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SUMMARY

The dihydrofolate reductase of Escherichia coli is rapidly and irreversibly inactivated
in the presence of the proteolytic enzyme Pronase. However, the reductase is almost
completely protected when dihydrofolate, NADP, NADPH, or N5-formyltetrahydro-

folate are present at satui’ating concentrations. NAD, NADFI, 2-amino-4-hydroxy-6-
hydroxymethyl dihydroptem’idine, p-aminobenzoylglutamate, amid glutamate were all

ineffective in this regard. On the othier hand, NAD did not accelerate the inactivation of
E. coli dihydrofolate reductase by Pronase. Certain small-molecule, hieterocyclic inhibi-

tors of dihydrofolate reductase were also excellent protective agents when added at 30
times the concentration needed for 50% inhibition of the reductase. Surprisingly, at this
same concentration certain other inhibitors with equal or better capacity for binding to
the reductase failed to show any protective activity. The structural requirements for pro-
tection were explored, and some possible implications of the findings are discussed.

INTRODUCTION

Several reports now indicate that the
binding of small molecules by proteins in-
creases the resistance of the latter to hy-

drolysis by proteolytic enzymes. For ex-

ample, Trayser and Colowick (1) have

noted that the proteolytic digestion of
hexokinase by trypsin is markedly dimin-
ished in the presence of glucose. Markus
(2) has reported decreased proteolysis of

serum albumin in the presence of methyl

orange, and Grossberg et al. (3) have ob-
served that a hapten-antibody complex is
more resistant to proteolysis than is the
antibody alone. The latter authors suggest

that resistance to proteolysis may provide

a highly sensitive tool for the detection of
conformational changes accompanying the

binding of small molecules to protein.

Recent experiments carried out in our
laboratory with extracts of E. coli B (4)

and by Hakala and Suolinna with cell-free
preparations of Sarcoma 180 (5) provide

evidence that the enzyme, dihydrofolate

reductase, is protected against proteolytic

degradation by its substrates, cofactor, and
certain of its inhibitors. This paper expands
and provides detailed information on our
previous observations. Of particular im-

portance is the finding that certain inhibi-
tors known to bind tightly to bacterial

dihydrofolate reductases are not capable of
decreasing the rate of destruction of the
reductase in the presence of the proteolytic
enzyme Pronase (6).

METHODS AND MATERIALS

Protection experiments were carried out
in the following manner: Partially purified
preparations of E. coli dihydrofolate re-

ductase prepared as described previously
(7) were used in all experiments. These

preparations were purified approximately

100-fold and were free of all pyridine nu-
cleotide oxidases. Dihydrofolate reductase
constituted about 1% of the total protein.

Aliquots of the purified reductase were
incubated at 25#{176}in the presence of 0.05 M
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Tris buffer, pH 7.9, 0.1 M mereaptoethanol,

10-200 �.tg/ml of Pronase and the candidate

protector in a total volume of 3.0 ml. When

experiments were conducted involving the
use of folic acid, dihydrofolic acid, reduced
pyridine nucleotides, or methotrexate, the

reaction systems were supplemented with

sodium ascorbate (5 mg/mi) and incubated

under NI-CO2 (95%-5%).
The inhibitom’s, when used, were added at

a concentration 10-30 times that required

to inhibit the E. coli dihydrofolate reduc-

tase by 50%. These concentrations were

sufficiently high to allow the saturation of
dihydrofolate reductase, yet dilution of 0.1
ml of the inhibited systems into the 3.0 ml
reductase assay system (dilution 1: 30) re-

duced the inhibition of the protected system

to 50% or less and permitted measurement
of changes in reductase activity during the
course of the incubation. Control systems
consisted of the complete system lacking

either Pronase, the candidate protector or

both.
As soon as the system containing Pronase

but no protector was completely inacti-
vated (usually about 1 hour), all the re-
action systems were chilled in an ice bath,

placed in dialysis sacs, and dialyzed over-

night against ice-cold 0.05 M sodium acetate
buffer, pH 5.5 with 1 m�i EDTA. Under
these conditions of low temperature and
low pH, the activity of Pronase was almost

entirely inhibited during the period when
the inhibitor was diffusing from the tubing.
The following morning the activity of all

the systems was rechecked to be certain

that the activity of the system containing
the candidate protector and Pronase was
equal to that of the system containing only

dihydrofolate reductase.
At least three measurements were ob-

tained on each system before inactivation
of the control lacking a protective agent
was complete. In this manner, it was pos-
sible to calculate accurately a percent in-

activation by comparison of the rate of
inactivation of the system with the candi-

date protector and Pronase to the rate of
inactivation of the system with Pronase but

without protector.
The assay of dihydrofolate reductase was

based on the decrease in absorbancy at 340

m� observed in the presence of dihydro-

folate, NADPH, and enzyme (7) . Dihydro-
folate was prepared according to the
method of Futterman (8) as modified by

