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5'-Deoxythymidine (V) was about as good a substrate for thymidine phosphorylase as was thymidine (I); both
had about the same apparent Km. In contrast, 3’-deoxythymidine (IV) was not a substrate and a 20-fold loss in
binding, compared to thymidine, was noted; thus the 5’-hydroxy! of thymidine is not necessary for binding, but
the 3’-hydroxyl is necessary. Replacement of the furanose oxygen of thymidine (I) with methylene (VI) gave a
greater than tenfold loss in binding, but this result could not necessarily be attributed to binding by the furanose
oxygen. When the 3/-hydroxyl of thymidine (I) was acylated with the highly polar carbamoy! group (VIII), a 40-
fold loss in binding occurred; with less polar but bulkier acyl groups such as dimethylcarbamoyl (IX) or carbo-
phenoxy, only a six- and twofold loss in binding occurred, respectively. The possible biological significance of
repulsion of polar groups at 5’ position of thymidine is discussed; also discussed are further modifications of thymi-

dine that could lead to more specific inhibitors of thymidine phosphorylase from different species and tissues.

Thymidine phosphorylase is an enzyme that cata-
lyzes phosphorolysis of the nucleosidic linkage of
pyrimidine 2’-deoxynucleosides, such as thymidine (I),
with formation of 2-deoxy-a-n-ribofuranose 1-phosphate
(IIT) and the pyrimidine (II). This enzyme has been
isolated from a variety of plant, animal, and bacterial
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sources. Although its main function appears to be
catabolic, some bacteria and tumors can utilize the
reverse reaction anabolically under stress of certain
dietary or genetic deficiencies. A particularly good
source for the enzynie is Escherichia coli B since thymi-
dine phosphorylase is readily separable from uridine
phosphorylase.? In contrast, from some mammalian

(1) This work was generously supported by grants CA-05845, CA-05867.
and CA-08695 from the National Cancer Institate, U. S. Public Health
Service.

(2) For the previous paper of this series, see B, R, Baker and D, V. Santi,
J. Med. Chem., 10, 62 (1967).

(3) W. E. Razzell and H. G. Khorana, Biochim., Biophys. Acta, 28, 562
(1958).
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sources these two enzymes are not separable and may
be one and the same enzyme;*® however, separation
of these two enzymes from some mammalian sources
has been achieved.®

There are two main chemotherapeutic interests in
thymidine phosphorylase, namely, (a) its ability to con-
vert 3-fluorouracil (FU)7 to its 2'-deoxy-3-p-ribofurano-
side (FUDR),” the first step in the intracellular activa-
tion of FU to FUDRP7 #ia thymidine phosphorylase$-*
and thymidine kinase?3-1°1! and (b) the detoxification
of preformied FUDR" by cleavage to FU,° then further
catabolism to a-fluoro-g-alanine by other enzymes.!®

Since some tumors fail to detoxify I'U or FUDR due
to the genetic deletion!® of these enzymes,®:!? it has been
proposed!* that the selective action of FU on certain
tunior lines is due to the lack of one of the detoxification
enzynies in a susceptible cell line, and its presence in
less susceptible normal tissues. If an inhibitor of
thymidine phosphorylase could be designed such that
it would inhibit phosphorolysis of FUDR in a tumor
cell line with little inhibition of the phosphorylase in
normal tissues, then such an inhibitor would be a useful

(4) T. A. Krenitsky, J. W, Mellors, and R. K. Bareclay, J. Biol. Chem..
240, 1281 (1965).

(3) H. Pontis, G. Degerstedt, and P. Reichard, Biochim. Biophys. Acta.
51, 138 (1961).

(8) M. Friedkin and D, Roberts, J. Biol. Chem., 207, 245 (1954).

(7) Abbreviations used: FTU 5-fluorouracil, FUDR 3-fluoro-2’-
deoxyuridine, and FUDRP = 5-fluoro-2’-deoxy-5'-uridylate.

(8) 8. 8. Cohen, J. G. Flaks, H. D. Barner, M. R. Loeb, and J. Lichten-.
stein, Proc. Natl. Acad. Sci. U. S., 44, 1004 (1958).

(9) G. D. Birnie, H. Kroeger, and C. Heidelberger, Biochemistry., 2. 566
(1963).

