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(23-27). tRNase ZL functions in the same way as the
4 nt-recognizing RNA cutter RNase 65, by forming a complex
with a 3/-truncated tRNA (23). Partial HIV-1 RNA targets can
be cleaved site specifically by the enzyme, once the targets
form pre-tRNA-like structures with the aid of appropriate
5'-half-tRNAs (24). RNA heptamers that form acceptor-
stem-like duplexes with their targets through base pairing
can also direct the specific cleavage of target RNAs by tRNase
ZL in vitro with the same efficiency as the original 5'-half-
tRNAs (25,26). However, in this case, the target sites are
restricted to regions immediately downstream of stable hairpin
structures resembling the T stem/loop. Together with such
flexibility in substrate recognition, the ubiquity and constitu-
tive expression of tRNase ZL suggests that this enzyme can be
utilized for specific cleavage of cellular RNAs by introducing
the appropriate sgRNAs into living cells (27).

Recently, we demonstrated the efficacy of this method in
specifically targeting RNA in living cells by introducing
sgRNAs encoded either by expression plasmids or by 2/-0-
methyl RNAs (28). The expression of the exogenous reporter
genes for Escherichia coli chloramphenicol acetyltransferase
and firefly luciferase were downregulated for at least 48 h by
appropriately designed sgRNAs in cultured human and dog
cells. A 2-O-methyl heptamer designed to target the endogen-
ous Bcl-2 mRNA was also successful in Sarcoma 180 cells.

In the present study, we investigated whether the sgRNA/
tRNase ZL strategy could also be an effective approach to
gene therapy for AIDS. Several sgRNAs targeted against
HIV-1 mRNA, and expressed by plasmid and retroviral vec-
tors, were tested for their ability to repress its expression. Qur
findings confirmed that they were effective in both COS and
Jurkat cells.

MATERIALS AND METHODS

Plasmid construction and retroviral vecior
production

Expression cassettes for the sgRNA were constructed under
the control of the human methionine tRNA promoter. The
expressed sgRNA was targeted against either the packaging
signal or the gag portion of the HIV-1y 4.3 strain (Figure 1B).
Enhanced green fluorescent protein (EGFP) is a red-shifted
variant of wild-type GFP (29,30), which has been optimized
for brighter fluorescence and higher expression in mammalian
cells (excitation maximum = 488 nm; emission maximum =
507 nm). A DNA fragment containing EGFP was excised from
the plasmid pLEGFP (Promega, Madison, WI) by digestion
with BamHI-Nael. The EGFP fragment was ligated to the
EcoRI and Xhol sites of pSV2neo/sgR to generate
pSV2neo/sgRG. The Moloney strain of the murine leukaemia
virus (MoMLV)-based sgRNA pLsgRGSN (Figure 1B) was
constructed by inserting the EcoRT and Xhol fragments from
plasmid pSV2neo/sgRG, along with sgRNAs and EGFP genes,
into the EcoRI and Xhol sites of the retroviral vector
pLXSN (31).

Vesicular stomatitis virus glycoprotein-pseudotyped retro-
virus vector supernatants were generated by transient transfec-
tion of 293T cells, as described previously (32), using 20 g of
vector plasmid, 10 pg of pMLVAwyAenv (33) and 10 pug of
pVSVG envelope plasmid (32,34). Thereafter, supernatants

were collected every 12 h for 3 days, filtered through a 0.45
um pore-size filter (Nalgene, Rochester, NY) and concentrated
100- to 1000-fold by ultracentrifugation (35,36). Pellets were
resuspended in serum-free DMEM and stored at —80°C until
they were used.

Transduction of target cells

A total of 3 x 10° Jurkat cells per well were plated out in 6-well
plates 1 day before transduction. After 24 h, virus supernatant
was added together with polybrene (final concentration =
5-8 ug/ml) and the cells were incubated at 25°C overnight.
The medium was then replaced with fresh medium containing
G418 (500 pg/ml; GIBCO-BRL, Rockville, MD). After
10 days, cell pools that were resistant to G418 were estab-
lished.

Cells and transfection

COS and Jurkat cells were grown in RPMI 1640 medium
(Sigma, St. Louis, MO) supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS) at 37°C in a
5% CO, atmosphere. Transfection was carried out using the
FuGENE™6 reagent (Roche Diagnostics, Tokyo, Japan)
according to the manufacturer’s protocol.

Luciferase assay

Luciferase activity was measured with the PicaGene kit
(Toyo-inki, Tokyo, Japan) according to the manufacturer’s
protocol. The envelope-defective HIV-1 NL,4_3-based retroviral
vector containing a luciferase-expression marker (pNL4_3-fuc)
(32) was generated as follows. The nef gene sequences of the
HIV-1NL, 3 genome were substituted with the firefly luciferase
gene, and the envelope gene sequences located between two
Bgl II restriction endonuclease sites were deleted (Figure 1B).
The transfection reagent, FUuGENE™6, was used to transfect
COS cells with the plasmids expressing sgRNA and pNL4_3-luc.
The COS cells were lysed using 200 pl of PicaGene cell lysis
buffers (Toyo-inki) for 15 min and detached from the plate by
scraping. Cellular debris were then removed by centrifugation.
The luminescent signal was quantitated by adding 10 pl
clarified lysate to 100 pl luminous substrate, and the level of
fluorescence was recorded immediately using a luminometer
(Lumat LB 9507; Berthold, Bad Wildbad, Germany).

The amount of firefly luciferase activity was normalized
with reference to the protein concentration in the lysate.
The protein was quantitated using the BCA Protein Assay
Reagent kit (Pierce, IL), which is based on bicinchoninic acid.

Localization of sgRNA

The cytoplasmic fraction was prepared from collected cells
after washing twice with phosphate-buffered saline (PBS). The
cells were resuspended in digitonin lysis buffer (50 mM
HEPES-KOH, pH 7.5, 50 mM potassium acetate, 8 mM
MgCl,, 2 mM EGTA and 50 pg/ml digitonin) and incubated
on ice for 10 min. The lysate was centrifuged at 1000 g for
5 min and the resultant supernatant was collected and used as
the cytoplasmic fraction. The pellets were resuspended in NP-
40 lysis buffer (20 mM Tris—HCl, pH 7.5, 50 mM KCl, 10 mM
NaCl, 1 mM EDTA and 0.5% NP-40) and incubated on ice for
10 min. The resultant lysate was used as the nuclear fraction.
Cytoplasmic and nuclear RNA were extracted and purified
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Figure 1. (A) Plausible secondary structures of complexes of the three target sites within the HIV-1 genome {the y site (SL3-stem loop), the SLA-stem-loop site and
gag-24 within the HIV-1 gene] with the modified 5 “half-tRNA®E (sgRNA-SL3-1, 2, SL-4 and gag-p24) containing 7 and 5 nt sequences complementary to the target
HIV-11y site and the gag gene. The arrow indicates the tRNase Z cleavage point. (B) Schematic diagrams of the sgRNA-expression plasmids, the retroviral vector and
the HIV-1 luciferase reporter-vector constructs. Methods for the construction of the sgRNA-expression plasmids (pL6-sgRNA-SL3-1, pL6-sgRNA-SL3-2, pL6-
sgRNA-SL4 and pL6-sgRNA-gag-p24) and the retroviral vectors (pLsgRGSN-SL4 and pLsgRGSN-gag-p24) are detailed in Materials and Methods. The envelope-
defective HIV-1 NL,_3-based retroviral vector contained a luciferase-expression marker (pNL, 3-luc). This HIV-1-based vector was generated by substituting the nef
gene sequences of the HIV-1yy 45 genome with the firefly luciferase gene, and deleting the envelope gene sequences located between two Bgl II restriction

endonuclease sites (32).

from their respective fractions using ISOGEN reagent (Wako,
Osaka, Japan). RNA samples were treated with DNase I
(Takara Shuzo, Shiga, Japan) according to the manufacturer’s
instructions. RT-PCR assays were performed using an RT-
PCR High-Plus kit (Toyobo, Osaka, Japan) according to the
manufacturer’s protocol. The nucleotide sequences of the
sgRNA-SL4 primers were 5-TACTGTGAGACCGTGTGC-
TT-3' (F-primer) and 5-TACTGTGAGACCGTGTGCTT-3
(R-primer). The nucleotide sequences of the U6 primers
were 5'-CAGACATGATAAGATACATTGATGAGTT-
TG-3' (F-primer) and 5-CGGGATCCCGGCAATAGCAT-
CACAAATTTC-3' (R-primer).

