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The attachment of animal pathoganic viruses to the surface of
thelir rasgective nost cells appears to be a prerequisate for the
penetration of the virus into the interior of the cell and thus also
for the initiation of all of the processes involved with the in-
fezction. 7Thls adsorption involves more or less specific "receptor
substances"™ (Cohen, 1363}. The ochemical structures of these recep-
tor substances arelnot known with the exception of those for the
ayxoviruses. Tne investigation of the adsorption of virus to cells,
from which they can be geparated, ia extremely difficult, Cn the
other hnand, the adsorption of such viruses to erythrocytes results
in the esasily measurable phenomenon of hemagglutination (HA)., HA
is produced by many viruses, Included among these are the follow-
ing: psittacosis group, por viruses, myxoviruses, adencviruses,
reovirusecs, enteroviruses, and the arbovirus group (Rosen, 1964).
These viruses can be specifically measured by means of this adsorp-
tion phenomenon. The presgent ilnvestigation is conosrned with the

chemical mechanism of the adsorption of THE virus to erythrooytes.

Hemagglutination by arbovirusecs has been known %0 exist since
1950 (Sabin and Buescher, 1850) and a 1list of ths arboviruses pos-
sessing this property was prepared by Casals (196l1). According to
Sabin and Buescher (1950), the sera of sSome mammals contain an in-
hibitor of HA., This can be almost completely removed by extraction
with lipid-dissolviang solvents (Sabin, 1951)}. Salminen (1960a)
dtudied the conditlons necessary for the adsorption of THEE virus
to erythrooytes and was able to elute the virus again. He oconoluded
tuat ip his virus preparations, there were bnresent uonspecific in-

hibitors which acted in a manner similar to that of the receptors
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on tne surface of the blood cells. Regently, Nicolil {19¢5) showed
tnhat erythrocytes, which had been extracted with lipid-dissolving
solvernts, were no longer capable of adsorbing various arboviruses,
i This and che faol that the sxtracted lipids thamselves were strong
inhibitors of hemegglutination, validate the ¢oncluasions of
Salminea.
Tne chemical nature of the HA lahlbltor substances with its

1ipid properties was first studied in detall by Porterfield and

Rowe (1980}, These investigators found that only the hemagglutina-
| tion of the arboviruses of group B was inhibited. It was inhiblited
by alpha- and beta-lipoprotein extracts from ssrum as well as by
the phospholipid fraction of erytbrooytes whioch contained mphingo-
myelin, The inhibitory activity of egg lecithin was deatroyed by
lecithinase, Nicoll (1965) arrived at similar conolusions after
chrozmatographic fractionation of HA-inhibiting lipids from erythros
cytes., Oniy the lecithin-containing fraction showed a HA-inhibiting
activity and this could be destroyed by lecithinase, On the other
hand, Salminen et al. (1960a) concluded from analytical studies
that the inhibition of HA by THE virus was not the results of a
single olass of lipids but was due to a complex of choleaterol with
certaln fatty acids or with phosphatides. Experiments with puri-
fied lipids led to the same oconclusion (Salminen et al., 1980b},
This completely contradictory situation eppeared 1limited espe=-
cially by the yuality of the usual preparations of arbovirus-hema-

gglutinin, in that they are not stable at tha pH value where the

EA test is carried out using the method given by Clarke and Casals

(1956), In this method, serial dilutions of the virus solution are

prepared in a borate-saline buffer (pH 9) with albumin (BSA) added,

~
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and tnhern the erythrocytes are added, These were suspended in a
phosphate buffer (VAD) whose composition is such that it will re-
present optimal conditions for the Ha reacticn. Also, most of the
Ha inohibition tests with lipid inhibitors were carried out by in=-
cubation of the substance to be studied witi the virus in BSA at

pE 9, IHowever, for a critical evaluation of the affeot of such
substances which react with the virus in & manner similar to the
cell receptor, there is no adequate procedure avellable, The
henagglutinetion of the arboviruses shows a clear dependence on

the pH value [Movitseh, 1965), and the study of the aoctivlity of
receptor-like substances must be carried out under competitive oondi-
tions, that is, at the pHd optimum of the HA reacticn, The insta-
bllity of the hemagglutination effect of the TEE virus was studled
by Frisch-Nigzemeyer {(1966). It was shown that under ceptain condi-
tlons, the decreass in the hemaggltuinatlon capabllity was only
slight at that pH optimum, A half-1ife of abcut an hour was found.
This led us to develcp a method which would allow one to zeasure

the competitive actlon of certain lipid inhibitors at the pH opti-
mum of HA of the TBE virus.