(10)

an

(12)
(1939).

(13)

(14

R. Okazaki and A. Kornberg, J. Biol. Chem., 239, 269, 275 (1964).
K.-U. Hartmann and C. Heidelberger, tbid., 286, 3006 (1961).
E. Harbers, N. K. Chaudhuri, and C. Heidelberger, ibid., 284, 1255

V. P. Potter, Univ. Mich. Med. Bull., 28, 401 (1937).
B. R. Baker, Cancer Chemotherapy Rept., 4, 1 (1959).
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adjunct to FUDR treatinent of & tunor cell line which
has thymidine phosphorylase present. Reversible in-
hibitors rarely show tissue or species specificity unless
the inhibitor can also bind to the enzyme in a non-
tunctional area as well as the active site; for example.
a nonfunetionad hydrophobic bonding area of dihydro-
tolic reductase has been utilized for species specific-
ity ;*71 however, the tissue differences in the hydro-
phobie bonding region of dihvdrofolic reductase may
be too small to exploit for cancer chemotherapy with
reversible inhibitors, 1®

In contrast, active-site-divected nreversible enzynie
mhibitors can greatly magnify small differences in
isozymies, being sufficiently selective to nactivate one
lactic dehydrogenase isozyme but not another;'®:?
thesze irreversible inhibitors operate by mitial formation
af a reversible complex. followed by a facile neighboring
group reaction within the enzyme-inhibitor reversible
complex  that leads to  =elective nactivation.'s*
Therefore studies on the destgn of active-site-directed
nreversible inhibitors of  thywmidine phosphorylase
have been initiated. To design =uch an inhibitor for
a0 relatively  unexplored enzyme. o definite modus
aperandr has been developed. namely. (1) the binding
points on the mhibitors to the enzyme should be de-
termined, (b) an area of the inhibitor not in contact
with the enzynie in the complex should be found. so-
called bulk tolerance. and (¢) the placement of o co-
-alent forming group such as bromoacetamido «n the
noncontact area of the inhibitor which could react with
the enzyme within the complex. In this and the ae-
conpaying  papers, facets a and b of the wmodus
operandt for thymidine phosphorvlase have been ex-
plored. A similar exploration of another cnzyme
utilizing thymidine as a substrate, namely, thymidine
kinase, has been reported from this laboratory ;** there-
fore, these same candidate reversible inhibitors could
be used for inttial exploration of thymidie phosphoryl-
ase,

Since thymidine phosphorylase ix reversible, it can
he ussayed in etther divection. Anabolically, either
morganic phosphate® or the disappearance of the pyr-
miicline base measured spectrophotometrically?® can be
determined.  Catabolically, the rate of formation of
pyrimidine, measured spectrophotometrieally.® or the
rate of Itberation of the sugar, measured with thio-
barbituric acid,® can be determined.  Since the reaction
1= reversible, an equilibrium is reached that decreases
the amount of reaction that is linear with time. Ar-
senolysis of thymidine® neatly evaded this difficulty
shee the resultant 2-deoxy-p-ribofurancse l-arsenate
hydrolyzes far more rapidly in water than it back reacts
to re-form thymidine. Although the reaction can go
to completion and is linear through a greater amount
of the reaction, it does eventually beconie nonlinear due
to inhibition by the produet, thyine.

15 A R, Daker and B.-T. Ho. J. Pkarm. Sci., 68§, 470 (19667,

16} (. H. Hitchingsand J. J. Burchall, Advan. Enzymol., 27, 417 (1963).

‘17) 1. R. Baker and B..T. Ho, J. Pharm. Sci., 83, 1137 (1964).

‘18) 15 R. Baker and R. P. Patel, ibid.. 53, 714 (1964).

19) B. B. Baker, Brochem. Pharmacol., 12, 293 (1963).

20) B, R. Baker, ""Design of Active-Site-Directed Irreversible Enzymie
Inhibitors. The Organic Chemistry of the Enzymic Active-Site,”* John
Wiley and Sons, Inc., New York, N. Y., 1967.

‘21) B. R. Baker, J. Pharm. Sci.. 63, 347 11964).

