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The electrostatic surface charge and surface tension of mononuclear cells/monocytes obtained from
young and adult marsupia(®idelphis marsupialisyvere investigated by using cationized ferritin and
colloidal iron hydroxyde, whole cell electrophoresis, and measurements of contact angles. Anionic sites
were found distributed throughout the entire investigated cell surfaces. The results revealed that the
anionic character of the cells is given by electrostatic charges corresponding to -18.8 mV (cells from
young animals) and -29.3 mV (cells from adult animals). The surface electrostatic charge decreased
from 10 to 65.2% after treatment of the cells with each one of trypsin, neuraminidase and phospholipase
C. The hydrophobic nature of the mononuclear cell surfaces studied by using the contact angle methoc
revealed that both young and adult cells possess cell surfaces of high hidrofilicity since the angles
formed with drops of saline water were 42.5°and 40.8°, respectively. Treatment of the cells with trypsin
or neuraminidase rendered their surfaces more hydrophobic, suggesting that sialic acid-containing
glycoproteins are responsible for most of the hydrophilicity observed in the mononuclear cell surfaces
from D. marsupialis.
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The cell surface of monocytes, as in other elPapadimitriov 1988). However, other anionic sites
caryotic cells, is characterized by the presence sfich as the phosphates of phospholipids and
surface associated glyco- and mucoproteins, mastilphates of mucopolysaccharides also contribute
of them containing sialic acid residues. Such sute the cell surface negativity, being their presence
face coat plays an important role in cell-cell andletected by diverse assays such as ultrastructural
cell-substrate interaction processes (Cook 1986ytochemistry (Gasic et al. 1968, Danon et al.
Lamb et al. 1995, Torroba et al. 1995). The surt972), cell electrophoresis (Ambrose 1965, James
face-exposed carbohydrates can be evidentiatedl®79) and electrostatic interaction cromatography
the ultrastructural level by using several eletronfMozes & Rouxhet 1987, Rouxhet & Mozes 1990).
dense markers, such as rutenium red (Luft 1971) Other important surface property is the surface
and cationized ferritin (Danon et al. 1972, Grinneltension, usually known as hydrophobicity. This
et al. 1976). property results from the exposition of hydropho-

Most of the terminal carbohydrates of thebic aminoacids in the glycoproteins. Its measure-
saccharidic side chains of glycoconjugates are sialinent is usually made by means of contact angle
acids, usually furnishing a net negative charge tmethod (vanOss 1978) and X-ray photoelectronic
the cell surface (Rambourg 1971), and the valuespectroscopy (Mozes & Rouxhet 1987).
of such negativeness varying according to the num- In this work we investigate the surface charge
ber and charge of the exposed ions (Mutsaers & the mononuclear cells and monocytes of the
opossunDidelphis marsupialidy ultrastructural
cytochemistry, zeta potential, and contact angle
measurements. Attempts are done in order to iden-
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Opossums are recognized as important reser- Electrokinetical (Zeta) potential Cells were
voir hosts for Chagas’ disease, for this reason, comashed in PBS, fixed with 2.5% glutaraldehyde,
trol of Trypanosoma cruznatural infection was washed again in PBS and then introduced into a
done by parasitological (hemocultive and xenodieell electrophoresis chamber. Zeta potencial was
agnosis) and serological tests (Brener et al. 197dbtained (in mV) in a Pen Kem equipment, Model
Jansen et al. 1985). All animals were shown to b&01, at the following conditions: conductivity =
negative. 1.210 pmhos.crk; electric potential = 100V; tem-

In some experiments, blood sample collectegerature = 28.0 = 0.5°C (Silva Filho et al. 1990).
of pouch young animals (80-100 days old), from Surface tensionSurface tension was estimated
the marsupium of wild caught females, was usediy contact angle measurements (vanOss 1978). The

Collection of the mononuclear celi8lood of cells were collected on Millipore filters, pore di-
adult animals was collected by heart puncture araineter 0.45 um and air dried for 1 hr. Contact
centrifuged twice at 300 g for 20 min to removeangles were calculated in the air-liquid-cell inter-
platelets. The final pellet was diluted in 0.01 phosface tangence point. The following liquids were
phate buffered saline (PBS) 0.85% NacCl (1=0.14bised: sodium chloride (highly hidrophilic),
mol.dnt 3 pH=7.2) and applied to a Histopaquedimetilsulfoxide (DMSO) (slightly hidrophobic)
gradient (d = 1077 pg/ml) (Feldman & Mogeleskyand alpha-bromonaftalene (highly hidrophobic).
1987). The mononuclear fraction situated abovEach value corresponds to the mean of 10 mea-
the Histopaque cushion was collected, washed surements (Silva Filho et al. 1990).

