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The general aim of the research conducted during the 

develop methods to character!« the energy landscapes (locate 

points) in large systems at finite tamper***«. There are 

chemistry, biology, and material science in which one is 

ics, material and properties of systems in high dimension, 

the norm include kinetics of folding of bioinolecuks, 

glass transition, behavior of polymer« at interfaces. For all 

theoretical description of the various properties require the 

transition states in high ämenäonal free energy surface, 

iag period we accomplished three important goals related to 

and use of systems whose underlying energy landscape is 

our research we used examples from th. kinetics of 

Large Systems" 
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sequences 

V 

we developed are quite general and should be applicable in 

polymeric substances. The three goal« that we accomplished are: 

of replica molecular dynamics (HMD) to probe the minima and 

systems with a distribution of minima and maxima. All of the 

have considered belong to this category, (b) The use of energy 

classify folding kinetics of proteins, (c) Design of peptide 

a designed structure. A brief description of each follows. 

Replica Mofecular Dynamics: Consider a rough energjr 

there are many minima that axe separated from each other 

located only on long time scales.  In typical simulations of 

assuffi«d that on the computational time scale adequate s 

mations take place. This is the ergodic theorem. If the si 

is not high enough for the barriers to be overcome then the 

trapped in one of the minima and reliable results cannot be 

question that needs to be answered is how the existence of 

ture be detected? We developed a novel simulation rnethoc 

replica molecular dynamics (HMD), in which two replicas of 

distinct initial condition, are generated. For each initial 

tho design of novel 

(a) Development 

barrier heights in 

sxamples that we 

ljandscape ideas to 

that fold into 

tie 

landscape. Here 

barriers that are 

arge systems it is 

of the eonfbr- ampling 

simdlation temperature 

i ystem will become 

obtained. The first 

nailtivalley strue- 

referred to as the 

ihe system with two 

condition we calculate 
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long 

tOAt 

inverse 

the time average energy of individual particles assuming that thi 

function of the system is given. If the observation time sale is 

value is the average energy of the given particle which is a wel 

dynamic quantity. We introduced the energy metric which ca 

dependence of the distance between the time averaged values of 

particles starting with the two distinct replicas. We showed 

which the conformational space is sampled efficiently the i 

metric goes as Dt, where D is the rate of exploration of co 

there is a bottleneck between the two basins of attraction then 

aturates. The temperture dependence of the energy metric 

rier height separating the basins of attraction. We have appli« 

understand the dynamics of proteins. In particular we showeji 

there are tninime and barriers rangibg from the small energy 

scales. Thus in order to understand macromolecular se 

account for motions from few angstroms length scales to th< 

infon national 

elf«rgat izati1 

system. 

ices Folding Kinetics of Protein«: A concrete test of these ic 

the folding kinetics of proteins. Proteins are known to be governed 

potential energy 

the long time 

denned therrno- 

culated the time 

the energy of the 
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the energy metric 
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ty 

temperati ire 

t«> 

energy landscape. In order to understand the kinetics in terms 

rough energy surfe« and connect to experiments it is necessaty 

properties of th. landscape to intrinsic observable* of proteinj 

that the folding characteristics can be succintly accounted for 

teristic temperatures One of them is T. which is the 

if a confornaetional collapse from an extended conformation 

The other is T, at which the protein adopts the unique native 

that minimisation of the difference in these two temperatures 

landscape thus guiding the polypeptide chain into the unique 

verseiy if the difference is large then the landscape is rough whi 

folding. The major conclusion is that all the complexities of 

ergy surface can be folded into this one .ingle parameter and 

folding kinetics emerge by merely tuning this difference in 

Design of Folding Sequences: If it is correct that 

two characteristic temperatures leads to fast folding in a 

«urface then it must be poswble to design optimized 

into a given structure i.e., one should be able to approxim* 

folding problem.  We set out to do this in the context of 

>f the underlying 

to connect the 

We discovered 

sequences 

,t^y 

the two charac- 

at which there 

a compact state, 

ttate. We showed 

liads to a smoother 

native state. Con- 

hifch leads to sluggish 

the rough free en- 

's arious scenarios for 

temperatures, 

minimization of the 

atoother free energy 

that would fold 

solve the inverse 

design of four helix 
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starled 

bundles. It hu been shown experimentally that there are few 

of ainincacids that would fold into four helix bundle«. We 

model containing just thr* aminoecid residues (following eoq 

we performed monte carlo in sequence space and monitored 

yielded low values of the difference between T. and TP. The 

were a few sequence, that can yield optimised structures. We 

kinetic* simulations to show that these sequences indeed fold 

taming the rugged landscape we have come up with a design 

sequence, that fold into a given structure. We believe that to 

and applicable for designing polymeric materials on mesoscop! e 

candidate sequences 

with a ample 

:J|ariinents).  Then 

thdse sequences that 

resjalt was that there 

then performed a 

rapidly. Thus by 

criterion for finding 

method is general 

length scaies.0 
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