Blakley (9) . Folic acid, dihydrofolic acid,
methotrexate, calcium leucovorin, reduced

and oxidized pyridine nucleotides, pABG,
glutamic acid, and sodium ascorbate were

all obtained from commercial sources.
2-Amino-4-hydroxy-6-hydroxymethyldihy-

dropteridine and all the dihydrofolate re-

ductase inhibitors used in this study except

methotrexate were synthesized previously

in the Wellcome Research Laboratories.
Preparations of 2-amino-4-hydroxy-6-hy-

droxymethyldihydropteridine were purified
free of oxidized pteridine prior to use by
gradient elution from DEAE-cellulose be-

tween 0.005 M and 0.2 M Tris buffer, pH 7.2

with 1 X 10� M mercaptoethanol.

RESULTS

Figure 1 shows the results of an experi-

ment which demonstrates the capacity of

dihydrofolic acid to protect the dihydro-
folate reductase of E. coli from inactivation

by Pronase. The activity of the unpro-

tected enzyme was rapidly lost in the
presence of 150 4ug/ml of Pronase. However,

when dihydrofolate (10� M) was present,
greater than 80% of the activity remained

after 135 mm. When the concentration of

dihydrofolate was lowered to 10-6 M, re-

ductase activity was lost at one-half the
rate of the unprotected control system.

An interesting aspect of the protection

effect is the complete inability of Pronase
to inactivate dihydrofolate reductase in

crude extracts of E. coli. Passage of crude
extracts of E. coli over a Sephadex G-75
column yields fractions with peak absorb-

ance at 260 m4u. which, when added back to
the partially purified reductase, protect

that enzyme from inactivation by Pronase.
These fractions appear to protect the re-

ductase by inactivating Pronase, a conclu-

sion based on the fact that aliquots of these
fractions also diminish the activity of

Pronase when casein is employed as a

substrate for proteolysis. Preparations that
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Fia. 1. Kinetics of inactivation of Escherichia coli dihydrofolate reduction in the presence and

absence of dihydrofokzte

Reaction systcrn.s contained E. coli dihydrofolate reduetase (see Methods and Materials) and the

following additions: #{149}-I, none; #{149}-�, dihydrofolate (10’ st); E-E, dihydrofolate (10� M)

+ Pronase (150 �zg/ml); C-Q, Pronase (150 �g/ml).

were treated with streptomycin and shown

by observation of the ratio of their absorb-
ancy at 280 m� and 260 m� to contain less

than 3% nucleic acid, were rapidly in-

activated in the absence of protective
agents. A similar inactivation of trypsin by
nucleic acid has been reported (10).

TABLE 1

Effect of substrates and inhibitors on the inactivation

of Escheriehia coil dihydrofo!ate reduelase try Pronase

Compound

Percent of protec

concentration

tion at

(M)

10’ 10� 10� 10�

Dihydrofolate 50 87 90 90

Folate 0 10 40 70

NADP 34 57 65 90

NAI)PH 50 70 80 85

NAI) - 0

NADH - - - 0

Other substrates and cofactoi’s have been
tested in assay systems similar to that used
to study protection by dihydrofolate. The

results are summarized in Table 1. Folic
acid also appeared to protect the reductase
but, compared to dihydrofolate, 100 times

as much was required to produce a similar
degree of protection. It has not been pos-

sible to demonstrate the reduction of folic
acid by preparations of E. coli dihydro-

folate reductase (7), but these data suggest

that folate is capable of binding that en-

zyme at least weakly.

