted with phenol and the mRNA was hydrolyzed with 0.IN KOH at 67°C for 1
hr. Following neutralization, Sephadex G50 chromatography and lyophilization,
single-stranded cDNA was made double-stranded in a reaction mixture containing
10-50 ug/ml cDNA, 50 mM Tris/HCl pH 8.3, 10 mM MgCly, 20 mM B-mercaptoethanol,
1 mM each of dATP, dCTP, dGTP and dTTP and 1000 units/ml of AMV reverse tran-
scriptase at 46°C for 3 hr. cDNA was recovered as described above. Blunt-
ended double-stranded cDNA was then prepared by digestion with 1000 units/ml
of Aspergillus oryzae Sl endonuclease (Miles) in a reaction mixture containing
300 mM NaCl, 4.5 mM Zn acetate and 30 mM Na acetate pH 4.5 and recovered as
before.

Construction of DNA recombinants

Double-stranded cDNA molecules between 1000 and 2000 base pairs (bp) in
length were isolated by electroelution (18) following fractionation by agarose

gel electrophoresis. These fragments were 'tailed" (19) with 10-20 cytosine
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residues/3' terminus in 200 mM potassium cacodylate pH 7.2, 1 mM CoCly, 100
uCi 32p-dcTP (2-3000 Ci/mMole), 5 uM dCTP, ImM B-mercaptoethanol and 200
units/ml terminal deoxynucleotidyltransferase (Bethesda Research Laboratories)
at 30° for approximately 2 min. pBR322 was digested with PstI and '"tailed"
with 10-20 guanine residues/3' terminus as described above, substituting dGTP
for dCTP. The two DNAs were annealed in a molar ratio of 1:1 at a final DNA
concentration of 1 pg/ml in 10 mM Tris/HC1l pH 7.6, 200 mM NaCl, 1 mM NaEDTA at
65°C for 5 min followed by incubation at 42°C for 2 hr and gradual cooling to
room temperature overnight. Annealed plasmids were precipitated with ethanol
in the presence of 20 ug/ml E. coli tRNA as carrier and used to transform E.
coli RRl cells made competent by treatment with CaCly (20). Transformants
were selected on L agar plates containing 25 ug/ml tetracycline.

Identification and Characterization of HPRT cDNA recombinants

Bacterial colonies were grown overnight, in ordered arrays, on nitro-
cellulose filters overlayed on selective agar plates. HPRT cDNA recombinants
were identified by colony hybridization. The probe was a 230 bp Hae III frag-
ment which was isolated from pHPT2 and labelled by nick translation (13).
Plasmid DNA was isolated using a Triton X-100 lysis procedure (21) following
overnight plasmid amplification in the presence of chloramphenicol and
purified by banding in gradients of CsCl containing ethidium bromide. The
identity of the HPRT cDNA plasmids was confirmed by comparison of restriction
endonuclease cleavage maps to those of pHPT1 and 2 (13) and by DNA sequence
analysis.

DNA sequence determination

Nucleotide sequences were determined using the chemical sequencing method
of Maxam and Gilbert (22,23). Restriction enzymes were used under conditions
recomnended by the supplier (New England Biolabs) and fragments were labelled
at 5' termini using T4 polynucleotide kinase (New England Nuclear) and y-32P-
ATP (Amersham). The analysis of labelled products obtained following base-
specific modification reactions and subsequent strand cleavage was carried out

on 8% and 25% polyacrylamide gels.

RESULTS

Construction and identification of cDNA recombinants

The results of a preliminary experiment carried out to determine optimal
conditions for the synthesis of full-length mouse HPRT cDNA are shown in
Figure 1. Lane A shows that HPRT mRNA from the NBR4 cell line is approx-

