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An unusual partial HPRT deficient mutant, HPRTcape Town' was obseIVed 

to have a lCM activity in erythrocyte lysates at high concentrations of 

the purine substrates, hypoxanthine and guanine. This substrate 

inhibition was IX>t obseIVed with the substrate PPRP. The lCM activity 

was IX>t associated with changes in the ~ or Vmax for any of the 

substrates (Steyn and Harley, 1984). 

The kinetics of the proband's enzyme was studied in lymph:>blast 

. extracts. The characteristic substrate inhibition was obseIVed which 

sh:lwed that this phen:menon was IX>t confined to erythrocytes but was a 

nore generalized phen:menon. This result implies that the decreased 

HPRT activity obseIVed in the proband is due to substrate inhibition by 

the purine bases. 

The HPRT enzyme is coded for by a gene which is located on the X 

chrarosane (Pai et al., 1980). The proband's daughter was therefore 

studied in order to detennine the cause of the mutation. It was IX>t 

k:ocMn whether the substrate inhibiton was the result of a mutation in 

the gene coding for the enzyme, a mutation which results in altered 

r.:ost-translational nodification or the absence or alteration of factors 

influencing IX>rmal HPRT kinetics. 

The daughter's transformed lympooblasts exhibited grcMth patterns in 

selective media that resembled those of her father. The daughter's 

enzyme prepared fran lymphoblast extracts exhibited the characteristic 

substrate inhibition. These results suggest that this cell line 
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results fran the selection of a clone or clones which have suppressed 

the function of the X chraroscrne carrying the maternal and presumably 

n:mnal HPRT allele. The daughter's enzyme prepared fran erythrocyte 

lysates exhibited intermediate enzyme activity between that of the 

proband and a normal control. This result suggests that the daughter 

is an obligate heterozygote and that the defect is due to a mutation in 

the HPRT gene itself. 

The defect was studied at the gene level. No difference was observed 

in the banding patterns of the proband's DNA and control DNA which were 

digested with various restriction enzymes and hybridized to 3 2 P­

labelled HPRT cDNA. The size of the HPRT mRNA of the proband was the 

same as the control. These results imply that .there is no major gene 

alteration; this is expected since the proband only has a partial 

deficiency of the enzyme. 

The HPRT cDNA was subcloned into a riboprobe vector, ~-3. The T7 

praroter was used to transcribe antisense RNA strands which were then 

hybridized to the proband's RNA and control RNA. No difference was 

observed in the size of the protected fragment. This result does not 

exclude the possibility of a point mutation as the cause of the defect 

in HPRT Cape Town• 
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1.0 1NI'RODUCTI0N 



2 

1.1 PURINE METABOLISM 

Man is able to synthesize purine and pyrimidine nucleotides de n::,vo. 

These nucleotides have many roles which include serving as precursors 

for RNA and DNA. The purines also act as a high energy source (ATP), 

as regulatory signals (cyclic .AMP and cyclic G1P) and as cx:mrx:>nents of 

the coenzymes FAD, NAD, NADP and as a cx:mrx:>nent of the methyl dooor, 

S-adeoosylmethionine. The pyrimidines act as high energy intermediates 

in caroohydrate metaoolisrn (UDP-glucose and UDP-galactose) and in lipid 

synthesis (a>P-acylglycerol). 

The de novo synthesis of IMP fran rioose-5-ph:)sphate and ATP is a 

canplex process which requires the expenditure of 6 high energy 

poosplxxliester oonds (by ATP hydrolysis) as well as utilizing glycine, 

glutamine, aspartic acid and one carton unit fran methenyl­

tetrahydrofolate ( Figure 1) • IMP is an intermediate in the fonnation 

of .AMP and G1P ( Figure 2), ooth pathways requiring further expenditure 

of energy. 

Two pathways exist for the salvage of purines which, either result fran 

the cataoolisrn of endogeoous rioonucleotides, or fran the ingestion of 

purine-containing foods. The first and rrost important pathway involves 

the poospoorylation of the purine base by a specific enzyme which 

requires 5-poospoorioosyl-l-pyrophosphate (PPRP) as a cosubstrate 

( Figure 3) • The second pathway involves poospoorylation of the purine 

nucleosides and then a kinase reaction to fonn the rioonucleotide. 

Both these pathways only require the expenditure of one high energy 

oond (either PPRP or ATP) . Thus the salvage pathways have an 
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important role to play in the conservation of energy and purine 

metabolites in the cell, especially in tl'x)se cells that have a 

decreased ability for de n:,vo purine biosynthesis e.g. erythrocytes 

(Fontenelle and Henderson, 1969). 

1.1.1 Regulation of purine metabolism 

6 

Purine metabolism is regulated in a number of ways. It is important to 

regulate de n:,vo purine biosynthesis because of its high energy 

requirements. An important regulator of the de n:,vo pathway is the 

PPRP concentration. This is determined by the balance between its rate 

of synthesis and its rate of utilization/ degradation. The rate of 

utilization is largely dependent on its consumption by the salvage 

pathway where it acts as a cosubstrate for the phosph::>ribosyl­

transferases. The rate of synthesis of PPRP depends, firstly on the 

availability of its precursors, especially ribose-5-phosphate, and 

secondly on the catalytic activity of PPRP synthetase. This enzyme has 

a requirement for in:>:r:ganic phosphate which acts as an allosteric 

activator. PPRP synthetase activity also depends on the concentration 

of purine and pyrimidine nucleotides which inhibit its activity 

(Figure 4) (Wyngaarden and Kelley, 1983). 

Further control of de n:,vo purine biosynthesis is exerted on the enzyme 

responsible for the camti.tted step, amidophosph::>ribosyltransferase. 

This enzyme is allosterically inhibited by the end products of the 

reaction, AMP and GMP. These nucleotides prarote aggregation of the 

enzyme into a metabolically, inactive form while PPRP causes 

disaggregation to the active, rrorx:meric form (Holmes et al., 1973). 
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ATP,GTP 
2,3-DPG i 

_ ·;~~ AMP,GMP) 
R1bose5-P ;fPP-R,bou·P "" ( t 'rrnlhf~ t--t>PP-Ribose-P (A;ri; 

ATP,). GI I . H~P-Ribosyl-NH2 ---+-IMP u amine 

ADP ther 
Nucleolides 

NAO,FAD 

Figure 4 Diagrarrmatic representation of the feedback inhibitors of 
purine biosynthesis reactions catalyzed by PPRP synthetase 
and amidoplX>sphorioosyltransferase (amido PRT) 

2,3-DPG: 2,3-diphosphoglycerate 
P-rioosyl-~ : {3 -5-phosphorioosyl-l-amine 

(Wyngaarden and Kelley, 1983) 
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The purine ribonucleotide interconversions (figure 2) are also 

regulated. G1P inhibits IMP dehydrogenase, the enzyme which catalyzes 

the formation of xantoosine IIDIX>ph:)sphate which is then converted to 

G1P. This second step in the conversion of IMP to G1P requires ATP as 

an energy source. AMP and GDP inhibit adenylosuccinate synthetase 

which catalyzes the conversion of IMP to adenylosuccinate. 

Adenylosuccinate is then converted to AMP by adenylosuccinase. The 

first reaction in this~ step conversion requires GI'P as an energy 

source. The end products AMP and CMP thus control their own 

biosynthesis as .well as controlling the synthesis of the other 

nucleotide by providing an energy source. Thus the synthesis of G1P 

can be balanced by the corresponding AMP production and vice versa 

(Wyngaarden and Kelley, 1983). 

AMP and CMP also inhibit their respective ph:>sph:)ribosyltransferases, 

thus regulating their synthesis fran free bases (Kelley et al., 1969). 

Ribonucleoside diph:)sphates are converted to deoxyribonucleoside 

diph:>sphates by the enzyme ribonucleoside diph:)sphate reductase. The 

deoxyribonucleoside diph:>sphates are then ph:>sph:):rylated to fonn the 

deoxynucleoside triphosphates. Deoxynucleotide synthesis is depicted 

in Figure 5. This process is regulated. Accumulation of dATP inhibits 

the reductase enzyme, while_ the accumulation of d'ITP inhibits the 

reduction of the pyrimidines, UDP and CDP. Accumulation of dGI'P 

inhibits the reduction of GDP, UDP and CDP (Thelander and Reichard, 

1979). 



.ATP 
I 

CDP --+-i-+-+--'-.dCDP -----•• dCTP 

UDP -~i-+-+--, .... dUDP +++ dTTP 
'~ATP 

.,, 
... , .... ,,' 

.,-

I .... 
,,' 

,,,--

ADP 
1

' dADP lit dATP 

--. .. DNA 

Figure 5 Re;JUlation of deoxynucleotide synthesis 
Open bars represent inhibition and broken 
arrcMS represent activation 

(Thelander and Reichard, 1979) 
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1.1.2 Inborn errors of purine netabolism in man 

1.1.2.1 1\denine phosphoribosyltransferase 

Adenine ph:>sph:)ribosyltransferase (APRT EC 2.4.2.7) ph:>sph:)rylates 

adenine to produce AMP. PPRP is a cosubstrate of the enzyme. A 

deficiency of APRT, which is autosanally recessively inherited, 

presents clinically as urolithiasis, the stcnes ccnsistin;J 

pred::minantly of 2, 8 dihydroxyadenine. Besides the excreticn of 

adenine and its metabolites, there are IX> other biochemical 

abrx:mnalities, thus APRT is IX>t vital for the overall cx:::ntrol of purine 

metabolism ( Simronds and Van Acker, 1983). 

1.1.2.2 Adenosine deaminase and purine nucleoside phosphorylase 

AdeIX>sine deaminase (MJA EC 3.5.4.4) and purine nucleoside 

ph:>sph:)rylase (PNP EC 2.4.2.1) both catalyze reacticns which are 

involved in purine degradaticn ( figure 3) • MJA deami.nates adeIX>sine to 

irnsine and PNP catalyzes the cx:nversicn of irnsine or guarnsine to 

hyp:)xanthine and guanine respectively. PNP has IX> activity wi. th 

adeIX>Sine as a substrate (Kredich and Hershfield, 1983). A deficiency 

of either enzyme causes al:n:>rmalities in purine nucleoside metabolism 

that are toxic to lymph:x::ytes. In MJA deficiency, deoxyadeIX>sine 

accumulates and is converted to dATP which inhibits ribcnucleotide 

diph::>Sphate reductase (figure 5). In PNP deficiency, deoxyguarx::>sine 

accumulates and is cx::nverted to cnrP which inhibits the synthesis of 

dCrP and dITP, therefore DNA synthesis in resp:nse to an inmurx::,genic 

challen.;:1e fails because of a lack of pyrimidines (Watts, 1983). M:>st 
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patients with NJA deficiency lack cell-mediated and hurroral imnunity 

and have severe ccmbined ininurxxieficiency disease. Patients with a 

deficiency of PNP only have a defective cell-mediated inmunity (Kredich 

and Hersh£ield, 1983). 

1.1.2.3. xanthine oxidase 

Xanthine oxidase (EC 1.2.3.2) catalyzes the conversion of hypoxanthine 

to xanthine and xanthine to uric acid ( figure 3) • A deficiency of this 

enzyme has been found to be asymptanatic in sane cases, while in others 

xanthine calculi of the urinary tract developed. '!he node of 

inheritance is autosanal recessive (Holmes and Wyngaarden, 1983). 

1.1.2.4 5-Phosphoribosyl-1-pyrophosphate synthetase 

5-phJsplx>ril:XJsyl-1-pyropoosphate (PPRP) synthetase (EC 2.7.6.1) 

catalyzes the fonnation of PPRP fran ATP and ribose-5-phJsphate. A 

rn.nnber of variants of this enzyme have been identified. These variants 

result in an excessive rate of generation of PPRP which causes an 

acceleration of de nova purine biosynthesis. The patients exhibit 

hyperuricernia, uricosuria and gout. The node of inheritance is 

X-linked (Wyngaarden and Kelley, 1983). 

1.1.2.5 Hypoxanthine-guanine phosphoribosyltransferase 

The remainder of this introduction will be devoted to the structure and 

function of hypoxanthine-guanine poosplx>ril:x:>syltransferase (HPRT, 

EC 2.4.2.8) as well as the consequences of a deficiency of it. 



1.2 HPRl' STRI.Cl'URE AND FUNCTION 

HPRT catalyzes the transfer of ph::>sph::>ribose £ran PPRP to the 9 

:POSition of hyp::>xanthine or guanine to fonn IMP or G1P respectively 
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( Figure 6) (Kornberg et al., 1955). In man, unlike in bacterial cells, 

a single enzyme catalyzes the reaction for both substrates. This has 

been suggested by the fact that the~ substrates have identical rates 

of heat inactivation, identical electrophoretic nobilities under 

several conditions and the genetic loss of one reaction is acccmpanied 

by loss of the other (Henderson, 1968). 

HPRT is a soluble, cytoplasmic protein which is widely distributed in 

tissues. It accounts for 0.005-0.04% of total proteins (Stout and 

caskey, 1985). In man, the highest activity is found in the brain, 

within the basal ganglia. Relatively high levels have also been found 

in leukocytes, fibroblasts and gonadal tissue. Generally, HPRT 

activity is highest in rapidly dividing tissue (Kelley and Wyngaarden, 

1983). 

The HPRT protein is 217 am:inJ acids in length with a subunit rrolecular 

weight of 24 470. The initial methionine has been cleaved. The amiix> 

tenninal alanine is acetylated (Wilson et al., 1982a). 

There has been a controversy over the number of subunits in the native 

enzyme rrolecule. Certain investigators have ccmpared the apparent 

rrolecular weights of the native enzyme rrolecule and the subunits and 

proI)Osed that the enzyme exists as a trimer in Otlnese hamster brain 

( Olsen and Milman, 1974) and in rrouse liver (Hughes et al., 1975). 



0 

PP~P; 
H(x) 

Hypoxanthine 

H,03POtJ 
OH OH 

IMP Hypo:r.anthine-auanine 
phosphoribosyltransferase 

0 

H)~~ :,o3Pot} 
Guanine 

Figure 6 The reactions catalyzed by HPRT 

P-R: ribose-5-phosphate 
PPRP: 5-phospooribosyl-l-pyropoosphate 
PPi: inJrganic pyrophosphate 

OH OH 

GMP 
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Muensch and Yoshida (1977) obtained different results for the apparent 

size of the subunits of hlllT\811 erythrocyte HPRT using different metlros. 

With sedimentation equilibritnn methods, they obtained a subunit size of 

41 000-45 000 and the size of the native rrolecule was estimated to be 

84 000, thus suggesting a dimer. However, with SDS polyacrylamide gel 

electroph:>resis, they estimated the subunit size to be 26 000, thus 

suggesting a trimeric sb:ucture. Arn:>ld and Kelley (1971) also 

canpared apparent rrolecular weights of the native rrolecule and the 

subunits and proposed a dimeric sb:ucture. Johnson et al. (1979) 

examined the interaction between rrouse and hlllT\811 enzyme subunits in 

hybrid cells under conditions of isoelectric focusing ( low ionic 

strength) and observed the fonnation of dimers. However, in high ionic 

strength, the dimers associate to fo:rm tetramers. Holden and Kelley 

(1978) covalently crosslinked the purified enzyme with dimethyl­

suber.imidate, dimethyladip.imidate and glutaraldehyde and analyzed the 

products on SDS gels. They observed 4 bands indicating the presence of 

a tetramer, which is rrost likely to consist of a dimer of dimers. 

Isoelectric focusing of the hlllT\811 erythrocyte enzyme has revealed that 

there are nrultiple fo:rms of the enzyme (Arn:>ld and Kelley, 1971; Davies 

and Dean, 1971; Gultnnian and Wakid, 1975; Johnson et al., 1982). Rubin 

et al. (1971) identified two peaks of activity in htnnan erythrocyte 

HPRT after DFAE-cellulose chranatography. Balmy and Nyhan ( 1975) 

separated four isoenzymes by pol yacrylamide gel electroph:)resis. This 

electroph:>retic heterog-eneity cannot be explained by nrultiple genes 

because a single genetic event leads to a cx:mplete deficiency of the 

enzyme in man nor can it be explained by nrultiple alleles because sane 

of the studies were perfo:rmed on erythrocytes fran males wh:>, since the 
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enzyme is X-linked, would only have one allele (Anx>ld and Kelley, 

1971). The fibroblast enzyme does rx:>t exhibit electroph:)retic 

heterogeneity (Zannis et al., 1980) and neither does the enzyme 

prepared fran cultured lymph:)blasts and white blood cells (Johnson et 

al. , 1982) • Wilson et al. ( 1982a) have isolated and characterized 

tryptic peptides of hunan HPRT and identified asparagine/aspartic acid 

heterogeneity at arnirD acid 106. Studies have indicated that this is 

due to deamidation of the protein in vivo. This p:::>st translational 

m:x:iification partly accounts for the observed electroph:>retic 

heterogeneity. 

HPRT can bind and ril::xJsylate a variety of different substrates besides 

hypoxanthine and guanine. The enzyme binds 6-oxo or 6-thiopurines but 

rx:>t 6-arnirD canpounds. A 2-arnirD group enhances binding whereas a 

2-hydroxyl group diminishes it. Methylation of any of the ring 

nitrogens except N-1 prevents binding by the enzyme (Krenitsky et al., 

1969). Included in these substrates are the toxic purine analogues, 

6-thioguanine, 8-azaguanine, 6-mercaptopurine and 6-aza-hypoxanthine 

which are used as a means to select HPRT" cells. HPRT can also bind 

allopurirx:>l. Xanthine is also a substrate, alth::rugh the reaction 

proceeds at 0.3% of the rate of the reaction with hyp:::>xanthine or 

guanine (Seegmiller, 1976). 

Magnesium activates the enzyme by canplexing with PPRP. PPRP in the 

climagnesium salt form, is the true substrate for HPRT. The HPRT 

catalyzed reaction is inhibited at high M;}Cl2 CDncentrations due to a 

canpeti ti ve inhibition of ~ • with respect to the dirnagnesium salt of 

PPRP. This suggests that these ionic species bind to the same enzyme 
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form (Salem:> and Giaccmello, 1981). The enzyme is nost active at 

magnesium concentrations ranging fran 5-20 nM (Kelley and Wyngaarden, 

1983) . An activity versus substrate concentration plot exhibits 

hyperoolic kinetics with increasing PPRP concentration. Havever when 

the magnesium to PPRP ratio is very lav, the CUIVe is sigrroidal in 

character (Krenitsky et al., 1969). 

The substrates bind in an orderly sequence, PPRP first and then the 

purine base, with the formation of a ternary canplex, E:PPRP:purine. 

The products are released in a randcm order (Salem:> and Giaccmello, 

1979). Havever, when the magnesium concentrations are relatively high 

( in large excess of the PPRP concentration), the precbninant reaction 

sequence is a ping-pong mechanism involving an enzyme-ph:>spooribosyl 

intennediate (Krenitsky and Papaioannou, 1969). 

The apparent ~ in human erythrocytes for guanine is 5 x 10- 6 M, for 

hypoxanthine it is 1.7 x 10- 5 Mand for PPRP it is 2.5 x 10- 4 M 

(McDonald and Kelley, 1971). 
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1.3 GENE S'l'Rlx::.ruRE 

The human HPRT enzyme is coded for by a single gene which resides on 

the X chrarosane in the region Xq26-27 (Figure 7) (Pai et al., 1980). 

