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Abstract

The physiochemical properties of phospholipid vesicle, e.g. permeability, elasticity, etc., are directly modulated by
the chain-melting transition of the lipid bilayer. Currently, there is a lack of understanding in the relationship between
thermotropic transition, mechanical deformation and adhesion strength for an adherent vesicle at temperature close to
main phase transition temperatutg. In this study, the contact mechanics of dimyristoyl-phosphatidylch¢iméPC)
vesicle at the main phase transition are probed by confocal reflectance interference contrast microscopy in combination
with phase contrast microscopy. It is shown that DMPC vesicles strongly adhere on pure fused silica sulisjrate at
and the degree of deformation as well as the adhesion energy is a decreasing function against the mid-plane diameter
of the vesicles. Furthermore, an increase of osmotic pressure at {Higgel crystalline phase co-existence imposes
insignificant changes in both the degree of deformation and adhesion energy of adherent vesicles when the lipid
bilayer permeability is maximized. With the reverse of substrate charge, the mechanical deformation and adhesion
strength for larger vesicleémid-plane diameter>18 um) are significantly reduced. By monitoring the parametric
response of substrate-induced vesicle adhesion during main phase transition, it is shown that the degree of deformation
and adhesion energy of adhering vesicle is increased and unchanged, respectively, against the increase of temperature
© 2002 Published by Elsevier Science B.V.
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1. Introduction fluid-like structure for hosting membrane-associ-
ated proteins and glycoprotein®.g. transmem-
Phospholipid is a major constituent of cell brane domain of cell receptorAt the same time,
membrane and forms a two-dimensional matrix of Phospholipid bilayer directly triggers or co-regu-
lates the signal transduction cascades between cell
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Thus understanding how the mechanical properties phospholipid vesicle or cell adhesion under phys-
of phospholipid bilayer change against different iological conditions[7]. Until now, relatively little
environmental conditions is vital for understanding is known on the effect of temperature change on
cellular behavior in a quantitative manner. the contact mechanics of adhering vesicles, partic-
Among several environmental conditions, tem- ularly close to the phase transition temperature. In
perature plays a key role in driving all biochemical this study, C-RICM, phase contrast microscopy
processes of cells and regulating the integrative and contact mechanics modeling are used to probe
physiological functions of all mammalg]. Lately, the adhesive contact mechanics of DMPC-ULV on
several groups have demonstrated that the biome-model substrates at main phase transition. Our
chanical properties of phospholipid bilayer locating main objective is to determine the effects of
on the wall of liposomes or vesicles are directly membrane permeability, osmotic pressure, sub-
correlated with the change of temperat(B& For strate charge and thermal transition on critical
instance, the bending modulus of dimyristoyl- bioadhesion parameters of DMPC vesicle includ-
phosphatidylcholine(DMPC) bilayer in a large  ing degree of vesicle deformation and adhesion
unilamellar vesicle(ULV) was reduced by 50%  energy.
when the bilayer undergoes gel to liquid crystalline
transition (from 20 to 24°C) as shown by optical 2. Experimental
dynamometry[4]. DMPC bilayer is an attractive
candidate for thermal effect investigation because 2.1. Materials
it provides an ideal model system with a conven-
ient phase transition temperatutg,, ~ 23 °C). To DMPC in powder form was obtained from
date, there is a lack of understanding in the tightly Matryea Inc.(USA) and was used as received.
coupled thermotropic and mechanical effects of Dibasic sodium phosphaté&a, HPQ,); monobasic
DMPC bilayer on the adhesive interaction between potassium phosphaté&H,PQO,); dibasic potassium
a ULV and a non-deformable substrate. Further- phosphate(K,HPO,); sodium chloride (NaCl);
more, the permeability of ions across phospholipid monobasic sodium phosphatdlaH,PQ,); potas-
bilayer is maximized af,, during the thermotropic  sium chloride(KCI); 1 N hydrochloric acid HCI);
transition [5]. This interesting property provides 3-amino-propyl-triethoxy-silanelAPTES); acetic
an experimental system to access the effect of acid methanol and chloroform were obtained from
osmotic pressure and surface charge on the contacFisher Chemicals IndUSA) and used as received.
mechanics of adherent vesicles at the metastable18.2 M() water was obtained from Maxima water
thermodynamics state. purification system(Elga, USA and was used in
The elucidation of the complex bioadhesion the preparations of all solutions. IX phosphate
phenomena under the influences of thermal and buffer saline(PBS was prepared with 150 mM
mechanical perturbations will shed light on the sodium chloride, 10 mM sodium phosphate, 50
physical origin of cell adhesion on extracellular mM potassium chloride and 80 mM potassium
matrix which is central to cell growth, differenti- phosphate and was adjusted to pH 7.4 with 1 N
ation and migration, morphogenesis, integrity and hydrochloric acid.
repair, etc[6]. In order to monitor the bioadhesive
interaction as mentioned above, ultra-sensitive bio- 2.2. Substrate and liposome preparations
physical technique with the capability of resolving
between adhesive contadgmembrane—substrate In brief, fused silica coverslips were cleaned in
separation:. 10-30 nm and cohesive zone 1 N NaOH overnight, washed thoroughly in 18
(membrane—substrate separation: 50—250 o MQ water for three times, dried with a stream of
an adherent vesicle is required. Recently, confocal N, and heated in vacuum oven at 120 for 1 h.
reflectance interference contrast microsco(- In some experiments, pure fused silica substrates
RICM) has been proven as an effective analytical were used without further modification. Amine
tool for elucidating the biophysical mechanisms of modified substrate that is positively charged are
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prepared from fused silica substrates according to 2.4. Confocal reflection

