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Enzymichromiém: Determination of ‘the Dielectric Properties of an
Enzyme Active Site
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Abstract: The negative solvatochromic and enzymichromic properties of 4-carbamidopyridinium
cyclopentadienylide, 3, are presented. The 78 nm bathochromic shift of the long wavelength absorption band of 3 upon
going from water to the horse liver alcohol dehydrogenase (HLADH)-NADH temary complex is consistent with a low
dielectric for the hydrophobic binding pocket of this enzyme.

Measuring the solvational properties of protein interiors is a difficult problem but one that is extremely
important in understanding the chemical specificity and rate accelerations of enzyme catalysts. It has been
argued on theoretical grounds that enzymic catalysis requires conditions.analogous to gas phase reactions. !
However, there is some theoretical2:3 and experimental* evidence against the description of enzyme active
sites as cavities of low dielectric. The similar pX, values of amino acid side chains in proteins compared the
intrinsic pK; of the corresponding amino acid side chains in bulk water provides indirect evidence against a low
active site dielectric.2 Fersht and his coworkers? have determined apparent effective dielectrics ranging from
8.4 = 50-100 for subtilisin on the basis of changes in the pK,, of the active site histidine with changes in charged
surface residues by site-directed mutagenes:s These values are comparuble to the dielectric constant of liquid
water e,0 = 78 at 25 °C.

Solvatochromic indicators such as Reichardt's E1(30) betaine, 1, have seen wide use as empirical
measures of solvent polarity of organic solvents.? Early work by Kosower and Ramsey3 suggested that the
small, pyridinium cyclopentadienylide, 2, shows a strong negative solvatochromic shift of the long-wavelength
intramolecular charge-transfer absorption band.%. We reasoned that the amide analog, 4-carbamidopyridinium
cyclopentadienylide, 3, should bind to the enzyme HLADH in analogy to the weak binding of substituted
benzamides (K; = 0.5 mM for benzamide). 10
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Like 1, the dye 3 shows a significant, but less pronounced, negative solvatochromism. Thus
changing from water ( Ay, = 519 nm) to benzene ( Ay, = 562 nm ), the long-wavelength UV-vis absorption
band undergoes a shift of 42 nm. The dye is insoluble in aliphatic hydrocarbon solvents up to undecane. Tuble 1
summarizes the solvatochronic and enzymdm)nhc properties of 3 uader several conditions.

Table 1 Summary of Solvatochromic and Enzymichromic

Properties of 4-Carbamidopyridinium Cyclopentadienylide?
Conditions : Amax dielectric

constant

H,0 519 (518)? 784
Ethanol 548 24.6
1-Propanol 551 203
1-Octanol 556 103
Methyisulfoxide 547 46.7
Dimethylformamide 548 378
Acetonitrile 543 (545)b 43.7
Acetonitrile, 0.5 M LiBr - 552 -
Acetonitrile, 10 mM Zn{Acetate), 542 -
Acetone 555 207
Dichloromethane . v 556 8.9
Tetrahydrofuran 556 7.6
Tetrahydrofuran, 50 mM LiCl 556 .
Benzene _ 562 23
1,4-Dioxane , ’ 563 22

H,0, HLADH- NADH ternary complex®. . 597

g1 25 °C; under argon. 2Kasower, E. M. and Ramsey, B. G. JAm Chem.
Soc., 1959, 81, 856-860. €at pH 9.2 (50 mM PP;), 1 mM NADH, ~1 mM 3,
100 uN enzyme. The sample, in 0.1 cm cuvettes, was referenced against

buffer, 1 nM NADH, and the same concentration of dye. The spectrum was

recorded immediately after adding the enzyme.

The largest spectral shift relative to water is seen in the presence of the HLADH-NADH ternagy complex where
Amax = 597. A control experiment with | mM 2 showed no change in the UV-visible spectrum upon addition of
enzyme, This shows that 2 does not bind to the active site of the enzyme at this concentration.

It provides indirect evidence that the spectral changes associated with binding of 3 to the enzyme-ternary
complex are due to binding at the active site, and are not due to non-specific association of the dye with the
protein. A similar 66 nm bathochromic shift in the absorption maximum of N, N-dlmethyhmmo-
cmnmnaldehydeupon binding to the enzyme-NADH ternary complex is consistent with significant
stabilization of the ground state zwitterionic structure 4, upon binding to the active site zinc.1t
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In this case, model studies employing metal ion complexes suggest that most of the enzymichromism of this
substrate is due to stabilization of the structure 4 and not to the protein dielectric since this substrate displays
positive solvatochromism, in the absence of metal jons. 12 In the case of 3, the small 9 nm shift in Ay, upon
going from acetonitrile to 0.5 M LiBr in acetonitrile suggests that only a small stabilization of the ground-state
structure by the active site metal ion is expected. We conelude that the extremely large bathochromic shift in
the long wavelength cliarge transfer band of 3 upon binding to the enzyme active site is due to an extremely low
dielectric environment in the binding pocket. These results are consistent- with several reported crystal
structures of HLADH ternary complexes that show a deep 20 A long hydrophobic barre! for binding the
substrate as shown in Figure 1. Further theoretical and experimental work is in progress to characterize the
enzymichromic properties of 3. ' '

Figure 1. Schematic representation of the active site region in liver alcohol dehydrogenase,
showing catalytic zinc with its ligands, the nicotinamide-binding site, and the hydrophobic substrate-binding
barrel. (after Pettersson, G. CRC Crit. Rev. Biochem, 1987, 21, 349-389).
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