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The modified nucleotides, N°-(p-n-butylpheny)dGTP and 2-(p-n-butylanilino)
dATP and related compounds have been developed as inhibitor-probes of B family
DMNA polymerases. Synthetic approaches to these compounds are summarized. The
nucleotides are potent, non-substrate inhibitors of DNA polymerase «. In contrast,
they inhibit other members of the family with less potency but act as substrates for
these enzymes. Modelling of the inhibitor: enzyme binding mechanism hasbeen done
based on the known structure of E. coli DNA polymerase [, and site-directed muta-
genesis experiments to evaluate this mechanism are proposed.

The “butylphenyl” nucleotides BuPdGTP
and BuAdATP (Scheme 1) are potent and se-
lective inhibitors of eukaryotic DNA polymer-
ase (pol) a. In contrast to many dNTP deriva-
tives that inhibit DNA polymerases because
they are enzyme substrates [1], the butylphe-
nyl nucleotides are not incorporated into DNA
by pol « [2]. However, although BuPdGTP is
not an inhibitor of the unrelated E. coli pol 1,
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the nucleotide is a terminating substrate for
that enzyme [3]!

Pol a is a member of the “B family” of DNA
polymerases, because it shares the high degree
of primary amino-acid sequence homology
with the 47 sequenced enzymes in this family
[4]. Other members of this family are inhibited
by the butylphenyl nucleotides, but weakly
compared to the sensitivity of pol a (Table 1).

Scheme 1

BuAdATP
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Table 1
Spectrum of activity of butylphenyl nucleotides
| Enzyme Compeltire. (i I Are they I Reference J'
| : BuPdGTP |  BuAdATP substrates? | =
' pol & 0.001-0.01 | 0.001-0.005 | no 'o9,12,131 |
T4 pol 0.82 L 054 : yes , [5] 1
1629 pol 20 2 | yes | (28] |
| HSV1 pol 52 L 55 : yes | . !
j:]:ml 1 inact inact . yes ! [3] __:

*C. Knopf, personal communication.

Interestingly, all of these enzymes incorporate
the inhibitors, and, in the case of bacteriophage
T4 pol, the resulting primer:template potently
inhibits the enzyme [5].

Because of the diverse responses of the B fam-
ily DNA polymerases to butylphenyl nucleo-
tides and the growing number of site-directed
mutant enzymes available, we are interested in
the use of these and related compounds as
probes of the active site of these enzymes. In
this report [ propose to: 1) describe the basis for
the design of butylphenyl nucleotides, includ-
ing the chemical methods used to synthesize
these compounds; 2) summarize the experi-
mental studies of mechanism and selectivity of
the compounds as inhibitors and substrates of
DNA polymerases; and, 3) present a testable
model of the inhibitor binding site that may
both explain the high affinity of the inhibitors
tor pol « and help identify active site amino-
acid residues responsible for binding and poly-
merization of substrates.

PROPERTIES OF BUTYLPHENYL
NUCLEOTIDES

Design of butylphenyl nucleotides

In the study of simple but highly selective
inhibitors of Gram+ bacterial DNA polymerase
11I, 6-anilinouracils and 6-anilinoisocytosines,
we found that the potency of p-alkyl deriva-
tives decreased with increasing length of the
alkyl group. In contrast, DNA polymerase o
from Hel.a cells was sensitive to derivatives
with longer alkyl groups. The optimal uracil
analog, 6-(p-n-butylanilino)uracil (BuAU), was a

moderately potent inhibitor of pol «
(K; = 60 pM), and its action was competitive spe-
cifically with dGTP [6]. (The action of the isocy-
tosine analog was specifically competitive with
dATP). The inhibitory mechanism, in the case
of analogous inhibitors of DNA polymerase I,
was a result of sequestration of the enzvme in
a ternary complex of DNA, enzyme and inhibi-
tor [7]. The inhibitors formed base pairs with
cytosine (BuAU) or thymine (BuAlcyt) in the
DNA template, explaining the competitive na-
ture of inhi- bition, and the p-butylphenyl
group interacted with a unique part of the ac-
tive site in the enzyme, explaining the selectiv-
ity of the compounds for pol a.