Materials and Methods

Virus

We employed sirain No., 415 of the THE virus which was ori=-
ginally isolated from ticks (Ixodes ricinus) (Radda, Loew, and
Pretzmann, 1963), It was oultivated in suockling mouse brains,
Three-day old mice were injected 1.0. with 0,03 ml of a suspension
6f infected brain whioch had been diluted 1/100 with phosphate buffered

saline (PBS) in 10 % Lorse serum. Usually, the mice were moribund
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by tao fourtu duy after infection and the brains were then removed,
Tney were {mmedlately cooled and tiuen mixed with five voliumes of
borate-saline buffer, pd 9 (BS) in a"Lourdes" homogealzer at 10,000
rpz for about one minuts. The homogenate was centrifuged at 4,000

x g for 30 minutes, To the still somewhat lightly turdbid super-
nataent was added 1/7 volume of a 5 % solution of proLamins sulfate
{"Culpire®™ NBCO). Tonis brougnt about the formation of a hesvy pre=
cipitate, The mizture was held overaight in the refrigerator and
then centrlfuged at 4,000 x g for 15 minutes. To the supsrnatant
was added an equal mmount of penlclllin and streptomycin and the
mixture was incubated at 37°C, After 12 hours, aﬁ additional pre-
cipitate formed. Aafter 7 days of lnocubation at 37°C, this pre-
cipltate was removed by centrifugation and the supernatant, which
contained only the purified virus, was stored at 4°C. This treat-
zent 1s a combination of the alkaline extraction of Clarke and
Casals (1958) with the neat-inactivation procedus of Salminen (1962).
Our preparation was not infectious and had an HA titer between

1,280 and 5,120. At 4°C, this decreazsed& in about two months to half
of the originel value and wes then stable up to a year. The sedi-
mentation in sucrosgse density graedient was the same a8 that obtaiaed

for infectious TBE virus (Prlsch-Niggemeyer, 1.966).

Erythrocyces

411 HA tests and HA lnhibition tests were ocarried out using
only goose erythroeytes {[Porterfleld, 1857), The cells ware washed
and standardized as described in the method of Clarke and Casals

(1958). We employed a 0,2 % suspenaion cf the erytbrooytes,
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BA Test ani LA Inaibltion Test

FPor the deterpmination of virus concentrations, the H4 titra-
tions were oarried out as described by Clarke and Casals {1858),
Serial dilutions sach contalning C.4 ml] were prepared from the
virus solution using BS tuffer, pH 9, witaout elbumin edded, To
these was added an egqual volume of erythrocytes suspended in VAD,
pH 6.4, After two hours at room temperature, the type of sedi-
mentation was cbserved,

In order to coxpare the results with thoss of other authors,
the HA inhibition test was also carried out at pH 9 according to
the method of Clarke and Casals (1958). 7Two-fold, serial dllutions
of the substance under study were prepared in 35 buffer, pH 9. To
each tube containing 0.2 ml of this diluted material wes added 0.2 ml
ef virus suspension prepared in the same buffer, The virus suspens-
ion was diluted to contalan approximately 4 HA units, After inocudba-
tion covernight in the refrigerator, C.4 ml of erythrocytes was added
to each tube as previously desoribed, After two hours at room tem-
perature, the results were observed.

In the osase of the HA test under competitive conditions, which
was at pE 6.4 for the visus straln employed, all the soclutions were
held in an ice bath (Pris.:-Niggemeyer, 1966), Serial dilutions of
the substance under study, each contalning 0,2 ml, were preparsed In
VYAD, pH 8.4. To each tube was added 0,2 ml of ice-cold virus pree
pared in BS. The virus solution contained twice as muech virus as
before, that is, ebout 8 HA units. After incudbation for oaly 30
mingutes in the loe bath, 0.4 ml of eryphrooytes waa added t0 eaoch
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tube, In this case, the erythrocytes were suspended ian a mixture
of egual voluaes of 3S and VAD. After two hours at reom tempera-

ture, the sedimentation was observed,

Homogenates

Trte orgeans, wiich ware to be studled for the homsgglutination
innititing capabllity, were mixed with 9 volumes of buffer :n a
Potter-zlvehjem homogenizer untll a fine suspengion was obtained,
This was eaeslly accomplisned with brain, liver, kidneys, and lungs.
For nmuscle, a high-torque homogenizer ol the "Lourdes Co." was em-
plcyed. The homogenates were prepared either in bprate-saline buffer,
pE 9, or in VaAD, pd § .4, The suspensions employed in this msnner
were used as 1:10 dilutions, and 0.2 ml was used as the starting
dilution for the study at pH 9. For the HA inhibdition studies at
pH 6.4, the suspension was furtner diluted 1:80 in VAD, pH 6.4.
This gorresponded to a starting dilution of 1:80Q0,