.22) ¢a) B, R. Baker, T. J. Schwan, and DD, V. Santi, J. Med. Ckem., 8,

66 1066); (h) B. R. Bakerand T. J. Schwan, 4id.. 9, 73 {1966),
23y M, Yriedkin and . Roeberts, J. Biol. Chem., 207, 257 (1954).

The effect of mhibitors on thymidine phosphorviase
vartes with the source of the enzyme* much more rhan
i commonly observed 2 therefare, the data to he
presented here on the E. eolr B enzyme would probably
ot carry over completely to ihibitors of this cnzyime
from other sources such as nrunmalian sourees, ]or
example. 1-(2-deoxy-g-u-glicopyranosyhthymine (XNX1)
inhibits the cnzynie from mouse tissue, but not the cn-
zyne front horse hver.?

With the £ oofit B oenzyiae, 1-(8-v-xyloturanosylj-
thymine, ™ 1-(3-p-arabinofuranosyDuracil,®  3'-deoxy-
thymidine.™ and uridine? were not substrates: there-
fore, the enzyme from this source will not tolernte a
2-hydroxyl of cither configuration and  apparently
needs a 3'-hvdroxyl for substrate properties: that rhe
3 configuration 5 nceded for either substrate or -
hibitor properties 1< =hown by the Lack of effect of the
a anomer of thymidine ™

In Table T 1= listed a group of compounds that give
an estimate of the velative contribution of binding by
the oxygen functions of the 2’-deoxy-p-ribose moiety of
thymdine to the phosphorvlase: it was noted that
thymidine aud FUDR bind about equally as substrates:
their upparent A" differing by onlv a factor of ubout
1.3,

TasLE 1
Mope oF RiBoviraNose BINDpING To THYMIDINE
PHOSPHORYLASE? BY

0
)\

HN” N—CH,

o=|\)\j"

R.CH,

K

w Al v Estd®  Sabscrate 104

Compd R R 2 couen  inhib o ([1]1[8Des veloeios U9

I OH OH O 4 1.5 0.6 13
IV H OH O G 53 30 0

Ve OH H 0 1.+ 2,00 04 17

Ve OH OH CH, 1.5 1 >13

“ Thymidine phosphorylase irowm K. coli B was prepared and
assayed with 0.4 ml FUDR? as described in the Experimenial
Section; FUDR had K. = § X 10-* M (determined by recipro-
cal plot). ? Ratio of concentration of inhibitor to 0.4 mM FUDR?
giving 509 inhibition, Relative to 0.4 mW FUDR. 4 Deter-
mined by the reciprocal plot method. ¢ Ratio of K of vome
pound to Am of FUDR.  See ref 22a for preparation. »# \We
wish to thank Dr. R. B. Angier of Lederle Laboratories for u
sample of this compound: K. C. Murdock and R. B. Angier,
J. Am, Chem. Soc., 84, 3758 (1962). * Since 209 inthibition ix
readily detectable, the concentration for 509 iuhibition ix greaier
than four times the concentration measured.

Since 5'-deoxythymidine (V) is nearly as good a
substrate as thymidine (I) and has about the same
apparent K, the 5-hydroxyl group of thynidine is
unnecessary for binding or substrate properties. In
contrast, the 3’-hydroxyl group is necessary for both
substrate and binding properties; note that 3'-deoxy-
thymidine (IV) is not a substrate and requires a 30-fold
higher concentration than the substrate, FUDR, for

[24) W, E. Razzell and P. Casshyap, ihid., 289, 178% (1964).
23) H, Tone and 8. 8. Caleen. b7, 287, 1271 (19621,
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Tapire 11
INHIBITION OF THYMIDINE PHOSPHORYLASE? BY
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R,CH,
OH
Compd? R, R2
I OH OH
\% H H
VII n-CsHy OH
VIIIe H NH,CO.
X H Me:NCO:;
X H C.H;0CO;
XIs H CsH;0CO,

ma % Estd® Compd/
conen inhib ([11/[8De.s thymidine?
0.4 Substrate 1.5¢
0.4 Substrate 2.0 1.3
9/ 36 64 43
4/ 14 60 40
3.5 50 8.7 5.8
2.0 50 5.0 3.3
1.1 50 2.7 1.8

¢ The thymidine phosphorylase from E. col¢ B was prepared and assayed with 0.4 mM FUDR?Y as described in the Experimental Sec-

tion.
estimated to give 509, inhibition.
K of compound to the Km of FUDR,
and G. D, F, Jackson, J. Pharm. Sci., 54, 987 (1963).