NADPH, which acts as the reduced co-

factor for the reductase, provided almost

the same degree of protection as did di-

hydrofolate. When present at i0� xi, 80%

of the reductase remained at the end of the

incubation period whereas only 50% re-
mained when the concentration of NADPH
was 106 M. It appears that concentrations

equal to or greater than those necessary to
achieve the maximum reaction velocity (as
measured in the spectropliotometric assay)

are required for complete protection. Sur-
prisingly, NADP, one of the reaction prod-

ucts, was about as effective a protecting

agent as NADPH. The competence of

NADP as a protective agent was not due
to a generalized lack of specificity in the
binding of pyridine nucleotides. NAD and
NADH were both ineffective as protectors
at 10’ xi even though NADH was 25% as
effective as NADPH as a cofactor for the
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Fio. 2. lnability of NAD to accelerate the in-

activation of Escherichia coii dihydrofoiate re-

ducta.se by Pronase

All systems contained E. coli dihydrofolate re-

ductase and buffer as described in Methods and

Materials plus the following additions: #{149},NAD
(10� si); 0� NAD (10� M) + Pronase (20 �Lg/

ml); A Pronase (20 jzg/ml); L�, NAD (10.6 M)

+ Pronase (20 /lg/ml).
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reduction of dihy(lrofolate in the spectro-
photometric assay system.

Although ineffective as a protective agent,
NAD did not accelerate the rate of destruc-

tion of dihydrofolate reductase by Pronase.
As shown in Fig. 2 the activity of a system

containing E. coli dihydrofolate reductase
and NAD (10� M) but lacking in Pronase
remained stable over the entire 90-mm in-

cubation period, while essentially all activ-

ity was lost when the reductase was in-

cubated in the presence of Pronase �20

�tg/ml). The addition of either 10� �i NAD
or 106 xi NAD to the system containing

reductase and Pronase (20 �g/ml) caused
no significant change in the rate of de-

struction of diliydrofolate reductase. It is
probable that NAD does not bind the

dihydrofolate reductase of E. coli to any
appreciable extent.

0

200

100

Since NADP served as a protector, it was

of interest to know whether the other re-
action product., teti’ahydrofolate, possessed

similar i)rotective properties. However, the

lability of this compound raised the possi-

bility that the product s) of its oxidation

(e.g., folate, dihydrofolate or its compo-
nents) might themselves protect or even
interfere with protection. For these reasons
it was decided to test the more stable N5-

formyl derivative of tetrahydrofolate, cal-
cium leucovorin. The results of these ex-

periments are shown in Table 2. Leucovorin

TABLE 2

I�Jrot 0 calcia m leueovorin (111(1 component moie! irs
(if dihijdrofolate on the inactivation of K. coli

(iih ildrofoiate reduela.se IJi� Pronase

Compound

Pci (‘edit of protection at

concentration (M)

I0� 10� 10#{176} 1(Y’

(‘a leitcovorina

(‘l-l?()H . Pt(l . II,’

pAB(i’
(‘H�( )H . Ptd . H� 4-

1�.�B(;

(‘,lutan�ate

12 45 89 90

- 0 0

- 0 0

- (1 0

-- - (I 0

,‘ .V5-Fornlvltet rahvdrofola is’.
d 2-.�n�ino-4-hvdroxv-ti-hvd roxvnwthyldihydro-

P1 ei’i(iifle.
p-Anunobenzoylglut amat e.

�uovide.l almost complete protection at
concentratioiis of 1O� an(I 10� M and 12%

protection at lO6 xi. A comparison of the
molam’ concentrations of both compounds
required to provide approximately 50% and
90� pi’otection showed leucovorin to be
approximately one-tenth as potent a pro-

tect.oi’ as dihydi’ofolate.
On the other hand, no component moiety

of dihvdrofolate that, was tested showed

any ability to protect. The 2-amino-4-
hydroxy-6-hydroxymethyldihydropteridine

and p-aminohenzoylglutamate both failed
to protect when tested either alone or in

coml)ination (at 10� and l0’� M). Gluta-

mate was also inactive at these same con-
centrations. None of the compounds shown

in Table I or 2 had any effect on the ability
of Pronase to hydrolyze casein.

