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Hirst! has recently reported calculations of the circularin the protein. The bandwidths were assigned as described in
dichroism(CD) spectra of a set of 23 proteins using param-the supplemental material. The two most important band-
eters derived from both semiempirical and ab initio molecu-widths were identical10.5 nm for the amide=* transition
lar orbital (MO) calculations on model amides. The semi- or nearly identical11.3 nm to the values used by Hirstor
empirical parameters were derived from complete neglecall transitions.
of differential overlap/spectroscopic(CNDO/S wave The Spearman rank correlation coefficient for the com-
functiong for acetamid® and for N-methylacetamide. The parison of experimental vs calculatekt at 220 nm was
ab initio parameters were obtained from multireference0.84, well above the best value reported by Hift62, for
configuration interaction (MRCI) calculaton8 on  ab initio parametejs The correlation coefficient from a lin-
N-methylacetamide. The results of these calculations wer@ar regression analysis;,, was 0.93, and the slope of the
compared to experimental dattor the 23 proteins at 220 regression line was 0.75, higher than the best cause of ab
and 190 nm, the approximate wavelengths of the* and initio parameters in Hirst's results, estimated to56.4.
m7* amide transitions, respectively. The results for both ~ Comparing experimental vs calculataed at 190 nm, the
semiempirical parameter sets were disappointing, showingorrelation coefficients are lowér;=0.66,r;,=0.87) than
only weak correlation at 220 nm. The Spearman rank correthose for the 220 nm data, as is the slope of the regression
lation coefficients, re, were 0.41 and 0.32 for the line (0.47), but the results show a good correlation at 190 nm

acetamide- and\-methylacetamide-based calculations, re-Where none was found by HirStirst" obtained poorer cor-
spectively, neglecting side-chain contributions. Results infelations when the aromatic side chains were included in the

cluding side chains were poorer. The MRCI parameters legalculation. We also find that inclusion of side-chain transi-
to some improvement, giving,=0.62 neglecting side tions leads to somewhat poorer results, but the correlations
chains(0.25 with the inclusion of side chainsNone of the ~ Were still reasonably gootts,=0.71,r,,=0.87 at 220 nm;

three parameter sets gave a significant correlation at 190 nrhse™ 0-46,1in=0.72 at 190 nm
We wish to report semiempirical calculations for the Fi9uré 1 shows a comparison of the calculated and ex-

same protein set that give much better results at 220 and 1gbarimental CD spectra for the three proteins for which Hirst

nm than those reported by Hirstncluding the ab initio pa-
rameters. Three peptide transitions were considered, at

220, m* (NV;) at 190, 77* (NV,) at 140 nm. For the 19
m* transitions, Clark’s transition moment directidrisr

the secondary amide ofN-acetylglycine (NV;, —55;

NV,, +61°) were used. Th&lV; andNV, transitions were

not allowed to mix, i.e., the transition connecting these ex-
cited states was neglected. Transition monopole charges for
the n#* transition and for transitions connecting ther*

and n7* excited states were calculated from intermediate
neglect of differential overlap/spectroscogitlDO/S) wave
functiond for NMA. The ground-state monopole charges
were those used by WoodySide-chain transitions of Phe,
Tyr, and Trp were included in the calculations, as described
previously® The calculations used the matrix metfibih its
origin-independent forn as did those of Hirst.The mono-  FiG. 1. Comparison of calculated and experimental far-UV CD spectra of
pole charges were located at atomic centers for aromatic sideur proteins:(a) hemoglobin;(b) elastase(c) concanavalin A(d) triose-

chains and at the positions given by the semiempirial phosphate isomerase. The solid curve is the experimental spectrum, the
dashed curve is the calculated spectrum, including aromatic side-chain con-

values deS_C“bed by Wootljor amide _transmons. _ tributions, and the dotted curve is the calculated spectrum neglecting aro-
Gaussian band shapes were assigned for each transitiatatic side-chain contributions.
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showed spectra: hemoglobin, elastase, and concanavalin &-sheet-rich proteins in the 190 nm region, predicting much
Two calculated curves are shown for each protein, with andarger amplitudes in this region compared with those experi-
without aromatic side-chain contributions. For hemoglobin,mentally observed. We believe that this is largely due to the
the main difference from Hirst's results is that we predict aneglect of the effect of the local electrostatic environment on
distinct negative shoulder or maximum near 205 nm, inthe transition energies and the neglect of through-bond cou-
qualitative agreement with experiment. For elastase, neithgjling of the peptide transition. We are extending our calcu-
set of calculations reproduces the negative band observagtions to take these effects into account.

near 200 nm, but our results give a somewhat weaker 190 |n summary, semiempirical wave functions in conjunc-
nm positive band than those predicted in Hirst's calculationstjon with suitable representations of transition and static
which leads to a smaller discrepancy with experiment neagharge distributions can provide the basis for calculations of
190 nm. With concanavalin A, our results do not agree in thyrotein CD spectra that reproduce the major features of these
220 nm region as well as Hirst's ab initio parameters, but dgpectra. We do not question the desirability of utilizing ab
not overestimate the 190 nm maximum as strongly. Figure lnitio-derived parameters, but to provide real improvements
also includes the spectra of triose phosphate isomerasger the semiempirical methods, more realistic representa-
(TIM), which was described as an “outlier” by HirStnour  4ons of transition and static charge densities must be used.
calculations, TIM is actually one of the better-behaved pro-rpqs complete set of theoretical and experimental CD curves,
teins, probably because of its high helix content. and the parameters used in the calculation, are available as

b T?e tlmprfov?d r(.as:[lrj]lts repor;tced here are p%g;g”Iyt_‘ascnb'supplemental materig EPAPS or at our website: http://
able o two faclors: the use of an experime NSILON 12 mar.colostate.edtsreeram/JCP1999.

moment direction for theNV; transition and the choice of

monopole positions. The transition moment directions used  This work was supported by USPHS Grant No.

in the two semiempirical calculations of Hitsivere —17° GM22994.

for acetamid@and —23° for NMA.* The direction for NMA

from ab initio calculation'®is —36 to —45°. Calculations  agjectronic mail: rww@lamar.colostate.edu
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