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however, recent reports have demonstrated that cyclin D1
mRNA is also controlled at the level of mRNA export from
the nucleus, and this transport of cyclin D1 mRNA to the
cytoplasm is important for transformation activity.”>"*” Thus,
we investigated whether eIF4H also regulates at the mRNA
level. RKO cells were treated with elF4H siRNA (sil03 and
104), and then nuclear and cytoplasmic cyclin D1 mRNA
were evaluated by real-time quantitative RT-PCR. Cyclin D1
mRNA levels did not alter either in the nucleus or cytoplasm
of siRNA-treated cells (Fig. 6g). Although it is possible that
elF4H could control other processes on cyclin D1 mRNA,
regulation of cyclin D1 expression at the protein level seems
to be the main mechanism, as the decrease of cyclin D
expression after elF4H isoform 1 downregulation is more
pronounced at protein level.

Discussion
In our study, we investigated whether an alternative splicing
form of eIF4H, which is overexpressed in gastrointestinal
cancers, contributes to cell proliferation and carcinogenesis.
We found that the overexpression of eIF4H isoform .1"in
immortalized mouse fibroblasts developed tumors in nude
mice. Conversely, silencing of the eIF4H isoform 1 inhibited
the proliferation and induced apoptosis of colon cancer cell
lines. It is striking that the growth suppression is specific to
elF4H isoform 1 siRNA and not isoform 2. Suppression of
elF4H isoform 1 also inhibited tumor growth in nude mice,
although it showed no effect on the proliferation of immor-
talized human fibroblasts. Moreover, eIF4H isoform 1 upreg-
ulated the cyclin D1 level, a protein involved in cell prolifera-
tion. Thus, eIF4H isoform 1 stimulates cell proliferation and
inhibits apoptosis, both of which are a possible mechanism
of the transforming actmty.“ IF4H isoform 1. These obser
vations provided strong evi nce that eIF4H 1soform 1is

for colon cancer therapy.

Recently, many studies have argued that eIFs play an im-
portant role in carcinogenesis.**® eIF4E, an mRNA 5'-cap-
binding protein, has been identified to play a pivotal role in
the tumorigenesis and metastatic progression of various can-
cers. Another subunit of eIF-4F complex elF4G, a scaffolding
protein, is also implicated in malignant transformation.'"*
In our work, we demonstrated that another translation initia-
tion factor, elF4H, is involved in tumorigenesis, which sug-
gests that translation initiation is a key event for the develop-
ment of cancer. A mechanism suggested to contribute to
tumorigenesis is the translational de-repression of structurally
burdened mRNA known to encode proto-oncogenes, e.g.,
cyclin D1, c-Myc, ODC, FGF and VEGF, through increased
levels of elFs.**~* Cyclin D1 was one of the first discovered
targets of eIF4E. It has been reported that eIF4E regulates the
amount of cyclin D1 not only by translation initiation but by
nuclear export of its mRNA.**® Thus, we investigated
whether elF4H isoform 1 is also involved in the nuclear
export of cyclin D1 mRNA. Unlike eIF4E, elF4H isoform 1
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showed no effect on the nuclear export (Fig. 6g), which sug-
gests that upregulation of cyclin D1 by eIF4H isoform 1
occurs at the translational level,

We also found that suppression of eIlF4H isoform 1
induced the apoptosis of colon cancer cells. The induction of
apoptosis is associated with the downregulation of transla-
tion rates, and underlying changes to the translation mech-
anism during apoptosis have been elucidated recently.®
Apoptosis-associated modifications include the specific
fragmentation of translational mechanism, such as eIF4G,
elF4B and elF3j, and alterations in the phosphorylation
states of initiation factors, such as eIF2q, eIF4E and elF4E-
BP1,** which might change the translation rates of pro- or
antiapoptotic proteins. Moreover, eIF4E mediates myc-
dependent apoptosis by inhibiting mitochondrial cyto-
chrome ¢ release through an increase in Bcl-X; mRNA
translation.>® One explanation for apoptosis occurring by
the suppression of eIF4H isoform 1 is that low levels of
eIF4H decrease the translational efficiency of antiapoptotic
factors, -although knockdown of eIF4H isoform 1 showed
fio effect on Bcl-2 or Bcl-X; levels (data not shown). Fur-
ther investigation is needed to clarify the precise mecha-
nism of the induction of apoptosis.

