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Abstract

Differences in the shape change responses of
platelets to various polymers may determine the
thrombotic potential of these materials.
Substrate-dependent variation in the expression
and motility of the platelet fibrinogen receptor
may underlie these differences due to this
ligand's essential role in platelet
aggregation. In this study we examine platelet
activation on polyetherurethaneureas (PEUUS)
presently being evaulated for vascular prosthetic
applications. These polymers are prepared as 50-
100nm thin films suitable as substrates for
consecutive light microscopy, high voltage
electron microscopy (HVEM), and SEM. 18nm
colloidal gold coupled to fibrinogen permits
visualization of that receptor's motility in
living cells by video-enhanced 1ight microscopy.
Subsequent HVEM and SEM of identified cells
provides correlative ultrastructure and surface
morphology. The use of these novel support films
coupled with the multiple modes of microscopy and
colloidal gold labeled ligands permits in depth
study of the molecular biology of cell adhesion
to materials with varied, and known, surface
properties.

The motility of the platelet fibrinogen
receptor was related to the extent of cyto-
skeletal reorganization, which, in turn, was
influenced by polymer surface energetics.
Platelets adherent to more hydrophobic PEUUs had
greater receptor mobility and receptor
redistribution than platelets adherent to more
hydrophilic PEUUs. The most extensive receptor
motility and redistribution was observed on
Formvar, a non-PEUU with low surface-water
energy, suggesting that additional surface
properties are of importance in determining
platelet spreading and fibrinogen receptor
motility.

Key Words: Platelet, Adhesion, Fibrinogen,
Receptor, Light Microscopy, SEM, High Voltage
Electron Microscopy (HVEM), Colloidal Gold,
Polymers, Biomaterials.

*Address for Correspondence:

Ralph M. Albrecht

University of Wisconsin, Veterinary Science
1655 Linden Drive

Madison, WI 53706 Phone No. (608)263-3952

Introduction

In order to further our understanding of
artificial surface induced thrombosis and
embolization it is important to characterize the
events occurring when platelets contact vascular
prosthetic materials. The expression and
motility of the platelet fibrinogen (FGN)
receptor is also of interest due to this 1ligand's
essential role in platelet aggregation
(30,31,33). Platelet adhesion can also be used
as a model for cellular adhesion. Extensive
cytoskeletal reorganization (23,26) accompanies
platelet shape change occurring subsequent to
initial adherence. The absence of a nucleus in
the platelet simplifies both the microscopic
observation of these cell fragments and the
interpretation of cellular events.

The cytoskeletal events accompanying the
shape change of surface activated platelets have
been described (22,23,26). Briefly, platelets
progress from a discoid shape to a spherical
form, then through a series of pseudopodial
shapes eventually culminating in a fully spread
thin disk. Concomitant with the final stages of
this shape change, three distinct cytoskeietal
zones develop, each of which circumferentially
surrounds the central granulomere zone. Proceed-
ing outward from the central granulomere, these
zones have been described as the inner filamen-
tous zone (IFZ), the outer filamentous zone, and
the peripheral web (25,26). Of importance to the
present investigation, Loftus and Albrecht
(24,25), using colloidal gold labeled fibrinogen,
reported that fibrinogen binds initially to the
platelet surface, including the pseudopods and
the cell periphery. As spreading proceeds the
fibrinogen receptors move towards the central
granulomere while remaining in the plane of the
membrane. This inward migration continues, even-
tually leading to the final localization of the
fibrinogen receptors over the IFZ in fully spread
platelets.

