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SUMMARY

TroTTA, PAUL P., AHLAND, MARY P., BROWN, GEORGE F. & BaLis, M. EARL (1978)
Studies on the effects of infusion of enzyme inhibitors on mouse adenosine
deaminase. Mol. Pharmacol., 14, 199-209.

Two inhibitors of adenosine deaminase, 9-erythro- (2-hydroxy-3-nonyl)adenine (EHNA)
and 9-B-p-arabinofuranosyl-6-hydroxylaminopurine (ara-HA), which represent rela-
tively tight and weak binding substrate analogues, respectively, were infused into
mice over a period of 5 days. Nine different tissues were excised, and adenosine
deaminase activity levels, as well as selected kinetic parameters and electrophoretic
variants, were characterized. Isoelectric focusing demonstrated two variants (adenosine
deaminases I and II) that focused in the pH range 4.65-4.75 and exhibited an
approximate apparent molecular weight of 36,000 by gel filtration. The ratio of these
two forms, which differed from tissue to tissue, was unaffected by the inhibitor
infusions. Striking increases in adenosine deaminase activity were observed after the
infusions and were found to vary with the tissue as well as the nature and dose of
inhibitor. Activities in the lung, stomach, liver, and jejunum increased by about 8-, 3-,
3-, and 2-fold, respectively, after infusion of no more than 0.6 mg/ml of EHNA. Other
tissues displayed significant but smaller increases. The effects of ara-HA were generally
smaller than those of EHNA, except in the jejunum, ileum, and thymus. Inhibition of
adenosine deaminase in vitro by EHNA, and to a lesser extent by ara-HA, also varied
from tissue to tissue, but did not correlate with the ratio of adenosine deaminases I and
II. Adenosine deaminase partially purified from mice treated with a higher dose of
EHNA (5.0-7.5 mg/ml) displayed a significantly lower K, value for EHNA; smaller
decreases were noted in the K,, for adenosine. The most striking change was observed
in the K, of adenosine deaminase II for EHNA, which changed from 14.9 nM (control)
to 3.1 nm (after infusion). By classical Ackermann-Potter plots EHNA was shown not
to be a titrating or stoichiometric inhibitor either before or after the infusions. EHNA
in all cases showed classical competition with substrate. The data may be of value in
the development of combined chemotherapy regimens involving adenosine deaminase
inhibitors as well as in understanding the molecular basis of the role of adenosine
deaminase in regulating cell division.
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zyme has become a recent focus of atten-
tion as the principal system in vivo that
catalyzes the deamination, and conse-
quent inactivation, of a number of potent
antiviral and antitumor agents, such as 9-
B-p-arabinofuranosyl-6-aminopurine, 9-g-
p-xylofuranosyl-6-aminopurine, formycin
A, 3'-deoxyadenosine, and 2’',3'-dideoxy-
adenosine (1-7). A number of investigators
have suggested the simultaneous admin-
istration of adenosine deaminase inhibi-
tors to enhance the chemotherapeutic effi-
ciency of these analogues (7-10). In sup-
port of this, LePage and co-workers (11)
have recently reported that the tightly
binding inhibitor 2’'-deoxycoformycin sig-
nificantly potentiates ara-A' therapy of
mice bearing L1210 leukemia; a similar
enhancement of cytoxicity against L1210
cells in culture has also been shown (12).
The enhancement of the toxicity of 3'-
deoxyadenosine by the same inhibitor also
supports the validity of the approach (13).
It is therefore important to understand
the in vivo response of adenosine deami-
nase to the administration of inhibitors.

The inhibition of adenosine deaminase
is of additional significance because of
recent data that support a causal relation-
ship between the apparent absence of this
enzyme and at least one variety of severe
combined immunodeficiency disease (14,
15). Studies in our laboratory suggest that
the apparent absence of this enzyme in at
least some patients might be related to
the presence of a genetically programmed,
tightly binding inhibitor that is dissocia-
ble upon dilution (16, 17). In support of
this general mechanism of immuno-
suppression, prolonged survival of allo-
grafts in mice receiving the adenosine de-
aminase inhibitor erythro-9-(2-hydroxy-3-
nonyl)adenine (18) or 2'-deoxycoformycin
(19) has recently been reported.

