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Murine AIDS (MAIDS) is an immunode- 
ficiency syndrome that, like the human 
counterpart, is characterized by lym- 
phadenopathy, hypergammaglobuline- 
mia (IgM, IgG2a, IgG3), and profound 
T-cell dysfunction. ~1-3~ The etiologic 
agent of MAIDS has been identified as a 
defective retrovirus that primarily in- 
fects B lymphocytes. (4-6~ This defective 
virus has been found to be able to induce 
MAIDS in susceptible strains of mice in 
the presumed absence of virus replica- 
tion. ~7'8~ Upon cloning and sequencing 
of the virus the following were found: 
(1) a gag coding region capable of coding 
for a p15, p12, p30, and plO (Fig. 1); (2) 
the p15, p30, and pl0 sequences are 
highly homologous (81-95%) with the 
AKR murine leukemia virus (MLV), 
whereas the carboxyl end of the p12 cod- 
ing region is only weakly homologous 
(30-40%) to MLV gag coding regions; (3) 
the virus is largely void of any pol and 
env coding sequences; and (4) the long 
terminal repeat (LTR) sequences are ho- 
mologous to those found in ecotropic 
MLV endogenous to C57B1/6 mice. ~4'9~ 

Because a portion of the gag p12 se- 
quence is the only region unique to the 
defective virus, many investigators have 
used it as a genetic probe to identify viral 
DNA and RNA in the cells of infected an- 
imals. ~4'8'9~ In previous investigations, 
these researchers have utilized the meth- 
ods of Southern and Northern blot hy- 
bridization to identify virus DNA and 
RNA, respectively. We now describe the 
design and utilization of a set of primers 
that when employed in the PCR will al- 
low for a more sensitive and specific de- 
tection of nucleic acid derived from the 
defective retrovirus responsible for 
MAIDS. 

MATERIALS AND METHODS 

Cell Lines and Virus 

The following cell lines were used to as- 
sess the specificity of the PCR primers: 
(1) pAKV623, NIH 3T3 cells infected with 
an ecotropic routine leukemia virus 
(MLV); (2) NFS-Th-I-Xeno, a mink lung 
cell infected with a xenotropic MLV; (3) 
AKR247, a mink lung cell infected with a 
mink cell focus-forming virus (MCF); (4) 
MM5MT, a mouse mammary tumor cell 
line infected with the mouse mammary 
tumor virus (MMTV) obtained from the 
American Type Culture Collection; and 
(5) a mouse tail cell line derived from 

Mus dunni  °°~ that is permissive for MLV 
infection (kindly provided by Dr. S.K. 
Chattopadhyay, Laboratory of Cellular 
Oncology, National Cancer Institute). 
The MAIDS-producing virus mixture, LP- 
BM5, was kindly provided by Dr. J. Hart- 
ley (Viral Oncology Section, Laboratory 
of Immunopathology, National Institute 
of Allergy and Infectious Disease) and 
used to infect susceptible mice and the 
M. dunni  cell line. 

Isolation of Spleen DNA and RNA 

Six-week-old female C57B1/6 mice (Jack- 
son Labs) were injected i.p. with 0.2 ml 
of LP-BM5 virus mixture. Two weeks af- 
ter infection, their spleens were removed 
and processed for DNA and RNA. Spleens 
were removed from infected or nonin- 
fected mice, weighed, and placed in a 
plastic bag containing 1 ml of complete 
tissue culture media (RPMI-1640 + 5% 
fetal calf serum). To prepare a single-cell 
suspension from the intact spleen, the 
bag was placed in a Stomacher Lab 
Blender (Model 80, Seward Medical) and 
the spleen was homogenized using the 
HIGH setting for 2 rain. The resulting 
single cell suspension was mixed with 9 
ml of complete media, and then the cells 
were counted and pelleted. The cells 
were washed with 10 ml of phosphate- 
buffered saline (PBS), repelleted, and 
then suspended in 0.5 ml of PBS. An al- 
iquot of the cells (0.25 ml) was used for 
DNA isolation and an aliquot (0.25 ml) 
was used for RNA isolation. The DNA was 
isolated using Proteinase K/SDS diges- 
tion and phenol extraction. Spleen cell 
RNA was isolated using the method de- 
scribed by Chomczynski and Sacchi. (11~ 

Conversion of Spleen cell RNA 
to cDNA 

Spleen cell RNA (5 I~g total cell RNA) 
from the cell lines or infected and non- 
infected mice was converted to single- 
stranded cDNA using the Cycle Kit pur- 
chased from InVitrogen (San Diego, 
California). The manufacturer's instruc- 
tions were followed and yielded approx- 
imately 200 ng of single-stranded cDNA 
per reaction. One-tenth of cDNA was 
used as template for the PCR. 