imately 1550 nucleotides in length. Lane B contained single-stranded cDNA
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KW nE Figure 1. Gel electrophoretic analysis of
HPRT mRNA and cDNA. Five ug of NBR4 mRNA
was converted to double-stranded cDNA by a
modification of the method of Wickens et
al. (24). At each step an aliquot was
KB removed and the products were glyoxalated
(25), fractionated by agarose gel electro-
phoresis and transferred to nitrocellulose
=66 as described by Thomas (26). The filter
4 was then probed with a radiolabelled cDNA
Py fragment from pHPT2 under hybridization
conditions reported previously (13). Lane
A = polyA* mRNA, Lane B = single-stranded
cDNA following first strand synthesis with
—1-8 AMV reverse transcriptase, Lanes C and
D = DNA products following second strand
synthesis with E. coli DNA polymerase I or
o AMV reverse transcriptase, respectively,
and Lane E = final product obtained
following treatment of double-stranded cDNA

with S1 nuclease.

synthesized from NBR4 mRNA; the predominant product had a length of approx-
imately 1375 nucleotides. The reason for the size discrepancy between HPRT
mRNA and cDNA is unlikely to be due to incomplete synthesis resulting from
mRNA secondary structure because identical results were obtained when cDNA was
synthesized following denaturation of the mRNA by treatment with methyl
mercury (data not shown). The high concentration of oligo dT primer used may
have precluded extensive copying of the poly A tails on the mRNA resulting in
the ostensibly shorter cDNA sequences. Both E. coli polymerase I (Lane C) and
AMV reverse transcriptase (Lane D) were capable of HPRT second strand
synthesis. The two strands of the cDNA were held together at this point by a
hairpin loop (27) and gel electrophoresis under denaturing conditions showed a
product of about 2700 nucleotides in length. Under the conditions used in
this study, AMV reverse transcriptase (Lane D) was more efficient in the
conversion of DNA to this size. Treatment of the double-stranded cDNA with Sl
nuclease was used to cleave the loop and digest other single-stranded regions
producing double-stranded HPRT cDNA of about 1300 nucleotides (Lane E).
Similar results were obtained using Chinese hamster (RJK159) mRNA (data not
shown).

Based on the results of the experiment shown in Figure 1, AMV reverse
transcriptase was chosen for both first and second strand cDNA synthesis with
mouse (NBR4) and hamster (RJK159) mRNA., cDNA libraries were then constructed

and screened as described in the Materials and Methods section. Three HPRT
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recombinants plasmids were identified among the 5000 recombinants constructed
using mouse mRNA. These contained inserts of 500, 1200 and 1300 bp and were
designated pHPT3, 4 and 5 respectively. Restriction endonuclease mapping and
comparison to pHPT2 confirmed their identity as HPRT cDNA sequences. The end
points of the cDNA inserts in these plasmids with respect to the mRNA sequence
are shown in Figure 2. Seven HPRT recombinants were found among the 3200
recombinants in the hamster c¢DNA library and the two largest ones, designated
pHPTI1 and 12, have been characterized. Their identity as HPRT recombinants
was verified by restriction endonuclease mapping and DNA sequence analysis.
pHPT12 contains an insert of 1300 bp (Figure 2); the pHPTll insert extends for
an additional 338 bp at the 5' end and is 85 bp shorter at the 3' end (rela-
tive to the mRNA orientation).

Determination and analysis of nucleotide sequences

Nucleotide sequence determination was carried out by the Maxam-Gilbert
method on fragments obtained either by secondary cleavage with restriction

enzymes or by strand separation following 5'-end labelling (22,23). A total

A o | 2 3 4 5 6 7 8 9 10 11 12 13
TS pHPT2
pHPT4
A Hc BHd HfHhHfHd Ha Hf
BH ifHhif Hd  H AL TS
’_-.«
b — —
B o 1 2 3 4 5 6 7 8 9 10 Il 12 13
pHPT Il
A H TR HR T
dh D A W WTRMWER T PHPT 12
— — —e.
—— A — A——————

