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Abstract

BACKGROUND: At present, the roles of actin and myosin II, two important cytoskeletal proteins, have been widely studied, but their roles in the regulation of
cell mechanics are still incomplete.

OBJECTIVE: To elucidate the roles of actin and myosin in the regulation of cell mechanical properties.

METHODS: The surface elastic modulus of the long axis and short axis terminal regions of the Hela cells over time was measured by atomic force microscopy.
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The Cytochalasin D (inhibitor of actin polymerization), blebbsitatin (inhibitor of ATPase of myosin Il) and Calysulin A (enhancer of the myosin Il contractive
activity) were used to treat Hela cells. The F-actin, myosin Il and activation characteristics of Rho A in Hela cells were analyzed by confocal microscope.
RESULTS AND CONCLUSION: (1) In the inhibitor treatment group, the surface elastic modulus at the long axis and short axis terminal regions showed a trend
changes, and the change of opposite terminal regions modulus was inconsistent. (2) Inhibition of F-actin polymerization decreased the surface elastic modulus,
but the enhancement of myosin Il contraction activity significantly increased the surface elastic modulus. (3) The surface elastic modulus increased with F-actin
aggregation, and regulated by Rho A activation, but it did not change with the aggregation of myosin. (4) The results showed that the changes of mechanical
properties of cells caused by actin and myosin Il were not only numerical changes, but also asymmetric changes of mechanical properties. These changes were
regulated by the distribution of actin fibers and the contractile activity of myosin II.
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1 #EF155E Materials and methods
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2 1) bR SR R 2 T 2 0 AT
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1.3 ##t

1.3.1 ZHfukk Hela ZHiff ( N F 34 pg ) 08T 55 [ B Ah fr
SO o

1.3.2 SeieilA) IR (REE, THE): PIR
EINK B(Sigma A ], ) L3N E E L 4E R A R
Cytochalasin D(Sigma A &), FEE); WLER&E & 11 19 ATP [
I P 4101 11 77 blebbistatin(Sigma A ], £ ): AlEkE A
e 45 3% P 3 55 57 Calysulin A(Merck 2 &), 4 [ ); pTrix-
RhoA FLARE.sc Biosensor Jfi i (Addgene, #12150™, 25[H ),
pCMV-mCherry-MHC-IIA Jiii % (Addgene, #35687™, [H );
Lipofectamine 3000 X7 (Sigma, Z£[H ).

1.3.3 SIS B 5FEM CO, s 7548 (Thermo Fisher A7,
F[H ); CCD K% R4 £ % (DP70, WA M AR, HA);
AR (B ) WOk LR R (FV1000, BEARELHTAH],
HA), 517158 4% (BioScope Catalyst, Bruker A 5], EH );
35 mm JLERAES IR (NEST A w], HE ).

1.4 Z¥7ik

141 HfE#E# Hela 4HMURGF= T 37 C, B4 5% 11
CO, MMusEFRFE . R4 Z 0.25% s AR L, LA
1x10° L' 4 ik FE BB P 1 35 mm JLRAERT R, 4K S
48 h (70%-80% fil & ) HEAT JE 45556
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sAVERL RN R, 0 mTARE BTk T, e IEH Hela 4
JIMMERAE NN IR, S8 BLHZAE IR % Hela A I A VL3h 2
1 2] 4 28 & 1 i1l 7] Cytochalasin D (2.0 umol/L). LEREE 1 11
H] ATP g 3 11 1551 71 blebbistatin (80 pumol/L) FIALER 2 (1 11 U
A5 PEEG 5557 Calysulin A (20 nmol/L), FIEH 1 mL, {EH
)N 60 min, HEATRIMH AN . BRI R KR
Mg TR & b, fREF37 ClE, MRFHEREERTE
PR IE, U AR e R P R KR X e 0 7 D U
FE K S R KON Al O S (BRKE AL )
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Figure 1 | Position of surface elastic modulus
" testing in cells
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G5 A. LL0.02% L EANAL 3R (1) TE H5 Hela 41 i Jy =5 1 0T
WAL, 400 70 AL B 20 2 1E % Hela 4R025 T 1 mL ULBNEE A4
4 B4 J1 1) 71 Cytochalasin D(2.0 umol/L). 1 mL ALERE 11
{7 ATP il 35 £ 411 41 77) blebbistatin(80 pmol/L) B¢ 1 mL LBk &
M 11 e 405 PR3 55 751 Calysulin A (20 nmol/L) &b 60 min,
AT BIR Gt DR, DIFKE I A oA R AR e KB
AUERE AT A B4 fkk, 56 pCMV-mCherry-MHC- 1T A
L TE H Hela 21 ffl ( {K ¥ Lipofectamine 3000 15& 71| ¥ 15 B
HATHERAE ), H G418 AT Z IRUONTIE, &G RIRERER
IERNCVERE A 1T A 1) Hela 4 i ik, SRAEOEIL R E R
BEMENIERE A 1T A S A F0H177) A 2 4 2 A2 e Rk w L
BREE T A 1Y) Hela 4RI 1 mL L3 (A 4741 5 & 40 ]
71 Cytochalasin D(2.0 umol/L). 1 mL JLER 2 (3 11 () ATP fi i
P 411 7] blebbistatin(80 pmol/L) 2 1 mL LBk 2 5 1T Wi 46 ik
1855 ) Calysulin A (20 nmol/L), {EH 60 min J5 7B,
HEETKA 60 min,

