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Structure of adsorbed fibrinogen obtained by scanning force microscopy
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It is shown that seanning fotee microxeapy (SFM), operated in the uttractive made, can be used 1o obtain high rexelution pictures of adsorbed

fibrinogen maleeules on selid surfaces, without the need far staining or special microscape grids. SFM ulso reveals the three-dimensianal sirueture

of the udsorbed molecules. Two forms of adsorbed fibrinogen are demonstruted on hydrophoebie silicons diaxide xurfaces; u trinodular abouy 60

nm long wnd a globukir with about o 40 nm diameter. Polymeric networks formed after storage of the surface with adserbed fibrinagen in PBS

for 11 duys are also shown, The SFM-results for the trinodular strueture suggest the existence of loops or peplide ehiins extending outside the
basie strueture of the fibrinogen moleculs,

Maoleeulur structure; Fibrinagen: Adsorption; Scanning faree micrascopy: Atomic foree migrascopy; Polymerizution

1. INTRODUCTION

Scanning force microscopy (SFM; also known as
atomic force microscopy, AFM) is one of the new scan-
ning probe techniques used to obtain topographicinfor-
. mation about a surface with high resolution (nm or bet-
‘ter) both vertically and laterally [(1-3]. In SFM the force

between a sharp probe tip and the surface is measured
by attaching the tip to the end of a spring (lever) as is
schematically shown in Fig. 1. The displacement of the
lever is measured ¢.g. by laser interferometry (2,4,5].
Both short-range repulsive forces or-the longer-range
attractive interaction (used in this work) between tip
and sample can be used. The scanning probe techniques
are interesting in comparison with other microscopies
like TEM and SEM. They can be performed in air and

“liquids [6} and do not require any-special sample-treat-.

ment. They yield a direct three-dimensional picture of
surface structure or adsorbed molecules and do not
need an electrically conducting sample. SFM has thus
been used in aqueous buffer to observe the formation of
fibrin polymers from fibrinogen and to make other
dynamic in situ observations of proteins [6-8]. The
details of the internal structure of the single molecules
were, however, not revealed in these experiments,
Fibrinogen molecules have also been imaged with STM
(scanning tunneling micros~opy) by other groups [9].
~In the present paper we report studies of human
fibrinogen adsorbed on a solid surface using a SFM
operated in the attractive mode in air. Attractive mode
measurements are of special interest in the study of
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biomolecules since they are morec gentle to the
molecules than the repulsive mode measurements nor-
mally used to obtain high resolution topographic pic-
tures [10,1F]. The tip scans closer to the surface in the
repulsive mode than in the attractive mode and may
subject molecules to forces (typically 10°? N) which
may alter observed structures {7,12]. It is therefore of
considerable interest that we could obtain pictures of
adsorbed fibrinogen molecules in the attractive mode,
which apparently reveals more details than carefully
performed TEM studies. The data we present here
demonstrate how the SFM, operated in the attractive
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~Fig.-1. A schematic illustration of the SFM. The tungsten wire is bent

in a 90° angle and etched down to apprommately 20 pm in diameter.
In a second etching step, the end of the wire is formed to a sharp tip,
The lever/tip is glued onto a piezo-electric bar (Bimorph) on which an
electric AC-signal will induce the lever/tip to vibrate with its
resonance frequency, An optical fibre guides the laser light (HeNe,
632.8 nm) 16 the lever. Interference between the reflected light from
the fibre ¢nd and the lever.is used to detect the lever motion. The sam-
ple is placed on a piezo-electric tube-scanner that enables motion in all
three dimensions.
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mode, can revolve internal structure in fibrinogen ad-
yorbed on hydrophobic silicondiaxide.

2, METHODS AND MATERIALS

A substrates we uved 3 % 10 mm? pivees of polisied silicone walers
with native oxide (the same gquality g wedd {n the seniconduetor ins
dustry) which first had been cleaned in o mivture af hat (50°€)

HOAH O N (3111 vav) rinved i milli-Q water; Uhen clesned in

Bor (RO C) HLOAH0 AT (6111 aiid faltawed by extensive rinving
with milli-€Q watgr, Thix trcatment gives an oxidized and hydraphilic
silicone surfage. The Si-picee wery made hydrophobic by immening
ther inte 10%: dichlora-dimethybsiline o trichloraethylene for 3 nvin
fallowed by rinse in wichloroethylene and ethanol, The treated sur
facex had o contacy angle with water in the range 95-108% {13),
Fibrinogen was of Grade L abtained fram KabiViitrum (Slockhiviny,
Sweden) and was used  witheut further purifieation. Fibrinogen
moleculex were ndxorbed on the treated Si-surfaces by Incubation at
1O pg/ml in PBS, pH 7.4, for & min or 0.2 pg/ml for 4 h ae room

1
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Fig, 2, 3D-rendered micrographs of the trinodular (A) and globular
(B) forms of fibrinogen molecules on hydrophobic silicone dioxide
surfaces (on two different samples). The scale bars denote the lateral
scan size and the height scale, respectively, The silicone samples were
immersed into PBS with 0,2 ug/ml fibrinogen for 4 h then rinsed in
water and dried in flowing nitrogen gas, The surface concentration
_was less than 0.1 ng/mm? (the lower limit for ellipsometric detection)
in both cases.
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temprrature with slow sireing, 'The surfaces were then tlvved with
willi=€) water unad drled in o nitrogen gas ow.