509, inhibition. Replacement of the furanose oxygen
by methylene results in a compound (VI) that shows
no inhibition at a relatively high concentration, that
is, a greater than tenfold loss in binding occurs com-
pared to thymidine. This result is similar to that ob-
served with VI as an inhibitor of thymidine kinase??2
and can be interpreted as either (a) the ground-state
conformation of the five-membered rings I and VI
are different, (b) the furanose oxygen is necessary for
binding, or (¢) the enzyme cannot tolerate the larger
CH. group in place of -O-, or a combination of these
factors.

The 3 and 5’ positions of thymidine (I) weve then
studied for bulk tolerance within the inhibitor-thy-
nmidine phosphorylase complex; the results are pre-
sented in Table II. Introduction of the n-amyl group
on the 3 position (VII) of thymidine gave a 43-fold
loss in binding compared to thymidine. This result
could be due to either the loss of the 3-hydrogen as a
binding point to the enzyme or a lack of bulk tolerance
at this position within the enzyme—inhibitor complex,
or both; in either case, the loss in binding is too great
to warrant further investigation at the 3 position for
design of an active-site-directed Lreversible inhibi-
tor.20:21 It had been previously reported that 3-methyl-
thymidine at a concentration equal to thymidine was
neither a substrate nor an inhibitor.?

The 5'-carbamate (VIII) of thymidine suffered a
40-fold loss in binding compared to thymidine (Table
IT). That this loss in binding was not primarily due
to a lack of bulk tolerance was indicated by the seven-
fold better binding of the 5’-dimethylcarbamate (IX)
than the 5’-carbamate (VIII). Since the dimethyl-
carbamate is bulkier than the carbamate, but the
former is much less polar, the solvated carbamate
could well be repulsed from a hydrophobic area on the
enzyme. This suggestion was further substantiated
by the even better binding of the less polar 5'-carb-
ethoxy (X) and 5'-carbophenoxy (XI) derivatives of
thymidine; XI was complexed about half as well as
thymidine. The presence and nature of a hydrophobic

b See ref 22a for synthesis of these compounds unless otherwise indicated.
4 Ratio of concentration of compound to thymidine giving equal binding to the enzyme.
7 No substrate properties detectable at 0.4 maf.

¢ Ratio of concentration of inhibitor to 0.4 mM FUDR
¢ Ratio of
¢ For synthesis see B. R. Baker, P. M. Tanna,

region on thymidine phosphorylase that can be com-
plexed by alkyl of aralkyl groups at the 1,% 5,%-% or
6 position®”® or uracil will be presented in the ac-
companying papers. If these 5'-carbonates were com-
plexed to the enzymie in a conformation such as XII,
it is possible that the R; group of the 5’-carbonate is

0
R, kaH
O% /O\I{3 Y/&O
c” g, N
{ 1
“CH,
0
H
XII

actually complexed hydrophobically to the region on
the enzyme that can complex alkyl or aralkyl groups
at the R, and R; positions. Further studies on the
possible hydrophobic bonding of the Ry group is war-
ranted; furthermore, additional studies on candidate
active-site-directed irreversible inhibitors®:2! of thymi-
dine phosphorylase by appropriate substitution of a
leaving group on R; would be worthwhile.

If such a hydrophobic region were further verified
to be near R;, it could have a biological role; note that
thymidylate is not a substrate or inhibitor of this
phosphorylase.?* Therefore, this enzyme could have
evolved with a hydrophobic region to repulse the 5'-
phosphate group of thymidylate, as noted with the 5'-
carbamate (VIII), in order to gain the needed substrate
specificity.

To determine possible simulation of the ribofuranose

(26) B. R, Baker and M. Kawazu, J. Med. Chem., 10, 302 (1967): paper
LXXVT of this series.

(27) B. R. Baker, M. Kawazu, D. V. Santi, and T. J. Schwan, tbid., 10,
304 (1967): paper LXXVII of this series.

