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polymerization
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Time (min) Polymerization is

a condensation phenomenon.
Polymerization Process

= Nucleation-+elongation End concentration is in equilibrium with
Monomers.
Oosawa & Kasai, “Actin” in “Subunits in Biological Systems” ed. Timasheff, Marcel Dekker, 1971. 7

Oosawa & Asakura “Thermodynamics of the Polymerization of Protein” Academic Press, 1975
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GFP-actin-transfected melanoma cell Filopodia in live growth cone of Aplysia bag cell neurons
by J.V.Small at http://cellix.imba.oeaw.ac.at/ observed with Pol-Scope
lamellipodium-in-3d/ K. Katoh, K. Hammar, P. J. S. Smith, and R.Oldenbourg

Molecular Biology of the Cell 10, 197-210, (1999)



TOF-RLYRSYLY

ADP ATP

O \

B-end P-end
(Barbed end) (Pointed end)
F-actin (ATP-F = ADPPi-F > ADP-F)
Polymerization De-polymerization

[G-actin] at speed
Steady state
Purified actin 0.1 uM 3 um /90 min
(in vitro)
Lamellipodia 2 uM 3um/1min
(in vivo)

From Pantaloni, D., Le Clainche, C. & Carlier, M. F. (2001). Science 292, 1502-6.
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Pollard, TD (2007) Annu. Rev. Biophys. Biomol. Struct. 36:451-77
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Cyan=F

G-actin

F-actin

Oda T, lwasa M, Aihara T, Maeda Y, Narita A, Nature (2009) 457:441-446
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Diffraction limit 3 A

Super-conducting
magnet 18.3 T

X-ray fiber diffraction intensities

Crystal structure
of G-actin
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Cryo-EM
13.8 A resolution
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Computer science

normal modes analysis,
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Oda T, Iwasa M, Aihara T, Maeda Y , Narita A, Nature (2009) 457:441-446
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Fujii, T., Iwane, A. H., Yanagida, T. & Namba, K. (2010). Direct visualization of
secondary structures of F-actin by electron cryomicroscopy. Nature 467, 724-8.

Murakami, K., Yasunaga, T., Noguchi, T. Q., Gomibuchi, Y., Ngo, K. X., Uyeda, T. Q.
& Wakabayashi, T. (2010). Structural basis for actin assembly, activation of ATP
hydrolysis, and delayed phosphate release. Cell 143, 275-87.
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; ;X Units in neutral position are not able
to self-assemble

a

Altered units can self-assemble

DLD Caspar (1991) CurrBiol. 1:30-32.
LS Penrose (1959) SciAm. 200:105-114.
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Narita et al, EMBO J. (2011) 30, 1230-1237.
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Single particle analysis of cryo-EM pictures

Cryo-EM picture of single F- Actln/CP complex

. U—’y
Narita,A & Maéda,Y
J.Mol.Biol. (2007) < s
365:480-501 C

i 10 nm

To average many images, the axial and azimuth position of individual
protomers should be correctly determined.

» To do so, the known filamentous structure is used as the reference (b)
« From comparison between image (a) and the reference (b), y (the axial
coordinate) and ¢ (azimuth coordinate) are obtained.

 Then, it Is relatively easy to specify (by choosing an integer number)
the protomer to which a biding protein is attached.

» Obtained initial structure should be refined.
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ATP-actin B-end

ADPPi-actin X= K, k. Ce=k/k,
ADP-actin ATP | 10 pM-is? 1st 0.1 uM
ADPPi | 3uMis! | 0.3s? 0.1 uM
ADP | 3puMist 6t 2 uM
P-end, forr=0.1
X= K, k. Ce= kUK,
ATP 1 pM-ist 0.1st 0.1 uM
ADPPi | 0.3 puM1st | 0.03st | 0.1puM
ADP | 0.3puMist | 0.6s? 2 uM

r = Kpy./Kaxs = Kpy /Kay.

ATP hydrolysis in F-actin=0.3 s
P. release rate at eitherend =251 5,
P. release rate in F-actin = 0.003 s’
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ATP-G7UFViREE 1uM ERET S

1. ATP-GZIFUNEESAKIFIZHEE TS
Bin CNEAMEE (10s?) (& ATPANK D FRIERE 0.3 stk YELY
PIRCTHDES FEE (1s) & ATPIIKSFEEE 0.3 s1ERIRRE

KO TBImlILIFEAEREIZATP-F7UF 2, PimlEADP-F7 U F L THAHAEEMNF LY
CHEITHDEEIZLD (Plgdkinetic barrierAA EFLT=2)

