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Fig. 1. The structure of actin (21, (a) The structure of a single actin monomer, a spherical protein with a diameter

of 5.4 nm, it is a nucleotide (either ATP or ADP) bound in the yellow district; (b) an actin filament consists of two

protofilaments which wind around each other as two parallel strands of a helix, with a twist repeating every 37 nm, and

all the actin subunits are in the same orientation, the length of a filament will increase 2.7 nm with an actin added;

(c) an actin filament can be approximately regarded as a cylinder of 8 nm diameter.

MR T RA ATP /KR LSl & A 36K 3 /)
SR A 2 R T e 2 Uy R R E LRSI
HHIRTFE. BEAh, STHR [11—13] K 5 181 J1 4
PR FE 7 30 3o i F AR ELAE FH T B 4 4 1) R AN
WK, EX ST EEN R ER R, R
BEFH Tt B DB E R A 4 4 1 3T K 4F
YIRS 1% B RIS R FE Y BT A
FA— WM. AN % EH T /R i/
FRBEES R T AR, Rtk &2 TR L
SR A HRORD A 4 E AR AR AR RATT SR AT B
BT B B S WL & Rk — YR 2 2
TR AR K B R IE ORI 4T 4. AR R g T3],
AIAE LB B 1 25 4 1) 41 2% 5 7 2 il ) 2 1
P =18 R BRI BN & (WA 4 A R EROIR S
NS FIXG R FEEL, A0 T Bl A4 4Er) 4
BB S U B ING FIK Y BUTA.

2 ZEOTALABHBRRE N ELSHE
e %5 %
W) B 1 £F 41 S A A R A B = A AR
B Bl K R U I 2R

FLAR, A TX L BRI e 4 5 T SR R B A .
Rz, — BRI, A KT 4G, 40

HARG TR A K, RS, RS,
VAR R AR 2 1 P i ) R R A AE A R, (B
MK EABAEY R E5E, ZI%ATP K
fige, PR L Ay R IR AT R A KA L. 8
TR AT M AL S Bl B DL, BATTE 5 <7 17
AR LT YE M o 45 SR H n BEIN () A2 A 2.
RHEH n i PR 5SS

A (km 4 ke (co

dt B ML(t))

%
( off + woff (1)

S, co RV W I S ARV B, VR AR M

RRLIBE Ko kRS 45 31 227 26 1 B 4% 50 2T 4
TS B 2 TR R, T ELAE b R B 20
TELTAE W . Wb A wBS, STV 1 il
5 1WA JEE L IE L ol TP £ 4 195 5
TARHIRRTE R, 4% ba 2o AT TES, T po

M. 1% B MR T AR IR AT R R A
. v
") = 3 )

X [(kS2 + k2S)eo — (woie + whip)]
kba kPO
X [1—exp<— wﬂ (2)
Rk, WahiE A 4K BT LLRR A
L(t) = Lo + an(t), 3)

178702-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 17 (2016) 178702

o, o N BE, Lo RVILAR ZIZF 41
133
SLU, SR SRS 5 ¢ L
WUEER (P B O R P 400 S0 F 0
LS E PP
d <nba>

b, b
dt = koic - wofa}
F & ()
nPe
dt = kggc - w(I)Jfof'

B, LHAERIHE IR, Jy(c), AIEHN

ba po
R

= (ko + kB)e — (woit +wig).  (4)
F T I S (B3 ) A~ 45 1 0z R T fiig (2R
iy, L3 A 57 S AR T 2T 4 R0 4 o o7 B L
HY B AN BRI, e A, VAR P AR IR B
FERON, T7RE (4) BOA A AR, 2R 4 R
A F) K B 5 s I 1) £ A8 A 2 2 A 48 o s
P, X R TR, ¢ 2R T K
Tl TR E cor, T 2T 245 9 S F W 79 BE 7T 7R A
Cor = whp /KBS = wha /Kb B2 oyl T A
AR S5 /NHL I AS ¥ 45 45 ADP 21 25 36 K R Ak
FERIHR 2. B AT AR i, e IR A A R
I R P, 3 2 R ph T VA VR B T IR BEAS — #
IR S G /N AR AN TR B TUR L VE R h PR LA B
ERUESCEIGI) F SL o N O TTE R (NEAIDAER 1
H 1R AT B ) 7 2 AR B A8 4 3R el R A iR
TR A G 9IS TS, 7T LA 247 4 b i
AN BRI FE RO &, T HIRA1E 216
TSI AN AN ) S 6N B o 5 R — 5L

2T Yk 1) 39 1K R O W] DA o B A e 4 ) 2T 4

P93 S B AR . LT 4R P E ST R A 8
A2 1) e i) 1] gl B2 45 4 6F T 1) 4 A 22 0 A B AL
o fE oA RN E AT 18 B0 A B v S
B P IR LI A 1S 38 S R I IR 7, T HLR
ST 59 55 A5 B T SRR, 1)/ 7o FVE R BRI VR
JE e R IE BE. T 2T 4 P o ) 2R 3 3 2 5K AR
Won = kone = 1/7on. BRI, £F4ERIGKH 2 7] L
Sibu BSOS XEIN NI STiRak

