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Summary.Replication defective retroviral vectors are regularly used for transfer
and expression of exogenous genes into dividing cells and in animals. Since
lentiviruses are able to infect terminally differentiated and non-dividing cells,
their use to produce replication defective vectors may overcome this limitation.
We developed two replication-defective lentiviral vectors based on the genome of
Caprine Arthritis Encephalitis Virus (CAEV). The first vector (pBNL2) carries
the neo and lacZ marker genes.Neo gene is expressed from a genomic RNA
and lacZ gene from a subgenomic RNA. The second vector (pCSHL) carries
a single fusion gene encoding both phleomycin resistance andb-galactosidase
activity. Replication-competent CAEV was used as helper virus to provide the
viral proteins for transcomplementation of these vectors. Our data demonstrated
that the genomes of both vectors were packaged into CAEV virions and transduced
into goat synovial membrane cells following infection. However, the vector titers
remained 3 to 4 logs lower than those of CAEV. Further analysis showed a lack
of accumulation of unspliced pBNL2 RNA into the cytoplasm of producer cells
resulting in the packaging of pBNL2 sub-genomic RNA only. In contrast, RNA
produced from pCSHL vector was correctly transported to the cytoplasm and more
efficiently packaged than the pBNL2 sub-genomic RNA as revealed by slot-blot
and quantitative RT/PCR analyses. However this higher packaging efficiency of
pCSHL genome did not result in a higher transduction efficiency oflacZgene.

Introduction

Caprine arthritis encephalitis virus (CAEV) is a natural lentivirus of goat that
causes chronic and progressive multisystemic disease characterized by leukoen-
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cephalomyelitis in young kids, progressive arthritis and mastitis in older animals
[22]. The CAEV genome encodes the Gag, Pol and Env virion proteins, and three
regulatory proteins Vif, Tat and Rev [33]. Vif proteins is associated with the virus
infectivity [13] and Tat protein with low transactivation of the 5′ LTR long terminal
repeat [10, 34]. Rev protein and its target sequence RRE (rev responsive element)
are associated with the stability of viral RNA, regulation of viral RNA splicing
and transport of large RNA (unspliced and singly-spliced) from the nucleus to
the cytoplasm [17, 18, 35].

CAEV, like all lentiviruses, infects and replicates in terminally differentiated
and non-dividing cells [16, 24, 38]. Furthermore, expression of its genome can
be modulated by Rev protein activity. These properties make CAEV genome an
attractive model for development of new retroviral vectors able to infect non-
dividing cells and regulate expression of the carried genes into target cells. The
most frequently used retroviral vectors are based on Moloney Murine Leukemia
Virus (Mo-MuLV) and Avian Leukosis Viruses (ALV). They are widely used for
transfer and expression of viral or exogenous genes into cell cultures or animals
(reviewed in [19]). However their use is limited by their inability to infect non-
dividing cells.

During the last 5 years several efforts were made to develop retroviral vectors
based on HIV-1 genome. The earlier studies reported high packaging efficiencies
of HIV-1 based vectors from which all the viral genes were deleted and replaced
by marker genes [3, 27]. However, in recent studies it was reported thatgag
andenvsequences are required for efficient packaging of HIV-1 based vectors
[26, 31, 32].

In order to investigate the potential use of non-human lentiviruses as vectors,
we constructed two replication-defective CAEV-based vectors. CAEV viral genes
were deleted and replaced with eitherneoandlacZgenes (pBNL2) or the fusion
SHlacZgene (pCSHL). Following transfection into a goat fibroblastic cell line
geneticin or phleomycin resistance andb-galactosidase activity were expressed.
CAEV infection of transfected cells resulted in production of virus stocks that
transduced both CAEV and CAEV-based vector genomes. However transduction
efficiency of vector genomes was 3 to 4 logs lower than that of CAEV. We demon-
strate that this low transduction efficiency correlates with a lack of accumulation
of genomic RNA into the cytoplasm and a low packaging efficiency of vector
genomes.

