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2.7. HEAT STABILITY MEASUREMENTS OF RED CELL ADA

Hirschhorn ¢t al 1979),

Neat haemolysates were diluted by mixing one part

haemolysate with five parts of a 0.15M Tris/HCLl buffer

(pH 7.5), containing 0.05M NacCl (haemoglobin concen-

trations were between 35 and 50mg/ml). One huadred

w

microlitre aliquots of diluted haemolysate were incubated

at 57°C for periods of between 0 and 50 minutes. After

) heating, the aliquots were cooled in an ice water bath

and their ADA activities determined by the radiochemical

I method. Heat stability was expressed as a half life, t},

f the time taken for the enzyme to lose half of it's

original activity under the specified conditions.

2.8, ISOELECTRIC FOCUSING (IEF)

Isoelectric focusing of ADA was carried out in

thick gels made of 1.25 percent w/v glycine, 4.85 perc._ut

w/v acrylamide, 0.15 percent w/v bis-acrylamide, 2 per-
cent v/v ampholine, pH 4-6 (LKB 1809-116) and 0.83
percent v/v of 0.004 percent riboflavin. Polymerization
was effected by exposing the gel solution of UV light,

Contact between the gel and the electrodes of an LKB

Multiphor apparatus was made by Whatman No 17 filter

paper strips which had been soaked in 0.1M orthophospho-

ric acid (anode), and 0.5M sodium hydroxide (cathode) .

A cooling system maintained the gel at 4°C during the

separation. Prefocusing was carried out for BRLECY
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minutes during which time the voltage was gradvally
increased to 700V. Whatman No 3 filter paper squares
were soaked with the samples to be focused and placed 2cm
from the cathode. The voltage was then gradually
increased until a maximum of 1200V was reached. Focusing

then took place for a further three hours. The gel was

stained for ADA activity in the way described under starch

gel electrophoresis.

2.9. DEOXY-ATP MEASUREMENT

Red blood cell deoxy-ATP levels were determined by an

assay employing DNA polymerase and a poly (dA.dT) tem-

——

plate as described by Hirschhorn (personal communication

b 1985) who based her method on that of Solter et 0223.

In the assay, deoxy-ATP from red cells is used
(together with added TTP), by DNA polymerase, to form
double stranded poly (dA.dT) on a single stranded poly
(dA.dT) template. The amount of lab_lled TTP incorpora-
ted by DNA polymerase serves as a measure of the amount
of double stranded poly (dA-dT) formed and hence of the

amount of deoxy-ATP present in the added red cell extract.

The reaction mixture for the assay of one sample
of cell extract consisted of the following:

28.75u¢ buffer solution (0.1M Tris HC1l, pH 8.3,

0.01M MgCl, and 0,.002mM g-mercaptoethanol)

4ut 3H-TTP (40-60ci/mmol, 1uCt/ué)

16y£ TTP, 0.015mM

4

L . - v 11 - |
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12.50€ poly (da.dT), 0.35mg/me

2.5u€ Bovine serum albumin (BSA) , 1mg/me

6.2518 water

20u€ of protein free cell extract was added to 70
ul of the reaction mixture which was prepared just before
the assay. Protein free ce)l extracts were prepared by

perchloric acid precipitation. One hundred microlitres

of packed red blood cells was added to 50uf of ice could,
10% perchloric acid in an Eppendorf micro test tube and j
mixed well. After spinning for fifteen minutes at 0.003g inan ‘W i
Eppendorf centrifuge 50ul of clear protein-free extract i
was renmoved and neutralized with 15 of 2.21M potassium ﬂ

hydroxide. L.

Eacherichia coli DNA polymerase 1 (Materials) was

diluted to an activity of 0.1 U/10uf with a 1mg/mf{ BSA | :
solution and ten microlitres of this were added to the H 1|
mixture described above in order to start the reaction.
| Reaction mixtures were incubated for one hour at 37°C
with vortexing at thirty minutes. Forty-five micro
| litre aliquots of reaction mixture were then added to
2mf of ice cold, 10% trichloroacetic acid (TCA) and the
resulting precipitate collected by suction aided filtra-
tion on to Millipore GS 0.22um filters. Filters were
washed with five 2.0ml aligquots of TCA and then placed
in vials containiag 10mf of scintillation fluid (Instagel

11 Hewlett Packard) in which they dissolved. The radio-

activity present was then determined by scintillation
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RESULTS

3.1. Family study (Fig 15)

The isozyme patterns of red cell ADA from all
individuals in the family of the proband were examined
as well as the white cell ADA isozyme pattern of the

proband.

