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SUMMARY

CHIANG, PETER K., RICHARDS, HENRY, H. & CANTON!, GIULI0 L. (1977) S-

Adenosyl-L-homocysteine hydnolase: analogues of S-adenysyl-L-homocysteine as

potential inhibitors. Mol. Pharmacol., 13, 939-947.

Structural analogues of S-adenosyl-L-homocysteine with modifications in the punine,

sugar, 5’-thioethen linkage, and/or amino acid portion were tested as substrates and/or
inhibitors ofS-adenosyl-L-homocysteine hydro!ase (EC 3.3.1.1). It was observed that 5-
3-deazaadenosyl-L-homocysteine was the only analogue that could serve as a substrate
for the enzyme as well as S-adenosyl-L-homocysteine itself. When tested in the direction

of S-adenosyl-L-homocysteine hydrolysis coupled with calf intestinal adenosine deami-
nase, the following were found to be the more potent inhibitory analogues: 5’-deoxy-S’-

buty!thioadenosine, N�-adenosyl-a,y-diarninobutyric acid, 9-(5’-deoxy-5’-methylthio-a-
D-anbinofuranosyl)adenine, 5’-deoxy-5’-aminoethylthio-2-ch!oroadenosine, 3-deazaaden-

osine, and S-3-deazaadenosyl-L-homocysteine. The inhibitory ability of 3-deazaadenosyl-
L-homocysteine is probably related to its ability to serve as substrate, since its hydnoly-
sis generates 3-deazaadenosine, which is the most potent inhibitor of S-adenosyl-L-
homocysteine hydno!ase as we!! as being resistant to adenosine deaminase. When tested
in vitro in isolated rat hepatocytes, 3-deazaadenosine caused a drastic increase in the
levels ofS-adenosyl-L-homocysteine and S-adenosyl-L-methionine, with the formation of
S-3-deazaadenosyl-L-homocysteine . 3-Deazaadenosine is thus an interesting analogue

with biological potential.

INTRODUCTION

The enzymatic transfer of the methyl
group of S-adenosy!-L-methionine yields
S-adenosyl-L-homocysteine as one of the
products ofthe reaction (1). In eukanyotes,
as far as is known, the principal pathway
for the metabolism of adenosy!homocys-
teine is its hydrolysis to L-homocysteine
and adenosine by the action of an enzyme,
adenosy!homocysteine hydrolase (EC
3.3.1.1), first described in rat liver by de la
Haba and Cantoni (2). Although the reac-

tion is reversible, the equilibrium lies in
the direction of synthesis of adenosylhomo-
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cysteine. The reaction catalyzed by adeno-

sy!homocysteine hydrolase is described in
Eq. 1 (Fig. 1).

S-Adenosyl-L-homocysteine

�::��t adenosine + L-homocysteine

The details of the mechanism of adenosy!-
homocysteine hydro!ase reaction have re-
cently been proposed (3).

Adenosylhomocysteine has been found
to inhibit competitively most of the meth-
yltransferases which utilize adenosy!me-
thionine as the methyl donor, but with K1
values that vary oven a wide range (4-10).
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FIG. 1. Structural formula for Eq. 1

SH

ICH2I2

+ H2N-CH

COOH

Because of the different sensitivities of
various methyltransferases toward adeno-
sylhornocysteine, the regulation of adeno-

sy!homocysteine hydro!ase by various ef-
fectons can be of physiological importance
in controlling biological methylations. The
observation that the level of adenosylho-
mocysteine hydro!ase in tissues is affected
by nutritional and hormonal factors (11)
suggests a regulatory role for this enzyme.
Fina!ly, adenosylhomocysteine, by virtue

of its ability to inhibit betaine-homocys-
teine methy!tnansferase and its ability to

activate cystathionine synthase (12), may
play a role in liven in determining whether
homocysteine will be remethy!ated to me-

thionine or utilized for the synthesis of
cystathionine (12).

It is possible to synthesize adenosylho-
mocysteine analogues that differ from the
parent compound in the punine, sugar, su!-
fur atom, or amino acid (homocysteiny!)
portion of the molecule. Recently a num-
ben of these analogues have been synthe-
sized and studied as potential inhibitors of
enzymatic transmethylation reactions,

and some interesting differences in the bi-
ological activity of these analogues have
been reported (13-21).