Lipid Extracts

In order to prepare a good mixture of ocompliex 1lipids from
orgens, the method of Folch et al, (1951) was employed. The organ
wa3 mixed in a Potter-Elvehjem or in & "Lourdes" homogenlizer with
20 volumes of a mizture of chloroform and methanol !n a ratio of
2:1., The homogenate was cooled with ice and allowed to stand for
30 minutes after which it was centrifuged for 10 minutes at 4,000 x g.
The supernatant was dialyzed according to the method of Foloch et al,
(1957). A small beaker was placed in a large cne with about 10

times as muoh volume. This was filled about 4/5 with distilled water.
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wWith a pipette, the szail beaker was filied .o about.2/3 volume

with the extract. Overnight la the refrigecator, the methanol and
water-solunle ocompcnentsa of the exitract diffuse into the water
whereas the chloroform remaing behind with the soluble lipids. A
Zloceulant layer forms at the interface., aler 1s removed as munoh

as possible without disturbing the flocculant layer and then methanol
18 added until the flocculant substances are again dlasolved,

The extracted 1s precipitated with a doubdle volume of acestone,
After two nours at 4°C, the precipitate is removed by centrifugation.
The supernatant is drled in a rotary evaporato. at 40°C and then
taxen up in about 1/10 of the original volume with chloroform. The
Bolution is stored in the refrigerator.

In order to determine the concentration, an aliquot was dried
first with a warm alr stream and then over sllioca gel before weigh-
ing.

For the HA innhibition assay, an appropriate volume, containling
usually 1 mg of substance, was pipetted into the tube of a Potter-
Elvehjem homogenizer, After drying with a cold alr stream, the
material was suspended in 10 ml of buffer by means of the homogenizer
blade, For experiments at pH 9, a borate-saline buffer of this pH
value was used, and for experiments at pH 6.4, the corresponding VAD
was employed. 0.2 ml containing approximately 20 pg of 1lipid was
employed as the starting material for the dilution series.

Erythroeytes were extracted using the method of Rose and Oklander
(1965): A volume of wasﬁed erythrooytes was hemolyzed by the addi-
tion of an equal volume of distillsd water, After 15 minutes,




-8 -

eleven volumes of iscpropanol werd adied and the mixture was allowed
to stand at room temperature for one hour with occaslonal sheking.
After the edditicn of seven volumes of chloroform, the mixture was
ailowed to stand for an additiornal hour with occesional shaking.

The zixture was then centrifuged for 30 minutes at 500 x g and the
supernatant dried under vacuum at 40°C, The lipids wer redissclved
in a mixture of ohloroform and methanol in the ratio of 2:1, dia=-
lyzed, and treated further as described for the extrasts of other
organs.

In the preparation of phosnhatides of cholestercl and neutral
fats, the extracts were precipitated with six volumes of acetone.
After standing overnight at 4°C, the precipitated cpuld be collected
by centrifugation at 4,000 x g for 10 minutes. The precipitated

phosphatides were washed with aoetone and dlssolved in a small volume

of chloroform,

Coluxn Chromatography

A column with a diameter of 2 om wes employed. This was packed
about. 37 cm high with approximately 80 gm of siiica gel, "Serva™,
Silica gel with a particle dlameter of 100-200 n was driled overnight
at 1109C. Also, water-containing silica gel with a diameter of 50 -
100 p was employed. This was obtained by exposing for 24 hours thin
layers %o an atmosphere saturated with water wvapor at room temperature,
Te the column were applied 100 - 200 zg of the phosphetide riixture
and elution was carried ocut at rocom temperature, For this purposes,

a discontinous gradient of methanol in chloroform wgs employed.,
with & flow rate of 1.5 - 2.0 ml per minute, 15 ml fractions were

collected. Gemerally, high quality reagents were employed, During
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the gourse c¢f thz Chirdawatographic procedure, phosphorous deter-
minations were carried out and the composi“ions of several peaks

ware studled by means of thir-layer ochromatography.

