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En~michromism: Determination of the Dielectric Properties of an 
Enzyme Active Site 
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Absrmu: The negative solvatc&nnnic and ~c prcperties of ~~ 
~I~, 3, arc pmsentcd. The 78 nm batho&mmic shift ofthe Ion8 wavekm8th abso@al band of 3 upcn 
~~~watertotbehorseliveralcoholdehydrogcaese(HLAD~~Htemarycanplcxisconsirtcsltwithabw 
diekctric for the hydrophobic bi pocket of this enzyme. 

Measu&g the solvational properties of protein interiors is a difllcult problem but one that is extremely 
important in undemtandmg the chemical speciScity and rate accelerations of enzyme catalysts. It has been 
argued on theoretical grounds that enzymic catalysis requires conditiona~~ous to gas phase reactions.* 
However, there is some theoretical*~3 and experimenta14~s evidence against the description of enzyme active 
sites as cavities of low dielectric. The similar PK, values of amino acid side chains in proteins compared the 
intrinsic pKa of the corresponding amino acid side chains in bulk water provides indii evidence against a low 
active she dielectric.* Fersht and his coworker& have determined apparent e@ective dielectrics ranging from 
E,= Xl-100 for subtihsin on the basis of changes in the’& of the active site histidine with changes in charged 
surhrce residues by s&d&ted mutagenesis. These values are comparable to the dielectric constant of liquid 
water eHg = 78 at 25 OC. 

Solvatochromic indicators such as Reichardt’s EIf30) betaim 1, have seen wide use aa empirical 
measures of solvent polarity of organic solvents.? Rarly work by Roaower and Ramsey8 auggeated that the 
small, ~~~~ ~~o~adi~li~ 2, shows a strong negative ~~~lw#oclnwnic shj? of the long-wavelength 
intramolecular charg~tmnsfer absorption band.3. We reasoned that the amide analog, ecarbamidopyridii 
cyclopentadienylide, 3, should bind to the enzyme HIADH in anakrgy to the weak binding of substituted 
benzaftride~ (Ki = 0.S mbd for be&amide). *o 

1 2 



2264 

Like 1, the dye 3 shows a signifkaat, but less pronounced, negatke solvatochromism. Thus 
changinefromwrta:(~=S19nm)to~e(~P562nm ),thelong-wavelengthUV-visabsoqtion 
band undergoes a shift of 42 nm. The dye is insoluble in aliphatic hydrwwbon solvents up to u&cane. Table 1 
~~~~~c.~QuzyIllfEkrqaticpropMiesof3uadcI.#v#cll~ccnditionr. 

Table f Summrry of Sohratoehromic and Enzymicbromie 
Properties of 4-Carbamidopyridiniam Cyelopentadienylid@ 

H20 519 (f18q 
Ethanol 548 

wropanol 551 

l-cktanol 556 

Methylsulkide 547 

Isolde 548 

Acetoaitrile 543 (545)b 

Acetonitlil~ 0.5 ML& 552 

Acetonitrile, 10 mM Zn(Acetate), 542 

Acetone 555 

~0~~ 556 

Tetrahyaroftna 556 

Tetmhydroibra& 50 m&I LiCI 556 

Benzene 562 

1,4-DioxaL 563 

78.4 
24.6 
20.3 
10.3 

46.7 
37.8 
43.7 
_ 
_ 

20.7 
8.9 
7.6 

_ 

2.3 
2.2 

H90, HLADH- NADH @nary co-, < 597 _ 

‘%t 25 T, under aqon. kosower, E. M. and Ramsey, B. G. J Aa Chw. 
SW., 1959,81,856-860. Cat pH 9.2 (50 mM PPi), 1 mM NADH, ~1 m&f 3, 
100 @I enzyme. The sample, in 0. I cm cuvettes, was rekznced against 
buffer, 1 I&I NADH, and the same concentration of dye. The spewum was 
fecordedimmedlat~*addingtheenzyme. 