Pre-mRNA splicing is a sophisticated and ubiquitous nu-
clear process, which is a natural source of cancer-causing
errors in gene expression. A large number of cancer-related
genes. that exhibit alternative splicing have been character-
ized, including CD44, WT1, BRCAl, MDM2, FGFR and kal-
likrein family members.'® As well as being associated with
cancer, the nature of alternative gene products is usually con-
sistent-with an active role in cancer; for example, several
splicing variants of HDM2, the human homolog of MDM2
increase p53 levels and enhance P53 transcriptional activity.*®

ridenc _ Our recent data also show«ed that a splicing variant of c-myc
novel oncogene and might be a promising: molecule’ target /

suppressor FIR was: frequenﬂy found in colon cancer tissues
and promoted tumor development by disabling FIR repres-
sion to sustain high levels of c-myc®’; therefore, the alterna-
tive spliced isoform plays an important role in carcinogenesis
and elF4H isoform 1 is one of these.

In our study, we showed that only eIF4H isoform 1 and
not isoform 2 possesses transforming activity. An important
question is why only one isoform has oncogenic potential.
elF4H is thought to stimulate protein synthesis by enhancing
the helicase activity of e[F4A. The most likely explanation of
elF4H isoform 1-specific activity is that the isoform 1-specific
exon 5 causes conformational change of the protein and
enhances its helicase activity, which increases the cyclin D1
level, although this was not confirmed. Another possibility is
that elF4H isoform 1 specifically binds to other oncogene
products or tumor suppressor proteins and enhances/inhibits
their activities. Further studies are needed to elucidate the
mechanism of the isoform 1-specific oncogenic potential of
elF4H.

Drugs that can selectively kill pathogenic cells without
damaging healthy cells are so-called “magic bullets.”*® Our
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observation showed that selective suppression of a splicing
variant of eIlF4H inhibited the proliferation of colon cancer
cells and had no effect on immortalized human fibroblasts.
Consequently, eIF4H isoform 1 would be an ideal therapeutic
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target for colon cancer.
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Phage antibody library is a promising tool for rapidly creating in vitro single-chain Fv (scFv) antibodies
to various antigens. The scFv can also act like a subceliularly-expressed antibody, known as intrabody,
and can either be used as a novel research tool or used efficiently for targeted molecular therapy.
However, there are only a few existing reports about the successful expression of scFvs as functional
antibodies in the cell, mainly because poor quality scFv phage antibody libraries were used to isolate
the intrabody clones. The aim of this study was to isolate intrabody-forming scFv clones from the non-
immune scFv phage antibody library we have generated. Using this library, we isolated a scFv clone
against the apoptosis-related intracellular protein Bid in two weeks. To evaluate the intrabody-forming
quality of this anti-Bid scFv clone, we expressed it in cultured mammalian cells after fusing it with the
fluorescent protein Venus. The expression of the soluble form of anti-Bid scFv-Venus fusion protein
was confirmed by fluorescence microscopy analysis. These results show that our scFv phage library is

not only optimized for antibody production but can also be used to efficiently generate intrabodies.

1. Introduction

Recently, it was suggested that most of the disease-related
proteins or drug target proteins are located in the intracellu-
lar compartment. Therefore, it is important to elucidate the
functions of these intracellular proteins to explore for novel
drugs or clinical therapies and to develop ways for modulat-
ing their functions. In this respect, the intrabody technology,
which is expressing an antibody in the cytoplasm, is consid-
ered to be a promising tool for analyzing the functions of
subcellular proteins (Huston et al. 2001). Especially, intra-
body can be useful for the analysis of post-transiated modifi-
cations, because it can selectively inhibit the function of a
protein. The intrabody-induced inhibition of selective pro-
tein function is different from the siRNA method, which acts
by totally knocking down the protein expression. Intrabodies
can also be of therapeutic use by neutralizing intracellular
proteins (Miller et al. 2005; Alvarez et al. 2000). However, it
has been difficult to establish the intrabody technology be-
cause the reducing cytoplasmic environment generally leads
to low intrabody stability (Cattaneo et al. 1999).

