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sibility that among the various types of antibodies present in
the polyclonal sera some will be able to bind to their target
regardless of the exact state in which the HMG is found in
the cell. Indeed, using microinjection techniques we have
found that the anti-HMG-1 antibody can bind to the antigen
under in vivo conditions (L. Einck and M. Bustin, unpublished
results). Thus it is feasible that microinjection of functional
antibodies will help elucidate the cellular role of these proteins.
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Cobalt-Bleomycin-Deoxyribonucleic Acid System. Evidence of
Deoxyribonucleic Acid Bound Superoxo and u-Peroxo Cobalt-Bleomycin

Complexes'

J. P. Albertini and A. Garnier-Suillerot*

ABSTRACT: Co(II) interacts with bleomycin in aqueous solu-
tion, in the presence of air, to give a short-lived mononuclear
superoxo Co(III) complex (I). Then, two molecules of complex
I react together, with the loss of oxygen, to yield the dinuclear
u-peroxo Co(IIl) complex (II); the dimerization follows a
second-order rate law with k, = 200 & 50 M1 s7! at 25 °C,
The rate of dimerization is lowered by a factor of 2000 when
DNA is present at a molar ratio of [nucleotide] /[Co] higher

Bleomycins (BLM) are a family of glycopeptide antibiotics
clinically prescribed for the treatment of selected neoplasmic
diseases (Carter, 1978). This drug, which both chelates metal
ions and binds to deoxyribonucleic acid (DNA), induces a
degradation of DNA in a reaction that has been shown to
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than 16. These results and studies of circular dichroism and
electron paramagnetic resonance spectra of complexes strongly
suggest the binding of the superoxo complex to DNA (I’) as
well as that of the u~peroxo complex (II'); the binding of 1
molecule of complex II for every 2.9 base pairs in DNA has
been determined with an apparent equilibrium constant of 8.4
X 10 M1,

depend, in vitro, on the presence of ferrous ion and molecular
oxygen (Sausville et al., 1978). BLM can form stable com-
plexes with other metal ions such as Cu(II), Zn(II), and
Co(III) (Dabrowiak, 1980). With the exception of the Co(III)
complexes, all the others have antitumor properties against
the Ehrlich ascites tumor (Rao et al., 1980). On the other
hand, labeled metal-bleomycin complexes are used for diag-
nostic tumor localization, and the Co"™"BLM complex, the
more stable of the M:BLM complexes, exhibits excellent tu-
mor-localizing properties in man (Rasker et al.,, 1975).

0006-2960,/82/0421-6777$01.25/0 © 1982 American Chemical Society
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Moreover, BLM-*’Co has been shown to be a good tumor
scanning agent for the diagnosis of pulmonary and cerebral
tumors (Kono et al., 1977). Thus it appears important to
accurately characterize the complexes formed between BLM
and cobalt.

In recent years, the interaction of Co(II) with BLM has
been a subject of increasing interest (Sugiura, 1980; Tsuka-
yama et al., 1981; Vos et al., 1980a,b; Kakinuma et al., 1980;
DeRiemer et al., 1979). Sugiura, in particular, has shown,
via electron paramagnetic resonance (EPR) measurements,
that by addition of Co(II) to an aqueous solution of BLM, a
low-spin cobalt complex, presumably BLM-Co''.O,", is formed
(Sugiura, 1980). However, Vos et al. (1980a,b) were able to
demonstrate that, under the conditions studied by Sugiura,
there is, in fact, an equilibrium between two complexes. On
the other hand, Kakinuma et al. (1980) pointed out that
different kinds of Co-BLM complexes could be separated by
silica gel thin-layer chromatography, and DeRiemer et al.
(1979) showed that two compounds were obtained by mixing
Co(II) with BLM: only one of them being thermodynamically
stable.

These observations prompted us to initiate an investigation
on the interaction of Co(II) with BLM in order to identify
accurately the different species formed. In a short paper, we
reported that in aqueous solution, in the presence of oxygen,
Co(II) reacts with BLM to give BLM-Co!l.O,", which di-
merizes to a u-peroxo complex that is the thermodynamically
stable compound (Garnier-Suillerot et al., 1981). In addition,
we showed that the superoxo complex is greatly stabilized by
the presence of DNA.

In the present paper, we give the results of an investigation
in which the superoxo and the u-peroxo complexes that are
formed either in the absence or in the presence of DNA are
accurately identified. Moreover, we show that both complexes
bind to DNA and that 1 molecule of u-peroxo complex binds
for every 2.9 base pairs in DNA. This is an important point
as Co-BLM complex fixation is used for tumor localization.

