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SUMMARY :. Imepolymerasechainreaction (PCR) wasusedto amplify, clone, 
and express ejght DNA fragments q ~25, ~16, reverse transcriptase (FU') 
core, C'-ternunal IiT, N'- and C'-ternunals of external (gp70), and 
transmembrane (gp40) envelope proteins frcm visna virus infecticus 
recmbinantDNA. Effortswe.refccusedoncharacterizingthenatureofthe 
humoral immne response of ovine progressive pneumonia (OPP) virus infected 
animals and identifying the cmserv& and prime-reactive antigenic 
deteminants that have potential diagnostic value. lhis conmnmication 
reportsthattheN'-terminalregionof gp40 appear&to bethemcxst 
irmnunoreactive of the bacterially expressed proteins and could serve as a 
sensitive imunodiagmstic antigen for the detection of OPP infection. 

Ovine progressive pneumonia (OPP), an ovine lentivirus (OLV), is caused 
byanononcogenic, exogenous retrovirus of the lentiviridae subfamily 

(~3). Infection with OLV occurs throughoutmnyofthemajor sheep 
producing areas of theUnited States andothercmntries. Thevirusmyke 
transmitted via colostnm, fecal-contaminated water, and inhalation (4,5,6). 

Fourovinelentivirus genmes, derived frornthe Iceltiicvisnavirus 
strain 1514, have been cloned and squenced (7,8,9). Tim of them, pLVl-lKS1 
and pLVl-lKS2, were replication-cmpetmt (9). The pLVl-IXSl infectious 
clones e.nccd& a total of 10 viral structured proteins. !Ihese proteins 
were: p16 (matrix protein), p25 (core protein), ~14, protease, reverse 
transcriptase, endonuclease, Q, S, gp70 ( external envelope glymprotein), an3 

to report factually on available 

the~roduct, andtheuseofthenambyUSDA iqqliesnoapprovalof the 
prukcttothe exclusionof others thatmaybe suitable. 

?bkeviations: ~=polymerasechainreaction,Rr=reverse 
transmiptase, OPP=ovineprogressivepnemonia, OLV=ovinelentivirus, 
OPPV=ovineprogressivepneumniavirus,AGlD=agarosegel 
immmdiffusion, GST = glutathione-S-transferase. 
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9-w P- ansamnbrane envelope glycoprotein) (9). The demonstration of 
specific antibodies to OPP virus (OPPV) encoded proteins is accepted as 
evidence of infection, but the antibodies provide no imnunity against 
infection (10,ll). Agar gel immuncdiffusion (AGID) test is the most widely 

usedmethcdtodetect antibodies in the serumof sheep infe&edwithOPPV 

(12) * However, the AGIDtestprimarily detects antibodies to them 
gene-encoded precursor glycoprotein~l35. Theother antigenic structures 
anddeteminants residingalongtheOPPVgenme are yet to be detemined 
(12,13). By using polymerase chain reaction (PCR), we amplified, cloned, and 
expressed eight DNA fragmnts encoding ~25, ~16, reverse transcriptase (RT) 
core, C'-terminal of RT, N'- and Cl-terminal of both, external (gp70) and 
transmembrane (gp40) envelope proteins from visna virus infectious 
recombinant pLVl-lKS1. Effortswere fccusedoncharacterizingthenatureof 
the humoral immune response of OPPV infected animals ard identifying the 
conserved and prime-reactive antigenic deteminants that might have potential 
diagnostic value. This communication describes the bacterial expression, 
partial purification, and inmnmolcqical characterization of eight recmbinant 
fusion proteins and the identification of a mjor serological marker for OPP 
serolcgyamng infected sheep. 

MATERIALSANDMEIHODS 

sheep sermsamoles. A panel of 12 OPP-positive sera and two 
OPP-negative sera, previously confirmed by AGID test, were included in this 
study. The 12 OPP-positive sera were from three experimentally-infected 
sheep (coded #l-3), six naturally-infected sheep with no OPP syqtoim (coded 
#4-9), and three naturally-infected sheep with OPP symptoms and gross lesions 
(coded #lO-12). The two OPP-negative sera were coded #13 and 14. 