The suggestion that BuAU and BuAlcyt occu-
pied the active site of pol a required proof. This
was sought by converting the molecules to a
form resembling the authentic substrate, dGTP
or dATP, with the expectation that potent in-
hibition and possible incorporation of such in-
hibitors would prove the location of the
binding site. The sequence of syntheses for the
dGTP anaing is shown in Fig. 1. The first com-
pound, N°-(p-n-butylphenyl)guanine (BuPG),
was easily prepared from 2-bromohypoxan-
thine and p-n-butylaniline. It retains the base
pairing region and the butylphenyl group of
BuAU and was found to be a more potent in-
hibitor of pol « (K; =12 pM), and it was compe-
titive with dGTP as expected [8].

Conversion of the base BuPG to the desired
deoxyribonucleoside 5-triphosphate, BuPdGTT,
was done in several steps. Glycosylation of the
trimethylsilyl derivative of BuPG with 1-chloro-
2-deoxy-3,5-di-(p-toluyl)-B-D-ribofuranose in the
presence of a Lewis acid catalyst gave three
isomeric nucleosides in low yields [9]. IH NMR
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Fig. 1. The sequence of syntheses of BuPdGTP.

evidence suggested that the major product was
the desired 9-8 isomer, but this conclusion was
based only on empirical rules. The structure of
this compound, BuPdG, was proved indirectly.
First, 2-bromohypoxanthine was converted to
two isomeric 2-bromo-tri-O-acetylinosines with
tetra-O-acetylribofuranose, and the isomer that
gave authentic (9-B) guanosine on ammono-
lysis was reacted with p-n-butylaniline to give
the 9-f isomer of Nz—[p-n-butylphenyl}guam-
sine. The latter compound was converted spe-
cifically to the 2-deoxyribonucleoside by a
multistep procedure [10], and this compound
proved to be the major isomer obtained directly
[9]. A simpler and more flexible synthetic me-
thod to prepare BuPdG and related nucleosides
is the sodium salt glycosylation method. 2-(p-
n-Butylanilino)-6-chloropurine, as the sodium
salt, reacted rapidly with 1-a-chloro-2-deoxy-
3,5-di-(p-toluyl)-B-D-ribofuranose in acetoni-
trile to give the corresponding blocked 9-f
nucleoside in 64% yield [11]. Hydrolysis of this
intermediate witha mixture of 2-mercaptoetha-
nol and sodium methoxide in methanol gave
BuPdG in 95% yield, and ammonolysis with
methanolic ammonia at high temperature gave
the deoxyadenosine derivative, BuAdA, in81%
yield [11].

Both BuPdG and BuAd A have been converted
to the 5-phosphates, BuPAGMP and BuA-
dAMP, with phosphoryl chloride [9, 12]. Con-
densation of the activated monophosphates
with pyrophosphate yielded the desired 5tri-
phosphates, BuPAGTP and BuAdATP, accom-
panied by small amounts of the 5-diphos-
phates, BuPdGDP and BuAdADP [9, 12].
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Inhibitory effects of butylphenyl nucleotides

The ultimate inhibitor/substrate analogs
proved to be highly potent inhibitors of pol a.
BuPdGTP had K = 9 nM against Chinese ham-
ster ovary (CHO) pol « and was competitive
with dGTP [13], and BuAdATP had K; = 2.6 nM
against CHO pol o and was competitive with
dATP [12]. Neither compound inhibited the
other eukaryotic DNA polymerases, pol B or
pol ¥, except at high concentrations. A defined
oligodeoxyribonucleotide primer:template
was used to determine that BuPdGTP is not a
substrate for pol a. Incubation of a 17:29mer
duplex, in which the next required substrate
was dGTP, with calf thymus pol a did not show
extension when BuPdGTP was the added nu-
cleotide [2]. However, T4 pol, an enzyme with
moderate sensitivity to BuPdGTP, did extend
the primer:template with the inhibitor [2]. The
latter experiment proved that BuPdGTP, and
BuAdATP, interact at the active site of sensitive
DNA polymerases in a manner consistent with
their ability to be incorporated into DNA as
dNTPs.

