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?Ed: functions of psoteins canbe directly related to specific atomic i n ~ o n s  within and 

between proteins and other molecular cOmpOnentS of cells, which 8fe the basic organizational unit 

of living systems. A demited -on of these atomic interactianS is essential for a 

comprehensive undermndiig of biomlcdar function. Many of the outstanding issues related to 

the function of biological sy*q m diffcult to address by using experimentat methods alone. 

computer simulations basedon physical and chemical principles can amplermnt ~aboratory 

ex@mm?? and pvide  novel insights into the atamic basis of molecular behavior. 

a) Photodissociation dynamics 

TIE distribution of carbon monoxide after photodissociation m the myoglobin haem pocket 

was investigated using molecular dynamics simulations at 300 K [l]. The results show that both 

intemxdi&s (one close to the haem iron and one further away) observed in low temperatu~e x-ray 

studies of photodissociated CO have a high probability of occumne, even at ambient temperatures. 

The fact thar the 0 of CO is oriented toward t l ~  haem iton in the closer intennediat epmvides an 

explarxdm fur the slow rate of CO geminate rebinding. A dinement against x-ray data generated 

fbmtheml~lkdynamicS simulatiansindicatedthattheCOhasrtbroaderdi~b~oninthe 

haem pocket than is apparent from the experimental electron density. This effect is likely to be 

general for systems containing bighly mobile groups. 
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b) Extensions of QMlMM methodoIogs 

gnalytical second derivatives fur combined QM/MN dadations were fomrulated and 

~1emenbedinthecHARMMprogramintafacedwiththeclbinit ioquantum~~~ 

GAMESS and CADPAC programs [2]. 'Ibis makes possl'ble evaluation of vibmlional freqmcies 

and infrared intensities in large systems that m o t  be treated effectively by QM or MM alone; 

examples me polarizable mol&ules in solution and substrates or transition states in enzymes. Test 

calculations on anumber ofsystems, including f d &  in water, butanol, a model transition state 

st~cture for triosephosphate isamerase and the active site d l  of myoglobin, showed that the 
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MMdescriptionof the m a  can c;lpture much of its polarization effects on the QM region. 

Thus the implementation of analytical SecoIlcl dexivatives within the QM/MM framework has 

considerable potential fbr the study of large systems 

A method for calculating tbe chemical shielding tensor of any atom with tlx QM/MM 

approach was developed [3]. The method was described and applied to a number of model systms 

includingthewater~,NMA-water~lxes,cytosinemo~~~~,pal.edandstacked 

nucleic acid bases, imidazole-metal Complexes, aad l'-deoxyribose-metal ion complexes The 

results demonsrmed that with an approPrate QW partition, good descriptionS of the 

=-tal effectsonchemical shifttensors mobtairled. The typical erroTcompared tom 
QM calculations was 1-2 ppm for heavy atom. At distances below 25  & such as occur in 

hydrogen bond, larger ermrs arise due to tbe lack of Pauli repulsion and magnetic rmsceptl'bity of 

the nearby p u p s  in the current QW model; including the hydmgen bonded molecules as part 

of the QM region as a way of solving this problem , 

. c) Enzyme mechanisms 

Threenrechanismsproposedforthetriosephosphateisamerase(TIM)cataly~ reactions 

were studied with the QM/MM appach using B3LYP/&31ffi(d,p) as the QM methMi [4]. The 

two pathways that involve an enediol Species were found to give similar values for the barriers and 

the calcadatedrates are insatisfactory agreanent withexperbent. By conbast, the mechanism that 

involves intramolecularpton transfainthe enediolate was found tobe energetically uufatwKab1e 

duetoelectro~ticinteractionswithHis95,aconservedresiduemTIMfromdifferent organisms. 

Aperh&&on analysis was used to detemhe the residues that make themajor contribution to 

catalysis. 

Choristmate mutase a.cts at the fast bmch-point of mmatic amino acid biosynthesis and 

catalyzes the convenim of c- to pphenate [5]. Tlhe results of molecular dynarnics 

simulations of the submate m solution and hthe active site of choxismate mutase were reported 

Two nonreactive conformers of chorismate wefe found to be more stable than the reactive 

pseudodiaxial chair conformer in soIution. It was shown by QMMM molecular dynamics 
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term and the dieleckic corn& of tbe force field were aajusted to rtpproximate the effects of 

so~vent-screeOing and counterions. Optimal force field para mete^^ were detemnoed . boRNA.The 

m m  favorable binding sites for each residue of the anrinoglycoside ligands were then calculated 

&anpaxed with the binding sites observed expimentdly. 'The predictability ofthe metbod was 

evaluatedanddbmen& werepraposedtoimproveitsacclaacy. 

3 

shulalions, which take into accormt the motions of the enzyme, that when these inactive confamm 

are bund to the active si&, they ace rapidly a m d  to the d v e  chair conformer. This result 

suggested that one oontribution of the enzyme is to bind tb more prevalent nomeactive conformers 

and transom theminto the active formin a step before the c k m i d  d o n .  'fbe rnotiOn of the 

~ ~ c ~ c o n f a r m e r i n ~ a r x i v e s i t e ~ ~ ~ b y u s i n g ~ Q M / M M p o t e n t i a l g e n e r a t e d  

transient strucnnes that ae closer to the tansition state than is the stable CHAIR d-. 

d) RNA recognition 

The~~~~ofRNAtertiary~~proVidesthebasiSforspecificrecOgnitianby 

proteins or smaU molecules [a. To investigate the struchd basis and the energetics which control 

R N A - ~ ~ h ~ ~ , f f a v o r a b l e R N A b i ~ ~ d i i  siteswereidentifiedpSingtheMCSSooethod, 

which has been employed p v i o d y  only for protein receptors. Two different RNAs for which the 

structraeshavebeendetermiaed by NMR specttoscopy were examhe& twostructuTes of theTAR 

RNA which contdus an arginiee binding site, and the stnrcture of the 16s rRNA whichcontains an 

in the force field of the target RNA Tlee Coulombic muxtdtbe target and then energy xmumued . .  . 
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