PROTEIN CONFORMATIONS
AND INTERACTIONS IN
BIOCHEMICAL REGULATION

Small-angle neutron scattering, with contrast variation, has MLCK o
provided key insights into the regulation of protein activi- ]
ties. Life functions at the molecular level via a large number of
highly regulated molecular networks through which messages
communicated so that cells can maintain vital ongoing function
and also can respond as needed to external stimuli. Proteins a
the workhorses of life carrying out all the functions required for
survival, growth and reproduction. They are responsible for

motility, transport, signal transduction, catalysis, protein synthe-
sis and degradation, energy capture, transport and conversion,
damage recognition and repair, replication and transcription, et
These activities all must be strictly coordinated, and there are ¢
variety of mechanisms for regulating protein function that are k
to healthy functioning. One of the most common regulatory

mechanisms of protein activity is the addition, or removal, of No substrate Plus substrate

phosphate groups from hydroxyl groups on proteins. Protein
h horviati . vzed b family of 'FIGURE 1. Ellipsoid models derived from the neutron scattering data for

phosphorylation reactions are catalyzed by a family of enZyme 4o 2+ecaimodulineMLCK complexes with (right) and without (left)
called the protein kinases of which several hundred have been substrates. Superimposed within the ellipsoids are the known structures
identified to date. Protein kinase activities themselves are fre- for the upper (orange ribbon) and lower (vellow ribbon) lobes of the MLCK

’ catalytic core. Within the smaller ellipsoid Calmodulin is represented as a
quently regulated by “second messengers” that are released inred ribhon, with the MLCK calmodulin-binding domain (MLCK-I) in yellow.
h lul | . i w o IUptm substrate hinding there is movement of the calmodulin closer to the
the cellular cytoplasm in response to a "irst messenger signa catalytic cleft. At the same time the catalytic cleft of MLCK closes, pre-
such as a hormone binding to a cell surface receptor. Two comsumably about its substrate.
monly used second messengers are divalent calcium ions and
cyclic nucleotides. These messengers modulate kinase activities !N our neutron scattering studies of the
generally by binding to intermediary regulatory proteins that thére Tcalmodulin/MLCK activation mechanism we have deter-
either bind to or modulate their interaction with the kinase suchMined the conformational transitions undergone by both the
that the kinase activity is switched on or off. kinase and calmodulin upon complex formation [1], and the

Small-angle scattering from proteins in solution gives  €ffects of substrate binding on the complex [2]. These experi-

information on their overall shapes and is particularly sensitive foents were performed using samples prepared with the MLCK
domain movements as well as protein-protein associations. In §fezyme complexed with deuterated calmodulin. Data were mea-
case of neutron scattering, the differences in the scattering ~ Sured for the complex in solvents having a range 4 [2vels.
properties of hydrogen and deuterium allow one to use speciﬁCThe basic scattering functions for calmodulin and MLCK within
deuterium labeling with contrast variation to extract structural the complex, as well as the cross term, were extracted from these
neutron scattering with contrast variation to characterize the ~the interpretation of the scattering data. Figure 1 shows the
conformational transitions and associations in the activation ~ conformations of calmodulin and MLCK in the complex with
mechanism of two model kinases; the?@ealmodulin-depen- and without substrate as determined by the neutron scattering

nucleotide (cAMP)-dependent protein kinase. tures available on the components of these complexes into our

ellipsoid models we have been able to gain new insights into the
molecular basis for the kinase regulation. Figure 2 summarizes
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the information deived from the solution sdtering studies
concening the actiation meanism.

Our moe recent solution s¢gering studies of the cAMP-
dependent potein kinase [3] hee revealed the quamary
structure of this kinase hich has tve identical ctalytic and two
identical egulaory sulunits tha bind the cAMP second messen
ger. This binding esults in the dissodian and actiation of the
cdalytic sutunits.Again by fitting the high esolution stuctures
into the molecular erelops dehed ty the neuton dda, we hae
been &le to compae and conast the diferent legulatory meha
nisms br the highy conseved caalytic core of the tvo kinases
we hae studied thusaf.

Our neuton contast \anation studies pavide citical
information aout the gnamic conbrmational transitions under
lying the egulaory medanisms & ae stuging. The aility to
study the global shaes of the component stitures within
complees in vhich thee is inheent fexibility provides a ditical
framavork into which higher esolution stuctural dda on the
individual components can bi. fThese types of pblems cannot
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be studied ¥ high-resolution cystallagraphy when fexibility
inhibits ciystallization. Neither can thebe studied  NMR
when the stictures ae lager than ~ 40 kDarhus neuton small-
angle sciering and contast \aration fills an impotant nide
that helps to assendthe molecular jigsa puzzles thawe need
to solwe in oder to undestand the \ay in which molecular
networks opeate. This undestanding is &y to medical and
biotechnolagy applicaions tha utilize biomolecules and their
unique popeties.
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FIGURE 2. Schematic summarizing the sequential conformational
transitions for calmodulin activation of MLCK. In its inactive
conformation, MLCK maintains an open catalytic cleft. Upon binding
4Ca?*, calmodulin undergoes a conformational collapse as it interacts
with hydrophobic residues at each end of the calmodulin-bhinding sequence
that forms a helix. Substrate binding induces closure of the kinase
catalytic cleft. Thus the fully activated complex is formed.



