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RED CELL RECEPTORS FOR ARBORVIRUSES
THE CELL LIPIDS*
" py J. Nicoll

Pasteur Institube, Brazzaville
(Director: Dr. Demarchi)

Annales de 1'Institute Pasteur, Vol 108, 1965, pp 423-4#41

The interaction between arborviruses and lipids ia char-
acterized by the nature of the serological inhibitors (131].

The varlety of the reactions assoclated with viral hemaggluti-
nation is well lnown.

We thus felt that the interaction ¢of arborviruses and red

blood celis should be reinvestigated,with particular emphasis
on:

1° Identification of the receptors on the intact cell.

2® Isolation and analysis of the compounds responsible
for this activity.

The inhilbltory effect of total 1llplds, extracted from red
cells, on the hemagglutination caused by arborviruses has al-
ready been demonstrated by Salminen [19? as well as by a pre~
liminary study of Porterfield and Rowe [16] made wi th lipids
from human erythrocytes, The significance of the separation

of inhibiting liplds will be discussed from this point of
view. _

Without prejudging their final ldentification, the hemag-
glutinins of the arborviruses will, in this investigation, be

*Manuscript received 23 November 1964,
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identified with the virions, This seems Jjustified in view
of: .

1° The persistence of the infectious capacity of the
preparations.

2®° The chromatographic behavior of the hemagglutinating
and infectious properties which are the subject of parallel
investigations carried out in this laboratory.

MATERIAL AND METHODS
1® Virological Techniques

a) Strain: Arborviruses of group A: Sindbis A.R. 339,
Chikungunya S. 27; group B: West Nile B. 956, amaril virus,
French neurotropic strain; group D: Bunyamwera M.R. 376.

b) Extraction of viral hemagglutinins by means of the
saccharose acetone methed from young mouse brain infected ac-
cording to the Clarke and Casals method [3].

¢) Determination of the inhibition power by incubation of
variable amounts of the material to be tested with four doses
of viral hemagglutinates. The tests were carried out at the
optimum pH for hemagglutination under normal conditions (dilu-
tion of the virus with proteln-borate buffer, pH 9, and dllu-
tion of the inhibiting material wlith lsotonic phosphate buffer
80 adjJusted that the mixture of the two buffers ylelds the de-
sired pH). After verifying that there 1s no excess cold fixa-
tion, the inhibition is carried out for thirty minutes at room
temperature.

Emulsification makes it impossible to obtaln reproducible,
quantitative measurements of the lipids. The orientation of
the lipids at the interface of the twe phases can cast some

" doubt on the qualitative results. It 1s thus important to
make a careful water suspension after the evaporation of the
- golvent.

d) Titration of the reésidual hemagglutinins at 37°C
against goose red cells.

2° Chemical Techniques
a) Extraction of cell lipids, at room temperature, with
& 2:1 chloroform-methanol mixture, according to Folch's tech-

nique [7]. At each operation 10 ml of globular residue, pre-
viously washed three times with Alsever solution are extracted
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for twenty minutes with tweinty volumes of the mixture. The
cells are ag’ ' 2ted durlng this operation. The ¢organic phase
is collecte:'. The residue 18 crushed and twice reextracted.
The organic phases are combined and evaporated, under vacuun,
at below 50°C. The nwn-lipid material is separated, after the
resldue has been taken up by a 3:1 ether-water mixture, by
washing with acetone to which 1/4 vol NaCl (18%) has been
added., The ether~acetone phase and the precipitate at the
inerphase are washed twlice with the saline acetone, evaporated
in a calibrated capsule and weighed [6]. The 1lipid material
is finally taken up in 10 ml chloroform and kept at -30°C,

The final yield is between 150 and 200 mg goo0se red-cell
lipida. The extraction 1s incomplete and other 1lipids can be
extracted at higher temperatures.

b) Separation of the lipids by chromatography on a silicie
acid column (Mallinckrodt, 100 mesh), activated by heating for
two hours at 110°C, 2 gm columns (fixation of 30 to 40 mg
1ipids) are necessary for a 20 gm analysis. Elution with 100
ml pure chloroform, then 100 ml of the following chloroform-
methanol mixtures: 90:100; 80:20; 60:50; 40:60, finally with
100 ml pure methanol. 10 ml fractions collected in calibrated
flasks, gravity flow. The chromatograms are made by weighing
the lipids in each fraction.