The present study documents changes
in levels and kinetic properties of mouse
adenosine deaminase in response to the
infusion of inhibitors. The two inhibitors

! The abbreviations used are: ara-A, 9-8-p-arabi-
nofuranosyl-6-aminopurine; EHNA, 9-erythro-(2-
hydroxy-3-nonyl)adenine; MTT, 3-(4,5-Dimethyl
Thiazolyl-)-2,5-diphenyl ara-HA, 9-B-p-arabinofur-
anosyl-6-hydroxylaminopurine.
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chosen, EHNA (20) and ara-HA (21), rep-
resent classes of analogues with relatively
high and low affinity, respectively. Our
data demonstrate a dose-dependent in-
crease in activity, as well as an increase
in the apparent affinity of the enzyme for
the infused inhibitor subsequent to infu-
sion. The most dramatic effects were ob-
served with the relatively tightly binding
EHNA. These data may be of eventual
usefulness in the development of combined
chemotherapy regimens involving adeno-
sine deaminase inhibitors, as well as in
understanding the molecular basis of the
regulatory role of this enzyme.

MATERIALS AND METHODS

Xanthine oxidase (crystalline suspen-
sion in ammonium sulfate; from butter-
milk), nucleoside phosphorylase (crystal-
line suspension in ammonium sulfate;
from calf spleen), bovine serum albumin,
imidazole, MTT tetrazolium, and phena-
zine methosulfate were purchased from
Sigma. Adenosine was obtained from SBR
(Orangeburg, N.Y.), and [8-*Cladenosine
(water-ethanol solution, 1:1; 54.6 mCi/
mmole), from New England Nuclear. Am-
pholines were purchased from LKB Instru-
ments. Agar (special grade) and sucrose
(enzyme grade) were purchased from
Schwarz/Mann; acrylamide and bisacryl-
amide, from Bio-Rad; and potassium phos-
phate, from Mallinckrodt. Thin-layer cel-
lulose plates were purchased from East-
man Kodak. Ara-HA was a generous gift
from Dr. A. Giner-Sorolla of the Sloan-
Kettering Institute (Rye, N. Y.); EHNA
was a generous gift from Dr. Howard
Schaeffer of Burroughs Wellcome (Re-
search Triangle Park, N.C.).

Enzyme assays. For the determination
of K, values for EHNA and K,, values for
adenosine, enzyme was first incubated at
37° for 30 min in the presence of bovine
serum albumin (0.5 mg/ml) and potassium
phosphate (110 mm, pH 7.0). In the ab-
sence of bovine serum albumin significant
amounts of activity were lost over this
time period. The reaction was started by
the addition of 0.1 volume of 0.1 mM aden-
osine. The rate of deamination was moni-
tored by continuous recording at 37° at
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265 nm. A change in millimolar extinction
coefficient of 8.33 (22) was employed to
calculate micromoles of adenosine deami-
nated. The tissue distribution of adenosine
deaminase was determined by a modifica-
tion of the assay of Hopkinson and co-
workers (23), in which the inosine pro-
duced is converted to uric acid by nucleo-
side phosphorylase (0.1 unit/ml) and xan-
thine oxidase (0.2 unit/ml) (16). Appropri-
ate background blanks were always sub-
tracted to eliminate errors due to contam-
inating adenosine deaminase in commer-
cial preparations of nucleoside phosphoryl-
ase and xanthine oxidase.

A radioactivity assay was also em-
ployed, particularly in the determination
of the inhibition by ara-HA. The high
concentration of the latter necessary to
produce inhibition interfered with the
spectrophotometric assays. Incubation was
performed at 37° in potassium phosphate
(100 mM, pH 7.0) at the substrate concen-
trations and for the time periods indicated
in the individual experiments. The reac-
tion was stopped by boiling for 2 min, and
the radioactive products, inosine and hy-
poxanthine, were separated from the sub-
strate on thin-layer cellulose plates, using
water-saturated 1-butanol-concentrated
ammonium hydroxide (99:1) as the devel-
oping solvent. Substrate and product spots
were cut out and radioassayed by liquid
scintillation.

