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ABSTRACT 

VERWOERD, D. W. , PAYNE, ANNA-LISE, YORK, D. F. & MYER, M.S., 1983. Isolation and 
preliminary characterization of the jaagsiekte retrovirus (JSRV). Onderstepoort Journal of Veterinary Research, 
50,309-316(1983) 

Jaagsiekt~ , or ovine pulmonary adenomatosis, is caused by a recently discovered retrovirus. The virus 
cannot be cultivated in vitro at present, but a procedure is described for the isolation and purification of small 
amounts in the form of immune complexes with IgA from affected lungs. The virion was shown to possess a 70S 
~NA genome which can be transcribed by an endogenous reverse transcriptase. Nine polypeptides, ranging in 
s1ze from 94 000 to 25 000 daltons, were found in purified preparations. Using neutralization of the viral reverse 
transcnpta~e and an enzyme immunoassay as criteria, no serological relationship could be domonstrated to 
representatives of type B , C and C oncoviruses, or to bovine leukemia virus, maedi-visna virus of sheep or 
caprine arthritis-encephalitis virus. 

INTRODUCTION 

Jaagsiekte, or ovine pulmonary adenomatosis, was 
first described as a disease entity in South Africa in the 
early nineteenth century but was later found to be almost 
world-wide in its distribution. It was known to be an 
infectious disease long before its neoplastic nature was 
appreciated (Tustin, 1969). Many years of scientific in
vestigation in various countries failed to reveal the aetio
logical agent, although a variety of organisms was iso
lated from affected lungs and incriminated as possible 
causal agents (Wandera, 1971). 

A viral aetiology has long been suspected as a result of 
filtration experiments, and an ovine herpesvirus was the 
first candidate to be isolated by various groups. Trans
mission experiments with this virus were unsuccessful, 
however (De Villiers & Verwoerd, 1980). 

The possible involvement of a retrovirus was first sug
gested by the observation of particles possessing typical 
type C retrovirus morphology in sections of adenoma
tous lungs (Perk, Hod & Nobel, 1971). This was fol
lowed by the demonstration of retroviruses in cell cul
tures established from affected lungs (Malmquist, 
Krauss, Moulton & Wandera, 1972) and biochemical 
evidence for the presence of reverse transcriptase activity 
in lung extracts (Perk, Michalides, Spiegelman & 
Schlom, 1974). None ofthese studies included transmis
sion experiments or excluded the possibility that the 
viruses observed were maedi-visna virus, however 
Convincing evidence that a retrovirus is indeed the 
aetiological agent of the disease has only recently been 
produced (Verwoerd, Williamson & De Villiers, 1980; 
Herring, Sharp, Scott & Angus, 1983). This evidence 
consisted mainly of repeated serial transmissions and the 
demonstration of an inverse relationship between viral 
concentration and the incubation period of the disease. 
Jaagsiekte is usually classified as one of the 'slow' viral 
diseases, with an incubation period measured in years. 
By concentrating and partially purifying the virus we 
have been able to reduce this lag phase to weeks (Ver
woerd et al., 1980). 

Lack of an in vitro system to cultivate the virus has so 
far precluded any biochemical study of the virion itself. 
In this paper we report on the isolation and purification 
of sufficient quantities of virus for a preliminary charac
terization. 
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MATERIALS AND METHODS 

Abbreviations used: JSRV, jaagsiekte retrovirus; 
MMTV, mouse mammary tumor virus; MuSV, murine 
sarcoma virus; SMR V, squirrel monkey retrovirus; 
BL V, bovine leukemia virus; CAEV, caprine arthritis 
encephalitis virus; RDP, RNA-dependent DNA polyme
rase (reverse transcriptase ); OTT, dithiothreitol; SDS, 
sodium dodecyl sulphate; ELISA, enzyme linked immu
nosorbent assay, MPMV, Mason-Pfizer monkey virus; 
MVV, maedi-visna virus. 

Source of viruses and cell cultures 

JSRV was isolated from a field case of jaagsiekte and 
serially passaged in sheep. The MMTV (strain R ill) 
producing R ill-MT cell line and the SMRV producing 
foetal canine thymus cell line (FCf2Th) were obtained 
from the American Type Culture Collection and grown 
according to their recommendations. MuSV was pro
duced by the M(52)B cell line derived from a MuSV
induced mouse sarcoma at the National Cancer Institute, 
NIH, Bethesda. BLV was produced in a bat cell line, 
Bat2-C 11, obtained from Dr J. Ferrer of the Bovine 
Leukemia Research Unit, University of Pennsylvania, 
New Bolton Center. 