This investigatioin was done essentially by absorption, cir-
cular dichroism (CD), and EPR measurements. Thermody-
namic parameters were also determined.

Materials and Methods

Purified BLM A, which contains (3-aminopropyl)di-
methylsulfonium [~NH(CH,),S*(CH,),] at the terminal
amine was kindly provided by Laboratoire Roger Bellon.
Standard Co(1I) solutions were prepared from reagent-grade
material [CoSO,, (NH,),SO,6H,0]. Calf thymus DNA was
purchased from Sigma Chemical Co. All other reagents were
of the highest quality available, and deionized distilled water
was used throughout the experiments. Unless otherwise stated,
samples of oxygenated species were prepared directly by the
reaction of the antibiotics and Co(II) salt in 0.01 M Hepes
[N-(2-hydroxyethyl)piperazine-N"2-ethanesulfonic acid}
buffer, pH 7.4, in open air. The Co(II) and BLM concen-
trations used ranged from 100 to 400 uM, and for ensurance
of complete complexation, the molar ratio of BLM to cobalt
was always higher than 1.

Absorption spectra were recorded on a Cary 219 spectro-
photometer; CD spectra on a Jobin Yvon dichrograph Model
Mark III; EPR spectra on a Varian CSE 109 spectropho-
tometer at —180 °C. The O, concentration measurements were
performed with a YSI 5331 oxygen probe.

Results and Discussion

The addition of Co(II) to an aqueous solution of BLM, in
the presence of air, gives rise to the rapid formation of a brown
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complex (I), which evolves to a green one (II). The reaction
I — II, which is fast at room temperature, becomes slow
enough near 0 °C to allow an accurate study of complex 1.
Nevertheless, data must be collected rapidly as complex I, even
at ice temperature, has a lifetime of only a few minutes.

Complex I' BLM-Co™-0,". The formation of complex I
is attested by the appearance of a band at 470 nm in the visible
absorption spectrum. The stoichiometry and the pH-dependent
formation of this complex were determined by absorbancies
at 470 nm as a function of the BLM/Co molar ratio at dif-
ferent pH values. Complex I is completely formed at pH 4
and remains unaltered from pH 4 to 10; the complex stoi-
chiometry is then 1:1. Concomitantly with the appearance
of the absorption band, 1 mol of O,/Co(II) is consumed, and
an EPR spectrum characteristic of Co(III)-bound superoxide
is obtained (Sugiura, 1980). We determined the following
EPR parameters: g, 2.007; g;, 2.096; AS_°, 12.5G; Aﬁ° 20.0
G. Complex I can be then formulated as BLM-Co!'.O,",

Complex II: (BLM-Co),-(u-0,%). The reaction I — II
is characterized by the decrease of the absorption band at 470
nm, as time elapses, and the reaction can conveniently be
followed by monitoring this band. The reaction is also
characterized by the presence of an isosbestic point at 580 nm
in the absorption spectra (Figure 1). Concomitantly with the
decrease of the 470-nm absorption band, 1 mol of oxygen/2
mol of Co(III) is released, and the EPR signal disappears
(Garnier-Suillerot et al., 1981). The absorbance at 470 nm
and the O, consumption have been determined simultaneously,
and as can be seen in Figure 1 (insert), the plot of ¢/Co at
470 nm against Co/O, consumed is a straight line. Therefore,
the stoichiometry of complex II is that of a dimeric dioxygen
adduct. This, as well as the diamagnetism, strongly suggests
a u-peroxo dicobalt structure for II, and the reaction I — II
can be unambiguously formulated as

2(BLM-Co!'.0,7) — (BLM-Co"),.(u-0,%) + 0,

This equilibrium is not unexpected as it is well-known that 1:1
superoxo complexes are generally fleeting intermediates on
the way to bridging species (McLendon & Martell, 1976;
Lever & Gray, 1978).

This reaction follows a second-order rate law, and the ki-
netics are independent of pH in the range 4-10. The value
of the second-order rate constant has been determined at
different temperatures: at 25 °C in Hepes buffer (0.01 M,
pH 7.4), K, = 200 £ 50 M™. By use of a least-squares fitting
method, a value of 20 + 5 kcal M™! for the activation energy
of this reaction has been determined.