Cleavage activities of sgRNA in COS cells

COS cells were grown to ~80% confluence (3 X 10° cells) and
transfected with 3 pg each of the sgRNA vector and the
pNL4s-luc plasmid. The cells were incubated for 2 days
before total cellular RNA was isolated. RNA samples were
treated with DNase I according to the manufacturer’s speci-
fications, and RT-PCR assays were carried out as described
above. The levels of cleaved and uncleaved HIV-1 mRNAs
were quantified by RT-PCR with an endogenous internal stand-
ard, GAPDH. A sample of 1 pg of total RNA was used as the

template with the SL3, SL4, p24 and GAPDH primers
(20 pmol each). Reverse transcription in a final reaction
volume of 50 pl was carried out at 60°C for 30 min. The
¢DNA products were then amplified by PCR using amplifica-
tion conditions comprising 40 cycles of 94°C for 60 s and 60°C
for 90 5. The SL3-F1 (5-TTGCTGAAGCGCGCACGGCA-3")
and p24-F1 (5-TAAGGCCAGGGGGAAAGAAACAA-
TATAAAC-3") primer pair, and the SL3-R and SL4-R
(5'-GTTCTTCTGATCCTGTCTGAAGGGATGGTT-3') and
p24-R  (5-GCCCCTGGAGGTTCTGCACTATAGGGTA-
AT-3") primer pair, only generated a ¢cDNA product from
the uncleaved HIV-1 mRNA (RT-PCR products I and III,
SL3 = 310 bp; RT-PCR product V, gag-p24 = 360 bp).
The SL3-F2 (5-TAAATGGGAAAAAATTCGGT-3'), SL4-
F2 (5-ATTCGGTTAAGGCCAGGGGG-3') and p24-F2
(5'-AGACAAATACTGGGACAGCTACAACCATCC-3") primer
pairs were used to generate cDNA products corresponding to
the cleaved and uncleaved sgRNA sequences, respectively,
thereby identifying both sets of products. The SL3, SL4
and p24 yielded the RT-PCR products II (S1.3 = 182 bp),
IV (SL4 = 168 bp) and VI (p24 = 250 bp), whereas the
GAPDH-F and R-primers amplified a fragment of the
GAPDH gene (0.45 kb) as an internal control.
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In vitro RNA synthesis

The partial HIV-1 RNA targets (T-SL3-1 and T-gag-p24) and
the sgRNAs (sgRNA-SL3-1 and sgRNA-gag-p24) were
synthesized from the corresponding synthetic DNA templates
with an additional unencoded *G’ at the 5’ end corresponding
to the —1 in a tRNA to enhance its transcriptional efficiency,
using T7 RNA polymerase (Takara Shuzo). The sequences of
the target RNAs and sgRNAs were as follows: 5-GCCAAA-
AAUUUUGACUAGCGGAGGCUAGAAGGAGAGAGAU-
GGGUGC-3' (T-SL3-1); 5-GCAAGCAGGGAGCUAGAA-
CGAUUCGCAGUUAAUCCUGGCCUUUUAGAGACA-3'
(T-gag-p24); 5’-GUCUCCUUUGGCGCAAUGGAUAACG-
CGAUUUU-3" (sgRNA-SL3-1); and 5-GGGCCAGGU-
GGCGCAAUGGAUAACGCGUCCCUCUACG-3' (sgRNA-
gag-p24). The transcription reactions were carried out under
the conditions recommended by the manufacturer (Takara
Shuzo), and after synthesis the RNAs were purified by dena-
turing gel electrophoresis. The RNA transcripts for T-SL3-1
and T-gag-p24 were subsequently labelled with fluorescein (F)
according to the manufacturer’s protocol (Amersham Pharma-
cia Biotech, NJ). Briefly, after the removal of the 5'-phos-
phates of the transcribed RNAs using bacterial alkaline
phosphatase (Takara Shuzo), the RNAs were phosphorylated
with T4 polynucleotide kinase (Takara Shuzo) and ATPyS.
Then, a single fluorescein moiety was appended to the
5'-phosphorothioate site. The resulting fluorescein-labelled
RNAs were gel-purified before being used in the assays.

In vitro RNA-cleavage assays

The in vitro RNA-cleavage assays for the fluorescein-labelled
target RNA, T-SL3-1 or T-gag-p24 (0.1 pmol), were per-
formed with pig liver tRNase ZL (20 ng) in the presence of
unlabelled sgRNA-SL3-1 or sgRNA-gag-p24 (5 or 10 pmol) in
a mixture (6 pl) containing 10 mM Tris—HCI (pH 7.5), 1.5 mM
DTT and 10 mM MgCl, at 50°C for 10 min. After resolution
of the reaction products by electrophoresis through a 10%
polyacrylamide/8 M urea sequencing gel, the gel was analysed
using a Typhoon 9210 (Amersham Pharmacia Biotech).

HIV-1-challenge assay

G418-resitant cell pools were incubated for 4 h with HIV-
In1a-3 at a multiplicity of infection of 0.01. After two washes
with PBS, the cells were cultured in RPMI 1640 medium
(Sigma) supplemented with 10% (v/v) heat-inactivated FBS.
The supernatant was collected on days 1, 3,6, 9, 12, 15 and 18
after viral infection, and the culture medium was assayed for
HIV-1 gag-p24 antigen using CLEIA (Lumipulse, Fujirebio,
Tokyo, Japan) according to the manufacturer’s protocol (37).

RESULTS AND DISCUSSION
sgRNAs can inhibit HIV-1 gene expression

We demonstrated in a previous study that antisense phosphor-
othioate oligonucleotides (S-ODNs) complementary to the
gag mRNA (SL4-stem loop), containing the HIV-1 gag
AUG initiation codon, have potent anti-HIV activity in
infected cultured cells. This activity was strong compared
with oligonucleotides targeted to the splice acceptor of the
tat gene and the AUG initiation codon of the rev gene (38).

We have also shown in vitro that mammalian tRNase ZL with
the aid of a 5'-half-tRNA-like sgRNA can cleave a partial
HIV-1 mRNA substrate containing the p24 site of the
HIV-1 gag gene (24). Therefore, it would be reasonable to
select the gag AUG site (designated SL4) and the gag-p24 site
to examine the efficacy of the sgRNA method in cultured
cells. The HIV-1 packaging signal () that efficiently targets
genomic RNA into nascent virions (39,40) and the y site
(designated SL.3) was chosen as an additional target site for
tRNase ZL.

