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(57) ABSTRACT

An object of the present invention is to provide an RNAi
control system using an RNA-protein interaction motif. The
present invention provides an shRNA comprising: a guide
strand having a sequence complementary to a target
sequence; a passenger strand which forms a duplex with the
guide strand; and a linker strand which links the guide strand
and the passenger strand, wherein the linker strand comprises
an RNP-derived protein-binding motif sequence. The present
invention also provides an RNAi control system comprising:
the shRNA; and an RNP-derived protein which specifically
binds to a protein-binding motif sequence in the shRNA.
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1
CONSTRUCTION OF PROTEIN-RESPONSIVE
SHRNA/RNAI CONTROL SYSTEM USING
RNP MOTIF

TECHNICAL FIELD

The present invention relates to the construction of a pro-
tein-responsive shRNA and RNAIi control system using an
RNP motif.

BACKGROUND ART

RNA interference (hereinafter, referred to as RNAi) is a
phenomenon in which translation is transiently inhibited by
cleaving mRNA in a sequence-specific manner. An approach
called knockdown, which causes this RNAi by introducing an
RNA duplex such as short hairpin RNA (hereinafter, referred
to as shRNA), has been established in various organism spe-
cies. RNAI has been diffused widely, including study on its
application to medical treatment, in a period as short as 10
years from its discovery as the convenient and potent
approach of transiently inhibiting gene expression. However,
its mechanisms or introduction techniques still remain to be
evolved. Moreover, at this time, the theme of RNAi centers on
studies for making knockdown strongly effective or the
development of delivery techniques for delivering RNA to a
site of interest.

Chung et al. have prepared artificial RNA in which the
binding site of theophylline known as a caffeine-like low-
molecular-weight compound has been introduced in the loop
portion of shRNA, and have revealed that RN Al is inhibited in
a theophylline concentration-dependent manner (see Non-
Patent Document 1).

Non-Patent Document 1: Chung-I1 An, Vu B. Trinh, and Yohei

Yokobayashi, RNA, May 2006; 12: 710-716

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

An object of the present invention is to provide an RNAi
control system using RNP for the purpose of newly designing
and preparing a translational control mechanism using RNAs
or proteins as inhibitors and incorporating such an artificial
translational control system into a living body.

Means for Solving the Problems

The present invention has been achieved for attaining the
object. Specifically, according to one embodiment, the
present invention relates to an shRNA comprising: a guide
strand having a sequence complementary to a target
sequence; a passenger strand which forms a duplex with the
guide strand; and a linker strand which links the guide strand
and the passenger strand, wherein the linker strand comprises
an RNP-derived protein-binding motif sequence. In the
present specification, this shRNA is also referred to as a
sensor shRNA.

It is preferred that the RNP-derived protein-binding motif
sequence should be a Box C/D sequence.

According to an alternative aspect, the present invention
relates to an RNAI control system comprising: the sensor
shRNA; and an RNP-derived protein which specifically binds
to a protein-binding motif sequence in the shRNA.

According to an alternative aspect, the present invention
relates to an RNAi control system comprising: a vector for
expression of the sensor shRNA; and a vector for expression
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of'an RNP-derived protein which specifically binds to a pro-
tein-binding motif sequence in the shRNA.

According to a further alternative aspect, the present inven-
tion relates to an RNAi control method comprising the steps
of: contacting the sensor shRNA with an RNP-derived pro-
tein which specifically binds to a protein-binding motif
sequence in the shRNA, in a solution; and introducing the
solution containing the shRNA and the protein into a cell.

According to a further alternative aspect, the present inven-
tion relates to an intracellular RNAi control method compris-
ing the steps of: introducing a vector for expression of the
sensor shRNA into a cell; introducing a vector for expression
of'an RNP-derived protein which specifically binds to a pro-
tein-binding motif sequence in the shRNA, into the cell; and
causing their expressions from the vector for expression of
the shRNA and the vector for expression of the protein.

According to a further alternative aspect, the present inven-
tion provides an RNAi control system responsive to a protein
expressed in a cell, the system comprising: the sensor shRNA
in which RNP-derived protein-binding motif sequence is a
sequence specifically binding to the protein expressed in the
cell, or a vector for expression of the shRNA, and also pro-
vides an RNAi control method responsive to a protein
expressed in a cell, the method comprising the step of: intro-
ducing the sensor shRNA in which RNP-derived protein-
binding motif sequence is a sequence specifically binding to
the protein expressed in the cell, or a vector for expression of
the shRNA, into a cell.

According to a further alternative aspect, the present inven-
tion provides the RNAIi control system which controls the
expression of an apoptosis regulatory protein wherein the
target sequence of the shRNA is Bel-xL. mRNA, and also
provides an artificial protein information conversion system
using the shRNA, wherein information of a protein specifi-
cally binding to an RNP-derived protein-binding motif
sequence is converted to information of a protein encoded by
an RNA of the target sequence of the shRNA.

Advantageous Effects of the Invention

As an advantageous effects of the present invention, use of
the sensor shRNA described above enables RNAi control
such that RNAI is inhibited in a manner dependent on a
protein specifically binding to the shRNA. This means that in
the presence of the sensor shRNA, use of a particular protein
as an input signal can inhibit the RNAIi of particular mRNA
and relatively increase the amount of proteins expressed from
the particular mRNA. The sensor shRNA according to the
present invention used in combination with the particular
protein is useful in the construction of biosensors for quanti-
fying the expression of intracellular marker proteins without
destroying cells or artificial gene circuits capable of activat-
ing the translation of proteins of interest in response to the
expression level of marker proteins. For example, the present
invention produces significant advantageous effects that lead
to the treatment of diseases such as cancer or Alzheimer’s
disease by activating apoptosis-inducing proteins in response
to the expression of cancer marker proteins.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an shRNA according to the
first embodiment;

FIG. 2(A) schematically shows an shRNA constituting an
RNAI control system according to the second embodiment,
FIG. 2(B) schematically shows an RNP-derived protein 4
constituting the RNAi control system according to the second
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embodiment, and FIG. 2(C) schematically shows a complex
of the shRNA and the protein 4 in a system in which the
shRNA and the protein 4 coexist;

FIG. 3(A) shows apENTR (trademark)/H1/TO vector sold
by Invitrogen Corp., FIG. 3(B) schematically shows a DNA
duplex inserted to the pENTR (trademark)/H1/TO vector;

FIG. 4 shows a preparation example of a protein expression
vector;

FIG. 5(A) shows the secondary structure sequence of
shRNA-GFP for EGFP knockdown (SEQ ID NO:10), FIG.
5(B) shows the secondary structure sequence of shRNA-
GFP-mut used as a negative control that does not cause EGFP
knockdown (SEQ ID NO:12), FIG. 5(C) shows the secondary
structure sequence of shRNA-Box C/D-GFP that is expected
to specifically bind at the Box C/D sequence to an [.7Ae
protein (SEQ ID NO:9), and FIG. 5(D) shows the secondary
structure sequence of shRNA-Box C/D-mut-GFP that does
notbind to L7Ae (SEQ IDNO:11). In FIGS. 5(A) to 5(D), the
wedge-shaped mark represents the position of cleavage by
Dicer;

FIG. 6 shows the binding of shRNA-GFP, shRNA-Box
C/D-GFP, and shRNA-Box C/D mut-GFP to L.7Ae by gel
shift assay;

FIG. 7 shows results of the inhibition of Dicer cleavage of
shRNA-Box C/D-GFP by L7Ae using an in-vitro reconsti-
tuted Dicer system;

FIG. 8 is a graph showing results of RT-PCR-analyzing
RNAI inhibition by L7Ae;

FIG.9is a graph showing results of FACS-analyzing RNAi
inhibition by L.7Ae;

FIG. 10 is a superimposed image of fluorescence and
phase-contrast images of intracellular GFP in Example2;

FIG. 11 is a graph showing results of FACS-analyzing
fluorescence intensity distribution in Example 2;

FIG. 12 is a fluorescence image of EGFP showing the
inhibitory effect of AsRed2-I.7Ae on the knockdown func-
tion of shRNA-Box C/D-GFP;

FIG. 13(A) shows the secondary structure sequence of
shRNA-BelxL, for BelxL, knockdown (SEQ ID NO:47),
FIG. 13(B) shows the secondary structure sequence of
shRNA-Box C/D-BcelxL that is expected to specifically bind
at the Box C/D sequence to an [L7Ae protein (SEQ ID
NO:45), and FIG. 13(C) shows the secondary structure
sequence of shRNA-Box C/D mut-Be1xL that does not bind
to L7Ae (SEQ ID NO:59). In FIGS. 13(A) to 13(C), the
arrowheads indicate Dicer cleavage site;

FIG. 14 shows results of the inhibition of Dicer cleavage of
shRNA-Box C/D-Bcl-xL and shRNA-Box C/D mut-Bel-xL
by L7Ae using an in-vitro reconstituted Dicer system;

FIG. 15 shows intracellular Be1-xLL expression;

FIG. 16 shows results of adding up the intensities of
detected Bc1-xL bands;

FIG. 17 shows intracellular B¢1-xL. expression; and

FIG. 18 shows results of adding up the intensities of
detected Bc1-xL bands.

DESCRIPTION OF SYMBOLS

1 guide strand

2 linker strand

20 base sequence

21 protein-binding motif sequence

3 passenger strand

4 protein

a Dicer cleavage site

b Dicer cleavage site

1d guide strand-encoding DNA sequence
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2d linker strand-encoding DNA sequence
3d passenger strand-encoding DNA sequence

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the present invention will be described in
detail with reference to embodiments. However, the present
invention is not intended to be limited to the description
below.

In recent years, various noncoding RNAs that function in
vivo have been discovered, and their roles have received
attention. However, these RNAs often form a complex with a
protein (RNP)in vivo. Thus, artificial RNP has been expected
as a novel nanoblock capable of controlling cell functions.
Naturally occurring RNP is found to form many complexes
using an RNA-protein interaction motif (RNP motif) com-
posed of a relatively short sequence. For example, HIV Rev
proteins interact with high affinity with RNA motifs that
recognize Rev. Thus, RNP has been expected to be used as a
research material for synthetic biology (field in which bio-
logical molecules or the systems of life are constituted
through the procedures of artificially creating biological mol-
ecules to induce new technologies).

To develop a system for controlling the translation of pro-
teins of interest in response to proteins expressed in cells, the
present inventors have come up with the idea that RNA inter-
ference is controlled using this RNA-protein interaction
motif, thereby controlling the translation of proteins of inter-
est. Based on this idea, the present invention has been com-
pleted.

According to a first embodiment, the present invention
provides an shRNA comprising: a guide strand having a
sequence complementary to a target sequence; a passenger
strand which forms a duplex with the guide strand; and a
linker strand which links the guide strand and the passenger
strand, wherein the linker strand comprises an RNP-derived
protein-binding motif sequence.

The shRNA according to the first embodiment is schemati-
cally shown in FIG. 1. The shRNA according to the first
embodiment comprises a guide strand 1, a linker strand 2, and
a passenger strand 3 in this order from the 3' end. The linker
strand 2 has an RNP-derived protein-binding motif sequence
21 in the strand.

The guide strand 1 may be an RNA nucleotide sequence of
approximately 21 bases to 26 bases and may be located at the
3" end in the shRNA. The guide strand 1 has a sequence
complementary to a particular sequence of mRNA to be con-
trolled (hereinafter, referred to as a target sequence). The
mRNA to be controlled can be selected appropriately by those
skilled in the art according to the purpose. Examples of the
mRNA to be controlled include, but not limited to, nRNAs of
apoptosis-inducing genes, mRNAs of apoptosis-suppressing
genes, and mRNAs of cancer marker genes. More specific
examples of the mRNA to be controlled include GFP mRNA,
BimEL mRNA, and Bcl-xLL mRNA. Moreover, in these
mRNAs, a sequence used as the target sequence can be
selected appropriately by those skilled in the art by using
design software based on information about the constitution
and type of its primary gene sequence in view of inhibited
off-target effect and the more efficiently inhibited expression
of the target gene. The guide strand must be completely
complementary to the target sequence. This is to cause the
RNAI effect. At least 2 bases of the 3'-terminal in the guide
strand 1 may form overhang that does not form complemen-
tary strands with the passenger strand. The guide strand 1 is a
portion that becomes siRNA after cleavage by Dicer.
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The passenger strand 3 may be an RNA nucleotide
sequence of approximately 21 bases to 26 bases and may be
located at the 5' end of the shRNA. When the passenger strand
3 is, for example, of 21 bases, bases 3 to 21 from the 3' end of
the passenger strand 3 have a sequence that forms comple-
mentary strands with bases 3 to 21 from the 3' end of the guide
strand 1. When the passenger strand 3 is composed of 21
bases, usually, the guide strand is also composed of 21 bases.
The numbers of bases constituting the passenger strand 3 and
the guide strand 1 may be 22, 23, 24, 25, or 26. In either case,
the numbers of bases of the passenger strand 3 and the guide
strand 5 are usually equal. Moreover, as shown in FIG. 1, base
3 from the 3' end to the base at the 5' end of the passenger
strand 3 has a sequence that forms complementary strands
with the base at the 5' end to base 3 from the 3' end of the guide
strand 1. In this case, the passenger strand may be permitted
to contain a 1-base to 2-base mismatch to the guide strand.
After cleavage by Dicer, the passenger strand 3 may have, at
the 3' end, overhang of at least 2 bases that forms comple-
mentary strands neither with a portion of the guide strand 1
nor with a portion of the linker strand. The passenger strand 3
may be also a portion that becomes siRNA after cleavage by
Dicer.

The linker strand 2 serves as a linker between the guide
strand 1 and the passenger strand 3. The linker strand 2 may
be bound to the 5' end of the guide strand 1 and the 3' end of
the passenger strand 3. In other words, the linker strand 2 may
be a portion that is cleaved off from the guide strand 1 and the
passenger strand 3 after cleavage by Dicer. The linker strand
2 may constitute the major part of the nonhybridized loop
portion, as shown in the drawing, in the sensor shRNA
according to the present invention. A portion of the nonhy-
bridized loop portion may be derived from a portion of the 3'
end of the passenger strand 3. Alternatively, the linker strand
2 may constitute the whole nonhybridized loop portion, and a
few bases at the 3' end of the linker strand 2 and a few bases
at the 5' end of the linker strand 2 may form a portion of the
stem portion of the hairpin structure through hybridization
therebetween, though this structure is not shown in the draw-
ings.

The linker strand 2 may comprise a base sequence 20 and
an RNP-derived protein-binding motif sequence 21. In this
context, the base sequence 20 in the present invention refers
to a portion of the sequence constituting the linker strand and
a portion that is not derived from the RNP-derived protein-
binding motif'sequence 21. In another embodiment, the linker
strand 2 may be composed only of the RNP-derived protein-
binding motif sequence 21. When the linker strand 2 com-
prises the base sequence 20 and the RNP-derived protein-
binding motif sequence 21 or when the linker strand 2 is
composed only of the RNP-derived protein-binding motif
sequence 21, the linker strand 2 may have, in its sequence, a
sequence that does not form complementary strands, and this
sequence may constitute the loop portion of the shRNA. The
sequence that does not form complementary strands may be
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of'4 to 20 bases, preferably 4 to 11 bases, and the types of the
bases are not limited. Preferable examples of the sequence
that does not directly form complementary strands include,
but not limited to, 5'-AGCAUAG-3"' and 5'-GAAA-3".

The 3'-terminal 2 bases of the linker strand 2 may form
complementary strands with the 3'-terminal 2 bases of the
passenger strand 3. Furthermore, bases 3 to 7 bases may from
the 3' end of the linker strand 2 may form complementary
strands with bases 1 to 4 from the 5' end of the linker strand 2.
In this case, the number of bases forming complementary
strands is 4. However, this number is not limited to 4 and can
be determined between 1 and 8 bases.

When the protein-binding motif sequence 21 is introduced
to the base sequence 20, the introduction position of the
protein-binding motif sequence 21 is not limited and may be
arange which maintains recognition by Dicer described later.
Moreover, when the linker strand is free from the base
sequence, the protein-binding motif sequence 21 can be
bound directly to the guide strand 1 and the passenger strand
3.

In this context, examples of the protein-binding motif
sequence 21 include nucleotide sequences derived from
RNA-protein complex interaction motifs (RNP motifs), and
nucleotide sequences mutated from these nucleotide
sequences. In the present invention, the nucleotide sequences
derived from RNA-protein complex interaction motifs
encompass: nucleotide sequences known as the RNA
sequences of RNA-protein interaction motifs in known natu-
ral RNA-protein complexes; and nucleotide sequences as the
RNA sequences of artificial RNA-protein complex interac-
tion motifs obtained by an in-vitro evolution method. The
RNA-protein complexes are a large number of associates of
proteins and RNAs that have been confirmed in vivo, and are
3D objects having a complicated structure. The nucleotide
sequences derived from natural RNA-protein complex inter-
action motifs are usually composed of approximately 10 to 80
bases and known to form specific binding in a noncovalent
manner, i.e., through a hydrogen bond, with a particular
amino acid sequence of a particular protein. Such nucleotide
sequences derived from natural RNA-protein complex inter-
action motifs can be selected from Tables 1 and 2 below and
the database: http://gibk26.bse.kyutech.acjp/jouhou/image/
dna-protein/rna/ma.html that is available on the website. The
protein-binding motif sequence 21 as an RNA-protein inter-
action motif-derived nucleotide sequence preferably used in
the present embodiment is a sequence that can be recognized
by Dicer described below in detail to cause RNAi when
incorporated in the shRNA. For conformational conditions, it
is preferred that such a protein-binding motif sequence 21
should form a characteristic RNA tertiary structure compris-
ing nonnatural base pairs and be highly specific for a protein
binding to this site. Moreover, it is preferred that the RNA-
protein interaction motif should have Kd of, but not limited to,
approximately 0.1 nM to approximately 1 pM.

