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From the results of previous investigators (1,2), it can be concluded that

the spherical Sindbis virus possesses a diameter of 60 to 70 mu and consists of

a sheath and an inner core. The virus produces along with its infectivity a

hemagglutinating and a complement fixing activity. Treatment of the Sindbis

virus with Tween 80 and ether results in the lost of infectivity and the libera-

tion of so-called cleavage products; one of these cleavage products is the

"hemagglutinin" which is represented as a fractional part of the virus sheath

and is the inducer of hemaglutinating and coplement-fixing activities.

After treatment with cobra snake vence (cobra toxin), the complement fixing

units can be isolated. .On the basis of flotation density data, these have

been regarded as viral inner bodies and have been described as "cores" in the

following investigations.

In the present work is studiei the serological behavior of four subunits

of the Sindbis virus in reactions with antibodies against cleavage products of

the Sindbis virus as well as with those of the. virus of American eouine encephali-

tis, western type (WEE) which is serologically related to it. In the case of

the four subunits, one is the Sindbis virus itself. The others are the "hemagglu-

tinin" and the so-called 1.345 and 1.300"cores3". These numbers represent the

flotation density of the subunits obtained from CsC1 density gradient centrifuga-

tion. The serological reactions were determined by neutralization and hemagglu-

tination-inhibition studies as well as by studying complement fixation reactions.

In addition, experiments were carried out using the corresponding subunits from

the WEE virus. The objective of these investigations was to determine ip the

four previously mentioned viral subunits differed with regard to their serologi-

eal specificity. The mnser to We question appeared to be of some interest

to us in view of the iosent problem in the preparation of type- and group-spOcific
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antigens of the arboviruses.

MATERIALS OD METHODS

Virus

We employed a Sindbis virus strain (AR 86; 63rd mouse passage) which

had been adapted to mouse brain. This strain was passed through cell cultures

of chick embryos in our laboratories. In the studies reported on here, we

employed materials from the 20th and 25th cell culture passages, The WEE virus

originated from the former "Animal Disease and Parasite Research Branch" of the

U.S. Department of Agriculture& It had been passed by us four times in ferti-

lized hen eggs and 25 times in cell cultures of chick embryos.

Virus Production, Virus Titration, Hemagglutination-Inhibition Studies

and Complement Fixation Reactions

For the production of relatively high titered tissue culture fluids, the

preparation of virus concentrates, and for the titration of infectivity using

the plaque test, we employed those prodedures already described (1)9 Also

the methods used for carrying out the complement fixation reaction (CFR),

HemaggIttination test (HA), and the hemagglutination-inhibition studies (RAI)

were dracribed in our previous Oapers (1,2)e We departed from the previously

employed CFR prodedure in that we not only varied the complement (C') concen-

tration but also either the antigen or the immune serum* Both reagents were

diluted two-fold in the CFR buffer given by Mayer et al (4).

Virus Neutralisation Studies

The virus neutralization test. (NT) was carried out using essentially the

"checkerboard* method described by Westaway (3)o The test was carried out using

coil cultures prepared from chicken embryos, Ten-fold dilutions of the virus

were prepared in isotonic NaC1 - M/90 phosphate buffer, pH 7.2, From each



Xi

virus dilution, 0.5 ml aliquots were mixed with an equal volume of a dilution

of one of the immune sera (IS, see below) or with normal serum (NS). In this

case, we used serum diluted at 2-step intervals going out to a dilution of

l:O (studies with Sindbis virus) or 1:20 (studies with WEE virus). The virus-

serum mixtures were held for one hour at 370C in a waterbath. From each mix-

ture, two cell culture cups were inoculated with 0.2 ml each. After incubation

at 37C in an incubator for 30 minutes, the cells were washed and then covered

with an "overlay" medium which we used in the plaque test (I). The plaques that

appeared were enumerated two days later. In the mixture containing normal serum

the number of plaques for several dilutions of serum remained within the expected

deviation. Thus, it was not dependent on the NS dilution. The average of the

plaque counts for a given virus dilution in the presence of different NS

concentrations could be used as the reference Vo (virus concentration) for that

virus dilution.

