7 Summary

6.2 Dihydrofolate Reductase-Trimethoprim

A classcexampled adrug that worksby spe-
desspedfic protein inhibition is trimeth-
oprim (TMP). Because thisdrug bindsto bac-
terid dihydrofolate reductase (DHFR) ~10*
mare tightly than to the mammalian enzyme,
thereis atherapeutic concentration in which
the drug can be used as an antibacterial with
little del eteri ous consequences for a mamma-
lian host.

DHFR was the first example where one has
ved the X-ray crystal structure o theenzyme
protein complexesfor both bacteria and mam-
malian enzymes. Matthews et al. (56) have sug-
oedted that it isakey hydrogen bond involving
thepyrimidineringd TMP, whichispresentin
the bacteria but not mammalian enzyme com-
dex, that is responsiblefor the sdlectivity. This
has not been definitively established with car-
boxyclic anal ogs, but anal ogshavecl early shown
an important role d the three methoxy groups
iINnTMPin caus ng speciessalectivity. For exam-
de the TMP anaog without the three OCHj
goups have a binding preferencefor the bacte-
rid enzymed only ~10.

Kuyper (57) hasanalyzedthestructureadf the
bacterid and mammalian complexes and sug-
oetad that the oxygens o the —OCHj group
pdaysakey role in species selectivity. The me-
thoxy OXygensare significantly moresolvent ex-
posad inthebacterial complexthat the mamma:
lian. Thus, because these oxygens do not form
hydrogen bondsto enzymegroupsineither com-
dex, the desolvation penaty for the oxygenis
grdle inthe bacterial enzyme and doesnot as
extansvdy cancd the favorable hydrophobicl
digoergon effects on binding of the methoxy
methyl groups. Thisinterpretation issupported
by the fact that replacing the -—OCHg with
CH,CH,; makesthe moleculeslessspeciessdec-
tive such analogsbind only alittle better to bac-
terid DHFR but significantly better to mamma:
lian DHFR (58, 59).

Freeenergy calculations/molecular dynam-
ies have and will continue to give interesting
indght into the DHFR-TMP species selectiv-
ity (39-41).

6.3 Nucleotide Intercalator

Becase our first two examples have empha
szad protein-small moleculeinteractions, we
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turn to a nucleic acid—small moleculeinterac-
tion for our last example. There have been
many experimental studies of the "intercala
tion" of flat, planar dyesinto double-stranded
DNA and other polynucleotides.

The flexibility o the sugar-phosphate back-
bone dlows the intercalator to be sandwiched
between the nucleotides with relatively little
"strain."” The interaction with polynucleotides
by awidevariety o intercal atorshas been stud-
ied by physcochemica techniques. Thedriving
forcefor association can be primarily hydropho-
bic, asin actinomycinD, wherethedrivingforce
for association is AS' (57), or it can contain a
largecontributionfrom el ectrostati ceffectsasin
ethidium bromide and adriamycin analogs,
where the driving force for association is AH"
(60) (Table4.6). Both molecules have binding
association constants X, to DNA of about 10°.
Theroled dispersionbindingisnot clear at this
point, but it islikely to bevery important aswdl
(13).As noted above, theabhility of thesedrugs to
interferewith DNA replicationisapparently re-
lated to their rate of dissociation &, from DNA
rather than to their association constant K.
Muller and Crothers (2) showed that both acti-
nomycin and actinomine had valuesd X, sm-
ilar tothat of DNA, but the former had a much
smaller £, and a much greater effect ontherate
of DNA replication.
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Theforegoingexamplesillustrate thelikely na-
tured drug-receptor binding. It ssemsthat hy-
drophobicand dispersion binding do contribute
asubstantial amount tothe net binding affinity.
However we have noted some cases (e.g., the
ureido group in biotin and the intercalation o

Table4.6 Thermodynamicsof Binding
of Drugsto DNA

AH° AS° AG®
Drug® (kcal/mol) (eu} (kcal/mol}
Proflavin -6.7 +4.7 -8.1
Ethidium
bromide -6.2 +9.4 -90
Adinomydn D +2.0 +39.0 -9.6
Daunomydn -6.5 +7.7 -88

"Conditionsind| casesasfollow: T = 25°0.01 Mbuffer,
pH=17,1=0.015see Quadrifoglio and Crescenzi (60)].