To(e) = I
g ba po ba po
Ton Ton Toff Tott
__, ,ba po ba po
= Won + Won — Woff — Worp- (5)

% S J\Bh R 4T 4 (0K B 43 A R AR P, () Bl
AR, P, (t) R Z0 ¢ B —NEE n A
AR A JERE R, BB n BARK R H A8
TR 4 SO VR SRS ARSI, S T AN K
(£ S AR B2 TR) R B 45, DA S 2F 4 M v 1) W Fr) 1
L. R, P, (¢) AT a4k 8 B DY R AS ] f ik A ke
T R A8 T LA ZT 44 F 1 i A 1D, LR 4T 4
PR R AEAT ] — I R R R AN, AT N

dp,

dt
= (k52 + kBS) Ppq P+ (wit + wP) Posa
— (k22 + kBS) PPy — (whi + wP) Po. (6)

30 *

b0 SR
B

10 A
04
(b)
—10 T
0 2 4 6 8 10 12
c/uM

2 4i& ADP RINLBYE A LT 4 Kl A T () Bk &
AR E ¢ MIEAG I ZR  (a) 0 (b) H 00 S50 B #
HZ%E 3R [19, 20], RAEREMAANEIRSR. BT
Pollard Il Carlier /N1 F (17 W28 TR EEAN ], BRT g P
i (a) (b)) 20 B A [E] Bl S R

Fig. 2. The growth rate Jg(c) of ADP-actin filaments
as a function of the solution concentration ¢ The ex-
perimental data of (a) and (b) are taken form Ref. [19,
20]. The black dots are the results of numerical sim-
ulations Note that the critical (or equilibrium) con-
centration at which the growth rate vanishes is rather
different for the two sets of experimental data reflect-

ing the different ionic conditions.
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Fig. 3. The three probabilities for the terminal pro-

tomer at the (a) barbed and (b) pointed end as a

function of free actin concentration, where P)lia and

Pf;o are separately the barbed and pointed end with

Y = T(ATP),©(ADP.Pi), D(ADP).
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Fig. 4. The total growth rate Jg as a function of the
monomer concentration ¢ The two different sets of
data have been obtained by measuring the average fil-
ament length (black squares) and the average waiting
times between successive attachment and detachment

events (red stars).
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Abstract

We investigate the dynamics of actin monomers that are assembled into long filaments via the particle-based
Brownian dynamics simulations. In order to study the dynamics of long filaments containing up to several hundred
protomers, a coarse-grained model for actin polymerization involving several simplifications is used. In order to overcome
the large separation of time scales between the diffusive motion of the free monomers and the relatively slow polymerized
and depolymerized processes at the two ends of the filaments, all polymerized and depolymerized rates are rescaled by a
dimensionless parameter. Actin protomers within a filament generally possess three nucleotide states corresponding to a
bound adenosine triphosphate (ATP), adenosine diphosphate with inorganic phosphate (ADP. Pi), and ADP molecules
in the presence of ATP hydrolysis. Here in this paper, single nucleotide state and two nucleotide states of actin protomers
are described by the simplified theoretical model, giving the dependence of the growth rate on actin concentration. The
simplest case where all protomers are identical, is provided by the assembly of ADP-actins. In the simulations, the
growth rate is found to increase linearly with free monomer concentration, which agrees quantitatively with in vitro
experimental result. These surprised phenomena observed in the experiments, such as treadmilling processes and length
diffusion of actin filaments at the steady state, are presented in detail by Brownian dynamics simulations. For free actin
concentrations close to the critical concentration, cr = ccr, T, the filaments undergo treadmilling, that is, they grow at the
barbed end and shrink at the pointed end, leading to the directed translational motion of the filament. In the absence of
ATP hydrolysis, the functional dependence of a length diffusion constant on ADP-actin monomer concentration implies
that a length diffusion constant is found to increase linearly with ADP-actin monomer concentration. With the coupling
of ATP hydrolysis, a peak of the filament length diffusion as a function of ATP-actin monomer concentration is observed
i. e. , the length diffusion coefficient is peaked near to 35 mon? /s below the critical concentration and recovers to
the expected estimate of 1 mon?/s above the critical concentration. These obtained results are well consistent with
the experimental results and stochastic theoretical analysis. Furthermore, several other quantities and relations that are
difficult to study experimentally but provide nontrivial crosschecks on the consistency of our simulations, are investigated
in the particle-based simulations. The particle-based simulations developed in our studies would easily extend to study

a variety of more complex systems, such as the assembly process of other dynamic cytoskeletons

Keywords: actin filament, assembly, treadmilling, length diffusion
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