We report here the results of studies on
the interaction between adenosylhomocys-
teine analogues and purified adenosylho-
mocysteine hydro!ase from beef liver.
These analogues have been surveyed for
their abilities to serve as substrates and/or
inhibitors of this enzyme. The interaction

of adenosylhomocysteine analogues with
adenosy!homocysteine hydro!ase can be
measured by three different ways. (a) The
ability of adenosy!homocysteine analogue
to inhibit adenosy!homocysteine hydro!y-

sis can be determined when coupled with
excess adenosine deaminase. (b) The abil-

ity of adenosine or homocysteine ana-
!ogues to support the synthesis of adeno-
sy!homocysteine-like compounds can be

measured directly as shown in Eq. 1. (c)
Finally, the ability of adenosylhomocys-

teine analogues to act as substrates can be

assayed by determining their ability to
substitute for adenosy!homocysteine in
the homocysteine exchange reaction, in
which the incorporation of 355 from
[355]homocysteine ([355]Hcy) into adeno-
sy!homocysteine can be measured (Eq. 2).

[35S]Hcy + adenosylhomocysteine

E (2)

�± [355]adenosylhomocystemne + Hcy

MATERIALS AND METHODS

Purified adenosy!homocysteine hydro-

lase from beef liver was prepared by a
method devised in our

[35SlAdenosylhomocysteine or [“Clade-
nosylhomocysteine was prepared accord-
ing to de !a Haba and Cantoni (2). [‘4C1-
Adenosy!homocystemne was labeled uni-

formly in the adenosine moiety. L-

[35SjHomocysteine was prepared by incu-
bation of L-[35S]homocysteine (Amersham/

I H. H. Richards, P. K. Chiang, and G. L. Can-

toni, manuscript in preparation. The specific activ-

ity of the purified adenosylhomocysteine hydrolase

varied between 0.9 and 1.5 units/mg of protein, 1

unit being defined as 1 j.�mole of adenosylhomocys-

teine hydrolyzed in 1 mm at 37” in the presence of

excess intestinal adenosine deaminase. The purifi-

cation of the adenosylhomocysteine hydrolase in-

volved conventional procedures, such as chromatog-

rap’ y on DEAE-cellulose, hydroxylapatite, and

Sephadex G-100, and ammonium sulfate fractiona-

tion.
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Searle) in 10 mM Tnis-HC!, pH 8.0, and a 6-
fold excess of dithiothreitol for 30 mm at
37#{176}.Adenosine deaminase from calf intes-
tina! mucosa was obtained from Sigma

Chemical Company;2 the chemical ana-
!ogues used here were synthesized and

supplied by Dr. R. T. Borchardt (16-19),
University ofKansas, Lawrence; Dr. J. A.
Montgomery (Tables 4 and 5), Southern

Research Institute, Birmingham, Al.; In-

stitut de Chimie des Substances Natu-
nelles, Centre National de !a Recherche

Scientifique, France (13-15); and Dr. J.
Coward (9, 20, 21), Yale University.

A sensitive assay of adenosy!homocys-
teine hydno!ase, developed in this labora-

tory, is based on the conversion of [‘4C1-
adenosine, a product of the reaction, to
[‘4C]inosine in the presence of excess
adenosine deaminase in the assay me-
dium. [‘4C]Adenosylhomocysteine and

[‘4C]inosine can be separated by a small
column of a cation exchanger, SP-Sepha-
dex C-25 (22); [‘4C�inosine is eluted from

the column with 0.1 N formic acid, whereas

[‘4C]adenosy!homocysteine is eluted only
with 0.5 N NaOH. To start the assay, ade-

nosylhomocysteine hydrolase was added to
a reaction mixture of 0.5 ml containing 4
units of adenosine deaminase, 150 m� po-
tassium phosphate, LO m�i EDTA, and 0.1
mM [‘4C]adenosylhomocysteine (K,,, = 0.06
mM), pH 7.6, at 37#{176}.After incubation for 10
mm, during which the reaction was linear,
100 p.1 of 5 N formic acid were added, and
the reaction mixture was then poured onto
a 0.8 x 2.5 cm column of SP-Sephadex C-
25, equilibrated in 0.1 N formic acid. Each
test tube was rinsed with 0.5 ml of 0. 1 N

formic acid. [‘4C]Inosine formed was then
eluted by the addition of 3.5 ml of 0. 1 N

formic acid. The eluate was collected in a
scintillation vial, and the radioactivity
was determined after the addition of 10 ml

of Aquaso! (New England Nuclear).
The ability of adenosy!homocysteine an-

alogues to inhibit adenosylhomocysteine
hydrolase was determined by adding them
to the reaction mixture as described above.