Isolation of intrabodies using the phage or yeast antibody
library can replace the hybridoma technique as the latter
takes more time and effort (Popkov et al. 2005, 2003; Hol-
ler et al. 2000). However, only a few research groups have
reported the creation of the intrabody from the non-im-
mune phage antibody library (Rajpal etal. 2001; Colby
et al. 2004), mainly because of the low quality of the anti-
body library.

We have already reported the construction of a high-qual-
ity non-immune phage antibody library and the optimized
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screening conditions to efficiently isolate a monoclonal
antibody from this library (Imai etal. 2006). Thus, we
believe that we can easily isolate subcellular protein-speci-
fic antibodies using this optimized non-immune phage li-
brary.

Using this phage library we first isolated a scFv clone
against the apoptosis-related intracellular protein Bid,
which is reported to be one of the candidate proteins relat-
ing to acute hepatitis (Yin et al. 1999). Next, we created a
fusion protein between the anti-Bid scFv and the yellow
fluorescence protein Venus, and then expressed this fusion
protein as a soluble intrabody in cultured cells.

2. Investigations, results and discussion

We have previously reported methods to improve the qual-
ity of the non-immune murine scFv phage library and to
use this phage library for the rapid isolation of monoclo-
nal antibodies to various antigens (Imai etal. 2006). In
this report, we isolated scFvs to an intracellular protein
and then evaluated their intrabody formation quality. The
scFv phage display library was prepared from the glycerol
stock of E. coli TGl containing the scFv phagemid li-
brary. The Bid-His-tag or native Bid protein was immobi-
lized on the surface of the Biacore sensor chip and the
affinity panning was performed for 3 to 5 cycles. The out-
put/input ratio (titer of the recovered phage library after
the panning/titer of phage library before the panning) was
increased as the panning round was repeated (data not
shown). This elevated output/input ratio indicated the en-

Pharmazie 64 (2009) 4
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Fig. 1: Amino acid sequence of the antibodies isolated from the non-immune scFv phage library by affinity panning
Amino acid sequences of the scFvs for His-Bid or native Bid, isolated from the library, were determined by DNA sequence analysis. VL; light chain

variable domain of an antibody. VH; heavy chain variable domain of
region. “-"

richment of the antigen-binding scFv clones. A total 96
clones were randomly picked from the post-panning out-
put phage library and their bindings to each antigen were
tested by phage ELISA. Among them, several phage
clones showed higher binding to the target antigens, Bid-
His or native Bid (data not shown). Analysis of the DNA
sequences of these positive clones led to the identification
of one Bid-His binding scFv clone and another native Bid
binding scFv clone (Fig. 1). The antigenic specificity of
these scFvs was investigated by phage ELISA using var-
ious proteins as antigens. The scFv clone isolated by
using the Bid-His (scFv clone 1) as antigen bound not
only to the Bid-His but also to the other His-tagged pro-
teins (data not shown). Thus, scFv clone 1 may be an
anti-His-tag scFv antibody. On the other hand, the scFv
clone isolated by using the native Bid as antigen (scFv
clone 2) bound specifically to the native Bid, but not to
the His-tagged caspase-8, His-tagged importin-f3, lucifer-
ase, tumor necrosis factor receptor 2 (TNFR2)-Fc-chimera,
His-tagged Venus and KDR-Fc-chimera (Fig. 2). This re-
sult suggested that the scFv clone 2 was an anti-Bid speci-
fic scFv antibody.

Very often a His-tag is added to a recombinant protein for
purification purposes. However, we have found that when
a His-tagged protein was used as an antigen for panning,
the clones of binding to the His-tag concentrated rapidly.
Therefore, a modified method, which includes a step to
eliminate the tag-binding clones, should be developed
when having to use the His-tagged protein as antigen for
panning.

