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PROUJCI'ION, CHARACTERIZATION AND APPLICATION OF IVDNOCLDNAL

ANTIKDDIES AGAINST REI'ICIJIDENIDH-IEIIOSIS VIKJS

By

Zhizhong Cui

Reticuloendotheliosis virus (REV) infections have been reported

throughout the world, but its economic role is still not clear. More

than 30 isolates were obtained from different avian species with

various symptcns. They can not be differentiated antigenically. Some

molecular studing is done for REV viral proteins recognized by

polyclonal sera, but nothing is known about the relationship between

antigenic components and biological functions . 'Ihe monoclonal

antibodies are expected to help us to further understand the problems.

Inthisstudy, apanelchCAsagainstREVstrainTaregeneratedand

characterized. MCAS 11C100 and 11F667 are strain '1‘ Specific and

recognized a 54-72K dalton glycoprotein. They are useful for subtyping

REV isolates . Others are crossreactive with other members of REV and

recognized 64K or both 64K and 21K dalton glycoproteins. MC‘As 11A25 and

113118 are strongly reactive with all the REV isolates tested.



Zhizhong Cui

To determine epitope-specificities of MC‘As, a synergistic ELISA

(sELISA) is developed. It is quite coincident with the classical

competitive ELISA (cELISA) in the results of identification of

epitope-specificities of MCAs. However, it is much simpler than the

CELISA and could use culture supernatants instead of ascitic fluid for

testing. These two advantages over cELISA should make sELISA very

helpful in testing a large nunber of hybridoma samples and thus

stimulate more interests in topological analysis of various antigen

molecules . Several independent epitopes on REV glycoproteins are

differentiated with both cELISA and sELISA. 'Ihe neutralizing activity

of some MCAs is also tested showing that the neutralization activity is

related to only some epitopes on virions .

By using the combination of MCAs, which are REV group—common and

recognizing glycoproteins on the surface of virions but different

epitcpes, a MCA—mediated ELISA is developed for direct detection of REV

antigens from plasma, tissue suspensions, egg albumen, cloacal swabs,

and semen. The sensitivity limit of the ELISA is 8-16 ng purified REV

protein in 100 ul. It is 40-80 times more sensitive than complement

fixation test (CF) the standard assay currently used. More importantly,

The ELISA could directly detect REV antigens from bird samples, but CF

could not do so without amplification of viruses in cultures.
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IN'IROIIJCI'ION

Reticuloendotheliosis viruses (REV) comprise a group of avian

retroviruses serologically related to each other but distinct from

avian leukosis viruses (ALV) . Represemtatives of this group include

strain T originally isolated from turkey (Robinson, 1974) , chick

syncytial (CS) virus (Cook, 1969), spleen necrosis (SN) virus (Trager,

1959), and duck infectious anemia (DIA) virus (Ludford, 1972). REV

isolates were obtained from turkeys (Paul, 1976, 1977; Sarma, 1975;

Solcman, 1976; McDougall, 1978; Witter, 1982, 1984a), pheasants (Dren,

1983), chickens (Witter, 1982) and ducks (Grimes, 1973; Li, 1984) in

many parts of the world. REVs were reported to cause various

pathogenicities such as neoplasm, inmmodepression, and a runting

disease syndrome in a number of avian species ( mrdiase, 1973; Witter,

1984b) . Little is known about the difference in antigenicity among REV

strains or the relationship between antigeiic structure and

pathogenecity. Since all members of REV group are indistinguishable by

an indirect fluorescent antibody (IFA) test with the convalescent serum

(Purchase, 1973; Soloman, 1976; Dren, 1983), and since REV strains

cross-react and exhibit only minor strain differences in virus

neutralization tests (Witter,1970; Purchase, 1973; Paul, 1977),

differential REV diagnosis and strain identification with conventional

serum are often difficult.

Receit epidemiological surveys (Witter, 1982 , 1985) showed that REV

infection in commercial chicken and turkey flocks was more common than

1
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previously recognized. Little is known of the natural incidence of REV

infection, due mainly to the lack of a simple and sensitive test to

identify REV infection. men in cell culture, REV infections are not

easy to be identified because they are not constantly cytopathic in

chick cells (Soloman, 1976), although Cho (1983, 1984) reported focus

formation of REV in a quail fibroblast cell line. Smith (1977)

developed a specific REV micro-complement fixation (CF) procedure

comparable in sensitivity to IFA for detecting REV infection in cell

culture. But as astandard procedure for routine use, both CF and IFA

require REV replication and amplification in cell culture, and

consequently are cumbersome for mass screening of REV-infected samples

from flocks.

An ELISA for detection of antibody against REV has been in use for

serologicl survey of REV infection in commercial chicke1 and turkey

flocks (Smith, 1983) . However, persistent REV viremia exists in some

tolerant chickens which do not show antibody activity in the serum

(Bagust, 1979, 1981) . These tolerant viremic chickens may transmit REV

infection horizontally. It is necessary therefore to detect both REV

antigen and antibody positive individuals in flocks for epidemiological

surveys and eradication programs .

Although an ALV-ELISA (Smith, 1979) based on the group-specific

antigei, p27, is in routine use for detecting antigen from different

kinds of samples of ALV-infected chickens, there is need to develop a

similar ELISA to directly detect REV antigen in various samples from

REV-infectedbirdssothatwecanruntheassays forbothREVandALV

using the same samples.

Several different REV proteins have been identified using anti-REV
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rabbit serum. The 29 Kd protein is probably the major virus structural

core protein responsible for the REV group-specific antigenicity

(Maldonado, 1975, 1976; msser, 1975; Tsai, 1985; Wong, 1980). Two of

the remaining glycoproteins, 73 Rd and 19 Kd, were also found in strain

cs- and DIA- infected cells (Maldonado, 1975, 1976) . Since the

polyclonal anti-REV rabbit serum and chichen convalescent serum do not

distinguish between different strains well, it is not conclusive that

the 29 Kd protein is the major structural protein responsible for the

REV group-specific antigenicity. Monoclonal antibodies (lids) are

useful for analysis of virus protein structure in detail at the level

of antigenic epitope instead of the level of virus protien itself. Lutz

(1983) developed three different MCAs against the major core protein

(p27) of feline leukemia virus(FLV) , a retrovirus, with each MCA

directed against a different epitope of FLV-p27. These MCAs could

readily be adapted to an ELISA for the specific study of FLV-p27. In

the case of REV, also as a retrovirus, weexpect to find similar

results.

The competition binding assays in both radioimmunoassay and ELISA

were developed for determinating epitope-specificity of MCAs (Stone and

Nowinsk, 1980; Roehrig et a1, 1982) . Since then, a great deal of work

has been done to make epitopic analysis of antigenic determinants and

topological mapping on virus antigens of different viruses (Lutz et a1,

1983; Schlesinger et a1, 1984; Bruck et a1, 1982; Henchal et a1, 1987) .

These assays are also used to relate the epitope(s) of virus proteins

to their biological functions such as neutralization and

hemmagglutination (Yewdell and Gerhard, 1982; Roehrig et a1, 1983;

Heinz et a1, 1983) . But no matter what kinds of alternatives were used
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for CBA, immmmoglobulin of each MCA has to be purified from asitic

fluid with high titers and conjugated to enzymes or labeled with

125-iodine befor samples could be tested for their

epitope-specificity. It is labor-intensive and expensive, and

identification of epitope-specificity could not be done until each

hybridcma is rescreened and injected into mice for ascitic fluid. A

simple assay is clearly needed, which does not involve labeling or

conjugating each hybridoma sample and can be used to directly identify

epitope-specificity of MO; in the hybridoma culture supernatant.

Although REV structural polypeptides were recognized by polyclonal

antisera, nothing is knomm about relationships between antigenic

structure and biological functions. Identification of epitopes with

MCAs would probably help us further relate some antigenic epitopes on

REV to their biological functions such as neutralizing activity.

Objectives of this study are as followed.

1. To generate monoclonal antibodies (MCAs) , both strain-specific and

comnon group-specific against REV;

2. To identify antigenic differences among different strains of REV

using strain-specific MCAs when they are available;

3. To analyse virus proteins and epitopes recognized by MCAs and

determine proteins or epitopes responsible for strain-specific or

common group-specific antigenicity; To establish the relationship

between antigenic epitopes and their biological functions:

4. To locate the epitopes recognized by MCAs on the virions by

electronic microscopy (EM) . The MCAs recognizing antigenic epitopes on

the surface of virions will be useful for detection of REV particles;

5. To develop a direct ELISA or sandwich ELISA to directly detectREV
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antigen in various samples by using a combination of common

group-specific MCAs against different epitopes on the surface of

virions . The ELISA should be much simpler and more sensitive than the

current standard procedures, or and IFA, both of which could detect

antigen indirectly only;

6. To develop an assay simpler and more practical than the classical

CBA for determining Mm epitope-specificity.





LITERA'IURERIVIEW

Reticuloendotheliosis and reticuloendotheliosis viruses

Reticuloendotheliosis (RE) designates a group of pathologic syndromes

including acute reticulum cell neoplasia, chronic neoplasia of lymphoid

or other tissues, runting disease syndromes and immunodepression in

various avian species, such as turkeys, chickens, ducks, geese, and

quail. The diseases were caused by a group of retroviruses collectively

called reticuloendotheliosis virus (REV) and which was antigenically

different from another group of avian retroviruses, avian

lynpho-leukosis viruses (ALV) .

Epidemiolggy and patholgy of REV

The initial REV isolate, Strain T, was obtained in 1958 from a

moribund turkey with lymphomas in liver and spleen ( Robinson and

Twiehaus, 1974) . Daring the subsequext 16 passages, in which liver

cellular inocula were used, in both chicks and turkey poults, the

infection agent increased in virulence, causing nearly 100% mortality.

The most common gross lesions in both chicks and turkey poults

consisted of enlarged livers and spleens with subcapsular white foci

(Robinson and Twiehaus, 1974; Sevoian, 1964) . The virus which produced

6
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reticuloendotheliosis in experimentally infected 1 to 14 day old

chicks, Japanese quail and turkey poults appeared to be antigenically

unrelated to several lmown ALVs and differ morphologically from ALV

(Theile1 et a1, 1966).

Trager(1959) reported a new virus which produced a rapidly fatal

disease in ducks with enlargement and necrosis of the spleen, and

severe anemia as a companion of P1asmodiu_1_m lophurae. The virus could
 

also kill chicks and cause white tumor-like lesions in spleens and

enlarged livers when inoculated at 2-days of age. The virus was then

named as spleen necrosis virus (SNV).

Cook (1969) repeatedly isolated a viril agent producing a

syncytial-type cytopathic effect in chick embryo fibroblast was

isolated repeatedly from the CAL—1 strain of Marek’s disease timor

(Bankowski, 1969) . The filtrates of the tissue culture grown virus

induced a disease resembling Marek’s disease when inoculated into

chicks; the virus was named chicken syncytial virus (CSV) .

Ludford et al (1972) isolated another virus associated wuth

Plasmodium lophurae from ducks with anemia and named it duck infectious

anemia virus (DIAV) . The virus was highly contagious and could spread

from infected ducks to susceptible ducks housed in the same cages.

Purchase (1973) studied the serological relationship of strain T, SNV,

DIAV and CSV, indicating that all four viruses were indistiguishable by

indirect fluorescence antibody test (IFA) in virus-infected chicken

embryo fibroblast (CEF) or duck embryo fibroblast (DEF) cultures, and

concluded that they formed a new group of oncogenic viruses for which

reticuloendotheliosis virus (REV) group was designated. REV strain T,

SNV, DIAV, and CSV were recognized as represeitatives of the REV group.
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Since then a series of pathogenicity studies have bee1 conducted in

experimental infection of different strains of REV. Sevoian et al

(1963) deronstrated that cellular preparation of REV strain T was

highly lethal for various genetic lines of chickens causing 100%

mortality of the inoculated chicks by the acute lynphamatosis within

the first eight days postinoculation. All the inoculated chicks

manifested greatly enlarged livers and spleens, with subcapsular

grayish-white focal lesins irregular in shape and ranging up to 1 cm.

Ebrtensive tumor nodules were seen also in the gonades, heart, kidney

and other visceral organs. Whem the virus was diluted, the pathological

response in chicks was graded and delayed, but the gross lesions were

similar. They also compared the host response to cellular versus

cell-free preparations of REV strain T, and indicated that mortality

was less and the incubation was longer in chicks receiving cell-free

virus preparations than in birds receiving comparable dilution of

cellular inocula. Lorose and Sevoian (1965) further conducted

comparative titration of the REV strain T in chicks of 6 age groups

from 1 day to 10 weeks old, utilizing cellular virus preparation and

found that the day-old group was more susceptible than the older

groups. In their experiments no mortality or morbility occurred in the

contact control birds, but antibodies to strain T virus were found in a

low percentage of birds within the 12-week experimental period

indicating a low-grade horizontal transmission.

An acute runting syndrome was induced in young chicks by

intra-abdominal inoculation of hepatic and splenic materials prepared

from chicks previously infected with REV strain T (Mussman and

Twiehaus, 1970) . Experimentally infected young chicks were emaciated,



9

lethargic, anemic and retarded in growth: the gross lesions were marked

hepatosplencmegaly with a consistant decrease in size of the thymus and

bursa of Fabricius. Histologically, the lesions were composed of

proliferating histocytoid cells of the reticuloendothelia system.

The histopathologic and hematologic changes during morbid stages of

chicks inoculated with strain T—infected liver suspension were studied

(Olson, 1967) . There were marked proliferation of reticuloendothelia

cells around the vessels of the liver, spleem, pericardium, and

mesentery in the lymph follicles of the gastro-intestinal tract, bursa

of Fabricius and thymus . The hematologic charges consisted of a

reduction in packed cell volume and total leukocyte count with

increased sedimentation rate and clotting time.

REV strain T displayed a wide spectrum of infectivity (Taylor and

Olson, 1971) . TWo-day—old chickens, quail, ducklings, goslings,

turkeys, pheasants, and guinea keets were found susceptible to the

virus by intraperitoneal injection of chicken liver virus preparations .

The lesions observed in the various species of birds were similar; and

all the birds that died of virus infection had grossly enlarged livers

and spleens. Irregular white foci, 1 to 3 mm in diameters, were

scattered over the surface of the liver and spleen. The Bursa was

atrophied. Microscopically, there was a proliferation of an

undifferentiated mesenchymal cell in affected organs.

Witter et al (1970) described gross lynphoproliferative lesions

similar to Marek’s disease in the peripheral nerves of chickens

inoculated with REV strain T infected CEF or DEF culture. The infected

birds did not die early and lacked visceral reticuloendotheliosis

tumors when killed at 6 weeks. However, grossly enlarged peripheral
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nerves were found. The enlargerent was due to accumulation of

lymphocytes and plasma cells between the nerve fibers, a lesion similar

to Marek’s disease. Most peripheral nerves in affected chickeis

developed lesions, but the most noticeable enlargetent was in the

cervical portion of the vagus rerve.

Franklin et a1 (1974) isolated and cloned REV-transformed cell lines

from bone marrow of strain T infected chickens. The culture fluids from

cultures of the transformed chicken bone marrow cell line (34C) could

beusedasasouceofoncogeiicREVstrainT.

When CEF cultures were infected with viruses of the REV group, virus

production with the development of a cytopathic effect occured after a

brief latent period (Temin and Kassner, 1974) . Following the acute

phase, the cytopathic effect disappeared but the culture still produced

virus persistently (Temin and Kassner, 1975) . Hoelzer et al (1979)

developed a focus assay for quantitating in vitro transformation by

oncogenic REV in Japanese quail embryo fibroblast (QEF) and

detonstrated that oncogenic stock of REV strian T was composed of a

mixture of tranforming and nontransforming viruses. The transforming

viruscouldcauseacuteREinbirdsandtransfoerEFandCEF, but it

was replication defective in CEF and QEF and no free virus was released

from the fransformed cell line culture. In contrast with it, the

nontransforming virus referred to as reticuloeidotheliosis—associated

virus (REV-A) could be released from the persistently infected cultures

and is non-defective in replication in CEF or QEF, but could not

transform either CEF or QEF cultures. When REV-A was injected into

1-day-old chickens, they failed to develop the hepato-spleenomegaly

characteristic of the prototype of REV strain T, instead, the latent
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period became protracted and the birds developed an acute runting

disease accompanied by paralysis. Breitman et a1 (1980) also studied

attenuation of oncogenic REV strain T stock during serial passage in

fibroblast culture. According to the electrophoretic analysis of virus

RNA, they suggested that oncoge1ic REV was retained during serial

passages in chick bone marrow cells because virus infection selected

for a population of stably growing REV-transformed cells but viral

attenuation might occur in fibroblast culture because REV-transformed

fibroblasts did not have a significant growth advantage over REV-A

infected or uninfected fibroblasts. As a consequeice, transforming REV

would be diluted out during serial passage. It was found that other

members of REV, such as DIAV, SNV and CSV, also failed to transform

fibroblast culture or induce neoplastic disease in experimentally

infected birds (Hoelzer et at,1979) .

Witter et at (1981) reported that chickens inoculated as embryos with

non-defective REVs (rid-REV) REV-A and CSV gemerally developed a

"tolerant" infecton characterized by lack of immunofluorescent antibody

indicatiing immunodepression, and by a viremia that persisted through

93 weeks. Chickens inoclulated at hatching generally developed a

"non-tolerant" infection characterized by antibody development that

gradually waned and by the presence of a transient or intermittent

viremia. After a long latent period (17 to 93 weeks), nd REV-infected

chickens developed lymphomas involving the Bursa and other visceral

organs at high frequency and developed sarcomas, carcinomas, and

inflammatory nerve lesions at a lower frequency.

In addition to the above REV members, more strains were isolated from

naturally outbreaks of the disease in differrent bird species. Sarma et
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a1 (1975) and Paul at al (1976) reported natural outbreaks of RE in

turkeys in Minnesota. It involved a flock of 30,000 Nicholas white

turkeys, of which 14% died at the farm and another 2% were condemned

due to lymphoproliferative disease at the time of slaughtering, and

arother flock of 11,000 turkeys, of which approximately 5% died.

Infected birds had grossly demonstrable lesions at postmortem

examination in the liver, spleen, kidney, heart, lungs and other

visceral organs. Histologically, affected tissues were focally or

diffusely infiltrated by proliferative lymphoretiellar cells. The virus

isolates were obtained from two flocks respectively. The virus isolates

had typical C—type RNA virus structure and were antigenically identical

to REV strain T according to the neutralizing test. In the further

shady (Paul et al, 1977a) the two virus isolates were designated as REV

strain MN81 and MN67 respectively. They could replicate in CEF, DEF and

Turkey embryo fibroblast (TEF) cultures and produced syncytial

cytopathic effects in DEF and TEF cultures. Paul et al (1977b) also

detonstrated that when inoculated in 1-day-old turkey poults ,

T'EF—culture—propagated viruses of strains MN81 and MN67 were pathogenic

and caused about 22-33% mortality with incubation of 8-11 weeks. The

macroscopic RE lesions were observed in the livers, spleens,

intestines , pancreas and kidneys . Peripheral nerve enlargement was also

seen occasionally. Microscopically, the lesions were composed of

neoplastic lymphoreticular cells .

Solomon et al (1976) studied 25 normal turkey flocks and found tumors

from8 sources. REVwas isolated fromtumors oftwo flocks and from one

normal flock. The REV isolates were antigenically similar to the

prototype REV strain T but were of low pathogenecity. Because there was



13

no evidence of infection with ALV or MDV in any of the turkeys tested,

the etiological role of REV in some though not all forms of turkey

neoplastic disease was suggested.

Witter and Glass (1984) reported a natural RE outbreak with 2%

mortality due to lymphoid tumors mainly between 20 and 30 weeks of age

in a flock of 6,750 Nicholas turkey breeder hens in Texas. 0f 10

turkeys submitted for diagnosis, all had gross lymp'ioproliferative

lesions. Diffuse and focal timors were seen regularly in the liver,

spleem and kidney. Nodular tumors were seen in the intestine. The virus

isolate, designated REV strain 339, produced an acute neoplastic

disease whem inoculated into young chickens.

Another REV isolate, strain KJ-l , was isolated from leukotic liver

tissue of a white Pekin duck with large nodular lymphoid timors in

liver and spleen. The duck was part of an experiment on Plasmodium sp.

infection, and other ducks in the group had died apparantly as the

results of similar neoplasts (Li et al, 1983) . When inoculated into

ducks, it caused mortality of 80-100% during 4- or 6-month experimental

period regardless of age at infection, and route of exposure. Most

deaths were from non-neoplastic conditions (stunting, bacterial

infection), but 17 of 69 (25%) infected ducks developed a variety of

neoplasms.

In Australia, REV was first isolated from an adult duck with

lymphoreticular cell tumors of various organs by Grimes and Purchase

(1973) . Experimental infection of 1- to 7-day old ducklings with the

virus resulted in low mortality, tumors of visceral tissues, within 5-9

weeks after inoculation. The virus was designated as REV/Q/1/73 by

Bagust and Demett (1977) who produced feathering defects in 2- to
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4-week old chickens inoculated at 1—day-old with the virus . The serum

from the infected chicks was positive to REV strain T in IPA. Attention

was subsequently drawn to the pathogeiic potential of REV in chickens

when widespread losses occured among Australian poultry flocks (Jackson

et al, 1977) following the use of a commercial Marek’s disease vaccine

which was subsequently prove: to be contaminated with REV (Bagust et

al, 1979) . Grimes et al (1979) showed that infection of young chickens

with an Australian isolate of REV resulted in feathering defects and

poor growth rate. Other findings in birds that died or were culled

during 40-week experimental period included mild anemia , leucopenia,

hypoplasia of organs of the imumme system and inflammation in visceral

organs and nervous system. Lynphoreticular—cell tumors of the liver,

kidney or spleen were found in two birds aged 22 to 24 weeks,

suggesting that REV may also caused tumors in adult fowls. Ratnamohan

et a1 (1980) reported another field case of REV infection. Histiocytic

lymphosaroomas of the intestine, liver, spleen and sciatic nerve were

found in a 36-week—old laying hen that was culled from a flock of 1,800

birds in which 148 hens were sick or dead between 27-51 weeks of age.

Type C virus particles were observed in ultrathin sections of liver and

spleen, and REV antigen was found in the sera of the hen.