1.4.4 Rho A JSALITOEIIRAE BRI Wz Ao ™,
A Mg I FE: %A pTriEx-RhoA FLARE.sc Biosensor Jii i 4% %t Hela
M, £ GA18 Z IKILIHIL, 19 BIREAR € RIBMIE WL HE
F 240 M k. 51 Olympus FV1000 3 58 45 5 1k % 43 50 41 45
HatZOtEASHARLENEENEA MRS X4Ed
i, WERNILIREEEBICERE, REEHMLIAMNX
HWORE, 192156k B R BE R R AR H0HI57)
AbFRZE A Hela 40 B RE 2353 FH 1 mL JUL3h 8 11 25 4 58 4 771
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Cytochalasin D (2.0 pmol/L). 1 mL JIERER [ 11 [ ATP EEyS PEH
il 751 blebbistatin (80 pmol/L) 5% 1 mL JJLEREE A 11 Y47 i 14 3
577 Calysulin A (20 nmol/L) 428, 1F R348 60 min.
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2 255 Results
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Figure 2 | Changes of the surface elastic modulus of long axis and short
axis terminal regions in Hela cells
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K E & [ £ 48 3244033 Cytochalasin D(2.0 umol/L).
WLER T E 1T () ATP i % 14401 771 blebbistatin(80 umol/L) LA &
LR R F1 11 W4 3% 12 19 55 771 Calysulin A (20 nmol/L) 7353
T Hela 41 0. Calysulin A j2& 1 RN 2A R 55 1 Tk R i FU 61 751)
BEAM I LR 2 (3 11 A0 2 R A AT 42 o L am 4 7, T

GYEF J5 60 min (AR X R B#PERI R AL . DS AR (1) i
fRAE R EEHE 1 BT 2 25 b A & I A A R A B A 5
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3t AL o
BEAh, IR A AR RN, AIAENS R A 4%

HMESL T, HMR X Rt a2 3 T, (HRAE 5
I 16) BE A0 R g oA S PR R R B I ) BT, B2 M, WLERER
FI TS M 3 5 20 R I A X K o i T (e e St
HACE — Ol AR o tH B B ) o JLBR R 1 TT WS04 i e 41 1)
R X A i 2 SR 5 L Bh & (oML, RO — MK
(G Ht A B .

PO A B AT E A SR R R T R A R,
Bl 2E fi7R, Cytochalasin D #fil L3) & 14T 4 5% & 41 i R 1
BV R R, I R g YD R T SR A B I A T B R
(P <0.05); blebbistatin i JILERE (1 11 (1) ATP Bl 35 44> 51l e 2
P b A v i b THRI A R S A AR N R, (B F AR A
3% (P> 0.05); Calysulin A 35 LER & A TR EvE PR, 28
R un i % A (P < 0.05), 5] 2B-D {45 xSt nl %,
Calysulin A 345 ULk 2 1 1T YRR IR /E I R00CR /2 6l 38 3 s SR T i
PERL R, 1M blebbistatin $1 i TLER 25 11 115048 Th 58 X 2 1 9 1
B BARFZ /N : Cytochalasin D 1| 1L 5] 2 11 £ 4E {345 &
ARG, (B AR IR AR R X — I R H B BT,
JULEN 25 11 58 AN R A T AL 40 L ) 2 T e A o

S %o L P AR [X A B AR P — BOME 7 L, Rt
Ui B 5 g 2% ) ) T v / PR 8 SRR BRI B, Sk ) 795 i A5
B IR 1A T [ BRI B SCAEXS RR RS, A& 2F B,
blebbistatin il JJL K 25 (1 11 Wie 4 17 1 25 % AR FF B e i, T
Cytochalasin D il L2 & H £ 4E 20 BIRTFR TP de 22, 3R IAY
LB B 27 4 58 A 52 PR, 240 PR i 4 b BT T I 7 ) ) 2
PEREAEX PR, x5 & 2B-D T —E.

WA R ARAAE SRS, VR A 20 M (0 3 P A i B I 2
5 S04 B TE A ) T ad B B S5 AR R U7 U A X
s DR B S S Thae, SECEZ MBI R
J1EPERE AR PR I o 17 200 190 3 P A A A AN K BT v T

Z AN NI AS T 2 DLy S P RE AR XS AR T B AR 5 7 5

22 MHEGEIEREE LA N o h 5ENSFIE N
W5 B LR LB & 1 WLERER 1 1B 2R AR 7 =,
XPIX P A DL R T JULER B [ T Rho A 33E4T 42 4T RhoA
EAR TS ROCK (2 3E K& O B BE iR AL, M2 1 4H i
s 20 T SE I OTE A L R A A e A T A
%, PTGk A ) )2 R D 2 VD TH AT 8 o A S s AR
W, CLELFHb R R AN SRR e, &l 3, 4 FiR.