2. ATP-F7OFUNFEETHBImDEEFREEX 0.1uM (< 1uM)
ADP-F7OF UM EHET APinDEREEX 2uM (> 1uM)

Ko TBIR (F{HRERL . P (XiEHET B
CHDEF(UREFBEREOFEERXILAFRIZES
ADP-F7IOF 2 DIGMEYRETE (ATPIIKHEIZKD)
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1. BERIZESFa1—TUUHNFOER (EHhE > EHFE)
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3. ERAMHOSsFRIEEMERAREICL—THEEERATHS
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BUNETORIASAV DR
GTPFEEE!/GDPHa & &, /EHnEY/EiRE

In vitro. (+)end

(a) Tc GTP bound sllghtly curved
. SRS RERE D Ds = GDP-bound, straight

Ts = GTP-bound, straight
@ GTP-tubulin . e _;f.- 133858505 0585051

OC GDP-tubulin -

Dc = GDP-bound, curved

FENE ERE-#%E-B% 51:529-534 &Y llilustration by T.Ito



1SAO0 : Ravelli, R.B., B. Gigant, P.A. Curmi, I.

Jourdain, S. Lachkar, A. Sobel, and M. Knossow.

2004. Nature. 428:198-202.




v-Tubulin Ring Complex (YTRC)

(a)

BFa—"7") Y w—t
aFa—TYy=—0

% B IR

Moritz M et al, Nature Cell Biology (2000) 2:365-370 &V 27
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EM structure of

Crystal structure of CP
CP/B-end of F-actin

Yamashita A, Maeda K,
Maéda Y. (2003) Narita A, Takeda S,
EMBO J. 22: 1529-1538. Yamashita A, Maéda Y. (2006)
EMBO J. 25:5626-33.
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CP V-1 E &R DIE&EEE

V-1 sequesters CP by binding CP on the actin B-end binding region

A B
o
4
bt & 4
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1‘ \’ST S’
) " -
CP a-subunit

3AAA

Takeda, S. et al. (2010) PLoS Biol 8, e1000416.
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CP is divided into two domains, and the twisting angle between the two is variable.

R266(ct)~, +«— R266(a)

Takeda, S. et al. (2010) PLoS Biol 8, e1000416.
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CPES Y DIEE LI IF R —

CARMIL peptides binding groove on CP is remote from the actin binding region
and spans the two domains across the boundary

A CARMIL (CA21)  oos REEMIFRKLEIIARN - ~KKQOETOA 1005

CD2AP (CD23) 485N 13IUMPG-R-RLIZGRFNGs07
CKIP-1 (CK23) 1488SY DREVUTQHSR-RP)FTRG 170
CP-binding motif L) XXIPUXKKKKXK
CP-binding motif " C-terminal
flanking
region

33
Takeda, S. et al. (2010) PLoS Biol 8, e1000416.



Normal Mode Analysis with elastic body approx.

Free CP

front view top view

rotational axis by
normal mode analysis Takeda, S. et al. (2010)

rotational axis by &

) a-subunit axis PLoS Biol 8, e1000416.
structural comparison p

[-subunit axis
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AR 1

CPAFHDEEDIELNE |ZE:
SAIL-Y3-2H14N'2C CPBAC33 : 'H-
(0.13 mM CP 40 mM sodium acetate [pH 6.45], 100 leKCI, 1 :\M DTT, 0=5 mM EDTA,

205295 (SAIL-NMRZ)

1H-13C arom CH TROSY

O0-SAIL Phe

SAIL7S/E& (Stereo Array Isotope
[RFZ E R Z B AR Z
L,

Labeling):
2> FEIRO[EERZEIE AT 6E
DFEEHDIFZoHNSIOEHE
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130 :
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O 1391
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R 7% 6.5
@y-H (ppm)
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Trypsin binding reduces the aromatic ring flipping rates

Free in solution (5.8kDa)
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Trypsin complex (30.5kDa)
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Ring flipping rate of Tyr-35 drastically slows

down in the trypsin complex

M.Takeda & M.Kainosho, unpublished

1 !
30 40
Temperature (°C)

Free Complex

37



HRAF 2. EHEESHORERHA:
(1 EEORE. (2) MESMEDAN=X LR

#% R AR E R F TOFoDERIIEHKT S
(Arp2/3) BENICEIESIEZELESLEN
(DTRADDTIF5F

MR AL, EDESIS | =
ERTHN?

ne| ane

3. FHFUEABOELHIE
W—T L —THE DI HfE ?

From M.F.Carlier

A E A
" cofilin ('@
‘ @

RESRERF
(cofilin)
(2)ED &SI
LW—THEETRTE
RIS T D ?

QO
) ¥l

|

e

oA
W

1
‘1\\74

e
A \5\7" 1

%3

N

—167°[t,

Bamburg, McGough, & Ono (1999)3
Trends Cell Biol 9, 364-70. 8



RAR 3. iRNOESEIRLESHDORERNA:
BSEBETOT7 IF R R - DEROERE (BEFHRN T 504)

| TOFUESARDDIRFEE (Lamellipodium)
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