Many researchers have reported large differ-
ences in the extent of platelet shape change for
platelets adherent to various polymers (4,6,10,
19,29). Previously, we have reported differences
in the extent of cytoskeletal reorganization of
in vitro platelets adherent to a family of poly-
etherurethaneureas (PEUUs) (7,8) being examined
for their potential for vascular prosthetic
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applications (11). Platelets adherent to many of
these polymers do not change shape completely and
are apparently inhibited in the final stages of
shape change during the development of the plate-
let IFZ (7,8). Since fibrinogen receptor
redistribution is related to cytoskeletal
reorganization, and in particular is thought to
be dependent on the development of the platelet
IFZ (24,25), visualization of fibrinogen receptor
motility on these materials is of interest.
Considering the essential role of fibrinogen in
platelet aggregation, which in turn is necessary
for the formation of thrombi, understanding how
these polymers influence fibrinogen receptor
motility may lead to an understanding of how
platelet aggregation on polymers leads to
thrombosis (10,19).

Since platelet shape change occurs in
minutes, observation of 1iving cells by Tight
microscopy is desirable, if not essential, to
understand the nuances of adhesion, shape change,
and receptor motility. However, to follow
receptor expression and motility by light
microscopy requires an appropriately labeled
ligand. Ideally, this label also should be
detectable in electron microscopes so that the
previous history of cells being examined for
ultrastructure, by electron microscopy, is
known. Colloidal gold has been used successfully
as an SEM and TEM label for studies of cell
surface receptors (1,14,24,25). However, only
recently, with the advent of video-enhanced light
microscopy (VLM) (2,15), have colloidal gold
particles in sizes appropriate for SEM or TEM
been detectable by 1ight microscopy.

Our interest is to follow platelet adhesion,
shape change, and receptor expression, by VLM and
then study the same cells seen by VLM using HVEM
and SEM respectively, for their cytoskeletal
Structure and for their surface morphology. In
particular, we wish to characterize differences
in cell behavior by all three microscopic modes
for platelets adherent to a family of PEUUs with
varied surface properties. In order to perform
this study we therefore needed to prepare these
polymers as substrates suitable for consecutive
VLM, HVEM, and SEM. Herein we describe a method
for the preparation of these polymers as thin
films with acceptable properties for transmitted
light and electron microscopy. And, in particu-
lar, in this report we demonstrate the feasi-
bility of correlative VLM, HVEM, and SEM of
platelet shape change and (colloidal gold
labeled) fibrinogen receptor motility, for
platelets adherent to PEUUs of biomedical
significance and to Formvar.

Experimental

Materials

Six materials were studied for their effects
on FGN receptor redistribution. These were
Formvar (Monsanto, St. Louis, MO, USA), solution
grade Biomer (Ethicon Inc., Somerville, N.J.,
USA, lot #BSQXXI2), and four laboratory synthe-
sized polyetherurethaneureas (PEUUs).

The four laboratory synthesized PEUUs have
been described in detail elsewhere (11). These
polymers were prepared in a two-step condensation
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reaction in N,N-dimethylacetamide (DMAc, Aldrich
Chemicals, Milwaukee, WI, USA). Step one was the
reaction between two moles of methylene
diphenylene diisocyanate (MDI) with one mole of,
one of four, polyols; poly(tetramethylene oxide),
hydroxybutyl terminated poly(dimethylsiloxane),
poly(propylene oxide), or poly(ethylene oxide)
(PTMO, POMS, PPO, or PEO respectively). A1l
polyols are of 1000 MW except PDMS which has a
molecular weight of 2000. This prepolymer was
then chain extended with one mole ethylene
diamine (ED) in step 2, to form the PEUU. In the
subsequent discussion these polymers are referred
to by their polyol abbreviation, thus PEO-PEUU is
the poly(ethylene oxide) based polyetherurethane-
urea.

