424

Over the course of these studies, an inter-

estinganomaly wassolved. Allostericeffectors

(such as8a and 8b) can bind to asimilar site

CHO

H,C CH;

OH
(8a) DMHB

CHO

COzH
OH

(8b) 5-FSA

and yet effect opposite shifts in the oxygen-
binding curve. Agents such as 5-FSA bind to
theN-terminal Va and providegroupsfor hy-
drogen bonding with the opposite dimer
(across the twofold axis) right shift the oxy-
gen-binding curve. In contrast, agents that
disrupt the water-mediated linkage between
the N-terminal aVal with the C-terminal
aArgldl left shift the curve (47) (Fig. 10.4).
Structure-based stereospecificall osteric effec-
torsfor Hb have also been devel oped and pos-
sessactivitiesand profilesappropriatefor clin-
ical efficacy (48, 49).

2.2.4 Crosslinking Agents. Thefirst crosslink-
ing agent that possessed potential as a Hb-
based blood substitute was described by
Walder et a. (50). Bis(4-formylbenzyl)ethane
and bisulfite adducts of similar symmetrical
aromatic dialdehydes, previoudy studied by
Goodford and colleagues, provided the start-
ing pointsthat led to these compounds. Chat-
terjee et a. identified the binding site to de-
oxy-Hb, and found that the two Lys99 side
chainswerecrosslinked (51). One df thederiv-
atives was proposed asablood substitute (52),
and has been explored commercialy (seeVal.
3, Chapter 8. Oxygen Ddivery and Blood Sub-

Structure-Based Drug Design

Figure10.4. Stereoview of superimposed binding
sitesfor (8b) (5-FSA,yellow) and (8a) (DMHB, ma
genta) in deoxy hemoglobin. A similar compound
environment is observed at the symmetry-related
site and therefore not shown here. Both compounds
form a Schiff base adduct with the 1Vall N-termi-
nal nitrogen. Whereas the m-carboxylate of 5-FSA
formsasalt bridgewiththe «2Argl41 (oppositesub-
unit), thisintersubunit bond is missingin DMHB.
The added constraint to the T-state by 5-FSA that
tiestwo subunitstogether shiftsthe all ostericequi-
librium totheright. Ontheother hand, the binding
of DMHB does not add to the T-state constraint.
Instead, it disruptsany T-statesalt- or water-bridge
interactions between the opposite a-subunits. The
result isaleft shift of the oxygen equilibrium curve
by DMHB. See color insert.

stitutes and Blood Products, by Andeas Moz-
zarelli et a.). Another crosslinked Hb engi-
neered by Nagal and colleagues, at the MRC-
LMB in Cambridge, was developed into a
blood substitute that was clinicaly investi-
gated at Somatogen, now Baxter (53).Boyiri et
a. synthesized a number of crosslinking
agents (molecular ratchets, such as 9) whose

CHO
ot LT

CO,H

OHC

COsH
9 n=1-10 TB36,n=3

potency was directly related to the length of
the crosdink: the shorter the crosslink (three
atoms), the stronger the shift of the oxygen
binding curveto theright (54) (Fig. 10.5).
Perutz’s hypothesis (55) and the MWC
model (56) for allostery, that the moretension
Is added to the tense (deoxy) state of Hb, the
greater the shift to the right of the oxygen