Potent inhibition of pol a requires a straight
chain p-alkyl substituent on the phenyl ring of
2-anilinopurines [1]. That dependence for the
dNTP analogs is emphasized in Table 2, where
the only potent pol « inhibitors possess the
p-n-butyl group or the p-n-octyl group. Even
the sugar structure is less important as shown
by potent inhibition of pol « by the arabinfu-
ranosyl analogs, BuAaraATP and 2%-azido-
BuAaraATP [14].
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Table 2
Inhibition of pol o by N-substituted NTPs
2-5ubstituent ] Ki (uM) [ Reference
dGTPs: |
p-(n-butyl)pheny! ' 0.005 9
p-(n-octyl)phenyl : 0.046 (301
3-ethyl-4-methylphenyl ' 8 [29] |
lgphcn}'i r 60 [29]
n-hexyl i 18 [29]
dATPs: !
p-{n-butylanilino ' 0.008 [12]
3 4-dichloroanilino 3 ? [29]
araATPs:
p-(n-butylanilino 0.017* [14]
\p-(n-butyDanilino (2'-azido) 0.038** [14]

**[Csn values.

Anticipating the need to have available a non-
substrate analog of BuPdGTT, we recently syn-
thesized by two methods the o,p-methylene
derivative BuPAGMPCPP [15], and showed
that this compound is not a substrate for T4 pol
[5] or E. coli pol I (unpublished observations).
This compound was only fivefold less potent as
an inhibitor of calf thymus pol a (K; = 9.5 nM)
than BuPdGTP [15].

Effect on other DNA polymerases

The most useful property of the butylphenyl
nucleotides is their ability to discriminate be-
tween the eukaryotic DNA polymerases impli-
cated in DNA replication, pols a, 8 and . For
example, 1Csp values of BuPdGTP and BuA-
dATP against calf thymus pol & were 0.026 and
0.18 pM, but were 90-180 pM against calf thy-
mus pols & and £ [16]. This high degree of
selectivity is surprising considering the simi-
larity in primary structure of the enzymes (see
below).

As illustrated in Table 1, members of the B
family of DNA polymerases vary widely in
sensitivity to the butylphenyl nucleotides.
HSV1 and $29 pols are inhibited weakly, but T4
pol has intermediate sensitivity. A detailed
study has shown that T4 pol is inhibited by
BuPdGTP and BuAdATP competitively with
dGTP and dATP, respectively, with K; values
below 1 uM [5]. However, the apparent K;

values are much lower when the compounds
are tested in the absence of the competitor nu-
cleotides, in the “truncated assay”. This phe-
nomenon is a result of the ability of T4 pol to
incorporate the nucleotides, and for the result-
ing modified primer:templates to strongly
bind and inhibit the enzyme. Indeed, a chemi-
cally synthesized primer:template with a 3'-
BuPdG residue in the primer strand [3] was a
potent inhibitor of T4 pol with ICsq = 0.07 uM [5].
In contrast, the non-substrate derivative,
BuPdGMPCPP, inhibited T4 pol with
K;=23 uM, just threefold weaker than the com-
petitive K; of BuPdGTP itself [5].

The ability of T4 pol to both incorporate
BuPdGTP and to bind the modified
primer: template contrasts with the response
of E. coli pol 1, representing the A family of
DNA polymerases, to the compound. While
pol I is essentially insensitive to inhibition by
BuPdGTP, it slowly incorporates the nucleo-
tide, but then appears to dissociate from the
modified primer:template [3]. The 3'-BuPdG-
primer: template does not inhibit pol I activity,
nor is the BuPdG residue removed by 3’ to 5
exonuclease activity of pol 1 [3]. While Ky,
values for dGTP and BuPdGTP in primer ex-
tension assays were similar (0.8 and 2.0 pM,
respectively [3]), turnover of the substrates was
significantly different. BuPdGTP was incorpor-
ated by pol l into the 17:29mer at 37°C with k.,
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= 0.85 min™' (unpublished observation), com-
pared witha reported value of k., for incorpor-
ation of dATP/dTTP into poly-d(AT) of 498
min~} [17].

THE NATURE OF DNA POLYMERASES

DNA-dependent DNA polymerases are func-
tionally complex enzymes that bind multiple
substrates and can possess multiple enzymatic
activities, The best characterized enzyme, E. coli
pol I, binds to partially double-stranded oligo-
nucleotide primer:templates and 2'-deoxyri-
bonucleoside 5'-triphosphates in a polymeri-
zation complex resulting in incorporation of
the nucleotide. Pol | also possesses a 3' to 5
exonuclease (exo) activity that cleaves nucleo-
side 5-monophosphates from double or single
stranded DNA, and a 5" to 3’ exonuclease activ-
ity. The X-ray crystal structure of a proteolyzed
fragment (Klenow fragment) of pol I contain-
ing the pol and 3’ to 5 exo activities [18] has
revealed a structure, likened to a curled, open
hand, that can accommodate double stranded
DNA. Fig. 2A illustrates the overall backbone
structure of pol I, emphasizing three regions of
particular interest in the proposed active site.
Genetic and chemical methods have suggested
that amino-acid residues in the fingers and
palm are involved in polymerization (Fig. 2B).
(The 3’ to 5 exo site, revealed by its binding to
dTMP, is located about 30 A from the pol site).
Attempts to cocrystallize pol [ (Klenow) with
its substrates have given structures in which a
primer : template was bound in an unusual con-
formation [19], and in which a ANTP substrate
formed a complex that was unlikely to be cata-
Iytically relevant [20].

