a9y United States
12y Patent Application Publication o) Pub. No.: US 2023/0242627 Al

Morris et al.

US 20230242627A1

43) Pub. Date: Aug. 3, 2023

(54)

(71)
(72)

(21)
(22)

(63)

(60)

COMPOSITION AND METHOD FOR
ACTIVATING LATENT HUMAN
IMMUNODEFICIENCY VIRUS (HIV)

Applicant: City of Hope, Duarte, CA (US)

Inventors: Kevin V. Morris, Sierra Madre, CA
(US); Marc S. Weinberg, Encinitas,
CA (US); Tristan Scott, Pasadena, CA
(US); Daniel Lazar, San Diego, CA
(US)

Appl. No.: 18/169,127
Filed:  Feb. 14, 2023

Related U.S. Application Data

Continuation of application No. 16/756,632, filed on
Apr. 16, 2020, now Pat. No. 11,618,780, filed as
application No. PCT/US18/56943 on Oct. 22, 2018.

Provisional application No. 62/575,307, filed on Oct.
20, 2017.

Publication Classification

(51) Int. CL.

CO7K 16/10 (2006.01)
CO7K 14/00 (2006.01)
(52) U.S. CL
CPC oo CO7K 16/10 (2013.01); CO7K 14/00
(2013.01)
(57) ABSTRACT

Provided are compositions and methods for activating latent
Human Immunodeciency Virus (HIV). The compositions
and methods may utilize a recombinant peptide that has a
DNA-binding zinc finger domain specific to the HIV LTR
sequence. The recombinant peptide may also have a tran-
scription factor (e.g. a transcription activator) that 1s con-
juated to the zinc finger domain. Also provided are methods
of treating HIV 1n a subject in need of the treatment. The
method may mvolve activation of latent HIV 1n cells of the
subject and selectively removing such cells from the subject,
providing complete and eflective treatment of HIV.
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COMPOSITION AND METHOD FOR
ACTIVATING LATENT HUMAN
IMMUNODEFICIENCY VIRUS (HIV)

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/575,307, filed Oct. 20, 2017,
which 1s incorporated herein by reference 1n 1ts entirety and
for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support
under PO1 A1099783-01 and RO1 AI111139-01 awarded by
National Institute of Allergy and Infectious Disease (NIH
NIAID). The government has certain rights 1n the invention.

SEQUENCE LISTING

[0003] The Sequence Listing written 1n file 048440-
682001 WO_Sequence_lListing ST23.txt, created on Oct.
22, 2018, 33,250 bytes, machine format IBM-PC, MS-

Windows operating system, 1s hereby incorporated by ret-
erence.

BACKGROUND

[0004] Complete remedy of HIV infection i1s often
impeded by the presence of latent virus in some cells. The
latent virus may stay episomal or integrated into the host
cell’s genome, remaining transcriptionally mnactive provirus.
These infected cells that have latent virus can persist for
years without producing wviral progeny, rendering them
refractory to immune surveillance and antiretroviral therapy
and providing a reservoir for reactivation and re propagation
of HIV. Therefore there 1s a need to selectively remove such
infected cells so as to purge the latent reservoir and com-
pletely eradicate infection.

BRIEF SUMMARY

[0005] In one aspect, provided herein i1s a recombinant
peptide having a zinc finger domain. The recombinant
peptide binds to a target nucleotide sequence and the target
nucleotide sequence has the sequence of SEQ ID NO. 1 or
a dertvative thereof having at least 75% nucleotide sequence
identity to the sequence of SEQ ID NO. 1.

[0006] In another aspect, provided herein i1s a nucleotide
sequence encoding any of the recombinant peptides of the
present disclosure.

[0007] In another aspect, provided herein 1s an expression
vector having the foregoing nucleotide sequence that
encodes any of the recombinant peptides of the present
disclosure.

[0008] In another aspect, provided herein 1s a method of
activating a latent HIV from a cell. The method has admin-
istering any of the recombinant peptides or any of the
expression vectors of the present disclosure to the cell.
[0009] In another aspect, provided herein 1s a method of
treating Human Immunodeficiency Virus (HIV) 1n a subject
in need thereof. The method has administering any of the
recombinant peptides or any of the expression vectors of the
present disclosure to the subject.

Aug. 3, 2023

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A-1D: ZFP-362 protein conjugate directed
transcriptional activation of latent HIV. (FIG. 1A) Three
iterations of the ZFP-362 recombinant protein were devel-
oped. The top candidate ZFP-362, targeted to the LTR-362
site (SEQ ID NO:1) was experimentally tested and rede-
signed and developed with the TAT peptide, various NLSs
and the maltose binding domain (MBP), e.g. made to
function as a soluble protein. (FIG. 1B) The ZFP-362-VPR
was contrasted with dCas-VPR, found previously to activate
latent HIV at levels greater than and more specific than the
standard of care latency reactivating drugs. (FIG. 1C) ZFP-
362-VPR activates LR expression of GFP in PMO cells but
(FIG. 1D) has no effect on PMO cells containing a deletion
in the LTR-362 site (SEQ ID NO:1) targeted by ZFP-362-
VPR. For FIGS. 1B-1D, the averages of triplicate treated
cells are shown with standard deviations and (*) which
represents p<0.001 from a paired T-test.

[0011] FIG. 2: Vector map of ZFP-362-VPR. The ZFP-
362-VPR recombinant protein can be expressed from the
CMV promoter and contains a maltose binding protein
(MBP) with a factor Xa cleavage site for purification of
recombinant protein, the Tat peptide (Tat protein) for nuclear
targeting and transit of the recombinant protein through the
blood brain barrier, three nucleoplasmin nuclear localization
signals (NLS) for enhanced nuclear targeting of the recom-
binant protein, the ZFP-362 targeted to the NF-kB doublet
in the HIV LTR and the VPR ftranscriptional activator
domain (VP64+RelA (p65) and Rta AD). The entire protein
1s terminated by the bGH poly A signal.

[0012] FIG. 3: CHIP analysis of ZFP-362-VPR and dCas-
VPR binding to the HIV LTR. HEK PMO cells (contaiming
an integrated HIV vector which expresses GFP) were trans-
tected with erther small guide RNA (sg) and dCas-VPR or
ZFP-362-VPR and CHIP performed 72 hrs post-transiection
to determine binding to the LTR-362 site. The average to
triplicate treated cells are shown with the standard devia-
tions and P values from a paired T-test.

[0013] FIG. 4: Effects of Recombmant ZFP-362-VPR
expression on J-Lat latent infected cell models. Three dii-
terent J-Lat cell lines were subjected to erther transfection of
gRNA F2/dCas-VPR or ZFP-362-VPR and controls or
exposed directly to recombinant purified ZFP-362-VPR and
controls. The expression of GFP was determined by FACS
72 hrs post-treatment. The results of triplicate treated cul-
tures are shown with the standard deviations. Statistically

significant diflerences, as determined from a paired T-test
are also shown (*) P<0.05 and (**) P<0.005.

[0014] FIGS. 5A-5B: Ofi-target loci for ZFP-362-VPR vs.
gRNA F2-dCas-VPR. (FIG. SA) Venn diagram of distinct
and overlapping ofl-target loc1 bound by ZFP-362-VPR and
gRNA F2-dCas-VPR. (FIG. 53B) Clustering of the ZFP-362-
VPR and gRNA F2-dCas-VPR and control pcDNA treated
cells. For FIGS. 5A-5B, triplicate treated cells were treated
and 72 hrs later CHi1P performed with Anti-Myc tag antibody
Abcam (ab9132) ifollowed by High throughput deep
sequencing.

[0015] FIG. 6 shows Table 1, illustrating top ZFP-362-
VPR ofl-target gene promoter bound sites.

[0016] FIG. 7 shows Table 2, illustrating top F2-gRINA-
362-dCasVPR ofl-target gene promoter bound sites.

[0017] FIG. 8 1s a bar graph illustrating activation of
clad-specific LTRs 1n HIV-1 subtypes A, B, C, D, E, F, and
G. For subtypes B-E, the averages of triplicate treated cells
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are shown with standard deviations. In each pair of bars, the
first bar of the pair corresponds to results for a ZFP control,

and the rnight bar of the pair corresponds to results for
/ZFP-362-VPR.

[0018] FIG. 9 illustrates alignments between various HIV
subtypes relative to subtype B at the LTR-362 site (SEQ ID
NO:1) targeted by ZFP-362. Panel (A) shows an alignment
of sequences from subtypes A, B, D, E, F, and G. Panel (B)
shows an alignment of sequences from subtypes B and C,
and 1llustrates two possible binding sites for ZFP-362. The
accession number for each subtype sequence 1s indicated.

DETAILED DESCRIPTION

[0019] Disclosed herein are, inter alia, compositions and
methods for activating latent Human Immunodeciency Virus
(HIV) 1n cells. In one aspect, the compositions and methods
utilize a recombinant peptide that has a DNA-binding, zinc
finger domain and a transcription factor (e.g. a transcription
activator) that 1s conjuated to the zinc finger domain. With
this configuration, the specific recognition and binding of
the zinc finger domain to 1ts target nucleic acid sequence
such as a sequence from HIV genome results 1n recruiting
the transcription activator to the HIV genome, activating
(c.g. mtiating or 1increasing) the transcription of wviral
sequences. Also disclosed herein are, inter alia, methods of
treating HIV m a subject in need of the treatment. The
method may mvovle activation of latent HIV 1n cells of the
subject and selectively removing such cells from the subject,
providing complete and eflective treatment of HIV.

Definitions

[0020] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as commonly

understood by a person of ordinary skill 1n the art. See, e.g.,
Singleton et al., DICTIONARY OF MICROBIOLOGY

AND MOLECULAR BIOLOGY 2nd ed., J. Wiley & Sons
(New York, N.Y. 1994); Sambrook et al., MOLECULAR
CLONING, A LABORATORY MANUAL, Cold Springs
Harbor Press (Cold Springs Harbor, N Y 1989). Any meth-
ods, devices and materials similar or equivalent to those
described herein can be used 1n the practice of this invention.
The following definitions are provided to facilitate under-
standing of certain terms used frequently herein and are not
meant to limit the scope of the present disclosure.

[0021] As may be used herein, the terms “nucleic acid,”
“nucleic acid molecule,” “nucleic acid oligomer,” “oligo-
nucleotide,” “nucleic acid sequence,” “nucleic acid frag-
ment,” and “polynucleotide” are used interchangeably and
are mtended to include, but are not limited to, a polymeric
form of nucleotides covalently linked together that may have
various lengths, either deoxyribonucleotides or ribonucle-
otides, or analogs, derivatives or modifications thereof.
Different polynucleotides may have different three-dimen-
sional structures and may perform various functions, known
or unknown. Non-limiting examples of polynucleotides
include a gene, a gene fragment, an exon, an intron, nter-
genic DNA (including, without limitation, heterochromatic
DNA), messenger RNA (mRNA), transfer RNA, ribosomal
RNA, a nbozyme, cDNA, a recombinant polynucleotide, a
branched polynucleotide, a plasmid, a vector, 1solated DNA
ol a sequence, 1solated RNA of a sequence, a nucleic acid
probe, and a primer. Polynucleotides usetul 1n the methods
of the disclosure may have natural nucleic acid sequences

- B Y
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and variants thereol, artificial nucleic acid sequences, or a
combination of such sequences.

[0022] A polynucleotide 1s typically composed of a spe-
cific sequence of four nucleotide bases: adenine (A); cyto-
sine (C); guanine (G); and thymine (1) (uracil (U) for
thymine (1) when the polynucleotide 1s RNA). Thus, the
term “polynucleotide sequence” 1s the alphabetical repre-
sentation of a polynucleotide molecule; alternatively, the
term may be applied to the polynucleotide molecule 1tself.
This alphabetical representation can be input into databases
in a computer having a central processing unit and used for
bioinformatics applications such as functional genomics and
homology searching. Polynucleotides may optionally
include one or more non-standard nucleotide(s), nucleotide
analog(s) and/or modified nucleotides.

[0023] The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function 1n a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hydroxyproline,
v-carboxyglutamate, and O-phosphoserine. Amino acid ana-
logs refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, 1.e., an a
carbon that 1s bound to a hydrogen, a carboxyl group, an
amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure
that 1s different from the general chemical structure of an
amino acid, but that functions 1n a manner similar to a
naturally occurring amino acid. The terms “non-naturally
occurring amino acid” and “unnatural amino acid” refer to
amino acid analogs, synthetic amino acids, and amino acid
mimetics which are not found 1n nature.

[0024] Amino acids may be referred to herein by either
their commonly known three letter symbols or by the
one-letter symbols recommended by the IUPAC-IUB Bio-
chemical Nomenclature Commission. Nucleotides, likewise,
may be referred to by their commonly accepted single-letter
codes.

[0025] The terms “amino acid sequence,” “polypeptide,”
“peptide,” and “protein” are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply
to amino acid polymers 1in which one or more amino acid
residue 1s an artificial chemical mimetic of a corresponding
naturally occurring amino acid, as well as to naturally
occurring amino acid polymers and non-naturally occurring
amino acid polymers. A “fusion protein” refers to a chimeric
protein encoding two or more separate protein sequences
that are recombinantly expressed as a single moiety.

[0026] An amino acid or nucleotide base “position™ 1is
denoted by a number that sequentially identifies each amino
acid (or nucleotide base) 1n the reference sequence based on
its position relative to the N-terminus (or 5'-end). Due to
deletions, 1nsertions, truncations, fusions, and the like that
must be taken into account when determining an optimal
alignment, 1n general the amino acid residue number 1n a test
sequence determined by simply counting from the N-termi-
nus will not necessarily be the same as the number of its
corresponding position in the reference sequence. For
example, 1n a case where a variant has a deletion relative to
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an aligned reference sequence, there will be no amino acid
in the variant that corresponds to a position in the reference
sequence at the site of deletion. Where there 1s an 1nsertion
in an aligned reference sequence, that msertion will not
correspond to a numbered amino acid position 1n the refer-
ence sequence. In the case of truncations or fusions there can
be stretches of amino acids 1n either the reference or aligned
sequence that do not correspond to any amino acid 1n the
corresponding sequence.

[0027] The terms “numbered with reference to” or *“cor-
responding to,” when used 1n the context of the numbering
of a given amino acid or polynucleotide sequence, refers to
the numbering of the residues of a specified reference
sequence when the given amino acid or polynucleotide
sequence 1s compared to the reference sequence.

[0028] “‘Conservatively modified variants™ applies to both
amino acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, “conservatively modified
variants” refers to those nucleic acids that encode 1dentical
or essentially identical amino acid sequences. Because of the
degeneracy of the genetic code, a number of nucleic acid
sequences will encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino
acid alanine. Thus, at every position where an alanine 1s
speciflied by a codon, the codon can be altered to any of the
corresponding codons described without altering the
encoded polypeptide. Such nucleic acid variations are
“silent variations,” which are one species of conservatively
modified variations. Every nucleic acid sequence herein
which encodes a polypeptide also describes every possible
silent variation of the nucleic acid. One of skill will recog-
nize that each codon 1 a nucleic acid (except AUG, which
1s ordinarily the only codon for methionine, and TGG, which
1s ordinarily the only codon for tryptophan) can be modified
to yield a functionally 1dentical molecule. Accordingly, each
silent variation of a nucleic acid which encodes a polypep-
tide 1s 1implicit 1n each described sequence.

[0029] As to amino acid sequences, one ol skill will
recognize that individual substitutions, deletions or addi-
tions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or
a small percentage of amino acids in the encoded sequence
1s a “conservatively modified variant” where the alteration
results 1n the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables provid-
ing functionally similar amino acids are well known 1n the
art. Such conservatively modified variants are 1n addition to
and do not exclude polymorphic variants, interspecies
homologs, and alleles of the disclosure.

[0030] The following eight groups each contain amino
acids that are conservative substitutions for one another:

[0031] 1) Alanine (A), Glycine (G);

[0032] 2) Aspartic acid (D), Glutamic acid (E);

[0033] 3) Asparagine (N), Glutamine (Q);

[0034] 4) Arginine (R), Lysine (K);

[0035] 35) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V);

[0036] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W);

[0037] 7) Serine (S), Threonine (T); and

[0038] 8) Cysteine (C), Methionine (M)

[0039] “‘Percentage of sequence 1dentity” 1s determined by

comparing two optimally aligned sequences over a compari-
son window, wherein the portion of the polynucleotide or
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polypeptide sequence 1n the comparison window may have
additions or deletions (1.e., gaps) as compared to the refer-
ence sequence (which does not have additions or deletions)
for optimal alignment of the two sequences. The percentage
1s calculated by determining the number of positions at
which the i1dentical nucleic acid base or amino acid residue
occurs 1n both sequences to yield the number of matched
positions, dividing the number of matched positions by the
total number of positions in the window of comparison and
multiplying the result by 100 to vield the percentage of
sequence 1dentity.

[0040] The terms “identical,” “percent idenfity,”
“sequence 1dentity,” “homology,” or “sequence homology”
in the context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino
acid residues or nucleotides that are the same (1.e., about
60% 1dentity, preferably 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
higher 1dentity over a specified region, when compared and
aligned for maximum correspondence over a comparison
window or designated region) as measured using a BLAST
or BLAST 2.0 sequence comparison algorithms with default
parameters described below, or by manual alignment and
visual mspection (see, e.g., NCBI web site www.ncbi.nlm.
nih.gov/BLAST or the like). Such sequences are then said to
be “substantially identical.” This definition also refers to, or
may be applied to, the compliment of a test sequence. The
definition also includes sequences that have deletions and/or
additions, as well as those that have substitutions. As
described below, the preferred algorithms can account for
gaps and the like. Preferably, identity exists over a region
that 1s at least about 25 amino acids or nucleotides 1n length,
or more preferably over a region that 1s 50-100 amino acids
or nucleotides 1n length. Optionally, the 1dentity exists over
a region that 1s at least about 50 nucleotides 1n length, or
more preferably over a region that 1s 100 to 500 or 1000 or
more nucleotides in length.

[0041] For sequence comparison, typically one sequence
acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are entered into a computer,
subsequence coordinates are designated, 1 necessary, and
sequence algorithm program parameters are designated.
Default program parameters can be used, or alternative
parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence 1dentities for
the test sequences relative to the reference sequence, based
on the program parameters.

[0042] A “comparison window,” as used herein, includes
reference to a segment of any one of the number of con-
tiguous positions selected from the group consisting of, e.g.,
a full length sequence or from 20 to 600, about 50 to about
200, or about 100 to about 150 amino acids or nucleotides
in which a sequence may be compared to a reference
sequence ol the same number of contiguous positions after
the two sequences are optimally aligned. Methods of align-
ment of sequences for comparison are well known 1n the art.
Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smaith
and Waterman (1970) Adv. Appl. Math. 2:482c, by the
homology alignment algorithm of Needleman and Wunsch
(1970) J. Mol. Biol. 48:443, by the search for similarity
method of Pearson and Lipman (1988) Proc. Nat’l. Acad.
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Sci. USA 85:2444, by computerized implementations of
these algorithms (GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Com-
puter Group, 575 Science Dr., Madison, Wis.), or by manual
alignment and visual inspection (see, e.g., Ausubel et al.,
Current Protocols in Molecular Biology (1995 Supple-
ment)).

[0043] An example of an algorithm that 1s suitable for
determining percent sequence identity and sequence simi-
larity are the BLAST and BLAST 2.0 algorithms, which are
described 1in Altschul et al. (1977) Nuc. Acids Res. 25:3389-
3402, and Altschul et al. (1990)J Mol. Biol. 215:403-410,
respectively. Software for performing BLAST analyses 1s
publicly available through the National Center for Biotech-
nology Information (www.ncbi.nlm.mh.gov). This algo-
rithm involves first identifying high scoring sequence pairs
(HSPs) by identifying short words of length W 1n the query
sequence, which either match or satisfy some positive-
valued threshold score T when aligned with a word of the
same length 1n a database sequence. T 1s referred to as the
neighborhood word score threshold (Altschul et al., supra).