2 Calf intestinal adenosine deaminase had a spe-

cific activity of 200 units/mg; 1 unit will deaminate

1.0 �mole of adenosine to inosine per minute, as

defined by the supplier.

The ability of adenosylhomocysteine an-

alogues to act as substrates was measured
by utilizing an exchange reaction in
which the incorporation of 355 from [35S]-
homocysteine into these adenosylhomocys-
teine analogues was measured (Eqs. 1 and
2). The assay mixture, in 1.0 ml, contained
150 mM potassium phosphate, 2.0 m� di-

thiothreitol, 1.0 m� EDTA, 0.1 m� L-

[35Sjhomocysteine, 1.0 mM adenosyihomo-

cysteine, or an adenosylhomocysteine ana-
logue, at pH 7.6 and 37#{176}.The reaction was
started by the addition of adenosylhomo-

cysteine hydno!ase, and after 30 mm of
incubation, 200 p.1 of 5 N formic acid were

added. A control was performed by adding
adenosylhomocysteine hydrolase to the
same reaction mixture containing 200 p.! of
5 N formic acid. The reaction mixture was
poured onto a 0.8 x 2.5 cm column of SP-

Sephadex C-25 equilibrated in 0. 1 N formic

acid, the test tube was rinsed with 1 ml,
and the column was washed with 5 ml of
0. 1 N formic acid to remove unreacted

F’�S1homocysteine. The [�S1adenosy!homo-
cysteine formed was subsequently e!uted
with 5.0 ml of 0.5 N NaOH directly into a

scintillation vial, and the radioactivity
was determined after addition of 10 ml of
Aquasol.

Male Wistar rats (Carworth Farms)
were fed ad libitum. Rat hepatocytes were

isolated by the method of Krebs et al. (23).
Hepatocytes, approximately 1 x 10� cells,
were incubated in 5 ml of Knebs-Henseleit-
NaCl containing 2% dialyzed albumin in
the presence of 95% 02-5% CO,. After in-

cubation for 60 mm at 30#{176}in a shaking
water bath, 0.52 ml of 50% sulfosalicylic
acid was added to stop the reaction. The
entire suspension was then homogenized
by a glass homogenizer with a motor-
driven Teflon pestle. After centnifugation
at 20,000 x g for 10 mm, the supennatant
was used for the quantitative determina-
tion of adenosylhomocysteine and adeno-
sylmethionine by a VYDAC cation ex-
change column as described by Hoffman
(24). Column effluents were monitored at
254 nm by a Phanmacia DuoMonitor. Pro-
tein content of the centrifuged pellet was
estimated by the biuret method (25), with
adjustment for the percentage of albumin
present.
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RESULTS

Tables 1-5 summarize the effects of the
chemical analogues on adenosy!homocys-

teine hydrolase. I5� values, concentrations
required for 50% inhibition of the enzyme,
were not determined for those analogues

that were unable to inhibit the adenosy!-

homocysteine hydno!ase activity by 50% at
1 mM. Most of the analogues with a modi-
fled amino acid position exerted moderate
inhibition on adenosy!homocysteine hy-

dro!ase (Table 1). Two butyl ana!ogues
(compounds 3 and 4), 5’-deoxy-S’-buty!-
thioadenosine and 5’-deoxy-S’-isobuty!-

thioadenosine, were the more potent com-
pounds in this group. The former had an

150 of 0.68 mM, while neither was a sub-
strate for adenosylhomocysteine hydrolase
since neither acted as a substrate in the

exchange reaction described above.
The sulfur atom of adenosylhomocys-

teine can be modified or substituted, and
the resulting analogues possess inhibi-

tory activity (Table 2). Compound 18, N�-

adenosyl-a,y-diaminobutyric acid, synthe-

sized by Chang and Coward (21) with the
expectation that it might be resistant to