Absorption and CD Spectra of Complexes I and II. The
absorption and CD spectra of complexes I and II are shown
in Figures 1 and 2 (curve A), respectively, and the data are
collected in Table I. In the visible region, the absorption
spectrum of complex II exhibits two bands that have intensities
consistent with Laporte-forbidden, spin-allowed, transitions
(Lever, 1968). The absorption spectrum of complex I exhibits
only one asymmetrical band at 460 nm with a relatively high
molar absorption coefficient (750) for a d—d transition; in fact,
this might be accounted for by overlapping with a shoulder
at 385 nm, the intensity of the band at 460 nm being com-
parable to that that occurs at the same wavelength in complex
II. In the visible CD spectra of both complexes, only two bands
are present; this strongly suggests that the site symmetry
around to cobalt ion is high and that the spectra of the two
complexes can be analyzed by using C,, symmetry. In this
point group the first excited electronic state of the low-spin
d® jon splits into an 'A, and 'E state; the band that appears
in both complexes at about 460 nm can thus be assigned to
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FIGURE 1. Absorption spectra of complex I (-—) and complex II (—). The spectra have been recorded at various times after the addition
of Co(II) to a BLM solution. Experimental conditions: 200 uM Co(II), 350 uM BLM in 0.01 M Hepes buffer, pH 7.4; (---) 2 °C, At after
mixing does not exceed 1 min; (A) 7 °C, At = 3 min; (=) 7 °C, At =7 min; (—) 25 °C, Ar = 10 min. (Insert) Same experimental conditions:
(X) 7°C; (A)25°C.

Table I: Absorption and CD Data for Complexes I, II, I', and IT'
absorption CD
com-
plex A (nm) € assignment A(nm)  Ae
I ‘A, - 'E 550 —0.7
450 740 A, > A, 460 4.7
385 (sh) 2500 dm-ow¥ 400 -0.3
340 (sh) 10000 n*,—do* 340 39
305 -24
262 5.7
II 585 80 !A,-'E 605 —0.8
440 230 A, A, 450 6.2
390 -0.4
355 (sh) 3000 350 =23
330 sh) 8500 T aTo~de* s 13
290 2.0
262 -3
A, = 'E 535 2.1
I 470 800 A, —'A, 460 57
375 (sh) 6700 dm—omw¥ 385 -15
340 (sh) 14300 #*y—do* 340 6.1
313 -94
I 592 180 A, -!E 615 -2.1
460 460 A, - A, 462 8.1
400 -1.0
385 (sh) 4250, ., 370 -13
335(¢sh) 7500 T aT BT 00T 335 47
310 4.5

a 'A, — 1A, transition and the one at lower energy to the A,
— 1E, transition. Using the method of Wentworth & Piper
(1965), we estimated the in-plane crystal field strength and
the low-axia] field strength to be respectively 2550 and 1840
cm™! for complex I and 2650 and 1620 cm™ for complex II.
At this stage it is interesting to compare these results to those
obtained by Dabrowiak & Tsukayama (1981) on the Co(III)
complex of pseudotetrapeptide A of BLM [Co(111)-2]; they
determined the in-plane crystal field strength of this complex
to be 2650 cm™!, which compares with those obtained for

complexes [ and II. This strongly suggests that the in-plane
ligands are the same in the three complexes, i.e., the secondary
amine, N(1) of the pyrimidine, the deprotonated amide ni-
trogen atom of the 8-hydroxyhistidine, and N(3) of the im-
idazole (Dabrowiak & Tsukayama 1981). The Co(III):2
complex has the primary amine group of the peptide and a
water molecule occupying the two axial positions. In com-
plexes I and II it is very likely that the two axial positions are
occupied by the primary amine group and by O,” and 0,7,
respectively. This suggests that the crystal field strength of
superoxide anion is slightly higher than the one of peroxide.

In the near-UV, complexes I and II exhibit strong absorp-
tions. Of these, the shoulder at 385 nm, which is present in
the spectrum of complex I only, can tentatively be assigned
to a charge transfer transition from the d= orbitals to the n*,
orbital of oxygen [the notations are taken from Lever & Gray
(1978)], and the band at 340 nm to a =*, ~— do* charge
transfer transition. In the same way, we suggest assignment
of the two shoulders that appear at 330 and 350 nm in the
absorption spectrum of complex II to the charge transfer
transitions ¥, — do* and =*, — do*.

DNA-BLM-Co' System. When the addition of Co(lI) to
a BLM solution is performed in the presence of DNA, a
superoxo Co-BLM complex that dimerizes to a u-peroxo
Co,BLM is obtained. However, due to the presence of DNA,
the rate of dimerization greatly decreases. Under these con-
ditions, the type of complexes obtained depends, predomi-
nantly, on three parameters: [nucleotide]/[Co] molar ratio,
time, and temperature.