A unit of activity is defined as the
amount of enzyme that deaminates 1
pmole of substrate under the specified
steady-state assay conditions. For deter-
mination of specific activity, protein was
quantitated by the method of Lowry e? al.
c(li?é using bovine serum albumin as stan-

Isoelectric focusing. Analytical focusing
was performed in a flat bed of 5% poly-
acrylamide containing 2% ampholines, pH
4-6, and 5% sucrose in an LKB Multiphor
2117 apparatus. The anode and cathode
were composed of 1 M H,SO, and 0.50%
(w/v), pH 5-7 ampholines, respectively. A
sample of approximately 0.02 ml was
soaked into a § X 10 mm cellulose acetate
strip, which was applied to the surface of
the gel. Focusing proceeded for approxi-
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mately 2 hr to a final voltage of about 900
V (maximum power output, 40 W). Imme-
diately after termination of the run, the
gel was overlaid with a thin layer of 1%
agar containing adenosine (1.5 mm), MTT
tetrazolium (0.1 mg/ml), phenazine meth-
osulfate (0.1 mg/ml), xanthine oxidase
(0.0075 unit/ml), and nucleoside phospho-
rylase (0.005 unit/ml) in 25 mM potassium
phosphate, pH 7.5, essentially as described
by Spencer and co-workers (25). After a
30-60-min incubation at 37° in the dark,
blue bands corresponding to adenosine de-
aminase activity appeared. A faint blue
background was also visible as a result of
the contaminating adenosine deaminase
in the xanthine oxidase and nucleoside
phosphorylase added.

Preparative isoelectric focusing was per-
formed in an LKB Uniphor 7900 apparatus
in the pH range 3-5. A 5-50% linear su-
crose gradient of approximately 160 ml
containing 1% (w/v) ampholines was pro-
duced with a Pharmacia P-3 peristaltic
pump. The sample to be focused was ap-
plied in the 50% sucrose solution. The
cathode and anode solutions were com-
posed of 2.9% (v/v) ethanolamine in 64%
sucrose and 1% (v/v) H,SO,, respectively.
Runs were allowed to proceed for 48 hr to
a final voltage of 1000-1200 V (maximum
power output, 3 W). Fractions of approxi-
mately 1.0 ml were collected.

Drug infusion. CD-1 female albino mice
(Charles River, Willington, Mass.) weigh-
ing approximately 20 g were main-
tained on a diet of Purina rat chow and
tap water ad libitum. Infusion was per-
formed by catheterization through the tail
into the abdominal cavity, using proce-
dures developed in this laboratory and
previously described (26). Drugs (in 0.9%
NaCl) were infused at a rate of 0.8 ml/day
for 5 days. The animals were killed by
cervical fracture, and the appropriate tis-
sues were excised, cooled immediately on
Dry Ice, and homogenized as 50% (w/v)
solutions in a glass homogenizer in 250
mMM sucrose-20 mM imidazole HCl, pH 7.0.
Studies were performed as soon as feasible
on the clear supernatants obtained by cen-
trifugation at 10,000 x g for 30 min. The
concentrations of EHNA and ara-HA were
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determined spectrally, employing milli-
molar extinction coefficients of 14.8 (at
263 nm) for EHNA? and 10.4 (at 267 nm)
for ara-HA (21).

RESULTS

Tissue distribution of adenosine deami-
nase activity and its electrophoretic var-
iants. Specific adenosine deaminase activ-
ity was determined in nine tissues; the
average data from a number of animals
are listed in Table 1 in descending order.
The highest activities were in the rapidly
dividing tissues of the intestinal tract and
the thymus, whereas the lowest were char-
acteristic of lung, liver, and kidney. This
order is in reasonable agreement with
published data obtained in other species,
including humans (27-29). Sephadex G-
100 chromatography indicated further that
most of the activity had an apparent mo-
lecular weight of 36,000 (data not shown).
The enzyme from the mouse therefore falls
in the previously described type C category
(30), similar to the results obtained in the
rat (31, 32). These data distinguish mouse
adenosine deaminase from the human en-
zyme, which is characterized by a substan-
tial quantity of type A enzyme (mol wt >
200,000) in various tissues (28).