Thin-layer Chromatogruphy

A8 no wmethod of single-dimension thin-layer chromatography was
gnown to us that would give sharp esnough separations of =1l of ths
rhosphatides in guestion, we employed a modification of the two-
dimenglonal thin-leyer chromatographlec tecinlqae descrived by
Abramson and Blecher 1964). Using the spreading apparatus of Stahl
(1964,, 2C x 20 om plates were coated with a 0,25 mm thick layer of
"S{lica gel G". The plates were activated at 11097 for one hour,
Approximately 100 pg of the 1lipid mixture was spotted on the plats,
The first run was carried out using ch.o. >form-methancl-water- con,
pomonia in ratios of 65:30:4:2., The plate was dried in a warm air
stream and the second run was carried out inm chloroform-methanol-
water-glacial acetio acid in ratios of 65: 30: 1: 5, After drying
in an alr strean, the spots were made visible by development with
iodine vapor or by spraying with specific reagents. Using this
technique, the followling compounds oould bs identified: Cholesterocl,
phosphatidyl acid, cerebroside-sulfonate eeter, cephaline phospha-
tidyi-serine, cephaline phosphatidyli-cholamine, lecithin, sphingo-
ayelin, phosphatidyl inositol, lysolecithin, gangliogide, and several
amiro acids, 4 detalled desoripticn of this method will be publlished

at another time.
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Prospucrous Determinations

Tais determinations was carried out using the micromethod of
Gerlach and Dsuticke (1963) which l1s a zcdification of the well
known method of XKing (1932}, The extinctions were measured in a
Zeiss PuUQ-2 spectrophotometer at 820 ap. The values were linear

for 0.1 to 10.0 ug of pnosphorous and 1 ypg of phosphorous gave &
value of 0,175,

Results

Our hemagglutination inhibition studies with TBE virus indi-
cated that the homogenate of mouse braln at pE 6.4 was 100 times
more effective than a similer homogenate at pH 9. A dilution of
1:100,000 still inhiblted the hemeggllutination of the TBE virus,
Bxtracts with chloroform-methanol (2:1) were likewise 100 times
more effective at pH 6.4 than at pH 9. As little as 1 ug/0.8 ml
was effective as an inhibitor under these conditions. On the other
hend, extracted brain homogenates showed no decrease in their in-
hivbition capabliities at pd 6.4 as compared to pH 9. The residual
inhibition activity of the extract2d homogenates at pH 6.4 was only
about 1/300 th that of the origina’ h.umogenates. The HA inhibiting
activity of mouse brein homogenates can be attributed to a substanos
which is 1ipid in nature, can bde extracted, and 13 still active in
sclution. However, this substances does not appear to be responsi- !
ble for the inhibltion at pH 9 since at this pH value, the inhibi- 1
ting capabilities of the original and the extracted homogenates are
identicel,

The results of Salminen et al. (1960b) can be reproduced but
the complex of cholesterol with palmitic aoid or with lecithlin was

twice as active at pH 6.4 than at pH 9.,0. It appears, therefore,
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that tois copplex is not ildentical with those substalces whioh ocan
be extracted frcm the brain by the use of lipid-dissolving solvents.

Tre HA inhibition titer of serum which contalns antibodles was
not increased if one compared the activity at pH 8.4 with that ob-
teined at tne pH of the usual mnethod. This was, of course, to be
expected and reminda of us of toa fact that the HL inhibition due
to aatibodiesg is the result of a mechenism which is zompletealy
different froam that involving extreaoted lipid whioh 18 actlive at
the pH optimum of the HA reaction., These results alsc indicate
tha%t our method for measuring HA inhibition does npt decrease the
value of the older method of Clarke and Casals (1958} as long as
Ehis latter method 13 used for the titration of antibody., A com-
parison of the HA inhibition of varlous substances at pH 9 and at
PH 6.4 1s sumnmarised in Table I,

If one compares the HA inhibition by extracts from various

organs, it is seen that per ng lipid, no significant differences

are observed (Table II). For additicnal invectigations on inhi-

bitors, however, brain appeared to be the best starting materlal

8inoe the quantity of extracted lipid recovered was much greater

than with the other organs that were examined, In addition, there '
are almost no neutrasl fets in the brein, Also, homogenates as

well as lipid extracts from brains of various animals did not differ

very much in their activity with regard to HA inhibition. However,

in ail the cases studied, the HA inhibition asctivity was approxi-

mately 100 times greater at pd 6.4 than at pH 9 (tadle III).