It was found that the proband's sister (II-2)
also had partial ADA deficiency and that their father
(I-1), in addition to being an obligate carrier cf a
partial ADA deficie~ ele, possessed another rare
ADA allele, probabl, ¥i7 16). The proband's
other sister (II-1) alsc d the ADA5 allele from
her father as well as the AD4A allele from her mother
(1-2). Starch gel electrophoresis failed to distinguish
between the residual ADA of the proband and his partially
ADA-deficient sister (JI-2) and ADA individuals with the
usual ADA-1 phenotype. The ADA isozyme pattern in white
cell lysates of the proband, however, appeared to con-
sist of only one band of activity, corresponding with
the mobility of the major 1sozyme band of the ADA-1

pattern, instead of the usual triple-banded isozyme

pattern (Fig 17).

Activity measurements with adenosine and deoxy-

adenosine as substrater confirmed that both the proband

(I1-2) bhad deficiencies of red cell ADA

and his sister

activity (Tables 2 & 3). The activities of the probands

o B s

P,

" - < .
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FIGURE 16 : Electrophoresis of red blood
cell ADA on starch gel.

I 1 = ADA 1, control; 2 = I-1, AJ;
! 3 = 1-2, JJ; 4 = II-2, VI

5§ = II-1, EJ; 6 = II-3 KJ;

7 = I1I-1, Vuz; 8 = II-4, PR;

9 = ADA 2-1, control.
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FIGURE 17 : Electrophoresis of white bloo’ cell ADA
on starch gel
red cell ADA1, control; 2 = I1I-3 KJ;
white cell ADA1, control;
11-3 KJ; 5 = white cell ADA1, control;
red cell ADA 2-1, control.
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red cell ADA with adenosine and deoxyadenosine sub- 4

strates were about f-9% and 3% of ncrmal, respectively. ]

Activity levels for the proband's sister with adenosine

!
and deoxyadenosine substrates were 3-5% and 5% of normal |
red cell ADA activity levels. Their sibling (II-1) who |
had the ADA 5-1 phenotype was found to have normal
activity levels. The parents (I-1 and I-2) had, as

expected, intermediate levels of ADA activity (about 41%

and 61% respectively). The wife of the proband (1I-4)

coincidentally., also has intermediate levels of activity, l

|

|

|

suggesting that she too carries an allele for partizl l
|

]

|

ADA deficiency. The proband's son {III-1), having inter-
mediate levels of red cell ADA activity, would appear to w
have inherited a pariial ADA deficiency allele from the

proband, and an ADA1 allele from his mother (II-4). il

In contrast to his low red cell ADA activity, the

i i

level of activity in the white cells of the proband was
about 26% of normal. The results of measuring white ‘3

cell ADA activities of nine unrelated individuals were a

mean of 863.3 *+ 375nmoles/mg Hb/hour, whereas the activity
of ADA in the white cells of the proband was 222nmoles/mg

Hb/hour, a level which was not, in fact, significantly

below the normal range (0.2>p>0.05) .

Red cell ADA assays of both the partially deficient

family members were performed with a duplicate incorpora-

ting EHNA, a powerful inhibitor of ADA, which revealed
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FIGURE 18 @ Red cell ADA activity
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that all of the detectable red cell ADA activity of

the proband was due to the major ADA, ADA
1.

Subsequent to this family study blood samples in
ACD were collected from 68 random, Xhosa, volunteer
blood donors and screened for ADA activity to determine
the incidence of partial ADA deficiency in these veople,
the same tribe to which the proband and his family belong.
A histogram of the results was plotted (Fig 18) from
which a sharp drop occurs at about 40nmoles/mg Hb/hour
with a modal activity of 67.01nmoles/mg Hb/hour, although
the sample is possibly too small to detect any pattern.
I1f the above cut-off point is accepted, the sample would
appear to contain two individuals who are heterozygous
for an ADA partial deficiency allele and the normal allele

which by gene counting would give allele frequencies of

1 0.985. Starch

ADA ‘partial deficiency' 0.015 and ADA
gel electrophoresis of these 68 samples did not reveal
any phenotype variation in isozyme patterns, all showed

the ADA-1 pattern.