a well-established proceduf8]. In brief, cleaned
fused silica substrates were dipped into a (¥4

v) APTES in methanglwater mixture (95%:5%
by volume for 25 min and were subsequently
cleaned in pure methanol for three times. After
drying in a stream of nitrogen, the silanized sur-
faces were heated in vacuum oven at T20for

1 h in order to cross-link the silane film.

Giant ULVs were synthesized by a well-estab-
lished method[9]. One mg of DMPC was dis-
solved in methangkhloroform co-solvent2:1 by
volume) and the mixture was subsequently added
on the surface of a roughened Teflon disc. A thin
film of DMPC was left on the Teflon surface
following the evaporation of solvent and was dried
in vacuum for 12 h. Then the Teflon disc was
covered with X PBS buffer and was hydrated at
42 °C for 16 h. The detail of our Differential
Scanning Calorimetry(DSC) measurement has
been previously describdd0]. The concentration
of DMPC molecules in aqueous solution that is
used in all DSC measurements was 20/mg

247

interference contrast
microscopy

The system was built on a laser scanning con-
focal microscope(Pascal 5, Carl Zeigsand was
integrated with a temperature controlling chamber
(SEC Engineering The detail of the instrument
has been described elsewh§rg The illumination
source was an Argon-ion laser with a maximum
power of 1 mW and excitation wavelength of 488
nm 63X oil immersion objective(Neofluar, N.A.:
1.25 was used. Strong contact zone of the adher-
ing liposome appears as dark region on the image.
Dilution of the original liposome solutions inX.
(isotonig or 0.25x PBS buffer (osmotic stress
was incubated on fused silica or amine modified
coverslip for an hour and images were taken at
temperatures ranging from 19 to 3€ (at least
30 min of incubation time at each temperaiure
ZSM5 software(Carl Zeisg was used for all image
analysis. The degree of vesicle deformation is the
ratio of the contact zone radius and the mid-plane
radius (from phase contrast microscopyf an

Finally, opaque suspension of vesicles was dis- adherent vesicle at a particular temperature.

persed in solution by gentle shaking of the sample.
DSC were performed with a TA 2920 DSC calo-
rimeter (TA Instrument Inc., D& for measuring

the phase transition temperature and enthalpy of

these DMPC liposomes. All scans were recorded
in the range of 20—38C at a scan rate of 0.5C/
min.

