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ON RATES AND OFF RATES
Alinear polymer of protein molecules, such
as an actin filament or a microtubule,

monomers) is given by the rate constant ke,
which has units of M" sec”!. The rate of loss
is given by ko (units of see ™).

polymer (with nsubunits)  subunit

'}

polymer (with n +1 subunits)

THE CRITICAL CONCENTRATION

‘The number of monomers that add to the
polymer (actin filament or microtubule) per

addition equals the rate of subunit loss.
At this equilibrium,

sothat
Ko _1
Gom Ko 1

(where K s the equilibrium constant for
subunit addition; see Figure 3-44).

PLUS AND MINUS ENDS

NUCLEATION A helical polymer is stabilized by multiple contacts between
adjacent subunits. In the case of sctn, twa actin molecules bind relatively weakly to
ach other, but addition of a third

Furlar froneondt addiensin aka idcs v i ¥l Wil theinios ss a8
For tubulin, the has a more
plcatsd eiructur (possby 8 ing of 1 or mors tubulfn molecuiss—butthe
Erincpl s the sa
"Tho sesomibly of a nuclou s relatvoy siow, hich explains the ag phase
seen during polymerizston. The lag phase can be reduced

or actin filaments, are. -mm.

TIME COURSE OF POLYMERIZATION
polymer s
g

ora

The lag phase corresponds to time taken for nucleation. 1Me —=

The growth phase ocours as monomers add to the exposed ends of the.

‘growing filament, causing filament elongation.

The equi phase, or steady state, when the growth of the polymer
due to monomer addition is precisely balanced by the shrinkage of the polymer due
to disassembly back to monomers.

The two ends of an actin filament or microtubule polymerize
at different rates. The fast-growing end is called the plus end.

The

ade

of each subunit as

free subunitin
subunit T polymer

the two ends.
Even the

- Thus, for €> G,

and




NUCLEOTIDE HYDROLYSIS ATP CAPS AND GTP CAPS

toa The
ightly - Similarly, each growing actin filament or microtubule
tubulin o conboeste thenthe rate o which e

i) i gl
O : such conditions, the end has nv

orGDP) triphosphate—an ATP cap on an actin
filament or a GTP cap on'a microtubule.

Hydrolysis of the bound.

from each end of the
16-11 for s possi & form

Considering events at the plus end only:
Guaae N

Asboforo, he o C=C, For DYNAMIC INSTABILITY and
1, and K they polymer TREADMILLING are two behaviors
3 Ron omarved incytostaiets polymare, Both
Fon ooy or G 5% ‘are associated with nucleoside tr
o0 hydrolysis. Dynamie instability is believed
to predominate in microtubules, whereas

/E:.

hydrolyzed
froo subunit  [57] - ().

TREADMILLING

the

polymer.Since #,and K",y rofer to different reactions, their ratio
on e ot b the same at both andis of the polymer, so that:

€. (minus end) > C; (plus ench

Ths, if

is above G, for the plus end but below G for the minus end. At this
state, subunits atthe

net disassembly at the minus end at an identical rate. The polymer

through the polymer, known as treadmilling.

DYNAMIC INSTABILITY

‘tubuilin than from one containing GTP tubulin. A GTP cap favors growth,
butfit i lost, then depolymerization ensues.

GTPcap.

SHRINKING

Individual o
2 period of rapid disassembly, a phenomenon ealled dynamic instability.
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Actin iilament Filament sliding

end

+ end

+ enid

Filament slicing

La actina y la miosina generan las fuerzas necesarias para la segmentacion.

La segmentacion se consigue mediante la contraccion de un fino anillo compuesto
principalmente por una formacion superpuesta de filamentos de actina y de

filamentos bipolares de miosina II.

remaining overlap
from central spindle
1

contractile ring ol actin and
myosin filaments in cleavage furrow

(A}

10 um

0.5 um
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7
dense matrix material

@ATPbindstoa myosin head, which is
released from an actin filament.

© The myosin head attaches to an actin
binding site, with the help of calcium.

New position of Z line

@) The power stroke slides the actin (thin)
filament.

El anillo contractil se
elimina por completo al
terminar la
segmentacion, cuando
la membrana
plasmatica del surco de
segmentacion se
estrecha formando el
cuerpo  medio, que
permanece como un
puente entre las dos
células hijas.
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Bundle of muscle fibers

Mitochondrion

Motor Synaptic
end plate terminal T-tubule
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- frequency of catastrophes
suppressed and/or growth
rate enhanced

[ I—
GTPcap RESULT:
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COMPONENT POLYPEPTIDES

CELLULAR LOCATION

Epithelial

Axonal

lamins A, B, and C
vimentin

desmin
glial fibrillary acidic protein

peripherin
type I keratins (acidic) }
type II keratins (basic)

neurofilament proteins
(NF-L, NF-M, and NF-H)

nuclear lamina (inner lining
of nuclear envelope)

many cells of mesenchymal
origin

muscle

glial cells (astrocytes and
some Schwann cells)

some neurons

epithelial cells and their
derivatives (e.g., hair and nails)

neurons
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TYPE EXAMPLES HEAD

I Keratin
II Keratin

Il GFAP, vimentin,
desmin, peripherin
IV MNeurcfilaments

v Lamin
VI Mestin

W - - Felical coiled coil

keratin filaments desmaoaome

—t —

LY
basal lamina hemidesmaosome
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cadherin
family proteins

anchor proteins

keratin filaments.

- Intermediate

plague
- k ~ ilaments

- Plectin
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ACTIN FILAMENTS

o5 ara long. hollow cylinders made of the protein tubulin. With an
eter of 25 nim. they ar much more rigid than actin flaments.
e are long ard straight and typi

o (MTOC) called h

ntermectste #lamess are ropelike fibers with & diameter of around

v nuclear

Gne type of
meshwork called the nuclear lamina just beneath the
brane. Oth he cytoplasr

strength. n an epithelial tissuc, they pan the cytaplasm from one call-cell
junction to another, therel olium.

Table 16-2. Drugs That Affect Actin Filaments and Microtubules

ACTIN-SPECIFIC DRUGS

Phalloidin binds and stabilizes filaments

Cytochalasin caps filament plus ends

Swinholide severs filaments

Latrunculin binds subunits and prevents their polymerization

MICROTUBULE-SPECIFIC DRUGS

Taxol binds and stabilizes microtubules

Colchicine, colcemid binds subunits and prevents their polymerization
Vinblastine, vincristine binds subunits and prevents their polymerization
Nocodazole binds subunits and prevents their polymerization
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