Materials and methods

Cells and viruses

Goat synovial membrane cells (GSM) were derived from a carpal synovial membrane ex-
plant from a goat embryo as previously described [23]. GSM cells were grown in Eagle’s
Minimum Essential Medium (MEM, Life Technologies), supplemented with 8% fetal calf
serum (FCS, Seromed). The large T-immortalized goat embryo fibroblast cell line (TIGEF)
[9] was obtained following transfection of GSM cells with the pMK16-SV40-ori− plasmid
carrying the SV40 genome deleted from its replication origin [11]. CAEV-CO strain [23]
grown on GSM cells was used as helper virus.
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Plasmids

The CAEV genome was originally cloned in two fragments [28]. To construct CAEV-based
vectors we used the pCAEV containing a large 8.3 KbHindIII fragment extending from the
end of U3 sequence of the 5′ LTR to the 3′ part of theenvgene, and a 400 bp fragment
isolated from pCAEVLTR-CAT plasmid [14]. This plasmid carries the 3′ end of theenv
gene, the U3, R and U5 sequences but not the leader. pC2LTR plasmid is an intermediate
construct that was used to derive CAEV-based vectors. The construction of pC2LTR from
the two fragments of CAEV is illustrated in Fig. 1A. Briefly, pCGP plasmid was derived
from pCAEV by elimination of aSmaI fragment containing part oftat and completeenv
gene sequences. A 400 bp fragment containing the 5′ part of U3 sequence was isolated from
pCAEVLTR-CAT and inserted into pCGP plasmid to generate pCLTRGP. This last construct
contains a complete 5′ LTR, leader,gag, pol, vifandtat sequences. The complete LTR was
then isolated in a 0.9 Kb NcoI fragment and inserted into theSmaI site of pUC18 plasmid
to generate pCLTR. pC2LTR was derived from pCLTR by insertion of a second copy of
LTR into the HincII site of pCLTR. pC2LTR was used as a basic intermediate construct
to insert heterologous genes into theBamHI and XbaI unique sites. A cassette containing
neoandlacZ genes was isolated in aBamHI fragment from pNLA which is a RAV-1 based
vector [8], and inserted intoBamHI site of pC2LTR to obtain pBNL2. pCSHL vector was
obtained from pC2LTR following insertion of a fusion gene encoding phleomycin resistance
andb-galactosidase activity into theBamHI site.

Transfection and selection for stable expression

Plasmid DNA (5mg) of each vector was transfected into TIGEF cells (5×105/60 mm dishes)
using the calcium-phosphate precipitation method [12]. Transfected cells were maintained in
selective medium containing 400mg/ml of G418 (geneticin, Boehringer Mannheim). After
2 to 3 weeks, G418 resistant clones were either dissociated all together by trypsin to produce
a polyclonal cell line or individually trypsinized using cloning cylinders and expanded.b-
galactosidase activity was assayed with 5-bromo-4-chloro-indonyl-b-D-galactopyranoside
(X-Gal) as previously described [37].

Transduction of vector genome using replication-competent helper virus

TIGEF cells transfected with vector DNA were subsequently infected with the CAEV-CO
strain in MEM medium containing 2% FCS, and incubated overnight at 37◦C. Culture
medium was removed and replaced with fresh MEM medium containing 8% FCS. Cul-
ture medium containing the progeny virions was harvested at day 4 post-infection, clarified
by filtration through 0.45mm filters, and stored as virus stock at−80◦C for virus titration.

Virus stock titration

Sub-confluent GSM cell cultures were inoculated with various dilutions of virus stocks in
duplicate. Three days post inoculation, one set of infected cells was fixed and tested forb-
galactosidase activity as previously described [37]. Blue cells were scored and vector titers
were defined as blue cells forming units (BCFU) per ml of supernatant. The second set of
infected cells was maintained in culture during 10 days. At day 10 cells were formalin fixed
and May-Grünwald-Giemsa stained. Multinucleated giant cells were scored and viral titers
of CAEV calculated according to the Reed and Muench method [29]. Titers were expressed
as tissue culture infectious dose endpoints (TCID50) per ml of virus stock.