3.2. ENZYME STUDY

3.2.1. Isoelectric focussing of ADA

Isoelectric focusing of red cell adenosine deami-

nase (Fig 19) revealad that the residual activity of

both the proband and his sicster, (11-2) had a higher

pl than the usual ADA. The pattern produced by ADA of

the proband's father (I-1) consisted of two bands; a




FIGURE 19

Isoelectr
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2
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focusing of ADA in red blood cells

from the proband and his family.
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4
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I-1,Ad 2=1-2, JJ; 3 = II-1, EJ
11 , VJ; 5 ADA-1, control; 6 = II-3, KJ

111-2, VJ; 8 II-4. PR; 9 ADA 2-1, control
ADA 1, control.

e e ——




=

o

83.

cathodal band, corresponding to enzyme coded for by
the same ADA deficiency allele as that present in the

proband and his sister, and a more anods. band due to
-

e Py it

e e i~ A—r

his purported ADA™ allele. The proband's mother (I-2)
however, does not show the cathodal band due to the type
of ADA deficiency allele which 18 present in her husband
but rather an ADA-1 pattern. Yet she has intermediate

levels of aderosine deaminase activity suggesting that

{ she is a carrier of a partial deficiency allele and she

is, of course, an obligate heterozygote for it.

The proband's wife who has approximately half of
the normal red cell ADA activity shows the cathodal
component suggesting that she is heterozygous for the
same partial deficiency allele as her husband and for

the normal ADA1 allele. The proband's son (III-1)

appears to have inherited the cathodal component due
to an allele of ADA for reduced activity which must

have come from his father as well as the normal ADA-1

) B 15 I i
e ———— i ————————
= =

component from his mother.

The ADA-5 component of the father (I-1) and his

—
e
——— e

Aaughter i1I-1 were detected as bands which migrated i

more anodally than ADA-1.

3.2.2. Kn determination

1 red cell ADA of the proband was found

£ 47.9 ¢ 15.8uM, a value

The residua

to have a K“ for adenosine O
. m that estimated

which is not significantly different fro
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Adenosine (uM) Deoxyadenosine
(uM)
: Normals 51.7 ¢ 11,4 (5) 50.7 ¢+ 22.2 (3)
g
!
11-3 KJ 47.9 *+ 15.8 (8) 39.9 + 11.4 (3)
I-1 Al 59.54 (3)

TABLE 4 : Estimation of Michaelis constant (K_) for
adenosine and deoxyadenosine 2s determined
from standard Lineweaver-Burk plots after
measuring ADA activity by the radiochemical

method.

Numbers in brackets refer to the number of
observations " the same individual or on

different normal individuals.
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for normal ADA,; 51.7 ¢ 11.4M (0.80>p>0.70}

(Table 4 and Figs 20-
g 0-30). The Km for deoxyadenosine was

estimated to be 39.9 ¢ 11.4uM for the proband and 50.7
22.2uM for normal ADA, which were not found to be signi-

ficantly different (0.70>p>0.60).

The K for adenosine of the red cell ADA of the
proband's farher (I-1) was determined twice by the
spectrophotometric methods of measuring ADA activity
and once by the radiochemical method (Table 4 and Figs
28-30) . The mean Km was 59.54uM not significantly dif-

ferent from that of normal ADA.

3.2.3. Heat stability (Figs 31-35 Table 5)

The half-life measurements suggest that the proband
and his sister produce an ADA which is much less stable

than that of individuals with the ADA-1 phenotype: 13.5

+ 3.5 minutes compared with 58 ¢+ 18 minutes (p<.02).
The half-1ife of the red cell ADA of the proband's father

(I-1) was found to be normal: t} 57°C = 45 minutes (Fig

35) (0.5<p<0.4).

3.3. RED CELL DEOXY-ATP LEVELS

The measurement of deoxy-ATP levels in red cells

of six normal controls gave a mean value of 2,9 ¥

1.19nmoles deoxy—ATP/mL packed erythrocytes. Levels of

deoxy=ATP in ved cells of the proband 11-2 were consis-

wo to three times higher than the

y value of 8.50 * 5.3/ amoles

tently elevated, t

control level, with a mea?