The finding that substrates and cofactors
protect dihydrofolate reductase suggested
experinients to determine whether tightly

bound inhibitors of this enzyme might



TABLE 3

Substit sited dwiii inohetes-ocyc!es as protectors of in icrohial dih�jdrofoiate red uetase

NH2

IR,

H2N�N1R2

-

50%

Inhibitory ‘lested

cone. cone. Percent of

II It2 (M) protection

-------------�-----�---------�-�

(1) a H 1.2 X 10-s 2.0 x i0� 1(�)

(2) 2.5 x 10-6 7.5 x 10-s 99

- b

(3) H2C \ / ci (‘UHU 3.8 x io� 4.0 x l0�
1 .0 X l0� 0

C

NH2 CH2-CH2

�

(4) H2N�’LN.��,J 1 Ii X 10� 1 .0 x io�

N�(H2)3H2 d

� H2N,�LN)�N 5.0 X lO� i’#{176}� 1 S2

a-d Structures 1 and 2 are from Russel and Hitchings (11); structure 3, from Faico eta!. (12); structure 4,

from K. Ledig, E. Faleo, and G. Hitchings, in preparation; and structure 5, from S. Haribert and B. Valenti,

J. Med. C/oem. in press (196S�.
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possess a similar capacity. A variety of
chiamino heterocycles was studied, and the
results are shown in Table 3. Compounds 1

and 2, 5-p-chlorophenyl-substituted di-

aminopyrimidines (11) proved to be ex-

tremely effective protectors when tested at
17 and 30 times their respective 50% in-

hibitory concentrations. The 5-p-chloro-
benzyl-6-ethyl derivative (compound 3)
(12) was an effective protective agent when

tested at 10 times its 50% inhibitory con-

centration, but showed no activity at %�
of that value (i.e., when the enzyme was not

saturated with the drug). In addition, com-

pound 4 (13), 2,4-diamnino-5,6-trimethyl-
enequinazoline, and compound 5, 2,4-

diamino-6-butylpyridopyrimidine, proved

effective protective agents when present at
concentrations greater than 10 times their

50% inhibitory concentration, even though
their condensed ring systems differed sig-
nificantly from each other amid from the

diaminopyrimidines.

Since the 5-benzyl diaminopyrimidines
contain several compounds of interest in
antibacterial chemotherapy, this series was
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1 ABLE 4

Sub.slilukd (/1(1111 inobeuzylpys’s vi idi ‘s s’ as proti’ctoi’s of 1fl ic/ohiO! (!ihy(lI’OfOtrlti r�

H2N�R3

H H� H3

Inhibitorv

((.)nc.

�

‘l’ested

coou -

(so
Percent of

protection

(1) H ()CH, H 1.1 X 10-6 3.() X 1O�’ 100
(2) ( )CH � ()CH3 H 2.0 X 10� 3 .0 X l0�

1.0 )< 10� 4)

(3 ()CH3 H ()(‘H�5 5.6 X 10� 1.5 X 1O� 9()

(4 ( )(‘H3 ()CH3 ()CH 5.0 X 10#{176} 1 .0 X 10� 0

a See Hoth (1 (1!. (13.

examined in greater (letail. The results are

shown in Table 4. The p-metIioxy-sub�ti-

tuted compound (No. 1) (12) proved an cx-
cellent protector at 30 times its 50% in-

hibitory concentration. Similar results were
obtained with the dimethoxy compound
(No. 2) amid again protection was lost when

the concentration was lowered to less than
one-twentieth of the 50% inhibitory con-

centration. The dimethoxy compound sub-

stituted in both meta positions (No. 3) also

showed strong protection when tested at a
saturating concentration.

In spite of the protection afforded to the

reductase activity by the benzylpyrimi-

dines, it was still possible that a portion of
the enzyme had been cleaved w’ithout de-
tectable loss of activity. In order to clarify

this point, ami ahiquot of dihydrofolate re-
ductase was treated with Pronase in the
presence of a protective inhibitor, and its

Sephadex G-75 elution profile was com-
pared with t.hiat of the untreated reductase

in order to establish the equivalence of the
enzyme in both cases.

The experiment was conducted in the

following manner: 2,4-diamino-5- 3’,4’-di-
mcthoxybenzyl) pyrimidine was added to
an aliquot of E. coli dihydrofolate i’educ-

tase to a final concentration of 3 X I0� xi.

