


mononuclear cells, we first addressed our inquiry to normal
animals with a special emphasis on the aortic arch (Simio-
nescu ef al., 1986). The investigation was based on ultra-
structural cvtachemistry with probes for surface charged
groups, sialoconjugates, and oligosaccharide moieties.
Some probes were applied to hyperlipidemic animals, the
findings being reported in the accompanying paper.

MATERIALS AND METHODS

Anals

The experiments were conducted on sixteen male adult Chincilla rabbits
2.3 kg body weight. fed a normal dier of pelleted rabbit chow and
maintained in standard housing conditions, Befdre sacrifice. animals were
fusted overnight with water given ad librum.

RKeagenfs

Microperoxidase M-11, thereafter referred to as hemeundecapepride, 3,37
diaminohenzidine tetrahydrachloride {(DDAB), palactose oxidase ype V
trom Dactvlium dendroides, neuraminidase type VI from Clostridium
pertringens, |-ethyl-313-dimethylaminopropyvl) carbexliimide hvdrochlari-
de, peroxidase from horseradish wpe V1 (HRPY, wheat germ agglutinin,
mannose, metbyl-D-mannopyranoside, methyl-D-galactopyranoside. N-
acetyl-D-glucosamine, tetrachloraauric acid (HAuCI,), and mucin from
bovine submaxillare gland type I were purchased from Sigma Chemical
Co., St Louis, MO, USA, Cationized territin, ferritin éx cryst. cadmium-
tree, pesznut agglutinin and Ricinus communis agglutinin 120 were from
Miles-Yeda. Rehovot, [srael, a conjugate of wheat germ agglutinin with
ferritin, from E-Y Laboratories, San Mateo, CA, USA, Concanavalin A
from BDH Chemicals Lid., Poole, England, and crystallized bovine serum
albumin (BSA) from Mann Research Laboratories. New York, NY, and
trom GIBCO, Grand Island, New York, NY, USA. Lactose was obtained
from Merck, Darmstade. F.R. Germany.

Probes wsed

ar Cattomzed ferriten (CF), M, 380,000, pl 8.4 {45 determined in our
laboratoryy,

bt Hemenndeeapeptide tHUP), M, 1879, pl 4.85 and molecular dismeter
1.66 nm thoth estimated as previously indicated (Ghinea and Simionescu,
19851, optimum pH for peroxidatic reaction twith DAB as H' donor) 9.0
(Ghinea and Simionescu, 1985}

) Ferritin bvdruzide (FH) was synthesized by coupling adipic acid di-
hvdrazide 1o ferritin via 1-ethel-3-03-dimetbvlaminopropyl} carbodiimide
hvdrochloride tRollman ef of . 19801,

di Horseradesh peroxidase-gold conjugate (HRP-Aw). Colloidal pold parti-
cles of ~5 nin diameter were prepared by reducing HAuCl, with white
phosphorus (Horisberger and Rosset, 1977; Slot and Geuze, 1981}, To
stabilizz 1 ml of colloidal gold solution, 264 pg of HRP were used
according 10 Ackerman and Treeman, 1979 (sliphtly modified):

el Mucen-pold conjugate (M-An) was obtained by adding 22.7 pg of mucin
from bovine submaxillary gland to 1 ml of 5 nm colloidal gold particles
prepared as deseribed in d);

01 Wheat germ apglutimn (WA,

gl Comcanavaln A (Con A).

hy Rictras commaunts aggluiimim (RCA)

il Peanut agelutintn (PNAJ;

it Lactosaminated bovne seruns albuniin-gold conpugate (LacN-BSA-Auw)
was prepared by stabilizing 1 ml colloidal gold solution with 55 pg

lactosaminated BSA. The latter was obtained fram lactose and BSA by the
reductive amination method (Gray, 15781

Plusmia lipad analysis

In individual rabhit serum, cholesterol and triglyceride contents were
determined enzymatically with the Sigma reagent Kit. Under rather large
individual variations, the average values were 40 mg/dl.