These 1itial neighborhood word hits act as seeds for 1n1t1-
ating searches to find longer HSPs containing them. The
word hits are extended in both directions along each
sequence for as far as the cumulative alignment score can be
increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for a
pair of matching residues; always >0) and N (penalty score
for mismatching residues; always <0). For amino acid
sequences, a scoring matrix 1s used to calculate the cumu-
lative score. Extension of the word hits 1n each direction are
halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumula-
tive score goes to zero or below, due to the accumulation of
one or more negative-scoring residue alignments; or the end
of either sequence 1s reached. The BLAST algorithm param-
cters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) or 10, M=5, N=-4 and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength of 3, and expectation (E) of 10,
and the BLOSUMG62 scoring matrix (see Hemikofl and
Henikofl (1989) Proc. Natl. Acad. Sci. USA 89:10915)
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and
a comparison of both strands.

[0044] The BLAST algorithm also performs a statistical
analysis of the similarity between two sequences (see, e.g.,
Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA
90:5873-5787). One measure of similarity provided by the
BLAST algorithm 1s the smallest sum probability (P(N)),
which provides an indication of the probability by which a
match between two nucleotide or amino acid sequences
would occur by chance. For example, a nucleic acid 1s
considered similar to a reference sequence 1f the smallest
sum probability 1n a comparison of the test nucleic acid to
the reference nucleic acid i1s less than about 0.2, more

preferably less than about 0.01, and most preferably less
than about 0.001.

[0045] An indication that two nucleic acid sequences or
polypeptides are substantially 1dentical 1s that the polypep-
tide encoded by the first nucleic acid 1s immunologically
cross-reactive with the antibodies raised against the poly-
peptide encoded by the second nucleic acid. Thus, a poly-
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peptide 1s typically substantially identical to a second poly-
peptide, for example, where the two peptides differ only by
conservative substitutions. Another indication that two
nucleic acid sequences are substantially 1dentical 1s that the
two molecules or their complements hybridize to each other
under stringent conditions. Yet another indication that two
nucleic acid sequences are substantially 1dentical 1s that the
same primers can be used to amplily the sequence.

[0046] The terms ““variant” or “derivative” 1n the context
of polynucleotide (e.g. nucleic acid sequence or oligonucle-
otide) or peptide (e.g. an amino acid sequence or protein)
may refer to a polynucleotide sequence or peptide sequence
that has some sequence similarity to their reference
sequence. In some examples, a variant or derivative can
have at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
sequence 1dentity (or equivalently used with similarity or
homology) to 1ts reference sequence. The terms “functional
derivative” or “functional variant” in the context of poly-
nucleotide or peptide sequence may refer to any variant or
derivative that maintains the activity to a substantial level,
c.g. at least 30% or more of the activity of the reference
sequence.

[0047] A “vector” as used herein 1s a nucleic acid mol-
ecule that can be used as a vehicle to transfer genetic
material into a cell. In embodiments, a vector refers to a
DNA molecule harboring at least one origin of replication,
a multiple cloning site (MCS) and one or more selection
markers. A vector 1s typically composed of a backbone
region and at least one 1nsert or transgene region or a region
designed for msertion of a DNA fragment or transgene such
as a MCS. The backbone region often contains an origin of
replication for propagation in at least one host and one or
more selection markers. A vector can have one or more
restriction endonuclease recognition sites (e.g., two, three,
four, five, seven, ten, etc.) at which the sequences can be cut
in a determinable fashion without loss of an essential
biological function of the vector, and into which a nucleic
acid fragment can be spliced in order to bring about 1ts
replication and cloming. Vectors can further provide primer
sites (e.g., for PCR), transcriptional and/or translational
iitiation and/or regulation sites, recombinational signals,
replicons, selectable markers, etc. Clearly, methods of
mserting a desired nucleic acid fragment which do not
require the use of recombination, transpositions or restric-
tion enzymes (such as, but not limited to, uracil N glyco-
sylase (UDG) cloning of PCR fragments (U.S. Pat. Nos.
5,334,575 and 35,888,795, both of which are entirely incor-
porated herein by reference), T: A cloning, and the like) can
also be applied to clone a fragment 1nto a cloning vector to
be used according to the present invention. In embodiments,
a vector contains additional features. Such additional fea-
tures may include natural or synthetic promoters, genetic
markers, antibiotic resistance cassettes or selection markers
(e.g., toxins such as ccdB or tse2), epitopes or tags for
detection, manipulation or purification (e.g., V5 epitope,
c-myc, hemagglutinin (HA), FLAG™, polyhistidine (His),
glutathione-S-transferase (GST), maltose binding protein
(MBP)), scaffold attachment regions (SARs) or reporter
genes (e.g., green tluorescent protein (GEFP), red fluores-
cence protein (RFP), luciferase, p-galactosidase etc.). In
embodiments, vectors are used to 1solate, multiply or
express mserted DNA fragments 1n a target host.
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[0048] An “expression vector” 1s designed for expression
of a transgene and generally harbors at least one promoter
sequence that drives expression of the transgene. Expression
as used herein refers to transcription of a transgene or
transcription and translation of an open reading frame and
can occur 1n a cell-free environment such as a cell-free
expression system or 1 a host cell. In embodiments expres-
sion of an open reading frame or a gene results in the
production of a polypeptide or protein. An expression vector
1s typically designed to contain one or more regulatory
sequences such as enhancer, promoter and terminator
regions that control expression of the inserted transgene.
Suitable expression vectors include, without limitation, plas-
mids and viral vectors. Vectors and expression systems for
various applications are available from commercial suppli-
ers such as Novagen (Madison, Wis.), Clontech (Palo Alto,
Calif.), Stratagene (La Jolla, Calif.), and Life Technologies
Corp. (Carlsbad, Calif.).

[0049] A “‘promoter” as used herein 1s a transcription
regulatory sequence which 1s capable of directing transcrip-
tion ol a nucleic acid segment (e.g., a transgene having, for
example, an open reading frame) when operably connected
thereto. The choice of a promoter to be included in an
expression vector depends upon several factors, imncluding
without limitation efliciency, selectability, inducibility,
desired expression level, and cell or tissue specificity. For
example, tissue-, organ- and cell-specific promoters that
confer transcription only or predominantly in a particular
tissue, organ, and cell type, respectively, can be used. Other
classes of promoters include, but are not limited to, induc-
ible promoters, such as promoters that confer transcription
in response to external stimuli such as chemical agents,
developmental stimuli, or environmental stimuli. Inducible
promoters may be induced by pathogens or stress like cold,
heat, UV light, or high 1onic concentrations or may be
induced by chemicals. Examples of inducible promoters are
the eukaryotic metallothionein promoter, which 1s mduced
by increased levels of heavy metals; the prokaryotic IacL
promoter, which 1s mduced 1n response to 1sopropyl-3-D-
thiogalacto-pyranoside (IPTG); and eukaryotic heat shock
promoters, which are induced by raised temperature.
Numerous additional bacterial and eukaryotic promoters
suitable for use with the invention are known 1n the art and
described 1n, e.g., in Sambrook et al., Molecular Cloning, A
Laboratory Manual (2nd ed. 1989; 3rd ed., 2001); Kriegler,
Gene Transfer and Expression: A Laboratory Manual
(1990); and Ausubel et al., Current Protocols in Molecular
Biology. Bacterial expression systems for expressing the
ZFP are available 1n, e.g., E. col, Bacillus sp., and Salmo-
nella (Palva et al. Secretion of interferon by Bacillus sub-
tilis. Gene 22:229-235 (1983)). Kits for such expression
systems are commercially available. Eukaryotic expression
systems for mammalian cells, yeast, and insect cells are well
known by those of skill in the art and are also commercially
available.

[0050] Common promoters for prokaryotic protein expres-
sion are e.g., lac promoter or trc and tac promoter (IPTG
induction), tetA promoter/operator (anhydrotetracyclin
induction), PPBAD promoter (L-arabinose induction),
r/zaPBAD promoter (L-rhamnose imnduction) or phage pro-

moters such as phage promoter pL (temperature shift sen-
sitive), 17, T3, SP6, or T5.

[0051] Common promoters for mammalian protein
expression are, e.g., Cytomegalovirus (CMV) promoter, H1
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promoter, EF1 alpha promoter, SV40 promoter/enhancer,
Vaccinia virus promoter, Viral LIRs (MMTYV, RSV, HIV
etc.), E1B promoter, promoters of constitutively expressed
genes (actin, GAPDH), promoters of genes expressed 1n a
tissue-specific manner (albumin, NSE), promoters of induc-
ible genes (Metallothionein, steroid hormones).

[0052] The term *“1solated,” when applied to a nucleic acid
or protein, denotes that the nucleic acid or protein 1s essen-
tially free of other cellular components with which 1t 1s
associated in the natural state. It can be, for example, 1n a
homogeneous state and may be i either a dry or aqueous
solution. Purity and homogeneity are typically determined
using analytical chemistry techniques such as polyacrylam-
ide gel electrophoresis or high performance liquid chroma-
tography. A protein that i1s the predominant species present
in a preparation 1s substantially purified.

[0053] The term “purified” denotes that a nucleic acid or
protein gives rise to essentially one band 1n an electropho-
retic gel. In embodiments, the nucleic acid or protein 1s at
least 50% pure, optionally at least 65% pure, optionally at
least 75% pure, optionally at least 85% pure, optionally at
least 95% pure, and optionally at least 99% pure.

[0054] As used herein, the phrase “recombination pro-
teins” includes excisive or integrative proteins, enzymes,
co-factors or associated proteins that are involved in recom-
bination reactions involving one or more recombination sites
(e.g., two, three, four, five, seven, ten, twelve, fifteen,
twenty, thirty, fifty, etc.), which may be wild-type proteins
(see Landy, Current Opimion in Biotechnology 3:699-707
(1993)), or mutants, derivatives (e.g., fusion proteins con-
taining the recombination protein sequences or fragments
thereof), fragments, and variants therecol. Examples of

recombination proteins include Cre, Int, IHF, Xis, Flp, Fis,
Hin, Gin, Phi-C31, Cin, Tn3 resolvase, TndX, XerC, XerD,

TnpX, Hic, SpCCE1, and Par A.

[0055] As used herein, the term “conjugate” refers to the
association between atoms or molecules. The association
can be direct or indirect. For example, a conjugate between
a first moiety (e.g., DNA binding domain) and a second
moiety (e.g. a transcriptional modulator such as transcription
activator) provided herein can be direct, e.g., by covalent
bond, or indirect, e.g., by non-covalent bond (e.g. electro-
static 1nteractions (e.g. 1onic bond, hydrogen bond, halogen
bond), van der Waals interactions (e.g. dipole-dipole, dipole-
induced dipole, London dispersion), ring stacking (pi
ellects), hydrophobic interactions and the like). In embodi-
ments, conjugates are formed using conjugate chemistry
including, but are not limited to nucleophilic substitutions
(e.g., reactions of amines and alcohols with acyl halides,
active esters), electrophilic substitutions (e.g., enamine reac-
tions) and additions to carbon-carbon and carbon-heteroa-
tom multiple bonds (e.g., Michael reaction, Diels-Alder
addition). In embodiments, a first moiety and a second
moiety 1n a conjugate are linked via a peptide linker, e.g. a
polymer of amino acids having about 1 to 300 amino acids.
Some examples of such a linker include one or more repeat
of glycine and serine, e.g. (Gly-Gly-Gly-Ser)n, wherein n 1s
1 or huigher integer. Any linkers known 1n the art (e.g. see
parts.igem.org/Protein domains/Linker) can be used in the
recombinant peptides and conjugates ol the disclosure.
Alternatively, first and second moieties 1n a conjugate are
linked directly without any linking amino acids. These and

other useful reactions are discussed in, for example, March,
ADVANCED ORGANIC CHEMISTRY, 3rd Ed., John
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Wiley & Sons, New York, 1985; Hermanson, BIOCONJU-
GATE TECHNIQUES, Academic Press, San Diego, 1996;
and Feeney et al., MODIFICATION OF PROTEINS;
Advances 1n Chemistry Series, Vol. 198, American Chemi-

cal Society, Washington, D.C., 1982.

[0056] A ““cell” as used herein, refers to a cell carrying out
metabolic or other function suflicient to preserve or replicate
its genomic DNA. A cell can be identified by well-known
methods 1n the art including, for example, presence of an
intact membrane, staining by a particular dye, ability to
produce progeny or, in the case of a gamete, ability to
combine with a second gamete to produce a viable oflspring.
Cells may include prokaryotic and eukaryotic cells. Pro-
karyotic cells include but are not limited to bacteria. Eukary-
otic cells include but are not limited to yeast cells and cells
derived from plants and animals, for example mammalian,
isect (e.g., spodoptera) and human cells.

[0057] The term “expression” or “expressed” as used
herein in reference to a gene means the transcriptional
and/or translational product of that gene. The level of
expression of a DNA molecule in a cell may be determined
on the basis of either the amount of corresponding mRNA

that 1s present within the cell or the amount of protein
encoded by that DNA produced by the cell (Sambrook et al.,

1989, Molecular Cloming: A Laboratory Manual, 18.1-18.
88).

[0058] Expression of a transiected gene can occur tran-
siently or stably 1n a cell. During “transient expression” the
transiected gene 1s not transferred to the daughter cell during,
cell division. Since 1ts expression 1s restricted to the trans-
tected cell, expression of the gene 1s lost over time. In
contrast, stable expression of a transfected gene can occur
when the gene 1s co-transiected with another gene that
confers a selection advantage to the transtected cell. Such a
selection advantage may be a resistance towards a certain
toxin that 1s presented to the cell.

[0059] The terms “transiection,” *“‘transduction,” “‘trans-
fecting,” or “transducing” can be used interchangeably and
are defined as a process of mtroducing a nucleic acid
molecule and/or a protein to a cell. Nucleic acids may be
introduced to a cell using various methods. The nucleic acid
molecule can be a sequence encoding complete proteins or
functional portions thereof. Typically, a nucleic acid vector,
comprising the elements necessary for protein expression
(e.g., a promoter, transcription start site, etc.). Exemplary
transfection methods include calcium phosphate transiec-
tion, liposomal transfection, nucleofection, sonoporation,
transfection through heat shock, magnetifection and elec-
troporation. The terms “transiection” or “transduction” also
refer to 1ntroducing proteins nto a cell from the external
environment. Typically, transduction or transfection of a
protein relies on attachment of a peptide or protein capable
of crossing the cell membrane to the protein of interest. See,

e.g., Ford et al. (2001) Gene Therapy 8:1-4 and Prochiantz
(2007) Nat. Methods 4:119-20.

[0060] As used herein, the terms “specific binding,” “spe-
cifically bind,” or “specifically binds™ refer to two molecules
(e.g., DNA-binding domain and its specific binding (or
targeting) nucleic acid sequence) that bind to each other with
a higher athnmity and specificity than a binding between
random (e.g. non-target) molecules.

[0061] As used herein, the phrase “recognition sequence,”
“recognition site,” “target sequence” or “target site” refers to
a particular sequence to which a protein, chemical com-
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pound, DNA, or RNA molecule (e.g., a DNA binding
domain such as zinc finger domain) recognizes and binds. A
recognition sequence or target sequence may refer to a
nucleic acid sequence, DNA or RNA, that 1s recogmized and
bound by a recombinant peptide with specificity. In certain
examples, the recognition sequence or target sequence may
be a nucleic acid sequence from HIV genome that 1s either
integrated into the host cell’s genome or present as a
separate nucleic acid molecule (1.e. episome). Therelfore, 1n
some examples where the recombinant peptide has tran-
scription activity, the ftranscription of the recognition
sequence (or the target sequence) or a sequence having the
recognition sequence (or the target sequence) can be acti-
vated by the recombinant peptide.

[0062] As defined herein, the term *‘activation,” “acti-
vate,” “activating” and the like 1n reference to gene expres-
s10n or transcription refers to conversion of a gene or nucleic
acid sequence to be transcribed to its complementary RINA
(e.g. mRNA) from an 1nitially mnactive or deactivated state.
In some cases, the gene or nucleic acid sequence that 1s
normally transcribed to a certain extent i1s activated such that
its transcription level 1s enhanced or increased as compared
to 1ts normal level of transcription.

[0063] The term ‘“‘activation,” “activate,” “activating,”
“reactivation,” “reactivate,” “reactivating’ and the like used
in the context of virus infection refers to enhancing, pro-
moting, stimulating or increasing the activity of the virus
including the transcriptional activation of viral gene(s) or
genome. Especially 1n the context of activation or reactiva-
tion of latent virus, the term may refer to (1) 1mtiation of
transcription of certain viral genes that were previously
transcriptionally 1nactive, (11) increase of existing transcrip-
tion of viral genes and/or (111) transcription of a wviral
genome. With this activation or reactivation, the latent virus
may become transcriptionally active, replicating the wviral
genome and producing viral progenies such that the virus 1s
no longer in the latency and enters into the lytic cycle.

[0064] ““Treating” and “treatment” as used herein include
administering to a subject a therapeutically effective amount
of an active agent. The administering step may consist of a
single administration or may include a series ol administra-
tions. The length of the treatment period depends on a
variety of factors, such as the severity of the condition, the
age ol the patient, the concentration of active agent, the
activity of the compositions used in the treatment, or a
combination thereof. It will also be appreciated that the
cllective dosage of an agent used for the treatment may
increase or decrease over the course of a particular treat-
ment. Changes 1n dosage may result and become apparent by
standard diagnostic assays known in the art. In some
instances, chronic administration may be required. For
example, the compositions are administered to the subject 1n
an amount and for a duration suflicient to treat the patient.

[0065] “‘Patient” or “subject 1n need thereot™ refers to a
living organism suflering from or prone to a disease or
condition that can be treated by admimstration of a phar-
maceutical composition as provided herein. Non-limiting
examples 1nclude humans, other mammals, bovines, rats,
mice, dogs, monkeys, goat, sheep, cows, deer, and other
non-mammalian animals. In embodiments, a patient 1s
human.

[0066] A “‘eflective amount” 1s an amount suflicient for a
compound to accomplish a stated purpose relative to the
absence of the compound (e.g. achieve the effect for which
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it 1s administered, treat a disease or reduce one or more
symptoms of a disease or condition). An example of an
“effective amount” 1s an amount suilicient to contribute to
the treatment, prevention, or reduction of a symptom or
symptoms of a disease, which could also be referred to as a
“therapeutically eflective amount.” The exact amounts will
depend on the purpose of the treatment, and will be ascer-
tainable by one skilled in the art using known techniques
(see, e.g., Lieberman, Pharmaceutical Dosage Forms (vols.
1-3, 1992); Lloyd, The Art, Science and Technology of
Pharmaceutical Compounding (1999); Pickar, Dosage Cal-

culations (1999); and Remington: The Science and Practice
of Pharmacy, 20th Edition, 2003, Gennaro, Ed., Lippincott,

Williams & Wilkins).

[0067] Dosages may be varied depending upon the
requirements of the patient and the compound being
employed. The dose administered to a patient, in the context
of the present disclosure, should be suflicient to aflect a
beneficial therapeutic response 1n the patient over time. The
s1ze of the dose also will be determined by the existence,
nature, and extent of any adverse side-ellects. Determination
of the proper dosage for a particular situation 1s within the
skill of the practitioner. Generally, treatment 1s mitiated with
smaller dosages which are less than the optimum dose of the
compound. Thereafter, the dosage 1s increased by small
increments until the optimum eflect under circumstances 1s
reached. Dosage amounts and intervals can be adjusted
individually to provide levels of the admimistered compound
cllective for the particular clinical indication being treated.
This will provide a therapeutic regimen that 1s commensu-
rate with the severity of the individual’s disease state.

[0068] As used herein, the term “administering” means
oral administration, administration as a suppository, topical
contact, intravenous, parenteral, intraperitoneal, ntramus-
cular, intralesional, intrathecal, intranasal or subcutaneous
administration, or the implantation of a slow-release device,
¢.g., a mini-osmotic pump, to a subject. Administration 1s by
any route, including parenteral and transmucosal (e.g., buc-
cal, sublingual, palatal, gingival, nasal, vaginal, rectal, or
transdermal). Parenteral administration includes, e.g., intra-
venous, intramuscular, intra-arteriole, intradermal, subcuta-
neous, intraperitoneal, intraventricular, and intracramal.
Other modes of delivery include, but are not limited to, the
use ol liposomal formulations, intravenous infusion, trans-
dermal patches, etc. In embodiments, the administering does
not include administration of any active agent other than the
recited active agent.