¢) Thin-layer chromatography on 0.25 mm thick silica gel,
activated thirty minutes at 110°C. The phosphatides are sep-
arated, After trying several mixtures a chloroform-methanol
water mixture (65:25:4) and the technique of Wagner [26] were
chogen. The total lipids are determined by development with
bromthymol blue or phosphomolybdic acid, the compounds contaln
ing choline with Draggendorf's reagent, the aminophosphatides
?lth ni?hydrin and the glycoliplds with diphenylamine reagent
17, 25},

d) Alkaline hydrolysis of each fraction 1s carried out
with aleoholic potash, reflux and two-hour long heating. In
the non~saponified fraction cholesterol is titrated by Lieber-
man's reaction. After liberation of the fatty aldehydes with
HgCl,, the acetals of the plasmalogens are developed with
Schiff's reager.t. After acldification of the aqueous phase
and taking up of the fatty acids with ether, choline is de-
termined in the watersoluble fraction by periodate fermation,
the sugars oxidation with HIO, -~ by Schiff's reagent; serine
and ethanolamlne are characterized by ninhydrin.

e) Selective hydrolysis of lecithins and cephalines ac-

cording to Hack's method [9) with 1 N aqueous KOH for eighteen
hours at 37°C. .




f) Titration of the 11pld phosphorus, following Delsal
[5], after mineralization with H;S80,-H;0;. Nitrogen is ti-
trated by micro-kjeldahl with an Amlnco apparatus, according
to the technique of Grabar [8] Choline is titrated by
Appleton's method (1]. -

RE3ZULTS

1° 1Investigation of the Chemical Changes of the
Red-Cell Surface

This investigation was carried out to determine the struc-
tures which could represent the viral receptors prior to at-
tempt thelr isolation.

The different agents used modify, sometimes to a consider-
able extent, the sedimentation characteristics of the red cells
and thus the character of the hemagglutination. The activity
of each agent 18 determined by titrating the virus adsorption
capacity of treated, washed red cells and comparing it with
the values obtalned for untreated cells, under normalized con-
ditions (adsorption time: thirty minutes; red cell concentra-
tion determined photometrically and adjusted to a dilution of
120 gimes the cell residue. ITdentical reaction volumes are
used).

The formol treatment of the red cells (goose or rooster)
18 carried out according to the technique of Daniel [4]. One
volume of red cells 1s mixed with eight volumes of dilute for-
maldehyde -- diluted to 3% with phosphate buffer pH 7.2;
agitated for 24 hours at +4°C. Addition of two volumes of
cold 30% formaldehyde, agitate again for 2% hours. Wash in 8
to 10 volumes of physiological saline. The adsorption capacity
18 not affected by this treatment. When used in hemagglutina-
tion, formaldehyde~treated cells glve comparable, Or slightly
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higher titers than untreated cells.

Trypsin and a-chymotrypsin are used in Cat+ buffers, 0.0l
M, pH 7.9; reaction time 30 minutes at 28°C; final concentra-
tion from 0.1 to 1 mg/ml. In general the adsorption capaclty
increases with an increase in the enzyme concentration.

Neuraminidase 1s used &3 a flltrate from a Vibrio cholerae
culture, for 30 minutes at 37°C. This interval avoids the ac-
tion of hemolysine, left in the preparation.

The anmount of silalic acid liberated is determined by means
of Warren's method [27]. It does not change the adsorption
Oapacity- - !
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The periodate oxidation of the red cells 1s carried out
by 0.001 M KI0, at pH 7. The course of the oxjdation is fol=-
lowed by titration of the excess KIO, at 2250 A (10 al, The
adsorption capacity 1a increased. At the same time a slight
inhibitory power appears in the supernatant of the red cell
washes., This indicates malnly that there 1s a structural modi-
fication of the eellular membrane by the treatment.

The phospholipase A of the venom of Bitis mabonica does
not affect the adsorption capacity of the red cells; but this
phoapholipare 18 not directly hemolytic. This indicates that
normally i1ts substrate 1s not directly accessible.

Phospholipase D, from cabbage, 1s used at a concentration
of 1 mg/ml, in a phosphate buffer pH 6.1, NaCl 0.15 M, It
cleaves, classically, lecithins, cephalins and similar com-
pounds, into choline; serine or ethanolamine. The preparation
used in these -experiments has a hemolytic effect on goose red
cells. Treated red cells have, however, a slightly higher
adsorption capaclty than untreated controls.

Likewise, saponin, used at concentrations of 1/1000,
slightly increases the adsorption capaclty of red cells in
spite of 1ts hemolytic action.

On the other hand the residue of the extraction of red-
cells with cold fat solvents (a 2:1 mixture of CHCl, and
HCHaOH) used as such or after desiccation and pulverization,
has no adsorbant power when the same weight of red cells 1s
used as in the previous experiments.