2.3. Cross-polarized light microscopy

Pascal 5 confocal microscope syste(@arl
Zeiss, Germanywith a 63X oil-immersion objec-
tive, cross-polarizers and a transmitted light ana-
lyzer (Carl Zeiss was used for imaging the
adhering unilamellar liposomes. Dilution of the
original vesicle solutions in %X (isotonio or
0.25X PBS buffer (osmotic pressupewas incu-
bated on either pure fused silica or amine-modified
coverslip for an hour and was loaded in a temper-
ature controlling chamber(SEC Engineering,
Korea) for subsequent imaging under the micro-
scope. An image analysis software, ZSNiGarl
Zeis9, was used for measuring the mid-plane
diameter of adhering liposomes.

2.5. Contact mechanics model

The detail of the contact mechanics modeling
has been reported previousill]. Briefly, the
equilibrium geometry of a water-filled liposome
adhering on non-deformable substrate is modeled
as a truncated sphere with a mid-plane radius
and si®=(a/R)=a whereq is the contact zone
radius. The liposome wall is under a uniform equi-
biaxial stress,c=Ce where C is equivalent to
Eh/(1—v) in a linear system under small strain
with E andv the elastic modulus and the Poisson’s
ratio, respectively, and the film thickness. Only
stretching with negligible bending and rigidity is
considered in our model. The average biaxial strain
is given by
1[2+2(1—a?)¥2
2| 4/R?>-a?

In the absence of external influence, the capsule
spontaneously adjusts its distance from the sub-
strate until equilibrium is achieved. The adhesion

(D

Ee=
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Fig. 1. The DSC thermogram of DMPC bilayer ranging from 10 to°G5in 1X PBS buffer.

energy is shown as has a main phase transition temperat(fg) at

. 5 22.5°C when it transforms from rippled gé€Pg.)
W=(1-co)Ce+Ce @ to liquid crystalline(L,) phase. The thermotrBopic
based on the experimental measurements of thetransition is endothermic during sample heating as
mid-plane diameter R (cross-polarized light shown by the direction of the DSC peak. By
microscopy and the radius of contact zone, determining the area under the DSC thermograph,
(HR-RICM),W can be found by Eq(1) and Eq. the enthalpy involved in the endothermic transition
(2). E of DMPC bilayer of a ULV in gel and is determined as 6.3 kgahole and agrees well
liquid crystalline phase is taken as 28 800 and with the reported values in the literaturEs]. Only
16 000 N'm?, respectively, according to the exper- the heating scan of the DSC thermogram of DMPC
imental results obtained from optical dynamometry vesicles is presented because all our temperature

and micropipette aspiratiof#,17. dependency results in vesicle adhesion focus at
rising temperature in this study.
3. Results and discussions At the mid-point of the main phase transition

(T, there is a co-existence of rippled gel and
The thermotropic property of DMPC bilayer in liquid crystalline phases within the two-dimension-
solution directly dictates the biomechanical al DMPC bilayer matrix{14]. Thus it is interesting
response of DMPC vesicle against the change of to probe the effect of the phase co-existence in
temperaturd4]. Fig. 1 shows the DSC thermogram DMPC bilayer on the contact mechanics of adher-
of DMPC bilayer ranging from 10 to 3%C in 1X ent DMPC vesicle. Fig. 2 shows the cross-polar-
PBS buffer. The result indicates that DMPC bilayer ized light micrograpHA) and C-RICM imageB)
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Fig. 2. The cross-polarized light microgragh) and C-RICM image(b) of a typical DMPC-ULV adhering on pure fused silica
substrate af, in isotonic condition X PBS.

