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Recent progress in surface forces measurements allow us to measure forces between protein adsorbed mica surfaces
directly. The force curves can be devided into two regimes due to the surface separation, & “longer distance” regime and
an “adsorbed layer” regime. In a “longer distance” regime, the forces are largely due to an electrostatic double-layer
force originating from the charges on the adsorbed protein layers. In the “adsorbed layer” regime, forces of steric origin
owing to overlap of adsorbed layers dominate. From the analysis of the forces in an “adsorbed layer” regime, conforma-

tions of the adsorbed protein melecules can be estimated.
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Fig. 1 Schematics of the structure of recombinant protein A
and of the three-dimensicnal structure of the fragment
B with the C* chain folding model overlaid adapted
from reference®.
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Fig, 2 Surface forces (normalized by the radius of curvature) measured between
pair of mica surfaces in aqueous NaCl at varying pH. The solid lines and
the dotted lines are the theoretical prediction based on DLVO theory under
constant potential and constant charge conditions, respectively. The param-
eters employed are, pH=3.5; y,=30 mV, k '=9.3 nm, (0.=1 charge/
66 nm?) pH=3.0; Po=105mV, x”'==905nm, {g,=1 charge/11 nm?
pH=8,10; 1.=135 mV, k¥ ~'=10 nm, {co=1 charge/6.4 nm*)
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Fig.3 Surface forces in the presence and absence of 10 ppm

rPA at pHI=4.952+0.05. The total ionic strength was
kept at 1.0 mM (NaCl+HCI). { £ ): in the pure me-
dium, (O®): 6 h of incubation, (O@): 12 h of incuba-
tion, (A4)18h of incubation. Detailed force-
distance curves at short separations are shown in the
inset. J indicates the force maximum from which 1PA
adsorbed mica surfaces jump into adhesive contact.
Open and filled symbols represent forces measured on
approach and on separation, respectively.
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Fig. 4 Surface forces after 6 h of incubation in 30 ppm rPA

a1 pH=4.95%(0.05. The total ionic strength was kept
at 0.886 mM (NaCi+HCI). (O): 1st approach, (A):
1si separation, {@): 2nd approach. J indicates the
force maximum from which rPA adsorbed mica sur-
faces jump into adhesive contact. The force curve for
the pure medium is represented by the best fit theo-
retical curve (a lower solid line for the constant
charge condition and a lower dotted line for the con-
stant potential condition; 19, =% mV, ¥ 7'=10.7 nm,
o= 1 charge/17 nm?), A=2.2X10""]. Theoretical
prediction for the force curve in the presence of 30
ppm rPA is represented by the solid line (constant
charge condition) and the dotted line (under constant
potential condition). The OHP is located at 6.5 nm
from the mica/mica contact. The parameters em-
ployed are, w,=60mV, ¥ =10.7nm (=1
charge/32 nm?), A =1 X 107™],
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Surface forces in the presence and absence of 100
ppm rPA at pH=4.9510.05. The total ionic strength
was kept at 1.0 mM (NaCl+HCI). (¢): in the pure
medium (the identical curve to that in Fig. 2), (O®):
in the presence of 100 ppm rPA. Open and filled sym-
bols represent the forces measured on approach and
on separation, respectively.
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Effects of rPA concentration on the force curves at pH
=4.95+0.05. Total ionic strength was 1 mM (NaCl
+HCI). a. (08): in the presence of 100 ppm rPA, b,
(O®@): in the presence of 30 ppm rPA, ¢. (AA): in the
presence of 10 ppm rPA. Open and filled symbols
represent the forces measured on approach and on
separation, respectively. Arrows indicate “jump-in” or
“jump-apart” motion of the surfaces.
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Fig.7 A schematic illustration of possible structure of ad-
sorbed rPA layer at a low ionic strengih (I1=1 mM).
Filled ovals, rPA molecule; open circles, already ad-
sorbed IgG binding unit. d is a diametre of a IgG
binding wnit. The illusirated configurations cotre-
spond to those at a surface separation of 2 Dy, ar At
low rPA concentrations, rPA molecules are adsorbed
“side-on” parallel to the surface. b: At higher rPA
concentrations, rPA molecules adept “pseudo double-
layer” conformations.
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