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The purity of the compounds was checked by ascending TLC on
Merck’s precoated silica gel plates (0.25 mm) with fluorescent
backing.

The IR spectra were taken on a Perkin-Elmer 399 spectro-
photometer in KBr. The C=0 stretching lies between 1705 and
1710 em™.

'H NMR spectra (data reported in 6) were recorded on a Bruker
270 MHz spectrometer with Me,Si as internal reference.

The 'H NMR analysis of the reported compounds (Table III)
showed the prochiral a-CHj; on the 3-(N-alkylamino) chain as an
AB system approaching an AX system, with chemical shifts lying
at about 6 3.5 and 3.0 ppm (J, g = 12 Hz). The difference between
the chemical shifts of these geminal protons can be caused by the
diamagnetic anisotropy of the carbonyl group deshielding the
proton lying at lower field, while the other proton would be located
in the shielding region of ring current of phenyl on C(2) of the
thiazolidinone system,’ as is supported by the X-ray structure
of 7 (Figure 1a).

The C(5)-methylenic protons, H, and Hp, of the thiazolidinone
ring appeared as an AB system with a geminal proton coupling
Jap of 16 Hz. The A proton, lying at lower field, showed a small
coupling (J = 2 Hz) with the C(2)-H signal. This long-range
coupling takes place through the eclipsing lone pair of the sulfur
atom with the C-H, bond of the thiazolidinone ring. The Hg
proton appeared at higher field owing to the shielding effect of
the nearly coplanar sulfur orbital.®?

General Procedure for the Preparation of 2-(Substituted
phenyl)-3-[3-(N ,N-dimethylamino)propyl]-1,3-thiazolidin-
4-ones (1-7 and 9-15). An equimolar mixture (0.01 mol) of
substituted benzaldehydes and N,N-dimethylpropylamine (0.01
mol) in dry benzene (50 mL) was refluxed until no more water
was collected in a Dean—Stark trap. a-Mercaptoacetic acid (0.01
mol) was added, dropwise, to this crude mixture, and the reaction
was carried out at reflux temperature until stoichiometric amount
of water was collected.

The mixtures, cooled and evaporated in vacuo, afforded pale
yellow oils, which were dissolved in anhydrous ethanol (20 mL).

(7) Lewin, A. H.; Lipowitz, J.; Cohen, T. A Large Chemical Shift
Difference for Geminal Protons. Tetrahedron Lett. 1965, 18,
1241-1245.

(8) Vigorita, M. G.; Chimirri, A.; Grasso, S.; Fenech, G. Ir and Pmr
Spectra of 2-Aryl-4-thiazolidinones. III. Stereochemical
Analysis of 2-Aryl-3-(2-pyridyl)-4-thiazolidinones. J. Hetero-
cycl. Chem. 1979, 16, 1257-1261.

(9) Allingham, Y.; Cookson, R. C.; Crabb, T. A. The Influence of
an Adjacent Sulphur Atom on Geminal Coupling Constants in
Methylene Groups. Tetrahedron 1968, 24, 1989-1995.

Ether (20 mL), saturated with HCI, was added to these solutions.
White powders were collected and recrystallized with absolute
ethanol, to yield the thiazolidin-4-one hydrochlorides (1-7, 9-15).

N,N-Dimethylethylamine and pyridine-4-carboxaldehyde were
used, respectively, in the preparation of la and 1b.

2-(4-Aminophenyl)-3-[3-(N,N-dimethylamino)propyl]-
1,3-thiazolidin-4-one (8). 2-(4-Nitrophenyl)-3-[3-(N,N-di-
methylamino)propyl]-1,3-thiazolidin-4-one (7) (0.005 mol) was
dissolved in an ethanol-water mixture (50 mL, 3:2, v/v). Iron
filings and glacial acetic acid (1 mL) were added, and the mixture
was refluxed for 3 h. It was cooled and filtered, made alkaline
by sodium carbonate, and extracted (CHCl;). The organic layer,
evaporated in vacuo, afforded the crude base which was converted
to the corresponding hydrochloride.

Guinea Pig Ileum in Vitro Assay for H,-Receptor Hist-
amine Antagonism. The assay was performed on ileum of either
sex (weighing ~250 g) Percentage inhibition for guinea pig® was
calculated on the response caused by 0.5 uM histamine in the
absence of drugs. Six observations were carried out for each drug
concentration. The results, ICs, listed in Table II, are reported
as concentration of drug causing 50% inhibition of the submaximal
contractions induced by histamine.