In order for scFv to act as an intrabody, the most impor-
tant criteria is that the scFv is expressed in the soluble
form in an environment that is not suitable for antibodies
(Worn and Pluckthin 2001). To evaluate the characteristics
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an antibody. FR; framework region. CDR; complementarity determining

in Fig. 1 means that the same amino acid occurs at that position in clone 2 as the clone 1

of the scFvs as intrabodies, the fluorescent protein Venus
was fused to the C-terminus of the scFv and each fusion
construct was subsequently analyzed for subcellular ex-
pression. The expression vector harboring the scFv clone
1 (anti-His tag scFv) or clone 2 (anti-Bid scFv) was trans-
fected into the HEp2 cells and the expression of the fluor-
escent fusion protein was observed using the Olympus IX-
81 fluorescence microscope. The fluorescent images 24 h
after transfection revealed that both the scFv-Venus fu-
sions were expressed in the cytoplasm (Fig. 3). Although

1.6
14 Phage Ti
ge Titer (CFU)
1.2 B 30x10"
1.0x 10'°
E 1.0 .
4 O 33x10

Bid

CASP8 TNFR2 KDR Luciferase Importin-§ Venus

Fig. 2: Binding specificity of the isolated anti-Bid scFv antibody

Binding specificity of the anti-Bid scFv was determinded by phage
ELISA. Native human Bid, His-tagged human caspase-8, human
TNFR2-Fc-chimera, human KDR-Fc-chimera, luciferase, His-
tagged importin-f3, His-tagged Venus (50 ng each) were immobi-
lized on the immunoassy plate and then the purified anti-Bid scFv
phage (3.0 x 10'0, 1,0 x 10'® and 3.3 x 10° CFU each) was ap-
plied to the wells. Each bar represents the mean OD450-
655 nm =+ SD (error bars) in three wells
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we will have to assess the binding of scFv to antigen in
the cell and the anti-apoptotic property of the anti-Bid in-
trabody (clone 2) in the near future, our results suggest
that we were able to isolate intrabodies from our non-im-
mune phage antibody library.

We believe that intrabody-induced functional inhibition of
Bid could be a novel therapeutic method for treating dis-
eases, such as acute hepatitis, for which there are no treat-
ment available (Yin et al. 1999).

It is not known which antibody can be expressed in the
cytoplasm. Such fundamentally useful information can be
achieved by isolating various antigen specific intrabody
candidate clones using our phage library and analyzing
their amino acid sequences.

3. Experimental

3.1. Cell

Human pharynx cancer cell line HEp2 cells (TKG0403, Cell Resource
Center for Biomedical Research, Tohoku University) were sub-cultured in
RPMI-1640 medium containing 10% fetal calf serum, 0.1% 2-mercap-
toethanol and 1% sodium pyruvate. TNF-a treatment induces apoptosis in
HEp2 cells (Berkova et al. 1959).

3.2. Non-immune phage scFv antibody library

Construction of the non-immune murine scFv phage library was described
previously (Imai et al. 2006). The phage display library was prepared from
the glycerol stock of E. coli TG1 containing the scFv gene library, and
was immediately used for affinity panning.

3.3. Affinity panning using BlAcore

Affinity panning of antigens was performed using the microfluidic flow sys-
tem based BIAcore 3000 instrument (BIAcore International AB., Uppsala,
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Fig. 3:

Intracellular expression of scFv-Venus fusion
protein

The left panels decipt the fluorescence in the
Venus (YFP) channel. The right panels show
the bright-field images. The expression plas-
mids containing the scFv-Venus gene fusions
were transiently transfected into the HEp2
cells by lipofection. A. Cells transfeted with
the scFv clonel-Venus fusion construct. B.
Cells transfected with the scFv clone 2-Venus
fusion construct. C. Cells transfected with the
pTriEx vector containing the Venus gene
(control)

Sweden) as described previously (Imai et al. 2006). Briefly, 5 pg His-tagged
Bid (Alexis Biochemicals Co., Taejon, Korea) or non-tagged Bid (Sigma-
Aldrich Co., St. Louis, MO) was immobilized on the surface of the sensor
chip CM3 (BIAcore). The phage library solution was injected onto the sen-
sor chip at flow rate of 3 pL/min. After injection, the sensor chip was rinsed
10 times with the HBS-EPT (HBS-EP running buffer containing 0.05%
Tween 20, Biacore). The bound phages were eluted with glycine-HCl (pH
2.0), and were treated first with glycine-NaOH (pH 11.0) and then with tris-
HCI (pH 8.0) to neutralize. Recovered phages were amplified by infecting
log phase TG1 cells for the next round of panning.