Q 
2 

115 loci 
including 

Figure 7 Gene map of the human X chrarosane 
(Mc:Kusick, 1983) 
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The cDNA has been cloned and has been used to study the gene 

structure. Brennand et al. (1982) identified a rrouse neuroblastana 

cell line which produces 20-50 fold increased levels of an altered HPRT 

protein. They purified HPRT mRNA fran this cell line and used it to 

synthesize HPRT cDNA. This cloned nouse cDNA was used to identify 

human and nouse HPRT cDNA recanbinants (Patel and Caskey, 1985). Jolly 

et al. (1982) transfected HPR'r- nouse cells with total human DNA and 

then isolated a gen:mic clone containing a portion of the HPRT gene. 

This clone was then used as a probe to isolate a full length cDNA 

clone encoding the human HPRT enzyme fran a human cDNA library (Jolly 

et al., 1983). The inferred amino acid sequence was detennined fran 

the nucleic acid sequence of this cDNA and it was in ccmplete agreement 

with the amino acid sequence of the protein detennined by Wilson et al. 

( 1982a). 

The gene codes for a mRNA which is 1 600 bases in length ( Lin et al. , 

1982) and has an open reading frame of 654 nucleotides. The 3' 

!X)ncoding region tenninates with a polyadenylated sequence. HPRT mRNA 

accounts for O. 01 % of total mRNA (Melton et al. , 1981) . The human 

gene is approximately 42-44 kilobases in length and is ccmposed of 9 

exons and 8 introns (Kim et al., 1986 and Patel et al., 1986). The 

coding region thus accounts for less than 5% of the gene. The exons 

range in size fran 18 to 637 nucleotides and the introns fran 0.17 to 

13.3 kilobases in length (Figure 8). 

The splice junctions at -the ooundaries of each exon conform to the 

consensus sequences fran other eukaryotic genes (Kim et al., 1986; 

Patel et al., 1986). r-bst eukaryotic genes which code for mRNAs 
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ccntain ~ regulatory sequerx::es in their 5' flankin]' regic:n, the TATA 

oox and the C.AAT sequence. The HPRT gene lacks both these sequerx::es, 

rut the 5' n::nc:x::x:lin: region is rich in guanine and cytosine residues 

(G+C rich) (approximately 80% in ccntrast to approximately 46% in the 

c::x:xli.n;J region and approximately 32% in the 3' untranslated region 

(Patel et al., 1986)) and contains several copies of the sequence 

5' -cxx;cxx:-3' • The HPRT mRNAs have multiple ini tiatic:n sites which are 

located aoout 104 to 169 base pairs upstream fran the translatic:n 

initiatic:n c::x:xbn. These features have also been found in other 

hJusekeepinJ genes ( Patel et al. , 1986). There are also ~ regic:ns in 

the 5' flankin]' region that are h:nologous to the enhanc:er core 

sequence in the SV40 72 base pair repeats (Kim et al., 1986). 

The HPRT gene is highly conserved with 95% lx:m:Jlogy between human and 

rrouse genes in the 5 ' c::xJdi.n;J region. There are au y 7 amin:> acids 

which differ and nearly all are the result of sin]le rrucleotide 

differerx::es in the correspondin';J DNA sequerx::es (Otlnault and Caskey, 

1984). The exon-intrcn juncticns of the human gene are identical to 

th:)se of the rrouse gene, though the sizes of the intrcns differ 

( Figure 8), which results in the rrouse gene beinJ smaller than the 

human gene. The rrouse gene is 34 kilobases in len;rth (Mel ten et al., 

1984a). However the relative sizes of the intrcns in these ~ genes 

are the same (Kim et al., 1986; Patel et al., 1986). There is 51% 

h:nology between the~ genes in the 5' flankin]' regic:n up to 

approximately 299 base pairs upstream fran the translatiOO: initiatic:n 

c::x:xbn. There is 74% h:nology in the 3' untranslated regic:n (Kim et 

al., 1986). The rrouse gene also lacks the C.AAT sequence and TATA oox 
and like the human gene is G+C rich in the 5' flanking regic:n ( Mel ten 

et al., 1984a). 
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Four HPRT-like autosanal sequences have been identified :in the human 

gen::me. One is lo:ated on chraroscme 3, one on chraroscme 5 :in the 

region between 5p13 and 5qll and two on chraroscme 11. These sequences 

probably represent :intronless "pseudogenes" which are n:::>t expressed 

(Patel et al., 1984). 

At an early stage of embryonic developnent, one of the X chrarosanes in 

female sanatic cells is inactivated and fo:rms a Barr body (Lyon, 1961). 

This inactivation event is rand::m and either the pate:mally or 

maternally derived X chrarosane can be inactivated. HCMever once it 

occurs it is fixed for that cell and its progeny. There is evidence 

for the role of rnethylation of cytosine residues :in DNA :in the 

ma:intenance of X-chraroscme inactivation (Gartler and Riggs, 1983). 

The rnethylation pattern of the HPRT gene has been studied. There is 

hypanethylation of 5' clustered regions of the gene on the active X 

chrarosane relative to the inactive X chraTOsane (Wolf et al., 1984; 

Yen et al., 1984) and extensive rnethylation of the 3' sequence of the 

gene on the active X chrarosane. This pattern is the same in all 

tissues, h:Mever, the inactive alleles have a variety of patterns 

(Wolf et al., 1984). Yen et al., 1984 thus suggested that the overall 

pattern of rnethylation is imp:::>rtant :in ma:intaining X inactivation. 
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1.4 HPRI' DEFICIENCY 

1.4.1 Clinical Features 

A virtually canplete deficiency of HPRT results in the Lesch-Nyhan 

syndrane (Seegmiller et al., 1967) which was first rep:)rted in two 

brothers woo were 5 and 8 years old. They presented with mental 

retardation, cerebral palsy, cooreoathetosis, self-mutilation and 

hyperuricernia (Lesch and Nyhan, 1964). The self-mutilation is a 

canpulsive behaviour as the pain sensation is intact. The children are 

also aggressive tc:Mards other people (Nyhan, 1978). Patients with a 

partial enzyme defect have a severe form of gout, hyperuricernia and 

excessive purine synthesis (Kelley et al., 1967), but generally lack 

the neurological and behavioural features of the canplete deficiency. 

Generally, there are less neurological symptans as the residual HPRT 

activity increases. However, this correlation between enzyme activity 

and clinical characteristics does I'X)t always apply. Dancis et al. 

( 1973); Emnerson et al. ( 1972) and Geerdink et al. ( 1973) all rep:)rted 

patients lacking neurological abnormalities, yet I'X) or very low HPRT 

activities were detected in erythrocytes. Rijksen et al. (1981) 

described a Lesch-Nyhan patient with 5-10% activity in erythrocytes. 

Page et al.(1981) denonstrated a correlation between the severity of 

clinical symptans and the amount of residual activity in intact 

fibroblasts. This could be due to the fact that the HPRT activity in 

intact cells may vary fran the activity in erythrocyte lysates. 

Watts (1985) prop:)sed that the neurological symptans of. Lesch-Nyhan 

syndrane are due to an imbalance of the neurotransmitters. GI'P is the 
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sub.strate for the rate limitinJ step of de rx:,vo pterin synthesis. 

Tetrahydrobiopterin acts as a cofactor for the rn:n:>-OXY9enases involved 

in the production of rorepinei;lhrine, cbpamine and serotarl..n. Thus a 

deficient HPRT would result in decreased G1P and thus G1'P levels and 

thus vnild affect the production of the menticned neurotransnitters. 

LcM GTP levels were found only in patients with neurological 

involvement and rot in patients with gout ( Sinm::nds et al. , in press) 

which thus provides support for the theory of watts (1985). 

1.4.2 Associated bicx:::hemical ahxmnalities 

Otlldren with the Lesch-Nyhan syndrone excrete 4 to 8 tiloos the n::>nnal 

arrount of uric acid based on body weight, in their urine. They also 

excrete an increased anount of 5-amin::>-4-imidazole carooxamide, a 

purine precursor. There is also an increase in the excretion of 

hypoxanthine relative to xanthine (Seegmiller, 1976). 

APRT is increased in erythrocytes of patients with a carplete 

deficiency of HPRT as well as in many patients ~th a partial 

deficiency. This is probably due to a stabilization of the APRT by the 

high concentration of PPRP, which may cause a decreased degradation 

rate and thus an increased APRT activity (Kelley and WyNJaarden, 1983). 

Lcmnen et al. (1971) observed reduced concentrations of ATP, ADP and 

AMP in erythrocytes of Lesch-Nyhan patients, rut the GTP cxncentration 

was observed to be n::>nnal. Because of this fil'ldinJ, the enzyire IMP 

dehydrogenase was studied. HPRT deficient patients have increased IMP 

dehydrogenase activities in erythrocytes only. This might be due to 



insensitivity of this enzyme in HPRT deficient erythrocytes to 

inhibition by 2,3-diphosplxglycerate (Lamlen et al., 1974). 
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Orotate phosph:>ribosyltransferase and orotidine 5'-phosphate 

decarboxylase catalyze the conversion of orotate to uridine 5'­

phosphate. Both these enzyme activities are increased only in 

erythrocytes. There is IX> evidence for stabilization by PPRP or other 

dialysable factors (Beardrrore et al., 1973). 

There is an increased intracellular concentration of PPRP. This is 

probably due to decreased utilization of PPRP because of a defective 

HPRT. Because of this increased concentration of PPRP, there is rrore 

available as a substrate for PPRP amidotransferase, the rate limiting 

enzyme for de IXJVO purine biosynthesis. This would cause an increase 

in synthesis of purines and, ultimately, in their breakdcmn. to uric 

acid. A diminished salvage pathway and thus diminished replacement of 

nucleotides, which are feedback inhibitors of the de IXJVO pathway, also 

cause an increased purine synthesis and ultimately an increased uric 

acid concentration (Figure 9) (Kredich and Hershfield, 1983). 
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uric acid in HPRT deficient patients canpared 
with normal individuals 

(Kredich and Hershfield, 1983) 
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1.4.3 Heterozygotes 

Because the HPRT gene is X-linked, only hemizygous males exhibit 

symptans of the deficiency, whereas females are carriers of the 

deficiency. HCMever, because of the inactivation of one of the X 

chrarosanes in females, they are functionally hemizygous. The 

inactivation is a randcm process, thus heterozygotes for HPRT 

deficiency sh:::mld have a mixture of nJrmal and mutant cells. This 

m::>saicism has been observed in fibroblasts (Migeon et al., 1968) and 

hair follicles (Gartler et al., 1971) of heterozygotes and is used for 

diagnJSis of heterozygotes for the Lesch-Nyhan syndrane. HCMever, 

erythrocytes appear to be nJrmal (Nyhan et al., 1970; Emnerson et al., 

1972; McDonald and Kelley, 1972; Johnson et al., 1976). In contrast, 

heterozygotes of the partial deficiency have two populations of cells 

in erythrocytes (Balmy et al., 1972; Emnerson et al., 1972; Fox et al., -- --

1976). The absence of mutant HPRT cells in erythrocytes of Lesch-Nyhan 

heterozygotes is due, either to an inactivation of the X chrarosane 

that is nJt rand:::m, or selection against the mutant cells after randcm 

inactivation (Nyhan et al., 1970). HCMever, it is nJt always true that 

heterozygotes for the partial deficiencies exhibit reduced HPRT 

activity in erythrocytes. Snyder et al. (1984) reported a family where 

four related males had partial HPRT activity but lacked severe 

neurolog-ical symptans, yet the obligate heterozygotes had nJrmal HPRT 

activity in their erythrocytes. It has also been slnvn that a 

heterozygote for the Lesch-Nyhan syndrane exhibited intenuediate 

activity in erythrocytes (Shaltiel et al., 1981). 
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1.5 HPRT MJl'ANTS 

Lesch-Nyhan patients Cann:)t reproduce and the heterozygotes haven::> 

apparent selective advantage (Wilson et al., 1983a). Haldane's (1935) 

principle predicts that in order for this syndrane to be maintained in 

the population, new mutations must occur frequently at the HPRT locus. 

Many HPRT deficient patients have been described and they all have 

different mutations. Mutants have been described that differ with 

respect to isoelectric points (Wilson et al., 1982b; Wilson et al., 

1983b; Wilson and Kelley, 1983; Wilson and Kelley, 1984), 

electroph:)retic nobilities (Bakay and Nyhan, 1972; Bakay et al., 1972; 

Sweetman et al., 1978; Wilson et al., 1982b; Wilson et al., 1983b; 

Wilson and Kelley, 1983; Wilson and Kelley, 1984; Wilson et al. , 1986), 

thernolability (Kelley and Meade, 1971; Dancis et al., 1973; Rijksen et 

al., 1981; Wilson et al., 1982b; Snyder et al., 1984), in vivo 

stability (Arn::>ld et al., 1972), altered sensitivity to inhibition by 

Gu> (Kelley and Meade, 1971; Fox et al., 1975; Gutensohn and Jahn, 

1979; Wilson et al. , 1983b), decreased enzyme concentration (Wilson et 

al., 1983b; Wilson et al., 1983c), decreased maximal velocity (Wilson 

and Kelley, 1984) and altered Michaelis constants (McDonald and Kelley, 

1971; Bakay et al., 1972; Benke et al., 1973; Sweetman et al., 1978; 

Page et al., 1982; Wilson et al., 1983c; Wilson and Kelley, 1984; 

Wilson et al., 1986). 

Many of the variant enzymes have been purified and the structural and 

catalytic characteristics have been studied. Because each of the 

variants exhibited a unique set of structural and catalytic 
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characteristics, Wilson et al. (1983a) have identified each variant 

with the city in which the patient with the defect lived. Seven 

variants have so far been characterized ( Table 1). Wilson et al., 1986 

have identified a patient with an enzyme variant which appears 

identical to HPRTLondon even th::>ugh the two patients share IX> apparent 

ccmron heritage. Ti:yptic peptides of four of these variants have been 

mapped and sequence analysis performed on aberrant peptides in order to 

define the precise abnormality in the primary structure of the enzyme. 

All four variants have single amin:> acid substitutions which can be 

~lained by a single nucleotide change (Wilson and Kelley, 1983; 

Wilson et al., 1983b; Wilson et al., 1983c; Wilson and Kelley, 1984) 

(Table 2). 

Yang et al., 1984 studied restriction fragments of DNA fran five Lesch­

Nyhan patients. They all had different, major gene alterations 

( Figure 10) . 

All these nrutants are evidence for the genetic heterogeneity in HPRT 

variants and thus confinn Haldane's principle. 
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RJK 3467 

RJK X-l9 

G\I 1662 

RJK S5J 

Figure 10 

IIPRT 
Toronto 
( 3 . a. 50 l 

HPRT 
Kins t0n 
I 3 . a. \')J) 

9 

,_l _____ Dc_l ____ ) 

f-l-------D-'-,:,I _______ ) 

Del 

,___? _In_~ ___,? 

Dd 

Human HPRT mutants 

Point mutations are indicated-within the 
respective exons. Major gene alterations are 
indicated by del (deletion) and ins (insertion). 
GM 1662 is an endoduplication mutant. 

(caskey, 1987) 
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1.6 HPRl'Cape Town 

The proband ( T. K. ) presented with ureteric colic, arthritis, mental 

retardation and very mild neUIOlogical abnormalities. Purine salvage 

was studied in fibroblast cultures and the proband was found to have 

10% of control HPRT activity (Cassidy et al., 1980). Detailed studies 

were performed on the kinetics of the enzyme fran erythrocyte 

haerrolysates. The low HPRT activity was not associated with changes in 

the ~ or Vmax for any of the enzyme substrates. However, the enzyme 

exhibited low activity at high concentrations of the purine substrates, 
hypoxanthine and guanine, but not with PPRP. The type of inhibition 

was found to be uncanpetitive substrate inhibition. The variant enzyme 

exhibited an ordered sequential reaction mechanism with the inhibitory 
substrate binding after the non-inhibitory substrate and fonning a 

dead-end canplex with an enzyme-pyroph:>sphate intermediate. This traps 
the enzyme in an inactive fonn (Figure 11) (Steyn and Harley, 1984). 

PPRP Hx IMP ppj 

E---'-----L-_______ _.__ ___ -,--_,_E 
E~~RP E~~ EPPRP Eppj 

-Hx 
Hx 

Eppj 

Figure 11 Proposed reaction mechanism for HPRTcape Town at high concentrations of hypoxanthine 
(Steyn and Harley, 1984) 
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Because this enzyme represents a different HPRT variant, it was named 

HPR'l'cape Town' after the city in which the proband lives. 

The proband's lymphoblasts exhibited growth patterns similar to those 

of HPR'F cells i.e. growth in thioguanine-containing medium, but lack 

of growth in HAT medium or MAGAT medium (mycophenc>lic acid, adenine, 

guanine, amethopterin and thymidine (Steyn and Harley, 1985)) 

indicating that the cells were deficient in hyp::>xanthine and guanine 

salvage. Purine incorporation was measured to be less than 10% of 

controls, which is in agreement with the pro:i;:osal that there are less 

neurological abn:)nnalities as the residual enzyme activity increases. 

HPRTCape Town cells exhibited 8 fold higher de n:JVO purine synthesis 

than control cells. The intracellular concentration of guanine 

(44-150 µrrol/1) (Harkness, unpublished results) was in excess of the 

~ < a PP l for this substrate ( 28 ;..nrol/1) which implies tpat the low 

intracellular activity is due to substrate inhibition by guanine (Steyn 

and Harley, 1985). 

Wohlhueter (1975) re:i;:orted enzyme kinetics features which could be 

interpreted as substrate inhibition in n:>nnal rat liver HPRT, whereas 

the enzyme fran rat hepatana cells exhibits n:>nnal hyperb:>lic kinetics. 

This implies that the altered HPRT activity in rat liver is a secondary 

phencmeron. It was n:>t certain whether the substrate inhibition in 

HPRTCape Town is a consequence of a mutation in the gene coding for the 

enzyme, a mutation resulting in altered :i;:ost-translational m:xlification 

or even the absence or alteration of a factor influencing n:>nnal HPRT 

kinetics. 
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In order to detennine whether the substrate inhibition exhibited by 

HPRTc T is confined to erythrocytes, or is a nore generally ape own 

expressed pheronero1 in other cell types, the kinetics of enzyme 

preparations £ran cell free extracts of Epstein-Barr virus transfo:rmed 

lymph:>blasts were studied. 

The kinetics of the enzyme in erythrocyte lysates and cell free 

extracts of lymph:>blasts £ran the proband's daughter (B.K.) were 

studied in order to determine the type of mutation. 

It is kocMn that the enzyme is labile in the partially purified fonn 

(Steyn and Harley, 1984), thus a full characterization of the defect by 

purification to h::nogeneity would n:::>t be feasible. The defect was thus 

studied at the gene level. Restriction fragments of the proband' s DNA 

were canpared with a rDnnal control. The RNA was studied by Northern 

blotting and Sl nuclease analysis. Finally, an attempt was made to 

clone and sequence the mutant cDNA to define the precise nature of the 

defect. 
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2.0 BIOCHEMICAL PROPERTIES 
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2.1 lNTROIX.Cl'ION 

HPRT is coded by a gene that resides on the X chraTDscme (Pai et al., 

1980). The proband' s daughter was therefore studied in order to 

resolve the type of mutation causing the defect in HPRTcape Town· If 

the defect is in the gene coding for the enzyme, the daughter \\Duld 

exhibit the characteristics of a heterozygote. However, if the defect 

was due to the absence or alteration of a cofactor for HPRT, this \\Duld 

rx:>t necessarily be coded for on the X chraTDscme and therefore, the 

daughter \\Duld rx:>t be an obligate heterozygote. 