Purification of viruses 

All the retroviruses produced in cell cultures were 
purified in the same way. One-and-a-half litre batches of 
cell culture medium were clarified by low speed centrifu
gation (30 min at 2 000 rpm) and then pelleted in a 
Beckman Ti-15 batch rotor for 2 h at 30 000 rpm. All 
procedures were carried out at 4 oc. Pelle ted virus was 
suspended in buffer B (50 mM Tris-HC I, pH 7,5, 5 mM 
MgC1 2 , 0,5 mM EOTA, 0,1 M KC1 and 1 mM OTT), 
and stored at -70 oc until used. Preliminary purification 
was obatined by zonal centrifugation through a 5-30 % 
sucrose gradient in buffer B for 60 min at 30 000 rpm 
(SW41 rotor). The visible viral band was then layered on 
a 20-55 % sucrose gradient in buffer B and centrifuged 
for 16 hat 25 000 rpm (SW27 rotor) for final isopyknic 
purification. The 1,16-1,18 density fractions were col
lected and the virus pelleted for 90 min at 30 000 rpm 
(rotor 30). Pellets were sus~nded in buffer B for imme
diate use or storage at -70 C. 

Production and purification of JSRV 

JSRV was produced in new-born lambs by injecting 
semi-purified virus, obtained from previous lung 
washes, intratracheally. Inoculation of 1 x 106 RDP 
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units (see below) produced clinical symptoms (dy
spnoea) in 6--12 weeks in the majority of animals. When 
terminally ill, the lambs were slaughtered, the lungs 
were removed and immediately rinsed with 1 ,5 e of ice
cold PBS or cell culture medium. All further steps were 
carried out at 4 oc. The lungs were rinsed by pouring 500 
me of medium into the trachea, massaging the lungs well 
and pouring out the rinse fluid. This was repeated~ 
times. The rinse fluid was then clarified by low speed 
centrifugation (30 min at 3 000 rpm) to remove cells and 
cell debris and then pelleted in a Ti 15 batch rotor for 2,5 
h at 30 000 rpm. The pelleted material was scraped off 
the rotor wall with a rubber policeman, suspended in 
0,05 M phosphate buffer (pH 7 ,4) containing 0,5 mM 
EDT A and 1 mM OTT and stored at -70 °C. 

After thawing out the stored pellets, 2 volumes of cold 
fluorocarbon (Freon 113, Du Pont, Wilmington, Del.) 
were added and the mixture homogenized for 5 min at 
10 000 rpm in a Virtis 60K homogenizer. After phase 
separation by centrifugation for 10 min at 15 000 rpm 
(Beckman SW41 rotor), the supernatant was collected 
and the interphase extracted once more with a small 
amount of phosphate buffer. The combined aqueous 
phase was then applied to a 1 ,5 x 30 em column of 
Sephacryl 1000, previously equilibrated at 4 °C with 10 
mM phosphate buffer containing 0,5 mM EDT A and 1 ,0 
mM OTT, and eluted in the same buffer. 

When required, the semi-purified virus, which eluted 
immediately after the void volume, was concentrated by 
pelleting or by vacuum dialysis, using a Millipore CX10 
ftlter unit, and further purified by isopyknic centrifuga
tion in 2~50 % sucrose gradients as described under 
Results. 

RDPassay 

All virus concentrations were estimated by means of a 
standard RDP assay, measuring incorporation of 3H-thy
midine triphosphate into DNA by the viral reverse trans
criptase, with poly (rA). (dT)10(Boehringer) as artificial 
template-primer. Assay buffer (20 mM Tris-HC1, 
pH 8,3 + 0,33 mM EDTA) was used to dissolve mate
rial to be tested. Samples (20 J.L€) were added to 55 11-e of 
an assay mix to give final concentrations of 14,7 mM 
Tris, 0 ,243 mM EDTA, 5 mM MgC1 2 (or 1 mM 
MnC12) , 0,24% (w/v) Triton X-100, 18 mM KC1, 0,3 
mM GTP, 14,5 mM OTT, 1,52 11-M 3H-TTP (~ 
Ci/mmole) and 5,25 11-g of template per assay. After 
incubation at 37 oc for 20 min, the reaction was termin
ated by spotting on DEAE cellulose ftlter discs (What
man DE8l). These were then dried, rinsed 6 times with 
freshly prepared 5 % Na2HP04 solution and twice with 
distilled water, dried and counted in a toluene-based 
scintillation solution in a Beckman L9000 scintillation 
counter. Virus concentrations were expressed in terms of 
RDP units, which were equivalent to the total cpm incor
porated by the sample. 

Protein determination 

Protein concentrations were determined by the Peter
son modification of the Lowry method (Peterson, 1977). 