TABLE 1
RNA name Protein name Kd Document
58 RNA (Xenopus laevis 5R1 0.64 £0.10 1M Nat Struct Biol. 1998 Jul; 5(7): 543-6
oocyte)
58 RNA (Xenopus laevis 5R2 0.35 £0.03 1M Nat Struct Biol. 1998 Jul; 5(7): 543-6
oocyte)
dsRNA B2 14+0.13 1M Nat Struct Mol Biol. 2005 Nov; 12(11): 952-7
RNA splicing motif with Fox-1 0.49 nM at EMBO J. 2006 Jan 11; 25(1): 163-73.
UGCAUGU element 150 mM salt
TGE GLD-1 9.2+2 1M T Mol Biol. 2005 Feb 11; 346(1): 91-104.
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TABLE 1-continued
RNA name Protein name Kd Document
sodB mRNA Hfq 1.8 nM EMBO J. 2004 Jan 28; 23(2): 396-405.
RyhB (siRNA) Hifq 1500 nM Annu Rev Microbiol. 2004; 58: 303-28
mRNA HuD 0.7+ 0.02 1M Nat Struct Biol. 2001 Feb; 8(2): 141-5
S domain of 7S RNA human SRP19 RNA. 2005 Jul; 11(7): 1043-50. Epub 2005 May 31
Large subunit of SRP RNA  human SRP19 2 nM Nat Struct Biol. 2001 JTun; 8(6): 515-20
23S rRNA L1 Nat Struct Biol. 2003 Feb; 10(2): 104-8
23S rRNA L11 Nat Struct Biol. 2000 Oct; 7(10): 834-7
5S rRNA L18 Biochem J. 2002 May 1; 363(Pt 3): 553-61
23S rRNA 120 13£2 1M T Biol Chem. 2003 Sep 19; 278(38): 36522-30.
Own mRNA sitel L20 88 23 nM J Biol Chem. 2003 Sep 19; 278(38): 36522-30.
Own mRNA site2 L20 63 £23 1M Mol Microbiol. 2005 Jun; 56(6): 1441-56
23S rRNA 123 T Biomol NMR. 2003 Jun; 26(2): 131-7
5S rRNA L25 EMBO J. 1999 Nov 15; 18(22): 6508-21
Own mRNA L30 Nat Struct Biol. 1999 Dec; 6(12): 1081-3.
mRNA LicT EMBO J. 2002 Apr 15; 21(8): 1987-97
Own mRNA MS?2 coat 395 nM FEBS J. 2006 Apr; 273(7): 1463-75
Stem-loop RNA motif Nova-2 Cell. 2000 Feb 4; 100(3): 323-32
SL2 Nucleocapsid 110 £ 50 nM J Mol Biol. 2000 Aug 11; 301(2): 491-511
Pre-rRNA Nucleolin EMBO J. 2000 Dec 15; 19(24): 6870-81
p19 0.17 £ 0.02 1M Cell. 2003 Dec 26; 115(7): 799-811
Box C/D L7Ae 0.9+0.2 nM RNA. 2005 Aug; 11(8): 1192-200.
TABLE 2

RNA name Protein name Kd Document
siRNA with the PAZ (PiWi Argonaut Nat Struct Biol. 2003 Dec; 10(12): 1026-32.
characteristic two-base 3' and Zwille)
overhangs
dsRNA Rnase III Cell. 2006 Jan 27; 124(2): 355-66
HIV-1 RRE (IIB) RR1-38 3-8 1M Nat Struct Biol. 1998 Jul; 5(7): 543-6
Own mRNA S15 5nM EMBO J. 2003 Apr 15; 22(8): 1898-908
16S tRNA S15 6 1M Nat Struct Biol. 2000 Apr; 7(4): 273-277.
Own mRNA S15 43 1M EMBO J. 2003 Apr 15; 22(8): 1898-908
16S tRNA S4 6.5 uM in I Biol Chem. 1979 Mar 25; 254(6): 1775-7

4°C.,1.7nM in 42° C.
16S tRNA S4 18 M I Biol Chem. 1979 Mar 25; 254(6): 1775-7
168 rRNA S8 26 +7 1M T Mol Biol. 2001 Aug 10; 311(2): 311-24
mRNA S8 200 nM RNA. 2004 Jun; 10(6): 954-64
mRNA SacY 1400 nM EMBO J. 1997 Aug 15; 16(16): 5019-29
SnRNA Sm Cold Spring Harb Symp Quant Biol. 2006; 71: 313-20.
tmRNA SmpB 21 +7 M J Biochem (Tokyo). 2005 Dec; 138(6): 729-39
TD3 of tmRNA SmpB 650 nM J Biochem (Tokyo). 2005 Dec; 138(6): 729-39
Ul snRNA snRNP UlA 0.032 + 0.007 nM Nat Struet Biol. 2000 Oct; 7(10): 834-7

(salt dependence)
S domain of 7S RNA SRP54 500 nM RNA. 2005 Jul; 11(7): 1043-50.
TAR Tat 200-800 nM Nucleic Acids Res. 1996 Oct 15; 24(20): 3974-81
BIV TAR Tat 1.3n0Mor8nMor 60nM Mol Cell. 2000 Nov; 6(5): 1067-76

(depending on

difference in Mg)
tRNAT" ThrRS 500 nM Nat Struct Biol. 2002 May; 9(5): 343-7
thrS mRNA operator ThrRS 10 nM Trends Genet. 2003 Mar; 19(3): 155-61
Single stranded mRNA TIS11d Nat Struct Mol Biol. 2004 Mar; 11(3): 257-64.
PSTVd Virpl 500 nM Nucleic Acids Res. 2003 Oct 1; 31(19): 5534-43
RNA hairpin; Smaug Vtslp 30 nM Nat Struct Mol Biol. 2006 Feb; 13(2): 177-8.
recognition element (SRE)
1 BoxB ON 90 nM Cell. 1998 Apr 17; 93(2): 289-99

The nucleotide sequences derived from artificial RNA-
protein complex interaction motifs are the RNA nucleotide
sequences of RNA-protein interaction motifs in artificially
designed RNA-protein complexes. Such nucleotide
sequences are usually composed of approximately 10 to 80
bases and designed to form specific binding in a noncovalent
manner, i.e., through a hydrogen bond, with a particular
amino acid sequence of a particular protein. Examples of such
nucleotide sequences derived from artificial RNA-protein
complex interaction motifs include, but not limited to, RNA
aptamers specifically binding to the apoptosis-inducing pro-
tein Bel-2 family, and RNA aptamers specifically recogniz-
ing cancer cell surface antigens. Moreover, nucleotide
sequences listed in Table 3 below are also known, and these

55

60

65

can also be used as the RNA-protein complex interaction
motif-derived nucleotide sequence 2 of the present invention.

TABLE 3

RNA name Protein name Kd Document

Rev aptamer 5 Rev 190 nM  RNA. 2005 Dec;
11(12): 1848-57

Aptamer P50 54+22 nM Proc Natl Acad
Sci USA. 2003
Aug 5; 100(16):
9268-73.

BMYV Gag aptamer BMYV Gag 20 nM  RNA. 2005 Dec;

11(12): 1848-57
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TABLE 3-continued
RNA name Protein name Kd Document
BMYV Gagaptamer CCMV Gag 260 nM  RNA. 2005 Dec;
11(12): 1848-57
CCMYV Gag aptamer CCMV Gag 280 nM RNA. 2005 Dec;
11(12): 1848-57
CCMYV Gag aptamer BMV Gag 280 nM RNA. 2005 Dec;

11(12): 1848-57

The artificial RNA-protein complexes can be prepared by
using a molecular design method and an in-vivo evolution
method in combination. The in-vivo evolution method can
produce aptamers or ribozymes by selecting functional RNAs
from molecular libraries having various sequence diversities,
and repeating the reactions of amplification and transcription
of'their genes (DNAs). Thus, RNA-protein interaction motifs
adapted to RNP having a functional structure of interest can
be extracted in advance from natural RNP molecules by
molecular design or prepared artificially by the in-vitro evo-
Iution method. In the present embodiment, for the RNA-
protein complex interaction motif-derived nucleotide
sequence 2, itis preferred that the RNA-protein complex from
which the nucleotide sequence is derived should have a dis-
sociation constant Kd of approximately 0.1 nM to approxi-
mately 1 uM. Specific examples of the protein-binding motif
sequence 21 include a Box CD  sequence:
5'-GGGCGUGAUGCGAAAGCUGACCC-3' (SEQ ID NO:
2), which is a nucleotide sequence binding to .7Ae (SEQ ID
NO: 1) (Moore T etal., Structure Vol. 12, pp. 807-818 (2004))
known to participate in RNA modifications such as RNA
methylation or pseudouridylation.

The constitution of the shRNA according to the present
embodiment can be obtained by molecular design. The sensor
shRNA of the present embodiment can be obtained, for
example, by introducing a protein-binding motif sequence to
a sequence portion forming the linker strand, based on the
sequence of known natural or nonnatural shRNA, or by
replacing a protein-binding motif sequence for a sequence
portion forming the linker strand, based on the sequence of
known natural or nonnatural shRNA. In this procedure, the
type and introduction position of the protein-binding motif
sequence can be determined in view of the appropriate place-
ment of RNP of interest such that the function of the Dicer
protein can be inhibited.

Alternatively, the nucleotide sequence of the guide strand
can be determined according to the desired target sequence to
design the linker strand and the passenger strand by com-
puter-aided molecular modeling. In this procedure, particular
attention may be paid to the correct formation of a duplex
structure by the guide strand and the passenger strand.

The shRNA according to the first embodiment may be
stably present through the formation of the hairpin structure
shown in FIG. 1 under physiological conditions involving pH
6.5 10 8.0 and a temperature of 4 to 42° C., preferably pH 7.3
to 7.5 and a temperature of 4 to 37° C. When the shRNA
according to the first embodiment may be present in this form
in vivo, this shRNA is recognized by an RNA duplex-cleaving
enzyme Dicer. Then, the shRNA may be cleaved at positions
shown by arrowheads a and b in FIG. 1 to form an RNA
duplex of approximately 19 to 24 bases in the length of each
strand having a 2-base protruding end. As a result, the guide
RNA complementary to the target mRNA can be transferred
from RLC to RISC to inhibit the translation of the mRNA to
be controlled by its cleavage.

Thus, the shRNA according to the first embodiment is
characterized in that the shRNA in the form shown in the
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drawing, i.e., in the form in which the protein-binding motif
sequence 21 is unbound to the particular protein, functions in
the same way as known natural shRNA.

Next, according to the second embodiment, the present
invention provides an RNAIi control system comprising: the
shRNA according to the first embodiment; and an RNP-
derived protein which specifically binds to a protein-binding
motif sequence in the shRNA.

The shRNA constituting the RNAi control system accord-
ing to the present embodiment is schematically shown in FIG.
2(A), and an RNP-derived protein 4 is schematically shown in
FIG. 2(B). The shRNA is as described in the first embodi-
ment, and its description is omitted here. The same reference
numerals will be used to designate the same components as
those in FIG. 1.

The protein 4 shown in FIG. 2(B) is a protein that is derived
from RNP and specifically binds to the protein-binding motif
sequence 21 on the shRNA. Accordingly, this protein 4 can be
determined in a manner specific for a sequence selected as the
protein-binding motif sequence 21. Specifically, when Box
C/D (SEQ ID NO: 2) is selected as the protein-binding motif
sequence 21, the protein 4 is L7Ae (SEQ ID NO: 1). The
protein 4 may also be a fusion protein containing the protein
specifically binding to the protein-binding motif sequence 21
or may be a protein having an additional peptide added to the
protein specifically binding to the protein-binding motif
sequence 21. This is because the protein 4 needs only to be
capable of inhibiting recognition by Dicer described below.

In the state shown in FIG. 2(A), the shRNA according to
the present embodiment functions in the same way as known
natural shRNA, as described in the first embodiment, in the
absence of the protein 4 to cause RNAi such that the transla-
tional function of particular mRNA is inhibited.

Next, the states of the shRNA according to the present
embodiment and the protein 4 in a system in which these
molecules coexist will be described. FIG. 2(C) schematically
shows the shRNA and the protein 4 in the system in which the
shRNA and the protein 4 coexist. The shRNA and the protein
4 may be stably present in the form of an RNP complex
formed by specific binding under physiological conditions
involving pH 6.5 to 8.0 and a temperature of 4 to 42° C.,
preferably pH 7.0 to 7.5 and a temperature of 4 to 37° C.

The present embodiment is characterized in that when the
protein-binding motif sequence 21 on the shRNA specifically
bind the protein 4 to form an RNP by specific binding, Dicer
fails to recognize the shRNA in this RNP form. As aresult, the
Dicer fails to cleave the shRNA. Then, it cannot proceed to the
next step of RNAi such that mRNA to be controlled is made
insusceptible to cleavage. In other words, the coexistence of
the shRNA according to the present embodiment with the
protein 4 can inhibit RNAi. Moreover, according to the
embodiment the protein 4 as input information is transformed
to RNAI inhibition as output.

In this context, the system in which the shRNA and the
protein 4 coexist may be a mixture of separately prepared
shRNA and protein 4 molecules in a medium. Alternatively, a
vector for expression of the shRNA molecule may be
designed, and a vector for expression of the molecule of the
protein 4 may be designed. These vectors may be introduced
into the same cell, and their expressions can also be caused to
achieve the system in which the shRNA and the protein 4
coexist. The vector design will be described in detail in
Examples described later.

The RNAI control system according to the second embodi-
ment of the present invention can achieve the inhibition of
shRNA-mediated RNAI in a protein-specific manner.
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Next, according to the third embodiment, the present
invention relates to an RNAi control method comprising the
steps of: contacting the sensor shRNA according to the first
embodiment with an RNP-derived protein which specifically
binds to a protein-binding motif sequence in the shRNA, in a
solution; and introducing the solution containing the shRNA
and the protein into a cell. The combination of the sensor
shRNA and the protein used in the present embodiment can
be selected based on the first and second embodiments to
determine their sequences.

[In-Vitro Synthesis of a Sensor ShARNA]

In this context, the sensor shRNA can be obtained by an
in-vitro synthesis method called in-vitro transcription.
Single-stranded DNA in which a 19-base antisense sequence
(TATAGTGAGTCGTATTAGC; SEQ ID NO: 3) of a T7 pro-
moter sequence may be bound to the 3' end of a sequence
serving as a template of shRNA is artificially synthesized
(Hokkaido System Science Co., L.td.), and this may be asso-
ciated with a 19-base T7 promoter sequence (GCTAATAC-
GACTCACTATA (SEQ ID NO: 4)) artificially synthesized in
the same way. This associate may be mixed with ribonucleic
acids, salts, and T7 RNA polymerase and reacted at 37° C., as
specifically described in detail in Examples to obtain the
sensor shRNA.

[Production of Protein]

On the other hand, the protein can be obtained by preparing
a vector for expression of the protein and causing its expres-
sion using E. coli, followed by purification. For example, a
vector for expression of L7Ae (SEQ ID NO: 2), which is a
protein specifically binding to a Box-C/D motif represented
by SEQ ID NO: 1, can be prepared with reference to Nucleic
Acid Research, 2003, Vol. 31, No. 3 869-877. One example of
the vector for expression of L7Ae (SEQ ID NO: 2) in E. coli
is shown in SEQ ID NO: 5.

In the present embodiment, the contacting step may be
performed by mixing the thus-prepared sensor shRNA and
protein in the same solution system. The mixing of the
shRNA and the protein may be performed under physiologi-
cal conditions involving pH 6.5 to 8.0 and a temperature of 4
to 42° C., preferably pH 7.3 to 7.5 and a temperature of 4 to
37°C. As aresult, the shRNA and the protein may specifically
interact with each other to form an RNP complex.

RNAi may be inhibited in the presence of Dicer, ATP, and
Mg ions and under appropriate physiological conditions, in
addition to the conditions described above. Accordingly, in
the contacting step, the sensor shRNA and the protein may be
mixed to form an RNP complex, and then, the step of intro-
duction into a cell can be carried out. The concentration of the
RNP complex introduced into a cell is, for example, 1 nM to
40 nM shRNA, preferably 1 nM to 20 nM shRNA, and a
protein concentration of preferably, but not limited to, that
about 1 to 10 times the shRNA concentration. The introduc-
tion of the RNP complex into a cell can be performed by, but
not limited to, transfection using liposomes and can be per-
formed by those skilled in the art using general methods for
introduction of an RNP into cells known in the art.