PCR 

The oligonucleotide primers, p12-01 and 
p12-02 (Table 1), were synthesized using 
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5' LTR gag pol env 3' LTR 

I I t o t I I 

" p12  p l O  

Primers: p12-01 p 1 2 - 0 2  

FIGURE 1 Structure of the MAIDS defective virus. A schematic of the defective virus is shown 
along with the location of the gag, pol, and env coding regions. Within the gag region are the 
coding regions for the p15, p12, p30, and pl0 (dark rectangles). The region containing the 
sequences unique to the defective virus is represented by a white box within the p12 coding 
region. The arrowheads depict the location of PCR primers. 

the Applied Biosystem's 392 DNA/RNA 
synthesizer (Foster City, California). The 
3' primer (p12-02) of the p12 pair is con- 
tained within the sequences unique to 
the defective virus while the 5' primer 
(p12-01) is contained within the p15 
coding region that is not unique to the 
virus. However, due to the uniqueness of 
the 3' primer, the p12 primer pair will 
amplify a 209-bp fragment  that  is spe- 
cific for the MAIDS defective virus. 

Spleen cell DNA (1 I~g) or cDNA (ap- 
proximately 20 ng) from infected or 
noninfected mice was added to a 100-1~1 
PCR reaction mix containing 10 mM Tris- 
HC1 (pH 8.3), 50 mM KC1, 1.5 mM MgCl 2, 
200 I~M each dNTP, and 600 ng of each 
primer. The reaction mixture (minus the 
Taq polymerase) was overlaid with min- 
eral oil, heated to 95°C for 5 min  and 
cooled to 80°C, and then 2.5 units of Taq 
polymerase were added. The PCR reac- 
tion was performed for 30 cycles of 95°C 
for I rain, 55°C for 1 min, and 72°C for 2 
min. The amplified DNA was analyzed 
by electrophoresing 10 I~l of the reaction 
mixture in a 2% agarose gel containing 
0.5 i~g/ml of e thidium bromide and was 
then visualized with a UV light source. 

Sequenc ing  o f  PCR Products  

The PCR products obtained from ampli- 
fication of the infected cell DNA were 
purified using the Magic PCR Preps DNA 
Purification System (Promega, Madison, 
Wisconsin). The purified DNA (5 i~l) was 
then sequenced using the fMole kit pur- 

chased from Promega. The PCR primers 
(50 ng each) were end-labeled with 
[~/-32p]ATP and used to prime the se- 
quence reaction. Sequencing was per- 
formed according to the instructions 
provided with the fMole kit. The prod- 
ucts of the sequence reaction were sepa- 
rated on a 5% Hydrolink/7 M urea gel us- 
ing constant  power (70 watts) and then 
exposed to Kodak XRP film for 3-12 hr. 
The resulting sequences were analyzed 
using the Intelligenetics Suite software 
(Mountain View, California). 

RESULTS 

To determine specificity of the PCR 
primers, infected cell DNA was obtained 
from cell lines infected with ecotropic or 
xenotropic MLV, with MCF, or with 
MMTV and used as template for the PCR. 
As shown in Figure 2a, the MAIDS p12- 
specific primers only amplified the tar- 
get from cells infected with the MAIDS 
virus (lane 3). When M. dunni cells or 
splenocytes obtained from C57B1/6 were 
used as the source of cell DNA, no PCR 
products were obtained (data not 
shown). The sensitivity of the PCR was 
assessed by mixing MAIDS infected cells 
with noninfected M. dunni cells. As 
shown in Figure 2b, we could really de- 
tect as few as 5 infected cells per 106 cells 
(lane 9) by visualization of the ethidium 
bromide-stained agarose gel under  ultra- 
violet light. 

When the PCR was performed using 
DNA or RNA from the splenocytes of in- 

TABLE 1 PCR Primer Sequences 

Primer Sequence Length (nucleotides) Position a 

p12-01 CCTTTATCGACACTTCCCTT 20 1288 
p12-02 CCGCCTCTTCTTAACTGGTC 20 1497 

aThe position is derived from the GenBank submission, M64096. 