Table I

winloum concentr--ions of different substances which will

inhibit he - zlutination &t pH % and at pH

8.4

Inorease in

Substeance ph ®© pH 8.4 activity
breia hocogenate (mouse) 1:320 1:102,400 300 X
1ipid extract of above 60ug/0.8 ml 0,3 pg/0.8 ml 200 X
extracted homogenéte 1:520 1:180 0
entiserun (human) 1:640¢ 1:1.280 - 2 X
oholesterol 1/8 w/0.8 ml 1/40 uM/0.8 ml 5 X
lecithin 1 uN/0,8 ml 1 ud/0.8 ml 0
palmitic acid 1 pi/0.8 ml 1/20 pM/0.8 ml 20 X
Cholesterol +lecithin 1/10 pM/0.8 ml 1/20 rM/0.8 ml 2x
ono;zigerol4»palmitio 1/128 uM/0.8 ml 1l/2 PM/O.B ml 2 X
Table II ?
Hemagglutination innibition activity of 1lipid extraots _ ]

from various souroes

Brain (rat) 0.15 pg/0.8 ml
liver (rat} 0.07 pg/0.8 ml
kidney (rat) 0.30 pg/0.8 ml
lung (rat) 0.07 pg/C.8 ml
ouscle (rat) 0.15 pg/C.8 ml
erythrocytes {(gocse) 0.30 pg/0.8 ml

erythroeytes (human) 0,15 pg/0.8 ml
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Table III

Hemagglutination inhiblition activity of homogenates and
lipid extracts prepared froz brains from varlous anlmals

Katerial pE 9 Pl 6.4

Komogenate

/ite laboratory mouse 1; 320 1: 102,400

field mcuse 1: 640 1: 204,800

guinea plg 1: 2,800 1: 250,000

cow 1: 640 1: 50,000

cat l; 2,500 1: 250,000

monxey 1: 5,000 1: 250,000
Extract

white laboratory mouse 60 ug/ 0.8 ml 0,30 pg/ 0.8 ml

field mouse 60 pg/ 0.8 ml 1.25 pg/ 0.8 ml

guinea pig 10 pa/ 0,8 ml 0.07 pg/0.8 mi

S0OW 50 pg/ 0.8 ol 0.60 ng/ 0.8 ml

cat 20 ug/ 0.8 ml 0,60 pg/ 0.8 ml

monkey 20 ng/ 0.8 ml 0.60 pg/ 0.8 ml

"n order %o cheracterize further the HA inhibiting component,
lipid extracts from mouse braln were subjected to various fractiona-
tion methods. By mixing the extracted lipid with ecetone at room
temperature, cholestercl and oholesterol ester oould be extracted in
this manner., At pH 6.5, these substances were only weakly active
{10 pg / 0.8 ml) and, as cocpared to thelr activity at pH 9.0, the
characteristio increase in activity was not ohserved. By precipl-
tation with six volumes of acetone, as described under "Materials
and Methods", the phosphatides could bde separated, Their EA inhidbiting

activity was comparable to that of the entires extract (0.4 P& /0.8 ml),
A furkher extraction of this materiel with ether or wlith ethanol

did pnot give olear results., This was simllar to the situastion
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ohscorved by Aasell and pawthoroe (1%54) who treated brain with
acetore, ethancl, and petroleun ether,

For mdditional separations, coluxn chromatography was employed,
Using activated silica gel, "Serva™ 100 - 200 p, a separation into
thiree pesaxs could be achieved (Fractionation I, Fige 1). The char=
acterizatioa of the several peaks was carried out qualltatively by

means of two~dicensional thin-layer chrozatography.

o NN
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fig., 1. Fractionation I: chromatography of phosphatides from
mousée brain on activated silica gel. (a) phosphatidio
acid, cerebroside, cerebroside ester; (b) phosphatidyl-
cholamine; (o) phosphatidylserine, inositol, lecithin,

sphingomyelin.
viith chloroform-methanol (4:1), phosphatidic acid, cerebroside,
and the sulfonic m¢id esters could be sluted, Chloroform-methanol
(3:2) eluted phogphatidylcholamine, The same solvant system at a
ratio of 1:4 eluted lecithin, aphingomyelin, phosphatidylserine and
inositol, 4lso, a small amount of lysolecithin was recovered. This
ccampound, however, oculd not be deteocted in the original sxtraot and

was, therefore, coosidered to be an ari.ifact. A strong HA inhiditing

o g~
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activity could be dezonstrated onliy for thoss aubstances which
were presant in the last peak. The use of moist gilica gel,
"Serva"™ SU-100 u, gave a somewhat different picture (Fractiona-
ticn II, Fig. 2)., With ochloroform-methanol (4:1), phosphatidio
acid, cerebroside, and their esters were ggain eluted, The

same soivent systex at a ratio of 3:2, however eluted phospha-
tidylserine and the inositol alcng with phosphatidyleholamine,