A11 five PEUUs; four laboratory synthesized
plus solution Biomer (SB), were prepared as
50-100nm thin films by spin-casting from 2-4%
solutions in DMAc onto sodium chloride crystal
substrates: One cm NaCl cubic crystals (Ted Pella
Inc., Tustin, CA, USA) were cleaved in half with
single edged razor blades. The resultant pieces
were then cleaved in half repeatedly until
crystals 1 cm square by 1-2 mm thick remained.
These were kept absolutely dry until coated. To
spin-cast, a thin NaCl crystal wafer was placed
in @ 2 mm deep well (1.45cm diameter) in the
center of a turntable. Polymer solution was
applied to just cover the wafer (2-4 drops) and
allowed to remain for 2 minutes. The turntable
was then brought to 3000-4000 rpm and maintained
at speed for 20 sec while an additional 2 drops
of solution were applied. This coating sequence
was repeated twice, the crystal wafer was
removed, and was then placed on desiccant in a
loosely covered petri dish in a fume hood to
allow solvent to evaporate in conditions of zero
humidity. After 36 h the coated face of the
crystal wafer was 1ightly scored with a scalpel
into 2.5 mm grid size squares. The coated and
scored crystals were then floated on distilled
water. When the films released from the crystal,
bare NiCr maxtaform finder grids were inserted
below the water surface to pick up the floating
films from underneath. Thus the air-cast face
of the PEUU films were on top and used as the
cell adhesion substrate. The distinction of
sidedness is important since polymers orient at
interfaces to minimize interfacial energy (32)
thereby altering their surface properties (17).
The air-cast face of these materials is the
surface exposed to blood in virtually all
applications.

Formvar filmed grids were prepared by
standard methods. Briefly, this consisted of
dip-coating microscope slides in 0.35% Formvar in
ethylene dichloride, floating the dried Formvar
film onto a distilled water surface, and then
placing maxtaform finder grids on the floating
film. In these studies the glass-cast face of
the film was used as the platelet adhesion
substrate since most microscopists appear to use
some variation of the method described by Hall
(12) to prepare filmed grids, and to be
consistent with other cell adhesion studies
(22-26).

A11 5 PEUU materials have been previously
analyzed for various surface and bulk properties




Platelet Adhesion with Correlative Microscopies

(11,20). A summary of their surface energetic
properties, obtained by underwater contact angle
measurements with air and octane probe fluids
(3,13,21), appears in Table 1. The values for
the PEUU materials were obtained for several
micron thick films, thus caution should be
exercised in applying these numbers to the 50-
100nm films used in the present study. Briefly,
these measured écontact angle) and calculated
(Ysw and YsP/Ys9) parameters provide measures of
surface hydrophobicity and surface polarity. For
examp]g, small contact angle, low Ysw, and high
YsP/¥sY ratios indicate a relatively hydrophilic
and polar surface.

Colloidal gold labels

Colloidal gold was prepared by previously
described methods (1,9,14,24). 18nm colloidal
gold particles were prepared by the reduction of
4% HAuC1, (0.5m1) in 200 m1 boiling deionized
disti]Weg water by the addition of 1% trisodium
citrate (5 ml). This mixture was refluxed for 30
min. The formation of the monodisperse colloid
caused a color change from dark blue to red. For
24 and 50nm colloidal gold, 3 ml and 1.6 ml of 1%
trisodium citrate, respectively, were used as the
reductant (9,14).

Fibrinogen (FGN) was purified from citrated
human plasma by precipitation with 25% saturated
ammonium sulfate followed by DEAE-Cellulose
chromatography and dialysis against 0.01 M Tris,
0.14 M NaC1l buffer, pH 7.4 (28). FGN was
complexed to colloidal gold at pH 6.5, slightly
above the pI of FGN, by pH adjustment with 0.2 N
K CO3. The minimal amount of FGN necessary to
s%ab11ize the colloidal gold was determined by
adsorption isotherms (9,14,24). Further
stabilization was achieved with the addition of a
1% solution of 20,000 MW poly(ethylene glycol).
The gold labeled FGN (FGN-Au) was sedimented at
11,000x g for 30 min, resuspended in BSA and
dextrose-free Tyrode's buffer (see below) and
filtered through a 0.2 um filter. The
specificity of these FGN-Au labels for the FGN
receptor has been determined (24,25).