Polyacrylamide gel electrophoresis 

Gel electrophoretic analysis of viral proteins was car
ried out in 0 ,1% SDS-containing 12,5% polyacrylamide 
gels with a 4 % stacking gel according to the method of 
King & Laemmli (1971). Viral samples were dissociated 
by heating in a boiling water-bath for 3 minutes in 2,5 % 
SDS, 5,0 % ~-mercaptoethanol and 12,5 % glycerol. 
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The low molecular mass calibration kit supplied by Phar
macia Fine Chemicals AB, Uppsala, Sweden, was used 
as molecular mass markers, run simultaneously. 

SDS-Sucrose gradient analysis 

Density gradients of 1~30% sucrose were prepare:d, 
using RNasefree sucrose in TNE buffer (10 mM :r~s
HCI, pH 7,4, 0,15 M NaC1, I mM EDTA) con~mmg 
0,5% SDS. Viral samples were disrupted by a?dmg 0,5 
% SDS and heating briefly at 60 oc before layenng on the 
gradient. Centrifugation was for 90 min at 40 000 rpm 
(SW4l rotor). Drops were collected from the bottom of 
the tube and absorbance values at 260 and 280 nm deter
mined spectrophotometrically. 

Endogenous transcription 

Purified JSRV was tested for transcription of its RNA 
in 500 11-e of a reaction mixture containing 50 mM Tris
HCl pH 8,0 0 ,024 % Triton X-100, 5 mM OTT, 3,4 
mM MgCl 2 , 1,8 mM each of dATP, dGTP and dCT~, 
50 J.Lg of actinomycin 0, 5 11-Ci 3H-TTP(4~ Ci! 
mmole) and 250 11-g of activated calf thymus DNA as 
primer. Incubation at 37 oc was for 3-6 hand the product 
was analysed on a SDS-sucrose gradient after the addi
tion of0,5% SOS. 

Source of antisera and conjugates 

Antisera against the various retroviruses were pre
pared in rabbits by injecting virus, purified as descnbed 
above and disrupted by the addition of0,25% Tween X-
100. The first injection with Freund's adjuvant was 
given subcutaneously, followed by boosters at ~o
weekly intervals without adjuvant in the footpads u~tll a 
suitable level of neutralizing antibodies was attamed. 
IgG was isolated by chromatograp~ty on a OEAE-cellu
lose column, eluting in an 0,01 M phosphate buffer, pH 
6,3. Antiserum to JSRV was prepared in the same way, 
using fluorocarbon extracted lung rinse ~llet , di~so
ciated with Triton X-100, as antigen. Antisera ~gamst 
CAEV and maedi-visna virus were kindly supphed by 
Dr Travis McGuire, Animal Disease Research Unit, 
Washington State Universi~, Pullman. Anti-MPMV 
p27 serum was donated by ·or D. K. Howard, Meloy 
Laboratories, Inc. , Springfield. 

Rabbit anti-bovine IgA was purchased fro~ Pe~
Freeze Biologicals (Rogers, Arkansas) and rabbit anti
sheep IgG from Dakopatts (Copenhagen, Denmark). The 
anti-bovine lgA gave a specific reaction with sheep IgA. 
Peroxidase conjugates of anti-rabbit and anti-sheep 
immunoglobulins, used for the assay of JSRV antigens, 
IgG and IgA, were also obtained from Dakopatts. ~or 
the comparative serological study, conjugates of alkahne 
phosphatase (type VII, Sigma Chemical Co.mpany) and 
goat anti-rabbit as well as rabbit anti-sheep Immunoglo
bulins were prepared by a modified one step glutaralde
hyde method (Avrameas, 1969). 

Absorbtion of antisera 

Antiserum prepared against JSRV was extensively 
absorbed with sheep liver powder, monolayers of foetal 
lamb kidney cells , Mycoplasma arginini, M. ovipneu
monia, sheep IgG and bovine lgA until specific for the 
virus. The soluble antigens were absorbed to plastic cell 
culture flasks as described for the ELISA antigens. After 
being washed thoroughly, the antiserum was added and 
incubated overnight at 4 oc with constant shaking. 

Other antisera were adsorbed, when necessary, with 
the relevant antigens using the same technique. 



RDP neutralization assay 

. Serial dil~tions of t~e various antiviral IgG prepara
tiOns were mcubated m a total volume of 20 J.Lf with 
constant amounts of disrupted purified virus for 30 min 
at 4 °C, before being assayed for RDP activity as de
scribed above. 

Normal rabbit IgG controls were tested at comparable 
concentrations for determining percentage neutraliza
tion. 