adenosy!homocysteine hydrolase, is the
second most powerful inhibitor of adeno-
sylhomocysteine hydro!ase tested so far,

with an I5� of 0. 14 mM. The sulfoxide and
sulfone analogues of adenosylhomocys-
teine (compounds 16 and 17) were moden-
ate inhibitors. Adenosylhomocysteine su!f-
oxide can be formed easily from adenosy!-

homocysteine by the action of H2O2, but
nothing is known about its natural occur-

rence. No inhibitory effect could be ob-
served with adenosylmethionine (corn-

pound 15).

Of the compounds with a modified aden-
osine portion, the most interesting is
3-deazaadenosylhomocysteine (compound
19) (Table 3). In the absence of adenosine

deaminase, this compound can function as
a substrate for the exchange reaction as
we!! as adenosy!homocysteine itself; yet,
when tested as an inhibitor of adenosy!ho-

TABLE 1

Effects of 5-aden osyl-L-homocysteine analogues with modifications in amino ac

adenosyl-L-homocysteine hydrolase

id portio ns on activity of 5-

Compound Amino acid substitution Inhibition at 1
mM”

Isob As substrate in
exchange reac-

tion’�

1

%

(D)-CH2CH2CH(NH2)CO,H 29

mM

-�‘

% adenosylhomo-
cysteine

10

2 -CH2CH2CH2CO2H 0 - 0

3 - CH2CH,CH2CH3 60 0.68 7
4 -CH2CH(CH3)CH3� 47 - 0

5 -CH2CH2CH2NHC(=0)CH3 30 - 7

6 -CH2CH2CH2CO2CH3 30 - 5

7 -CH(CH3)CH3 28 - 0

8 -CH2CH2CH(CO2H)NHC(=O)CH3 16 - 0

9 -CH,CH(OH)CH2OH 33 - 0

10 -CH2CH2CO2H 11 - 0

11 -CH2CH2OH 43 - 0

12 -CH2CH2NH2 28 - 0

13 �CH2CH2CH2NH3@HSO�O 25 - 0

14 -CH3 36 - 0

a Percentage inhibition was determined as described in MATERIALS AND METHODS at 0.1 mM adenosylho-

mocysteine and 1 mM analogue in the presence of adenosine deaminase.
b Concentration ofan analogue required for 50% inhibition (I�) was determined at 0.1 m� adenosylhomo-

cysteine, and at varying concentrations of the analogue, in the presence of adenosine deaminase.
r The ability of an analogue to function as a substrate in the exchange reaction was determined as

described in MATERIALS AND METHODS at 1 mM adenosylhomocysteine and 0. 1 mss analogue in the absence of

adenosine deaminase.
d Not determined.

e 5’-Deoxy-5’-isobutylthioadenosine.
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a Not determined.

mocysteine hydrolysis, i.e. , in the pres-

ence of adenosine deaminase, it is a good
inhibitor, with an I� of 0.18 mr�i. The dif-
ference between these two experiments
lies in the fact that adenosine deaminase

TABLE 2

Effects ofS-adenosyl-L-homocysteine analogues with

modifications or substitutions in the sulfur moiety on

activity ofS-adenosyl-L-homocysteine hydrolase

Conditions for determining percentage inhibi-

tion, I5�, and exchange reaction were the same as in

Table 1.

Com-

pound
Modification Inhibi-

tion at
1 mM

I� As sub-
strate in

ex-
change

reaction

% mM % adeno-
sylhomo-

cysteine

15 o -�

16 -S-AA

,[
,0

39 - 15

17 -S-.AA

j�
00

39 - 0

18 81 0.14 15

a AA = amino acid moiety.

b S-Adenosyl-L-methionine.