Analytical isoelectric focusing of various
tissue preparations revealed two major
electrophoretic variants, termed I and II
for the more cathodal and anodal of the
variants, respectively, with isoelectric
points in the range 4.65-4.75. They are
distinguishable from rat adenosine deam-
inases I and II, which have pl values
about 0.2 unit higher (31, 32). A particular
distribution of variants appeared to be
characteristic of each of the tissues exam-
ined. Thus, for example, the ileum ex-
hibited only traces of the more anodal
variant (II), whereas approximately equal
amounts of the two forms were observed
in the colon. No consistent correlation
could be drawn between the activity level
characteristic of a given tissue and the
ratio of electrophoretic variants.

Inhibition of adenosine deaminase ac-
tivity in vitro by EHNA and ara-HA. Each

2 H. Schaeffer, personal communication.

TROTTA ET AL.

TABLE 1
Tissue distribution of mouse adenosine deaminase
Activity was determined by converting the ino-
sine produced to uric acid, as described in MATERIALS
AND METHODS. Values are means and standard er-
rors for the number of animals shown.

Tissue No. of animals Specific adenosine
deaminase activity
unit/mg protein
Jejunum 7 0.472 + 0.055
Thymus 11 0.267 = 0.056
Illeum 10 0.110 = 0.015
Spleen 10 0.067 + 0.004
Colon 11 0.060 = 0.007
Stomach 10 0.028 + 0.006
Kidney 12 0.012 *= 0.002
Liver 10 0.011 = 0.002
Lung 9 0.0077 + 0.0004

of the supernatants from the tissue homog-
enates was exhaustively dialyzed against
50 mM imidazole-100 mM sodium chloride,
pH 7.0, and then tested for its sensitivity
to EHNA and ara-HA (Table 2). A concen-
tration of ara-HA between 1 and 2 mm
generally produced about 50% inhibition
of activity. Only relatively small differ-
ences were noted in the tested tissues,
with the exception of the jejunal enzyme,
which was not inhibited under the condi-
tions employed. A much more striking
tissue dependence of the extent of inhibi-
tion was obtained with EHNA. In this
case the extent of inhibition ranged from
45% at an EHNA concentration of 7.5 nM
with the liver enzyme, to no substantial
inhibition of the kidney enzyme when the
EHNA concentration was as high as 25
nM. The responses of other tissues were
intermediate between these extremes.

No strict correlation was apparent be-
tween the tissue distribution of the two
electrophoretic variants (Table 1) and the
extent of inhibition observed. Indeed, as
discussed later (Table 3), the inherent sen-
sitivities to inhibition by EHNA of par-
tially purified adenosine deaminases I and
II from pooled tissues are quite similar, as
judged by the K, values. These observa-
tions suggest that although the isoelectric
points of the two forms are similar from
tissue to tissue, structural differences may
exist that are not expressed in terms of
charge alteration. This conclusion is fur-
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TaBLE 2

Sensitivity of mouse adenosine deaminase to
inhibition by EHNA and ara-HA

In studies with EHNA, activity was determined
at an adenosine concentration of 30 uM by following
the production of uric acid at 293 nm, as described
in MATERIALS AND METHODS. The assay was started
by the addition of enzyme; no prior incubation of
enzyme and inhibitor was performed. The enzyme
preparations employed for both EHNA and ara-HA
studies were crude homogenates (see MATERIALS
AND METHODS) exhaustively dialyzed against 50 mm
imidazole HCl, 100 mm sodium chloride, pH 7.0.
For studies with ara-HA, activity was measured by
incubation with [8-!*Cladenosine (20 uMm) for 15 min
under the conditions described in MATERIALS AND
METHODS, followed by separation of the radioactive
products by thin-layer cellulose chromatography.
Inhibitor was added directly to the assay mixture
without prior incubation.

Tissue EHNA Ara-HA
Concen- Inhibi- Concen- Inhibi-
tration tion tration tion

nM % mM %
Liver 7.5 48.0 1.6 48.4
Spleen 12.5 42.3 1.6 46.8
Stomach 12.5 25.0 1.6 53.0
Jejunum 12.5 17.1 2.3 0e
Neum 25.0 46.6 1.6 43.6
Colon 25.0 39.6 1.6 47.7
Thymus  25.0 435 1.6 49.4
Lung 25.0 16.9 1.6 57.3
Kidney 25.0 0t 1.6 43.6

@ Activation of up to 30% was noted on some

samples.

b Activation of up to 100% was noted on some
samples.

ther supported by changes in the kinetic
parameters of the enzyme after inhibitor
infusion, which were not accompanied by
changes in isoelectric point (see below).
However, the possibility also exists that
variation results from binding of EHNA to
other components of the homogenate,
thereby reducing the effective inhibitor
concentration.