The proband' s daughter's enzyme was studied in t\\D ways. Firstly, the 

kinetics of the enzyme fran erythrocyte lysates and cell-free extracts 

of EBV-transfonned lymphoblasts were studied. Secondly, the grcMth of 

transformed lymphoblasts in selective media was studied. 

The enzyme kinetics were studied using a radiochemical metlxxl with 

[8-14 C] hypoxanthine as the enzyme substrate. The product, IMP, was 

separated fran unreacted substrate by PEI-cellulose thin layer 

chranatography. Aliquots were taken at defined time intervals (within 

the linear part of the product versus time reaction) and the data 

fitted to the equation for a straight line. The rate of formation of 

the product was determined fran the slope of the line. 

The grcMth of transfonned lymphoblasts was studied in t\\D selective 

media, HAT and 6-thioguanine. HAT contains hypoxanthine, aminopterin 

and thymidine. Aminopterin inhibits the tetrahydrofolate requiring 

steps of de novo purine biosynthesis as well as the addition of the 
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5-irethyl group in thymidine synthesis ( De Mars, 1971) • The cells are 

therefore reliant on the salvage of hypoxanthine by HPRT and thymidine 

by thymidine kinase for their supply of purines and pyrimidines 

respectively. Cells which are deficient in HPRT activity cann:>t 

salvage hypoxanthine and are thus unable to proliferate in HAT ireditnn. 

6-thioguanine, a toxic analogue of guanine, is a substrate of HPRT. It 

is cx:nverted to its toxic nucleotide form by HPRT activity, therefore 

cells which are HPRT deficient will be resistant to its cytotoxic 

effect (Seegmiller, 1976). 

The kinetics of enzyme preparaticos fran cell-free extracts of EBV­

transfonned lymph:>blasts were studied to determine whether the 

substrate inhibition was c::x::>nfined to ei:ythrocytes or whether the 

substrate inhibition was a rrore generally expressed phen::roorx:n. 

The p:roband will be referred to as T.K. and his daughter as B.K. 



2.2 RESULTS AND DISClJSSIOO 

2.2.1 Enzyne kinetics in erythrocyte lysates 

The effect of hypoxanthine concentration on the HPRT activity in 

control, T. K. and B. K. 's erythrocyte lysates is shcMn in Figure 12. 
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The data was fitted to the appropriate rate equations using the 

reiterative method of Wilkinson (1961). The data for T.K. was fitted 

to equation 1, which includes a tenn for substrate inhibition. Control 

data was fitted to equation 2, the equation for hyperbolic kinetics. 

V = (1) 

V = (2) 
~ + s 

where V is the initial velocity, Vmax the maximum velocity, S the substrate concentration, ~ the Michaelis constant and IS_ the dissociation constant of the second substrate rrolecule. 

The control enzyme exhibited normal hyperbolic dependence on the 

substrate concentration. T.K. 's enzyme exhibited substrate inhibition 

as previously described by Steyn and Harley (1984). The data for B.K. 

did not converge with either equation and therefore the data points 

were connected with straight lines. B.K. 's enzyme exhibited 
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intennediate enzyme activity; i.e. activity between that of the conb:ol 

and the proband. A canputer simulation was therefore generated for the 

substrate velocity relationship ( equation 3) which WJuld be predicted 

to exist for a heterozygote possessing a mixture of equal proportions 

of an enzyme with normal kinetic parameters and an enzyme with similar 

~ and Vmax values but with a ~ value of 80 µroles for hypoxanthine. 

This is the value which was determined for T.K. (Steyn and Harley, 

1984). 

( 

Vmax .S 
V = 

~ + s 
(3) + 

~ + s 

The canputer simulated plot, which is depicted in Figure 13, closely 

resembles the plot constructed fran B.K. 's enzyme kinetic data. 

This finding is consistent with the study of Eimlerson et al. (1972) wh:> 

derronstrated that heterozygotes for a partial deficiency of HPRT 

exhibited HPRT activities in erythrocyte haerrolysates that ranged 

between 22% and 75% of normal values. 
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2.2.2 Selective media experiments 

The effect of selective agents on the grcMth of lymphoblasts fran a 

normal individual, T.K., B.K. and a Lesch-Nyhan lymphoblast line, 

G11899, fran the NICMS Human Genetic Mutant Cell ReIJC)sitory, was 

studied. 

42 

The effect of HAT medium is sh::Mn in Figure 14. The control cells 

proliferated in this medium, whereas the Lesch-Nyhan cells were unable 

to survive. T .K. and B.K. 's cells were also unable to survive in the 

presence of this medium. All the cell lines proliferated in the 

absence of this selective agent. The grcMth patterns observed were 

therefore due to the effect of the selective agent and not. a 

characteristic of the cell line being studied. 

This result implies that T.K. and B.K. 's cells are deficient in 

hypoxanthine salvage. 

The effect of 6-thioguanine is sh::Mn in Figure 15. The control cells 

were unable to proliferate, whereas the Lesch-Nyhan cells continued to 

proliferate and were therefore inmune to the cytotoxic effects of 

6-thioguanine. T.K. and B.K. 's cells were initially able to 

proliferate, and then growth of the cells slowed down. This can be 

attributed to the residual HPRT activity present in HPRTcape Town which 

is probably sufficient for thioguanine to be salvaged to the extent 

that it starts exerting its cytotoxic effects. 
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Pootographs of the growth of T.K.'s cells in the absence of a selective 

agent and in the presence of HAT medium are slxMn in Figure 16. These 

provide a visual denonstration of the absence of growth in the presence 

of HAT medium. These cells lack the characteristic projections 

observed in normal, healthy cells which can be seen in the photograph 

of T.K. 's cells grcMn in the absence of a selective agent. 

Figure 16 

a 

b 
u 

• .._ .rl 
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Pootographs of the growth of T .K. 's cells in 
a) medium without the addition of a selective agent 
b) HAT medium 

The cells observed are lymphoblasts which grcM in 
suspension as individual cells or in colonies. 

. ... 
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There are~ interpretations for the observation that B.K.'s cells 

exhibited growth characteristics in selective media which resemble 

th)se of her father's cells. Firstly, because B.K. 's cells are 

expressing predaninantly the variant enzyme, it is possible that this 

cell line represents a clone, or clones, which have suppressed the 

function of the X chrarosane carrying the maternal, and presumably 

rxmnal HPRT allele. This is IX)t an unusual phe:rx:men:::>n in cell lines 

fran patients heterozygous for X-linked mutations (Bcoth and Nadler, 

1974). 

A second interpretation is that B.K. has inherited an autosanal 

dcm:i.nant or X-linked gene fran her father which produces a factor which 

mxli.fies IX)rmal HPRT activity. B.K. would therefore derronstrate the 

characteristics of a partial HPRT deficient enzyme. Ogasawara et al. 

(1984) reported a case of a female with the Lesch-Nyhan syndrane, thus 

suggesting a defect separate fran a defective gene cxxling for the HPRT 

enzyme. 

However, these selective media results sh:>uld IX)t be studied in 

isolation, but interpreted together with the erythrocyte enzyme reults. 

These results suggest that B.K. is a heterozygote and because 

erythrocytes are a rrore representative population of cells than 

transfonned lymph:)blasts, it is rrost likely that the first 

interpretation is correct and that the defect is probably in the HPRT 

gene itself. However, there is still a re.note possibility that the 

substrate inhibition is due to a dcm:i.nantly inherited, or X-linked, 

mutant gene constitutively producing a factor influencing HPRT 

activity. 
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2.2~3 F.nzyme kinetics in cell-free extracts of lyrrphoblasts 

The effect of hyp:)xanthine concentration on HPRT activity in dialysed 

lymphoblast extracts is sham in Figure 17. The lymphoblast extracts 

were dialysed prior to assaying the enzyme activity. This was 

necessru:y in the proband in order to renove the inhibitory substrates 

which were present in the lymphoblasts. If the extracts were not 

dialysed, then the enzyme activity, at even the lCMest substrate 

concentration, ~uld be very lCM due to the intracellular, inhibitory 

substrates. 

The control enzyme exhibits hyperbolic dependence on the substrate 

concentration. The enzyme activity fran both T.K. and B.K. 's extracts 

exhibited substrate inhibition. The data was fitted to the appropriate 

rate equations, but the data for B.K. did not fit either equation. The 

data points have therfore been connected by straight lines. 

The substrate inhibition exhibited by T.K. slx:Jws that this phenanen::>n 

is not confined to erythrcx;ytes, but is a rrore generally expressed 

pheocmenon. The proband' s clinical phenotype is therefore canpatible 

with decreased HPRT activity, with physiological levels of guanine 

(and hyp:)xanthine) causing substrate inhibition. 

Cell-free extracts fran B.K. exhibited substrate inhibition of HPRT 

that resembled that of her father. The likely explanation for this is 

that the lymphoblast cell line is lyonised in favour of the ITn..1tant 

HPRT. 
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Figure 17 Effect of hypoxantlrine concentration on the activity of control and variant enzyme prepared fran transformed lympooblasts 
A control; • T.K.'; • B.K. 
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3.0 GENEl'IC PROPERTIES 
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It is~ that the mutant enzyme is labile in the partially purified 

form (Steyn and Harley, 1984), thus the defect could rx:>t be 

characterized by purification of the enzyme to hcm:)g'eneity. The 

defect, was therefore studied at the gene level. 

The proband' s DNA was studied by Southern blotting analysis. Genanic 

DNA was digested to canpletion with various restriction enzymes and 

fractionated in agarose gels. The fragments were transferred to 

Hyoond-N membrane and hybridized to a 3 2 P-labelled full - length HPRT 

cDNA probe. The patterns were crnipa.red to thJse of a control in order 

to determine whether there were any major gene alterations (insertions 

or deletions) . It is also a renote possibility that a restriction site 

might have been lost or gained, which would indicate the presence of a 

single base substitution. 

The proband's RNA was studied by two approaches. Firstly, the RNA was 

studied by l'brthern blotting to determine whether the length of the 

message was rx:>rmal. 

Secondly, the RNA was studied by transcription mapping. Approximately 

83% of Lesch-Nyhan patients, whose DNA was studied by Southern 

blotting, appeared rx:>rmal. This suggests that the mutations probably 

result fran single base mutations (Yang et al. , 1984). This has been 

slx:Mn in four variants where tryptic peptides have been mapped and the 

aberrant peptides sequenced (Wilson and Kelley, 1983; Wilson et al., 

1983b; Wilson et al., 1983c; Wilson and Kelley, 1984). 
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Rilxnuclease A is able to recognize and cleave sane single-base 

misnatches in RNA heteroduplexes (Winter et al., 1985) and in RNA:DNA 

hybrids ( Myers et al. , 1985), whereas very few misnatches are cleaved 

by Sl nuclease in DNA:DNA hybrids. AA antisense RNA probe, generated 

fran HPRT cDNA cloned into in vitro transcription vectors, is required 

for this assay. The HPRT cDNA was therefore subcla10d into a :p:;EM-3 

vector which ccntains RNA polymerase praroters. The transcribed RNA 

was then hybridized to the proband's RNA and digested with Sl nuclease. 

The resultinJ fragments were analyzed by electroph:>resis and canpared 

with fragments produced by hybridization of the probe to central RNA. 

Finally, an attempt was made to prepare cDNA fran the proband's RNA and 

to clone this cDNA into a vector, with the intention of sequ~ing the 

cDNA and canparing it to the krn-m sequ~ of n:::>rmal HPRT cDNA. 

A bacteriophage vector ( lambda gtlO) was chosen to take advantage of 

the high efficiency and reproducibility of in vitro packaging as a 

meth::xi of introducing DNA sequ~ into E.coli. This is especially 

inportant when cloning cDNAs of rare messages. HPRT mRNA represents 

0. 01 % of the mRNA population (Melton et al. , 1981) • Lambda gtlO 

ccntains a single Eco RI site within the i;:oage repressor gene (cl) • 

This site is used as the insertion site of the cDNA. The cl protein 

plays a role in detennining whether the bacteriophage enters the lytic 

pathway which results in the lysis of the h:>st cell, or whether the 

bacteriophage enters the lysogenic pathway where the lambda DNA is 

inserted into the h::>st gerrme and is stably maintained (Ech:>ls, 1986). 

The parental lambda gtlO favours the lysogenic pathway and produces 

turbid plaques on wild type h:>sts. The recanbinant i;i)ages, which 
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therefore have an inactive cI gene, favour the lytic pathway and 

produce clear plaques. This provides a visual screen for reccmbinant 

:phages, and lambda gtlO is therefore referred to as an inmunity 

insertion vector. When E.coli strains with a high frequerx;y lysogeny 

nrutation, are infected with parental lambda gtlO, the er phage is 

repressed so that plaque fonnation is suppressed. Hc:Mever, er- phage 

are able to form plaques. This h::>st therefore provides a selection 

again.st n:::n-reccmbinant phage, and therefore screenin:J of the library 

for a specific insert is easier. This h::>st is referred to as a 

selective h::>st (Huynh et al., 1985). 
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3.2 RESULTS AND DISOJSSIOO 

3.2.1 Southern analysis of the mutant DNA 

Gen::mic DNA was extracted fran T.K. 's blood and fran EBV-transfonned 

1 ymph:)blasts. The DNA was digested to cx:ropletion with various 

restriction enzymes and fractionated on 0.8% agarose gels. The 

fragmented DNA was transferred to Hyoond-N membrane and hybridized to a 
32 P-labelled HPRT full-length HPRT cDNA probe. 

No variation in the banding pattern was observed between T.K. and 

control DNA when digested with Eco RI ( Figure 18) • 

Control DNA, T.K. DNA and B.K. DNA, extracted fran EBV-transfonned 

lympooblasts, were digested with restriction enzymes Hind III and 

!'1§p I. No variation was obseIVed in either of the banding patterns 

( Figure 19) • The !2.§!!! HI banding pattern is slxMn in Figure 20. The 

faint arrowed band is only visible in T.K. The relevance of this is 

unclear. If this represented a gene alteration, it would be expected 

to be reflected in the digests with the other enzymes. Overall, these 

results suggest that there are no major gene alterations (insertions or 

deletions) . This result is to be expected since the proband has a 

partial HPRT deficiency. Generally, patients wh::> lack the neurological 

abnonnalities that are associated with the Lesch-Nyhan syndrane, have 

mutations that have less deleterious effects on the function of the 

enzyme in vivo e.g. amino acid substitutions that affect enzyme 

function but not enzyme concentration (Wilson et al., 1986). 
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a b 

--

Figure 18 Autoradiograph of a Southern blot of control and T.K. DNA 
digested with Eco RI and hybridized to a 3 2 P-labelled HPRT cDNA probe 

lane a: DNA £ran control; lane b: DNA fran T.K. 
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a b C 

A a b C 

B 

.. 

-

Figure 19 Autoradiograph of a Southern blot of control, T.K. and B.K. 
DNA digested with~ I (A) and Hind III (B) and 
hybridized to a 3 2 P-labelled HPRT cDNA probe 

lane a: DNA fran T .K.; lane b: DNA fran control; 
lane c: DNA fran B.K. 
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a b C 

Figure 20 Autoradiograph of a Southern blot of control, T.K. and B.K. 
DNA digested with Barn HI and hybridized to a 3 2 P-labelled 
HPRT cDNA probe 

lane a: DNA fran T .K.; lane b: DNA fran control; 
lane c: DNA fran B.K. 
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These Southern blotting results do mt exclude the possibility that the 

rrn.itation is the result of a single base substitution. A single base 

substitution M:>uld only be detected by Southern blotting analysis if 

the base change created or destroyed a restriction enzyme recognition 

site. Of the four HPRT rrn.itants that have been shc:Mn to have single 

amino acid changes that are the result of single nucleotide changes 

( Table 2), only one of them occurs within a restriction enzyme 

recognition site. The HPRT deficiency in HPRTToronto is caused by a 

single nucleotide change at the pJsi tion coding for arginine-SO. This 

change destroys a~ I recognition site and can be detected by 

Southern blotting analysis (Wilson et al., 1983d). 
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3.2.2 Northern analysis of the nutant RNA 

RNA was extracted fran T.K., B.K. and control lympooblasts. 'Ihe RNA 

was electropooresed on denaturing agarose gels and blotted onto 

Hybond-N membrane. 'Ihe irnrobilised RNA was hybridized to 32 P-labelled 

full-length HPRT cDNA. 'Ihe plasmid, containing the HPRT cDNA insert, 

was digested with the restriction enzymes M?P I and Rsa I, which digest 

the DNA 5' and 3' , respectively, to the HPRT coding region ( Figure 21) . 

'Ihus only the HPRT insert, without any adjoining vector DNA, was used 

as a pIDbe, in order to prevent cIDss-hybridization. 

N:> difference was observed in the size of the HPRT mRNA ( Figure 22) . 

This result con£inns the Southexn blotting result; that there are IX> 

major gene alterations. It also implies that there is IX> nrutation in 

the transcription of the gene. 'Ihe result, again does OC>t exclude the 

possibility of a single base change, which would OC>t be detected by 

N:>rthexn blotting. 