Recently, the X-ray crystal structure of euka-
ryotic enzyme, DNA polymerase B (pol B) as a
complex with primer :template and a substrate
analog was reported [21]. This structure repre-
sents the most detailed and catalytically rele-
vant picture to date of a DNA polymerase.
Although pol B is a small DNA polymerase
(molecular mass 39 kDa) with only pol activity
and little primary sequence homology to other
DNA polymerases, a common polymerase me-
chanism has been suggested by comparison of
structure motifs of pol p with those of pol1and
reverse transcriptase [22].

Helw O

Fig. 2. Representations of the structure of E. coli
DNA polymerase I.

A. Overall backbone structure emphasizing three regions
in the palm and fingers of the pol site. B. Details of the
three regions in the pol siteand a dGTF molecule, empha-
sizing conserved and chemically modifiable amino acids.
Coordinates and secondary structure nomenclature were
derived from [18). Figures were obtained using Insight
software (Biosym Technologies) on an Iris Indigo computer.

DNA polymerases 1 and 8 are prototypes of
two of the four families (A and D, respectively)
of DNA polymerases [4]. The largest family (at
least 47 members) is the B family consisting of
animal cell replicative enzymes pols a, 8 and g,
and the corresponding enzymes from yeast;
herpesvirus DNA polymerases (HSV1, HSVZ,
HCMV, VZV); T-even bacteriophage (T4) and
other phage (29, M2, PRD1) DNA polymer-
ases. The B family enzymes contain up to seven
regions of significant sequence homology, and
many mutant enzymes involving these regions
have been identified in drug resistant host or-
ganisms and in engineered pol genes.
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Table 3

Homologous regions of B family DNA polymerases.
hu o, human polymerase a.

B family region [/pol I B strands 12, 13
hual 998 |VIYGDIDSIMINTNS
T4, 614 |IAAGDTDSVYVCVDK
$29) 452 | IIYCDTDSIHLTGTE
[poll] 878 |MQVHD.ELVFE.VHK]
{ B family region 11/pol 1 f strand 9, helix L.
huc| 855 |FILLLDFNSLYPSIQEFNICFTTVQ
T4, 403  YIMSFDLTSLYPSIIRQVNISPETIR
329 244 |EGMVFRVNSLYPAOMYSRLLPYGEPI
[poll] 700 |VIVSADY.SQIEIRIMAHLSRDKGLL]
B family region IT1/ pol I helix O
hua| 944 |IRQKALKLTANSM.YGCLGFSYSRFYAKPLA
T4, 551 !TNQLNRKILINSL.YGALGNIHFRYYDLRNA
4291 378 |IKQLAKLMLNSL.YGKFASNPDVIGKVPYL
[pol1f 752 |EQRRSAKALNEGLIYGMSAFGLARQLNIPRK]

b e

MODELLING OF THE BUTYLPHENYL
NUCLEOTIDE BINDING SITE

Sequences of several regions in relevant B
family enzymes are shown in Table 3 together
with corresponding sequences predicted to be
functionally homologous in E. coli pol I. Align-
ment of pol I with the B family motifs was based
on the modelling work of Lindborg (23] and on
calculations with the Chou-Fasman algorithm
(results not shown). Many of the conserved
residues (Table 3, bold type) have been impli-
cated in catalysis, specifically in binding of
primer:template or dNTP, and those residues
that have been altered by site-directed muta-
tionare double underlined in Table 3. Although
the sequences of pol I and B family enzymes
have limited identity, the secondary structure
of the active sites may be similar. For example,
a triad of negatively charged residues spanning
regions Il and I of the B family and « helices 9,
12 and 13 of pol I is conserved in all DNA
polymerases. These anchor points in the puta-
tive active sites of pol I and pol a/T4 pol were
used to orient the nucleotide molecules in the
models of Figs 2B and 3A and 3B (residues not
shown).