of a typical DMPC-ULV adhering on pure fused strate distance vs. lateral distandsy inputting the
silica substrate af’,, in isotonic condition(1Xx adhesion contact radius:) and mid-plane radius
PBS. From cross-polarized light microscopy, itis (R) of adherent vesicles to another sub-solution of
shown that the DMPC vesicle has a mid-plane our model [24]. Thus, the application our final
diameter of 22um and is strongly bound on the solution for calculating adhesion energy of vesicle
substrate since no drifting in vesicle’s position has in this study has already taken the vesicle profile
been detected against time. Once the geometry ofinto account[9].

the adhering vesicle is determined, C-RICM direct-  In order to quantify the contact area for adhering
ly probes the adhesive and cohesive zones at thevesicles, the contact zone is defined as the region
membrane-substrate interface. The dark region in that starts at the center of the adhesive contact
the center of the C-RICM imagéFig. 2b) corre- (center of dark circle in Fig. 2band extrapolates
sponds to the strong adhesive contact where theto the edge of the first Newton’s ring using the
membrane bilayer at the bottom part of the adher- truncated sphere modgl1]. It is determined that
ing vesicle is within 30 nm from the non-deform- the contact area and contact zone diameter of the
able substrate. Furthermore, a series of Newtonianadherent vesicle is 206m? and 5.1um, respec-
rings propagating from the edge of strong contact tively. Although the adhesion contact zone of
zone represents the start of cohesive zone asDMPC vesicle appears quasi-circular in shape, the
DMPC membrane bilayer starts to bend away from average contact diametéa) with statistical accu-
the non-deformable surface. The lateral movementracy can be calculated from the contact area
from any maxima(minima) of a fringe to the = (measured from softwayewith area=mwa?. Since
successive maximéminima) can be directly con-  the mid-plane geometry of the vesicle remains
verted to a vertical displacement &f4 (122 nm spherical in shape in all data, the approach men-
for our experimentswith optical interference the- tioned above should impose insignificant variance
ory [15]. We have previously shown that our in the calculated adhesion energy as shown in our
contact mechanics model as described above pre-previous study[24]. Most important, the quasi-
cisely models the vesicle profilemembrane-sub-  circular contact zone is not directly related to the
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surface roughness of the substrate because perfectdiameter increases from 7.3 to 4dn, the degree
ly circular contact zones of relatively rigid polymer of vesicle deformation is reduced by 52%. Inter-
microcapsule have been detected on the same type®stingly, the slope of the/R vs. vesicle diameter
of substrates used in this stuf®s]. curve is a reducing function against the increase
Together, C-RICM in combination with cross- of vesicle diameter until it approaches zero at the
polarized light microscopy illustrates the presence highest vesicle diameter. Basically, these results
of strong physical interactions between the adher- support that smaller vesicles are more deformable
ent DMPC vesicle and pure fused silica substrate upon forming adhesive contact on a fused silica
at the main phase transition of DMPC bilayer. substrate due to their larger surface area to volume
Generally, the surface of pure fused silica substrate ratio. When the size of vesicldR<8 um)
is composed of silanol grou-SiOH) and carries  becomes comparable with the range of attractive
a net negative charge at pH 7.4 with the hydrolysis surface force(e.g. long-range electrostatic inter-
of silanol to —SiO" groups. The headgroup of action), it will indeed become more ‘deformable’
DMPC lipid that is in short range from the fused as observed experimentally. Similar trend has been
silica substrate contains both a quaternary amine observed in the adhesion of elastic or viscoelastic
with a permanent positive charge and phosphate microcapsule on non-deformable substrdi®. In
group with a negative charge. First, electrostatic hypotonic condition, the increase of osmotic pres-
interactions between DMPC bilayer and other sure has no apparent effect on the degree of vesicle

charged molecules have been proven to be medi-

ated by the positively charged quaternary amine
in the presence of partial neutralization of the
phosphate groups on the lipid headgro{4®].
Second, only van der Waals force was sufficient
to mediate the colloidal adhesion of PC based
vesicles on non-deformable substrate in relatively
high ionic strength[17]. Third, a repulsive inter-
action known as undulation force is resulted from
the thermal fluctuation of membrane away from
the fused silica substrate. Overall, the firm adhe-
sion of DMPC-ULV at the chain meting transition
(T,) indicates that the electrostatic attraction and