(28) B.R.Baker and M, Kawazu, ib2d., 10, 311 (1967); paper LXXVIII of
this series.
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group, a sgeries of l-(w-hydroxyalkyl)uracils were in-
vestigated as inhibitors of thymidine phosphorvlase:
the results are presented in Table III. These com-

TasLe HI
INHIBITION OF THYMIDINE PHOSPHORYLASE® BY

0

m)ﬁ

O:J\N |
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Lstde
m G 11/

Compd® R conen inhib  [SPes
XIII CH; 30 50 200
XIV (CH,),OH 12 30 70
AV (CH,);0H 12 24 SO
NVI {CH,):,0H 12 33 60
NXVII (CH,);OH 12 30 70
NXVIIT  (CH,);OCH; 6 0 >607
NIX (CH,),CHOH (CH,).OH 5.4 0 >34
XX n-CsH, 7.5 50 22

« Thymidine phosphorylase from E. coli B was prepaved and
assayed with 0.4 m3/ FUDR’ as described in the Experimental
Section.  * See ref 22b for synthesis of these compounds. ¢ Ratio
of concentration of inhibitor to 0.4 mM FUDR estimated to give
5077 inhibition. ¢ Since 209 inhibition is readily detectable, the
colicentration for 307 inhibition is at least four times greater
than the concentration measured.

pounds should be compared with 1-methyluracil (XI11)
ax a base line; XIII was complexed 200-fold less ef-
fectively than I'UDR. The four hydroxyalkyhuaeils
(XIV-XVII) were complexed 2-3-fold better than 1-
methyluracil, but 60-S0-fold less effectively than
I'UDR. That this 2-3-fold increment i due to hy-
droxyl binding to the enzyme is highly improbable sinee
{2) only the 3’-hydroxyl and possibly the furanose oxy-
gen of thymidine are complexed to the enzvine (Table
I), and (b) it iz unlikely that all four hydroxvalkyl-
uracils could complex to one or the other binding point
due to the energetically unfavorable conformational
chairges from their ground-state conformations that
would have to take place. A more logical explanation
arises from a comparison of l-methyl- (XIII) and 1-
butyvluraeil (XX); the latter i a nmefold better in-
hibitor of the enzyme than l-methyluracil (XIII). a
result that can only be accounted for by hydrophobic
bonding and the accompanying van der Waals forces.®
I'urthermore, the amount of hydrophobie binding is
not mcreased by higher alkyl groups.® Therefore, it
ix quite plausible that the 2-3-fold additional bonding
by the four hydroxyalkyluracils (XIV-XVII) iz due to
hydrophobic bouding by their 2'-methylene group.

No pronounced inhibition was noted with the 3,3-
dihydroxypentyl (XIX) or 4-methoxybutyl (XVIII)
=ubstituents at the 1 position of uracil. As previously
postulated with binding to thymidine kinase?® it
would appear that neither XVIII nor XIX can change
sufficiently from their ground-state conformations to
afford a net binding energy.

Pertinent to the binding of the 2’-deoxy-n-ribo-
furanosyl moiety of thymidine (I) (Table I) are the
inhibition results with some nucleoside analogs (XXI-
XXIII); of these three analogs, only the 2’-deoxy-D-
glucopyranosyl analog (XXI) showed inhibition of the

thymidine phosphorylase from Dunning hepatonnd.-®
It was previously proposed?®?* that thymidine had cou-
formation IA when complexed to thyvmidine Kinase
(Chart I). The most stable conformatican for the

Cuane I
CONFORMATION OoF TrvMINE NUcLEosEs (T = 1-THyviNyLy
T O
p_,_ 'ﬁ HOCHg e <
L HO™ ™
i .
HOCHQAZ/OI; 0
I
H H
(D -ribofuranose) ( D -glucopyranose)
1A XXI