After the introduction of the RNP complex into a cell, the
phenomenon described in the first embodiment with refer-
ence to FIG. 2 may take place in the cell containing Dicer.
Specifically, Dicer neither recognizes the RNA cleavage site
in the prepared complex of the sensor shRNA and the protein
nor cleaves the shRNA. Then, mRNA complementary to the
guide strand may not undergo RNAi. Thus, the expression of
a protein encoded by this mRNA may be inhibited.

According to the third embodiment of the present inven-
tion, RNAIi can be inhibited in vitro.
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In an modification of the third embodiment, the protein
alone can be administered directly to a cell. This modification
involves, after the introduction of the protein into a cell,
forming an RNP complex of the sensor shRNA and the pro-
tein in the cell, and differs in this point from the third embodi-
ment which involves forming an RNP complex and then
introducing it into a cell. In this modification, the sensor
shRNA can be introduced into the cell before or after the
introduction of the protein into the cell. When the sensor
shRNA is introduced into the cell before the protein introduc-
tion, a vector for expression of the shRNA may be designed
such that the expression of the shRNA in this vector intro-
duced into the cell can be controlled using a small molecule
such as tetracycline. In this method, the shRNA can be
expressed using tetracycline after the protein introduction.
When the sensor shRNA is introduced into the cell after the
protein introduction, the shRNA may be introduced directly
into the cell or a vector for expression of the shRNA may be
introduced into the cell. The protein introduced in the cell
forms an RNP complex with the sensor shRNA and enables
the expression of a gene of interest to be controlled by RNAi
in the cell. Thus, the present embodiment seems to be effec-
tive in the development of protein drugs or the treatment of
diseases such as cancer.

According to the fourth embodiment, the present invention
relates to an intracellular RNAi control method comprising
the steps of: introducing a vector for expression of the shRNA
according to the first embodiment into a cell; introducing a
vector for expression of an RNP-derived protein which spe-
cifically binds to a protein-binding motif sequence in the
shRNA, into the cell; and causing their expressions from the
vector for expression of the shRNA and the vector for expres-
sion of the protein.

The vector for expression of the sensor shRNA can be
prepared based on the primary structure sequence of the sen-
sor shRNA determined as described in the first embodiment.
One example of the vector preparation method is shown in
FIG. 3. FIG. 3(A) shows a pENTR (trademark)/H1/TO vector
(SEQ ID NO: 8) sold by Invitrogen Corp. A DNA sequence
encoding the shRNA of'the present invention may be inserted
to the site shown by the arrow of FIG. 3(A). The inserted DNA
duplex is schematically shown in FIG. 3(B). The upper strand
shown in FIG. 3(B) comprises overhang CACC, a guide
strand-encoding DNA sequence 14, a linker strand-encoding
DNA sequence 2d, and a passenger strand-encoding DNA
sequence 3d located in this order from the 5' end. The lower
DNA strand shown in the drawing is a strand complementary
to the upper strand and has overhang AAAA located at the §'
end. Those skilled in the art can obtain the desired sensor
shRNA by inserting the desired sequence into commercially
available plasmids to prepare plasmids producing the desired
sensor shRNA.

The protein expression vector can be prepared by incorpo-
rating a DNA sequence encoding a protein to be expressed,
into vectors for mammalian expression. A vector preparation
example is shown in FIG. 4. The vector shown in this drawing
is a vector for expression of L7Ae (SEQ ID NO: 2), which is
a protein specifically binding to a Box-C/D motif represented
by SEQ ID NO: 1. The sequence of the vector is shown in
SEQ ID NO: 6. Such a vector can be prepared with reference
to Nucleic Acid Research, 2003, Vol. 31, No. 3 869-877, and
a gene can be extracted therefrom and recombined to mam-
malian expression vector. This vector can be prepared using a
pcDNA3.1 (+) myc H is A vector (SEQ ID NO: 7) commer-
cially available from Invitrogen Corp.

The present embodiment is characterized by introducing
the vector for expression of the shRNA and the vector for
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expression of the protein into the same cell and causing their
expressions. The introducing step can be carried out by trans-
fection. Examples of the transfection include, but not limited
to, transfection using liposomes, direct injection, electropo-
ration, and a lentiviral transfection method. The amounts of
the shRNA expression vector and the protein expression vec-
tor introduced into a cell may differ depending on the purpose
and are, for example, the amount of the .7 Ae protein expres-
sion vector %4 times to 10 times, preferably 1 time to 4 times
that of the shRNA expression vector.

According to the fourth embodiment, RNAi can be inhib-
ited by causing the intracellular expressions of the shRNA
and the protein. Examples of a practical application of the
embodiment include the treatment of cancer. Moreover, an
RNAI control system can also be prepared by combining the
vector for expression of the sensor shRNA and the protein
expression vector used in the present embodiment.

In a modification, shRNA can be designed such that the
protein specifically binding to the protein-binding motif
sequence shown in FIGS. 1 and 2 is, for example, a biological
molecule expressed only in cancer cells, and the target
sequence of the guide strand is an apoptosis-promoting gene.
In this case, the shRNA may be introduced directly or via a
vector into a cancer cell to form an RNP complex with a
biological molecule expressed only in cancer, in the cancer
cell. As a result, the shRNA may be made insusceptible to
recognition by Dicer. Then, inthe cancer cell, the RNAiofthe
apoptosis-promoting gene may be inhibited, resulting in the
selective expression of the apoptosis-promoting gene to pro-
mote the apoptosis of the cancer cell. On the other hand, in a
normal cell, which may be free from the biological molecule
expressed only in cancer, RNAi may not be inhibited even if
the same shRNA is introduced thereinto directly or via a
vector. Therefore, the expression of the apoptosis-promoting
gene may be inhibited by RNA.

Moreover, in a further modification of this embodiment,
shRNA can be designed such that the protein specifically
binding to the protein-binding motif shown in FIGS. 1 and 2
is, for example, a biological molecule that becomes no longer
expressed by carcinogenesis, and the target sequence of the
guide strand may be an apoptosis-suppressing gene. In this
case, the shRNA is introduced directly or via a vector into a
normal cell to form an RNP complex with a biological mol-
ecule that becomes no longer expressed by carcinogenesis, in
the normal cell. As a result, the shRNA may be made insus-
ceptible to recognition by Dicer. Then, in the normal cell, the
RNAI of the apoptosis-suppressing gene may be inhibited,
resulting in the selective expression of the apoptosis-sup-
pressing gene to suppress the apoptosis of the normal cell. On
the other hand, in a cancer cell, which may be free from the
biological molecule that becomes no longer expressed by
carcinogenesis, RNAi may not be inhibited even if the same
shRNA is introduced thereinto directly or via a vector. There-
fore, the expression of the apoptosis-suppressing gene may be
inhibited by RNAi.

Furthermore, a cancer control system using [.7Ae may be
constructed. The same promoter as that expressing such a
cancer-related protein is incorporated upstream of the .7Ae
protein expression vector. As a result, the RNAi function of
apoptosis-controlling sensor shRNA comprising Box C/D
incorporated in the linker strand can be regulated freely by
regulating the expression of [.7 in response to the expression
of the cancer-related protein.

10

20

25

40

45

60

65

14
EXAMPLE 1

[Design of Protein Molecule-Responsive shRNA]

An shRNA-GFP sequence for EGFP knockdown (shRNA-
GFP (59 mer) GGCAUCAAGGUGAACUUCAAGAUC-
CAGCAUAGGGAUCUUGAAGUUCACCUUGA  UGC-
CAG; FIG. 5A (SEQ ID NO: 10)) was kindly provided by Dr.
Tsutomu Suzuki and Dr. Takayuki Kato, the University of
Tokyo. For shRNA-GFP-mut (shRNA-GFP-mut (59 mer)
GCACUAGCGUAUGAAUGAAAGAUCCAG-
CAUAGGGAUCUUUCAUUCAUACGCUA  GUGCAG;
FIG. 5B (SEQID NO: 12)), first, a guide strand in which three
sequences complementary to the stop codons were inserted in
the reading frame of three codons one for each was designed,
and this was replaced for the guide strand of shRNA-GFP to
design the shRNA-GFP-mut sequence. This shRNA-GFP-
mut was used as a negative control that did not cause EGFP
knockdown. Next, from the structure of an RNP motif L7 Ae-
Box C/D, the RNA sequence of Box C/D was obtained and
inserted such that it was located as close to a Dicer protein
cleavage site in shRNA as possible and the duplex structure of
guide and passenger strands was maintained to design
shRNA-Box C/D-GFP (shRNA-Box C/D-GFP (63 mer)
GGCAUCAAGGUGAACUUCAGCUGAC-
CCGAAAGGGCGUGAUGCUGAAGUUCACC
UUGAUGCCAG; FIG. 5C (SEQ ID NO: 9)) that was
expected to specifically bind at the Box C/D sequence to an
L7Ae protein. In its guide strand, the 3'-terminal 21 bases of
the guide strand of shRNA-GFP were used. Furthermore,
shRNA in which adenine at base 24 from the 5' end of this
shRNA-Box C/D-GFP was deleted and guanine at base 38
was replaced by cytosine was designed as shRNA-Box C/D-
mut-GFP (shRNA-Box C/D-mut-GFP (62 mer) GGCAU-
CAAGGUGAACUUCAGCUGC-
CCGAAAGGGCGUCAUGCUGAAGUUCACCU
UGAUGCCAG; FIG. 5(D) (SEQ ID NO: 11)) that did not
bind to L7Ae.

[In-Vitro Synthesis of shRNA]
[shRNA-Box C/D-GFP]

5.25 ul. of L7Aer template (100 uM, 5'-CTGGCAT-
CAAGGTGAACTTCAGCATCACGC-
CCTTTCGGGTCAGCTGAAGTTCACC TTGATGC-
CTATAGTGAGTCGTATTAGC-3; SEQ ID NO: 13) as
template DNA of shRNA, 5.25 uL. of T7 sense primer (100
uM, 5'-GCTAATACGACTCACTATA-3; SEQ ID NO: 4), 30
pul of T7 RNA polymerase, 5 pl. of 1 mg/ml. pyrophos-
phatase (ROCHE), 1.75 uL. of 20 mg/mL BSA, 28 uL.of 1 M
Hepes-KOH, 14 ul. of 1 M MgCl,,3.5 uL. of 1 M DTT, 14 ul.
0f' 0.1 M spermidine, 33.6 ulL of 0.1 M ATP (the same holds
true for CTP and UTP), 8.96 ulL of 0.1 M GTP, 89.6 uL. 0f 0.1
M GMP, and 385 ul. of ultrapure water were mixed and
reacted overnight at 37° C. After the reaction, 10 pl. of
TURBO DNase was added thereto and reacted at 37° C. for 30
minutes to degrade the template DNA. After the reaction,
phenol extraction and chloroform extraction were performed,
and the supernatant was charged into a PD-10 column (GE
Healthcare) equilibrated with a PD-10 buffer (0.3 M potas-
sium acetate, 15% (v/v) ethanol, pH 6.0), and washed with 3
mL of PD-10 buffer, followed by elution with 500 ul. of
PD-10 buffer twice. Then, to the eluate, an equal amount of
ethanol was added to perform ethanol precipitation. The
supernatant was discarded, and the pellet was dried and then
dissolved in 20 pl. of 5x dye solution (0.25% BPB, 30%
glycerol). The solution was layered on a nondenaturing 15%
polyacrylamide (1/30 bisacrylamide) gel and electrophore-
sed at room temperature for 50 minutes for separation. A band
with the size of interest was excised, and 500 puL of elution
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buffer (0.5 M NaCl, 0.1% SDS, 1 mM EDTA) was added
thereto, followed by elution overnight at 37° C. Then, a
microfilter (22 pm Millex GP) was attached to a 5-mL syringe
(TERUMO CORP.), and the eluate was added to the syringe
and filtered through the filter. To this filtrate, a 2.5-fold vol-
ume of ethanol was added to perform ethanol precipitation.
The supernatant was discarded, and the pellet was dried and
then dissolved in 22 plL of ultrapure water. After concentra-
tion measurement, this solution was used in subsequent
experiments.

[shRNA-Box C/D mut-GFP]

5.25 plb of L7AerN template (100 uM, 5'-CTGGCAT-
CAAGGTGAACTTCAGCATGACGC-
CCTTTCGGGCAGCTGAAGTTCACCT TGATGCCTAT-
AGTGAGTCGTATTAGC-3; SEQ ID NO: 15) as template
DNA of shRNA and 5.25 pl. of T7 sense primer (100 uM,
SEQ ID NO: 4) were used to perform transcription/synthesis
and purification in the same way as in shRNA-Box C/D-GFP.
The purification product was dissolved in 22 plL of ultrapure
water. After concentration measurement, this solution was
used in subsequent experiments.

[shRNA-GFP]

5.25 uL of 481P template (100 uM, 5'-CTGGCATCAAG-
GTGAACTTCAAGATCCCTATGCTG-
GATCTTGAAGTTCACCTTGA TGCCTATAGT-
GAGTCGTATTAGC-3; SEQ ID NO: 16) as template DNA
of shRNA and 5.25 L. of T7 sense primer (100 uM, SEQ ID
NO: 4) were used to perform transcription/synthesis and puri-
fication in the same way as in shRNA-Box C/D-GFP. The
purification product was dissolved in 22 pl. of ultrapure
water. After concentration measurement, this solution was
used in subsequent experiments.

[Expression and Purification of .7Ae Protein]

Plasmids comprising a gene of the .7 Ae protein incorpo-
rated in pET-28b+, kindly provided by Dr. Huttenhofer were
amplified. From a —80° C. glycerol bacterial stock of E. coli
BL21 (DE3) pLysS transformed with the pET-28b+L.7Ae
plasmid (SEQ ID NO: 5), the bacterial cells were inoculated
to 5 mL of medium and shaken-cultured overnight at 37° C.
Subsequently, the whole amount of the culture solution was
inoculated to 500 mL of LB medium containing 50 pg/ml.
kanamycin and 100 pg/ml. chloramphenicol. The bacterial
cells were shake-cultured at 37° C. until O.D.,, became 0.6
to 0.7. Then, 500 pL. of 1 M IPTG was added (final concen-
tration: 1 mM) thereto for inducing expression, and the cells
were shake-cultured overnight at 30° C. The bacterial cells
were collected by centrifugation (4° C., 6000 rpm, 20 min-
utes). After addition of 5 mL of sonication buffer (50 mM Na
phosphate, 0.3 M NaCl, 2.5 mM imidazole, pH 8.0), sonica-
tion was performed to disrupt the bacterial cells. In this soni-
cation, the procedure of cooling on ice and then irradiation
with ultrasonic waves for 15 seconds was repeated 6 times.
Then, impurity proteins were denatured at 80° C. for 15
minutes. The supernatant was collected by centrifugation (4°
C., 6000 rpm, 20 minutes), and histidine-tagged proteins
were purified by the batch method using an Ni-NTA column
(Qiagen). Specifically, first, the supernatant and 1 mL of
Ni-NTA were mixed and stirred at 4° C. for 1 hour. Then, the
mixture was charged into the column and washed twice with
4 mL of wash buffer (50 mM Na phosphate, 0.3 M NaCl, 20
mM imidazole, pH 8.0). Stepwise elution was performed with
1 mL each of 50 mM, 100 mM, 200 mM, and 300 mM
imidazole elution buffers (prepared by adding imidazole to 50
mM Na phosphate, 0.3 M NaCl, pH 8.0) in each of two runs.
The proteins of interest were confirmed by 15% SDS-PAGE.
Subsequently, Microcon YM-3 (Millipore Corp.) was used to
concentrate the proteins, followed by buffer replacement by a
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dialysis buffer (20 mM Hepes-KOH, 1.5 mM MgCl,, 150
mM KCl, 5% glycerol, pH 7.5). Moreover, the protein con-
centration was determined by the Bradford method using
Protein Assay (Bio-Rad Laboratories, Inc.).
[Confirmation of RNP Complex by Gel Shift Assay]

The binding between each shRNA and the protein was
confirmed as follows: after dilution with a dialysis buffer to
bring the protein concentration to concentrations 25 times the
final concentrations of 80 to 640 nM, 2 ul. of the protein
solution with each concentration, 2 ulL of 1 uM shRNA-Box
C/D-GFP, 6 L of ultrapure water, and 40 pl. of Opti-MEM 1
(trademark, Invitrogen Corp.) were mixed and left standing at
room temperature for 30 minutes to bind shRNA (40 nM) to
L7Ae (80 nM, 160 nM, 320 nM, or 640 nM). shRNA-GFP
and shRNA-Box C/D mut-GFP were bound to L7Ae in the
same way. To each solution, 13 pl. of 5x dye solution (0.25%
BPB, 30% glycerol) was added and mixed, and 15 pL of this
mixed solution was layered on a nondenaturing 15% poly-
acrylamide (1/30 bisacrylamide) gel and electrophoresed at
250V at 4° C. for 50 minutes. After the electrophoresis, the
gel was stained with SYBR Green for 15 minutes, and bands
were confirmed using FLA-7000 (FUJI FILM). FIG. 6 shows
the binding of shRNA-GFP, shRNA-Box C/D-GFP, and
shRNA-Box C/D mut-GFP to L7Ae by gel shift assay. The
results suggested that shRNA-Box C/D-GFP is bound to
L7Ae in a sequence-specific manner.