Slot-blot RNA analysis

Culture medium was harvested from virus producer cells and clarified by filtration through
0.45mm membrane to remove cell debris. 1 ml of clarified supernatant was used to isolate
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virus particles in a pellet following centrifugation at 10 000g for 45 min. RNA was isolated
from virions using the acid guanidium thiocyanate method [5] and spotted in duplicate onto
two nylon membranes (Hybond N, Amersham) using a slot-blot apparatus (Hoefer Scientific
Instruments). Three hybridization probes were used: apol probe corresponding to a 2 Kb
BglII/XbaI fragment isolated from pCAEV [28], alacZ probe corresponding to a 1.5 Kb
XbaI/EcoRVfragment and aneoprobe corresponding to a 0.9 KbPstI/PstI fragment, both
isolated from the pBNL2. Probes were labeled with [a-32P]dCTP (> 3 000 Ci/mmol) using
a multiprime DNA labeling system (Amersham). Hybridization was performed at 40◦C as
described previously [15].

RT/PCR analysis

Virion RNA was extracted from 1 ml of culture supernatant as described for slot-blot analysis.
One half of extracted RNA (10ml) was used as template for reverse transcription in a final
volume of 20ml (100 U MoMuLV reverse transcriptase (Promega), 0.1mg random hexamer
primers (Promega), 20 U RNasin (Promega), 0.5 mM each deoxynucleoside triphosphate, 5
mM of MgCl2 in 1× RT buffer (Promega)). The reaction was performed in a thermocycler
(Appligene) as follows: denaturation at 70◦C for 5 min, reverse transcription at 42◦C for 30
min followed by 5 min at 95◦C to inactivate the enzyme. Reverse transcription product (5ml)
was used as template for PCR amplification in a final volume of 50ml (1.5 U of Taq poly-
merase (Eurobio), 20 pmoles of each primer, 40 mM each deoxynucleoside triphosphate, 1.5
mM MgCl2 in 1× PCR buffer (Eurobio). The first step of PCR reaction is a 5 min incubation
at 95◦C for template denaturation; the second step is a set of 35 cycles of 1 min denaturation
at 95◦C, 1 min primer/template annealing at a temperature determined for each primer
pair and 1 min of extention at 72◦C; the third and last step is the extension of all molecules
by incubation at 72◦C for 10 min. After amplification, 1/5 (10ml) of each PCR product
was run on a 1.5% agarose gel. Quantitative RT/PCR analysis was performed by using
two fold serial dilutions of the reverse transcription product as template for the PCR
amplification.

Primers were chosen from the CAEV genome sequence [33] : leader2575′CAAGAGAG-
AAGAAGTAGAGC3′ (nt 257–276) and gag794 5′TCTCCTCGAGAGTTA-GATTC3′ (nt
772–794), U37 819 5′TCACCCTTTGAATTCTTATTTTTGTG3′ (nt 7793–7819); from the
neogene [7]: neo302 5′ATCTCCTGTCATCT-CACCTTGC3′ (nt 302–323) and neo779 5′AG-
AAGGCGATAGAAGGCGATGC3′ (nt 758–779); and from thelacZgene [4] : lac1265′CTC-
TTCGCTATTACGCAGC3′ (nt 107–126), lac395 5′AAAGCTGGCTACAGGAAGGC3′
(nt 395–415), lac870 5′CGACGTTCAGACGTAGTGTG3′ (nt 870–889), lac2 952 5′ATATG-
GGGATTGGTGGC-GAC3′ (nt 2 952–2 972).