An increase in the methanol ooacentration to 50 % resulted in
lecithin and sphingomyelin being eluted from the cclumn. In

this exper! i1ent, none of the material found in the several peaks
were capable of inhiblting hemagglutination of the TBE virus.
dowever, a mixture of the substances found in peaks a, b, ¢, and

d was found to be &8s strong an inhibitor as was the original ax-
tract, If HA inhibition by combinstions of Jjust two of the peaks
was tested, it was found that only those palrs demonsatrated a
measurable inhibitory capabdbllity that were combinations of peaks b
(cephalin and inositol) with lecith’ i or with sphingomyelin., Puring
Fraction I, we had obtalned & pure phosphatidyleholamine, However,
a mixture of this with lecithin or with =sphingomyelin was not cap-
able of surpressing HA of the virus (Table IV). A3 a result, (¢
must be concluded that elther phosphatidylserine or an ipositol

in combination with lecithin or with sphingomyelin is essential for
inpnibition of hemagglutination by TBB virus at the pH optimum of

this reaction.
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Fig. 2, Fractionation II: Chromatography of the

rhosphatides from mouse brain on molst silie gel.

{a) pbosphatidlc acld, cerebroside, cerejroside

ester; (b) phospnatidylobole_minez ghosphatidyl-
d

serine, inositol; (o) leoithin; sphingomyelin.
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Fig. 3. Fractior III. Chromatography of the Sub-
stances in Psak o of fraotionation II on moist sllica
el: (a) phospha¥.dylserine, lnositol; (b) lecithin;
o) sphingomyelin.
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Table IV

Hemagglutination inniditing activity of the lipids and their ocom-
binations obtained by chromatography

ist Exp. £od Exp.
Fractionation I {Phospnatides from mouse brain)
a (cerebroside™) -— -—
b (pnosphatidylcholamine) — -—
¢ (lecitnin, sphingomyeiin, ivesitol, ++ ++
P-serine)
I {a b)(ceredbroside® phospnatidylchol-
amine) n.d. -_—

Fracticnation II (ghosphatides from mouse brain)
a (cerebroside”)
b (cephalin**), {inositol)

¢ (lecithin) 55 -—
d (sphingomyelin) —_— -—
IT (& » ¢ 4&)

IT {(a bD){cerebroside, cephalin, inesitol) n.a. <
II (& ¢){cerebroside, lecitbin3 o x
II (a @)(cerebroslide, sphingomyelin) n.d, -—
II (b c)(cephelin, inositol, lecithin) t t+
II (b d)(cephalim, inositol, sphingomyelin) + +
II (¢ d){lecithin, sphingomjelin) -—
Ib IIe (pnosphatidylcbolamine, lecithin) -— -—
I 1I4 (phosphatidylcholamine, sphingo-

myelin) -—

Fractionation III {substances from Fractiona-
tion I, peak c¢)
a {phosphatidylserine, inositol)

bt (lecithin) -— -—
¢ (sphingomyelin) . -—
III (& b ¢) ++ ++
III (a b)!phosphatidylserine, inositol,
lecithin) ++ n.d.
III {(a c)(phosphatidylserine, inositol,
sphingomyelin) + n.d.
IITI (b o){lecitnin, sphringomyelin) - n.d.
Ia IIIa (cerevbroslde, pnosphatidylserine,
inositol) + +
Ia IIIb (cerebroside, lecithin) T ne.d,
Ia IIIc (cerebroside, sphingomyelin) 3 n.d.
I IIIa {cephalin*¥ lneeitol) -— n.d,
IIIb (phosphatidylcholamine, lecithin} — n.d.
Ivb 1IIIc (pnosphatidylchnolemine, sphingo-

myalin)

!
B
.
(o9
.