PBS and used in the experiments. RESULTS

Young animals were anesthetized with ether and ]
decapited. The blood of this region was collected About 15-20 ml of blood could be obtained from
by punction with a syringe, diluted in PBS andeach young and adult opossum. After centrifuga-
applied to the Histopague cushion, as above d#on in the Histopague gradient, 3-4 x81fiono-
scribed. nuclear cells (monocytes and lymphocytes) could

Enzyme treatmentsCells of the mononuclear be obtained per ml. From these cells 3 X(10%)
fraction were incubated with (a) neuraminidase oforresponded to monocytes (data not shown).
Vibrio cholera (Type X, Sigma Chemical Co., Ultrastructural cytochemistry Transmission
USA), 0.1 U/ml, for 1 hr at 37°C, pH= 6.0; (b) electron microscopy of the mononuclear fraction
trypsin (Sigma Chemical Co., USA), 500 pg/mlshowed the presence of monocytes as well as plate-
for 5 min at 37°C, pH= 7.0; (c) phospholipase C ofets, erytrocytes, lymphocytes and polymorpho-
Bacillus cereugSigma Chemical Co., USA), 1 U/ nuclear cells (Fig. 1).

ml for 1 hr at 37°C, pH= 7.0. Reaction with cationized ferritin appeared as a

All enzymes were diluted in PBS. After incu-continuous layer of particles in the cell surface for
bation, the cells were washed twice in PBS angionocytes young (Fig. 2a) and adult animals (Fig.
processed for ultrastructural cytochemistry2b). . . ) o
(cationized ferritin), electrophoretic mobility de-  Inadultanimals cells incubated with cationized
termination and contact angle measurement. ferritin before the fixation with glutaraldehyde, the

Ultrastructural cytochemistryCells were fixed reaction appeared as patches on the cell surface
for 1 hr at 4°C with 2.5% glutaraldehyde in 0.1M(Fig. 3).
cacodylate buffer, pH 7.2, washed in buffer, and Further, incubation of the cells from adult ani-
then incubated with either cationized ferritin (100mals with colloidal iron hydroxyde resulted in an
pg/ml, 1 hr at room temperature) or colloidal irorHniform eleptrondense reaction on the whole ce_II
solution, pH 1.8 (30 min at room temperature). Théurfaces (Fig. 4), however, cells from young ani-
cells were washed respectively with Tyrode solumals showed a patch reaction (Fig. 5).
tion or 12% acetic acid, and then post-fixed for 1 Zeta potential measurementMononuclear
hrin 1% OsQin 0.1M cacodylate buffer, pH 7.2. cells fractions obtained from adult animals pre-
Thereafter, the cells were dehydrated in grade¥ented a mean surface negativity corresponding to
acetone and embedded in Epon. As controls, som&9.3 mV (Table I). In monocyte-enriched frac-
cells were processed without incubation with th&ions the surface negativity ranged from -22.0 to -
cationic particles. 25 mV (data not shown). .

In some experiments cells from adult animals Mononuclear cell fractions obtained from
were incubated with cationized ferritin for 20 minyoung animals presented a mean surface negativ-
at 4°C, washed with Tyrode solution, and then prdty of -18.8 mV.

cessed for routine transmission electron micros- Enzyme treatmentsincubation of cells from
copy. adult animals with each one of trypsin, neuramini-
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Fig. 1: general aspect of the mononuclear cells after collection from the Histopaque gradient. Some contaminants could be seer
besides the monocytes (m) as polymorphonuclear cells, erythrocytes (e) and platelets (p). 10. 000 X.

TABLE |
Effect of enzyme treatments on the electrokinetic potential of the enriched fraction in circulating monocytes of

opossum

Treatment Cells of young animals Cells of adult animals

ZP+SE (mV) ZP+SE (mV)

None -18.8+0.6 -29.3x1.4

Neuraminidase -16.9+1.0 (-10.2%) -16.1+2.5 (-45.1%)

Trypsin -14.5+1.6 (-22.9%) -10.2+1.2 (-65.2%)

Phospholipase C -16.4+0.9 (-12.8%) -13.3+2.1 (-54.6%)

ZP: Zeta potential; SE: standard errer; values between parenthesis represent variations in the mean ZP were
obtained from the following equation: [(ZPc - ZPt) : ZPc] x 100, where the indexes “c"and “t” denotes control and
enzyme treated cells.