General experimental design

The rationale tor using the probes mentioned above, in various technical
procedures, was based on their reported capability to bind, with difterent
degrees of specificity, to some residues of the ectodomains of some plasma
membrane constituents exposed on the luminal endothulial cell surface
{Fig. 1, Tables 1 and 2}. Most af the data on the ECS chemistry were
ohtained, so far, on microvessels (see for reviews Simionescu of af | 1982;
Simioneseu, 1983 Simionescu and Simionescu, 1986), and much less
information is available on the arterial endothelium.

Coft surface charge  Animite stios were visualized with cateonzed ferrin pl
8.4, cupable to bind electrostatically 1o strong negatively-charged residues
ol low pK, values, such as the sulfate groups of glvcosaminoglveans, the
carhoxyl groups of sialoconjugates and byaluronic acid, the f-carboxvl
groups of Asp, and the y-carboxvl proups of Glu in protetns and glyeopro-
wins tSimionescu ¢f af , 1982; Simionescu, 1983 Ghinea and Simionescu,
19%5; Stmionescu and Simionescu, 1986).

Cationic sites were detected with hemenndecapeptide pl 4.85 (Ghinea and
Simionescu, 1985), that can mark positivelv-charged groups of high pK,
values, virtually amino groups in proteins and glveoproteins {e.g. primary
amino groups (pK 10.6} of Lys and HO-Lys, primary amino groups (pK
12} of puanidinium in Arg, tertiary amino groups of histidinium (pK 81,
and guaternary amino groups (pK =127 in phosphatidylcholines {Simione-
scu ef al . 1982, Simionescu, 1983; Ghinea and Simionescu, 1983, Simio-
nescu and Simionescu, 1986) (Fig. | and Table 1))
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FiGure 1 Diagramatic representation of the cell surface compenents

bearing charged groups and oligosaccharide moieties detectable by the
tracers usedl in the present study, components which proved to occur on
the cell coat of arterial endothelium and blood menacytes. PG: pro-
weoplycans; GP: glycoproteins; GL: glveolipids: B: proteins; PC: phospha-
lidvlcholines; C: chalesterol.
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TabLE 1

Labeling properties of the prohes used for detecting the cell surface charge distribution

TR Detected Charjped Components bearing Main
Probe Speciticity sites aroups charged groups relerences
CF. electrosiatic anionic sullate HS, 1P, €54, €56, DS, RS Skutelsky and Danon. 197¢:
pl 84 interaction of low carboxyl sialoglveuconjugates, HA Simionescu of ol 19815
pK, B-carboxyl Asp ol P and GI? Gihinea and Simionesca, 1985
y-carboxyl Glu of Pand GP
Hup clectrostatic cationic guanidinium Arg of ]’_al‘ld G Ghinea and Stmionescu, 1983
pl 4.85 interaction of high terminal -amino amino acids
pK. t-aming Lys, HOLys of P oand G2

tertiary amine
quaternary amino

Hvs of P and GI?
phosphatidylcholines

Abbreviattons - C1- cationized ferritin: CS: chondroitin sulfate; DS: dermatan sullate: G glvcoprateins; HUP: hemenndecapepiide; TS heparan

sulfate; HP: heparin; HA: hyaluronic acid; K$: keratan sultate: P: prowins.

The specilicity of these tracers, the charged proups detected. and the
presumed cell surface components bearing these charged groups were
depicted in Table 1 and Tig. 1.

Swdoenmugates - In the cell surtace of mammalian cells, the glycoconjuga-
tes have been shown w contain several forms of sialic acids which difter in
the number and position of their accyt {or glveolvl] groups (Schauer.
1974, Bhavanandan and Katlic, 1979; Plannschmidt and Schauer, 1980:
Heppelmann and Rahmann, 19%1; Schauer, 19851 Some of these can be
detected by ultrastruciural cvtochemistry (Roffman e o/, 1980; Schulie
and Spicer, 19857 Fig. 1, Table 2. '
Stalvl residues not-O-acetvlated at Cy or O, These residues were specifically
oxidized with low concentrations of sodiam periodate (Gahmberg and
Andersson, 19771, and the aldehvde groups thus generated at C; or Cy
were detected by interaction with ferritin bvdrazide (Roffman e of | 19801,
Since periodate oxidation could not discern N-acetyl-, [rom N-glveolvl-
derivatives, both sialyl residucs were visualized by this rechnigue. The two
steps of the reaction occurred on the lateral chain of the sialic acid with
sialvl core (SCH:

) sodium periodate oxidation; generation of aldehyde groups:

“CH,—0OH

*CH-OH +10, CH=0
| — |
‘CH-OH SC

5C

1y binding of ferritin hydrazide (FI,N-1IN-F).

