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nuity of red cell membrane ANS fluorescence. In contrast,
the extracted membrane lipids are not influenced in the
same way by the reagent. Since the discontinuity in this
temperature region is due to the membrane lipids'®1"2 it
must be concluded that the reagent interfered with lipid-
protein interaction. Diethylpyrocarbonate will react with
histidine, tyrosine and lysine in proteins®. SH groups are
also possible candidates for the reaction, depending on
their reactivity. We did not find, however, any alteration in
inhibition of glucose transport by diethylpyrocarbonate
when 5 mM cysteine was present during incubation (not
shown). Also, membrane SH groups were considered to be
probably not essential for glucose transport activity’. Since
there was also no difference detected between the controls
and modified membrane when spectrophotometric mea-
surements were carried out above 270 nm, extensive reac-
tion of tyrosine rests may be excluded (not shown). The
remaining rests are histidine-imidazole and lysine. On the
one hand, both have already been implied to be probably
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Fig.3. b ANS fluorescence of extracted red cell membrane lipids
over a temperature range. 0.78 mg of total lipid (30% cholesterol)
was suspended with 2.4 m! 0.9% NaCl and sodium phosphate
buffer, pH 7.0 to a final concentration of 0.01 M was added. The
ANS concentration was 5.6 pM. Incubation with diethylpyrocarbo-
nate similar to figure 3, a. The points=SD represent means of
10 recordings (see figure 3, a). O, Control; @, 5 mM diethylpyro-
carbonate. The lines were calculated by the method of least
squares.
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essential for glucose transpori®’. On the other hand, basic
amino acids have been considered for a while to be possible
candidates in polar lipid-protein interaction in plasma
membranes?!, The polar head of lipid phosphate may
interact electrostatically with the basic rest of the amino
acid. It is known, furthermore, that lipid transition is
dependent on liberty of motion of the polar head groups
and also on an increase in mobility of the fatty alkyl chains.
Thus, a change in mobility of the head groups induced by
the reagent’s interaction with basic amino acid residues
may decrease activation energy below and increase above
transition temperature (figure 1). Below the transition tem-
perature, there is an increase of disorder of the system in
the presence of diethylpyrocarbonate. Above the transition
temperature, where we already observe an increase of
disorder, the effect of the reagent is opposite.
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Adhesion of human red blood cells to polystyrene. Influence of sodium chloride concentration and of neuramini-
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Summary. The adhesion on polystyrene of glutaraldehyde-fixed human red blood cells was found to increase with NaCl
concentration. Half of the maximum of irreversible adhesion was obtained in 2.2 mM NaCl for neuraminidase-treated

cells and in 5.5 mM NaCl for the untreated cells.

As Curtis' pointed out, the classical DLVO theory of
double layer interaction developed by Derjaguin and Lan-
dau? and by Verwey and Overbeek® predicts that cell
adhesion can occur in 2 minima of the potential energy of
interaction. At some finite distance, where the surface does

not come into molecular contact, an equilibrium is reached
between electro~-dynamic attractive and electrostatic repul-
sive forces (secondary minimum). At smaller distance there
is a net energy barrier. Once overcome, the theory predicts
another minimum (primary minimum). Both the height of
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the barrier and the secondary minimum depend on ionic
strength and electrostatic charge. Evidence has recently
been presented to show that red blood cells (RBC) can
adhere to a lead electrode and to an oil-water interface with
a behavior characteristic of primary (irreversible adhesion)
and/or secondary energy minima (reversible adhesion)*?.
The reversible adhesion of glutaraldehyde-fixed human
RBC to a flat hexadecane-saline interface having a negative
potential was found to decrease below I mM NaCl’.

This report presents some observations on the adhesion of
human RBC to polystyrene as a function of NaCl concen-
tration in 2 different systems. Polystyréne was chosen
because it is widely used in laboratory plastic ware. It has a
negative surface potential whose value decreases as salt
concentration increases®. RBC were fixed in 3.3% glutaral-
dehyde to prevent cell deformability and leak of cell
components which would contaminate the interface. This
type of fixation increases the net surface negative charge of
human RBC by only 14%".