Enzyme linked immunosorbent assay (EUSA) 

A modification of the indirect ELISA technique 
described by Voller, Bidwell & Bartlett (1979) was used 
both for analysing the relative amounts of viral antigens 
and immunoglobulins during viral purification, and for a 
serological comparison of JSRV with other retroviruses. 
For the former, antigens were bound to microtitre plates 
(Linbro or Nunc) in twofold dilutions commencing at 
1:50 in 0,05 M carbonate buffer at pH 9 ,6. For the latter, 
the following dilutions were used in the same buffer: 
JSRV 1:400; MMTV 1:200; MPMV 1:200; CAEV 
1:400; BLV 1:400. After extensive washing with 0,001 
M phosphate buffer and 0,05 % Tween 20, the plates 
were blocked with 3 % ovalbumin in PBS for 1 h at room 
temperature. This was followed by incubation for 1 h at 
37 oc with the primary antiserum. For the quantitation of 
immunoglobulins and JSRV antigens, anti-sheep lgG 
was used at a dilution of 1:400, anti-bovine lgA at 1:500 
and anti-JSRV at 1:100. For the comparative study, 
primary antisera were added in twofold dilutions. 

After washing, the plates were incubated with the rele
vant conjugate (as indicated above) for 1 hat 37 oc and 
washed again before addition of the substrate. The sub
strate used for the peroxidase conjugate consisted of 0,6 
% 0-phenylenediamine with 0,3 % hydrogen peroxide in 
a 0,05 M phosphate-citrate buffer at pH 5,0. The reac
tion was stopped after about 10 min with 2N H2S04 and 
the absorbance read at 495 nm in a Titertek Multiscan 
spectrophotometer. For the alkaline phosphatase conju
gates the substrate was 0,1 % p-nitrophenyl phosphate in 
0,05 M carbonate buffer at pH 9,6. The reaction was 
stopped with 2N NaOH and the absorbance read at 405 
nm. 

Jmmuno-blot assay 

Viral proteins were indentified immunologically by 
electroblotting them after polyacrylamide gel electropho
resis onto nitrocellulose, using a Bio-Rad Trans-Blot 
apparatus, followed by staining with an enzyme-linked 
immune reagent. The Bio-Rad lmmun-Blot assay kit was 
used for this staining reaction in conjunction with an 
absorbed rabbit anti-JSRV serum at a 1:50 dilution. 

RESULTS 

I solation of JSRV from lung-rinse fluids 

All attempts to cultivate the jaagsiekte retrovirus in a 
variety of cell-cultures, applying a wide range of techni
ques such as co-cultivation, cell fusion and various 
chemical treatments, have been unsuccessful to date. 
The only source of virus therefore remained the lungs of 
adenomatous sheep. Experimental cases of jaagsiekte 
were produced by injecting new-born lambs intratra
cheally with semi-purified virus obtained from previous 
cases. The lambs were slaughtered during the terminal 
stage of the disease, usually 2-3 months later, and the 
rinse fluid obtained from the freshly removed lungs used 

D. W. VERWOERD, ANNA-LISE PAYNE, D. F. YORK & M.S. MYER 

311 

for the purification procedure described under Materials 
and Methods. Initial concentration of the lung rinse fluid 
was usually done by pelleting in a batch rotor. Precipita
tion with 10% polyethyleneglycol in 0,5 M NaC1 gave 
similar yields, but it resulted in a heavy precipitation of 
contaminating proteins whicb interfered with subsequent 
steps. 

Purification 

We have shown previously that treatment of lung rinse 
pellets with fluorocarbon not only removes much of the 
contaminating cell debris but also enhances the infectiv
ity of the material (Verwoerd et al., 1980). This was 
rather surprising as all the other retroviruses tested are 
very susceptible to an identical treatment, as indicated by 
a loss of RDP activity. JSRV, in contrast, consistently 
had a higher RDP activity after treatment than before 
(Table 1). 

TABLE I Susceptibility to fluorocarbon treatment 

RDP activity RDP activity 
Virus before treat- after treat- % inactivation 

ment (cpm) ment (cpm) 

MuSV (Type 41 880 2 100 94,9 
C) 

SMRV (Type 234 630 70 670 69,8 
D) 

MMTV (Type 37 700 2 670 92,9 
B) 

BLV 59 290 8 030 86,4 
JSRV 20 490 28 790 0 

This increase in activity was thought to reflect the 
removal of some inhibitor, possibly immunoglobulin. 
The phenomenon was furthe_r investigated by determin
ing the size distribution of viral RDP activity by gel 
filtration through a Sephacryl 1000 column before and 
after treatment with freon. Column fractions were also 
assayed for relative lgG and lgA concentrations by 
means of the ELISA technique. The results are shown in 
Fig. 1. 

Untreated lung rinse pellets eluted from the column as 
a series of RDP positive peaks reflecting a heterogeneous 
size distribution. IgA and lgG distribution patterns were 
very similar to that of the virus and little or no activity 
eluted at the position of free protein (Fig. 1A). After 
freon treatment, all the RDP activity was found in 2 
peaks, respectively eluting immediately after the void 
volume of the column and in the position of free protein. 
IgA was present in both peaks, but IgG was found 
mainly in the free protein position (Fig. 1B). 

