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Protein Penetration Technology for Clinical
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SUMMARY

I. Title

The protein penetration technology for clinical therapy of human disease

II. The purpose of research

Gene therapy and protein therapy are based on the delivery of target
genes or proteins into cells instead of traditional chemotherapy to treat
human diseases.

According to the recent findings that abnormal activity of cellular proteins
is responsible for the generation of a variety of human diseases, it become
a major concern that development of therapeutic agents against fatal human
diseases could be achieved by regulating the biological activity of these
proteins. Nevertheless peptides or proteins are superior to other chemicals in
the selectivity and efficacy of their action mode, utilization of these
peptides/proteins as the therapeutic drugs is severely limited due to the
difficulty of delivery of therapeutic proteins into cells.

Several techniques have been developed to introduce proteins into cells,
including physical treatments (microinjection, scrape loading, and biolistics),
chemical or biological pore formation (digitonin, pore-forming proteins, and
ATP treatment), the use of modified proteins or protein carriers (lipidiated
protein's and immunotoxins/related bioconjugates), and particle uptake or
fusion (liposomes, cell-cell fusion, virus mimics, and induced pinocytosis).
For any techniques to become generally applicable, several important
questions about a fraction of cells affected, treatment period, the extent of
uptake between cells, reproducibility, cell toxicity and the location of proteins
within the cells should be addressed.

To solve this problem and improve protein therapy, the specific aim of
this proposal is to develope a novel protein penetration technology by which
a variety of biologically active proteins could be delivered into cells to
directly and efficiently treat diseases.

This protein penetration technology is based on the previous findings that
exogenous HIV-1 Tat protein was able to translocate through the plasma
membrane and to reach both the cytosol and nucleus in the cell. A basic
domain of Tat protein spanning from residue 49 to 57 has been identified to
be responsible for this translocation activity. Other translocation domains



were identified that reside in the third helix of the Antennapedia protein
homeodomain from Drosophila. This technology could be utilized as a
reliable general technique for efficiently delivering a variety of biologically
functional target proteins into large numbers of living cells or organisms for
the treatment of aging, cancer, neurological diseases, genetic disorders, and
diabetes as well as the study of cell biology and drug delivery.

This technology also would be utilized the delivery of peptide, DNA,
antisense RNA and organic molecules which can be used as therapeutic and
cosmetic effects. Therefore, the successful development of this protein
penetration technology will contribute to the medicinal, pharmaceutical, and
cosmeceutical industries.

III. The contents of experimental approach

1. Development of penetratin expression vector with high efficiency of
translocation activity by utilization or modification of penetration domains
which were previously defined from human immunodeficiency virus Tat
or Anntenapedia homeodomain.

2. Development of fusion techniques to produce fusion proteins containing
penetratin and target protein

3. Development of protocols for expression and purification of pentratin fusion
proteins

4. Optimaization of conditions for transduction of purified fusion proteins into
cells and analysis of biological activity of penetration fusion proteins in
cells

5. The penetration of fusion proteins into tissues for protein therapy

IV. Results

1. Development of penetration expression vector and fusion technologies of
target protein with penetration vector

1) We developed the HIV-Tat expression vector and fused GFP gene into
the vector

2) We developed the homeodomain expression vector and fused GFP gene
into the vector

3) We cloned the genes of proteins related to the human diseases (aging,
cancer, neurological disease, genetic disease, diabetes, skin diseases etc)
and fused these genes into the penetration vector



2. Development of protocols for expression and purification of penetratin
fusion proteins

1) We produced the monoclonal antibodies of target proteins for detection of
penetration into cells or tissues

2) We expressed, purified and identified fusion proteins

3. Optimization of conditions for transduction of target proteins into cells and
tissues and analysis of biological activity of the transduced proteins.

1) We identified the transduction activity of Tat-GFP

2) We performed the transduction of target proteins related to the human
diseases into cells and skin and analyzed the biological activities of
transduced proteins

4. Development of more efficient transduction techonology for target proteins
using metal ions, natural products and change of Tat-position into target
proteins.

5. Search of possibilities for protein therapy wiht disease animal model such
as ischemia or diabetes milliutus.

V. Application of Research

1. Practice of direct therapy by utilizing cell-permeable proteins to treat
human diseases(Aging, cancer, neurological disease, genetic disease,
diabetes, skin diseases etc.) and design of cosmetics for anti-aging

2. Synergic effect of therapeutic efficacy by complementation of current
chemotherapy and gene therapy, peptide therapy, and antibody therapy

3. The utilization of organic molecules as cosmetics or anticancer drug

4. The utilization of regulation in the plant growth, shape and functionality
by protein transduction into the plant tissues

5. This method of protein transduction could be applied to studies of various
intracellular protein functions (genomic function) and cellular process

6. Solution of technical problems in drug delivery system

7. Playing a leading role in protein therapy in international society
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AT Tatg o] &3 DNAS HAT2Y delivery (Dowdy and suyder, 2001:
eguchi et al, 2001), metabolic inhibitor®] delivery (torchilin et. al, 2001)7} &
EHJ3 Dowdy groupdl4 GTPase® mamalian cellso]l 28 (Dowdy et al,
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HIV-1 Tat protein transduction domain (PTD)E membrane€A X ZHA AE
W2 JAFHesA0 BeAEA JE7|dd o Be A7 HAXT ofA 7R
Agst 7jde dHAA & AEjolH, receptor-, transporter—-, edocytotic-
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A7 vector’t L EFH AT (Lundberg et al, 2003; Cashman et al, 2003; Ho et
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Tung et al, 2002). o] ¢ T%Is EF B9 NI YR AE7)%Eo] AgPZHo)
th. o) E&E 9, organic molecule¢! cyclosporine AZ FFAE 9 A EFGAAS
o (Rothbard et al., 2000), anticancer drugE-g liposomeg ©] &34 cancer celld]
HAFEANZTEZL EE bone cell differentiation®  functiong <GTF35H7] 3
hemagglutinin®} calcineurin® osteoclasts$} osteoblastsell I FAA anticancer 9]
253 bone celld] 39 715< #AAS9 AF7 APHAYTHTsen et al, 2002;
Dolgilevich et al, 2002). °o]|Ad SPAxE= g EFES AZH FF7&€E 9
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2. 2 A4 NeNEaR
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(Eum et al, 2002; Kim et al, 2003)3 Z3Ird FE (38, Fx)drey &
W NEgHY 7HEAAE FUAFAY (Eum et al, 2004a, 2004b).
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9 &3 22AGA% &, o - R2AAAE g8 Z2 Hela AEo]Aig]
ERFFEY AET YA HIV-1 LTR promotor transactivation
transactivating activity 913 human endotherial A Eo]A] 2]
435t vascular cell adhesion molecule-1
(VCAM-1)9) 2 x3d& E43dd
AxJ 158 3
- PTD 47-57¥ %33 vector A=
(ATG-His-YGRKKRRQRRR)
HIV-1 Tat 9] protein - PTD 49-579H %3¢ vector A=x
Y. HIV-1 |transduction domain (PTD) (ATG-His-RKKRRQRRR)
Tat &4 o] %9 (amino acid . PTDo] 1074, 874, 771, 674, 571, 474
vector A& |47-57¥) t}YF pTat T8 a.a7t H§E= deletion B oY
vectorg AZ&% ). vector A&
1. I% - HIV-2 Tat vector A=
g w2 . pGEX-4T-Tat vector A=
penetratin |Th, HIV-Tat |, . o o N - ATG-His-PTD—-(proline)n #7}a o4&
o} AL |basic ;é]-rt E?H;‘:} f %%; 049\1;1'\]-1 vector A &
domain®]  |TPEG LS nlare || ATG-His-KKKKKKKKK 2 ool
deletion, mutagenesis(deletion he 9 vector A& (ILys-Tat vector)
mutagenesis addition substitutions o - ATG-His—RRRRRRRRR & o]&o|Z
g o183 o8 1wl = 24 vector AZ (9Arg-Tat vector)
A% mey |2l vectors - Mutant vector AZ (10K, 9K, 8K, 7K,
Kics e 9R, 8R, 7R, 6R, 5R, 4R, 3R)
- 607) otml:=Ate 3= vector AR
o i (His-Fushi-trazu homeodomain;
6074} O}D].l: e e . pFtzHD, His-Engrailed homeodomain;
i\:tffr)l)n;pesdtja h }igm?ﬂogo;?am pEnHD)
n rd helix 8 6 wElsli
6093709} o}ml:mAts} 167 | 1(6153?};[};;]&&3 Egshe vector Ax
bl Ty W8 | o T e ONRRMRWRKA A
2}. Homeo- |vector® 24zt A z3 %o,