Platelets

Platelets were purified in a two step
process (6,10,24-26). Whole blood was anti-
coagulated with 10 mM EGTA and centrifuged at
165x g for 15 min. The resultant platelet-rich-
plasma supernatant was then chromatographed on
Sepharose 4B (Sigma Chemical, St. Louis, MO, USA)
previously equilibrated with calcium-free
modified Tyrode's Buffer (136mM NaCl, 2.7mM KC1,
0.42mM NaH,P0,, 12mM NaHCO3, 1mM MgCl,, 1g/1
dextrose, 5 g/1 albumin). "This same buffer was
also used as the elutriant. Platelets eluted in
the void volume.

Procedure

The platelet suspensions were supplemented
with calcium containing modified Tyrode's (1mM
final concentration) immediately prior to pipet-
ting onto the test materials. Polymer filmed
grids, one PEUU and one Formvar, were affixed in
an open ended chamber constructed of cover
glasses, Parafilm (American Can Co., Greenwich,
CT, USA), and VALAP (a 1:1:1 mixture of Vaseline,
lanolin, and paraffin). This disposable chamber
allowed media to be exchanged or supplemented,
such as the addition of FGN-Au, while cells were
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under continual VLM observation. FGN-Au was added
after a sufficient number of platelets had
attached to the filmed grids, but prior to the
formation of a complete platelet monolayer.
Preparations were fixed after 45 min of
activation to assure a large population of
maximally activated cells. Previous studies have
shown that the maximum percentage of fully spread
platelets on polymer surfaces under similar
conditions occurs at 30-45 min (6,10). Formvar
adherent platelets were observed to insure that
the cell population was normally activatable.
When full spreading and complete colloidal gold
labeled fibrinogen (FGN-Au) centralization
(24,25) was not observed on the Formvar grid the
experiment was discarded.

Electron Microscopy

Platelets adherent to grids were fixed in
0.1 M HEPES buffered 1% glutaraldehyde supple-
mented with 0.5% saponin, 0.2% tannic acid, pH
7.2 for 30 min. Fixative was applied either
while the cells were being observed by VLM or
immediately upon removal from the microscope
stage. After rinsing in the 0.1 M HEPES buffer,
platelets were postfixed in 0.05% 0s04 (24,27) in
HEPES for 15 min, water rinsed, stained in
aqueous uranyl acetate for 15 min, and water
rinsed again. Preparations were then dehydrated
with graded ethanol to absolute molecular sieve-
dried ethanol and dried by the critical point
procedure with molecular sieve-dried C02 as the
transitional fluid.

Grids were stabilized with evaporated carbon
applied to the non-cell side and viewed with the
Madison, Wisconsin NIH Bioresources AEI High
Voltage Electron Microscope (HVEM) at 1000 kV.
Stereo-pair micrographs were recorded at magnifi-
cations from 5000 to 20,000x for analysis.
Following HVEM examination, specimens were
sputter coated (triode type instrumentation) with
10-15nm of AuPd prior to secondary electron
imaging with a JEOL JSM 35C SEM at 10-15 kV.
Light Microscopy

The Tight microscope used was an inverted
Nikon Diaphot (Garden City, NY, USA) modified for
increased 1ight transmittance to the TV camera.
In this study, condenser (polarization) rectified
(16) differential interference contrast (DIC)
imaging (2,15) was done with a wavelength of
546nm, using a 1.25 NA 100x plan apochromatic

objective. Images were projected to the TV
camera giving a final, optical plus electronic,
Contact Angle Energetics
Material 8aw sow Ysw YsP/vgd ref.
MDI/ED/polyol
PTMO 1000 MW  58+5 98+6 23 0.19  (11)
PDMS 2000 MW 108+5 132+7 36 0.11  (11)
PPO 1000 MW  60+2 89+4 14 0.35 (11)
PEO 1000 MW 5145 7145 6.3 0.76 (11)
Solution Biomer 56 76 7.7 0.66 (20)
Formvar 38+4  54+4 2.4 1.19
Table 1. Materials and surface properties.
Materials are as described in Methods. Air-water