Northern blot analysis

Total cellular RNA was isolated from cell monolayers using the acid guanidium thiocyanate
method [5]. For cytoplasmic RNA extraction, cells were resuspended in 1× lysis buffer (100
mM NaCl, 5 mM MgCl2, 50 mM Tris pH 7.5, 1 mM Vanadyl-ribonucleoside complexes,
0.5% NP-40) and incubated for 5 min in ice. Nuclei were sedimented by centrifugation
at 10 000g for 5 min at 4◦C. The supernatant containing the cytoplasmic fraction was
harvested and clarified again by repeating the centrifugation. RNA were extracted by phenol-
chloroform and chloroform, then ethanol precipitated. RNA pellets were resuspended in 30
ml diethylpyrocarbonate-treated water. One third was separated by electrophoresis in 1%
agarose gel under denaturating conditions [36] and transferred to nylon membrane under
vacuum. Hybridization was performed as described above with thelacZ probe and with a
human glyceraldehyde 3-phosphate dehyrogenase (G3PDH) probe corresponding to a 1.1
Kb cDNA fragment (Clontech).



RNA packaging of CAEV-based vectors 685

Results

Expression of pBNL2 and pCSHL vectors into TIGEF cells

Since CAEV genome was originally cloned in two fragments, a straightforward
approach could not be used to the construction of CAEV-based vectors. We first
constructed intermediate recombinant plasmids with one and two CAEV LTR
(pCLTR and pC2LTR respectively, Fig. 1A).NeoandlacZgenes were isolated in
aBamHI fragment from the pNLA which is RAV-1-based vector [8] and inserted
between the two LTR of pC2LTR. This resulted in pBNL2 vector expressingNeo
andlacZgenes under control of two CAEV LTR (Fig. 1B). According to its design,
transcription of pBNL2 vector should produce a 5.6 Kb genomic RNA encoding
G418 resistance and a 4.0 Kb subgenomic RNA, produced by splicing between
donor (DS) and acceptor splice sites (AS), encodingb-galactosidase activity
(Fig. 1B). The pCSHL plasmid was constructed by insertion of a fusion gene that
encodes both phleomycin resistance andb-galactosidase activity between the two
LTR in pC2LTR. This vector carries the CAEV splice donor site located in the
leader sequence but no splice acceptor site (Fig. 1C).

Plasmid DNA of pBNL2 and pCSHL vectors was introduced into TIGEF cells
by transfection. After G418 selection of pBNL2 transfected cells, a polyclonal
cell line expressingb-galactosidase activity in 70% of the cells and three clonal
cell lines expressingb-galactosidase activity in 100% of the cells were produced.
Following phleomycin selection of pCSHL transfected cells a polyclonal cell line
expressionb-galactosidase activity in 100% of cells was produced.

These results indicated thatneo, lacZandSHlacZgenes were expressed under
the control of CAEV LTR in the absence oftat, revandvif regulatory genes.

Packaging of vector genomes into CAEV virions

To investigate whether the vector genomes were packageable into CAEV helper
particles, TIGEF-pBNL2 and TIGEF-pCSHL polyclonal cell lines were infected
with the CAEV-CO strain. At day 4 post-infection virion RNA was extracted
from culture medium of producer cells and hybridized to apol probe to detect
the CAEV-CO RNA genome and to alacZ probe (Fig. 2A) or aneoprobe (Fig.
2B) to detect the vector RNA genome. Strong signals were obtained following
hybridisation withpol probe to the CAEV RNA, weaker signals were obtained
following hybridization withlacZ probe to the vector RNA. Interestingly how-
ever, stronger signals were obtained following hybridization oflacZ probe to
pCSHL than pBNL2 RNA, suggesting that pCSHL genome is more efficiently
packaged into CAEV particles than pBNL2 genome. No specific signal was de-
tected following hybridization withneoprobe (Fig. 2B) suggesting that pBNL2
RNA detected with thelacZprobe contained no neo sequences.

To demonstrate that the RNA detected by slot-blot analysis corresponded
to infectious viral particles, we assessed the ability of medium containing viri-
ons to infect GSM cells. The vector particles were identified by their ability to
transduce thelacZgene and expressb-galactosidase activity. CAEV helper virus
was detected by the development of giant multinucleated GSM cells. Results
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Fig. 1 (continued)
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Fig. 1. Schematic representation of the strategy used for vector construction.A Construction
of plasmid pC2LTR containing two CAEV LTR.B Proviral structure of pBNL2 vector show-
ing the expected genomic and subgenomic RNA. Positions of probes and primers used for
Northern-blot, slot-blot and RT/PCR analyses are indicated.DSDonor splice;ASacceptor
splice.C Structure of pCSHL vector.SHlacZFusion gene coding for phleomycin resistance