[0069] “‘Co-administer” 1t 1s meant that a composition
described herein 1s administered at the same time, just prior
to, or just aiter the administration of one or more additional
therapies. The compounds provided herein can be adminis-
tered alone or can be coadministered to the patient. Coad-
ministration 1s meant to include simultaneous or sequential
administration of the compounds individually or in combi-
nation (more than one compound). Thus, the preparations
can also be combined, when desired, with other active
substances (e.g. to reduce metabolic degradation). The com-
positions of the present disclosure can be delivered trans-
dermally, by a topical route, or formulated as applicator
sticks, solutions, suspensions, emulsions, gels, creams, oint-
ments, pastes, jellies, paints, powders, and aerosols.

[0070] As used herein, the term “about” means a range of
values including the specified value, which a person of
ordinary skill 1n the art would consider reasonably similar to
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the specified value. In embodiments, the term “about” means
within a standard deviation using measurements generally
acceptable 1n the art. In embodiments, about means a range
extending to +/-10% of the specified value. In embodi-
ments, about means the specified value.

[0071] Throughout this document, unless the context
requires otherwise, the words “comprise,” “comprising,”
“contain,” “‘containing,” “have,” “having,” “include,” or
“including” will be understood to 1imply the inclusion of a
stated step or element or group of steps or elements but not
the exclusion of any other step or element or group of steps

or elements.

[0072] It 1s understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes 1n light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence 1n their entirety for all purposes.

[0073] Certain virus has two cycles of reproduction which
are the lytic cycle and lysogenic cycles. The lytic cycle
results 1n the destruction of the infected cell and 1ts mem-
brane. One of major differences between the lytic and
lysogenic phage cycles 1s that 1n the lytic phage, the viral
DNA may exist as a separate molecule within the bacterial
cell, and replicates separately from the host bacterial DNA.
The location of viral DNA in the lysogenic phage cycle may
be within the host DNA, therefore 1n both cases the virus/
phage replicates using the host DNA machinery, but 1n the
lytic phage cycle, the phage 1s a free floating separate
molecule to the host DNA. However, in some cases, even
during the lysogenic cycle, the viral genome 1s not integrated
into the host DNA but exists as a separate molecule as an
episome. When the virus 1s 1n lysogeny or lysogenic cycle,
the host cell can continue to live and reproduce normally.
The genetic matenial of the virus i the lysogenic cycle, 1.e.
latent virus, can be transmitted to daughter cells at each
subsequent cell division, and at later events (such as UV
radiation or the presence of certain chemicals) can release it,
causing proliferation of new phages via the lytic cycle.

[0074] Virus latency (or viral latency) 1s the ability of a
pathogenic virus to lie dormant (latent) within a cell,
denoted as the lysogenic part of the viral life cycle. Latency
1s often the phase 1n certain viruses’ life cycles 1n which,
after imitial infection, proliferation of virus particles ceases.
However, the viral genome 1s not fully eradicated. The result
of this 1s that the virus can reactivate and begin producing
large amounts of viral progeny without the host being
infected by new outside virus, denoted as the lytic part of the
viral life cycle, and stays within the host for a long period
or even indefinitely.

[0075] Depending on the location of the viral genome 1n
the host cell during the latency, there are generally two types
of latency, episomal latency and proviral latency. Episomal
latency refers to the use of genetic episomes during latency.
In this type, viral genes are stabilized floating 1n the cyto-
plasm or nucleus as distinct objects, both as linear or lariat
structures. Alternatively, the latent virus can be a provirus
that 1s a virus genome which 1s integrated 1nto the DNA of
a host cell.

[0076] One of the well-known virus for the latent capa-
bility 1s HIV. In the proviral latency, HIV uses reverse
transcriptase to create a DNA copy of 1ts RNA genome. This
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allows the virus to largely avoid the immune system. Like
other viruses that go latent, it does not typically cause
symptoms while latent. Unfortunately, HIV 1n proviral
latency 1s nearly impossible to target with existing antiret-
roviral drugs. Given the latent HIV can be active and
pathogenic, 1.e. entering into lytic cycle later times, the
patient with the latent virus in his or her system still has a
risk of suffering from pathogenic, reactivated HIV infection
at later times. Therefore, removing such infected cells from
the patient’s system 1s important in order to completely and
cllectively treat HIV 1n the patient.

[0077] In embodiments, provided 1s an engineered tran-
scriptional activation system and method based on a recom-
binant zinc finger peptide which can selectively activate
HIV viral gene transcription and expression in cells of HIV
latency. In embodiments, the system and method utilize a
recombinant peptide having a zinc finger domain and a
transcription activator. In embodiments, the zinc finger
domain targets (or binds to) a sequence of HIV genome. This
specific recognition of, and binding to, the HIV sequence by
the zinc finger domain results in recruiting the conjugated
transcription activator to the latent HIV genome, activating,
the transcription of HIV gene(s) and reactivating the latent
HIV. In embodiments, the system and method are eflective
tools for inducing latent HIV transcription and expression
and that their use. In embodiments, the system and method
may be used 1n combination with antiretroviral therapy to
provide improved therapies for HIV infection. In embodi-
ments, the HIV 1s an HIV subtype of A, B, C, D, E, F, or G.
In embodiments, the HIV subtype 1s A or B. A “subtype”
may also be referred to as a “clade.”

COMPOSITIONS

[0078] In one aspect, the present disclosure provides a
recombinant peptide that has a zinc finger domain. A zinc
finger domain 1s used herein according to its plain and
ordinary meaning 1n the art and generally refers to a protein
structural domain capable of binding a target nucleic acid
sequence. In embodiments, the zinc finger domain coordi-
nates one or more zinc 1ons in order to stabilize its structure.
Zinc finger (Znf) domains may be relatively small protein
domains that can contain multiple finger-like protrusions
that make tandem contacts with their target molecule. In
embodiments, the Zni forms salt bridges to stabilize the
finger-like folds. In embodiments, the Zni forms coordinates
a metal (e.g. zinc) to stabilize the finger-like folds.

[0079] Inembodiments, the zinc finger domain that 1s used
in the recombinant peptide of the disclosures recognizes (or
binds to) a target nucleic acid sequence with specificity. The
target nucleic acid can be DNA or RNA sequence. In
embodiments, the target nucleic acid sequence contains the
sequence of SEQ ID NO. 1 or a dertvative of the sequence
of SEQ ID NO. 1. In embodiments, the derivative 1s a
nucleic acid sequence that has at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
sequence 1dentity to the sequence of SEQ ID NO.1. In
embodiments, the derivative has at least 90%, 95%, 96%,
7%, 98%, 99% or 100% nucleic acid sequence identity
across the whole sequence or a portion of the sequence (e.g.

a5, 10, 15 or 20 continuous nucleic acid portion) compared
to SEQ ID NO. 1.

[0080] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
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sequence ol SEQ ID NO.1, wherein the derivative has at
least 85% nucleotide sequence 1dentity to the sequence of
SEQ ID NO. 1.

[0081] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.1, wherein the derivative has at
least 90% nucleotide sequence 1dentity to the sequence of

SEQ ID NO. 1.

[0082] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.1, wherein the derivative has at

least 95% nucleotide sequence 1dentity to the sequence of
SEQ ID NO. 1.

[0083] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.1, wherein the derivative has at

least 96% nucleotide sequence 1dentity to the sequence of
SEQ ID NO. 1.

[0084] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence of SEQ ID NO.1, wherein the denivative has at
least 97% nucleotide sequence 1dentity to the sequence of

SEQ ID NO. 1.

[0085] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.1, wherein the derivative has at
least 98% nucleotide sequence 1dentity to the sequence of
SEQ ID NO. 1.

[0086] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.1, wherein the derivative has at

least 99% nucleotide sequence 1dentity to the sequence of
SEQ ID NO. 1.

[0087] In embodiments, the target nucleic acid sequence
of the zinc finger domain contains the sequence of SEQ ID
NO. 2 or a derivative of the sequence of SEQ ID NO. 2. The
derivative herein may refer to a nucleic acid sequence that
has the nucleotide sequence 1dentity of at least 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% to the sequence of SEQ ID NO.2. In embodi-
ments, the derivative has at least 90%, 95%, 96%, 97%.,
98%, 99% or 100% nucleic acid sequence 1dentity across the
whole sequence or a portion of the sequence (e.g. a 10, 50,

100, 150, 200 or more continuous nucleic acid portion)
compared to SEQ ID NO. 2.

[0088] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence of SEQ ID NO.2, wherein the denivative has at
least 85% nucleotide sequence 1dentity to the sequence of

SEQ ID NO. 2.

[0089] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.2, wherein the derivative has at
least 90% nucleotide sequence 1dentity to the sequence of
SEQ ID NO. 2.

[0090] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.2, wherein the derivative has at

least 95% nucleotide sequence 1dentity to the sequence of
SEQ ID NO. 2.

[0091] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
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sequence of SEQ ID NO.2, wherein the derivative has at
least 96% nucleotide sequence identity to the sequence of
SEQ ID NO. 2.

[0092] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.2, wherein the derivative has at
least 97% nucleotide sequence identity to the sequence of
SEQ ID NO. 2.

[0093] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.2, wherein the derivative has at
least 98% nucleotide sequence identity to the sequence of
SEQ ID NO. 2.

[0094] In embodiments, the target nucleic acid sequence
of the zinc finger domain has a derivative sequence of the
sequence ol SEQ ID NO.2, wherein the derivative has at
least 99% nucleotide sequence identity to the sequence of
SEQ ID NO. 2.

[0095] In embodiments, the zinc finger domain of the
recombinant peptide recognizes and binds to a sequence of
HIV genome with specificity. In embodiments, the HIV
genome sequence that 1s specifically recognized (or bound)

by the zinc finger domain 1s a long terminal repeat (LTR) of
HIV.

[0096] Long terminal repeats (LTRs) are used according to
their plain and ordinary meaning and the art. Thus, LTR’s
may contain identical sequences of DNA or RNA that repeat
hundreds or thousands of times found at either end of viral
retroviral genome or proviral DNA that 1s formed by reverse
transcription of retroviral RNA. They may be used by
viruses to 1nsert their genetic material into the host genomes.
The LTRs may be partially transcribed into an RNA 1nter-
mediate, followed by reverse transcription into complemen-
tary DNA (cDNA) and ultimately dsDNA (double-stranded
DNA) with full CTRs. The LTRs may then mediate integra-
tion of the retroviral DNA via an LTR specific integrase into
another region of the host chromosome. In the proviral
latency, once the provirus has been integrated, the LTR on
the 5' end may serve as the promoter for the entire retroviral
genome, while the LTR at the 3' end may provide for nascent
viral RNA polyadenylation and encodes some accessory
proteins. In embodiments, the recombinant peptide of the
present disclosure targets (or binds to) 5' LTR, 3' LTR or
both.

[0097] In embodiments, the zinc finger domain recognizes
with specificity (e.g. specifically binds) about 5 bases, about
10 bases, about 15 bases, about 20 bases, about 25 bases,
about 30 bases, about 35 bases, about 40 bases, about 45
bases or about 50 bases from the HIV LIR sequence of a
recognized sequence (e.g. the target sequence). In embodi-
ments, the zinc finger domain recognizes (e.g. binds to) a
derivative of the target sequence which has at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
7%, 98% or 99% sequence 1dentily to the target sequence.
[0098] In embodiments, the recombinant peptide of the
present disclosure includes one or more than one zinc finger
domains. In embodiments, the number of zinc finger
domains present 1n a single molecule of the recombinant
peptide1s 1, 2,3, 4, 5,6, 7, 8, 9, 10 or more.

[0099] In embodiments, the recombinant peptide having
one or more zinc finger domains used in the present disclo-
sure 1s encoded by the sequence of SEQ ID NO. 3 or a
derivative thereof. The sequence of SEQ ID NO. 3 encodes
a non-naturally occurring peptide sequence, which may be
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referred to herein as “ZFP-362" or “ZFP-362 peptide ” The
amino acid sequence encoded by SEQ ID NO. 3 1s shown 1n
SEQ ID NO. 12. In embodiments, the ZFP-362 peptide
specifically targets (e.g. specifically binds, or i1s capable of
specifically binding) the HIV LTR including HIV-1 LTR and
induces activation of HIV transcription at levels comparable
to defective CRISPR VPR conjugates (dCas-VPR) (see
FIGS. 1B and 1C). In embodiments, the targeted activation
of HIV LTR expression by the ZFP-362 conjugated to VPR
(also referred to herein as ZFP-362-VPR), which 1s turther
described below, 1s specifically targeted to the well-defined
NF-kB double site, a region known to be susceptible to
modulation and control of viral transcription and only found
in HIV. In embodiments, targeting of ZFP-362-VPR to cells
lacking to the well-defined NF-kB double site are not
activated (see FIG. 1D) compared with those containing this
site (see FI1G. 1C). Theretfore, in embodiments, the recom-
binant peptide of the present disclosure that has the ZFP-362
or derivative thereof can induce transcriptional activation 1n
the cells infected with latent HIV, but not in HIV-free cells.
In embodiments, the infected cells from which the latent
HIV are activated by the recombinant peptide of the disclo-
sures will be treated, e.g. killed by the action of additional
anti-viral drugs.

[0100] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a derivative thereol. In embodiments, the deriva-
tive has at least 30%, 35%, 40%, 43%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or
99% sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the derivative has at least 90%, 95%, 96%,
7%, 98%, 99% or 100% nucleic acid sequence identity
across the whole sequence or a portion of the sequence (e.g.
a 20, 50, 100, 150, 200 or more continuous nucleic acid
portion) compared to SEQ ID NO. 3. Also, in embodiments,
the derivative encodes a functional derivative of the recom-
binant peptide encoded by SEQ 1D NO. 3 that has at least
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%.,
80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% of the
activity of the peptide encoded by SEQ ID NO. 3 (e.g. the
activity of the ZFP-362 that binds to its target nucleic acid
sequence with specificity).

[0101] In embodiments, the derivative of SEQ ID NO. 3
has at least 75% sequence 1dentity to at least 500 contiguous
nucleotides of SEQ ID NO. 3. In embodiments, the deriva-
tive has at least 80% sequence identity to at least 400
contiguous nucleotides of SEQ ID NO. 3. In embodiments,
the derivative has at least 90% sequence 1dentity to at least
300 contiguous nucleotides of SEQ ID NO. 3. In embodi-
ments, the derivative has at least 95% sequence 1dentity to
at least 200 contiguous nucleotides of SEQ ID NO. 3. In
embodiments, the derivative has 100% i1dentity to at least
100 contiguous nucleotides of SEQ ID NO. 3. In embodi-
ments, the derivative has one or more conservative modifi-
cations of SEQ ID NO. 3 or of the polypeptide it encodes
(e.g., 1, 2, 3,4, 5, 10, 15, 25, 50, 100, 150, 200, or more
conservative modifications).

[0102] In embodiments, the recombinant peptide of the
present disclosure has the sequence of SEQ ID NO. 12 or a
derivative thereof. In embodiments, the derivative has at
least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
sequence 1dentity to the sequence of SEQ ID NO. 12. In
embodiments, the derivative has at least 90%, 95%, 96%.,
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7%, 98%, 99% or 100% sequence 1dentity across the whole
sequence or a portion of the sequence (e.g. a 20, 50, 100,
150, 200 or more continuous amino acid portion) compared
to SEQ ID NO. 12. Also, 1n embodiments, the derivative 1s
a functional derivative of the recombinant peptide of SEQ
ID NO. 12 that has at least 30%, 35%, 40%, 45%, 50%.,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
7%, 98% or 99% of the activity of the polypeptide of SEQ
ID NO. 12 (e.g. the activity of the ZFP-362 that binds to 1ts

target nucleic acid sequence with specificity).

[0103] In embodiments, the dernivative of SEQ ID NO. 12
has at least 75% sequence 1dentity to at least 1350 contiguous
amino acids of SEQ ID NO. 12. In embodiments, the
derivative has at least 80% sequence 1dentity to at least 125
contiguous amino acids of SEQ ID NO. 12. In embodiments,
the derivative has at least 90% sequence 1dentity to at least
100 contiguous amino acids of SEQ ID NO. 12. In embodi-
ments, the derivative has at least 95% sequence 1dentity to
at least 75 contiguous amino acids of SEQ ID NO. 12. In
embodiments, the derivative has 100% identity to at least 50
contiguous amino acids of SEQ ID NO. 12. In embodiments,
the derivative has one or more conservative modifications of
SEQ ID NO. 12 (e.g., 1, 2, 3, 4, 5, 10, 15, 25, 50, or more
conservative modifications).

[0104] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a denvative thereol having at least 75% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a dertvative thereol having at least 75%

amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0105] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a denivative thereof having at least 80% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a dertvative thereol having at least 80%

amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0106] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ 1D
NO. 3 or a denivative thereof having at least 85% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a derivative thereol having at least 85%

amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0107] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a denivative thereol having at least 90% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a denvative thereof having at least 90%
amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0108] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a denivative thereof having at least 95% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a denvative thereof having at least 95%
amino acid sequence identity to the sequence of SEQ ID
NO. 12.
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[0109] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a denivative thereol having at least 96% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a dertvative thereof having at least 96%
amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0110] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a denivative thereol having at least 97% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a denivative thereof having at least 97%
amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0111] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a derntvative thereol having at least 98% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a denivative thereof having at least 98%
amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0112] In embodiments, the recombinant peptide of the
present disclosure 1s encoded by the sequence of SEQ ID
NO. 3 or a derntvative thereol having at least 99% nucleic
acid sequence 1dentity to the sequence of SEQ ID NO. 3. In
embodiments, the recombinant peptide has the sequence of
SEQ ID NO. 12, or a denivative thereof having at least 99%
amino acid sequence identity to the sequence of SEQ ID
NO. 12.

[0113] In embodiments, the recombinant peptide has one
or more additional components such as additional peptides.
In embodiments, the zinc finger domain can form a conju-
gate with the one or more peptides to form the recombinant
peptide of the disclosures. The conjugate can be formed, for
example, via a chemical linkage such as a covalent bond or
a non-chemical linkage such as ionic binding. In embodi-
ments, the zinc finger domain and the additional peptide can
be covalently linked to each other, 1.e. forming a fusion
protein with or without a sequence linking the two.

[0114] In some embodiment, the additional peptide that
form a conjugate with the zinc finger domain 1s a peptide
capable of transcriptional activation. In embodiments, the
peptide capable of transcriptional activation 1s a transcrip-
tional activator. A transcriptional activator 1s a protein (tran-
scription factor) that increases gene transcription of a gene
or set ol genes. In some cases, transcriptional activators,
when recruited to a DNA site, e.g. a promoter of a target
sequence for activation, make or enhance protein—yprotein
interactions with the general transcription machinery (e.g.
RNA polymerase and general transcription factors), thereby
facilitating the binding of the general transcription machin-
ery to the promoter.

[0115] Any peptide that 1s capable of activating transcrip-
tion (e.g. 1mtiating the transcription of a transcriptionally
silent sequence or increasing the transcription of an already
transcriptionally active sequence) can be used 1n the recom-
binant peptide of the disclosures. In embodiments, the
transcriptional activators used in the present disclosure
include, but not limited to, viral protein P (VPR), p65
transactivating subunit of NF-kappa B, heat-shock factor 1
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(HSF) activation domain, VP64 (tetramer of VP16) activa-
tion domain, synergistic activation mediator (SAM) and any
derivatives thereof.