[Confirmation of Dicer Cleavage Inhibition by In-Vitro Dicer
Cleavage Assay|

The inhibition of Dicer cleavage of shRNA-Box C/D-GFP
and shRNA-Box C/D mut-GFP by L7Ae was confirmed as
follows using GTS, Inc. Recombinant Human Dicer Enzyme
Kit according to the protocol: first, 0.4 ul. of 4 uM shRNA, 2
pul of 4 uM or 8 uM L7Ae, 1 uL. of 10 mM ATP, 0.5 pL. of 50
mM MgCl,, 4 uLL of Dicer Reaction Buffer (GTS, Inc.), 2 pl,
of 0.5 unit/ul. Recombinant Dicer Enzyme, and 0.1 ul. of
ultrapure water were mixed and reacted at 37° C. for 15 hours.
Then, 2 plL of Dicer Stop Solution was added thereto and
mixed. To 8 pL. of this mixed solution, 2 pul. of 5x dye solution
was added, and the mixture was layered on a nondenaturing
15% polyacrylamide (1/30 bisacrylamide) gel and electro-
phoresed at 4° C. for 50 minutes. After the electrophoresis,
the gel was stained with SYBR Green, and bands were con-
firmed using FLLA-7000 (FUJI FILM). FIG. 7 shows results of
the inhibition of Dicer cleavage of siRNA-Box C/D-GFP and
shRNA-Box C/D mut-GFP by L.7Ae using an in-vitro recon-
stituted Dicer system. In FIG. 7, the mark + in L7Ae repre-
sents a sample prepared from 4 uM L7Ae, the mark ++
represents a sample prepared from 8 uM [.7Ae, and the mark
- represents that .7 Ae was not used. Likewise, the mark + in
Dicer represents that Dicer was used, and the mark — repre-
sents that Dicer was not used. The results suggested that upon
sequence-specific binding to .7 Ae, shRNA-Box C/D-GFP is
made insusceptible to cleavage by Dicer.
[Construction/Synthesis of shRNA Expression Plasmid]
[Synthesis of pPENTR/H1/TO-shRNA-Box C/D-GFP (SEQ
ID NO: 17)]

5 pL. of pENTR L7Aer Top strand (200 pM, 5'-CACCG-
GCATCAAGGTGAACTTCAGCTGAC-
CCGAAAGGGCGTGATGCTGAAGTTC  ACCTTGAT-
GCC-3; SEQ ID NO: 18) as single-stranded DNA containing
an shRNA-encoding sequence for insertion to pENTR/H1/
TO vectors (Invitrogen Corp.), 5 uL of pENTR L7 Aer Bottom
strand (200 pM, S5-AAAAGGCATCAAGGTGAACT-
TCAGCATCACGCCCTTTCGGGTCAGCTGAAGTTCA
CCTTGATGCC-3; SEQ ID NO: 19) as single-stranded DNA
containing a complementary strand thereof, 2 ul. of 10x
Oligo Annealing Buffer (Invitrogen Corp.), and 2 uL. of ultra-
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pure water were mixed, incubated at 95° C. for 4 minutes, and
then left standing at room temperature for 5 minutes to form
a DNA duplex. This duplex is a duplex shown in FIG. 3(B).
This DNA duplex solution was diluted 100-fold with ultra-
pure water, and then, 1 pul. of the diluted solution was diluted
100-fold by mixing with 10 uL, of 10xOligo Annealing Buffer
and 89 ul. of ultrapure water. Then, 4 pl. of 5x Ligation
Buffer, 2 uL. of 0.75 ng/ul. pENTR/H1/TO vectors, 5 pl. of
the 10,000-fold diluted DNA solution, 8 pl. of ultrapure
water, and 1 ulL of 1 U/ul. T4 DNA Ligase were mixed and left
standing at room temperature for 5 minutes to incorporate the
shRNA-encoding sequence into the pENTR/H1/TO vectors.
4 ul, of this reaction solution was added to TOP 10 Competent
E. coli for transformation. After addition of 250 plL of S.O.C.
medium, the bacterial cells were shake-cultured for 1 hour,
then seeded over an LB plate containing 50 ng/ml. kanamy-
cin, and cultured overnight at 37° C. The formed colonies
were confirmed, and the insert in the plasmid vectors was
confirmed by colony PCR using H1 Forward Primer (10 uM,
5-TGTTCTGGGAAATCACCATA-3; SEQ ID NO: 20),
M13 Reverse Primer (10 uM, 5'-CAGGAAACAGCTAT-
GAC-3; SEQ ID NO: 21), and KOD-Plus-ver. 2 (TOYOBO
CO., LTD.). This colony was inoculated to 50 mL of LB
medium containing 50 pg/ml kanamycin and shake-cultured
at 37° C. for 16 hours. The bacterial cells were collected by
centrifugation (4° C., 6000 rpm, 15 minutes) and purified
according to the protocol of Plasmid Purification Kit
(Qiagen), followed by isopropanol precipitation. The super-
natant was discarded, and the pellet was dried and then dis-
solved by the addition of 55 ul. of ultrapure water. After
plasmid vector concentration measurement, this was used in
subsequent experiments.
[Synthesis of pENTR/H1/TO-shRNA-Box C/D-mut-GFP
(SEQ ID NO: 22)]

pENTR/H1/TO-shRNA-Box C/D-mut-GFP was synthe-
sized and purified in the same way as above using 5 pl. of
pENTR L7AerN Top strand (200 uM, 5'-CACCGGCAT-
CAAGGTGAACTTCAGCTGC-
CCGAAAGGGCGTCATGCTGAAGTTCAC  CTTGAT-
GCC-3; SEQ ID NO: 23) as single-stranded DNA containing
an shRNA-encoding sequence for insertion to pENTR/H1/
TO vectors (Invitrogen Corp.) and pENTR L7AerN Bottom
strand (200 pM, S5-AAAAGGCATCAAGGTGAACT-
TCAGCATGACGCCCTTTCGGGCAGCTGAAGTTCAC
CTTGATGCC-3; SEQ ID NO: 24) as single-stranded DNA
containing a complementary strand thereof, and dissolved by
the addition of 55 uL. of ultrapure water. After plasmid vector
concentration measurement, this was used in subsequent
experiments.
[Synthesis of pENTR/H1/TO-shRNA-GFP (SEQ ID NO:
25)]

pENTR/H1/TO-shRNA-GFP was synthesized and puri-
fied in the same way as above using 5 uL of pENTR 481P Top
strand (200 pM, 5'-CACCGGCATCAAGGTGAACTTCAA-
GATCCAGCATAGGGATCTTGAAGTTCACCTT  GAT-
GCC-3; SEQ ID NO: 26) as single-stranded DNA containing
an shRNA-encoding sequence for insertion to pENTR/H1/
TO vectors (Invitrogen Corp.) and pENTR 481P Bottom
strand (200 pM, S5-AAAAGGCATCAAGGTGAACT-
TCAAGATCCCTATGCTGGATCTTGAAGTTCACCTT
GATGCC-3; SEQ ID NO: 27) as single-stranded DNA con-
taining a complementary strand thereof, and dissolved by the
addition of 55 pL of ultrapure water. After plasmid vector
concentration measurement, this was used in subsequent
experiments.
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[Synthesis of pENTR/H1/TO-shRNA-GFP-mut (SEQ ID
NO: 28)]

pENTR/H1/TO-shRNA-GFP-mut was synthesized and
purified in the same way as above using 5 ul. of pENTR
Sk-7N Top strand (200 pM, 5'-CACCGCACTAGCGTAT-
GAATGAAAGATCCAGCATAGG-
GATCTTTCATTCATACGC TAGTGC-3; SEQ ID NO: 29)
as single-stranded DNA containing an shRNA-encoding
sequence for insertion to pENTR/H1/TO vectors (Invitrogen
Corp.) and pENTR Sk-7N Bottom strand (200 uM,
5'-AAAAGCACTAGCGTATGAATGAAAGATC-
CCTATGCTGGATCTTTCATTCATACGC  TAGTGC-3;
SEQ ID NO: 30) as single-stranded DNA containing a
complementary strand thereof, and dissolved by the addition
of 55 pl of ultrapure water. After plasmid vector concentra-
tion measurement, this was used in subsequent experiments.
[Synthesis of pcDNA3.1-L.7Ae-myc-His6 (SEQ ID NO: 6)]

PCR was performed using pET-28b+1.7Ae (SEQ ID NO:
5) as template DNA and BamHI-Ndel-NotI-L.7Ae-primer (5'-
AAGGATCCATCATATGCGGCCGCTTATG-
TACGTGAGATTTGAGG-3") (SEQ ID NO: 32) and L7 Ae-
EcoRI-Xhol-primer (5'-
CACTCGAGTTGAATTCTCTTCTGAAGGCCTTTAATC-
39 (SEQ ID NO: 33) as primers. 50 pl. of this reaction
solution contained a mixture of 2.5 ulL of 10 ng/ul. template
DNA, 1.5 pL. of each 10 uM DNA primer, 5 pl. of 2 mM
dNTPs, 5 uL, of 10xKOD-PLUS-buffer ver. 2, 2 ul. of 25 mM
MgSO,, 1 uL of KOD-PLUS-DNA Polymerase, and 31.5 L
of ultrapure water. The reaction was performed by initial
incubation at 94° C. for 2 minutes, followed by 36 cycles each
involving 98° C. for 10 seconds, 55° C. for 30 seconds, and
68° C. for 1 minute. From the resulting PCR product, DNA
was purified using PCR Purification Kit (QIAGEN). How-
ever, elution was performed with 30 L. of ultrapure water,
and this DNA was used as a template in restriction enzyme
treatment. 27 plL of the template, 5 pl. of B Bufter (ROCHE),
1 uL of 10 U/uL BamH1 (ROCHE), 1 uL of 10 U/uL Xhol
(ROCHE), and 16 ulL of ultrapure water were mixed and
reacted at 37° C. for 2 hours for restriction enzyme treatment.
Also for pcDNA3.1 (+) myc H is A vectors (Invitrogen
Corp.), 1.88 ulL of 1.6 pg/ul. pcDNA vectors, 5 ul. of B
Buffer, 1 pLL of 10 U/ulL BamH1, 1 pLL of 10 U/ulL Xhol, and
41.12 pL of ultrapure water were mixed, and restriction
enzyme treatment was performed in the same way. These
treatment products were purified using PCR Purification Kit
(QIAGEN). However, for elution, DNA was eluted into 10 L.
of ultrapure water.

1.75 uLL of the PCR product thus subjected to restriction
enzyme treatment, 0.25 pl. of the vectors thus subjected to
restriction enzyme treatment, and 2 plL of Ligation High were
mixed and incubated at 16° C. for 30 minutes. To the whole
amount of this ligation reaction solution, 20 ul. of Top10
Chemically competent cells (Invitrogen Corp.) was added.
The cells were left standing on ice for 45 minutes, then placed
in water bath at 42° C. for 1 minute, and left standing again on
ice for 2 minutes for transformation. After further addition of
160 plL of LB medium, the cells were seeded over an LB plate
containing 50 pug/ml. ampicillin and incubated overnight at
37° C. The formed colonies were subjected to colony PCR
using Extaq (TAKARA BIO INC.) and the DNA primers
described above to check the insert. A colony in which the
insert was confirmed was inoculated to 50 mL of LB medium
containing 50 pg/ml ampicillin and shake-cultured overnight
at37° C. The bacterial cells were collected by centrifugation
(4° C., 6000 rpm, 15 minutes) and purified according to the
protocol of Plasmid Purification Kit (Qiagen), followed by
isopropanol precipitation. The supernatant was discarded,



US 8,871,437 B2

19

and the pellet was dried and then dissolved by the addition of
55 uLL of ultrapure water. After plasmid vector concentration
measurement, this plasmid vector was sequenced using T7
promoter primer (5'-TAATACGACTCACTATAGGG-3;
SEQID NO: 34) and BGH rev primer (5'-GCTGGCAACTA-
GAAGGCACAG-3; SEQ IDNO: 35) and used in subsequent
experiments.

[Confirmation of Knockdown Function Control by Fluores-
cence Microscope Image]

On the day before transfection, HelLa cells were seeded
over a 24-well plate at a concentration of 0.8x10° cells/well
and cultured in a CO, incubator at 37° C. On the next day, the
cells were cotransfected with each pENTR/H1/TO shRNA
expression vector, pcDNA3.1-AsRed2-1.7Ae-myc-His6
(SEQID NO: 40), and pcDNA3.1-EGFP-myc-His6 (SEQ ID
NO: 41)using Lipofectamine 2000 (Invitrogen Corp.) (trade-
mark). To 0.3 pg each of pENTR-shRNA-GFP, pENTR-
shRNA-GFP mut, pENTR-shRNA-Box C/D-GFP, and
pENTR-shRNA-Box C/D mut-GFP, 0.3 pg of pcDNA3.1-
AsRed2-1.7Ae-myc-His6 or pcDNA3.1-AsRed2-myc-His6
(SEQ ID NO: 42) and 0.2 pg of pcDNA3.1-EGFP-myc-His6
were added, and 1.25 pl of Lipofectamine 2000 was added per
sample. These DNA-lipid complexes were incubated at room
temperature for 20 minutes and added dropwise to the
medium for Hela cells. 4 hours later, medium replacement
was performed. 24 hours later, the fluorescence microscope
image of the cells was obtained using a fluorescence micro-
scope (OLYMPUS IX-81) to observe the inhibition of
shRNA-Box C/D-GFP function by AsRed2-[.7Ae expres-
sion.

FIG. 12 is an EGFP fluorescence image obtained through a
510-550 nm wavelength filter by irradiation with excitation
light having a wavelength around 488 nm. In FIG. 12, the
mark “+” below each panel represents high fluorescence
intensity, and the mark “~” represents low fluorescence inten-
sity. This image demonstrated the inhibitory effect of
AsRed2-L7Ae on the knockdown function of shRNA-Box
C/D-GFP.

[Confirmation of RNAi Control by RT-PCR Analysis]

Change in GFP mRNA level caused by RNAi control by
L7Ae was determined by real-time PCR.

On the previous day, HeLa-GFP cells were seeded over a
6-well plate at a concentration of 0.5x10° cells/well and cul-
tured in a CO, incubator at 37° C. Then, the cells were
cotransfected with each pENTR/H1/TO shRNA expression
vector and pcDNA3.1-L7Ae-myc-His6. To 4 pg each of
pENTR-shRNA-Box C/D-GFP and pENTR-shRNA-Box
C/D mut-GFP, 0, 2, or 4 pg of pcDNA3.1-L.7Ae-myc-His6
was added, and 5 ul of Lipofectamine 2000 was added per
sample. These DNA-lipid complexes were incubated at room
temperature for 20 minutes and added dropwise to the cells. 4
hours later, medium replacement was performed. 24 hours
after the transfection, the cells were collected, and RNA
extraction and DNA removal were performed using RNAque-
ous 4PCR Kit (Ambion, Inc. (trademark)).

1.5 pg (or 0.5 pg) of the extracted RNA was used as a
template to synthesize ¢cDNA using High-Capacity cDNA
Reverse Transcription Kits (Applied Biosystems Inc. (trade-
mark)), random primers, and reverse transcriptase. Real-time
PCR was performed using 1/20-diluted cDNA as a template
and LightCycler 480 Tagman probe (Roche) (trademark).
PCR reaction and real-time fluorescence detection were car-
ried out using LightCycler 480 (Roche) (trademark). The
reaction conditions involved an initial denaturation step at
95° C. for 5 minutes and an amplification step of 45 cycles
each involving denaturation at 95° C. for 10 seconds and
annealing/elongation at 60° C. for 25 seconds. Finally, the
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reaction solution was cooled at 50° C. for 15 seconds to
terminate the measurement. The Ct value was determined by
the Abs Quant/fit point method. The GFP gene of interest was
amplified using 481P Fwd (5'-CAAGGAGGACGGCAACA-
3") (SEQ ID NO: 36) and Rev (5'-CCTTGATGCCGTTCT-
TCTGC-3") (SEQ ID NO: 37). A reference gene GAPDH was
amplified using GAPDH Fwd (5'-AGCCACATCGCTCA-
GACAC-3") (SEQ ID NO: 38) and GAPDH Rev (5'-GC-
CCAATACGACCAAATCC-3") (SEQ ID NO: 39). The
amplification efficiency of GFP mRNA and GAPDH mRNA
was determined using Universal probe Library probe #148
(ROCHE) and Universal probe Library probe #60 (ROCHE),
respectively. The amplification product was confirmed by
electrophoresis to be the single product of interest, and the
results were evaluated by relative quantification. The EGFP
level was normalized with GAPDH, and this normalized
value was used in comparison among samples with the GFP
mRNA relative level of a sample supplemented only with
pENTR-shRNA-GFP mut as 1. FIG. 8 shows results of RT-
PCR-analyzing RNAI inhibition by [.7Ae. The difference in
expression level among the samples suggested that the GFP
mRNA level recovers at the time of cotransfection with
pENTR-shRNA-Box C/D-GFP and pcDNA3.1-1.7Ae-myc-
His6 and that RNAI is inhibited in a Box C/D sequence-
specific manner in the presence of L7 Ae.