[Nucleotide] /[Co] = 16. When the experiments are per-
formed at 25 °C, at [nucleotide]/[Co] = 16 a superoxo
Co-BLM complex is obtained. This is attested by oxygen
consumption (1 mol of O,/Co) and the appearance of a very
well resolved EPR spectrum (Garnier-Suillerot et al., 1981)
characteristic of the well-known O,™-bound Co(III). The EPR
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FIGURE 2: CD spectra of complexes I (--) and II (—) (curves A)
and complexes I’ (--) and II’ (—) (curves B). Experimental con-
ditions: 200 uM Co(II), 350 uM BLM in 0.01 M Hepes buffer, pH
7.4. (Curves A) (--) 2 °C, the time elapsed after mixing does not
exceed 1 min; (—) 25 °C, At higher than 10 min. (Curves B) (—-)
[nucleotide]/[Co] = 16, T = 25 °C, At = 10 min; (—) [nucleo-
tide]/[Co) = 16, T = 25 °C, At = 4 days.

parameters for this complex are as follows: g, 2.005; g,
2.100; 4, 13 G; Af°, 20.3 G. During the following hour,
neither detectable releasing of O, nor decreasing of the EPR
signal is noticeable. Figure 2 (curve B) shows the CD spec-
trum of this complex, hereafter labeled I".

Complex I’ very slowly evolves to a u-peroxo complex, la-
beled II’, as the slow decrease of the EPR signal demonstrates.
The CD spectra, recorded at various time intervals, exhibit
isodichroic points at 575, 375, and 340 nm, indicating that only
complexes I’ and II’ are present. The CD spectrum of complex
I’ is shown in Figure 2 (curve B).

The rate constant of the reaction I’ — II” has been deter-
mined at [nucleotide]/[Co] = 20. Its value at 25 °C, in Hepes
buffer (0.01 M, pH 7.4) is k%, = 0.092 M™! s7%; i.e., this
reaction is more than 2000 times slower than the reaction 1
— II. The half-time is about 18 h.

At [nucleotide]/{Co] < 186, the situation is more complex,
and two differents sets of results are obtained depending on
whether the [nucleotide]/[Co] molar ratio is lower or higher
than 8.

8 5 [Nucleotide] /[Co] < 16. Figure 3A exhibits the CD
spectra recorded 1 h after mixing. These spectra exhibits
isodichroic points at 575, 375, and 340 nm, as reported above,
indicating that complexes I’ and II” are present.

The amplitude of the EPR signal (curve a’) and the values
of Ae/Co at 460 nm (curve a) are plotted in Figure 4 as a
function of [nucleotide] /[Co]. As can be seen, as the molar
ratio decreases from 16 to 8; Ae at 460 nm increases from the
value characteristic of complex I’ to that of complex II'.
Concomitantly, the amplitude of the EPR signal evolves from
that of complex I’ to zero. This means that, about 1 h after
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FIGURE 3: CD spectra of DNA-BLM-Co system. The spectra have
been recorded 1 h after addition of Co(II) to DNA-BLM mixture
at 25 °C. Experimental conditions: 200 uM Co(II), 350 uM in 0.01
M Hepes buffer, pH 7.4 [nucleotide}/[Co]: 0 (—); 2 («); 8 (B);
12 (—=); 16 (=-).
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FIGURE 4: DNA-BLM-Co system: variation of A¢/[Co] at 460 nm
(curves a—d) and of the EPR signal (curve a’) as a function of [nu-
cleotide] /[Co) molar ratio. Experimental conditions: the same as
those in Figure 3. Time elapsed after addition of Co(II) to DNA-
BLM mixture: 1 h (curves a and a’); 20 h (curve b); 4 days (curve
¢). (Curve d) Complex II has been added to DNA.

mixing, at [nucleotide]/[Co] ~ 8 only complex II’ is present,
at [nucleotide]/[Co] Z 16 only complex I’ is present, and at
8 < [nucleotide] /[Co] < 16 a mixture of I’ and II’ is obtained.