The 5'-half-tRNA-type sgRNAs, designated sgRNA-SL3-1
and sgRNA-SL3-2 (extra loop-), were designed to form
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Figure 2, Luciferase activity of the pNL, 3-luciferase (pNL, 5-luc) fusion gene
in COS cells. The cells were co-transfected with the target-expressing plasmid
pNL,_3-luc and either the pL6 plasmid encoding the sgRNAs or pL6-ter serving
as anegative control for inhibition using the FuGENE ™46 transfection reagent.
The plotted data were averaged from three independent experiments, and the
bars represent £SD.
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Figure 3. Intracellular localization of the t(RNA;™*~sgRNA. To analyse the
degree of intracellular localization of tRNA'-sgRNA, nuclear and
cytoplasmic fractions were prepared from transformants that expressed
sgRNA-SL4 and the total RNA was extracted from each. The transcribed
sgRNA-SL4 was detected using RT-PCR analysis with a Primer specific for
the sgRNA. (A) RT-PCR analyses revealed that tRNA;"*'-sgRNA-SL4 was
located almost exclusively in the nucleus, as predicted. (B) Nuclear and cyto-
plasmic fractions were examined with a probe specific for the transcript of the
U6 gene (control).
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by 2% agarose gel electrophoresis with ethidium bromide staining.

pre-tRNA-like complexes with SL3. They contained or lacked
an extra loop, respectively (Figure 1A). sgRNA-SL4 without
an extra loop was intended to make a pre-tRNA-like com-
plex with SL4, and sgRNA-gag-p24 with an extra loop was
designed to form a pre-tRNA-like complex with the gag-p24
site (Figure 1A).

The sgRNA-expression plasmids were constructed in the
mammalian expression plasmid pL6 (41,42) and (Figure 1B)
by inserting synthetic DNA sequences between the human
tRNA;™ promoter sequence and the RNA polymerase III
termination-signal sequence. RT-PCR analysis was used to
examine the expression of the sgRNA by these plasmids in
transfected COS cells. A high level of sgRNA was expressed
in the transfected cells, driven by a tRNA;™** promoter (data
not shown).

A transient-expression assay was used to test the ability of
pL6-expressed sgRNA-SL3-1 and 2, sgRNA-SL4 and
sgRNA-gag-p24 to inhibit HIV-1 expression. COS cells

were co-transfected with the sgRNA plasmids and an HIV-
In14.3-based vector containing a luciferase-expression maker
(pNL,_3-luc) (31), then suppression of HIV-1 was assessed ina
single-cycle infectivity assay (Figure 2). HIV-1np43-based
luciferase activity was recorded using the control plasmid
vector L6-ter with only the tRNA;™* promoter and terminator
sequences, rather than the sgRNA-expression plasmid. Both
sgRNA-SL3-1 and sgRNA-SL3-2 showed good inhibition of
HIV-1 expression in the cultured cells, suggesting that the
extra loop in the pre-tRNA-like complex is not important
for tRNase ZL recognition (Figure 2). Amazingly, HIV-1
gene expression was almost completely inhibited by
sgRNA-SL4, but only moderately suppressed by sgRNA-
gag-p24. This might be because endogenous tRNase ZL has
difficulty in recognizing the sgRNA-gag-p24/target complex,
possibly due to the lack of a stable ‘T-stem-loop’ structure in
the target, as indicated by the in vitro cleavage assays
described below. These results imply that the sgRINA/tRNase
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Figure 5. sgRNA guided specific HIV-1 mRNA cleavage by in vitro tRNase ZL assays. (A) Secondary structures of the substrate-HIV-1 SL3-1 (extra loop) and gag-
24 complexes with sgRNA-SL3-1 and sgRNA-gag-p24. (B) The assays for the fluorescein (F)-labelled target RNA T-SL3-1 or T-gag-p24 (0.1 pmol) were performed
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ZL strategy is effective in reducing the level of the HIV-1 gene
expression, although the efficiency of inhibition differs
according to the sgRNAs used.

Intracellular localization of the tRNA;™'-sgRNA

Co-localization of sgRNAs, their RNA targets and tRNase ZL
is important for efficient downregulation; therefore, we exam-
ined the intracellular location of sgRNA-SL4 (41,42). Trans-
formed cells expressing sgRNA-SL4 were separated into
nuclear and cytoplasmic fractions, and the total RNA was
extracted from each. sgRNA-SL4 was detected using RT-
PCR analysis with a primer specific for the sgRNA. This
revealed that they were located almost exclusively in the
nucleus (80%) (Figure 3).

The inhibitory effect of sgRNA occurs through target
RNA degradation by tRNase ZL

The contribution of HIV-1 mRNA cleavage to the sgRNA-
mediated anti-HIV-1 effect was examined by measuring HIV-1
mRNA levels (43,44). Two sets of RT-PCR reactions were
used to establish the level of HIV-1 mRNA uncleaved at the
target site by tRNase ZL [products I (310 bp), IiI (310 bp) and
V (360 bp)], and the total amount of HIV-1 mRNA at the target
site [products IT (182 bp), IV (169 bp) and VI (250 bp)], i.e.
both cleaved and uncleaved. The uncleaved HIV-1 mRNA was
amplified by primers SL3-F1 and gag-p24-F1, and the SL3-R,
SL4-R and gag-p24-R primers (Figure 4A). The levels of
products I, II and V were expected to decrease after cleavage
of the HIV-1 mRNA. The levels of products II, IV and VI
reflected the total amount of HIV-1 mRNA (cleaved and



uncleaved SL3, SL4 and gag-p24), as the 3’ fragment of
cleaved HIV-1 mRNA remained a viable template for ampli-
fication in this PCR. The results, which are shown in Figure 4B,
indicate that the sgRNA-SL3-1- and SL4-dependent expres-
sion system reduced the amount of HIV-1 mRNA [products I
(92%) and IV (97%)], whereas transfection with pNL,_3-luc/
sgRNA-gag-p24 did not significantly alter uncleaved HIV-1
mRNA expression in COS cells (Figure 4B). These data are
consistent with the results of the luciferase assays and suggest
that the inhibitory effect of sgRNA is achieved through target
RNA degradation by tRNase ZL.

sgRNA-gag-p24 barely directs in vitro HIV-1 RNA
cleavage by tRNase ZL

sgRNA-gag-p24 was much less effective than the other
sgRNAs in suppressing HIV-1 gene expression in cells. We
examined the reason for this by assessing its ability to guide
HIV-1RNA cleavage by tRNase ZL in vitro. The partial HIV-1
RNAs T-SL3-1 and T-gag-p24 containing SL3 and the gag
p24 site, respectively, were synthesized in vitro with T7 RNA
polymerase and 5' end-labelled with fluorescein. sgRNA-
SL3-1 and sgRNA-gag-p24 were also transcribed by T7
RNA polymerase in vitro. The ability of each sgRNA to induce
cleavage of the corresponding target RNA by tRNase ZL was
tested in vitro. The target T-SL3-1 was cleaved efficiently
under the direction of sgRNA-SL3-1, whereas cleavage of
the target T-gag-p24 by sgRNA-gag-p24 was highly ineffi-
cient (Figure 5), this was in agreement with the in vivo
observations. Cleavage of each target occurred primarily
1 ot downstream of the nucleotide corresponding to the dis-
criminator (Figure 5). These results indicate that sgRNA
bound to its target HIV-1 mRNA, and cleavage of the pre-
tRNA complexes with tRNase ZL occurred. It was therefore
important to determine the localization of both the sgRNA and
its target HIV-1 in the cells. The reduction in functional HIV-1
mRNA was consistent with tRNase ZL cleavage occurring at
the post-transcriptional level.

