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ABSTRACT

Recently, the effect of ligand receptor interaction on
the membrane structure of liposomes has been studied ex-
tensively. However, little is known about how it exists on
biological membranes. In this paper, the effect of Con-
canavalin A (ConA) receptor interaction on the structure of
cell membranes was studied by Circular Dichroism (CD) and
31P Nuclear Magnetic Resonance (NMR).

CD results of both the purified macrophage membranes
and human erythrocyte ghosts (EG) showed that the con-
formation of membrane proteins changed after ConA bind-
ing.

For further research, 31P-NMR was used to detect the
organization of phospholipid molecules on macrophage mem-
branes. After ConA binding, the tendency to form non bi-
layer structure increased with the amount of ConA. The
changes of 31P-NMR spectra of living macrophages might
be partly due to the above stated reason too.

In addition, ConA-receptor interaction also induced
similar results of 31P-NMR spectra in EG. In contrast,
wheat germ agglutinin (WGA), another kind of lectin,
rarely showed the same influence.

Key words: ConA, matro]Mﬂ ¢, zrytﬁmcyff yﬁosr, cD,
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During these years, considerable effort has been spent on trying to detect the non
bilayer structures in biomembranes. Some organelle membranes are rich in lipids which
have strong tendency to form H,; phases and have been studied [1]. For example, endo-
plasmic reticulum membranes isolated from liver cells were studied with 31P NMR and
some kind of non bilayer structures were identified [2]. It has been found that partial
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dehydration of endoplasmic reticulum membranes leads to the appearance of Hi: phase
[3]. Mitochondrial inner membranes are rich in cardiolipin which forms Hi; phase in the
presence of low levels of divalent ions[4]. Mg?*ions were found to induce lipidic parti-
cles (a kind of Hi; phase) embedded between the two mono - layers of inner mitochon-
drial membranes [5]. Furthermore, it was found that addition of millimolar amounts of
Mn?**to intact mitochondria caused the appearance of regions of Hi: phase[6]. Paracrys-
talline inclusions of Hi; phase lipid domains were observed in frog retinal rod outer seg-
ments (ROS) by freeze-fracture electron microscopy [7]. Another study had shown Hy;
phase cytoplasmic inclusions in rat retinal pigment epithelium under conditions of drug-
induced lipidosis [8]. Besides, it was reported that the structure of tight junction
strands consists of pairs of lipid cylinders formed within linear fusion regions between
adjacent cell membrane [9]. Similarly, contact sites between the inner and outer mem-
branes of Gram-negative bacteria may also involve non-bilayer lipid structures [10].

However, few reports had been focused on the structural changes of plasmic mem-
branes of eukaryotic cells. Chemical fusogens had previously been reported to induce the
formation of Hi; structure in EG [11]. But to our knowledge, little is yet known about
the structural changes of cell membranes after ligand -receptor interactions.

In this paper, using CD and 31P-NMR, we demonstrated and discussed the interac-
tion between ConA and membrane receptors and the possibility of non - bilayer struc-
tures in macrophage membranes, EG, and macrophages in the living state as well.

MATERIALS AND METHODS

Kun Ming mice were obtained from the Dept. of Zoology, Beijing Medical University. Human erythrocytes were
taken from the Beijing Red Cross Blood Center. ConA and WGA were purchased from SIGMA, USA. All other
chemicals were of analytical grade.

Sample preparation
(1) Preparation of macrophage membranes

Purification of macrophage membranes was performed according to Chauvet's method [12]. About 1x10°
macrophages were homogenized in 26 ml of distilled water with a Dounce homogenizer. An equal volume of 60% (w/
v) sucrose was then added and 45 ml (w/v) of this homogenate were gently layered on 36 ml of 45 % (w/v) sucrose.
After 40 min centrifugation at 200X g, the upper layer and proteins at the boundary were decanted and again layered
on 36 ml of 45% sucrose. Centrifugation was performed as above. The upper layer was again decanted and diluted
with distilled water to obtain a final sucrose concentration of 20% (w/v). The cell fraction was then immediately cen-
trifuged at 20,200 g for 1 hr. Macrophage membranes on the bottom of the tube were collected.