(saw) and octane-water (eow) contact angles in
degrees appear as mean+SD. Surface-water
interfacial energy (Ysw) is in dynes/cm, and the
ratio of the polar and dispersivs components of
the solid surface energy ('sP/Ys9) were
approximated with the geometric mean equation.
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Figure 1. VLM of platelets adherent to PTMO-PEUU. Upper platelet in micrograph is at a more
activated level of shape change than lower cell.

a) Platelets after 19 min of spreading are labeled with FGN-Au primarily on pseudopods (arrowheads).
Upper platelet has ruffled, 1lightly labeled, edges.

b and c) At 24-30 min labeling of both platelets is heavier. FGN-Au has begun to move in towards the
central granulomere. The edge of the upper cell is becoming less ruffled and is partially cleared of
labels. Lower cell is labeled along pseudopods and along radial lines extending in from pseudopods
over the hyaloplasm (arrowheads).

d) 36 min after adherence upper platelet is no longer spreading. FGN-Au is absent from cell periphery
and is heavily concentrated in a circumferential ring around the granulomere. Lower platelet is still
spreading. The most central densities may be due to granulomeric organelles. Note the densities in
the pseudopod connecting the two cells (arrowhead). Arrows point out a few correlative label
densities observed in Figures 2 and 3.

Figure 2. Digitized images of Figure la-d with the brighter half of the grey scale changed to white
in order to emphasize dark, FGN-Au, labels. Threshold level was determined by comparison of recorded
VLM image (at 36 min activation) to SEM and HVEM micrographs.

a) Label is too diffuse thus the optical density is too low to show label at this threshold level.

b and c) Circumferential (upper platelet) and radial (lower platelet) densities are apparent.

d) Circumferential labeling is more apparent in upper platelet than earlier. Label has clearly moved
centripetally and become more concentrated in both cells.

magnification of approximately 6000x. This USA) modified for manual control of gain and
magnification was chosen so that the diffracted black level. Further enhancement of contra§t was
image size of an individual 18 nm FGN-Au bead achieved with a video processor (Colorado Video,
observed on glass (see Results and Discussion) 604 and 302-2, Boulder, Colorado, USA). :
was just larger than the width of an individual Experiments were recorded with a high resolution
TV scan line. video recorder (Panasonic NV9240XD, Secaucus, NJ,
The TV camera used was an instrumentation USA) for later playback and analysis. Micrographs
grade DAGE-MTI Newvicon (Michigan City, Indiana, were obtained by direct photography of the high
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resolution monitor (Panasonic WV-5410), or in
some cases from the computer monitor with a 35mm
camera fitted with a macro lens. Images were
routed to the computer (IBM PC-XT fitted with
Orchid and Tecmar video and graphic boards) for
pseudocolor imaging and analysis of label
location and density by grey-scale thresholding
(see Results and Discussion).

Results and Discussion

VLM and colloidal gold labeling was success-
fully employed to observe platelet spreading and
FGN receptor motility of PEUU adherent human
platelets. 18nm FGN-Au beads on polymer adherent
platelets were not always individually visualized
by VLM although individual 18nm FGN-Au particles
were consistently visualized on glass. The visu-
alization of FGN-Au binding to polymer adherent
cells was achieved by the increased optical
density of clustered labels on the platelet

Figure 3. SEM (a) and
HVEM stereo pair (b)

of upper platelet in
figures 1 and 2:
Pseudopods extending
into field are from
lower cell. White
object (SEM, dark in
HVEM) is debris that
attached during pro-
cessing for electron
microscopy. Note
correlations of FGN-
Au labels between
these micrographs and
figures 1d and 2d:
Relative absence of
label from cell
periphery and over
granulomere, localized ; =
densities of label on . .
pseudopod (arrowhead)

surface. As label density increased the optical
density increased from grey levels barely above
background to the maximum black level of the
video system. Thus label location was determined
by darker areas on the cell surface while the
relative darkness indicated label density (Figure
1). In many respects this is comparable to
fluorescent microscopy in which several
fluorochromes are necessary for detection. SEM
and HVEM of identified cells, previously followed
with VLM while 1iving, demonstrates the good
correlation of label location and density by all
three methods of microscopy (Figures 1-3).