Inhibition of HIV-1 gene expression by retroviral
vector-mediated sgRNAs in human T cells

The inhibitory effect of HIV-1 expression by tRNase
ZL-mediated sgRNAs was investigated in human T cells by
constructing a MoMLV-based sgRNA retroviral vector. Most
retroviral vectors used in experimental and clinical gene ther-
apy are derived from the MoMLYV (45). Retroviruses integrate
into the chromosomal DNA, so their genome is stable in the
host cells and is inherited by their progeny. Accordingly, long-
term expression of a transduced gene can be achieved through
retrovirus-mediated gene transfer. Other advantages of this
vector include its broad host range and the availability of
packaging cell lines for the large-scale production of high-
titre vectors. It has previously been shown that an amphotropic
MoMLV-based retrovirus vector can transduce a human T-cell
line (46). We therefore expressed the sgRNA under the control
of the promoter of a human tRNA;"" gene via a retroviral
vector (Figure 1B). The plasmid pLsgRGSN (Figure 1B) was
constructed by inserting the following elements into the EcoRI
and Xhol sites of the retroviral vector pLXSN: an EcoRI and
Xhol fragment from the plasmid pSV2neo/sgRG, sgRNAs and
EGFP genes. We then obtained transduced Jurkat T cells

Nucleic Acids Research, 2005, Vol. 33, No. 1 241

350
300
250 1
200 1
160

100

HIV-1 gag p24 antigen (ng/mi)

e B e

3 6 9 12 16 18
Days after infection

0 ba—
1

Figure 6, Inhibition of HIV-1 gag-p24 product in Jurkat cells expressing stably
retrovirus vector-mediated sgRNA. Cells were cultured for 18 days after
infection with HIV-1yg43. Small aliquots of supernatant were prepared
from each culture on days 1, 3, 6, 9, 12, 15 and 18. HIV-1 gag p24 antigen
was determined using CLEIA (Lumipulse) according to the manufacturer’s
protocol (37): closed diamonds, pLGSN-AsgR; closed squares, pLsgRGSN-
S14; and closed triangles, pLsgRGSN-gag-p24.

stably expressing the sgRNAs. These Jurkat T cells were
infected with wild-type HIV-1yy 4.3, and HIV-1gag-p24 anti-
gen levels in the cell-free supernatant were measured at
weekly intervals over 18 days. By day 18, the HIV-1 gag-
p24 product was suppressed almost completely (~97%) in the
cell cultures expressing sgRNA-SI4 (Figure 6). In contrast,
sgRNA-gag-p24 and sgRNA-SL4 failed to inhibit viral
expression under these experimental conditions. The differ-
ence between the effects of sgRNA-SL4 and sgRNA-gag-p24
in the HIV-1-challenged assay was due to the lack of base
pairing in the hairpin structure resembling the T-stem-loop
region.

In conclusion, we demonstrated the inhibition of HIV-1
gene products in cultured cells by inducing HIV-1 mRNA
cleavage using a modified 5'-half-tRNA*® (sgRNA) and
mammalian tRNase ZL. The sgRNA/target HIV-1RNA com-
plex formed a pre-tRNA-like structure with 5'-half-tRNA and
a stable hairpin (3'-half-tRNA) structure resembling the
T-stem-loop region. The tRNA;"-sgRNA transcript was
expressed at high levels and localized in the nucleus. The
greatest inhibitory effect on HIV-1 expression was achieved
using sgRNA-SL4 targeting the HIV-1 gag gene. These results
suggest that both sgRNA and its target HIV-1 mRNA were
located in the nucleus, allowing specific cleavage by tRNase
ZL. Furthermore, MoMLV -based sgRNA-SL4 could suppress
sgRNA-dependent HIV-1 expression in human T cells. We
believe that the use of mammalian tRNase ZL in conjunction
with guide sequences represents a promising tool for the
inactivation of genes in mammalian cells. Furthermore, the
inhibition of HIV-1 using this approach demonstrates its
potential as a therapeutic agent for AIDS.
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Abstract A novel real-time nested-PCR assay was
developed to quantify integrated human immunodeficiency
virus type-1 (HIV-1) DNA with high specificity and sensi-
tivity. This assay reproducibly allowed the detection of
three copies of integrated HIV DNA in a background of
100,000 cell equivalents of human chromosomal DNA. The
non-specific amplification of unintegrated HIV-1 DNA was
significantly inhibited in this assay and the specificity of this
assay was much higher than the previously reported meth-
od. This assay showed that kinetics in viral DNA sysnthesis
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was cell-type dependent and that the kinetics of HIV-1
DNA integration was very rapid in Jurkat T cell line. This
method may provide new insights into the integration pro-
cesses and be useful in evaluating future integrase inhibi-
tors.

Keywords HIV-1 - Integration - Alu-PCR - Real-time
PCR - Nested PCR

Introduction

Integration of viral DNA into the host cell genome is
common to all retroviruses and is indispensable for a
productive human immunodeficiency virus type 1
(HIV-1) infection [1-4]. The RNA genome of HIV-1 is
reversely transcribed into double-stranded linear DNA
in the cytoplasm. The resulting linear DNA molecule is
actively transported to the nucleus as a component of
the preintegration complex, which is the immediate
precursor for the integration reaction [5-9]. In addition,
HIV-1 DNA circles with one or two long terminal
repeats (LTRs) are also transported to the nucleus [10,
11].

In contrast to investigations on the unintegrated forms of
HIV-1 DNA, quantitative analysis of integrated HIV DNA
has been hampered by the lack of an appropriate assay. To
distinguish between extrachromosomal and integrated
HIV-1 DNA, several assays have been developed including
Alu-HIV PCR, where a pair of primers anneal to the HIV-1
sequence and the highly repeated chromosomal Alu ele-
ments [12, 13]. However, previous Alu-HIV PCR methods
have limited specificity due to the non-specific amplifica-
tion of unintegrated HIV-1 DNA.
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To accurately quantify integrated HIV-1 DNA with high
specificity and sensitivity, we have developed a new
method based on real-time nested Alu-HIV PCR. Using this
method we analyzed viral DNA integration in several kinds
of cells. In addition to the study of HIV-1 DNA integration,
real-time PCR was used to monitor the copy number of
total HIV-1 DNA and 2LTR circles during a single-round
of viral replication.

Materials and methods
Cells, plasmids, and viruses

Peripheral blood mononuclear cells (PBMCs) were isolated
with Ficoll-Paque PLUS (Amersham Biosciences AB,
Uppsala, Sweden). Cells were washed twice with phos-
phate-buffered saline (PBS) and resuspended in RPMI
1640 with 10% fetal calf serum (FCS), 100 IU/ml of
penicillin and 100 pg/ml of streptomycin. PBMCs were
stimulated with 5 pg/m1 of phytohemoagglutinin (PHA)
and 100 U/ml of IL-2 or cultured without any stimulation.
Jurkat cells, U937 cells and 293T cells were maintained in
RPMI 1640 supplemented with 10% FCS and antibiotics.

The pNL-bsr delta env vector and the pNLE delta env
vector were constructed by deleting the envelope-coding
sequence of the NL4-3 genome and replacing a nef-coding
sequence with a blasticidin resistance gene and EGFP gene,
respectively. Virus stocks were prepared by cotransfection
of 293T cells with a HIV-1-encoding plasmid and VSV-G
expression vector.

Infection of cells with pseudotyped HIV-1

The virus stocks were treated with DNase-I to remove
residual plasmid DNA. Cells were infected with VSV-G-
pseudotyped NLE-delta env virus where the amount of p24
gag antigen was 30 ng per million cells. One hour after
infection, the cells were washed three times with phos-
phate-buffered saline (PBS) and cultured in RPMI 1640
supplemented with 10% fetal calf serum. At each time
point, one million cells were lysed with buffer for DNA
extraction.