[0116] VPR 1s used heremn according to its plain and
ordinary meaning in the art. In embodiments, the recombi-
nant peptide of the present disclosure includes a VPR
peptide or denivative thereof that 1s capable of transcrip-
tional activation. In embodiments, the VPR 1s encoded by
the sequence of SEQ ID NO. 4 or a derntvative thereof. In
embodiments, the derivative has at least 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% of the nucleic acid sequence
identity to the sequence of SEQ ID NO. 4. In embodiments,
the derivative has at least 90%, 95%, 96%, 97%, 98%, 99%
or 100% nucleic acid sequence identity across the whole
sequence or a portion of the sequence (e.g. a 20, 50, 100,
150, 200 or more continuous nucleic acid portion) compared
to SEQ ID NO. 4. Also, in embodiments, the denivative
encodes a functional derivative of VPR that has at least 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%.,
85%, 90%, 95%, 96%, 97%, 98% or 99% of the transcrip-
tional activity of the VPR encoded by SEQ ID NO. 4.

[0117] In embodiments, the dernivative of SEQ ID NO. 4
has at least 75% sequence 1dentity to at least 1,300 contigu-
ous nucleotides of SEQ ID NO. 4. In embodiments, the
derivative has at least 80% sequence identity to at least
1,000 contiguous nucleotides of SEQ ID NO. 4. In embodi-
ments, the derivative has at least 90% sequence 1dentity to
at least 750 contiguous nucleotides of SEQ ID NO. 4. In
embodiments, the derivative has at least 95% sequence
identity to at least 500 contiguous nucleotides of SEQ ID
NO. 4. In embodiments, the derivative has 100% sequence
identity to at least 250 contiguous nucleotides of SEQ ID
NO. 4. In embodiments, the derivative has one or more
conservative modifications of SEQ ID NO. 4 or of the
polypeptide it encodes (e.g., 1, 2,3, 4,5, 10, 15, 25, 50, 100,
150, 200, 300, 500, or more conservative modifications).

[0118] In embodiments, the VPR peptide has the sequence
of SEQ ID NO. 13 or a derivative thereof. In embodiments,
the derivative has at least 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% sequence 1dentity to the sequence of SEQ ID
NO. 13. In embodiments, the derivative has at least 90%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity
across the whole sequence or a portion of the sequence (e.g.
a 20, 50, 100, 150, 200 or more continuous amino acid

portion) compared to SEQ ID NO. 13. Also, in embodi-
ments, the derivative 1s a functional derivative of the VPR of
SEQ ID NO. 13 that has at least 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
9'7%, 98% or 99% of the activity of the polypeptide of SEQ
ID NO. 13.

[0119] In embodiments, the derivative of SEQ ID NO. 13
has at least 75% sequence 1dentity to at least 400 contiguous
amino acids of SEQ ID NO. 13. In embodiments, the
derivative has at least 80% sequence 1dentity to at least 300
contiguous amino acids of SEQ ID NO. 13. In embodiments,
the dertvative has at least 90% sequence 1dentity to at least
250 contiguous amino acids of SEQ ID NO. 13. In embodi-
ments, the derivative has at least 95% sequence 1dentity to
at least 200 contiguous amino acids of SEQ ID NO. 13. In
embodiments, the derivative has 100% identity to at least
100 contiguous amino acids of SEQ ID NO. 13. In embodi-

ments, the derivative has one or more conservative modifi-
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cations of SEQ ID NO. 13 (e.g., 1, 2, 3, 4, 5, 10, 15, 25, 50,
100, or more conservative modifications).

[0120] In embodiments, the ZFP-362 or derivative thereof
1s conjugated to a transcriptional activator, forming the
recombinant peptide of the present disclosure. In embodi-
ments, the ZFP-362 or a derivative thereof 1s conjugated to
a VPR or denivative thereof. In these embodiments, the
ZFP-362 specifically binds to 1its target sequence, e.g. the
HIV LRT sequence and this binding will bring the VPR (or
derivative thereol) to the LRT sequence, promoting the
transcription of LTR and the rest of HIV genome. In
embodiments, this specific binding activates HIV latently
present 1n the infected cells. In embodiments, the infected
cells are targeted with antiviral drugs 1n a follow-on treat-
ment.

[0121] In embodiments, the recombinant peptide of the
present disclosure has further components, which includes,
but are not limited to, a cell-penetrating peptide (e.g. a TAT
peptide or a derivative thereof) and/or one or more nuclear
localization signals. Additionally, a peptide that can promote
stabilization of the recombinant protein and/or enhance the
protein 1solation (e.g. myc-tag sequence and a maltose
binding sequence) can also be contained 1n the recombinant
peptide.

[0122] Cell-penetrating peptides (CPPs) generally are
short peptides that can facilitate cellular intake/uptake of
various molecular equipment (e.g. a recombinant peptide).
The cargo 1s associated with the CPPs either through chemi-
cal linkage wvia covalent bonds or through non-covalent
interactions. The function of the CPPs 1s to deliver the cargo
into cells. Any peptides that are known to be capable of
CPPs or have cell-penetrating activity can be used in the
composition and methods of the disclosures. In embodi-
ments, the trans-activating transcriptional activator (TAT),
which was mitially found as a HIV-1 gene and product
thereof, or a derivative of TAT 1s used as a CPP, thereby
enhancing the mtake/uptake of the recombinant peptide into
the cells. In addition to enhancing the transfer to the nucleus
of the cell, the TAT peptide can also facilitate crossing the
blood brain barrier, which can further enhance the delivery
of the recombinant protein to the cells. In embodiments, the
TAT peptide used in the disclosure 1s encoded by the
sequence of SEQ ID NO. 5 or a denvative thereof. In
embodiments, the derivative has at least 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% ol the nucleic acid sequence
identity to the sequence of SEQ ID NO. 5. In embodiments,
the derivative has at least 90%, 95%., 96%, 97%., 98%., 99%
or 100% nucleic acid sequence identity across the whole
sequence or a portion of the sequence (e.g. a 5, 10, 20, 25
or more continuous nucleic acid portion) compared to SEQ

ID NO. 5. Also, 1n embodiments, the derivative encodes a
functional derivative of TAT that has at least 30%, 35%.,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% of the activity of the
TAT encoded by SEQ 1D NO. 5.

[0123] In embodiments, the TAT peptide has the sequence
of SEQ ID NO. 14 or a denivative thereot. In embodiments,
the derivative has at least 30%, 35%, 40%, 45%, 50%, 55%.,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% sequence 1dentity to the sequence of SEQ ID
NO. 14. In embodiments, the derivative has at least 90%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity

across the whole sequence or a portion of the sequence (e.g.
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ald, 6,7, 8,9, 10, or more continuous amino acid portion)
compared to SEQ 1D NO. 14. Also, in embodiments, the
derivative 1s a functional derivative of the TAT peptide of
SEQ ID NO. 14 that has at least 30%, 35%, 40%, 45%, 50%.,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
7%, 98% or 99% of the activity of the polypeptlde of SEQ
ID NO. 14. In embodiments, the derivative has one or more

conservative modifications of SEQ ID NO. 14 (e.g., 1, 2, 3,
4, 5, 10, or more conservative modifications).

[0124] A nuclear localization signal or sequence (NLS) 1s
an amino acid sequence that tags a protein for import into the
cell nucleus by nuclear transport. Any peptides that are
known to be capable of NLS or have nuclear localization
activity can be used in the composition and methods of the
disclosures. In embodiments, the recombinant protein has
one or more NLSs. In embodiments, the number of NLS
present 1n the recombinant peptide can be 1, 2, 3, 4, 3, 6, 7/,
8, 9, 10 or more. In embodiments, the NLS used 1n the
disclosure 1s encoded by the sequence of SEQ ID NO. 6 or
a derivative thereof. In embodiments, the derivative has at
least 30%, 35%, 40%, 45%, 350%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% of the
nucleic acid sequence i1dentity to the sequence of SEQ 1D
NO. 6. In embodiments, the derivative has at least 90%,
95%, 96%, 97%, 98%, 99% or 100% nucleic acid sequence
identity across the whole sequence or a portion of the
sequence (e.g. a 2, 3, 4, 5 or more continuous nucleic acid
portion) compared to SEQ ID NO. 6. Also, 1n embodiments,
the derivative encodes a functional derivative of NLS that
has at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
of the activity of the NLS encoded by SEQ ID NO. 6.

[0125] In embodiments, the NLS has the sequence of SEQ
ID NO: 15 or a derivative thereof. In embodiments, the
derivative has at least 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% sequence 1dentity to the sequence of SEQ ID
NO. 15. In embodiments, the derivative has at least 90%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity
across the whole sequence or a portion of the sequence (e.g.
ald, 6,7, 8,9, 10, or more continuous amino acid portion)
compared to SEQ ID NO. 15. Also, in embodiments, the
derivative 1s a functional derivative of the NLS of SEQ ID
NO. 15 that has at least 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% of the activity of the polypeptide of SEQ ID
NO. 15. In embodiments, the derivative has one or more
conservative modifications of SEQ ID NO. 15 (e.g., 1, 2, 3,

4, 5, 10, or more conservative modifications).

[0126] In embodiments, the recombinant peptide of the
present disclosure has one or more additional sequences
such as a myc-tag sequence and maltose-binding sequence.
A myc tag 1s a polypeptide protein tag derived from the
c-myc gene product that can be added to a protein using
recombinant DNA technology. It can be used for atlinity
chromatography, then used to separate recombinant protein
expressed by the host organism. It can also be used in the
1solation of protein complexes with multiple subunits. In
embodiments, the recombinant peptide has a myc-tag
sequence that 1s encoded by the sequence of SEQ 1D NO. 7
or derivative thereof having at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% of nucleic acid sequence
identity to the sequence of SEQ ID NO. 7. In embodiments,
the derivative has at least 90%, 95%, 96%., 97%, 98%., 99%
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or 100% nucleic acid sequence identity across the whole
sequence or a portion of the sequence (e.g. a 2, 3, 4, 5 or
more continuous nucleic acid portion) compared to SEQ 1D
NO. 7. Maltose binding peptide (MBP), which was origi-
nally found as an Escherichia coli gene and product thereof,
can be used to increase the solubility of recombinant pro-
teins. In this system, the protein of interest can be expressed
as a MBP-fusion protein, preventing aggregation of the
protein of interest. In addition, MBP can also be used as an
aflinity tag for purification of recombinant proteins. Thus,
the MBP-protein fusion can be punified by eluting the
column with maltose. Once the fusion protein 1s obtained 1n
purified form, the protein of interest can often be cleaved
from MBP with a specific protease. The protein of interest
can then be separated from MBP by aflinity chromatography.
In embodiments, the recombinant peptide has a MBP
sequence that 1s known 1n the art or a derivative thereof.

[0127] In embodiments, the myc-tag has the sequence of
SEQ ID NO. 16 or a denivative thereol. In embodiments, the
derivative has at least 30%, 35%, 40%, 45%, 50%, 55%.,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,

98% or 99% sequence 1dentity to the sequence of SEQ ID
NO. 16. In embodiments, the derivative has at least 90%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity
across the whole sequence or a portion of the sequence (e.g.
a S5, 6,7, 8 9, or 10 continuous amino acid portion)
compared to SEQ ID NO. 16. Also, in embodiments, the
derivative 1s a functional derivative of the myc-tag of SEQ
ID NO. 16 that has at least 30%, 35%, 40%, 45%, 50%.,
35%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
7%, 98% or 99% of the activity of the polypeptide of SEQ
ID NO. 16. In embodiments, the derivative has one or more
conservative modifications of SEQ ID NO. 16 (e.g., 1, 2, 3,

4, 5, or more conservative modifications).

[0128] In embodiments, the recombinant peptide of the
present disclosure has one or more of the following com-
ponents: (1) a zinc finger domain (e.g. ZFP-362), (1) a
peptide capable of transcription activation (e.g. a transcrip-
tion activator), (111) a cell-penetrating sequence, (1v) nuclear
localization sequence and (v) additional sequence for protein
stabilization and 1solation (or purification). In embodiments,
the number of each of the foregoing components present in

a single molecule of the recombinant peptide, independently,
can be 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more.

[0129] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362) and (1) a peptide capable of transcription activation

(e.g. a transcription activator).

[0130] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362), (11) a peptide capable of transcription activation (e.g.
a ftranscription activator) and (1m1) a cell-penetrating
sequence.

[0131] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362), (11) a peptide capable of transcription activation (e.g.
a transcription activator) and (1v) nuclear localization
sequence.

[0132] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362), (11) a peptide capable of transcription activation (e.g.
a transcription activator) and (v) additional sequence for
protein stabilization and isolation (or purification).
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[0133] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362), (11) a peptide capable of transcription activation (e.g.
a transcription activator), (111) a cell-penetrating sequence
and (1v) nuclear localization sequence.

[0134] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362), (11) a peptide capable of transcription activation (e.g.
a transcription activator), (111) a cell-penetrating sequence
and (v) additional sequence for protein stabilization and
1solation (or purification).

[0135] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362), (11) a peptide capable of transcription activation (e.g.
a transcription activator), (1v) nuclear localization sequence
and (v) additional sequence for protein stabilization and
1solation (or purification). In some of these embodiments,
the recombinant peptide has the ZFP-362 as (1), a VPR as
(11), a NLS as (1v) and a myc-tag sequence as (v) as provided
in SEQ ID NO. 8. In embodiments, the recombinant poly-
peptide has the sequence of SEQ ID NO. 17, or a derivative
thereol.

[0136] In embodiments, the recombinant peptide of the
present disclosure has (1) a zinc finger domain (e.g. ZFP-
362), (11) a peptide capable of transcription activation, (111) a
cell-penetrating sequence, (1v) nuclear localization sequence
and (v) additional sequence for protein stabilization and
1solation (or purification). In some of these embodiments,
the recombinant peptide has the ZFP-362 as (1), a VPR as
(11), a TAT as (111), a NLS as (1iv) and a myc-tag sequence as
(v) as provided in SEQ ID NO. 9. In embodiments, the
recombinant polypeptide has the sequence of SEQ ID NO:
18, or a derivative thereot.

[0137] In another aspect, provided herein i1s a nucleotide
sequence encoding any of the recombinant peptides of the
present disclosure.

[0138] In embodiments, the nucleotide sequence of the
present disclosure has a nucleotide sequence encoding a zinc
finger domain. In embodiments, the nucleotide sequence of
the present disclosure has the sequence of SEQ ID NO. 3 or
a denivative thereof. In embodiments, the nucleotide
sequence of the present disclosure has a nucleotide sequence
encoding the ZFP-362 or a derivative thereof. In embodi-
ments, the ZFP-362 has the sequence of SEQ ID NO. 12, or

a derivative thereof.

[0139] In embodiments, the nucleotide sequence of the
present disclosure has a nucleotide sequence encoding a
peptide capable of transcriptional activation. In embodi-
ments, the nucleotide sequence of the present disclosure has
a nucleotide sequence encoding a transcriptional activator.
In embodiments, the nucleotide sequence of the present
disclosure has the sequence of SEQ 1D NO.4 or a derivative
thereol. In embodiments, the nucleotide sequence has a
nucleotide sequence encoding a VPR or a derivative thereof.
In embodiments, the VPR has the sequence of SEQ ID NO.
13 or a derivative thereotf. In embodiments, instead of VPR
or in combination with VPR, one or more of known tran-
scription activators such as p65 transactivating subunit of
NF-kappa B, heat-shock factor 1 (HSF) activation domain,
the VP64 (tetramer of VP16) activation domain, synergistic
activation mediator (SAM) and any derivatives thereof can
be encoded by the nucleotide sequence of the disclosures.

[0140] In embodiments, the nucleotide sequence of the
present disclosure has a nucleotide sequence encoding a
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cell-penetrating sequence. In embodiments, the nucleotide
sequence of the present disclosure has the sequence of SEQ
ID NO.5 or a dernivative thereof. In embodiments, the
nucleotide sequence has a nucleotide sequence encoding a
TAT or a derivative thereof. In embodiments, the TAT has
the sequence of SEQ ID NO: 14 or a derivative thereof.

[0141] In embodiments, the nucleotide sequence of the
present disclosure has a nucleotide sequence encoding a
nuclear localization sequence. In embodiments, the nucleo-
tide sequence of the present disclosure has the sequence of
SEQ ID NO.6 or a derivative thereof. In embodiments, the
nucleotide sequence has a nucleotide sequence encoding an
NLS. In embodiments, the NLS has the sequence of SEQ ID
NO. 15 or a denivative thereof.

[0142] In embodiments, the nucleotide sequence of the
present disclosure has a nucleotide sequence encoding an
additional sequence for protein stabilization and 1solation (or
purification). In embodiments, the nucleotide sequence of
the present disclosure has the sequence of SEQ ID NO.7 or
a derivative thereof. In embodiments, the nucleotide
sequence has a nucleotide sequence encoding a myc-tag
sequence or a maltose binding peptide (MBP). In embodi-
ments, the myc-tag has the sequence of SEQ ID NO. 16 or
a dernivative thereof. In embodiments, the nucleotide
sequence of the present disclosure has nucleic acid sequence
(s) encoding an additional peptide sequence for protein
stabilization and isolation (or purification); however, the
resulting recombinant peptide does not have such an addi-
tional peptide sequence as the additional peptide sequence
can be removed during an intermediate i1solation and/or
purification process

[0143] In embodiments, the nucleotide sequence of the
present disclosure has one or more sequences, each of which
encodes one of the following components: (1) a zinc finger
domain (e.g. ZFP-362), (11) a peptide capable of transcrip-
tion activation (e.g. a transcription activator), (111) a cell-
penetrating sequence, (1v) nuclear localization sequence and
(v) additional sequence for protein stabilization and 1solation
(or purification). In embodiments, the number of each
sequence encoding one of the foregoing components that 1s
present 1n a single molecule of the nucleotide sequence,
independently, 1s 0, 1,2, 3,4, 5, 6,7, 8,9, 10 or more. Also,
any nucleic acid in the nucleotide sequence of the disclo-
sures can be a natural or non-natural nucleic acid, e.g.
modified nucleic acid.

[0144] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362) and (11) a peptide capable of tran-
scription activation (e.g. a transcription activator).

[0145] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362), (11) a peptide capable of transcrip-
tion activation (e.g. a transcription activator) and (111) a
cell-penetrating sequence.

[0146] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362), (11) a peptide capable of transcrip-
tion activation (e.g. a transcription activator) and (1v)
nuclear localization sequence.

[0147] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362), (11) a peptide capable of transcrip-
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tion activation (e.g. a transcription activator) and (v) addi-
tional sequence for protein stabilization and 1solation (or
purification).

[0148] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362), (1) a peptide capable of transcrip-
tion activation (e.g. a transcription activator), (111) a cell-
penetrating sequence and (1v) nuclear localization sequence.

[0149] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362), (11) a peptide capable of transcrip-
tion activation (e.g. a transcription activator), (111) a cell-
penetrating sequence and (v) additional sequence for protein
stabilization and 1solation (or purification).

[0150] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362), (11) a peptide capable of transcrip-
tion activation (e.g. a transcription activator), (1v) nuclear
localization sequence and (v) additional sequence for protein
stabilization and i1solation (or purification). In some of these
embodiments, the nucleotide sequence has sequences encod-
ing the ZFP-362 as (1), a VPR as (1), a NLS as (1v) and a
myc-tag sequence as (v) as provided in SEQ ID NO. 8. In
embodiments, the nucleotide sequence encodes a protein
having the sequence of SEQ ID NO. 17 or a dernivative
thereol.

[0151] In embodiments, the nucleotide sequence of the
present disclosure has sequences encoding (1) a zinc finger
domain (e.g. ZFP-362), (11) a peptide capable of transcrip-
tion activation, (111) a cell-penetrating sequence, (1v) nuclear
localization sequence and (v) additional sequence for protein
stabilization and 1solation (or purification). In some of these
embodiments, the nucleotide sequence has sequences encod-
ing the ZFP-362 as (1), a VPR as (11), a TAT as (i11), a NLS
as (1v) and a myc-tag sequence as (v) as provided in SEQ ID
NO. 9. In embodiments, the nucleotide sequence encodes a
protein having the sequence of SEQ ID NO. 18 or a
derivative thereof.

[0152] In one aspect, provided 1s a vector such as an
expression vector that has any of the nucleotide sequences of
the present disclosure, which encode the recombinant pep-
tide of the present disclosure. Therefore, 1in embodiments the
expression vector can be used to produce the recombinant
peptide of the disclosures 1n cells. The expression vector can
be transfected into cells (e.g. eukaryotic cells such as
mammalian cells or human cell lines or prokaryotic cells
such as Escherichia coli, 1n which the recombinant peptide
1s expressed and the expressed peptide can be 1solated and
purified using various techniques available in the field.