Figure 2. Partial restriction maps and DNA sequencing strategies for mouse
(Panel A) and Chinese hamster (Panel B) cDNA inserts. The scale refers to
nucleotide position (x 1072) relative to the predicted protein initiation
codon beginning at position 0. The endpoints for cDNA inserts of the differ-
ent recombinants are indicated. Restriction endonuclease cleavage sites used
as labelling positions for nucleotide sequencing are indicated only on pHPTS
and pHPT12 for simplicity. The arrows beneath these maps indicate the direc-
tion and approximate extent of sequence determination for each fragment
analyzed. Fragments with an x at the end were labelled at pBR322 vector sites
outside the cDNA insert. The following abbreviations are used for restriction
enzymes: A = AccI, Av = Aval, B = BstNl, Ha = HaeIII, Hc = HincII, Hd =
HindIII, Hf = Hinfl, Hh = Hhal, R = Rsal and T = Taql.
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of 1292 nucleotides of the mouse HPRT cDNA was determined by the sequencing
strategy summarized in Figure 2A. At least 70% of the sequence was determined
from both strands; the remainder was obtained from at least two independent
experiments using fragments labelled at different restriction sites and all
sites used for end-labelling were read through from other positions. Several
regions were checked by sequencing fragments from different recombinants and
no sequence discrepancies resulting from cloning artifacts were found. The
complete nucleotide sequence for the mouse HPRT cDNA is presented in Figure 3.
This sequence includes an open reading frame extending from a methionine codon
at positions 1-3 to a UAA termination codon at positions 655-657. Translation
of this region to the amino acid sequence predicted by the genetic code gives
a protein with the properties expected for HPRT, as discussed below. This
sequence is preceded by 87 nucleotides of presumed 5' noncoding sequence and
is followed by an additional 548 bases of 3' noncoding sequence and a stretch
of poly A. The sequence AAUAAA, which is generally found 10-25 nucleotides
before the poly A tail and is believed to be a signal for the polyadenylation
of eucaryotic mRNA (28), occurs three times in the 3' noncoding region. Two
of these sequences are overlapping and are located at the expected position
while the third is an additional 77 bases upstream, as indicated in Figure 3.

From the two hamster cDNA recombinants, pHPT11 and pHPT12, a total of
1301 bases of nucleotide sequence has been determined. The sequencing
strategy, outlined in Figure 2B, again employed either bidirectional or dupli-
cate determinations. The hamster cDNA sequence, aligned relative to the mouse
cDNA sequence to emphasize homology, is presented in Figure 3. The predicted
protein coding sequence is of identical length to that for the mouse and there
is 95.6% nucleotide sequence homology within this region. If gaps are intro-
duced in the sequences as shown in Figure 3 there 1is approximately 80%
sequence homology between the noncoding regions.

The nucleotide sequences found near the 3' end of the hamster cDNAs were
particularly interesting. The sequence determined for pHPT12 contained the
AAUAAA polyadenylation signal twice, in positions comparable to those found in
the mouse cDNA sequence (see Figure 3). However, the sequence for pHPTII
extended only 22 bases past the first of these signals (at positions 1125-
1130) before a stretch of A's was found. From these results we have
tentatively concluded that there are two classes of hamster HPRT mRNA which
differ in the site of addition of the poly A tails. Although this situation
was not encountered in the mouse cDNA recombinants, it certainly cannot be

ruled out on the basis of the limited number which have been sequenced in this
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=50
TTACCTCACT GCTTTCCGGA GCGGTAGCAC CTCCTCCGCC GGCTTCCTCC TCAGACCGCT TTTTG---CC
FhkkKHhIRC KAKKAXTCKT *AXCTCCANGh *hhkAATAXG dhdkhdkdkkdhk *kkChhkkhkk ChkCrkCTCH*

1 50
GCGAGCCGAC CGGTCCCGTC ATGCCGACCC GCAGTCCCAG CGTCGTGATT AGCGATGATG AACCAGGTTA
FhChAIIAKE KAAKRTHhdAd,  *hRGhhdhhhk dkkhkChidhk dhhdddkhhk *kThkkkkrk dkkikrkChk

100
TGACCTAGAT TTGTTTTGTA TACCTAATCA TTATGCCGAG GATTTGGAAA AAGTGTTTAT TCCTCATGGA
sekdedededddokd kkAkdkdkdokk KThdkdkkhdkk ChhhkThdkdk dkkdkkhrkk *Ghikhihhkx dikhidhikk