-_ ESm——— e TP A - "‘[’fﬁw pP— ,“_.‘H*W | e “_"-‘\ﬂg L 5 y . i ) by "A'l._q-"\\ = (qlﬁ"' =3
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jeoxy-ATP/ml packed erythrocytes. The proband's sister,

1I-1 who has similar ADA activity levels to the proband
also appears to have elevated deoxy-ATP levels in her

red cells with a mean of 5.24 * 3.47nmoles deo“.y-ATP/mi

packed erythrocytes although the difference between her

levels and the mean normal level is not as great as

that of the proband.
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)
Normal 58 * 18 (4)
KJ 135
vJ 13.5
AJ 45.0

TABLE 5 : Heat Stability.

Half-1ife at 57°C in minutes.
Number in brackets refers to
the number of observations in

different normal individuals.
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DISCUSSION

4.1. Overview

An inherited, marked deficiency of ADA has been
causally associated with between one-third and one-half
of SCID cases in which the mode oi inheritance is not
obviously X-linked (Hirschhorn et al 1979; Hirschhorn

1978) .

There is no detectable ADA activity in the erythro-
cytes cf these patients although low levels of putative
ADA activity have been reported in other tissues
(Dadonna & Kelley 1980). Although the nature of thie
adenosine Jeaminating activity has not been carefully
evaluated in all cases, the lack of sufficient ADA
activity in these patients has been shown to lead to an
accumulation of two potentially cytotoxic substances,
deoxyadenosine and deoxy-ATP, in the lymphocytes of

affected children (Donofrio et 21 1978). The two most

popular mechanisms postulated to explain this cytotoxi-

city are inhbibition of g-adenosylhomocysteine hydrolase

by adenosine and deoxyadenosine and, secondly inhibition

of ribonucleotide reductase by deoxy-ATP (van Laarhoven

19813) .

Some confusion about the direct causal relation-

ship of ADA deficiency and SCID arose soon after the

L) '
early reporis, wvhen a twelve year old !Kung ('Bushman )
t, was deficient

boy was discovered who, at first sigh

==
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o—— ‘_ _
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in adenosine deaminase activity but, in stark con-
trast to the ADA-deficient SCID patients, was perfectly
healthy (Jenkins 1973). Subsequent studies revealed,
however, that the deficlency in the 1Kung was not as
severe as that observed in SCID patients. He had 2-3%

of normal enzyme activity in his red cells and 20-30%

of normal activity in other tissues, levels which appeared

to be adequate for efficlent functioning of the immune
system. This form of partial ADA deficiency was con-
sidered to constitute a recessively inherited entity
mediated by an allele different from those assoclated
with SCID. Population studies on the !Kuny of the
Kalahari suggested that thais allele, designated ADA8
occurred in that pcpulation at polymorphic frequencies
(Jenkins ;7 1976, 1979). Several other cases of
partial ADA deficiency have subsequently been described
and their residual enzyme characterised (Hirschhorn

7 1983; Dadonna «t al 1983). Enzyme, DNA and mRNA

tudies of Epstein-Barr Virus transformed B-lymphocyte

cell lines derived t:rowm several partially ADA-deficient

individuals as welil as from ADA-deficient 5CIND patients

have revealed a great deal of genetic heterogeneity

(Hirschhorn ef al 1983 Adrian et al 1984: Dadonna

(1 1985; Valerio et al 10s4). Adenosine deaminase-

ercent of
deficient SCID cell lines nave less than one P

enzyme activity whereas the ADA activity of partially
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i

ADA-deficient cells vary from abort 5-50% of normai

(Hirschhorn ¢t al 1983). .