In England, McDougall et all (1978) reported outbreaks of turkey

leukosis in 1975. In the sevem affected flocks visited, including

three adult breeding flocks and four commercial rearing flocks,

mortality had increased during the 8th to 12th week of life and had

continued at l to 2% per week throughout the life of the affected

flocks resulting in overall mortalities in excess of 20%. The initial

rise in mortality was associated with persistent diarrhea and leg
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weakness. All birds had enteritis affecting particularly the small

irrtestire. Pericarditis and peritonitis were also present in the

majority of the birds. In affected turkeys the liver was usually

diffusely enlarged up to three times normal size. In some birds,

discrete tumors were present throughout the liver, spleen and some

other visceral organs. Virus was isolated from ailing culled turkeys

and from cell culture prepared from embryonated eggs produced by a

flock with the disease. The isolates were antigenically related to REV

strain T or CSV by direct FA or ASP. Therefore it was a member of the

REV group and has been designated REV-HPRS-l. McDougall et all (1980)

further studied the pathogenicity of REV-HPRS-l in turkeys infected at

l-day of age, four weeks of age and by contact exposure from 1 day of

age. Only the 1-day-old inoculated group appeared clinically sick with

mild diarrhea three weeks post inoculation. Lymphoid tumors and

mortality fromREoccurredinallthreegroups, butatalmrerlevel

and later in life in turkeys inoculated at four weeks of age.

A naturally occuring lymphoproliferative was found in three flocks of

Japanese quail in Mexico. The tumor-like lesions were detected mainly

in livers and spleens. MDV was not isolated from 74 quail tested, nor

were antibodies to MDV detected in 84 sera. Antibodies to REV (3/24)

and ALV subgroup A (2/20) were present. It suggested that REV

involvetent in the disease appeared more likely (Schat et all, 1975) .

An outbreak of a lymphoproliferative disease in pen-raised pheasants

was described in Hungary (Dren et al, 1983) . In the affected flock of

about 3,000 pheasants during the period of 6-12 month of age, 120

pheasants died or were culled of which 19 had gross and/or microscopic

tumors. Nodular or diffuse tumors were found on the head and in various
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internal organs. The lesions consisted of undifferentiated

lymphoreticular cells. A typical C—type virus, similar to REV, was

isolated in tissue ellture. The isolate was antigenically related to

REVstrainTinIFA. AntibodiestoREVwerealsoderonstratedinserum

samples from naturally diseased and experimentally infected birds. All

phesant chicks inoculated with cell suspension prepared from the skin

tumor and the spleen of a naturally diseased pheasant died with tumor

between 16-34 days after inoculation. Infection of chickens with spleen

cells from a field case with tumor also caused feathering defect

syndromes, some gross lesion of tumor in the heart, and liver, and high

mortality, but inoculation with supernatant of infected cell culture

caused only feathering defect in some infected chickens .

RE outbreaks induced by REV-contaminated MDV vaccine were also

reported in other part of the world. Yuasa et al (1976) described a

disease with delayed growth, anemia, abnormal feathers, and leg

paralysis as main symptoms which broke out in flocks of chickens

inoculated with MD vaccine produced by certain manufacturers in various

part of Japan over a period from Spring to Fall in 1974. In the flocks

examined, many chicks were affected with the disease at about 30 days

of age. The culling rate exceeded 50% in some flocks. Histological

examination revealed swelling and multiplication of Schwann’s cells and

mild cell infiltration accompanied with edema in peripheral nerves. The

infiltrating cells were plasmacytes and lymphoid cells. A virus was

isolated from affected birds in the field and the same lot of MD

vaccine as inoculated into these birds. The virus had a common

antigeiicity to REV strain T. When chicks were inoculated with it, they

presented essentially the same symptoms as the birds affected in the
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field. Kawamura et al (1976) and Tagayanagi (1976) showed the same

reports. In Australia, Jackson et a1 (1977) reported a low mortality at

10 days of age followed by a low incidence of nervous symptoms and a

feathering abnormality in MD—vaccinated broiler breeders between two

and three weeks of age. Reports received from all states in Australia

indicatedthatthediseasemightbeassociatedwiththeuseof

particular batches of commercial HV'I‘ vaccine contaminated by REV.

Bagust et a1 (1979) isolated in cell culture REV frail camercial MD

vaccine (WI) and re-isolated the virus from the organs of vaccinated

chickens . mnting and feathering abnormalities were produced when

l-day-old SPF chickens were inoculated with the REV. Serological

responsestoREVwerealsodetectedby IFAinchickens directly

inoculated with the contaminated vaccine, and spread of REV infection

to in-contact chickens was demonstrated by histopathological and

serological investigations.

In addition to the symptoms and lesions mentioned above, REV also

caused immmo-depression in infected birds. Bulow (1977) first reported

that even minor contaminations with REV markedly reduced the efficacy

of MD vaccine and decrease the antibody titers against HVI‘ in chickens

inoculated with MDV vaccine, especially in young chicks. Witter et a1

(1979) further investigated in detail the effect of infection with

low-virulence, tissue culture-propagated strains of REV on protective

vaccinal immunity against MD lymphomas and found that MD-vacinated

chickens inoculated at hatching with more than 104 focus-forming

units of REV and challenged with MDV were poorly protected against MD

lesion development. Furthermore, the response of blood lymphocytes to

mitogen stimulation and the antibody response to sheep erythrocytes and
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Brucella abortus were less in REV-inoculated chickens than in controls.

The REV-induced depression of immune response was generally transient.

Depression of cell-associated immunity by REV infection was studied in

chickens. Carpenter et a1 (1977) and Rup et al (1979) demonstrated that

infection of chickens with REV-A resulted in suppression of FHA-induced

responses of spleen cells from infected birds. This inhibition of

T-lymphocyte proliferation was mediated by a host-derived population of

suppressor cells that were activated or induced during REV infection.

The immunosuppression induced by REV-A was transient, because

FHA—induced lymphocyte responses of infected birds returned to normal

by 5 weeks after infection. Other non-transforming members of REV

group, CSV, DIAV and SNV, also induced immunosuppression in chickens

within six days after infection. Depression of immunity against other

viral or bacterial diseases was also reported. After inoculation of

lentoge'lic Bl strain or mesogenic strain TCND from the live vaccine of

Newcasle disease virus (NDV) , the antibody response was suppressed and

duration of NDV recovery prolonged in REV-infected chicks compared to

controls (Yoshida, 1976, 1980, 1981) . Motha (1982a, 1982b) studied the

interaction between infectious larygotrachitis virus (IIEIV) and REV ,

and found that the resistance to IUIV in chickens infected with REV was

much lower than that in control chickens and there was a significantly

higher proportion of IIEP vaccination "takes" in the group inoculated

with REV than that in controls. Motha and Egerton (1983) also reported

that the mortality due to S.typhimurimn in chickens inoculated with REV

was markedly higher than in control chickens.
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Homolggical and molecular structure of REV

Most isolates of REV grep have been observed under the transmission

 

electron microscope (T'EM) . The virus varions were typical C-type virus

with diameter of 80-110 mm according to difth investigators. Zeigel

et a1 (1966) studied prototype REV strain T in spleens of infected

turkeyorJaparessquailarriininfectedCEForQEFusingtheTEMand

indicated that the mature extracellular viral particles ranged from

85-110 mm. REV particles budding from cells showed double-layered inner

crescent and a outer layer which was continuous with cell plasma

membrane. Some REV particles from cell culture fluid showed pleomorphic

"tail-like" extension of their outer coat. The patterns of budding

(viral proliferation) were studied in detail by Zeigel et a1 (1966) .

During the budding process , the material that ultimately participated

in forming the virus nucleoid appeared to originate as a crescent in

the 2-dimensional micrographs and , presumably, as a dome or ep-shaped

accumulation in 3-dimensional beneath the plasmalemma of the cell.

There was an apparent separation of a single nucleoid component or the

presence of two distinct nucleoid components , the outermost

represemting the intermediate ring. This particular configuration

differed distinctly from the pattern of budding observed in the

immature form of ALV and resembled the immature form of a murine

leukemia virus, e.g. Rauscher virus. Baxter-Gabbard et a1 (1977) also

demonstrated the enveloped REV strain T in diameter of approximately

100 nm.

Cook (1969) described the morphology of CSV with diameter of 100 mm

similar to C-type virus particle. It was resistant to

5-Iododeoxyuridine so that it bolonged to RNA virus grep.
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Purchase et al (1973) compared all four representatives of REV grep

in the ultrathin sections of infected DEF or CEF, and found that all

isolates of REV strain T, CSV, DIAV and SNV were identical but ceild be

distinguished from ALV under EM. Kang et al (1975) made a further

carparative ultrastructural study of the four representatives of REV

grep. The virions were spherical with a diameter of approximately 110

nm. The uranyl acetate negative staining showed that the viral

envelopes were covered with apparently hollow peplomers approximately

101-1.5mm in diameter at the tip by 614nm long. The peplomers appeared

to be tapered so that at the viral membrane, the peplomers were only

4:1.5 rum in diameter. The center to center distance of surface

projection was about 14 nm. There were about 100 of those peplomers per

virion even though Zeigle et al (1966) did not find the "hole" of

projection or knobs in REV particle by other different staining

methods . The budding virions contained crescent-shaped electron-dense

cores 73 mm in diameter with electron—lucent centers. After release of

the virions the cores became condensed to 67 nm in diameter. The

distribution of budding REV on cells appeared random over the cell

surface, and occasionally aberrant multiple forms of budding virions

were observed. They also indicated that the virions of REV appeared to

resemble mammalian leukemia and sarcoma viruses more closely than ALV.

The morphology of other REV isolates also was studied by Same et al

(1975), Paul et al (1977), Koyama et al (1976), Yuasa et al (1976),

McDelgall et a1 (1978) , Grimes et a1 (1979) , indicating the same C-type

virion structure. An ultrastructural comparison of REVs to ALV and MuLV

(murine leukemia viruses) was conducted by Moelling et a1 (1975) ,

showing that the immature particles of REV could be morphologically
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distinguished from both MuLV and ALV. The mature REV particles were

very like that of MuLV and quite different from that of ALV. They

indicated that a number of LOGO-2,000 budding and extracellular REV

particles per cell was estimated, much less than that of ALV and MuLV.

Theyalso fenrithatabeittmooftenREVbuddingorettracellular

particles were immature structurally, i.e., exhibited an

electron-lucent core, which incidence was two- to five-fold higher than

for ALV or MuLV.

The intact virions of the REVs had a denstity of 1.15-1.18g/m1 in

sucrose gradient (Campbell et al, 1971; Sarma et al, 1975;

Baxter-Gabbard et al, 1971; Paul et al, 1976; Koyama et al,1976).

Campbell et a1 (1971) also deronstrated ethyl-ether-treated REV strain

T virions lost their eiter envelopes . In the majority of virions after

ether-treatment, the material which usually surremded the cores was

partially disrupted or absemt. It was concluded that this material also

contained ether-soluble lipids . When the ether—treated virus suspension

was subjected to sucrose density-gradient centrifugation, 2 distinct

bands were detected. The bottom band with density of 1.25-1.26g/ml,

when examined with EM, was observed to consist of naked cores, i.e.,

the outer membranes were absemt and the intermediate layers were

partially disnpted or absent.

Further studies (Baxter-Gabbard et al, 1971) indicated that the

genomes of REV contained a single-strand RNA under EM. Maldonado and

Bose (1973, 1975) found two RNA species with approximate sedimentation

values of 64S and 48 after sucrose gradient centrifugation of RNA

extracted fromREVstrainsT, CSVandDIAVgrcmninCEF. Beetonetal

(1976) showned that RNA of REV strain T propagated in CEF had a
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complexities of 3.9 x 106 of 60-708. Because REV was found to have an

unique sequeoe genomic ccmplexity near the molecular weight of a

single 30-40 S viral RNA subunit, they also concluded that the genome

of REV is at least largely polyploid.

However, geomes of non-defectve REVS and replication-defective

strain T differed. As mentioned previously, the original REV was a

mixture of transforming and non-transforming viruses, the former was

defective in replication in CEF culturue, the later, called REV-A, was

non-defective. An analysis of the RNA monomers from particles released

from virus-producing REV-transformed clones on denaturing

methylmercuric hydroxide gel indicated that two distinct RNA species

were present (Hoelzer et al,l980) . The larger RNA species of REV-A had

a molecular length of 8.7kb and the smaller RNA monomer of transforming

REV had a molecualr legth of 5.9 kb. Therefore, the defectiveness of

REV was due to deletion of sequeoe essential for replicaton. The same

phemenon was reported by Brietman et a1 (1980) . Hu et al (1981)

indicated that replication-defective Strain T had a deletion of 3 . 69 kb

in the gag-pol region, confirming the genetic defectiveness of the

virus. In addition, REV strain T lacked the sequence corresponding to

the env gene but contained, instead, a contiguous stretch (1.6 to 1.9

kb) of the specific sequences presumably related to viral oncogenicity.

Cohen et al (1981) also reported two regions of REV-A sequences which

were deleted in the defective REV strain T genome. The first region

encompasses 3 kb of sequences in the 5’-half of the genome, presmmably

corresponding to the gag-pol genes . The second region represents 1 . 5 kb

of the e1v sequences. They have also shown that approximately 3% of the

genomic sequences of transforming REV strain T are unrelated to the
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non-oncogemic rd REVs.

By using cIIIA specific for REV, Wong and Iai (1981) have shown that

transforming REV strain T contains a new class of transforming-specific

sequences (ret) which were present in normal uninfected vertebrate ard

most related to or probably derived from normal turkey INA. In

contrast, the sequences related to REV-A could not be detected in any

rormal vertebrate cells. The ret sequences were not contained in other

REVs. Chen ard Temin (1982), Rice et al (1982) further experimentally

analyzed and compared the gemomic RNA structure of transforming

replication-defective REV strain T ard other REVs by molecular biology

techniques to study the rel-gene and its location. Rice et al (1982)

also showed that transforming REV strain T specific segment (rel-gene)

was derived from avian INA, because a cloned fragment of the

transfoming REV was able to hybridize with the DNA from an uninfected

chicken. So, the transforming REV appeared to be the product of

recombination between a replication—competent virus and host INA. The

highly oncogenic replication-defective REV strain T contained the

oncogene v-rel . There was a large c-rel locus in the turkey gememe

which contained all of the sequences homologous to v-rel (Wilhelmeen et

al, 1984a) . It was thought that REV strains T arose when a virus

similar to REV-A, the helper virus of REV strain T, infected a turkey

ard recombined with c-rel from that turkey. Wilhelmen et al (1984b)

sequenced v-rel ard its flanking sequences, ard found that each of the

regions of the c-rel locus from turkey was homologous to v-rel and

their flanking sequences, ard the coding sequence for e1v and part of

pol of REV-A. Comparison of REV-A, transforming REV-T, ard c-rel

indicated that the v-rel sequences might have beem transduced from the
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c-rel (turkey) locus by a novel mechanism. Rice et al (1982) assmed a

gene order of 5 ’ -gag-pol-e1v-3 ’ for REV-A or other rd-REVs similarly to

those of other C-type viruses. Most or all of REV-A pol gee was

deleted ard its emv gee was also partially deleted in defective REV T.

The 1.9lcboroogeerel segmentwhichisunrelatedtoREV—Aard

supposed to be oncogene rel follows the env geme.

[NA polymerase activity of REV primed with synthetic terplate was first

feird (Baxter-Gabbard et al, 1971) on purified REV strain T grown in

CEF culture. Peterson et al (1972) further studied the INA polymerase

activity of REV ard found that a large amount of REV protein was

required to deronstrate the in vitro polymerase reaction. There were

tremerdeis mmmbers of virus particles present, yet the activity of [NA

polymerase expressed was surprisingly low, suggesting that the virus

RNA polymerase was involved in the infection nature of the virions . The

RNA-directed INA polymerase was demonstrated frem REV virions, but its

molecular size was reportedly different. Mizutani and Temin (1974)

isolated the DNA polymerase from the REV strain T and showed that the

molecular weight of the enzyme was approximately 70—751(. They (1975)

also isolated the DNA polymerase from SNV indicating its molecular

weight of 68K. Kieras and Faras (1975) reported the presence in REV of

a virion-associated INA polymerase by exploying exogenous synthetic

homopolymers as tempelate primer, although no edogenous RNA-directed

DNA polymerase could be detected. But Kang (1975) has shown that there

was an edogenezs RNA-directed DNA polymerase activity in disnpted

virions of REVs grown in CEF if manganous ions were added to the

reaction. Enzyme activity could be inhibited by pre-treatment with

RNase ard the DNA product of the emdogenous DNA polymerase reaction was





25

hybridized to REV RNA, but rot to avian leukosis virus RNA. Moelling

(1977) reported a purified RNA-dependemt DNA polymerase with a

molecular weight of 84K from REV. An RNA polymerase activity was also

fourd in the core of purified REV virions (Mizutani and Temin, 1976) .

Structural polypeptide composition of REV virions was also studied in

detail. Halpern et a1 (1973) ard Maldonado ard Bose (1973) separately

reported that five polypeptides of REV—T grown in CEF were resolved by

polyacrylamide gel electrophoresis (PAGE) . Among them, two were

glycosylated. The major non-glycosylated polypeptide did not comigrate

with those of ALVs. Halpern et a1 (1973) indicated two surface proteins

were detected and corresporded to the two viral glycoproteins by

lactoperoxidase catalyzed iodination. Maldonado and Bose (1975)

compared the polypeptide composition of different members of REV grep.

They found that two glycosylated polypeptides of gp 73K ard 19K ard

four non-glycosylated polypeptides of p29K, 22K, 15K, 13K existed in

allthree strainsT, CSVardDIAVoftheREVgreptested, butstrain

T grown in CEF had an additional non-glycosylated polypeptide p37 which

was abscent in CSV ard DIAV. The nonglycosylated polypeptide p29 was

the major internal non-glycosylated polypeptide in the virion

(Maldonado and Bose, 1976) . Mosser et a1 (1975) studied the polypeptide

composition of SNV ard determined ten polypeptides by PAGE. Two

glycosylated proteins, gp7l ard gp22 , were located on the outer surface

of the lipid ewelope, as demonstrated by lactoperoxidase-catalyzed

iodination ard by bronelain digestion . The non-glycosylated

polypeptides were p77, p62, p50, p36, p30, p26, p14, p12. The p30 was

the major polypeptide which consisted of 38.8% of total counts/min.

recovered in 14‘C-labeled amino-acids. The results also suggested that
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two of the minor polypeptides, p36 and p26 were also located on the

outer surface of the virions.

Wong et al (1980) studied the assembly of REV. They have demonstrated

that a virus-specific ribonucleoprotein complex was present in the

cytoplasma of REV-transformed chicken bone marrow cells. The complex

contained viral reverse transcriptase activity ard could represemt a

precursor to the budding virions . The major viral polypeptide

associated with the complex was a polypeptide of 63K. This protein

exhibited a precursor-product relationship with the major REV

structural core protein p29 . The core polypeptides were not associated

with the intracellular ribonucleoprotein complex. Thus, p29 was

incorporated into the virions in the form of its precursor pr63 . The

cleavage of pr63 in the complex was accomplished either during the

budding process or shortly after the release from the cell.

Tsai et al (1985) have described five gag-gene —encoded structural

proteins which were purified from REV and designated p12, pp18, pp20,

p30 ard p10. Based on amino-acid composition and NH2- ard CDOH-

terminal sequence analysis, p12, pp18, p30, ard p10 were distinct from

one another, whereas pp20 was likely identical to pp18 in primary

structure. Sequence comparisons among the retrovirus family showed that

pp18/pp20 ard p10 were homologs of phosphoproteins and nucleic

acid-birding proteins respectively. The REV-A gag-gene-encoded

precursor polyproteins , pr60 was identified and the organization of

pr60, viz. , NHZ-plZ-ppl8-p30-plO—OH was established.
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Serolgical relationships amogg the members of REV and with other

retroviruses

Although differemt members of REV were isolated from varieis avian

species ard caused quite different lesions and syrdretes, they were

antigenically closely related. Antigemic relationships between

reurotrophicardviscerotrophicREVstockswerestudiedby

cross-neutralization test (Witter, 1970) . In most cases hetologous and

heterologous neutralization titers of sera were similar both in vitro

ard in vivo. Also, it was indicated that the fluorescence in

(EV-infected cells stained with REV T antiserum was indistiguishable

from that in REV T—infected cells. Purchase et al (1973) compared the

antigemic relationships of all feir representatives of the REV grep.

All REV isolates tested were serologically indistiguishable. The

antisera to one of REV-T ard one of DIAV gave an approximately equal

staining intensityinFAtocells infectedwithallninetestedREV

isolates including three REV-T isolates, 4 DIAV isolates, SNV ard CSV.

Cook (1969) first irdicated a possible antigenic relationship between

REV-’1‘ ard (3V in FA.

As mentioned earlier, the nonglycosylated protein p29 was the major

internal polypeptide in the virion. Maldonado ard Bose (1976)

deronstrated a crossreactivity of antiserum against p29 purified from

REV-T infectedCEFculturewithCSV, SNVardDIAVinbothAGPandCF

tests, indicating that the p29 was a group-specific antigem shared by

the viruses of REV grep. Bulow (1977) also failed to fird antigenic

differences between CSV ard three isolates of REV-T by FA ard AGP.

Some new REV isolates in U.S., such as REV strain SC ard VA (Soleman

et al, 1976), MN81 and MN67 (Paul et al, 1977) from turkeys, ard REV
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strain RU-l (Li, 1983) from duck, were also felnd to be antigemically

related to the REV grep. Recently a comparison of antigenic

relationships among all 26 REV isolates obtained in U.S. was made by

cross neutralization test with chicken sera (Chen et al, 1987) . The

results irdicated that the isolates were all strongly related by

neutralization assays ard probably constitute a single serotype.

Other REV strains isolated from Japan (Yuasa, 1976; Koyama, 1976) ,

Australia (Grimes ard Birchaxe, 1973; Bagust and Grimes, 1979a),

Britain (McDelgall et al,l978), Hungary (Dren et al, 1983) were also

shown to be antigenically related to REV strain T by AGP or FA assays.