CH=0 TH=NHHN—F
J ——
$C + H,N-HN-TF 5C

Stalvi ressdues OQ-acervluied al the carbon atoms of thetr side chain, espe-
cially C and C.,, are reportedly very resistant to oxidaion 1 Schauer, 1978;
Sarris and Palade, 19791, After deacetvlation with an alcoholic profassaim
bydroxide solution, these residues were oxidized with soduwnr periodate
and laheled with ferrim bydrazade (Heppelmann and Rahmann, 1981
Schulte and Spicer, 19851,

N-geetvi-neuraminic actd wond N-scervl-D-glucosamne were simultancously
detected with wheat germ aggffm'um. This lectin FECOPIZES the N-accty]a-
wed sialic acids which are nor Qracervlated av C, but does net bind 1o 5-
glvcolvl-neuraminte acid or sialic acids substiiored ar €, tBhavanandan
and Katlic, 1979; Peters ¢f af, 19790, Since in our experimental conditions
most of WA binding sites were removed by tissve trearment with neura.

minidase, one can presume that on normal aortic endothelium WGA
detected primarily the N-acetvl-neuraminic acid. This was visualized by a
two-step technigue in which WGA was followed by a sialoconjugate
(mnen), adsorbed on gold particles (M-Au).

Newurannnidase-cleavable sialvl restdoes were indirectly estimated cither by
the reduction in CF or FH labeling density atter endothelial cell surface
was exposed to sialvdase, or by the increase in FH binding 1o the subterme
nal galaciose and N-avetvl galactosuamine. These were unmasked by neura-
minidase reatment and rendered FH-reactive by oxidation with galactose
oxidase (Skurelsky and Bayer, 19831, The same procedure, except the
sialydase siep, was used 1o detect terminal galactosyl and N-acetyl-galacto-
saminyl restdues of ECS glvcoproteins (see Oligosacchande moietics).

igosaccharide moretres - In the detection of the terminal saccharide
moieties, the preterence for the two-step techniques ta lectin followed by a
glycoconjugatel was based on several advantages: a higher sensitivity
tHorisberger, 1984}, absence of steric or electric hindrance in the imerac-
tion of cell surface with the native lectin as it is the case with the lectins
tagged with either HRP, ferritin or gold (Horisberger, 1984; Pino, 19841,
and the possibility to guantify labeling.

Mannose-containing gheoconjugates were detected with Con A, followed
by cither HRP alone (Wang e of . 19831 or an HRP-Aw complex (Roth,
1983). Con A has four binding sites for ¢-D.mannose and a-D-glucase
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Tarie 2

Specificity of the probes nsed tor deteeting cell surface glveoconjugares

Compound

Probe Snecitici Sequences) e Main
pecibiciy L detected .
procedure : recognized on LOS references
'H stalyl residues not sialocon]ugates Roltman ef «f, 1980: Muresan
{afrer oxidation O-acetvlaed ar aned Constantinescu, 1989
with Na periodate)® Cior Gy
WA MeuMNAe tnod OO N-acetyl-sialoconjugates, Bhavanandan and Katlic, 1979;
acetvlated ar (). tnot Neglveolyl. Peters of of., 1979
GleMNAc N-ucetvlglucosamine-
ternnated
slveoconjugates
Fi B-I3-graluciose, palactose-, and N- Skutelsky and Baver, 1983
ralter oxidation Neacetvl- acervlpalactosamine
with galacrose galactosamine wrminated
oxidase| ghveoconjugtes
Con A «- I3 mannose> AManuel Lo -containing Debray of wf, 1981
mo-D-glucose thigh mannase, Carver ez af | 1983
Ont, hybrid, and
- omplext glvecoconjupates
complext glveoconjupate
Manel
ROCA 120) f-D-palactose Gl l—4GIeNAe> palacrose-terminated and Bacnziger and Fiete, 1979;
>NeuNAcu2— subterminal galaciose (0 Diebray o af | 1981
—6GalBl—4GleNAc>  substituted 1o G, by sialic
=0alBl—3GalNAc acids)-containing glycoconjugates
PNA {3-1)-galuctose CGalpl—3GalNAc> galactose-terminated Wu, 1984

>CralBl—+GleNAC

ghreoconjugates

< By treatment with alcoholic KO sialic acids can be de-Qracerylaed. rendered oxidizable with Nu periodate and labelable with FH.