Thc~spectral~~~tomrtcrirsccnintheprtsenceoftheHL~H~~~~complsxwhtre 
& = 597. A control experiment with 1 mM 2 showed no change in the UV-viribk; qwctrum upon addition of 
enzyme. This shows that 2 does not bind to the active site of the enzyme at this concentmtion. 
It provides indirect evidence that the spectral changes associated with binding of 3 to the enzyme-tenuuy 
complex are due to b+ding t$ the active site, and-are not due to non-specific awciatkn of tk.dye with the 
protein. A ,$milar 66 nkn bathochromic shifi in thi absorption maximum of N, Ndi&~ 
&ma&nddehyda~ biding to the enzyme-NADH ternary ckmptex is consistent with sign&ant 
stabilization of the ground state zwitterionic structure 4, upon binding to the active site zinc. I1 



In this (#St, model studies employing metal ion complexes suggest that most ofthe enqmi&omism of this 
substrate is due ta-stab&&m of the structure 4 snd not to the protein dielecuic since this sub&ate displays 
wtive ~&&~ko&m, in the absence of metal ions.12 In the case of 3, the smsll9 nm rbift in & upon 
going &om acetonitrile to 0.5 M LiBr in acetonitrile suggests that only a small stQWdon ofthe ground-state 
stntctunbytbeactivesitemctolionismpsabd.Wecanductetirat~QEtrmrely~bethochnwnBcshiffia 
theloag~cthrga~bsndof3uponbinamgtotRe~activtsiteisduetoanlwrmLelylo~ 
di&ct& en&onment in thebindmg @n&t. These results are consistent with d reported crystal 
struauresof~termvycomplexest~showadcy,20Along~cbamlfw~~ 
substrate as shown in Figure 1. Further theoretical and experimental work is in progmss to characterize the 
uuymichromic propelties of 3. 

Figure 1. Schematic representation of the active site retion in livcx slcohol dehydrogenase, 
showing catalytic zinc with its ligrmds, the ~~t~d~~ site, and the Hyde ~~ 
bsrrel. (afkx Pettersson, G. CRC Wt. Rev. Biocktn, 1987,21,349-389). 

Acknowledgment: This work was supported by a grant from the NIH GM_ 43251. 



mFERENCES AND NOTES : 

1. 
2. 

Starch, D. M. and Dewar, M. J. S. Proc. Nat. Ad Sci.. 198S, 82, 2225 
(8) Warshel, A.; Russell, S. T. Proc. Nat. Acad Sci., 1984, 81.47854789. (bj Warshel, A. and 
Russell, S. T. Q. Rev. Biop&s. 1985,17,283- 422. (c) WarsheI, A.; &u&t, J. Anrm. Rev. Bide 
Bit&ys Chem. 1991,20,267-298. 

3. 
4. 

5. 
6. 

7. 
a. 
9. 

Matthew, J. B. . Amm. Rev. Biop&w. Biophy. Chem. 198!5,14,387417. 
(8) Russell, A. J. and Fersht, A. R Na~re, 1987,328,496-SW. (b) Stemberg, M. J. E.; Hayes, F. R. F.; 
Russell, A. J.; Thomas, P. G.; Fe&, A. R. Nature, 1987,330,86-88. 
Rees, D. J. Mol. Bio. USO, 141,323-324. s 
For a recent ~~~~ of 8 simihu approach to the dielectric properties of&e&al peptides seez 
Lockhart, D. L. and Kim, P. S. science, 1992,2573, 947-951. 
For a recent review see, Reich&, C. Chemia, 1991,45,322-324. 
Kosower, E. M. andRamsey, B. G. J. Am. Gkrn. Sot., 1%9,8f,856-860 
The term negvrtw sohwtochtwmi~ r&rs to a hypsouhromic (blue) sh@ in the absorptinwn&wm 
with increudng solvent pobrity. 19 analogy to the thermochromism, piaochrumism, and halochromism 
of 1, we suggest that th$ ador change of 3 upnn ending to 8 protein interior be termed 
“enzymichromism”. 

10. Sarma, R. H. and Woronick, C. L. Biochemistry, 1972, II, 171-179. 
11. Dunn, M. F.and ~tc~n~~ Bi~~rnis~, 1973,12,4882-4892. 
12. Angelis, C. T., Dunn, M. F., Muchmore, D. C., and Wing, R. M. Biochemist, 1977, f6,3 176-3 181. 

(Received in USA 23 November 1992, accepted 26 January 1993) 