As time elapses, complex I’ evolves to form complex II’, and
at the end of the reaction (about 4 days) only complex II’ is
present. This is attested by the plots of Ae¢/Co at 460 nm
(curve c¢), which level off reaching the value corresponding to
complex II’. At the same time, the EPR signal disappears.
The plots of Ae¢ at 460 nm after 20 h of mixing, when complex
I’ is still present, is also shown in curve b.
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FIGURE 5: CD UV spectra of complexes I (a, curve 1) and II (b, curve
1), of DNA (a and b, curve 2), of DNA-I’ system (a, curve 3}, and
of DNA-II’ system (b, curve 3). Experimental conditions: [Curves
1 (a and b)] 100 uM Co(II), 160 uM BLM in 0.01 M Hepes buffer,
pH 7.4; T = 2 °C, the time elapsed after mixing does not exceed [
min (a); T = 25 °C, At ~ 10 min (b). [Curves 2 (a and b)] 1073
M nucleotide in 0.01 Hepes buffer, pH 7.4, T = 25 °C. (Curves 3)
100 uM Co(II), 160 uM BLM in 0.01 M Hepes buffer, pH 7.4;
[nucleotide] = 1.6 X 103 M, T = 25 °C, At ~ 1 h (a); [nucleotide]
=08 X103 M, T=25°C, Ar ~ 1 h (b).

0 < [Nucleotide] /[Co] < 8. The CD spectra recorded
about 1 h after mixing exhibit isodichroic points at 530, 445,
380, and 325 nm (Figure 3B), and no EPR signal is detectable,
indicating that only the species II and IT” are present. Further
evolution of the equilibrium is unnoticeable at least 4 days after
mixing.

DNA-Complex II System. Similar results are obtained
when complex II is added to DNA. The reaction is then
complete in less than 1 s at 25 °C. In this case, the spectra
do not depend on the time elapsing between mixing and re-
cording. The spectral patterns at various [nucleotide] /[Co]
ratios were identical with those observed 4 days after mixing
Co(II) with BLM in the presence of DNA as described above.
At [nucleotide] /[Co] Z 8, only complex II’ is formed (Figure
4, curve d) whereas a mixture of II and II’ is obtained at
[nucleotide]/[Co]} < 8 (Figure 4, curve d).

The concentrations of bound complex II to DNA (II) and
of free complex II were determined from the value of Ae at
460 nm. The binding data were analyzed by Scatchard plots
(Scatchard, 1949). A negative slope is produced in the plots
of v/c vs. v, where v is complex II bound per nucleotide and
¢ is free complex II. Complex II binding to DNA appears to
be a noncooperative phenomenon with an apparent equilibrium
constant of 8.4 X 10* M. One molecule of complex II binds
for every 2.9 base pairs in DNA. This compares with the
results obtained by Roy et al. (1981), who found that 1
Cu!.BLM molecule binds for every 2.8 base pairs.

+eF

A€/ nucteotide at 280 nm

.2 L " -
0.1 0.2 0.3
{Col/1nucleotide]

FIGURE 6: DNA-BLM-Co system. Variation of Ae/[nucleotide] at
280 nm as a function of [Co)/[nucleotide]. Experimental conditions:
the same as those in Figure 3. Time elapsed after addition of Co(IT})
to DNA-BLM mixture: 1 h (A); 4 days («). Addition of complex
II to DNA (+).

Complexes I’ and II'. As can be seen in Figure 2 and in
Table I, the CD spectra of complexes I’ and II” are slightly
different from those of complexes I and II. Moreover, the CD
spectral pattern of DNA in the UV region displays alteration
when complexes I’ and II are formed. The UV CD spectrum
of DNA (Figure Sb, curve 2) exhibits two dichroic bands: a
positive one at 275 nm and a negative one at 245 nm. The
addition of complex II (curve 1) to DNA yielding complex
IT” is characterized by a shift of the two bands, about 8 nm,
to higher wavelengths and by an increase of the amplitude of
the positive band (curve 3). Figure 6 shows the plot of Ae/
[nucleotide] at 280 nm as a function of [Co]/[nucleotide]. As
can be seen, there is an increase of Ae as the molar ratio
increases, and the curve reaches a plateau at [Co]/[nucleotide]
= 0.15. Strictly analogous CD patterns are obtained when
Co(II) is added to a DNA:BLM mixture and the measure-
ments are performed approximately 4 days after mixing.

At [nucleotide] /[Co] > 8, if the data are taken 1 h after
mixing, Ae/[nucleotide] at 280 nm increases steeply and
reaches a maximum at [nucleotide] /[Co] ~ 16 (Figure 6).
As we have shown above, the species formed at this molar ratio
is complex I’. Figure 5a, curve 3, exhibits the CD UV spec-
trum of the DNA-I’ system thus obtained; one observes a slight
shift of the two dichroic bands of DNA to higher wavelengths.
For comparison, the UV CD spectrum of complex I has been
plotted on the same figure (curve 1).