‘. Not determined.
d N�-Adenosyl-a,y-diaminobutyric acid.

was absent from the exchange reaction,

and was added in excess in the assay of
adenosylhomocysteine hydrolysis. As was
oniginal!y reported by de la Haba and Can-
toni (2), adenosine is a powerful inhibitor

of adenosylhomocysteine hydrolase. 3-
Deazaadenosine (compound 26) was found
to be an equally powerful inhibitor in the
presence and absence of adenosine deami-
nase. We observed that 3-deazaadenosine
was not deaminated by the calf intestina!

adenosine deaminase used in the present

assay system. Thus the hydrolysis of 3-
deazaadenosylhomocysteine yields 3-dea-

zaadenosine as one of the hydrolysis prod-
ucts. 3-Deazaadenosine had an I� of 8 p.M,

about 20 times smaller than. that of 3-dea-
zaadenosylhomocysteine. Quantitatively,
therefore, the formation of 3-deazaadeno-

sine by hydrolysis of less than 5% of 3-
deazaadenosylhomocysteine at the I� con-
centration would be sufficient to account
for the inhibition observed.

In contrast to the /3-pentosy! analogues
of the parent compound, adenosy!homo-
cysteine, the a-pentosyl analogues (corn-

pounds 33 and 35) were completely without
inhibitory effect (Table 4). It is notable
that compound 32, 9-(S’deoxy-S’-methy!-
thio-/3-r-arabinofunanosy!)adenine, was

found to be a potent inhibitor of adenosy!-

TABLE 3

Effects ofS-adenosyl-L-homocysteine or adenosine analogues with modifications in the adenine portions on

activity of S-adenosyl-L-homocysteine hydrolase

Conditions for determining percentage inhibition, I5�, and exchange reaction were the same as in Table 1.

Compound Inhibition at 1 I�
mM

As substrate in
exchange reac-

tion

% mM % adenosylhomo-
cysteine

19. S-3-Deazaadenosyl-L-homocysteine 84 0. 18 102

20. N6-Methyl-3-deazaadenosyl.L-homocysteine 20 - “ 12

21. N6-Dimethyl-3-deazaadenosyl-L-homocysteine 0 - 0

22. S-7-Deazaadenosyl-L-homocysteine (S-tubercidinyl-L-homo-

cysteine) 0 - 0

23. S-Cytidyl-L-homocysteine 0 - 0

24. S-Inosyl-L-homocysteine 0 - 0

25. S-Guanyl-L-homocysteine 0 - 0

26. 3-Deazaadenosine 94 0.008 -

27. 1,N6-Ethenoadenosine 0 - -

28. 7-Deazaadenosine (tubercidin) 13 - 0

29. 8-Aza-9-deazaadenosine (formycin) 0 - -
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homocysteine hydrolase. Neither the 2’-
deoxy nor the 3’-deoxy analogues of adeno-
sylhomocysteine (compounds 30 and 31)
exhibited significant inhibition.

The addition of a fluorine or ch!onine

atom at position 2 of adenine produced
effective inhibitors, 5’-deoxy-5’-ethylthio-
2-fluoroadenosine (compound 38), 5’-deoxy-

5, -buty!thio- 2 - chloroadenosine (compound
40), and 5’-deoxy-5’-aminoethy!thio-2-chlo-
roadenosine (compound 39), the last being
the most potent in this series (Table 5).
However, the 2-hydnoxy! analogue (com-
pound 42) was virtually ineffective.

Since adenosine deaminase was re-
quired by the present assay method for
adenosylhomocysteine hydrolase , ana-

!ogues exhibiting inhibitory properties
were tested for their effect on adenosine
deaminase. None of these compounds was

found to inhibit adenosine deaminase un-
den the assay conditions described in MA-

TERIALS AND METHODS.

Because 3-deazaadenosine was the most

potent inhibitor found for adenosylhomo-
cysteine hydro!ase, it was of interest to
test the ability of 3-deazaadenosine to af-
fect the !eve!s of adenosylhomocysteine

and adenosy!methionine in isolated rat
hepatocytes (Table 6). In the absence of
exogenous L-methionine in the incubation
medium, 0. 1 mM 3-deazaadenosine caused

a 10-fold increase in the concentration of
adenosylhomocysteine, and a 7-fold in-

TABLE 4

Effects S-adenosyl-L-homocysteine analogues with modifications in the adenine, ribose, and amino acid

groups on activity of S-adenosyl-L-homocysteine hydrolase

Conditions for determining percentage inhibition, 155, and ex change reaction w ere the same as in Table 1.