These results suggest a predominance of virions asso
ciated with immunoglobulins (mainly IgA) and possibly 
other cell components in the untreated lung rinse pellets. 
Freon treatment disrupts most of the smaller complexes 
and also some of the virions, but has little effect on the 
large JSRV-IgA immune complexes which can be iso
lated in almost pure form by gel filtration as reflected in 
the polypeptide pattern shown in Fig. 3. 

Removal of immunoglobulins 

Various attempts were made to dissociate the immune 
complexes obtained after freon treatment and gel filtra
tion and to remove the IgA and IgG in order to obtain 
pure JSRV. In view of the instability of the virus a tech
nique was devised which allows very brief treatment of 
the complexes under controlled conditions. 

Reagents commonly used for the dissociation of im
mune complexes were layered on top of sucrose density 
gradients and the viral complexes allowed to sediment 
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through these layers to isopyknic equilibrium. Without 
any treatment, viral complexes banded at a density of 
1,185 g/mf, as measured by the distribution of RDP 
activity. Sedimentation through an alkaline (pH 11 ,5) 
layer or through 6 M guanidine hydrochloride com
pletely disrupted the virus (results not shown). An acid 
layer (0,02N HC1, pH 2,5) did not affect the density or 
the RDP activity of the virus whereas 4 M guanidine 
hydrochloride and 4 M urea resulted in a reduction of 
RDP activity and in a slightly lower density of 1,17 
g/mt. 
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FIG. I Effect of freon treatment on the distribution of JSRV-RDP 
activity, IgA and IgG after gel filtration through a Sephacryl 
1000 column. In A a lung rinse pellet was applied to the 
column without further purification. In B an identical sample 
was extracted with 2 volumes of freon 113 at 4 °C before 
application to the column. RDP activity (•) was measured as 
incorporation of 3H-thymidine triphosphate into DNA with 
poly (rA). (dT)10 as primer-template. IgG (o) and IgA (~) 
concentrations were determined by means of an ELISA test 

The efficiency of the various treatments and purifica
tion steps in removing immunoglobulins from the virus 
was determined by measuring the relative amounts of 
viral antigen, lgA and lgG by means of the ELISA tech
nique. The results are shown in Fig. 2. 

In essence, Fig. 2 confirms that the product of our 
purification procedure consists of an immune complex of 
virus and mainly IgA. Isopyknic centrifugation under 
dissociating conditions reduced the lgG to negligible 
levels, but we did not succeed in removing all IgA. 

A comparison of 2A and 2B shows a considerable 
reduction in the ratio of IgG and IgA to viral antigen in 
lung rinse pellets after fluorocarbon extraction. The in
crease in relative IgA concentration following gel filtra
tion (Fig. 2C) probably reflects the presence of non-viral 
immune complexes and/or the separation of immune 
complexes from soluble viral antigens resulting from 
viral disruption by the fluorocarbon. Fig. 2D indicates 
that most of the lgG and some of the IgA are removed by 
isopyknic centrifugation. Acid treatment had little or no 
additional effect (Fig. 2E). A chaotropic salt layer (4 M 
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guanidine-HCl or 4 M urea) (Fig. 2F) reduced the rela
tive amount of IgA, but the former also reduced the titre 
of the viral antigen considerably. 
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~ 

FIG. 2 Relative amounts of JSRV antigen, IgA and IgG at the differ
ent stages of purification of the lung rinse pellets: without 
further purification (A), after freon extraction (B) and fraction 
29 from a Sephacryl 1000 column (Fig. I B) (C). D represents 
the viral band obtained by isopyknic density gradient centrifu
gation, and E and F identical samples sedimented through 
gradients with additional! ,() mC layers of0,02 N HCI in 10 % 
sucrose (E) and 4M urea (F), respectively. Viral bands were 
located by means of the RDP test and serial twofold dilutions 
of the peak fraction used as antigen in the ELISA test. Relative 
amounts of viral antigen, IgA and IgG were obtained by deter
mining the end-points and expressing the reciprocals of the 
titres as a percentage of the value for JSRV 

Polypeptide composition of the virion 

In addition to the assays for immunoglobulins and 
viral antigens the degree of purification obtained by the 
procedures described above was also monitored by poly
acrylamide gel electrophoretic analysis after each step. 
The result of a typical experiment is shown in Fig. 3. 