[0153] In embodiments, the expression vector 1s capable
of directing the expression of nucleic acids to which they are
operatively linked. The term “operably linked” means that
the nucleotide sequence of interest 1s linked to regulatory
sequence(s) 1 a manner that allows for expression of the
nucleotide sequence. The regulatory sequence may include,
for example, promoters, enhancers and other expression
control elements (e.g., polyadenylation signals). Such regu-
latory sequences are well known 1n the art and are described,
for example, 1n Goeddel; Gene Expression Technology:
Methods 1n Enzymology 185, Academic Press, San Diego,
Calif. (1990). Regulatory sequences include those that direct
constitutive expression of a nucleotide sequence 1n many
types of host cells, and those that direct expression of the
nucleotide sequence only in certain host cells (e.g., tissue-
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specific regulatory sequences). It will be appreciated by
those skilled in the art that the design of the expression
vector can depend on such factors as the choice of the target
cell, the level of expression desired, and the like.

[0154] Expression vectors contemplated include, but are
not limited to, viral vectors based on various viral sequences
as well as those contemplated for eukaryotic target cells or
prokaryotic target cells. The “target cells” may refer to the
cells where the expression vector 1s transfected and the
nucleotide sequence encoding the recombinant peptide 1s
expressed. In embodiments, the target cells are the cells used
for production of the recombinant peptide of the present
disclosure for later use. Therefore, in these embodiments the
expressed recombinant peptides are 1solated from the target
cells and administered to a subject later for a therapeutic
purpose, e.g. treatment of HIV 1n the subject. In alternative
embodiments, the target cells may refer to the cells that have
latent HIV. Theretfore, when the expression vector 1s trans-
fected into such cells, the recombinant peptide expressed
from the vector activates the viral transcription 1n the cells,
activating latent HIV 1n the target cells. Any vectors can be
used so long as they are compatible with the desired or
intended target cell. The skilled person in the art can use any
suitable vectors known and available 1n the art depending on
their system, e.g. the target cell or the process of culturing
cell and purifying the recombinant peptides.

[0155] In some examples, a vector has one or more
transcription and/or translation control elements. Depending
on the target/vector system utilized, any of a number of
suitable transcription and ftranslation control elements,
including constitutive and inducible promoters, transcription
enhancer elements, transcription terminators, etc. can be
used 1n the expression vector.

[0156] Non-limiting examples of suitable eukaryotic pro-
moters (1.e., promoters functional i a eukaryotic cell)
include those from cytomegalovirus (CMV) immediate
carly, H1, herpes simplex virus (HSV) thymidine kinase,
carly and late SV40, long terminal repeats (L'TRs) from
retrovirus, human elongation factor-1 promoter (EF1), a
hybrid construct having the cytomegalovirus (CMV)
enhancer fused to the chicken beta-actin promoter (CAG),
murine stem cell virus promoter (MSCV), phosphoglycerate
kinase-1 locus promoter (PGK), and mouse metallothionein-
I. The promoter can be a constitutive promoter (e.g., CMV
promoter, UBC promoter). In some cases, the promoter can
be a spatially restricted and/or temporally restricted pro-
moter (e.g., a tissue specific promoter, a cell type specific
promoter, etc.).

[0157] In embodiments, the expression vector has
sequences encoding one or more of the following compo-
nents: (1) a zinc finger domain (e.g. ZFP-362), (1) a peptide
capable of transcription activation (e.g. a transcription acti-
vator), (111) a cell-penetrating sequence, (1v) nuclear local-
ization sequence and (v) additional sequence for protein
stabilization and 1solation (or purification). In embodiments,
the number of each sequence encoding one of the foregoing
components that i1s present 1n a single expression vector,
independently, 1s 0, 1, 2, 3, 4, 5, 6,7, 8, 9, 10 or more.

[0158] In one example, the expression vector has
sequences encoding the ZFP-362 as (1), a VPR as (11), a TAT
as (111), three NLSs as (1iv) and a MBP as (v) as 1llustrated 1n
FIG. 2. The vector of FIG. 2 has the nucleotide sequence

encoding a fusion peptide of the ZFP-362, targeting to the
NF-kB doublet 1n the HIV LTR and the VPR transcriptional
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activator domain (VP64+RelA (p65) and Rta AD) which 1s
expressed from the CMYV promoter. This vector further has
a sequence encoding a MBP with a factor Xa cleavage for
purification of recombinant peptide, a TAT peptide for
nuclear targeting and transit of the recombinant peptide
through the blood brain barrnier and three nucleoplasmin
nuclear localization signals (NLS) for enhanced nuclear
targeting of the recombinant peptide. The entire recombinant
peptide expressed from this vector 1s terminated by the bGH
poly A signal.

METHODS

[0159] In one aspect, provided 1s a method of activating a
latent HIV from a cell. The method can have administering
any ol the recombinant peptides or any of the expression
vectors disclosed herein to the cell.

[0160] In embodiments, the cell 1s a cell in which HIV 1s
in the latency. This means that the cell was previously
infected with HIV and the HIV or progeny thereof become
latent 1n the cell, e.g. 1n the episomal or proviral latency. The
recombinant peptide of the disclosures may have a zinc
finger domain that specifically recognizes and binds to a
sequence (1.e. a target sequence) in the HIV LTR. The
recombinant peptide may also have a peptide capable of
transcription activation such that when the recombinant
peptide 1s bound to the target sequence, 1t can promote
transcription of the HIV LRT sequence, which leads to the
transcription of the wviral genome. Therefore, when the
recombinant peptide 1s provided into the infected cell with
latent HIV, the latent HIV 1s activated and no longer 1n 1ts
latency due to the activity of the recombinant peptide.

[0161] In embodiments, the cell having the viral genome
in 1ts own genome (1.e. proviral latency) or as a separate
nucleic acid molecule (1.e. episomal latency) 1s T cell,
macrophage, monocyte or microglial cell. Therefore, in
embodiments a population of cells having one or more of T
cell, macrophage, monocyte and microglial cell that are
infected with latent HIV 1s subjected to the compositions and
methods of the present disclosure.

[0162] In embodiments, 1n order to activate latent HIV
from the infected cell, the recombinant peptide of the
disclosures 1s provided to the cell. Alternatively, any of the
expression vector of the disclosures that encodes the recom-
binant peptide can be provided to the cell, expressing the
recombinant peptide and exhibiting the desired activity, 1.¢.
activation of latent HIV. This provision (or delivery) of the
recombinant peptide or the expression vector thereof to the
infected cell can be done using various techniques available
in the art, which include, but not limited to, alcium phos-
phate transfection, liposomal transiection, nucleofection,
sonoporation, transfection through heat shock, magnetifec-
tion and electroporation.

[0163] In one aspect, provided 1s a method of treating HIV
in a subject 1n need thereotf. The method may have admin-
istering any of the recombinant peptides or any of the
expression vectors disclosed herein to the subject.

[0164] In embodiments, the subject has one or more cells
in which the HIV or progeny thereof 1s 1n a latent stage. In
embodiments, the latent HIV present in certain cells of the
subject 1s 1n episomal latency or proviral latency. In embodi-
ments, the infected cells with the latent HIV 1n the subject
can be one or more of T cell, macrophage, monocyte, and
microglial cell.
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[0165] In embodiments, the treatment method of the pres-
ent disclosure also has selectively killing the infected cells
in which the latent HIV 1s activated by the recombinant
peptide.

[0166] In embodiments, the method of treating HIV has
administering a pharmaceutical composition or formulation
to a subject in need of the treatment. In embodiments, the
pharmaceutical compositions and formulations for treating
HIV, 1n particular latent HIV 1n the subject, have compounds
in accordance with the present disclosure (e.g. the recom-
binant peptide, the nucleic acid encoding the recombinant
peptide and/or the expression vector expressing the recom-
binant peptide).

[0167] In embodiments, the pharmaceutical composition
has one or more compounds of the present disclosure and
one or more pharmaceutically acceptable excipients. In
embodiments, the pharmaceutical compositions, the com-
pound, or pharmaceutically acceptable salt thereof, 1s
included 1n a therapeutically effective amount.

[0168] The pharmaceutical composition of the present
disclosure can be prepared and administered mm a wide
variety of dosage formulations. Compounds described can
be administered orally, rectally, or by injection (e.g. intra-
venously, intramuscularly, intracutaneously, subcutaneously,
intraduodenally, or intraperitoneally). For example, the com-
positions disclosed herein can be delivered by transdermally,
by a topical route, formulated as applicator sticks, solutions,
suspensions, emulsions, gels, creams, ointments, pastes,
jellies, paints, powders, and aerosols. Oral preparations
include tablets, pills, powder, dragees, capsules, liquids,
lozenges, cachets, gels, syrups, slurries, suspensions, etc.,
suitable for ingestion by the patient. Solid form preparations
include powders, tablets, pills, capsules, cachets, supposi-
tories, and dispersible granules. Liquid form preparations
include solutions, suspensions, and emulsions, for example,
water or water/propylene glycol solutions. The compositions
of the present disclosure can additionally include compo-
nents to provide sustained release and/or comifort. Such
components 1nclude high molecular weight, anionic muco-
mimetic polymers, gelling polysaccharides and finely-di-

vided drug carrier substrates. These components are dis-
cussed 1n greater detail in U.S. Pat. Nos. 4,911,920; 5,403,

841; 5,212,162; and 4,861,760. The entire contents of these
patents are incorporated herein by reference 1n their entirety
tfor all purposes. The compositions disclosed herein can also
be delivered as microspheres for slow release 1n the body.
For example, microspheres can be administered via intrad-
ermal 1njection of drug-containing microspheres, which
slowly release subcutaneously (see Rao, J. Biomater Sci.
Polym. Ed. 7:623-645, 1995; as biodegradable and 1nject-
able gel formulations (see, e.g., Gao Pharm. Res. 12:857-
863, 1993); or, as microspheres for oral administration (see,
e.g., Evles, J. Pharm. Pharmacol. 49:669-674, 1997). In
another embodiment, the formulations of the compositions
of the present disclosure can be delivered by the use of
liposomes which fuse with the cellular membrane or are
endocytosed, 1.¢., by employing receptor ligands attached to
the liposome, that bind to surface membrane protein recep-
tors of the cell resulting 1n endocytosis. By using liposomes,
particularly where the liposome surface carries receptor
ligands specific for target cells, or are otherwise preferen-
tially directed to a specific organ, one can focus the delivery
of the compositions of the present disclosure into the target
cells 1n vivo. (See, e.g., Al-Muhammed, J. Microencapsul.
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13:293-306, 1996; Chonn, Curr. Opin. Biotechnol. 6:698-
708, 1995; Ostro, Am. J. Hosp. Pharm. 46:1576-1587,
1989). The compositions can also be delivered as nanopar-
ticles.

[0169] Pharmaceutical compositions can include compo-
sitions wheremn the active ingredient (e.g. compounds
described herein, including embodiments or examples) 1s
contained 1n a therapeutically eflective amount, 1.e., 1n an
amount effective to achieve 1ts intended purpose. The actual
amount eflective for a particular application will depend,
inter alia, on the condition being treated. When administered
in methods to treat a disease, such compositions will contain
an amount of active ingredient eflective to achieve the
desired result, e.g., modulating the activity of a target
molecule, 1n particular activation of latent HIV from cells
present 1n the subject who was treated with the composition.

[0170] In embodiments, the eflective amount 1s an amount
suilicient to accomplish a stated purpose (e.g. achieve the
eflect for which 1t 1s administered, treat a disease, reduce the
number of cells infected with latent HIV, reduce one or more
symptoms of a disease or condition). An example of the
eflective amount 1s an amount suilicient to contribute to the
desired treatment such as activation of latent HIV from the
infected cells that would be suflicient to completely or
substantially eradicate the HIV infection from the subject.
This amount can also be referred to as a therapeutically
cellective amount. Thus, 1n some examples, for the given
parameter, an eflective amount will show activation of latent
HIV from at least 3%, 10%, 15%, 20%, 25%, 40%, 50%.,
60%, 75%, 80%, 90%, or at least 100% of the total number
of infected cells that are infected with latent HIV. The exact
amounts will depend on the purpose of the treatment, and
will be ascertainable by one skilled 1n the art using known
techniques.

[0171] In embodiments, the eflective amount of the com-
position 1 accordance with the present disclosure or active
ingredient thereof, e.g. the recombinant peptide, the nucleic
acid encoding the recombinant peptide and/or the expression
vector expressing the recombinant peptide, 1s administered
to a subject 1n need thereof. In embodiments, the effective
amount of the composition or active ingredient thereof to be
administered to the subject 1n one application 1s about 1
ng/kg of subject body weight, about 10 ng/kg of subject
body weight, about 50 ng/kg of subject body weight, about
100 ng/kg of subject body weight, about 300 ng/kg of
subject body weight, about 1 ug/kg of subject body weight,
about 10 ug/kg of subject body weight, about 50 ug/kg of
subject body weight, about 100 ng/kg of subject body
weilght, about 150 ug/kg of subject body weight, about 200
ug/kg of subject body weight, about 250 ng/kg of subject
body weight, about 300 ug/kg of subject body weight, about
350 ug/kg of subject body weight, about 375 ug/kg of
subject body weight, about 400 ug/kg of subject body
weight, about 450 ug/kg of subject body weight, about 500
ug/kg of subject body weight, about 3550 pug/kg of subject
body weight, about 600 ng/kg of subject body weight, about
650 ug/kg of subject body weight, about 700 ng/kg of
subject body weight, about 750 ug/kg of subject body
weight, about 800 ug/kg of subject body weight, about 850
ug/kg of subject body weight, about 900 ng/kg of subject
body weight, about 1 mg/kg of subject body weight, about
10 mg/kg of subject body weight, about 50 mg/kg of subject
body weight, about 100 mg/kg of subject body weight, about
500 mg/kg of subject body weight, about 1 g/kg of subject
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body weight or more or any intervening ranges of the of the
foregoing. In embodiments, the eflective amount of the
composition or active ingredient thereof to be administered
to the subject in one application 1s about 0.5 ug, about 1.0
ug, about 1.5 ug, about 2.0 ug, about 2.5 ug, about 3.0 ng,
about 3.5 ug, about 4.0 ug, about 4.5 ug about 5.0 ug, about
5.5 ug, about 6.0 ug, about 6.5 ug, about 7.0 ug, about 7.5
ug, about 8.0 ug, about 8.5 ug, about 9.0 ug, about 9.5 ng,
about 1.0 mg, about 1.5 mg, about 2.0 mg, about 2.5 mg,
bout 3.0 mg, about 3.5 mg, about 4.0 mg, about 4.5 mg
bout 5.0 mg, about 5.5 mg, about 6.0 mg, about 6.5 mg,
bout 7.0 mg, about 7.5 mg, about 8.0 mg, about 8.5 mg,
pout 9.0 mg, about 9.5 mg, about 1 g or more or any
intervening ranges ol the foregoing. In embodiments, one or
more than one applications of the composition contaiming
the active ingredient can be administered to the subject over
a period of time, e.g. several hours, several days, several
weeks or several months.

[0172] The dosage and frequency (single or multiple
doses) administered to a mammal can vary depending upon
a variety of factors, for example, whether the mammal
sulfers from another disease, and its route of administration;
s1ze, age, sex, health, body weight, body mass index, and
diet of the recipient; nature and extent of symptoms of the
disease being treated, kind of concurrent treatment, compli-
cations from the disease being treated or other health-related
problems. Adjustment and manipulation of established dos-

ages (e.g., frequency and duration) are well within the ability
of those skilled 1n the art.

[0173] In embodiments, the compounds described herein
can be used as a sole active ingredient(s) of a composition.
In embodiments, the compounds can be used in combination
with one another, or with other active compounds or drugs
known to be useful 1n treating HIV or with adjunctive agents
that may not be eflective alone, but may contribute to the
cllicacy of the active agent. In embodiments, the composi-
tion further has one or more other active compounds or
drugs known to be useful in treating HIV or cells infected
with HIV. In embodiments, the compounds described herein
may be co-administered with one another or with one or

more other active compounds or drugs known to be usetul
in treating HIV or cells infected with HIV that are known 1n
the field.

[0174] In embodiments, non-limiting examples of the
drugs to treat HIV that can be co-administered with the
composition of the present disclosure include, but not lim-
ited to, efavirenz, emtricitabine, tenofovir disoproxil
fumarate rlpivirine, elvitegravir, cobicistat, abacavir,
dolutegravir, lamivudine, zidovudine, didanosine, stavudine
ctravirine, delavirdine mesylate, nevirapine, tipranavir, indi-
navir, atazanavir, saquinavir, lopinavir, ritonavir, fosampre-
navir, darunavir, nelfinavir, simeprevir, boceprevir, ombaitas-
vir, partaprevir, dasabuvir, enfuvirtide, raltegravir,
dolutegravir, elvitegravir, maraviroc or any combinations
thereof.

[0175] For preparing pharmaceutical compositions from
compounds described herein, pharmaceutically acceptable
carriers can be either solid or liquid. Solid form preparations
include powders, tablets, pills, capsules, cachets, supposi-
tories, and dispersible granules. A solid carrier may be one
or more substance that may also act as diluents, flavoring
agents, binders, preservatives, tablet disintegrating agents,
or an encapsulating material.

oo o
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[0176] Utilizing the teachings provided herein, an eflec-
tive therapeutic treatment regimen can be planned that does
not cause substantial toxicity and yet 1s entirely eflective to
treat the clinical symptoms demonstrated by the particular
patient. This planning should involve the careful choice of
active compound by considering factors such as compound
potency, relative bioavailability, patlent body weight, pres-
ence and severity of adverse side ellects, preferred mode of
administration, and the toxicity profile of the selected agent.

KITS

[0177] In one aspect, provided herein 1s a kit for, 1 part,
activation of latent HIV from infected cells and treatment of
HIV. As part of the kit, materials and 1nstruction are pro-
vided for both the activation of the latent virus in the
infected cells present 1n a subject, e.g. a patient and the
preparation of reaction mixtures for storage and use of kit
components.

[0178] In embodiments, the kit can contain one or more of
the following components:

[0179] 1. any of the recombinant peptides in the present
disclosure,
[0180] 2. any of the nucleic acid sequences disclosed

herein which encodes any of the recombinant peptides,

[0181] 3. any of the expression vectors disclosed herein
which expresses any of the recombinant peptides, and

[0182] 4. mstructions for how to use the kit compo-
nents.

[0183] It 1s understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence 1n their entirety for all purposes.

Examples

Example 1: 362-ZFP-VPR-TAT Transcriptional
Activation of Latent HIV

[0184] We have developed a therapeutic compound (a
unique recombinant protein) that can specifically target and
sustainably activate HIV expression from latently infected
cells. Using well-established freely available algorithms (ZF
Tools Ver 3.0), we developed and screened three zinc finger
proteins (ZFPs) and found 1 ZFP, ZFP-362 (FIG. 1A and
FIG. 2), that specifically targets the HIV-1 LTR (promoter)
and i1nduces activation of HIV transcription at levels com-
parable to defective CRISPR VPR conjugates (dCas-VPR)
(FIGS. 1B-1C), the gold standard 1n activation of latent HIV.
The ZFP-362-VPR targeted activation of HIV LTR expres-
sion 1s specifically targeted to the well-defined NF-kB
doublet site, a region known to be susceptible to modulation
and control of viral transcription and only found 1 HIV, as
targeting of ZFP-362-VPR to cells lacking this site are not
activated (FIG. 1D) compared with those containing this site
(FIG. 1C). Moreover, CHIP analysis demonstrated that
ZFP-362-VPR binds to the 5' LTR along with defective
CRISPR targeting as a control (FIG. 3). Lastly, the recom-
binant form of ZFP-362-VPR was functional in recombinant
protein form when contrasted with control crude-lysates

(FIG. 4).
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[0185] We have developed the Tat peptide conjugate as
part of the ZFP-362-VPR described here (FIG. 1A). This

recombinant protein ZFP-362-VPR (FIG. 2), which contains
the Tat peptide domain as well as various nuclear localiza-
tion signals (NLS) and a cleavable Maltose binding domain,
1s functional as a protein administered directly to cells or
infected patients. The Tat peptide domain facilitates transter
to the nucleus of cells as well as across the blood brain
barrier and the ZFP-362 provides the specificity 1n targeting,
the NF-kB doublet that 1s only found 1n the HIV L'TR. Once
the L'TR 1s targeted the VPR 1nduces activation of the latent
provirus, resulting in activation of latent reservoirs of HIV.