Althelgh all strains of REV grep were irdistingushible

serologically, seme minor differeoes between isolates were noticed by

same workers. By using cross-neutralization test. Purchase et al (1973)

cerpared REV strain T, csv, DIAV and SNV, and Paul at al (1977)

compared their strains MN81 ard MNG7 with all four representatives of

REV. Their results showed that neutralization titers were higher in the

homologels than in the heterologous strains. It would be helpful if we

celld fird some way to differentiate different REV strains of origins

or pathogenicity.

ALV is another grep of retroviruses which could cause ttmors in

chickens ard some other avian species. REVs were quite different

antigenically from ALV (Theilen, 1966; Aulisio ard Shelokov, 1969:

Purchase at al, 1973; Paul et al, 1977). It was also irdicated that the

grep-specific antigen of ALV was not detected in concentrated ard

purified REV (Maldonado ard Bose, 1971) , ard antiserum against

ALV-grep specific antigen did not react with felr representatives of

REV grep in AGP (Maldonado and Bose, 1976) . But the cross-reactiveness
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of ALV with some REV isolates was accidently noticed. Purchase et al

(1973) reported the presence of ALV gs antigen detected by (DEAL test

in CEF culture infected by one origin of REV-T ard one origin of DIAV.

BaxterGabbard (1973) found that purified REV-T even after

SIB-treatment induced immunity not only against REV but also against

Rels sarcoma virus, indicating the possible antigenic relationship of

REV to some members of ALV. The mutual cross-protective immunity ard

cross-neutralization activity between REV strain T and some subgroup of

ALV were also experimentally demonstrated (Baxter-Gabbard, 1980) .

Apparantly the serological cross-reactivity between REV and ALV celld

cause confusion in diagnosis of two similar diseases or in

distinguishing two greps of retroviruses .

There was no REV antigenic cross-reactiveness with other avian

viruses tested, such as Marek’s disease virus, newcastle disease virus,

infectiels bronchitis virus , haetorrhagic enteritis viruses

(Ianconescu, 1977) . Interestingly, REV showed some serological

relationships with mammalian C-type oncogenic retroviruses . Charman et

al (1979) fend that REV p30 shares cross-reactive determinants ard a

common NHz-terminal tripeptide with mammalian C—Type viral p3Os . By

using a double-antibody radioimmmmoprecipitation, Barbacid et al (1980)

detonstrated a close antigenic relatedness in the major structural

proteins between REV-A ard a mammalian retrovirus (MC-l isolated frem

an owl monkey, a new world species of the Aotus genus. TSai et a1

(1985) compared the antigemic relationship between REV-A ard other

retroviruses by the electroblotting-immunoautoradiography technique and

fourd that antisera to REV-A gag-gene-encoded major internal structural

protein p30 celld cross-react with the similar p30 proteins of variels
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mammalian type-C retroviruses, such as two mouse retroviruses of

subgrep I (R—MuLV and M—MuLV) , a feline edogenous virus RD-ll4, a

baboon edogenous virus of subgrep II, two macaque endogelels viruses

ofsubgrepIV, agibbonapevirus ofsubgrepIV, ard3 type-Dviruses

such as MPMV (Mason-Pfizer monkey virus), SMRV (the sole new world

type-D virus) and PO-lIu (an old world type-D Virus felrd in the

spectacled langur) .

Economic and biolgical siggificances of REV

Eyem though naturally sporadic outbreaks of RE have been continuously

reported in various avian species frem different parts of the world

since the 1960’s, its economic significance was still not clear.

Probably, one of the reasons was that the diversity of symptems and

lesions caused by REV frem nonspecific runting-symdremes ard

immunodepression to tumors in different organs and tissues, made it

easy to confuse REV infection with other similar diseases such as

infectiels bursa disease, MD, ard lympholucosis, and made it difficult

to diagnose the disease. However, the serological and epidemiological

surveys irdicated that the REV infection might spread more widely than

thelght according to earlier field diagnosis reports. By using FA test,

Aulisio and Shelokov (1969) made a serological survey of chicken eggs

from 12 states in U.S.A. for antibody against REV ard shown that 147 of

905 egg samples tested frem 41 of 92 flocks tested were antibody

positive, ard that the positive samples were distributed threlgh 9 of

12 states surveyed. Purchase et a1 (1973) made another serological

survey of sermm antibodies against REV in different avian species. Two

of 65 turkey flocks within seven states, five of 43 duck flocks within
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17 states, three of nine goose flocks within eight states were femd

positive. A recent serological survey within different parts of U.S.A.

by Witter et al (1982) has doemented probable infection with REV in

21.0% of 101 layer flocks, 23.5% of 85 broiler ard broiler-breeder

flocks, 2.3% of 43 backyard chicken flocks, and 4.8% of 125 turkey

production ard breeder flocks according to the FA test with sera. The

infected flocks mainly were located in selthern states, such as

Florida, Georgia, Mississippi, North Calolina, but also in same

northern states, such as Illinois, Indiara, Michgan ard Pennsylvania.

Witter ard Johnson (1985) further studied epidemiology of REV in

broiler-breeder flocks. Six broiler breeder flocks from two companies

in Mississippi were tested at intervals for REV infection. Virus was

isolated and antibody was demonstrated in all six flocks. Infection was

first detected at ages ranging from 13-47 weeks. The REV isolated from

these flocks were immunosppresive and oncogenic whem inoculated into

day-old chicks. A moderate (3-l6%) incidence of neoplasms was induced

by contact exposure to these field isolates in the laboratory.

Recently, natural outbreaks of REV infection with significant economic

losses were reported in seme turkey-breeder flocks with high percentage

of tumors in Pemnsylvania (Witter, 1987) . REV was isolated or REV

antigen was demonstrated from most affected turkeys or their eggs. An

eradication program has had to be considered ard has been practically

tried in the commercial turkey company for the first time.

In the other parts of the world, serological surveys also irdicated

the existence of natural infection of REV in commercial poultry

irdustry. A retrospective survey of 586 commercial poultry serums

collected during 1973-1975, prior to the use of avian vaccines known to
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becontaminatedwithREV, wasmade forREVinfectionbyusetheFAtest

in Australia (Bagust and Demett, 1977) . Antibody to REV was detected

in two of 14 breeder-layer flocks , one of 30 broiler flocks and a

closed flock of turkeys. In Japan, Wakabayashi et a1 (1976) ,

Wakabayashi and Kawamura (1977) reported that 33 of 480 (6.9%) chicken

sera collected frem eight prefectures in 1965 were posivtive in

antibody against REV by AGP test. Among the samples brought in for

diagnosis during 1973-1976, 206 of 1,148 samples (18%) were positive in

antibody against REV in AGP test, ard REV were isolated frem 19 of 322

samples (5.9%) tested. Yamada et al (1977) made another serological

surveys ard irdicated that 5.2% of the 309 chicken sera frem 25% of 32

flocks tested in 1964-1965 ard 2.6% of 430 chicken sera frem 11.9% of

42 flocks tested in 1974-75 were positive in antibody against REV

strain T in AGP test ard FA.

As the third avian oncogenic virus , REVs had some biological

significance as a naturally occuring virus-induced tumor model. The

transformation ability of replication defective prototype REV strain T

was already observed in different avian species (Sevoian et al, 1964:

Olson, 1967: Mussman and Twiehaus, 1971; Taylor ard Olson, 1972:

Robinson ard Twiehaus, 1974) ard in cell culture (Hoelzer et al, 1979) .

A number of transformed cell lines were established from bone marrow

cells (EVIC) of REV strain T-infected chickens (Franklin et al, 1974:

McCubbin ard Schierman, 1986) , in vitro REV strain T-infected HVIC

(Beug et al, 1981; Weinstock ard Schat, 1986) , spleen or bursa cells

(Lewis et al, 1981) and CEF (Franklin et al, 1977) , REV strain

T-infected chicken embryo liver or spleen tummors (Koyama et al, 1981) ,

spleen lymphoma of REV-infected chickens (Ratnamohan et al,l982) ard
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liver lymphema of (EV-infected chickens (Nazerian et al, 1982) . The

gememe of transforming REV-T was compared to other non-defective ard

non-transforming members of REV gromp and the oncogene (rel) was

identified ard thelght. to originate from normal avian genome, most

probably frem turkey (Wong and Iai, 1981; Rice et al, 1982: Wilhelmsen

et al, 1984) .

Except the above, it was also femd that the non-defective REVs could

cause chronic neoplasis . Chickens inoculated as embryos or at hatching

with CSV developed a high incidence of lymphoid neoplasms between the

17th and 43th weeks of age, involving principally the liver ard bursa

of Fabricius (Witter and Critterden, 1979) . Witter et al (1981) further

irdicated that chickens inoculated as embryos with non-defective REV

strain T developed lymphemas involving the Bursa and other visceral

organs sarcoma, and carcinoma.

Noori-Daloii et al (1981) showed that nondefective REVs were capable

of irducing lymphemas in chickens ard proviral DNA of the virus was

integrated next to C-myc geme in over 90% of the tumors tested. This

finding stremgthened the hypothesis that the c-myc ard its adjacemt

sequences were important in B-lymphocyte transformation. REV induced

tumors were also used as model for serotherapy. Hu and Linna (1976)

reported that the passive administration of immunosertmm obtained from

animals having undergone regression of RE visceral tumors had a

significant protective effect on already-detectable tumors caused by

REV-T, and could irduce regression of established REV-irduced tmmmors

and reduction of tumor mortality. It substantiated the host-protective

role of the antibody-forming system in the malignancy.

Another interesting aspect in studying REV was its revolutionary
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lineage with mammalian retroviruses . In addition to the

cross-reactivities of the interral structure protein p30 between REVS

ard many kinds of mammalian C-type or D-type retroviruses as mentioned

before, the RNA-dependent UTA polymerase of REV was also very closely

related to that of mammalian retroviruses. Moelling (1977) has reported

thattheRNA—deperdentUTApolymerase fromREVhadroresemblencein

molecular structure to other avian viral reverse transcriptases which

all consisted of two polypeptides ard prefered Mg”, but was similar

to the murine viral reverse transcriptase which consisted of a single

polypeptide of 84K ard prefers Mn'H’. DNA polymerase of REV

serologically cross-reacted with mmurine viral polymerase but not other

avian viral polymerase. Allen et a1 (1980) further proved the close

relationship serologically of UTA polymerase between REVs ard mammalian

C-type retrovirus. Antiserum to the UTA polymerase of SNV inhibited the

polymerase activity of reverse transcriptase from REV and frem

mammalian C-type retroviruses of mine, feline, ard primate origin,

but did not inhibit reverse transcriptases of avian myeloblastosis

virus (AMV) . Conversely, antiserum to UTA polymerase of a mammalian

C-type retrovirus , Rauscher murine leukemia virus , inhibited the

polymerases of mammalian C-type viruses and REVs but was ineffective

against AMV polymerase.

Nucleic acid homology between REV and mammalian C-type viruses was

studied by Rice et al (1981) . They have demonstrated the relatedness of

REV cUTA to cloned proviral UTA of the colobus monkey erdogenous virus

(CPC-l) which was highly related to the macaque viruses. Related

regions occur within both the pol ard the gag genes of the colobus

viral geneme. Thus they speculated that the REV grep appeared to be
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desceded frem an ancestral virus which also gave rise to Macaque

viruses (MAC-1 and MMC—l) and CPC-l grep in primates. This might be

the first example of interclass transmission among the retroviridae by

crossing the interclass barrier between mammals ard birds.

The third biological significance of REV was its potential uses in

poultry breeding by molecular biology technique. Because of its ability

to be inserted into the avian germline, REV probably celld be used as

vectors capable of introducing foreign genes of intrest into avian

germline to improve genetic characteristics of birds (Salter et al ,

1986).

Detection of REV infections

Existence of REV infection among birds could be demonstrated by

detecting either REV itself or antibodies against REV. Several

different assays have been used for detecting antibodies against REV.

Witter et a1 (1970) first conducted an IFA to test sera of

experimentally infected chickens for REV antibodies on REV-infected CEF

culmre coverslips. The assay was successfully used for further

epidemiological or serological surveys in commercial chicken and turkey

flocks (Bagust ard Dennett, 1977; Witter et al, 1982: Witter ard

Johnson, 1985) and REV transmission studies (Peterson ard Levine, 1971;

Ianconescu, 1977; Bagust ard Grimes, 1979: Bagust et al, 1981: Witter

et a1, 1981).

Using concentrated REV as an antigen, Ianconescu (1977) developed AGP

assay to detect antibodies against REV in chicken ard turkey sera. The
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test was specific to anti-REV sera; there were no cross reactivities

toanti-NDV, IBV, MDV, orHEVsera. TheAGPwasalsousedbyother

workers (McDemagall et al, 1980; Motha, 1984; Motha et al, 1984) for

detecting REV antibodies. Its procedure was simpler, but probably less

sensitive than IFA. Althelgh Witter ard Johnson (1985) successfully

used AGP for primary screening of the plasma samples for REV antibody

to make epidemiological studiy in broiler-breeder flocks, they also

indicated that while the AGP flock status was negative but a

confirmatory IFA turred wt to be positive.

Neutralizing antibody to REV was also detected by using a plaque

reduction test in cell culture. McDougall et a1 (1980, 1981) , Motha and

Egerton (1983) , and Motha et a1 (1984) studied the transmission of REV

in turkeys ard chickens by neutralizing tests.

Smith and Witter (1983) developed an indirect enzyme-linked

immurosorbemt assay (ELISA) for antibodies against REV ard reported

that it was consistently more sensitive than IFA tests. The limits of

antibody detection by ELISA were comparable to those obtained in virus

neutralization but ELISA was simpler than the neutralization test.

No matter what kirds of assays were used, antibody-positive reactions

only demonstrate that the individuals or flocks tested had been

infected. We could not relate the results to the existing symptoms or

lesions in individuals or flocks. The antibody to certain specific

agents appear only a period after infection and may last a long period

after animals or birds recover from the infection, so it was not emelgh

to diagnose a infectiels disease only by detecting specific antibodies .

It was especially apparent in the case of REV infection because: (1)

the major defects caused by REV infection were nonspecific runting
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syndromes, immunodepression and tumors, making it meaningless to detect

only REV antibodies for the differential diagnosis until the viremia

was proved; (2) REV-infected birds with symptoms ard lesions may not

show any antibodies against REV due to immunodepression of REV. Bagust

and Grimes (1979) studied serological responses in chickens

experimentally infected with Australian strain REV/Q/1/73 at 1 day of

ageardfemdthatsemeinfectedbirdsneverdevelopedFAandAGP

antibodies against REV during the period of 26-56 weeks even themgh

persistent viremia ard seme tumors or other lesions were detected in

these birds. Witter et a1 (1981) further irdicated that chickens

inoculated as embryos with rd-REVs generally developed a "tolerant"

infection characterized by lack of FA antibody ard by a viremia that

was persistent threlgh 93 weeks although chickems developed tumors ard

other lesions. This may explain partially the fact that althelgh the

serological surveys have already shown that REV infections actually

were spread widely in the world among different avian species, its

econemic significance has yet not been recognized so far.

For the eradication program of REV, assays for REV antigen seem also

tobemuchmore importantthanthose forREVantibodies . Inseme

infectiels diseases, carriers with positive antibody response could

still shed infectiels agents such as the case of Salmonnella §p.

infection. The blood-agglutination tests were used as a very powful

assay to pick tp all antibody positive chickens or hens as Salmonnella

sp. carriers. But it was quite different in the case of REV infection.

All published data showed that REV viremia or antigenemia did not

coexist with antibody to REV in the same individuals. In the birds with

antibody response, there usually was no viremia or only transient
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viremia. REV viremia orantige'memia appeared mainly in "tolerant" birds

which were infected early in life ard never developed antibody response

(Paul et al, 1977 ; Ianconescu, 1978; Bagust and Grimes, 1979; McDougall

et a1, 1980; Bagust et al, 1981; Witter et al, 1981). Ianconescu (1978)

roticed that immunodepression of REV-infection on NDV antibody only

happeed in chickens which showed REV-antigenemia but no REV antibody

responseandthem: titertoNDVwasnormal inREV-infected chickens

which had REV-antibody response but no REV antigenemia.

It was experimentally demonstrated that REV celld be transmitted from

bird to bird either vertically by shedding virus particles into eggs

and semen, or horizontally by close direct contact. Usually only

infected birds which had viremia or REV antigenemia ard were

REV-antibody negative celld shed virus. Witter et al (1981) reported

that most nd-REV strain T- or CSV-infected chickens which developed

"tolerant" infection with persistemt viremia but without antibody

response could shed infectiels viruses into cloaca and eggs, the virus

transmitted to their progeny chicks even though at low frequency. Bit

no infected birds which developed antibodies against REV were able to

shed infectiels virus into cloaca or eggs. The same phememenon was also

reported by Bagust et al (1981) . Among five hens infected with

REV/Q/1/73 at 2 days of age by inoculation or contact, no REV was

detected in vaginal swabs and eggs frem four hens which developed

antibodies against REV. Only one hen which had persistent viremia but

no antibody response could shed virus from vagina, eye, mouth ard

feather pulp to infect other hens in contact with her in the same case

and also shed viruses into eggs from which the REV-infected embryos

developed.
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McDelgall et al (1980) compared the infectiels status of different

turkey greps infected with REV at different ages ard in different ways

for their viremia, antibody response ard virus shedding into eggs or

semen. Within the period of 26-40 weeks, all turkeys inoculated with

REV at 1-day-old developed a viremia which persisted through the period

of 40 weeks but almost no antibody-reaction. REV was femd to be shed

intosemenfrema35weekoldmaleturkey inoculatedwithREVat

1-day-old. In turkeys infected with REV by contact at 1-day-old or

inoculated with REV at 4 weeks of age, most developed precipitating or

reutralizing antibodies but almost no viremia. Also, no virus was

detected in eggs frem the latter turkey groups but passive antibodies

were felnd in 30-55% of eggs tested. About 27.5% of embryos derived

frem hens inseminated with the above REV-infected semen were

demonstrated to be infected when T‘EF culture from the embryos were

examined by IFA. The mortality ard the incidence of viremia and

leukosis in progenies of turkey hems inseminated with REV-infected

semens were much higher than controls.

The same results were also shown in ducks (Motha, 1984) . When ducks

were inoculated with REV/Q/1/73 at 1-day—old, both viremia ard antibody

response were developed in certain percentage within a period of 38

weeks: ard 85% of the eggs frem these ducks were infected with the

virus. When infected by contact at 1-day—old, however, all ducks

developed the antibody response but neither antigenemia nor shedding

REV into eggs were detected.

Motha et al (1984) reported the possible role of mosquitoes in the

mechanical transmission of REV in chickens. REV were isolated from

mosquitoes from pens with persistently viremic chickens . The virus was
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experimentally transmitted from persistently viremic donor chickens to

a recipient chicken by Ql_l_e_x annulirostris.

It becomes apparent on the basis of the above finding that detection

of REV itself was much more important than detection of REV-antibody in

irdividuals or flocks for both differential diagnosis ard eradication

programs.

The most reliable test for detecting REV frem materials to be tested

wastoinoculatethesuspectedsamples intocell culturesandexamine

the infection of cell cultures with REV antibodies by IFA test several

days after virus replication. Bagust and Dennett (1977) developed the

procedure for detection of REV antigen in CEF coverslips which had

been previelsly inoculated with different suspected samples. The

procedurewasrertinelyusedtodeterminetheviremia inchickensand

turkeys (Bagust and Grimes, 1979; McDougall et al, 1980: Motha, 1984) ,

and to detect virus shedd into eggs and semen (McDougall et al, 1981:

Motha, 1984, 1987), embryos (McDougall et al, 1981), swabs frem eye,

mouth, cloaca, nostril, rectmm ard vagina (Bagust et al, 1981), ard

mosquitoes (Motha, 1984). Smith et al (1977) developed a

micro-complement fixation procedure for REV antigens, designated as

(DEAR, which was possibly more sensitive than IFA for detecting

infection in cell cultures inoculated with suspected plasma. CDFAR

celld detect REV in samples only after amplification of REV in cell

cultures. It failed to directly detect REV gs-antigee frem egg albmmen

(Witter, 1982) .

Based on the virus replication, although the virus assay in cell

culture was the most sensitive test for detection of infectiels virus

particles, it was labor-intensive and costly in terms of materials. In
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addition, it would take several days to cemplete the test. It is not

therefore, practical for epidemiological surveys or eradication

programs in which a large number of samples should be tested.

Ianconescu ard Aharonovici (1978) developed a AGP assay with anti-REV

sermmtodirectlydetectREVantigeninseraofdlickens infectedwith

REVasaembryoorathatchingandsometurkeys orchickersof infected

field flocks. The assay was proved by Bagust and Grimes (1979) and

Motha (1984a) , they also successfully detected REV antigenemia in sera

of chickens or ducks infected at l-day-old with REV respectively. The

sersitivity of the AGP for REV antigen was not irdicated in their

works, but it was usually very low. When used as an antigen preparation

in AGP, in fact, REV-infected CEF culture fluid had to be 6-10 fold

(Ianconescu, 1977) or 20—fold concentrated (Yuasa et al, 1976) to show

1p the precipitate line for detecting REV antibody. The experiment

irdicated (Maldonado and Bose, 1976) that 2 ug of purified

grep-specific antigen p29 in 10 111 per well had to be used for

demonstrating a precipitate line in AGP. It suggested that only serum

samples with REV titer higher than REV-CEF culture fluid could be felrd

positive for REV antigen in AGP. In most infected birds in the fields,

REV viremia or antigenemia is unlikely to be detected at so high level

. In addition, the AGP was not reported to detect REV antigens frem

other kirds of samples. For eradication programs, there is need to

idemtify as many REV-shedding birds with viremia as possible.

Apparently, AGP is not sensitive enough for the tasks. Somme more

sersitive ard simpler assays would be required.

For direct detection of ALV, another retrovirus which caused lymphoid

leukosis in chickens, Smith et al (1979) established an ELISA procedure
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which celld detect as little as 2—3 ng of ALV protein. When a

biological assay, i.e. , phemotypic mixing (PM) was the criterion for

the infectious status of specimens, the ELISA consistently identified a

greater percentage of virus-positive specimens than direct CF tests.

Over 95% concordance was obtained between the ELISA ard PM bioassays

whem meconia and whole blood samples were tested. It celld be used to

detect the virus in different kirds of samples, such as meconia, egg

albumems, cloacal swabs, blood ard sera. They assumed that the ELISA

would detect about 5x103 infectious units per ml.