Bacterial strains, olasmids, and expression vector. Escherichiaa 
JM105 was used as a host strain in this study. The pLVl-lKS1 plasmid 
containing a complete infectious visna proviral DNA was kindly provided by 
Dr. Katherine Staskus (9). Plasmid pGex2T was used for the expression vector 
(Pharmacia, Piscataway, NJ). Procedures for restriction erdonuclease 
digestions, purifying DNA, DNA ligations, and bacterial transformations were 
carried out as described (14). 

Oliqonucleotides. Eight sets of oligonucleotide primer pairs were 
synthesized on an Applied Biosystems' autmted DNA synthesizer, Model 391, 
(Foster City, CA). TheBamHI or ECORI restriction siteswere incmporated 
at the 5' ends of each primer to facilitate cloning. The sequence of each 
oligonucleotide, the region of the OLV gencm (pLVl-lKS1) to which it was 
homologous, andthePCRamplifiedprcxluct aregiven inTable1. 

SDS-oolvacrvlamide se1 electroohoresis and Western blotting. These 
procedures were performed by standard protocols (15,16). 

RESULTS AND DISCUSSION 

Construction of recombinant olasmids. Eight pairs of oligonucleotide 
primersweredesignedto frameeightdifferentregions ofthepLVl-IFS1 
p&mid. Through PCRamplificationtechnigues, eightlMA fragments were 
amplifiedardeachliadthe qxctedlength. lhePCRproductswereproteinase 
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Table 1. ~mmmy of oligolnucleotide sequence, location at 
geneamplified, and lengthof theFiXproduct 

primer designation 
lorientationl 

Size 
bxation (hl 

~16 
1 (+I 
2 t-1 

~25 
3 (+I 
4 t-1 

Feverse tr anscriptase 
(W 
5 (+I 
6 l-1 

C'-termirnl of FZT 
7 (+) 
8 l-1 

N'-terminal of ~3~70 
9 (+I 

10 l-1 

C'-tenninal of gp70 
11 (+I 
12 C-1 

N'-terminal of gp40 
13 (+I 
14 l-1 

C’-terminal of gp40 
15 (+I 
16 t-1 

5' AAGGA302m-GGacAPGcAAGGc 
5'GAGGCGAAmTmmGcrmr 

5'AAGzA!IcCCcrA!rTGlGAATm 
5' CCl'ICGGATCCCACATC'pa;ACA 

5'AAw;ATccATAGazCFATGGazc 
5'lGGAATIcmmca;cAl-GCAA 

5'AAGGATcCGCCATAG?UiGAGGCA 
5'lGGAAmcxCmCrGGIccIT 

5' AAGGATCCATGAAATACCTCAGG 
5' ITGAATICACTATCTAGACC~ 

5' AAGGA'ICCATGGIRTACCAAGAA 
5'mGAATrCmGxcxAaxGAA 

5’ccGGAFxGAAmGAGGAAAAA 
5'AAG?ATIcATAGICATrTECAG 

490-738 249 

919-1569 651 

2178-2828 651 

3531-3914 384 

6311-6826 516 

6944-7777 833 

8186-8467 282 

8593-8904 312 

VIhe sequences were derived from the published sequence of OLV 1514 
strain (pLVl-x51). 

K treated a+ cleaved with E3aM I/EcoR I, except for the p25 fragment Which 
wascleavedwithBamH1 only. Resultantfragmentsweregelpurifiedand 
cloned into the expressionvector pGz2Tthathadbeen cleavedwith 
appropriate restriction enzymes. ~epGex2Tv~rwntainstheglutathione- 
S-transferase (GSC) geneunderthe controlofthe Tacprcxmter. Themultiple 
cloning site at the 3' end of the GSC gene allowed insertion of a DNA 
fragment fused inphasewiththe~startcodonontheGsTsequence, 
resultirg in expression of a fusion protein. 'fheresultingplasmidustxl for 
the expressionofvarious regions of OPPviralproteinisdepicted inFigure 
1. 