59 

GGGGGGGGGGGGGGTCTTGCTGCGCCTCCGCCTCCTCCTCTGCTCCGcc>.{ccGG[cTTCCT 10 20 30 40 50 60 

I 
met ala thr arg ser pro gly C C T C C T G A G C A G T C A G C C C G C G C G ~)c C G G C T C C G T T A T G G C G A C C C G C A G C C C T G G C 70 80 90 100 110 120 val val ile ser asp asp glu pro gly tyr asp leu asp leu phe cys ile pro asn his GTCGTGATTAGTGATGATGAACCAGGTTATGACCTTGATTTATTTTGCATACCTAATCAT 130 140 150 160 170 180 tyr ala glu asp leu glu arg (va 1 P.he ile pro his gly leu ile) 01et (Up arg thr glu TATGCTGAGGATTTGGAAAGGGTGTTTATTCCTCATGGACTAATTATGGACAGGACTGAA 190 200 210 220 230 240 arg leu ala arg asp val met) lys glu 111et gly gly his his . ile val ala leu cys val CGTCTTGCTCGAGATGTGATGAAGGAGATGGGAGGCCATCACATTGTAGCCCTCTGTGTG 250 260 2 70 280 290 300 leu lys gly gly tyr lys phe phe ala asp leu leu asp tyr ile lys ala leu asn arg CTCAAGGGGGGCTATAAATTCTTTGCTGACCTGCTGGATTACATCAAAGCACTGAATAGA )10 120 l)O )40 350 360 asn ser asp arg ser ile pro met thr val asp phe ile arg leu lys (ser tyr cys asn AATAGTGATAGATCCATTCCTATGACTGTAGATTTTATCAGACTGAAGAGCTATTGTAAT )70 )80 )90 400 410 420 asp gln ser thr gly asp !le lys) val i le gly gly asp .isp leu ser thr leu thr gly GACCAGTCAACAGGGGACATAAAAGTAATTGGTGGAGATGATCTCTCAACTTTAACTGGA 4)0 440 450 460 470 480 lys (asn val leu !le v.il glu asp !le !le asp thr gly lys) thr met gln thr l.eu leu AAGAATGTCTTGATTGTGGAAGATATAATTGACACTGGCAAAACAATGCAGACTTTGCTT 490 500 510 520 5)0 540 ser leu val arg gln tyr asn pro lys met val lys val ala ser leu leu val lys arg TCCTTGGTCAGGCAGTATAATCCAAAGATGGTCAAGGTCGCAAGCTTGCTGGTGAAAAGG 5 50 560 5 70 580 590 600 thr pro arg ser val gly tyr lys pro asp phc val gly phe glu ile pro asp lys phe ACCCCACGAAGTGTTGGATATAAGCCAGACTTTGTTGGATTTGAAATTCCAGACAAGTTT 610 620 6)0 640 650 660 val val gly tyr ala leu asp tyr asn glu tyr phe arg (asp leu asn his val cys val GTTGTAGGATATGCCCTTGACTATAATGAATACTTCAGGGATTTGAATCATGTTTGTGTC 670 680 690 700 710 720 ile ser glu thr gly lys al" lys) tyr lys ala ••• ATTAGTGAAACTGGAAAAGCAAAATACAAAGCCTAAGATGAGAGTTCAAGTTGAGTTTGG 730 740 750 760 770 780 

AAACATCTGGAGTCCTATTGACATCGCCAGTAAAATTATCAATGTTCTAGTTCTGTGGCC 790 800 810 820 8)0 840 

A T C T G C T T A G T A G A G C T T T T T G C A T G T A T C T T C T A A G A A T T T T A T C T G T T T T!G T A C !T T T A 850 860 8 70 880 890 900 

GAAATGTCAGTTGCTGCATTCCTAAACTGTTTATTTGCACTATGAGCCTATAGACTATCA 910 920 9)0 940 950 960 
GTTCCCTTTGGGCGGATTGTTGTTTAACTTGTAAATGAAAAAATTCTCTTAAACCACAGC 970 980 990 1000 :010 1020 
ACTATTGAGTGAAACATTGAACTCATATCTGTAAGAAATAAAGAGAAGATATATTAGTTT 1030 1040 _1050 1060 1070 1080 
TTTAATTGGTATTTTAATTTTTATATATGCAGGAAAGAATAGAAGTGATTGAATATTGTT 1090 1100 1110 1120 1130 1140 
AATTATACCACCGTGTGTTAGAAAAGTAAG.AAGCAGTCAATTTTCACATCAAAGACAGCA 1150 1160 1170 1180 1190 1200 
TCTAAGAAGTTTTGTTCTGTCCTGGAATTATTTTAGTAGTGTTTCAGTAATGTTGACTGT 1210 1220 ' 1230 1240 1250 1260 
ATTTTCCAACTTGTTCAAATTATTACCAGTGAATCTTTGTCAGCAGTTCCCTTTTAAATG 1270 1280 1290 1300 1310 1320 

CAAATCAATAAATTCCCAAAAATTTAAAAAAAAAAA 
1)30 1340 1350 

Figure 21 Nucleotide sequence of human HPRT cDNA and inferred amin:> 
acid sequence 

(Jolly et al., 1983) 

~ I (CXU3) and Rsa I (GrAC) sequences are highlighted in 
blocks 
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C d -
a b 

Figure 22 Autoradiograph of a Northern blot of RNA extracted fran 
T.K., B.K. and control lyrnphoblasts, which was hybridized 
to a 3 2 P-labelled HPRT cDNA insert 

lane a: RNA fran T.K.; lane b: RNA fran control 
lane c: RNA fran control; lane d: RNA fran B.K. 
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3.2.3 Sl rruclease analysis 

3.2.3.1 Clarification of the HPRT probe 

A full-length HPRT cDNA cloned into the Okayama and Berg (1983) pcD 

vector, was obtained fran Jolly et al. ( 1983). pcD is a recanbinant of 

a segment of pBR322 and b-x) segments of SV40. The cDNA was ligated 

into a Pst I site and a Barn HI site. Because the sequence or 

restriction map of the vector was ocit available, the sizes of the 

various fragments were ocit lm:Jwn, and therefore this was determined 

before subcloning the HPRT fragment (approximately 1 500 base-pairs). 

The plasmid, which is named p4aA8 (Figure 23a), was digested with 

either Pst I or Barn HI, or a double digest was performed using both 

these enzymes. The fragments were electrophoresed on a 2% agarose gel 

alongside a lambda/BstE II rrolecular weight marker ( Figure 23b) • 'Im 

fragments are produced when p4aA8 is digested with Pst I ( lane c) • The 

larger fragment (approximately 3 350 base-pairs) contains the HPRT 

insert. When the plasmid is digested with both enzymes, the 3 350 

fragment is split into b-x) fragments (approximately 1 700 and 

1 500 base-pairs) and the Pst I smaller fragment (approximately 

1 300 base-pairs) is split into a 1 200 base-pair fragment (which can 

be seen to migrate slightly faster than the 1 300 fragment) and a 

100 base-pair fragment, which is too small to be visualized on an 

agarose gel. 

When p4aA8 is digested with Barn HI (lane d), b-x) fragments are 
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prcx:luced. The smaller fragment (approximately 1 600 base-pairs) 

contains the HPRT insert. When the plasmid is digested with both the 

enzymes, the 1 600 fragment is split into a 1 500 base-pair fragment 

(which can be seen to migrate slightly faster than the 1 600 fragment) 

and a 100 base-pair fragment. These results suggest that the middle 

band of the double-digested plasmid contains the insert. This was 

confinned ·by Southern blotting this gel and hybridizing it to a 
32 P-labelled HPRT probe (insert only as described in section 3.2.2). 

In the double-digest, only the 1 500 band has hybridized (Figure 23c) 

and in the Pst I digest, only the larger fragment has hybridized. In 

the Barn HI digest, both fragments have hybridized. This is probably 

due to cross-hybridization between the guanine-cytosine rich regions 

of SV40 and HPRT. 

Ps t 1 

p4aA8 

Figure 23a Diagranmatic representation of the p4aA8 plasmid 

~ SV40 DNA ..... . . . . SV40 DNA 
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3.2.3.2 SUbcloo:ing of the HPRT insert into pGEM-3 

i;::GEM-3 is a riboprobe vector ( Pranega-Biotec) • It has a gene which 

confers ampicillin resistance and this is used for selectico purposes. 

It has both a SP6 and a T7 praroter, which enables cne to synthesize 

the antisense and sense RNA sequences fran the sarre plasnid. It has a 

multiple cloning site, which is situated between the two praroters. 

The size of the vector is 2 867 base-pairs (Figure 24). 

Xm11 

Sea I 

Pvu I pGEM-3 

Hi11d III 
Sph I 
Pst I 
Sal I 
Ace I 
Hine II 
Xba I 
Barn HI 
Ava I 
Sma I 
Kpn I 

Bg1 I Sac I 
Eco RI 

Figure 24 Diagramnatic representation of the i;::GEM-3 vector 

• SP6 praroter; 
o T7 praroter 

~ multiple cloning site; 



65 

i;:GEM-3 and p4aA8 were digested with ~ HI and Pst I. This digest 

cleaves p4aA8 into 4 fragments as described above. i;:GEM-3 is 

linearised and '[X)Ssesses tvX:> sticky-ends. The digested fragroonts were 

then ligated together. i;:GEM-3 canrx:>t recircularize because its sticky­

ends are rot ccmplementary. 

E.CX)li DKl was transfonned with the ligated DNA and plated alto 

ampicillin plates in order to select for th:>Se bacteria centai.ni.n3 

plasnids. Fifteen of the CX)lalies were selected and mini-preparaticns 

prepared fran than. These plasnid preparatia1S were then digested with 

Pst I and Barn HI and electrophJresed al a 1.2% agarose gel. i;:GEM-3 

(undigested) was also used to transform E.CX)li as a central for the 

transfonnation. A single CX)lony was also extracted as a central for 

the mini-preparation procedure and digested and electroph:>resed 

together with the recanbinants. The elect:roph:>resis provided a meth::rl 

to select for th:>se plasnids centai.ni.n3 the HPRT insert. 

A ph::>tograph of the electroph:>resed plasnid DNA is sh:Mn in Figure 25. 

Uncut plasnid was electraph:>resed in the first lane of each pair, 

and Pst I-Barn HI-digested plasnid was electroph:>resed in the secx::nd 

lane of each pair. Pair 1 centains the i;:GEM-3 central. Eight of 

the recanbinants (3, 4, 6, 7, 9, 10, 14 and 16) oo rot have a 

band CX)~ to i;:GEM-3, but have tvX:> bands CX)rresp::n:li.n;; to 

the 1 700 and 1 200 base-pair fragroonts of p4aA8. Both these 

fragments have a Barn HI and a Pst I sticky-end and can thus 

ligate together. The gene ccnferring ampicillin resistant is 

CX>ded for in these fragments, and thus the E.CX)li h:>sts 

transfonned with this newly created plasnid, \'Oul.d be able to 

grow in the presence of ampicillin. The faint, largest band seen in 
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recanbinants 6, 14 and 16 is due to a partial digest of the DNA, 

resulting in a single, full-length, linear rrolecule. The plasm.ds 

which appear to have TX) inserts ( 2 and 13), p:)Ssibly contain the 100 

base-pair fragment, which Cann:)t be resolved on this agarose gel. 

Hcmever, any traces of single-cut :i;:GEM-3 v.Uuld be able to recircularize 

and v.Uuld be expected to give rise to transfo:rmants lacking inserts. 

One of the plasm.ds (5) contains three bands correSp:)nding to the three 

largest bands of p4aA8 and therefore this recanbinant represents 

fragments entirely derived fran p4aA8. The 100 base-pair fragment must 

have also been ligated or else this v.Uuld I"X)t have been p:)Ssible. 

'IID of the plasm.ds (8 and 11) contain the HPRT insert. The faint, 

largest band represents a partial digest of the DNA. This can be seen 

fran the size of the uncut DNA which is larger than uncut :i;:GEM-3 

with::)ut an insert. 

Plasm.d DNA was prepared fran one of the colonies containing the HPRT 

insert, as well as £ran one of the colonies containing the condensed 

p4aA8 plasm.d. These tv.o plasmids, as well as :i;:GEM-3 and p4aA8, were 

digested with Pst I and Barn HI and electropooresed on a 1.2% agarose 

gel in order to verify the conclusions reached fran the mini­

preparations. 

Figure 26a sh:Jws that plasm.d 11 (lane c) contains the 1 500 base-pair 
I 

fragment of p4aA8 ( HPRT insert) cloned into :i;:GEM-3. Plasm.d 13 

(lane d) contains both the 1 700 and 1 200 base-pair fragments of p4aA8 

ligated together. To provide final proof that plasmid 11 did contain 
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the HPRT insert, the gel was Southern blotted and hybridized to the 

3 2 P-labelled HPRT insert ( described in section 3. 3. 2) • Figure 26b 

sh::Ms the autoradiograph. It clearly sh::Ms that only the 1 500 base­

pair fragment of p4aA8 and the smaller fragment of plasuid 11 hybridize 

to the HPRT probe. 

Plasuid 11 was named µ;EM-3-HPRT and was used to transcribe RNA for use 

in the Sl nuclease assay. When µ;EM-3-HPRT is digested with Pst I, it 

is linearized as depicted in Figure 27. The antisense RNA strand can 

thus be transcribed by using the T7 praroter. When µ;EM-3-HPRT is 

digested with Eco RI, the plasuid is linearized as depicted in Figure 

27. The sense strand can be transcribed by using the SP6 praroter, 

alth::)ugh there would be no purpose in doing this for this Sl 

experiment. 



3 675 
2 323 
1 929 
1 371 
1 264 

1 2 

10 11 

3 4 

1 2 13 

5 6 7 8 9 

14 1 5 1 6 

Figure 25 Gel electroproresis of recanbinant plasmid DNA 

The first lane of each gel contains a lambda/BstE II 
nolecular weight marker with fragment sizes indicated 
on the left. 

The first lane of each pair contains uncut plasmid DNA 
and :the second lane contains Pst I-Barn HI cut DNA. 
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5 3 
r-~ II , 
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Figure 27 Diagramnatic representation of the :r;:CEM-3-HPRT plasm.d and 
the transcription of antisense and sense RNA strands 

- HPRT cDNA; • SP6 praroter; o T7 praroter 
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3.2.3.3 Sl nuclease assay 

3 2 P-labelled antisense HPRT RNA was transcribed fran the µ;EM-3-HPRT 

plasnid using T7 polymerase. This was hybridized to T .K., B.K. and 

control RNA. A reaction was set up without any RNA as a control for 

the efficiency of the Sl nuclease enzyme. After hybridization was 

canpleted, Sl nuclease was added to the reaction. Sl nuclease is a 

single-strand-specific endonuclease and hydrolyzes single-stranded RNA 

and DNA. The antisense RNA forms a RNA:RNA hybrid with the HPRT mRNA 

and thus protects it £ran digestion by Sl nuclease. The rest of the 

RNA in the RNA population will be single-stranded and therefore 

susceptible to digestion by Sl nuclease. Certain point mutations in 

the RNA:RNA hybrid will be recognized by Sl nuclease as single-stranded 

and will therefore be digested. 

No difference was observed in the size of the protected fragment 

between control, T. K. and B. K. RNA ( Figure 28) . There was no protected 

fragment in the minus RNA reaction ( lane e), which implies that the Sl 

nuclease has digested the RNA to canpletion. The size of the RNA 

protected fragment is approximately 800 base-pairs (calculated £ran 

rilx>sanal markers that were electrophoresed alongside the RNA) in 

contrast to the expected size of 1 500 base-pairs. The reasons for 

this are uncertain. The possibilities are firstly, that the cloned 

cDNA contains a base change relative to all the samples tested, 

resulting in Sl cleavage. This base change might be due to a nonnal 

polynorphisn or a base change that arose subsequent to cloning. A 

second possibility is that there is premature tennination of 

transcription of the rilx>probe. 
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Altlnugh this result does IX)t dem::>nstrate a single base substitution, 

it does IX)t in any way exclude it, since Sl nuclease will IX)t always 

cleave all single base mismatches. Gibbs and Caskey (1987) hybridized 

a RNA probe to RNA extracted £ran 14 Lesch-Nyhan patients and digested 

the hybrids with rioonuclease A. Nine of these were IX)t cleaved by the 

enzyme, which suggests that they contain single base substitutions that 

do IX)t result in base mismatches that are susceptible to cleavage by 

rioonuclease A. 



a b C d e 

Figure 28 Autoradiograph of Sl nuclease assay 

lanes a and d: RNA fran control; lane b: RNA fran T.K. 
lane c: RNA fran B.K.; lane e: minus RNA control 
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3.2.4 Attenpt to clooe the nut.ant cOOA 

Total RNA was extracted £ran T.K.'s lymph:)blasts and used as a tanplate 

to reverse transcribe cDNA. The cDNA was then digested with the 

restriction enzymes !'1?P I and Rsa I which digest HPRT cDNA 5' and 3', 

respectively, to the ooding region ( Figure 21) • The digested cDNA was 

then electroptoresed on a 1.2% agarose gel and cDNA fragments between 

603 and 1 078 base-pairs, were eluted £ran the gel. These fragments 

were used for cloning. This size selection irx::reases the proportion of 

HPRT cDNA in the total cDNA population. This lessens the number of 

recanbinants which have to be screened when attanptirq to clcoe rare 

IOOSSages. 

The cDNA was cloned into the F.co RI site of lambda gtlO (Figure 29) by 

ligatin;J F.co RI linkers to the cDNA and then digestin;J the linkers with 

~ RI, which yields sticky-ends. kry F.co RI sites within the cDNA 

sequence nrust be protected £ran digestion by F.co RI. This is 

aCCCJll)lished by nethylatin;J aIT:f F.co RI sites with F.co RI nethylase. It 

is krown that n:mnal HPRT cDNA cbes n::>t a:ntain aIT:f F.co RI sites and a 

Southern blot of the nn.itant DNA cut with ~ RI sh:Jwed there was n::> 

difference £ran n::>rmal ( Figure 18), thus n::> F.co RI site has been 

created in the nn.itant gene. Therefore, the F.co RI nethylase step was 

n::>t perfonned. 

After the cDNA had been digested with Eco RI, it was separated 

by column chranatography £ran the unligated linkers. The cDNA 

was then ligated to Eco RI-digested lambda gtlO arms. The 

lambda gtlO a:ntainin;J the cDNA was then packaged and used to infect 
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E.coli. 

Turbid plaques (IX>n-recanbinant phage) and clear plaques (recanbinant 
phage) were observed on the IX>n-selective oost. Clear plaques 

( recanbinant phage) were observed on the selective oost (E.coli strain 
with a high frequency lysogeny mutation). The library was amplified 

using the selective host and was used for screening. Replica filters 
were prepared of the plaques and hybridized to 3 2 P-labelled HPRT cDNA 

probe. Positive si;x:>ts were obtained on autoradiographs ( Figure 30) and 

plaques appearing to underlie these si;x:>ts were picked and used to 

prepare DNA. This DNA was digested with Eco RI to release the insert, 

electrophoresed on an agarose gel, Southern blotted and hybridized to 
32 P-labelled HPRT cDNA probe. No bands correspondinJ to 800 base-pairs 
( size of the HPRT insert) were observed ( Figure 31) • Sane 

hybridization was seen to the lambda gtlO arms which was due to cross­
hybridization between CClllplementary sequences. After a large rn.nnber of 
phage had been analyzed in this way, sane of the Eco RI-digested phage 
DNA was end-labelled and electrophoresed to deterndne whether the 

phage contained any inserts. The only bands observed were toose 

corresp::>nding to the lambda gtlO arms (Figure 32). 

The screened library thus appeared to have IX> inserts. The "positive" 

si;x:>ts observed on autoradicx.;Jraphs were probably artefacts. 

The appearance of clear plaques on the IX>n-selective and the selective 
oosts implied that the phage contained inserts, yet preparation of DNA 
fran sane of them, showed that IX> inserts were present. It is possible 
that sane of the Eco RI linkers ligated together and were IX>t fully 



76 

digested by F.co RI (even though an excess of enzyme was used) and were 

then inserted into the vector, thus inactivating the cI gene. 

M 
Ill 
Ill 

N 
'<I 
Ol ,... 

,....u, Ltl,.... 
,.., ..q - Ol 
NNMM 
NNNN 

,... 
<D 
,-. 
N 

a, a, ,-...r--r,..~ a, 
'<I '<I '<:' "'° '°...... "1 en ci .-;,...;...;...;.; '° 
NM MMMMM M 

0 
~ 
Ol 
M 

0 0 2 z w 
w :;: :::; ..,.. :: J: e .,_ :C • • -• ~CC--- o :C >- - E .. E = t:> E '" 0 E c: o::::::::: "' E .s Wu.~ i:: -c: E= -<:., -;::uc,.<>.f:., -;:: Cl = .. ~ ~d;'i <ti q )( ~ -<..l,,Q1~q ~ ... 
-'_~LI ___ _1! ____________ ..1___--1).1...I ~I ~l~-;--__ ...____.l~I ll ulf--LI _1-I _ __,_I -----.a:: 
1 bsv ~J.(r 

Figure 29 Map of lambda gtlO 

Restriction enzyme cleavage sites are designated in 
kilobase pairs fran the left end. 

