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Studies on the Inhibition of Bovine Liver Dihydrofolate
Reductase by Pyrimidine Compounds

CHIH-YUAN CHENG AND HUI-PO WANG™

School of Pharmacy, College of Medicine, National Taibwan University, Taipei, Taiwan, R.O.C.

A series of 6-alkyl-2,4-diaminopyrimidines (compounds 1-5) and 6-methylamino-2,4-dia-
minopyimidines (compounds 6-12), prepared as nonclassical folate antimetabolites, were subjected
to inhibition study on bovine liver dihydrofolate reductase. The 2,4-diaminopyrimidine compounds
showed ICx’s at 107-10"M, with compound 5 as the most acitve showing comparable activity to

that of methotrexate. The triaminopyrimidine analogues 6-12 were much less active, with 1C«’s ra-
nged between 107-10"M.

Key words : 6-Alkyl-2,4-diaminopyrimidines, 6-Methylamino-2,4-diaminopyrimidines, Inhibition
of dihydrofolate reductase, Folate antimetabolites.

with development of drug resistance. The re-

INTRODUCTION sistance occurrs in part, because of the reluc-
tance of membrane transport protein in carrying
Methotrexate (MTX), a classical dihydrofo- MTX through the membrane.!* To overcome
late reductase (DHFR) inhibitor as an antitumor the pharmacological deficiency and to treat ca-
agent, has been used chinically for a long time." ncer more eftectively, the structure of MTX was
~¥ However, its chnical efficacy 1s diminishing modified and a sertes of 6-alkyl-2.4-diamino-
CQOOH _R
/I\/\ |2 /\Y
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R+= alkyl or methylaming
MTX 1 - 12

Figure 1. Structures of methotrexate and 1ts open-ring analogues 1-12.
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pyrimidines (compounds 1-5)°" and 6-methyla-
mino-2,4-diaminopyrimidines (compounds 6-12)
©) (Figure 1) were prepared. These compounds
were considered as open-ring analogues of
MTX. The introduction of pyrimidinyl moiety
into the molecule n replacing the pteridine ring
of MTX was thought to eliminate conformation-
al ngidity and, in consequence, to enhance the
accessibility of the molecules into the active site
of the target enzyme. The higher lipophilicity of
these compounds compared to that of pteridine
analogues 18 beneficial in terms of overcoming
the drug resistance problem associated with
MTX transport through the cell membrane. This
report describes the inhibition study of com-
pounds 1-12 on the target enzyme, using bovine
liver dihydrofolate reductase as study model.

MATERIALS AND METHODS

1. Materials

Bovine liver dihydrofolate reductae, dihy-
drofolic acid and NADPH were purchased from
Sigma Chemical Co. (St. Lous, MO, U.S.A)).
One unit of enzyme 1s defined as the quantity of
protein which converts 1.0 gmole of 7.8-dihydro-
folic acidd and NADPH to tetrahydrofolic acid
and NADP* per minute at 20°C. The test com-
pounds 1-12 were prepared previously.>-¢’
Methotrexate was a gift from the Pharmacy De-
partement, National Taiwan University Hospit-
al. Other chemicals, reagents and solvents were

and were of analytical grade.

L. Preparation of Stock Solutions

The tollowing stock solutions were prepa-
red prior to the assay: Stock solution A con-
sisted of 0.01 M 2-mercaptoethanol in a 0.10 M
pH 7.0 phosphate buffer. Stock solutton B con-
sisted of 0.01 M 2-mercaptoethanol and 5% (v/
vy DMSO 1 a 0.10M pH 7.0 phosphate buffer.
Stock solution €, designated as the substrate:co-
factor solution, consisted of 6.75 X 10 * M di-
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stock solution A. Enzyme stock solution D was
prepared by diluting 1 unit enzyme suspension
in stock solution A which corresponded to [-2
X 1072 enzyme unit per assay solution. The in-
hibitor solutions were prepared by dissolving
test compounds 1-12 and methotrexate, respec-
tively, 1in a mmmmum amount of DMSO and
then serially diluted with stock solution A and

stock solution B so that the concentration of
DMSO 1n the inhibitor solution was 4% (v/v).

1l. Dihvdrofolate Reductase Inhibition Assay'”

The assay system was a slight moditication
of that described by Burchall.'” The absorption
of the reaction mixture was performed in a Gi-
lford Model 240S recording spectrophotomer at
room temperature. A solution containing 0.1 mL
of enzyme stock solution, x mL of inhibitor so-
lution and (0.8-x) mL (x ranged from 0.1 to 0.8)
of the stock solution A 1n a quartz cuvette was
preincubated for five minutes. The substrate/co-
factor stock solution, 0.1 mL was then added to
initiate the reaction, and the absorbance at 340
nm was recorded for ten minutes. Therefore, the
final assay solution contained, in a total volume
of 1.0 mL, 0.10 M of phosphate buffer, 6.75 X
10> M dihydrofolic acid, 1.10 X 10 * M of
NADPH. 0.0 M of mercaptoethanol, 4% (v/v)
DMSO. the enzyme and the test compounds. A\
Au was delined as the absorbance change tfrom
zero to ten minutes of incubation. AA” w was
the absorbance change of control assays., which
contained all the components except the 1nhibi-
tor. performed before and after the nhibition
assay. The mhibition assays were repeated three
to six times at at least six different concentra-
tions evenly spaced over the concentration range
that would cause 20%-80% of relative absor-
bance change (i.e. AAw AA” w0 —0.2-0.8).