4.2. A comparison with previous examples of

partial ADA deficiency

The cell line derived from the !Kung boy, GM3043,
had adenosine deaminase with a greatly reduced half-
life, a normal electrophoretic mobility and a normal
isoe.ectric point (pI 4.9) (Hirschhorn et al 1983).
Several DNA probes encoding the gene cr parts of the
gene for adenosine deaminase have become available
(Valerio 7 1981; Wigin.on et al 1983; Dadonna et
2! 1984) and studies of hybridization between a CDNA
probe and adenosine deaminase mRNA revealed that the
ADA mRNA concentration was elevated two-fold in the
cell line from the !Kung boy wnich may explain why his
enzyme activity level was so much higher (47.5%) than
was found in other partially ADA-deficient cell lines.
Cell line GM2294 was derived from a black American

individual. Despite their common African origin, the H

properties of adenosine deaminase from th's cell line

varied considerably from the !Kung cell line, GM3043. i &

!
Enzyme activity was lower, the t} was lower and the 1

isoelectric point was higher
The hybridizable mRNA 1

(pI 5.01) in GM2294 than l“
1 compared with 102% ‘

n GM2294 | li
in cell line GM3043.

was present at about 85% of norma

in GM3043 (Dadonna et al 1985).

e
For the purposes of measurind adenosine deaminas

M »’“'“4*' . - l“.‘», ~<
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activity the spectrophotometric method was found to be

gufficiently sensitive in this case. By also using the

radiochemical method, however, it was possible to measure
the amount of deaminase activity occurring in the
presence of the inhibitor of the major adenosine deaminase,
EHNA. This allows for the estimation of the contribution
from a minor isozyme known as ADA2 which may or may not
make a more important contribution to the overall deami-
nating activity occurring in the cells of individuals
with partial adenosine deaminase deficiency than normal.
It was shown in these experiments that the residual
adenosine deaminating activity in the two individuals
with partial adenosine deaminase deficiency was almost all
EHYNA-inhibitible ie. not the product of ADA2 but rather
the major gene for adenosine deam.nase.

The differential activity seen in the red and white
cells in the case of the proband 1is characteristic of

3 of partial deficiency for adenosine deaminase. The

two most likely explanations of this arec either a mutation

at a requlatory locus or onet at the structural locus

ng for an unstable form of the enzyme, as explained

n the introduction.

Analysis uf the family pedigree data on adenosine

ieaminase activity shows that the deficiency iy probably

inherited in a simple Mendellian fashion.

Tt heat gtability experiment guggests that, under

- “r -5 A‘M F o U il i”\,,-.*‘e\/-u,

|
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phoretic mobility and an increased isoelectric point.
Cell line GM4396 from a white, partially ADA-deficient
individual had the lowest ADA activity seen for such a
cell line at 4.8% of normal. The heat stability of ADA
from this cell line was not as low as in GM2294 and
GM3043, the electrophoretic mobility was increased,
resembling the ADA-5 phenotype on starch gel electro-
pherogrames, and the isoelectric point (pl 4.8) was
slightly lower than normal (pI 4.9). Hybridizable mRNA
levels were normal. Cell line K.S (Perignon et al 1979;
Hirschhorn et al 1983) from a Mediterranean, partialiy
ADA-deficient individual had properties which distin-
guished it from all of the other cell llnes 8o that, in
fact, no two enzymes from these four cell lines possessed
comparable physical properties apart from differential

tissue distribution ie. erythrocytes were more severely

ADA-deficient than white cells in all cases.

1t has been seen in several other rare, autosomal-
recessive disorders, such as the haemoglobinopathies and

lysosomal enzyme deficiencies that different cases

represent different mutations at the same locus as part

of an allelicseries (McKusick 1973). In a non-consan=

guineous family, 2 gliven affected individual may be a

' compoundt heterozygote' carrying two different rdeficiency’

alleles. Evidence from the four partially-deficient

cell lines is suggestive of at least four different

structural mutations. Adenosine deaminase deficiency
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with SCID and partial ADA deficiency may form such an

allele series.