dase and phospholypase C resulted in high dgjmethylisulfoxide was also used in such experi-
creases (45-65%) of the zeta potential (Table Iyents as a liquid of intermediary polarity. As can
Excepting the treatment with phospholipase C th@fe seen in the Table Il the data obtained from mea-
did not alter the pattern of CF reactivity (Fig. 6)syrements made with drops of each liquid show that
either neuraminidase as trypsin were able t0 r'ene monocytes from young animals are slightly more
duce and abolish the reactivity of the cell surfacegygrophilic than the adults ones, since the contact
with cationized ferritin (Figs 7, 8) angles obtained with-bromonaphtalene were 45.8
Surface tensior Contact angle measurementsyoung) and 38.2 (adults) (Table Il). Enzymatic treat-
are summarized in Table II. The surface polarity oients resulted in alterations in the contact angle
monocytes from both young and adult animals wag|ues. While trypsin or neuraminidase induced
compared in experiments using liquids of differengjmjjar alterations in the contact angle values, phos-

polarities such as the high hydrophilic sodium chlopnglipase C further increased such values in about
ride and the high hydrophokaebromonaphtalene. 30° (Table I1I).
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Fig. 2a: monocyte from the young opossum fixed at room temperature for 1 hr, incubated with cationized ferritin (CF) during the
same time and observed without contrastation. The cells showed an uniform distribution of the CF particles over the wéole surfa
and sometimes a patchy profile with several layers of CF particles could be found (arrow) (61500 X). Fig. 2b: monocytes from
adult animals, fixed and incubated with CF in the same condition as the young animal were observed after stained with uranyl
acetate and lead nitrate. An uniform distribution of the ferritin particles were seen in the whole surface of the monelisiclear ¢
(arrows) (64.000 X).

TABLE Il _ _ DISCUSSION
Measurements of contact angle of enriched fractions . . .
in monocytes This study is an attempt to obtain blood cell
— fraction fromD. marsupialisin which monocytes
Liquid Cells of young  Cells of adult

are the predominant cell type. Circulating blood
cells from either young or adult animals were cen-
Sodium chloride 42.5+0.15 40.8+0.21 trifuged in each of Histopaque-1077 gradient,
a-Bromonaphtalene  45.8+0.01 38.2£0.15  Ficoll-Hipaque, and Sepracell. By using Histo-
DMSO 28.940.02 31.520.10  paque-1077, it was possible to obtain a large num-
g: contact angle; SE: standard errar;mean values ber of monocytes.

corresponding to ten individual measurements Anionic sites of the monocytes were detected

animals +SE animals +SE
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Fig. 3: mononuclear cells from adult opossum were incubated
with cationized ferritin (CF) at 4°C during 20 min and after
they were fixed. CF particles showed a heterogeneous distribu-
tion in the surface (arrow) (16.000 X).

at the ultrastructural level by incubating the cells
with colloidal iron hydroxide and cationized fer-
ritin particles. Both markers detected acidic car-
boxyl groups, such as those present in sialic acid
the main anionic component of glycoconjugates at- :
the cell surface of erythrocytes. :

This negatlve surface charge has been dlrectI)st j ;
implicated in some important cellular activities, &
such as adhesion, spreading and endocytosrlr ment of the fixed mon lis with colloidal iron. Fi
(vanOss 1978, Silva Filho et al. 1990). As surfac Ch. t(e:ztllslf?rotn? atdlit o;gssu?n%?g;?agzdsan :elei:ct)rc?nc(ija;nsz andgunl-
charge and surface tension are basic cell prop@sm localization (arrowhead) (18.000 X). Fig. 5: cells from
ties dictating cell-cell interaction phenomenon weoung animals showed a particulate reaction distributed at the
did decide to investigate such properties in the hegéll surface (arrowhead) (18.500 X).

Fig. 6: after treatment with phospholipase C, monocytes were fixed and incubated with cationized ferritin. The electrondense
marker was seen regularly distributed over the entire surface of the cells (arrowhead) (24.000 X).
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studied cells since monocytes- macrophages cells
are directly involved in the phenomenon. Other-
wise, surface negativeness of mice macrophages
seems to be of high importance, during their inter-
action with procariote and eukariote pathogens
(Silva Filho et al. 1987).

Firstly, attempts were done in order to investi-
gate the topology of the surface anionic sites among
young and adult cells. Cationic particles of ferritin
and colloidal iron were used taken into mind that
the first are able to reveal anionic species ioniz-
able at physiological pH while the last mainly re-
act with ionizable species revealed at very low pH,
such as carboxyls from extremely acidic species
and sulphates from mucopolysacharides.