C-2¢ RRMKWKKE X35 &9
vector AZ (Ptn7C vector)

- pEnHD vectorolA] C-&g¢+ 7749

otnl =4t g8l vector (pEn 7C)
Az (KRAKIKK)

- pEve7C vector A= (RRMKDKR)
- AZ" vector® I GFP A9 %

ptn7C~-GFP, pEn7C-GFP,
pEve7C-GFP
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, ?i #—ﬁg%‘ﬁ-. '
B .o): . S N2y o ;
- PEP-1 vectord] A%
- - (KETWWETWWTEWSQPKKKRKV)
HIV-Tat A% vector: %E 217}8]  ofujwal Il ol2olR
BelAdLe WA (denaturation) PEP-1 sequencel: Thee] 420
AlZL oA AR =Y ol=o 9lch. - -
1. A% Wel Sx GAdo) SATER e WWETWWTEW :
:é‘:% =2 h PEP-1 | #AA2 deels A% @ 4 hydrophobic trap motive
penetratin @4 vector |31E PEP-1 vector® 71%sh SQP : spacer arm
=z o]
o A A et - KKKRKV : hydrophilic lysine
_ S rich domain
/j}-’i‘-s‘%Dvegtor;l ] E)\ %O‘J_E}':f o] sequence¥ PTD domaing Ffr3tn
e v trata iﬂsei}_ A ° Q= signal peptide2A AZEW IFE
eetors | 91814 SOD, Catalase & & AR
- PEP-1-80D, PEP-1-Catalase
‘ _ - GFP9] cDNA ME& 7|22 2%/
(1) His-Tat penetratin©] oligonucleotide &4
23H4d pET vectoro]
repuor;cer ’%@Zj QJLEF_P * Forward primer: (Xhol site ¥
@A ORFE 489 |5-CTCGAGGTGAGCAAGGGCGAGGAG
His-tage] ¢4 CTG-3
pTat-GFP 24 vectorg * Reverse primer: (BamHI site ¥f)
Az 5'-GGATCCTTACTTGTACAGCTCGTC
: _ CATGCCGAG-3°
(2) 5 EE] ¥ vector
Ade 98k mutation, | JEGFP-C22 28 PCR 43, DNA
deletion, addition $& A9 ujy
01%51' theFsk 24 vector
Kol
2. Penet~ |, pry Tt sE A= - ot#) 9] th¥@ pTat vectord] GFP
ration¥} ’ g . « | *AA subcloning
zwgug [T reorter (@) AF L&E& wd F AlE | 00 o Grp Tai(49-50)-GEP,
o gg |gone (GFP) | Tate} PTD 970 obuledl&) 1000 ooy GRp Tai(51-57)-GFP
[e) o F - be = =] y >
Ae Aw | EE IiFf o C tl‘jjrmc‘“i‘ f?‘ﬁ Tat(52-57)-GFP, Tat(50-53)-GFP,
ferminal ™ Coserminal | Ta1(50-54)-GFP, Tat(50-55)-GFP,
A s Zﬂz] 2d Tat(50-56)-GFP,
clors A== Tat(49-57)-Pro-GFP,
N Tat(49-57)-Pro-Pro~-GFP
- E A 3
@ ;ﬂg u{;},fg; CCIOr= | Tat(49-57)-Pro-Pro-Pro-GFP,
= THE" Lo _ _ - _
(denaturation)A17] 4] 10,9,8,7-Lys~GFP, 9~3Arg~-GFP
AR 2 | et wo-57)-sEDN A
. ) a il
E i 75,;;0] ST Tat-EX G A -Tat
FAAZ el A ’S—r 3 o ;}H”)']:
-’F 2= PEP-1 vectord] Tat-5E &2 -Tat
Az Arg8 g93d GFP)
- PEP-1-SOD, PEP-1-Catalase
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. e T e e
BrEA | clemagm mewy |0 TAAIMS
e 2 23dE Qg
g Ao fHxE 3238y
T A2 - Qlzk SOD fAAE RATHNAN A=
1) =378 §AR 38t primerE A& T PCRE FZ
(i) GAr8 &2 SOD, Catalase | A1Z F pTat vectorol A YAIAT
At fAA 229 R - 917} liver Catalase F3AE Hz2E
e & TS veetr | game)s amy sgen,
= 5 =z 3
(ii) Botolinum toxin 3=} primerZ A& ¥ PCRZ 5% %
329 2 pTat vector29] | pTat vectord] ARt}
29 + Botolinum toxin fr3A A (5)BioBud
(i) A AEds] B gwmg 22¥ A 3o} pTat vectordl
}iPSS (UV endoneuclease) | 1qlal7] €& primer® ARE &
AR 224 PCRZ %% ¥ pTat vectord]
4. HIV-Tat | (jv) DNA polymerase § 524} A Al AT
3 e azy o = 1= m
- RPS3 A& zang AE AF=E
PR B Pt .o L
ailﬁ 1;.1 (2) ?:}3&% %317\} l?‘Ei }":ol?:]:o}" primers 7"“3"?—1' ?:
8%k | () p53, p21, pl16, p27, p57 | PCRE FF F pTat vectore]
% #4222 2 pTat AR
vector29] 4]
I, (ii) Prodrug
« A9 Nitroreductrase(NR) o =
= ’ . , P16, p27, p57 FAAE
2. Penet- [ S¥ 2243 Cytosine deaminase(CD)¢] p_53' P21, » p)‘ pa v . }}o
rationd} A2 2823 2 pTat SEo] olAE nFZHE AFTEL.
2Exgyz vectorz.9] A9 - NR, CD #3AE EdF4d0A
o % =3ad (iii) Arginine deiminase(ADD | =z 23359t} primer® AZE F
71E AL away A A2 2 pTat PCRZ & X% pTat vectorol
- vector29] ¢ A}O
A7AE . 5 A A H T
(iv) Bax, HSP70 &= .ADI §AAE nHY WEE mie
o 329 2 Tat vectorZ WL‘_, v s
ARA 2¥9) 58 AFEsie,
Aol A - Bax, HSP70 §3A1E £ AF4A
SRk (3) AFAFAA F3A 2939 PCRZE F& A]7] & pTat
A8 (i) GABA-T, SSADH, GAD, vectorol] A AA AT,
Az GDH, PK, PO, IMPP §# =}
= A823 % pTat % PEP-1
vector 29 A4
(i) TH, GCH $52 32y 2| 97 2 & ¥22 GABA-T 4828
pTat vector29 4% EAFANN 22935150
- 17k Y=z& SSADH #AA Z24&
@ f-ji’;étﬂ"}ﬂ% FAT VD | gate] @A) A% 2 52895
N T2 g% sart
() PH $37 224 2 pTat N
vector 2.9] 49 = - 17t GAD FrRAE £ AgHolA
(ii) GABA-T, GDH $3dxz} 2 | I24a3Ar.
23 R PEP-1 vector 29| 91z} ¥z GDHE &4ty 4%
29 e w
s FZRE AFgsich
(iii) SSADHS] #-7z 289 ~ 1 o ye w
I;Tl PEP_l vector §_—°4 © A 34}_3-, GDH T@Z}ii oEe 1o
A4 ArAoA 9 st
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ZAH e

@

(G

G) dEedggafax

) INOS §-Ax m2824

6) = AAFAR

) SOD, Catalase

7 NsARBAGAR

(i) C3 Transferase

42 282 2 pTat
vector29] A+g)

(ii) hGH 3= 2829

pTat vectorg2] 44

(8) AE}E&A organic compound

£& Tat I% domain ¢
cross-linking

- A7k ¥=4 PK, PO F#AAE A&
ALA WFZEE H3ogd,
- TH XS &9 24 ZF2

- PH A& primer A2 & 2
ATFAolA U3 FEA cDNA
library2 %€ PCR A&Y 38} pTat
vectorel AUA R

- iNOS9} C3 Transferase 32
ZEd 293 ug 2 4o AR
RFE FE 47 AFTEstch

- hGH FAAZ primer A& % PCR
A2Y38te pTat vectord] YAzt
- Vitamin A, C& %% domain ¢
6-Lys-53 cross-linking A AT},

AFES Zt FAA9 primerE A FAE F
PCRZ FZA|Z t}& pTat vectord
AYAA FEIRA L Azs50c)

AT 89
1}, HIV-Tat
3 A2NEA
gl A F-A =
azg g
AR
T
+ AZ8AP
9. Penet- | SHEHEHE
ration¥}
EEGZ
o &% =394
71e AL | apw
ANEAE
#4a
AAA
tjA}ol
24
AEd
AgdE4
5
3. &%
il 4 o) N
Bl g4 | i
71 Mg