V. Dara Analysis

Relative absorbance change (1.e. AAwW/AA
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Table 1. Summary of the inhibitory activity of compounds [-12 and methotrexate on bovine liver dihydrofolate
reductase.

NH,
N ki
S,
compounds R, R ICqq (M)
1 CH, —O 5.17X107
2 CH;, —N ) 6.13X10°
S\
3 CH; —N  NH 6.23X10°
) -4
7\
4 C2H5 —N N"@_C‘ 376)(10-8
N/
5 C2H5 _N® 673)(10“9
/\
6 NHCH, —N  NH 3.23X107
N/
/7~ N\
7 NHCH4 —N NOCN 1.10X10*
./
/- A\
g NHCH, N N-@—COOH 5.90X10°
./
/ N\
g NHCH, —N N—@—COOEt 4.03X10°
N/
[ —@- 4.34X10*
10 NHCH, —N N SO,NH, .34
[ —@- OH 4.49X10°
11 NHCH3 —N N COGlu- ;
/\
12 NHCH —N N—@-coenuma) 8.22X10°
./
MTX — - 7.42X107%

*Glu denotes glutamic acid residue.
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Figure 2. The inhibition profiles of (a) compound 5
and (b) compound 12 on DHFR.

*w) was plotted against the logarithm of the in-
hibitor concentration for each test compound.
ICs values were obtained from equation AAsw/
AA°w = a log C+b derived from linear re-
gression of the plot.

RESULTS AND DISCUSSION

Dihydrofolate reductase catalyzes the rever-
sible reduction of 7.8-dihydrofolic acid to 5.6.7.8
-tetrahydrofohic acid by NADPH, as shown be-
low

NADP '’ +5.6.7 8-tetrahydrotolic acid
The enzyme activity was determined by vir-

tue of measuring the decrease in absorbance of

NADPH at 340 nm (1.e. AAw). The correlation
coefficient (R-) from linear regression of the
plot of AAw AA w versus the logarithm of in-
hibitor concentration ranged from 0.86 to 0.99
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for the twelve compounds and MTX tested. Fi-
gure. 2a and 2b for compounds 1-12 obtained
from equation AAw/AA”w = a log CTb were
listed 1n Table 1. As shown in Table 1, the 6-
alkyl-2.4-diaminopyrimidine  sertes of com-
pounds 1-5 were more active in inhibiting the
enzyme than the  6-methylamino-2.4-dia-
minolpyrimidine analogues 6-12. Among the se-
ries tested, the azabicyclo analogue 5 was the
most active with activity comparable to that of
methotrexate.

The inhibition of folate antimetabolites on
dihydrofolate reductase has been studied extens-
ively. The interaction between MTX and DHEFR
at molecular basis has been disclosed by the
crystallographic structures of the MTX-DHFR
(E. coli) binary complex'® and the MTX-
NADPH-DHFR (L. casei) ternary complex.””’ It
has been demonstrated that the diamino-
pyrimidine portion of MTX 1s important for bi-
nding to the Asp-27 residue within the active
site of the enzyme and the two carboxyl groups
on the glutamate moiety were involved 1n a cha-
rge-charge interaction respectively with the His-
28 and the Arg-57 residues of the enzyme. It 1s
worth noting that even in the absence of glu-
tamic acid side chain, our 6-alkyl-2.4-dia-
minopyrimidine series of compounds 1-5 sho-
wed high nhibitory activities. This result was
very similar to the report on the interaction be-
tween DHFR and trimethoprim, a lipophilic
diaminopyrimidine antifolate.

Based on the knowledge that the C-2 ami-
no and the N-3 region of the pteridine ring on
MTX was important tor enzyme binding, the 2.
4.6-triaminopyrimidine analogues 6-12 was pre-
pared. with the thought that methylamino sub-
stitution at the C-6 position would increase the
basicity of the pyrimidine ring and consequently
would enhance the binding. However. the n-
hibitory acitvity of the series of compounds was
much less than that of the analogues where an
alkyl substituent was on the C-6 position. As
[C’s were compared. the inhibitory activity of
compound 6 was 10° fold lower than that of its
methyl analogue, compound 3. These results
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prompt an interesting question for further inves-
tigation on the interaction between the inhibi-
tors and the target enzyme at the molecular le-
vel.
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