Extxxssion and Wial mhfication of recumbinant fusion moteins. All 
reccanbinantplasmidscapableof expressingan OLVproteinmretransformed 
into_E. a (JMlO5 strain). !IhepSx2Tmsusedasthecontrolplasmid. To 
prmoteopthumprcductionofthe fusionprotein, cellsweregrown i.nLbroth 
to an optical density of 0.6 at 600 rm in the presence of ampicillin (50 
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pGEXZT - OLV 

EigJ. pGex2T expression plasmid was used in the cloning end expresson of the OLV 
open reading frame (OFF). The resultant plasmid is designated pGex2T-OLV. 

w-w - The cultures were then inducedwithl~isopropyl-S-D- 
thicgalactopyranoside (IITS) for four hours and harvested. In preparation 
for gel analysis of total bacterial lysates, cell pellets were sonicated and 
suspended in SDS-loading kmffer (10% glycerol, 50 r&l dithiothreitol, 3% SDS, 
0.0625 M Tris-Hcl, pH 8.0, and 0.2% bromphenol blue). Recombinant proteins 
representing lo-40% of the total protein, were readily observed (Figs. 2 and 
3) ina Comassie brilliant blue-stained sodium dcdecyl sulfate- 
polyacrylmide gel electrophoresis (SDS-PAGE) gel. The molecular size of 
each rewmbinant protein coincided with the predicted size: ~25 - 50.4 Kd, 

~16 - 35.4 Kd, HT core - 51.3 Kd, C'-terminal m - 40.8 Kd, N'-terminal g~70 
- 46.6 Kd, C'-terminal 91?70 - 57.2 Kd, N'-terminal gp40 - 37.5 Kd, 
C'-terminal gp40 - 38.8 Kd. Topartiallypurifytherecombinantproteins, 
cell pellets were sonicated and remspended in lysis buffer (50 r&l Tris-HCl, 
pH 8.0, 0.5 ITM ITYTA, 0.3M NaCl, lng/ml lysozyme). Recombinant proteins were 
then extracted fromthepelleted celllysateby seguentialureaextractions. 
~ichedrecombinantfusionprote~, in6MureaorSDSkffer,were 
analyzed by SDS-PAGE and are shown in Figs. 2 and 3. 

~layicalcharacterization of OPP sexawithreccmbinantoroteins. In 
ordertoidentifythebroad~ctiveantigenicdeterminantstiingOppV 
infection, each oftheexpressedrecombinantproteinswerecharacterizedby 
Western blot assay against a senna panel of OPP-positive and negative 
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29 - 

abc$e.fgh i j 

Fis. 2. Analysis of recmbinant fusion proteins by Coomassie 
brilliant blue stain& SDS-PAGE-gel. The lane designations are: 

a- Molecularstandard n-m-km (inKd) 
b- pZex2Tcontrol 
c - p25totalcelllysate (KL) 
d- p25 (6 M urea extraction) 
e - ~16 (XL) 
f - p16 (6 M urea extraction) 

: 
- Kl? core (TCLJ 
7 FQ core (SDS kuffer extraction) 

i - C'-KP (TCL) 
' - C'-RT (SJX buffer extraction) 

The *3ir-dicates the expressed remnbinantproteins. 

animals. Ihe reactivity pattern of 12 AGIB-pcsitive sera are: 75% (9/12) 
for ~16, 83% (10/12) for ~25, 83% (10/12) for F7T core, 33% (4/12) for 
C'-terminal KC, 50% (6/12) for N'-texminal of gp70, 66% (8/12) for 
C'-terminal of gp70, 100% (12/12) for NV-terminal of gp40, and 41% (5/12) for 
C'herminal of gp40 (Table 2). RepresentativeWesternblots frcmsheep sera 
#%J (ndmrally infectfzd with no cqn@ms) and #ll (naturally infected with OPP 

abcdefgh i i 
2cjo - * I-- 

97 - 
68- 

43 - 

29 - 

Fiq. 3. Analysis of recmbinant fusion proteins by Comas&e 
brilliant blue stained SDS-PAGE-gel. The lane designations are: 

a- Molecularstandazd marker (inKd) 
b- pZex2Tcontrol 
c- N'-gp70(TLC) 
d - N'-gp70 (6 Murea extraction) 
e- C'-g-p7O(XL) 
f- Cl-gp70 (6 M urea extraction) 
g - N'-WO WV 
h- N'-gp40 (SDSlmfferextraction) 
i- C'-c@O (TCL) 
j - C'-gp40 (6 M urea extraction) 

zhe*tiicatestheexpress&recfanbinant proteins. 