_?,]
lgl,l
L3
E.
o]
4
r}

oM vlEd Z+ AYUEA &
A9 $-AR7} insertion |
H vector £2 X g

coli BL21(DE3)E Ad¥ ¥
£ LB mediao]A PTG &
7vele] Audds F=35H4

Yol A 71€3F reporter protein GFP
92 A A A G5
FHAE TeE 2F vectorES

ZYzd E. colil A 3podd AlFATh
4 vector &

- 10K, 9K, 8K, 7K, 6K-GFP
9R, 8, 7R, 6R, 5R, 4R, 3R-GFP

- Ptn-GFP, Ptn7C-GFP, En7C-GFP,
Eve7C-GFP, Ptn7MR-GFP,
Ptn7MK-GFP, Ptn7WR-GFP,
Ptn7WK-GFP, pEnHD~GFP,
pFtzHD-GFP, pPtn-GFP

- Tat-GFP, GFP-Tat, Tat-GFP-Tat
Tat-SOD, Tat-CAT, Tat-p53,
Tat-NR, Tat-CD, Tat-GDH,
Tat-PK, Tat-C3 TF

- HIV-2 Tat-GFP, pGEX-4T-GFP

- PEP-1-50D, PEP-1-Catalase
PEP-1-BTx, PEP-1-GABA-T
PEP-1-SSADH, PEP-1-rpS3
PEP-1-Ceruloplasmin
PEP-1-Synuclein
PEP-1~Telomerase
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Rl O PE P e TAEY A8
- Zzbel 4dE §PIENA L Xt
2uy gRunase gz | SodARAS
o His (67I)0] golglel o1& | yymy 5 aazega 4zag
iﬂ}%ﬁ] :l%hot_o% Nlaff.—l?imloicetat Ni** -nitrilotriacetate Sepharose
2ol RA | olsete pelgAags | coumnel loadingstod bindingA|7)®
= T EEe A washing 2 elution bufferg o] &3]
desalting column& ©] &3} PR
saltE& A A s,
- Salt A|AE 3led PD-10 gel
3. 5% filtration ¥ & AF&3F% T}
R ED FABWEEY ¥ & A7) | 349 w9 SDS-PAGE 59
A% g |o g9 E?"é%-‘l} A s (pplyclor;al . os
- A o] J_t_monoclqnal antibody)% | Nitrocellulose membrane &
2 A ol o] €871} His-tag AbS transfer
= 7y = o)lR3 BAI w ol =
e ﬁ—;ﬁgoﬁfﬁf FHE S - GAE o]83 Western blotE4 o g
o golsgict.
- T4 A
6His, GFP, GAD
e d S Western blot
Z. 5% Moz #1317 98 C 2 AN AARAAY iaFTd
od #<l | 6His-o) tigdt ¥4 ¢ 7 g
£ 9% ER | EX dWAE59 g3
g A (poly ¥+ monoclonal) & Tat(49-57), 9Lys, 9Arg, SOD, CAT,
A 4t Z+zy e AY AF B PK, PO, hGABA-T, bGABA-T,
AT A BArE ). hSSADH, hGDH, bGDH, sGDH, IMPP,
NR, rpS3, BTx, synuclein,
Ceruloplasmin
- HeLa cell9] 8% 2 cell W29
g3 A5 (Tat-GFP, Tat-SOD,
Tat~CAT, 9Arg-CAT, Tat-pb3,
Tat-NR, Tat~CD, Tat-ADI,
PEP-1-SOD, PEP-1-CAT)
4. €% - PC~12 c_ell-‘l] W L ocell W29
w9 ] g d AE (Tat-CAT, Tat-PK,
AEU ) ;"éfjg 1%?};‘?}“-‘,‘?5] Az Tat-GDH) R
AEzA 7} &% %J—.,—g F3317] 96t 242 | Macrophage J7’Z4A. 19 i 2 cell
355 oA 9 2, ZAE 9UAES Ay | WEY ©RA A5 (Tat-C3TF)
2,5% T AR R | =98 47 gge A2 | S2 celld) MY 2 cell W29 TmA
gy | F Bl gdo] Azste} AT JF| A% (Tat-GFP, GFP-Tat,
i Ade s Tat-GFP~Tat, Ptn-GFP, Ptn7C-GFP,
A En7C-GFP, Eve7C-GFP)
* - Insulinoma cell (RIN-5F, MIN-6N)2)
W 3 gy JE (Tat-SOD)
AR 4859 AXEE trypsin-EDTAR
Ay F, AFH §PuR2
SDS-PAGE®} Western blot B4o g
g4
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_ _ AFE Py T
o RB e o © ey B
S AAE 8% gidy AU | AF d=d ¥ ¢ hairless mouse
- T AFE FY317) Y3t d€ | yY¥o) Tat-SOD, Tat~CAT, PEP-1-
e A g A2 hairless miced]| BTx $¥ERA & whg F Ao
g% 2z | Tat-SOD, Tat-CAT,PEP-1- | w&} o]lE @uido] i &g
A= ol I?TX% —Tﬂ-‘:r'*‘fﬂ vl g & AR =X E ARG £ G2
AF5AEE 4 5%ch 4= FHeoz #9357,
- Tat-SOD%} Fglo]-& 9.8 reconstitution
1) B2 729 SODe A= ® CR-Tat-SOD 2}¢] HEF &S Hela
LS ZANFY 9EA T AENE AE A 715 Western blot#}
Zoleg T PFagyl B VYR ¥RE SR
= BE 25 -
. §% e7F A%E SRR - 9453252 ginsenosideE vlg AX
- o X 3 TS - =2 AaF
g A o] (2) V4 F%E (ginsenodise)S ﬁ;ﬁ{}j&;ﬁ ;S(iD; Aeised
LA AT | o183 SOD AFEEN F| _vimam m grade SHoz
x99 gy | 7R E 339 QS’«?}%:}-‘ =~ S8 Ho~
®) f‘ﬁf—tiﬂég ']oi % O%E}ﬂ - GFP2] N-terminal, C~terminal
Tatg FANA AT82 T 95 920 Tard $3AA AR
7y RE SHSA A% &84 Western blotd}
FFAZE FA33A.
48 - AFE @A g AL FAE
o R o) Alztel w& @9 A9 degradation
A o R-E Ao mE Western bloto2
. FAsruh
AFzA9 ‘— .
dea® 3% ggase P8y sge
AT o5 Z 25
el Ztz} o83 Zo] HA8 o
S CGFP : @94 g 188 3% A7)
"': =
(1) AEYE EoiF @A E | p53 : AX9 Viability 2 p21
2. 83 AT A Y A AP induction &4
T o] A48 449 - p21 : AE9 viabilityE %
AR A Sl dE 54 uiet - NR : menadione®] #3]& 550 nm
oFA o Hu] 3L o] g% FF A7) AN &3 MTT assay
SR EE- Y AE, £29 84%, 281 - CD : 5-F-Cytosine ¢ W3& 290
T s cell viability A% o= nmol A FA3HAA 255 nm
Ta Q‘?l 3_246}@q‘ 0]]}\'} '%:'7}' Z——.‘“'Zé, MTT as_sa¥
RGP et - ADI : Arginine £3lo] W& Z4&
oK 53% nmfﬂ*i *151513 )
(2) 2AY2 P59 @¥Agx | PK © pyridoxal2%-¥ PLP7
= - 3 = =
A= 548 s959Th 2 geie 388 ameli ) 274
- SOD : xanthine/xanthine oxidase
Lol 9j &t ferricytochrome
C 8399 JAREE EFA=
53
- CAT : H20:2} degradation®
240nmo) A &3
- GDH : &ayk5ol 95 AAHH
NADHZE 340 nmoi419]
Hs &3
- C3 TF : macrophage®] 92} #&
(phagocytosis) &8 &3
(FITC-zymosan ¢ 33%o] Hx =3])
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oy e i A R S
B R | (edags geew) TR
BAE ¢ guidy Az
7l €% AFE FYs7] st 4z | gRAUPEL BERFALE 5 2
99 3E, A9 eldEg 27 | Azbde 7 23 ¢ AE5td HAEY
Z3AW AR | A F, 472 gud =249 2 g¥Fe BH=E ST
4 g HAEd 4 g4 £4&
TP
N - Nude miceg ©] &3 ¢ ¢ =d
gl XEYe) 4838 280 Zu),
At A R oz ANFE
W}, ey | 938 dUIES A¥S - 33 Y (Brain ischemia)2d & Zu]
LN 2l FEL ol 83| S
TE A% A% AR E5S 34 sux [ =8 2L TE FY
4% 29 TEES A% CHEE B2d B2 2|
sl
- Ay 2d T E FH]
- Fed 29 5E £4] (IDDM)
Tat~SOD, PEP-1-SOD, Tat-CAT,
PEP-1-CATE Ed5Ed BAFALE
HF p-AxY o9 A} EF
5. A8 glucose level, islet cell®] B3 g4
v e 49493 992 24gesy gu
o Hg AgAZA 9 7V53E A
= E}-H“lé y g_ [e) }\]%" =2 N
g"iﬁ;‘i D H} Eiﬁ%_j};i = | 9% Yrain ischemia)=zd $& F¥
A3 gASS AR Tat~-SOD, PEP-1-S0D, Tat-CAT,
_ﬁ_%/\]ﬂ E‘Q %_%_% 0]%—‘5’}‘1} PEP:'l"CAT%‘ ischenzia "r’r‘é_} 30'5’:‘
A% g 55L A4 sz} A/F 24z BT
o =2y 2% md TBSS AFarq | hippocampus HAES HFAL 3RS
TEL 1% | g AgE Wy gun 3¢ o2 A SOD, CATS] @9y
BN b wa seoe | AEARAL S ZAEIL,
A=W 785 | Ta1-50D, PEP-1-SOD
: : - BeAd 29 5E )
8w Tat-CAT, PEP-1-CATS 2 Jiat—SODO PEP-1-SOD, Tat-CAT
lESAL, & B FBE | ppp | CATE RUFE BRFAE
Dy D8 | =am quzAzs nsase
AL ASAGAE B | zauoz 2xgozm wua
s AEAZHY F5HE B3 Ao,
-4 2E FE T
Tat-p53, NR, CD §& Ed2%&
2} B o) FAE AR 37 2
AAREE EHFo2H Buld
NEAZAY 7V5dE FAFoI