150 -
CTGATTATGG ACAGGACTGA AAGACTTGCT CGAGATGTCA TGAAGGAGAT GGGAGGCCAT CACATTGTGG
Grkkkdkhhkdk dkdkdkdhhhk dkdhihhhk(C dkdkidhdhid dhhkAhihik ddkdkdhkhd dikkdkkikk

200 250
CCCTCTGTGT GCTCAAGGGG GGCTATAAGT TCTTTGCTGA CCTGCTGGAT TACATTAAAG CACTGAATAG
Fdkkkdkddk FhkGhikikk dkkkkikhkAk dobkkkkhhik kikikkhhhhk kkdkdkkkkk dikkkikikk

300
AAATAGTGAT AGATCCATTC CTATGACTGT AGATTTTATC AGACTGAAGA GCTACTGTAA TGATCAGTCA
Fddedoddcdkkkk dekdddddkdk Kk Chdkddkkk dickdokdkkdkk dokdkdkdkdkdk dokkkdokkikk dokkkkkiokkk

400

350
ACGGGGGACA TAAAAGTTAT TGGTGGAGAT GATCTCTCAA CTTTAACTGG AAAGAATGTC TTGATTGTTG
kkAdkkdkhkk ddkddkdkkdk dkkkdkGhik dkdkdkikik dkkkkhkkdkk dikdkkkkkkk dkdkkikikk

450
AAGATATAAT TGACACTGGT AAAACAATGC AAACTTTGCT TTCCCTGGTT AAGCAGTACA GCCCCAAAAT
*GhRChkdkk dokkkkdkhihk dokkdhkdhihik ThkkkkChhkk Fhkkkhkhick( *hikkGhhrik AkkThkrkrk

500
GGTTAAGGTT GCAAGCTTGC TGGTGAAAAG GACCTCTCGA AGTGTTGGAT ACAGGCCAGA CTTTGTTGGA
Fkdkdkdkkdh dkkdkdkkikk dkdkiokikik dokkkikiokik dokkkdkikihk kThkkkkkik dkkikikkkk

550 600
TTTGAAATTC CAGACAAGTT TGTTGTTGGA TATGCCCTTG ACTATAATGA GTACTTCAGG AATTTGAATC
Fededdeddkdokk dokkdkkdokkk kkkkkkkkkk dokkkkdkkkk kkkkkkikkk dkkkkkkkik Gldkkkkkik

650 XXX
ACGTTTGTGT CATTAGTGAA ACTGGAAAAG CCAAATACAA AGCCTAAGAT GAGCG--CAA GTTGAATCTG
*TA*dkkdkdkk dkdkhdkikk FkkkkGhhkkk khkkkkhkkkkk dhkkkkdkkkik *AKRARTTHhhkk Fddkkdkkdkik

700 750
CAAATACGAG GAGTCCTGTT GATGTTGCCA GTAAAATTAG CAGGTGTTCT AGTCCTGTGG CCATCTGCCT
FkkkChkhdk dkddkhkhkCAKK ChhkkkChik *hkikkhkkhkk( KRAXCA*KIh *hkAThAkCA% FhkdhhkihTH

800
AGTAAAGCTT TTTGCATGAA CCTTCTATGA ATGTTACTG- -TTTTATTTT TAGAAATGTC AGTTGCTGCG
hdkkChkdkk dokdkdkhkik dkkkkkkAkk KAThhATGHT Thidkhdkkdkhk dkkkkkihr dhkhiririp

850
TCCCCAGACT TTTGATTTGC ACTATGAGCC TATAGGCCAG CCTACCCTCT GGTAGATTGT CGCTTATCTT

KTRTThARNK hkkThhhhhk Jkdddkhhhhk Kooooomooe —omooooo TC *Akkddkhdhh dokddkkkChidk
900 950
GTAAGAAAAA CAAATCTCTT AAATTACCAC TTTTAAATAA TAATACTGAG ATTGTATCTG TAAGAAGGAT
HAGRRCAAAG Thkhkhikhh hkkhhihhhh kAko—cdkk AkAkGhikhk dokkhkihdrh ddkikkAChk
1000