(Huynh et al., 1985) 
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Figure 30 Autoradiograph of HPRT cDNA hybridized to a replica filter 



-~~-------• 

I 

Figure 31 Autoradiograph of 3 2 P-labelled HPRT cDNA hybridized to 
phage DNA digested with Eco RI 
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Figure 32 Autoradio;iraph of 3 2 P end-labelled phage DNA digested 
with _ggg RI 
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4.0 (X)NCLUSION 
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The partial HPRT deficient mutant, HPRTcape Town had been previously 

sh::Mn to have a lav activity in fibroblasts and erythrocyte 

haerrolysates. This lav activity was not associated with changes in the 

V or u for any of the substrates. HCMever, the enzyme exhibited max ~)n 

lCM activity in erythrocyte haerrolysates at high concentrations of the 

purine substrates, hypoxanthine and guanine. This substrate 

inhibition was not observed with PPRP as the substrate (Steyn and 

Harley, 1984). 

Wohlhueter (1975) observed substrate inhibition in normal rat liver 

HPRT, whereas rat hepatana HPRT exhibited hyperbolic kinetics, implying 

that post-translational events can m::xlify HPRT kinetics. HPRT 

activity in the proband's lymphoblasts was therefore studied in order 

to determine whether the substrate inhibition observed was a 

generalized or a secondary phencrnenon occuring only in erythrocyte 

haerrolysates. Substrate inhibition was observed in lymphoblast 

extracts which indicates that this is a generalized phencmenon. The 

proband's clinical phenotype is therefore canpatible with decreased 

HPRT activity, with physiological levels of guanine (and hypoxanthine) 

causing substrate inhibition. 

It was not krx:1.vn whether the substrate inhibition was the result of a 

mutation in the gene coding for the HPRT enzyme, a mutation resulting 

in altered post-translational m::xlification or an absence or alteration 

of a factor influencing normal HPRT kinetics. The HPRT enzyme is cxx:l.ed 

for on the X chrarosane ( Pai et al. , 1980), thus if the mutation was in 

the gene cxx:l.ing for the enzyme, the proband's daughter 1M:>uld be an 

obligate heterozygote. 
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The daughter's HPRT in erythrocyte haerrolysates exhibited intennediate 

activity i.e. activity between that of the control and her father. The 

daughter's enzyme in transformed lymphoblasts exhibited growth patterns 

similar to tlx:>se of her father i.e. growth in 6-thioguanine-containing 

medium and absence of growth in HAT medium. The kinetics of the 

daughter's enzyme prepared fran lymphoblast extracts exhibited the 

characteristic substrate inhibition of the proband. These results of 

the daughter's lymphoblasts could be interpreted as a selection of a 

clone or clones that have suppressed the function of the X chrarosane 

carrying the maternal, and presumably nonnal HPRT gene. The daughter's 

results in erythrocytes, which are a Il'Ore representative population of 

cells than transformed lymphoblasts, imply that she is an obligate 

heterozygote and that the mutation is in the gene coding for the HPRT 

enzyme. The lymproblast results are canpatible with this. HCMever, 

there is a rerrote possibility that the substrate inhibition is not due 

to a HPRT gene mutation, but due to a dcminantly inherited or X-linked 

mutant gene constitutively producing a factor that influences nonnal 

HPRT kinetics. 

It is lm:Jwn that the mutant enzyme is labile in the partially purified 

fonn (Steyn and Harley, 1984), thus characterization of the defect by 

purification to harogeneity was not feasible. The defect was thus 

studied at the gene level. No difference was observed in the banding 

patterns between the proband's DNA and control DNA when digested with 

various restriction enzymes and hybridized to 32 P-labelled HPRT cDNA. 

No difference was observed in the size of the HPRT mRNA of the proband 

and that of the control. These results imply that there is no major 

gene alteration. This result is to be expected, since the proband only 
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has a partial deficiency of the enzyme. Generally, patients who lack 

the neurolCXJical abn:)rmalities that are associated with the Lesch-Nyhan 

syndrane, have mutations that have less deleterious effects on the 

function of the enzyme in vivo (Wilson et al., 1986). --

The HPRT cDNA was subcloned into a ril:xJprobe vector, p:;EM-3. HPRT RNA 

antisense strands were transcribed using the T7 praroter. This 

32 P-labelled RNA was hybridized to the proband's RNA and control RNA. 

The double-stranded RNA was digested with Sl nuclease. No difference 

was observed in the size of the HPRT protected fragment between the 

proband and the control. Ha,,ever, the analysis may rot have covered 

the full length of the mRNA. This result does not exclude the 

possibility of a base-pair mismatch, but suggests that if there is a 

mismatch, it is not susceptible to digestion by Sl nuclease. Sl 

nuclease does not recognize all base-pair mismatches as single­

stranded. 

The attempt at cloning the mutant cDNA was rot successful. In order to 

canplete the characterization of this mutant enzyme, this sh:)uld be 

repeated, possibly using oligonucleotides corresponding to regions of 

the HPRT cDNA to select the HPRT mRNA. 

It v.Duld be interesting, for a m.nnber of reasons, to kncM exactly where 

the mutation is in the gene or whether the mutation is not in the HPRT 

gene itself. Firstly, it v.Duld provide information relevant to 

explaining the pherx:menon of substrate inhibition i.e. which region of 

the protein is altered. Secondly, it might provide sane insight into 

the rrode of binding of substrates in the active site of an enzyme. 



Thirdly, it might provide rrore in£orrnation on the role of HPRT in 

purine metabolism. 

84 



85 

.. 

5.0 MATERIALS AND METHODS 
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Ccmposition of ccmronly used buffers and xredia 

Gel buffer: 10 x: 0.2 M norpholinopropanesulfonic acid, pH 7.0, 50 rrM 
sodium acetate, 10 rrM EDTA, pH 8.0 

L-agar plates: 10 g tryptone, 5 g yeast extract, 5 g NaCl, 15 g agar in 
1 litre water, pH 7.0 

LB medium: 10 g tryptone, 5 g yeast extract, 5 g NaCl in 1 litre water, 
pH 7.0 

Loading buffer: 50% glycerol, 1 rrM EDTA, 0.4% brarophenol blue, 0.4% 
xylene cyanol 

Medium-salt buffer: 10 rrM Tris-HCl, pH 7.4, 10 rrM M;fS04 , 1 rrM DTI', 
50 rrM NaCl 

RSB: 10 rrM Tris-HCl, pH 7.5, 10 rrM NaCl, 5 rrM ~12 

SM buffer: 0.1 M NaCl, 10 rrM M;r$04 , 50 rrM Tris-HCl, pH 7.5, 0.01% 
gelatin 

SSC: 20 x 3M NaCl, 0.3 M triscxlium citrate, pH 7.6 

SSPE: 20 x: 3.6 M NaCl, 0.2 M sodium phosphate, pH 7.7, 0.002 M N~EDTA 

STE: 100 rrM NaCl, 10 rrM Tris-HCl, pH 8.0, 1 rrM EDTA 

TAE buffer: 40 rrM Tris-HCl, pH 7.7, 40 rrM acetic acid, 1 rrM EDTA 

Top agar: 1 g tryptone, 0.5 g yeast extract, 0.5 g NaCl, 0.25 g M;r50
4

, 

0.7 g agar in 1 litre water, pH 7.0 

TE: 10 rrM Tris-HCl, 1 rrM EDTA 



87 

5 .1. TRANSFORMATION OF LYMPHOCYTES 

Lymphocytes were prepared according to the metlxx:1 of van der Westhuyzen 

et al. (1984). Medium containing Epstein-Barr virus (EBV) was prepared 

fran semi-confluent cultures of the EBV-producing manroset cell line 

B95/8 (Miller and Lipnan, 1973). Ham's FlO medium ( Gibco or FlCM 

Laboratories) containing 15% foetal calf serum (Gibco or Flow 

Laboratories) was added to the cells and rerroved 4 days later. My 

B95/8 cells in this medium were rerroved by centrifugation followed by 

passage through a 0.45 um membrane filter (Millip:,re). The medium was 

mixed with an equal volume of Ham's FlO medium containing 15% foetal 

calf serum. This mixture constituted the transfonning medium and was 

effective for at least 3 nonths when stored at 4°C. 

10 ml of heparinised blood was diluted 1:2 with Dulbecco's MJdified 

Eagle's Media ( Il'1EM, Gibco or Flow Laboratories), layered onto Ficoll­

Paque (Pharmacia Fine Chemicals) and centrifuged at 1 CXX)x g for 20 

minutes in a MSE bench top centrifuge. The lymphocyte layer was 

rerroved and washed twice with 1»1EM to rerrove any platelets, Ficoll­

Paque and plasma. The lymphocytes were then resuspended in 2-3 ml EBV­

transfonning medium ( the volune depended on the concentration of cells) 

and transferred to a 25 an2 tissue culture flask. During the 

transformation period (1-3 weeks), the cells were examined regularly 

and the medium changed when necessary. The cells were incubated in a 

humidified 95% air-5% CO2 incubator. Once the transformed lymphoblasts 

were multiplying rapidly, they were transferred into 75 an2 tissue 

culture flasks and passaged approximately twice a week at a split ratio 

of 3. 



These cells were used for the preparation of enzyme extract, for 

selective media experiments and for the extraction of DNA and RNA. 
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5.2. SELECTIVE MEDIA EXPER.IMENl'S 

Stock cultures of lympooblasts fran a nonnal individual, a Lesch-Nyhan 

lympooblast line G11899, fran the NIG1S Ht.nnan Genetic Mutant Cell 

ReJ;X)si tory, and fran T. K. and B. K. , were grown. The number of cells in 

each stock culture was detennined by counting 0.1 ml of cells in 10 ml 

of isoton (Coulter Electronics) in a Coulter Counter, rrodel ~ (Coulter 

Electronics,Inc. Hialeah, Florida) using settings appropriate for 

l ympooblasts (amplification= 2, thresoold = 22, aperture current= 2). 

Approximately 200 000 cells were centrifuged at 1 OOOx gin a MSE bench 

top centrifuge. The cells were resuspended in 5 ml of selective media 

or RFMI 1640 (Flow Laooratories) witoout the addition of selective 

media. This was to shcM that the grcMth characteristics observed in 

the presence of the selective agent were due to the agent and mt a 

feature of that particular cell line. All media contained 10% foetal 

calf serum (Gibco or Flow Latoratories) and PSN (100 rrg/1 sodit.nn 

benzylpenicillin, 100 rrg/1 streptanycin sulphate and 60 rrg/1 necmycin 

sulphate). The initial number of cells in each culture flask was then 

detennined as described. Every 2 to 3 days the cells were centrifuged 

and the pellet resuspended in 5 ml of fresh medium and the number of 

cells counted. The cultures were maintained for 7 or 8 days. All 

cultures were performed in duplicate. The number of cells in each 

flask was expressed relative to the initial cell number. 

5.2.1 HAT selective media 

H.AT medium (lx RFMI 1640 medit.nn with HAT, Flow Latoratories) consists 



of 4 x 10- 7 M am:i.oc>pterin, 10- 4 M hypoxanthine and 1. 6 x 10- 5 M 

thymidine. 

5.2.2 6-thioguanine 

6-thioguanine (Sigma) was used at a final .concentration of 10 )lg/ml. 
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5. 3. ENZYME ASSAYS 

5.3.1 Preparation of enzyrre extracts fran heparinised blood 

Enzyme extracts were prepared according to the method of Steyn and 

Harley ( 1984). 10 ml of fresh, heparinised blcxx1 was obtained fran 
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T .K., B.K. and a noilllal control. The plasma and buffy coat were 

rerroved after centrifugation at 1 OOOx g for 10 minutes in a MSE desk 

top centrifuge. The red blcxx1 cells were washed twice with 1.5 volumes 

of distilled water at 4°C. The str:ana was then renoved by 

centrifugation. The haenolysate was dialysed for 16 hours at 4°C 

against tvK> changes of 5 litres of 50 rrM Tris-HCl, pH 7.8, containing 

1 rrM di thiothrei tol ( D'IT) • The dialysed 1 ysate was frozen in 500 »l 

aliquots and stored at -2CJ>C. 

5.3.2 Preparation of enzyrre extracts fran EBV transfonred lymphoblasts 

Enzyme extracts were prepared by a rrodification of the method of Wilson 

et al. (1982b). Lymphoblast cultures were pelleted and washed twice 

with O. 9% saline. The cells were resuspended in 50 rrM Tris-HCl, 

pH 7.8, 150 rrM NaCl in a volt.nne which was equivalent to 0.7 times the 

cell pellet volt.nne. The cells were lysed by six cycles of freeze­

thawing. Cells were frozen in an etharol-dry ice bath and thawed in a 

37'C waterbath. Membrane-free extracts were obtained by centrifuging 

the cell lysates at 10 CXX) rpn for 30 minutes at 4°C in a 12001 rotor 

in a Sigma 2MK centrifuge. The supernatant was dialysed against tvK> 
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changes of 200 ml of 50 rrM Tris-HCl, pH 7.8, 150 rrM NaCl at 4°C in 

order to rerrove intracellular hypoxanthine and guanine. The time 

required for dialysis was determined using [8-14 C] hyp:)xanthine 

( Amersham) . Less than 1 % of the hypoxanthine remained after overnight 

dialysis. Enzyme activity was determined in the presence of 1 mg/ml 

bovine serum albumin (BSA). 

5.3.3 Determination of HPRl' activity .in enzyrre extracts 

Hyp:>xanthine-guanine phosplx>ribosyltransferase activity was assayed 

according to the metlxxi of Steyn and Harley (1984). The assay was 

performed at 37° C. Each assay contained the follCMing in a final 

voltnne of 100 )11: 50 rrM Tris-HCl, pH 7 .8, 14 rrM M;JC12 , 1.4 rrM PPRP and 

[8-14 CJ hyp:)xanthine at appropriate concentrations. All assays were 

performed in duplicate. The assay tubes were pre-incubated at 37°C for 

1 minute. The reaction was started by the addition of 20 .ul of enzyme 

preparation to each of the assay tu'bes. Four aliquots of 20 )11 were 

taken at 1 minute intervals (for the haerrolysates) and at 4 minute 

intervals (for the lymphoblast extracts) and applied to PEI-cellulose 

plates (Merck) which were preheated to 7CP C on a heating block ( to 

terminate the reaction). The PEI-cellulose plates were pre-drawn into 

circles (2 an diameter) with one circle per aliquot. The aliquot was 

unable to spread outside the circle. In this way, 8 duplicate assays 

could be accarrrodated on each plate. 

The unconverted hyp:)xanthine was rerroved by placing the plates in a 

chranatography tank containing 4 litres of tap water for 5 minutes. 



93 

The plates were rerroved before the water was changed. 8 washes were 

required to rerrove all the unused hyp:)Xanthine. (The number of washes 

required was determined by SJX)tting [ 8-14 C] hypoxanthine on a PEI­

cellulose plate and C011paring the measured radioactivity in washed and 

unwashed plates) . Less than 1% of unconverted hypoxanthine was 

retained on the plates and less than 10% of the product was lost. 

After the plates had dried, the individual circles were cut out and 

placed in scintillation vials. 5 ml of Hionic fluor (Packard) was 

added, which was sufficient to C011pletely cover the circle and the 

radioactivity was counted in a Beckman LS-250 scintillation counter. 

The arrount of quenching was determined by counting a kix,wn volume of 

[8-14 C] hypoxanthine placed either directly in a vial containing 

scintillation fluid or SJX)tted onto a PEI-cellulose plate, which was 

then washed and placed in a vial containing scintillation fluid. 

Quenching arrounted to a mean of 26% and this was corrected for when the 

8Il'Ount of enzyme activity was calculated. 

The unit of enzyme activity was defined as that which catalyzed the 

fonnation of l).ID'Ol of product, IMP, per minute. 

5.3.4 Determination of prote.ln concentration .ln enzyme extracts 

The protein concentration in the enzyme extracts was determined by a 

rrodification of the method of LcMry et al. ( 1951). The assay was 

performed in a volume of 200 ).ll. 5 ,ul of the enzyme extract was added 

to 195 µl of distilled water. The blank consisted of 200..ul of 

distilled water. A standard curve was constructed by setting up kn::Mn 



concentrations of bovine serum albumin in the range lO)lg to 200 pg. 

1 ml of LcMry reagent (25 ml of 2% N8iC03 in 0.1 N NaOH, 0.25 ml 
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2% K·Na· Tartrate, 0.25 ml 1% CuS04 ) was added to all the tubes and 

mixed inmediately and the tubes all<:Med to stand at roan temperature 

for 10 minutes. 100 )11 of Folin and Ciocal teu' s phenol reagent 

(diluted 1:2 with distilled water just before use) was added to each 

tube and mixed irrmediately. The absorbance at 750 nm was read on a 

Hewlett Packard 8450A dicx::le array spectrophotaneter after a 60 minute 

incubation at rocm temperature. The u:nJ.ma.m. protein concentrations 

were calculated £ran the standard curve. 

5.3.5 Data analysis 

The enzyme kinetic data was fitted to the appropriate rate equations by 

the reiterative method of Wilkinson (1961) using a Hewlett Packard 85 

ccrnputer. The data for T.K. was fitted to equation 1 which includes a 

tenn for substrate inhibition and the control data was fitted to 

equation 2 for hyperbolic kinetics. 

vmax 
V = (1) 

~ + s + s2;~ 

vmax .s 
V= (2) 

~ + s 

where V is the initial velocity, Vmax the maximum velocity, S the 
substrate concentration, ~ the Michaelis constant and ~ the 
dissociation constant of the second substrate ITDlecule. 
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5. 4. PREPARATION OF REXnffiINANT PLASMID 

5. 4 .1. Isolation of plasmid DNA 

Plasmid DNA was isolated according to the methcxl of Maniatis et al. 

(1982). A single colony of p4aA8 (Jolly et al., 1983) which is a 1.6kb 

human HPRT cDNA cloned into a pcD vector ( Okayama and Berg, 1983) was 

grown in the presence of ampicillin (Sigma) and was used to inoculate a 

25 ml starter culture of LB medium (10 g tryptone, 5 g yeast extra_ct, 

5 g NaCl in 1 litre water, autoclaved at 15 psi for 15 minutes) 

containing 50 .,ug/ml ampicillin. The starter culture was incubated 

overnight at 37° C in a rotary incubator. The starter culture was used 

to inoculate 500 ml of this same medium which was incubated at 37° c 

with vigorous shaking until the OD600 reached 0.6 units. 

The bacterial cells were harvested by centrifugation at 1 500x g for 

10 minutes at 4° C. The pellets were resuspended in 20 ml of solution I 

(50 rrM glucose, 25 rrM Tris-HCl, pH 8.0, 10 rrM EDTA) containing 5 rrg/ml 

lysozyme (Sigma) and allCMed to stand at rcan temperature for 5 

minutes. 40 ml of solution II (0.2 N NaOH, 1% (w/v) SDS) was added and 

the contents mixed by gentle inversion of the tube. The tube was 

allCMed to stand on ice for 10 minutes. 30 ml of ice-cold 5 M 

:i;x:>tassium acetate, pH 4.8 (prepared by mixing 60 ml of 5 M :i;x:>tassium 

acetate with 11. 5 ml of glacial acetic acid and 28. 5 ml of water. The 

solution is 3M with respect to potassium and 5 M with respect to 

acetate.) was added and the contents mixed by inverting the tube 

sharply. The oontents were allCMed to stand on ice for 10 minutes. 
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The cellular DNA and bacterial debris was pelleted by centrifugation at 

31 OOOx g for 20 minutes at 4°C. 0.6 volumes of isopropanol was added 

to the supernatant. The contents were mixed well and allowed to stand 

at rcx:m temperature for 15 minutes. The DNA was recovered by 

centrifugation at 7 800x g for 30 minutes at roan temperature. The 

pellets were washed in 70% ethanol and dried under vacuum. The pellets 

were resuspended in 2 ml of TE ( 10 rrM Tris-HCl, pH 7. 5, 1 rrM EDTA) . 