0. o
y ,...‘_X//l

e
v
e
HO ;
9
H
{ b-ribopyranose)
XXII
(0N . 0 .
, T ™ T
HOCH, > Re.
y yd J
HO w7 R}
\(I) 0
H H
(D-allopyranose) XXIV
XXIT11

glucosylthymine would appear to be XXI. This con-
formation of XXT places its 3'-hydroxyl in about the
same position as the 3’-hydroxyl of thymidine ({A)
with respect to the thymie moiety, thus allowing tor
similar  binding to thymidine phosphorvlase,  That
XXIT 18 not a substrate could be due to the fact that a
furanosyl derivative hydrolyvzes about 30-200 thnes
as fast as the corresponding pyranosyl dertvative® ar
that when XXI is comiplexed to the enzynie. the catu-
Ivtie site is not properly aligned for cleavage to oceur,

The lack of inhibition by the 3’-epimer (XXIII) of
the glucosyl unucleostde (XXI) substantiates that the
3"-hydroxyl of XXI ix mvolved in binding to the on-
zyme. Sintlarly. the 2’-deoxy-p-ribopyranosyvl analog
(XXII), which has its 3’-hydroxyl group m an axial
configuration rather than the equatorial contiguration
of IA and XXI1. does not inhibit at a concentration cqual
to substrate. Therefore. u general structure for -
hibition of thymidine phosphorylase could he NXIV,
where the 3’-hydroxyl and the pyrimidine are equa-
torial.  Since Ry and Rj are most probably not mvolved
in binding (Table I). R: and R; could be H, CHa..
HOCH,, or other substituents. Tle species difference
noted between the enzyvme from horse liver and mouse
tissue* may well be due to a difference in bulk tolerance
for the Rs group, since such differences in bulk tolerance
between two enzymes®! or two isozynies® ! have heen

i29) (a) W. W. Zorbach, H. R, Munson, aud K. V. Rhat, J. Org. Clem..
30, 3955 (1965); (b) M. Zimmerman, Biockem. Biophys. Res. Commun., 16,
600 (1964).

(30) W.N. Hawortli, Ber., 664, 43 (1932),

(31) B.R. Baker, W, W, Lee, W. A. Skinner, A, P. Martinez, and 1. 1"
J. Med. Pharm, Chem.. 2, 633 (1960),
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previously noted.® Such comparative studies on
thvmidine phosphorylase from different species or
tissues would be of considerable interest with thymine
nucleosides derived from 2,6-dideoxy-p-glucopyranose,
2-deoxy-p-xylopyranose, and 6’ derivatives of XXIV
for use as an adjunct to chemotherapy with FUDR.

Experimental Section??

Thymidine Phosphorylase.—E. coli B cells were broken in a
French pressure cell at 1400 kg/cm2  The 45909, (NH,),SO,
fraction used for thymidylate synthetase??».® also contained
thymidine phosphorylase.? The final volume from 40 g of frozen
cells was47 ml.

Solutions. The buffer employed?® was 0.2 M in succinate and
arsenate adjusted to pH 5.9. A 4 mM solution of FUDR™* in
water was stable indefinitely and was used as the substrate.?
Dimethyl sulfoxide (DMSO) was a reagent grade purchased
from J. T. Baker Chemical Co.

Enzyme Standardization.—An assay mix was prepared with
1.30 ml of buffer. 75 ul of enzyme solution, 0.30 ml of DMSO,
and 0.83 ml of water; total volume = 2.70 ml. If more or less
enzyme soldtion was employed, the water was adjusted accord-
ingly to give the same total volume.

I each of five test tubes was placed 0.45 ml of assay mix. To
tube 5 was added 300 ul of 1 M aqueous KOH; this tube served
as the zero-time tube. To each of the tubes was added 50 pl
of 4 mM FUDR? at 30-sec intervals, noting the starting time.
The optical density of tube 5 was then read in a 1-ml cuvette on a
Beckman DU spectrophotometer.

At the end of 5 min, 300 ul of 1 M KOH was added to tube 1,
then the optical density was read in the same cuvette used for
tube 5. At 10, 20, and 30 min from zero time, tubes 2-4 were
treated with 300 ul of 1 M KOH and the optical density was read
i each case with the original cuvette.

The optical density reading of the zero-time tube 5 was sub-
tracted from the readings from tubes 1-4. The change in optical
density was then plotted against time; the reaction was linear
through 0.5 optical density unit change and was complete at 0.6
unit.  An enzyme concentration and time were selected to give
0.3-0.5 optical density unit change in 15-20 min. For example,
75 ul of enzyme in the assay mix usually gives about 0.4 optical
density unit change in 20 min. The incubation concentration
of FUDR was 0.4 m3M and DMSO was 109.