The large amount of material removed during the fluo
rocarbon extraction step is not reflected in Fig. 3 (lanes 
A and B) and is therefore mainly non-protein in nature. 
Except for the presence of immunoglobulins, a consist
ent viral polypeptide pattern was obtained after fluoro
carbon treatment followed by gel filtration on Sephacryl 
1000, indicating that the RDP-containing peak eluting 
after the void volume of the column consists mostly of 
viral immune complexes (lane C). Some minor bands 
were eliminated by isopyknic centrifugation (lane D) and 
sedimentation through an acid (lane E) and guanidine 
HC1 layer (lane F). The results obtained with the latter 
treatments were somewhat variable in various experi
ments. 

Nine polypeptide bands were consistently present in a 
large number of purified JSRV preparations. The esti
mated molecular masses are shown in Fig. 3. A tenth 



band with a molecular mass of 35 000 daltons was often 
lost in the final purification steps and may represent a 
contaminant. A 25 000 band was usually barely visible. 
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FIG: 3 Polypeptide composition of JSRV at the various stages of 
purification described in the legend to Fig. 2. Polyacrylamide 
gel electrophoresis was carried out in a 0,1 % SDS-containing 
12,5 %polyacrylamide gel with a 4% stacking gel run for 12 
hat 10,2 V/cm. Lane M represents molecular mass markers 
(Pharmacia), lanes A-F the fractions illustrated in Fig. 2 

In order to obtain some positive identification of the 
viral polypeptides, a Trans-Blot of the electrophoretic 
pattern was stained by means of an ELISA-type reaction 
(Fig. 4A). A cytoplasmic extract from a normal sheep 
lung was included as a control, and an identical blot was 
stained with amido black to obtain the complete pattern 
of polypeptides (Fig. 4B). The bands representing poly
peptides p25, .p32, p38, p50 and p94 can cle_~rly be seen 
in the viral antigen after the enzyme-immune reaction 
(lane J) but were absent from the normal lung extract 
(lane N). The two double bands in the region of 
75-84 000 daltons did not transfer well but were faintly 
visible on both the stained and immune-reacted blots. 
These nine bands can therefore be assumed to represent 
viral polypeptides. In contrast, p35 is clearly a cell com
ponent and p61 is overshadowed by a normal cell com
ponent to such an extent that no definite conclusion can 
be made regarding its identity . 

Size of the RNA genome 

Previously reported characteristics of the virus, such 
as the possession of a reverse transcriptase and a density 
of 1,175, suggested that it would probably have a 
genome typical for the retroviridae, i.e. a 60-70 S 
single-stranded RNA. This was confirmed by both direct 
analysis of the viral genome to determine its size and by 
the simultaneous assay which demonstrates the transcrip
tion of viral RNA to form an RNA-DNA complex of 
approximately the same size as the RNA template. The 
results are shown in Fig. 5. Semi-purified virus was 
dissociated with 1 % SDS and analysed by means of 
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FIG. 4 An immuno-blot assay of the electrophoretically separated 
polypeptides in a semi-purified JSRV preparation from Jaag
siekte lungs (J) and a cell-free extract from normal lungs (N). 
Lanes Mare markers (Pharrnacia), with their molecular.mass 
values indicated on the left hand side of the figure. A mdicates 
staining by means of an . enzyme-linke~ immune reagent, B 
staining with amido black: The polypept.Ide bands seen only m 
the viral pattern after the Immune reaction are labelled m the 
right hand lane according to their estimated molecular sizes. 
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FIG. 5 Evidence for the presence of a 70S RNA genome in JSRV, 
obtained by ·means of rate zonal centrifugation in SDS-con
taining sucrose gradients. A: Purified virus was dissociated. 
with SDS and analysed on an SDS containing gradient as 
described under Materials and Methods. Fractions (1 ,0 mf) 
were collected by means of a peristaltic pump from the bottom 
of the tube (left side in the figure) and the absorbance mea
sured at 260 and 280 nm (•).The 70S marker indicated by an 
arrow was a 3H-uridine labelled MuSV dissociated and centri
fuged in the same way in a parallel tube. B: An identical JSRV 
sample was used in an endogeneous transcription reaction (de
scribed under Materials and Methods), in which 3H-TTP is 
incorporated into an RNA-DNA hybrid. The sedimentation 
rate of this product was determined by dissociation and sedi
mentation as described. Fractions (0,5 mC) were collected 
from the bottom of the tube and the acid precipitable counts 
determined in a scintillation counter ( o). 
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sedimentation through an SDS-containing sucrose gra
dient. Fractions were collected and the absorbance at 260 
and 280 nrn determined. The nucleic acid component 
peaked at a position very close to that of a tritium 
la~lled MuSV-RNA used as a 70S marker (Fig. 5A). 