andb-galactosidase activity

Fig. 2. Detection by slot-blot analysis of pBNL2, pCSHL and CAEV virion RNA.A RNA
were isolated from 1 ml of culture medium of CAEV-infected TIGEFpBNL2 and TIGEF-
pCSHL polyclonal cell lines. RNA samples were spotted in duplicate onto two membranes.
One membrane was hybridized with alacZ probe and the second with apol probe. 500 pg
of DNA probes were spotted onto the membranes and used as positive controls.B RNA iso-
lated from 1 ml of culture medium of CAEV-infected TIGEFpBNL2 polyclonal cell line was
spotted in duplicate onto two membranes. One membrane was hybridized with aneoprobe
and the second with apol probe. 500 pg of DNA probe were spotted onto the membranes and
used as positive controls. All the probes used had equivalent high specific activity. Following

hybridization the membranes were autoradiographied for 24 h
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Table 1. pBNL2 and pCSHL vector titers

Vector cell lines Vector titers

low passages medium passages high passages

C9a 20 12 10
C14a 30 14 12
C18a 20 10 10
polyclonal 187 60 28
TIGEFpBNL2
polyclonal 40 17 ND
TIGEFpCSHL

Titration of replication defective CAEV-based vectors following infection
of GSM cells. Titers are expressed inlacZBCFU (Blue cell forming units)/ml.
Titration of progeny virions was performed 4 days post infection. CAEV helper
titers were generally in the range of 105 to 7×105 TCID50/ml of supernatant

aIndividual clones of TIGEFpBNL2 cells

are summarized in Table 1. The pBNL2 exhibited titers ranging 10 to 187lacZ
BCFU/ml, the pCSHL titers ranging 17 to 40 BCFU/ml and the CAEV titers rang-
ing 105 to 7×105 TCID50/ml. Surprisingly, higher vector titers were generated
from the polyclonal cell line than from the TIGEFpBNL2 clones. We also
observed that the titers decreased with increasing passage number of the cells
(Table 1).

pBNL2 vector transduced only the lacZ gene

To determine whether the vector RNA packaged into CAEV virions corresponded
to genomic or sub-genomic RNA, we performed RT/PCR using specific oligonu-
cleotide primers toneo(neo302/neo779) andlacZ(lac395/lac889). PCR amplification
of CAEV helper genome was performed using a primer in the leader sequence
(leader257) and an other one in thegag gene (gag794). The results of PCR am-
plification are represented in Fig. 3A. A 494 bp specific band was detected with
lac395/lac889 primers (lane 4) and a 537 bp with leader257/gag794 (lane 6). In
contrast, no specific band was observed with neo302/neo779 primers. These results
suggest that pBNL2 sub-genomic but not genomic RNA was packaged into CAEV
particles. Otherwise, infection of GSM cells with pBNL2 virions confirmed these
results since blue cells but no G418 resistant clones were obtained.

To check that the packaged genomes were not products of recombination
between the vector and the helper genomes, further RT/PCR analysis were
performed on virion RNA isolated from culture media of pBNL2/CAEV and
pCSHL/CAEV producer cells. Amplification with primers located at the 5′ part
(leader257/lac126) or the 3′ part (lac2 952/U37 819) of the vector genome produced
only fragments of the expected size (Fig. 3B) suggessing that no recombination
occurred between the vector and the helper genomes.
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Fig. 3. Quantitative RT/PCR analysis of pBNL2, pCSHL and CAEV RNA packaged into
CAEV particles. RNA were isolated from 500ml of culture medium from CAEV-infected
TIGEFpBNL2 and TIGEFpCSHL polyclonal cell lines and used as template for reverse
transcription. The products of reverse transcription were two-fold serially diluted (1–12)
and used to perform PCR amplification. pBNL2 subgenomic RNA was amplified using
leader257/lac126 primers that produced a fragment of 508 bp; pCSHL RNA was amplified
using lac395/lac889 primers that produced a fragment of 494 bp; CAEV RNA was amplified
using leader257/gag794proimers which produced a fragment of 537 bp. Position of the primers

used for PCR amplifications is represented in Figs. 1B and 1C

The non-spliceable pCSHL genome was more efficiently packaged than the
pBNL2 subgenomic RNA