In the last decade, more ard more experiments have shown that ELISA

is a very sesitive, rapid and inexpensive assay for detecting

differemt kirds of antigens. It has beem successfully used for

detection of hemorrhagic enteritis viruses (HEV) in infected turkey

samples (Ianconescu et al, 1984) , hepatitis B surface antigem (Deepak

et al, 1985; Gadkari et al, 1985) , rotaviruses in faecal samples

(Kjeldberg ard Mortensson-Egmmd, 1982; Chernesky et al, 1985) ard

sewage sludge (Agbalika et al, 1985) , respiratory syncytial virus (RSV)

in infants and small children (Hornsleth et al, 1986) , adenovirus in

faeces extracts (Johansson et al, 1985; Mortensson—Egnund ard

Kieldsberg, 1986) , and SV40 virus antigen in contaminated poliovaccine

(Edevag et al, 1985) . Hornsleth et al (1986) reported that the ELISA

would detect 0.5-1.0 ng RSV-protein. Binnema et al (1986) also

developed an ELISA for urokinase with a detection limit of 100 pg/ml.

By use of MCA to specific antigens, ELISA has been used for detection

of feline leukemia virus p27 antigen in cat serum (Iutz et al, 1983) ,

Semlik forest virus in virus-infected cells with threshold betweem

105-106 pfu/ml (van Tiel et al, 1984 and 1985) , and canine
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parvovirus antigen in fecal samples with adetection limit of 1.5 ng of

virus (Middbraund, 1984) . Because of its high sensitivity and

specificity, ELISA with MCAs has been further used to identify or

quantify some biochemical molecules such as PiZ alpha l-antitrypsin

(GFAP) in human serum (Wallmark et al, 1984) , soluble human glial

fibrillary acidic protein with a working range of 1-600 ng GFAP /ml in

felr layer system or with a working range of 0.5-60 ng GFAP /ml in five

layer system (Albrechtsen et al, 1985) , human lysosome

alpha-glucosidase (Henkel et al, 1985) , some hormones (Hanquez et al,

1987) and tissue type plasminogen activator (t-PA) with a working range

of 0.4—15.2 ng/ml plasma (Korninger et al, 1986) . Thus, when MCAs

against REV become available, it is expected that an ELISA procedure

for REV antigen could also be developed. Such an assya should be more

sensitive than AGP for the direct detection of REV antigen in various

samples. In addition, it should be possible to identify positive

individuals in a flock by testing the same samples in ELISA for ALV and

REV simultaneously and greatly facilitate eradication programs against

ALVandREV.

Monoclonal antibodies and their application in biology

Hybridomas growing in cell culture or mouse peritoneal produce

homogeneous immunoglobulin species, the antigen—binding variable region

of which is reactive with only the same antigenic determinant or

epitope. Because of its high specificity and titer, MCAs have been

widely used in almmost all aspects of biological research since Kohler
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and Milstein (1975, 1976) developed the hybridoma technique. The

following applications are corducted and included in this dissertation:

MCA as a fiific and sensitive reagent for differentiation or

definition of antigenical molecules in small mtage of the

biolgical mlexes

MCAs have often been used for identifying tumor-specific or

tumor—associated antigens, such as lung cancer markers ( Hirota et al ,

1985) , mammary tumor markers (Colcher et al, 1981; Schlem et al, 1985) ,

melanema tumor-associated antigens (Kan-Mitchell et al , 1986;

Yamaguchi, 1987) , a human tumor-associated glycoprotein (Johnson et al ,

1986) , a Burkitt’s lymphoma-associated antigen (Lipinski et al, 1982) .

In animals, MCAs defining chicken Marek’5 disease tumor-associated

surface antigen were developed (Lee et al, 1983; Liu and Lee, 1983;

Itkata et al, 1984) . Artus et al (1986) developed MCAs recognizing

tumor-associated antigens in X-irradiated C57BI/6 mice. Also, MCAs

would be used for differentiation or defining other cell components

which celld not be easily detected by polyclonal antisera otherwise,

such as or Con-A rat lymphocyte activation antigen after stimulation by

Con-A (Uede et al, 1986) .

In veterinary medicine, MCAs were successfully developed for

differentiation of virus strains with minimal antigenic differences.

lee et al (1983) established a panel of MCAs which could be used for

distinguishing three serotypes of the herpes viruses including

pathogenic strains of MDV, nonpathogenic strains, and herpes virus of

turkeys. For Newcastle disease viruses (NDV) , Srinivasappa et a1 (1986)

generated a MCA which reacted to high titer in
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heamagglutination-inhibition tests with only lentogenic vaccine strains

cemronly used in the United States. It would help differentiate flocks

vaccinated or infected by velogenic or mesogenic virus strains . Lee et

al (1986) established a hybridoma cell line which reacted with

exogenelsALVsubgrepsA, B, CardDatanantibodytitermptoLOOO

fold higher than with endogenous subgroup E RAV-O strain in irdirect

ELISA. It offered the potential for developing immunological test to

differentiate exogenels ard endogenous ALV strains. Lutz et a1 (1983)

screeed three MCAs against major core protein p27 of FeLV, capable of

distinguishing all FeLV isolates from other retroviruses (MuLV, MpMV,

MmlI'V, SMRV, BHEV). By using MCAs, Stanley et al (1987) showed that the

variants of Visa virus, a retrovirus which caused encephalitis,

pnemonias ard arthritis in sheep ard goats, miglnt emerge more

frequently during persistent infection than could be detected by

polyclonal immune sera.

It is expected appropriate MCAs would be able to distinguish

different REV strains, otherwise undistiguishable by use of polyclonal

antiserum.

& as an immunolgical reagent in develgipg' more mific and

sensitive diagnostic assays for infectious diseases

Taylor (1984) prepared a fluorescencein—conjugated MCA to detect

chlamydial eye infection. The assay might be even more sesitive than

culture ard detect lower levels of infection. It celld be a rapid,

efficient ard inexpensive method of diagnosing ocular chlamidial

infection. Morris et al (1985) found that MCAs to the K99 fimbrial

adhesin produced by E. coli enteropathogenic for calves , lambs ard
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piglets celld be used as diagnostic reagent. Using the slide

agglutinatien test, the reaction of MCAs was identical to those of a

polyclonalantiserumtoK99whenbothwereusedinparalleltoexamine

1,408 K99+ E.coli. When MCA was established, it would be a much

cheaper reagent than polyclonal antiserum for diagmostic purpose.

MCAsweremorewidelyardsuccessfullyusedinELlSAtodetectsmall

number of antigens as mentioned in detail just above.

Q as a mtially pggerful tool to characterize structural and

ional ies of virusprotein commode-2mg;

Although polyclonal antisera had been used for analyzing protein

components of many kirds of viruses, their multiclonal nature prevents

precise identification of cross-reactive antigenic determinant and

determining the relationship between protein structure ard their

functions. As an example, Ikuta et al (1981) and van Zaane et al (1982)

identified 46 MDV viral proteins ranging frem 19-350 KD or 35 MDV viral

proteins ranging frem 20-160 K1) in immunoprecipitation with anti-MDV

sera, but they celld not demonstrate any relationship among these

proteins. By using a panel of MCAs against MDV, Silva and Lee (1985)

have shown that MDV ard HVI' glycoprotein gplOO, gp60, gp49 might belong

to the same protein family antigenically, and three non-glycoproteins

p41, p38 ard p24 belong to another family antigenically. Similarily,

Pereira et al (1984) identified human cytomegalovirus (CMV)

glycoproteins by MCAs ard divided them into four antigenically distinct

greps: gA, gB, gC ard gD. Each grep except gB formed several bards

when immure precipitated frem infected cell extracts. They showed that

gp160-148K, gpl42K, gpl38K, gp123-107K, gp95K and gp58.5K belonged to
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the same family. The partially glycosylated precursors of these

proteins were also identified.

Especially, MCAs celld help to relate protein components of virus to

their correspording immunological functions. Roehrig et al (1982)

reported by using mes against Venezulan equine encephalomyelitis virus

(VEEV) that the biological function of heamagglutination ard virus

neutralization were primarily associated with only one antigenic

epitope present on the virus glycoprotein gp56. Collins et al (1984)

defined neutralizing determinant of bovine herpes virus I polypeptides

ard showed that two MCAs which were the most efficient in

reutralization recognized a non-glycosylated protein of 115 KD.

Neutralizing epitopes were also located on a glycoprotein of 82 KD ard

a five-glycopolypeptide-grep ranging in size from 102 to 55 KD, but

neutralizing ability was limited on a non-glycosylated polypeptide of

91 KD. By cembined use of MCAs and EM, Taniguchi et a1 (1985)

demonstrated that htman rotavirus VP3 protein of 82 KD was located on

the erter shell of the virus particles ard neutralizing MQAs were felnd

to agglutinate exclusively double-shelled particles and be directed to

the elter capsid protein. According to antigenic analysis of equine

infectiels anemia virus (EIAV) , Hussain et al (1987) showed that

neutralizing MCAs apparently reacted with strain variable regions of

the virus envelope gp90 but the MCAs which reacted with conserved

epitopes on gp90 to gp45 failed to neutralize EIAV. They also felrd

that the conformation of different neutralization epitopes appeared to

be continues as they resisted treatment with SDS ard reducing

reagents. After testing a panel of ecotropic and xenotropic MuLVs by

MCAs, Gambke et al (1984) revealed that ecotrop-specificity was
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related to p15E/p12E, xerotrop-specificity to p15E, grep-specificity

to p30 ard p15E of virus protein components respectively. The cytotoxic

determinants localized on p12.

It was also expected to further analyze molecular structure of REV by

Ms when available. It celld help to urderstard which protein(s) would

be responsible for strain-specificity or group—specificity and

neutralization ability.

MCA as the exclusive reagent to map epitgg on protein mnents and

relate the epgtgpe_s to their biolgical functions.

All kirds of proteins or antigenil molecules consist of many

different antigenic determirants or epitopes on the same moleelle. In

most cases, only seme critical epitopes or domains are mainly

responsible for their specific biological activities. It is impossible

to recognize or identify different epitopes on specific moleelles

unlessMCEsaretobeused. AsMCAstodifferentepitopes onthesame

moleelle became available, it would be possible to topologically map

antigenic sites on the same protein molecules ard define the

relationships between structural domains and biological functions of

the molecules.

By using six MCAs specific for the hemagglutinin-neuraminidase (HN)

molecule of the parainfluenza type 1 virus and competitive birding

assay (CBA) in radioimmmunoassay (RIA), Yewdell and Gerhard (1982)

detected four distinct antigenic sites on the HN molecule. Althelgh

antibodies to each site had similar potencies in hemagglutination

inhibition tests, antibodies to sites A and C or D differed

approximately loo-fold in their potency to neutralize the virus. Also,
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the antibody to site A strongly inhibited viral neuraminidase activity,

whereasantibodiestositesCandDenhancedtheneuraminidase

activity. Only antibodies to sites C ard D fornmed precipitates in

Ouchterlony delble diffusion against detergent-disrupted virus.

Roehrig et al (1983) identified eight epitopes on the E glycoproteins

ofSaintIelisencephalitisvirususingMCAsonthebasis of

hemagglutination-inhibition ard virus neutralization tests. Analysis of

the spatial arrangements of these epitopes using competitive birding

assays with representative was irdicated that the E glycoprotein of

the virus was a continuum of six overlapping domains.

Heinz et al (1983) analyzed topological ard functional relationship

among epitopes on the structural glycoprotein of tick-borne

encephalitis (TBE) virus in haemagglutination inhibition (HI) ,

neutralization ard antibody blocking assays with MCAs. Seven out of the

eiglnt distinct epitopes were shown to be partially linked ard to

cluster in two antigenically reactive dommains (A,B) . Demain A was

defined by three I-II antibodies, two of which were flavivirus

grep-specific, whereas the third was TBE virus subgrep specific.

Within the demain, only the subgrep-specific antibody was involved in

virus neutralization. Domain B was composed of three TBE-complex

reactive epitopes, and corresponding antibodies inhibited HA and

neutralized the virus. By using corresponding MCAs, Kimura—Kuroda ard

Yasui (1983) made a topographical analysis of antigenic determinants on

envelope glycoprotein V3 (E) of Japanese encephalitis virus in the

relationship to their biological functions . Their results suggested

that the hemagglutination inhibition (HI) sites on the protein were

separated from the neutralization sites and there were two distinct HI
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sites, one of which was flavivirus cross-reactive, the other subgrep

specific.

The relationships between antigenic epitopes ard their neutralization

or heamagglutirnation abilities have also been analyzed with vesicular

stenatitis virus ( Bricker et al, 1987) , avian infectious bronchitis

virus (Niesters et al, 1987) , bovine coronavirus (Deregt ard Babiuk,

1987) foot-ard-mouth disease virus (Pfaff et al, 1988) , ard Simnian

rotavirus SAll (Burns et al, 1988) by using the corresponding MCAs.

Oempetitive inhibition studies demonstrated that 57 MCAs to tetanus

toxoid recognized respectively at least 20 different epitopes on the

toxoid molecule. All neutralizing antibodies bound to epitopes on the

heavy clnain of the tetanus toxin. Neutralization of toxicity was

affected by nine distince MCAs. Mixtures of two, three, ard four

different MCAs experted a synergistic effect of ZOO—fold over that

observed with irdividual MCA, irdicating that efficient neutralizing

might involve the simultaneous binding of at least two antibody

molecules to different specific regions of the toxin molecule.

The topological mappirng of antigenic epitopes or antigenic sites with

corresponding MCAs were also made on other virus structural proteins,

such as yellow fever virus envelope protein (Schlesinger et al ,1984) ,

Dengue-2 virus NSl protein (Henchal et al, 1987) , sheep or goat Visna

virus envelope glycoprotein (Stanley et al, 1987) , bovine leukemia

virus envelope glycoprotein gp51 (Bruck et al, 1982) , mnurine leukemia

virus proteins (Stone ard Nowirski, 1980) , influenza NPR/W34 virus

hemagglutinin (Lubeck ard Gerhard, 1981) , feline leukemia virus core

protein p27 (Intz et al, 1983) , surface glycoproteins of Venezuelan

equine encephalomyelitis virus (Roehrig et al, 1982) ard bovine
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herpesvirus (Collins et al, 1984) . Even on the hapten penicillin, at

least three epitopes were recognized by MCAs (de Haan et al, 1985) .

Determination of the epitope-Specificities of MCAs

As a prerequisite for mapping epitopes on protein molecules, the

epitope-specificity of MCAs produced by each irdividual hybridema clone

reedstobedeterminedorcemparedtoeachother. Forthispurpose, the

competitive birding assay (CBA) has been used in either

radioimmnunoassay (RIA) or ELISA. No matter which assay is used, the

mechinismforCBAremainsthe same. IftwoMCAsamplesareagainstthe

same epitope or closely related epitopes , they would demonstrate

competitive birding properties. On the other hard, if the two epitopes

are at sufficiently distant sites on the same protein molecule, their

correspording MCAs would not bind competitively (Stone and Nowinski ,

1980) . Further, Luberck ard Gerhard (1981) interpretated the CBA by a

number of different mechanisms: (1) two competing antibodies might bind

to structurally overlapping epitopes; (2) two antibodies might

recognize structurally nonoverlapping epitopes situated in close

proximity (birding of a probe might thus be hirdered due to steric

constraints resulting from the size of the competing antibody

molecules); and (3) birding of an antibody might allosterically alter a

second antigenic site.

The basic principle for CBA in either RIA or ELISA is similar. The

only difference is that 1251 and enzyme-substrate system are used as

indicators in RIA and ELISA respectively. Stone and Nowinski (1980)

developed a CBA in RIA for identifying the epitope-Specificities of
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lies to MuLV proteins . Briefly, the 96-well micro plates are previelsly

coated with the correspording virus proteins . The CBA test was carried

elt as follows: (1) each M0. to be identified in certain dilutions was

added into wells of plates as competing antibodies ard then washed away

after a certain incubation period; (2) 125-radiolabeled antibodies of

each sample to be tested were added into the wells ard then washed away

after a certain incubation period; (3) the immune reactions were

detected by autoradiography of the plate on Kodak films. If non-labeled

carpeting antibodies and 1251-labeled antibodies were against the

same epitope or spatially-related ,eitopes , immune reaction would be

inhibited according to the darkness on the film. Otherwise, competing

antibodies would not give any effects on the immune reaction of

radiolabeled MCAs with the antigen coated on the plates . Similar

procedures have also been used by other workers for determination of

epitope-specificities of MCAs against influenza NPR/8/34 virus

hemagglutinin (lubeck ard Gerhard, 1981) , bovine leukemia virus (Bruck

et al, 1982) , paramyxovirus glycoprotein (Yewdell and Gerhard, 1982),

yellow fever virus envelope protein (Schlesinger et al, 1984) , Dengue-2

virus NSl protein (Henchal et al, 1987) or tetanus toxin (Volk et al,

1984) , but radioactivity of bound labeled antibodies was detected in

gamma celnter instead of by exposure to the film. Heinz et al (1983)

determined epitope-Specificities of MCAs to tick-borne encephalitis

virus by CBA in RIA with a modification in which polystyrene beads

instead of plates were coated with virus antigens. No matter which

kinds of modification were used for CBA in RIA, each MCA had to be

purified ard radiolabeled with lzsiodine. The unlabeled MCAs that

reduced binding of the 125I—1abeled antibody by a certain extent were
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assmed to be recognizing an identical determninant or those in close

enough proximity to sterically hirder the binding of the RSI-labeled

Similarly to the above competitive RIA, Roehrig et al (1982) developed

a competitive ELISA to determine the epitope-Specificities of MCAs

against Veezuelan equine encephalemyelitis virus. They conjugated

alkaline phosphatase to each purified MCAs to be tested and color

reaction of enzyme-substrate instead of 125I-labeled MCA was used as

indicator of immune reactions. Briefly, starting with a concentration

of 1 mg/ml, 50 ul of two-fold dilutions of each competing nonconjugated

MCA IgG was mixed with 50 ul of a certain dilution of MCA IgG-enzyme

cenjugates. The mixture was allowed to equilibrate for two heirs at

37°C in 96-well plates precoated with the correspording virus

antigen. The plates were rinsed, 100 ul/well of substrate was added,

and immune reaction was recorded by measure of O.D. of solution in each

well. The O.D. reading could be ploted in curves. As for competitive

RIA, the color reactions of enzyme-conjugated MCAs welld be inhibited

by the hemologous connpeting MCAs or closely related competing MCAs. In

contrast, there welld be no inhibition between MCAs recognizing

spatially unrelated different epitopes. Kimura-Kuroda ard Yasui (1983)

also used competitive ELISA for analysis of epitope-Specificities of

lies against Japanese encephalitis virus. In their study, the

horseradish peroxidase was used for conjugation of MCAs. A formula,

[100 (A-n) ]/ (A-B) , was proposed for determining the percentage of

cetpetitions, where A was OD in the absence of competing antibody, B

was OD in the presence of homologous antibody, and n was OD in the

presence of conmpetitor. The competitive ELISA had been used to
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determire epitope-Specificities of nets against other antigen system,

such as feline leukemia virus (Lutz et al, 1983), Saint Louis

encephalitis virus (Roegrig et al, 1983) , and bovire herpesvirus

(Collins et al, 1984) .

For comparing epitope-specificity of MCAs against sheep ard goat

Visa virus, Stanley et al (1987) made a minor modification in

cempetitve ELISA. In their study, the purified MCA IgG was

biotinylated. The bourd biotinylated MCA IgG in the competition birding

assay was detected by usirng streptavidin—horseradish peroxidase ard

substrate.

No matter what kind of modulations in the assays is used, however,

MCA sample to be identified has to be radio-labeled with 1251 or

conjugated to enzymes . Neither cempetitive inhibition RIA ror

cempetitive inhibition ELISA could determine the epitope-Specificities

of hybridemas by using hybridoma culture fluids in the primary

screening stages. Each positive hybridoma has to be recloned, kept in

liquid nitrogen for several months , injected into mice for ascitic

fluid with high antibody titers befor preparing the competition birding

assays. They are intensive and require a large amount of reagent for

testing a large number of samples. They are thus not well adapted for

wide use in biological studies. Friguet et al (1983) discribed a simple

ELISA procedure for identification MCA epitope-specificity on the basis

of additive effect of different epitopes. Their assay did not require

conjuatirng each MCA sample to enzymes, although still required the

asctic fluids . However, the procedure was rarely reportedly repeated by

others . Obviousely, it would be helpful if hybridomas could be
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identified for their epitope—specificities durirng the primary screenimng

period by an assay which does not require purified MCA IgG fronm asitic

fluid, labelling or conjugating MCA samples with 1251 or enzymes.
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mtien ard Engicatien of viruses. Nordefective REV strain

T (Robinson et al, 1974) and strain cs (Cook, 1969) that had been

cloned three times (Witter and Critteden, 1979; Witter et al, 1981)

were used. These viruses were propagated in chicken emnbryo fibroblasts

(CEF) . Briefly, CEF frem ll-day-old line 0 embryos were cultured in 150

mm Falcon plastic plates containirng Leibovitz-McOoy medimm spplenented

with 4% calf serum. When the culture became confluent, the

coroentration of calf serum was reduced to 1% for maintenance of CEF

growth, ard 0.2 m1 of supernatant fluids of REV infected CEF culture

was iroculated into each plate. Medium was clanged every other day. For

large-scale production of virus, strain T or CS was cultured in roller

bottles as described by Smnith et al (1977) . Ollture fluids were

collected every other day ard were centrifuged at 21,000 rpm for 45 mnin

by using a Becknman SW 27 rotor in a Model L2-65B ultracentrifuge. The

virus pellet was collected, ard suspeded in 0.01 M Tris buffer

(pH7.5) , and was stored at -2o°c (Smith ard Witter, 1983) . Virus was

purified threlgh a continmlels sucrose gradient of 10-52% (W/W) by

centrifugation at 45,000x g for 1 hr. as described by Iee et al (1971) .

The purity of the preparation was verified by electron microscopy in

negative staining with 2% PI‘A, pH 6. 8 . The protein concentration of the

purified virus was measured by the method of Lowry et a1 (1951) .