van der Waals force suppress the repulsive undu-

lation force.
The spreading kinetics of phospholipid vesicle

deformation as shown by the similar valuesagf

R for all vesicle diametergFig. 33. It is known
that the co-existence of gel and liquid crystalline
phases within the lipid bilayer matrix af,,
enhances the ions transport across the bilayer
membrane[20]. Our adhesion study indicates the
increase of lipid bilayer permeability at the main
phase transition significantly dampens the effect
of osmotic pressure on the contact mechanics of
adherent vesicle. It is because the concentration
gradient of ionic species from the vesicle interior
(1x PB9 to the surrounding mediun0.25x
PBS is vanished by the rapid release of ions
through the permeable lipid bilay21]. Once the
concentrations of ionic species inside the vesicle
approach those of the external medium, the influx

adhering on polylysine coated glasses has beenof water from the medium to the vesicle is

shown as a function of vesicle sizZ€8]. The
equilibrium contact mechanics at the end of vesicle
spreading can be quantified by the degree of
vesicle deformation(the ratio of contact zone
diameter and mid-plane diameteFig. 3a shows
the degree of DMPC vesicle deformatidn/R)

against vesicle diameter on pure fused silica sub-

strate at DMPCsT,, of 22.5 °C in both isotonic
and hypotonic conditions. The two curves are the
best fits for the two sets of result. It is shown that
the degree of vesicle deformation is highésy
R~0.41) at the lowest mid-plane diameter of 7.3
pm in isotonic condition. When the mid-plane

minimized.

Based on a contact mechanics model of adhering
thin-walled microcapsule, the adhesion energy of
the vesicle can be calculated from experimental
parameterd11]. Fig. 3b shows the average adhe-
sion energy of DMPC-ULV against vesicle diam-
eter on pure fused silica substrate in isotonic and
hypotonic conditions at the phase transition tem-
perature(T,,) of 22.5°C. The two curves are the
best fits for the two sets of data. In general, the
average adhesion energy spans two orders of mag-
nitude ranging from 1.410°8 to 9.9x10"** J/

m? when vesicle diameter increases from 7.25 to
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Fig. 3. (a) The degree of DMPC vesicle deformati¢m/R) against vesicle diameter on pure fused silica substrate at DMPG'S
of 22.5°C in both isotonic and hypotonic conditiond) The average adhesion energy of DMPC-ULV against vesicle diameter on
pure fused silica substrate in isotonic and hypotonic conditions at the phase transition temperaturé ©f 22.5
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Fig. 4. The cross-polarized light imaga) and C-RICM image(b) of a DMPC-ULV adhering on a APTES coated glass in isotonic
condition at7,.