The endogenous transcription reaction, carried out as 
described under Materials and Methods, was very ineffi
cient. This was probably due to inhibitors present in the 
semi-purified virus, as it was found that the addition of 
virus to a standardized transcription reaction, utilizing 
isolated ribosomal RNA as template, reduced transcrip
tiori' to about 1 % of its normal level. Nevertheless, the 
number of counts incorporated was sufficient to demon
strate that the product of the endogenous reaction yielded 
a product of approximately the same size as the viral 
genome (Fig. 5B). 

Serological relationship to other retroviruses 

In a preliminary attempt to determine whether JSRV is 
rel~ted to any of the established retrovirus types, neutra
lization of its reverse transcriptase was selected as a 
group specific test. Antisera against representatives of 
types B (MMTV), C (MuSV), and D (SMRV) and the 
unclassified bovine leukaemia virus were prepared and 
the IgG isolated as described under Materials and 
Methods. Neutralization curves were derived using each 
IgG against its homologous enzyme and against the 
JSRV enzyme. As shown in Fig. 6, no cross-neutraliza
tion was obtained. 

A.n indirect ELISA technique was used to confirm and 
extend these results at a higher level of sensitivity. In 
addition to representatives of the established _ty~s, 
caprine arthritis encephalitis virus and maedt-vtsna 
v~s of sheep were also included in the series. 
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FIG. 6 Neutralization of RNA-dependent DNA polymerases by IgG. 
Serial dilutions of lgG, prepared in rabbits against type C 
(MuSV), type B (MMTV),type D (SMRV) and BLV, as well 
as normal rabbit lgG, were pre-incubated with constant 
amounts of disrupted purified virus. RDP activity was then 
determined in triplicate as described under Materials and 
Methods. Each IgG was tested against its homologous virus 
and JSRV. Residual RDP activity is expressed as a percentage 
of that obtained after pre-incubation with an equivalent 
amount of normal lgG 

The results obtained are presented in Table 2 in the 
form of a checker-board, where the determinant of the 
matrix is formed by the titre of each antigen with its 
homologous serum. The titres for JSRV, MMTV and 
CAEV along the determinant are 320, while values 
>640 were obtained for MPMV and BL V. The titrations 
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of heterologous sera against JSRV -Ag all gave titres 
below 10 (top row), while titration of JSRV serum 
against the other viruses also gave titres lower than 10 
(left hand column). The weak reactions between the 
MMTV and SMRV antigens and BLV antiserum were 
considered to be negative in view of the negative recipro
cal titres. The titre of 40 between CAEV -Ag and maedi
visna antiserum is in line with the known cross-reactiv
ity between these 2 viruses. 

TABLE 2 Antiserum titres against homologous and heterologous 
retroviruses as determined with the indirect ELISA tech
nique 

~ JSRV MMTV MPMV CAEV BLV MVV 
g 

JRSV 320 < 10 <10 <10 < 10 <10 

MMTV < 10 320 <10 <10 20 <10 

SMRV <10 < 10 > 640 < 10 20 <10 

CAEV <10 <10 < 10 320 <10 40 

BLV <10 <10 10 < 10 > 640 < 10 

DISCUSSION 

The fact that JSRV had to be isolated from affected 
adenomatous lungs introduced a number of problems not 
usually encountered in the purification ofretrovirus~s . In 
addition to low concentrations of virus and unusual msta
bility after exposure to sucrose or glycerol gradients, the 
main problem was the p~esence of large ru_nounts o.f ~~r
factants, irnrnunoglobuhns and cell debns. Our mttlal 
demonstration of a viral reverse transcriptase as well as 
electron microscopic identification of viral particles 
(Verwoerd et al., 1980) depended on the discovery that 
much of this contaminating material can be removed by 
fluorocarbon extraction without apparent damage to the 
virus. In fact, both reverse transcriptase activity and in
fectivity of the virus are enhanced by this n:eatment. Th~s 
observation was unexpected because typtcally retrovt
ruses are sensitive to fluorocarbons . Only in the purifica
tion of MMTV from blood has freon extraction been 
used previously (Moore, Sarkar & Charney, 1970) .. A 
comparison carried out for a number of representative 
retroviruses (Table 1) revealed a significant difference 
between JSRV and the others . 

During the course of purification experiments, it 
became clear that at least some of the virions are present 
in the lung exudate in the form of immune complexes, 
mainly with IgA. In fact, only these immune complexes 
survive the fluorocarbon treatment and constitute the 
form in which we purified the virus. This explains the 
resistance of our virus isolates to freon, compared to the 
other retroviruses, which, of course, were purified from 
cell cultures in the absence of antibodies. The increase in 
RDP activity observed after fluorocarbon extraction can 
be explained in terms of the removal of contaminating 
substances inhibiting the enzyme reaction. Evidence for 
such inhibitors was obtained in our study of the endoge
nous transcription reaction. The presence of inhibitors, 
and the fact that the RDP assay was the only test for viral 
activity available to us, made any attempt to estimate 
yields or even the ratio of complexed to free virus impo~
sible. If the majority of virions present in the lung flmd ts 
complexed with IgA, as suggested by the gel filtration 
experiments, it would explain the low infectivity of the 



virus in nature as well as for cell-cultures and also the 
fact that secondary spread of lesions in affected lungs is 
only rarely seen. It would also imply that the immune 
response of the host is mainly an lgA-mediated local' 
response. This would have important implications for a 
strategy to combat the disease. 