Immizatien fusion ard selection of hybridomas. Inbred BAIB/c

 

mice were immunized i.p. with purified virions of strain T (0.5 mg

protein per immunization) or with strain T-infected CEF (2 X 107

cells). The mice were reimmurnized i.p. after 28 days, followed by

56
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arnother i.p. boosting immunization 21 days later. Three days after the

final i.p. immunization, spleens were removed, ard the splenocytes were

fused withNS-l myelema cells at a ratio of 5:1. Fusion procedures ard

cell enlture conditions were according to published methods (Lee et al ,

1983) . The hybrid cells were dispensed into 96-well Costar 3524 tissue

culture plates. Begirnmning between days 8 and 12, the medium frem wells

showing cell growth was screened for antibody activity against strain

T-infected CEF (T—CEF) or purified strain T virus by irdirect

enzyme-linked immunosorbent assay (ELISA) . Hybrideras that produced

antibody positive for REV were transferred into 24—well plates for cell

expansion and additional testing against strain (B-infected CEF

(CS-CEF) or purified CS virus for strain specificity. Hybrideras

producilng antibodies of interest were cloned by limiting dilution in

96-well plates. Ascitic fluid was produced by the i.p. injection of 3 x

106 from each cloned hybridema into BALB/c mice primed 10 to 14 days

previensly with 0.3 ml of pristane (2,6,10, 14-tetramethyl pentadecane,

Aldrich Chemical Co. , Milwaukee, WI) . Ascitic fluids were harvested,

were clarified by centrifugation, and were tested for antibody titers

by edpoint dilution in ELISA ard fluorescent antibody tests.

ELISA of ' 'denas. Hybridema culture

snperratantsampleswerescreenedbyirderectELISAbyusing

REV-infected CEF (REV-CEF) . The procedure for ELISA was as described

(Chen et al, 1984) . Briefly, 96-well microtiter plates (micro ELISA

plates, Dyratech, Alexardria, VA) were coated with 3 to 4 x 104

REV-CEF or normal CEF by centrifugation, or were coated with 200 ng of

sucrose gradient purified virus in pH 9.6 carbonate buffer in a vol. of

100 ul per well overnight at room temperature. Plates coated with
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purified virus were blocked with 3% bovine serum albumin (BSA).

Hybridema culture supernatant (100 ul) or different dilutions of

ascitic fluid were added, and were inanated of 1 hr. at 37°C.

Wantibodieswereretovedbywashingtrmeetimeswithwashing

buffer (phosphate-buffered saline with 0. 1% Ween-80) . Anti-moused

IgG(HH-L)-peroxidase conjugate (100 ul) (Miles Scientific, Naperville,

IL) in a dilution of 1:1000 with 3% BSA was added to the wells and was

incubated for another 1 hr at 37°C. Wells were washed three times

again to remove unbound conjugate. Freshly made substrate (100 ul of

0.08% aminosalicylic acid and 0.005% hydroge'x peroxide in 0.02 M

phosphate buffer, pH 6.0) was added to each well. Plates were kept at

roomtemperature forlhr. AbsorbanciesweremeasuredinaELISA

minireader (Dynatech, Alexandria,VA) . The reading was adjusted to zero

absorbancy with a control well containing substrate only. The wells

were considered positive if absorbancy obtained with REV-CEF or

purified REV was 2.5 times higher than that with normal CEF.

Anti-REV rabbit serum. Approximately 2 mg

sucrose-gradient-purified strain '1‘ virus protein were emulsified 1:1

(v/v) in Freund’s complete adjuvant and were injected 5.0. at multiple

sites at the back of rabbits . Tweenty—one days later, three more

boosters with the same amount of virus protein in Freund’s incomplete

adjuvant were administered in 2-week-intervals. Two weeks after final

immunization, rabbits were bled, and serum was separated. The

hyperimmunized anti-REV antiserum was adsorbed with normal CEF cells to

remove antibody activity to normal CEF as described by Smith et al

(1977) . The adsorbed antiserum gave an endpoint titer of 1:4,000 to

6,000 in ELISA against REV-CEF.
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Mitive irhibition ELISA. Ascitic fluid was purified by

precipitation twice with an equal volume of saturated ammonium sulfate

and was dialyzed against PBS overnight at 4°C. Purified IgG thus

obtained were used as competing MCA, as well as for conjugating with

horseradish peroxidase (Sigma Chemical Company, St. Louis, 14)) as

described by Nakane and Kawaoi (1974) . The conceitration of IgG was

measured by the method of Lowry (1951) . The optimal dilutions of the

different MCA conjugates were determined in an indirect ELISA. For the

canpetition experiment, 100 ul of purified MCA in difth

concentrations on PBS were first added into wells precoated with

sucrose gradient-purified REV strain T and were incubated for 1 hr. at

roam temperature. Plates were washed once with PBS. Different MCA

conjugates (100 ul) diluted in 3% BSA were added and were incubated for

1 hr. at room temperature. The remaining procedure followed that ELISA

descrbibed above.

FA test. The secondary CEF cells grown on coverslips were

infected with strain T or (B. After 5 to 6 days, the coverslips were

harvested, and were fixed in cold acetone:alcohol (6:4) for 2 min., and

were dried at room temperature. Hybridema culture fluids or ascitic

fluids in different dilutions were tested for REV by using an indirect

fluorescent antibody procedure similar to that described by Witter et

a1 (1970).

Labelm’ of REV-CEF andmrecipitatiog. Labeling of REV-CEF

with [35 ] S-methionine and immunoprecipitation of cell lysate with

S.aureus was conducted as described by Silva and Lee (1984) . Briefly,

StrainT—orCB- infectedCEFcultures at5to6days after infection

were labeled with medium containging 50 uCi/ml of [BSSJ-methionine
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(Amersham Corp., Arlington Heights, IL) for 4 to 6 hr. The labeled

cells were lysed in lysis buffer containing 150 mM NaCl, 1% sodium

dodecyl sulfate (305), and 10 mM Tris-HCl, at pH 7.5. The labeled cell

lysate was aliquoted and were frozen at -70°C. [3581-methionine

labeled normal CEF lysate was used as a negative control . For

experiments for glycoprotein determination, strain T-infected cells

were labeled with [3H]-glucosamine (Amersham Corp., Arlington

Heights, IL) at 50 uCi/ml for 6 hr. in Flo-199 medium containing

fructose instead of glucose. For some experiments, T-CEF were incubated

in labeling medimm with 2 ug/ml of tunicamycin to inhibit

glycosylation. The Oowan I strain of S.aureus was used for

immunoprecipitation, and a 7 . 5% to 20% SIDS-polyacrylamide linear

gradient gel was prepared for electrophoresis as described by Silva and

Lee (1984) .

Protein Aggld immune labellmq' REV virions for transmission

electrm 'mic ecamimtim. The immmo-labeling of virus

particles was conducted as described by Groscurth et a1 (1987) . Grids

were covered with colloidian film and coated with carbon (Klomparens et

al, 1986) . A drop of purified REV strain T virus suspension (about 0.8

mg protein per ml) was put on several precoated grids, and kept for 10

minatroomtenperature, andwasdrainedby touchingthe edge ofgrids

with filter paper, and air-dried for 2 hr. at 37°C. A drop of 3% BSA

wasputonandkeptforlhr. atroomtenperature, andthenwasdrained

with filter paper. A drop of ascitic fluid of MCA 11A25 or myeloma NS-l

cell ascitic fluid (as negative control) in dilution of 1: 100 in 1% BSA

was loaded on the grids respectively, the grids were kept in petri

dishs with water-saturated filter paper and incubated with the ascitic
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fluids overnight at room temperature. The next day, ascitic fluids

were drained, and the grids were placed in PBS with 0.1% EA, the

mfferweredzangedseveraltimes inlhr. before loadingadropof

1: 160 gold-labeled protein A ( with particles of 5 nm in diameter,

Sigma Chemical Oampany) in 0.1% EA on the grids and incubating for 2

hr. at room temperature. The grids were washed 3 times with distilled

water, then stained with 2% uranyl acetate for 1 min. and air dried.

Samples were examined with Philips 201 transmission electron

microscope.

Nertralization test. Virus-neutralizing ability of MCAs were

tested in two ways of FA or ELISA. By using FA test, a series dilution

of REV strain T‘ virus stock (REV-CEF supernatant with ELISA titer of

1:128) were mixed with different M05. ascitic fluids in 1:50 dilution

with culture medium respectively and incubated for 20 min at room

temperature. 35 mm plates with precultured CEF cell monolayers were

infected with each mixtures above and incubated at 37°C for 2 hr. The

fluids were poured off from each plate and 2 ml of 0.7% agar solution

with fresh medimm (prewarmed at 50°C and filtered through 0.45u

filters) was placed on the plates. The plates were cooled at room

temperature for 30 min. and incubated at 37°C. for 5-6 days. The

agar-layer was taken off from plates and plates were fixed with cold

acetone:alcohol (6:4) for FA staining as above. The virus infectivity

of CEF monolayers of plates infected with differeat dilutions of virus

stock were compared for various MCAs to that for NS-l ascitic fluid to

determine the virus-neutralizing ability of each MCAs. By using ELISA,

96-well plates with precultured CEF monolayers were infected well by

well with the mixtures of a serious dilutions of REV strain T stock as
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above with different MCA ascitic fluid samples or NS-l ascitic fluid in

dilution of 1:50 with culture medium respectively and incubated at

37°C. Two days later, supernatants of each well were changed with

fresh media without MCAs for each wells separately every another day.

The culture supernatants of each well were also saved four days after

infection and tested for REV antigen by ELISA as described in the

followings. ELISA titers of wells infected with each mixtures of Virus

suspension in different dilutions and various MG; samples were compared

to determine the virus—neutralizing ability of MCAs.

W’'0 ELISA (sELISA) for Qimificig of Ms.

96-well micro-ELISA plates were precoated with purified REV or REV-CEF.

But proper coating concentrations of antigens had to be determined in

the preliminary tests to be certain that the amount of virus antigen

coated to the plates was just high emough to keep the plateaus of

ELISA reading in the range of about 0.8—1.2 when a single individual

MCA sample in series of dilutions was tested. Finally, 96-well plates

were coated with 3 x 104 REV—CEF per well by centrifugation, or were

coated with 150-200 ng of purified REV in pH 9.5 carbonate buffer in a

vol. of 100 ul per well overnight at room temperature. Plates coated

with purified virus were blocked with 3% EA. Before running sELISA

itself, each MCA samples should be titered in precoated plates

individually and a proper dilutions of samples need be chosen in the

assaytoinsurethatall samplestobetestedwouldgiveELISAreadings

at the similar level . Otherwise, it would give a large variation to

bother the statistical analysis or give a false conclusion in the

assay. The key point of sELISA is to set up a number of duplicate wells

for adding either each single individual sample or mixtures of
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different pairs of samples to be compared. If only one sample would be

compared to other different samples in an experiment, for example, 50

ul of the sample on the proper dilution was added to each well of a

precoated plate followed by adding 50 ul of the same sample and other

different samples in the prejusted dilutions to each well of different

columns (8 duplicates for each of 12 comparisons) or rows (12

duplicates for each of 8 comparisons) with multiple-channel pipet. If

several different samples should be cross-compared in the assay at the

same time, for example eight samples, 50 ul of a sample were added to

all wells of one column (1 through 8) for each individual sample

respectively followed by adding another 50 ul of a sample into all

wells of different rows (A through H) with each individual sample

again. In this case, 4 plates would be used to get 6 duplicates of each

single sample and 12 duplicates of mixed samples for one pair of 8

comparisons. After samples were set up, the further steps were carried

out as the ordinary ELISA as the above. But special attention was

require so that each plates should be read at the same time after

adding substrate to decrease variations between plates . The numbers of

replications of each single individual sample in a pair are not

restricted seriously, usually 6-12 replicates should be enough to show

up the synegistic effect if there is some. Definition of relationships

of different MCA samples in their antigenic determinants was dependent

on the analysis of ELISA data by statistical method and each pair of

samples were analyzed separately. The mean value of ELISA readings in

wells added with the mixture of the two samples was compared to the

mean value in wells with the single individual samples of the pair by

student’s t test for two means (Gill, 1978) . If the mean values in



64

ELISA reading of wells with mixed samples are significantly (p<0.05)

larger than that in wells with single individual samples of a pair, two

hybridema samples in the pair could be judged to have different

epitope-specificity provided that dilutions of each samples were chosen

properly and the ELISA readings for each single samples were at a close

level . The experiments would not be thought valid for the conclusion if

themeanvalue inELISAreadings ofwells withmixed samplesare

smaller than a mean value of wells with any single sample of a pair.

Itprobably happens when dilutions of samples were not chosen properly,

i.e. ore’s readings in ELISA is much higher than another’s in a pair.

In contrast, two hybridema samples would be thought to be against the

similar or close related epitopes if the mean value in wells with mixed

samples is not significantly different from that in wells with single

individual samples of the pair (p>0.05) .

ELISA for ' REV anti in various les.

Microtiter plates (Dynatech, Alexandria, VA) were coated with mixture

of Ms 11A25 and 11C237 in dilution of 1:1,000 each in 0.5 M carbonate

coating buffer, pH 9.5, 100 111 per well, overnight at room temperature.

Plates were washed once with pas, air dried, and kept at 4°C until

use. To detect REV antigen in samples to be tested, 100 ul of plasma or

infected CEF culture supernatant with or without PE dilution were

added into wells precoated with MCAs 11A25 and 11C237. The mixture was

thenincubated for2hrsatroomtemperature. Plateswerewashedthree

times with washing buffer (pH 7.2 PE with 0.1% Tween-80). The adsorbed

anti-REV rabbit serum at a dilution of 1:600 in PE in a volume of 100

ul was added to each well. Incubation was for 1.5—2 hrs at room

temperature. To remove unbound rabbit serum, plates were washed three



65

times with washing buffer. 100 ul of anti-rabbit IgG peroxidase

conjugate (Miles Sciertific, Neperville, IL) at a dilution of

1:800-1000 in 3% bovire serum albmmmin (EA) were added into each well

and incubated for another 1.5-2 hrs at room temperature. The plates

werewashedthreetimesagaintoremoveunboundconjugate, 100ul of

freshly-made substrate (as the above) was added to each well, and the

plates were kept for 40-60 min at room temperature. Absorbancies were

measured in a ELISA minireader (Dynatech, Alexandria, VA). The reading

was adjusted to zero absorbancy with a control well containing

substrate only. In each experiment, uninfected chick plasma or CEF

supernatant were used as a negative control . The wells were considered

positive if absorbency obtained from suspected samples was greater than

mean values of uninfected controls plus 2 . 5 times the stsndard

deviation.

Determination of fluorescert M’ focus-fogng' units (E) by

F_A. Indirect fluorescent antibody (IFA) test was conducted as

published previously (Witter et. a1. , 1970) . Infectious units of plasma

or infected

CEF culture fluids were expressed in fluorescent antibody focus forming

unit (FFU) . 35-mm plates with growing CEF cells were inoculated with 2

ml of infected CEF-supernatant or chick plasma diluted from 10"1 to

10-4 in CEF medium and incubated at 37°C for 2 hr. The inocula

were then aspirated from the plates and 2 ml of CEF media with 0.6%

agar at 50°C was to cover the CEF monolayer. Plates were incubated

for 1 week at 37°C. This was followed by removal of agar gel from

plates and the addition of 1 ml of cold alcohol-acetone (4:6) mixture

to fix CEF monolayer for 2 min. The alcohol-acetone mixture was poured
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off. The cell monolayer was allowed to dry naturally. One ml of MCA

11A25 in PE at a dilution of 1:400 was added and the plates was

incubated for 1 hr at 37C. After washing with PE, one ml of

flourorescein isothiocyanate conjugated anti-mouse IgG (Miles-Yeda Ltd.

Kiryat Weizmann, Rehovot, Israel) was diluted 20-fold and incubated for

40 min at 37°C. Plates were washed three times with PE to remove

Imbound conjugate. Fluorescent foci were seen with an FA microscope

and expressed on the basis of FFU/ml (focus forming unit in a plate

times the dilution of the inoculum used) .

Element fixation test. It was conducted according to the

procedure published by Smith et al (1977) . Infected CEF culture

supernatant and chick plasma were also tested. Inactivated (30-60 min

at 56°C) and non-inactivated chick plasma samples were tested.

REV-infection in chickens. Chickens of line 72 from the

Regional Poultry Research Laboratory were infected with 1 ml of strain

T—CEF culture supernatant (at an ELISA titer of 1:128) at 1 day of age.

Uninoculated chickens were kept and raised in separate isolators as

negative controls. Two to three chickens from each group were bled at

scheduled intervals . Plasma samples were collected by centrifugation

of heparinized whole blood and immediately stored at -7o°C. At the

same time, spleels, the Bursa and thymus were collected and their

weights were recorded respectively.

Detection of m’tal mm of M2 in albumin of eggs. Eggs

were obtained from seven RPRL cross 1515 x 71 hens as l-day—old

embryos infected with REV strain (3 (provided kindly by

Dr.D.W.Salter) . No.1-6 were in viremia during egg-laying time, but

No. 7 showed temperary viremia only before egg-laying. The negative
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control eggs were from SPF flocks (Regional poulry research

laboratory). ulplicate samples of 100 ul of albumen were taken from

each egg for ELISA.

Determinaticn ofthetimeM’ form’ REVantifl in

CEF culuxre fluid after infection with one infectious gamble. A set

of 35 mm plates were precultured with line 0 CEF. When monolayer of CEF

formed, plates were inoculated with 0.2 ml of REV strain T stock fluid

(with ELISA titer of 1: 128) in a series ofdilutions. Each dilution of

virus stock infected four plates. In Exp.I, a pair of CEF plates

infected with each dilution of virus stock were used for collection of

culture fluids in the first half period and the medium of another pair

of plates was changed at day 5 after infection for fluid collection in

the second half period. 200 ul of supernatant were collected everyday

from each plate and then 200 ul of fresh medium was supplemented from

days 1 through 6 after infection. The fluids of another pair of the

plates infected with each dilution of virus stock were collected from

day? throughlz. InExp.II, thesamevirus stockwasusedbut

experienced one more freezing and thawing, fluids were collected

everyday at day 6 through 9 and medium was changed at day 9, fluids

were collected at day 18 after infection. All fluid samples were kept

in freezer until testing. Each fluid sample was tested in duplicates by

ELISA.

Statisties.Stude1t’s t test was used for the synergistic ELISA.

The relationships between REV FFU and ELISA titers in cell culture

supernatants , or between antibody titers and antigen titers in chick

sera after infection were analysed by estimated correlations. The

effects of REV infection on body weight, the Bursa weight and spleen
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weight at different ages were analysed by the unbalanced 2-way analysis

of variance (Gill, 1978) .



Production and characterization of monoclonal antibodies against REV

MWFrom the initial 3600

hybridemas produced in six separate fusions, 232 were found to be

positive in ELISA against REV-CEF or cell-free REV, but not against

uninfected CEF. Of these, 176 were secreting MCA equally reactive with

bothstrainsT‘andCS, whereas 56 reactedwithstrainTbutnotstrain

CS. Some hybridomas were selected for cloning and additional study.

Sgificities of clor_ed 1451 in ELISA and FA. Table 1 summarizes

the ELISA and FA reactivity of 11 cloned MCA with REV. Nine MCA reacted

withbothstrainsT'andCS. Thetiters ofsomeMCAtohomologous strain

T were greater than to heterologous strain cs. MCA 11B118 and 11078 had

similar titers to both strains. MCA 11C100 and 11F667 were strain T

specific. Their ascitic fluid antibodies had an ELISA titer of 1 to 8 x

105tostrainT, butdidnotreacttostrainCSevenatal/lo

dilution (table 1 and Fig.1) . Reactivity to CS-CEF was similar to an

uninfected CEF control at all tested dilutions of ascitic fluid. Figure

2 shows the reactivity of MCA recognizing type-common antigens. MCA

11D175 reacted with significantly lower titers to infected CEF than to

purified virus of both strains (Table 1). The lower titered hybridoma

culture supernatant reacted with purified virus but not with

REV-CEF(data not shown).

MCAthatreactedinhightiterswithstrainsTandE inELISAalso

cross-reacted with both strains in FA. Generally, the two stain

T-specific MCA, 11C100 and 11F667, reacted with T‘-CEF but not with

69
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C‘s-CEF (Table 1).

Rim-.32 flificig of mm by Ewe—titive ELISA test. The results

of a series of reciprocal competition experiments are shown in Fig. 3 ,

3a and 4. MCA 11A25 and 11B118 reacted to similar type—common epitopes

with a tiny difference, whereas MCA 11C237 recognized a different

epitope. The strain T-specific MCA 11C100 and 11F667 were recognizing

closely related or identical epitopes . Some cross—inhibition was

observed among MCA 11A3, 11A25, 11B118, and 11D78. However, no

inhibitory effect was detected among the remaining four MCA (data not

shown). The data from the above experiments indicated the presence of

at least three REV epitopes, one type-specific and two type-common.

Wofmpmteim withMCA. All nine

type-common MCA immunoprecipitated a virus protein with molecular

weight of 62 , 000 dalton from [35$]methionine-labeled REV-CEF lysates.

In addition to the 62 , 000 dalton polypeptide, four of these MCA

immunoprecipitated a 21,000 dalton protein as well. The viral protein

immunoprecipitated by the strain-specific MCA 11C100 and 11F667

produced a broad smear upon polyacrylamide gel electrophoresis (54 , 000

to 72, 000 daltons) . Fig. 5 is an autoradiogram from a representative

gel electrophoresis of ilmmmoprecipitates obtained with three different

antibodies (rabbit anti-REV, MCA 11A25, and MCA 11C100) . MCA 11A25

immunoprecipitated two viral-specific proteins (62,000 and 21,000) from

T—CEF and E-CEF. In contrast, MCA 11C100 immunoprecipitated protein

(54,000 to 72,000) from T—CEF but not E—CEF. These data confirm that

MCA 11C100 recognizes a strain T-specific epitope, whereas MCA 11A25

recognizes a T/CS strain—common epitope. The rabbit anti-REV

immunoprecipitated six viral-specific proteins from both strains T and
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Figure 1. Reactivity of strain-specific MCA 11C100 and 11F667 in

ELISA. (O). 11C100 on T-CEF: (A). 11C100 on CS—CEF; (U). 11C100 on

uninfected CEF; (O). 11F667 on T-CEF; (A). 11F667 on CS-CEF: (I).