The plasmid DNA was then purified by centrifugation to equilibrium in 

cesium chloride-ethidium branide gradients. 2 g of cesium chloride 

(BRL) was added to 2 ml of DNA solution and mixed gently until all the 

salt was dissolved. 80 ).11 of ethidium branide (10 mg/ml) per ml of 

cesium chloride solution was added and mixed well. The final density 

of the solution was measured. The cesium chloride solution was 

transferred to a Beckman polyallaner tube and the remainder of the tube 

was filled with cesium chloride-ethidium branide solution of the same 

density. The tube was heat-sealed and centrifuged in a Beckman type 65 

rotor in a Beckman L8-M ultracentrifuge at 50 000 rpn for 20 oours at 

2CPC. 

The plasmid DNA band was pumped out of the tube into a microfuge tube. 

The ethidium branide was rerroved by adding an equal volume of amyl 

alcoool, mixing well and centrifuging in a microfuge. The upper, 

organic (pink) phase was discarded and the extraction repeated on the 

lower phase until all the pink colour disappeared. 

The cesium chloride was diluted by adding 2 volumes of sterile, 

distilled water. The DNA was precipitated overnight at 4°C by the 
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addition of 2 volumes of absolute etrum:)l. The DNA was recovered by 

centrifugation, washed in 70% ethrux)l and dried under vacutnn. The DNA 

pellet was resuspended in 1 ml of TE, pH 7.5. 

The purity of the DNA sample (estimated fran the 260/280 ratio) was 

determined by scanning the sample fran 220-310 nm on a Hewlett Packard 

8450A diode array spectrophotaneter. The DNA concentration was 

calculated fran the absorbance at 260 nm. A 1 rrg/ml solution of DNA 

has an absorbance of 20 units at 260 nm. The average yield was 

l(X) µg/500 ml bacterial culture. 

5.4.2 Isolation of HPRl' cDNA sequences £ran p4aA8 

The restriction endonuclease !::1§p I cleaves HPRT cDNA 5' to the start 

codon and Rsa I cleaves 3' to the termination codon producing a 806 

base-pair fragment ( Figure 21) . By using both these enzymes it is 

:possible to cleave out the HPRT cDNA without any adjoining vector DNA 

which could :possibly cross-hybridize with the sequences being probed. 

The plasmid DNA was digested with !'1§;p I ( Boehringer Mannheim) at 37° C 

for 60 nunutes in the presence of lc:M-salt buffer (10 rrM Tris-HCl, 

pH 7.4, 10 rrM M:fo04 , 1 rrM DTT). At the end of the digestion period, 

NaCl was added to a final concentration of 50 rrM (Rsa I requires a 

meditnn-salt buffer: 10 rrM Tris-HCl, pH 7.4, 10 rrM M:fo04 , 1 rrM DTT, 

50 rrM NaCl) . Rsa 1 ( Biol abs) was then added and the sample incubated 

at 37°C for a further 60 minutes. At the end of the digestion time, the 

DNA was extracted with phen'.)l:chloroform (1:1) (TE-saturated) and then 
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extracted with chlorofonn:octanol (24:1) and precipitated overnight at 

-2CY'C with 2 volumes of absolute ethan:>l. The DNA was recovered by 

centrifugation, washed in 70% ethan:)l and dried under vacuum. 

was then resuspended in TE, pH 7.5. 

The DNA was electrophoresed on a 1.2% agarose gel alongside a 

The DNA 

¢x174/Hae III rrolecular weight marker (Table 3). The 804 base-pair 

fragment was eluted fran the gel using DF.AE membrane (Schleicher and 

Schuell) . A strip of the membrane was placed in an incision just ahead 

of the 804 base-pair band and another in an incision just behind the 

band in order to trap the larger fragments. Electrophoresis was then 

continued until binding was canplete. This was judged by ethidium 

branide fluorescence using an ultraviolet light box. The strip ahead 

of the band was rerroved and freed of residual agarose by thorough 

shaking in a microfuge tube containing NET buffer ( 0 .15 M NaCl, 0 .1 nM 

EDTA, 20 nM Tris, pH 8.0). The DNA was eluted fran the membrane by 

incubating it in 250 µl of high salt NET buffer (1.0 M NaCl, 0.1 nM 

EDTA, 20 nM Tris, pH 8. 0) at 60' C for 45 minutes. The microfuge tube 

contents were swirled occasionally. The buffer was pipetted into a 

clean microfuge tube and the membrane washed with a further 50,ul of 

high salt NET buffer. Residual ethidium branide was extracted with 3 

volumes of water-saturated n-butanol and the DNA then precipitated at 

-2CY'C with 2.5 volumes of ethanol. The DNA was then reprecipitated 

fran 0.3 M sodium acetate to rerrove any NaCl residue. 

This eluted HPRT cDNA was used to probe Southern and Northern blots and 

to screen the recanbinant library. 



5.5 Itm S'IUDIES 

5.5.1 Extracticn of am. frcm blood 

Gen:rni.c DNA was isolated fran 10 ml of T .K. 's blood and 10 ml 

of blood fran a n::>rmal individual aca:>rding to the meth:xi of 

Kunkel et al. (1977). 

99 

The blood was h::m::>genized at 4°C in 60 ml of lysis ruffer (0.32 M 

sucrose, 5 rrM M:JC12 , 1% (v/v) Tritcn X-100 and 10 rrM Tris-HCl, pH 7.6). 

The leukocyte nuclei were pelleted by centrifugaticn at 2 500x g for 

20 minutes at 4°C. The pellets were resuspended in a total volume of 

8 ml of 75 rrM NaCl, 25 rrM EDTA, pH 8.0 and then disrupted by the 

addition of 0.8 ml of 10% (w/v) SDS. Prooase (100 ul of 10 ng/ml 

stock, Sigma) was added to the sarrples, which were then incubated at 

37' C for at least 3 h::>urs. The digesticn was terminated by plac~ the 

samples en ice. 0. 5 ml of 5 M sodium perchlorate soluticn was added 

and the sample extracted with 8 ml of :pherx:>l:chloroform (TE-saturated). 

The aqueous and organic phases were separated by centrifugaticn at 

2 500x g for 10 minutes at lO'C. The upper, aqueous phase was re­

extracted with an equal volume of chlorofonn:octan::>l (24:1). The~ 

phases were separated by centrifugaticn at 2 500x g for 10 minutes at 

lO'C. The aqueous phase was pipetted into a clean tube and 2 volumes 

of ice-cold absolute ethan::>l were added to precipitate the nucleic 

acid. The precipitate was lifted out into 1 ml of TE, pH 7.6 and 

allooed to dissolve with gentle mixin:;J at 4°C ovenrl.ght. 
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0 .1 ml 4 M NaCl and O. 05 ng heat-treated RNase A (Sigma) were added to 

the nucleic acid solution which was then incubated at 37° C for 1 oour. 

Upon canpletion of the digestion, 2 ml sterile, distilled water was 

added and the solution extracted with an equal volume of 

chloroform:octanol (24:1) until the interface was clear. The samples 

were centrifuged at 2 500x g for 10 minutes at 1C1' C to separate the tv.D 

phases. The DNA was precipitated fran the aqueous phase . by the 

addition of 2 volumes of ice-cold absolute ethanol. The precipitate 

was transferred into a small volume of 70% ethanol and washed twice to 

renove any remaining salt. The DNA pellet was dried under vacul.llll and 

redissolved by gentle mixing in 1 ml sterile, distilled water at 4° C 

overnight. 

The DNA concentration was determined as described in section 5.4.1. 

The average yield was 200 pg. 

5.5.2 Extraction of DNA fran lymphoblasts 

DNA was isolated according to the meth:xl of Davis et al. ( sutmi tted) . 

Cultured lympooblasts (1 x 107 cells) were harvested by centrifugation 

at 2 OOOx g for 10 minutes in a MSE bench top centrifuge and washed 

twice with phosphate-buffered saline. The cells were suspended in 

200 .,ul of cold RSB ( 10 rrM Tris-HCl, pH 7. 5, 10 rrM NaCl, 5 rrM MgC12 ) 

containing 2% (v/v) Triton X-100 and transferred to sterile microfuge 

tubes. The cells were suspended by gentle pipetting. The cells were 

left on ice for 5 minutes and then the nuclei were pelleted for 
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1 minute at 4° c in a microfuge. The supernatant was transferred to a 

clean microfuge tube. The pellet was resuspended in RSB-Triton X-100 

and centrifuged as before. This supernatant was added to the previous 

supernatant. 

The pellet was resuspended in 450)11 of 2x SSC (20x SSC is 3M NaCl, 

0.3 M trisodium citrate, pH 7. 6). 50 µl of 10% (w/v) SDS and 50 )11 of 

1 nYJ/ml proteinase K (Boehringer Mannheim) was added. The samples were 

then incubated at SCP C for 20-24 hours. The extract was placed in a 

30 ml Corex tube and 500 µl of phenol (TE-saturated) was added and the 

tubes were then shaken gently for one hour at rcx:m temperature. 100 ;..ll 

of 3M sodium acetate, pH 5.5 and 10 ml of cold 95% ethanol were added 

and the tube inverted several times to mix the contents. The DNA was 

spooled onto a pasteur pipette, transferred to a microfuge tube and 

washed in 70% ethanol. The residual ethanol was rerroved in a vacuum 

dessicator. 500 ,ul of TE, pH 7. 5 was added to the pellet and the DNA 

was left at 4°C for 16-20 hours to dissolve. The DNA was extracted 

with an equal voll.nne of phenol (TE-saturated) and then with chloroform­

octarx)l. 1/10 volume 3M sodium acetate and 2.5 volumes of cold 

ethanol were added to the aqueous phase. The DNA was collected by 

spooling, washed in 70% etharx)l, dried and resuspended in 500 )11 of TE 

as described alxJVe. 

The nucleic acid concentration and the purity of the DNA were 

determined as described in section 5.4.1. 
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5.5.3 Southern analysis of genanic IM\ 

5.5.3.1 Restriction enzyme digestion 

Genanic DNA (15 pg) was digested to canpletion with 30-40 units of 

restriction enzyme (Amersham, Boehringer Mannheim, Biolabs) in the 

presence of 1/10 voltrrne restriction enzyme buffer (according to 

manufacturer's specifications) and 100 ug/ml nuclease-free bovine serum 

albumin (Sigma). The reaction was incubated at 3'l'C for a min.irnurn of 

6 oours. The reaction was terminated by the addition of 1/10 voltrrne 

100 rrM EDTA, pH 8.0. The DNA was precipitated by the addition of 1/10 

voltrrne 4 M NaCl and 2 volumes of ice-cold absolute ethanol. The DNA 

was recovered by centrifugation, washed in 70% ethanol and dried under 

vacuum. The DNA was dissolved in 34 .ul sterile distilled water with 

gentle mixing at 4°C. 

5.5.3.2 Agarose gel electrophoresis of DNA 

A 0.8% aga.rose gel was prepared by boiling 1.2 g agarose in 150 ml TAE 

buffer ( 40 rrM Tris-HCl, pH 7. 7, 40 rrM acetic acid and 1 rrM EDTA). 

Ethidium branide (final concentration 1 )J.g/ml) was added prior to 

p:>uring the gel into the gel apparatus (MAX Su'anarine agarose gel unit, 

Hoefer Scientific Insttrrnents) . The gel was allowed to set for at least 

one oour. 

The DNA samples were incubated at 37' C for 15 minutes to ensure that 



the DNA was c:arq;:>letely dissolved. 6 ul orc3DJe-G/Ficnll 

(1% (w/v) orc3DJe-G, 20% Ficnll and 2CxrM EDTA) was added to the DNA 

samples. 
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The gel apparatus was filled with TAE buffer and the samples loaded 

into the wells. The samples were nm into the gel at 15 volts. The 

voltage was then adjusted to 40 volts and electroph:)resis performed for 

at least 18 h::>urs or until the orc3DJe-G £rent had disappeared off the 

end of the gel. 

When electroph:)resis was c:arq;:>leted, the gel was viewed en an 

ultraviolet light oox and ph:>tographed with a ruler adjacent to the 

rrolecular weight markers. Lambda/Hind III fragroonts were used as 

rrolecular weight markers ( Table 3) • The reciprocal of the migraticn 

distance of the fragments was plotted against the kncMn sizes of the 
' fragments. This curve was used to detennine the sizes of the HPRT DNA 

fragments after autoradiography. 

5.5.3.3 Transfer of Il'.fA 

The gel was renoved £ran the electroph:)resis awaratus and the DNA 

denatured by soaking the gel with gentle shaki.nJ for 1 l'nlr in 300 ml 

of 0.5 M NaoH, 1.5 M NaCl. The gel was rinsed twice in distilled water 

and then neutralized with gentle shaki.nJ for 1 l'nlr in 300 ml of 0.5 M 

Tris-HCl, pH 7.0, 1.5 M NaCl, 1 rrM EDTA. 

The gel was placed en a piece of gel bcn:l (hydrc:;prilic side) and a 
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piece of Hybond-N membrane, with the same dimensions as the gel, placed 

on the gel, ensuring that no air bubbles were trapped in between. Tv.D 

pieces of Whatman 3M1 filter paper, which were presoaked in 2x SSC 

( 20x SSC is 3 M NaCl, 0. 3 M triscxlium citrate, pH 7. 6), were placed on 

top of the Hybond-N membrane, again ensuring that no air bubbles were 

trapped. Tissues (3-5 an in height) were placed on top of the filter 

paper and finally a glass plate with weights (approximately 0.5 kg) was 

placed on top of the tissues. The transfer was allc:Med to occur 

overnight and then the tissues and filter paper rerroved. The position 

of the wells was marked on the Hybond-N membrane which was then rinsed 

in 2x SSC for 10 minutes. The membrane was then placed on an 

ultraviolet light box for 3-5 minutes to cross-link the DNA to the 

membrane. 

5.5.3.4 Nick translation of the HPRl' probe 

The HPRT recanbinant DNA was labelled to a specific activity of 

5 x 107 -1 x lOS dpn/,ug DNA by incubating O. 5 pg intact plasmid ( or 

eluted insert) with 20 ,ul nucleotide buffer solution ( 100 .,uM dATP, 

100 .,uM dGI'P, 100 µM TI'P in a concentrated buffer solution containing 

Tris-HCl, pH 7.8, MgC12 and 2-mercaptoethanol, Arnersham nick 

translation kit), 70 ..,uCi [alpha-32 P] dCI'P (Arnersham, specific activity 

3 000 Ci/rnrol) and 10 ,ul enzyme solution (5 units DNA polymerase 1 and 

100 pg DNase 1 in a buffer solution containing Tris-HCl, pH 7. 5, MgC12 , 

glycerol and bovine serum albumin, Arnersham nick translation kit) in a 

total volume of 100 ,ul. The reaction was allc:Med to proceed at 16° C 

for 90 minutes. At the end of the reaction, the labelled DNA was 
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separated fran the unincorporated nucleotides on a 8 x 0.5 an Sephadex 

G-50 (medium) column. 12 fractions (150,ul each) were oollected using 

TE, pH 7.5 as the eluting buffer. 1/100 voltnne aliquots of each 

fraction were oounted by Cerenkov radiation (Williams and Wilson, 

1975). The fractions containing the DNA peak were p:x>led. 

Alternatively, the labelled DNA was separated fran the unincorporated 

nucleotides using the spun oolumn prcx::edure (Maniatis et al., 1982). 

A 1 ml disposable syringe was plugged with sterile glass vX)()l and a 

oolumn prepared using Sephadex G-50 equilibrated with STE (10 nM Tris­

HCl, pH 8.0, 1 nM EDTA, lOOrM NaCl). The syringe was placed in a 

centrifuge tube and centrifuged at 1 600x g for 4 minutes. Sephadex 

was added until the column voltnne was O. 9 ml. 0 .1 ml STE was added and 

the column recentrifuged at exactly the same speed and for exactly the 

same time as before. This equilibration step was repeated before 

applying the DNA sample to the colunm. The column was centrifuged at 

exactly the same speed and for exactly the same time as before. The 

effluent (labelled DNA) was collected in a decapped cryotube. The 

unincorporated nucleotides remain on the column. The DNA was denatured 

by incubating it in a boiling waterbath for 5 minutes and was 

inmediately placed on ice to prevent reannealing of the strands. 

5.5.3.5 Hybridization of the membrane 

The membrane was wet by flotation in 2x SSC and then washed in 3x SSC, 

0.1% (w/v) SDS, 10 ,ug/ml polyadenylic acid, 50 )lg/ml sonicated salrron 

spenn DNA and 0.25% (w/v) BLOTTO at 65°C with shaking for at least 2 



oours. 

BLOI'TO (Bovine Lacto Transfer Technique Optimizer, Johnson et al. 

(1984)) is nonfat dry milk which is used to block non-specific 

reactions instead of Denhardts solution ( 0. 2% BSA ( fraction V), 

0.2% :i;x::>lyvinylpyrrolidone, 0.2% Ficoll 400). 
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The membrane was hybridized with shaking at 65°C for 18 hours in fresh 

prehybridization solution with addition of the 3 2 P-labelled probe. 

The membrane was then washed in the following solutions to rerrove non­

specifically oound probe: 

3x SSC, 0.1% (w/v) SDS at 65°C for 2x 2 minutes 

3x SSC, 0.1% (w/v) SDS at 65°C for 2x 30 minutes 

0.2x SSC, 0.1% (w/v) SDS at 65°C for 2x 30 minutes. 

The washes were rronitored with a handheld Geiger counter and if the 

arrount of radioactivity remaining on the membrane was significantly 

aoove background, the final, stringent wash was repeated. The membrane 

was sealed in a plastic bag while still damp. 

5.5.3.6 Autoradiography 

The membrane was autoradiographed using either Kodak X-anat MA X-ray 

film or Amersham Hyperfilm MP and a Du:i;x::>nt intensifying screen at -7fYC 

for 1-10 days as required. 
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The film was developed in either Kodak X-ray developer or Dup:>nt X-ray 

developer for 3 minutes, rinsed in 2% glacial acetic acid for 20 

seconds and fixed in Amfix fixative (Maybaker) with hardener for 

10 minutes. The autoradiograph was then washed in running water for 15 

minutes and dried. 



5.6 RNA STUDIES 

5.6.1 Extraction of RNA fran cultured lymphoblasts 

RNA was prepared fran cultured lymphoblasts using three different 

methods. 

5.6.1.1 Guanidinium chloride irethcxl 

RNA was isolated using a rrodification of the method of Cox (1968). 
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Cultured lymphoblasts (1 x 107 cells) were harvested by centrifugation 

at 2 OOOx g for 10 minutes in a MSE bench top centrifuge and washed 

twice with normal, sterile saline. '!he cell pellet was resuspended in 

4. 75 ml of guanidinium chloride and 250 ;ul of potassium acetate, pH 8.0 

and then sonicated to disrupt the cells. '!he cellular debris was then 

pelleted at 2 OOOx g for 15 minutes at 4° C. The supernatant was 

decanted and 2.5 ml of 95% ethanol added to precipitate the nucleic 

acid at -2CY C overnight. 