The SFNdnurument wed wiy dsigied and comructed o our
fwboratary 1. 1 vaes o Tiberopiival kaver Intorforomeler as lover
deflection senvor (4] and wan aperated i the attractive Yarve reglmg
by regulating the distaner between the tp and the surfaes 1o give &
cotstunt frequency shibft of the lever resonance induced by the ferce
interaction |2, 14}, Tn thix made of operation the tp will Fallow vraces
of convtant fawe derlvative aver the sample. The HverZtip unit was
made of wnelectrechemivally ctehied tungsien wire with u right-anght
bend and terminated fn a sharp tp The Fever part was about | nun

A 95 nm

Fig. 3. (A) Top view of a trinodular fibrinogen molecule. The grey

scale bar, corresponding to 6 nm, indicates the height scale. (B)

Schematic structure of an (adsorbed) fibrinogen molecule, The dash-

ed parts indicate extra projections, revealed by the SFM, that are sur-
rounding the basic trinodular structure.
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leng with 4 diameter of appraximately 20 om, giviag o revondance fre:
vueney i e 1020 KELz range (different leveriilp units were wiedh
The Up radit were Crpleatly 20 nam we viewed by SEXL In our $FM 1he
fateral seanning iy pravided by i vawwubled pleay tubeseanner (3] on
whivh the wample v placed. Each scan length was (ndividually
calibrated using opuesl imerferomiry 1o sveid errar due ta ihe
hgstereshe eflevts im the piedd seanner,

The menvrements were performed in luberdtery air ot room
remperature,

3. RESULTS AND DISCUSSION

Fig. 2 shows 3D-rendered, topographical, pictures of
two forms of fibrinogen molecules observed on
hydrophobic: silicone dioxide surfaces. One form i3
trinadular with a length of about 60 nm and the second
has a more globular shape with a diameter of about 40
nm. The discrepancy from the gencrally aceepted value
of the length of the trinodular molecule (45-30 nm) is

probably due to tip imaging. effects [10,16]. The max-.

imum height for both ¢f the tws forms is 6 nm. Fig. 2
illustrates well the type of information which may be
obtained from SFM. The elongated trinodular, and the
spherical forms with sizes of the same order as those

found in Fig. 2 have also been suggested from recent -

TEM-studies on quartz (Si0;) substrates {17]. The third
dimension (the height) is, however, difficult to obtain
from TEM. The elongated trinodular shapeis a general-
ly accepted schematic structure for the native
fibrinogen molecule (18-22].

Fig. 3A shows ‘a top view-(i.e. the topography is’ i

presented as intensity variations of a grey scale) of a
molecule in its trinodular form. In Fig. 3B the picture is
compared to the schematic structure of fibrinogen
discussed above. Tentative extra features as revealed by
Fig. 3A arc shadowed in Fig: 3B. Apparently the SFM-
picture suggests some extra chains or loops outside the
basic trinodular structure which are difficult to explain
by tip imaging effects. The shape and extent of these ex-
tra structures varied somewhat between the different

trinodular - molecules, - which could be expected for °

random-coil «-chains protruding from a randomly ad-
sorbed molecule [23].

Fig. 4A shows polymeric structures found on
hydrophobic surfaces which were stored in buffer after
adsorption of fibrinogen for 11 days before the SFM
measurement. The fibrinogen molecules form a net-
work over the whole surface and the trinodular struc-
ture has disappeared (Fig. 4B). The width of one of the
polymeric strands is about 12 nm. The individual bran-

ching points looked very similar and the take-off angles -

were almost always 120°, suggesting a symmetry in the
polymer formation. Thxs might be a consequence of a
preferential orientation of interacting (perhaps three)
molecules in combination with lateral mobility during
network formation. The network observed by us could
be the initial network for the much broader network
observed by Rudee and Price [23,24].
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The main purpose of this communication Iy to peint
out the type of information which can be obtained with
the SFM operated in the atiractive foree regime on ad-
sorbed protein molecules studied in alr. We achieve a
fateral reselution far better than the tip radius of abaut
20 nm which ¢ould indicate that the measured foree is
not & simple van der Waals interaction, but alse in-
cludes other contributions, ¢.g. from the eapillary in-
teraction of a liquid phase bridging the tip-sample gap

>
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Fig. 4. (A) Top view of a polymeric network formed spontaneously on
the hydrophobic surface after storage in PBS for 11 days. Thesilicon
samples were immersed for 5 min in PBS with 1.0 pg/ml fibrinogen
before the storage period. (B) 3D-view of a branching point. The scale
bars denote the lateral scan size and the height scale, respectively.
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[16]). We were able 1o image structures which are not
directly visible in TEM, and obtain our data without
any sample preparation that could disturb the systen.,

We should remember, however, that the shape of the

fibrin molecule in Fig. 3A may to a large part be due 1o
the interaction with the surface. Further experiments
will be made to elueidate the influence of such effects as
the surface energy on the structure of the protein
molecule, The globular shape occurs tegether with the

trinodular form on the hydrophobic surfaces which.

may indicate molecular reconstruction after -adsorp-
tion. At higher concentrations of fibrinogen other
groups also report spherical fibrinogen using TEM (17)
as well as molecular networks (M. Stenberg, personal
commuunjcation), -

There are several studies which can be suggested with

the SFM, Since the preparation of samples is very sim-
ple it should be possible to perform a number of ex-
periments related to the interaction hetween protein
molecules and different types of surfaces. This should
allow interactions such as those between proteins and
their antibodies to be visualized by the SFM. Further
studies should also provide new information on the ef-
fects of different staining techniques on molecules, The
ability to obtain high resolution micrographs and to
observe  three-dimensional  structure of  soft
biomolecules are qualities making the SFM, operated in
the attractive force mode, a very promising technique
for biology refated measurements.
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