In order to exclude the possibility of the inter-
ference of the glutaraldehyde in the result label-
ling we performed assays in which chemical fixa-
tion was excluded. No significant differences could
be observed in the cell surfaces which had been
fixed or not with glutaraldehyde. However, as ex-
pected, non-fixed cells showed a patchy distribu-
tion of the anionic sites. It is important to point out
that macrophages possess low degrees of mem-
brane fluidity (Mutsaers & Papadimimitriov 1988).

Thus, it seems that membrane fluidity may be
altered during the differentiation of monocytes to
macrophages. It is a hypothesis which deserves to
be further investigated with the here investigated
cells from the opossum. We did also observe that
when colloidal iron particles were assayed most of
the cells showing great labelling were from adult
animals, suggesting that cell maturation can be also
followed by alterations in surface charge. This
Fig. 7: monocyte cells of adult opossum were treated Witl§eerns to be in according to A.kerman (1.975) which
trypsin, following fixation and incubation with cationized fer- WEI€ able to demonstrate a direct reaction between
ritin (large arrow). No reaction was observed at the surface ¢eactivity of hematopoietic cells to ferritin particles
the cells (49.000 X). Fig. 8: treatment of the monocytes cellgnd maturation.
with r!e“(;"’]}m'.”.'dase- A"ﬁr f'ﬁ‘a“o(;‘ and '”C:Jbeg.'on.bw'.th The nature of cell surface anionic sites was also
cationized ferritin (CF), cells showed an irregular distribution, subject of investigation. Reactivity of the circu-

at the surface with some regions of the plasma membrane pf% > s
senting the electrondense marker (arrowhead) and others col@ting monocytes to the cationic labels was ana-

pletely devoid of CF (thin arrows) (22.000 X). lyzed after treatment of the cells with of trypsin,
TABLE 1l

Measurements of contact angle of cells obtained from young and adults animals with drops of NaCl
Treatment Cells of young animals +SE Cells of adult animals +SE
None 41.0+0.16 42.3+0.20
Trypsin 50.5+0.23 (23.2%) 52.8+0.15 (24.8%)
Neuraminidase 48.9+0.40 (19.3%) 50.7+0.10 (19.9%)
Phospholipase C 72.4+0.21 (76.6%) 70.4+0.20 (66.4%)

g: contact angle; SE: standard errarmean values corresponding to ten individual measurentermisrcentual
variations of contact angle between treatgl g§nd non treatedj€) cells which were calculated fromgf) - (qt):
(qc)] x 100.
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neuraminidase and phospholipase C. In addition, As pointed out by several authors surface ten-
an estimation of the surface negativeness of usion of phagocytes is a crucial property directly
treated and enzyme treated cells was performed wolved in the phagocytic activity of eosinophils,
means of zeta potential measurements. neutrophils and macrophages. Our results of con-

Treatment with neuraminidase did not affectact angle measurements clearly show that young
reactivity with cationized ferritin particles, suggest-cells are much more hydrophilic than the adult ones
ing that (1) cell anionogenicity of monocytes fromsince drops of the high apolar substance a-
opossum is not due to the presence of acidic spebromonaphtalene did spread on cell layers of adult
men from sialic acid or (2) the enzyme despite afells. The origin of such surface hydrophobicity is
being highly purified did not arise the substratenot yet understood. However, it seems that the
or (3) the possibility of thin ultrastructural methodamount of surface associated oligosaccharide as
not being suitable to reveal slight qualitative difwell as the extension and conformations of the
ferences in cell surfaces. The last possibility seenthain may be directly implicated in this property.
to be true since neuraminidase-treated cells showed Our results demonstrate that in the opossum
themselves less negatively charged when analyzedhite blood cells the opposite situation occurs:
by measurements of zeta-potential. Therefore, itidrophobicity is higher in younger animals cells.
seems that accessible and for susceptible sialic acidher studies are necessary to verify whether this
residues are much abundant in adult in macropleondition applies to other eucariotic white blood
age adult than in monocyte cells. cells.

Treatment of eucaryotic cells with neuramini-  The findings bring new contributions over cell
dase reduced or abolished the binding of particldsology of the monocytes of opossum and may
to the cell surface (Pimenta & De Souza 1982)kontribute for the investigation of the immunologi-
Mouse peritoneal macrophages showed no effecal interactions between trypanosomatids and their
of the neuraminidase treatment in the pattern afertebrate hosts.
binding of thg particles_to cell surfaces. T_he.par- ACKNOWLEDGEMENTS
ticles were distributed in the cell surface indicat-
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