Two effects can account for the modifications observed in
the UV CD spectrum of DNA: an overlapping of the bands
of complex II” (or I') with those of DNA and/or modification
of the bands of DNA due to conformational change. Decision
making is difficult regarding the relative contribution of each
effect. Nevertheless, taking into account the first effect only
would led to large modification of the CD of complexes I and
IT through binding to DNA,; for instance, the difference be-
tween spectra 3 and 2 in panels a and b of Figure 5 gives rise
to a value of Ae/[Co], at 285 nm, equal to 17 for complex II’
and 32 for complex I’. These values are quite large in com-
parison with those of complexes I and II (Figure 5, curves 2).
Therefore, it appears not irrational to suggest a modification
of the CD of DNA due to conformational change. We must
remind that such alterations in the CD spectral pattern of
DNA have been observed upon coordination of platinum
complexes to DNA bases (Macquet & Butour, 1978).

From the foregoing results, we can draw the following
conclusions: (i) The superoxo complex is stabilized by binding
to DNA, and about 1 molecule of complex binds for every 8
bases pairs of DNA. (ii) The Co-BLM species used clinically
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to localize tumor is in fact the u-peroxo dicobalt complex, and
1 molecule binds for every 2.9 base pairs of DNA.
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Phospholipid Polar Head Group Manipulation Modulates Concanavalin A

Agglutinability of LM Fibroblasts®

Friedhelm Schroeder

ABSTRACT: The effect of phospholipid polar head group ma-
nipulation in LM fibroblasts on fluoresceinylconcanavalin A
binding, concanavalin A mediated hemadsorption, and con-
canavalin A mediated agglutination was determined. Choline
analogues (/V,N-dimethylethanolamine, N-methylethanol-
amine, and ethanolamine) were rapidly incorporated into LM
plasma membrane phospholipids (35.1, 33.2, and 41.0 mol %,
respectively). There were no changes in phospholipid fatty
acid composition, sialic acid content, or membrane biophysical
properties (characteristic break temperatures in Arrhenius
plots and rotational correlation time of 1,6-diphenyl-1,3,5-
hexatriene). The binding affinity of one of the two conca-
navalin A binding sites was doubled by all analogues tested.
In addition, the concanavalin A mediated hemadsorption of
sheep red blood cells and the concanavalin A mediated self-
agglutinability of LM cells were doubled by choline analogue

I)lant lectins bind to specific glycoprotein and glycolipid
receptors of the cell surface. This interaction can lead to a
wide variety of effects including lymphocyte stimulation
(Andersson & Melchers, 1976), induction of cytotoxic effector
T cells Bevan, 1976), and preferential agglutination of
transformed cells (Horwitz et al., 1974; Marikovsky et al.,
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supplementation. Arrhenius plots of concanavalin A mediated
agglutinability showed temperature break points for choline-fed
cells at 24.3 and 33.1 °C. In contrast, N,N-dimethyl-
ethanolamine-, N-methylethanolamine-, and ethanolamine-
supplemented cells had the following sets of break points: 18.3
and 27.6 °C, 10.7 and 20.1 °C, and 5.3 and 17.4 °C, re-
spectively. The data are thus consistent with a direct corre-
lation between lectin agglutinability characteristics and plasma
membrane phospholipid polar head group composition. In
addition, since the temperature break points of concanavalin
A agglutinability were decreased by choline analogue sup-
plementation while the biophysical temperature break points
were not, one could hypothesize that the concanavalin A re-
ceptors may reside in specialized fluid domains within the LM
plasma membrane.

1974). Although the molecular basis for these effects is not
well understood, several features important to lectin agglu-
tinability of cells have emerged: plasma membrane fluidity,
cell surface charge, and the cytoskeleton (McCaleb & Donner,
1981). Plasma membrane fluidity is the rate-limiting step
affecting lateral diffusion of lectin receptors (Rule et al., 1979).
Membrane lipids such as fatty acids, sterol/phospholipid ratio,
and lysophospholipids all modulate membrane fluidity and
concanavalin A agglutinability of cells (Horwitz et al., 1974;
Rule et al., 1979; Rittenhouse & Fox, 1974; Hampton et al.,
1980; Tombaccini et al., 1980; Ruggieri & Fallani, 1973;
Bergelson & Dyatlovitskaya, 1973; Rittenhouse et al., 1974a;
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