AR Cytochalasin D blebbistatin Calysulin A

BvE: BL0.02% — IR AR N Zs (A iR, — I FE AN Cytochalasin D+
blebbistatin, Calysulin A 73 5| Ab B 41 [ifd 60 min Ji& X FH % P} R ZEIA K B
Ptz A LfgE, B OO SR Nsh & B LR 4EHES

3 | #PFIFILLIE 60 min f§ Hela #AARAIANZHER AT HER I (FRR
10 um)

Figure 3 | Fluorescence staining of F-actin in Hela cells after 60 minutes

of inhibitor treatment (scale bar: 10 um)

0 min 20 min 60 min

A
Cytochalasin D

blebbistatin

Calysulin A

B

Cytochalasin D

blebbistatin

Calysulin A

BhE: B A jjﬁ‘% GRS I LER T 1T A }a‘tlﬁq Pl v 2 ALK B
WERR, . AEHUEREA T A REREEXE; B ikt
J& Rho AVEALRCR SO IR E B AL K], B E . 20008 Rho A Wik
TR B 1 X 3

& 4 | IR Hela HAREAIANERE B 11 A BBE LI Rho A JEILX
1 E (#7R 10 pm)

Figure 4 | Myosin IIA and activated Rho A map of the Hela cells treated
with inhibitor (scale bars: 10 um)
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Bl 3 BN E 25 4R R H 5 AL EE 60 min J5 (145 R,
Cytochalasin D [FJE FH AU T B M ML 30 & 1 2 X 3R 434
WA R AR a5, A & 20 7R Al B 230 AR 4R HE
FIRINLEN E 22, 1A Calysulin A 438 2H AN [7] T-4% 13 6} HE 2EL 1
blebbistatin XL FEL, F I ANLEN R 12T 4 4 35 4E v 78 40 i 4
BB SGarnEdE, EE AN E AL 4R ET T
T 250 R IO 2 T e AR N T

K 4A B R LER 2R 1 11 A 4> 45 %5 )i, Cytochalasin D,
blebbistatin LA Az Calysulin A 4b ¥ 21 () 58 £ [X 35k Bt s 8] 2 A 1
AR AN R 3%, {H 2 Cytochalasin D &b FH4H 60 min I 78 4 g
104 B K F AR v A7) L B SE X k. Calysulin A [ b R 45 21
A3 S 4 2 T 5 A PR LR A 1 T Wiy 1, ik
UEREE 9 1T RAE, A4 Calysulin A R FRZH VA R A NLBR &R
HILRER SR WG RmHAENPIERE S T A FREAT]
Ao PR R RIS R, XRS5 SLI0 HE

B — L& Rho A [R3E A6 A, 43 A 4l L LBk 2 A
IT A B T RE = A= (1520, i 4B firzR, Cytochalasin D
AEHLAH 1] Rho A JEAL IS, 5028 Rho A TR & X 38
{G/K 351k blebbistatin Zb ¥ 20 H B Rho A J& 1k 46 g 35 1
o (A B M W EEA ), S BRI TR T RS
TEVEA X I A 248 s Calysulin A 4b R ZH ) Rho A V& 16 % 14
B REAR, (A XM, M fE# NN, Rho AdE{k
SR LER R 1 TT WA U 1 Dl e R dH M 4k RF B S AR —
BT, AR T A (Calysulin A Kb ERAH ), ZHfins B
FEAIK Rho A 7546 DARRARILER 2 11 11 WSyl PRI s i i
L, X — M U ATLE]; % T blebbistatin AL P4,
Rho A =B HRHTMLER T (1 11 R Se 4 3 12 FAAEK 1T R 0 o v FEE Vs
b, ATRE IR XN AR S L] 5 B4 M £ blebbistatin /EH T
WA BRI R 2 T . 9B R FE{KR (Cytochalasin D 4k
FEZH ), Rho A JERFBILHFIZINE G, RO24ERF 7 4z
XD EiE A, RPEAPURAEER, A2 id Rho
AT IER S ) TT U s 1

B2, Pt s R Ex, WshE A g gl s i
CRE, SRENRAMMEL TSR, JIERED R
T PR I 1 7 SO R il X R 4, i sl ek & A
WL & R ST RE

3 11 Discussion

LB E (A 254k S5 ULER 8 1 T s TS e 3z I v 5 40
B35S . I AR R S YA OC . % T IE I SE IR R L,
3BT IR AR R T 40 A S B R AR AN 22 R

T, SRIRAE R WIBNE AL 4T RO R AR
WLER 8 1 TT (W47 2 32 8 3 5 441 B 55 T P A R () TR 3R
20 M LBh B 1214 1) T2 B 52 2] 00 1) 2 o5 1 4 0 1) 3 T e 2
PiEE, X CE V2 9K BTl s, BRUCKNER 25 ¥ % AN
[F LB R 2R 4R3I R ROR, 245 AR ILEh & B 247 4
SZAMI 25 T BOA M2 T S B A, (R R R L
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SEFE I E AN s (R TS X 35k ) DA R A0 A Bl — ) ) 2 it
by TR AR R ) S R S G A BN LR Al e g S ke
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