Effect of inhibitor infusion on specific
adenosine deaminase activity in various
tissues. Striking changes in the enzyme
activity were observed to be dependent
upon dose, tissue, and the infused inhibi-
tor. The greatest increases following
EHNA infusion were observed in the lung
(almost 8-fold), stomach (greater than
3-fold), liver (greater than 3-fold), and
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jejunum (greater than 2-fold) (Fig. 1.) In
each case these effects occurred over the
approximate dose range of 0-0.60 mg/ml.
The other tissues examined displayed rela-
tively negligible changes except thymus
(Fig. 1). In the latter tissue the enzyme
displayed a unique drop to about one-fifth
of the control value, followed by a return
to the control level at the higher doses.
Interestingly, the infusion of ara-HA pro-
duced a similar biphasic response in the
activity from the thymus (Fig. 1). How-
ever, in general the effects of ara-HA in-
fusion were substantially smaller, with
the exception of the jejunum and ileum,
where the respective activities obtained
after ara-HA infusion were approximately
equal to and greater than those observed
with the EHNA-treated animals.

Analytical isoelectric focusing of tissue
homogenates after inhibitor infusion gen-
erally resulted in patterns that were vir-
tually indistinguishable from the control
distribution of variants (Fig. 2). Several
runs indicated no consistent change in
this pattern as a function of inhibitor con-
centration. Thus, whatever the mecha-
nism for activity alterations, both adeno-
sine deaminases I and II were affected in
a roughly equivalent manner.

Effect of EHNA infusion on selected
catalytic properties. Since EHNA infusion
had produced the greatest effects on activ-
ity levels in certain tissues, it was also of
interest to ascertain whether this com-
pound could alter catalytic properties. We
were cognizant of the fact, as recently
documented by Cha and co-workers (33,
34), that classical steady-state kinetic
analysis may not be applicable in the
presence of a tightly binding inhibitor,
since slow rates of association-dissociation
may produce a non-steady-state condition.
It was therefore necessary to ascertain
whether EHNA behaved as a classical
stoichiometric inhibitor against the mouse
adenosine deaminase.

Enzyme was pooled from the nine tis-
sues listed in Table 1 and partially purified
by preparative isoelectric focusing as de-
scribed in MATERIALS AND METHODS. Each
of the variants was then incubated at 37°
for 30 min with various concentrations of
EHNA in 100 mM potassium phosphate,
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Fi1G. 1. Effects of infusion of EHNA and ara-HA on specific adenosine deaminase (ADase) activity in
various mouse tissues

The inhibitors, at the concentrations shown on the abscissae, were infused into mice for 5 days at a
constant rate of 0.8 ml/day. Control values for each tissue were obtained by averaging data from several
animals as indicated in Table 1. Data for the various inhibitor concentrations were obtained by averaging
the results from duplicate mice, or represent single-animal experiments. Other details are described under
MATERIALS AND METHODS. p values for the increases in activity relative to controls, calculated from
Student’s z-test, were: p < 0.01 for lung, stomach, jejunum, and liver of EHNA-treated mice; p < 0.05 for
spleen and colon of EHNA-treated mice and for lung, jejunum, and liver of ara-HA-treated mice; and p <
0.20 for ileum of EHNA-treated mice. The decrease in activity observed in the thymus was significant at p
< 0.025 after EHNA infusion and at p < 0.20 after ara-HA treatment.
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F1G. 2. Analytical isoelectric focusing on polyacrylamide gel of mouse adenosine deaminase
Crude mouse tissue homogenates were subjected to analytical isoelectric focusing in a pH 4-6 gradient,
and the gel was stained for enzymatic activity as described under MATERIALS AND METHODS.

pH 7.0. The enzymatic reaction was initi-
ated by addition of substrate. Ackermann-
Potter plots (35) were constructed in which
the measured velocity of the reaction was
plotted against the enzyme concentration
(Fig. 3). The series of straight lines estab-
lish that in this system EHNA does not
behave as an extremely tightly binding or
titrating inhibitor. The same results were
obtained with enzyme isolated from
EHNA-infused mice (Fig. 3, inset). This
behavior is in marked contrast to that of
2'-deoxycoformycin, which produced a
marked curvature in the Ackermann-Pot-
ter plot when tested against human eryth-
rocyte adenosine deaminase (34).

