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su”;mY l The erythrocyte aggregating activity of different 
neutral polgsaccharides depends on the polymer - membrane 
affinity and its molecular length. Extended proteolytic 
and neuraminidase treatments of red blood cell membrane 
did not redtlce aggregation induced by polysaccharides.Fluo= 
rescent dextran studies showed that polymer adsorption 
on red blood cells was measurable only for a dextran mole= 
cular weight above 40,000 as for cell aggregation. Identical 
dextran adsorption behaviour was observed for all 1iposoneJ 
composed of various purified phospholipids,suggesting the 
involvement of the phospholipid bilayer in dextran-membrane 
interaction.All aggregationsinduced by neutral polysaccha= 
rides 7iere inhibited by D-and L-tryptophan.Compounds very 
similar to tryptophan were less active or completely inactive 
inhibitors.Dquilibrium dialysis,gel filtration and tryptophan 
fluorescence atudies clearly showed that there was no corn= 
plex formation between tryptophan and neutral polysaccha= 
rides.%erefore trytophan does not result an hagtenic inhi= 
bitor,but reduces the adsorption of polysaccharides on cell 
membrane. 

The biological role of cell surface polysaccharides is 

an aspect of membrane biology which is still not fully under= 
atood.Speculationrhave been made as to their role in the regu= 

lation of cell proliferation and cell-cell communication(l). 
A possible approach to an investigation into the arrangement 

of surface polysaccharides on the membrane and polysaccha= 
ride involvement in biological processes is the study of the 
interaction between cell surface and model polysaccharides. 
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It is 'known,in fact,that neutral polysaccharides can induce 

some biological processes such as lymphocyte mitogenesis (2), 

cell aggregation (3-5),cell fusion (6),but little hasbeen 

said about the membrane constituents involved in the interac= 

tion Mth exogenous polysaccharides. This paper studies the 

aggregating activity of different neutral polysaccharides on 

the hu‘"Rn erythrocyte . Evidence reported suggests that the 
phosgholipid bilayer is responsible for the interaction be= 
tween red blood cells and neutral polysaccharides. The red 

blood cell capacity to adsorb neutral polysaccharides can be 

reduced in the presence of D- or L-tryptophan.Prelimiary 
experiments to clarify the mechanism of tryptophan inhibition 

activity have been carried out. 

_ . The reagents used were:dextrans T fractions(mole= Chetical s 
cular meiz -hts from 10,400 to 2,000,000),fico11 400(molecular 
weight of about 400,000) and fluoresceinylthiocarbomoyl-dex= 
trans(?iX-dextrans)with molecular weight ranging from 2,820 
to 154,OCO (?Inarmacia,Uppsala,Sweden); papain,D- aa L-trypto= 
p~~,5-'i~dro~-L-tryptoph~,~~-~-acetyl-DL-t~ptoph~,DL-phenyl= 
alanine,L-tyrosine (Xerck,Darmstadt,Germany) ; 5-methyl-DL- 
tryntop.nan,glycyl-L-tryptophan and L-leucyl-L-tryptophan(K&K 
?la*&ew,ri.Y.,USA) ; DL-5-benzyloxytryptophan(Sigma,St,louis, 
USA) ; L-~,~-distearoyl-plecithin,L-jS~-distearoyl-cl-cepha= 
lin and trypsin (FLuka,Buchs,Switzerland) ; pronase(Strept. 
griseus)and neuraminidase (Vibrio cholerae) (Calbiochem,Calif. 
USA) ;; bromelin(Pineapple)(Behringwerk AG,?Zarburg-Lann,Ger 
ny) ;Dio-Gel P-2 (Sio-Rad,Richmond,Calif.,USA) ; sphingomyelin 
(bovine) and phosphatidyl-serine (bovine) (Supelco,Inc.Penn= 
sylvania,USA). 