Slot-blot analysis of vector and helper RNA reported in Fig. 2 showed a stronger
signal with pCSHL than pBNL2 RNA isolated from CAEV particles. This
result indicates that pCSHL genome is more efficiently packaged than pBNL2
into CAEV particles. To measure this difference we performed quantitative
RT/PCR analysis on RNA extracted from medium containing pCSHL/CAEV and
pBNL2/CAEV virions. Extracted RNA was first used as template for reverse
transcription, then products of reverse transcription were two fold serially di-
luted and used to perform PCR amplification using pBNL2 (leader257/lac126),
pCSHL (lac395/lac889) or CAEV (leader257/gag794) specific primers that generate
fragments of similar sizes (508 bp, 494 bp and 637 bp respectively). Positive
PCR signals were obtained with the 2 first dilutions of RT product from pBNL2,
whereas analysis of RT product from pCSHL RNA showed positive signals in
three more dilutions (Fig. 4). This results confirmed the higher packaging effi-
ciency of pCSHL RNA compared to pBNL2.

Lack of cytoplasmic accumulation of pBNL2 unspliced RNA

To determined whether the low packaging efficiency of vector genomes resulted
from a lack of accumulation of vector RNA in the cytoplasm of producer cell
lines, total and cytoplasmic RNA from TIGEF-pBNL2 and TIGEFpCSHL cell
lines were extracted and analyzed by Northern blot. Two bands corresponding to
the 5.6 Kb genomic and the 4.0 Kb subgenomic pBNL2 RNA were detected in
both RNA fractions (Fig. 5A). While the two RNA species were equally repre-
sented in the total RNA fraction suggesting that the vector was correctly spliced,
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Fig. 4. Results of RT/PCR analysis on RNA extracted from culture medium of CAEV-
infected TIGEFpBNL2 and TIGEFpCSHL polyclonal cell lines.A Analysis of the pBNL2
RNA packaged into the CAEV particles.M Ladder 123 bp (Gibco BRL) used as molecular
size marker;1, 3, 5represent negative controls corresponding to PCR amplification in ab-
sence of reverse transcription step from RNA samples using neo302/neo779, lac395/lac889 and
leader257/gag794 primers respectively;2, 4, 6PCR amplification using the cDNA obtained
from reverse transcription of the above RNA and the same primers. Fragments of 477 bp,
494 bp, and 537 bp were expected for the amplification with neo302/neo779, lac395/lac889 and
leader257/gag794 primers respectively.B RT/PCR analysis of pBNL2 and pCSHL packaged
RNA to check for integrity of their genomes.M Ladder 123 bp (Gibco BRL) used as molec-
ular size marker;1– 4Amplification of pBNL2 RNA samples; in absence of RT step1, 3and
on cDNA from reverse transcription2, 4 using leader257/lac126 and lac2 952/U37 819 respec-
tively. Fragments of 508 bp and 500 bp were respectively expected using leader257/lac126 and
lac2 952/U37819 on pBNL2 RNA.5–8Amplification on pCSHL RNA samples; in absence of
RT step5, 7, and on cDNA obtained from reverse transcription6, 8 using leader257/lac126
and lac2952/U37 819respectively. Fragments of 883 bp and 500 bp were respectively expected
using leader257/lac126 and lac2 952/U37 819 on pCSHL RNA. The primers used for PCR

amplifications are represented in Figs. 1B and C
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Fig. 5. Northern blot analysis of total and cytoplasmic pBNL2 and pCSHL RNA. Total and
cytoplasmic RNA were extracted from CAEV-infected TIGEF-pBNL2 (A) and TIGEFpC-
SHL (B) cell lines. AlacZprobe (represented in Fig. 1B) was used that hybridized to 4.6 Kb
pCSHL RNA and to both the 5. 6 Kb genomic and the 4.0 Kb subgenomic pBNL2 RNA.
Hybridization of total and cytoplasmic cellular RNA to aG3PDHcDNA probe was used as