The dissociation constant (Kp), for pA; value calculations (pA,
= ~log Kp), was evaluated according to the method of Schild,!®
from the equation Ky = B/(x — 1), where x is the respective ratio
of concentrations of histamine needed to produce half-maximal
responses in the presence and absence of different concentrations
(B) of antagonists. pAj; values, reported in Table II, are the
average of five observations.
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Probing the Molecular Basis of Resistance to
Pyrimethamine by Site-Directed Mutagenesis

Rational drug design is based on understanding the
principles of molecular recognition which govern recep-
tor-ligand interactions. Recently, investigations of the
mechanism of action and design of selective inhibitors for
dihydrofolate reductase (5,6,7,8-tetrahydrofolate: NADP*
oxidoreductase, EC 1.5.1.3; DHFR) have been greatly fa-
cilitated by advances in X-ray crystallography, recombi-
nant-DNA technology, and molecular modeling tech-
niques.!® The enzyme, by catalyzing the NADPH-de-

(1) Howell, E. E.; Villafranca, J. E.; Warren, M. S.; Oatley, S. J.;
Kraut, J. Functional Role of Aspartic Acid-27 in Dihydrofolate
Reductase Revealed by Mutagenesis. Science 1986, 231,
1123-1128.

pendent reduction of 7,8-dihydrofolate (H,F) to tetra-
hydrofolate (H,F), is primarily responsible for the main-
tenance of essential intracellular cofactor pools of key
importance for biosynthetic reactions requiring one-carbon
unit transfer. Consequently, the synthesis of highly spe-
cific anti-folates has been spectacularly successful in pro-
ducing powerful therapeutic agents.® For example, py-
rimethamine is 1400-fold more active against the malaria
enzyme isolated from Plasmodium berghei than the rat
liver enzyme.* The basis for this specificity has been

(2) Benkovic, S. J.; Fierke, C. A.; Naylor, A. M. Insights Into En-
zyme Function From Studies On Mutants of Dihydrofolate
Reductase. Science (Washington, D.C.) 1988, 239, 1106-1110.

(3) Hitchings, G. H., Jr. Selective Inhibitors of Dihydrofolate Re-
ductase (Nobel report). Angew. Chem. 1989, 101, 903-909.
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Table I. Steady-State Parameters for E. coli Wild-Type and E.
coli Mutant Dihydrofolate Reductases

wild-type® T46S T46N T46A
V,s! 12.3 72+11 8505 135%11
K.(HF), uM 0.7 087+ 0.3 1.25+£0.37 11z0.05
V/K, yM1g1 17.6 8.28 6.8 12.3
K,(NH), M 5.0 3005 3204
pK.(V) 8.4 8.48 <4.0 7.13
Dy pH 6.0 1.0 1.1£0.05 219001 23%0.1
Dy pH 9.0 2.7 29£0.1 nm 34 %04

SE. coli parameters were taken from Fierke et al.l¥ nm = not
measured.

postulated to result from species variation along the ac-
tive-site surfaces.®

Unfortunately, shortly after implementation, the ther-
apeutic efficacy of pyrimethamine was jeopardized by the
emergence of resistant strains of Plasmodium falciparum.
The resistance was not caused by dihydrofolate reduc-
tase-thymidylate synthase (DHFR-TS) gene amplification
or via a reduction in the drug permeability of the cells.®
Resistant strains from various sources, showed a 400~
1000-fold increase in the IDj, for pyrimethamine.” The
cDNAs for DHFR from these strains were isolated, and
sequence analysis revealed an asparagine for serine sub-
stitution at residue 108 in all cases.?® Sequence alignment
of P. falciparum DHFR with Escherichia coli and ver-
tebrate DHFRs revealed that serine-108 corresponds to
strictly conserved threonine-46 (Figure 1). Since an X-ray
structure of the malarial DHFR does not exist, structures
of the bacterial and vertebrate DHFR-ligand complexes
have been used to analyze the structural basis for resist-
ance® owing to the remarkable conservation observed in
DHFR tertiary structures despite sequence homologies as
low as 30%. Consequently, we sought to quantify the
ability of E. coli DHFR to serve as a useful model for the
malarial enzyme, substituting by oligonucleotide muta-
genesis position 46 with serine, asparagine, and alanine,
and evaluating the respective kinetic parameters for these
mutant enzymes.

Mutagenesis at position 46 was carried out by cassette
mutagenesis and randomly selected clones screened by
dideoxy sequencing.!®!! Each mutant was purified by
methotrexate affinity chromatography.'?