Production of Hyperimmue Sera

Sindbis and WEE viruses were grown in priuary-cell cultures from hamster

kidney. More precise information concerning the production and procedures can

be found in one of the previously mentioned works (2). The harvested virus

was concentrated by ult'acentrifulation and then treated with Tween 80 and

ether (1). An aliquot of the produats obtained was mixed with an equal volume

of Freund's complete adjuvant and used for the immunization of rabbits according

to the following immnization schedules:

(a) Sindble virus. Two ml suboutaneously and then eight days later repi-

tition of this injection; four months after the first injection, 1.5 ml of the

Tween-ether treated virus material was injected intravenously and this injection

was repeated two months later; six days after the last injection, blood was

withdrawn from the ear vein.



(b) WEE Virus. Two ml of a Tween-ether treated virus concentrate'i mixed

with Freund's adjuvant was injected subcutaneously. After 18 days, an intra-

muscular injection and a subcutaneous injection each containing 2 ml of the

same preparation were injected; 14 days later, blood was withdrawn frcm the

rabbit.

The sera obtained in these procedures were inactivated at 56oC for -. hr

and were designated as Sindbis-IS or WEE-IS. A serum obtained from a non-

Immunized rabbit was used as the normal serum (NS).

Density Gradient Centrifugation and Electron Microscopy

The methods which we used for CsC1 density gradient centrifugation and

the preparation of fractions have already been described (1,2). The same

methods were used for the preparation of negatively stained preparations for

electron microscopy.

Production of Virus-spe ific Subunits

(a)"Complete Virus". The virus concentrates obtained by ultracentrifugation (1)

were mixed with CoCadeaturated borate buffer, pH 9.0. The volume ratio was

such that the final mixture had a refractive index of nlOO 2-3575. We deter-

mired the refractive indices with an Abbe refr-Actcmeter (Zeiss, Oberkoohen, BRD).

5.; ml of the mixture were placed in each of three Lustereid-cellulose tubes and

were centrifuged for 15 hours at 35,000 rpm in a Spinco model L ultracentrifuge

employing a SW-39 rotor. From each tube, ton fractions were obtained which had

refractive indices between 1355 and 1*3585, From our previous studies (192)0

it was known that fractions collected from the mixture In this manner coatain

coemplete" Sindbis vinea thorfows, the. daignation, "ooploto vines will

be understood to mean this.



*(b)'Hemagltinin'. "Complete" virus was diluted 1:2 with borate buffer, pH 99

treated with Tween 80 and ether (1) and then mixed with CsCi-saturated borate

buffer, PH 9.0 until a ftfractive index of na 0 ~ 1.3600 was achieved. it was

then treated as in the preparation of'"complete virus". However, now fractions

in the 6'* range of le3585 to 1,3615 were selected; these contain the non.

infectious 'hemagglutinin' (1)*

(c) 1.354j. and 1.300 "cre" In these cases,4 we began with "complete virus"

which was mixed with borat, buffer.$ pH 9, containing 5 mg of cobra toxin per ml

(Hynson, Westcot, and Dunning, lnc., Baltimore, Md.) in a ratio of 1:2. After

Incubation with occasional shaking at 370C for 20 minutes in a water bath,, the

mixture was diluted with Cs-Cl-saturated borate buffer, pH 9,., to a n2OOC valued
of 1*36 4j0. After 15 hours of centrifugation as previously described for the

preparation of "couplete virus", we obtained fractions with a n2 )O value of

* 1.365o to 1*380 and L.3620 to 193640a The first fraction contained with l.31i5-

'cowes' and the latter the 1o3000-"ccres* (2)

"Sauplete virus*, 'heizagglutininr, and .145 and 1e300 "cores* were diluted

169, 1M1 or 1s20 in the CYR buffer described by Nqer at al, (4.) and dialyzed

against this buffer.

REMULS

Studies ani The Slectron Optical Description of The 'Cores'

Photographs prepared aleotron-optically of *oaplete, Sindbis viruses* and

'ealtintuN cleaved from then by Tween-ethor treatment have already been

presented (I)* These morphologica investigations were supported by the electron

optical studies of the v wspecifio units designated as 'cores'. This has

already been reporbed ani (2) with photographs but without the designation 'cre'.

This bippesed, because the pavUeiles thot were detected In the fractions with
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denities of .3LU6 and 1.307 did not shown any special structural characteris-

tics which would allow a conclusion to be drawn with regard to their role in

the stracturd of the virus. This was particularly true of the particles in the

1.346-fraction which had diameters of 2 to 8 mu. We obtained somewhat better

photogmraphz of the particles which-yore present in the 1.307-fraction. These

are shown in Fig. I and can be observed to have a round shape and diameters

fra 6 to 20 Mu. Tge magnitude of these diameters indicates, if one keeps in

mind the structure of the "complete" Sindbis virus (1), that one is not dealing

with'intact innor bodies.