* also phospha%idic acid and cerebroside ester
** phosphatidyl~cnolamine and phosphatidylserine

++ very strong reaction; + strong reaction; + weak reaction;
— no reaction; n.d, oot determined,
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¢ da iphidiving zmaterial, wilch is present in peak g of
Fracticnatlion I, is chromatographed on wmolst silica gsl, "Serva"
§0~100 y, the following results are obtained: with chloroform-
rethanol (4:1), no phosphorous-containing compounds were eluted.
Chloroform-methanol (3:2) eluted phosphatidylserine along with the
irncsitols. The same solvent system at a ratlo of 1:1 eluted leéi-
thin and sphingomyelin from the column (Fractionation III, Fig, 3).
None of tnese caterisls alone was active as an iahibitor of HA,
but a combination of all of them was egain complately active,
Thus, the phosphatides from mcuse braln could be separated into
five groups by the employment of two different chromatogrephie
separations on silica gels of different activities, None of these
groups alone were capable of 1Inhibditing hemagglutination of the
virus. However, if several of the groups were ocombined together,
several of these pairs could be demonstrated to be active as in-
hibitors. Also, in these experiments, a strong inhibvition was
found to be asscciated only wilth those combinations in whioh phos-
phatidylserine and phosphatidylinositol were palred with lecithin
or with sphingomyelin (Tadle IV},

Becauss of the smsll amounts avallable, an attempt was not
made to separate the substances found in peek a of Fractionation III
from each other, However, phosphatidylserines, phosphatidylinositol,
and phospnatidylinositol-diphosphate could be purchased (Eoch-Light
Ltd.}. Of these substazsua, oaly phosphatidylinesitol-diphosphate
(triphosphoinositol! showed a strong capability of inhibiting hem-

agzlutination of the THBE virus when in was ocombined with lecithin
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or with sphingoayelin. Such coabinations were tested repeatedly for
L; thelr abllity %0 ilrmibvit HA, and the triphospholnositol was found

‘ to be an essential component while lecithin and sphingomyalin could
be repliaced by cetyl tricethyl amkonium bromide (Cetavlon) without
loss of activity (Table V), DPhosphatidyiincsitol was not ea in-

hibitor of HA of the virus., The commerciel preparation of phos-

phatidyiserine from bovine bralan elone showed a strong HA inhibi-

P g R

tory effect which was not lntensified by the addition of leocithin,
This behavior contradlcets completely our findings with substances

which can be extracted and fractionated from mouse brain,

SRR s S T

Table V

Hemagglutination inhibition effect of phosphatidylinositol-di=-
' phosphate combineu with several trimethylammonium
ccmpounds

smallest amoung of equi-molar combination which is still
active at pH 6.4

e = oy e o g g gt

P-inositol-4p P-inositol-dp P-inositol-dp
; + lecithin + sphingomyelin + Cetavion
1 0.08 wg/0.8 ml 0.08 pg/0.8 al 0.02 ng/0.8 ml
: 0.04 ug/0.8 ml 0.04 ng/0.8 md 0.04 ug/0.8 ml
0,08 ug/0.8 ml 0.15 pg/0.8 m 0.03 ng/0.8 ml
0.15 pg/0.8 ml
0,04 ng/0.8 ml
Discussion
In contrast to the methods described by other authors, the
technique that we have presented here 1ls capable of measurlng the
HA inhibitinn activity of various substances at the samé pE as

| the pd which i1s optimal for HA, .Mabterisli:-yhich could be extranted

from various organs with 1lipid-dissolving solvents, were found to

[T —
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be 100 tirmes more active under these conditions than whea thelr
activity was tested cutside the pZ range of HA. As a result, it
is very obvicus that the zechanism of their actlon is analogous
to otne function of the virus receptor on the surface of erythrocytes.
It is corncelvable that our extracts contain the entire regeptor
substances since extracted erythrocytes are no longer capable of
adsorbing arvoviruses (Niooli, 1965).