(2) Preparation of Erythrocyte ghosts

EG were prepared by a method adopted from Kornfeld [13]. Erythrocytes were suspended in 0.9% NaCl -5 mM
Tris -HCI buffer at pH 7.4, washed 3 times, and centrifuged at 1500 rpm for 10 min. The packed erythrocytes were
hemolyzed in a 9 -fold volume of 10 mM Tris -0. I mM EDTA -HCI buffer, pH 7.4. Ghosts were washed 4 times by
centrifugation at 20,000 x g for 20 min in 20 -fold volume of the Tris -EDTA -HCI buffer.

(3) Preparation of macrophages

Macrophages were obtained from the abdominal cavity of Kun Ming mice,and then suspended in D20 saline. The
concentration of cells was about 1x10%ml.
ConA (or WGA) was added to the above samples to a certain concentration. After 10 min, centrifuged twice to

130



Dai JW et al.

remove the free ligand molecules.

CD measurement

CD spectrum was measured with a Jasco J -20C spectropolarimeter,at about 20°C and under constant nitrogen
flush. Samples were contained in a 0.1 cm cell separately and scanned between 190 -250 nm. In CD experiments, a
special kind of quartz cell which is only 0.1 cm thick was used to avoid the light scattering. Besides,we detected the
structure changes at 222 nm, which is not significantly influenced by optical artifacts [14]. Measurement was carried
out in saline and the protein concentration was about 1 mg/ml. Data were expressed in terms of mean residue elliptici-
ty [01.

31P - NMR measurement

31P - NMR measurements were performed at 20°C employing a Varian 300 MHz NMR spectrometer. Macrophage
and erythrocyte membranes were added to saline to make the concentration of membrane proteins about 15 mg/ml.
Then 0.5 ml membrane suspensions were added to a 5 mm NMR tube with 0.1 ml D2O. Macrophages in living state
in D50 saline were directly added to a 5mm tube. Spectra were obtained from accumulated up to 10,000 transients.

RESULTS

It has been reported that ConA can combine with special macrophage membrane re-
ceptors [15,16]. Our previous experiment using flow cytometry [17] also indicated that
the amount of the combined ConA—receptor was related to the concentration of ConA.

Interaction of ConA -receptor in macrophage membrane

The effect of ConA—receptor interaction on purified macrophages were showed in
Fig 1. After ConA binding, the conformation of membrane proteins changed with the
amounts of ConA. The a -helix percentage was calculated according to Chen and Yang's
method [18] (shown in Tab 1). It is known that most parts of ConA present in B -sheet
structure and others are in random coil [19]. So ConA itself does not make contribution
to the percentage of a —helix of membrane proteins.

The effect of ConA—receptor binding on membrane lipid organization was further
detected by 31P—-NMR. Before ConA binding, the membrane lipids gave rise to an
asymmetrical 31P—NMR lineshape with a high—field peak and a low—field shoulder, in
agreement with that of a bilayer structure (Fig 2). While after ConA binding, the
asymmetry reversed, giving a high—field shoulder and a low—field peak with an
isotropic chemical shift of approximately 3—4 ppm (Fig 3).

Tab 1. Effect of ConA on the conformation (a —helix) of membrane proteins.

ConA a —helix(%) ConA a —helix(%) WGA a —helix(%)
(pug/ml) (macrophage) (pg/ml) (erythrocyte) (pg/ml) (eyrthrocyte)
0 25.3 0 37.5 0 39.1
10 30.0 30 30.2 30 27.3
30 36.5 60 23.0 60 20.0
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Fig 1. The change of CD spectra of macrophage mem- Fig 2. 31P NMR spectrum of purified macrophage

brane proteins by ConA. membranes before ConA binding.
a. Without ConA b. ConA 10 pg/ml
c. ConA 30 pg/ml

Interaction of ConA receptor in living macrophages

By 31P NMR, we also studied the macrophages in living state. Before ConA bind-
ing, bilayer structure could be seen in the spectrum, but at low field a small peak was
also distinguishable, most likely expressing the isotropic movement of intracellular
phosphorus (Fig 4). After ConA binding, the high field peak decreased as the low
field peak became higher (Fig 5). The formation of non bilayer structure may be one
of the main reasons for this result.