These results are essentially identical for all the
viruses studled anc are presented in Table I,

2° Spectrum of Normally Sensitive Red Cells

Arborvirus hemagglutinins agglutinate male and female
goose erythrocytes, rooster erythrocytes, but not those of

~hens after sexual maturation. Thelr actlon extends to red

cells of other animal species especlally sheep, but the titers
are much lower, vary from one virus to the next, and this mate-
rial has not been kept for further investigation.

Reinvestlgation of these already classic facts shows that
the hemagglutinatien titers obtalned with rooster erythrocytes
are weaker than those obtained for goose erythrocytes, but
graphs of the hemagglutinate activity as a function of pH can
essentially be superimposed (Fig. 1).




Tahle T.

' Adsorption Capacity of Treated Red Cells

| )CAI'ACITQ
(1) ndacTrr !(z)ouna'rul\\‘ ;q ADSORPY1ON |
i wEsIDURLLR (%) |
- e e s e e 1. N i e ——
Formol ovvveviaerivansnanens (4 )l'mléiuu | roo !
Tiypsio 1o, amg/ml ... ... Frotéines I 130 l
! - 1mgiml ..., Protéines { 149 !
w-chiymotrypsin (0,31 mg/ml). rotdinea i 160
Neutaminldese ...... iteasere ( 5 licide sialique | 100 .
AU, evrrrartanatoosneeanses 6 ) Oscs ‘ 12
Saponls ..iiiviiiieiieiian. ( 7() * 107 '
Phospholipase Doy vvvvcoccanen Lécithines - 6plmlinc.s] 197 |
CHCI,, CH,OH, I.. Tevvinnnass (8) Tdpides ! o !
(9) (*) §a capacité d'adsorption résiduclle aprés traitement est exprimée l
- || en poutcentage de la capacité d'adso: ption d'hidématics non traitées, |

l -~ Reagent; 2 -- Substrate; 3 -- Residual¥* adsorption capa=-

city; 4 -~ Proteins; 5 -~ Sialic acid; 6 -- Sugars; 7 --

Lecithins ~ cephalines; 8 -- Liplids; 9 -- ¥The residual adsorp-

tion capacity after treatment is given as percent of the ad-
sorption capacity of non-treated red cells.

3° Inhibition Power of the Lipids Extracted from
Red Cells

Total lipids, obtained from goose, roogster or hen red
cells, have, when used at high enough coricentration, a hemag-
glutinating effect. They also have, regardless of their ori-
gin, an inhibltory effect on the hemagglutination of goose red
cells by arborviruses. In inhibition reactions preliminary
incubation of lipids with hemagglutinine preparations results
in a corresponding decrease in the hemagglutinating ability of
these lipids. This is shown in Table II. The inhibition re-
gction is thus clearly related to an asscciation of the in-
hibiting lipids with the viral hemagglutinines.

The inhibition reaction is very strongly pH dependent,
the optimum 18 at the optimal pH of the hemagglutination re-
. action. These differences are even more marked than would ap=-
pear from a reading of the crude results, since the determi-
nation of the inhibition requires that, during the second
phase of the reaction, that the pH be adjusted to its optimum;
during this time there could be a competitive inhibition.
Variations for two types of viruses amd three lipid fractions
are shown in Fig. 2. The investigated viruses, group B (West
Nile, amaril virus) seem to be less affected by this phenomenon
than the virus of group A and the Bunyamwera virus.
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Pilg. 1. Vapriation of the Hemagglutination Activity
- as a Function of pH and the Type of Cell.

] = Sindbls, 2 = Weat Nile, 3 = Bunysmwera. Solid
line: goose red cells. Broken line: rcoster cells.

Table II.
Inhibitory Power of the Total Cell Lipids

_ l e e el L Lo ey
'I( ) ) i (2 ) CEMGINS ; (1).«;:10»' DUINIIMTION
. mSPRC .| RIPIDUS BLULS (ATIpLS + VIRIONS) .
' D'ORIGINY TFOUVOIR Pttt -_
] l HARAGGIAITINANT k-ll )l’mwolr Pouvoi(
| l ® hé nngglutlnant iolibiteur
. , S
il Oie. (. ) ....... 250 ' '} i 10y
. il Coq . % 1 04¥ ' 8 ! 2048
] Poule ) . asy ) 1) ' s12
i TR

The titers of the hemagglutination are
given as the reciprocal of the greatest di-
lution of the aqueous suspension of lipids
vhich glves elther a direct hemagglutination
or inhlbits viral hemagglutinatlion.