Several B family DNA polymerase mutants
have altered sensitivities to butylphenyl nu-
cleotides, especially mutations involving aro-
matic residues. The pol « region II mutants,
Y865S/F, have increased K, for substrates and
are resistant to BuPdGTP and aphidicolin,
leading to the suggestion that this Tyr(865)
binds dNTP bases and also is involved in
aphidicolin binding [24]. The analogous
change Y254F in $29 pol gave a mutant with
reduced affinity for Mg?*- dNTPs but hyper-
sensitivity to BuPdGTP [25). Several pol a mu-
tations in region I alter both aphidicolin and
BuPdGTP sensitivity [26]. For example, the
finding that the Y1000F mutant was highly re-
sistant to BuPdGTP prompted Dr B. Lindborg
to postulate that the inhibitor may bind B family
enzymes with the butylphenyl ring sandwiched
between the B sheets corresponding to pol |
strands 12 and 13 (see Fig. 3A) [23]. Among ¢29
mutant pols, the Y3905,/F mutants in region 111
had greatly reduced pol activity but were
hypersensitive (about 100-fold) to BuPdGTP
and BuAdATP [27], although either affinity or
incorporation rates, or both, may have chan-
ged. Interestingly, pol ¢« mutants in the same
region, K950A /N, are hypersensitive (50-100-
fold) to BuPdGTP and the non-incorporable
analog BuPdGMPCPP, but normally sensitive to



Vol. 43

~Nucleotide probes of DNA polymerases ) 121

Fig. 3. Models of the BuPdGTP hinding site of B family DN A polymerases.
A. BuPdGTP: pol @ model. B. BuPdGTP: T4 pol model. Amino acids are superimposed on secondary structures derived

from £ coli pol 1 (Fig. 2).

pyrophosphate (T.5.-F. Wang, personal com-
munication).

Answers to two questions may reveal fun-
damental insight into the active site structure
and mechanism of DNA polymerization. Why
is pol o uniquely sensitive to the butylphenyl
nucleotides compared with the other members
of the B family, and why is pol a alone incapable
of incorporating the nucleotides into DNA
{Table 1)? Inspection of the sequence differen-
ces in several conserved regions among the 47
B family enzymes [4] and consideration of the
effects of mutations on inhibitor sensitivity have
enabled us to develop a model of the
BuPdGTP/BuAdATP: polymerase binding site.

We have undertaken a study of wild type and
mutant T4 DNA polymerases to clarify the spe-
cific step(s) in the polymerization reaction in
which changes in sensitivity to butylphenyl
inhibitors may be involved. BuPdGTP inhibits
T4 pol as a reversible competitive inhibitor in
the presence of dGTP (K; = 0.8 uM), but it acts
as a substrate in the absence of dGTP leading to
3-BuPdG-terminated primer:templates that
are potent inhibitors of the enzyme [5]. A syn-
thetic primer:template containing a 3-BuPdG
residue, 3-BuPdG-18 : 29mer, was both resistant
to extension by T4 pol and strongly inhibitory
to the enzyme. Non-substrate analogs of BuP-
dGTP, ie. the diphosphate, BuPdGDP, and the

a,f-methylenetriphosphate, BuPdGMPCPP, in-
hibited the enzyme with the same potencies in
both truncated and variable substrate (dGTP)
assays [5].

Working models of the BuPdGTP: pol bind-
ing site structure for human pol a and T4 pol
are shown in Figs 3A and 3B, respectively, em-
phasizing the aromatic amino acids that are
abundant in these conserved regions (see
Table 3). In these models BuPdGTP replaces a
substrate nucleotide maintaining the correct
geometry of the Mg?*-coordinated triphospha-
te group and conserved acidic residues (not
shown). Because interaction of the butylphenyl
group of BuPdGTP in the active site of sensitive
enzymes likely involves aromatic and aliphatic
hydrophobic amino acids, we sought differen-
ces in the pattern of these residues that might
correlate with differences in sensitivity of the
enzymes to BuPdGTFE.

Several relevant mutants have already been
studied by others at sites that are almost exclu-
sively aromatic. The Y8655/F pol o mutants
were BuPdGTP resistant [24], but that residue
is invariant (47 /47!) in all B family enzymes [4].
The Y1000F pol &t mutant was 27-fold more
resistant to BuPdGTP [26], but this residue is
AlainT4 pol and Tyrin HSV1 and ¢29 pols, and
is aromatic in 44 /47 enzymes. Finally, Y3905/F
mutants of $29 pol (corresponding to Y957 of
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pol @ and Y364 of T4 pol) showed hypersensi-
tivity to BuPdGTP [27, 28]; however, this
residue is also nearly invariant (46/47!) in B
family enzymes.