Interaction of ConA receptor in EG

We also tried to find evidence in EG. In addition to ConA, another kind of lectin,
WGA, was also used in our experiments.
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Fig 4. 31P-NMR spectrum of living macrophages be-
fore ConA binding.
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Fig 3. 31P—NMR spectrum of purified macrophage
membranes after ConA binding (ConA 120 ug/

ml).
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Fig 5. 31P-NMR spectrum of living macrophages af-
ter ConA binding (ConA 60 ug/ml).

CD results of EG showed that after ConA binding, the percentage of a—helix of
membrane proteins decreased with ConA added (Fig 6). And a similar CD finding was
seen after WGA binding (Fig 7). However, the percentage of a— helix of macrophage
membrane proteins increased with the amounts of ConA (See Tab 1). The reason might
be that ConA receptors in these two kinds of cells are different in structure.

31P-NMR spectra of EG before and after ConA binding showed similar results to
those of macrophage membranes (Fig 8 & Fig 9). But after ConA binding, there was al-
so a high—field peak which may be caused by the existence of partial regions of bilayer
structure. In contrast, few changes of 31-PNMR could be seen before and after WGA
binding (Fig 8 & Fig 10).

DISCUSSION

From our experiments, it can be concluded that the larger the amounts of ConA,
the more dramatic the change of the conformation of membrane proteins, and the easier
the formation of non-bilayer spectra of 31P-NMR. Thus, ConA appears to affect the
membrane structures mainly in a receptor-mediated way. Several important factors may
be involved in this event.

First, the type of lectin may be an important factor, i.e. , the structure and func-
tion of the lectin. For example, ConA and WGA are different in structure and function,
and may bring about different influences.

Secondly, an even more importanttactor, may be the membrane receptors, i.e. , its
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Fig 6. The change in CD spectra of erythrocyte ghosts Fig 7. The change of CD spectra of erythrocyte

membrane proteins by ConA. a. Without ConA ghosts membrane proteins by WGA. a.
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Fig 8. 31P -NMR spectrum of erythrocyte ghosts be-
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Fig9. 31P NMR spectrum of erythrocyte ghosts  Fig 10. 31P NMR spectrum of erythrocyte ghosts af-
after ConA binding (ConA 120 pg/ml). ter WGA binding (WGA 120 pg/ml).

structure, location, total amount on membrane, and the mechanism and functional in-
teraction of the lectin receptor. Glycophorin A (GPA), a kind of integral protein, is
the receptor of WGA on erythrocyte membranes, while Band 3 protein is that of ConA.
GPA and Band 3 protein are quite different both in structure and function. The amount
and organization of GPA and Band 3 protein are also different. These may be the reason
why the same amount of WGA in the same system did not yield the similar result as
ConA did .

Thirdly, the content of non bilayer lipids which have the tendency to form non
bilayer structures in the membranes is also an indispensible factor. It was reported that
the content of PE in EG was more than 20% [20].

After ConA binding, the membrane receptors may aggregate into "patches", thus
removing the extensive bilayer stabilizing effect of the previously randomized protein
molecules. As a result , large domains of lipids are freed from the influence of the pro-
tein and may spontaneously form non bilayer or intra-bilayer H,, phase. A small por-
tion of the lipids will always remain associated with the protein and give rise to bilayer
components presenting in the 31P NMR spectra of a high—field peak. In an elaborate
study using fluorescent WGA, Ketis and Grant observed a phenomenon similar to "re-
ceptor patching” in a fluid system comprised of DMPC, GPA, and cholesterol, follow-
ing addition of WGA [21]. A previous study has showed that addition of WGA to GPA
reconstituted liposomes of DOPE could induce a transition from bilayer to non bilayer
structures[22].

Non bilayer structure have been implicated as an important factor mediating the
cellular events such as fusion, exo and endocytosis, and trans bilayer transport[23].
ConA is a kind of mitogen. It is reasonable to speculate that the ConA receptor medi-
ated non bilayer Structure may induce similar changes of macrophage membranes to
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that occuring in activation or mitogenesis. It should be mentioned that the above idea is
only hypothetical and further research should be carried out.
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