FiR. I. Particles in the 1.307-fraction obtained by CsCi density gradient
centrifugation after treatment of "complete" Sindbis virus with cobra
toxin. Negative contrast staining with phosphotungestic acid. 100,000 X

, magnification. (The reader is referred to the original journal for a
picture of the particles).

The Serological Specificity of the Four Subunits

(a) Neutralization Studies

Firstly, the reaction between "completeO Sindbis virus and Sindbis-IS and

WEF-IS were examined using the neutralization test. Fig. 2 show the results

obtained In these studies, The graph show that a linea relationship is obtained

in the area of the IS dilution tested when ne plots the log of the decroa in

infectivity titer against the log of the hypermane seru o ncentration. In

contrast, only a very mall traction of the SUndbis virus was neutralized by the

WEE-IS.

Quite a different situation with regards to serelgical specificity was

noted in the case of the neutralization of 'coMlete' WEEvirus by homologas

WEE-IS and heterologous Sinibis-IS. As shown in Fig. 3, both sera wero equally

effective in the neutralisation of 'C virus. AlIoo, here, the linear relationship

* *
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(b) Hemvaggutination-nhibition Studies

Tw.o of the four viral subunits that were prepared showd hemgglutina.

ting activity: the wccmletes virus particle and the whmmagglutirnn" Doth

omPonents of the Sindbeim id the WEM virus were suidied using-Sinibism

IS and M-E13I in the hemagglutination-Inhibition reaction The results that

were etained from these studies aw, shown In Table I. It is evidet that

"con. ple t" Sindbia virus reacts four time man stronglY with hmnlogas bypera

I~ummne serum than with heterlgous ahyperlwsns serf= (first vertical cob..n).
* On the other hand,, the hemggltinating activity was Inhibited to the saw

degree by both WEEIS and Sindbis-I5 (second vertical column), Simila

results were obtain. -so for the Hemaggltinins Isolated fra the SIiWSl

and WEE viruses (third and fouth vertical cob...).

TANZ I

* ~Results of the UsoaabemaggltInationinhbition tests tuith
"ColAte' viuasae and 'bmaggltlinas of sinibia amd W
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The curves in Fig. i particularly those on the right aide, demonstrate

that "conplete" Sindbis virus and Sindbis "hemagglutininO react with Sindbis

IS as vel as with WEBs.S in the complement fixation reaction. These cross-

Sreactions vere not as strongly expressed then the *l.300-coresO wes used as

the testing antigen. The "1.3a&-ores" fixed C' only in the presence of hmo-

logous antiserum but not in the presence of heterologo8 antIserm (WERIS).

Fig* 5. shows the corresponding results obtaized vith viral mabunits from WES.

In the studies with WEE virus, we employed only Increasing dilutions of the

individual antigen components and a constant IS concentration since the cross-

reactions could be more easily detected in this manner than vn the combination

of differing IS-dilutions and a constant antigen concentration m employed.

This fact is shown in Ftg. k. for the pxperiments carried ut using the Sindbls

subunits. From Fig. 59 it was concluded thats In contrast to the Sindbis virus

system, not only in tvo, but in al of the four WEE virus subnits tested, a

very distinct cross-reaction with heterologous IS was noted.

- , WEE Anbserm

SmdE~eS Afisr

a 16 n 44

0.1

ii

0. 0.4I

, *Z ', .... , i -

ANTIGEN W.LA'rio 9 0€', e 4L

F _ge e Complement fixation reactions of the four submits of WEE virus.
The dilutions of WE and Sindbis zmme ere obmaesaid the dilu-
tion of antigen was changedo



It*= the results th t hbve been presented, it is obvious that IS prepared

qaanst the cleavage products of the $indbis virus will neutralize wES virus

particles as well a It does the virus particles of the Sindbis virss where-as

& corrspending WER-13 neutralizes the homologos WE virus bat not the Sindbis

vrsto the sawe degree observed in the first system. A so-called antigenio

uni-direetional relationship is propsd as as already postulated (5) on the basis

of studies using the plaque reduction test in the $indbis-VM 8ystem, This uni-

directional relationship was expressed only weekly in the examination of the

hemagglutinating sbmits of the Sindbis and VE viruses during the hemagglu-

tination-inhibition studios; in contrast, a reciprocal relationship between

the viruses was demonstrated in this case* A coe reciprocal relationship

between *complete* Sindbis and WEE virus particles and their respective "hemagglu-