1Goldsiein and Haves, 1978 Debray ef af.. 1981: Carver ef af | 1985 Cell
surlace glycoconjugates, except gangliosides, seem to have very little or
lack glucose (Dawson, 1978; Komfeld and Korafeld. 1978; Berger of of.,
1982+, The possible Con A binding to the glucose moieties of membrane
pangliosides is unlikely, because in these compounds the sugar is substitu-
ted at the “OH of C, (Fishman and Brady, 19761 this substitution results
in a very low hinding affinity (Goldstein and Hayes, 1978). As such, we
consider that in our system Con A detects primarily mannose-containing
glvcoconjugates. These are N-glvcosidic plycoproteins of « high mannose,
hvhrid or complex type 11lubbard and Ivau, 1981; Berger ef af., 1982),
which contain a trimannasidic core tMane]l—6|Mane1—3|Man) that has
or lacks a terminal glveosvlation {Debray ¢f of., 1981; Hubbard and lvar,
1981: Berger ef af . 1981 Carver ¢f af . 1985) (Fig. | and Table 2). Since
HEP is very rich in mannosy] residues, it labeled strongly o Con A
binding sites. Gold particles allowed guantitation of binding.

Terminal palactosv and N-acetvi-paluctosaminyl residues, oxidized with
eulactose axrduse, were visualized with ferrerin bydrazide added simulta-
neously with the enzvme tSkutelsky and Bayer, 19830,

Subterninal gabactosyl and N-acerv galactosansinvl vesidnes were unmask-
ed by neuraminidase treatment, then oxidized with galaciose oxidase
making them capable o bind ferritin bydrazide.

For N-acetvl-glucosamnyd resichues and N-acetyl nenrantinic acid see Stalo-
cemprgates. In a control experiment. the one-step rechnigue WGA-Territin
led to gualitative and quantitative results similar to those obtained by the
two-step method using WGA followed by M-Au.

B-D-gatactosvl residues were detected with two lecrins: Ricinus communis
agplutinin {RCA-120) and Peanut agglutinin, RCA 120 reportedly recogni-
zes galactosyl in etther nonsialvlated N-glyeosidic glycoproteins and glyveo-

lipids bearing a sequence Galfi 1l =4GIcNAc or in sialvlated forms vielding
a NeuNAcu2—=6GalBl—=4GIeNAc sequence, To a lesser extent, this lee-
iin binds to O-plveosidic glveoproteing containing & Galfl—3GalNAc
sequence (Baenziger and Ficte, 1979 Debray e af., 19811,

PNA recognizes gafuctose- termmated glveoproteis or glycolfpids exposing
Galfl—3GalNAc sequences. To a lesser extent the lectin also binds to
glvcoconjugates contatning Gal1—4GIcNAe (Wa, 1984 1Fig. | and
Tahle 23, In vur experiments, after each of these two lecting, the specimens
were incubated in lactosaminated BSA-Au (LacN-BSA-Au).