Generation of an integrated HIV-1 DNA standard

In order to precisely determine the copy number of
integrated HIV-1 DNA, the standard cells should contain
numerous randomized integration sites with a wide dis-
tribution of distances between the provirus and the nearest
Alu sequences. To generate an appropriate HIV-1 DNA

@ Springer

standard for quantification of integrated viral DNA, Jurkat
cells were infected with NL-bsr delta env virus pseudo-
typed with VSV-G. Infected Jurkat cells were then cul-
tured in the presence of blasticidin (10 pg/ml) to select
cells which carried integrated viral DNA. Five days after
initiation of the blasticidin selection, the number of
resistant cells was counted. A total of one million cells
were blasticidin-resistant, and the number of independent
clones was estimated at more than 30,000. In our standard
cell line, named Jurkat/NL-bsr, the copy number of
integrated viral DNA is equal to the total HIV-1 DNA
copy number because unintegrated forms of HIV-1 DNA
were lost during the numerous rounds of cell division.
Thus, based on total HIV-1 DNA and beta-globin quan-
tifications, we estimated that, Jurkat/NL-bsr contained
5.44+0.05 proviruses per cell.

Real-time nested Alu-HIV PCR assay procedures

Real-time nested PCR was performed using an ABI-7700
sequence detector system (Applied Biosystems). During
the first-round PCR, integrated HIV-1 sequences were
amplified with the HIV-1 gag-specific primer (first-gag-R)
and Alu-targeting primers (first-Alu-F and first-Alu-R) that
annealed to conserved regions of the Alu repeat element
(Fig. 1a). During the first-round PCR, Alu-gag sequences
were amplified from 1/10 of total cell DNA in a 25 ul
reaction mixture comprising 1 x Tagman buffer A, 3.5 mM
MgCl,, 200 pM dNTP, 300 nM primers, 200 nM probe,
and 0.025 U/ul AmpliTaq Gold. The first-round PCR cycle
conditions were as follows: a DNA denaturation and
polymerase activation step of 10 min at 95°C and then
12 cycles of amplification (95°C for 15 s, 60°C for 30 s,
72°C for 5 min). Due to the presence of numerous Alu
elements within the human genome (at least 900,000 copies
per haploid genome, giving an average distance of 4 kb
between Alu elements [14]), abundant amplification of in-
ter-Alu  sequences occurred simultaneously with the
amplification of Alu-HIV sequences. Only 12 cycles of
amplification were performed to keep the reaction in the
exponential phase.

During the second-round PCR, the first-round PCR
product could be specifically amplified by using the tag-
specific primer (second-tag-R) and the LTR primer (sec-
ond-LTR-F) (Fig. 1b). The second-round PCR was per-
formed on 1/25 of the first-round PCR product in a mixture
comprising Ix Tagman buffer A, 3.5 mM MgCl,, 200 M
dNTP, 300 nM primers, 600 nM probe, and 0.025 U/pul
AmpliTaq Gold. The second-round PCR cycles began with
a DNA-denaturation and polymerase-activation step (95°C
for 10 min), followed by 45 cycles of amplification (95°C
for 15 s, 60°C for 60 s).
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Fig. 1 Strategies for real-time nested PCR. (a) Location of primers and probes for the quantification of integrated HIV-1 DNA. (b) Comparison

of two strategies to quantify integrated HIV-1 DNA

Real-time PCR assay for quantification of total viral
DNA and 2LTR DNA

The total HIV-1 DNA copy number was determined with
the primers that annealed in the U5 region of the LTR
(total-F) and in the 5" end of the gag gene (total-R) (Ta-
ble 1). The 2LTR circles were amplified with primers
spanning the LTR-LTR junction (circle-F and circle-R)
(Table 1). The sequences of U5-gag and two-LTR junc-
tions were amplified from 1/50 of total cell DNA according
to the manufacturer’s instructions. The copy numbers of
total HIV-DNA and 2LTR circles were determined in
reference to a standard curve prepared by amplification of
quantities ranging from 10 to 100,000 copies of cloned

DNA with matching sequences. The cell equivalents in
sample DNA were calculated based on the amplification of
the beta-globin gene (two copies per diploid cell) with
ABI-7700 sequence detector system. The results of quan-
tification were expressed as copy numbers per 1000 cells.

Results

Strategy of the previous real-time nested PCR
and a novel real-time nested PCR

During the first-round PCR, integrated HIV-1 sequences
were amplified with the HIV-1 gag-specific primer and
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Table 1 Primer and probe
sequences

*Modified with FAM at the 5
end and with TAMRA at the 3’
end. The tag sequence in the

Primer or probe

Sequence (5'-3")

Target

first-Alu-F AGCCTCCCGAGTAGCTGGGA
first-Alu-R TTACAGGCATGAGCCACCG
first-gag-R CAATATCATACGCCGAGAGTGCGCGCTTCAGCAAG

second-LTR-F
second-tag-R
probe-1
probe-2
total-F

total-R
total-probe
circle-F
circle-R
circle-probe

TTGTTACACCCTATGAGCCAGC
CAATATCATACGCCGAGAGTGC
AGTGTGTGCCCGTCTGTTGTGTGACTC*
CGCTTCAGCAAGCCGAGTCCTGC*
CCGTCTGTTGTGTGACTCTGG
GAGTCCTGCGTCGAGAGATCT
TCTAGCAGTGGCGCCCGAACAGG*
CCCTCAGACCCTTTTAGTCAGTG
TGGTGTGTAGTTCTGCCAATCA
TGTGGATCTACCACACACAAGGCTACTTCC*

Integrated HIV-1 DNA
(first-round PCR)

Integrated HIV-1 DNA
(second-round PCR)

Total HIV-1 DNA

2LTR circle DNA

first-gag-R primer is underlined

Alu-targeting primers that annealed to conserved regions
of the Alu repeat element (Fig. 1a). Since Alu elements
are present in either orientation relative to the integrated
provirus, the use of two outward-facing Alu primers
optimized the amplification of Alu-gag sequences inte-
grated into the host cell genome (Fig. 1a). To decrease
amplification of nonintegrated reverse transcription
products, we used an HIV-1 gag-specific primer ex-
tended with an artificial tag sequence at the 5" end of
the oligonucleotide (first-gag-R) in the first round of
amplification and the primer which matches this artifi-
cial sequence (second-tag-R) in the second-round PCR
(Fig. 1b).

The method 1 shown in Fig. Ib is equivalent to pre-
viously established real-time nested PCR assay and the
method 2 is a novel assay developed by us. In the second-
round PCR using the tag-specific primer and the LTR
primer, the first-round PCR product could be amplified
with lower background by the method 1. However,
unintegrated viral DNA could be amplified in the method
I even when the tag-specific primer was used for
amplification. Because one twenty fifth of the reaction
mixture after 12 cycles of the first-round PCR was used
as a template for the second-round PCR, unintegrated
reverse transcription products could be amplified with the
forward primer for second-round PCR (second-LTR-F)
and the residual reverse primer for first-round PCR (first-
gag-R) (Fig. 1b). To prevent non-specific amplification of
unintegrated reverse transcription products, we designed a
new method (method 2) using probe-2 which has a se-
quence overlapping the first-gag-R primer. Probe-2 can
preferentially hybridize to the target sequence and inhibit
hybridization of the residual first-gag-R primer during the
second-round PCR, because the melting temperature of
probe-2 is much higher than that of the first-gag-R primer
(Fig. 1b).