3.4. Phage ELISA

Single clones of affinity-panned phages were prepared from the culture
supernatant of TG1 in 96 well format plate. These phages were blocked with
2% Block Ace (Dainippon Sumitomo Pharma Co., Ltd. Osaka, Japan) at
4°C for 1h, and then applied to the antigen-immobilized immuno-assay
plate. His-tagged human caspase-8, His-tagged human-importin-f3, lucifer-
ase, tumor necrosis factor receptor 2 (TNFR2)-Fc-chimera, His-tagged Ve-
nus and KDR-Fc-chimera were used as antigens. After shaking for 2~3 h at
250 rpm, the bound phage was detected using the HRP-conjugated anti-M13
monoclonal antibody (GE Healthcare Biosciences AB, Uppsala, Sweden).

3.5. Intracellular expression of scFv-Venus fusion protein

The ¢cDNA of the fluorescent protein Venus was kindly provided by Dr.
Miyawaki (Riken Brain Science Institute, Saitama, Japan). The isolated
scFv genes were inserted into the Ncol and NotI digested mammalian ex-
pression vector pTriEx (Novagen), which contained the Venus gene. The
resulted plasmid containing the scFv-Venus fusion protein gene was trans-
fected into the HEp?2 cells using the Lipofectamine 2000 reagent (Invitro-
gen, Carlsbad, CA). After 24 h incubation at 37 °C, the expression of the
scFv-Venus fusion protein in the cells was observed using the Olympus
IX-81 fluorescence microscope (Tokyo, Japan).
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1. 1Lz EEESMAREEA R L, MiEN CERBE M 2 3%
VHE, FRBEBICETAS T A I AR ETALWnWHi N ahi, 20 Tat BEHIX
HERICHE-S T, AlEEY —4F v b, HDWIIERR HARICEET HRESEEERE L LTHE
XL HBREBAENRKRL EREEESh, £72. B &h, EFZBEETOMTND Tat ERETOT
FNOEAEOBELHIAI L >OH D, Thb I B8 10~16 FRE LV 72 B EENEERITNAE
EHEAEgodc, MlgEL, »avidfasc DfE (Protein transduction domain: PTD) T
BERET A FIox LT, BRICHEERESY A b HAHEZEPHLNIIENTWS, ZD L 57 PTD
HA VEEMN, Hx REREERISTT AR . Ya v Pa RNz ORAF FAAVERE,
ELTEBELTWS XY, EBEETSF K- HIV-1 ® mRNA &S R EBE, B~~~
EOES0ENTWE L ERS L UTHEBIIZ UANA (HSV) OHEEEHEFICOFEL. £
ERLLY &4aihB’mELTWB, =T, NLFN Antp, Rev, VP22 & @4 S TwW5, PTD
AN CHETIRBEEERELEN L T2 DORFITEAEOMIGE ‘9 AL VI BEF
BAIZBVWTIE, ALK RTFF RRERE., b5 OFEFBEE L., MEAEYE AR 205
WK E Wo B TR OICABPHFE S PRECHEBINFERE LTHIFER2EDAI L E
BH0OD, —BIZES T EYITIE TR MR 20, BI(EENEBOBREBETRIEICL T Z
MEAENBETABREANTRT ~DBTHE HhoOEFIZEAT L LT, XTF RREAE
WWZLWEWIRIBEEHR L TWD, Lizdo T, LEOBROTFHEEMENIIEZICEATESL D
EOTFERYEZMEANICHR I CEZELZ LT, M ERHLNEENRTWS, LBL.PTDZH 5T
Ra P T O ENRE & b BB IS HIE AT RE 2R BT R LThH, BRENARRET D8 - a2 +41
Drug Delivery System (DDS) %BAEI 5T & Blx eV EAHELNIIENTEY, AFHkE
ARTEhE, MIENEREZENE LoRIERD LIV RFEEE LTHTIDDOHE/
HMIEERIENHENY TEX b0 ELONS, KB HEEEARDLNATHD,
EMNSER O, TERN N, MEABITE FZCHAIZ, ET PTD 04N DDS %+ V
WEHTHTF K, protein transduction 7 —& LT DR EITHRIET 5 78, (RERZ2
domain (PTD). & %\ X cell penetrating 4 F&3HD PTD OMIBABAITRHED LLBART. 12 5
peptide (CPP) %t L7z M DDS £ iiT DO ba % TR RERBEOMMH 2R A 7= (Table 1),
PRHTWD, AETIE, Ex 0 PTD OHlaA
EATFEAFY YT — & LTORMHIZOVT, £

