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GLYCOSYLASE INHIBITORS 
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ABSTRACT In a recent paper the first selective inhibitors of HSVl uracil-DNA 
glycosylase (UDG) acting in the micromolar range have been reported '. A 28.5 kDa 
catalytic fragment of HSVl UDG has been crystallized in the presence of uracil, and the 
structure was recently solved2. Starting with the optimized model of binding between 6- 
(4'-n-octylanilino)uracil (octAU) and UDG some new derivatives have been predicted to 
be active. In vitro studies with the novel synthetized compounds confirm the plausibility of 
the model and define the structure features for UDG inhibitors. 

Recent evidence suggests that the Herpes Simplex Virus type 1 (HSVl) uracil-DNA 

glycosylase (UDG) is required both for virus reactivation fiom latency and for efficient 

replication in nerve tissue. Drugs acting on viral targets involved in virus DNA synthesis, 

such as UDG, may have clinical benefits in herpes encephalitis as well as other HSVl 

associated diseases. The most potent compound, 6-(4'-n-octylanilino)uracil (octAU) 1 

(Figure l), had ICso = 8 pM against the viral enzyme but >300 pM against the human 

enzyme'. 

OctAU 1 is a good lead inhibitor of HSVl UDG although modifications are needed in 

order to increase the binding affinity and to improve physicochemical properties such as 

water solubility. We adopted the structure-based rational design approach, starting with 

the computer-assisted prediction of the inhibitor binding in the enzyme-inhibitor complex. 

709 

Copyright Cc) 1999 by Marcel Dekker, Inc www.dekker.com 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



710 PREGNOLATO ET AL. 

Figure 1 

0 X R  

Figure 2 

The structural model of octAU:UDG resulting from the energy minimization procedure 

is shown in Figure 2. In this model the uracil ring of the inhibitor binds in the same 

position as free uracil in the UDG crystal structure. The 6-NH bond is approximately 

perpendicular to the phenyl ring of Tyr 90, with a distance of 3.85 an interaction 

energetically equivalent to about half of a normal hydrogen bond. The second half of the 

octyl chain lies snugly in the hydrophobic cleft on the surface of the enzyme, formed by 

the side chains of Pro 1 1 1,  Pro 2 13, and Leu 2 14. The hydrophobic side chains of leucines 

and prolines are typically buried in the interior of proteins, but the appearance of Pro 1 1 1,  

Pro 213, and Leu 214 on the surface of UDG is required by its biological function. Leu 

214 proposed to insert into the DNA through the minor groove, in the human UDG 

structure, assisting flipping of the nucleotide to be removed, and the Leu-DNA 

interactions stabilized the extrahelical nucleotide conformation. Thus the association of 

the hydrophobic n-octyl group with the similarly hydrophobic residues on the surface of 
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HSVl URACIL-DNA GLYCOSYLASE INHIBITORS 

Ligand Total Van der Waals’ (kcaymole) 
Energy 

(kcaymole) 
repulsion - dispersion = total 

6 -48.70344 50.1479 84.2068 -34.05885 
7 -48.13001 50.6867 83.5828 -32.89606 
8 -49.00301 51.3359 85.4334 -34.09749 
9 -45.01 171 53.5577 87.9681 -34.41046 

71 1 

Coulombic ICsoc* IC,e* 
(kcaVmole) (pM) (pM) 

-14.64459 12 35 
-15.23395 16 30 
-14.90552 10 25 
-10.60125 89 150 

Figure 3 

PIC,, = -0.23565E3,,,,,, - 6.5588 ( R2 = 0.987) 

the protein plays a central role in inhibitor binding. The intermolecular interaction energies 

(Ekter) between HSVl UDG and alkylanilinouracils have been calculated. The results wert 

plotted against observed PICSO [-log(IC~~)l and a good correlation was observed for the 

training set (Figure 3). Using the equation, we are able to make predictions of activities of 

novel inhibitors prior to synthesis. 

The synthetized inhibitors were all structurally related to alkylAUs. Table 1 shows that 

the predicted ICso values are in good agreement with the experimental ICSO obtained in 

vitro. 

Table 1. Inhibitor-enzyme interaction energy, and calculated and experimental IC,, values. 

*IC,,c is the calculated value, and IC,,e is the experimental value. 

The model predicts that 3-alkyl and 5-alkyl inhibitor derivatives would lack activity: 

indeed, 3-ethyl-hexylAU and 5-methyl-hexylAU, i.e. the thymine analog, did not inhibit 

UDG at 500 mM. Furthermore a phenoxy ether replacing the anilino NH should reduce 

activity. The synthetized 6-(4’-octylphenoxy)uracil 5 was a 19-fold weaker inhibitor (IG0 

= 150 mhd) than 1. Finally, several I-substituted derivatives (RI= alkyl, alkyloxy) have 

been synthetized and then tested as inhibitors in “in vitro“ assays. The inhibition data 

obtained are in complete agreement with the model which can be used, indeed, for the 

design of more active compounds with better physicochemical properties. All 

experimental data will follow. 
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