@ Springer

Specificity of the novel real-time nested PCR assay.

To assess the extent of non-specific amplification of
unintegrated reverse transcription products in method 1 and
method 2, we compared the fluorescence curves generated
during the second-round PCR after three different first-
round reactions: (1) in the presence of 3 primers (first-alu-
F, first-alu-R, first-gag-R) with polymerase (primer+ /
polymerase+), (2) in the presence of 3 primers without
polymerase (primer+/polymerase—), and (3) in the absence
of 3 primers without polymerase (primer—/ polymerase—).
The fluorescence curve of primer+/polymerase+in the
method 1 significantly shifted to the left in comparison to
that of the primer—/polymerase—reaction (Fig. 2a). How-
ever, the fluorescence curve of primer+/polymerase—in the
method 1 shifted as much as that of primer+/polymerase+
(Fig. 2a). This means that the extent of amplification of
unintegrated reverse transcription products with the sec-
ond-LTR-F primer and the first-gag-R primer was consid-
erable. Probe-2, which was used in the method 2,
preferentially hybridized to the target sequence and
inhibited hybridization of the first-gag-R primer during the
second-round PCR, because the melting temperature of
probe-2 is much higher than that of the first-gag-R primer
(Fig. 1b). As shown in Figure 2b, the fluorescence curve of
primer+/ polymerase— in the method 2 shifted to the right
dramatically compared with the curve of primer+/poly-
merise-in the method 1. The shift by using probe-2 instead
of probe-1 was about 4 logl0Q units (17 cycles), which
indicated that the specificity of the method 2 was much
higher than that of the method 1.

Sensitivity of the novel real-time nested PCR assay.

The copy number of integrated HIV-1 DNA was determined
in reference to a standard curve given by an array of serially
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Fig. 2 Characteristics of real-
time nested PCR. (a and b)
Fluorescence curves generated
by amplification of provirus
DNA from HLG60 cells infected
with VSV-G-pseudotyped NLE
delta env virus. (a) Fluorescence
curves of probe-1 used in
method 1. (b) Fluorescence
Curves of probe-2 used in
method 2. (¢) Fluorescence
curves generated by two-step
amplification of serial dilutions
of Jurkat/NL-bsr cell DNA. The
copy numbers for each standard
DNA are shown on the
corresponding fluorescence
curve. (d) Linear regression to
quantify integrated HIV-1 DNA
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diluted Jurkat/NL-bsr cell DNA mixed with uninfected Jur-  log 10-unit range, and this Alu-HIV nested PCR allowed the
kat cell DNA to yield 100,000 cell equivalents. In our sys-  detection of approximately three proviruses in 100,000 cell
tem, the regression obtained from amplification of serial  equivalents (Fig. 2c and 2d). The sensitivity of our system is
dilutions of the integrated HIV-1 DNA was linear over a 6-  as high as that of previously reported methods [15-18].
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Analysis of early HIV-1 DNA synthesis in Jurkat cells
infected with VSV-G-pseudotyped virus

To assess the time point when integration of HIV-1 takes
place, we quantified integrated HIV-1 DNA in a single
round of viral replication with the novel real-time nested
PCR assay.

Total HIV-1 DNA was detected 3 h post infection and
reached a maximum of 7,726 copies per 1000 cells at 5 h
post infection (Fig. 3a). Subsequently a steep decrease
phase and a slow decrease phase were observed. This novel
real-time nested PCR assay detected integrated HIV-1
DNA within 3 h of infection, which indicated that reverse
transcription products were imported to the nucleus
immediately and integrated into the host cell genome very
rapidly (Fig. 3b). The copy number of integrated provi-
ruses reached a maximum of 1398 copies per 1000 cells at
5 h post infection and remained at the same level after this
time point, which suggested that HIV-1 integration was
completed by 5 h post infection in Jurkat cells (Fig. 3b).
Two-LTR circles were detected by 3 h post infection but
the copy number of 2LTR circles was not as high as that of
integrated HIV-1 DNA. (Fig. 3c).

Comparison of viral DNA synthesis in Jurkat cells,
U937 cells, resting PBMCs and activated PBMCs

We compared the kinetics of viral DNA synthesis in sev-
eral kinds of cells to elucidate the relationship between
viral DNA synthesis and status of cells (Fig. 4). Jurkat
cells, U937 cells, unstimulated PBMCs and PHA/IL-2-
activated PBMCs were infected with VSV-G pseudotyped
HIV-1 and these cells were lysed with DNA extraction
buffer at 3 h, 6 h, 12 h, 24 h and 48 h post infection. Time
points of sample collection were determined based on the
result of detailed kinetic analysis in Jurkat cells (Fig. 3).

Efficiency of reverse transcription was quite different in
each type of cells. Jurkat cells and U937 cells were highly
active in reverse transcription (Fig. 4a) and activated
PBMCs were moderately active (Fig. 4b). In resting
PBMCs reverse transcription efficiency was very low
(Fig. 4b). Two cell lines with higher reverse transcription
activity, Jurkat cells and U937 cells, exhibited three phases
in the kinetics of total DNA: a rapid rising phase, a steep
falling phase and a slow falling phase (Fig. 4a). Activated
and resting PBMCs, which showed lower reverse tran-
scription efficiency, exhibited only a slow rising phase
(Fig. 4b).

The kinetics of viral DNA integration was also depen-
dent on the cells. Integration of viral DNA in Jurkat cells
and U937 cells was completed by 12 h post infection
(Fig. 4c, d). Activated PBMCs showed complete integra-
tion in 24 h (Fig. 4d). The cope number of proviral DNA in
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resting PBMCs reached a maximum level at 48 h (Fig. 4d).
Efficiency of 2L TR circle formation was different in each
cell type. Synthesis of two LTR circles reached its peak at
the same time point when viral DNA integration reached its
maximum level (Fig. 4e, f). Ratio of 2LTR DNA to pro-
viral DNA was low in all cells (0.1-0.6%)

Discussion

We could have developed a novel assay with high speci-
ficity and sensitivity to quantify integrated viral DNA of
HIV-1. Our study showed that specificity of this nested
PCR assay is much higher than that of the previously re-
ported methods [15-19].

We could find four previous methods to quantify
integrated viral DNA: (1) methods based on one-step
amplification, (2) methods based on nested PCR using
linker-primer (nested LP-PCR), (3) methods based on real-
time nested PCR using Alu-specific primers and a virus-
specific primer without tag sequence, (4) methods based on
real-time nested PCR using Alu-specific primers and a
virus-specific primer with tag sequence.

The novel real-time nested PCR assay detected inte-
grated HIV-1 DNA as early as 3 h after infection while the
one-step amplification method allowed the detection of
proviral DNA later than 12 h [20] or 24 h [19] after
infection. The delayed detection of integrated HIV-1 DNA
in the one-step real-time PCR might be due to the limited
sensitivity of this assay.

Other methods based on nested LP-PCR had been de-
vised [15, 16]. The protocol of the nested LP-PCR involved
many experimental steps, one of which is amplification of
LTR in the second-round PCR. The nested LP-PCR
amplified the LTR sequence and did not prevent the
amplification of unintegrated forms of HIV-1 because of
the absence of a tag sequence in the primer.

Recently, a real time nested PCR method with the Alu
element-specific primers and HIV-1 gag-specific primer
without tag sequence was described, in which the LTR
sequence was amplified during the second-round PCR [17].
This real-time nested PCR did not prevent the amplification
of unintegrated forms of HIV-1 due to the lack of tag se-
quence in the primer.