._24_




3.

7}

A+ g 2 4%

X5 8 =& Penetratin®] A ¢ E% 92 F-AX9%9 §371& AL

(1) HIV-Tat @9 Ze] 23 2 AE IF 5453

HIV-Tat ¢} two coding exon & ¥33lE cDNAZHE AMHE 8 aa & X
3ot HIV-Tat @A §A9) first coding exon CEXE AAHE 72 aa &
¥3ste @¥Ed FH4AE pET vector 9l Z+ Z; subcloning 3¢ pTatl6z}
pTat72 vector® AZsP L Tat86F} Tat72 WAL FZHAAZ F HA Y
o AAl" HIV-Tat @82 L Arginine# Lysine &7|& o] H{dxn e
basic domain ©] 93le] AEXUzE Lvlo] 7 Hoge AL UL F/A dES
E3to] #8939tk 1) Tat @9 aE Hela cell #iA]o] ¥& & HIV-1 LTRY
transcriptional activation & CAT expression assay® #a3 23 F&F o=
transactivation A7]15 A€ 192 2) Tat ¥ 2 human endothelial Al
Xo| AFEAZ A3 HIV-1 Tate] Vascular adhesion molecule-1(VCAM-1)¢]
HEE F/MAEE EUASA T Data ) wetA o] 2= ZAE Tat 99
do] AxY HF5FHo] glor Exdwidey AIJ AGAHE o]&r53te
AE& A A g,

(2) HIV-Tat 29 vector /12 @ GFP #3449 §%

(7}) Tat-GFP fusion protein expression vector 2] A%}

HIV-1 Tat ¢ basic domain (97§ a.a 49-57, RKKRRQRRR)Z GFP®| in
frame fusionAlZl @R AL FHAZ F & pTat-GFP vectorg® A Z3t7] 9
3] HIV-1 Tat basic domaind] 133t 9709 a.aE encoding 3= double
strand oligonucleotide® A &% & o]2 Ndel-Xholo. 2 digestd 6-HisE& 7}A]
I 3= pET-15b vectordl ligation AlZA Y (pHisTat vector). GFP+ GFP
coding sequenceE 7}A L YE pEGFP-C2 plasmidZ%E PCRE o] &8}
GFP #AxE #iste dHE & F, Xhol-BamHI 22 digestion %
pHisTat vector] subcloningdle] Tat-GFP fusion @#2a S ¢33
pTat-GFP vector® #&& 9t (Fig. 1A).

(4}) HIV-1 Tat basic domain® deletion® 2% € t©T}g3 Tat-GFP &
vector?] A
HIV-1 Tat basic domain(a.a 47-57, YGRKKRRQRRR)E t}&3} o] WA
A vectorE A 23T} (Table 1).

48 GRKKRRQRRR 57 : Tat (48-57) - GFP
49 RKKRRQRRR 57 : Tat (49-57) - GFP
50 KKRRQRRR 57 : Tat (50-57) - GFP
51 KRRQRRR 57 : Tat (51-57) - GFP
52 RRQRRR 57 : Tat (62-57) - GFP
50 KKRR 53 : Tat (50-53) - GFP
50 KKRRQ 54 : Tat (50-54) - GFP
50 KKRRQRR 56 : Tat (60-56) - GFP
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(t}) HIV-Tat basic domain 97§12 N @9 prolinex #A7lstd WAzl
Tat-GFP expression vector A%}
HIV-Tat basic domain ¢ 97§ a.ad] proline®] #7}¥ domain® THEHE F 4
= 4714 €€ 713 oligonucleotide® pET-15b vectorol] A1zl ¥, GFP
#HAE fusionr]# Tat-GFP expression vectorZ A 23153 th (Table 1).

RKKRRQRRR-Pro-GFP
RKKRRQRRR-ProPro-GFP
RKKRRQRRR-ProProPro-GFP

(8}) HIV-Tat basic domaing Lys =+ arginine®. & H3dA 3 F
pLys-GFP, pArg-GFP 24 vector A%
@D HIV-Tat basic domaing 97} Lys =+ 9709 argininee 2 W3 A1
9Lys-GFP, 9Arg-GFP 2& vector A1 &34t} (Table 1).

KKKKKKKKK : 9Lys-GFP
RRRRRRRRR : 9Arg-GFP

@ 2 9ol 9-lys, 9-Arge deletion, mutation A%l F, ©-Fd 24 vectorg
AZsat (Fig. 2).
@b 10K, 9K, 8K, 7K, 6K-GFP
@ 9R, 8R, 7R, 6R, 5R, 4R, 3R-GFP

(v} Tate] 1A & WdA vector?] A2 £ GFPYY &%

@ olv] 2B B AFANAN AFZEEL vectorg MLyl YA b
& ¥eje] PTD sequence® HXE WIANA FHdat ded 25 9H
Tat-GFP-Tate] Tat-GFP, GFP-Tat 2t} IF &8 s A& 93dt
At 2HER FIAE s ol Zo] ke GFPY olv|x=Tdd &
Al Tl 474 PTD (R9, K9, Tat, ptn) 5 37t §8€ GFP ©¥d ¢4
EgAn =8 A 239 Y. PTDE encodedtE oligonucleotides} GFP 2@ &
2ul= pET-GFPE Algd FF AZxF7IHex pET-GFP-RS,
pET-R9-GFP-R9, pET-GFP-K9, pET-K9-GFP-K9, pET-R9-GFP-Tat,
pET-K9-GFP-Tat, pET-ptn-GFP-Tat, pET-K9-GFP-R9, pET-Tat-GFP-RS,
pET-ptn-GFP-R9, pET-R9-GFP-KO, pET-Tat-GFP-K9, pET-ptn-GFP-K9
£ AxsH (Fig. 3).

Oligonucleotided] €7]Ad& g3 2t}
R9; 5'-tatgcgecgtegtegecgtegtegtegecgee-3,
5'-tcgaggeggegacgacgacggcegacgacggegea—3'

K9, 5'-taagaagaaaaagaaaaagaaaaagaagc-3',
5'-tcgagcttctttttetttttctttttetict-3

Tat; 5'-gatccaggaagaagcggagacagcgacgaagatage-3,
5'-tcgagctatcttcgtegetgteteegettettectg -3
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ptn; 5'-tatgcgccgceatgaaatggaaaaagettc-3,
5'-tcgagaagctttttccatttcatgecggegea-3-

@ Tat PTD (49-57)& E 3z v a2l GFPY N-terminal, C-terminal 18 i
4% terminalel] FZFA1A Tate) 9o @& ks 2d vector:S A=+
st (Fig. 4).