TTAAAGAGAA GCTATATTAG TTTTTTAATT GGTATTTTAA TTTTTATATA TTCAGGAGAG AAAGATGTGA
*kkkhRh KGR KAKhRdhkhk dkikkhihhkk dhdkddkkikhk dkkihkhkhk kkkGhrkAkk hkkkChidrk

1050 1100
TTGA-TATTG TTAATT---- =-==-=~---=- -TAGACGAGT CTGAAGCTCT CGATTTCCTA TCAGTAACAG
*kkkAkhkhk khkkhkkATAC CACCATGTGT TH***ACk** Ghikikkpkk ¥ACK*AAAKXG dkhkdhdh——

bttt 1150
CATCTAAGAG GTTTTGCTCA GTGGAATAAA CAT--GTTTC AGCAGTGTTG GCTGTATTTT CCCACTT---
Fkeddkdkdk ) ddkdddkddkdddk dkkddddkkd khkkAThRRRT *Thkdkdkkdrk ChhkAkhrkkd *kkkkr*GCA

++4+4 4
1200 +e++4+

----- TCAGT AAATCGTTGT CAACAGTTCC TTTTAAATGC AAATAAATAA ATTCTAAAAA TT
TTCTTh**kk GhGhkAkkkk kkkkdkikhih ddk—dkkdhk dkkikdhk——— —dkkkkkki* **TACCACT

Figure 3. Complete nucleotide sequences of mouse (NBR4) and Chinese hamster
(RJK159) cDNA. The top line represents the mouse DNA sequence and the bottom
line represents the hamster DNA sequence, where nucleotides identical to those
in the mouse sequence are indicated by asterisks. The sequences have been
arbitrarily numbered such that position 1 is the first nucleotide of the
methionine initiation codon for the protein coding sequence with gaps, repre-
sented by dashes, introduced to emphasize regions of sequence homology. The
translational termination signal for the HPRT protein is indicated by x's and
signals for polyadenylation are indicated by +'s above the sequence.
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region.

Predicted amino acid sequences for mouse and hamster HPRT proteins

A single open reading frame was found in both the mouse and Chinese
hamster cDNA sequences which appeared to correspond to the protein coding
sequence for HPRT. This conclusion is supported by comparison of the
predicted amino acid sequences to that recently determined by Wilson et al.
(29) for human HPRT by protein sequencing methods (see Discussion). The
complete amino acid sequences derived from this region for both the mouse

(NBR4) and Chinese hamster (RJK159) proteins are shown in Figure 4. A total

10 20
Met iﬁ’ Thr Arg Ser Pro Ser Val Val Ile Ser Asp Asp Glu Pro Gly Tyr Asp Leu Asp
30 40

Ala 14 Asp Leu Glu Lys Val Phe Ile Pro His Gly

Leu Phe Cys Ile Pro Asn His Tyr val

50 60

Leu 11e Met Asp Arg Thr Glu Arg Leu Ala Arg Asp Val Met Lys Glu Met Gly Gly His

Val

70 80
His Ile Val Ala Leu Cys Val Leu Lys Gly Gly Tyr Lys Phe Phe Ala Asp Leu Leu Asp

90 100
Tyr Ile Lys Ala Leu Asn Arg Asn Ser Asp Arg Ser Ile Pro Met Thr Val Asp Phe Ile

110 120
Arg Leu Lys Ser Tyr Cys Asn Asp Gln Ser Thr Gly Asp Ile Lys Val Ile Gly Gly Asp

130 140
Asp Leu Ser Thr Leu Thr Gly Lys Asn Val Leu Ile Val Glu Asp Ile Ile Asp Thr Gly

150 Gln Ser Pro 160
Lys Thr Met Gln Thr Leu Leu Ser Leu Val Lys Arg Tyr Asn Leu Lys Met Val Lys Val
170 180
Ala Ser Leu Leu Val Lys Arg Thr Ser Arg Ser Val Gly Tyr Arg Pro Asp Phe Val Gly