1 -- Type; 2 -~ Control: Lipids only, Hemagglutinant
effect; 3 -- Inhibition Feaction (Lipids + Virions};
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4 «- Hemagglutinant effect; 5 -~ Inhiibitory effect;
. 6 ~- Qoose; T == Rooster; 8 =~ Chicken.

(a‘) Titew inhibiteur
. 6} (xtogy)

| i 6
. "o
. B 2 .
! . Db v o e JL m
. S 6
Fraclions (b )

-,

N

f[Llhl

23 4 S 6
Froctions (b))

Flg. 2. Variation of the Inhibltory Power of Iilpids

88 a Function of pH. Lipld fractions extracted from

goose red cells. Inhibltory power studled: Above:

towards Bunyamwera virus; Below: towards amarlil vi-

rus, at the pH optimal for hemagglutination (white)
~and at pH 9 (broken 1ine).

& ==~ Inhibiting titer; b -- Fractions.

4° Investigation of the Lipid Fractions of Goose Red
Cells which are Responsible for the Inhilitory Effect

It i3 first ascertalned that:

1® Liplds extracted from goose red cells with hot an-
* ?yd$ous ether, according to the nethod of Moskovitz and alvin
112,

arg develd cof inhibitory acclvity.

2° That the lipids, eluted with chloroform from a silica
columni, are devold of inhibitory actlvity; and that the in-
hibitory activity can be recovered in the fraction eluted by
methanol (phosphatides).

3° That the inhibitory activity of the phosphatides 1is
not increased when the cell glycerides and sterols are added.

The separation 1s carried out, after adsorption of the
1ipids on a silica column, by elution with chloroform followed
by chloroform-methanol mixtures of increasing methanol concen-
tration. The elvates are then grouped in six fractions as is
shown in Fig. 3.
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Fig. 3. Chromatogram of the Goose Red Cell Lipids
on & Silicic Aclid Column.

Column containing 20 gm siliclec acid. 10 ml frac-
tions. Elution with 100 ml fractions of solvent
mixtures with increaslng eluation power.

1l == Welght in mg.

The number of constituents of each fraction ils investi-
gated by thin-layer chromatography on silica gel and the iden-
tification of each group 1s confirmed by an investigation of
the alkaline hydrolysis products. The results are practically
identical for the three separations that were carried out --
one example of which is glven in Fig. 4 -- and can be sum-
marized as follows: no plasmalogen could be identified. Frac-
tion I conslsts of two constituents, the more lmportant one,
the one with the highest Rf, essentially corresponds to cho-
lesterol, and secondarily to cell glycerides. The second con=-
stituent 13 an undefined glycolipid. Fraction number 2 1s more
complex. It contalnsg cholesterol and small amounts of two gly-
colipids associated with 2 cephalin. From the value of the RI
one cannot completely exclude the exlstence of compounds which
réSemble cardiolipids. Fractions 3 and % are identical and
consist of two constituents, of which the one that 1s present
in a greater amount is a cephalin; this cephalin; thils cephalin
18 associated with a compound, having a weaker Rf and whlch 1is
an analogue of leclthin. This compound is present as a trace
in rraction 4; but the presence of choline could not be demon~
strated in the hydrolyzate. Fraction 5 and & correspond to
phosphatides whicl: contain choline, Fraction 5 consists only
of lecithin, in fraction 6 & sphingomyelin 1s associated with
lecithin. This is demonstrated by the resistance of that com-
pound to 00ld alkaline hydrolysis.

]
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The inhibitory activity of these fractions is identical
for the 5 investigated viruses when the optimum pH conditions
prevall, Thls activity is associated with the phosphatidyl-
cholines (fractions 5 and 6). Fraction % has only a very weak
inhibitory activity which is probably due to the small amount
of lecithin present in this fraction, since fraction 3, which
also concalns cephalin is devold of any inhibitory activity.

(A>T Frant
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Fig. 4. Chromatography of the Lipid Fraction of
Goose Red Cells on & Thin Layer of Silica Gel.

Silica gel 0.25 mm. ZEluant 65:25:4, CHCL,, HCH,OH

and HaO, Developirz agent: Pnosphomolybdic and

110°C. 1 = cholesterol, glycerides. 2-3 = Glyco-

lipids. 4 = cephaling; Slu lecithins; 6 = spingo=-
nyelin.

a =~ Starto ’

The results of the separations and the investigation of
the inhibitory activity of the separate fractions are pre-
sented in Table III.

The identification of the inhibiting fraction is com~
pleted by an investigation of the reslstance of the inhibitery
activity to varicus treatments.