General c’xpen'm:'maf pm!-umf
Preparation af blood ceffs - Fresh blood from normal rabbits collected in
vitric acid-Na citrate-dextrose was separated by 1xg sedimentation in 1%
Dextran T-500 {Benino ef af., 19631, The supernatant was centrifuged at
500xp for 15 min and the pellet washed with phosphate-buffered saline
{PBS) pH 7.4, The remaining enthrocytes were lysed by exposure o
detonized water for 10 sec followed by restoration of the osmatic halance
with ten-fold concentraied PBS. Cells were again washed with PBS,
prefixed with 2.5% glutaraldehyde in PBS for 60 min at 200C followed by
quenching with 1.3 mg/m] NaBH, in PBS pH 7.4, for 30 mmn at 4C.
Blood cells were labeled for 60 min at 200C with 250 pg/ml lectin twheat
perm agglutinin, Concanavalin A or Ricinus communis agglutining tollow-
ed by 30 min exposure to the apprapriate electron opayue tracer {mucin-
pold for WGA, HRP-Au tor Con A and lactosaminated albumin-gold for
RiCA) in PBS supplemented with 0.25 mM MnCl,. Afrer 60 min fixation
with 2.5% glutaraldehyde in 0.1 M H{l-Na cacodylate buffer pEl 7.4, the
cells were pelleted on 0.22 pm pore size Millipore filter tMillipore Carp.,
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Bedtord, MAL The following sieps were similar to those used tor the
tissue processing for electron microscopy tsee helowl. Controls consisted
in either «) competitive inhibition with 0.2 M appropriate monosaccharide
or A1 30 min incubation with the electron opague tracer without previous
exposure to lecting

Luabeling with cationized lerritin was carried out an unlised blood cells.
The procedures tor periodate/ferritin hvdrazide and galactose oxidase/ter-
ritin hvdrazide are described below.

Preparatient of blood-free vascalatzere - Under general anesthesia with 1025
chloralhvdrate 13 mlkg body weighu) given intraperitoneally, the abdomt-
nal and thoracic cavities were openced. The perfusion was cartied out in an
apen circuit using cither the catheterized thoracic aorta as inlet and the cwt
lett atrium as outlet or a catheterized thoracic vena cava us inlet and a cut
abdominal vena cava as outler. The vasculature was washed free ol blood
bv perfusion with PBS pH 7.2 supplemented with 14 mM glucose and
gassed with 95% On and 3%, CO, warmed ar 37C and given under a
constant pressure of 110 mm Hy at a How rate of 10 mPmin for 1015 min,
Adorenpdration of prebes - In experiments with CF and 1HUP, the wracer
was added 1o the perfusate (10 mg tracer/ 10 ml PBS) and maintained in
the circulation tor 2 min. The excess unhound probe was washed out by
perlusion with PBS in the same conditions as absove, then the vasculature
was tixed by perlusion for 15 min with 3% gluaraldehyde and 5%
lormaldchyde in 0.1 M HCI-Na cacodylate builer pH 7.3 wm 37 To
check whether the interaction of CF with viable ECS at 37°C could induce
a redistribution of anionic sites, in control experiments CF was perfused
after the endothelium was fixed w7 sue for 10 min with 2% buffered
plutaraldehyde,

For the probes detecting sialoconjupates and oligosaccharide residues,
atter washing out the blood. the vasculatere was shightly prelixed o vt by
perfusing 1% glataraldehyde in PRS a0 37°C for 10-15 min under a
pressure of 110 mm Hg, Then, the aorta, particularly the arch lesser tnner
curvature tSimionescu ef af., 19860 and coronany arerics were callecred
andd tmmersed for additional 1320 min in the same fixathve as above
200C, followed by guenchinyg for 30 min ar 4C with 1.3 mg/ml sodiem
botohydride in PBS pll 7.2, and washing for 30 min with PBS at 200C,
Specimens were further processed according to the specific procedures for
ultrastructural eyvtochemistry,

[n control experiments in which WOGA-ferritin and Con A-territin were
applicd on unfixed avrtic endotheliom, the decoration pattern of ECS was
comparable with that obiained with same tracers applicd on slighdy lixed
endothelium, The labeling was almost identical especially when specimens
were guenched after fixation,

Trane processiug for wltrastructural evinchenstry

Cell surface churge - Catromzed ferrstin. The aldehyde fixaton was comple
ted by immersing the specimens in the same fixative tor 90 min, tollowed
by postfixation with 1% sy in 0.1 M HC-Na cacodylate butfer pH 7.2,
for 90 min at 4, staining in block with 0.5% uranyl acetate lor 30 min,
dehydration in graded ethanol and embedding in Epon 812,

Hemeundecapeptide. After aldehyde tixation, these specimens were incu-
bated far prroxidaric reaction, with 0.15% DAB and 0.02% H,(3, in 0.05
M Tris-HCL hutter pH 9.0 for 60 min at 37°C tSimionescu ef of.. 1975;
Ghinea und Simionesen, 1985). Samples were then processed for standard
clectron microscopy as described above for CF experiments.