Tat-GFP, GFP-Tat, Tat-GFP-Tat

(3) Homeodomain (HD) ¥&d vector /i2 2 GFP 449 &3

(7}) His-Ftz HD-GFP ¥ His-EnHD-GFP 23 vector A&
60712 aag X F3ti= Antennapedia (Antp) homeodomaing 2t His-Fushi-
trazu homeodomain(22-81)3% Engrailed homeodomain(22-81)°] GFP #AX &
£-<l pFtHD¥# pEnHD vector® A 2H3k4i o),

(W}) His-Ptn-GFP 2@ vector A&
16709 aa (22-37)& X%st= PtnHD o GFP S3dxE £9¢l PtnHD-GFP
vectorg A 25t}

(h) G4¥d 448 vector AZ

@ homeodomain PTD RQIKIWFQNRRMKWKK4 A4 C-2¢ RRMKWKKE
ZshE 2E vector (Ptn 7C)& A&t o

@ pEnHD vectorel A C-2& 7709 o}rl=4F KRAKIKK & Xg3= 2d
vector (pEN 7C)& A&t

@ Eve 7C vector (RRMKDKR)E A 2}t o,

@ Ptn 7C vector (RRMKWRR)o|A M, W& R E+ K= mutation A|7] &
q vectorE A Z3 Y}

RRRKWKK : Ptn 7MR
RRKKWKK : Ptn 7TMK
RRMKRKK : Ptn TWR
RRMKKKK : Ptn 7TWK

(4) HIV Tat-2¢} pGEX-4T-Tat 238 vector A%
O 3E EXAE AXE Ex AXY U2 A5 M5 =E st HIV-1 Tat A
EWE 48-579) % EWdd 2o o g7 % EYdS Fordx
A HIV-2 Tat AE¥W 35 78-88 o thate] sM83 dwld S 38 EX2
5t AX FEAYE ¥ Z3 HIV-2 Tat MENE 78-88 F£4 THd=
AE AFSE 7HAI e o2 FAHYH.
@ HIV-2 Tatg o]&38te pGEX-4T 2& vectord] € HA1A pGEX-4T 2d
vectorg A2l o).

op

(5) PEP-1 peptide& ©] &3 2& vector 7%

33 T2 7H7 vMas AdEE AT IFAY)7] 98 PEP-1 peptide
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£ SOD| in-frame fusion A1Z]l @¥A& THAZL 4 &= PEP-1-SOD ¥ E
g AF37] 9138 PEP-1 peptide (KETWWETWWTEW SQP KKKRKV; 21
amino acid)& encoding 3Fe double strand oligonucleotide® A %x3§ &, o] &
Ndel -XhoI 22 digestdt 6-HisE& 7}x pET-15b #WEd] ligation A AT
(PEP-1 vector). SODE Tat-SOD<} Z2 Wy oz PCRE °]&3te SOD 4
AHE Tl HEE 92 ¥ Xhol-BamHI 2% digestiondt & pPEP-1
vector]  subcloning®ted pPEP-1-SOD fusion protein AL 93
pPEP-1-SOD expression vectorg® A %34t (Fig. 5).

. 233Y PA@AGNEY §AA mazyd L oA AR g 2d
vector®}9] §%

2%y #HE AYUGHGEEEY FAAE 229 T Ao AL g
g FE vectorgE (of: HIV-Tat, 9Lys- , 9Arg-, PEP-1 5)3 Az g4 & z&
ol EZTMAES §FAA 2 vectorS 73]7—‘}0}93‘3}

(1) =313d gGulde §4x4 32y 2 938 vector AF

(7}) 3384  Superoxide dismutase (SOD) & vector Al 3}:
A7 SOD FAARE EATHNAN 2=Ysle o HFAAE pTat, pLys(9),
pArg(9), PEP-1 vectorel fusion A1# pTat-SOD, 9Lys-SOD, 9Arg-SOD,
PEP-1-SOD & vectorg A|&&tAdtt.

(\) &8 a4 Catalase (CAT) 2Ed vector AF
U xF catalaser EATFHNA FAR 22L& HTHoeE FY3I9n
(GeneBank™ AY028632), ©] %% pTat, 9Arg, PEP-1 vectore] fusion Al
7 pTat-CAT, 9Arg-CAT, PEP-1-catalase &8 vectorE A|2re}s]ch

(}) Botolinum toxin (BTx) 28 vector A%}
BTx #AA+= (F)BioBudd A AFw& 3= PEP-1 PTDY] BTY) light chain
FAAE fusion AlA PEP-1-BTx 28 vectord A2}l u)

() AY9Ad 98] £39 FAA BF58Eo] 9= pS3 (UV endonuclease) 18

vector A&}
ZH—W (U)ol 23t MY EE F-AXE repair A1Z2F Y UV endonuclease 3=}
£ PEP-1 vector®l| fusion A|#A PEP-1-pS3 & vector® A &8+

(vl) 33 G A Cerulaplasmin 23 vector A%
Cerularplasmin-& A8 A W of] A free radical-& AANFE 30 A g0 A= @
Hgolr) ojdwlAe ME JEE Y& M ZE2Y £¥3Z PEP-1 vectordl
A7, T Fo] Ak

(2) ¢33 9w d o vy vector AlF
(7}) pTat-p53, pTat-p21, pTat-pl6, pTat-p27, pTat-p57 2 & vectorE Z
A &8t Q4 o).
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(4) Cytosine deaminase (CD) 2@ vector A&
CD= E. coli genomic DNAZ template®3t] PCR cloning 3t52H, o] ##
2= pTat vectordl] fusion Al#A pTat-CD 2@ vectorg® A 23t ot

() Nitordeductase(NR) 2@ vector A&
NR<& E. coli genomic DNAE templateZ3t9 PCR cloning 332H, o] &
AR Tat vectordl fusion AlA Tat-NR 2@ vectorE A &3t o).

(8}) Bax 2 HSP70 2d vector A&
Bax ¥ HSP70<= human cDNA library2%E PCR cloning 3329, o] &
HAAHE Tat  vectoroll fusion A|#A Tat-Bax, Tat-HSP70 & vectorZ Azt
st

(3) AAAEAA dNA] FAA azyd 2L F4d verctor AF

(7h) 17t X %A glutamate decarboxylase (GAD) 2@ vector A%
AT #HEYE ABFALGEZS GABAY A& A9 GAD (glutamate
decarboxylase)®] FZARte ojr] EAFHoA AR sl & vl gloy o
FrAAE templateE 39 primerE A 23 & PCR Z 293l PEP-1 vector
o fusion A]#A PEP-1-GAD & vectorZ A&AsIR L, o]E H&Fo] At}

() 9 2 42 H9x37 GABA-T 2d vector A&
GABA £3&492 <17t ¥ %74 hGABA-Trasaminase (hGABA-T)E A A=
2EYE HTHE FPste =EL LHIAT, (=FEE: Eur JBiochem,
267, 5601-5607, 2000), ©] #HAZ template® 8t primer® A% % PCR
2 YAl 224939 PEP-1 vectord] fusion A#A (PEP-1-hGABA-T) @A) A
I A5FEE 4T 28L& g5t Q.

(2h) 91t J %4 succinic semialdehyde dehydrogenase (SSADH) @&
vector A%}

17t %7 SSADH 37 2249 & 39 & Hxde A+ E4 e
FRgo A (=F2HE: J Neurochem. 76, 919-925, 2001) probeE A 3}a}]
I, A7k ¥ ZZF DNA library® ©] probeE ©]-&3+o] hybridization HH 22
SSADH #dA& ARt HAd ot & 0e fidx az2d PHe=
SSADH ¢&AE AAste] immunoscreening Mo E A2YE& T3 3
t}. PEP-1-SSADH vector& A Z3lH 3 ol & 285

(2}) Tyrosine hydroxylase (TH) ¥ GTP cyclohydrolase (GCH) 2d
vector A%}t
A21E By #FHEgles AFAAGEZD] =g #d a9 THe GCHE
primer A|Z2t% PCRE A &2Y3d pTat-TH, pTat-GCH 28 vectorg Z424
ARG 3, o]& TdFo gl

(v}) Glutamate dehydrogenase (GDH) ®d vector A=

pTat-GDH #1218 £ AF7AE0] 71Zd 5oz gdstd wE A
GDH #3#4& W3NA A&sged, $4 GDH +44E EcoRl o Nrul
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TEAE

o2 21 gojR plasmid 9 EcoR I / Nrul £ 9719 aaE
9 E 69 bp oligonucleotide® WA XA pTat-GDH & vectorE A Z3
o dA A Z o}

(4) 4374 diAleld FAYFEGNZAY FAx 223 2 2E vector AX
(7}) Phenylalanine hydroxylase (PH)9] @& vector Al
Phenylketonuria (PKU) 2 3¢ ¢l PH 549 Zgog 4dA o PH
o) @¥9d A8E st PH #AAE PCR WPoz A=293te pTat-PH
vectorg A&stn o] & TEF U

(}) GABA-T, SSADH, GDHE $ldlA A&sige.