Blood from a human donor 0 Rh* was collected in citrated
TBS (0.145 M NaCl-0.025 M Tris, pH 7.4) and washed in
TBS (4x). The cells were fixed for 18 h** in 3.3% glutaral-
dehyde (adjusted to pH 7.4 with 1 N NaOH) at a cell
density of 107 cells/ml’. Finally the cells were washed with
water containing 1 mM EDTA (3x). In all experiments
only water double distilled on quartz was used.

To study the effect of cell surface charge on adhesion, RBC
were treated with 50 units/ml of neuraminidase (Vibrio
cholerae; Calbiochem) at 37°C for 1 h in TBS and at a
density of 10® cells/ml. The cells (n-RBC) were then fixed
with glutaraldehyde as described above. Neuraminidase
reduces by 60% the net surface negative charge of RBC
fixed afterwards in glutaraldehyde’.

In the 1st system, the adhesion of RBC on polystyrene was
studied in U-type microplates as a function of both NaCl
concentration and cell density (figure 1). At a density of
1-1.5x 10 cells per well, adhesion of the RBC on the wall
of the cone was total in 10-150 mM NacCt (no pellet formed
at the bottom of the well). A loss of adhesion was noticed in
5 mM NacCl which became greater as the salt concentration
decreased (as shown by the increasing quantity of cells
collected at the bottom of the well). In pure water, a
microscopical examination indicated that practically no
cells adhered to the wall of the cone. At a cell density
higher than 1.5x 10° cells per well, results were difficult to
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Fig.1. Adhesion of human red blood cells to polystyrene micro-
plates, as a function of NaCl concentration. Adhesion studies were
performed in Takatzy microplates (Cooke Engineering Company,
Alexandria, Va). The cells (0.25— 1.5x 106 in 50 pl water) were
mixed with NaCl solution (50 pl) in U-type plates. The plate was
shaken for 5 sec (Cooke Microshaker). The cells were allowed to
settle undisturbed for 2 h at room temperature (a longer time
interval did not change the results). The arrow indicates the wells
where adhesion of RBC started to decrease as seen by the cell pellet
formed at the bottom of the well.
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interprete since at all salt concentrations some cells collect-
ed at the bottom of the wells. At a density below 10° cells
per well, much lower concentrations of NaCl were neces-
sary to decrease adhesjon (figure 1). With n-RBC, adhesion
decreased below 0.7 mM NaCl at a density of 1.25x 10¢
cells per well.

Although these results do not constitute a definite proof,
they are consistent with a duplex adhesive behavior charac-
teristic of primary and secondary energy minima. At a low
cell density, the cells appear to adhere in the primary
minimum (the cells were shown to be irreversibly ad-
sorbed). At a higher cell density where all cells cannot come
into molecular contact with the polystyrene surface, these
cells are prevented from sliding along the wall of the cone
by adhesion in the secondary minimum. This implies a
long-range attractive force between the polystyrene-saline
interface and RBC. Evidence has been presented to show
that adhesion of RBC to an hexadecane-saline interface is
mediated by an attractive force acting at a distance ap-
parently exceeding 100 nm’. Alternatively, at high cell
density, one could postulate a weak cell to cell adhesion
between RBC. However RBC are reputedly non-adherent.
Since the height of the potential barrier depends not only
on the salt concentration but also on the cell charge, the
NaCl concentration necessary to decrease adhesion was
lower for n-RBC (0.7 mM) than for RBC (5§ mM) at a
density of 1-1.5x 106 cells per well.

In the 2nd system, the irreversible adhesion of RBC to
polystyrene was quantitatively determined under condi-
tions where RBC, adhering possibly by weak forces, would
be detached from the interface (figure 2). As found pre-
viously, the adhesion of RBC increased with NaCl concen-
tration (50% of the maximum of adhesion was found in
5.5 mM NaCl). A similar curve displaced towards lower salt
concentration was obtained with n-RBC (50% of the max-
imum of adhesion occurred in 2.2 mM NaCl). Adhesion
was irreversible since adhesive cells could not be detached
in the presence of water only.