Sudoconpugates - Prefixed tissue blocks were used for one of vthe following
procedures. deseribed in their major steps.

Sudrem pertodates Fervitin bydrazrde (for non-Cracetylated sialyl residues).
Tissue samples were incubated with 1 mM sodium periodate for 15 min on
ice, tollowed by exposure to ferritin hydrazide (1 mp/ml} tor 60 min at

37C (Rottman o af . 19801, In contral expertmients, the Hrst step was
omitied.

Potasstanr bydreecvde/Soduins periodate/Ferntim bvdrazide 1hor O-acetyla-
ted stalyl residues), Ateer 15 min incubation with 1 mM sodium periodate
on ice, and quenching with 1.5 mg/ml sodium borohydride for 15 oun on
ice, sprecimens were treated with 1% KOH in 700 ethanol tor 15 min at
23 A second oxidation with 1 mM sodium periodae for 15 min on ice
was tollowed by exposure o ferritin hedrazide (F mp/mly for 60 min at
370 In control experiments, the second oxidation with sodium periodate
was omitted (Schulte and Spicer. 19831,

Detectient vf newramienidese-somative sl resedaes was carried ot by
treating the tissue sumples with 0.4 U neuraminidase/ml PRY tor T hoa
37 Ctollowed either by cationized lerritin, or by sodium periodate 11 mal,
15 min on icet and territin hvdrazde (1 mp/ml, 60 min at 370, ar by
mlacose oxidase 125 U/mD together widh territin hvdrazide £ mgdmlnor
60 min ar 37°C (Skuelsky and Baver, 1983y,

Oligenaccharide mofotren . Con ATHEP-Aw Hor mannose-contatning glveo-
conpugatesy. Specimens were tneubated with Con A 250 pgrmli in RS
supplemented with 0.25 mM MnCl-, 60 min a0 200 Cthen for 30 min with
horseradish peroxidase-gold conjugate THRIP. Aur 1Roch, 19831,
Calectase axedase/ Ferriir bvdrazide tor verminal palaciosy] and N acerv]-
galactosaminel residuest. and  wewremandased galaciene oxidased forv
bydrazide ttor subterminal galactosy! and N-acew]-palactosaminy] resi
duest, as desetibed tor the detection of newraminidase sensitive sialy]
resiclues,

WOAM-Aw tlor N-acetvl-glucosaming] residues and N-acewv]-neuraminie
acid) Tissue samples were incubated tn WGA (250 pa/mb for 60 min
200C, tollowed by muein- gold complex tM-Auy {or 30 min,

BNALaeN BSA Aw ttor terminal galacross | residuest. Aler incubsation
with peanut apglutinin (250 pe/mb for 60 min ar 2000, specimens were
tmmersed inasolution of lictosaminawed albumin-gokd in PBS supplemen
el with 10.25 mM MnGly tar 30 mina 2000 A stmilar procedure wis used
lor BCA 12t tor terminal and subterminal galactosyl residues),

For the Jeetin experiments, two kinds of controls were conduacted: ot 30
min labcling with the second tracer (TR Au, LacN-BSA-Au or M-Aul
without previous incubation with lecting #) competition with (0.2 M ol the
hapten sugar tmannose for Con A, N-acayl-glucosamine tor WOA, and
palactose lor RCA 120 and PNAY -

After all these procedures, spectmens were fixed tor 60 min with 2%
glutaraklehvde in 0.1 M HCI-Na cacadylate hufter pH 7.2, ar 200¢,
postfixed lor 90 min at 4'C with 1% QsOy in the same bufter and
processed for eleciron microscopy. Thin sections cut with a OmU Reichert
Uhramicrotome, were stained with uranvl acetate and lead citrate and
examined with Philips 400 HM and 201 € eleetron microscopes operated
at BU kW,