(4) Hitchings, G. H. A Biochemical Approach to Chemotherapy.
Drug Int. Clin. Phar. 1982, 16, 843-848,

(5) Burchall, J. J.; Hitchings, G. H. Inhibitor Binding Analysis of
Dihydrofolate Reductases from Various Species. Mol. Phar-
macol. 1965, 1, 126-136.

(6) Chen, G. X.; Mueller, C.; Wendlinger, M.; Zolg, J. W. Kinetic
and Molecular Properties of the Dihydrofolate Reductase from
Pyrimethamine-sensitive and Pyrimethamine-resistant Clones
of the Human Malaria Parasite Plasmodium falciparum. Mol.
Pharmacol. 1987, 31, 430-437.

(7) IDg, is the concentration of the antifolate necessary to inhibit
50% of the in vivo growth.

(8) Cowman, A. F.; Morry, M. J.; Biggs, B. A.; Cross, G. A. M.;
Foote, S. J. Amino Acid Changes Linked to Pyrimethamine
Resistance in the Dihydrofolate Reductase-thymidylate Syn-
thase Gene of Plasmodium falciparum. Proc. Natl. Acad. Sci.
U.S.A. 1988, 85, 9109-9113.

(9) Peterson, D. S.; Milhous, W. K.; Wellems, T. E. Molecular
Basis of Differential Resistance to Cycloguanil and Pyrime-
thamine in Plasmodium falciparum Malaria. Proc. Natl.
Acad. Sci. U.S.A. 1990, 87, 3018-3022.

(10) Li, L.; Benkovic, S. J. Impact on Catalysis of Secondary
Structural Manipulation of the «C-helix of Escherichia coli
Dihydrofolate Reductase. Biochemistry 1991, 30, 1470-1478.

(11) Sanger, F.; Nicklen, S.; Coulson, A. R. DNA Sequencing With
Chain-terminating Inhibitors. Proc. Natl. Acad. Sci. U.S.A.
1977, 74, 5463-5467.
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Table II. Dissociation Rate Constants (s) of Ligands and
Rates of Hydride Transfer (s!) for Mutant and Wild-Type E.
coli Enzymes

E. coli® T46S T46N T46A

NADPH E 35 607 56+ 5 281

NADP* EH/JF 200 23010 25351 2747

H,F E 22 76 £6 56+ 5 28+1

H/F E 14 36+06 142 122 £ 0.5
E-N 24 132

ENH 12 1022 18%4 525
ky 950 120%10 255 2042
(pH 6.0)

sE. coli parameters were taken from Fierke et al.l4

All kinetic measurements were obtained at 25 °C in
buffers of constant ionic strength containing 50 mM 2-
morpholinoethanesulfonic acid (Mes), 25 mM tris(hy-
droxymethyl)aminomethane (Tris), 25 mM ethanolamine,
and 100 mM sodium chloride (MTAN buffer, pH 5-10)
or 25 mM Mes, 50 mM Tris, 25 mM sodium acetate, and
100 mM sodium chloride (MTEN buffer, pH 4-5).13
Steady-state kinetics and pre-steady-state kinetics were
determined by absorbance and fluorescence measurements
(Tables I and II)."

Thermodynamic dissociation constants (K;) for py-
rimethamine from the mutant DHFRs were measured by
fluorescence titration (Table III).!* Enzyme concentra-
tions used were either at or slightly less than the K of the
ligand. K; values listed in Table III for pyrimethamine and
the lx;xutants were determined by Dixon plot analysis at pH
7.0.

Kinetic Characterization. The complete kinetic
mechanisms for bacterial and vertebrate DHFRs have been
elucidated and shown to contain the following key features:
(1) H,F release limits steady-state turnover at neutral pH,
(2) the preferred pathway for H,F release is from the mixed
ternary E-NH-H,F complex, and (3) the overall reaction
strongly favors H,F formation due in part to the high value
associated with the internal equilibrium (K;,, = 100~1000)
for the reactive ternary complexes.!41718 Therefore, the
impact of mutant DHFRs on turnover can be attributed
to the perturbation of one or more steps within the kinetic
mechanism.