One milliliter of the resulting solution was
added to a 2 X 25 cm column containing

Sephadex 0-7.5 previously equilibrated

with 1 mxi EDTA. The enzynie was eluted

with 1 X 10� xi EDTA and collected in 1.0
ml fractions in the cold. After completion

of this fractionation, a secotid solution of
reductase and inhibitor was prepared cx-
actly as before except for the addition of
200 �og of Pronase per milliliter. This sys-

tern was allowed to incubate at room tem-
perature for 4 hr (a control system contain-
ing no protective inhibitor lost all activity
in 1 hr), and then 1.0 nil was placed on the

same Sephadex G-75 column previously
used. Once again the column was eluted
with 1 mxi EDTA and 1.0 ml fractions

were collected. The results are shown in

Fig. 3.

The upper portion of the figure (a) shows
the system containing reductase, inhibitor,
and Pronase. There were two main peaks

containing material absorbing at 280 m�.t.
The smaller peak at the left (solid line)

contained undigested reductase protein
while the larger peak to the right contained

the inhibitor and degraded protein. Reduc-
tase activity, indicated by the broken line,
appeared in the first small peak. In the

lower figure (b) the smaller and larger

peaks again contained reductase protein
and inhibitor, respectively.

Comparison of the upper and lower
figures shows that in both cases reductase

activity first appeared in tube No. 10 and
peak reductase activity appeared in tube
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Fia. 3. Comparison of the elation profile of dihydrofolate reductase and 2,4-diainino-5-(3’,4’-di-

methoxybenzyi)pyrimidine from Sephadex G-75

(a) Enzyme treated with Pronase. (h) Untreated enzyme. See text for experimental details.
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No. 12 regardless of whether the enzyme
had been preincubated in the presence of

Pronase. Under these experimental condi-

tions it should have beeti possible to detect
differences of greater thami 10% in the size
of the untreated and Pronase-treated re-

ductase. Thus, it appears that proteolytic
digestion of large areas of the reductase in
the presence of the inhibitor is excluded,

althoughi loss of up to 21 amino acids might
have escaped detection assuming the

molecular weight was 100 hJem amino acid
residue and 21 000 for E. coli dihydrofolate
reductase).

Experiments w’ithi the triniet hioxybenzyl-

pyrnmdine, Table 4 No. 4) , trimethoprim.

produced the major surprise of this �.tudy.

No hitotection was afforded by saturating
concentrations of the trimethoxvbenzvl

amialog despite its extreniely close structural

similarity to time other coml)ounds tested.

After repeated experiments showed that
this result was not. due to experimental

.450

.300

.150

E

E

E

C.,

.450

error, it was decided to investigate the cx-
temit of thus effect in a series of close struc-
tural analogs of trimethoprim. The results

of this study are shown in Table 5. The
2’-bromo triniethoprim (compound 1) also
showed no protection when tested at 30

times its 50% inhibitory concentration. The
same was true when there was substitution

of the 4’-position with groups larger than

met.hoxyl, suchJ as butoxyl (compound 2)
amid allyloxyl (compound 3). Replacement

of one of the metamethoxyl groups by

bromine gave a compound (No. 4) which
also was nonprotective. However, substitu-

tioii of a chlorine atom in the same position

(compound 5) resulted in a compound with

a high degree of protective activity. Thus a

very subtle and critical size requirement in
this location is indicated.

Since the eoflil)letion of the eXI)elimelits

described in this report we hJave obtained

preparations of dihydrofolat.e reductase
that. are 6�5% pure. Using these highly



I’lIOTECTmoN OF I)IHYI)HOFOLATE REDUCTASE 245

Mo!. Plsarmaco!. 4, 238-246 (1968)

‘1 ABLE 5

Substituted (1mm inobenzy!pyrim idines as protectors of microbial dihydrofolate reducta..se

oc�
NH2

N� c� * H2

R4 R3

H3 113 114

50’� Inhibitory

cone.

(su

Tested

(()flc.

(sn

Percent of

protection

(1 (.)CH3 ()C113 Br 2.8 X 108 9(1 X 10� 0

(2 0C4H9 (CH3 H 1 .0 X 10-8 3.0 X 10� 0

(3� OCH2CII = (‘fl3 �CH3 H 5.2 X 100 1 .5 X 10� 0

(4 ()CH3 Br H 2.0 X 10-8 6.0 X l0� 0

(5) OCH3 (1 H 4.0 X 10-8 9.0 X 10� SI

a To be published. All other compounds: see Roth et a!. (13.

purified preparations the critical protec-

tion experiments involving 2,4-diamino-5-
p-chlorophenyl-6-ethiylpyrimidine, Table 3,
compound 2, and 2,4-diamino-5- (3’,4’,5’-tri-

methoxybenzyl) pyrimidine, Table 4, eom-

pound 4, were repeated. The data obtained

with the 65% pure enzyme were in corn-

plete agreement with those reported here
for the 1% pure enzyme. In addition, de-

terminations of thie concentration of (Irug
required to produce a 50% inhibition of the
reductase have given consistent results
from one preparation to anothier provided

the purification was carried far enough to
ensure the removal of NADPH oxidizing
enzymes.