Example 2: Efficacy of the Recombinant
/ZFP-362-VPR Peptide

[0186] Cell culture. The cell lines were maintained 1n
Dulbecco’s modified Fagle medium (DMEM, Thermo Sci-
entific, MA, USA) and 10% fetal bovine serum (FBS). The
HEK293-GP160 (92UG037.8) cell line was used and the
media was supplemented with 1.5 ug/ml puromycin. The
cell lines were cultured at 37° C. with 5% CO2.

[0187] Transfection of cells. ZFP-362 and gRNAs with
dCas-VPR as well as controls were transiected directly into
pMo or LCHiT cells (~1 pg of plasmid total/10° cells) using
Lipofectamine Max or Neon FElectroporation (Invitrogen,
Carlsbad, Calif.). Expression of GFP (pMo-GFP) or
mCherry (LChIT CEM cells) was determined using FACS
and gRTPCR for GFP or mCherry expression standardized

to Beta Actin or GAPDH.

[0188] CHIP analysis of ZFP-362-VPR binding the 3
LTR. In order to determine the direct binding of ZFP-362-
VPR to the proviral LTR a chromatin immunoprecipitation
assay (ChIP) was carried out using Anti-Myc tag antibody
(ab9106) with S LTR primer
SCTTTCCGCTGGGGACTTTCCAG-3' (SEQ ID NO:10)
and 3' LTR primer 5-ACTCAAGGCAAGCTTTATT-
GAGGC-3'(FIG. 3; SEQ ID NO:11). The no antibody back-
ground 1s subtracted from the sample treatment and controls
and 1mput and the treatment and controls are then standard-
ized to the input.

[0189] Top 10 ofi-target promoter loc1 bound by ZFP-362-
VPR (Table 1) and gRNA F2-dCas-VPR (Table 2) were
tested. Triplicate treated cells were treated and 72 hrs later
CHiP performed with Anti-Myc tag antibody Abcam
(ab9132) followed by High throughput deep sequencing.

The results below show that the ZFP-362-VPR 1s very
on-target, as good as CRISPR 11 not better at on targeting.

[0190] FIG. 6 shows Table 1: Top ZFP-362-VPR ofl-target
gene promoter bound sites.

[0191] FIG. 7 shows Table 2: Top F2-gRNA-362-
dCasVPR ofi-target gene promoter bound sites.

Example 3: Activation of Various HIV-1 Subtypes

[0192] HEK293 cells were transiected i triplicate using
Lipofectamine 3000® (Thermo Fisher scientific, MA, USA)

with pcDNA-ZFP-362-VPR or pcDNA-VEGF-VPR, along
with vectors expressing firetly luciferase off the LTRs from
different subtypes of HIV (Cat. No. 4787, 4788, 4789, 4790,

4791, 4792, 4793; reagents were obtalned through the NIH
AIDS Reagent Program Division of AIDS, NIAID, NIH:
pBlue3'LTR-luc-A from Dr. Reink Jeeninga and Dr. Ben
Berkhout (Jeeninga et al., J Virol 74:3740-3751, 2000;

Klave and Berkhout, J mel 68:3830-3840, 1994)). A vector
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expressing Renilla luciferase was included as a background
control (pRL-CMYV, Promega, Wis., USA). At 48 hrs post-
transiection, a Dual-luciferase®Reporter Assay was per-
formed according to manufacturer’s istructions and lucifer-
ase activity detected on the Glomax® Explorer system
(Promega, WI, USA). The levels of firefly luciferase were
normalized to Renilla luciferase, and made relative to the
pcDNA-VEGF-VPR control. Results are depicted graphi-
cally in FIG. 8.

[0193] Sequences around the LTR-362 site (SEQ ID
NO:1) targeted by ZFP-362 1n each of the various subtypes
were aligned, and the alignments are illustrated in FIG. 9.
Two possible binding sites for subtype C are illustrated.
However, of the two sites, SEQ ID NO: 1 1s more homolo-
gous to the upstream NF-kB III site 1n subtype C.
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INFORMAL SEQUENCE LISTING

SEQ ID NO: 1 (The LTR-362 binding site for ZFP-362):
CTTTCCGCTGGGGACTTTCCA

SEQ ID NO: 2 (ZFP-362-binding gsite in the HIV LTR.):
AATGAAGGAGAGAACAACAGCTTGTTACACCCTATGAGCCAGCATGGGATGGAGGACC
COGAGGGAGAAGTAT TAGTGTGGAAGTTTGACAGCCTCCTAGCATTTCGTCACATGGCC
CGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCGAGCTTTCTACAAGGGAC
TTTCCGCTGGGGEACT TT CCAGGGAGGTGTGGCCTGGGCGGGACTGGGEGAGTGGCGAGC

CCTCAGATGCTACATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTGGT TAGACC

AGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAG

SEQ ID NO: 3 (ZFP-362-VPR-NLS. ZFP-362 sequence)
CTCGAACCTGGEEAGAAACCCTACAAGTGCCCCGAATGCGEGAAAAGCTTCTCACGCA
AGGACAATCTCAAGAAT CACCAGCGGACGCACACCGLAGAGAAGCCCTACAAGTGCCC
CGAATGCOGAAAATCATTCTCACAACGCGCCCACTTGGAACGC CACCAGAGAACACAC
ACAGGGGAGAAGCCATACAAGTGCCCTGAATGCGGCAAGTCTTTCAGTGAAAGGTCCC
ATCTGCGAGAGCACCAGCGAACACATACTGGCGAGAAGCCGTACAAGTGTCCCGAGTG
CGGCAAGAGTTTTAGTTCCAAAARAACACCTGGCCGAACATCAGCGGACTCACACAGGG
GAGAAGCCCTATAAATGCCCCGAGTGCOGCAAGAGCTTTAGCGAT CCCGLGLGLGCCCTCG
TCCGACATCAGAGGACCCACACAGGGGAGAAACCTTACAAGTGTCCTGAATGCGGCAA
ATCTTTCAGCCAGAGAGCAAACCTGCGAGCTCACCAGAGAACCCATACTGGCGAAAAG
CCTTATAAATGCCCTGAATGCGGGAAGAGTTTCAGCCGCTCTGACCACCTGACTACTCA
CCAGCGGACACACACTGOGGAAGAALAACTAGCAGCGCTGCTGACCCCAAGAAGAAGAG
GAAGGTG

SEQ ID NO: 4 (ZFP-2362-VPR-NLS. VPR sequence)
TCGCCAGGGATCCOTCGACTTGACGCGTTGATATCAACAAGTTTGTACAAARADAAGCAG
GCTACAAAGAGGCCAGCGGTTCCGGACGGGCTGACGCAT TGGACGAT TTTGATCTGGA
TATGCTGGGAAGTGACGCCCTCGATGATTTTGACCT TGACATGCTTGGTTCGGATGCCC
TTGATGACT T TGACCTCGACATGCTCOGGCAGTGACGCCCTTGATGATTTCGACCTGGAC
ATGCTGATTAACTCTAGAAGT TCCGGATCTCCGAAARAGARAACGCAAAGTTGGETAGCC
AGTACCTGCCCGACACCGACGACCGGCACCGGATCGAGGAAAAGCGGAAGCGGACCT
ACGAGACATTCAAGAGCAT CATGAAGAAGTCCCCCTTCAGCGGCCCCACCGACCCTAG
ACCTCCACCTAGAAGAATCGCCOTGCCCAGCAGATCCAGCGCCAGCGTGCCAALAACCT
GCCCCCCAGCCTTACCCCTTCACCAGCAGCCTGAGCACCATCAACTACGACGAGTTCCC

TACCATGGTGTTCCCCAGCOGGCCAGATCTCTCAGGCCTCTGCTCTGGCTCCAGCCCCTCC

TCAGGTGCTGCCTCAGGCTCCTGCTCCTGCACCAGCTCCAGCCATGETGTCTGCACTGG
CTCAGGCACCAGCACCCOTGCCTOTGCTOGGCTCCTGGACCTCCACAGGCTGTGGCTCCA
CCAGCCCCTAAACCTACACAGGCCOGCGAGGGCACACTGTCTGAAGCTCTGCTGCAGC
TGCAGTTCGACGACGAGGATCTGGLAGCCCTGCTGGGAAACAGCACCGATCCTGCCET
GTTCACCGACCTGGCCAGCGTGGACAACAGCGAGTTCCAGCAGCTGCTGAACCAGGGC
ATCCCTGTGGCCCCTCACACCACCGAGCCCATGCTGATGGAATACCCCGAGGCCATCALC
CCGGCTCOTGACAGGCGCT CAGAGGCCTCCTGATCCAGCTCCTGCCCCTCTGGGAGCAC
CAGGCCTGCCTAATGGACTGCTGTCTGGCGACGAGGACTTCAGCTCTATCGCCGATATG

GATTTCTCAGCCTTGCTGGGCTCTGGCAGCGGCAGCCGGGATT CCAGGGAAGGGATGTT
TTTGCCGAAGCCTGAGGCCOGCTCCGCTATTAGTGACGTGTTTGAGGGCCGCGAGGTGT
GCCAGCCAAAACGAATCCGGCCATTTCATCCTCCAGGAAGT CCATGLGCCAACCGCCC

ACTCCCCGCCAGCCTCGCACCAACACCAACCGOGTCCAGTACATGAGCCAGTCGGGETCA

CTGACCCCGGCACCAGTCCCTCAGCCACTGGATCCAGCGCCCGCAGTGACTCCCGAGGC
CAGTCACCTGTTGGAGGAT CCCGATGAAGAGACGAGCCAGGCTGETCAAAGCCCTTCGG

GAGATGGCCGATACTGTGATTCCCCAGAAGGAAGAGGCTGCAATCTGTGGCCAAATGG

ACCTTTCCCATCCGCCCCCAAGGGGCCATCTGGATGAGCTGACAACCACACTTGAGTCC
ATGACCGAGGATCTGAACCTGGACTCACCCCTGACCCCGGAATTGAACGAGATTCTGG

ATACCTTCCTGAACGACGAGTGCCTCTTGCATGCCATGCATATCAGCACAGGACTGTCC
ATCTTCGACACATCTCTGTTT
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-continued

INFORMAL SEQUENCE LISTING

SEQ ID NO: 5 (Z2FP-362-VPR-Tat. TAT sequence)
GGCOCGTAAAARAACGTCGTCAGCGCCGTCGCGTCGACCTT

SEQ ID NO: 6 (ZFP-362-VPR-NLS. NLS sequence)
AAGCGACCTGCCGCCACAAAGAAGGCTGLACAGGCTAAGAAGAAGAAL

SEQ ID NO: 7 (Z2FP-362-VPR-NLS. Myc sequence)
GAGCAGAAGCTGATCTCAGAGGAGGACCTGCTT

SEQ ID NO: 8 (ZFP-362-VPR-NLS. The recombinant protein is Myc-NLS-ZFP-362-VPR,
1s shown below 1n a 5'-3' manner.):
GAGCAGAAGCTGATCTCAGAGGAGGACCTGCT TAAGCGACCTGCCGCCACAAAGAAGG
CTGGACAGGCTAAGAAGAAGAAACT CGAACCTGGGGAGAAACCCTACAAGTGCCCCG
AATGCGGGAAAAGC TTCTCACGCAAGGACAATCTCAAGAATCACCAGCGGACGCACAC
CGGAGAGAAGCCCTACAAGTGCCCCGAATGCGGAAAATCATTCTCACAACGCGCCCAC
TTGGAACGCCACCAGAGAACACACACAGGGGAGAAGCCATACAAGTGCCCTGAATGCG
GCAAGTCTTTCAGTGAAAGGT CCCATCTGCGAGAGCACCAGCGAACACATACTGGCGA
GAAGCCGTACAAGTGTCCCGAGTGCGGCAAGAGTTT TAGTTCCAAAALAACACCTGGCC
GAACATCAGCGGACTCACACAGGGGAGAAGCCCTATAAATGCCCCGAGTGCGGCAAGA
GCTTTAGCGATCCCGGGGCCCTCGETCCGACAT CAGAGGACCCACACAGGGGAGAAACC
TTACAAGTGTCCTGAATGCGGCAAATCTTTCAGCCAGAGAGCAAACCTGCGAGCTCACC
AGAGAACCCATACTGGCGAAAAGCCTTATAAATGCCCTGAATGCGGGAAGAGTTTCAG
CCGCTCTGACCACCTGACTACTCACCAGCGGACACACACTOGGAAGAARAACTAGCAGC
GCTGCTGACCCCAAGAAGAAGAGGAAGGTGTCGCCAGGGATCCGTCGACTTGACGCGT
TGATATCAACAAGT TTGTACAAAAAAGCAGGCTACAAAGAGGCCAGCGGTTCCGGACG
GGCTGACGCATTGGACGATTT TGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATT
T TGACCTTGACATGCTTGGTTCGGATGCCCTTGATGACTT TGACCTCGACATGCTCGGCA
GTGACGCCCT TGATGATTTCGACCTGGACATGCTGATTAACTCTAGAAGTTCCGGATCT
CCGAARAAAGAAACGCAAAGTTGGTAGCCAGTACCTGCCCGACACCGACGACCGGCACC
GGATCGAGGAAAAGCGGAAGCGGACCTACGAGACAT TCAAGAGCATCATGAAGAAGT
CCCCCTTCAGCGGCCCCACCGACCCTAGACCTCCACCTAGAAGAATCGCCGETGCCCAGC
AGATCCAGCGCCAGCGTGCCAAAACCTGCCCCCCAGCCTTACCCCTTCACCAGCAGCCT
GAGCACCATCAACTACGACGAGT TCCCTACCATGGETGT TCCCCAGCGGCCAGATCTCTC
AGGCCTCTGCTCTGGCTCCAGCCCCTCCTCAGGTGCTGCCTCAGGCTCCTGCTCCTGCAC
CAGCTCCAGCCATGGTGTCTGCACTGGCTCAGGCACCAGCACCCEGTGCCTEGTGCTGGCT
CCTGGACCTCCACAGGCTGTGGC TCCACCAGCCCCTAAACCTACACAGGCCGGCGAGG
GCACACTGTCTGAAGCTCTGCTGCAGCTGCAGTTCGACGACGAGGAT CTGGGAGCCCTG
CTGGGAAACAGCACCGATCCTGCCGTGTTCACCGACCTGGCCAGCGTGGACAACAGCG
AGTTCCAGCAGCTGCTGAACCAGGGCATCCCTGTGGCCCCTCACACCACCGAGCCCATG
CTGATGGAATACCCCGAGGCCATCACCCGGCTCGTGACAGGCGCT CAGAGGCCTCCTG
ATCCAGCTCCTGCCCCTCTGGGAGCACCAGGCCTGCCTAATGGACTGCTGTCTGGCGAC
GAGGACTTCAGCTCTATCGCCGATATGGATTTCTCAGCCTTGCTGGGCTCTGGCAGCGEG
CAGCCGGGAT TCCAGGGAAGGGATGTTTTTGCCGAAGCCTGAGGCCGGCTCCGCTATTA
GTGACGTGTTTGAGGGCCGCGAGGTGTGCCAGCCAAAACGAAT CCGGCCATTTCATCCT
CCAGGAAGTCCATGGGCCAACCGCCCACTCCCCGCCAGCCTCGCACCAACACCAACCG
GTCCAGTACATGAGCCAGTCGGGTCACTGACCCCGGCACCAGT CCCTCAGCCACTGGAT
CCAGCGCCCGCAGTGACTCCCGAGGCCAGT CACCTGTTGGAGGAT CCCGATGAAGAGA
CGAGCCAGGCTGTCAAAGCCCTTCGGGAGATGGCCGATACTGTGATTCCCCAGAAGGA
AGAGGCTGCAATCTGTGGCCAAATGGACCTTTCCCATCCGCCCCCAAGGGGCCATCTGG
ATGAGCTGACAACCACACTTGAGTCCATGACCGAGGATCTGAACCTGGACTCACCCCTG
ACCCCGGAATTGAACGAGATTCTGGATACCTTCCTGAACGACGAGTGCCTCTTGCATGC
CATGCATATCAGCACAGGACTGTCCATCTTCGACACATCTCTGTTT

SEQ ID NO: 9 (ZFP-362-VPR-Tat. The recombinant protein i1s TAT-Myc-NLS-ZFP-2362-
VPR 1g shown below in a 5'-3' manner.
GGCCGTAAARARAACGTCOTCAGCGCCOGTCGCGET CGACCTTGAGCAGAAGCTGATCTCAG
AGGAGGACCTGCTTAAGCGACCTGCCGCCACAAAGAAGGCTGGACAGGCTAAGAAGA
AGAAACTCGAACCTOOGGAGAAACCCTACAAGTGCCCCGAATGCOGOGGAAAAGCTTCTC
ACGCAAGGACAATCTCAAGAATCACCAGCGGACGCACACCGGAGAGAAGCCCTACAA
GTGCCCCGAATGCGGAAAATCATTCTCACAACGCGCCCACTTGGAACGCCACCAGAGA
ACACACACAGGGGAGAAGCCATACAAGTGCCCTGAATGCGGCAAGTCTTTCAGTGARAA
GGTCCCATCTGCGAGAGCACCAGCGAACACATACTGGCGAGAAGCCGTACAAGTGTCC
CGAGTGCGGCAAGAGTTTTAGTTCCAAAARACACCTGGCCGAACATCAGCGGACTCAC
ACAGGGGAGAAGCCCTATAAATGCCCCGAGTGCGGCAAGAGC T TTAGCGATCCCGGGG
CCCTCGTCCGACAT CAGAGGACCCACACAGGGGAGAAACCTTACAAGTGTCCTGAATG
CGGCAAATCTTTCAGCCAGAGAGCAAACCTGCGAGCTCACCAGAGAACCCATACTGGC
GAARAAGCCTTATAAATGCCCTGAATGCGLGAAGAGT TTCAGCCGCTCTGACCACCTGA
CTACTCACCAGCGGACACACACTOGGGCAAGAAAACTAGCAGCGCTGCTGACCCCAAGAA
GAAGAGGAAGGTGTCGCCAGGGATCCGTCGACTTGACGCOTTGATATCAACAAGTTTG
TACAAAALAAGCAGGCTACAAAGAGGCCAGCGETT CCGGACGGGCTGACGCATTGGACG
ATTTTGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATTTTGACCTTGACATGCTT
GGTTCGGATGCCCTTGATGACTTTGACCTCGACATGCTCGGCAGTGACGCCCTTGATGA
TTTCGACCTGGACATGCTGATTAACTCTAGAAGT TCCGGATCTCCGAAAALAGARAACGCA
AAGTTGGTAGCCAGTACCTGCCCGACACCGACGACCGGCACCGGATCGAGGAARAAGCG
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-continued

INFORMAL SEQUENCE LISTING

GAAGCGGACCTACGAGACATTCAAGAGCATCATGAAGAAGTCCCCCTTCAGCGGCCCC
ACCGACCCTAGACCTCCACCTAGAAGAATCGCCGTGCCCAGCAGATCCAGCGCCAGCG
TGCCAARAACCTGCCCCCCAGCCTTACCCCTTCACCAGCAGCCTGAGCACCATCAACTAC
GACGAGTTCCCTACCATGGTGTTCCCCAGCGGCCAGATCTCTCAGGCCTCTGCTCTGGEC
TCCAGCCCCTCCTCAGGTGCTGCCTCAGGCTCCTGCTCCTGCACCAGCTCCAGCCATGG
TGTCTGCACTGGCT CAGGCACCAGCACCCGTGCCTGTGCTGGCTCCTGGACCTCCACAG
GCTGTGGCTCCACCAGCCCCTAAACCTACACAGGCCGGCGAGGGCACACTGETCTGAAG
CTCTGCTGCAGCTGCAGTT CGACGACGAGGATCTGGGAGCCCTGCTGGGAAACAGCAC
CGATCCTGCCGTGTTCACCGACCTGGCCAGCGTGGACAACAGCGAGTTCCAGCAGCTGC