More recently, Brussel et al. [18] developed a new real-
time nested PCR using an extended LTR primer with a tag
sequence for the first-round PCR and the tag-specific pri-
mer for the second-round PCR to amplify only products
from the first-round PCR. However, even this well-devised
method could not prevent the residual tagged primer used
in first-round PCR from annealing to the unintegrated
forms of HIV-1 DNA, which resulted in lower specificity
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in the assay. The method | shown in Figs. 1 and 2 is
equivalent to the real-time nested PCR developed by
Brussel et al. and the method 2 is the new real-time nested
PCR we have developed. Figs. 2a and b clearly demon-
strated that specificity of our novel assay (method 2) was
much higher than the previously reported method using a
tag sequence. The probe-2 used in method 2 could inhibit
the annealing of the residual tagged primer, which resulted
in higher specificity than method 1.

By this novel assay, detailed kinetics of viral DNA
synthesis was analyzed in Jurkat cells. Our assay detected
integrated HIV-1 DNA within 3 h of infection, which
emphasizes the sensitivity of this assay.

Then, we analyzed the kinetics of HIV-1 integration in
U937 cells, activated PBMCs and resting PBMCs in
addition to Jurkat cells. The kinetics of viral DNA inte-
gration depended on the cell type. HIV-1 DNA integration
was completed 12 h after infection in Jurkat cells and U937
cells, 24 h in activated PBMCs and 48 h in resting PBMCs.
Efficiency of viral integration was correlated with activity
of reverse transcription. Jurkat cells exhibited the most
rapid kinetics of reverse transcription and integration, and
we may find the new factor(s) associated with reverse
transcription and integration by investigating the molecules
up-regulated or down-regulated in Jurkat cells.

The specific, sensitive and quantitative assay we have
developed should prove useful in the kinetic studies of the
integrated HIV-1 DNA especiallly during the early phase
of infection. It should also prove applicable to clinical
studies of viral integration and assessments of the effec-
tiveness of future integrase inhibitors. Furthermore, it may
be a valuable tool to test the integration efficiency of ret-
roviral vectors designed for gene therapies.
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Production and Characterization of a Monoclonal Antibody
Specific to Nef-Associated Factor 1 (Naf1)/A20-Binding
Inhibitor of NF-kB Activation (ABIN-1)

MYINT OO CHANG,! NORIO YAMAMOTO,! SANKICHI HORIUCHL! YU FENG wu,!
MASAHIRO FUJIMOTO,! and NAOKI Y AMAMOTO"?

ABSTRACT

Cellular protein Nafl (Nef-associated factor 1) or ABIN-1 (A20-binding inhibitor of NF-«B activation) is an
important cellular protein, expressed in various human tissues and T-cell lines. Nafl protein has two isoforms
(Nafle and Naftg) with different C-termini, produced by alternative splicing. Nafla and Nafif have ap-
proximately 2800 and 2600 nucleotides, with an open reading frame of 1941 and 1781 nucleotides, encoding
the 72-kDa Nafle and 68-kDa Nafl@ proteins, respectively. In the present study, we generated a monoclonal
antibody (MAb) against human Nafl, which recognizes full-length, endogenous Nafl of both isotypes. For this
purpose, recombinant 6 His and myc-tagged N-terminal Naf1*-1%%, Nafi(N) protein was produced by using
the baculovirus expression system. Recombinant Nafi(N) protein was used to immunize Balb/c mice, and a
hybridoma cell line producing stable and highly specific MAb with strong affinity to Nafl was established.
We further characterized this antibody by immunofluorescent assay and Western blot analysis to confirm ef-
fectiveness in detecting recombinant and endogenous Nafl. By Western blot analysis of recombinant Nafl-N
fusion proteins with overlapping N-terminal sequences, the epitope targeted by anti-Nafl MAb was deter-
mined as the 8§1-88-amino acid region of human Nafl.

INTRODUCTION

AFl (Nef-associated factor-1) or ABIN-1 (A20-binding in-
hibitor of NF-«B activation) is a cellular protein with four
putative leucine zippers and four predicted regions of coiled
coil structures. The gene encoding Nafl, which consists of 18
exons, is located on human chromosome 5q 32-33.1.( Nafl
mRNA is ubiquitously expressed in several human tissues, with
strong expression in peripheral blood lymphocytes, spleen, and
skeleton muscles. Nafl is also detected in various human
hematopoietic cell lines, such as Jurkat, Molt-4, H-9, and
HL60.(12 According to the previous reports, Nafl associates
with human immunodeficiency virus type-1 (HIV-1) viral pro-
teins Nef and matrix in the yeast two-hybrid system and pull-
down assay using transfected human cell lysates.(1.?)
HIV-1 Nef not only enhances the viral infectivity, but also
plays an important role in viral replication and pathogene-

sis.3-10 Nef-defective HIV-1 virions are isolated from some
cases of long-term non-progressors.! D Nef induces down-reg-
ulation of cell surface expression levels of CD4 and major his-
tocompatibility complex (MHC) class I molecules in HIV in-
fection.{12-19) Thereby, Nef helps the virus to evade host defense
and to increase viral infectivity.(!3-17 CD4 is the primary re-
ceptor for HIV-1 and interferes with the infectivity of HIV-1
particles released from T cells.!® Down-regulation of CD4 re-
duces the formation of complexes between CD4 and newly syn-
thesized HIV-1 envelope protein on the infected cell suiface,
facilitating the release of HIV-1 virions. Nef-induced degrada-
tion of CD4 is also reported to result in the release of the nor-
mally CD4-bound tytosine kinase, Ick, and this could have a
marked effect on signaling pathway in cellular activation. Be-
cause MHC class I is required to present viral peptide epitopes
to eytotoxic T lymphocytes (CTL), down-regulation of cell sur-
face MHC class I could inhibit the CTL-mediated lysis of HIV-

IDepartment of Molecular Virology, Bio-Response, Graduate School of Medicine, Tokyo Medical and Dental University, Tokyo, Japan.
2AIDS Research Center, National Institute of Infectious Diseases, Tokyo, Japan.
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MADb SPECIFIC TO Nafi/ABIN-1

1-infected cells. Nafl overexpression increases cell surface
CD4 levels, but overexpression of Nef, in turn, inhibits Nafl-
induced CD4 augmentation.)

Nafl (ABIN-1) also interacts with A20 zinc finger protein
in yeast two-hybrid screening. Zinc finger protein A20 has been
characterized as a dual inhibitor of nuclear factor-kappa B (NF-
kB) activation and tumor necrosis factor (TNF)-induced apop-
tosis.192% NF-«B plays a pivotal role in immune and inflam-
matory responses through the regulation of the expression of
several proteins, including pro-inflammatory cytokines, chemo-
kines, and adhesion molecules. Uncontrolled activation of the
NF-«B pathway is involved in the pathogenesis of several
chronic inflammatory diseases and autoimmune diseases, such
as rheumatoid arthritis, inflammatory bowel disease, and
asthma. A20 binding protein Nafl (ABIN-1) has been reported
to inhibit NF-kB-dependent gene expression induced by TNF-
a, and IL-1. Overexpression of Nafl blocks NF-«B activation
by TNF-a, and it is also thought that the expression of Nafl is
NF-«B dependent. It has been suggested that Naf1 takes a role
in negative feedback regulation of NF-«B expression by com-
peting with IKK-y and also acts as an endogenous brake for
the expression of some TNF-a—driven genes.®+27 Moreover,
Nafl appeared to attenuate the EGF/ERK2 nuclear signaling,
which is important for cell growth, differentiation, and cell
death.®® Nevertheless, intriguing questions regarding the
mechanism of functions and regulation of Nafl as well as the
importance of physical associations between Naf1 and Nafl in-
teracting proteins, to carry out their functions in the molecular
signaling pathways, remain to be answered.