(6) dgA23AAINA ] 2Q vector AXE

(7B Nitric oxide synthase (NOS)¢] 24 vector AF
AEFFFELZ 47 NOo $HEAQ NOSY g9l ARE #35te] PCR
I o] g AT 3l

WMoz fAR A2 pTat-NOS vectorE A 2}H}4

o

6) ZxY FAFT A9 SOD, Catalaser oln] gox AFstAr}.

(7) A3 AZ #E C3 transferase?] ¢ & vector AZx
H e 1/‘1-"4 macrophage® phagocytosis®t ##3ste Rho9l specific
inhibitorQ! C3 exoenzymes ©¥d AHAFE 93] Tat-C3 &d vectorg A&

E A=
(8) Human growth hormone? 23 vector AZ

Human growth hormone (hGH)& =3}l A AibEm, 4343 TS
H3lE hormoneL@ ©HR JARE 93] Tat-hGH 28 vectorg A3

o},
(9) Organic compound?] 28 vector Al
A& A organic compound$) vitamin A% C& FAR %A °i-4 55 93}
el Fo ddh

o} pTat-vector®} link AlA AE 2 2AY IAFs=71S

o)
do
o
my
-1
N,
-2
o
o
o)
He
AcH
2
ak
i)
=
)

H

M

Al

o

() 23" gFands FAe 94

5(. FA] 6HlS GFP, GA

o°('

D
oste] e VYA -
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SQOD, catalase, hGABA-T, bGABA-T, SSADH, hGDH, bGDH, sGDH, PK,
PO, IMPP, rpS3, ceruloplasmin, synuclein, BTx &.

(th A B4F @A : Tat(49-57), CD

2

sHeNde 23, #7 A4 2 9

(1) Tat-GFP fusion protein«] udy AA D gl

(2)

GFP7} fusion =] %1 basic domain 97} aa7} ¥ ¢3" Tat-GFP ¥3& vector
€< E. coli BL219 transformation A7l & €@d#A S TH3ue. ¢
G A E & nickel Sepharose affinity column ZEZvE T H ] ¢sle] <+
&8 FASH A, o]E SDS-PAGE ¢ GFP & A& o] &3k Western blot ¥
Ho B AT 2 ool %3 7] 2 sequenceE 7}A basic domain
zte Tat-GFP ¢} prolineo] H7}g Tat-GFPE Z& Wioz 2dAHA

JeBAES 27 &4 29 AASA

oo
ol

do o 1%

e

pLys—GFP ¥ pArg-GFP fusion protein®] @38, AA 2 g

Tat 9] basic domain® aa & lysine(6-97}) ¥ arginine(3-97) &2 X33
2E vector® GFP ¢ 247} fusion NA 3 9WAS Hdsld o5 B
AAEA AL, ©]& Western blot EAH oz Q. =3 2 ﬂoﬂ 1OK ~
6K, 9R ~ 3RY sequence® 7}A Tat-GFPE Z& WHoz w3ANA Fyd
BHAES 747 ¢ 2 AAsIg .

(3) Homeodomain—-GFP fusion protein®] o&d, A4 @ 9l

4)

(%)

Ftz-HD-GFP, En-HD-GFP % PtnHD-GFP®& vectorE E. coliolA 23
Al & FAsted Western bloteZ #Ad$tt (Data ). =3 Pt
7C-GFP, pEn7C-GFP, pEve 7C-GFP ¥ Ptn TMR(TMR, 7TWR, 7TWK)-GFP
fusion protein®] 2¥, AA &< Homeodomaing deletion ¥ mutation A]Z
A9l vectorEL 2+ E. colzoﬂfﬂ BEHA 7l & AA ] Western blote. 2 &
Aetd ™ (Data A=),

¥ signal sequence Ao} wE §3F E}‘i‘,'éﬂ ad g4 2 g
A% signal sequence’} N- € C- H AZE vectors<S /\}%5‘}@1
GFPs &%H dwize "3"1"6]-93 H& SDS-PAGEZ #43t

£ mE
ol

2,

A,
AU r
_1%

A¥ 9Bl ¢ o q]%% Bx e XA e & & 019\13}
(Fig. 6).
Tat-SOD, 9Lys-SOD, PEP-1-SOD fusion protein®] 23, AA 2L &<l

Tat-SOD 2 9Lys-SOD 23& vector® Z+z E. coli 1A transformation A]#
SHAZ F FA st Western bloto.2 Festgtt (Fig. 7). Tat o] Eo3l
¥ SOD 28y 9dd u}uﬂ;‘gq Tate] gl SODW E9]UE vectorZHE
Bay gagde gize’) 8 R & g9 & £ 9tk EF PEP-1-SOD
fusion protein®] ¥&d, AA =L & 93 PEP-1-SOD ¥& vectorgE z+7}
E. coli A transformation Al @&AZ & AHA 39 Western blote2 3
ek o
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(6) Tat-CAT ¥ 9Arg-CAT, PEP-1-CAT fusion protein® o3&, AA 2
gq
Tat-CAT ¥ 9Arg-CAT 28 vector® &7 E. coliol transformation A#
dEANZ T AASY Western blote & 2218tk (Data ). EI,
PEP-1-CAT fusion protein®] 2@, HA 2 A& 93] PEP-1-CAT I3
vectorg 242} E. coli 9 transformation Al1#A 2&AIZl 3 HA 5l Western
blote. 2 &3 ATt (Data AY ).

(7) HIV-2 Tat-GFP ¥ pGEX-4T-Tat-GFP9 2d, A A 2 Fal
HIV-2 Tat-GFP Hlaﬂ vector& E. coli o transformation /\]74 THAZ &
A A 3te] Western blote.2 &<138l% 01, pGEX-4T-Tat-GFP &8 vectors
A4 Idd Fo Ut

(8) PEP-1-BTx fusion protein®] 23, AA) 2@
Botolinum toxin9] light chaing& ¥ 3%+ PEP-1-BTx fusion @¥ &g 23
3Fo] Western bloto. 2 <18t t).

(9) Tat-pb3, Tat-p21, Tat-pl6, Tat-p27, pTat-p57 ¢ W&, A 2 gl
Tat-p53, Tat-p21, Tat-pl6, Tat-p27, pTat-p57 =& Vectora ZTZ} E. coli
9 transformation Al#H ZEHAZ) ¥ AA|sto] Western bloto 2 #elstg om
(Data A3 2F), Tat-pl6, Tat-p27, Tat-p57< A 2+d Fo ok

(10) Tat-NR, Tat-CD, Tat-ADI fusion protein® @&, HA 2@ 39l
Prodrug diAl&42 €8 A Tat-NR, Tat-CD, Tat-ADI 238 vector® zt7+
E. colidl transformation AlA 2@8E F A=Al Western bloto. 2 #<l3}
AT (Data BF)

(11) PEP-1-GABA-T, PEP-1-GAD, Tat-GDH, PEP-1-SSADH fusion
protein® =@, AA € &2l
HA#A-HE &4 PEP-1-GABA-TS} PEP-1-GAD, Tat-GDH, PEP-1-
SSADH 2@ vectorg ZrZt E. colidl transformation AlA 2&AZ & AA
3le] Western blot2 2 #4154 th (Data A ).

(12) Tat-TH, Tat-GCH, Tat-PH, Tat-C3TF fusion protein® 238, A A
L 2 |
Tat-TH, Tat-GCH, Tat-PH, Tat-C3TF & vector® E colid
transformation A|#A WdAZ F AAs] Western blote2 F¢13sdch
(Data A ).