Inhibitors and Other Substrates.—Solutions of the inhibitors
tu DMSO or in water were employved at ten times the concen-
tration needed iu the assay; other substrates such as I and V
were dissolved in water. If the substrate or inhibitor was dis-
solved in water, then DMSO was added to the assay mix (as in
the standardization) in such an amount that the incubation con.
centration was 10<,.

(32) The technical assistance of Barbara Baine, Maureen Baker, Pepper
Caseria, and Gail Salomon is acknowledged.

(33) B. R. Baker, B.-T. Ho, and T. Neilson, J. Heterocyclic Chem., 1, 79
(1964),

(34) Dr. Harry B. Wood, Jr., of the Cancer Chemotherapy National
Service Center generoqsly provided a sample of FUDR,

IRREVERsIBLE ExXzZYME INHIBITORS.

LXXV 301

Inhibition of Thymidine Phosphorylase.—An assay mix of
3.00 ml of buffer, 0.15 ml of enzyme solution, and 1.65 ml of
water was prepared; if the substrate or inhibitor was dissolved
in water then the assay mix contained 0.60 ml of DMSO and 1.05
ml of water. Five pairs of tubes were placed in arack so that the
back tubes could serve as zero-time tubes. In each tube of the
pairs 1 and 5 were placed 50 ul of DMSO and in pairs 24 were
placed 50 ul of DMSO containing varying concentrations of
inhibitors. The biggest error in the assay could occur if the
DASO solution was not placed near the bottom of the tube:
if any droplets were above the half-way point of the tube, the
tube was replaced.

In each of the ten titbes was placed 400 ul of assay mix and the
contents were then mixed with a Vibro Jr. Mixer® after the addition
to each tube. In each of the back zero-time tubes 1-5 was placed
300 wl of 1 3 KOH, then the contents were mixed. To the five
front tubes were added 50 ul of 4 mM FUDR at 30-sec intervals,
the starting time being noted; care must be taken to get no drop-
lets on the upper half of the tube and the contents of each tube
were mixed after each addition. Then 50 ul of 4 m}M FUDR was
added to each back (zero-time) tube; when the additions
were complete, the tube contents were mixed.

Assay.—Five 1-ml cuvettes were placed in front of each pair of’
tubes. The optical density of the back tubes was then read in
each of the cuvettes, the cuvettes being rinsed, dried, and re-
placed at the respective position in frout of each pair of tubes.

At 15 min from zero time, 300 ul of 3 M KOH was added to the
front tubes 1-5 at 30-sec intervals, the contents being mixed after
each addition. The optical density of the front tubes was then
read in the respective cuvettes. The optical density change
(front minus back reading) was noted for each pair of
tubes,

Tubes 1 and 5 were enzyme controls, that is, the velocity with-
out inhibitor, Vo, these Vo values usually agreed within 39 and,
if the difference was greater than 697, the experiment was re-
jected. Tubes 24 represented the rates, V1, in the piesence of
inhibitor. The inhibitor concentration, [I], was plotted against
Vo/V1, using the average Vo, a sufficient number of concentra-
tions and sets were run to give sufficient Vo/V1 values between
1.3 and 2.5 to draw a reasonable line. Where V/V1 = 2, then
[I1 = the concentration for 509 inhibition.3!

For determination of apparent K values for substrates, six
pairs of tubes were employed so that three different concentra-
tions of substrate could be employed in duplicate; the K. was
determined by the reciprocal plot method.

In some cases,?=2 the concentration for 506 inhibition could
not be reached due to insolubility; the maximam solubility was
theu checked by 1:10 dilution of a DMSO solution of inhibitor
with water. Three to six duplicates at the highest attainable
concentration were then run. In other cases, <2 the optical
density of the blank or reaction was above 3.0 and could not be
read; in these cases 50 ul of DMSO solution of inhibitor was
diluted with 0.45 ml of water and 0.30 ml of 1 / KOH, and the
optical density was read; the inhibitor solution was diluted until
a concentration was found giving a reading no more than 2.3
optical density units.
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