Replacement of threonine 46 with serine caused a 40%
reduction in the pH-independent V while the K,,(H,F) was
maintained (Table I). This resulted in a 2-fold reduction
in the VéKm. The steady-state kinetic deuterium isotope
effects (°V at pH 6.0) were little changed, since the rate

(12) Baccanari, D. P.; Averett, D.; Briggs, C.; Burchall, Escherichia
coli Dihydrofolate Reductase: Isolation and Characterization
of Two Isozymes. Biochemistry 1977, 16, 3566-3572.

(13) Ellis, K. J.; Morrison, J. F. Buffers of Constant Ionic Strength
for Studying pH-Dependent Processes. Methods Enzymol.
1982, 87, 405-426.

(14) Fierke, C. A.; Johnson, K. A.; Benkovic, S. J. Construction and
Evaluation of the Kinetic Scheme Associated with Dihydro-
folate Reductase from Escherichia coli. Biochemistry 1987, 26,
4085-4092.

(15) Taira, K.; Benkovic, S. J. Evaluation of the Importance of
Hydrophobic Interactions in Drug Binding to Dihydrofolate
Reductase. J. Med. Chem. 1988, 31, 129-137.

(16) Stone, S. R.; Morrison, J. F. Mechanism of Inhibition of Di-
hydrofolate Reductases from Bacterial and Vertebrate Sources
by Various Classes of Folate Analogs. Biochim. Biophys. Acta
1986, 869, 275-285.

(17) Andrews, J.; Fierke, C. A.; Birdsall, B.; Ostler, G.; Feeney, J.;
Roberts, G. C. K.; Benkovic, S. J. A Kinetic Study of Wild-type
and Mutant Dihydrofolate Reductases from Lactobacillus ca-
sei. Biochemistry 1989, 28, 5743-5750.

(18) Thillet, J.; Adams, J. A.; Benkovic, S. J. The Kinetic Mecha-
nism of Wild-type and Mutant Mouse Dihydrofolate Reduc-
tases. Biochemistry 1990, 29, 5195-5202.
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Table III. Thermodynamic Dissociation Constants K4 (nM) and Inhibitor Constants for Pyrimethamine to Mutant and Wild-Type

DHFRs
constant E. coli T468 T46N T46A P. falc. S108N
K4(NH) 330° 4300 + 200 1500 % 100 189 £ 20
Ky(H,F) 220° 2400 + 300 2000 £ 100 243 + 30
Ky(pyr) 13+ 2.0 1514 16 % 6.0 14£09
K;(pyr) 10° 5.2 % 0.5 20 % 3.0 1201 0.19 2.0
Ka/Ki(pyr) 13 0.29 0.8 1.2

sTaken from Stone et al.'® ?Taken from Chen et al.® ¢Taken from Fierke et al.l4

Phe31
\)Asp/m
MTX

Figure 1. Active site of E. coli DHFR containing bound NADPH
and MTX.!

of the hydride-transfer step (120 s?), although decreased,
still exceeds the loss of H,F from E-NH-H,F (10 s7}).
Nevertheless, the increase by greater than 1 order of
magnitude (Table III) in the dissociation constants of the
substrate and cofactor from their respective binary com-
plexes is indicative of differences between the mutant and
wild-type enzyme complexes.

Perturbation of substrate binding or cofactor binding
or both are consistent with the location of the side chain
at the interface of the ligand binding sites. Projection of
the threonine y-methyl into the folate binding site con-
tributes to maintenance of the necessary hydrophobic
surface. Loss of this moiety is reflected in both decreased
ligand affinity and a reduction in the rate of the chemical
step. However, this substitution is not reflected in the
product complexes as evidenced by the unperturbed off
rates for NADP* and H,F from various binary and ternary
complexes, suggesting different interactions dominate for
these intermediates.

Surprisingly, the values for V, K., and consequently
V/K,, for the threonine-46 to alanine mutant were close
to those obtained for the wild-type enzyme. However,
unlike the T46S mutant, the apparent pK, of the enzy-
matic reaction decreased by 1.3 pK, units (Table I). This
change is explained by the substantial shift in the rate-
limiting step from the assisted product off-rate to the
chemical step, as indicated by the 2-fold increase in the
deuterium isotope effect on V (°V at pH 6.0). The ob-
served nearly 50-fold reduction in the rate of hydride
transfer (Table II) is in accord with the observed deuter-
ium isotope effect. This reduction translates into a loss
of greater than 2 kcal/mol in stabilization energy for the
hydride-transfer step. A 5-fold increase in the off-rate of
H_,F from the E-NH-H,F product complex is also consistent
with the loss of a critical interaction which compensates
for the reduced rate of hydride transfer. The K, and
consequently K, for HyF remain unchanged so that V/K
is close to that of the wild-type enzyme.