To facilitate imaging the optically dense
FGN-Au labels, images were digitized and a grey
scale threshold was applied. This process
changed all pixels that were less dark than a
user specified level to white, while pixels
darker than the specified level were unaltered.
Thus the position of the (darker) FGN-Au labels
were emphasized by elimination of the background
(Figure 2a-d). The interpretation of these
thresholded micrographs must be performed with
care since not all dark areas are due to label;
edges and cell organelles can also produce dark
regions (Figures 1-3). SEM or HVEM is necessary
to absolutely determine label location although
through-focus VLM is very helpful in this regard.
For example, through-focus observation can
determine if dark regions are on or in the cell.
The threshold level is most easily determined by
comparing the recorded VLM image with an electron
micrograph of the same cell. The recorded VLM
images may then be computed and observed during
playback at the appropriate threshold level
(Figure 2).

VLM observation of spreading platelets on
all materials indicated that FGN-Au bound first
to the cell periphery and along pseudopodia
(Figures la-band 2a-b). As the hyaloplasm
extended, label density increased first at the
cell periphery and then along radial spokes
extending out over pseudopodia (Figures lc-d and
2c-d). These radial densities gradually

and at edge of FGN-Au labeled area (arrows). Note that the square impression on the underside of the
film, due to replication of the NaCl crystal surface, is visualized with HVEM (b, circled) and not

with SEM (a).
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decreased as the label became centralized around
the granulomere (Figures 1d and 2d). At all times
label densities were observed to increase from
the periphery to more centralized regions,
although the possibility of individual receptors
moving centrifugally or circumferentially cannot
be ruled out by this observation. Platelets on
other grids and different polymers fixed at
various stages and observed by HVEM and SEM
confirm label locations and the centripetal
receptor motility as observed by VLM (Figures 4
and 5).

Differences in the extent of platelet
spreading on these materials in the absence of
exogenous FGN have been reported (7,8). The
present study supports the previous observations
that the shape change on Formvar is more
extensive than on any of the PEUUs.

Additionally, the observation that shape change
was more eétensive on the hydrophobic (large Ysw,
Tow YsP/Ys%) PDMS-and PTMO-PEUUs than on the more
hydrophilic PPO-or PEO-PEUUs was also supported
(7,8, and to be published). The level and
pattern of FGN-Au binding and receptor motility
for platelets on each of these polymers was
consistent with the extent of each platelet's
level of shape change, as reported by Loftus and
Albrecht (24,25). Thus, more extensive labeling
and label centralization were observed
characteristically on the more activated
platelets adherent to Formvar (Figure 5),
followed by PTMO-or PDMS-PEUU adherent cells
(Figures 1-3) than by those platelets on PPO- and
PEO-PEUUs (Figure 4).

Preliminary studies were done to determine
optimum label size for these investigations.
Individual 12nm Au-FGN labels were more difficult
to detect than 18nm labels by SEM, especially at
magnifications appropriate for visualizing whole
platelets. The 12nm labels also needed to be
present in high density for reliable detection by
VLM of polymer adherent platelets. Larger
labels, of 24nm and 50nm diameter, were easily
visible by SEM but localization of binding sites
by HVEM was less precise, especially for the 50nm
Au. VLM detectability of 24nm labels was not
significantly better than for 18nm Au, possibly
due to fewer labels binding per area as a
consequence of steric hindrance. 50nm labels,
while easily visible as individuals by VLM, bound
in such low numbers that 1ittle information on
receptor density could be obtained. Thus, 18nm
Au was chosen as the best compromise for these
studies. For studies of receptors present in
lower numbers, or of receptors that do not co-
migrate, larger labels might be required. Since
the filmed grid perturbed cell visualization,
VLM-SEM studies of such receptors on glass
adherent cells could probably be done with 18nm
or 24nm labels.