Cur finding that the HA inhibiting activity of different
organ extracts 1s the result of the activity ¢f two different
substances explaing divergent results, During the course of our
studies on the purificaticn of 1lipld extracts by solvent fraotiona-
tion, it was found that if any one of the fractions, which repre-
sent the partner in the HA inhibition pair, ia surficlently "con-
taminated™ with the other, then HA inhibition can be observed,
In the course of additional purification steps, most of this acti-
vity i3 lost, Only the chromatographic method ylelds a substance
wiioh is sufficleatly pure to be use for further experimentatlion,

Toe mutual activity of phosphatidylinesitol-diphosphate
{fig. 4) with lecithin or with sphingomyelin can also explain the
results obtalned by Porterfield and Rowe (1960)., These authors
found that leclthin obtained ochromatographically from erythrooytes
was not an inhibitor whereas sphlingomyelin and other phosphaliplds
containing choline demonstrated a clear inhibition of HA. 1In our
opinlon, there was probably contamination with phosphatidylincsitol-
diphosphate. Porterfield and Rows were of the opinion that the HA

inniviting activity of their preparations was tne result of a still

unidentified phospholipid which was present in many fractions.
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Prospha. Iviinositol-diphosphate was not mentioned in thelr

publicavicna,

Fig. 4. Phosphatildylinositol-dipnosphate (tripnhospho-
inoaitol)

Cur results, however, are in agreemynt with the concluslons
of the studies of Nicoll (1865): from erythrocyte lipids, he
obtained by chromatography 8ix fracticns or which threc contalned
lecitain., ©Of these caly two, however, were active as lnhidbitors
of 4A. Cur 2ness is that tiiese contained phosphatidylinositol-
diphosphate. This conpound, however, was never mentloned by
N¥iceli. The fact tnat the nemeeglutlination inhibition activity
of chese fractions was destroyed by phospholipase [ 1s not un-
reasonable since this enzyme 18 also capabls of acting on lecithin,
I1f one considers the fact that the induction of HA inhibiting
activity by triphesphoincsitol has en absolute reguirement for the
presence of a surface-active trimethylammoniuvm compound, then &
strixing parallel must te meationed: Thompson and Dawson (1864)
characterized an enzyme that cleaves phosphatidylinositol-diphos=-
phate rydroiytically jnto a diglyceride and ipositol triphosphate.
The activity of this euzyze i3 usually very weak but it is activated
by certala surface-active substances such as Cetavlon, stearylamine,

palmitoylehnoline, and cetyl pyridinium bromide, Ié the presence of
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physiological concentrations of NaCl, lecithin was also a strong
activator of this eazyme, Thomp3on angd Déweon demonstrated that
Cetavlion will react with the triphospboinositol in such a way that
the complex formed assumes a colloidal structure. This causes to
some extent an orientation of the inositol molecule., The specific
enzyze cen apparently only attach itself to the supstrate when it
is found in tnis orientated state.

We believe that our cwn results cen be lntepreted through &
quite idenvicel mechanism for the adscorption of THRE virus onto
the erythrocyte surface and for the inhibtion of this reaction by
a surface-active trimetnylamménium compound, Even in 1925 it was
assumed that the surface of the srythroeyta wss composed cf a double
layer ¢f i1ipicd molecules crientated parallel to easch other, Their
polar "heads" were orientated outwardly while the nonpolar "tails"
were orientated towards the interior of the membrane (Gorter and
Grendel, 1%25)., Later investigators showed this theory to Ve
essentlally correct, and the modern concept of the sc-call>d "unit
merbrane" was proposed in a review by Robertson (1966). The double
1ipid layer is covered partly with protein and partly with mucopoly-
saccharides and appears to be present in all +elis. We assume that
the TBz virus can attach to a certain lipid receptor molecule which
is positiored in a certain way in this doudble laysr. This substance
or similar substances in solution, however, can only compete with
the receptore in the cell wall when they have been orlentated in
a sizilar state through the colloidal-forr.ing activity of certain
trisebthylammonium ccmpounds. Only then are they capable of bind-
iug to the virus which would have attached to the membrane of the

erythrocyte. Experimentaly, this is observed as lnhibition of

hemagglutination.
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Sumnary

A technigque 1s describe which allows one to measure the ca-
pacity of certain substances to inhibit the hemagglutination of T3E
virus under competitive conditions. ‘hen tested with thls methed,
brain homogenates end extracts obtained from them with lipid sol-
vents were more than 100 times as active as when investigsated
with the older techniques. Using solvent fractlonatlion apd dif-
ferent chromatographic procedures, the active factors could be
isolated and were shown to oconsist of phosphatidylinositol di-
phosphate in combination with leclthin or with sphingomyelin.
These choline-contalning bases could be substituted by cetyl-
trimethylammonium bromide. A theory 1ls suggested whloh assumes
that proper alignment of receptor molesoules and inhibitors 1s

necessary for their reaction with the surface of the virus parti-

cle. §~~—~~
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