. TR R R REE L, Ty—y 0 onn sequence
EmEREL AL L% BEA PTD &I B, Tat HIV-1 YGRKKRRQRRR
ROCITHBRNEY ¥ — 57 4 v JHZ 20 Antp Drosophila  RQIKIWFQNRRMKWKK
TR SE TS T2, Rev  HIV-1  TQRARRNRRRRWRERQR
VP22  HSV NAKTRRHERRRKLAIER
. PTD o#iFs A DDS ¥ U 7—& LT OHE Table1 Amino acids sequence of PTD.

= o
=

1988 4E|{Z Green *® Frankel 612k -»> 7T, B b PTD H & OHMIANBITREM 2 MIzNBITIEE
I ARL Y A V2 (HIV-1) OEERTH 5 Tat BRI EEHEOB RN LRI 2720, 5

s
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% MR & LT Jurkat AL, MOLT-4 #RA.
HL60 fifaz Hvy, Zh b oMialcisi) 5868
#% PTD (PTD-FAM) ©#%1T7& % Flow cytometry
W wERLE (Fig 1),
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Figure 1.

Comparison of the cellular uptake of PTDs.
Various cell lines were incubated with FAM-labeled Tat
(white column), Antp (hatched column), Rev (gray
column), and VP22 (black column): Hel.a (A), HaCaT (B),
A431 (C), Jurkat (D), MOLT-4 (E) and HL60 (F)at 10 ¢ M
for 3 h. After trypsin treatment to digest PTDs adsorbed on
the cell surface, the PTD-transduced cells were harvested
and analyzed by flow cytometry. Error bars indicate the
mean=+S.D. of triplicate assays.
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MROBENBFRD bIiz, Tat 137 7 AU UIEEK
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EHEL, MIENICEASNEEYOESEZ KE L
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YL E OB ORE RN S PTD 2BV i=a%h
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MENBITIEE/ 222 L- PTD OfIH &
T RY—AHREORBRPFEETHEI LD L
Zzohiz,

3. 77— VRERTPEEZERMELZHER PTD
BIHE T DBAZE

LD XS, MRNEDRELZERT LD
WZiE, MIRAICZED DR RICEY 2 B A TTHE
7% PTD #AIHTZXENRH D, £Z T, Zhb
FREEEER L D 29 PTD 28IHT57200%
e LT, 7y —URARTEDICHEZRART,
77 —URERAEL, N 1EEELOSRES
BLET IV BEBRES AT )06, K
BREICE ST (Rr=r2) 12doT, &
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FHEAED D2WENTF FE2REICEEERTRE
RAEERTH D, WL, M-I HHEEM
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7) b MIRAICEA Sh a0 Bl EE
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H OMRaNBITIEEF ML A E5hE DS Z L T,
HEE PTD %A Z—7 v MZRIETE B8
Telp R V== THEEREBR LT (2-step 227 Y
—=7) (Fig. 2),
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Figure 2.
Scheme of 2-step screening
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ZAREF Lo oMBRNBITHI RO B 2 BRI M
E XL R Tat DRI ZRAAT,