In light of these data, the inhibition of
mouse adenosine deaminase by EHNA
was further analyzed by constructing
Lineweaver-Burk plots (Fig. 4). The close-
ness of the extrapolated y intercept on
each of the plots in the presence and ab-
sence of inhibitor indicates that EHNA
behaves primarily as a classical competi-
tive inhibitor. The data in Fig. 4c and d

_indicate that this is true after EHNA
infusion as well. A similar conclusion was
obtained from Eadie-Hofstee plots (data
not shown). As shown in Table 3, the K
values extracted from these plots for aden-
osine deaminases I and II were quite simi-
lar (11.1 and 14.9 nM for enzymes I and II,
respectively). After EHNA infusion, how-
ever, changes were observed in the K|,
value for enzyme II, which dropped to one-
fifth of its original value, while that for
enzyme I was decreased by about one-half.

The high values for the correlation coeffi-
cients of the slopes of the Eadie-Hofstee
plots support a high precision in the deter-
mination of these parameters. As shown
in Fig. 4, the K,, for adenosine was also
lowered as a result of EHNA infusion, but
to a much smaller extent than the K,
value.

DISCUSSION

It is well established that a number of
mammalian enzyme levels can be stimu-
lated in yivo by administration of sub-
strate, substrate analogues, or hormones
(for reviews, see refs. 36-38). We conclude
from the present study that adenosine
deaminase is among this group, and that
the magnitude of the response is depend-
ent on the tissue examined as well as on
the dose and nature of the infused ana-
logues. An interesting feature of the re-
sponse of certain tissues, in particular
lung, liver, and stomach, is the finding
that only the lower doses of EHNA were
effective in stimulating activity. Although
the reason for this type of response, as
well as for the biphasic response observed
in the thymus, is not understood, the data
do suggest an antagonism between mech-
anisms of activation and inhibition.

The present data do not establish
whether the observed activity increases
can be attributed to the synthesis of new
enzyme protein. Recent studies in this
laboratory (31, 32) indicate that the in-
crease in adenosine deaminase observed
in the intestinal mucosa of the rat can be
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F1G. 3. Ackermann-Potter plots of mouse adeno-
sine deaminase (ADase) activity afier incubation
with EHNA

Various concentrations of enzyme were first in-
cubated at-37° with the indicated concentrations of
EHNA in a final volume of 1.0 ml containing potas-
sium phosphate (110 mm, pH 7.0) and bovine serum
albumin (0.5 mg/ml). To 0.9 ml of the solution was
added 0.1 ml of 1.0 mM adenosine to initiate the
assay, which was monitored at 266 nm as described
under MATERIALS AND METHODS. The data shown in
the inset were obtained using enzyme from mice
infused with 5.0 or 7.5 mg/ml of EHNA. Activities
were determined by the radioactive assay described
under MATERIALS AND METHODS under incubation
conditions similar to those used in the spectropho-
tometric assay. All enzyme preparations in these
experiments were partially purified by preparative
isoelectric focusing. The control enzyme represented
mainly variant I, whereas the enzyme from EHNA-
infused mice was predominantly variant II. The
correlation coefficients, calculated for the least-
squares regression line passing through the origin,
were at least 0.97, except for a value of 0.92 for the
data obtained in the presence of 11.1 nM EHNA.

correlated with the preferential synthesis
of a particular electrophoretic variant. The
inhibitory effect of cycloheximide or puro-
mycin on both the activity increase and
the appearance of the new variant
strongly suggested the participation of ac-
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tive protein synthesis (32, 34). The data
we have obtained in the mouse, however,
indicate that after inhibitor infusion the
electrophoretic pattern of adenosine de-
aminase variants remains essentially un-
changed. Thus, if new enzyme protein was
being induced, each variant was being
stimulated to approximately the same ex-
tent. It should also be noted that our
previous studies with actinomycin D in
the rat have indicated that adenosine de-
aminase is synthesized from a relatively
unstable messenger (32, 39). Thus an effect
on mRNA turnover provides a reasonable
mechanism for the enhanced synthesis.

