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S. Lifson and A. Warshel, J. Chem. Phys. 49, 5116, 1968
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Dynamics of folded proteins
J. Andrew McCammon, Bruce R. Gelin & Martim Karplus

Department of Chemistry, Harvard University, Cambridge, Massachusells 02134

The dynamics of a folded plobular protein (bovine pancreatic
trypsin [nhibitory have been studicd by solving the equations
of mation jor the atvms with an empirical porewriol energy
function. The resulrs provide the magnritude, correlations and
decay of fuctuations abour the average structure. These
sugpest that the protein interior s fluid-iike in that the local
atem mations have g diifusional character.

Resurts of X-ray crystallography provide a picture of a
globular protein in its native conformatiom as a well defined,
densely-packed structure, Gther experimental dava' —' and
theoretical considerations'' —4 indigate that there is consider-
able local motion inside a protein at ordinary temperatures,
Morcover. the structural data themselves show that sigoificant
residug o1 suburil displageinents have an inportant role i the
activity of proteins (tor example, enzyme catalysis't, haemo-
globin cooperativity™, immunogiobulin action'). Ta obtain a
maore complele understanding of proteins. it is essential to have
a detdiled knowledpe of 1hc1r dynamics. In spite of the con-

cidarahla affart divactad foe o Fealdinl? e Ttk hac

number of interactions which must be calculated erd also
permits larger steps in the trajectory calculation sineg the high
frequency hydrogen vibrations have becn climinated. Integra-
tion of the equations of motion was performed by means of the
Gear algorithm®t with time steps of ¢.78:107%5 Xoray
coordinates® were used for the initial positions and the initial
velocities were set equal to zero. After 100 equilibration steps,
the siresses in the initial structure had partly relaxed and the
systemn had an intermal kinetic energy corresponding to a
temperalure ol 140 K. At this point, all velocities were multi-
plicd by a factor of 1.5 and 250 more equilibration steps were
taken. The added kinctic cnergy {25006 kcal mol—") parli-
tioned itsclf between kinelic and poleniial terms during this
interval, and an average Kinctic tcmperature of 285 K was
reached. The actual simulation consisted of 9,000 additional
steps, corresponding to 8.8 ps. Some equilibration of the bond
lengths, bond angles and electrostatic interactions continues
during the first 3 ps of the stmulation, producing a small rise in
temperalure. Over the whole simmlation, the average tempera-
ture is 295 K amd the Lotal energy is well conserved, changing
hy only (17 keal mol ',
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