Inspection of the pattern of aromatic amino
acids in the major B family polymerases has led
us to design specific mutants of T4 pol to test
the role of these residues in BuPdGTP binding.
Given the unique sensitivity of human pol «,
other higher eukaryotic pol a’s, and yeast pol
to BuPdGTP, our intention is to create a T4
polymerase that has nanomolar affinity to the
inhibitor and /or has lost the ability to incorpo-
rate it. The first mutant T4 pol, Y623M, has been
expressed and purified, and preliminary data
are available for it. This residue is aromatic in
26/47 B family enzymes, but is Met in human
and veast pol a. If this residue is directly in-
volved in binding to the p-butyl group, we
expect that the Y623M T4 pol will be hypersen-
sitive to BuPdGTP. (In the T4 pol model of Fig.
3B the methyl group of the butyl group of the
inhibitor is only 4.9 A from the ring of Y623). If
the Tyr in T4 pol facilitates the incorporation of
BuPdGTP, either directly or indirectly, the mu-
tant may lose the ability to incorporate the in-
hibitor.

Ms Shelli Stocki in Dr Linda Reha-Krantz’
laboratory (personal communication) has con-
structed a T4 pol gene containing the change
TAT- ATG yielding the Y623M amino acid re-
placement. (In addition, the gene was altered
by several conservative codon changes to as-
sure expression of only the full length protein).
The mutated gene was inserted into phage
under control of the lac promoter, resulting ina
viable phage with growth properties and in-
hibitor sensitivily similar to wild type phage
except that it had a weak antimutator pheno-
type. Sequencing of the plasmid confirmed that
the expected mutations were present. The plas-
mid was transfected into E. coli, and expression
of the mutated enzyme was induced by IPTG.
The Y623M T4 pol was purified conventionally,
and preliminary studies suggest that it has
similar specific activity to the wild type
enzyme. Inhibition studies of this enzyme are
just beginning.

Preparation of other mutant T4 pols is pro-
posed. YA03EP: this residue is aromatic in only
6/39 B family polymerases, a group consisting,
of five a-like pols and T4 pol! (This residue is
Pro in 16/39 enzymes, suggesting a structural

1996

role in these enzymes.) It may not be a coin-
cidence that all the enzymes with an aromatic
residue at this site are also those which possess
highest sensitivity to, but inability to incorpor-
ate, BuPAGTP. If the Tyr in T4 pol is a major site
of binding to the inhibitor phenyl ring, its con-
version to Phe may make the mutant hypersen-
sitive to BuPdGTP, i.e. pol a-like (F855,
Fig. 3A), and its conversion to Pro may make
the mutant BuPdGTP resistant, i.e. HSV1 or ¢29
pol-like (see Table 1). Effects of the mutations
on incorporation of BuPdGTP may paralle] the
affinity changes. Although the model (Fig. 3B)
shows that the inhibitor methyl group is 7.1 A
from the B-CHj; of Y403, rotation of the amino-
acid side chain could clearly bring them closer.
F407L: this residue is Leu in human pol « and
Met in yeast pol a, both highly sensitive
enzymes to BuPdGTP, but it is aromatic in
21/47 B family enzymes. If steric or other fac-
tors reduce inhibitor affinity to enzymes with
an aromatic residue at this position, the conver-
sion to Leu may make the mutant T4 pol hyper-
sensitive to BuPdGTP and prevent
incorporation of the inhibitor. In the model of
Fig. 3B the phenyl rings of inhibitor and F407
are only 3.5 A apart.

CONCLUSIONS

Butylphenyl nucleotides, among other DNA
polymerase inhibitors, afford insight into the
active sites and mechanisms of sensitive en-
zymes. The classical approach to chemical al-
teration of the inhibitor-probes is coupled
with the molecular biological approach of
biochemical alteration of the target enzymes.
Changes in affinity and /or substrate proper-
ties of appropriate inhibitors has led to mod-
els of inhibitor : enzyme binding, as illustra-
ted in Figs 3A and 3B. These models have
suggested experiments to evaluate postu-
lated roles of amino acids in inhibitor binding
and incorporation, ultimately yielding infor-
mation about the catalytic mechanism of
polymerization.

The author thanks many coworkers and col-
leagues for experimental data and some ma-
terials to conduct this work. Special thanks go
to Joseph Gambino and John Young for mole-
cular graphics.
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