(13) 1 %] PEP-1-1pS3, PEP-1-Ceruloplasmin 5& %3 Zd 9t}

. & d9de AX € 2AY F52A2 I35 @ 59 duldo Ay
g4 &

(1) GFP-§% 9o AXY IAF 39 2 A 4 59 g9

(}) Tat-GFP fusion protein®] A ¥1j 73-:- |
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okt el Tat basic domain®] E3E o] ¥ Tat-GFP fusion 99 A E
< HelLa Mo AEANZ A3} native A8} ‘;}““7\‘ KﬂEHEE]— denatured ¥
Tat-GFP 7} transduction efficiency’} 2 AL & F AU (Data A
g), A F " Tat-GFP+ Western blot H&bﬂ 93l 9:_}‘_5493\0&] o] AFE
GFP 9 s, azj3m AZrde &S /A YA d3dArjges &
Ae AT E A7 e gude] Amy IE
of 84E Ze AL ¢ & Y Tat PTDE th 3t
-478) TN A Tat(49-57)-GFP7} 713 &&°] =4 A5
o (Fig. 8). =3k aa’l 67) ©o]82 =¥ HEFZLo] IdXe AoZ Ho}
AFE gt HA% aa & 6701 Aoz AZEY. &3 prolined
Tat-GFPY A% % 9719 A$xRt A5 q&o] /18R g+ AL B2
T A} (Data A =F).

(1) 9Lys-GFP 2 9Arg-GFP fusion protem«] Axy FA53q
Tat¥] basic doma1n—4 97 aaE EF lysine o2 X3} 2y g
pILys-GFP2| IFE A7+ 2 Fxo ZAd wa IE7 dojus AL
Western bloto 2 Q?lo]—ﬁiotﬂ (Fig. 9), 8% 51“]75‘° o]-&3le 9Lys-GFP
e de] AE2HE AEY vgoly Agd FFHNAY FHY{FFE &
At W8 Lys-GFP $3a92& A9 100%9) @3t Hela cellol
AHUT Hela cell £ o|F AX 2| GFP @z §io] suge
#&sA Tt o8 $ refolding & olvtE A EW HSPI Z& chaperonese] &
ostElg FSEh U}XW}X]H‘% 22 97) aa®s EF arginine®® X3H I
A3 9Arg-GFPe AF X 9Lys-GFPS} H|=3 AE LS Rgu),

(}) Tat9 $1Ao] & GFP v??}“}"“é—»] AXY A5 &<
®© 94 AT signal 9 F75 8 IFEE v
Cargo ©¥Z ] GFPY olux=2do] 4Z7¢ PTD (RY, K9, Tat, ptn) &
Zt g3%3st HelLa A% transduction & % &< transduction E-&
Western blot g o2 vwaqit (Fig. 10A). 2 A transduction &€&
K9-GFP > Tat-GFP > R9-GFP, ptn-GFP <22 #Z =t
GFPY] 7B AT 3559 PTD (R, K9, Tat)E Zzt ¢33t 9 22
Wiog FidY transduction E&E ¥ ¥ ¥ 23 GFP-K9 > GFP-Tat >
GFP-R9 «22 #ZFAY (Fig. 10B, C, D). ©wax PTD7 &% ¢ 9
4 glo] 5% B9 transduction & AolE HAsATE. GFPY ¢
@] PTDE 8217 @AY transduction ELL v wstgcth 7HEA DT
o ¥%¥A2E Tat PTDE |82 H$ ™9 transduction E&S
K9-GFP-Tat > ptn-GFP-Tat > Tat-GFP-Tat > R9-GFP-Tat <¢llth
(Fig. 10B). 7}EA|2do] FEHo2 R9 PTDE 342 A% Ad3EQ
transduction &&& K9-GFP-R9 > ptn-GFP-R9 > Tat-GFP-R9 >
R9-GFP-R9 <ol (Fig. 10C). viA 2o g2 slBA DG FEZHOE K9
PTDE H3AMZ A$oles HW™<9 transduction &8&o°] KO9-GFP-K9 >
ptn-GFP-K9 > R9-GFP-K9 > Tat-GFP-K9 <o|dt}h (Fig. 10D). °©]49
A3 E FTEsH KI-GFP-Tat, K9-GFP-R9, K9-GFP-K9 59| Hela A ¥
EE&H 02 transduction E F ¥ @¥iFeln o] FIL & gwlddx
Yy oz AR slgAdo]l .

z}
KX
=2
o
1.
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@ Tat-GFP-Tat ¢ 55 &%3

@ Tat-GFP ¢} Tat-GFP-Tat §g9W A AX ] A2 vl 48
9709 o}u]:=2H(49-57) 0.2 o]FojA HIV-1 Tat @A F4 HE& ¢}
b dgE Jl2E ddd Z2gA|z] HolA 4 EdYld did sE E
AX F35L FFIAY. F, 1 Mo 84" dElz AAE Tat-GF
GFP-Tat, Tat-GFP-Tat % @92 &£ Hela AlXoA 37C oA 1 AF
ot g sle], AXE 43 & Western blot 3 FACS EXHo =z EA3F
o (Fig. 11). 2 AFoA Je%o] Tat FE5Ed 0] ofmxit Tkt
e AT Tat FEEMd0] FIEADTG JE UL L A=2
Hl&atA AEWR o] 534t 28y Tat =] 3% Dodd 35
of e du¥AdAL 3 /Y Tat F4=vde] d4H e R RG
o 233 MEYR o|Fstdth o] AAe Tat FHEWd 7 o
g olrjx4l dud JMEA "g ok ZFd FHEHo A o &
t HEAT, Tat 4% Zvde] ¥Zd §FHA JoW AT o5 &3
7V A &EES JEEY.

=
oAk

T273 93 £ (confocal microscopy)oll & AX =9 ¥4
B

2EA¥] §% ©¥AS ALSHnA ¥ 9 ALHE AT vgo] dvhy
HeAst Fo8t BY AT Y2 Fag gyadude 1 nid 4e
FAsokE ol wud A sleo] $89 F ok A B AYA

GFP €% duldo] ALy AT wjgoly ALl ¥ wdy 4 &
& 2439t ¥A4E GFP 8% @93 & A 3§ Hela AXoA GFP7}
el 3358 g3dv4ez #2839 1 1M o ¥A4d duz A
¥ Tat-GFP, GFP-Tat, Tat-GFP-Tat §% 9¥&aE2 Hela Al XA 37T

YBWHZ AL W BB $7E B, vudY AL ) XS BHAG0
7 A Fig. 12604 A Tat 3EAd0] ofp]itdgte] §¢5ol s
wuds) 7122 2o $EEoe BuAe A §AeA ATAR oy
2 9714 =LA AL Western blote] Aztsh wpR7A 2 Tat $4E
Welol @udy o= ¥¥ol g¥He YEA 1 EFE HLHTE A
& BolZh WY, Tat FHEWdC] FF gL §FVUAL FEA T
At ggadAnt B % ¥ Vehith 2y g wyd
9 W o]FH Ut

>

(i

L

@& FACS (flow cytometry)¥4o] 2]8 Tat-GFP-Tat §3dM A9 AX =9
kinetics ¥4
971 e] o}w]:=AH(49-57) 22 o|Fojx HIV-1 Tat ©@¥d 4 FE & X
A ddd Jl2EA B §Fd AFEAZ WHeld 4 THeld oig sE
A AT BFies #AE 49S £330 (Fig. 13). &, £3=4<
~GFP-F4 = ¢gaWde AXW 5348 #3237 91354, Hela AX
g 6-9 ZHNENAN 4~6A7 =4 71 H 10% FBS7F Z3E AlAG
DMEM wjgdioz wAdx o8 HE¢ GFP €3 wHag sjdd o
AR cr. 37CA 30 8¢ wIFs A, AEE PBSE FE3| A3ty
10 BE¢ trypsin-EDTAZ Halstgtl. ATE ZolA thA]l PBSE 2 AL
& 4% paraformaldehyed® 1A17FESH AAAT, 2ARZA 71 AEXE FACS
g o]&3le AEXY FFE BEAHY. oM ZFAET uAVIAR Tat
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FEHEEWo] FEAqT FHEHoJE dlFE L Hxd Yoz HXY =YEH
© 9 IFd Tat £FFEVAC] Je §FEHEL B2 o2 AX Y=
Z2U8EE ¢ + AU} Mean Fluorescence intensity (BT &

)= F4E
W 91-GFP7} 2386, GFP-F4%wW<glo]l 1721, F4EwWAd-Tat-F4EHAL
20452 X 9534 Tat-GFP-Tat §& WM Aol =& $£X& UrElru%%iE’r

2 o, Tat T%—Enﬂﬂ% FEo2 &89 wuds o 9

He d7EE B4y 98 gdd sE=2 A7 8] 3083 } g ¥
FACS $42 AASdt Tat %Evﬂol = FELE JMXNI e §FEY
AE w2 HEFFET Fohete d3E € 5 YA