24 



Vol. 188, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 2. Reactivity of OPP-positive sera with recmbinant 
proteins in Western blots 

Recanbinantpmteins 
sheep- 

D25 p16 KI' core Cl-RT N'-cm70 C'-cm70 N'-qp40 C@-qp40 

Naturally infect&i 
with no syq$cms 

4 + + + + + 
5 - - + + + + + 
6 if - + 
7 - - + -I- + + + 
8 + + + + + 
9 ++ - + + + + + 

Naturally infected with 
OPP lesions & symptoms 

10 + - + + + + 
11 + + + + + + + 
12 + + + + + + 

Negative control 
13 - - 
14 - - 

ABCDEFGH 

0 4 
29 

Fis. 4. Westernblot.~ frmn 
with OPPV with no OPP syrqtms). 

A- ~25 
B- p16 
C- HTcore 
D- C'-RT 
E- N'-gp70 
F- C’-Qp70 
G- N'-c@O 
H- C’-gp40 

Thenumbers onthe left denote themlecularmarkers(inKd). 

ABC DEFGH 

sheep seru111#9 (naturally infect& 
Iane designations are: 

Fief. 5 tVe&e.m blots frcnn sheep serum #ll (naturally infected with 
0EJPvandsh~0PPsymptams andprogressivepneumnialesions). Lane 
designations correspond with Fig. 4. 

25 



Vol. 188, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

synptmsandpr~essivepne~nialesions) areshcm inFigs. 4 and5, 
respectively. 

The inmumoreactivityof eachrecmbinantproteinwas highly specific, as 
notdbythe absence of cress-reaction of positive sera with bacterial cell 
extracts c!ontainingtheGSTrmiety (datanotshown). Althoughthe 
reccnnbinantprot&nsdisplayedvariousdegrees of imunoreactivitywiththe 
serum panel, NV-terminal of gp40 region was recognized by 100% of sera tested 
inWestemblots;thus, itistheprimaryimmunc&minantmarker. The 
presence of antibodies to p25 and RT core proteins in 83% of the sera 
suggeststhesegeneproductsdefinesecondaryimmuncdcsninantsites. Ithas 
beend rxmnented that antibodies to the major core protein (~25) of Human 
Imnuncdeficiency Virus (HIV) disappear with the onset of full-blown AIDS and 
that the absence of p25 antibody may be an indication for a pessimistic 
prognosis (17,18). However, thep25 antibody inOPP infected sheepmyhot 
play a similar role as in human AIDS, since sheep #lo, 11, and 12 had a 
terminal prcgression of OPP disease and all had p25 antibcdies. 

Although N'-gp70 and Cl-g-p70 reacted with 50 and 66% of the positive 
sera, respectively, the combination of N'-gp70 and C'-gp70 resulted in 
detection of 75% of all positive sera tested. Apparently, there is 
cxmplementaq detection between N'- and Cl-gp70. Thus, ~25, RI?, ~16, and 
gp70 were not sufficiently reactive for the diagnosis of all OPPV infected 

sheep. It is concluded that the N'-terminal region of gp40 is the moat 
immunoractive of the bacterially expressed proteins and that this 
recombinant protein could be utilized as a sensitive irmmmcdiagncstic antigen 
for the detection of OPP infection. 

WethankDr. Katherine Staskus forprovidingthepLVl-1Kslplamid and 
her critical review of the mnuscript, Nancy Ferrell for technical 
contributions, Joan Rosch for preparation of the mmscript, and Penny E3ures 
for excellent photographic assistance. 
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