Cell aggegation and inhibition. Fresh human erythrocytes 
were washed three times by centrifugation in salbe,the leuco= 
cytes being removed by aspiration after each centrifugation. 
Agglutination and inhibition tests were performed,as previous= 
ly described (5),by the microtiter system(Dynatech Lab. Ltd., 
Sussex,U.K.). Soluble inhibitors and D- and L-tryptophan were 
tested at a concentration of 70 mX. Poorly soluble inhibitors 
were tested at saturation. 
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Xzzymatic treatments. Trypsin treatment of erythrocytes was 
as previously described (5) with 0.05s trypsin at 37OC for 
pours. Pronase treatment was performed,according to the meth= 
od of Sender et a1.(7),at a concentration of 0.01s at 37OC 
fpr 2 hours,either on freshly prepared erythrocytes or on 
trypsinized red blood cells. F~euraminidsse was tested on cry= 
throcytes at a concentration of 5OU/ml. at 37OC for 60 min. 
according to Schnebli et sl.(8).Bromelin snd papain digestions 
were carried out at a concentration of lmg/ml at 37OC for 30 
mi.n.dIn all enzymatic treatments the cell concentration was 
2x10 cells/ml. 

Fhosnholipid liposomes. The phospholipids used in this study 
were chromatografically pure. In order to obtain multilamellar 
dispersion each phospholipid was suspended in phosphate buffered 
saline pH 7.4 at a concentration of 5 mg/ml,heated and shaken 
above the crystal-to-liquid crystal transition temperature 
for a few minutes and finally allowed to stand overnight at 
room tem2erature.It is known that phosphatidylethanolamine 
formed incom$etely sealed particles (9). To test phosphatidyl- 
efhanolamime we used an admixture of phoaphatidylcholine with 
~hos~hatidylethanolamine at a ratio of 1:l that resulted in 
t?e usual closed structures (9). 

L-sSC-~t;~O~~ of fluoresc ert dextrazs on er:ythwc;des.The bin-din,: 
of fluorescent dextrans was perfomed by adding 5mg of TIFC- 
dextrms to Iml of erythrocytes (1~10~ cells/ml) suspended 
~fl Zinger-Locke buffer (10) or in I ml of the same buffer con= 
taining 5 mg of phospholipid-liposomes . The distribution of 
fluorescence was observed using a Leitz Orthoplan fluorescence 
;hotomicroscope. The erythrocytesand liposomes were equilibra= 
ted in Singer-Locke buffer containing 70 II% tryptophan prior 
to addition of FITC-dextran 150 in tryptophan inhibition ex= 
periments. 

I?Z?JEGTS AKD DISCUSSIOIJ. 

Megating activitg of neutral polysaccharides. Polysacchaz -- 

rideiinduced erythrocyte aggregation was determined as the 

minimal concentration of polymer that induces detectable cell 

clumping. At low polymer concentration,in fact,the cell aggre= 

gation depends mainly on the adsorption force of the polymer 

09 the cell membrane and is quite independent 0-f the electro= 
st;atic re?-iLsion force (11). In agreement with the data re= 
ported (3,ft,ll) dextran causes esythrocyte aggregation only 
above a molecular weight of 39,500 and the minimal aggregating 
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Table 1,Aggrogating activ ty of diffarcnt polyaaccharidns on htlman 
orythrocytos(lxl0 n Ci!ll.S/ml) 

Kinimal aggrcgatin,? conccntrati on 

MW" 
(w/ml l" 

l'olyrjncchnrjdc -------_---_---_-___---------~-------------- 
Bufforcd Saline Buffered Snlinc + 

(PI-I 7.4) 7OmM D- or I,-tryptophan 

Dextran T-10 10,400 inactive 
1' T-40 39,500 5oc 
11 T-70 70,000 12.5 
II T-l 10 106,000 G.3 
r, T-150 154,000 3.2 
'I T-250 231,000 1.5 
11 T-500 496,000 I.5 
II T-2000 2,000,000 1.3 

Ficoll 400 400,000 3.1 
Arabinoxylan 50,000 0.6 

50 
25.2 
12.8 
12.0 
12.0 
10.4 
9.3 
9.6 

a 
Minimal aggregating concentration is the lowest concentration of 
polysaccharide showing detectable cell clumping, 

bDextran and ficoll molecular weights are manufacturer's data. 

cVery weak aggregation. 