Aliquots of each of the preceding fractions or an amount
of total liplds correaponding to 0.10 mg of phosphatlde are
evaporated to dryness and taken up Ln 1 ml of phosphate buffler,
: corxeapondlnﬁ to the investigated virus. This mixture is sub-
; Jeoted for 14 hours, at 37°C to the following treatments:

10
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1° Actlion of phospholipase A from Bitis zabenica venom.

A}

Action of phospholipsse D from cabbage {(0.05 ml of &
1/1000 solution).

3° 1 ml of an aqueous solution of 1 N potasaium hydroxide
At the end of the incubation time tre liplids are taken up in
1 ml of chleroform. The resulting emulsion 18 brolen urz by
centrifuging. The organic phase 1s separated and cvaporated.
The lipids are taken up in 1 ml of suitable phosphate buffer.
A contrel aliquot is incubated under the same conditions and

subjected to the same operations. The rcsults are given in
Table JV.

Table ITT,

Inhibitory Activity of fhe Chromatographic Fractions
of Goose Red Cell Lipids

C e -

LR P N = =
d YRASTION (%) | P/ »{cuox.nn'l CONSTITUANTS l R{ ) ¢ gl (%)
'| L ! C e ] s e———

. (b )l lyedriddes stérols l 0,08
h """'_"' - C ) Glycolipides t 0,78 o
1 )( Iyedrides stérols | 0,98
' L I T AL ‘ iyvolipides |u,75 0,7 —

H1 i !
- \p)l!“!lc ! v,02
l" """ _"”( ) (e 1.eécithine () 0,40 ; T
i \ 1ore ( )( éphaline T S
) drevriee . (é Lecithine (2) | 0,40 LU
| T 1, ) € ) 1écithine b 0,46 0,029 Ug
T{eithine ' 0,40 .
sl B 1'685 (}i]»hmbnmydmc i 0,31 ‘0'“‘0 vE
1 '
1'. ——— e e o ———— —_— -
-l (1) Fractions ohtcnnes par chromuto;,rnphm des lipidcs totaux sur
{} colonnc d'acide eilicique,
II (3} Rf €inbiis sur conchic mince de silicngel, avee le mélange €luant
| CHCl,, HCH,OH, H,0, 65 : 25 4.
| (1) Les quantités minima inhibitrices (Qmi) sont exprimées en pg de P
Il vis-d-vis de 4 doses hdmagrlutinantes de virus smaril, lees fractions 1, 2,
:l 3 sont dépourvucs de pouvoir inhibiteus, :
I
e - e

a == Constituents; b -~ Sterol glycerides; ¢ -~ Glycolipids;
d ~=- Cephalin; e -- Leclithin; f -- Sphingomeylin; (1) -- Frac-
tion obtalned after chromatography of the total 1liplids on
gilicic acid column; (2) -- Rf obtained from thin layer
{chromatography] on silicagel using a 65:25:4 mixture of CHCl,,
HCH,O0H and H,0 as eluant; 3) == Minimum inhibitory quantities
(Qmi) are expressed in pug P against 4 hemagglutinant doses of
amaril virus. Fractions 1, 2, 3 are devold of inhibitory
activity.
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Table 1IV.

Modificatlion of the Inhibltory Activity of Lipids
After Various Treatments

TR NE N i =
usrkcs DIS | ¥EMOIN ' lloSPHOLITASE A | PuosriioLirAsE D | KOU
: LIPIDES

- —e—— A —— ‘7” - »—-..—_,l — . - PR f—.‘..-’k- et o et | e om——

(l& ) 1, totuux | 64 . _ i 16 :

fraction 4{ > 16 | > 16 1 > 10 o

Jie. ) praction sl > 16! 8 o | o

. (5) frection 6| > 16 | > 16 ! ) T
6. Cog ...} 1, totaux 04 | 32 ' 64 « Y
(' ) Poule..| 1. ‘Q‘Tl _.._.l_:_i,_l - ._.:2_8'_..__ i v_-:o 2 !

The inhibitory titers are expressed as
the reciprocal of the highest dilution which
completely inhibits hemagglutination.

l -- Type; 2 == Nature of Lipids; 3 -~ Control; 4 --
Goose; 5 ~- Rooster; 6 =~ Hen; 7 =-- Total.

These results must be Interpreted by taking the following
into account: during hydrolysis with cold potassium hydreoxide
only the sphingomyelins remaln unaffected: the reactions are

‘checked by thin layer chromatography.

Phogpholipase D is a phosphodiesterase which libera‘*ecs
choline and ethanolamine from lecithins, cephalins, lyso-
lecithins and glycerophosphorylcholines.

Phospholipase A hydrolyses fatty aclds in B position
(Moore and Williams [11]).