41 um under isotonic condition. Moreover, the ing vesicle in the middle of the main phase
adhesion energy is dramatically reduced againsttransition of lipid bilayer. Fig. 4 shows the cross-
the increase of vesicle diameter for smaller vesicle polarized light imagga) and C-RICM image(b)
(2R <15 pm) in comparison with larger vesicles. of a DMPC-ULV adhering on a APTES coated
The general trend as mentioned above is supportedglass in isotonic condition af,,. The results
by the stronger adsorption affinity of smaller phos- indicate that the mid-plane diameter and the adhe-
pholipid vesicle on charged substrd®?]. At T,,, sive contact area of the adhering ULV is 25n
the increase of osmotic pressure has no apparentand 27u.m?, respectively. Also, firm adhesion of
effect on the adhesion energy for vesicles of all the vesicle is detected despite primary amine group
sizes as shown by the overlap of the two adhesionis introduced to the fused silica surface by silani-
energy vs. vesicle diameter curves in isotonic and zation. Fundamentally, there is a co-existence of
hypotonic conditions. This result is caused by the amino and silanol groups on the APTES coated
dramatic increase of membrane permeability of substrate[23]. At neutral pH, significant number
DMPC vesicle atT,, [21]. The change of DMPC  of amino groups are protonated with a net positive
bilayer property leads to the instant release of ionic charge (—NH3) and most silanol groups are
species from vesicle interior to external medium deprotonated with a net negative chafg&iO™).
and the disappearance of concentration gradientThus, an electrostatic repulsion is induced between
for ionic species Subsequently, the osmotic pres- the quaternary amine on DMPC headgroup and
sure stemmed from the difference in ionic concen- the primary amine on APTES modified glass in
tration between vesicle interior and external comparison with bare silica substrate. At the same
solution is canceled out and the volume of the time, there is an electrostatic attraction between
vesicle remains unchanged as confirmed by cross-the quaternary amine and the deprotonated silanol
polarized light microscopy. group on the substrate in addition to the van der
Relatively little is known about the effect of Waals attraction. The result shows that the two
surface charges on the contact mechanics of adher-attractive forces mentioned above suppress the
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Fig. 5. The degree of vesicle deformation against mid-plane diameter for DMPC-ULV on APTES modified glass in isotonic condition

at T,

repulsive forces generated from both electrostatic

adhesion energy of DMPC-ULV against the mid-

interaction and membrane undulation and prevent plane diameter on APTES modified substrate at

the vesicle detachment from the substrate.

Fig. 5 shows the degree of vesicle deformation
against mid-plane diameter for DMPC-ULV on
APTES modified glass in isotonic condition at
T... The result indicates that vesicles with mid-
plane diameter smaller than 38m have similar
degree of deformation in comparison with those
on pure fused silica substrate. When the vesicle
diameter goes beyond 18n, the degree of vesicle
deformation on APTES coated glass is smaller
than that on pure fused silica substrate. In other
words, the effect of surface modification with
amino group on the contact mechanics of DMPC
vesicle is more pronounced in larger vesicles. This
trend is likely caused by the higher probability for
smaller vesicle with larger surface area to volume
ratio in forming effective adhesive contact with
the amine modified substrate in comparison with
larger vesicles[22]. Fig. 6 shows the average

the chain melting transition(7,,). On APTES
modified substrate, the average adhesion energy
spans two orders of magnitude ranging from
9x107° to 1.41x 10~ ** Ym?2 when vesicle diam-
eter increases from 9.4 to 46m in the middle of
thermotropic transition under isotonic condition.
When vesicle diameter is between 9.4 anduls,

the adhesion energy for the vesicle on APTES
modified substrate falls within the same range as
that on pure fused silica substrate. On the other
hand, the adhesion energy on APTES modified
substrate is significantly reduced in comparison
with that on pure fused silica substrate as vesicle
diameter is larger than 1 m. At the largest
diameter of 42um, the adhesion energy on mod-
ified substrate is one order of magnitude smaller
than that on unmodified substrate. Again, the result
indicates that the contact mechanics and adhesion
strength for DMPC vesicles &f,, are strongly
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Fig. 6. The average adhesion energy of DMPC-ULV against the mid-plane diameter on APTES modified substrate at the chain
melting transition(7,,).