concentration decreases with increasing dextran molecular weight 

(Zable i). iiovlever the affinity of the polymer for red blood 

ceil nezbrane can play a more significant role than molecular 

length. In fact ?/heat arabinoxylan vrith a molecular weight of 

or& 5'3,OOc) (5) showed an aggregating activity as great as that 

05' dextran with a molecular weight of 2,000,OOO (Table I). In 

a.ddi%ion,as shown in Table 1,the aggregating activity of ficoll 

(highly branched synthetic polysaccharide) was less than that 

sto;vn .bj- dextran (low branched polysaccharidefidwith an analo= 

goz3 molecular weight. This suggests that the branching per se 

is not t'he most important prerequisite for aggregating activity. 
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~XPLE IT. llfroct o.T protcolyt:Lc and nc~uronminidaae treatmcl!ts of human 

ery-tlmc;rtc, mornhrnno 011 ~'"lyoncclE7rl.d +induccd cell a~F:ro~ntSon, 

Treatment 

XiniiInal ag,:rcgnt ing concentration (lug,&) 

Dextran T-2000 Yheat hrabicoxylnn 

Mont 1.3 0.6 

Pronase 0.6 0.3 

Trypsin 0.6 0.5 

Trypsin+Pronasc 0.6 0.3 

Papain 0.5 0.G 

Nauronminidasc 0.3 0.3 

Bromclin 0.3 0.6 

Similar results were obtninc. ad with the other polyseCChs?ides listed in 

!Cabl.e I. 

!.Iin order to 

identify the membrane constituentsinvolved in polysaccharide 

STJding we considered the proteic membrane receptors and the 

Btos>hoii>id bilayer. The hypotetical presence on the erythro= 

cJ.e nemkane of a proteic or glycoproteic receptor specific 

to polgsaccharides seems to be excluded by the observation 

t&t extended treatments of erythrocyte membrane with proteo= 

lytic enzmes did not decrease polysaccharide-induced aggre= 

gations (TableII). It is known,in fact,that exhaustive treat= 

mezt of erjrthrocytes with trypsin and pronase removes the 

only two proteins exposed on the external surface (13,14).The 

ne-mminidase treatment shows that sialic acid residues are 

not involved in neutral polysaccharide-membrane binding. The I_ 
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slight increase in the aggregatin g activity of polysaccharides 

(2.bleII) could be due to the displacement of the negative 

charge of the red cell surface as a consequence of the en= 

z272tic treatments (8). The involvement of the lipid bilayer 

ir Zen-crane-3olysaccharide interaction was investigated by 

Z?SO-ytiOll studies with several fluorescent dextrans. As re= 

;;l'ta'? -.. by other authors (:0,15),the dextran adsorption on the 

erythrccyte membrane is very weak and affected by cell washing. 

Fig.1 shoxs the faint fluorescence obtained with PITC-dextran 
the 

il̂  adsorbed either on the erythrocyte (Fig.la)or onfllecithin- ,_I 

li:osor;:e (Zig. lb). Table III summarizes the adsorption evalu= 

a,ion on both erythrocytes and liposomes composed of various 

phospholi?ids. 
used 

The :- widely occurring 1ipidsAare the major 

constituents of the red blood cell membrane (14). The minimal 

mc;ecui.ar weight of dextran necessary to induce stable membrane 

adsorrjtion (Table III) was practically the same as that reported 

ix r2a-;l.e 7 I for erythrocyte aggregation. Table III shows also 

a good correlation between erythrocytes and all the phospho= 

lipid-lisoaome tested. The last two points imply,therefore, 

tst the interaction bet*?/een polysaccharides and erythrocytes 

czz occur with phospholipidic membrane components at the level 

of the lipid-mater interface. Concerning the proposed involvement 

Or' the phos?holipid bilayer in polysaccharide-membrane inter= 

action it is interesting to note that, at least in cell fusion 

2 Direct Tarticipation of the phospholipid bilayer seems to be 

es:sblis'bed (16-18). 

T-'ibition of polysaccharide-induced cell e-s agg regation.All the 

agFegations induced by the neutral polysaccharides tested were 

inhibited by the same compound:D- or ILtryptophan (Table I). 