5° Investigation of the Lipids Fractions of Rooster
and Hen Red Cells

Under the experimental conditions used the yleld of
1ipids extracted from rooster and hen red cells %about 50 mg)
18 smaller than those extracted from goose cells.

The extracted 1liplds are separated chromatographically on
a 81licic acid column inio 3ix homologous fractions. Thelr
distribution, as percent of total liplds, 1s shown in PFig. 5
where it is compared with goose red cell lipids. Identifica-
tion is made by thin layer chromatography (Fig. 6). The
classes of identified compounds are identlcal with those de-
scribed for goome red cella. Dut even though the conditions

12




for the column chromatography have been reproduced as faith~
fully as possible, the separation is less efficient.

pouLe (b)

JH ]

2 3 4 5 6

{a)

ot ¢ra ()

xilli=sl
ot ,

/2 J 4 5 €6

Pourcentage des lipides totoux

20l olE (d)

/2 3 4 5 6

Flg. 5. Distribution of the Lipid Fractions Sepa-
rated on a Sillclic Acld Column Classifled According
: Species.

« The main constituents of the fractions are: 1 =
cholesterol glycerides; 2 = cholesterol, glycolipids;
3 = cephalines; 4 = lecithin cephalins; 5 = lecithins;

6 = sphingomyelin.

a -=- Percent of total lipids; b -- Hen; ¢ ~~ Rooster;
d ~- Goose.

The identification of the Inhlbitory fractions is verl-
fied by uojnctin the total 1liplds to various treatments as
defined (Table T 3 The resultg are less precise than for
the goose lipids because of the faulty separations. Butb:

1° 'The inhibitory activity of the fractions increases
witnh an increase of the methanol concentration in the eluent.

2° The maximum inhibitory activity is found in the frac-
tion which contalns the greatest amount of phosphatidylcholine.

3° The action of phospholipases and KOH is parallel for
the three types, and 1t seems permlissible to assume that the
compounds responsible for the inhibitory activity of the three
types of cells are the same.

i3
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Fig. 6. Chromatography of Lipid Cell Fractions of
Rooster and Hen on Thin Layer Silica Gel.

Same conditions as for Fig. 4.
a == Goose; b -~ Rooster; ¢ -- Hen; d -- Start.,
,6° Study of the Virus-Erythrocyte Bond

The conditions necessary for hemagglutination, particu-
larly as far as pH is concerned, are known since the veginning
of these investigations [3] (Fig. 1). The temperature condi-
tione appear non-critical for the viruses investigated.

The absence of virus adsorption, outside the optimum pH
zone, 18 verlfied, after tentat’ve adsorption, by titrating
the virus in the supernatant, and also by agglutination tests
of the erythrocytes by the specific immunoserum of the virus
under investigation.

The attempts to rupture the bonds and to elute viruses
previously adsorbed under optimal conditions have been carried
out at various temperatures: 4°, 28° and 37°C:

1° Using Fauconnier's elution technique [2] for viruses
fixed on formaldehyde-treated red cells by repeated washing
with distilled water. :

2° Varying the pH by washing with a series of buffer so-
lutions, either toward the alkaline pH zone (pH 6 -+ pH 9), or
toward theacid zone (pH 5.8 + 5.3) following Salminen's tech-
nique (18 a]. - . :

14
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Ccontrary to Salminen's results [18 al no elution was ob-
tained under these conditions. This corresponds to Hale's
findings [10]. None of the pre-
liminary treatments, described in
the first paragraph (a-chymotryp~
sin and in particular phospho-
lipases) could change these re-
sults.

It is, however, possible to
elute the viruses by extracting
& erythrocyte suspension, which
adsorbed the virlons from a bor-
ate protein buffer, with an or-
ganic solvent (2:1 chloroform-
methanol). After separation of
the two phases the free virions
appear in the aqueous layer.

7° Isolation of Lipoproteins
from the Cell Membrane

o In these experlments methods
210250250 270 290 30 derived from that of Calvin [12]
' and of Philipson and Bengtsson
Fig. 7. UV Spectrum of [14] were used. After hemolysis
Material Extracted from the first method essentially con-
Goose Red Cells. sists of solubllization of a por-

tion of the protein material at

Material extracted by pH 9, extraction by ether accord-

Calvin's method (solid ing to Kumagawa, and finally re-
line) and by that of ' solubilization of the material at
Philipson and Bengts- pH 7, with agitation during 14
son (dotted line). hours at +40°C.

-~ TNy

he UV spectra of the iwe materials prepared ere esscnti-

ally the same (Fig. 7).

