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Abstract: Cellular and molecular biomechanics isone of themajor branches in biomechanics, and the study on mechanobio-
logical and/or mechanochemical coupling hasmade great progresses in the past three decades A s themost active field in bi-
amechanics and biamedical engineering, cellular and molecular biomechanics hasmade great mpactson biology, medicine
and even on agriculture The conceptual framework, relative scientific issues and methodological goproaches in this field
were reviaved here and some of the open issueswere discussed

Key words Cellular and molecular biomechanics M echanobiological coupling M echanochemical coupling

: 2009-02-20
(1972-),

1 ’ ’

Tel: (010) 82544131; E-mail: mlong@imech ac cn



24 2 2009

4
Journal of M edical Biomechanics Vol 24 Na 2, Apr. 2009

80

11
, (1]
80 90 ,

[2]
90 ,

()
( Tensegrity)

(3,4]

(F-actin)

(Porous Solid) 5]

Dynamics)

12

[8]

( Filament

[6]

[7]



LU Shou-gin, etal Advances in cellular and molecular biomechan ics 81

( Glycosaminoglycan) ,
9]

[10]
[21]
' [22]
[11]
' 2
(121 ) ’ 1
13 - )
[13-16] _ 1
, /
' [17]
14 21
( transnission) , )
(trangduction)
DNA
[18] ,
[23]
, ATP ,
[19] , [24]

[20]



24 2 2009 4

82 Journal of M edical Biomechanics Vol 24 Na 2, Apr. 2009
() - ,
DNA (3]
DNA -
, (Freely-Jointed Chain, FJC) (se.sr
(Wom-L ike Chain, WLC) (s8] (
) [35,39,40]
24
,  DNA
WLC B-DNA SDNA ( -
, (persistence length) )
(contour length) (2] ,
22
- (
) ( Titin e
_ ( . [42]
_ [43,44] )
[45]
- - [46]
[26-28]
' 3
H ( -
) [29,30]
( ) - , (
[31,32] ) (
23 )
( ) -
- 3 -
o [34]

[33]



L U shou-gin, etal Advances in cellular and molecular biom echan ics

83

[1]
[2]
[3]

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[M]. ,1983
Lim CT, Zhou EH, Quek ST. M echanical models for living cells
- areviev[J]. JBiamech, 2006, 39(2): 195-216
Ingber DE, Madri JA, Janieon D. Role of basal lanina in the
neoplastic di®rganization of tissue architecture[ J]. Proc Nat
Acad SciUSA, 1981, 78: 3901-3905
Ingber DE, Jamieon ID. Cells as tensegrity structures architec-
tural regulation of histodifferentiationby physical forces tranduced
over basament membranes
and M alignent Differentiation (eds L. C Anderson, C G
Gahmberg and P Ekblom) [M ]. Academic Press, Orlando,
A. 1985

In Gene Expression during Nomal

Satcher RL, Devey CE Theoretical estimates of mechanical
properties of the endothelial cell cytoskeleton[ J].
1996, 71: 109-118

Mackinbsh FC, Kas J, Jamey PA. Elasticity of samiflexible
biopolymer netvorks[ J]. PhysRevLett, 1995, 75(24): 4425-
4428

EstesBT, Gimble M, Guilak F M echanical signals as regula-
tors of stam cell fate[ J]. Curr Top DevBiol, 2004, 60: 91-126
Moazzan F, Delano FA, Zweifach BW, et al The leukocyte re-
gonse O fluid stress[ J]. Proc Natl Acad Sci USA, 1997, 94
5338-5343

Florian JA, Koy JR, Aindie K, etal Heparan sulfate proteo-

Biophys J,

glycan is a mechanoenor on endothelial cells[ J]. Circ Res
2003, 93 (10): E136-E142

Pittenger M F, Mackay AM, Beck SC, et al Multilineage poten-
tial of adult human mesenchymal Stem Cells[J]. Science, 1999,
284: 143-147.

Alman GH, Horan RL, Martin |, et al Cell differentiation by

mechanical stress[J]. FASEB 1 2002, 16(2): 270272

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

EnglerAJ, Sen' S, Sweeney HL, et al Matrix elasticity directs
stem cell lineage pecification[J]. Cell, 2006, 126: 677-689.
Coldsnith HL, Takanura K, Bell D. Shear-induced collisons
betveen human blood cells[J]. AnnN Y Acad Sci, 1983, 416:
299-318

Smon SI, ChanbersD, SklarLA. 1990, Flow cytometric analy-
sis and modeling of cell-cell adhesive interaction: the neutrophil
asamodel[J]. J Cell Biol, 1990, 111(6): 2747-2756
LongM, Coldsnith HL, TeesDFJ, etal Probabilistic modeling
of shear-induced formation and breakage of doublets cross-linked
by receptor-ligand bonds[ J]. BiophysJ, 1999, 76: 1112-1128
Liang S, FuCL, Wagner D, et al Two-dimensional kinetics of
{3 2-integrin and ICAM -1 bindings betveen neutrophils and mela-
nama cells in a shear flov[ J]. Am J Physiol Cell Physiol, 2008,
294: C743-C753

Finger BB, Puri KD, AlonR, etal Adhesion throughL -selectin
requires a threshold hydrodynamic shear [ J]. Nature, 1996,
379: 266-269

WangN, Butler JP, Ingber DE M echanotransduction across the
cell urface and through the cytoskeleton[ J]. Science, 1993,
260: 1124-1127.