An indirect comparison of the proband's adenosine
deaminase with that of the cell line, GM22394, suggests
that the same mutation may be involved in the two cases.
The isoelectric focusing study of the proband's family
suggests, however, that two differen: ADA deficiency
alleles may be seqragating in this family. Both father
(1-1) and mother (I-2) of the proband are considered to
be obligate heterozygotes for partial adenosine deaminase
deficiency and, indeed, enzyme activity levels support
this hypothesis. Isoelectric focusing of red cell adeno-
sine deaminase of I-1 reveals a major band of activity
with a lower pI tha normal ADA-1 corresponding to his

ADA-5 phenotype which was seen On starch gel electro-

phoresis. In addition, a weakly staining band was seen

with a more basic tgoelectric point than ADA-1 although

not as high as that of ADA-2. This band corresponds to

enzyne coded DYy Fis ADA deficiency allele which hus been

inherited through two successive generations. The pro-

band and his sister, 11-1, demonstrate this band as does

the proband's son (111-1) whose activity levels support
g and electro-

the observations f rom i{soelectric focusin

1
phoresis, that they are heterozygous for ApA' and an ADA

The proband’s mother, however, does

y staining pand, and only the

deficiency allele.

not demonstrate this weakl

fvity ccrresponding to enzyme coded for

major band of act
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1
by her ADA" allele is evident. 1If any enzyme is coded
for by the deficiency allele of 1-2, it must be present

at levels much lower than that coded for by the defici-

ency allele of her husband. 'This does not rule out
-

however, the possibility that it does have the same

isoelectric point but the probable difference in activity

is itself evidence of further genetic heterogeneity.

The two partially ADA-deficient individuals, II-2
and II<3, are probably 'compound heterozygotes' and
possess one of three possible genotypes: (a) both
alleles code for altered proteins, (b) one allele codes
fcr an altered protein and the other is inactive or (c)
one allele codes for an altered protein and the other
codes for a very small amount because of an alteration
in the regulation of ADA expression. Data from the iso-

electric focusing experiments suggest that there are two

mutant alleles present but this together with the results

of the other experiments reported here do not permit

definitive choices from among these possible genotypes.

There is evidence to support the existence of a

regulatory locus controlling the expression of ADA.

For example, there is an autosomal dominantly inherited
50-fold increase in ADA activity of erythrocytes

but with normal lymphocyte and fibroblast activity
(Valentine et al 1977). There is also the demonstration
sion of human ADA in hybrids between a

of the re-expres

mur ine
human tumour 1ine not expressing ADA and a normal

R ——
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cell line (Siciliano et al 1978) and the reported rever-
gsion to normality of an ADA-deficient lymphoblast cell
line (Uberti et al 1983). A mutation at the postulated
ADA-requlatory locus has also been invoked to explain
the dif lerence in ADA activity between erythrocytes and
white cells although the corwionly observed, reduced heat
stability of the protein itself provides a more likely
explanation. Reduced heat stability in vitro has been
shown to reflect in vivo molecular stability. The anu-
cleate red cells are unable to synthesize protein, so
unstable ADA molecules are more quickly Jepleted than

they would be in white cells which are capable of protein
synthesis.

4.3. ADAS in association with partial ADA deficiency

Starch gel electrophoretic gtudies suyggest that,

as well as two rare ADA deficiency alleles, a rare

structural allele, probably apaA”, is segregating within

this family. The sister (11-1) of the proband has the

phenotype ADAS5-1,having {nherited the ADA5 from her father

and AuA1 from her mother. The rare ADAS-1 phenotype was

ibed in 1970 in two unrelated Afro-Americans

ctograph of an ADA isoenzyme

first descr

(Detter et al 1970). A ph

puhlished elsewhere (Renninget & Rimboese

pattern
mbled the ADA5-1 phenotype;

1970) , also closely resc
rican, being a membper

the individual {nvolved was again Af

of the Macua tribe of Mozambigue.

The isozyme pattern of AD

A from the proband's sister
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(II-1) resembles very closely that first described as

ADAS5-1 as well as that of the Macua tribesman. This
family is also African, being members of the Xhosa tribe,
and would support the suggestion that the ADA5 allele has
an African origin. The father of II-1 is very unusual
because he is heterozygous for the deficient allele of
ADA and ADAS. His ADA might be considered to have the
kinetic properties of ADA 5.

As mentioned earlier, ADA from the transformed
partially ADA-deficient cell line GM4396 has increased
electrophoretic mobility resembling ADA 5 (Hirschorn ¢t
2l 1979). The finding of an ADA5 allele in the family of

the proband in association with partial ADA deficiency

allele(s) is therefore of great interest although the

possible significance of this finding i3 not easy to define.