Absolute purity of the virus was not attained by the 
procedures described. Nevertheless, enough virus of suf
ficient purity could be obtained in this way for a prelim
inary study of both its polypeptide composition and its 
RNA genome. Polyacrylamide gel electrophoretic analy
sis of the viral proteins yielded a reasonably consistent 
pattern consisting of 10-11 bands. Nine of these were 
identified immunologically as viral components. Some 
of the high molecular mass bands may represent precur
sor polyproteins. The molecular sizes of the major poly
peptides are distinct from those found in other retrovi
ruses. Type C and D retroviruses characteristically pos
sess a 70-80 000 and a 20-36 000 dalton envelope gly
coprotein, a major 27-36 000 dalton internal protein and 
3-4 low molecular mass polypeptides ranging from 10 to 
20 000 daltons. In MMTV, representative type B virus, 
the distribution pattern is closer to that found in JSRV, 
i.e. a gp52, gp36, p28, p23, p14 and a p10 (Stephenson, 
Devar & Reynolds, 1978). In Maedi-Visna virus a large 
envelop glycoprotein, gp 135, and 3 internal proteins, 
p30, p16 and p14, as well as some precursor proteins 
have been demonstrated (Vigne, Filipi, Querat, Sauze, 
Vitu, Russo & Delori, 1982). 

The possible significance of the apparent absence of 
polypeptides smaller than 25 000 daltons for the struc
ture and function of the virus remains to be elucidated. In 
general, retroviruses synthesize polyproteins which are 
processed by cleavage during viral maturation (Stephen
son et al., 1978). The absence of small polypeptides in 
JSRV could therefore perhaps be ascribed to the lack of a 
cleavage mechanism. Freon extraction did not alter the 
morphology of the surviving virus and the small poly
peptides are mainly internal components, therefore it is 
unlikely that they were removed by this treatment. 

In contrast to its polypeptide composition, the RNA 
genome of JSRV does not seem to have any unusual 
features . It is 60-70S in size and is efficiently trans
cribed in vitro into DNA using exogenous AMV -reverse 
transcriptase (Verwoerd, unpublished results, 1983). In 
contrast, the endogenous transcription was very ineffi
cient in our hands, but it was shown experimentally to be 
due to a contaminating inhibitor. 

The magnesium dependence of its reverse transcrip
tase, its polypeptide composition as well as its morpho
logy and morphogenesis (Payne, Verwoerd & Garnett, 
1983), suggested that JSRV could be more closely 
related to MMTV than to the other retroviruses. To 
investigate any possible relationships, 2 serological tech
niques were used. Neutralization of the viral reverse 
transcriptase has been widely used to study the rela
tionship between various avian and mammalian retro
viruses (Bauer & Temin, 1979; Livingston & Todaro, 
1973; Smith, Nooter, Bentvelzen, Robert-Guroff, Hore
wood, Reitz, Lee & Gallo, 1979). We were unable to 
produce an antiserum active against JSRV-RDP, but an
tibodies neutralizing the enzymes of representatives of 
the various groups of retroviruses failed to inhibit the 
JSRV enzyme. In a more sensitive enzyme immunoassay 
the same viruses were tested reciprocally against each 
other. Again no relationship was found. Two additional 
viruses were included in this series, i.e. maedi-visna 
and caprine arthritis-encephalitis viruses, representing 
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the lentivirus subgroup of retroviruses occurring in sheep 
and goats. Except for a known cross-reaction between 
the latter 2 viruses, the results were again negative. 

As far as we know maedi-visna does not occur in 
South Africa. We were therefore unable to carry out a 
direct comparison between maedi-visna virus and 
JSRV. However, a large number of sheep sera, including 
those from most of our jaagsiekte cases, were kindly 
tested for maedi-visna antibodies by Dr Peturrson of 
Reykjavik, Iceland. No maedi-visna antobodies were 
found. Conversely, as reported in this paper, antisera 
against both maedi-visna and CAEV did not react with 
JSRV antigen. Most importantly, however, the morpho
logy and morphogenesis of the two viruses are markedly 
different, as discussed in the accompanying paper 
(Payne et al. 1983). We therefore conclude that JSRV is 
probably a new retrovirus, unrelated to any of the pre
viously known members of this group. 
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