PEUU films were successfully prepared by a
novel method of spin-casting. These polymers
served as suitable support films for VLM and HVEM
studies of adhesion to these (potential) bio-
materials. VLM observation of platelets adherent
to most of these materials was generally not as
clear as that of platelets on Formvar, which in
turn was significantly less clear than on glass.
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Most of the reduction in image quality can be
attributed to scatter at the film interfaces.

The additional reduction of clarity seen with
PEUU films was 1ikely due to birefringence in the
(circa 5nm size) microcrystalline domains present
in these phase-segregated PEUU copolymers (11)
which would affect polarization or DIC imaging.
Video-enhanced asymmetric illumination contrast
(V-AIC) microscopy was attempted to improve
imaging. since AIC is relatively unaffected by
birefringent structures (18). However, we found
visualization of platelets by V-AIC was less
informative than with the V-DIC used in the
present study. Video-enhanced brightfield and
phase were also found less suitable for platelets
adherent to filmed grids. An additional factor
affecting the apparent quality of VLM images is
the very shallow depth of field of DIC
microscopy. When the microscope is focused on the
cell surface, to best resolve labels, the cell
edges are out of focus providing a less than
esthetically pleasing image.

In contrast to the merely acceptable VLM
properties of the PEUU films, these materials
were excellent substrates for HVEM. The PEUU
films met the major criteria for TEM supports
including electron transparency, minimal
intrinsic structure, and high mechanical
stability under the electron beam (5). The PEUU
filmed grids consistently exhibited greater
stability in the HVEM than Formvar. Although
holes and thickness variations were occasionally
present as a consequence of replicating the NaCl
crystal surface (Figure 3b), irradiation
stability was sufficient to enable the recording
of stereo-pair micrographs directly adjacent to
these imperfections. Additionally, most of the
PEUU films appeared visually homogeneous, with
the notable exception of the PEO-PEUU. However,
with stereo imaging this was of minimal
consequence since the substrate can be clearly
delineated from the cell by height or depth cues
(Figure 4b). The stability of these films in the
conventional TEM has yet to be determined.

In summary, correlative VLM, SEM and HVEM is
useful in observing features of cell surface
receptor expression and motility not possible to
visualize by any one mode of microscopy. In
particular, correlative 1ight and electron
microscopy allows living cells to be analyzed for
their dynamic responses. Finally, the use of
these novel support films permits in depth
studies of the molecular biology of cell adhesion
to a variety of synthetic surfaces with varied
surface properties.
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Discussion with Reviewers

M. D. Lelah: Was any attempt made to examine the
roughness and texture of both the NaCl crystal
cut face and the urethane coated surface? A
smoother cut face may result in a smoother
urethane film surface, and thus a better quality
image, for these very thin films.

Authors: We made no systematic examination
although we consistently observed that the film
appeared to accurately replicate the NaCl crystal
surface hence film surfaces should have been
smooth to molecular dimensions. Microscopic
observation appeared to confirm this. Often the
uniformity of the polyurethane film was affected
by crystal surface roughness as a consequence of
the replication of crystal imperfections (slip
planes and other dislocations). However, this
did not generally affect observation since the
films were usually uniform over several hundred
square microns.

——

Revien Please comment on the reasons why we
do not see identical features on Figs. 3b (stereo-
pair) and Figs. 1d and 2d? How do you know the
dark circles on Fig. 3b are not dense granules?
Authors: Correspondence between VLM and EM images
are less than exact due to the difference in the
physics of image formation for the different micro-
scopic modes. The resolution and depth of fields
are different in various microscopy methods. In
addition, Fig. 1d is of living platelets while the
micrographs in Figs. 3a and 3b are of one of these
cells after fixation. It is possible that small
changes in cell shape occur as the initial fixative
reacts, hence this could account for some inexact-
ness in the correlation between images.
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