¥4, T & b7 NNS HEEES] (N = A/T/G/C,
S = G/C) %#%&ir degenerate primer % M\ 7
PCR 12 & - T, Tat B OHIIRNBATIEMEC
BELEZILNTWATAX =S D 5EOT
2 BETUFLRT I BICER L7 Tat WA
BBEFIAT TV ERMER L, 7 VMIRTH
% HaCaT #fgicxt L, X7 477V 2HWT
2-step AV V—=V T REMLICEZ A, Tat &
D HOHIIREEFEEEZRT 7 v — U BERE
bNT&E, ZOHFT, FiZmWHREEREEL
RL7Z 67— (mT1~mT6) DMRNBITIE
PEERENREBTSF FEAVWTERMICHM L
722 2A, mTs 26N mT6 ik Tat LV b 2.5
~3 EU EEN T HRANBITEE R T Z AL
Melrot- (Fig. 3),
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Figure 3.
Cellular uptake of PTD-FITC conjugates into HaCaT
cells.

FITC labeled PTDs were incubated with HaCaT celis for
3 h and their cellular uptakes were measured by flow
cytometry analysis. Stripy columns show uptakes of PTD
candidates from the Tat mutant library. Black column
showes uptake of control Tat-FITC. Error bars indicat the
meantS.D. of triplicate assays. * p<0.01, compared
with Tat.
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Bl roT, MiFEF LT FY—ARIZH
HFERDHZENTENIE, BpEMBREA~LD
REEETZDRLDOLEEZLND, £I T, K
FEOMRENEYREELRLE LTOR AL
i+ A7, HA2-Tat & Tat BlEENXEBE
(Tat-VENUS) #b4is U7 Hela fifa%
HEAL—P MBI VEE L (Fig. 4),

Nucleus

Tat-VENUS

Tat-VENUS
+HA2-Tat

Figure 4.
Intracellular distributions of Tat-VENUS.

Hela cells were treated with 10 yM Tat-VENUS alone or
in the presence of 5 yM HA2-Tat, and cultured for 3 h.
Fluorescence images were acquired by confocal laser
scanning microscopy and the signals were digitally
merged. The nuclei were counterstained with Hoechst
33342 (blue). Scale bars in each microphotograph
indicate 20 ym.
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EOEOMBERBITHEEINZZ EEZTREL
TW5, BN T, RENRANTRIBITL 7T
LT %D SV40 Large T HURBHROEBITY 7
Jv (nuclear localization signal: NLS) % {5 L
7= Tat-VENUS (Tat-VENUS-NLS) %MW\ T,
AEHEOMBNS — 5T 4 v 7HilFE LTORE
A x AT, Tat-VENUS-NLS # B, H 53
HA2-Tat & 3£ 3 BRI 3ERE38 U 72 HeLa Aifid & &
EEV—VP—BEHRECTHELEZLE Z A,
Tat-VENUS-NLS % B C/ER &&= TIL,
VENUS H3kD# A Ky MRIZE® b vz (Fig.
5), Fizxt LT, HA2-Tat & Tat-VENUS-NLS
& A U7- BBV, VENUS kD E
W ERB L BRBES L, LEEBR- T,
PTD. HA2, NLS OHHESERTF REMELEGD
HHZLIRE-T, HFERTFTOERE R bEN
WCE CRIRIICEETRE TH D Z &R,

Nucleus

Tat-VENUSNLS
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Figure 5.
intracellular distributions of Tat-VENUS-NLS.

Hela cells were treated with 10 uM Tat-VENUS-NLS
alone or in the presence of 5 yM HA2-Tat, and cultured for
3 h. Fluorescence images were acquired by confocal laser
scanning microscopy and the signals were digitally
merged. The nuclei were counterstained with Hoechst
33342 (blue). Scale bars in each microphotograph
indicate 20 ym.
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Figure 6.
HA2-Tat enhances the cytotoxicity of NLS-PNC28-Tat
A549 cells were treated with 6 ¢ M PNC28, PNC28-Tat or
NLS-PNC28-Tat in the presence of 5 uM HA2-Tat. After
6 h, the cell viability was analyzed by WST-8 assay. Error
bars indicate the mean=+8.D. of triplicate assays.
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