Unlike threonine, the side chain of asparagine contains
a hydrogen-bond donor and acceptor as well as an addi-
tional methylene. These characteristics should allow the
gide chain to maintain the threonine y-hydroxyl contacts

while simultaneously probing the positions sensitivity to
steric bulk. The T46N mutant exhibited a slight decrease
in V from 12.3 to 8.5 8! and an unchanged K, (H,F).
Analysis of the K, values for the cofactor and substrate
revealed a 4.5-10-fold decrease in the stability of the E-NH
and E-H,F complexes. This trend is reflected in the in-
crease in the ligand off-rates from their respective binary
complexes. However, the substrate ternary complex, as
represented by the K, values for both H,F and NADPH,
exhibited no significant alteration.

Current rationalization of protein mutational effects
maintains that nondeleterious substitutions exert their
influence in an independent and additive fashion.!®
Therefore, changes in one part of a binding site should be
localized to that region of the active site. However, it was
discovered recently that although separated by a distance
of approximately 25 A, the E. coli arginine-44 to leucine
mutant destabilized the catalytically essential aspartate-27
by 2.0 pK, units (Figure 1).2° This result demonstrated
that point-site mutations that do not directly affect ligand
binding or significantly alter the tertiary structure of the
enzyme can transmit perturbations over long distances.
This behavior is also found for the T46N mutant. Mar-
ginal changes in the off-rates for NADP* from the E-N-H,F
complex and for H,F from the E-NH-H,F complex and the
unperturbed K, values for the cofactor and substrate are
in agreement with the largely nondeleterious effect of the
T46N mutant. Nevertheless, the pK, of the enzymatic
reaction was dramatically decreased by at least 2.4 units.
A similar decrease in the pK, of approximately 2 pK, units
was observed with the P. falciparum S108N mutant.? An
explanation for this dramatic effect cannot be rationalized
in terms of a direct stabilization of aspartate-27 by as-
pariine because the side chains are separated by at least
10 A. The similarity of the effects on the pK, for the
enzymatic reaction by the E. coli T46N mutant and P.
falciparum S108N mutant, regardless of the active site,
provides evidence for compartmentalization of the DHFR
active site and provides evidence of the transferability of
subtle long-range perturbations between species.

Effects on Inhibitor Binding. The dissociation con-
stants for pyrimethamine for the E. coli T46S, T46A, and
T46N mutants reflect the trends observed for inhibitor
binding. Consistent with the increased sensitivity to py-
rimethamine observed for P. falciparum, the binding of
pyrimethamine to the T46S mutant was enhanced by 1
order of magnitude. A similar increase in the binding
affinity was observed for the T46A mutant, implicating
the y-methyl and not the y-hydroxyl as necessary for tight
binding. Furthermore, in accord with the mutation in the
malarial enzyme, a 10-fold difference in the dissociation
constants for the T46N and T46S mutants was observed

(19) Wells, J. A. Additivity of Mutational Effects in Proteins.
Biochemistry 1990, 29, 8509-8917.

(20) Adams, J.; Johnson, K.; Matthews, R.; Benkovic, S. J. Effects
of Distal Point-site Mutations on the Binding and Catalysis of
Dihydrofolate Reductase from Escherichia coli. Biochemistry
1989, 28, 6611-6618.
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with the T46N showing decreased affinity for pyrimetha-
mine.

In order to probe perturbations of the more physiolog-
ically relevant E-I:NH complex, the K; values were de-
termined for the inhibitor with the mutants. In only one
case does the cofactor impart a synergistic decrease in the
binding affinity for the inhibitor. Although the K; of py-
rimethamine for the T46S mutant is a factor of 3.5 greater
than the Kj, it still remains lower than the K; for the
wild-type enzyme. Compared to T46S, the T46N mutant
exhibits a modest 4-fold increase in the K; which corre-
sponds to the increase observed for the SI08N mutant over
wild-type malarial enzyme. Overall the malarial and
bacterial DHFRs respond similarly to active-site pertur-
bation with respect to pyrimethamine binding.

Conclusions. Although, significant perturbations by
the mutant DHFRs are observed for individual rate con-
stants along the kinetic pathway, their impact on the
steady-state parameters is minimized by their compensa-
tory nature. These results are consistent with the trans-
ferable nature of kinetic effects observed for other DHFR
mutations.?