The statistical adhesive behavior of RBC shown in figure 2
could reflect a distribution of surface propertiés of RBC
and/or heterogeneity of the polystyrene surface roughness.
Colloidal iron oxide particles adsorbed on n-RBC fixed
with glutaraldehyde show a departure from the uniform
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Fig.2. Adhesion of human red blood cells to polystyrene tubes as a
function of NaCl concentration. Adhesion studies were performed
in triplicate in 4-ml polystyrene tubes (Milan Instruments S.A.,
Geneva, Switzerland). RBC (5% 107 cells suspended in 100 pl
water) were mixed with NaCl solution (100 ul). The suspension was
allowed to settle undisturbed at room temperature for 1 h (a longer
time interval did not change the results). Water (1 ml) was added
and the unattached cells were resuspended by hand shaking. The
absorbance of the supernatant was immediately read at 650 nm.
Results were not affected by increasing the cell density. RBC (@);
neuraminidase-treated RBC (O).

—

100 mM




614

distribution observed in RBC. This would not explain both
curves of figure 2 since they are so similar. Although it has
been claimed that the oldest circulating RBC have electro-
phoretic mobilities up to 30% lower than the young cells®?,
this was not confirmed recently'?. However the extensive
heterogeneity of cell surface carbohydrate of the circulating
population of RBC!! could influence RBC adhesive behav-
ior to polystyrene.

In conclusion, n-RBC are more adhesive than RBC to a
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saline-polystyrene interface. Adhesion of both type of cells
increases with salt concentration. This is consistent with the
hypothesis that attractive electrodynamic and repulsive
electrostatic forces underlie the behavior of biological
cells"*3, Experiments are underway to assess to implication
of these results on hemagglutination assays performed in
polystyrene micropiates and on the properties of polysty-
rene microbeads used as cytochemical markers for electron
microscopy.
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Summary. Due to the electric polarisation induced by the carbon and nitrogen atoms, the molecules of the nucleotide bases
present a stereo-asymmetry. The DNA right-handed double helix is determined by the asymmetry of the nucleotide bases
and it is concordant with the right-handed a-helix of the polypeptide molecules formed by L-amino acids.

The asymmetry of the nucleotide bases can be defined by
3 orthogonal axes, which form an asymmetric system:
a) The (x—x) axis goes from the external side of the
nucleotide base molecule to its internal side, where the
hydrogen bonds with the complementary nucleotide base
are formed (figure 1, a). b) The (y—y’) axis goes from the
(—NH,), or (—C=0) groups (situated at the superior pole
of the molecule) to the nitrogen atom, situated opposite in
the ring of the purine or pyrimidine molecule (figure 1, a).
¢) The (z— ') axis is perpendicular on the molecular plan,
and passes through the intersection of the 2 other axes.

In the ring of the pyrimidine and purine molecules, there is
an alternation of carbon and nitrogen atoms
C(1)=»N(@2)—» C(3)»>N#) - (figure 1, a). The nltrogen
atom is more electronegative than the carbon atom!, with
the result that in a covalent bond (C:N) the electromc

Fig. 1. Adenine (a) and antiadenine (b). (x—>x) (y—y)and (z—2),
the axes of the molecular asymmeiry.

cloud is deviated from the carbon to the nitrogen atom
(C—N). The electric polarization is increased by the
presence of the chemical group situated at the superior
pole of the nucleotide base. The electric polarization is
propagated along the chain of atoms in the direction:
C*(H)->N-(2)-»C*(3)> N(4)— (figure 1, a). Due to
the presence of the delocalized n-electrons, an electronic
current arises in the molecular ring, in the presence of an
outer magnetic field. Subsequently, a magnetic molecular
moment is also produced?. Starting from these elements, we
define: a) The superior face of the nucleotide base is the
molecular surface at which an observer sees the rotation:
Ct(1)->N(2)-» C*(3)—»> N(4)—, following a clockwise
direction; b) the inferior face of a nucleotide base is the
molecular surface at which an observer sees the above
mentioned rotation following a counter clockwise direc-
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Fig.2. The asymmetry of the amino acids: a) L-valine; b) D-valine.



