2 Structure-Based Drug Design
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concentrations of ethacrynic acid were needed
tointeract with Hb in deformed red cells (27).
Clofibric acid, when administered in a 2 gm/
day dose (as the ethyl ester clofibrate), ap-
peared to be an ideal potential treatment for
sickle-cell anemia, but was subsequently
found to be highly bound to serum proteins
and not transported in quantities sufficient to
interact with sickle Hb. Furthermore. struc-
ture-lbased derivatives were not found to be
effective (28, 29).

The major problem with designing a small
mdecule to treat sickle cell anemiais not so
much an issue of specificity, but arises from
thetreatment of achronic disease. The poten-
tial cumulative toxicity from the amount of
drug needed to interact with approximately
two pounds of hemoglobin S over a homozy-
gous patient's lifetime is the maor concern
(22) (for a review, see Vad. 3, Chapter 10.
Sickle Cel Anemia, by Alan Schecter et al).

2.2.3 Allosteric Effedors 2,3-Diphospho-
dycerate (2,3-DPG, compound 4), found in
mog imammalianred cells, isthe naturally oc-
curring allosteric effector for Hb. Its physio-
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logical role is to right shift the Hb oxygen-
binding curve to release more oxygen. The
binding site o 2,3-DPG, determined by Ar-
none (30) lieson the dyad axisat the mouth of
the B-cleft (Fig.10.2) interacting with the N-
terminal gVall, BLys82, and SHis143 of deoxy
Hb. A more recent study at a higher resolu-
tion, by Richard et al. (31), found DPG to in-
teract with the residues gHis2 and BLys82.
Goodford and colleagues were the first to de-
sign agents that would bind to the 2,3-DPG
site (32-34). An effective allosteric effector
that can enter red cells might be used to treat
hypoxic diseasessuch asanginaand stroke, to
enhance radiation treatment of hypoxic tu-
mors, or to extend theshelf lifedf stored blood.

Many antigelling agents left shift the oxy-
gen binding curve, producing higher concen-
trations of oxy-HbS. Given to patients with
sickle-cell anemia, this should result in less
polymerization, and therefore less red blood
cell sickling. It wasasurprise therefore when
clofibricacid, which blockssickle-cell Hb poly-
merization, wasfound to shift the Hb oxygen
bindingcurvetotheright, inamanner similar
to that of 2,3-DPG (25). The clofibric acid
binding site wasfound to be far removed from
the 2,3-DPG site (25, 35). The determination
of theclofibricacid binding site on Hb wasthe
first report of atense state (deoxy state) alo-
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Figure10.2. View of (4)(2,3-DPG) bindingsite at
the mouth of the B-cleft of deoxy hemoglobin. See
color insert.