- 209 bp 

FIGURE 2 Determination of the specificity 
and sensitivity of the MAIDS-specific PCR. (A) 
The specificity of the PCR is demonstrated. 
(Lane 1) Molecular weight marker DNA 
(Haell-digested 4)X 174); (lane 2) reagent con- 
trol; (lane 3) LP-BM5-infected spleen cell DNA 
as template; (lane 4) noninfected spleen cell 
DNA; (lane 5) ecotropic MLV-infected cell 
DNA; (lane 6) xenotropic MLV-infected cell 
DNA; (lane 7) MCF-infected cell DNA; (lane 8) 
MMTV-infected cell DNA as template for the 
PCR. (B) The sensitivity of the MAIDS-specific 
PCR is demonstrated. (Lane 1) reagent con- 
trol; (lanes 2-11) template is 1 I~g of DNA ob- 
tained from a mixture of 106 cells containing 
10,000, 5000, 1000, 500, 100, 50, 10, 5, 1, and 
0 infected cells, respectively. The size of the 
PCR products is shown as base pairs (bp). 

fected mice it was observed that the 
primer pair produced a product of the 
predicted size (Fig. 3, lane 4, and Fig. 2, 
lane 6, respectively). The DNA and RNA 
obtained from the spleens of nonin-  
fected mice failed to produce PCR prod- 
ucts (Fig. 3, lanes 3 and 5, respectively). 
These results again suggest that the 
primer pair is specific for the MAIDS vi- 
rus and can be used to detect the pres- 
ence of virus in cell culture and in in- 
fected animals. 

To verify that  the PCR products pro- 
duced were indeed derived from the de- 
fective virus, the PCR product  amplified 
from the DNA of infected mice was se- 
quenced. The sequence obtained from 
the PCR product  was homologous  to that  
contained in the GenBank submission 
M64096 and therefore indicated that  the 
primer pair is indeed specific for the de- 
fective MAIDS virus (data not  shown). 
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- 209 bp 

FIGURE 3 Analysis of the defective virus-spe- 
cific PCR. The results of the defective virus- 
specific PCR are shown in this ethidium bro- 
mide-stained agarose gel. (Lane 1) Marker 
DNA (~X 174 HaelII fragments); (lane 2) re- 
agent controls (PCR mix with no template 
DNA); (lane 3) noninfected spleen cell DNA as 
template; (lane 4) LP-BM5-infected spleen cell 
DNA as template; (lane 5) cDNA prepared 
from noninfected spleen cell RNA; (lane 6) 
cDNA prepared from LP-BM5-infected spleen 
cell RNA as template. The sizes of the PCR 
products are shown in base pairs (bp). 

DISCUSSION 

The inves t iga t ion  of the  h u m a n  immu-  
nodef ic iency  virus type 1 (HIV-1) and  its 
in teract ion wi th  the i m m u n e  system has 
cer tainly been  bols tered by  the  availabil- 
ity of the PCR. The PCR is be ing  used no t  
on ly  to assist in the  diagnosis  of HIV-1 
infec t ion  but  also to assist in the search 
for c o m p o u n d s  and  vaccines tha t  will 
prevent,  protect  against,  or retard HIV-1 
replication.  

To invest igate the in terac t ions  of the  
MAIDS-defective retrovirus wi th  the mu- 
rine i m m u n e  system, m a n y  invest igators  
have relied on i m m u n o f l u o r e s c e n c e  
s ta in ing  and Sou thern  and  Nor the rn  
blot  hybr id iza t ion .  However,  since the 
use of genet ic  probes encompass ing  the 
un ique  regions of the  MAIDS virus has 
been ques t ioned  (due to po ten t ia l  cross- 
reactivity wi th  o ther  viruses) and  does 
not  provide the sensi t ivi ty  needed  w h e n  
working  wi th  a small  n u m b e r  of infected 
cells, we sough t  to produce  defective vi- 
rus-specific pr imers  tha t  could be used in 
the PCR. By explo i t ing  the  u n i q u e  fea- 
tures of the MAIDS-defective virus, we 
have produced a pr imer  pair  tha t  allows 
for the  rapid and  specific de tec t ion  of 
the virus. As demons t ra ted ,  these pr im- 
ers can be ut i l ized to detect  the  presence 
of bo th  proviral  DNA and  viral  RNA early 
in the d e v e l o p m e n t  of MAIDS. To under-  
s tand fur ther  the  process by  wh ich  
MAIDS is induced,  we are presen t ly  us- 
ing these pr imers  to analyze the  cellular  
t ropism and  the kinet ics  of viral gene ex- 

press ion in infected mice. The sensi t ivi ty 
of the PCR and  the specificity of these 
pr imers  will pe rmi t  a more  detai led anal- 
ysis of the m e c h a n i s m s  associated wi th  
defective-virus gene expression and the 
d e v e l o p m e n t  of the mur ine  i m m u n o d e -  
f iciency syndrome.  
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