For further understanding of the molecular mechanisms of
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the functions of Nafl, the most important tasks are to investi-
gate intracellular localization, to investigate the relationship be-
tween the nucleocytoplasmic shuttling of Nafl and its func-
tions, and to discover Nafl-interacting proteins along with their
functions. To perform these tasks, anti-Nafl MADb is an essen-
tial tool, and in this repont, we describe the production, char-
acterization, and epitope mapping of an MAb specific to
human cellular protein Nafl/ABIN-1. We also report the ex-
pression and subcellular localization of endogenous Naf1 in pri-
mary and various cell lines such as human PBL, Jurkat, MT-4,
Molt-4, 293, and U-937 cell lines by using this MAb.

MATERIALS AND METHODS

Cell cultures

Spodoptera frugiperda (Sf9) cells were grown and main-
tained in complete Grace’s insect medium (Gibco) supple-
mented with 10% fetal bovine serum (FBS), and Trichoplusia
ni (High Five) cells in serum-free Sf-900I medium (Gibco).
Both cell lines were cultured in monolayers at 27°C. SP2/0
murine myeloma cells, human PBL from a healthy adult donor,
Jurkat, MT-4, Molt-4, 293, and U-937 cells were maintained in
RPMI-1640 medium (Sigma) supplemented with 10% FBS, 100
U/mL of penicillin, and 100 pg/mL of streptomycin.

Construction of Nafl(N)-fusion protein cDNAs

cDNA encoding 6XHis and myc-tagged Naft(N) (amino
acid residues 38-135) was constructed by polymerase chain re-

TABLE 1. OLIGONUCLECTIDE PRIMERS USED FOR POLYMERASE CHAIN REACTION
Gene Primer Sequences (5" — 3')
Nafl(N) His-Naf1(N)/F CGCGGATCCGCGCATCATCATCATCATCATCAAGGGAT
AAAGATGTTAGGGGAGC
myc-Naf1(N)/R CCGCTCGAGCGGCTAATTCAAGTCCTCITCAGAAATG
AGCTTTTGCTCCATTGAATTCTGCTCCTCAGGAGTGA
Nafl(N)-1 His-Nafl1(N)-1/F CGCGGATCCGCGCATCATCATCATCATCATATGCAAGG
GATAAAGATGTTAGGG
myc-NafI(N)-1/R CCCAGCTTGCTCTAATTCAAGTCCTCTTCAGAAATGA
GCTTTTGCTCCAT CTCAGCCAGGGGGTCG
Nafl(N)-2 His-Nafl1(N)-2/F CGCGGATCCGCGCATCATCATCATCATCATGAGGAGCT
AGTGAAGGACAACGA
myc-Nafl(N)-2/R CCCAAGCTTGCTCTAATTCAAGTCCTCTTCAGAAATGA
GCTTTTGCTCCATGACTGGTGCTGGCTTGTCAC
Nafl(N)-3 His-Naf1(N)-3/F CGCGGATCCGCGCATCATCATCATCATCATCTCACAGG
AAAGGACTCAAATGTC
His-Naf1(N)-3/R CCCAAGCTTGCTCTAATTCAAGTCCTCTTCAGAAATGA
GCTTTTGCTCCATTGAATTCTGCTCCTCAGGAGTG
Nafl(N)-A His-Nafl1(N)-A/F CGCGGATCCGCGCATCATCATCATCATCAT
GAGGAGCTAGTGAAGG ACAACGAGCTGCTCC
myc-NafI(N)-A/R CCCAAGCTTCCATGGGCTCTAATTCAAGTCCTCTTCAG
AAATGAGCTTTTGCTCCATAGGTGGTGGGAGCAGCT
Nafl(N)-B His-Naf1(N)-B/F CGCGGATCCGCGCATCATCATCATCATCATAACGAGCT
GCTCCCACCACCTTCTCCCT
myc-Naf1(N)-B/R CCCAAGCTTCCATGGGCTCTAATTCAAGTCCTCTTCAG
AAATGAGCTTTTGCTCCATGCCCAAGGAGGGAGAAG
Nafl(N)-C His-Naf 1(N)-C/F CGCGGATCCGCGCATCATCATCATCATCAT

myc-Naf (N)-C/R

CCCAAGCTTCCATGGGCTCTAATTCAAGTCCTICITCAG
AAATGAGCTTTTGCTCCATCTCAGCCAGGGGGTCGA
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action (PCR) technology, and the plasmid containing cDNA of
full-length Naf1 was used as the template. The primers used in
PCR reaction consisted of sense and antisense oligonucleotides
containing BamHI and Xhol sites respectively. The amplified
¢DNA was restricted by BamHUXhol digestion, and subcloned
into BamHI/Xhol-digested pMelBacA baculovirus transfer vec-
tor (Invitrogen). ¢cDNAs encoding 6 X His and myc-tagged
Naf1(N) fusion protein fragments 1, 2, and 3, and A, B, and C
were prepared by PCR amplification using specific primers with
BamHI and Hindll restriction sites, and ligated into pMAL-C2
veclor containing MBP (maltose binding protein) sequence
(Table 1). All constructs were confirmed by sequencing.

Generation of recombinant baculovirus in Sf9 cells

Recombinant baculovirus expressing Naf1(N) was produced
by homologous recombination using Bac-N-Blue transfection
kit (Invitrogen) according to procedures described previ-
ously.®* Single viral clones were isolated by plaque assay and
amplified by infecting Sf9 cells at a multiplicity of infection
(MOI) of less than one. Infectivity was determined by titration
and immunofiuorescence staining of infected cells with mouse
anti-myc MAD, followed by fluorescein isothiocyanate (FITC)-
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conjugated goat anti-mouse second antibody. Virus stock was
stored in aliquots at —80°C.

Production of recombinant Nafl(N) protein in High
Five cells

Exponentially growing High Five cells in 75-cm? tissue cul-
ture flasks were infected with the recombinant baculovirus at
an MOI of 10-20 plague-forming units (pfu)/cell and incubated
at 27°C for 3-5 days. High Five cells were then sedimented by
centrifugation, and supernatant was collected for purification
using Ni-NTA columns (polyhistidine tag at the amino termi-
nus of the recombinant Nafl(N) protein binds to Ni-NTA
resin). G931 Purification of recombinant Naf1(N) protein was
assessed by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and silver staining.

Mice and immunization

Immunization, hybridoma preparation, and purification of
MADb were done according to the procedures previously de-
scribed.®? In summary, three 6-week-old adult female Balb/c
mice were immunized with three subcutaneous (s.c) injections of
purified Naf1(N) protein at 2-week intervals. 100 pL of purified

FIG. 1. (A) Immunofluorescence staining of Sf9
cells with anti-myc monoclonal antibody (MADb). Sf9
cells infected with baculovirus expressing 6XHis and
myc-tagged Naf1(N) were fixed in methanol and im-
munostained with anti-myc MAb, followed by fluo-
rescein isothiocyanate (FITC)-conjugated second
antibody (left panel) or with second antibody (Ab)
only (right panel). (B) Sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis (SDS-PAGE) and Sil-
ver staining of purified recombinant Naf1(N) protein.
M, unstained precision plus protein marker; lane 1-5,
elusion fraction El to E5; lane 6, wash; lane 7, flow-
through. The arrowhead at the right indicates the pu-
rified target of Naf1(N) protein.
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