190 200
Phe Glu Ile Pro Asp Lys Phe Val Val Gly Tyr Ala Leu Asp Tyr Asn Glu Tyr Phe Arg

Asn Val 210 218
Asp Leu Asn His Ile Cvs Val Ile Ser Glu Thr Gly Lys Ala Lys Tyr Lys Ala (UAA)

Figure 4. Predicted amino acid sequences for mouse and Chinese hamster HPRT
proteins. The sequences are identical except where two residues are shown; at
these positions the amino acid above the line is that predicted by the nucleo-
tide sequence of mouse cDNA while the residue below the line is that predicted
from the Chinese hamster cDNA sequence. The amino acids are arbitrarily num-
bered from the methionine initiator although this residue may be absent in the
mature protein (see Discussion).
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of 210 of the 218 amino acids are identical and all of the differences found
are a result of single base changes in the nucleotide sequences. None of the
other 21 nucleotide differences found by comparing the cDNA sequences in this

region affects the amino acid sequences predicted by the genetic code.

DISCUSSION

The cell lines used here for molecular cloning of rodent HPRT cDNA
sequences were both obtained by reversion of HPRT mutants which show no detec-
table HPRT enzymic activity or production of immunologically-reactive material
in vivo in spite of the fact that they appear to produce normal levels of HPRT
mRNA (14, J.C. Fuscoe, R.G. Fenwick, Jr. and C.T. Caskey, manuscript in pre-
paration). The NBR4 mouse cell line which arose as a revertant of NB~, con-
tains a thermosensitive HPRT enzyme which exhibits reduced binding properties
for the substrates hypoxanthine and 5-phosphoribosyl-1-pyrophosphate (PRPP)
and an altered migration in electrophoretic analyses (15). The hamster HPRT
from RJK159, which arose as a spontaneous revertant of RJK10, has not been
extensively characterized but does appear to have lost the high affinity anti-
body recognition site(s) present in wild-type protein (8). It has been
proposed that NB™ and RJKIO contain altered enzymes resulting from missense
mutations, and that the NBR4 and RJKI59 cell lines represent phenotypic
revertants which result from overproduction of variant HPRT as a result of
-gene amplification (30, Fuscoe et al., in preparation). Although neither of
the rodent HPRT sequences from the cloned cDNAs is expected to be identical to
the sequences for wild type enzyme, they are not believed to have any major
alterations in amino acid sequence. This conclusion is supported by compari-
son of the predicted rodent amino acid sequences with that of human HPRT
determined by protein sequencing techniques (29), The human enzyme contains
of 217 amino acids with an acetylated alanine at the amino terminus. The
amino terminus of HPRT isolated from rodents has also been found to be blocked
(unpublished data). Assuming that the translational products are
processed in a similar way, one would predict that the total number of
residues in the mouse and hamster proteins would be identical to that of
human, with proline and alanine residues comprising the amino terminus of the
mouse (NBR4) and Chinese hamster (RJK159) proteins respectively (see Figure
4). Based on amino acid compositions, both of the rodent proteins have a
molecular weight equal to 24,500.

Table 1 summarizes all of the amino acid differences found by comparison

of the predicted amino acid sequences for the NBR4 mouse HPRT, RJK159 Chinese
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Table 1. Amino acid differences between HPRT proteins of Chinese
hamster, mouse and man.

Position! Hamster Mouse HumanZ
1 MET MET -
2 ALA *PRO ALA
7 SER SER *GLY
29 *VAL ALA ALA
34 LYS LYS *ARG
41 *VAL LEU LEU
151 LYS LYS *ARG
152 *ARG GLN GLN
154 ASN *SER ASN
155 *LEU PRO PRO
169 SER SER *PRO
175 ARG ARG *LYS
201 ASP *ASN ASP
205 *ILE VAL VAL

lAmino acid positions correspond to those shown in Figure 4. The
amino terminal residue in the human protein has been determined
to be an alanine (29) which would thus correspond to position 2
by this convention. At each position noted, identical amino
acids are found in 2 of the 3 proteins; the unique residue in
each case is indicated by an asterisk.