TGAACCAGGGCATCCCTOTGGCCCCTCACACCACCGAGCCCATGCTGATGGAATACCCC
GAGGCCATCACCCGGCTCOTGACAGGCGCT CAGAGGCCTCCTGATCCAGCTCCTGCCCC
TCTGGGEAGCACCAGGCCTGCCTAATGGACTGCTGTCTGGCGACGAGGACTTCAGCTCTA
TCGCCGATATGGAT TTCTCAGCCTTGCTGGGCTCTGGCAGCGGCAGCCGGGATTCCAGG
GAAGGGATGTTTTTGCCGAAGCCTGAGGCCGGCTCCGCTATTAGTGACGTGTT TGAGGG
CCGCGAGGTGTGCCAGCCAAAACGAAT CCGLCCATTTCATCCTCCAGGAAGTCCATGG
GCCAACCGCCCACTCCCCGCCAGCCTCGCACCAACACCAACCGGT CCAGTACATGAGC
CAGTCGGGTCACTGACCCCOGLCACCAGTCCCTCAGCCACTGGATCCAGCGCCCGCAGTG
ACTCCCGAGGCCAGTCACCTGTTGGAGGATCCCGATGAAGAGACGAGCCAGGCTGETCA
AAGCCCTTCOGGAGATGGCCGATACTGTGATTCCCCAGAAGGAAGAGGCTGCAATCTG
TGGCCAAATGGACCTTTCCCATCCGCCCCCAAGGGGCCATCTGGATGAGCTGACAACCA
CACTTGAGTCCATGACCGAGGATCTGAACCTGGACTCACCCCTGACCCCGGAATTGAAC
GAGATTCTGGATACCTTCCTGAACGACGAGTGCCTCTTGCATGCCATGCATAT CAGCAC
AGGACTGTCCATCTTCGACACATCTCTGTTT

SEQ ID NO: 10 (5' LTR primer for CHIP analysis of ZFP-3262-VPR binding the 5' LTR)
TTTCCGCTGGGGACTTTCCAG

SEQ ID NO: 11 (3' LTR primer for CHIP analysis of ZFP-362-VPR binding the 5' LTR)
ACTCAAGGCAAGCTTTATTGAGGC

SEQ ID NO: 12 (ZFP-362-VPR-NLS. ZFP-362 gequence)
LEPGEKPYKCPECGKSFSRKDNLKNHORTHTGEKPYKCPECGKSFSQRAHLERHORTHTGE
KPYKCPECGKSFSERSHLREHOQRTHTGEKPYKCPECGKSESSKKHLAEHORTHTGEKPYKC
PECGKSFSDPGALVRHORTHTGEKPYKCPECGKSFSQRANLRAHORTHTGEKPYKCPECGK
SESRSDHLTTHOQRTHTGKKTSSAADPKKKRKY

SEQ ID NO: 13 (ZFP-362-VPR-NLS. VPR sequence)
SPGIRRLDALISTSLYKKAGYKEASGSGRADALDDEDLDMLGSDALDDEDLDMLGSDALD
DEDLDMLGSDALDDEDLDMLINSRSSGSPKKKRKVGSQYLPDTDDRHRIEEKRKRTYETEK
SIMKKSPEFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPEFTSSLSTINYDEFPTMVEPSGQISOQ
ASALAPAPPOQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTOQAGEGTL
SEALLQLOFDDEDLGALLGNS TDPAVEF TDLASVDNSEFQOQLLNOGIPVAPHTTEPMLMEYP
EATITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDESSIADMDESALLGSGSGSRDSREGM
FLPKPEAGSAISDVFEGREVCOQPKRIRPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAP
VPOPLDPAPAVTPEASHLLEDPDEETSQAVKALREMADTVIPOKEEAATCGOMDLSHPPPRG
HLDELTTTLESMTEDLNLDSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLE

SEQ ID NO: 14 (ZFP-362-VPR-Tat. TAT sequence)
GRKKRRORRRVDL

SEQ ID NO: 15 (ZFP-362-VPR-NLS. NLS sequence)
KRPAATKKAGQAKKKK

SEQ ID NO: 16 (ZFP-362-VPR-NLS. Myc sequence)
EQKLISEEDLL

SEQ ID NO: 17 (ZFP-362-VPR-NLS. The recombinant protein Myc-NLS-ZFP-362-VPR,
1s shown below)
EQKLISEEDLLKRPAATKKAGOAKKKKLEPGEKPYKCPECGKSFSREKDNLKNHOQRTHTGE
KPYKCPECGKSFSORAHLERHORTHTGEKPYKCPECGKSFSERSHLREHORTHTGEKPYKC
PECGKSEFSSKKHLAEHORTHTGEKPYKCPECGKSEFSDPGALVRHORTHTGEKPYKCPECGK
SEFSQRANLRAHORTHTGEKPY KCPECGKSEFSRSDHLTTHORTHTGKKTS SAADPKKKREKVS
PGIRRLDALISTSLYKKAGYKEASGSGRADALDDEFDLDMLGSDALDDEDLDMLGSDALDD
FDLDMLGSDALDDEFDLDMLINSRSSGSPKKKRKVGSQYLPDTDDRHRIEEKRKRTYETEKS T
MKKSPFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPETSSLSTINYDEFPTMVEPSGOISQAS
ALAPAPPOVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPOAVAPPAPKPTOQAGEGTLSE
ALLOLOFDDEDLGALLGNSTDPAVEF TDLASVDNSEFQOQLLNOGIPVAPHTTEPMLMEYPEA
ITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDEFSSIADMDESALLGSGSGSRDSREGMELP
KPEAGSAISDVEFEGREVCQPKRIRPFHPPGSPWANRPLPASLAPTPTGPVHEPVGSLTPAPVP
QPLDPAPAVTPEASHLLEDPDEETSQAVKALREMADTVIPOQKEEAAT CGOMDLSHPPPRGH
LDELTTTLESMTEDLNLDSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLE
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SEQ ID NO:

FDTSLF

21

-continued

INFORMAL SEQUENCE LISTING

18 (ZFP-362-VPR-Tat.
VPR 13 shown below)
GRKKRRORRRVDLEQKLISEEDLLKRPAATKKAGOAKKKKLEPGEKPYKCPECGKSESRK
DNLKNHORTHTGEKPYKCPECGKSEFSORAHLERHORTHTGEKPYKCPECGKSEFSERSHLRE
HORTHTGEKPYKCPECGKSEFSSKKHLAEHORTHTGEKPYKCPECGKSFSDPGALVRERHORTH
TGEKPYKCPECGKSFSORANLRAHORTHTGEKPYKCPECGKSFSRSDHLTTHORTHTGKKT
SSAADPKKKREKVSEPGIRRLDALISTSLYKKAGYKEASGSGRADALDDEDLDMLGSDALDDFE

DLDMLGSDALDDEDLDMLGSDALDDEDLDMLINSRSSGSPKKKRKVGSQYLPDTDDRHRI
EEKRKRTYETFKSIMKKSPFSGPTDPRPPPRRIAVPSRSSASVPKPAPQPYPEFTSSLSTINYDEF
PTMVEFPSGQISQASALAPAPPOVLPOQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPA
PKPTOQAGEGTLSEALLQLOFDDEDLGALLGNS TDPAVETDLASVDNSEFQOLLNOGIPVAP
HITEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDFESSIADMDESALLGS
GSGSRDSREGMEFLPKPEAGSAISDVEEGREVCOQPKRIRPFHPPGSPWANRPLPASLAPTPTGP
VHEPVGSLTPAPVPOQPLDPAPAVIPEASHLLEDPDEETSQAVKALREMADTVIPOQKEEAAIC
GOMDLSHPPPRGHLDELTTTLESMTEDLNLDSPLTPELNEILDTEFLNDECLLHAMHISTGLS T

SEQUENCE LISTING

Sequence total quantity: 25

SEQ ID NO:
FEATURE

1

misc_feature

SOuUurce

SEQUENCE :

moltype =

DNA length

Location/Qualifiers

1..21

= 21

note = Synthetic polynucleotide

1..21
mol type
organism

ctttcegetg gggactttee a

SEQ ID NO:
FEATURE

2

migc feature

sOource

SEQUENCE :

aatgaaggag
gaggyggagaay
gagctgcatc

gctggggact
tgctacatat

agcctgggag

SEQ ID NO:
FEATURE

agaacaacag
tattagtgtg
cggagtacta

ttccagggag
aagcagctgc
ctctetgget

3

misc_feature

SOouUurce

SEQUENCE :

ctcgaacctyg
gacaatctca
tgcggaaaat
gagaagccat
gagcaccagc
tttagttcca
aaatgcccceyg
acccacacag
gcaaacctgc
tgcgggaaga
aagaaaacta

SEQ ID NO:
FEATURE

gggagaaacc
agaatcacca

cattctcaca
acaagtgccc
gaacacatac
aaaaacacct
agtgcggcaa

gggagaaacc
gagctcacca

gtttcagccy
gcagcgctygce

4

migc feature

moltype =

other DNA
synthetic

DNA length

Location/Qualifiers

1..343

construct

= 343

note = Synthetic polynucleotide

1..343
mol type
organism

cttgttacac
gaagtttgac
caaagactgc
gtgtggcctg
tttttgccty
aactagggaa

moltype =

other DNA
synthetic

cctatgagcec
agcctcoctag
tgacatcgag
ggcgggactyg
tactgggtct
cccactgett

DNA length

Location/Qualifiers

1..645

construct

agcatgggat
catttcgtca

ctttctacaa
gggagtggceg
ctctggttag
aag

= 645

note = Synthetic polynucleotide

1..045
mol type
organism

ctacaagtgc
gcggacgcac
acgcgaccac
tgaatgcggc
tggcgagaag
ggccgaacat
gagctttagc
ttacaagtgt
gagaacccat
ctctgaccac
tgaccccaag

moltype =

other DNA
synthetic

cccgaatgeyg
accggagaga
ttggaacgcc
aagtctttca
ccgtacaagt
cagcggactc
gatccegggyg
cctgaatgceyg
actggcgaaa
ctgactactc

aagaagagga

DNA length

Location/Qualifiers

1..1659

construct

ggaaaagctt
agccctacaa
accagagaac
gtgaaaggtc
gtcccgagtyg
acacagggga
ccectegtecyg
gcaaatcttt
agccttataa
accagcggac

aggtg

= 1659

note = Synthetic polynucleotide

ggaggacccyg
catggcccga

gggactttcc
agccctcaga
accagatctg

ctcacgcaag
gtgccccgaa
acacacaggyg
ccatctgcega
cggcaagagt
gaagccctat
acatcagagyg
cagccagaga
atgccctgaa
acacactggg

The recombinant protein TAT-Myc-NLS-ZFP-362-

21

60

120
180
240
300
343

60

120
180
240
300
360
420
480
540
600
645

Aug. 3, 2023
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sOouUurce

SEQUENCE :

tcgccaggga
tacaaagagg
ctgggaagtyg
gactttgacc
attaactcta
ccocgacacceyg
aagagcatca
agaatcgccg
ccecttcacca
agcggccaga
gctcctgetce
gtgcctgtgc
caggccdgcy
ctgggagccc
gacaacagcg
gagcccatgc
cctectgatce
ggcgacgagy
agcggcagcc
attagtgacg
ccteccaggaa
ggtccagtac
ccagcgceccg
agccaggctg
gctgcaatct
ctgacaacca
gaattgaacyg
atcagcacag

SEQ ID NO:
FEATURE

tccgtcegact
ccagcggttc
acgccctcecga
tcgacatgcet
gaagttccgyg
acgaccggca
tgaagaagtc
tgcccagcag
gcagcctgag
tctcectcecaggc
ctgcaccagc

tggctcctgy
agggcacact

tgctgggaaa
agttccagca
tgatggaata
cagctcctgce
acttcagctc

gggattccag
tgtttgaggy
gtccatgggc
atgagccagt
cagtgactcc
tcaaagccct
gtggccaaat
cacttgagtc
agattctgga
gactgtccat

5

migc feature

sOource

SEQUENCE :

1..1659
mol type
organism

tgacgcgttyg
cggacgggcet
tgattttgac
cggcagtgac
atctccgaaa
ccggatcegag
ccceccttecage
atccagegcce
caccatcaac
ctctgctcetg
tccagccatg
acctccacag
gtctgaagct
cagcaccgat
gctgctgaac
ccccecgaggcec
ccetetggga
tatcgccgat

ggaagggatg
ccgegaggtyg
caaccgccca
cgggtcactg
cgaggccagt
tcgggagatg
ggacctttcc
catgaccgag
taccttcctg
cttcgacaca

moltype =

other DNA
synthetic

atatcaacaa
gacgcattgg
cttgacatgc
gcccttgatyg
aagaaacgca
gaaaagcgga
ggccocaccy
agcgtgccaa
tacgacgagt
gctccagecce
gtgtctgcac
gctgtggcetce
ctgctgcagc
cctgecegtgt
cagggcatcc
atcacccggc
gcaccaggcc
atggatttet
tttttgccga
tgccagccaa
ctcccecegeca
accccggcac
cacctgttgg
gccgatactyg
catccgcccc
gatctgaacc
aacgacgagt
tcteotgttt

DNA

Location/Qualifiers

1..39
note =
1..39
mol type
organism

other DNA
synthetic

ggccgtaaaa aacgtcgtca gcocgceccecgtcecge gtcgacctt

SEQ ID NO:
FEATURE

6

misc_feature

SOuUrce

SEQUENCE :

moltype =

DNA

Location/Qualifiers

1..48
note =
1..48
mol type
organism

other DHNA
synthetic

length

length

22

-continued

construct

gtttgtacaa
acgattttga
ttggttcgga
atttcgacct
aagttggtag
agcggaccta
accctagacc
aacctgccec
tccctaccat
ctcctcecaggt
tggctcaggce
caccagcccce
tgcagttcga
tcaccgacct
ctgtggcccec
tcgtgacagyg
tgcctaatgyg
cagccttget
agcctgaggce
aacgaatccg
gccectogeacc
cagtccctcea
aggatcccga
tgattcccca
caaggggcca
tggactcacc
gcctcecttgcea

= 39

Synthetic polynhucleotide

construct

= 48

Synthetic polynhucleotide

construct

aagcgacctg ccgccacaaa gaaggctgga caggctaaga agaagaaa

SEQ ID NO:
FEATURE

7

misc_feature

SOUrce

SEQUENCE :

moltype =

DNA

Location/Qualifiers

1..33
note =
1..33
mol type
organism

other DNA
synthetic

gagcagaagc tgatctcaga ggaggacctg ctt

SEQ ID NO:
FEATURE

8

misc_feature

SOUrce

SEQUENCE :
gagcagaagc
ggacaggcta

gggaaaagct
aagccctaca

caccagagaa

tgatctcaga
agaagaagaa
tctcacgcaa
agtgccccga
cacacacagg

moltype =

DNA

Location/Qualifiers

1..2385
note =
1..2385
mol type
organism

ggaggacctyg
actcgaacct

ggacaatctc
atgcggaaaa

ggagaagcca

other DNA
synthetic

cttaagcgac
gdggdagaaac
aagaatcacc
tcattctcac
tacaagtgcc

length

length

= 33

Synthetic polynucleotide

construct

= 2385

Synthetic polynhucleotide

construct

ctgccgecac
cctacaagtyg

agcggacgca
aacgcgccca

ctgaatgcgyg

aaaagcaggc
tctggatatyg
tgcccecttgat
ggacatgctg
ccagtacctyg
cgagacattc
tccacctaga
ccagccttac
ggtgttcccc
gctgcctcag
accagcaccc
taaacctaca
cgacgaggat
ggccagcegtyg
tcacaccacc
cgctcagagy
actgctgtcet
gggctcetgge
cggcetecoget
gccatttcat
aacaccaacc
gccactggat
tgaagagacyg
gaaggaadgag
tctggatgag
cctgaccccy
tgccatgcat

aaagaaggct
ccccgaatge
caccggagag
cttggaacgc
caagtctttce

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1659

39

48

33

60

120
180
240
300

Aug. 3, 2023
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agtgaaaggt
tgtcccecgagt
cacacagggyg
gccctegtec
ggcaaatctt
aagccttata
caccagcgga
aaggtgtcgc
gcaggctaca
gatatgctgyg
cttgatgact
atgctgatta
tacctgcccey
acattcaaga
cctagaagaa
ccttacccect
ttcecccagey
cctcaggctc
gcacccgtgce
cctacacagyg
gaggatctgyg
agcgtggaca
accaccgagc
cagaggcctc
ctgtctggey
tctggcagcy
tccgcectatta
CLCtcatcctce
ccaaccggtc
ctggatccag
gagacgagcc
gJaagaggctg
gatgagctga
accccggaat
atgcatatca

SEQ ID NO:
FEATURE

cccatctgeyg
gcggcaagay
agaagcccta
gacatcagag
tcagccagag
aatgccctga
cacacactgyg

cagggatccg
aagaggccag
gaagtgacgc
ttgacctcga
actctagaag
acaccgacga
gcatcatgaa
tcgceccgtgcec
tcaccagcag
gccagatctc
ctgctcctge
ctgtgctggc
ccyggcgagygy
gagccctgcet
acagcgagtt
ccatgctgat
ctgatccagc
acgaggactt
gcagccgyggya
gtgacgtgtt
caggaagtcc
cagtacatga
cgcccgeagt
aggctgtcaa
caatctgtygg
caaccacact
tgaacgagat
gcacaggact

5

misc_feature

SOuUurce

SEQUENCE :

ggccgtaaaa
gaggacctgc
ctcgaaccty
gacaatctca
tgcggaaaat
gagaagccat
gagcaccagc
tttagttcca
aaatgccccy
acccacacag
gcaaacctgc
tgcgggaaga
aagaaaacta
cgacttgacy

ggttccggac
ctcgatgatt

atgctcggca
tccggatetce

cggcaccgga
aagtccccct
agcagatcca
ctgagcacca
caggcctctg
ccagctccag
cctggacctce
acactgtctg
ggaaacagca
cagcagctgce
gaataccccy
cctgceccectce
agctctatcg

tccagggaag

aacgtcgtca
ttaagcgacc

gggagaaacc
agaatcacca

cattctcaca
acaagtgccc

gaacacatac
aaaaacacct

agtgcggcaa

gggagaaacc
gagctcacca

gtttcagccy

gcagcgctgce
cgttgatatc

gggctgacgc
ttgaccttga
gtgacgccct
cgaaaaagaa
tcgaggaaaa
tcagcggccc
gcgccagcegt
tcaactacga
ctctggctcec
ccatggtgtc
cacaggctgt
aagctctgct
ccgatcecectge

tgaaccaggg
aggccatcac

tgggagcacc
ccgatatgga
ggatgttttt

agagcaccag
ttttagttcc
taaatgcccc
gacccacaca
agcaaacctyg
atgcgggaag
gaagaaaact
tcgacttgac
cggttcocgga
cctegatgat
catgctcggc
ttccggatcet
ccggcaccgyg
gaagtccccce
cagcagatcc
cctgagcacc
tcaggcctcet
accagctcca
tcctggacct
cacactgtct
gggaaacagc
ccagcagctyg
ggaatacccc
tcctgeccect
cagctctatc
ttccagggaa
tgagggccgc
atgggccaac
gccagtcggyg
gactcccgag
agcccttcegy
ccaaatggac
tgagtccatyg
tctggatacc
gtccatcttce

moltype =

cgaacacata
aaaaaacacc
gagtgcggcea
ggggagaaac
cgagctcacc
agtttcagcc
agcagcgctg
gcgttgatat
cgggctgacyg
tttgacctty
agtgacgccc
ccgaaaaaga
atcgaggaaa
ttcagcggcc
agcgccagceg
atcaactacg
gctctggctc
gccatggtgt
ccacaggctg
gaagctctgc
accgatcctg
ctgaaccagg
gaggccatca

ctgggagcac
gccgatatgyg
gggatgtttt
gaggtgtgcc
cgcccactec
tcactgaccc
gccagtcacc
gagatggccg
ctttccecatc
accgaggatc
ttcctgaacy
gacacatctc