Tha material extracted by the first method has an inhlbl-
tory activity towards arhorviruses. The minimum inhibitory
uantity 1s 21 wg of protein, under the normal test conditions
?volume of the inhibior 0.2 m., 4 hemaglutinating virus units).

DISCUSSION
1° The investigation of the chemical changes on the sur-
face Of the red cell constitutes a classical means of getting

to know its structure [24]. This route, however, presents the
problem of the number of receptors which are present on the
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surface, a number which 1s cextainiy very large bHut untnown ot
the oulset, and which thus preseats the provlom of quanvitative
climination. The resulis of the present study are, however,
too clearcut and thucs Jdo not need to be discussed ab length.
The loss of the acviv.:y o the receptors artor ticoiment with
organle colvents is corrovopnted by vne fact hav rsirions Juxed
on red cells can be extracted wiuii these wane ouiveancs: thoeoc
two phenomena cmphaslize the essentcial prole that iipids play in
the structure of the red-cell receptors. Tals was alrcady pre-~
dicted by Salminen [19]. '

"In passing 1t should be noted that there 15 an increase
in the adsorption capacity after certain treatments, especially
with proteases. Like the clagslc plicnomenon occurring in the
study of blood group antigens [24] it must in this case too be
considered as corresponding to the unmasking, on the surface,
of A certaln number of receptor sites.

2° The spectrum of tuns sensitive red cells seemed suit-
able to supply some additional information. The [irst studies
of Clark and Casals [3] used one day old chick red cells.
Porterfield 515] demonstrated the sensitivity of goose red cells,
Salminen [18) that of rooster red cells contrasting them with
the absence of the hemagglutination of hen red cells. The ob-
servation of Salminen [22] that treatment of roosters with
estrogens makes thelr red c¢ells non~agglutinable, permitted a
feasible interpretation of these puenomena.

The question of the serwn lipids of hen and rooster, of
the epgg and of the cell has in eflfec¢v been investigated by the
Scandinavian scientists in relation to the ovular functon [23].
Paralleling the observations of Salmlinen, the treatment of
roosters with estrogens leads to:

1°® A decrease of all the normal lipid constituents of
serum. ,

2° A very rapld increase of the llghter lipo-proteins,

3° Apparition of lipoprotein M; or lipovitellin, and of
phosphoprotein x;, or phospnovitin.

In the same manner the brooding pexiod 1n geese brings
about a decrease of the normal serum lipid inhibltors and the
non-agglutinability of the red cells [28].

The apparent equivalence of the composition of the eryth-

rocyte lipids in both sexes, the prepondernace of inhibitory
lipids in non-agglutinating hen red cells, seem to support the
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fact that the observed differences are due not so much to the
absence of the receptive fraction as to an architectural dif-
ference of the membrane which masks potential receptors. The
transfers of liplds between serum lipoprotelns and erythrocytes
are a well establlished fact. The flxation, at the red cell
level, of new serologlcal fractions, devold of inhibitory ac-
tivity, and thus of receptor activity (phosphoprotein) scems

a plausible mechanism which c¢an explaln the non-agglutinability
after estrogen treatment and in females. -

3° The realization that cell membrane 1lipids play an im-
portant role in the receptor sites of arborviruses naturally
led to the 1solation of these lipids.

First 1t was shown that the inhlbitlag fractions were al-
ways identical, for the arborvirus studied, regardless of thelr
serologlical group SA, B, D). These findings contradict those
of Porterfield [16] who, in an investigation carried out in
Africa with a single virus A (W.E.E.) d1d not find any speci-
ficlty. The quantitative differences between viruses, when
they exist, are small and difficult to interpret.

The ldentiflcation of the inhibitory fractions is based on
the following consilderations deduced from the study of goose
red cells and extended, by analogy to rooster and hen red cells.

1° Fractions which contain neutral fats (cholesterol) an
glycolipids are devold of any inhibitory activity. :

2° The fraction which contains, almost pure cephalin, 1is
devold of innlbitory activity. This activlity appears in the
next fraction at the same time as an adequate amount of a com-
pound,; which chromatographically behaves like lecithin.

3° Destruction of the inhibitory activity treatment with
cold potasslum hydroxide ~~- destruction whicn is complete for
geese red cells and almost complete for rooster and hen red
cells -- eliminates sphingomyelin, which is not destroyed by
this treatment

4*  The maximum inhibitory activity is found in the frac-
tion which contains pure lecithin, and only those fractions
which contain lecithin have an inhibitory effect.