Martinac B. M echanosensitive ion channels moleculesof M echar
notrangduction[ J]. J Cell Sci, 2004, 117: 2449-2460
ManiotisAJ, Chen CS, Ingber DE Damonstration of mechanical
connections betveen integrins, cytoskeletal filanents, and nucle-
oplasn that stabilize nuclear structure[J]. Proc Natl Acad Sci
USA, 1997, 94: 849-854

Mitra SK, Hanon DA, Schlagpfer DD. Focal adhesion kinase:
in command and control of cell motility[ J]. Nat RevMol CellBi-
ol, 2005, 6: 56-68

Chien S M echanotrangduction and endothelial cell haneostasis
the wisdam of the cell[J]. Am J Physol Heart Circ Physiol,
2007, 292: H1209-H1224

Strick T, Allemand J, CroquetteV, et al
Prog B iophysMol Biol, 2000,

Twisting and stretc-
hing single DNA molecules[ J].
74(1-2): 115-140

Vale RD, Milligan RA. Theway thingsmove: looking under the
hood of molecular motor proteins[ J]. Science, 2000, 288: 88-
95

Charvin G, Allamand J-F, Strick TR, etal TwistingDNA: sin-
gle molecule studies[J]. Contemp Phys 2004, 45 (5): 383-
403

Kgplanki G, Famarier C, Tisot O. Granulocyte endothelium
initial adhesion Analysisof transient binding eventsmediated by
E-slectin in a laninar shear flov[J]. Biophys J, 1993, 64:
1922-1933

Alon R, Hanmer DA, ringer TA. Lifetime of the P-selectin:
carbohydrate bond and its repponse t tensile force in hydrody-
namic flov[J]. Nature, 1995, 374: 539-542



24 2 2009 4
84 Journal of M edical Biomechanics Vol 24 Na 2, Apr. 2009
[28] Piper W, Swerlick RA, Zhu C Detemining force dependence 166: 913-923
of wo-dimensional receptor-ligand binding affinity by centrifuga [38] Marshall BT, Saranggpani KK, Lou J, et al Force hisbory de-
tion[J]. BiophysJ, 1998, 74: 492-513 pendence of receptor-ligand disociation[ J]. BiophysJ, 2005,
[29] Cheda SE, Selvaraj P, Zhu C Measuring two-dimensional re- 88: 1458-1466.
cepor-ligand binding kinetics by micropipette[ J]. Biophys J, [39] LUK, YeZzZ, ZhuC, et al Quantifying the effects of contact
1998, 75: 1553-1572 duration, loading rate, and gpproach velocity on P-selectin-PS-
[30] LongM, Zhao H, Huang K, etal KineticM easurementsof Cell @ -1 interactions using ARM [ J]. Polymer, 2006, 47: 2539-
Surface E-Selectin/Carbohydrate L igand Interactions[ J]. Ann 2547.
Biamed Eng, 2001, 29: 935-946 [40] ZhangY, Sun GY, LU S, et al 2008 Low 9ring constant
[31] HuangJ, ChenJ, Cheda SE, et al Quantifying the effects of regulates p-<electinpsgl-1 bond rupture[ J]. BiophysJ, 2008,
molecular orientation and length on tvo-dimensional receptor-lig- 95: 5439-5448
and binding kinetics[ J]. JBiol Chem, 2004, 279(43): 44915- [41] Marsalek PE, LuH, LiH, etal Mechanical unfolding inteme-
44923 diates in titin modules[ J]. Nature, 1999, 402: 100-103
[32] WulL, XiaoBT, JiaXL, etal mmpactsof carrier stiffness and [42] lzrailev S, Stepaniants S, BaleraM, et al Molecular dynamics
microtopology on 2D kinetics of P-selectin-PSA_-1 interactions study of unbinding of the avidin-biotin camplex[ J]. BiophysJ,
[J]. JBiol Chem, 2007, 282(13): 9846-9854 1997, 72: 1568-1581
[33] DenboM, ToumeyDC, Saxman K, et al The reaction-limited [43] LU S, LongM. Forced disociation of selectin-ligand complexes
kinetics of membrane-to-aurface adhesion and detactment[ J]. using Steered Molecular Dynamics smulation[ J]. Mol Cell Bio-
Proc Royal Soc London, 1988, 234: 55-83 mech, 2005, 2 (4):161-177.
[34] Bell GI Modelsfor the gecific adhesion of cells to cells[ J]. [44] LouJ, ZhuC, A structure-based dliding-rebindingmechanisn for
Science, 1978, 200: 618-627. catch bonds[ J]. BiophysJ, 2007, 92: 1471-1485
[35] EvansE, Ritchie K Dynanic strength of molecular adhesion [45] HanBG, Guliaev AB, Walian PJ, Jgp BK Water trangort in
bonds[J]. BiophysJ, 1997, 74: 1541-1555 AQPO agugporin: molecular dynamics studies[ J]. J Mol Biol,
[36] MarshallBT, Long M, Piper JV, et al Direct observation of 2006, 360: 285-296.
catch bonds inwolving cell-adhesion molecules[ J]. Nature, [46] Chen ZZ, LouJZ, Zhu C, Schulten K Flowv-induced structural
2003, 423: 190-193 trangition in the svitch region of Glycopmotein Ib[J]. BiophysJ,
[37] Yap T, WuJH, Wey CD, et al Catch bonds govem adhesion 2008, 95: 1303-1313

through L -electin at threshold shear[ J]. J Cell Biol, 2004,