Murphontetre amd stathstical analyses

From each animal, 3 10 5 blocks were randomly collected from the aonic
wall and sections about 70 min thick were cut (7-15 sections per grid); the
pictures were taken at the same magnitication for each piven tracer. The
microphotographs were enlarged at 84,000 or 95,000 ., and the labeling
ot endothelial surface was quantitated by counting the number of tracer
particles Herritin or gold) in areas where the triluminar appearance of
plasma membrane was clearly visible. For cach experiment, the measure-
ments were made on at least 10 pm of endothelial cell plasma membrane.
The sample mean £ standard deviation was expressed as number of tracer
pelrtic]us per pm" membrane surtace. The later was calculawed  trom
endothelial cell (ECH membrane length and the ligures were transtormed
in values tor surface unit, considering a section thickness of 70 nm. The
statistical significance between data was appreciated by variance analvsis
tF restr,
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TaBLE 3

The extent of cationic ferritin labeling of various micradomains of the luminal surface of arterial endothelium

Plasma- Coated Coated

Plasmalemmal vesicles

Multivesicular

Endothelium ) o wicl bodies open on closely apparently
m_m.“l"r"m.‘zl pits vesicies ndies Iumien associated free in
(CF p:";m e with lumen cytoplasm
per ) Y % Y Yo 7
ATy 1766+ 286 1) 47 3 96 77 24
COTONUTY 1970+ 115 (K} 3% 2 97 71 17

For each ivpe of endothelium 25 pm length of plasmalemma proper profile was counted; ** the number of structures examined was: 300 coated pits,
10 couted vesicles, 63 mubtivesicular badies and 1,000 plasmalemmal vesicles.

TabLE 4

Labeling density ot the probes used for characterization of cell surface sialoconjugates of aortic endothelium tlerritin particles/pm? membraoe arcat

Uyvtochemical procedures used

Sudium Potassium™® Galactose Neuraminidase Coionized Neuraminidase
periodate hydroxide oxidase ferritin
FH Sodium D g Galactose Cation bzed
periodate oxidase lerriLin
Fii I'H
B85 £ 136 621 £ 187 W6x 4 34 156 2531 £ 54 1677 + 263

FEL: territin hydrazide:
the mean.

dues labelable with CF only a third (34%) were represent-
ed by neuraminidase-sensitive sialoconjugates.

The amount of subterminal galactose and N-acetyl-galacto-
samine moieties of the sialoglycoconjugates, that were un-
masked by neuraminidase treatment, appeared 1o be relati-
vely high as indicated by the FH labeling values 7-8 times
higher than in specimens treated only with galactose oxida-
se and FH (Table 4).

¢) Oligosaccharide moivties

Munnuse-containing glvcoconjugates - On the lumninal sur-
face of aortic endothelium, plasma membrane was almost
unitormly decorated by gold particles (Con A/HRP-Au
procedure} {Fig. 5). The label density was slightly higher on
aortic (1988 £499 particles/nm? endothelial surface) than
on coronary endothelium (Table 5). A large fraction of
coated pits {(~67%) were marked by the ligand (Table 5
and Fig, 51. A remarkable difference in the labeling of
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tor the complete sequence of this procediere, see Tissue Processing for Ultrastructural Cytochemistry; £ standard deviation of

plasmalemmal vesicles was observed between aortic
{~68%) and coronary endothelium {only ~16%). In vena
cava, the labeling of plasma membrane was heterogeneous
and usually at values 30-40% lower than in arteries, while
the relatively rare plasmalemmal vesicles were practically
unmarked (Table 5).

N-acetyl-glucosamine and N-acetyl-neuraminic acid - By the
WGA/M-Au procedure, the number of gold particles per
pum? of endothelial luminal surface was low:; ~69 for aortic
and ~317 for coronary endothelium (Fig. 6 and Table 5).
The latter figure represented a 4.5 higher value (p<<0.01)
than that counted for the aorta. The binding density on the
plasmalemma proper of venous endothelium was compara-
ble to the values recorded for the aortic and coronary
endotheltum. Coated pits were frequently marked by 1 or 2
particles in coronary, but less frequent in aortic endothe-
lium. Though at low values, the labeling of plasmalemmal
vesicles was almost double for the coronary (~18%) than
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TABLE 5

Binding density of the lectin probes used for detecting saccharidé tesidues on cell surface of aortic, coronary and vena cava endothelium