The ability of pyrimethamine to distinguish between the
bacterial and malarial enzymes is largely due to the
threonine y-methyl, with little impact on the overall cat-
alytic effectiveness of the enzyme by mutations at this site.
Recent isolation of mildly resistant P. fariciparum isolates
containing the S108T mutation are in agreement with
these findings.? A reduction in affinity of the malarial
enzyme by a factor of 10 or less, accurately reflected in this
E. coli protein set, has been shown to confer physiologically
relevant resistance to the parasite.® Consequently, in the
absence of X-ray structural data for the malarial DHFR-
thymidylate synthase binary enzyme, E. coli DHFR can
serve as a useful model of the malarial enzyme. The
parasites’ strategy of using catalytically silent mutations
in order to become less sensitive to pyrimethamine might
be circumvented in the future by an appropriate antifolate
design.
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Use of Affinity Capillary Electrophoresis To
Measure Binding Constants of Ligands to
Proteins!

This paper outlines the use of affinity capillary elec-
trophoresis?® (ACE) as a technique for measuring binding

constants of proteins for ligands. We illustrate this use
with a model system comprising carbonic anhydrase B
(CAB, EC 4.2.1.1, from bovine erythrocytes) and 4-alkyl-
benzenesulfonamides. The principle of the method is
illustrated schematically in eq 1.

Z 4=

Mass m M+m

Net Charge Z *2z Zxz
Electrophoretic

Mobility p ~Z/M%3 ~@Zxz)/(M+m)3

The electrophoretic mobility u of a protein is related to
its mass (M) and net charge (Z) by a relationship of the
approximate form u ~ Z/M?%3% If the protein binds a
charged ligand of relatively small mass, the change in u
due to the change in mass [from M?/3 to (M + m)?/3] is
small relative to the change in u due to the change in
charge (from Z to Z = 2). Thus, the protein-ligand com-
plex will migrate at a different rate than the uncomplexed
protein.® By measuring migration times (t) as a function
of the concentration of charged ligand present in the
buffer, it is possible to estimate K,. These measurements
are best carried out by measuring changes in ¢ relative to
another protein having a similar value of migration time

(1) This research was supported by the NSF through the M.L.T.
Biotechnology Processing Engineering Center (Cooperative
Agreement CDR-88-03014) and by the NIH (GM 39589 and
GM 30367).

(2) Reviews of capillary electrophoresis of proteins: Mazzeo, J. R.;
Krull, L S. Coated Capillaries and Additives for the Separation
of Proteins by Capillary Zone Electrophoresis and Capillary
Isoelectric Focusing. BioTechniques 1991, 10, 638-645. No-
votny, M. V.; Cobb, K. A,; Liu, J. Recent Advances in Capillary
Electrophoresis of Proteins, Peptides, and Amino Acids.
Electrophoresis 1990, 11, 735-749.

(3) Reviews of affinity electrophoresis (AE): Takeo, K. Affinity
Electrophoresis. In Advances in Electrophoresis; Chrambach,
A., Dunn, M, J., Radola, B. J., Eds.; VCH Publishers: New
York, 1987; Vol. 1, pp 229-279. Shimura, K. Progress in Af-
finophoresis. J. Chromatogr. 1990, 510, 251-270. Horejsi, V.;
Ticha, M. Qualitative and Quantitative Applications of Affin-
ity Electrophoresis for the Study of Protein-Ligand Interac-
tions: A Review. J. Chromatogr. 1986, 376, 49-67.

(4) Dodgson, 8. J.; Tashian, R. E.; Gros, G.; Carter, N. D. The
Carbonic Anhydrases: Cellular Physiology and Molecular
Genetics; Plenum Press: New York, 1991,

(5) This expression is approximate. Other functional forms have
been suggested: Rickard, E. C.; Strohl, M. M.; Nielsen, R. G.
Correlation of Electrophoretic Mobilities From Capillary
Electrophoresis With Physicochemical Properties of Proteins
and Peptides. Anal. Biochem, 1991, 197, 197-207. Grossman,
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Offord, R. E. Electrophoretic Mobilities of Peptides on Paper
and Their Use in the Determination of Amide Groups. Nature
1966, 211, 591-593.

(6) If up and ¢, are the values of electrophoretic mobility and
migration time of the protein-ligand complex, and g, and ¢, are
these values for free protein, eq i allows an estimate of the
change in mobility or migration time for given values of Z and
2.

(b — o) /bo =
(ty—to)/to=[(2/2) + 1]1[M/(M + m)]?* -1~ z/(Z
i)
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