[Confirmation of RNAi Control of .7Ae by FACS Analysis]

On the day before transfection, HeL.a-GFP cells were
seeded over a 24-well plate at a concentration of 0.5x10°
cells/well and cultured in a CO, incubator at 37° C. On the
next day, the cells were cotransfected with each pENTR/H1/
TO shRNA expression vector and pcDNA3.1-[.7Ae-myc-
His6 using Lipofectamine 2000 (Invitrogen Corp.) (trade-
mark). To 0.8 pug each of pENTR-shRNA-Box C/D-GFP and
pENTR-shRNA-Box C/D mut-GFP, 0, 0.40, or 0.80 pg of
pcDNA3.1-L.7Ae-myc-His6 was added, and 2 pl of Lipo-
fectamine 2000 was added per sample. These DNA-lipid
complexes were incubated at room temperature for 20 min-
utes and added dropwise to the cells. 4 hours later, medium
replacement was performed.

24 hours after the transfection, the medium in each well
was removed, and the cells were dissociated using 200 pl of
Trypsin-EDTA and suspended by the addition of 200 ul of
DMEM/F12. The cell suspension was transferred to a FACS
tube and analyzed using FACS Aria (BD). In this context, live
cells were gated, and FITC was determined for 20000 cells.
The analysis was conducted using a general method compris-
ing calculating a mean value of the fluorescence intensities of
all the measured cells. FIG. 9 shows the results of FACS
analysis (results showing a mean value of GFP intensities of
20000 cells per sample). The results demonstrated that recov-
ery in GFP expression is seen in a manner specific for cells
cotransfected with pcDNA3.1-L.7Ae-myc-His6 and pENTR-
shRNA-Box C/D-GFP. This suggested that as in the results of
RT-PCR analysis, RNAI is inhibited in a Box C/D sequence-
specific manner in the presence of L7 Ae.

EXAMPLE 2

[Design of Protein Molecule-Responsive shRNA]
shRNA-U1A-4 for EGFP knockdown (5'-GGCAUCAAG-
GUGAACUUCAGGGCGAAAGCCCUGAAG-
UUCACCUUGAUGCCAG-3; SEQ ID NO: 14) was
designed. The shRNA-U1A-4 comprised: 5'-terminal 24
bases which were the same as those in the passenger strand of
shRNA-GFP shown in FIG. 5(A) used in Example 1; a guide
strand which formed a duplex therewith; and a nonhybridized
loop structure GAAA. This shRNA-U1A-4 was functionally
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similar to shRNA-GFP and was used as a negative control.
Moreover, shRNA-Box C/D-GFP (SEQ ID NO: 9) of FIG.
5(C) designed in Example 1 was used.

[In-Vitro Synthesis of shRNA]

[shRNA-U1A-4]

5.25 uL. of template single-stranded DNA of shRNA-
UlA-4 (100 pM, 5-CTGGCATCAAGGTGAACT-
TCAGGGCTTTCGCCCTGAAGTTCACCT-
TGATGCCTAT AGTGAGTCGTATTAGC-3' SEQ ID NO:
31)and 5.25 ulL of T7 sense primer (SEQ ID NO: 4) were used
to perform transcription/synthesis and purification in the
same way as in sShRNA-Box C/D-GFP. The purification prod-
uct was dissolved in 22 ul. of ultrapure water. After concen-
tration measurement, this solution was used in subsequent
experiments.

[shRNA-Box C/D-GFP]

It was produced according to the in-vitro synthesis method
described in Example 1.

[Expression and Purification of .7Ae Protein]

It was produced according to the .7Ae protein expression
and purification using F. coli described in Example 1.
[Evaluation in Cultured Cell System and RNP]
[Confirmation of RNAI Inhibition of L.7Ae-shRNA Complex
by Observation Under Fluorescence Microscope]

On the day before transfection, HelLa-GFP cells were
seeded over a 24-well plate at a concentration of 0.5x10°
cells/well and cultured in a CO, incubator at 37° C. In this
context, the HeLa-GFP cell strain was Hela cells in which
GFP was stably expressed in a hygromycin-resistant manner,
and was kindly provided by Dr. T. Suzuki. On the next day, the
medium in the 24 wells was replaced by 500 pl of Opti-MEM
(Invitrogen Corp.). At the same time, complexes of shRNA-
Box C/D-GFP and the .7 Ae protein were introduced into the
cells by transfection using Lipofectamine 2000 (Invitrogen
Corp.) (trademark). 0.6 pl of 10 pM shRNA-Box C/D-GFP, 0
pl, 0.6 ul,1.2ul,2.4 ul, 4.8 ul, 0r 9.6 pl of 20 uM L7 Ae protein,
and 2 pl of 5x binding bufter were mixed, and ultrapure water
was added thereto to bring the whole amount to 10 ul (for 9.6
pl of the L7 Ae protein, the whole amount was brought to 12.2
ul without the addition of ultrapure water). 40 ul (for 9.6 ul of
the L.7Ae protein, 37.8 ul) of Opti-MEM was further added
thereto and mixed, and the mixture was left standing at 4° C.
for 30 minutes to form RNA-protein complexes. 48 ul of
Opti-MEM and 2 pl of Lipofectamine 2000 were mixed and
left standing at room temperature for 5 minutes. To this mix-
ture, 50 pl of the RNA-protein complex solution was added
and mixed, and the mixture was left standing at room tem-
perature for 20 minutes to form RNA-protein-lipid com-
plexes, which were in turn added dropwise to the cells. 4
hours later, the medium was replaced by 500 pl of DMEM/
F12. An shRNA-free molecule (Mock) and shRNA-U1A-4
were mixed with the .7Ae protein in the same way to form
RNA-protein complexes, which were in turn introduced into
the cells by transfection.

45 hours after the transfection, the cells were observed
under a fluorescence microscope. The intracellular GFP fluo-
rescence was photographed with settings of 20x magnifica-
tion and 488 nM excitation wavelength on a fluorescence
microscope (OLYMPUS) per sample. At the same time, a
phase-contrast image of the cells was also taken using trans-
mitted light. FIG. 10 shows a superimposed image of the
fluorescence and phase-contrast images.

[Confirmation of RNAI Inhibition of L.7Ae-shRNA Complex
by FACS Analysis]

47 hours after the transfection, the medium in each well
was removed, and the cells were dissociated using 200 pl of
Trypsin-EDTA and suspended by the addition of 200 ul of
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DMEM/F12. The cell suspension was transferred to a FACS
tube and analyzed using FACSAria (BD). The FACS is a
method comprising irradiating, with laser light, free cells
passing through a thin tube and analyzing the intensity of
fluorescence emitted from the cells. In this context, live cells
were gated, and FITC was determined for 10000 cells. FIG.
11 shows results of FACS-analyzing fluorescence intensity
distribution. The results demonstrated that recovery in GFP
expression was observed in a manner specific for the cells
transfected with the complex of .7Ae and shRNA-Box C/D-
GFP. This suggested that RNAi is inhibited in a Box C/D
sequence-specific manner in the presence of [L7Ae. For
Mock, RNAI did not occur, and thus, GFP expression is seen
in an [.7Ae concentration-independent manner. On the other
hand, for shRNA-U1A-4, RNAi was not inhibited, and thus,
GFP expression was inhibited in an L.7Ae concentration-
independent manner.

EXAMPLE 3

[Design of Protein Molecule-Responsive shRNA]
shRNA-Box C/D-Bel-xL. (FIG. 13(B)) and shRNA-Box

C/D mut-Bel-xL (FIG. 13(C)) were designed by replacing a

duplex site comprising the 5'-terminal 21 bases of shRNA-

Box C/D-GFP or shRNA-Box C/D mut-GFP, by a duplex

comprising a sequence of bases 365 to 385 of the Bel-xL

gene.

[Synthesis of shRNA]

[shRNA-Box C/D-Bel-xL (FIG. 13(B) (SEQ ID NO: 43))]

5.25 uL. of shRNA-Box C/D-BelxL template (100 uM,
5'-CTGCTTTGAACAGGTAGTGAATGAT-
CACGCCCTTTCGGGTCACATTCACTACCTGT
TCAAAGCTATAGTGAGTCGTATTAGC-3' (SEQ ID NO:
44)) as template DNA of shRNA and 5.25 pulL of T7 sense
primer (100 pM, 5'-GCTAATACGACTCACTATA-3' (SEQ
ID NO: 4)) were used to perform transcription/synthesis and
purification in the same way as in shRNA-Box C/D-GFP. The
purification product was dissolved in 22 ul. of ultrapure
water. After concentration measurement, this solution was
used in subsequent experiments.

[shRNA-Box C/D mut-Bel-xL (FIG. 13(C) (SEQ ID NO:
45))]

5.25 ul. of shRNA-Box C/D mut-BelxL template (100
M, 5'-CTGCTTTGAACAGGTAGTGAATGAT-
GACGCCCTTTCGGGCACATTCACTACCTGTT
CAAAGCTATAGTGAGTCGTATTAGC-3' (SEQ ID NO:
46)) as template DNA of shRNA and 5.25 pulL of T7 sense
primer (100 pM, 5'-GCTAATACGACTCACTATA-3' (SEQ
ID NO: 4)) were used to perform transcription/synthesis and
purification in the same way as in shRNA-Box C/D-GFP. The
purification product was dissolved in 22 ul. of ultrapure
water. After concentration measurement, this solution was
used in subsequent experiments.

[shRNA-Bel-xL (FIG. 13(A) (SEQ ID NO: 47))]

5.25 plb of shRNA-Bcl-xL, template (100 uM, 5'-CT-
GCTTTGAACAGGTAGTGAATGAACTC-
TATGCTAGTTCATTCACTACCTGTTCAA AGCTAT-
AGTGAGTCGTATTAGC-3' (SEQ ID NO: 48)) as template
DNA of shRNA and 5.25 pl. of T7 sense primer (100 uM,
5'-GCTAATACGACTCACTATA-3' (SEQ ID NO: 4)) were
used to perform transcription/synthesis and purification in the
same way as in ShRNA-Box C/D-GFP. The purification prod-
uct was dissolved in 22 pl. of ultrapure water. After concen-
tration measurement, this solution was used in subsequent
experiments.
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[Confirmation of knockdown of Bc1-xL. by shRNA-Bc1-xL]

On the day before transfection, Hel.a-GFP cells were
seeded over a 24-well plate at a concentration of 0.5x10°
cells/well and cultured in a CO2 incubator at 37° C. On the
next day, the cells were cotransfected with Bel-xL, expres-
sion vectors, and shRNA using Lipofectamine 2000 (Invitro-
gen Corp.). 0 or 0.4 pg of pBel-xLL and 10 uM shRNA-Bc1-
x[. were mixed and brought to 50 pl with Opti-MEM 1
medium (Invitrogen Corp.). Then, a mixture of 1 ul of Lipo-
fectamine 2000 supplemented with 49 pl of Opti-MEM 1
medium was added per sample. These DNA-lipid complexes
were incubated at room temperature for 20 minutes. After
addition of 400 pl of Opti-MEM I medium, the mixture was
added dropwise to the cells. 4 hours later, medium replace-
ment was performed.

24 hours after the transfection, the medium in each well
was collected. Then, the cells were dissociated using 200 ul of
Trypsin-EDTA and suspended by the addition of each
medium collected in the previous step. The cell suspension
was subjected to centrifugal sedimentation at 500xg at 4° C.
for 5 minutes and washed with 500 ul of PBS. Then, to the cell
pellet, 30 ul of RIPA buffer (1xPBS, 1% NP40, 0.5% Sodium
deoxycholate, 0.1% SDS, 0.3 mg/ml PMSF+2 ng/ml Aproti-
nin) was added, and the mixture was left standing on ice for 30
minutes. The supernatant was collected by centrifugation (4°
C., 15000 g, 20 minutes). The protein concentration was
determined by the Lowry method using DC-Protein Assay
(Bio-Rad Laboratories, Inc.).

Belxl. was detected by western blotting. Proteins
extracted from the cells were developed by SDS-PAGE and
subjected to western blotting. A primary antibody Anti-Bc1-
xL. (SC-634) (Santa Cruz Biotechnology, Inc.) (1/500) and a
secondary antibody Goat Anti-Rabbit IgG (H+L)-HRP con-
jugate (Bio-Rad Laboratories, Inc.) (1/2000) were used.
Color was developed using ECL Plus (GE Healthcare) (trade-
mark) and detected using LLAS3000 (FUJI FILM). By virtue
of the cotransfection of shRNA-Bcl-xL with pBcl-xL, a
band showing the expression of Bc1-xL. did not appear. The
results demonstrated Bel-xL knockdown by shRNA-Be1-xL
in the HeL a cells.

[Confirmation of Dicer Cleavage Inhibition by In-Vitro Dicer
Cleavage Assay|

The inhibition of Dicer cleavage of shRNA-Box C/D-Bcel-
xL. and shRNA-Box C/D mut-Bel-xL. by L7Ae was con-
firmed as follows using GTS, Inc. Recombinant Human Dicer
Enzyme Kit according to the protocol: first, 0.4 ul. of 1 uM
shRNA, 2 ul.of 4 uM or 8 uM L7 Ae, 1 pL. of 10 mM ATP, 0.5
pL of 50 mM MgCl,, 4 pL of Dicer Reaction Buffer (GTS,
Inc.), 2 pL. of 0.5 unit/ul. Recombinant Dicer Enzyme, and
0.1 pL of ultrapure water were mixed and reacted at 37° C. for
14 hours. Then, 2 pl. of Dicer Stop Solution was added
thereto and mixed. To 8 ulL of'this mixed solution, 2 plL of 5x
dye solution was added, and the mixture was layered on a
nondenaturing 15% polyacrylamide (1/30 bisacrylamide) gel
and electrophoresed at 4° C. for 50 minutes. After the elec-
trophoresis, the gel was stained with SYBR Green, and bands
were confirmed using FLA-7000 (FUJI FILM). FIG. 14
shows results of the inhibition of Dicer cleavage of shRNA-
Box C/D-BelxL and shRNA-Box C/D mut-Bel-xL by
L7Ae using an in-vitro reconstituted Dicer system. In FIG.
14, the mark “~""in .7 Ae represents that [.7Ae was not used.
Likewise, the mark “+” in Dicer represents that Dicer was
used, and the mark “-” represents that Dicer was not used.
The results suggested that upon sequence-specific binding to
L7Ae, shRNA-Box C/D-Bel-xL. is made insusceptible to
cleavage by Dicer.
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Construction/Synthesis of shRNA Expression Plasmid
[Synthesis of pENTR/H1/TO-shRNA-Box C/D-Bcel-xL
(SEQID NO: 49)]

pENTR/H1/TO-shRNA-Box C/D-Becl-xI. was synthe-
sized and purified in the same way as above using 5 ul. of Box
C/D Bel-xL Top strand (200 uM, 5'-CACCGCTTTGAA-
CAGGTAGTGAATGTGAC-
CCGAAAGGGCGTGATCATTCACTACC TGT-
TCAAAGC-3' (SEQ ID NO: 50)) as single-stranded DNA
containing an shRNA-encoding sequence for insertion to
pENTR/H1/TO vectors (Invitrogen Corp.) and Box C/D Bel-
xL Bottom strand (200 uM, 5'-AAAAGCTTTGAACAGG-
TAGTGAATGATCACGCCCTTTCGGGTCA-
CATTCACTACC TGTTCAAAGC-3' (SEQ ID NO: 51)) as
single-stranded DNA containing a complementary strand
thereof, and dissolved by the addition of 55 pL. of ultrapure
water. After plasmid vector concentration measurement, this
was used in subsequent experiments.

[Synthesis of pENTR H1 TO-shRNA-Box C/D mut-Bel-xL,
(SEQID NO: 52)]

pENTR/H1/TO-Box C/D mut-Bel-xL. was synthesized
and purified in the same way as above using 5 ulL of Box C/D
mut Bel-x[L Top strand (200 uM, 5'-CACCGCTTTGAA-
CAGGTAGTGAATGTGCCCGAAAGGGCGT-
CATCATTCACTACCT GTTCAAAGC-3' (SEQ ID NO:
53)) as single-stranded DNA containing an shRNA-encoding
sequence for insertion to pENTR/H1/TO vectors (Invitrogen
Corp.) and Box C/D mut Bel-xL. Bottom strand (200 uM,
5'-AAAAGCTTTGAACAGGTAGTGAATGAT-
GACGCCCTTTCGGGCACATTCACTACCT
GTTCAAAGC-3' (SEQIDNO: 54)) as single-stranded DNA
containing a complementary strand thereof, and dissolved by
the addition of 55 pL. of ultrapure water. After plasmid vector
concentration measurement, this was used in subsequent
experiments.

[Synthesis of pENTR/H1/TO-shRNA-Bc1-xL (SEQ ID NO:
59)]

pENTR/H1/TO-shRNA-Bc1-xI. was synthesized and
purified in the same way as above using 5 ulL of Bc1-xL Top
strand (200 uM, 5'-CACCGCTTTGAACAGGTAGTGAAT-
GAACTAGCATAGAGTTCATTCACTACCTGTT
CAAAGC-3' (SEQ ID NO: 56)) as single-stranded DNA
containing an shRNA-encoding sequence for insertion to
pENTR/H1/TO vectors (Invitrogen Corp.) and Be1-xL. Bot-
tom strand (200 uM, 5'-AAAAGCTTTGAACAGGTAGT-
GAATGAACTCTATGCTAGTTCATTCACTACCTGTT
CAAAGC-3' (SEQ ID NO: 57)) as single-stranded DNA
containing a complementary strand thereof, and dissolved by
the addition of 55 pL. of ultrapure water. After plasmid vector
concentration measurement, this was used in subsequent
experiments.