Unn w was also observed in the compleent fixtion reactions In contrst,

using this reactionp the eIstence of a uni-directional relationship could be

detected,in the direction indicated earliers between the 19300- and 1,345

R oore8O particularly with the latter*

These results provide evidence as to the antigenic composition of the viral

subunits that" have been tested, It has been assumed that the majority of the

groups present, on the 8twfaoes of *the Sindbi8 and VEE virus particles,, which

possess hemglutinating and eomlementofixing activity, ane the same or are

very siyd3.ar with regard to their antigenic structure. In addition, hoover,

there appears that on the surfacos of the particles of both virus alos,

there are structures which demonstrate, observable differnces and exhibit a

soe-ceaed uniodireetional relationship as shown during the neutralization studies.

A relationship of this kind could be thematically explained by the acceptance

of watrloaliar hindered determinants" (6)e It is possible that the 8indbt8 virus

possesses an its surfae structurs A and b which are active aid neoe88ary for

infectivity, wheres in the ase• of the WE virus, the determinnts 0 and a

~-111
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are the antigens responsible for this function. The small letter should stand

for sterically hindered determinants which are imnunologically inactive but re

still capable of reacting specially with antibodies. Along with this assumptionp

it can be concluded that the Sindbis virus stimulates the formation of A anti-

bodies which are capable of reacting both with the A determinant of Sindbis

virus and with the a determinant of WEE resulting in the neutralization of both

virus types. Conversely, the WEE virus induces the production of C antibodies

which react only with the C determinants of the WEE virus; no reaction is

observed with the Sindbis virus as it does not possess the C or a determinants.

Consequently, the Sindbis virus is not neutralized by WEE-IS which neutralizes

only the WEE virus. In an analogous manner, the uni-directional relationshp

of the cores, as detected through the use of complement fixation reactions,

could be represented. Another explanation of the uhi-directional relationship

can be found in the concept that an antigenic determinant on the Sindbis virus

induces the formation of antibodies which react with this determinant and with

a "related determinant" which is found on the WEE virus and is antigenically

related to the determinant of the Sindbis virus. Inversely, however, antibodies

formed against the "related determinant" of the WE virus react only with it and

not with the dterminant found on the Sindble virus. This concept is based on

the three-dimfnsional model of the antibody molecule proposed by Sohulse (7) to

explain the activity of heterologous antibodies. In addition, it was considered

more an exception than an explanation that Sindbis antibodies and WEE antibodies

react with particles of both virus species and that n the third cam nt of

the neutralisation reactiong namely in the cultured sells# the WES virus parti-

cles charged with Sindbs antibodies as well as with W antibodies are not

infectious, whereas the complex, WEE antibodies/Sindbis virus particlesdissolves

in the cells and leads to infection by the Sindbis vIrus. This mode of hmub
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is objectionable1 however, since the uni-directional relationship is ditected

not only in the neutralization studies but also in the complement fixation

reaction with l.31s-coaes'.

Finally, in the interpretation of the uni-directional felsAtionshipg one

must consider the possibility that during immunization, Sindbis-IS was produced

which had antibodies with a broader specificity then those in the WEE-IS. This,

however, would be objectionable in view of the results of the hemagglutination-

Inhibition studies and complement fixation reactions with 'complete" viruses and

" hemagglutinins'. In these cases, distinct cros-reactions were observed,

Moreover, the identical slopes of the vatious neutralization curves indicate

that the heterologous Sindbis antibodies react as well with the WEE viral parti-

cles as does the him6logous WEE antibodies (8).

SUMMARY

The serological specificity of four subunits of Sindbis and WEE virus was

investigated in cross-reactions. The four subunits were: wcomplete3 virus

particles, the "hemagglutinin", and the so-.called 1.300- and l.31i5-ociesso

In neuiralization studie, a uni-directional relationship between Sindbis and

WEE virus was demonstrated, in which Sindbis antibodies neutralized Bindbis and

WE viris, whereas WEE antibodies reacted with the homologous virus only. An

analogous relationship was also found In the C? reaction with 19300- and 10345

Vcores' especially with the latter. On the other hand# *complete* virus

particles and "hemaglutidn' showed clear-cut cros-reactions whe used In

CF reactions

The results are discussed In relation to the antigenie structure of the two

viruses and to the unladireotional reletlohip which has bees dumertrated for

certain subunlts. t
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