Compound Inhibition at 1
mM

I5� As substrate in
exchange reac-

tion

% mM % adenosylhomo-
cysteine

30. S-2’-Deoxyadenosyl-L-homocysteine 13 - “ 0
31. S-3’-Deoxyadenosyl-L-homocysteine 10 - -

32. 9-(5’-Deoxy-5’-methylthio-f3-D-arabinofuranosyl)adenine 65 0.43 5

33. 9-(5’-Deoxy-S’-methylthio-a-D-xylofuranosyl)adenine 0 - -

34. 9-(5’-Deoxy-5’-methylthio-f3-D-xylofuranosyl)adenine 44 - -

35. 2-Chloro-9-(5’-deoxy-S’-methylthio-a-i-xylofurano-

syl)adenine 0 - -

36. 2-Chloro-9-(5’-deoxy-5’-methylthio-f3-i-xylofurano-

syl)adenine 14 - -

a Not determined.

TABLE 5

Effects ofS-adenosyl-L-homocysteine analogues with modifications in the adenine and amino acid groups on

activity of S-adenosyl-L-homocysteine hydrolase

Conditions for determining percentage inhibition, I�, an d exchange reaction w ere the same as in Table 1.

Compound Inhibition at 1
mM

I5� As substrate in
exchange reac-

tion

37. 5’-Deoxy-5’-ethylthio-2-aminoadenosine

%

27

mM

- a

% adenosylhomo-
cysteine

38. 5’-Deoxy-5’-ethylthio-2-fluoroadenosine 40 - -

39. 5’-Deoxy-5’-aminoethylthio-2-chloroadenosine 37 0.32 0

40. 5’-Deoxy-5’-butylthio-2-chloroadenosine 57 0.56 0

41. 5’-Deoxy-5’-ethylthio-2-chloroadenosine 11 - -

42. 5’-Deoxy-5’-ethylthio-2-hydroxyadenosine 0 - -

43. 4-Amino-7-(5’-butylthio-5’-deoxy-�3-D-ribofurano-

syl)pyrrolo[2,3-djpyrimidine 10 - -

a Not determined.
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TABLE 6

Effect of 3-deazaadenosine on levels of S-adenosyl-L-homocysteine , S-adenosyl-L-methionine , and 5-3-

dea.zaadenosyl-L-homocysteine in isolated rat hepatocytes

Hepatocytes were incubated for 1 hr at 30” in Krebs-Henseleit-NaC1 plus 2% dialyzed albumin.

Additions Adenosylho- 3-Deazaadeno- Adenosylme-
mocystemne sylhomocy- thionine

steine

nmoles/g protein

Experiment A
None 65 0 374

0.1 mM 3-deazaadenosine 692 353 2589

Experiment B

0.5 mM L-methionine 65 0 776

0.5 mM L-methionine + 0.1 mM 3-deazaadenosine 561 654 4131

0.5 mM L-methionine + 0.3 m�s 3-deazaadenosine 1907 602 4972

crease in the level of adenosylmethionine.
When the hepatocytes were incubated

with 0.5 mM L-methionine alone, the level

of adenosylmethionine increased about 2-
fold, whereas the concentration of adeno-
sylhomocysteine remained unchanged.
With the addition of 0.5 m� L-methionine
to the incubation medium, 3-deazaadeno-

sine caused an increase in the adenosylho-
mocysteine concentration by 9- and 29-fold
at 0.1 and 0.3 mM, respectively. The level
of adenosy!methionine increased corre-
sponding!y, by about 5- and 6-fold. The

formation of S-3-deazaadenosyl-i�-homocys-
teine in rat hepatocytes was observed upon
incubation with 3-deazaadenosine.

DISCUSSION

The results described above begin to pro-
vide information on the interaction be-

tween adenosy!homocysteine and adeno-

sylhomocysteine hydro!ase. It appears
that the 6-amino group of adenosine and
N-7 are required for binding of adenosyl-
homocysteine to adenosy!homocysteine
hydrolase, since compounds lacking the 6-
amino group on the N-7 atom, such as the
inosy!, unidy!, cytidyl, guany!, and tuber-
cidinyl analogues of adenosylhomocys-
teine, do not interact with adenosylhomo-
cysteine hydrolase. Rep!acement of the
adenosine with 3-deazaadenosine yields a
compound that is a powerful inhibitor of

