kinetics review!

k,
AT— B isomerization
http://people.virginia.edu/~dta4n/biochem503/503.html k.
for initial time, when [B] =0:

d[A] =-Kk[A(M)] where [A(f)] is concentration of
dt A at time t

when [B] # O:

dlA] = - k[A(H)]+ k[B(t)]
dt

kinetics of polymerization . 8 kinetics of polymerization

consider non-covalent self-assembly of
globular protein

(e.g., 6- to F-Actin; flagellin to flagella;
pilin to pilus; tubulin to microtubule)

rewriting,

dn =k,c; - k.= k,(c; - 1/K), where K=k,/k.
monomers e dt

K is an equilibrium constant, while k, k.
polymer - are rate constants

what are the dimensions? What are the regimes?

k, has dimensions of mol* sec for ¢, > 1/K, growth

dn - ke, -k for n = number of protomers in k_has dimensions of sec ¢; < 1/K, depolymerization
—_ - KRGt R

dr polymer, ¢; = [monomer] K has dimensions of mol- c§ = 1/K = critical monomer conc.




Model too naive, proteins not spheres

k!

4 rate constants, but still

" only 1 equilibrium constant!

dn, =K', - k"= kfc,- 1/K)
dt

dng =K, - k®= kie,- 1/K)
dt

“treadmilling” at steady state

A
A

A
A
A

A
A
A

generates a flux of subunits through a filament,
can generate motion - requires an energy source (ATP,GTP)

Equilibrium vs. steady state

K= K- K
P B

k. k.

definition of equilibrium includes absence of fluxes and
flows - therefore dn/dt = O is necessary, but not sufficient
to be at equilibrium

How can we measure these
kinetics?

* bulk biochemical assays
+ single molecule techniques




How can we measure these
kinetics?

Real-Time Observation of
RecA Filament Dynamics with
Single Monomer Resolution

My, Mrsmats Mkarrar.* e Plsar, " S Wby st Taskip '

Cell, August, 2006

High FRET (DNA-anly) Low FRET with a filament}

We have ignored nucleation....

Early experiment with flagellin:

length increased linearly with humber of
added monomers

What does this imply?

Kinetics of nucleation different from
kinetics of elongation:

ig = size of nucleus
k, = rate constant for nucleation

i
rate ~ k,c?

How can we measure these
kinetics?

Nature, September, 2006

Direct ion of indivi RecA fil
assembling on single DNA molecules

In summary

In absence of energy source, single equilibrium constant
for monomer-polymer equilibrium

Polar polymer will have different ends, but same
equilibrium constant at each end

With energy source (ATP, GTP) can have different
equilibrium constants, subunit flux at steady state

In general, nucleation is greatly suppressed - kinetically
unfavorable association of small oligomers
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red=39 (out of 375) residues different between
yeast and bovine b-cytoplasmic actin
] g g H 4 ¥ EM reconstruction is yeast F-actin (Orlova et al,
Actin filament has dynamic changes, essential for : " e
force production in the actomyosin interaction, 1996)

that are inhibited by these modifications . pilidelofiacibindinglprofeiisihas]
i been used to explain sequence conservation...

Actin is static, but myosin binds fo a second site il bindijn% proteins are not
5 . ighly conserved (e.g., yeast & human
on actin after ATP hydrolysis, and these \ cofilin share 37% identity)

modifications all affect that second site ol e AT o aEn s s
. . . . can explain actin divergence, not
Will look at what is known about internal dynamics A conservation!
of F-actin e actin-actin interactions in filament
. . . . . dynamics - e.g., subdomain 2
We will ask how these pr‘oper“rles of actin may ; allosteric interactions within actin

explain the remarkable sequence conservation

multiple binding sites for some actin-
binding proteins




D » y cizdidlderiilndisoldgs ddil ooy sighshtiiio;
MusationsNniGesyopaiiy; remankable properties of actin
andemalinesmyopasyAmap)

o air2eloe of Sue Ui

sublniiNherace,

14 amino acid changes in
skeletal a-actin, resulting in
myopathies, are shown

Nowak et a/, Nature Genetics
23,208-212, 1999
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ParM and Actin Monomers Differ at Regions of
Subunit-Subunit Contacts for Actin

Actiglgszeiions aez dllos

C-terminus/DNase I loop coupling exists in 6- and F-
actin
Hydrophobic plug/DNase I loop interaction

C-terminus/Hydrophobic plug coupling in F-actin

ParM and Actin Monomers Differ at Regions
of Subunit-Subunit Contacts for Actin

Allostery arises from internal networks
of coupled residues

Evolutionarily conserved networks of residues
mediate allosteric communication in proteins

Nature Structural
Biology 10(1), 59,
2003
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Otterbein et al.
(2001), modified
G-actin

SV40 all pentamer capsid
from Stehle et al, 1996

“flexible yet specific"