1 ”’66? on uninfected CEF.
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 511 1‘0 2 Tit 07000316 50 11) 2 0T4 0.00 0.016

Concentrations (tin/ml) oi Competing MCAs

Figure 3. Competitive ELISA immunoassay. Competitive MCA 1 1A25

(O). 1181 18 (I). 11C237 (A). 11C100 (O). and ascitic fluid from myeloma

NS-l cells (A) on type-common MCA 1 1C237 (left panel) or 1 1A25 (right

panel) conjugated with horseradish peroxidase. Arrows indicate the ho-

mologous competing MCA.
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Figure 3a. Ompetitive ELISA immunoassay. Competitive MCA 11A25 ( Q )

and 11B118 (O ) on MCA 11A25 (left panel) or MCA 11B118 (right panel)

conjugated with horseradish peroxidase. Arrows indicate the hamologous

carpeting MCAs.
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Figure 4. Competitive ELISA Immunoassay. Competitive MCA 11A25

(0). 118118 (I). 11C237 (A). 11C100 (O). 11F667 (U). and ascitic fluid

from myeloma NS-l cells (A) on strain T specific MCA 1 lClOO (left panel)

and 11F667 (right panel) conjugated with horseradish peroxidase. Ar-

rows indicate the homologous competing MCA.
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E, ranging in molecular weight from 21,000 and 62,000. with the

polyclonal serum I could not distinguish between the T and E strains.

Table 2 summarizes the MCA reactivity and immunoprecipitation results .

To additionally characterize the three viral polypeptides , REV-CEF

was labeled with [3H]glucosamine. As shown in Fig. 6, MCA 110100

immunoprecipitated a [3H)glu ’ labeled 54,000 to 72,000 dalton

 

protein. In addition, the 62,000 and 21,000 dalton proteins were also

labeled with [3H]glucosamire. Therefore, the three viral polypeptides

are glycoproteins . To ideltify the nonglycosylated precursor

polypeptides, T—CEF was labeled when it was being treated with

tunicamycin. MCA 110100 immunoprecipitated a viral polypeptide with a

molecular weight of 48,000 from tunicamycin-treated cells, whereas MCA

11A25 immunoprecipitated proteins of 48,000 and 20,000 daltons instead

of the 62,000 and 21,000 dalton glycoproteins (Fig.7) .

Visualizatim of the Mdt—m’fl antigg on the virias 15m.

electron Mm. From Fig. 8 , numerous gold particles with diameter

ofabout 5 rnmwere seensurroundingthevirus particles inthe sample

treated with MCA 11A25 against REV, but the same phenomenon was not

found for the same virus preparation preincubated with NS-l cell

ascitic fluid as negative contral (Fig. 9 ) , indicating that the protein

A-gold specifically labeled only MCA-bound virions . The result

detostrates that the antigen recognized by MCA 11A25 is located on the

surface of virions.

Neutralizm' abiligg of MCA. In preliminary experiment (Table 3,

and 4), several MCAs were tested for their in vitro neutralizing

ability by ELISA for supernatants and by FA for cell monolayers. Both

ELISA and FA gave the same results. TWo strain T specific MCAs 110100
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Figure 5.Immunoprecipitations of REV—CEF with MCA 11A25, MCA 110100,

and rabbit anti-REV. Immmoprecipitation and electrophoresis were

performed as described in Materials and Methods. The arrows indicated

virus-specific proteins. Estimation of m.w. was by comparison with

14C-labeled m.w. markers: myosin, 200,000; phosphorylase B, 92,500;

bovine serum albumin, 68,000; ovalbumin, 43,000;

alpha-chymotrypsinogei, 25,700; beta-lactoglobulin, 18,400. T—CEF (T)

and E—CEF(E) and uninfected normal CEF (N) were compared.
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o54-72K

 

21K.

"‘25 110100

Figure 6. lmmunoprecipitation of |°nglucosamine-1abcled polypep-

tides. T-CEF (T) and normal CEF (N) were Immunoprecipitated with strain

T-specific MCA 110100. and type-common MCA 11A25. The arrows

indicate virus-specific glycoproteins.



83

 

110100 ”‘25

Figure 7. Identification of non-glycosylated precursors. Strain Trin-

fected CEF was pre-Incubated for 1 hr in tissue culture medium contain-

ing 2 ug/mi of tunicamycin. The medium was replaced with methionine-

free medium that also contained 2 ug/ml of tunicamycin and was incu-

bated for another I hr. T-CEF was labeled for an additional 6 hr with

(”Simethionine in methionine-free medium containing 2 11ng of tuni-

camycin. Both tunicamycin-treated (Tu’) and non-treated (Tu') labeled

T-CEF lysates were Immunoprecipitated with MCA 1 1C100 or 1 1A25 and

were electrophoresed In the same gel. Viral glycoproteins are Indicated by

solid arrows. and the precursor proteins of the glycoproteins are indicated

by open arrows.

 

 



84

Figure 8 . Electron microscopic photograph of purified REV strain T

virions treated with MCA 11A25 and protein A-gold as described in

Materials and Methods . Each virions were surrounded by tiny gold

particles indiameter ofabout SnmwhicharemediatedbyMC‘A

immunoglobulin and bound to the surface of virion elvelopes.
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Figure 8.
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Figure 9. Electron microscopic photograph of purified REV strain T

virions treated with negative control NS-l cell asitic fluid and

protein A—gold. No gold particles were found arround the virions .
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Figure 9.  
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Table 3. ELISA readings in CEF supernatants 9 days after infection

with mixture of diluted virus stock and MCAs for

neutralization test

 

recipracals of dilutions of the virus stock (10 x )

 

 

MCA

8 16 32 64 128 256 512 1,024 2,048 4,096 8,192

11C100 .91 .93 .98 .94 .64 .48 .09 .21 .11 .20 -*

11C237 .61 .39 .52 .44 .45 .56 .53 .39 .44 .48 .09

11078 .86 .83 .82 .84 .85 .90 .84 .96 .80 .99 .80

11F667 .63 .05 .13 .04 .09 .05 .03 .01 .02 .00 .05

11A25 .81 .78 .74 .73 .79 .75 .79 .79 .80 .78 .75

11A3 .75 .76 .78 .77 .85 .83 .90 .86 .82 .83 .68

118118 .77 .73 .78 .79 .81 .82 .77 .78 .71 .82 .83

NS—l .77 .78 .79 .84 .74 .80 .80 .74 .74 .66 .66

 

Readings less than 0.25 were judged as negative for virus antigen.

* the well added with only substrate but no conjugate for blocking the

plate.
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Table 4. FA results in CEF monolayers 9 days after infection with

mixture of diluted virus stock and MCAs in neutralization

test

 

reciprocal of dilutions of virus stock (10 x)

MCA

16 32 64 128 256 512 1,024 2,048 4,096 81920
)

11C100

11C237

11078

11F667

11A25

111-13

118118

NS-l +
+
+
+
+
+
+
+

+
+
+
+
l
+
+
+

+
+
+
+
l
+
+
+

+
+
+
+
1
+
+
+

+
+
+
+
1
+
+
+

+
+
+
+
l
+
+
+

+
+
+
+
I
+
+
I

+
+
+
+
I
+
+
I

+
+
+
+
1
+
+
1

+
+
+
+
l
+
+
l

+
+
+
+
I
+
l

"+" positive in specific virus plaques

"-" negative in specific virus plaques
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Table 5. ELISA readings in CEF‘ supernatants 9 days after infection

with mixtures of diluted virus stock and MCAs in

neutralization test

 

reciprocals of dilutions of virus stock (10 x)

 

 

MCA

2 4 8 16 32 64 128 256 512 1,024 2,048

11C100 1.03 1.08 1.00 1.03 .95 .32 .21 .10 .10 .10 -*

11F667 .74 .12 .10 .10 .10 .11 .10 .11 .10 .10 .10

11E258 1.04 1.08 1.04 1 .01 1.06 1.06 .86 .70 .70 .30 .20

11E197 .98 .92 .80 .58 .28 .16 .16 .13 .10 .10 .10

11F307 1.10 1.07 1.10 1.08 1.09 1.11 1.07 1.03 1.06 .95 1.04

13A208 1.08 1.06 1.10 1.06 1.09 1.06 1.09 1.02 .92 .85 .76

NS-l 1.08 1.09 1.09 1.08 1.10 1.07 1.10 .94 1.03 .85 .98

 

* the well added with only substrate but no conjugate for blocking the

plate.

The readings are averages of two duplicated plates.

The readings less than 0.25 were judged as negative.

q
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Table 6. ELISA readings in CEF supernatants 6 days after infection

withmixturesofdilutedvirusstockandMCAs in

neutralizaton test

reciprocals of dilutions of virus stock (10 x)

MCA

2 4 8 16 32 64 128 256 512 1,024 2,048

11C100 .49 .42 .23 .21 .19 .13 .12 .12 .11 .11 -*

11F667 .15 .13 .11 .11 .11 .12 .10 .10 .10 .10 .14

11E258 .89 .68 .65 .41 .35 .23 .16 .11 .14 .11 .14

11E197 .28 .21 .16 .14 .13 .12 .10 .11 .11 .11 .11

11F307 1.11 1.12 1.10 1.08 1.00 .92 .88 .56 .41 .34 .25

13A208 1.09 1.12 1.07 .98 .88 .61 .34 .36 .17 .18 .23

NS-l 1.11 1.12 1.10 1.06 .98 .72 .40 .35 .28 .22 .25

 

* the well added with only substrate but no

plate.

The readings are averages of two duplicated plates.

The readings less than 0.25 were judged as negative.

conjugate for blocking the
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Table 7. Relative efficiency of virus-neutralizing ability of MCAs

 

 

 

 

tested 9 days after infection tested 6 days after infection

MCAs neutralization effects

indexa %b index %

11C100 >32 >96.8 64 98.4

11F667 >1,000 >99.9 >216 >99.5

11E258 >2 >50 8 87.5

11E197 >128 >99.2 216 99.5

llF307 —° 0 — o

13A208 - 0 - 0

11(237 >2 >50 N'I‘d

11078 - 0 NT

11A25 - 0 NT

11A3 - 0 NT

11B118 - 0 NT

 

c:

d:

neutralization index was expressed by the ratios of virus dilutions

mixted with specific MCA ascitic fluids compared to virus dilutions

of mixed with nonspecific NS-l cell ascitic fluids at the end points

detected in ELISA.

percentage of virus particles neutralized by MCAs in the mixtures,

it equals to (l - reciprocal of neutralization index) x 100%.

negative in neutralization effect.

not tested.
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and 11F667 showed up a strong neutralizing ability, they could inhibit

completely REV-specific plaques in infected cell monolayers or ELISA

readings of culture supernatants at virus stock dilutions of 1:5120

(for 11C100) or' 1:160 (for 11F667) when negative control was still

strongly positive at 1:80,000. Except 110237, none of group-catmn Mass

11A3, 11A25, 113118, and 11D78 demonstrated any neutralizing ability.

Md; 11C237 showed up a very tiny neutralization effect at the virus

dilution of 1:80,000. In the further experiment, only ELISA for

supernatants was used to test additional MCAs for their neutralizing

ability. Two additional group-common MCAs 111332 and 11E197 appeared to

be strongly positive in their neutralizing ability, other two group

ccmmon MCAs 11F307 and 13A208 showed no neutralizing ability. Two

strain T-specific MCAs 11C100 and 11F667 were proved again to be

positive, but another strain T—specific MCA 11E258 only had a tiny

neutralization effect (Table 4,5,6). The relative extensity of each

MS in neutralizing ability were summarized in Table 7.

Develgpm a mistic ELISA for identification of

epiWificities of M against REV

mm. of the well identified Ms M. REV by usm' the

WELLS}. Five well identified MCAs against REV in the forms

of both culture supernatants or ascitic fluids were tested with

different mn'nber of duplicates in plates precoated with purified REV or

REV-CEF respectively. As a example, Table 8 shows how to organize the

experiments and the original mean values with standard errors (YiSE) of
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6-well-duplicates in ELISA readings to each single samples or mixtures

ofeachpair. Thereadinginthesquarelocatedintherowanicolunm

of 11A25, for example, represents the mean value in ELISA of wells

added with only sample 11A25; the reading in the square located in row

11A25 and column 113118 or in row 113118 and column 11A25 is the mean

value in ELISA of wells with the mixture of samples 11A25 and 113118,

and so on. Table 9 shows how to judge the synergistic effects of

mixture of different MCA samples by statistical analysis. ‘Ihe mean

values of mixed samples (2m) and single samples (YS) in each pair

werecompared, tandpvalues instudent’sttestwerealso listedin

the Table 9. ELISA readings of the mixture of MCAs 11C100 and 11F667

was not higher than that of each single sample of the pair indicating

there was no synergistic effect between two MCAs and they may have the

same or very closedly related epitope-specificity. ELISA readings of

all other mixture were significantly higher than that of the single

samles of each pair (p<0.05) , indicating that the two MCAs with

synergistic effect in ELISA on each other were against different

epitopes on the virus protein. ‘Ihe results proved that MCAs 11C100 and

11F667 belong to the same group and other MCAs to other three different

groups. The same five MCA samples were repeatedly tested in the forms

of culture fluids or ascitic fluids against REV-CEF or purified REV in

different numbers of duplicates respectively. ‘Ihe synergistic ELISA

seperately carried out demonstrated the almost same results in grouping

their epitope-Specificities (Table 10), but a lillte large number of

duplicates were needed to show the significant difference between 11A25

and 113118 when they were tested in the form of ascitic fluids. MCAs

11C100 and 11F667 appear to be against the same antigenic determinant
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specific to REV strain T, their mixture did not show any synergistic

effect compared to each single sample of them in all separated

aqueriment (1 through 6) even 96 duplicates were used for single or

mixed samples. It seems like that MCAs 11A25 and 113118 are against

different epitopes but there is some relationship between them. Mm

11C237 has its own epitope-specificity.

my rusults of W’'c ard M'tive ELISAs for

m’Qimificities of Ms. 'Ihe synergistic ELISA was

compared to the classical competitive ELISA for identifying

epitope-Specificities of M03“ The results in epitope-grouping MCA by

using synergistic ELISA was quite coincident with that depending on

competitive ELISA (Table 11) , the 5 MCAs were devided into 4

epitope-groups. As indicated above by synergistic ELISA (Table 10), MCA

11A25 and 113118 were also against different but related antigenic

determinants. 'Ihe relatioship of them was also proved by the mutual

competitive ELISA. Fig.3 and 3a demonstrates that MCA 11A25 and 113118

inhibited each other’s enzyme-conjugate in ELISA, but inhibition was

stronger to homologous conjugates than to heterogeneous conjugates.

m’smemremwt' REvatheM''cELISAfor

their QiWificity. One more strain T specific MCA 113258 was

compared with other two strain T specific MCAs 11C100 and 11F667 for

 

their epitope-specificity by sELISA. The result showed that m 113258

had its own epitope-specificity different from the other two. In the

sane assay, Mass 11C100 and 11F667 still proved to be against a very

close related epitope (Table 12) . Another set of assay indicated that 4

more REV group cross-reactive MCAs 11332, 113197, 113307 and 13A208 had

their own epitope-Specificities different from each other and from
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Table 8. Mean values (Y1s.e.) of individual MCA samples and their

mixures of pairs (absorbancy in ELISA readings)

 

 

11A25 11B118 11C237 11C100 11F667

11A25 .9871.029 1.331.046 1.201.021 1.451.034 1.361.039

11B118 1.361.053 1.071.025 1.461.023 1.301.031 1.201.035

11C237 1.191.053 1.391.046 1.141.063 1.6213038 1.391.038

11C100 1.341.029 1.171.041 1.311.060 1.181.073 1.041.054

11F667 1.371.073 1.191.034 1.361.029 1.191.082 1.091.047

 

s.e.: standard error of mean values

Hybridoma culuire supernatants of each samples in 6 duplicates (in each

square) were tested in plates coated with T—CEF.
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Table 9. Synergistic effects of mixtures of different individual MCA

samples on ELISA

 

 

 

 

 

113118 110237 11C100 11F667

m 1.342 1.193 1.395 1.368

5 1.037 1.066 1.082 1.038

11A25 m - s .312 .128 .313 .330

t 7.68 2.59 5.72 8.42

p <0.01 <0.05 <0.01 <0.01

m 1.427 1.232 1.194

5 1.109 1.125 1.082

113118 111 - s .318 .107 .113

t 7.3 2.08 3.27

p <0.01 <0.05 <0.05

m 1.462 1.376

5 1.161 1.118

110237 In - s .301 .258

t 4.05 5.74

p <0.01 <0.01

m 1.114

5 1.133

11C100 m - 5 -.019a
t _a

p _a

 

a: the mean values of mixed samples was less than that of the single

samples, so there was no synergistic effect on ELISA readings

between MCAs 11C100 and 113667 indicating that they have a similar

or very closely related epitope-specificity.

m and s : nean values of ELISA readings in wells with mixed samples or

single individual samples .

Hybridoma culture supernatants in 6 duplicates were tested in plates

coated with T—CEF. The degree of freedom for each comparison is 22.
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Table 10. Carparing the results of epitope-grouping of 5 MCA samples

in different synergistic experiments

 

  

 

Ag'AbW N epitop-gmlping

up. in

antigen antibody Exp. 11A25 11B118 11C237 11c100 11F667

1 T-CEF super 24 Iv III II I I

2 T-CEF super 84 IV III II I I

3 p-REV super 84 Iv III II I I

4 p—REV super 192 NT NI‘ NT I I

5 T-CEF ascites 84 III III II I I

6 p—REV ascites 84 III III II I I

7 p-REV ascites 192 IV III NT NT NT

 

T-CEF: strain T—infected CEF

p-REV: purified REV
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Table 11 . Comparisons of grouping epitope-Specificities of MCAs with

cELISA and sELISA

 

 

sELISA cELISA

11A25 Iv 132*

113118 III 81*

110237 II A

11C100 I c

11F667 I c

 

*MCAs 11Aand113118weregroupedinto epitopegroupBwhentwoMCAs

were compared in cELISA with only enzyme-conjugated MCA 11A25. But they

showed up differences in their epitope—specificity when two MCAs were

nutually compared in the cELISA (Fig.3a) .
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Table 12. Comparisons of strain T-specific MCAs in their

 

 

 

epitope-specificity

11c100 11F667

m 0.657

s 0 . 665

11F667 m-s -0.oosa

t _a

p _a

m 0.456 0.628

5 0.420 0.585

113258 m-s 0.036 0.043

t 2.63 3.53

p <0 . 05 <0 . 01

 

m: mean values of ELISA readings in wells with mixed samples

5: mean values of ELISA readings in wells with single irdividual

samples

a: m<s indicates no synergistic effects between two samples, random

variation could cause tiny negative or positive differences between

m and 5.

Each MCA sample in the form of ascitic fluids were tested in 21

duplicates in plates coated with T—CEF. The total degree of freedom is

82.
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Table 13. Summary of sELISA for comparing some more REV group-common

MCAs in their epitope-specificity

11A25 110237 113197 113307 13A208

11A25 .2621.029* .2711.074 .3541.042 .3251.049 .2561.037

11C237 . 2411. 060 . 1681. 020 . 2581 . 021 . 2451. 033 . 1981. 018

113197 . 3251. 027 . 2741 . O73 . 2511 . 024 . 3391 . 064 . 2911. 044

113307 . 2911. 031 . 2451. 069 . 3491. 093 . 2101. 038 . 2711. 050

13A208 . 2481. 063 . 1971. 048 . 2811 . 069 . 2531. 074 . 1581. 022

 

* each represents mean values of 16 wells in ELISA readings and their

standard errors. MCA samples in the form of ascitic fluids were tested

in plates coated with T—CEF.

The differece between two neans of wells with single individual Mm

samples and mixed samples respectively was ananyzed by student t test

for each comparison of a pair separately. The statistical results

indicated that all samples were against different independent epitopes

on the REV particles.
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11A25, 11BllB, 11C237 (Table 13).

Developm’ a MCA-mediated ELISA to directly detect REV antigens in

various kinds of mles.

$53M' tion of M’ concentration. MCAs 11A25 and 11C237,

each recognizing a different epitope (Table 2), were used in a

combination to coat ELISA plates to enhance the sensitivity of

detection. In block titrations, both reacted in an ELISA assay with

cell-free virus and REV-infected cells. Titration curves of MCAs 11A25

and 11C237 against strain T-infected CEF and control CEF in ELISA were

shown in Fig.10. MCAs 11A25 and 11C237 reacted to a titer of 1.28 X

105 against REV-infected cells and did not react nonspecifically

against uninfected CEF. These two MCAs were chosen for coating ELISA

plates on the basis of their synergestic effect in ELISA. Similarly the

specificity and titer of absorbed anti-REV rabbit serum were also

determined, the endpoint titer of the adsorbed REV serum was at about

1:5000 in the presence of 0.2 ug of REV protein (Fig. 11) .

mificig of ELISA for detection of REV antiqen. The

specificity of ELISA for detection of REV antigen is shown in Fig. 12 .

Supernatant from REV-, Marek’s disease virus-infected CEF, avian

lymphoid leukosis virus -infected CEF and normal CEF cultures were used

for testing. All three REV strains T, CS and DIA were highly positive,

but supernatant from MDV- and LLV-infected CEF and normal CEF culture

were negative.

Other REV strains tested, include SNV (Trager, 1959) , MNBl and MN67
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Fig. 11,Adsorbed rabbit anti-REV serum in plates

precoated with strain T-infected CEFs (O) or normal

CEFs (0). Wells were coated with 5 x 104 cells.
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Figure 12 . Specificity and sensitivity of ELISA in supernatants of

infectedCEFcultureswithREVstrainsT (Q), $ (A), andDIA (-

). Supernatant samples of ALV- (A) araImV-infectedcar (D) and

normal CEF ( 0) antigen served as negative controls.
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(Paul, 1977) , were also positively reactive (data not shown).

wave sensitivities of ELISA and CF. Sensitivity limits

for the ELISA and CF were carpared using sucrose- gradient purified

virus preparations of three REV strains T, CS and DIA. Table 14 shows

that each test gave a very similar sensitivity level to different REV

strains. ELISA was about 40—80 tines more sensitive than CF.

Sensitivities of ELISA and CF for detection of REV antigen were also

compared using REV-infected— culture fluid and chick plasma samples

(Table 15) . All 21 culture fluid samples were positive in ELISA but

only 17 were positive in CF, the ELISA titers were significantly higher

than CF titers in the sane samples. However, when infected chicken

plasma smaples were tested in both assays, all eight infected samples

were positive in ELISA with titer from 1:8-1,000. Antigens in sera was

not detected by direct CF test. The uninfected samples from either

culture fluid or plasma were negative in ELISA and CF as expected.