Lectin/second tracer™

Endothelium Con A WGA RCA PNA
HRP-Au Mucin-Au LacN-BSA-Au LacN-BSA-Au

Avrta
plasma membrane = 1988 £ 499 69+ 39 925 & 257 192+ 39
coared pits” 67 .4 18.2 ND NI
plasmalemmal vesicles” 68.6 9.2 3l 13.4
Cowrintiry
plasma membrane ™ 1397 + 394 317+ 64 696 £ 170
coated pits” ND 7.0 NI
plasmalemmal vesicles” 16,7 18.2 5.2
Viena civa
plasma membrane ## 906 * 206 30181 1164 £ 228
coated pits” ND ND ND
plasmalemmal vesicles~ 0 1.3 i

" Particulate electron opaque marker (Au); * number of gold pariicles/pm?” plasma membrane % standurd deviation of the mean; *percentage of labeled
structures: features counted = 2003 plasmalemmal vesicles, and 66 coated pits; NI not determined tusually due w non significant sampling).

for the aortic endothelium (~9%), while in the venous
endothelium the vesicles practically lacked any decoration.

Subterminal and terminal galactosyl residues - As detected
with RCA 120 followed by LacN-BSA-Au, these residues of
N-glycosidic and O-glycosidic glycoconjugates {Table 2)
were relatively frequent on the luminal plasmalemma of
arterial endothelium though plasmalemmal vesicles rarely
displayed particles (Table 5 and Fig. 7). The numerical
density of gold particles on plasma memhrane was almost
similar on the endothelium of vena cava (Table 5).

Galactose-terminated glycoconfugates - By the PNA/LacN-
BSA-Au technique the binding density of these residues on
plasmalemma proper was significantly lower (~192) on
aortic endothelium with ~13% decoration of plasmalem-
mal vesicles (Table 5).

Terminal galactose and N-acetyl-galactosamine - After oxida-
tion with galactose oxidase and treatment with ferritin
hydrazide, the luminal surface of aortic endothelium expo-
sed very few terminal Gal and GalNAc residues (Table 4).
In contradistinction, the subrerminal moieties of this kind,
unmasked after sialic acid digestion with neuraminidase,
were in much higher number {Table 4).

Monocytes

Among the blood mononuclear cells, the monocytes were
identified based on their large size (12-18 pm diameter,
about twice larger than lymphocyies), the oblong, slightly
flattened or indented centrally located nucleus provided

with a fine network of chromatin, and the relatively abun-
dant cytoplasm containing a moderate number of lysoso-
mes, prominent Golgi complex, rough endoplasmic reticu-
lum and centrosome. The fine granules {~40 nm diameter)
had a homogeneous content and appeared usually in clu-
sters of 10-15 per section. The monocyte cell surface exhi-
bited a uniform high density of CF-detectable anionic sites.
Tracer particles occurred in 1-3 rows with a density com-
monly higher on coated pits than on the plasma membrane.
The frequency and distribution of the strong negatively-
charged groups were comparable for monocytes {Fig. 8),
lymphocytes and eosinophils, and occurred at markedly
lower values on neutrophils and erythracytes. The sialyl
residues visualized with FH were rather uniformly distribu-
ted on monocyie surface, usually revealed by a single row of
ferritin particles (Fig. 9). In contrast, the terminal galacto-
syl, and N-acetyl-galactosaminyl residues, rendered reactive
to FH after galactose oxidase treatment, were rather scarce
and inhomogeneous (Fig. 9, inset). As detected by Con A,
the mannosyl-containing glycoconjugates were a constant
component of monocyte glycocalyx (Fig. 10). WGA-de-
tectable sialic acids and N-acetyl-glucosamine-terminated
glycoconjugates, although heterogeneous, were well repre-
sented on monocyte surface (Fig. 11), as well as eosinophil
and red blood cell, but were less frequent on lymphocyte
and neutrophil {Table 6). The subterminal galactosyl resi-
dues (revealed by RCA) frequent on monocyte (Fig. 12),
lymphocyte and eosinophil were in an even higher density
{almost double values) on the glycocalyx of neutrophils and
erythrocytes (Table 6). In the material examined, no mono-
cytes were found attached to the endothelium or under-
going diapedesis.
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vascular endothelium and blood. The extent to which these
chemical constituents are affected by experimental hyper-
cholesteralemia is described in the accompanying paper
{Ghinea et af., 1987).
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