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http://people.virginia.edu/~dta4n/biochem503/503.html

kinetics review!

AA isomerizationisomerization
kk++

kk--

BB

d[Ad[A]] = = -- kk++[A(t[A(t)])]
dtdt

where [where [A(tA(t)] is concentration of)] is concentration of
A at time tA at time t

for initial time, when [B] =0:for initial time, when [B] =0:

when [B] when [B] ≠≠ 0:0:

d[Ad[A]] = = -- kk++[A(t[A(t)] + )] + kk--[B(t[B(t)])]
dtdt

kinetics of polymerization
consider nonconsider non--covalent selfcovalent self--assembly of assembly of 
globular proteinglobular protein
((e.g., e.g., GG-- to Fto F--ActinActin; ; flagellinflagellin to flagella; to flagella; 
pilinpilin to to piluspilus; ; tubulintubulin to microtubule)to microtubule)

monomersmonomers

polymerpolymer

kk++
kk--

dndn =  k=  k++cc11 -- kk--

dtdt
for n = number of for n = number of protomersprotomers inin
polymer, cpolymer, c11 = [monomer]= [monomer]

kinetics of polymerization

rewriting,rewriting,

dndn =k=k++cc11 -- kk-- =   k=   k++(c(c11 –– 1/K), where K=1/K), where K=kk++/k/k--

dtdt

K is an equilibrium constant, while K is an equilibrium constant, while kk++,k,k--
are rate constantsare rate constants

what are the dimensions?what are the dimensions?

kk++ has dimensions of molhas dimensions of mol--11 secsec--11

kk-- has dimensions of sechas dimensions of sec--11

K has dimensions of molK has dimensions of mol--11

What are the regimes?What are the regimes?

for cfor c11 > 1/K, growth> 1/K, growth

cc11 < 1/K, < 1/K, depolymerizationdepolymerization

cc11 = 1/K = 1/K ≡≡ critical monomer conc.critical monomer conc.cc
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Model too naïve, proteins not spheres

dndnpp =k=k++cc11 -- kk-- =   k=   k++(c(c11 –– 1/K)1/K)
dtdt

kk++

kk++

kk--

kk--

PP

PP

BB

BB

K=K= kk++
PP

kk--
PP

kk++
BB

kk--
BB

==

4 rate constants, but still4 rate constants, but still

only 1 equilibrium constant!only 1 equilibrium constant!
PP PP PP

dndnBB =k=k++cc11 -- kk-- =   k=   k++(c(c11 –– 1/K)1/K)
dtdt

BB BB BB

Equilibrium vs. steady state
kk++

kk++

kk--

kk--

PP

PP

BB

BB

K=K= kk++
PP

kk--
PP

kk++
BB

kk--
BB

==

definition of equilibrium includes absence of fluxes anddefinition of equilibrium includes absence of fluxes and
flows flows –– therefore therefore dn/dtdn/dt = 0 is necessary, but not sufficient= 0 is necessary, but not sufficient
to be at equilibriumto be at equilibrium

“treadmilling” at steady state

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

How can we measure these 
kinetics?

• bulk biochemical assays
• single molecule techniques
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How can we measure these 
kinetics?

Cell, August, 2006Cell, August, 2006

How can we measure these 
kinetics?

Nature, September, 2006Nature, September, 2006

We have ignored nucleation….

Early experiment with Early experiment with flagellinflagellin::

length increased linearly with number of length increased linearly with number of 
added monomersadded monomers

What does this imply?What does this imply?

Kinetics of nucleation different from Kinetics of nucleation different from 
kinetics of elongation:kinetics of elongation:

ii0 0 = size of nucleus= size of nucleus

kk++ = rate constant for nucleation= rate constant for nucleation

rate ~ krate ~ k++cc11
ii00

In summary

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

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

With energy source (ATP, GTP) can have different With energy source (ATP, GTP) can have different 
equilibrium constants, subunit flux at equilibrium constants, subunit flux at steady statesteady state
In general, nucleation is greatly suppressed In general, nucleation is greatly suppressed –– kinetically kinetically 
unfavorable association of small unfavorable association of small oligomersoligomers
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Let us look Let us look 
at actinat actin
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•• No No sequence sequence 
changeschanges from from 
chicken to chicken to human human 
inin skeletal muscleskeletal muscle

Extensive evidence for active role of actin Extensive evidence for active role of actin 
in in actoacto--myosin motilitymyosin motility

•• Drummond,D.RDrummond,D.R., ., Peckham,MPeckham,M., Sparrow,J.C. & White,D.C. Alteration in ., Sparrow,J.C. & White,D.C. Alteration in 
crossbridgecrossbridge kinetics caused by mutations in actin. kinetics caused by mutations in actin. NatureNature 348, 440348, 440--442 442 
(1990).(1990).

•• Prochniewicz,EProchniewicz,E. & . & Yanagida,TYanagida,T. Inhibition of sliding movement of F. Inhibition of sliding movement of F--actin by actin by 
crosslinking emphasizes the role of actin structure in the mechacrosslinking emphasizes the role of actin structure in the mechanism of nism of 
motility. motility. J. Mol. Biol.J. Mol. Biol. 216, 761216, 761--772 (1990).772 (1990).