Fig. 13 represents the ELISA titration curves of these samples. As

shown, plasma from uninfected chicken has no specific reactivity

(maximum absorbancy of 0.15) , and plasma from REV-infected chickens

showed antigen titers as high as 256. Theses results suggest that ELISA

has the specificity and sensitivity to detect REV antigen directly in

plasma samples. CF results for these sane plasma samples were negative.

W.ELISA titers to VIF. Table 16 shows ELISA and VIP

detection of REV antigen in culture fluid and plasma. For cell-culture

antigen, about 50-500 FEUs were required for detection by ELISA. Table

17 demonstrated some more data about correlations of REV titers

determined by ELISA and VIF in cell culture fluids. For antigen in

plasmas, ELISA endpoint titers ranged from 64 to 1,000 with the
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Table 14 . Sensitivities ofELlSA and CF in detecting

purified REVs.-“

 

 

Ratio

(CF to

Strain ELISA CF ELISA)

T 0.08B 3.2 40

(‘5 0.16 6.4 40

DIA 0. l6 12.5 78

 

AViruses were purified by sucrose gradient. and viral

protein concentrations were measured as described in

Materials and Methods.

I’Microgram viral protein per ml.
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Figure 13. REVgp62 inchickplasma collected at7 (.) and21 (A)

daysafterinfection atldayold. Uninfecteddiickplasma (O) was

used as control.
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Table 16. Correlation between VIF and ELISA in

REV detection.

 

 

Sample

no. Sample type VIFA ELISAB

l Cell culturer 3000 64 '

2 Cell culture 25.000 49

3 Cell culture 53,000 200

4 Cell culture 70.000 200

5 Cell culture 98,000 490

l PlasmaD 230 l28

2 Plasma 7.5 64

3 Plasma 0.5 256

4 Plasma 0.5 1000

5 Plasma 0.5 256

 

AVII” values are expressed in immunofluorescent foci,

focus-forming units (FFU) per ml.

BELISA titers are expressed as reciprocal ofendpoint

dilutions.

CCulture fluid samples I and 2 were collected at days

3 and 17 after infection of CEFs with REV strain T;

samples 3, 4, and 5 were collected 6, 7, and 8 days,

respectively, after infection with the same virus in tis-

sue-culture plates.

DPlasma samples were obtained from chicks at'day

7 (Nos. l and 2). day 14 (Nos. 3 and 4), and day 21

(No. 5) after infection with REV strain T.
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Table 17 . Conparisons of ELISA titers and FFU of virus particles in

supernatants ofCEFculture infectedwithREVstrainT

samples FFU/100u1 ELISA titer ratios

1 300 64 4.7

2 2,500 49 51

3 5,300 200 26.5

4 7,000 200 35

5 9,800 490 20

6 1,120 80 14

7 2,720 160 17

8 5,520 160 34.5

9 720 160 4.5

10 5,600 320 17.5

11 480 160 3

12 1,440 160 9

13 40 O

14 3,750 80 46.9

15 8,000 160 50

16 85 0

17 2,000 80 25

18 1,250 320 3.9

19 210 O

20 9,000 160 56.3

21 360 320 1.1

 

REV strain T infected CEF culture supernatant samples were collected

randomly from different batches of cultures and at different days after

infection. Samples were frozen as soon as possible after collection and

experienced freezing and thawing only once befor testing. There is sone

correlations ( the 95% confidence interval on correlation was about

0.13 to 0.78 ) between FFU and ELISA titers.
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corresponding VIF readings ranged from 0.5 to 230 FFUs. Therefore,

ELISA scene to be as sensitive as VIF for detecting REV antigen in

plasmas. But ELISA titers of infected chick plasma were not

proportional to FFU as that of culture fluids. FFU in plasma was

decreased dramatically with age after infection, but ELISA reactivity

kept nuch longer at high titer. (See discussion for explanation) .

ELISAtiterofREVinculture fluidswasmore stablethanFFU. Whena

collected fluid sample was kept for 1 and 7 hr at 37°C, ELISA titers

were as high as fresh sample (1:128), but FEU decreased from 9.8 X

105/m1 of fresh sample to 4 x 105/m1 and 2 x 105/ml after being

kept for 1 and 7 hr respectively.

DetectimofREVantiqgiineqqalhnlenfrlninfectedm.

Fig. 14 indicates that ELISA could effectively detect REV gp62 antigen

in egg albunen. All 24 eggs from 6 infected-hens with viremia gave a

very strong positive reaction. In contrast, all 17 eggs from 7 SPF hens

gave very low ELISA readings. 11 of 12 eggs from infected hen No.7

without viremia were also negative like that from SPF hens except 1

with very weak reaction.

Thedurationneededfordetection ofREVantiflinculture fluid

after infection with one infectious REV pgr'_t1'cl . The experinents were

conducted to determine how long it will take to detect REV antigen in

cell culture after infection with only one infectious unit (Table 18) .

In Trial L, REV antigen could be detected in fluid by ELISA from day 7

after infection in one of two duplicate culture plates infected with

0.2 ml of virus stock in dilution of 1:2.56 x 106 but could not be

detected in another duplicate plate in the sane pair even at day 12

after infection. In Trial II, REV antigen was detected in one plate at
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Figure 15. Relative titers of REV antigen in supernatants of CEF

cultures infected with strain T, CS and DIA. T—CEF supernatant samples

(as arrows indicate) collected at days 3 and 17 after infection

contained 3 x 104 and 2.7 x 105 FHJ/ml respectively. ELISA titers

withstrainT (0), <3 (I) andDIA (A). CFtiterswithstrainT

(O). (1‘3 (U) andDIA (A)-
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day 8 but not found even at day 18 in another duplicate plate in the

pair of plates after infection with 0.2 ml of virus stock in dilution

of 1:105. It indicates that it will take 7-8 days for REV antigen to

be detected in cell culture fluids after infection with one infectious

unit.

we of REV infection in vitro and vivo

Helm infection of CEF with REV and may releasing virus_

fran allture. CEF culture could stand REV-infection for a very long

period and continuously release the virus into supernatant. As Fig. 15

indecates, CEF infected with 3 different REV strains could constantly

release virus for at least 3 weeks, the infection with the virus seems

not kill CEF cells and even not affect division of CEF cells. In

another experinent, CEF monolayers had grown in roller bottles and

constantly released the virus particles into culture supernatants for

126 days, and the infected CEF cells then experienced further 24

passage of trypsinization and reculture in plates in another 74-day

period, still released virus particles (Table 19) .

Limia. viralantiqeggltia. amagrtibodvrespgfiofchicks

infected with REV. Birds infected with REV at different ages

demonstrated the similar anti-REV antibody responses, but different

dynamics of viremia and viral antigenemia. As Table 20 indicates,

antibodyresponses ofbothgroupstoREVweredetected3weeks after

infection and lasted for at least 9-11 weeks at high titers. In birds

infected at 1-day—old of age, strong viremia appeared at early stage of
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Talbe 19 . Long-period constantly virus-releasing in C33 culture

infected with REV strain T

 

 

days after ELISA days after ELISA days after passage ELISA

infection titer infection titer infection titer

2 4 53 64 132 1 8

5 64 56 64 141 6 8

7 128 58 64 187 21 8

12 128 78 128 192 23 8

22 >256 85 128 200 24 8

29 256 92 128

45 256 100 128

47 64 113 64

49 64 120 64

51 64 126 64

 

CEF of line 0 grown in roller bottles were infected with REV strain T

when CEF monolayer formed on the wall of roller bottles. Culture

supernatants were harvested and supplemented with fresh media every 2-3

days as in Materials and Methods .

ELISA titers: supernatants harvested at certain days after infection

were tested for their virus antigen titers by ELISA developed in this

dissertation experinent.

Passage: At 126th day after infection and growth in roller blttles, the

infected CEF monolayers were trypsinized, and transferred to 150 m

plates for continuous culture. The cultures were trypsinized and

transferred to new plates every 3 days. The culture supernatants were

saved for ELISA test at certain passages.
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Table 20. Coxtparison of viremia levels and antibody responses of

chicks with REV strain T infected at different ages

weeks infected at 1 day of age infected at 2 weeks of age

after bird

infection No FFU Ag titer Ab titer FFU Ag titer Ab titer

1 100 64 NT NT NT NT

1 2 2,300 128 NT NT NT NT

1 <5 128 NT <5 128 NT

2 2 5 64 NT <5 64 NT

1 <5 256 200 <5 - -

3 2 45 2,048 200 <5 1 3,000

1 <5 8 3,000 <5 1 3,000

5 2 <5 16 200 <5 1 3,000

1 NI‘ 4 3,000 NT - 3,000

7 2 NT - 3,000 NT NI‘ NI‘

1 NT 4 3,000 NI‘ - 3,000

2 NT - 6,000 NT - 400

9 3 NT 8 400 NT NT NT

4 NT 4 3,000 NT NF NT

1 NT NT NT NT - 1,000

11 2 NT NT NT NT - 1,000

3 NT NT NT NT NH' 400

 

FFU: fluorescence plaque forming unit was measured as described in

Materials and Methods.

Ag titer: virus antigen titers in serum was treasured by ELISA developed

in this dissertation.

Ab titer: anti-REV antibody titers in serum was measured by ELISA as

described in Materials and Methods .

<5: no plaque was found when serum in dilution of 1:5 was used for

infection of CEF.

NT: not tested.

"-": negative.

Antibody titers trend to corelate negatively to antigen titers in sera

of chicks infected at l-day-old, but not significatly (r = -0.249, p =

0.25) .
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infection, then decreased dramatically and lasted only for 3 weeks.

Viral antigenemia appeared at the sane time, but highest titer of viral

antigenenia cane a little later followed by a low titer period of at

least 9 weeks. It seems like that both viral antigenemia and antibody

response could coexist for a long period in birds infected at age of

l-day. However, no viremia was detected, and viral antigenemia existed

only for a short period after infection in birds infected at age of

2-weeks. Age gave a trenendous influence on the suseptibility of birds

to REV infection.

we effects of REV infection in chicks. As chicks were

raised in SPF conditions, the nd-REV strain T did not cause death and

specific lesions, but it did induce some pathogenic effects. Table 21

indicates that rid-REV strain T infection at 1-day-old age significantly

decreased whole body weight and the Bursa weight as compared to the

controls (p<0.05), i.e. caused growth retardedness and the Bursa

atrophy, and also caused spleen enlargement (p<0.05) indicating some

inflamatory or proliferative responses .

DistributionofREVinothertissuesof infectedbirds. Lnbirds

infected at 1-day—old with nd-REV strain T, REV antigen could easily

be found in all tested tissues, such as the Bursa, kidneys, livers and

spleens, by ELISA (Table 22) . However, no REV antigen could be detected

inthesanekindsoftissues frombirds infectedat age of2weekswith

the sane virus. Virus antigen could be released into cloaca of chicks

infected at 1-day-old with nd-REV strain T. Table 23 shows ELISA

readings of cloaca swabs. Among swab samles from infected birds, at

least 3 would definately be judged as positive, and some more were

weakly positive when compared to controls. REV also could be released
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Table 21. Effects of infection of chicks at the age of 1 day with REV

stran T on the weights (grams) of the Bursa, spleens and the

 

  

 

 

 

 

 

 

whole body

Age body the Bursa spleen

chick

B1 58 0.11 0.1

1 B2 48 0.08 0.09

B3 55 0.11 0.03

B4 80 0.25 0.2

2 B5 95 0.25 0.25

B6 105 0.47 0.11

B7 110 0.38 0.36

3 B8 145 0.52 0.4

B9 135 0.62 0.18

310 280 1.1 1.0

5 B11 240 1.3 1.0

B12 340 2.25 0.57

B13 460 0.4 1.1

7 814 630 3.44 1.38

BIS 580 4.55 1.27

B16 580 0.78 2.03

B17 500 0.70 1.28

9 818 470 1.15 2.0

B19 670 0.88 1.85

B20 950 4.46 1.5

 

Both body and the Bursa weights in infected chicks were significantly

(p<0.05) smaller than that of uninfected chicks, and the spleens of

infected chicks were significantly (p<0.05) larger than uninfected

chicks. The data were analysed by the unbalanced 2-way analysis of

varieace according to Federer-Zelen method (Federer and Zelen, 1966) .
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Table 22 . ELISA readings for detection of REV antigen in tissue

 

 

 

 

 

 

suspention

infected birds uninfected birds

tissues dilution

Bl B2 B4 B5 B7 B3 B6 B9

1:4 .67 .65 .83 .86 .77 .01 .00 .04

Bursa 1:8 .62 .56 .65 .75 .86 .00 .00 .01

1:16 .42 .37 .50 .58 .46 .00 .00 .00

1:4 .94 .77 .71 .72 .67 .08 .04 .01

Kidney 1:8 .91 .75 .67 .74 .74 .09 .02 .03

1:16 .93 .62 .72 .74 .59 .08 .04 .04

1:4 .74 .89 .56 .55 1.03 .04 .03 .06

Liver 1:8 .75 .79 .77 .80 1.02 .05 .03 .04

1:16 .54 .68 .57 .68 .94 .05 .04 .06

1:4 .98 1.02 .87 .95 .03 .02

Spleen 1:8 .95 .98 .99 1.01 .00 .02

1:16 .79 .99 .88 1.02 .01 .02

 

REV antigens were detected by the ELISA developed in this dissertation

experinent. 100 111 of tissue suspension in PBS in dilutions of 1 to

4-16 was added to the wells. The status of each chicks are described in

Table 21.
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Table 23. ELISA readings for detection of REV antigen in cloaca swabs

 

 

 

infected uninfected

bird #

19 22 25 26 28 29 30 89 92 96 77 78

.21 .15 .91 .13 .12 .10 .24 .07 .03 .01 .00 .01

duplicate

.20 .14 .97 .09 .10 .09 .29 .05 .01 .00 .00 .00

 

Each swab was soaked in 0.5 ml of PBS to get sample suspension. 100 ul

of suspension of each swab sample was added to well of ELISA plates in

duplicates. The ELISA readings seemed to be very constant for each

individual samples. Samples from birds #19, 25, and 30 were definitely

judged as positive. Some more samples probably were positive but not

strong enough.
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Table 24 . ELISA readings for detection of REV antigens in senen

 

dilutions of sanples

 

 

 

birds #

1:1 1:4 1:16 1:64 1:256 1:1024

#1 .40 .26 .16 .11 .12 .13

#2 NT .29 .18 .13 .12 .13

#3 .43 .28 .16 .13 .12 .13

#4 .33 .26 .17 .14 .12 .13

infected

#5 .74 .70 .51 .35 .21 .14

#6 .47 .29 .17 .13 .14 .14

#7 .09 .10 .10 .10 .12 .13

#8 NT .52 .39 .28 .17 .15

uninfected

#9 .13 .10 .11 .ll .13 NT

control

 

The infected birds were "tolerant" male breeders with viremia, they

were inoculated as embryos with REV strain CSV. The uninfected control

senen was from SPF flocks.

NT: not tested.

Senen samples from all except #7 infected birds were positive for REV

antigen. Sone sample such as #5 gave a titer as high as 1:256.
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into senen of "tolerant" male breeders with viremia. Table 24 shows

ELISA readings to detect REV antigen in senen. All 8 except 1 samples

appeared positive.



DISCIJSSION

Although REV infection has been found in parts of the world among

various avian species (Cook, 1969; Dren et al, 1983; Grines and

Purchase, 1973; Li et al, 1983; Ludford et al, 1972; McDougall et al,

1978; Paul et al, 1976; Robinson et al, 1974; Sarma et al, 1975;

Solomon et al, 1976; Trager, 1959; Witter and Glass, 1984; Yuasa et al,

1976) , its econemic role in poultry industry is still not clear as

indicated in the literature review. More than 30 isolates of REV were

obtained in the world, all of them were antigenically closely related

and could not be differentiated from each other by polyclonal antisera

(Witter, 1970; Purchase at al, 1973; Maldonado and Bose, 1976; Bulow,

1977; Chen et al, 1987) , even though these isolates or strains came

from originally different avian species with quite different syndromes

and pathogenic lesions. REV structural proteins or polypeptides were

recognized by polyclonal anti-REV sera for some strains (Halpern et al,

1973; Maldonado and Bose, 1973, 1975, 1976; Mosser et al, 1975; Tsai et

a1, 1985) , but the relationship among these polypeptides and the

relationship of the polypeptides with their biological functions are

unknown. By its advantage of high specificity and high titer to be

reached, monoclonal hybridoma technique hopefully could help us to

further understand these unresolved problems. This dissertation focused

on the generation, characterization, and applications of monoclonal

antibodies against REV. It was expected that Mats would be useful in

both poultry industry and molecular virology. For exanple, I attempted

to use MS for differentiation of various strains of REV group, to

develop a MCA—mediated—ELISA for detection of REV antigen for field

128
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surveys or eradication prograns of REV infection, to relate some

antigenic epitopes to their biological functions .

This dissertation represented the first report on the development and

characterization of a panel of MCAs to REV. These Mats reacted

specifically with REV—infected cells and purified REV but not with

uninfected CEF or other avian lymphoma-irducing viruses such as Marek’5

disease virus or avian leukosis virus. Nine of the 11 well identified

MCAs were directed against strain-crossreactive epitopes. Four MCAs

inmunoprecipitated both 62,000 and 21,000 dalton glycoproteins, whereas

the remaining five MCAs immunoprecipitated what appears to be the sane

62,000 dalton glycoprotein, but not the 21,000 dalton glycoprotein. The

tunicamycin findings suggest that the 48,000 and 20,000 dalton

polypeptides are the precursors of the 62,000 and 21,000 dalton

glycoproteins. Similarly, another 48 , 000 dalton polypeptide appears to

be the precursor of the 54,000 to 72,000 dalton strain T-specific

glycoprotein. These results also indicate that the MCAs are directed

against epitopes in the peptide chains but not the glycosyl- moiety of

the glycoproteins.

In contrast with the results with the MCAs, serum obtained from

strain T-hyperimtmmized rabbits immunoprecipitated several viral

proteins. On the basis of published data, the 29,000 dalton protein is

probably the major virus structural core protein responsible for the

REV group-specific antigenicity (Maldonado and Bose, 1975, 1976; Mosser

et al, 1975; Tsai et al, 1985; Wong et al, 1980) . The fact that none of

the MS in the study recognized this major inmmogenic protein was

unexpected. However, itisspeculatedthatthismaybedueinpartto

the hybridema screening procedure. The hybridomas in this study were

 





130

screened by an indirect ELISA using plates coated with REV-infected

cells or purified REV. With this procedure, the positive clones would

be the ones that reacted with the viral envelope or with viral

glycoproteins on the surface of infected cells . Maldonado and

co-workers (1975, 1976) reported finding similar glycoproteins of

71,000 and 22,000 daltons exposed on the external envelope of REV

strain SNV. Considering the error inherent in determinging glycoprotein

sizes from polyacrylamide gel electrophoresis, there is enough

similarity in sizes between their glycoproteins and the 62,000 and

21,000 dalton glycoproteins found in the study to suggest that they may

be identical.

A comparison of epitope-Specificities of five MCAs in competitive

ELISA inhibition experinents revealed the presence of at least three

distinct epitopes. The two strain T-specific MCAs, 110100 and 11F667,

were directed against an epitope located on the 54,000 to 72,000 dalton

glycoprotein, whereas the type-camon MCAs 11C237 recognized an epitope

on the 62 , 000 glycoprotein. The conpetition ELISA experinents

demonstrated that the two type-common MCAs 11A25 and 113118, reacted

with yet another epitope. However, both MCAs immunoprecipitated two

glycoproteins (62,000 and 21,000 daltons) . Theses results together with

the finding that five of Mats only immunoprecipitated the 62,000 dalton

glycoprotein suggest three possible explanations. First, the 62,000 and

21,000 dalton glycoproteins both contain an epitope recognized by four

of MCAs (11A3, 11A25, 113118, and 11D78), whereas five of MCAs (11A301,

113154, 11C237, 113175, and 11D182) recognize a different epitope

present only on the 62,000 dalton glycoprotein. This possibility could

occur if the 21,000 dalton glycoprotein is a cleavage product from the
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62,000 dalton glycoprotein. Second, the 62,000 dalton glycoprotein

inmunoprecipitated by the five MCAs (11A301, 113154, 11C237, 11D175,

and 110182) is not the sane 62,000 dalton glycoprotein

immoprecipitated by the other MCA (11A3, 11A25, 118118, and 11D78) .

In this case, the two 62,000 dalton glycoproteins would be unrelated

except that they both migrate at similar rates in the denaturing

polyacrylamide gels. Third, if the latter case is true, then a third

possibility exists. The 62,000 and 21,000 dalton glycoproteins do not

sharecommonepitopesbutdoexistasaconplexthatonlybeccme

dissociated in the SIB denaturing gel conditions . In this case, the

four MCAs (11A3, 11A25, 118118, and 11D78) would be recognizing an

epitope on either the 21,000 or 62,000 dalton glycoprotein. Answers to

theses questions must await additional experiments .

The MCA reported in this dissertation should be useful for diagnostic

purposes in the field. REV tumors are not easily differentiated from

lymphoid leukosis virus-induced tumors by conventional nethods. An

additional problem is that conventional polyvalent serum is often not

able to differentiate between related REV strains as nentioned above.

Byusingbothtype-specificandtype—conunonMCAs, it iseasyto

diagnose REV infections and differentiate between the strain T and CSV.

In fact, a combination of MCAs developed in this study has been used

for subtyping REV group. Chen et al (1987) tested all 26 rid-REV

isolates Obtained in U.S.A. with MCAs 11A25, 113118, 11C100, 11C237,

and 11D182 in IFA and found that the panel of MCAs could be easily used

to divide all 26 isolates into 3 subtypes. MCAs 11A25 and 113118

reacted with all 26 isolates, and MCA 11C237 reacted with subtypes 1

and 3, MCAs 11C100 and 11D182 reacted with only subtype 1.
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Aside fruit their practical applications, these Mats can identify

epitopes on viral envelope proteins for studies on the nechanism of

viral neutralization. Results demonstrated that virus neutralization

activity was related only to certain antigenic epitopes not all

epitopes no matter whetger they were strain-specific or

strain-crossreactive. Two strain T—specific Mats 11C100 and 11F667,

which recognized an identical or very closely related epitope, showed a

very strong neutralizing activity but another strain T-specific MCA

113258, which reacted to a different epitope from 11C100 and 11F667,

had a weak neutralization effect. Among strain-crossreactive MCAs, MCA

113197, which reacted with two independent epitopes also appeared to be

very strong in neutralization test. Whereas, MCA 11C237 which reacted

with another independent epitope was very weak in neutralization test.