positive control for the RNA quality. The positions of 18 S and 28S rRNA are indicated

a faint band corresponding to the 5.6 Kb genomic RNA was detected in the cyto-
plasmic fraction. This results indicates a defect of accumulation of this RNA in the
cytoplasm (Fig. 5A). The same result was observed both in presence and absence
of CAEV. The unique band corresponding to the 4.6 Kb RNA produced from
pCSHL was equally represented both in the total and the cytoplasmic fractions
(Fig. 5B).

Discussion

In this study we constructed two replication defective CAEV-based vector: pBNL2
expressing two marker genes from a genomic and a sub-genomic RNA, and
pCSHL expressing a fusion geneSHlacZ in absence of splicing. Both vectors
expressed efficiently the marker genes into the goat fibroblastic cell line. The
genomes of these two vectors were packaged into CAEV particles in a helper/
vector system and the marker genes were transduced to GSM cells. Since the
transduction efficiency was low, further analyses were carried out to define at
which step the blocking occurred.

Northern blot analysis revealed a lack of accumulation of unspliced pBNL2
RNA in the cytoplasm. The absence of unspliced cytoplasmic RNA did not corre-
late with an apparent active over-splicing, but rather with a retention of unspliced
form in the nucleus, or to its rapid degradation in the cytoplasm. It is interest-
ing to note that RNA retention can occur in the absence of cis-acting repressive
sequences (CRS) that have been mapped within the lentiviralgag/polandenvin-
tron [2, 6]. Our results suggest that presence of the splice donor and acceptor sites
can lead to retention of unspliced from of RNA in the nucleus. This observation
was not common with vectors based on murine and avian simple retroviruses.
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Presence of only the splice donor site in pCSHL genome did not result in RNA
sequestration suggesting that both donor and acceptor splice sites are required.
The low level of pBNL2 genomic RNA present in the cytoplasm was sufficient
to encode G418 resistance since TIGEFpBNL2 clonal and polyclonal cell lines
were produced. However it was not sufficient for packaging into CAEV virion
since no genomic RNA was detected in the supernatant of TIGEFpBNL2 infected
cells, and no G418 resistance clone was observed following infection of recipient
cells.

Packaging of sub-genomic form of RNA was observed with retroviruses car-
rying a packaging signal upstream of the splice donor site [1]. Encapsidation
of pBNL2 subgenomic RNA can be explained by a similar position of CAEV
packaging signal. However, the higher packaging efficiency of pCSHL genome
compared to pBNL2 sub-genomic RNA suggests that this signal may extend into
the region between the donor splice site andgagATG.

Despite an apparent increase of packaging efficiency of pCSHL vector genome
into CAEV particles, this efficiency remained lower than packaging of the helper
genome. These observations lead to conclude that other sequences from CAEV
genome that have been removed during the construction of these vectors may be
also required to achieve higher packaging efficiencies.

In spite of a better packaging efficiency of pCSHL genome, the titers remained
low. This may result from a lower specific activity of the fusion geneSHlacZ
compared tolacZgene, or from an instability of the vector particles. HIV-1 based
vectors particles have been shown to be more stable when pseudotyped with
MLV or Vesicular stomatitis envelope proteins [21, 30]. The low pCSHL titers
may also result from inefficient infection of target cells. Recent work on HIV-1
based vectors reported the involvement of sequences frompol gene for efficient
reverse transcription of vector genomes into the target cells [25].

In summary, this study provides demonstration that CAEV-based vectors ex-
press and transduce heterologous genes into target cells. Improvement of vector
titers requires a better transport of unspliced form of RNA from the nucleus to
the cytoplasm which may be achieve using the CAEV Rev/RRE system. It also
requires the identification of other CAEV sequences necessary to increase the
packaging of vector genome, and stability or specific infectivity of particles.
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