[Experiment of RNA-Protein Complex Introduction]

To confirm the control of Bel-xLL knockdown by the bind-
ing between the [.7Ae protein and shRNA-Box C/D-Bel-xL
in cultured human cancer cells, RNA-protein complexes were
introduced into the cells, and the expression of Bel-xL, was
detected by western blotting.

On the previous day, uterine cervix cancer-derived Hel.a
cells were seeded over a 24-well plate at a concentration of
1.0x10° cells/well and cultured in a CO, incubator at 37° C.
On the next day, transfection was performed twice using
Lipofectamine 2000 (Invitrogen Corp.) (trademark). To 0.4
ng of pBel-xL or pBimEL, 1 ul of Lipofectamine 2000 was
added. These DNA-lipid complexes were incubated at room
temperature for 20 minutes and added dropwise to the
medium for Hel a cells. 4.5 hours later, medium replacement
was performed. Immediately thereafter, the second transfec-
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tion was performed. 2.5 pmol (concentration in the medium:
5 nM) of shRNA-Box C/D-Bc1-xL or shRNA-Box C/D mut-
Bel-xLL and 0 or 200 pmol (concentration in the medium: 400
nM) of the purified L.7Ae protein were mixed to form com-
plexes. To the complexes, 1 pl of Lipofectamine 2000 was
added, and the complexes were incubated at room tempera-
ture for 20 minutes and added dropwise to the medium for
Hela cells. 5 hours later, medium replacement was per-
formed.

22 hours after the second transfection, the medium in each
well was collected. Then, the cells were dissociated using 200
ul of Trypsin-EDTA and suspended by the addition of each
medium collected in the previous step. The cell suspension
was subjected to centrifugal sedimentation at 500x g at 4° C.
for 5 minutes and washed with 500 ul of PBS. Then, to the cell
pellet, 30 ul of RIPA buffer (1xPBS, 1% NP40, 0.5% Sodium
deoxycholate, 0.1% SDS, 0.3 mg/ml PMSF+2 g/ml Aproti-
nin) was added, and the mixture was left standing on ice for 30
minutes. The supernatant was collected by centrifugation (4°
C., 15000x g, 20 minutes). The protein concentration was
determined by the Lowry method using DC-Protein Assay
(Bio-Rad Laboratories, Inc.).

Bel-xL or GAPDH was detected by western blotting. Pro-
teins extracted from the cells were developed by SDS-PAGE
and subjected to western blotting. A primary antibody Anti-
Bel-xL (SC-634) (Santa Cruz Biotechnology, Inc.) (1/500)
and a secondary antibody Goat Anti-Rabbit IgG (H+L)-HRP
conjugate (Bio-Rad Laboratories, Inc.) (1/2000) were used.
Color was developed using ECL Plus (GE Healthcare) (trade-
mark) and detected using [LAS3000 (FUJI FILM). Likewise,
GAPDH was subjected to western blotting using a primary
antibody Anti-GAPDH (MAB374) (Chemicon International,
Inc.) (1/2000) and a secondary antibody Goat Anti-Mouse
IgG (H+L)-HRP conjugate (Bio-Rad Laboratories, Inc.)
(1/2000). These results demonstrated that Bel-xL knock-
down was inhibited (lane 3) by the binding between the .7 Ae
protein and shRNA-Box C/D-Bel-xL in the Hela cells. Pro-
tein extraction from cells and L7Ae detection shown below
were performed in the same way. FIG. 15 shows intracellular
Bel-xLL expression. It was also confirmed that the protein
expression level of GAPDH used as a standard control did not
change. The intensities of detected Bc1-xL. bands were added
up. The results are shown in FIG. 16. In FIGS. 15 and 16, sh
is an abbreviation of “shRNA”.

[Experiment of Plasmid Introduction]

To confirm the control of Bel-xL knockdown by the bind-
ing between the [.7Ae protein and shRNA-Box C/D-Bel-xL.
in cultured human cancer cells, the cells were cotransfected
with plasmids for expressions of Bc1-xL, .7Ae, and shRNA,
and the expression of Be1-xL. was detected by western blot-
ting.

On the previous day, uterine cervix cancer-derived HelLa
cells were seeded over a 12-well plate at a concentration of
3.0x10° cells/well and cultured in a CO, incubator at 37° C.
On the next day, transfection was performed using Lipo-
fectamine 2000 (Invitrogen Corp.) (trademark). 0.2 pg of
pBcel-xL, 0.4 ng of pcDNA3.1-L7Ae, and 0.6 ng of pENTR/
H1/TO-shRNA-Box C/D-Bel-xL, were mixed, and 2.5 pl of
Lipofectamine 2000 was added thereto. These DNA-lipid
complexes were incubated at room temperature for 20 min-
utes and added dropwise to the medium for Hel.a cells. For
pENTR/H1/TO-shRNA-Box C/D-mut Bel-xL, pENTR/H1/
TO-shRNA-Bel-xL, and pENTR/H1/TO-shRNA-GFP mut
(negative control), the same procedures were also performed.
0.25 pg of pcDNA-AmCyan-myc-His6 ((SEQ ID NO: 58) or
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0.2 pg of pBel-xL were introduced alone as a control plasmid
into the cells. 4 hours later, medium replacement was per-
formed.

24 hours after the transfection, the medium in each well
was collected. Then, the cells were dissociated using 200 pl of
Trypsin-EDTA and suspended by the addition of each
medium collected in the previous step. The cell suspension
was subjected to centrifugal sedimentation at 500x g at 4° C.
for 5 minutes and washed with 500 ul of PBS. Then, to the cell
pellet, 100 pl of RIPA buffer (1xPBS, 1% NP40, 0.5%
Sodium deoxycholate, 0.1% SDS, 0.3 mg/ml PMSF+2 pg/ml
Aprotinin) was added, and the mixture was left standing on
ice for 30 minutes. The supernatant was collected by centrifu-
gation (4° C., 15000 g, 20 minutes). The protein concentra-
tion was determined by the Lowry method using DC-Protein
Assay (Bio-Rad Laboratories, Inc.).

Bel-xL or GAPDH was detected by western blotting. Pro-
teins extracted from the cells were developed by SDS-PAGE
and subjected to western blotting. A primary antibody Anti-
Bel-xL (SC-634) (Santa Cruz Biotechnology, Inc.) (1/500)
and a secondary antibody Goat Anti-Rabbit IgG (H+L)-HRP
conjugate (Bio-Rad Laboratories, Inc.) (1/2000) were used.
Colorwas developed using ECL Plus (GE Healthcare) (trade-
mark) and detected using LAS3000 (FUJI FILM). Likewise,
GAPDH was subjected to western blotting using a primary
antibody Anti-GAPDH (MAB374) (Chemicon International,
Inc.) (1/2000) and a secondary antibody Goat Anti-Mouse
IgG (H+L)-HRP conjugate (Bio-Rad Laboratories, Inc.)
(1/2000). These results demonstrated that Bcl-xL knock-
down was inhibited (lane 5) by the binding between the .7Ae
protein and shRNA-Box C/D-Bc1-xL in the HeLa cells. FIG.
17 shows intracellular Bel-xLL expression. It was also con-
firmed that the protein expression level of GAPDH used as a
standard control did not change. The intensities of detected
Bcel-xL bands were added up. The results are shown in FIG.
18. In FIG. 18, sh in the lanes 3 to 6 is an abbreviation of
“shRNA”.

[Experiment of Cell Death Control by Bel-xL. Expression
Level Control Responsive to [.7Ae Protein]|

An apoptosis-promoting protein Bim-EL and an apopto-
sis-suppressing protein Bcl-xL, have antagonistic effect on
each other, and a relatively larger amount of the protein
affects the fate of cells. Thus, an experiment was conducted
which involved controlling Bel-xL. expression levels using
the control of Be1-xLL knockdown by the binding between the
L7Ae protein and shRNA-Box C/D-Bcl-xLL in cultured
human cancer cells, and controlling cell death by changing
the relative amount of Bel-xL to Bim-EL.

On the previous day, uterine cervix cancer-derived Hel.a
cells were seeded over a 24-well plate at a concentration of
0.5x10° cells/well and cultured in a CO, incubator at 37° C.
On the next day, transfection was performed using Lipo-
fectamine 2000 (Invitrogen Corp.) (trademark). To 0.3 pg of
pENTR/H1/TO-shRNA-Box C/D-Bcl-xL, 0.2 ng of pBel-
xL, 0.2 pug of pBimEL, and 0.2 ng of pcDNA3.1-AsRed2-
L7Ae were added and mixed with a medium, and 1.25 pl of
Lipofectamine 2000 was added thereto. These DNA-lipid
complexes were incubated at room temperature for 20 min-
utes and added dropwise to the medium for Hela cells.
Approximately 4 hours later, medium replacement was per-
formed. For pcDNA3.1 (+) myc H is A vectors (Invitrogen
Corp., control vector), pENTR/H1/TO-shRNA-Box C/D-
mut Bel-xL, pENTR/H1/TO-shRNA-Bcl-xL,, and pENTR/
H1/TO-shRNA-GFP mut (negative control), the same proce-
dures were also performed.

24 hours after the transfection, the medium in each well
was collected. Then, the cells were dissociated using 200 pl of
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Trypsin-EDTA and suspended by the addition of each
medium collected in the previous step. The cell suspension
was subjected to centrifugal sedimentation at 500x g at 4° C.
for 3 minutes and washed with 300 ul of PBS. Then, to the cell

pellet, a mixed solution of 3 pl of annexin V, Pacific Blue 3

conjugate for flow cytometry (Invitrogen Corp.) and 50 pl of
annexin-binding buffer (10 mM HEPES, 140 mM NaCl, 2.5
mM CaCl,, pH 7.4) was added. After tapping, the mixture
was left standing at room temperature for 30 minutes for
staining. Then, each sample was suspended by the addition of
200 Wl of annexin-binding buffer. The cell suspension was
transferred to a FACS tube and analyzed using FACSAria
(BD). In this context, measurement was conducted for 30000
cells. For the analysis, first, cells emitting red fluorescence
attributed to AsRed2-1.7 were gated, and blue fluorescence
intensity derived from Pacific Blue was measured for the cells
within the gate using a filter at an excitation wavelength of
405 nm and a fluorescence wavelength of 430-470 nm. The
ratio of the number of cells having this fluorescence intensity
larger than the reference was measured. As the reference for
determining cell death, phosphatidylserine, which is a lipid
present in a manner specific for the outer membranes of dead
cells, was stained with annexin V, Pacific Blue conjugate for
flow cytometry (Invitrogen Corp.), and cells in which blue
fluorescence intensity was larger than the upper limit of inten-
sities of untreated cell samples stained in the same way were
counted as dead cells.

As a result, the sample supplemented with the control
vector (pcDNA3.1 (+) myc His A vector) had a dead cell ratio
of 8.3%, the sample supplemented with pENTR/H1/TO-
shRNA-GFP mut (negative control) had a dead cell ratio of
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10.1%, and the sample supplemented with pENTR/H1/TO-
shRNA-Box C/D-Bc1-xL had a dead cell ratio of 13.4%. By
contrast, the sample supplemented with pENTR/H1/TO-
shRNA-Bcl-xLL had a dead cell ratio of 34.5%, and the
sample supplemented with pENTR/H1/TO-shRNA-Box
C/D-mut Bel-xL had a dead cell ratio of 42.5%. This experi-
mental result and the Bcl-xL detection results shown in
FIGS. 17 and 18 demonstrated that cells in which Bel-xL
expression level was suppressed by knockdown died approxi-
mately 3 to 4 times more than cells maintaining the expres-
sion of Bcl-xL. From the results showing that the sample
supplemented with pENTR/H1/TO-shRNA-Box C/D-Bcl-
x[. had a dead cell ratio of 13.4%, whereas the sample supple-
mented with pENTR/H1/TO-shRNA-Box C/D-mut Bel-xL
had a dead cell ratio of 42.5%, it was further confirmed that
cell death could be controlled suppressively by inhibiting
Bel-xL protein knockdown by L.7Ae in a Box C/D sequence-
specific manner.
Industrial Applicability

According to a protein-responsive shRNA and an RNAi
control system using an RNP motif according to the present
invention, a sensor shRNA and a protein specifically binding
to it can control RNAi and are thus useful in the construction
of biosensors for quantifying the expression of intracellular
marker proteins without destroying cells or artificial gene
circuits capable of activating the translation of proteins of
interest in response to the expression level of marker proteins.
For example, the present invention produces significant effect
that leads to the treatment of diseases such as cancer or
Alzheimer’s disease by activating apoptosis-inducing pro-
teins in response to the expression of cancer marker proteins
or as a basic technique for developing protein drugs.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 58
<210> SEQ ID NO 1

<211> LENGTH: 139

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 1

His Ser Ser

10

Met Gly Ser Ser His His His His His

1 5

Gly

Met Val Phe

25

His Glu Val Pro Glu

20

Arg Gly Ser Tyr Arg

Asn Glu Ala Leu Ser Leu Leu Glu Lys Val Arg Glu Ser

Thr Glu Thr

55

Thr Ala Val Glu

60

Lys Lys Asn

50

Gly Lys Arg

Val Ile Ala

70

Glu Val Pro Pro Glu

75

Lys Leu

65

Tyr Asp Asp

Glu Glu Asn Val Pro

90

Leu
85

Leu Pro Leu Cys Lys Tyr

Ala
105

Asn Leu Val Ile Glu

100

Lys Ser Lys Asp Gly Arg Gly

Ala Ala

115

Ala Ile Ile Glu

120

Ser Asn Gly Glu Leu Arg Lys

125

Leu Val Glu Ile Leu Gln

130

Ser Lys Lys

135

Gly Lys

Val
15

Leu Pro

Asp Met Gln

30
Val

Gly Lys

Gly Leu Ala

Ile Val Ala

80
Ile

Tyr Val

95

Val
110

Pro Cys

Glu Leu Gly
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<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-GFP

<400> SEQUENCE: 10

ggcaucaagg ugaacuucaa gauccagcau agggaucuug aaguucaccu ugaugccag

<210> SEQ ID NO 11

<211> LENGTH: 62

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-BoxC/D-mut-GFP

<400> SEQUENCE: 11
ggcaucaagg ugaacuucag cugcccgaaa gggcgucaug cugaaguuca ccuugaugec

ag

<210> SEQ ID NO 12

<211> LENGTH: 59

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-GFP-mut

<400> SEQUENCE: 12

gecacuagcgu augaaugaaa gauccagcau agggaucuuu cauucauvacg cuagugcag

<210> SEQ ID NO 13

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: L7Aer template

<400> SEQUENCE: 13
ctggcatcaa ggtgaactte agcatcacge cctttegggt cagetgaagt tcaccttgat

gectatagtyg agtcegtatta ge

<210> SEQ ID NO 14

<211> LENGTH: 52

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-UlA-4

<400> SEQUENCE: 14

ggcaucaagg ugaacuucag ggcgaaagcce cugaaguuca ccuugaugece ag
<210> SEQ ID NO 15

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: L7AerN template

<400> SEQUENCE: 15

ctggcatcaa ggtgaactte agcatgacge ccttteggge agctgaagtt caccttgatg
cctatagtga gtegtattag c

<210> SEQ ID NO 16

<211> LENGTH: 78
<212> TYPE: DNA

59

60

62

59

60

82

52

60

81
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-continued

70

<210> SEQ ID NO 31

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-UlA-4 template

<400> SEQUENCE: 31
ctggcatcaa ggtgaactte agggcttteg ccctgaagtt caccttgatg cctatagtga

gtcgtattag ¢

<210> SEQ ID NO 32

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: BamHI-NdeI-NotI-L7Ae-primer

<400> SEQUENCE: 32

aaggatccat catatgegge cgettatgta cgtgagattt gagg

<210> SEQ ID NO 33

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: L7Ae-EcoRI-XhoI-primer

<400> SEQUENCE: 33

cactcgagtt gaattctett ctgaaggect ttaatce

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: T7 promoter primer

<400> SEQUENCE: 34

taatacgact cactataggg

<210> SEQ ID NO 35

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: BGHrev primer

<400> SEQUENCE: 35

getggcaact agaaggcaca g

<210> SEQ ID NO 36

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: 481P Fwd

<400> SEQUENCE: 36

caaggaggac ggcaaca

<210> SEQ ID NO 37

61

60

71

44

36

20

21
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-continued

90

cag

<210> SEQ ID NO 44

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-BoxC/D-BclxL template

<400> SEQUENCE: 44
ctgctttgaa caggtagtga atgatcacge cctttegggt cacattcact acctgttcaa

agctatagtg agtcgtatta gc

<210> SEQ ID NO 45

<211> LENGTH: 62

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-BoxC/D mut-Bcl-xL

<400> SEQUENCE: 45

geuuugaaca gguagugaau gugcccgaaa gggcgucauc auucacuace uguucaaagce

ag

<210> SEQ ID NO 46

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-BoxC/D mut-BclxL template

<400> SEQUENCE: 46
ctgctttgaa caggtagtga atgatgacge ccttteggge acattcacta cctgttcaaa

gctatagtga gtcegtattag ¢

<210> SEQ ID NO 47

<211> LENGTH: 59

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-Bcl-xL

<400> SEQUENCE: 47

geuuugaaca gguagugaau gaacuagcau agaguucauu cacuaccugu ucaaagcag

<210> SEQ ID NO 48

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: shRNA-Bcl-xL template

<400> SEQUENCE: 48
ctgctttgaa caggtagtga atgaactcta tgctagttca ttcactacct gttcaaaget

atagtgagtc gtattage

<210> SEQ ID NO 49

<211> LENGTH: 3930

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: pENTR/H1/TO-shRNA-BoxC/D-Bel-xL