All the remaining MCAs did not show any neutraliaztion activity a1 (

Table 3 to 7). The fact of dependence of neutralization on specific

epitopes was similar to what has been reported for other viruses such

as Saint Louis encephalitis virus (Roehrig et al, 1983) , tick-borne

encephalitis virus (Heinz et al, 1983) , Japanese encephalitis

(Kintur-Kuroda and Yasui, 1983) , vesicular stomotitis virus (Bricker et

al, 1987) , avian infectious bronchitis virus (Niesters et al, 1987) ,

bovine coronavirus (Deregt and Babiuk, 1987) , foot-and -mouth disease

virus (Pfaff et al, 1988) , and Simian rotavirus SA11 (Burns et al,

1988).

Because it was reported that two glycoproteins gp 71 and gp 22 were

located on the outer surface of the lipid envelope of the virions, as

demonstrated by lactoperoxidase-catalyzed iodination and by bronelain

digestion (Mosser et a1 , 1975) . The MCA-recognized glycoproteins may
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also be reacted with virus surface antigen. Using protein A-gold, the

inflame-labeling technique made it possible to directly observe the

location of antigens recognized by MCAs on the virion surface using

TTM. MCA 11A25 recognized an antigen surrounding the whole surface of

the varions. Unforturenately, I colld not indicate whether the antigen

would also locate inside of the virions from the results until

ultrathinsections of virions were examined in the sane way. By using

uranyl acetate negative staining, all the for representatives of REV

group, strains T, CSV, SNV, and DIAV, showed viral envelopes, which

were covered with apparently holloe peploters approximately 10 1 1. 5 nm

indianeter at the tipby 61 1 nmlong underFM (Kang et al, 1975).

There were abort 100 of those peplotters per virion. The appearnace of

protein A-gold immuno-labeled virions implies that the glycoproteins

recognized by MCA 11A25 probably were a part of the pele of the

virus envelopes.

Development of a MCA-mediated ELISA for detection of REV antigen was

one of the major objectives of this dissertation. The optimal MCA

combination was chosen on the basis of several criteria: They should be

 reactive with all or at least most nembers of REV grolp: they should

recognize epitopes located on the surface of virions and easily to be

 reached; they sholld recognize different epitopes from each other and

could be used in combination to enhance the antigen-catching ability

in the assay: they should be fixed on the plates without losing

antigen-catching ability. It seemed to be very difficult to fit all the

criteria. Fortunately, the reality of the combination of MCAs used in

developing the ELISA was very close to the ideal criterion if not

perfect. MCAs 11A25 and 110237 recognize two quite different epitopes
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(Fig. 3). They were reactive with glycoproteins in immunoprecipitation

(Fig.5 and 6) indicating that the epitopes they recognized were most

likely located on the surface of the virions. The FM observation

further proved that MCA 11A25 did recognize the epitope on the surface

of virus envelope (Fig. 8). Chen et a1 (1987) also shoved that MCA

11A25 reacted with all the 26 isolates of REV collected in U.S.A. and

M01 110237 was positive with more than two thirds of them. The use of

acombination is not only for enhancing the assay sensitivity but also

for safely detecting a variety of REV isolates which will appear in the

fields and probably have sone antigenic mutation. A new MCA candidate

reactive with all three subtypes of REV is being tested and may replace

MCA 110237 for use in the combination.

The ELISA developed in this dissertation appeared to be much more

sensitive for detection of REV antigenthan AGP and CF. Neither AGP nor

CF is sensitive for detecting REV antigen directly. Procedures commonly

employed involve immunofluorescent tests with antibodies . The ELISA was

40-80 tines more sensitive than CF. Moreover, ELISA detected 100% of

REV-infected CEF cultures whereas CF detected only 81% (Table 14 and

15) . The ELISA detected antigen in all viremic chickens, but not CF.

ELISA can be used instead of immunofluorescence tests, which are

time-consuming and the results of whic are subbjective. Although AGP

could directly detect REV antigens in sera of some experinently

infected birds (Ianconescu and Aharonovici, 1978; Bagust and Grines,

1979; Motha, 1984) , its sensitivity obviously was very poor. As

mentioned in literature rGView, REV-infected CEF culture fluid had to

be 6-10 fold (Ianconescu, 1977) or 20-fold (Yuasa et al, 1976)

concentrated when used as the antigen preparations to give a
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precipitate line in AGP, but the ELISA developed in the study colld

easily detect antigens when REV-infected culture fluid was at dilution

of 1:64-256. Maldonado and Bose (1976) indicated that 2 ug of purified

REV group-specific antgen p29 in 10 111 per well had to be used for

showing the precipitate line in AGP, but sensitive limits of the ELISA

were about 0.008-0.016 ug in lOOul per well (Table 14) . Therefore the

ELISA is abort loo-1,000 times more sensitive than AGP.

ELISAs perforned directly on tissue are sinpler and faster than

biological assays for detecting cell—culture antigens, but it is not as

sensitive. The results irdicated that at least 50—500 infectious units

(Table 16) were required for a positive response in ELISA. For

tress—screening of plasmas, the ELISA is the method of choice in terms

of both simplicity and sensitivity. The discrepancy between the two

methods in sensitivity may be attributed to the fact that, whereas

viral assays reflect the presence of infectious REV, ELISA detects gp62

from both infectious and non—infectious REV particles. In

REV-inoculated chickens, Bagust et a1 (1981) observed non-infectious

REV antigenemia up to 7 weeks after infection, and Moelling and

Gelderblom (1975) showed that at least 20% of REV particles are

structurally immature. In addition, REV was heat-labile and infectivity

was completely destroyed in 4 min at 56°C or in 2 hr at 3700

(Canpbell et al, 1971) . Finally, REV antibodies in plasmas may also

interfere in assays that require viral multiplication.

An ELISA for detecting antibodies against REV has been in use for

serological surveys of REV infection in commercial chicken and turkey

flocks (Smith and Witter, 1983) . However, persistent viremias exist in

some REV-tolerant chickens (Bagust and Grines, 1979,1981: Ianconescu
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and Aharonovici, 1978) . These chickens may transmit REV infection

horizontally and congenitally. In the present study, we have detected

gp62 directlyinalbumensanples, suggestingthatREVmaybe

congenitally transmitted. In View of the evidence for vertical

transmission of REV in chickers (Bagust and Grimes, 1981;Motha and

Egerton, 1987; Witter et al, 1970) and turkeys (McDougall et al, 1981)

andthe occurrence ofREVenvelope sybtypes (Table 2), the

MCA-mediated ELISA may be useful in comparative studies on congenital

transmission of REVS.

'me ELISA developed in the study has recently been applied for an

eradication program practically in some commercial turkey breeder farms

with high incidency of REV infection resulted in high rates of tumor.

Witter and Salter (1987) directly tested blood, cloacal swabs, and egg

albtmen samples of 59 hens from the infected farms by the ELISA for REV

antigen, and compared the ELISA results with biological test (i.e.

inoculation of cell culture with samples) . Of the 59 hens, 11 were

possitive for REV antigen by the ELISA. All these 11 hens were

consistently viremic and positive in dot blot (for hybridization of REV

RNA or provirus INA with probes) , but none of the 11 hens had antibody

suggesting that they were viremic-tolerant dams. All the 81 egg albumen

samples from the 11 hens were possitive in the ELISA, when all negative

control albumen samples were negative in the same assay. Of 4

transmitting hens which gave infected progenies , 3 were positive in the

ELISA. Thus they concluded that the direct ELISA test should detect

most shedder hens and is of value in an eradication program to remove

transmitting hens should according to the direct ELISA testing of

albumen samples (or possibly cloacal swabs). As the first time, the  
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practical eradication program for REV infection is being tried by using

the ELISA in these commercial turkey breeder farms in Pennsylvania.

An ALV ELISA based on the group-specific (gs) antigen p27 has been

used for detecting antigen in cloacal swabs, meconia, albumen, embryo

extracts, and blood (Crittenden et al, 1984) . In ALV eradication

programs, it has partly replaced CF for identifying dams that

congenitally transmit ALV. The REV ELISA described here differs from

that for ALV in that MCAs against common glycoprotein gp62 were used

instead of a common grolp-specific antigen, p27. The data also

indicated that ELISA for gp62 was suitable for REV detection in shedder

hens. It may be feasible to use the same albumen samples for a

simultaneols ALV- and REV-ELISA screening for both avian retroviruses.

Thus, a program designed for ALV eradication could simultaneously help

in REV eradication.

The incidence of REV infection in commercial chicken and turkey

flocks has been reported (Witter and Crittenden, 1979) . Witter (1984)

described that infected chickens may develop proventriculitis, runting

syndrome, feathering abnormalities, immunodepression, and lymphomas .

Witter and Crittenden (1979) found that chickens infected as embryos or

at hatching with REV strain CS developed bursal tumors. These tumors

are morphologically and antigenically similar to those induced by ALV,

and no simple methods for their differential diagnosis are available.

Some field problems tholght to have been induced by ALV may be

REV-induced. REV ELISA can be of use for testing tumors for REV

antigen.

REVandALVareendemic insotechicken flocksandarepotential

contaminants of biologies of chicken origin. We have fond in this  
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study that REV-ELISA may detect one infectious virus particle in

cultures of infected fibroblasts after 7-8 days of cultivation. This

time period corresponds with the data discribed by Crittenden (1987,

personal communicaton) , who fand that with ALVs an endpoint titration

was reached after 9 days of continuous cell culture. Thus, REV-ELISA

colld be used as an adjunct to ELISA for ALV. It colld be combined, for

example, with ALV-ELISA to assay the same test samples to detect

retroviral contamination of poultry-based biologies.

Surprisingly, the MCAs and the ELISA was also successfully used for

some research project in molecular biology soon after they had been

developed. By using the ELISA and corresponding MCAs, Federspiel et al

(1988) detected glycoprotein expressed by REV envelope gene inserted

into D17 cells, a canine cell line from an osteosarcoma. It would not

be possible otherwise by other available reagents and assays.

The pathogenic effects of REV infection were studied. Infection of

chicks at l-day-old of age did cause growth retardedness and atrophy

of bursa of Fabricius, which was in agreement with the results

reported before (Mussman and Twiehaus, 1970; Taylor and Olson, 1971) .

Since Chang et a1 ( 1955, 1957, and 1958) reported that bursectomized

dlicken failed to produce antibody after immunization with Salmonella

spp., it has been proven that the Bursa in the early stage of the life

takes a critical role in inducing antibody responses to antigens. In

the case of REV infection, it was noticed that chicks inoculated as

embryo with nd-REV strains did not give antibody response to REV

(Witter et al, 1981) . But in this study, birds inoculated at 1-day-old

with rid-REV strain T still had a high titer antibody to REV, even

though the Bursa atrophy happened later on. It was probably because the
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infection was given too late to completely inhibit the

antibody-inducing ability of the Bursa.

In this study, a prolonged infection of CEF cells with REV was also

reported. During a ZOO-day-period of culture with infection, CEF cells

continueously grew, divided ard kept release virus particles. Although

there was no transformation proved, it colld partially explain why

nontransforming REV coild exist in infected birds for a long period ard

sometimes cause tumors in birds.

The synergistic ELISA was developed in the study for identifying

antigenic epitope-Specificities of MCAs, it is much simpler and less

labor- or reagent-expensive than the carpetitive birding assay (CBA) in

RIA and ELISA. As a classical method, 03A has been used for analysis of

antigenic epitope specificity of MCAs to map topologically antigenic

determinants of structural proteins of viruses ard compare the

relationships between antigenic structure ard functions such as

heamagglutination and neutralization (Yewdell ard Gerhard, 1982;

Roehrig et al, 1983; Heinz et al, 1983; Kimura-Kuroda ard Yasui, 1983

) . In 03A, carpeting antibodies colld competitively inhibit reactions

of radioreactive isotope- or enzyme-labeled antibodies (congugates) if

antigenic determinants, which the competing antibody ard labeled

antibody react with, are identical (or similar), overlapped or

interracted (Stone and Nowinski, 1980; Luberck ard Gerhard, 1981). For

thepurpose, it isneoessarytouseMCAsanpleswithhightiter for

preparing competiting antibody ard conjugates with certain enzyme. In

contrast, the synergistic ELISA deperds on a different principle. When

a certain epitope on same antigenic material (such as virus proteins,

cell surface antigen, etc.) is saturated by a specific Nat, there are  
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still other unrelated epitopes available for other MCAs with different

epitope-Specificities. If two Mat samples are reactive with different

ard unrelated epitopes, the mixture of two samples will give a higher

ELISA readings than that of each single sample, due to more antigenic

determinants available for binding antibodies . This is called as a

synergistic or cumulative effects in ELISA. However, if two separated

samples are reactive with the same epitope or closely related

epitope(s) , their mixture would give the same level of reaction as each

single sample alone, i.e. , only one epitope colld bind antibody ard

there is no synergistic effect on ELISA between two separated samples

with the same epitope-specificity. According to whether ELISA reading

of mixed samples are increased significantly [or not, we can estimate

the relationships in epitope-Specificities between two MCA samples.

However, the relationship between the ELISA readings ard the amount of

antibodies bound to antigens is not a linear line but a hyperbolic

curve. It means that the ELISA readings do not increase linearly with

dolbling the amount of bond antibodies when they reach a certain

level, but do increase reasonablly by synergistic effect. Thus, the

ELISA data should be analyzed statistically to determine whether the

increased ELISA readings of mixtures are due to synergistic effect of

two MCA samples reactive with different epitopes or to variation in

ELISA testing.

The study irdicated that sELISA gave the same results in groping

epitope-specificity of MCA as cELISA, i.e. , 5 MCAs were divided into 4

separate grolps, altholgh the relatedness between 11A25 ard 113118 was

demonstrated at sate level in both sELISA and cELISA. MCAs 11A25 ard

113118 appeared to have different epitope-specificities when two
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samples were compared in the form of hybridoma culture fluids in

sELISA. As ascitic fluids were tested (Table 8 and 9), the difference

between 11A25 ard 113118 was observed only when a large number of

duplicates were used. The same results were also fourd in cELISA. When

metal cELISAwas carredolt, catpetingMOts 11A25 and 118118 inhibited

each other’s labeled antibodies but inhibition to the heterologois

antibodies was slightly weaker than that to the homologols (Fig.3a) ,

irdicating both relatedness ard difference between 11A25 ard 113118.

Oatpared to cELISA, sELISA shows some obvious advantages. In sELISA,

only commercially available anti-mouse IgG or IgM antibody-enzyme

conjugates are used, ard it is not necessary to purify immunoglobulins

fran ascitic fluids of each MCA samples to be tested ard conjugate them

with enzyme for sELISA. It is, thus, much simpler ard less labor- ard

reagent-cost than cELISA. Especially, different hybridomas could be

analysed for their epitope-Specificities with the culture fluids during

the early stage of screening specific hybridomas . In addtion, the data

insELISAcouldbeinputtedintoardanalysedbycamputors. All these

advantages of sELISA would make it accepted as a very helpful ard

convenient assay to analyze or identify a large number of MO. samples

in terms of their epitope-Specificities.

Although the principle of the sELISA was described by Friguet at al

(1983) , the assay they conducted has rarely been metioned and not been

repeated, even though there are so many papers published about

identification of epitope-Specificities of MCAs by using carpetitive

ELISA or RIA since then. It colld probably be explained as following:

a) In the assay described by Friguet at al (1983) , they did not metion

if they had used duplicates in ELISA, did not consider the variations
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fran well to well in ELISA itself, ofcause, they did not analyze their

databystatistics. Itwasnotreasonableandnoteasytobeaooepted

by others. They set Lp a index to judge if two sanples were reactive

withthesameepitopeornot, buttherewasnoaooeptablestaniardto

make an objective judgement. So it was difficult to be repeated by

others or in other antigen systems. b) They still had to use ascitic

fluid samples in their test procedure but not hybridoma supernatants .

Both these two problems are resolved in this dissertation by using

different assay procedure. And the results of sELISA are also conpared

to that of the classical cELISA in this study, it makes conclusions

 



SUIVMARY AND CDNCIUSION

A panel of nenoclonal antibodies were developed against REV. The

three MCES 11C100, 11E258, and 113667 were strain T—specific, and the

left were crossreactive with both strain ‘1' and CS or group-common. It

was the first reagent which were able to differentiate different

strains of REVS. The results in immunoprecipitation tests indicated

that strain T-specific mass 110100 and 11F667 recognized REV

glycoprotein of about 54,000—72,000 dalton, whereas the group-common

MCAs tested recognized REV glycoprotein bands of 62,000 or both 62,000

and 21, 000 dalton. Tunicamycin treatment demonstrated that the

precursors of 62 ,000 and 54,000-72,000 dalton proteins were

polypeptide of 48,000 dalton, the precursor of 21,000 dalton protein

was polypeptide of 20, 000 dalton. The Protein A-gold immmolabeling

technique and 'I'EM observation showed that the proteins recognized by

MCA 11A25 were located on the surface of virion envelope.

The synergistic ELISA were developed in this dissertation and it gave

the quite sane results as the classical oonpetitive ELISA in

identification of M5 for their epitope-specificity. However it showed

sone advantages over the classical competitive ELISA for determining

epitope-Specificities of MCAs, each as its sinplicity and being able to

test culture fluids in the early stage of hybridoma screening process

instead of ascitic fluids . It would greatly stimulate the further wide

useness of M05 in topological analysis of different antigen molecules

and establishnent of relationships between antigenic epitopes and

biological functions.

By using both sELISA and cELISA, MCAs were analyzed for their

143
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epitope-Specificities. Among three strain T—specific Mdks, 11C100 and

11F667 reacted with the sane or very closely related epitope, but

11E258 was reactive with an independent epitope different from 11C100

and 11F667. The all group-common MCAs tested were reactive with their

own epitopes different from each other, althouth there was sone

relationship between MCAs 11A25 and 11B118. MCAs were also tested for

their virus-neutralizing ability in cell cultures. Two strain

T-specific MCAs 11C100 and 13667 which were reactive with the sane

epitope showed a very strong in vitro neutralizing ability, but another

strain T—specific MCA 11E258 reactive with a different epitope just

gave a very weak neutralization activity. A group—common MCA 11E197

demonstrated a very high titer in neutralization test, MCA 11C237 was

barely positive in the test, and the other group—common MCAs tested did

not show any neutralizing ability. So the neutralizing activity of MCAs

were depended on their epitope-Specificities.

A MCA-nediated ELISA was developed for directly detection of REV

antigens by using combination of MCAs 11A25 and 11C237 which were

reactive with different group-commom epitopes on the surface of

virions. The sensitive limit of the ELISA was about 0.008-0.016 ug of

purified REV protein in 100 ul per well. It was about 40-80 times more

sensitive than complement fixation test, the standard procedure used

currently. More inportantly, CF could detect REV antigens from only

cell culture supernatants but not any kinds of avian sanples. However

the MCA-nediated ELISA could directly detect REV antigens from all

kinds of avian sanples, such as blood, sera, tissue suspensions,

cloacal swabs, egg albumin, and semen. Testing the egg albumen for REV

antigen by the ELISA would be recomended to be used for epidemic
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surveys and eradication programs of REV infection.

'IheMCAsandtheELISAdevelopedinthisstudyhasbeensuccessfully

used for different purposes by others: to subtype all REV isolates; to

differentiate tumors or cell lines transformed by different strains of

REV; to study the transmission of REV and make epidemical surveys; to

pick up the transmiter hens from REV infected turkey flocks for REV

eradication programs in some turkey farms in Pennsylvania; to detect

the antigen expressed by REV genes inserted into cell germlines for

transgenic animal studies.
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ABSTRACT

PROUJCI'ION, CHARACTERIZATION AND APPLICEXTION OF MONOCIONAL

AN'I‘IEDDIES AGAINST REI'IQIIOENIIJIHEIIwIS VIRUS

By

Zhizhong Cui

Reticuloendotheliosis virus (REV) infections have been reported

throughout the world, but its economic role is still not clear. More

than 30 isolates were obtained from different avian species with

various symptoms. They can not be differentiated antigenically. Some

molecular studing is done for REV viral proteins recognized by

polyclonal sera, but nothing is knom about the relationship between

antigenic components and biological functions. The monoclonal

antibodies are expected to help us to further understand the problems.

In this study, a panel of MCAs against REV strain T are generated and

characterized. MCI-XS 11C100 and 11F667 are strain T specific and

recognized a 54-72K dalton glycoprotein. They are useful for subtyping

REV isolates. Others are crossreactive with other members of REV and

recognized 64K or both 64K and 21K dalton glycoproteins. MCAs 11A25 and

11B118 are strongly reactive with all the REV isolates tested.

 



Zhizhong Cui

To determine epitope-Specificities of MCAs, a synergistic ELISA

(sELISA) is developed. It is quite coincident with the classical

corpetitive ELISA (cELISA) in the results of identification of

epitope-Specificities of MCAs. However, it is much simpler than the

cELISA and could use culture supernatants instead of ascitic fluid for

testing. These two advantages over cELISA should make sELISA very

helpful in testing a large number of hybridoma samples and thus

stimulate more interests in topological analysis of various antigen

molecules . Several independent epitopes on REV glycoproteins are

differemtiated with both cELISA and sELISA. The neutralizing activity

of sore MCAs is also tested showing that the neutralization activity is

related to only sore epitopes on virions .

By using the corbination of Mass, which are REV group-common and

recognizing glycoproteins on the surface of virions but different

epitopes, a MCA-mediated ELISA is developed for direct detection of REV

antigens from plasma, tissue suspensions, egg albumen, cloacal swabs,

and seen. The sensitivity limit of the ELISA is 8-16 ng purified REV

protein in 100 ul. It is 40-80 times more sensitive than corplerent

fixation test (CF) the standard assay currently used. More importantly,

The ELISA could directly detect REV antigens from bird samples, but CF

could not do so without amplification of viruses in cultures.

 





 