adenosylhomocysteine hydrolysis, as well
as being resistant to adenosine deaminase.
3-Deazaadenosine can be utilized as a sub-

strate for the synthesis of 3-deazaadenosy!-

homocysteine. It therefore is clear that the
presence of a nitrogen atom at position 3 of

the adenine ring is not required for inter-
action with the enzyme. However, the con-
responding N6-dimethy! analogue (corn-
pound 21) of 3-deazaadenosy!homocysteine

was completely devoid of inhibitory activ-
ity toward adenosylhomocysteine hydro-
lase, and this is probably the result of

increased stenic bulk at position 6. The
enzyme is stereospecific for the /3-pentose
configuration at N-9. It is noteworthy that

a-adenosine is neither a substrate nor an
inhibitor for adenosylhomocysteine hydno-
lase (not shown). The 5’-thioether linkage

appears essential for interaction with ade-
nosy!homocysteine hydro!ase. Its modifi-
cation by oxidation to the su!foxide on sul-

fone leads to compounds with some inhibi-
tory activity, whereas substitution of the
5’-sulfur atom by an amine group results
in a powerful analogue, N”-adenosyl-a,y-
diaminobutynic acid. The amino acid
(homocysteiny!) moiety seems less impon-
tant and can be modified extensively. The

2’- and 3’-hydroxyl groups ofthe nibose are
apparently crucial for the ability of adeno-
sy!homocysteine analogues to bind to the
enzyme, as shown by the negligible inhibi-

tion observed for 5-2’- and S-3’-deoxyaden-
osylhomocysteine. Substitution of nibose
with /3-arabinofuranose results in an ana-
logue, compound 32, with marked inhibi-
tory properties. The insertion of a halogen
atom in position 2 of adenine results in a
series of analogues with good inhibitory
potential, compounds 38-40.

The remarkable effect of 3-deazaadeno-
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3 J. Bader, P. K. Chiang, and G. L. Cantoni,

manuscript in preparation.

sine on the levels of adenosy!homocysteine
and adenosylmethionine, and the appear-
ance of S-3-deazaadenosy!homocysteine in
isolated rat hepatocytes, demonstrates the
feasibility of correlating information de-
nived from enzyme-analogue interaction
with the pharmacological effects of the an-

alogue on a biological system. The in-

creased levels of adenosylhomocysteine in
rat hepatocytes are consistent with the in-
hibition of adenosy!homocysteine hydno-
!ase by 3-deazaadenosine observed in vi-

tro . It can be postulated that the increase
in the concentrations of adenosylmethio-

nine was due to the inhibition of biological
tnansmethylations by the elevated levels
of adenosylhomocysteine and probably 5-

3-deazaadenosy!homocysteine . However,
other possibilities have not been excluded.
Further experiments on the effects of 3-

deazaadenosine on cel! systems are being
explored in this laboratory.

Some of the analogues tested in this

study have also been studied in other labo-
natonies as potential inhibitors of some
methyltransfenases catalyzing the methyl-

ation of catechols, indoleamines, and
tRNA (14-21). It is noteworthy, however,
that the activity of some of these ana-
logues as methyltransferase inhibitors

does not correspond to their ability to in-
hibit adenosylhomocysteine hydrolase; for
example , S-tubercidinylhomocysteine and

S-2’-deoxyadenosylhomocysteine are effec-

tive inhibitors of several methy!transfer-
ases, but are not active as inhibitors of
adenosylhomocysteine hydrolase. By con-
trast, 5’-deoxy-S’-isobutylthioadenosine,
which is about 1000 times less effective
than adenosy!homocysteine as an inhibi-

ton of tRNA methy!transferases in vitro
(14), was found, as demonstrated by the
present investigation, to be an inhibitor of
adenosylhomocysteine hydrolase.

It is of interest that both 5’-deoxy-S’-
isobutylthioadenosine and 5’-deoxy-S’-bu-
ty!thioadenosine were found to be effective
inhibitors of virus-induced transformation

of chick embryo fibrob!asts in vitro (14,
15). We will report elsewhere the results of

experiments that demonstrate that 0. 1 m�
3-deazaadenosine is also capable of inhibit-
ing both cell transformation induced by

Rous sarcoma virus in vitro and the pro-
duction of virus by these transformed
cells.3
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