DNA

Location/Qualifiers

1..2424
note =
1..2424
mol type
organism

gcgccegtcegce
tgccgcecaca
ctacaagtgc

gcggacgcac
acgcgoccac
tgaatgcggc
tggcgagaag
ggccgaacat
gagctttagce
ttacaagtgt
gagaacccat
ctctgaccac
tgaccccaag
aacaagtttyg
attggacgat
catgcttggt
tgatgatttc
acgcaaagtt
gceggaagceygy
caccgaccct
gccaaaacct
cgagttccct
agcccctect
tgcactggct

ggctccacca
gcagctgcag
cgtgttcacc
catcccectgtyg
ccggetegty
aggcctgcct
tttctcagcec
gccgaagcect

othexr DNA

synthetic

gtcgaccttyg
aagaaggctyg
cccgaatgey

accggagaga
ttggaacgcce
aagtctttca
ccgtacaagt

cagcggactc

gatcccgggyg
cctgaatgeyg
actggcgaaa
ctgactactc

aagaagagga
tacaaaaaag
tttgatctygg
tcggatgecce
gacctggaca
ggtagccagt
acctacgaga
agacctccac
gcccoccocagc
accatggtgt
caggtgctgc
caggcaccag
gcccctaaac
ttcgacgacyg
gacctggcca
gcccecctcecaca
acaggcgctc
aatggactgc

ttgctgggcet
gaggccggcet

length

23

-continued

ctggcgagaa
tggccgaaca
agagctttag
cttacaagtg
agagaaccca
gctctgacca
ctgaccccaa
caacaagttt
cattggacga
acatgcttygg
ttgatgattt
aacgcaaagt
agcggaagcyg
ccaccgaccc
tgccaaaacc
acgagttccc
cagcccctec
ctgcactggce
tggctccacc
tgcagctgca
ccgtgttceac
gcatcccectgt
cceggetegt
caggcctgec
atttctcagc
tgccgaagcec
agccaaaacg
ccgcocagcect
cggcaccagt
tgttggagga
atactgtgat
cgccocccaag
tgaacctgga
acgagtgcct
tgttt

= 2424

Synthetic polynucleotide

construct

agcagaagct
gacaggctaa
ggaaaagctt
agccctacaa
accagagaac
gtgaaaggtc
gtcccgagtyg
acacagggga
ccectegtecg

gcaaatcttt
agccttataa
accagcggac

aggtgtcgcc
caggctacaa
atatgctggy
ttgatgactt
tgctgattaa
acctgcccga
cattcaagag
ctagaagaat
cttaccccett
tccceccagegy
ctcaggctcc
cacccgtgcec

ctacacaggc

aggatctggyg
gcgtggacaa
ccaccgagcec
agaggcctecc
tgtctggcga
ctggcagcegyg
ccgctattag

gccgtacaag
tcagcggact
cgatcccggy
tcctgaatgce
tactggcgaa
cctgactact
gaagaagagyd
gtacaaaaaa
ttttgatctg
ttcggatgec
cgacctggac
tggtagccag
gacctacgag
tagacctcca
tgccceccccag
taccatggtyg
tcaggtgctyg
tcaggcacca
agcccctaaa
gttcgacgac
cgacctggec
ggcccctcac
gacaggcgct
taatggactyg
cttgctgggc
tgaggccggc
aatccggcca
cgcaccaaca
ccctcecagceca
tccecgatgaa
tccceccagaag
gggccatctyg
ctcacccctyg
cttgcatgcec

gatctcagayg
gaagaagaaa
ctcacgcaag
gtgccccocgaa
acacacaggyg
ccatctgcga

cggcaagagt
gaagccctat
acatcagagg
cagccagaga
atgccctgaa
acacactggg

agggatccgt
agaggccagc
aagtgacgcc
tgacctcgac
ctctagaagt
caccgacgac
catcatgaag
cgcegtgcecc
caccagcagc
ccagatctcet
tgctcecctgca
tgtgctggcet
cggcgayggyyc
agccctgcetyg
cagcgagttc
catgctgatyg
tgatccagcet
cgaggacttc

cagccgggat
tgacgtgttt

360
420
480
540
600
660
720
780
840
900
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2385

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
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gagggccgcy
tgggccaacc

ccagtcgggt
actcccecgagy

gcccttoggy
caaatggacc
gagtccatga
ctggatacct
tccatctteyg

SEQ ID NO:
FEATURE

aggtgtgcca
gcccactccece
cactgacccc
ccagtcacct
agatggccga
tttcccatcc
ccgaggatcet
tcctgaacga

acacatctct

10

misc_feature

SOuUrce

SEQUENCE :

10

gccaaaacga
cgccagcectc
ggcaccagtc
gttggaggat
tactgtgatt
gccccoccaagy
gaacctggac
cgagtgcctc
gttt

moltype =

atccggcecat
gcaccaacac
cctcagccac
cccgatgaag
ccccagaagyg
ggccatctgyg
tcacccctga
ttgcatgcca

DNA

Location/Qualifiers

1..21
note =
1..21
mol type
organism

tttcecgetygg ggacttteca g

SEQ ID NO:
FEATURE

11

migc feature

sOource

SEQUENCE :

11

moltype =

length =

24

-continued

ttcatcctcece
caaccggtcc
tggatccagc
agacgagcca
aagaggctgc
atgagctgac
ccecggaatt
tgcatatcag

21

Synthetic polynucleotide

other DHNA
synthetic construct
DNA length = 24

Location/Qualifiers

1..24
note =
1..24
mol type
organism

actcaaggca agctttattg aggc

SEQ ID NO:
FEATURE
REGION

SOUrce

SEQUENCE :

LEPGEKPYKC
EKPYKCPECG
KCPECGKSFES
CGKSFEFSRSDH

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQUENCE :

SPGIRRLDAL
DEDLDMLGSD
KSIMKKSPFES

SGQISQASAL
QAGEGTLSEA
EPMLMEYPEA
SGSRDSREGM
GPVHEPVGSL
AATCGOMDLS
ISTGLSIEDT

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQUENCE :

GRKKRRORRR

SEQ ID NO:

FEATURE
REGION

12

12

PECGKSFSRK
KSEFSERSHLR
DPGALVRHOR
LTTHORTHTG

13

13

ISTSLYKKAG
ALDDFDLDML
GPTDPRPPPR
APAPPOQVLPOQ
LLOLOQFDDED
ITRLVTGAQR
FLPKPEAGSA
TPAPVPQPLD
HPPPRGHLDE
SLFE

14

14

VDL

15

moltype =

other DNA
synthetic

AZA  length

Location/Qualifiers

1..215
note =
1..215
mol type
organism

protein
synthetic

DNLKNHOQRTH TGEKPYKCPE
EHORTHTGEK PYKCPECGKS
THTGEKPYKC PECGKSFSQOR
KKTSSAADPK KEKREKV

moltype =

AA  length

Location/Qualifiers

1..55623
note =
1..5623
mol type
organism

YKEASGSGRA
INSRS55GSPK
RIAVPSRSSA
APAPAPAPAM
LGALLGNSTD
PPDPAPAPLG
ISDVEFEGREV
PAPAVTPEAS
LTTTLESMTE

moltype =

protein
synthetic

DALDDFDLDM
KKRKVGSQYL
SVPKPAPQPY
VSALAQAPAP
PAVFTDLASV
APGLPNGLLS
CQPKRIRPFH
HLLEDPDEET
DLNLDSPLTP

A7 length

Location/Qualifiers

1..13
note =
1..13
mol type
organism

moltype =

protein
synthetic

AA  length

Location/Qualifiers

1..16
note =

Synthetic polynhucleotide

construct

= 215

Synthetic polypeptide

construct

CGKSFSQRAH
FSSKKHLAEH
ANLRAHQRTH

= 553

Synthetic polypeptide

construct

LGSDALDDFED
PDTDDRHRIE
PETSSLSTIN
VPVLAPGPPQ
DNSEFQQLLN
GDEDFSSIAD
PPGSPWANRP
SQAVKALREM
ELNEILDTFL

13

Synthetic polypeptide

construct

= 16

Synthetic polypeptide

aggaagtcca
agtacatgag
gcccgcagtyg
ggctgtcaaa
aatctgtggce
aaccacactt
gaacgagatt
cacaggactg

LERHQRTHTG
QRTHTGEKPY
TGEKPYKCPE

LDMLGSDALD
EKRKRTYETF
YDEFPTMVEP
AVAPPAPKPT
QGIPVAPHTT
MDESALLGSG
LPASLAPTPT
ADTVIPQKEE
NDECLLHAMH

1980
2040
2100
2160
2220
2280
2340
2400
2424

21

24

60

120
180
215

60

120
180
240
300
360
420
480
540
553

13
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sOouUurce

SEQUENCE :
KRPAATKKAG

SEQ ID NO:
FEATURE

REGION

SOUrce

SEQUENCE :
EQKLISEEDL

SEQ ID NO:
FEATURE
REGION

SOource

SEQUENCE :

EQKLISEEDL
KPYKCPECGK
CPECGKSFESS
GKSEFSQRANL
KVSPGIRRLD
LDDFDLDMLG
TEFKSIMKKSP
FPSGQISQAS
PTOQAGEGTLS
TTEPMLMEYP
SGSGSRDSRE
PTGPVHEPVG
EEAATCGQMD
MHISTGLSIF

SEQ ID NO:
FEATURE
REGION

SOUrce

SEQUENCE :

GRKKRROQRRR
DNLKNHOQRTH
EHORTHTGEK
THTGEKPYKC
KKTSSAADPK
LDDFDLDMLG
RHRIEEKRKR
LSTINYDEFP
PGPPQAVAPP
QOLLNQGIPV
SSIADMDESA
WANRPLPASL
ALREMADTVI
LDTFLNDECL

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQUENCE :
RKDNLKN

SEQ ID NO:
FEATURE
REGION

15

QAKKKK

16

16

L

17

17

LKRPAATKKA
SEFSQRAHLER
KKHLAEHOQRT
RAHORTHTGE
ALISTSLYKK
SDALDDFDLD
FSGPTDPRPP
ALAPAPPQVL
EALLOQLOQFDD
EATTRLVTGA
GMFLPKPEAG
SLTPAPVPQP
LSHPPPRGHL
DTSLFE

18

18

VDLEQKLISE
TGEKPYKCPE
PYKCPECGKS
PECGKSFEFSQOR
KKRKVSPGIR
SDALDDEFDLD
TYETFKSIMK
TMVEPSGQIS
APKPTQAGEG
APHTTEPMLM
LLGSGSGSRD
APTPTGPVHE
POKEEAATCG
LHAMHISTGL

19

19

20

1..16
mol type
organism

moltype =

protein
synthetic

AZA  length

Location/Qualifiers

1..11

25

-continued

construct

= 11

note = Synthetic polypeptide

1..11
mol type
organism

moltype =

protein
synthetic

AA  length

Location/Qualifiers

1..795

construct

= 795

note = Synthetic polypeptide

1..795
mol type
organism

GOAKKKKLEP
HORTHTGEKP
HTGEKPYKCP
KPYKCPECGK
AGYKEASGSG
MLINSRSSGS
PRRIAVPSRS
POQAPAPAPAP
EDLGALLGNS
QRPPDPAPAP
SAISDVFEGR
LDPAPAVTPE
DELTTTLESM

moltype =

protein
asynthetic

GEKPYKCPEC
YKCPECGKSF
ECGKSESDPG
SESRSDHLTT
RADALDDFEDL
PKKKRKVGSOQ
SASVPKPAPQ
AMVSALAQAP
TDPAVETDLA
LGAPGLPNGL
EVCQPKRIRP
ASHLLEDPDE
TEDLNLDSPL

AZA  length

Location/Qualifiers

1..808

construct

GKSEFSRKDNL
SERSHLREHQ
ALVRHORTHT
HORTHTGKKT
DMLGSDALDD
YLPDTDDRHR
PYPETSSLST
APVPVLAPGP
SVDNSEFQOQL
LSGDEDFSSI
FHPPGSPWAN
ETSQAVKALR
TPELNEILDT

808

note = Synthetic polypeptide

1..808
mol type
organism

EDLLKRPAAT
CGKSEFSQORAH
FSSKKHLAEH
ANLRAHORTH
RLDALISTSL
MLGSDALDDFE
KSPESGPTDP
QASALAPAPP
TLSEALLQLO
EYPEAITRLV
SREGMFLPKP
PVGSLTPAPV
QMDLSHPPPR
SIFDTSLFE

moltype =

protein
synthetic

KKAGQAKKKK
LERHORTHTG
QRTHTGEKPY
TGEKPYKCPE
YKKAGYKEAS
DLDMLINSRS
RPPPRRIAVP
QVLPQAPAPA
FDDEDLGALL
TGAQRPPDPA
EAGSAISDVE
POQPLDPAPAV
GHLDELTTTL

A7 length

Location/Qualifiers

1..7

construct

LEPGEKPYKC
EKPYKCPECG
KCPECGKSFES
CGKSEFSRSDH
GSGRADALDD
SGSPKKKRKV
SRSSASVPKP
PAPAMVSALA
GNSTDPAVFET
PAPLGAPGLP
EGREVCQPKR
TPEASHLLED
ESMTEDLNLD

note = Synthetic polypeptide

1..7
mol type
organism

moltype =

protein
synthetic

AA  length

Location/Qualifiers

1..7

construct

= 7

note = Synthetic polypeptide

KNHORTHTGE
RTHTGEKPYK
GEKPYKCPEC
SSAADPKKKR
FDLDMLGSDA
IEEKRKRTYE
INYDEFPTMV
POAVAPPAPK
LNOGIPVAPH
ADMDFSALLG
RPLPASLAPT
EMADTVIPOQK
FLNDECLLHA

PECGKSFSRK
KSEFSERSHLR
DPGALVRHOR
LTTHQRTHTG
FDLDMLGSDA
GSQYLPDTDD
APOPYPEFTSS
QAPAPVPVLA
DLASVDNSEF
NGLLSGDEDF
IRPFHPPGSP
PDEETSQAVK
SPLTPELNEIL

16

11

60

120
180
240
300
360
420
480
540
600
660
720
780
795

60

120
180
240
300
360
420
480
540
600
660
720
780
808
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26
-continued
source 1..7
mol type = proteiln
organism = synthetic construct
SEQUENCE: 20
QRAHLER 7
SEQ ID NO: 21 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7
note = Synthetic polypeptide
source 1..7
mol type = proteiln
organism = synthetic construct
SEQUENCE: 21
ERSHLRE 7
SEQ ID NO: 22 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7
note = Synthetic polypeptide
source 1..7
mol type = proteiln
organism = sgynthetic construct
SEQUENCE: 22
SKKHLAE 7
SEQ ID NO: 23 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7
note = Synthetic polypeptide
source 1..7
mol type = protein
organism = synthetic construct
SEQUENCE: 23
DPGALVR 7
SEQ ID NO: 24 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7
note = Synthetic polypeptide
source 1..7
mol type = proteiln
organism = synthetic construct
SEQUENCE: 24
QRANLRA 7
SEQ ID NO: 25 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7
note = Synthetic polypeptide
source 1..7
mol type = proteiln
organism = synthetic construct
SEQUENCE: 25
RSDHLTT 7

1-32. (canceled)

33. A recombmant peptide comprising a zinc finger
domain, wherein said recombinant peptide binds to a target

nucleotide sequence, wherein

said target nucleotide

sequence 1s a long terminal repeat (LTR) sequence of
Human Immunodeficiency Virus (HIV), and wherein said

recombinant peptide comprises S.

FQ 1D NO. 19, SEQ ID

NO. 20, SEQ 1D NO. 21, SEQ ID NO. 22, SEQ ID NO. 23,

SEQ ID NO. 24, SEQ ID NO. 25

34. The recombinant peptide of claim 33, wherein said
recombinant peptide comprises SEQ ID NO: 12 or a deriva-
tive thereot having at least 75% nucleotide sequence 1dentity

to SEQ 1D NO. 12.

35. The recombinant peptide of claim 33, wherein the
recombinant peptide further comprises a transcriptional acti-

vator.

Aug. 3, 2023

36. The recombinant peptide of claim 35, wherein the
transcriptional activator comprises one or more of viral
protein P(VPR), p635 transactivating subunit of NF-kappa B,

heat-shock factor 1 (HSF) activation

domain, VP64 (te-

tramer of VP16) activation domain, synergistic activation
mediator (SAM), or any denivatives thereof.

37. The recombinant peptide of claim 36, wherein the

transcriptional activator comprises a

VPR peptide, and

wherein the VPR peptide comprises S,

FQ 1D NO: 13, or a

derivative thereol having at least 50% amino acid sequence

identity to SEQ ID NO. 13.

38. The recombinant peptide of claim 37, wherein the
VPR peptide 1s encoded by SEQ ID NO: 4, or a denvative

thereol having at least 50% nucleotide
SEQ ID NO. 4.

sequence 1dentity to
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39. The recombinant peptide of claim 37, wherein the
recombinant peptide further comprises one or more of (a)
one or more nuclear localization signal (INLS) sequences, (b)
a peptide comprising a TAT peptide, (¢) a myc-tag sequence,
and (d) a peptide comprising a cleavable maltose binding
domain.

40. The recombinant peptide of claim 39, wherein the one
or more NLS sequences comprise SEQ ID NO: 15, or a

derivative thereol having at least 90% amino acid sequence
identity to SEQ ID NO. 13.

41. The recombinant peptide of claim 39, wherein the
TAT peptide comprises SEQ ID NO: 14, or a denvative
thereol having at least 90% amino acid sequence 1dentity to

SEQ 1D NO. 14.

42. The recombinant peptide of claim 39, wherein said
myc-tag sequence comprises SEQ ID NO: 16, or a derivative

thereot having at least 90% amino acid sequence 1dentity to
SEQ ID NO. 16.

43. The recombinant peptide of claim 39, wherein the
recombinant peptide comprises SEQ ID NO: 18, or a deriva-

tive thereol having at least 90% amino acid sequence
identity to SEQ ID NO. 18.

44. The recombinant peptide of claim 39, wherein the
recombinant peptide 1s encoded by SEQ ID NO: 9, or a
derivative thereof having at least 90% nucleotide sequence

identity to SEQ ID NO. 9.

45. An expression vector comprising SEQ ID NO: 9,
wherein SEQ 1D NO: 9 1s expressed under the control of a
CMYV promoter, a HI promoter or an EF1 alpha promoter.

Aug. 3, 2023

46. The recombinant peptide of claim 33, wherein the
recombinant peptide can cross a blood brain barrier in a
subject upon administration to said subject.

4'7. The recombinant peptide of claim 33, wherein said
target nucleotide sequence comprises SEQ ID NO. 1 or a
derivative thereof having at least 90% nucleotide sequence
identity to SEQ ID NO. 1.

48. The recombinant peptide of claim 33, wherein said
target nucleotide sequence comprises SEQ ID NO. 2 or a
derivative thereof having at least 90% nucleotide sequence
identity to SEQ 1D NO. 2.

49. A method of activating a latent HIV 1n a cell, the
method comprising: administering the recombinant peptide
of claim 33 to the cell.

50. The method of claim 49, wherein the cell was previ-
ously 1nfected with HIV and the HIV or progeny thereof 1s
in a latent stage.

51. The method of claim 50, wherein the cell 1s T cell,
macrophage, monocyte or microglial cell.

52. A method of treating latent stage Human Immunode-
ficiency Virus (HIV) 1n a subject in need thereot, the method
comprising administering the recombinant peptide of claim
33 to the subject.

53. A method of activating a latent HIV 1n a cell, the
method comprising: administering the expression vector of
claim 45 to the cell.

54. A method of treating latent stage Human Immunode-
ficiency Virus (HIV) 1n a subject in need thereot, the method
comprising admimstering the expression vector of claim 45
to the subject.
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