The minimum inhibitory quantity (expressed as lecithin P)
for the amaril virus is 0.029 pg, or 47 x 10-10 moles/ml. This
figure approaches that of Porterfield of 38 x 10-10 moles for
dengus virus and the lecithins of human cells.
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The inhibiting lipids thus consist essentlally of phos-
phatidyl-choline and our results do not agree with Porterfield
ag far as the activity of the sphingonyelins is concerned -=-
thlis activity seems strongly diminlshed. The hypothesls of a
non-identified phosphatide which exists as a trace and which
has the same chromatographic bchavior as the true phosphatldyl-
cholines 1s unlikely because of the necessity to assumc that
in splte of its low concentration it 1s eluted over a wlde
elution range and by the action of the phospholipases.

The 1ldentification of the active inhibltory site does pre-
sent some ambipguity. The investipgations of Porterfleld has
already demonstrated the destruction of the inhlbitory activity
by the action of phogpholipase C from Clostridium perfringens
(phosphorylcholinesterase).

Phospholipase A 18 inactive. Phosphollpase D has a real
and regular effect on the fractions which contain pure lecithin
or lecithin assoclated with sphingomyelins. This effect 1s
less regular when the total lipids are present because of the
varlety of substrates.

The functional growps constituted by choline or by the
phogphoryl radlcal thus seem to represent the active inhidbitory
site. Thls hypothesls has the advantage of explalning the equil-
valence in the activity of the various lecithin even though,
because of steric effects, the original cells are not hemag-
glutinated by arborviruses.

There exist virus (lipovirus) lipid interactions [29] and
the i1ipid mixtures descridbed by Salminen [20, 21] seem to Dbe
an example of this phenomena. A priori there does not exist
a substance and its existance as a natural receptor. The con-
ditions and the limits of the activity of the inhibitory effect
of isolated liplds are, however, comparable to that of the
hemagglutination itself, and the significance of these liplds
is beyond any doubt. The isolation of the active lipid f{rac-
tions, however, does not prejudge the real Intact structure of
the receptor in the globular membrane. It has thus been pos-
sible to isolate an inhibitory, soluble material which 1s
probably of a lipoprotein nature.

The nature of the bond between virions and erythrocytes
is, as a matter of fact, not elucidated. The narrow pH condi-
tions necessary for the hemagglutination reaction and the in-
hibition reaction by active lipids, and the fact that to main-
tain the inhibitory activity the phosphorylcholine group orf
the lecithins muat remain intact suggest an ionic type bond.
The phenomena, however, can not be described in such simple
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terms because even though the adsorption cannot be carriled
out outside the suitable pH zone it Lls not reversible by a
aimple variation in pH.

It 1s possible that this reaction talkes place in two suc=~
cesslve asteps: the first lonlc, pH-dependent and &llowing the
correct orientation of the virion with respect to the reccptor
slte: the second pH-independent, forming weal intermoiecular
bonds between the virions and the cell receptora.

No positive argument, however, has been provided in support
of this hypothesis.

CONCLUSIONS ‘
This investigation seems to have established that:

1® Cell 1lipids play an important role in hemagglutination
because they prohably are the constituents of the receptor
slte.

2° The active 1lipid fraction which is identical for all
the viruses investigated, consists of phosphatidylchollines.

The presence of Inhlbltory fractions in hen cells, which
are normally non-agglutinable, the difficulties encountered
in eluting by simple lonic eflfects emphasize the exlistence of
& structure at the receptor site. This slte cannot be reduced
to a simple ionized phosphatidylcholine grow, though the in-
tegrity of the latter is shown to be indispensable for the
maintenance of the inhlbitory activity.

The protein nature of the site of viral nemagglutinine 1s
also proven by 1ts sensitivity towards proteolytic enzymes,
speciflc according to the virus groups, &s has been established
in this laboratory. The first step in the hemagglulination re-
actlion can thus be descrlbed as a virus protein~cell lipid
interaction.

The existence of a second non~ionic step precludes any
conclusion on the nature of the Iinal bond whlch 18 establlshed
between virion and receptor sites.

SUMMARY

Red Cell Receptors for Arborviruses
The Cell Lipids

1% A study of the behavior of red cells subjected to

varlious chemical or enzymatic treatments demonstrates the pre-
sence of liplds in the cell site receptor of arborviruses.
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2° Inhibiting lipids are present in red cells, elther
agglutinable or non-agglutinable by arborviruses.

3° The responsible fractions seem to be phosphatidyl-
cholines. They are the same for all the viruses studied.

The pH conditions for inhibition are analogous to thosge
of hemagglutination.

These facts suggest certain hypotheses on the actual na-

ture of the red cell receptor site, and of the bonds between
this site and the virions.

i %
* ¥
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