The alternative mechanism —involving
interruption in degradation —must also be
considered. One interpretation is that the
infused inhibitor binds preferentially to
one conformational form of the enzyme to
form a complex that is relatively resistant
to proteolysis, as has been reported for the
complex in vivo of methotrexate and dihy-
drofolate reductase (40). Alternatively,
specific proteases responsible for adeno-
sine deaminase degradation might be in-
hibited as a result of the altered metabolic
condition in the presence of lowered en-
zyme activity. Inhibited or absent adeno-
sine deaminase activity has been observed
to result in an elevated ratio of the adenine
to guanine nucleotide pool levels in mam-
malian cells (41-44). These changes might
influence rates of protein synthesis and/or
degradation.

The altered affinity of adenosine deami-
nase for EHNA and for adenosine after
EHNA infusion can be explained by either
of the general mechanisms discussed
above. Thus new enzyme protein that dis-
plays an active site with a higher affinity
for substrate or substrate analogues may
be induced, or a previously existing var-
iant with such a characteristic may be
stabilized by the presence of the inhibitor.
It should be noted, however, that the al-
tered affinity constants were obtained
from animals that had been treated with
a relatively high dose of EHNA (i.e., 5.0
and 7.5 mg/ml). These concentrations ex-
ceeded the dose range that produced the
maximal response in terms of activity
stimulation (see Fig. 1). Thus the mecha-
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Activity was determined by the spectrophotometric assay at 265 nm as described under MATERIALS AND
nETHODS and Fig. 3. Enzyme was obtained by preparative isoelectric focusing of the pooled tissues listed in
Table 1. a. Control adenosine deaminase 1. b. Control enzyme variant II. ¢c. Enzyme I obtained from mice
infused with 5.0 or 7.5. mg/ml of EHNA. d. Enzyme II obtained from the same mice as in Fig. 4c.
Correlation coefficients determined for the least-squares regression line indicated a high degree of
association between the x and y values and are summarized in Table 3.

TaBLE 3
Effect of EHNA infusion on K, for EHNA and K,, for adenosine of mouse adenosine deaminase
Partially purified enzyme was obtained by preparative isoelectric focusing of the pooled homogenates
from tissues listed in Fig. 1, as described in MATERIALS AND METHODS. Both K, and K, values were
obtained from analysis of Eadie-Hofstee plots in the presence and abeence of EHNA. Also shown are the
correlation coefficients (r) for the slopes from which the kinetic parameters were calculated.

Enzyme variant K, for EHNA K, for adenosine
Normal r Treated r Normal r Treated r
nM nM Y M
I 1.1 0.95" 6.0 0.93 33.5 0.98 27.1 0.96
o 14.9 0.95 3.1 0.98 35.3 0.95 23.3 0.98

nisms for the two effects may be distinct,
and may also involve different populations
of adenosine deaminase molecules.
Evidence that mammalian adenosine
deaminase activity may be regulated by

induction and/or derepression comes from
a recent report of a kindred exhibiting a
dominantly transmitted hemolytic anemia
associated with a marked reduction in
adenine nucleotides (45) and a 45-70-fold
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elevation in adenosine deaminase activity,
which was characterized as a typical phe-
notype with normal kinetic parameters
(46). These investigators therefore sug-
gested a defect in the normal feedback
mechanisms of induction and suppression
of adenosine deaminase synthesis. The
changes reported in the mammalian en-
zyme as a function of diet (47) may also
reflect aspects of the same control system.
It is hoped that the data presented here
may be of eventual use in the rational
design of combination chemotherapy regi-
mens involving adenosine deaminase in-
hibitors. It has already been established
that combination therapy of EHNA with
the antimetabolite ara-A is successful in
extending the survival time of mice bear-
ing the Ehrlich ascites carcinoma (7). The
inhibitor 2'-deoxycoformycin also signifi-
cantly potentiates the cytotoxicity of ara-
A against L1210 leukemic cells (11, 12).
The knowledge that an organism can
react to these inhibitors with greater or
modified adenosine deaminase activity
and that these responses are organ-specific
should be of value if this therapy is ex-
tended to humans. The possibility that
similar phenomena may occur with other
inhibitors should also be borne in mind.
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