•• Prochniewicz,EProchniewicz,E., Katayama,E., ., Katayama,E., Yanagida,TYanagida,T. & Thomas,D.D. . & Thomas,D.D. CooperativityCooperativity in in 
FF--actin: chemical modifications of actin monomers affect the functactin: chemical modifications of actin monomers affect the functional ional 
interactions of myosin with unmodified monomers in the same actiinteractions of myosin with unmodified monomers in the same actin n 
filament. filament. BiophysBiophys. J.. J. 65, 11365, 113--123 (1993).123 (1993).

•• Schwyter,D.HSchwyter,D.H., ., Kron,S.JKron,S.J., Toyoshima,Y.Y., ., Toyoshima,Y.Y., Spudich,J.ASpudich,J.A. & . & Reisler,EReisler,E. . 
SubtilisinSubtilisin cleavage of actin inhibits In vitro siding movement of actin cleavage of actin inhibits In vitro siding movement of actin 
filaments over myosin. filaments over myosin. J. Cell Biol.J. Cell Biol. 111, 465111, 465--470 (1990).470 (1990).

•• Kim,EKim,E.. et al.et al. IntrastrandIntrastrand crosscross--linked actin between Glnlinked actin between Gln--41 and Cys41 and Cys--374. 374. 
III. Inhibition of motion and force generation with myosin. III. Inhibition of motion and force generation with myosin. BiochemistryBiochemistry
37, 1780137, 17801--17809 (1998).17809 (1998).

Two most likely possibilities: Two most likely possibilities: 

•• ActinActin filament has dynamic changes, essential for filament has dynamic changes, essential for 
force production in the force production in the actomyosinactomyosin interaction, interaction, 
that are inhibited by these modificationsthat are inhibited by these modifications

•• ActinActin is static, but myosin binds to a second site is static, but myosin binds to a second site 
on on actinactin after ATP hydrolysis, and these after ATP hydrolysis, and these 
modifications all affect that second sitemodifications all affect that second site

•• Will look at what is known about internal dynamics Will look at what is known about internal dynamics 
of Fof F--actinactin

•• We will ask how these properties of We will ask how these properties of actinactin may may 
explain the remarkable sequence conservationexplain the remarkable sequence conservation

Structural studies can begin to make Structural studies can begin to make 
sense of the conservationsense of the conservation

red=39 (out of 375) residues different between 
yeast and bovine b-cytoplasmic actin

EM reconstruction is yeast F-actin (Orlova et al., 
2001); G-actin crystal structure  (Chik et al., 
1996)
• Multitude of actin-binding proteins has 
been used to explain sequence conservation…

• but actin binding proteins are not 
highly conserved (e.g., yeast & human 
cofilin share 37% identity)

• divergence of actin-binding proteins 
can explain actin divergence, not 
conservation!

•actin-actin interactions in filament 
dynamics – e.g., subdomain 2

•allosteric interactions within actin

•multiple binding sites for some actin-
binding proteins
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Mutations in actin Mutations in actin myopathymyopathy
and and nemalinenemaline myopathymyopathy map map 

to interior or subunitto interior or subunit--
subunit interface subunit interface 

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

Nowak et al., Nature Genetics 
23, 208-212, 1999 

Bacterial Bacterial actinactin homologshomologs can provide insights into can provide insights into 
remarkable properties of remarkable properties of actinactin

ActinActin

MreBMreB ParMParM

~15%~15% ~15%~15%

~15%~15%

ActinActin--MreBMreB comparison shows no conservation of subunit comparison shows no conservation of subunit 
interface, importance of actin sequence inserts interface, importance of actin sequence inserts 

5 of 6 5 of 6 actinactin
sequence sequence 

inserts appear inserts appear 
at key subunitat key subunit--

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

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

Actin insertions are Actin insertions are allostericallyallosterically coupled coupled 

•• CC--terminus/terminus/DNaseDNase I loop coupling exists in GI loop coupling exists in G-- and and FF--
actinactin

•• Hydrophobic plug/Hydrophobic plug/DNaseDNase I loop I loop interactioninteraction

•• CC--terminus/Hydrophobic plug coupling in terminus/Hydrophobic plug coupling in FF--actinactin

Allostery arises from internal networks 
of coupled residues

Nature Structural Nature Structural 
Biology 10(1), 59, Biology 10(1), 59, 
20032003
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Different GDifferent G--actin structure reinforces concept ofactin structure reinforces concept of
subdomainsubdomain 2 being a switch2 being a switch

KabschKabsch et al.et al.
(1990), (1990), actinactin--
DNaseDNase I complexI complex

Otterbein Otterbein et al.et al.
(2001), modified (2001), modified 
GG--actinactin

Subunit switches have been observed in viral Subunit switches have been observed in viral capsidscapsids

SV40 all SV40 all pentamerpentamer capsidcapsid
from from StehleStehle et al.et al., 1996, 1996

““flexible yet specific”flexible yet specific”