63

60

82

60

62

60

81

59

60

78



ovee

0822

0zze

0912

00TZ

0v0¢

086T

0Z6T

098T

008T

OFLT

089T

0291

09sT

00sST

OF¥T

08¢€T

0zZeT

0921

00T

OFTT

080T

020T

096

006

4]

08L

ozL

099

009

ovsS

08¥

047

09¢

oot

ove

08T

0zt

09

boreniyjege oobebieilab

oeebienien jejejeeeee

baoa1obeohb 0037216706

oo3ennb333 eljedjeRRE

q1q0baqeobe rvebeeqeqae

ebbh1117738 qeOD3DI0bE

oqaenqebab obbbereboo

oqeq000q2b evelellDEbE

oqababaean Boabaenbaa

boabeniyjee oorvebbereq

qeeobebieb jqeeeorenh

oooobbboan Beeajoabeo

beqoboreqa eebobbbeeb

q1oobebbbbq obaoobanaa

eoo131210ebb bbioobebbb

10bq2bBqeq oebbbobbBbB

bbieebebbo bbbbieoobe

eobbebenqo beaeebbing

q1q20bebbbo nojobeeoeq

ebaeboobie qoeaeqeboo

q1qorED1bBq Denbborebl

eoo1bbo1bb oobebooore

boooaboabo eoabbbeore

Beoobbenoo enepdoedbDd

ebbiboiabe ebboooibob

oooboooior ebobbbeobo

Bbaooabenab qboeobeqbo

evebooiliebo eveeebboooq

oqorebeebo BBBABBBBIA

310b3ebabaa aeeebabaag

q1q2bebaebq jeoejebeeq

B31oobaebaa 3e3333boaa

eveeoebooeo 331bobebebb

oqa0bqaboo BBBoonanooe

©vq1a10b101310 obbiebbenq

obooeqbobo evaeelqeenh

eobbaobeobh qeeijeniaE

evbeebbobree bbebobebib

ebaobebibe bBiyjjoobooe

1bbBbeeneq

qebeeoenba

eqeonabbieo

qeeeenibed

obbaaberen

ebbboqaooq

oebabaeeba

pbeqebqbenq

qejeeqoaeh

qa0bbenbee

3360336300

obboeborere

oobeoennia

oealenbiiao

baobaoobao

evqabebbobb

oabeayqeeree

10B30ED3DD

evqebbieeer

bqeqoeaea]

ooeobeblbb

bebbboonab

baebaobobo

boobbeonab

bebbooobbo

boabbboobb

qQo03eeEbOIE

Bobboobenn

pbeeorreqee

vqaqobaeee

ebaeoebeaq

qQoobBebioekh

eoaoeqo0ab

oobooobano

booqeoobbe

oreobobeba

boobbqabob

eoabebobeo

qaeabooree

eveqbeoreeq

qeoe11beh

vqqeqboqbe

qeqoen1bbe

©3163303330

10beboabia

beqbbeoreb

eqoooqeeeb

veboioooon

veeeorablg

ebabeqebao

vqbqaboebo

eoeoeoebio

baeobqebeb

313oe3enbia

bqebbbobbb

verRijRREIR

q1ooberereeree

booqebeonae

eqboabaqoo

oboboboabo

veboronqon

oebbiooa1bkb

oaobeoeqabo

obbaenabbo

oobaabenbo

ebbqbbobbo

qeoqebbebl

obaobeeqeq

eveeebibeob

oooboaaee

ooa303beno

q172ebbobbo

1BobBbBokBa

eeREDBOREE

beobbbober

obooooanao

Bobebooebn

ebbqbqoqae

eoeq10bioq bBaoereeqee

q0a0areRED 1021B31Bo00HB

babeqeaoon oaeaebiobe

oreborenby 1bB313vEDIE

beoooebean qabeqoeona

q32230Beren 331bB3ooeaoe

q720booene Bebejebibe

1borreqend BOlRRELEBH]

oobbBbooelh Boojebbioe

qQoeeonbiee 1311312106

eb33338333 3ebiveiEEE

eoqbeoonaq 3abaebbaen

rveqlOODEDED DI1310ebbbb

qaeeq0ebilo Baabbaooen

q1obBaenbieh ebijeeioeb

beqqbebbob bBBiorebbob

obanq1o0bbo 100bbobbeb

ooa0obbeln obrerenbia

bqaobaboror eoabiaeeaa

eoqooqabeq q11bBBaeonbkh

ebobbooqob ooebojorebh

1boabeebob Booeoeooeb

qa0qeonenbh ooabi1babb

bboqoerooeb oojooeboed

q10qebooboa obaobboeon

eobqbeebor oobboiooio

bbeebearnq qao0orEOOOB

10bobooona ebebieoben

Jeonee3bil 3e3linbaae

qeebeqoren eooreeoebb

1bBobBoanane 21poo3131beoh

obberebore rvejebeoren

ooaobooiee eoiaboreoe

vqq1qbeobbq oobaebiqab

beqbqyqabeb rvebbeoobeq

ebbqoebooo qa3bbeoebo

obooerenbn eileeooobob

eveboobeobo oboiobooea

baooonaraq bBobaooiaao

6% ‘HONHNOHS <00%>

6

PSNUT3IUOD -

Td LEVTLS'8 SN

16



S9

09

0g6¢e

006¢

[0374:2

08LE

ozLE

099¢

009¢

orse

08¥v¢

(k4723

o9¢ge

oogg

ovce

08T¢E

[F AR

090¢

000¢

0v6¢

088¢

0Z8¢

09LT

00LT

0voC

0852

0zse

09%2

00¥%2

TS ‘HONHNOHS <00%>

pueIls wollod TX-TPd (/JX0d :NOILVWMNOANI JAHIO <€TT>
(HANIVAL <0ZT>
TeTOTITIIY HSINVDHO <€IZ>

¥Na ¢

HJAL <Z1Z>

S99 ‘HLONHAT <TTZ>
TS ON QI OdS <0TZ>

obeee

oqabaooran eolleoleba bBobbbreebo ooebibieeb 1beibbeore Biyjjyobooeo

pueals

q1009q2bBoeq 1723700660k

baebab1112 eboabobeb

baooboreeb bbbbeooniao

ooaeqbbeor Bbobbeeebe

qQooeqebebq deeboordE]

orebiobbbo 1BBobenbob

baboqbeeqe bobbabeoob

oobooeobeq Banaoreebee

eveeooelebe obobebeobe

ebboob111b6 11166166 OHB

Boban3a33a 313003ebeba

eoo11bo1bo borayaibebab

oebioborqq evobebeobba

ebolobaeba qaeoqiabeo

q19270bboee evbeoevqiena

ebbeooeqeb ooebeoboae

eboeb11212 BillooErElED

q1qeonbaqaa oeeejenbie

ebaebiiaie baibebobieb

boaaqeabob oqebobeore

q1009q2baben BBiobobaekh

eoolleoben eeeeebbooo

qeqq3qeobe eojenoebood

ebjebeoeqa biebaeeoob

ebooobeebb bBieqbiaobo

baeeeqe1bb bBaeaeaiaeb

0S HEDONHNOHS <00%>

dol TX-TPd /0%0d :NOILVWNOANI dIAHIO <€TT>
FHINLVYHEA <0CZ>
TeTOTITIIV ‘WSINVOYO <€TIC>

oeeobenobd

q90eba0a100

bebbbeboen

bbbeeboonq

ooeborebnb

pbeeqebbooe

10bq0obbabe

©330eDDEDD

oa10bBaore

eooeaobooe

10330 7ebbe

oeR33IdDDIe

oeore1bla1b

pbqaeeeqEEDL

31003233336

ebboabebor

330¥eD3I03133

vebeeebbio

33663233660

3333203633

313b33eaeee

oaebobaoen

330300b3ea

12bobebbe

qealoaeedeh

q10bqebbaen

qabBaeoenaon
veeeebbieq
eooboqa1b6b
bobebebben
q10boeoobob
ebbqaobeoo
q12beqeboelh
ooeqabaooa
bbeqabeqbo
1bbeebonia
ooeeeERRED
veoqebeeer
veeoDEbiED
B33ee33bba
qeqebiooae
ebabboaoob
Bb33b3eban
ebabbqenao
1beeoeebila
eveqeebieeb
ee36333630
ebabbenqae
oenaoe11bk
qaeebboeba
veobbieoree
obabbenqee

vedDIJREE]

¥Na ¢

HJAL <Z1Z>

S99 ‘HLONHAT <TTZ>
0S ON I OdFS <0TZ>

531233300663

oobebbobbb

boabaooqbe

vebboqbbbe

eveebebieqao

obeoeoenba

veoqoebbig

eeqobqoqob

obeqbabean

333030rERDD

veeobqaoby

beqbooooeb

q1obeenbobhb

qeebeniee

eqebiyqjeqbb

qQoeebbiean

vqbqabbeqe

eoqboqbenq

Bbaoobbaobb

oeoleeDnbob

oaaeboiaen

baooqeaeeb

qeobaebieh

obbaorreln

eb31n333b33a

obbboabare

qeboboobbe

oba327006kB

bbbeoqboao

1e33303e1b

obbobeeqbb

bebqbobeor

boq11bbbbEH

bbboorqqoq

o3odEe3RDR]

313033b3oea

eqobebeenq

obanaeeabo

eoqbobebao

oebbboebia

£0333336e63

JejerERED]

oaenobiana

eqqeeebbbb

qebbooenio

qeeqbobebo

beoqoboion

bqabboobob

evebeqieqbb

qo0030eqboo

ebeoqbbqeb

bebeooboby

qebobo1obhb

boqboreebb

v6

PSNUT3IUOD -

Td LEVTLS'8 SN

£6



086T

0Z6T

098T

008T

OFLT

089T

0291

09sT

00sST

OF¥T

08¢€T

0zZeT

0921

00T

OFTT

080T

020T

096

006

4]

08L

ozL

099

009

ovsS

08¥

047

09¢

oot

ove

08T

0zt

09

S9

09

eonilenien] bobbbeeebo

oqeq000q2b evelellDEbE

oqababaean Boabaenbaa

boabeniyjee oorvebbereq

qeeobebieb jqeeeorenh

oooobbboan Beeajoabeo

beqoboreqa eebobbbeeb

q1oobebbbbq obaoobanaa

eoo131210ebb bbioobebbb

10bq2bBqeq oebbbobbBbB

bbieebebbo bbbbieoobe

eobbebenqo beaeebbing

q1q20bebbbo nojobeeoeq

ebaeboobie qoeaeqeboo

q1qorED1bBq Denbborebl

eoo1bbo1bb oobebooore

boooaboabo eoabbbeore

Beoobbenoo enepdoedbDd

ebbiboiabe ebboooibob

oooboooior ebobbbeobo

Bbaooabenab qboeobeqbo

evebooiliebo eveeebboooq

oqorebeebo BBBABBBBIA

310b3ebabaa aeeebabaag

q1q2bebaebq jeoejebeeq

B31oobaebaa 3e3333boaa

eveeoebooeo 331bobebebb

oqa0bqaboo BBBoonanooe

©vq1a10b101310 obbiebbenq

obooeqbobo evaeelqeenh

eobbaobeobh qeeijeniaE

evbeebbobree bbebobebib

ebaobebibe bBiyjjoobooe

oobabareba

pbeqebqbenq

qejeeqoaeh

qa0bbenbee

3360336300

obboeborere

oobeoennia

oealenbiiao

baobaoobao

evqabebbobb

oabeayqeeree

10B30ED3DD

evqebbieeer

bqeqoeaea]

ooeobeblbb

bebbboonab

baebaobobo

boobbeonab

bebbooobbo

boabbboobb

qQo03eeEbOIE

Bobboobenn

pbeeorreqee

vqaqobaeee

ebaeoebeaq

qQoobBebioekh

eoaoeqo0ab

oobooobano

booqeoobbe

oreobobeba

boobbqabob

eoabebobeo

qaeabooree

beqbbeoreb

eqoooqeeeb

veboioooon

veeeorablg

ebabeqebao

vqbqaboebo

eoeoeoebio

baeobqebeb

313oe3enbia

bqebbbobbb

verRijRREIR

q1ooberereeree

booqebeonae

eqboabaqoo

oboboboabo

veboronqon

oebbiooa1bkb

oaobeoeqabo

obbaenabbo

oobaabenbo

ebbqbbobbo

qeoqebbebl

obaobeeqeq

eveeebibeob

oooboaaee

ooa303beno

q172ebbobbo

1BobBbBokBa

eeREDBOREE

beobbbober

obooooanao

Bobebooebn

ebbqbqoqae

q720booene Bebejebibe

1borreqend BOlRRELEBH]

oobbBbooelh Boojebbioe

qQoeeonbiee 1311312106

eb33338333 3ebiveiEEE

eoqbeoonaq 3abaebbaen

rveqlOODEDED DI1310ebbbb

qaeeq0ebilo Baabbaooen

q1obBaenbieh ebijeeioeb

beqqbebbob bBBiorebbob

obanq1o0bbo 100bbobbeb

ooa0obbeln obrerenbia

bqaobaboror eoabiaeeaa

eoqooqabeq q11bBBaeonbkh

ebobbooqob ooebojorebh

1boabeebob Booeoeooeb

qa0qeonenbh ooabi1babb

bboqoerooeb oojooeboed

q10qebooboa obaobboeon

eobqbeebor oobboiooio

bbeebearnq qao0orEOOOB

10bobooona ebebieoben

Jeonee3bil 3e3linbaae

qeebeqoren eooreeoebb

1bBobBoanane 21poo3131beoh

obberebore rvejebeoren

ooaobooiee eoiaboreoe

vqq1qbeobbq oobaebiqab

beqbqyqabeb rvebbeoobeq

ebbqoebooo qa3bbeoebo

obooerenbn eileeooobob

eveboobeobo oboiobooea

baooonaraq bBobaooiaao

S HONANDHES <00%>

TX-TPg-3NW q/DX0og-YNIUS-0L TH ¥INAd :NOILVWIOANI ¥IHIO <€TZT>

FHINLVYHEA <0CZ>

TeTOTITIIY HSINVDHO <€IZ>

YN :‘HJAL <TTZ>
626¢ ‘HLONAT <TTZ>
25 ON dI DES <0TZ>

obeee

oqabaooran eolleoenlb BBoll1l0o0k denilebieeb 1beibbeore Biyjjyobeeee

96

PSNUT3IUOD -

Td LEVTLS'8 SN

$6



09

626¢

006¢

[0374:2

08LE

ozLE

099¢

009¢

orse

08¥v¢

(k4723

o9¢ge

oogg

ovce

08T¢E

[F AR

090¢

000¢

0v6¢

088¢

0Z8¢

09LT

00LT

0voC

0852

0zse

09%2

00¥%2

ovee

0822

0zze

0912

00TZ

0v0¢

enq1b1ooe] oeoiljenieo 1bobbbereb ooobibieeb 1bBeabbeoee Biialobooen

€5 HONANDHES <00%>

puexis dol Mx-Tog Inw q/0¥0d :NOTIVWMOANI ¥IHLIO <€TT>
(HANIVAL <0ZT>
TeTOTITIIY HSINVDHO <€IZ>

baooaabboe q977770066o

obaebqbqaq 12eboabobe

bbaooboree bbbbbeonaq

booaeabben ebbobbeeeb

evqooelebeb joevebooeoe

borebiobbb oqbbobeobo

1baboqbreq vbobbabeoo

q1oobooeobe 1B3o3ovEbE

qeeeDORqED RObobebenh

qebboobiaq Ba1abbabkbo

obobaoa927 22320073ebekh

oeonaiboab oboeaabeba

qaoebaoboeq jenbebeosbb

qeboaobaeb 373e0a132be

1927320bboe evebeoeiqeod

qebbeoorqe Booebeoboa

beboebiaa1 qeaaooEREIE

oqae0nbiaq 1oveRIEDB]

oebaebaqaq ebabebobae

1boqaqeqbo Bojebobeone

baooaa1babe obbiobobae

beoonqjeobe oereerebboo

oqeqa32e0b evedaeodebd

bebqrebeneq abaebireno

qebooobeeb BBieabiqokh

bbaereqeqb bBbaeaeajae

bboeeniygen eoobebiean

eoeebienie ojejejeree

bbaoaobeob bBiooaaabao

eon3ennbi] jeijenieee

vq1a10b1yeoh eveebeeaei)