4.4. Michaelis constantsg

The residual AD" of the proband has Michaelis

constants for adenosine and deoxyadenosine which are very

similar to the corresponding values of normal ADA. These

findings suggest that the mutational event which risults

in low red cell ADA activity does not affect the active

site of the enzyme. Thus the apparently low activity of

ells and to a lesser degree, white

the enzyme in red ¢

cells of the proband, would appear to be due o a reduced

her than an {nefficient enzyme. This

amount of enzyme rat

could be due to a faster rate of enzyme breakdown or a

slower rate of synthesis.
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4.5. Deoxy-ATP levels 117.

It has previously been reported (Hirschhorn et al
1979; Cohen ¢t al 1978) that ADA-deficient SCID individu=
als have red cell deoxy-ATP levels which are several
hundred-fold higher than those in normals. Red cells of
partially ADA-deficient individuals have been shown,
however, to have oaly slightly elevated deoxy-ATP levels
(Hirschhorn et al 1979). In the present study, the pro-
band's red cells were found to have 2-3 times the normal
level of deoxy-ATP and the red cellr ~€ his sister, 11-2,
who has the same ADA phenotype, also showed a slight,
though less marked, elevation in the leve. of this meta-
bolite. These two partially ADA-deficient individuals
apparently have sufficient residual ADA :tctivity to
prevent the tin vivo accumulation of adenosine and deoxy-
adenosine to toxic levels. It has been suggested (Hirsch-
horn 1983) that the red cell deoxy-ATP levels as well as
ADA activity levels should be determined in order to

assess the susceptibility of the individual to immune

system fallure. Adenosine deaminase activities in red

and white cells from partially deficient individuals show

a very wide range which, at the lower epd of the range,

may overlap with activity levels found in ADA-deficient

SCID patients. Elevated deoxy-ATP levels which, for at

least cne mechanism, provide the causal link between ADA

: of
deficiency and immunodef lciency are an indication

) blr
posgsible stress on the ‘wmune system, and should probably

- arl
be monitored in ADA-def icient newborns as an aid to early

detection of immunodef iciency.
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Population Study

A population sample, drawn from the Xhosa chiefdom
to which the proband and his family belong, was screened
for individuals with low red cell ADA activity in order
tc investigate the possible prevalence of the gene!s)
for partial ADA deficiency in this group. Two out of the
68 individuals tested had levels which were similar to
those of the obligatory heterozygotes for partial ADA
deficiency in the family of the proband and were more
than two standard deviations below the sample mean. 1If
these two individuals are carriers of the partial ADA
deficiency state then the combined frequency of such alleles
in this population sample is about 0.01520.0%0, a frequency
at which a polymorphism is deemed to be present. A partial
ADA deficiency allele (called ADAS) occurs, in fact, at a
polymorphic frequency of about 0.11 in the !Kung San

("Bushmen") of the Kalahari (Jenkins et al 1979).

Until quite recently the !Kung lived in small family
groups, hunting game and gathering plant foods. The Bantu-

speaking Negro peoples are agriculturalists known to

occasionally take San wives, with the result that gene flow

between these two groups has occurred, mainly from the

hunter-gatherers to the agriculturalists. It is, there-

fore, possible that an allele such as one resulting in

partial ADA deficiency could have attained polymorphic

frequencies in the San due to genetic drift and from them

have been transmitted to the Bantu-speaking tribesmen,




There is no evidence, however, that the same ADA defici-

ency alleles are present in thesge two groups. There is,
in fact, phenotypic evidence from studies on eleven
other partially ADA deficient individuals that at least
elght different partial ADA deficiency alleles exist in
the nine individuals of African origin. Such variety does
not supoort the genetic drift-gene flow hypothesis but
would be in favour of selection by an environmental agent
acting over a large area and malaria would be a poseible
agent but other intraerythrocytic parasites could be
responsible. It is also possible that some of the dif-
ferences observed between the products of some of the

partial ADA deficiency alleles may reflect experimental

error.

Four of the six previously described partially ADA-

deficient individuals are of African origin (Hirschhorn

et al 1983) providing circumstantial avidence that natural

selection operating in a tropical environment might be

responsible for the apparent high frequency of the alleles.

It is hoped that DNA sequencing data will elucidate the

problem by revealing the true degree of genotypic diversity

in the gene for ADA as well as the relationship between

mutation at the DNA level and structural effects on the

enzyme.

e
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