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mCherry-a-tubulin; MRC5 human lung fibroblast



Microtubules are required for organelle
transport and attachment

100ms/frame

GFP-Rab6A and mCherry-o-tubulin
in a MRC5 human lung fibroblast

movie: llya Grigoriev
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Microtubule Structure
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Microtubule Structure
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Microtubule Dynamics
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The role of GTP hydrolysis:

Not needed for assembly
Required for depolymerization

GMPCPP

Although the B—y linkage is normal,
tubulin doesn’t hydrolyse it under
standard conditions




Microtubule Dynamics

ik =
1 rapid growth with GTP-capped end

1 accidental loss of GTP cap CATASTROPHE

1 rapid shrinkage

06060 =
1 regain of GTP cap RESCUE
l rapid growth with GTP-capped end
SO =
1 etc.
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Dynamic instability in living cells

Dynamic microtubules visualized with Cy3-tubulin
in 3T3 mouse fibroblast



Dynamic instability in living cells
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rate of growth <3-4 um/min 10-25 um/min

rate of shortening 15—-100 um/min 12—40 pum/min



Microtubule polymerization kinetics
Does k¢« depend on the tubulin concentration?

0.8 uM Tubulin 1.5 uM Tubulin

_’oo

o® ,
..,d o
o nqy

Gardner et al, Cell 2011



Microtubule polymerization kinetics
Does k « depend on the tubulin concentration?

The Kinetics of Microtubule Assembly
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Microtubule-regulating factors

nucleation — y-tubulin ring complex

polymerization — XMAP215/ch-TOG

minus end anchoring/stabilization — ninein, CAMSAP
severing — katanin, spastin

depolymerization — stathmin, kinesin-13 (MCAK)

stabilization — MAPs (tau, MAP2, MAP4)



MT nucleation



Microtubule nucleation: y-tubulin

y-tubulin centrosome

nucleating sites
(y-tubulin ring complexes)
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Microtubule nucleation: y-tubulin

i

* microtubules growing from
v-tubulin ring complexes
of the centrosome

Molecular Biology of the Cell (© Garland Science 2008)



Microtubule organization

Microtubules
In Interphase

Dynamic microtubules visualized with mCherry-tubulin

in MRC5 human lung fibroblast movie: llya Grigoriev



Non-centrosomal microtubule nucleation

e MTs can originate from the Golgi

proteins involved: CLASP, AKAP450

Efimov et al., 2007, Rivero et al., 2009
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Non-centrosomal microtubule nucleation

Nuclear envelope in muscle cells
Other microtubules (plants, fission yeast)

Non-centrosomal arrays in insect cells



MT severing proteins
Spastin, Katanin

Spastin

Roll-Mecak and Vale, Nature 2008



MT minus end-stabilizing proteins:
CAMSAP/Nezha/Patronin

Nezha

Meng et al., Cell 2008
Goodwin and Vale 2010
Tanaka et al., PNAS 2012
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Regulation of Microtubule Growth



Polymerization: XMAP215(ch-TOG)

TOG1:0p(curved) TOGH1 :aB(gtraight

TOG TOG TOG TOG TOG

e SS-

Accelerates MT growth rate in vitro
Suppresses catastrophes

A No XMAP215 B With XMAP215

curved of:
tight binding

Brouhard et al, Cell 2008

Ayaz et al, Science 2012
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http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WSN-4RJK02S-G&_image=B6WSN-4RJK02S-G-V&_ba=&_user=499884&_coverDate=01%2F11%2F2008&_rdoc=1&_fmt=full&_orig=search&_cdi=7051&_pii=S0092867407015474&view=c&_isHiQual=Y&_acct=C000024499&_version=1&_urlVersion=0&_userid=499884&md5=59daff4413ccf5b318d2a47ce29d8ac1

Destabilization: Stathmin

Oncoprotein 18/stathmin; RB3, SCLIP, SCG10

3.5 A resolution structure of tubulin in
complex with colchicine and with the
stathmin-like domain (SLD) of RB3

Ravelli et al, Nature 2004



Catastrophe



Catastrophe induction
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Catastrophe induction

Loss of GTP cap
Slow growth, obstacles (barriers)

Catastrophe inducing factors



How long Is the GTP cap?

End Binding (EB) proteins are proposed to
recognize the cap

a-tubcln ¥While

750 GTP subunits /in vivo B-tubulin: GTP

GFP-EB3 and
Seetapun et al., Curr Biol 2012 In a MRC5 human lung fibroblast



Catastrophe is likely to be a multistep process

Catastrophes do not follow Catastrophes occur after several
first-order Kinetics Intermediate steps

Gamma Distribution
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Catastrophe induction: Kinesin-13

MCAK (XKCM1)=KIF2C
KIF2A, KIF2B

neck . -
Kinesin Dimerization

motor
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TIRF Laser Gardner et al, Cell 2011




Kinesin-8 family —motile microtubule

destabilizing proteins

Kip3 (yeast)
KIF18A/B (mammals)

neck -
Kinesin tail

<
E
&
@
E
2
2
©
L
£
=
o
e
O
o

0 500 1000 1500

Flux to the plus end

molecules/min) 12 uM Tubulin 12 pM Tubulin

18 nM Kip3

Varga et al, Cell 2009
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Kinesins affect “microtubule aging” in a
different way

Pure tubulin +Kip3 _ )
3 steps Kinesin-8

— |Catastrophe

Pure tubulin +MCAK . .
1 step Kinesin-13

—= |Catastrophe
Time

Gardner et al, Cell 2011



Rescue



Rescue factors

% & ﬁpésfjo

(¢ )
Polymerization ?
- ¢ cop  Vooos®
V\Depolymerization

Growing MT

Meta-stable
intermediate state




CAP-Gly family of microtubule plus end tracking proteins

MT binding metal-binding
CAP-Gly (zinc finger-like
domains coiled coil domains)
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(large subunit of dynactin complex)

GFP-CLIP-170-N

Monomeric N-terminal head domain
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B »
(Perez et al., 1999, Diamantopoulos et al, 1999, ;
Vaughan et al., 2002)

Movie:Y.Komarova



Microtubule rescue -CLIPs

MT dynamics Life history plots
Cy3-tubulin

control

Length (um)

dominant negative
CLIP-170

Length (um)

Komarova et al., JCB 2002 Time (sec)



Rescue at GTP remnants

T RERETR Tubutin] 0 )
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Recombinant
antibody against
GTP-tubulin

Dimitrov et al., Science 2008



Rescue at GTP remnants

EGFP-Tubulin

216 2885 36.0s . | 432 504 s

FER 7205 L [7925 X | 6645 = | 9365
7 s Pas Vs P AN N ”
M e : 4
4.t - 5
s s \ /\ N ) ,\
1060 5 11525 2245 12965 13685
AN P AL L P P
/~VA ' ,-//.. _//..'
2 : A e
R TR TN~ A
h 4 p 4 ” \ d A

Dimitrov et al., Science 2008

EGFP-Tubulin GTP-Tubulin
. . . .
) , 2 *? ‘
»"*
A ate € %R N
» . / % ’ ‘.; 4 » 2
\ \ N 8
- ° -,
QN 4 : > s
: L I
0
T T I =
3 )
X R B e



MT stabilization- classical MAPS

tau MAP2

. microtubule
tau
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Conclusion

Multiple factors control different aspects
of microtubule dynamics

We still do not understand the mechanistic
basis of transitions between microtubule
growth and shortening