The precipitate was recovered by centrifugation at 32 OOOx g for 15 

minutes at -lfYC. '!he pellet was resuspended in 475 ,ul of guanidinitnn 

chloride, 50 )ll of EDTA, pH 6.0 and 25 ;ul of potassium acetate, pH 5.0 

by vortexing and sonicating. '!he supernatant was recovered by 

centrifugation at 8 OOOx g for 10 minutes at -lfYC. '!he remaining 

pellet was re-extracted in the same way and the supernatant canbined 
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with that of the previous step. Half the volume ice-cold 95% 

ethan::>1 was added to the canbined supernatants which were then 

incubated for 1-2 hours at -20'C. The precipitate was recovered by 

centrifugation at 8 CX)()x g for 15 minutes at -lO'C and resuspended in 

475 pl of guanidiniurn chloride, 50 pl of EIYI'A, pH 6.0 and 25 )ll of 

potassium acetate, pH 5.0 by vortexing and sonicating. The RNA was 

precipitated by the addition of half the volume of 95% ethan::)l and 

incubated at -20' C overnight. The RNA was recovered by centrifugation 

at 10 CX)()x g for 15 minutes at -10' C. The pellet was resuspended in 

200 ul of ice-cold 95% ethanol by vortexing. The RNA was recovered by 

centrifugation at 10 CX)()x g for 15 minutes at -lO'C. The pellet was 

drained by placing the tube upside down on paper tc:Mels for 20 minutes 

at -20'C. The RNA was resuspended in 200 P1 of 20 rrM EIYI'A, pH 7.0 and 

the purity determined by scanning a dilution of the sample fran 220 to 

310 nm. The concentration was calculated fran the absorbance at 260 nm 

( 40 .ug/ml RNA solution has an OD = 1 ) . 

5.6.1.2 RSB Method 

RNA was isolated according to the method. of Davis et al. (sutmitted). 

Cultured lymphoblasts (1 x 107 cells) were harvested by centrifugation 

at 2 CX)()x g for 10 minutes in a MSE bench top centrifuge and washed 

twice with ph:)sphate buffered saline. The cells were suspended in 

200.ul of cold RSB (10 rrM Tris-HCl, pH 7.5, 10 rrM NaCl, 5 rrM M;JC12 ) 

containing 2% (v/v) Triton X-100· and transferred to sterile microfuge 

tubes. The cells were suspended by gentle pipetting. The cells were 
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allCMed to stand on ice for 5 minutes and then the nuclei were pelleted 

for 1 minute at 4° C in a microfuge. The supen1atant was transferred to 

a clean microfuge tube and kept on ice. The pellet was resuspended in 

RSB-Triton X-100 and centrifuged as before. This supernatant was added 

to the previous supernatant. 

400 ,ul of TE, pH 7.5 and 500,lll of phenol (TE-saturated) were added to 

the canbined supernatants. After gentle shaking at rcx::m temperature 

for 3 minutes, the phases were separated by centrifugation in a micro­

fuge. The aqueous phase was extracted twice with phenol: chloroform 

(TE-saturated) and then twice with chloroforrn:octarx:>l (24:1). The RNA 

was precipitated by the addition of 1/10 volume of 3M sodium acetate, 

pH 5.5 and 2.5 volumes of etharx:>l at -20'C overnight. The RNA was 

recovered by centrifugation in a microfuge. The pellet was washed twice 

in 70% etharx:>l, dried under vacuum and dissolved in 100 ).11 sterile, 

distilled water. The concentration was determined as described in 

section 5. 6 .1.1. 

5.6.1.3 Guanid.inium thiocyanate method 

RNA was isolated according to the metlxxi of Oxmczynski and Sacchi 

(1987). 

cultured lymphoblasts {l x 107 cells) were harvested and washed as 

described previously. The pellet was resuspended in 1 ml of solution D 

( 4 M guanidinium thiocyanate, 25 rrM sodium citrate, pH 7. 0, 0. 5% 

sarcosyl, 0.1 M 2-mercaptoethanol). Sequentially, 0.1 ml of 2 M sodium 
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acetate, pH 4, 1 ml of phenol (water-saturated) and O. 2 ml of 

chlorofo:rm:isoamyl alcohol (49:1) were added to the suspended pellet 

with inversion of the tube after the ad.di tion of each reagent. The 

final suspension was shaken vigorously for 10 seconds and CXX>led on ice 

for 15 minutes. 

Samples were centrifuged at 10 OOOx g for 20 minutes at 4°C. After 

centrifugation, RNA was present in the aqueous phase and the DNA and 

proteins in the interphase and phenol phase. The aqueous phase was 

transferred to a clean tube and 1 ml of isopropaoc>l added. The tube 

was placed at -20'C for at least 1 oour to precipitate the RNA. The 

RNA was recovered by centrifugation at 10 OOOx g for 20 m:inutes at 4°C. 

The pellet was dissolved in 0.3 ml of solution D and precipitated with 

1 volume of isopropanol at -20'C for 1 oour. The RNA was recovered by 

centrifugation at 10 OOOx g for 10 m:inutes at 4° C. The pellet was 

resuspended in 75% ethanol, sedimented, vacuum dried and dissolved in 

50 µl 0.5% (w/v) SDS at 65°C for 10 minutes. 

The concentration of RNA was determ:ined as described in section 

5.6.1.1. 

5.6.2 Northern analysis of RNA 

5.6.2.1 Electrophoresis of RNA 

Electropooresis was perfonned according to the metood of Maniatis 
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et al. (1982). 

A 1.5% gel was prepared by melting the agarose in water and when it had 

CCX)led to 6CJ> C, lOx gel buffer ( 0, 2 M rrorph:>linopropanesulfonic 

acid (MJPS), pH 7.0, 50 rrM sodilllll acetate, 10 rrM EDTA, pH 8.0) and 

fonnaldehyde were added to final concentrations of lx and 2.2 M 

respectively. 

The RNA sample was prepared by adding 50% (v/v) deionized fonnamide, 

2.2 M formaldehyde and lx gel buffer (final concentrations) and 

incubating at 55° C for 15 minutes. 2 ,ul loading buffer ( 50% glycerol, 

1 rrM EDTA, 0.4% xylene cyanol, 0.4% b:raropherx:>l blue) was added to the 

RNA sample which was then loaded into the gel. The gel was 

electroph:)resed in lx gel buffer at 30 volts overnight. Once the 

samples had run into the gel, the gel buffer was circulated 

continuously. The gel was either stained or the RNA transferred onto 

Hytond-N membrane (Amersham). 

5.6.2.2 Staining of RNA gel 

The gel was washed in distilled water and then washed in 0.1 M arrrronitnn 

acetate for 30 minutes. It was then stained in 0.1 M arrrronitnn acetate, 

0.5 pg/ml ethidil.llll branide for 60 minutes and destained in 0.1 M 

arrrronitnn acetate for 45 minutes. The gel was then viewed on an 

ultraviolet light tox. The 18S and 28S rRNA fragments were visible and 

used as rrolecular weight markers. 
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5.6.2.3 Transfer of RNA to Hybond-N irerrbrane 

The gel was placed on 2 pieces of Whatman 3r-M paper which had been 

presoaked in 20x SSC. Hybond-N membrane, with the same dimensions as 

the gel, was placed on the gel ensuring that there were IX> air bubbles 

trapped in between. Two pieces of Whatman 3M"1 paper were then placed 

over the Hybond membrane. Tissues (3-5 an in height) were placed over 

the 3M"1 paper and finally a glass plate with weights (approximately 

0. 5 kg) was placed on top. Once blotting was caupleted (overnight), 

the weights, tissues and 3M"1 paper were renoved and the positions of 

the wells marked on the Hybond membrane. The membrane was rinsed in 

2x SSC, air dried and wrapped in cling film. It was then placed RNA 

side dcMn on an ultraviolet light box for 2-5 minutes to cross-link the 

RNA to the membrane. 

5.6.2.4 Hybridization of RNA blots 

The membranes were washed in 5x SSPE (20x SSPE is 3.6 M NaCl, 0.2 M 

sodium poosphate, pH 7. 7, 0. 002 M N82 EDTA), 50% ( v /v) formarnide, 

0.5% (w/v) SDS, 0.25% (w/v) BI.m'ID, 0.5 mg/ml sonicated salrron sperm 

DNA at 42° C for at least 2 hours. 

The membranes were hybridized with shaking at 42° C for 18 hours in 

fresh prehybridization solution with addition of the 3 2 P-nick 

translated cDNA probe (described in section 5.5.3.4). 

The membranes were washed in the follc:Ming solutions to rerrove the 
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ocn-specifically bound probe: 

2x SSPE, 0.1% (w/v) SDS at 42°C for 2x 15 m:inutes 

lx SSPE, 0 .1 % ( w/v) SDS at 42° C for 30 m:inutes 

O.lx SSPE, 0.1% (w/v) SDS at rccm temperature for 2x 15 m:inutes. 

The washes were rronitored with a handheld Geiger counter and the final 

high stringency wash was repeated if the filters emitted radiation 

significantly above background. 

5.6.2.5 Autoradiography 

These procedures were carried out as described in section 5.5.3.6. 
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5.7 cDNA CLCN.ING 

The cDNA was cloned into a lambda gtlO vector using a cDNA cloning 

system (Amersham). The enzyme buffers were supplied in the kit. The 

canposition of these buffers was not specified. 

5.7.1 Preparation of cDNA for cloning 

5.7.1.1 cDNA synthesis 

cDNA was prepared according to a m::xlification of Ullrich's lab 

protocol, california, USA. Total RNA prepared fran lyrnphoblasts was 

used as a template. Methylrnercuryhydroxide was added to 40 ug RNA to a 

final concentration of 10 !TM and heated at 6CJ=>C for 5 minutes (to 

disrupt secondary structures) and then snap-cooled. The RNA was added 

to a tube containing 0.5 !TM dATP, 0.5 !TM dGI'P, 0.5 !TM 'ITP, 0.5 !TM dCI'P 

(final concentrations), 10 ).lCi [alpha-32 P] dCTP, lx RT buffer (50 rrM 

Tris-HCl, pH 8.3, 100 !TM KCl, 6 !TM ~12 ), 10 !TM DTI' (sequesters the 

mercury ions which would otherwise inhibit the reverse transcriptase 

enzyme), 100 pg/ml oligo dT1 2 _ 18 , 500 uni ts/ml RNasin ( final 

concentrations) and 40 uni ts of FM/ reverse transcriptase ( Seikagaku 

America) . The reaction was incubated at 42° C for 60 minutes. 

To the first strand reaction, 0.5 !TM dATP, 0.5 !TM dGI'P, 0.5 !TM dCI'P, 

0. 5 rrM 'ITP, 1 unit RNase H ( Arnersharn) , and 2 !TM DTI' were added. A 

further 40 units of FM/ reverse transcriptase was added and the 
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reaction incubated at 42' C for 60 minutes. 1x Klerx::M buffer ( 10 nM 

MJC12 , 10 nM Tris-HCl, pH 7.5, 50 rrM NaCl) and 20 units of DNA 

polymerase 1 "Klerx::M fragment" (Amersham) was added. The reaction was 

incubated at 15°C for 20 oours. 

7.5 pl of 0.5 M EDTA, pH 8.0 was added and the cDNA extracted once with 

an equal volume of chloroform: octanol ( 24: 1). The cDNA was 

precipitated with 1/4 volume of 10 M armonit.nn acetate and 2 volumes of 

absolute ethanol on crushed dry ice for 10 minutes and recovered by 

centrifugation at CPC. The pellet was resuspended in 250 ul 0.3 M 

sodit.nn acetate (to rarove any remaining armonit.nn acetate) and the cDNA 

precipitated with 750 )..11 of absolute ethanol. The pellet was washed in 

95% etharx::>l, dried under vacut.nn and resuspended in sterile distilled 

water. 

5.7.1.2 Size selection of cDNA 

The double-stranded cDNA was digested with the restriction enzymes 

~ I and Rsa I as described in section 5.4.2. This step was included 

to increase the percentage of HPRT-containing recanbinants in the 

library which is important when cloning rare messages. Only cDNAs 

which were of a similar size to HPRT were cloned into the vector. 

(This digestion step rerroves the necessity for an Sl nuclease step 

which digests the hairpin loop. The hairpin loop acts as a primer for 

the synthesis of the second strand) • 

After the digest was canplete, the cDNA was blunt-ended (blunt ends are 
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required for the addition of linkers) by the addition of O .1 M dATP, 

0.1 M dCl'P, 0.1 M dGI'P, 0.1 M TI'P and 5 units of DNA polymerase 1 

"Klenow fragment". The reaction was incubated at rcx:m temperature for 

30 minutes. A further 5 units of DNA IX)lymerase 1 "Klenow fragment" 

was added and the reaction continued at 15°C for 60 minutes. The 

reaction was tenninated by the addition of 15 rrM EDTA, pH 8.0 (final 

concentration). The cDNA was extracted once with phenol:chloroform 

(TE-saturated) and once with chloroforrn:octanol (24:1). The cDNA was 

precipitated by the addition of 2 volumes of absolute ethanol and 1/10 

volume 3 M sodium acetate. The cDNA was recovered by centrifugation, 

washed in 95% ethan::>l, dried under vacuum and resuspended in TE, 

pH 7.5. 

The cDNA was elect:roplx>resed on a 1.2% agarose gel and fragments 

between 603 and 1078 base-pairs (sizes of two of the ¢X174/Hae 111 

fragments, Table 3) eluted as described in section 5.4.2. 

5.7.2 Cloning of cDNA into the lamlxla gtlO vector 

5.7.2.1 Methylation of cDNA 

The cDNA was cloned into the Eco RI site of lambda, thus any internal 

Eco RI sites must be protected fran digestion by Eco RI. This is 

accx:rnplished using the enzyme Eco RI methylase which methylates the 

adenine in the §gg RI reccgni tion site ( GAATI'C) . It is kn::Mn that HPRT 

cDNA has IX> internal Eco RI sites and a Southern blot of T.K. 's geoc:mic 
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DNA digested with F.co RI stowed n:) difference in~ patterns 

between n:)nnal and T.K., thus n:) F.co RI site has been created in T.K. 's 

DNA. The methylaticn was thus n:)t necessary and was n:)t perfonood. 

5.7.2.2 1\dditicn of~ RI cohesive termini to crtm 

1 ug of ph::)sph:):rylated F.co RI linkers were ligated to the cDNA in the 

presence of 1/10 volume L buffer (Aroorsharn clcni.ng kit). 5 units of 

ligase was added and the reacticn incubated at 15°C for 15-20 h:Jurs. 

The reaction was terminated by heating at 70:, C for 10 minutes. 

5.7.2.3 fllC:Q RI digesticn of crtm 

The cDNA was digested with 100 units of F.co RI in the preserx::e of 

1/10 volume E buffer (Amersham clcni.ng kit) at 37'C for a mini.mum of 

5 IDJrS. The reaction was terminated by heating at 70:, C for 10 

minutes. 

5.7.2.4 Separaticn of crtm fran unligated linkers 

The cDNA was separated fran unligated ph:)sph:>rylated linkers using the 

CX)lunn supplied in the kit. 10 fracticns (200 ul) were CX)llected using 

STE (100 rrM NaCl, 10 rrM Tris-HCl pH 7.5, 1 rrM EDTA) to elute the 

fracticns. The two major fracticns, cx::ntaininJ the cDNA, 

were identified by scintillation c:nmting of a sna.11 aliquot of each 
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fraction. These fractions were pooled and the cDNA precipitated with 

0. 3 M sodium acetate and 2. 5 volumes of ethan:>l. The cDNA was 

re<XJVered by centrifugation in a microfuge for 30 minutes. The pellet 

was dried under vacuum and resuspended in 2.5 ,ul STE, pH 7 .5. 

5.7.2.5 Ligation to lambda gtlO anns 

The cDNA was ligated to 1 ,ug of lambda gtlO arms in the presence of 

L buffer ( Amersham cloning kit) and 2. 5 uni ts of T4 DNA ligase. The 

ligation reaction was incubated at 15°C for 16-20 h:>urs. At the end of 

the reaction, the DNA was precipitated with 1/10 volume 3M sodium 

acetate and 2.5 volumes of absolute etharx:>l in an ethan:>1-dry ice bath 

for 15 minutes. The DNA was re<XJVered by centrifugation in a microfuge 

for 15 minutes, the pellet dried under vacuum and resuspended in 2. 5 ,ul 

of TE, pH 7.5. 

A number of control reactions were included. Uncut lambda gtlO vector 

(0.25 .ug) was used to determine the efficiency of the in vitro 

packaging reactions and the biological selection of the tvX:> h:>st cell 

types. Lambda gtlO arms were used to determine the efficiency of the 

ligation reaction. Control DNA was treated in the same way as the cDNA 

(altoough it was also methylated) and ligated to lambda gtlO arms. 

This control determines the efficiency of the cloning procedure. 
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5. 7. 2. 6 In vitro packaging of ligation mixtures 

Two cell extracts were used for in vitro packaging. They are both 

derived fran induced lambd.a lysogens whose prophages carry different 

but canplementing mutations in the genes required for assembly of 

mature phage particles. Extract A is prepared fran E. coli BHB2688 

[N205 rec A- (lambda imn434 cits b2 red3 Eam4 Sam7/lambda] and does rot 

allCM the insertion of DNA. Extract Bis prepared fran E.coli BHB 

2690 [N205 rec A- (lambd.a imn 434 cits b2 red 3 Dam 15 Sam 7/lambda] 

and does rot allCM the formation of the capsid. When these hx) 

extracts are mixed together with DNA, the DNA is packaged into 

infectious phage particles. 

The extracts were rerroved frcm the -7CPC freezer and allCMed to thaw on 

ice. As soon as they had thawed, 10 )...11 of extract A was added to the 

ligation reaction and then 15 ,ul of extract B was imnediately added to 

this. The contents of the reaction were mixed gently with the pipette 

tip which was used for the transfer. The packaging reaction was 

incubated at 2CPC for 2 hours. At the end of the incubation, 

0.5 ml of SM buffer (0.1 M NaCl, 10 rrM M]S04 , 50 rrM Tris-HCl, pH 7.5, 

0.01% gelatin) and 10,ul of chloroform were added. This packaged 

reaction was stored at 4°C. (The growth of bacteria is inhibited by 

the chloroform) . 

5.7.2.7 Preparation of phage plating cells 

Glycerol stocks of E.coli L87 and E.coli NM514 (selective host) were 
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used to streak plates. Individual colonies were picked fran each plate 

and used to i.rx)culate 10 ml of LB medium+ 0.2% maltose which was 

incubated with shaking at 37° C overnight. 1 ml of each overnight 

culture was added to 50 ml of pre-warmed LB medium+ 0.2% maltose and 

was incubated wi tl:i shaking at 37° C until the OD6 0 0 = 0. 5 uni ts. After 

CXX)ling the culture on ice, it was centrifuged at 1 OOOx g for 10 

minutes at 4°C. The pellet was resuspended in 15 ml of ice-cold 10 rrM 

M;t,04 and the cells stored at 4°C. 

5.7.2.8 Titration of lambda gtlO recanbinants 

A dilution series in duplicate was made for each packaged reaction. 