The usual haptenic inhibitors of plant lectins (19,20) and the 

e:rsti?;ueatcarbohydrates of polysaccharides (D-glucose for 

dextran,sucrose for ficoll,D-xylose and L-arabinose for wheat 

r-a-oinoxylan (5)) were ineffective as inhibitors. Koreover, -_ 

tI-;->tophr-r seems to be a specific inhibitor and in fact corn= 
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Fluorescence photonicrographs of FITC-dextran75 
sorjad on erythrocytes and Lecithin-liposonzs. 

Em erythrocytes(lslOBcells/ml) and Lecithin- 
SOrES were incubated for 30 min. wit'n 5%/l 0 
FITS-dextranlS0. After two washes with cold Rin 
Locke solution,the prcparatiommere viewed mde 
the ~zSCrOSCOpC. 
a> Euzm erythrocytes(lOOOX) 
b)leclthin-liposoms(7OOX) 

0 ad- 

iipo- 
f 
ger- 
I? 
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!l!able III. tinding of FITC-dextrans on erythrocytes and phospholipld-llposomea 

Fluorasconce 

Fluorescant dextrans ab -- _____ ---__-!~:~r~"__-___-______________ 
Erythrocytes I~iposomeeC 

FITC-dextran 3 2,820 

II 20 19,000 
II 39,000 + + 
II ;o" 68,500 + + 

VI 150 154,000 ++ ++ 

a(e.u.)=erbitrery units( - no fluorescence; + hardly detectable fluorescence; 
+ detectable fluorescence; ++ eviden: fluorescence). 

k+Tolectier weights are manufacturer's data. 
%iposomcs were composed of the following phospholipids: phosphetidylcholine; 
sphingomyelin;phosphntidylserine;and phosphatidylethenolemine-phosphetidylcho- 
llne(l:l). Allphospholipids tested showed the same fluorescence pattern. 

hounds such as 5-hydroxy-I,-tryptophan and 5-methyl-DL-tryptophan 

w--n 4 tties less active than D-or L-tryptophan;DL-5-benzyloxy= IL * 

trj>t01?"II? and al& the compounds substituted on the aminoacidic 

grou;; such as B-ti-acetyl-DL-tryptophan,glycyl-L-tryptophan and 

3-leuc;;l-L-tryptophan were completely ineffective as inhibitors. 

3e a3inoacids comonly present in proteins including aninoacids 

with a:: aromatic ring,like phenylalanine and tyrosine were also 

izZCt iYe, +ossible tryptophan inhibition Eechanism could be a 

cor$e:r fomation with neutral polysaccharides,as reported for 

other agglutinating substances (19,2C).In order to investigate 

the existence of such a complex,we studied the behaviour of 

trv-to~-F~- and polysaccharides in Die-Gel P-2 gel filtration, .z -c *y--L-.-& 

in equilioriu-n, dialysis and trypto?han fluorescence studies. 

XL1 the data clearly excluded a coaplex formation in aqueous 

sollltio'L1. "he inhibiting activity of tryptophan was detectable 

also in adsoqtion studies on red blood cells with FI!X-dextrans. 

Zqthrocgtes preincubated with 7OtiS D- or L-tryptophan exhi'oited 

20 detectable fluorescence after binding with 5 ng/r?l of XTG- 

dextran 170. The activity of tryptophan on cell aggregation 

t&s seezs an inhibition of the polymer adsorption on the cell 
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- =-srarie . I:: -“- spite of the good correlation between liposom&es 

and eryt1hrrocytea in adsorption studies,phospholipid-membranes 

were not useful models for studying the inhibition of dextran- 

me-,hrane interaction.In all the liposome concentrations tested 

(from 5m.g to 0.5mg/niL)fluorescence intensity of adsorbed FITC- 

dextraE 170 on liposomea vras not reverted by tryptophan. Thus, 

a likely explanation of the inhibition mechanism is that the 

interaction of tryptophan with red blood cells may induce in the 

cell nezbrzr-e changes that modify polymer adsorption. 

Lctioaledge=ent.?le are grateful to Dr.Cecilia Alario of the 
X.Y.I.S. transfusion centre(Xome,Italy)for providing the human 
blood. 
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