DISCUSSION

The mechanism by which substrates, co-
factors, and inhibitors protect dihydro-

folate reductase against proteolysis has not
yet been established. The experiments of
Hakala and Suolinna (5) have shown that

dihydrofolate reductase of Sarcoma 180
cells is protected by substrates and cofac-
tors from the action of trypsin, subtilisin,

elastase, and carboxypeptidase B as well
as p-chloromercuribenzoate, iodoacetaniide,

Versene, and o-phenanthroline. The results

presented here and those of Hakala and

Suolinna show clearly that, despite differ-
ences between them, both microbial an(1

niammalian enzymes can be protected from

enzymatic agents whieli possess a variety

of (hiffercnt loci of attack.
The catalytic site(s) occuijied by di-

hivdiofolate (M.W. �= 440) ttIi(1 NADPH

(M.\V. = 800) must (olistitute oiilv a small
fraction of the total reductase molecule

� M.\V. = 21 ,000) . Even thie catalytic site
itself is Probm1bl�’ miot completely filled by

l)10t’ctive agents 511(11 LS iIlhiil)itOIS of the
(lianiino�)yriInidine class ( \1.\V. ‘ en. 2.50)
which lack the entire p-aniinobenzoylgluta-

mate portion of the substrate molecule. Un-
less considerable portions of the re(lu(tase

molecule can he cleaved off without loss of
activity, it is difficult to see hio�v SUl)StIateS

and cofactors can prevent the destruction
of the enzyme by protecting only those
homids they directly shield. An alternative

possibility is that transition to the pro-
tected state involves mote than just. the

active site.
Omi the basis of previous studies demon-

sti’at.ing protection against. proteolysis (1)

it was not unreasonable that dihydrofolate
a mid NADPH shiould l)1otect.. however,

silice the equilibrium of the m’cductase re-
action strongly favors the production of

tetrahydrofolate, it is interesting to note
that the ieactioii product NADP is an ef-
fective protective agent. This result is

consonant. with the finding of Perkins and
Bert mo 14) . based #{248}nfluorometric studies,

dint NADP i)ili(lS the (hihvdrofolate reduc-



246 J. BURCHALL

Mo!. Plsarmacol. 4, 238-246 (1968)

tase of murine lvinphoma (KD = 9 x 10’�
M). These workers (14) also have provided

evidence thiat the dihydrofolate reductase
forms complexes with either the substrate

or cofactor in the absemice of the other co-
reactant.. In our studies tetrahydrofolate

also appears to bind and protect the re-

ductase, but it is difficult to exclude the

possibility that diliydrofolate is nonen-

zymatically genem’ated during the course of
the protection experimemit. If both reaction

products bind the reductase, thus fact will
have to be considered in any explaiiatioii of

the reaction equilibrium, which is stromigly

toward tetrahydrofolate. The data pie-
sented here, which show t.hiat either sub-

strate or cofactor alone protects, su�)pOrt a

reaction mechanism involving random ad-

dition of substrates.

The most remarkable aspect of this study
was the finding that, certain diaminobenzyl-

pyrimidines which tightly l)ind and strongly
inhibit the bacterial meductase do not pi�o
vide piotection against inactivation by

Pronase. At present it. is not known whether

those compounds substituted in thie meta
and IJama positions ate unique in thieir fail-

ure to protect. These nonprotective corn-

pounds are all powerful inhibitors possess-
rng in common 50% inhibition values of

less than 3 X 108 xi.

The possible physiological significance of

the piotectiomi effect is of sonic interest. ThJe
findings reported above invite a meexamina-

tion of the cellular role of enzvnie inhibi-
tors that shOw pmotecti��e al)ihty. In the

process of inhibiting their target enzyme,

they may simultaneously allow its ultimate
increase with unpredictable consequences

for the survival of t.hie affected cell.
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