100 pl of each dilution was added to 100 ,ul of plating cells and 

incubated at 37° C for 20 minutes to allCM adsorption of the phage to 

the cells. 3 ml of liquid top agar ( 1 g tryptone, 0. 5 g yeast extract, 

0. 5 g NaCl, 0. 25 g M;t,04 , 0. 7 g agar in 100 ml distilled water, pH 7. 0) 

was added to each dilution and poured onto L-agar plates (10 g 

tryptone, 5 g yeast extract, 5 g NaCl, 15 g Difeo Bacto-agar in 1 litre 

distilled water, pH 7. 0) . The top agar was allCMed to set and then the 

plates were incubated at 37° C overnight. The number of plaques was 

counted and the titre calculated. 
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5.7.3 Screening of the recanbinant library 

5.7.3.1 1\mplificatian of the library 

Half of the library was amplified. 250µ1 of phage stock was added to 

200µ1 of a fresh, overnight culture of E.coli NM514 and incubated at 

37° C for 20 minutes. 7 ml liquid top agarose was added and poured onto 

145 rrm L-plates + 0. 2% glucose. The plates were incubated at 37° C for 

6-8 hours or until canplete lysis occurred. The plates were stored at 

4° C overnight. 7 ml of SM buffer and 100 ).11 of chlorofonn were added 

to each plate which were then incubated with agitation for 2 hours at 

rcx:m temperature. The SM buffer was raroved and centrifuged at 

3 OOOx g for 10 minutes. The supernatant was pipetted into a clean 

tube and 200 ,.ul of chlorofonn added. This high titre lysate stock was 

stored at 4°C. The titre was calculated as described in section 

5.7.2.8. The titre was calculated to be 109 plaque forming units (pfu) 

per millilitre. 

5.7.3.2 Preparation of replica membranes 

1. 2 x la5 pfu of the amplified library and 6 x 104 pfu of the 

unamplified library were used for screening. 

The phage were plated onto agarose plates at a concentration of 

8 x 1()3 pfu/plate. The phage were mixed with 100 ).11 of fresh, 

overnight culture of E.coli NM514 and incubated at 37° C for 20 minutes. 
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3 ml of liquid top agarose was added and p:)ured onto 85 nm plates. The 

plates were incubated at 37° C for 6-8 ro.rrs and then stored at 4° C 

overnight. A Hybond-N membrane was placed on the plate for 1 minute. 

Before rerroval, the orientation was marked by piercing asyrrmetrically 

through the membrane and the agarose with a needle. The membrane was 

inmersed in denaturing solution (0.5 M NaOH, 1.5 M NaCl) for 5 minutes, 

then inmersed in 2 rinses of neutralizing solution ( 0. 5 M Tris-HCl, 

pH 7.0, 1.5 M NaCl) for 5 minutes each and finally rinsed in 6x SSC for 

5 minutes. The membrane was then air dried, plaque side up on a sheet 

of filter paper. It was then W-irradiated plaque side down for 4 

minutes to cross-link the DNA to the membrane. 

5.7.3.3 Hybridization of nanbranes 

Membranes were wet in 2x SSC and then prewashed in 6x SSC, 0.1% (w/v) 

SDS, 50 .ug/ml sonicated salrron sperm DNA, 10 )lg/ml p:)lyadenylic acid, 

0.25% (w/v) BWITO, 0.06% (w/v) sodium pyrophosphate at 65°C for 4 

oours. 

The membranes were hybridized in fresh prehybridization solution 

containing radioactively labelled probe (metlxx:1 described in section 

5.5.3.4) at 65°C for 18 oours. 

The membranes were then washed at 65°C in the folla,,ring solutions to 

rerrove n:)nspecifically bound probe: 

6x SSC, 0.1% (w/v) SDS, 0.06% (w/v) sodium pyropoosphate for 30 

minutes 
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2x SSC, 0.1% (w/v) SDS, 0.06% (w/v) sodium pyroph:)Sphate for 30 

minutes 

0.2x SSC, 0.1% (w/v) SDS, 0.06% (w/v) sodium pyropoosphate for 2x 30 

minutes. 

5.7.3.4 Autoradiography 

The membranes were sealed in plastic bags while still damp and 

autoradiographed using Hyperfilm-MP (Amersham) and a Dupont 

intensifying screen. The X-ray film was exposed at -7a'C overnight. 

The film was developed as described in section 5.5.3.6. 

5.7.3.5 Identification and picking of positive plaques 

The X-ray film was aligned with the corresponding agarose plate using 

the asymnetric needle stabs. Positive areas were picked using a 

pipette tip and placed in 200,ul of SM buffer and a drop of chloroform 

was added. These were stored at 4° C. 

( 

5. 7.4. Phage DNA mini:-prepa,ration 

Phage DNA was prepared fran plate lysates by a m:x:lification of the 

metlro of Davis et al. ( 1980). Canplete lysis was alla-ved to occur as 

described in section 5.7.3.1. 7 ml of SM buffer and 100 ,ul of 

chlorofonn were added to the plates which were then incubated with 
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agi taticn for 2 tnrrs at roan temperature. The medium was centrifuged 

at 3 OOOx g for 10 minutes and 4 ml of the sup&natant was incubated at 

37°C for 30 minutes with 10 ug of DNase 1 (Miles Laboratory) and 10 ug 

of RNase A (Sigma) . ( The remainder of the sup&natant was stored as an 

amplified stcx::k) • EDTA was added to 20 rrM to tenninate the rruclease 

digesticn. The phage was then lysed by incubaticn for 5 minutes at 

7CYC in 150 rrM Tris-HCl, pH 8.0, 0.15% (w/v) SDS, 0.15% (v/v) 

diroothylsulfoxide. Sodium acetate was added to 0.3 M and the lysate 

incubated at 4° C for 2 hours. After centrifugaticn at 10 OOOx g for 10 

minutes at 4°C, 1 volume of isopropan::>l was added to the supernatant. 

Phage DNA was then prec:ipi tated at -20oC overnight. The DNA was 

recovered by centrifugaticn, the pellet dried under vacuum and 

resuspended in 400 ul TE, pH 8. 0. The DNA was extracted twice with 

phen:)l (TE-saturated), twice with phen:)l: chloroform (TE-saturated), 

coce with chloroform and finally with ether. Traces of remaining ether 

were rerroved by heating to 65°C. The DNA was reprec:ipitated with 

2 volumes of ethan:>l and 0.5 M arrm::nium acetate (final ccn::::entraticn) 

at -2fY C overnight. The DNA was recovered by centrifugaticn in a 

rnicrofuge, washed in 70% ethan:>l, dried under vacuum and resuspended in 

100 ul of TE, pH 7.5. 

5.7.4.1 Analysis of phage 00A by Southern blotting 

1/10 of the phage DNA was digested with 10 units F.cx:> RI in a total 

volume of 20 ul at 37° C for 2 tnJrs. The DNA was electrc:.pX>resed en a 

1.2% agarose gel with a </JXJ.74/l:@e 111 nolec:ular weight marker as 
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described in section 5. 5. 3. 2. The gel was blotted and hybridized as 

described in sections 5.5.3.3-5.5.3.6. 

5.7.4.2 Analysis of phage DNA by end-labelling 

Phage DNA was digested with Eco RI (Amersham) in the presence of 

1/10 volume Eco RI buffer (10 rrM Tris-HCl, pH 7.5, 60 rrM NaCl, 7 rrM 

M;JC12 , 7 rrM beta-mercaptoethanol) at 37° C for 2 hours. 1 unit of DNA 

polymerase 1 "Klenow fragment" (Amersham) was added and the DNA 

incubated for 20 minutes at roan temperature. 1 )Jl of 2 rrM dGTP, 2 rrM 

dATP and 2 rrM TI'P and 1,.uCi [alpha-32 P] dCI'P (Amersham, 3 000 Ci/mrol) 

were added and the reaction allCMed to continue for 15 minutes. The 

DNA was incubated at 65°C for 10 minutes to terminate the reaction. 

The DNA was electrophoresed on a 1.2% agarose gel together with a 

¢x174/Hae III nolecular weight marker. When electrophoresis was 

COTiplete, the gel was dried in a gel dl:yer and autoradiographed as 

described in section 5.5.3.6. 
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5.8 Sl NCX:LEASE ANALYSIS 

5.8.1 Subcloning of HPRT insert into pGEM-3 vector 

p3EM-3 is a 2 867 base-pair plasmid vector containing a SP6 and a T7 

praroter and a multiple cloning site (Figure 24). 

5.8.1.1 Restriction enzyrre digest of the plasmids 

5 ,ug of p4aA8 and O. 5 ,ug of p:;EM-3 were digested with 10 uni ts each of 

Barn HI and Pst I (Amersham) in the presence of 1/10 volume of medium­

salt buffer at 37' C for 2 hours. The DNA was then extracted with 

phenol (TE-saturated), followed by a chloroform extraction and finally 

extracted with ether. The DNA was precipitated with 2 volumes of 

ethan:>l on dry ice for 10 minutes and recovered by centrifugation, 

washed in 70% ethan:>l and dried under vacuum. The pellet was 

resuspended in TE, pH 7.5. 

5.8.1.2 Ligation of the DNA fragments 

The DNA fragments were ligated together in the presence of 1/10 volume 

ligation buffer (0.5 M Tris-HCl, pH 7.4, 0.1 M M;JC12 , 0.1 M 

dithiothreitol, lCKrM spermidine, 1.rrg/ml BSA, lCKrM ATP) and 5 units of 

ligase (Amersham) in a total volume of 20 ,ul. The ligation reaction 

was incubated at 14° C for 20 hours. The DNA was incubated at 65° C for 
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10 minutes to tenninate the reaction. 

5.8.1.3 Transfo:rma.tion of the bacteria 

The transfonnation was performed according to the method of Maniatis 

et al. ( 1982). 

10 ml of LB medium was inoculated with an overnight culture of E.coli 

DKl and incubated at 37' C with vigorous shaking until a cell density of 
5 x 107 was reached. The cells were then centrifuged in 2 ml aliquots 

at 4 CXlOx g for 10 minutes at 4° C . The pellet was resuspended in 1 ml 

of 10 rrM MJPS, pH 7. 0, 10 rrM rubiditnn chloride ( RbCl) . The cells were 

recovered by centrifugation at 4 CXlOx g for 10 minutes at 4° C. The 

pellet was resuspended in 1 ml of 0.1 M MJPS, pH 6.5, 50 rrM calcium 

chloride (GaC12 ), 10 rrM RbCl and then placed on ice for 15 ~utes. 

The cells were recovered by centrifugation at 4 CXlOx g for 10 minutes 

at 4°C. The pellet was resuspended in 0.2 ml of 0.1 M MJPS, pH 6.5, 

50 rrM cac12 , lOrrM RbCl. 3 ;Ul of dimethylsulfoxide and 200 ng of 

ligated DNA were added and the mixture placed on ice for 30 minutes. 

The cells were heat-shocked at 44° C for 90 seconds. 1 ml of LB medium 

was added and the mixture incubated at 37' C for 60 minutes. 50 pl of 

this mixture was spread ont() ampicillin plates ( LB plates with 35 ,ug/ml 

ampicillin) which were incubated at 37° C overnight. 
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5.8.2 Analysis of the recx::ri>inants 

The recanbinants were analysed by preparing mini-preps of a few of the 

colonies according to a m::xlification of the method of Holmes and 

Quigley ( 1981). 

5 ml of LB medium containing 35 JJg/ml ampicillin (Sigma) was inoculated 

with a single colony and incubated overnight at 37° C with vigorous 

shaking. The cells were centrifuged at 4 CXX)x g for 10 minutes. The 

pellet was resuspended in 80 )-.1). STET (8% sucrose, 0.5% Triton X-100, 

50 rrM EDTA, 10 rrM Tris-HCl, pH 8.0). 5 ).11 lysozyme (10 rrg/ml stcx::k 

freshly prepared in 10 rrM Tris-HCl, pH 8.0) was added and the bacterial 

suspension vortexed, boiled for 40 seconds and then centrifuged at 

10 OOOx g for 20 minutes. The supernatant was placed in a clean tube 
and extracted sequentially with phenol (TE-saturated), 

phenol: chloroform (TE-saturated) , chloroform and ether. Any remaining 

ether was rerroved by heating to 65° C. The DNA was precipitated with 

3 volumes of ethanol, recovered by centrifugation at 10 OOOx g for 10 

minutes at 4° C, washed in 70% ethan::>l and dried under vacuum. The DNA 

was resuspended in 20 )Jl TE, pH 7. 5. 

10 pl of the DNA was digested with~ HI and Pst I (Amersharn) in the 

presence of 1/10 volume rnedium-sal t buffer at 37° C for 2 hours. 1 pl 

of 10 mg/ml RNase A (Sigma) was then added and the reaction incubated 

at 37° C for 10 minutes. 

The DNA was then analysed on a 1.2% agarose gel alongside a 

larnbda/BstE II rrolecular weight marker (Table 3). 
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5.8.3 Preparaticn of the recanbinant plasnid 

40 ml of LB medit.nn containing 35 ).lg/ml ampicillin was inoculated with 

the recanbinant plasmid and incubated at 37° C overnight with vigorous 

shaking. The cells were centrifuged at 1 500x g for 10 minutes. The 

pellet was resuspended in 2 ml of 20% sucrose, 25 rrM Tris-HCl, pH 8.0 

and kept on ice. 100).11 of 10 mg/ml lysozyme (freshly prepared in 20% 

sucrose, 25 rrM Tris-HCl, pH 8.0) was added and the suspension left on 

ice for 10 minutes. 2.5 ml of Triton X-100 lytic mix (0.1 (v/v) 

Triton X-100, 25 rrM Tris-HCl, pH 7.5, 50 rrM EDTA) was added and the 

suspension gently agitated and left on ice for 10 minutes. The 

suspension was centrifuged at 20 700x g for 20 minutes at 4°C. The 

supernatant was poured into a clean tube and extracted once with phen::>l 

(TE-saturated) and then with chloroform. One volume of cold 

isopropanol was added to the aqueous phase which was then placed at 

-2Cf'C for 20 minutes to precipitate the nucleic acids. The nucleic 

acid was recovered by centrifugation at 7 800x g for 20 minutes at 4°C. 

The nucleic acid was washed in 70% ethanol, dried and resuspended in 

400 ,ul TE, pH 7 .5. l ,,ul of 10 mg/ml RNase A (heat-treated) was added 

and the reaction incubated at 37° C for 15 minutes. The nucleic acid 

was then extracted sequentially with phen:.:>l (TE-saturated), 

phen:.:>l: chloroform (TE-saturated), chloroform and ether. Any remaining 

ether was rerroved by heating to 65°C. 

Sodit.nn acetate was added to 0.3 Mand 2 volt.nnes of ethanol were added 

and the nucleic acid precipitated on dry ice for 10 minutes. The 

nucleic acid was recovered by centrifugation at 10 OOOx g for 10 

minutes at 4°C. The pellet was washed in 70% ethanol, dried under 
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vacuum and resuspended in 400pl sterile, distilled water. 

Supercoiled DNA was precipitated according to the Pranega-Biotec 

technical manual. 100 pl of 4 M sodium chloride was added to the 

nucleic acid solution and mixed. 500 µl of 13% polyethylene glycol 

(PEG) 8 000 (Sigma) was added and mixed. The reaction was incubated at 

4° C for 60 minutes. The DNA was recovered by centrifugation at 

10 OOOx g for 10 minutes at 4°C. The DNA was washed in 70% etharx:>l, 

dried under vacuum and resuspended in 100 µl TE, pH 7. 5. 

The DNA concentration was determined as described in section 5.4.1. 

5.8.4 Trariscription of riboprobe 

The transcription was perfo:rmed according to a m:xli.fication of Melton 

et al. ( 1984b). 

The antisense strand was transcribed by incubating lµg of Pst I cut 

µ;EM-3-HPRT with lx transcription buffer (40 rrM Tris-HCl, pH 7.5, 

6 rrM MgC12 , 2 rrM spermidine, 10 rrM NaCl), 10 rrM dithiothreitol, 

23 uni ts RNasin ( Amersham), . 2. 5 rrM ATP, 2. 5 rrM GrP, 2. 5 rrM Cl'P, 50 µCi 

[alpha-32 P] UI'P and 15 units of T7 polymerase (Pranega-Biotec) at 40'C 

for 60 minutes. 

The DNA template was rerroved by the addition of 23 units of DNase 

(RNase-free, Boehringer Mannheim) and incubating the reaction at 37°C 
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for 10 minutes. The RNA was then extracted with phen::>l: chlo::r:ofonn 

(TE-saturated) and precipitated by the addition of 1/10 volume 5 M 

armonium acetate and 1 volume isopropan::>l. The RNA was recovered by 

centrifugation in a rnicrofuge for 20 minutes at 4°C, washed in 70% 

ethanol and dried under vacuum. The RNA was resuspended in 100 pl of 

diethylpyrocaroonate-treated water. A 1).11 aliquot was counted to 

detennine the yield of RNA synthesized. 

5.8.5 Sl nuclease assay 

Aliquots ( 200 000 cpn) of the 3 2 -P antisense RNA were mixed together 

with: a) 50 )Jg control RNA, 

b) 50 pg T .K. RNA, 

c) 50 )Jg B.K. RNA, 

d) no RNA 

10 ng of carrier tRNA and 1 volume of isopropan::>l were added to each 

aliquot and the RNA precipitated on crushed dry ice for 10 minutes. 

The RNA was recovered by centrifugation in a rnic::r:ofuge for 20 minutes 

at 4° C, washed in 70% ethanol and dried under vacuum. The RNA was 

resuspended in 100 pl of hybridization solution consisting of 20 ).11 

5x buffer (2 M NaCl, 0.2 M N~PIPES, pH 6.5, 5 rrM EDTA) and 80 pl 

deionised formamide. The samples were incubated at 65° C for 15 minutes 

and then incubated at 45°C overnight. 

The unprotected RNA was then digested with 100 units of Sl nuclease 

(Amersham) in 100· ).11 of Sl buffer (0.25 M NaCl, 30 rrM sodium acetate, 
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pH 4.6, 1 rrM ZnS04 , 20 µg/ml sonicated salrron sperm DNA) at 3CJ>C for 60 

minutes. The RNA was extracted with phen:)l: chlorofonn (TE-saturated) 

and finally 20 }lg of carrier tRNA was added to the aqueous phase. One 

volume isop:ropanol was added and the RNA precipitated on crushed dry 

ice for 10 minutes. The RNA was recovered by centrifugation in a 

mic:rofuge for 20 minutes at 4°C, washed in 70% ethanol and dried under 

vacuum. The pellet was resuspended in 4.5).11 diethylpyrocaroonate­

treated water. Fifty percent (v/v) formamide, 2.2 M formaldehyde and 

1x gel buffer ( final concentrations) were added and the samples 

incubated at 55° C for 15 minutes. 2 ).11. loading buffer was added and 

the samples electropooresed on a 1.5% denaturing agarose gel (described 

in section 5.6.2.1). 

When electroph:>resis was ccrnplete, the gel was dried on a gel dryer and 

autoradiographed as described in section 5.5.3.6. 
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DNA Fragment 
number 

· Number of 
base pairs 

Pootograph of 
electmphoresed fragments 

Lambda DNA- 1 23 130 SI 
Hind III 2 9 419 -digest 3 6 557 -4 4 371 

5 2 322 .. 
6 2 028 
7 564 
8 125 --

Lambda DNA- 1 8 454 --~II 2 7 242 --digest 3 6 369 --4 5 686 -5 4 822 
6 4 324 
7 3 675 -8 2 323 
9 1 929 -

10 1 371 
11 1 264 
12 702 
13 224 
14 117 

<\)X174 RF DNA- 1 1 353 -Hae III 2 1 078 -digest 3 872 • 4 603 
Git 5 310 

6b 281 
6a 271 
7 234 -8 194 -9 118 -10 72 

Table 3 Fragment sizes of DNA rrolecular weight markers 
(Fragment sizes obtained fran the New England 
Biolabs catalcgue) 

1.0% 
agarose 

1.0% 
agarose 

1.7% 
agarose 
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