2pata from Wilson et al. (29).

hamster HPRT and human HPRT. There is a remarkably high sequence conservation
between the HPRT proteins from the different sources and many of the differ-
ences found represent conservative changes which should have little influence
on the HPRT protein conformation. However, it is interesting to note that
antisera raised against either native Chinese hamster or human HPRT do not
exhibit cross-species reactivity (31; unpublished data). Although the precise
identification of differences in the mouse and hamster sequences which result
from mutations must await direct comparison with wild-type sequences, examina-
tion of the data in Table 1 can be used to predict the most likely candidates.
In the hamster sequence the most dramatic differences would appear to be the
presence of arginine at position 152 where both the mouse and human sequences
contain a glutamine and the presence of leucine at position 155 where the
other two species contain proline. The changes at the other positions shown
appear to be more conservative and can be reasonably explained as differences
resulting from evolutionary change when all three species are compared. For
the mouse NBR4 protein sequence there are three places where differences may
be most easily explained on the basis of mutation. These are at positions 2

(Pro), 154 (Ser) and 201 (Asn), where both the hamster and human sequences
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show Ala, Asn and Asp, respectively. The latter difference would account for
the altered electrophoretic properties of the mouse enzyme while the others
would be expected to potentially affect only subunit conformation or assembly
of the final multimeric enzyme. The possibility of multiple mutations cannot
be ruled out at this point.

Studies on variant enzymes produced as a result of mutation at the HPRT
locus have previously focused on either the examination of physical properties
of the proteins or on tryptic peptide analysis. Both the results presented
here and recent studies by Wilson et al. (32) indicate that the latter method
has given misleading results due to experimental artifacts. For example, the
number of rodent tryptic peptides terminating in arginine and lysine deter-
mined by analysis of in vivo labelled HPRT peptides resolved by high pressure
ion exchange chromatography (9-11) appears to have been an underestimate. In
addition, the conclusion that a methionine-containing tryptic peptide which
did not possess an arginine or lysine residue represented the carboxyl
terminus of the protein (9-11) must be abandoned given the predicted HPRT
sequence shown in Figure 4. Thus, although the isolation of premature chain
termination (PCT) mutants in the HPRT gene should be possible since approx-
imately 30% of the codons could be mutated to terminatioh codons by a single
base change, previous identification of such mutants based on tryptic peptide
analysis must now be questioned. Likewise the possibility of reversion of PCT
mutations in eucaryotic cells through tRNA-mediated suppression should now be
reanalyzed.

Further study will be required to completely characterize the HPRT mRNA.
The cloned sequences probably do not extend to the extreme 5' end of the mRNA,
even though some 90 bases preceding the apparent initiation codon are
included. One of the hamster recombinants, pHPTll, appears to extend for an
additional 338 bases in the 5' direction. However, preliminary S1 mapping
experiments suggest that these sequences are not present in the mRNA, Addi-
tional analysis will be needed to determine whether this anomaly is a result
of a cloning artifact or is, in fact, significant. On the other hand we have
detected differences between two hamster recombinants at the 3' end which do
appear to be significant. The results suggest that two different mRNA species
are produced which vary in their site of polyadenylation due to differential
recognition of RNA processing signals. A similar situation, where different
mRNA species are apparently produced from the same transcript, has been found
with dihydrofolate reductase mRNAs (33). Sl mapping experiments are in pro-

gress with the HPRT recombinants to examine the situation more closely to
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determine if this is a general phenomenon or is a function of the particular
cell line used.

The results presented in this paper should greatly facilitate the study of
mutational alterations at the HPRT locus in cultured cell lines, either at the
level of amino acid sequence or nucleotide sequence. In addition, the high
level of interspecies sequence homology has already been exploited to identify
DNA sequence polymorphisms near the HPRT locus in man (34) and studies are
underway to use the cloned HPRT probes for the examination of the naturally-
occurring mutations at the HPRT locus which result in gouty arthritis or

Lesch-Nyhan syndrome in humans.
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