31eb6333333 B3IEODILIND

Boeenbeonb

pbqaoebanao

obebbbeboe

ebbbeeboon

qQooeborebo

bbeeqebboo

bqobaobbab

©D330RDDED

eoaqobbioe

beooeqoboo

3303303866

borrqqoong

qoeorelbila

obajereqee

3350531053333

vebboqbebo

Baaoeninaa

eveebeeebbi

53136633366

©3333002363

pbqabaqeqer

ooalebobane

Da2102300B3e

bqabobeqbb

o3e3d3eRDdE

bqobaebbae

babbbbeeoe

eqebeeoeob

pbeqeonqbbae

evqeeeeDqbE

vobbaqberee

vebbboaqoo

q1qbBaeonena

orereebbile

oeonbonil1ab

obobebebbe

q70bBoenobo

pbebbaqobeo

vqqbeqebor

eooeaqbi0o0

obbeqabeab

eqbbeebonq

eodoeerERER

veenqebeer

veeeDOEbIE

bbqqerqqb6b

baeqebaoong

pbebqbboqoo

ebbqabaebq

qebabbaena

oabeeorebq

oreleeblEE

Jee1b33aba

vebqbbenaq

ooeniloelab

q72eebboelh

veeobbieoe

bobqbbeonqe

oeeddiljeRE

qeeqbeoreee

313eoe3abae

oeqle1boab

DaeloeD1bkh

oe3b313n333

q70bBeboaba

¥Na ¢

HJAL <Z1Z>

79 ‘HLONAT <TTZ>
€5 ON dI OHES <0TZ>

oba327006kB

q100bBebbobk

bboqbqonab

orebbolbbh

beeebebieq

oobBenenenb

beeoqoebby

qeeqobinao

oobeqbabeq

3333030%EeD

orrenbilioh

ebeqbooooe

oaobeenbob

qaeebenqee

eveqebiaeab

baoeebbieq

1e3bi3bbea

oeonaboaben

1B100Bbaok

boeoqeenbo

ooa3eboiae

ebiyooqeqer

baeobqebae

q10bBaorreeq

eebiniaaba

vobbboabae

q17eboboobh

qeoeqq0balo

bqaoqoqeerE

ebabeqeqoon

epeeboeenhb

obeoooebeq

3133330beeE

1063333006

bbbbenqboq

®3l®3313013€]

eobbobeeab

obebaboben

1B011B6BBBR

1BBBooeqa10

boqooeqedE

o920232baoe

oeqobebeen

q1obaoaee]b

beoqbobebq

boebbboebq

3103333236eb

baeqereeEd

ooaeonbiao

eveqqeeebbb

qaebbooena

baeeqbobeb

bbeoqoboao

obaabBonbo

pbeebeqqeab

baooaoeqbo

oebeonqbbae

1bebeoobob

eqeboboqob

eboqboreeb

abaoeerelE

oa03babooo

opaeqebinh

33b333eED]

oaabeqoeno

oaabBaooean

86

PSNUT3IUOD -

Td LEVTLS'8 SN

L6



0291

09sT

00sST

OF¥T

08¢€T

0zZeT

0921

00T

OFTT

080T

020T

096

006

4]

08L

ozL

099

009

ovsS

08¥

047

09¢

oot

ove

08T

0zt

09

¥o

09

¥o

beqoboreql rebobbbeeb oobeoronia eoeroroebilo eveldodeded D1110vbbbb
q1oobebbbbq obioobinaa oraenbiialn Baeobiebeb 1jeeioebio Bayabbaooeo
eoo13110ebb bBbaoobebbbh Biobioobao jaoeienbia 10bBienbieb ebijeeaioeb
10bq2bbqeq oebbbobbbb vi1bebbobh Blebbbobbb beiibebbob bbioeebbob
bbieebebbo bbbbqeoobe oqbeaqerer rerejeeele obB1n100BBo 100bbBobbeb
eobbebenio beqeebbing 1oeqoeDiDD JooberrrRe DD100BBRlD obreresbia
q1q20bebbbo oojobreorq eviebbieree Boojebeoie Biobiboeoe voilbijeean
ebqeboobie qoeaeieboo Baeqoeraraa vaboabiaoo eonanolabea 11BBaeoobb
q1qorEeDn1bbq oeobborebb ooeobeblbb oboboboilbo ebobbooionbh ooebojoreb
eoo1bbo1bb oobebooore bebbbooonab rveboronino 1Boibeebob Booeoeooeb
boooaboabo eoqbbbeore biebiobobo oebbiooabb 1naeooenbb ooalbi1babb
beoobbenon eoroooeobo boobbeoonab oaobeorabo BbBojoeooeb ooipoeboen
ebbaboqabe ebboooqbob bebbooobbo obbieonibbo 1naebooboa obaobboeon
oooboooqor evbobbbeobo BolbBbbBoobh oobiibeobo eobibeebor oobbojooao
Bbaooabenab qboeobeqabo qoareebolr ebbibbobbo BbBeebejena 331ooveooob
evebooiliebo eveeebbooong bobboobeoo qeonqebbebb 10bobooona evbebieoben
oqorebeebo BBB1BBHEHBIq bBreoereqee obioberilea jeooreibil 1eil3lilobiae
10bqebabaq aeeebabiaa evallobairee veeebibeob jeebeioreo eooreeorbb
q1q2bebaebq jeoeiebeeq ebBieoebelq oooboiljeen 1boboinione 1oo0033bedb
baoobaebaa qea31731b0oqa 100bebioeb ooianabeoo obberebore rejebeoeen
eveeoebooeo q31bobebebbh eoioeqoonab qa7ebbobbo ooanbooijee eoiaboreoe
oqa0bqaboo BBBonanooe oobooobino 1bobbbobba vai1ibeobby oobiebijab
©v110b101310 obbiebbeny boojeoobbe rvereoboree beabiiibeb rvebbeoobea
obooeqbobo evarelqresb Dreobobebl Beobbbobee ebbioebooo 31331bbeoebo
eobbiobeobh qeeiienije boobbiabob obooooilnio oboorrenbn eilreooobob
evbeebbobree bbebobebib eoabebobeo bobebooebo reboobeobo oboilobooea
ebaobebibe bijjooboor 1qeqbooreq ebbabanaae Baoooonaeaa Bobaooialao
SS 1 EDNINDES <00F>

TX-TP9-YNJUS-OL/TH/JINAd : NOILVWIOANI dAHLO <€7T>

‘HANLVHS <0ZZ>

TeTOTITIIVY WSINVDIO <€TT>

¥YNQ ‘HJAL <ITZ>

9¢6¢ ‘HLONHT <TTZ>

S5 ON QI 0ds <0T1Z>

obee

enq1b1ooe] oeoiljeoenh Bboiaiooob oebiebieeb 1bBeqbbeoee Biilobreere
¥S EONANOAS <00%F>

pueils wo3ljod X-TdPd InW Jd/DXod :NOILVWIOANI YIHIO <€TT>

‘HANLVHS <0ZZ>

TeTOTITIIVY WSINVDIO <€TT>

¥YNQ ‘HJAL <ITZ>

79 ‘HLONAT <TTZ>
¥S ON dI OHES <0TZ>

obee

001

PSNUT3IUOD -

66
Td LEVTLS'8 SN



926¢

006¢

[0374:2

08LE

ozLE

099¢

009¢

orse

08¥v¢

(k4723

o9¢ge

oogg

ovce

08T¢E

[F AR

090¢

000¢

0v6¢

088¢

0Z8¢

09LT

00LT

0voC

0852

0zse

09%2

00¥%2

ovee

0822

0zze

0912

00TZ

0v0¢

086T

0Z6T

098T

008T

OFLT

089T

oobbaonqab Boeaaaalaono

boaobaebab q1317317eboab

qeqbbioobo rveebbbbbeo

vqbbooieqb beoebbobbe

beoeqooeqe bebioeeboo

bbbborebin bbboabbobe

1909bB7bB01b evelebobbalb

eoeloobooe obeqbioijoe

qaoeqeREDDE Jebenbobel

veolebboob 97796772667

©1b0bobB3123 333333003k

ebqaoeon11b o31bobor1ab

ebqyyoeblob oeajeobebe

bebqebolob qebiaaenan

ven1111106 bBoreebeoeq

q1q0qebbeon evaebooebeod

bbbbeboeba qa773vq300E

©d3033e00h 3333dRREIR

beboebiebay q33ebabebo

oq09boaqae 1Boboaebokb

obobaonqab 1bBeobbBinbo

evlbbeooije obeorrereb

1booaraq17 eobeeniend

brebebiebe oeqabiebae

bobaebooob rebbbieqbq

10bbbqereq vabbbBaeqeq

vebbboreonq qejeoobebi

ejeeoeebie ojenjejeie

ooobbioqob evobbioniaaa

qaobeoonaeon Bajaeaalena

eonqeq110b71] eoberebee]

eoolebbila1 333EBAEODID

evloen]len] 3bebeqeobe

oqeq000q2b evelellDEbE

oqababaean Boabaenbaa

boabeniyjee oorvebbereq

qeeobebieb jqeeeorenh

oooobbboan Beeajoabeo

BBoboeenbe

obebiqoeba

oa10bebbbe

vebebbbeeb

eoeqooebor

obobbeeqeh

eoobaobiob

ebeenqaoen

eobenqiobb

bbobeooeraon

Bebianaanag

ebaboreqao

obbaoeoreeq

1beobajere

3eD533003013

boaeebboab

vqebaqoen]

oblereberee

bqebaqbbag

©ORE31330D

bqebaqbiae

booooqebob

eboonaqoq00

voobaqbobe

q10boaeanae

q7ebiobaeh

vq1babbbbe

rveeeqEbERD

baobeqenab

eereleRRED

vqaeobbiab

q10beebbboa

qQoeebieeba

pbeqebqbenq

qejeeqoaeh

qa0bbenbee

3360336300

obboeborere

1qBqeo

ooboereerb

oaooeooboa

Boenbobebe

oooa310boed

ebobebbiao

booeqqbeqe

babeooeqab

oeoobbeqab

qQoee1bbeel

Booenoeree

ebbeeeoqeb

Do3reRERDDE

Ba3bbasees

qeebieleba

q172bBebabbo

eboebbiqbq

p333eb3bba

bbaoabeeoe

1Bboreqeelh

31b33ee3bia

qeeeebibbe

JoedDEDIDE

bqeqaqeebb

1bbeeenbba

evoebobabbe

baeoeeonig

eoeqerabeo

eobqaeoran

baeoeqaeab

abenjealoen

veeoeqbq30

10073210bebo

beqbbeoreb

eqoooqeeeb

veboioooon

veeeorablg

ebabeqebao

vqbqaboebo

en3nbh3iaaao

baeqoobebb

12BBBoakao

bbeoeebboq

oboberebeb

Beooobenen

boebeenqor

qQ003ee10b]

eqboobeqbq

©533333030

veeOorEREOLR]

eveeebeaboo

baeoqobeen

1bBBaqeeben

ooaeeqebila

q100bBaoeebh

eb33eabaab

eoqoenaboq

ebq1qbqo0bb

qeeboenqee

1Baooa3ebo

oaaebaooae

q12BBaenbae

oebiobbaone

eoeeebinag

oaeeobbboa

veeqiebobo

vRE3lRDRIID

baebananae

oabebabeqe

1bbeorebore

q720beoooe

1633333306

q720booede

aboereqend

oobBbooeab

qQoeeDDBIRE

eb333aeaas

eoqbeoonag

obbh31nb3313

obbbBbBbena

oabeqeqqao

bBBenbbobe

qeqobebabo

eobqboq1qb6b

bbaqbbbooe

oaoboaooe)

Beanianaab

eveooeqobeb

q10bBaobBanae

ooebenabob

Bobboebbbn

1ee3d33333

eqbbieqeee

qeq00qe00h

peqeeqjEEE

beoqaebboo

q10bBaeeqabo

obobbenqaoh

qaenbaabbo

qeebeebelq

baebiooqoe

eveqoebenab

1baqbebeono

baeeqebobo

obbeboqaboe

baoqbqoree

eeeni1o1bab

qQo0o00aelEeh

enb3abiaae

beqoiqbeao

veeni11bq00

pbebeqebqbe

eoqeeebbbi

booqebbaoe

21833333306

qebieeqeree

q12bB3ebbaen

4]

PSNUT3IUOD -

Td LEVTLS'8 SN

101



US 8,871,437 B2
103 104

-continued
<210> SEQ ID NO 56
<211> LENGTH: 61
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Bcl-xL Top strand
<400> SEQUENCE: 56
caccgetttg aacaggtagt gaatgaacta gcatagagtt cattcactac ctgttcaaag 60
c 61
<210> SEQ ID NO 57
<211> LENGTH: 61
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Bcl-xL Bottom strand
<400> SEQUENCE: 57
aaaagctttg aacaggtagt gaatgaactc tatgctagtt cattcactac ctgttcaaag 60
c 61
<210> SEQ ID NO 58
<211> LENGTH: 6173
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pcDNA-AmCyan-myc-Hisé
<400> SEQUENCE: 58
gacggatcgg gagatctcce gatccecctat ggtgcactct cagtacaatc tgctctgatg 60
ccgcatagtt aagccagtat ctgctcectg cttgtgtgtt ggaggtcget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctge 180
ttagggttag gcgttttgeg ctgcttegeg atgtacggge cagatatacg cgttgacatt 240
gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata 300
tggagttcceg cgttacataa cttacggtaa atggcccgec tggctgaccg cccaacgacc 360
ceccgeccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttec 420
attgacgtca atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt 480
atcatatgcc aagtacgccce cctattgacg tcaatgacgg taaatggccc gcctggeatt 540
atgcccagta catgacctta tgggacttte ctacttggca gtacatctac gtattagtca 600
tcgctattac catggtgatg cggttttgge agtacatcaa tgggegtgga tagceggtttg 660
actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc 720
aaaatcaacg ggactttcca aaatgtcgta acaactccge cccattgacg caaatgggceg 780
gtaggcgtgt acggtgggag gtctatataa gcagagctct ctggctaact agagaaccca 840
ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gctggctagt 900
taagcttggt accgagctcg gatccactag tccagtgtgg tggaattccce accatggcetc 960

tttcaaacaa gtttatcgga gatgacatga aaatgaccta ccatatggat ggctgtgtca 1020

atgggcatta ctttaccgte aaaggtgaag gcagcgggaa gccatacgaa gggacgcaga 1080

cctcgacttt taaagtcacc atggccaacg gtgggcccct tgcattctece tttgacatac 1140

tatctacagt gttcatgtat ggaaatcgat gctttactgce gtatcctacc agtatgcccg 1200

actatttcaa acaagcattt cctgacggaa tgtcatatga aaggactttt acctatgaag 1260
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agggaataag ggcgacacgg aaatgttgaa tactcatact cttecttttt caatattatt

gaagcattta tcagggttat tgtctcatga gcggatacat atttgaatgt atttagaaaa

ataaacaaat aggggttccg cgcacatttce cccgaaaagt gccacctgac gte
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The invention claimed is:

1. An RNAi control system responsive to a protein

expressed in a cell, the system comprising:

a vector for expression of an shRNA comprising: a guide
strand having a sequence complementary to an mRNA
of a target sequence; a passenger strand which forms a
duplex with the guide strand; and a linker strand which
links the guide strand and the passenger strand, the
linker strand comprising a Box CD sequence,

wherein the binding of an L.7Ae protein or [.7Ae protein-
containing fusion protein expressed in the cell to the
shRNA inhibits the cleavage of the shRNA by Dicer.

2. An RNAIi control method responsive to a protein

expressed in a cell, the method comprising the step of:

introducing into the cell a vector for expression of an
shRNA comprising a guide strand having a sequence
complementary to an mRNA of a target sequence; a
passenger strand which forms a duplex with the guide
strand; and a linker strand which links the guide strand
and the passenger strand, the linker strand comprising a
Box CD sequence,

wherein the binding of an L.7Ae protein or [.7Ae protein-
containing fusion protein expressed in the cell to the
shRNA inhibits the cleavage of the shRNA by Dicer.

3. The RNAI control system according to claim 1, wherein
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the target sequence of the shRNA is Bc1-xI mRNA, and the 35

RNAI control system controls the expression of an apoptosis
regulatory protein.

4. An shRNA comprising: a guide strand having a sequence
complementary to an mRNA of a target sequence; a passen-

ger strand which forms a duplex with the guide strand; and a
linker strand which links the guide strand and the passenger
strand, the linker strand comprising a Box CD sequence,
wherein in response to an [.7Ae protein or L.7Ae protein-
containing fusion protein expressed in the cell, the
cleavage of the shRNA by Dicer is inhibited to control
the expression of a protein encoded by the mRNA ofthe
target sequence.

5. The RNAI control system according to claim 1, further
comprising a vector for intracellular expression of the .7Ae
protein or L7Ae protein-containing fusion protein.

6. The RNAI control system according to claim 1, wherein
the target sequence of the shRNA is GFP mRNA.

7. The RNAIi control method according to claim 2, wherein
the target sequence of the shRNA is Bel-xI mRNA, and the
RNAI control method controls the expression of an apoptosis
regulatory protein.

8. The RNAI control method according to claim 2, further
comprising the step of introducing a vector for intracellular
expression of the .7Ae protein or L.7Ae protein-containing
fusion protein into the cell.

9. A method for quantifying the expression of an intracel-
Iular marker protein without destroying a cell, comprising the
steps of:

introducing to the cell the shRNA of claim 4 wherein the

target sequence is a GFP mRNA; and

measuring the fluorescence intensity of the GFP.
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