dependent of the surface functionality of the appos- preliminary result indicates that the thermal
ing substrate and the vesicle size. induced response of the contact zone of adherent
Currently, there is a lack of understanding in the DMPC vesicle on pure fused silica substrate
parametric response of an adherent DMPC vesicle against decreasing temperature is not directly
during the thermotropic transition of DMPC bilay- opposite to that during increasing temperature.
er. Fig. 7a shows a series of C-RICM images of a However, an independent investigation will be
typical DMPC-ULV at different temperatures dur- necessary in order to systematically address the
ing sample heating(at a rate of 0.5°C/min) observed hysteresis of contact zone structure which
aroundT,,, on pure fused silica substrate. Cross- can be substrate-dependent during a temperature
polarization light microscopy demonstrates that the cycle. Indeed, it is well known that the shape a
mid-plane diameter of the adherent vesicle is 15 vesicle may change against a change of tempera-
pm. The center of each RICM image is the contact ture. Fig. 7b shows the cross-polarization light
zone of the adhering liposome at the corresponding images of the 15um adherent vesicléFig. 79
temperature. The contact zone is defined as theon pure fused silica substrate during sample heat-
region that starts at the center of the adhesive ing at 20°C (i) and 36°C (ii). The result indicates
contact(center of those crosses in Fig. 7i anil v that the vesicle remains spherical in shape and the
and extrapolates to the edge of the first Newton’s cross-sectional area at the mid-plane of the adher-
ring using the truncated sphere modde ends of ent DMPC vesicle is unchange@within 4%)
the arrows on Fig. 7i and)v The result indicates  during the increase of temperature. This verifica-
that the contact zone of the vesicle is significantly tion supports our assumption of constant vesicle
modified by the increase of temperature when volume in the calculation of adhesion energy
DMPC bilayer is transformed from complete gel during sample heating. Of course, the determina-
(i) to liquid crystalline statgv). In addition, our tion of the exact three-dimensional geometry of
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Fig. 7. (&) A series of C-RICM images of a typical DMPC-ULV at different temperatures during sample héatirgrate of 0.5
°C/min) aroundT,,, on pure fused silica substratda) The cross-polarization like images of the (L&h adherent vesicléa) on pure
fused silica during sample heating at 20 (i) and 36°C (ii).
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the adherent vesicle with confocal microscopy will modulus. This result demonstrates that temperature
help our contact mechanics study. However, this is a critical parameter in dictating the adhesion
method suffers from the requirement of fluorescent strength of biomembrane vesicle and provides new
labeling of the phospholipid before vesicle forma- insights into the origin of cell adhesion.

tion and the labeled vesicle may have different

physicochemical properties in comparison to the 4. Conclusion

non-labeled vesicles used in our study.

Fig. 8a shows the degree of vesicle deformation  This study provides new insights into the bio-
(a/R) against the increase of temperature for physical response of biomembrane vesicle adher-
adherent DMPC-UL\V(averaged from 10 vesicles ing on a non-deformable substrate at the middle
with same mid-plane radidion pure fused silica  of gel to liquid crystalline transition of DMPC
substrate. The degree of vesicle deformation is bilayer. It is shown that the increase of membrane
increased by 15% when the environmental temper- permeability at7,, leads to the dampening of
ature crosses over the phase transition of DMPC osmotic effect on the contact mechanics and adhe-
bilayer from gel to liquid crystalline state. This sjon energy of DMPC vesicle on pure fused silica
result is caused by the expansion of adhesion substrate. However, a change of surface chemistry
contact against the increase of temperature underfrom silanol to amino group results in significant
constant vesicle volume as shown by the unchan- decreases of degree of vesicle deformation and
ged geometry of adherent vesicles under phaseadhesion energy for larger vesicles. Last, the bio-
contrast microscopy during thermal transition. This physical response of an adherent vesicle during
result provides new implication in the use of temperature ramping is elucidated. This study pro-
temperature change in controlling the contact vides new insights into the thermotropic and phy-
mechanics of adhering DMPC vesicle. siochemical effects of lipid bilayer on bioadhesion

Fig. 8b shows the adhesion energy against tem-which can be instrumental in understanding the
perature for adherent DMPC vesicle on pure fused physical driving force of cell adhesion.
silica substrate(averaged from 10 vesicles with
same mid-plane radids When DMPC bilayer is Acknowledgments
transformed from pre-dominant gel phage °C)

to co-existing gefliquid crystalline phas€22°C), ACL and VC were supported by NTU AcRF
the average adhesion energy is increased by 24%fynd (RG 15/00). VC would like to thank Profes-
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of the increased degree of vesicle deformation g ggestions.
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