@& FACS #4373 Western blotol ¢]& native &3 23} denatured &
g o]l HXE 9 ujw B4
AAYHZ FEEWA-GFPE AAse AXZUE Q9P o B34 FA
g FE5 = Q-GFPR Y} E?JE]“ 297 go] AT HAY 4 EwHele)
FE dod EA5E GFP §¥9¥z e Ao A9 ES o dFdn
EAEtE GFP 2o o B2 32 Y=g Tat-GFP-Tat §dd# Ao
AALHE BA HAE W AXUE E4HE 232 golpux A¥L F
33 AT 9A ddE d9dan JAdHE AAS dHE-S Western blot2

B4 227, AAAHE AR Slds S22 3 7 EAstes
GFP E AXUE 2= A4 ‘45}‘4191‘3} (Fig. 14A).
T3 AANdEHE B3 —r-a—EUﬂ"‘ -GFP-F+E4 ¢ 3 8de AXY =
YEHE Lotr7] §8] FACS BAHS AA st g4z Aarreie A4
g3 AUz AAE 9ads g4 =52 sty 147 egsigd. o Aag
Fig. 14B,C, & #Zo] HA " A9 Tat-GFP-Tat 3w #adL 1 yM A& 3}
Re W HT 53%5-7} 11721 w4 X}"J%EHE A A & "*‘:‘ﬂ]‘i’l—GFP——’Ft
Z=HQle 549 FA & L}E}‘Hﬁd‘:} ol WY A FFPTHA ME
Y =E9adRtdes €oxX 7 Fig. 14Cs H]ﬂﬁﬂﬁ' 9 WSt FAE
5= -GFP &3 Z‘—a“&% o AT W EYsEE #1 YeE & F 3
o AAHSE Tat #4EUUL 3F Do X1 Y A wvo
Tat FFEWAES FF 71X & A AAT §FFddzo] F33
o2 A U HEF "2-* T e, }?'1 V2 AAS 45 EdA-GFP-+4
=rd g@edd £ AX Y A5 MEEE 28 UE + Yo
LR

o] AEHFE AYSE ¥4

MAL o 250 1 JAE g7} ﬁixitﬂ A 3= =
9 PTD peptide & %€ XA % A#Ae] AX AFE gHE /A1 9
E‘r—t— Ra7F 289 v ot $EE 250 93 Tat-GFP €adawide X
F 23E 24357 98 1 Mo B " A2 AA" Tat-GFP, GFP-Tat,
Tat-GFP-Tat §Z 92 &S Hela lzoﬂ/\i 37T 4T oA 1 A7 B3 A
g ¥, FACS 244& 53 24 3s9ct (Fig. 15). 2 A3 Tat- GFP,
GFP-Tat & Tat-GFP- a8 oA dANA HF &yt ZAHAY. o€
AAREL Tatol] 98 AT ARE 250 & IS A4 o)

2 o

¢

i o,?,

PFI

@ 2% @& Tat §FI
@A, Tat-GFP §3od & u

2 =

_?_

U

O{

l

(%}) Homeodomain—-GFP fusion'proteinQ]« AXJ JFEE9
Homeodomain®] Ftz-HD-GFP, En HD-GFP, Ptn HD-GFP @& d®A &S
247} Drosophila S2 AEA HAFEAZ B #HE Western blote2 #4135t
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AE&& 2 Ftz-HD, En HD, Ptn HD-GFPY & &o] H|%39x ol 83
Hul7d B o] Tate] €S GFP ¢ A% ZgHUE L 31L& ¢
RNA T (Data W), E3] Tat-GFP ¥ E & AX dolA 93 gz
HAo & HD-GFPE AX oA 4% #H3r) dojy Aoz B
2+A4 homeodomain® ZHE 2] € protein transduction domain & A XU
2 54 F §F INLEZEEY AAZLEA oF dudo] Eof A 2
A Aele] 4E wuldo]l AE Yo BAHEEZ st dF 9 transient
vectorZ 7|58 JteAE € AeE FEHAU

Ptn®] C-2&& Z& TE Ptn 7C vectorE o] €3 GFP IAFE &L Ptnd
Hlate] 40-50% #4dtg o), Tatdl vlsiNE ¥ 842 BA3, EnHD H|
M= 30%F23F oY o7t FAHE ofn|ite]BE A A HEo
A BEAS U B8] EoE Aoz AZdEd. @74 ol 572 2
2 Ptn 7C, pEn7C, pEve 7C¢] &&& ®lustJ = pEve 7C7F AlY FH L,
Ptn 7C7} pEve 7Col ul&) 28] =gk ole 13 #2449 EAAA= 47
HE EAlolH, o] AF{A @r|FotuAite] FoE T A F F 3
Rt Ptn 7C & 4714 EAWolE A&t vlwsiE A Ptn 7TMR (M—R
E Aol 7CRT A AFEEo] E2S & F UUZ, UnA 714 A
Wole 7C vlste &go] ZAFAT (Fig. 16). ©] AL ofv =4t 1749
MFPo] YFZES Hojedy vl 83 98 dE= AL RogFe A

oltt.

&

(8h) Tat PTD ¥ E (mutagenesis, deletion) °}v] =4t sequenced Z+&
GFP fusion protein®] A ¥ X5 &9l
Tat$] basic domain® 97} o}u:=AlE REF lysine E=E Argl @ X33
9Lys-GFP, 9Arg-GFPE AXUZ HEJ & dojdttes His 1dACdA
B eI B dFoAE 9Lys-GFPY 9Arg-GFPE addition T+ @A F o
Z deletion AlFL2A HEFY Had M A v HA9 olvxite)
TE &4 stuA 39 Fig. 17 2 Fig. 18 oA ®BXo] g@wla L S2 cell
AEAZ AF 9749 Arge] 870 ~37/Z deletion A7l A4 Hste Ao
E7E RJoy Tat-GFPEY 8R-GFP, OR-GFP= © ®& AI¥ &§&
Ath. 22U 3R, 4R ASde AF &0l ASA FAHUS Lys
S & Tat-GFPel ul8) 8K-GFP, 9K-GFP, 10K-GFP7} B &2 A%

do mo o 2
oh’,]’fﬂ—lm

2 ol

9< RAMN 6K-GFPIAE HEJ} 2 dojtx Qe & 4 Y. A&
2.2 Argoly Lyso] #2d dwadE9 Tat Bu} S2 celld] o E&30 2
A5 HYZ Holx AR F o] 50%RE H7| Hsixe H&:T o7 Ax9
sequence’t RS & F YA

(u}l) HIV-2 Tat-GFP9] A ¥4 I 5 39l
HIV-2 Tat-2 €714 =AY olvjxit 7] E o] &3t EFxad GFP
9] @714 gel #3stE DNA AHL wg o] AYAA Tat-2-GFP €8 @
A& TEE & Y& vectorg ARGt BTN FEdAAA HAFAT
(Fig. 19 and 20). 3AY Tat-2-GFP §#w9de AL | A2ixs ¢
o} B7] 9ste] HA Y Tat-2-GFP §HdE Axujgd ol e 2
%, HIV-1 Tat-GFP %244 A3 a@¥dL AXHE EaHo2 IFA
4 7 AHE Western blots F3) &893 (Fig. 21 and 22), F348E &
gouze g4& FxF ¥ dvFE AHEsted 2439t (Fig. 23).
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HIV-2 Tat-GFP 39 ¥ d& Hela AlZUE E3537 AXA Bu ofy
2 ANAE JAFHYSS st

(2) 4834 A2 §42AE9 Ax ¢ =4 A5
A28y 4

i)

Oh) 343384 SODO AX 9 9Rzxzx JFIH € Ay 24

O W3 HS Tat-SOD 89 MZ ] Hela AE F3E A 2 35 &3
S % Hela AIE WZ o]&3l¥xn =8 Foq3 §FaNdY = v#H3d9
AE W2 F3" Tat-SODO %4o] T719S &FeUsHtt (Data A EF).
AX Y2 548 g@ddwde] o0 353 S4E FAord o] 2 gud X
% (protein therapy)ol] €& + Ao WA AX Y2 F3E 8 @9
do] A AE AETH 4L AYUEAE oS $8F EAolt. 23AZ
Tat-SOD= WA AeHe SOD ZHEZ7F gle 88 9@Hd g o|&3HuA
HeLa AIX T3} o]% M XA oA SODY XY 3EFS BIsY
Fig. 249 Yehd nkeh Zo] WAAH 9 Tat-SODE A &% HeLla AE U9
CuZn-SOD B =+ At 4 5% g&¥oz F7tH A
AEH Tat-SODY M E o) 49 stability® Western blot¥d EAFAHE ©l
32 ZASA Y 128 7H71R) stable 34 SAEHASH  (Data A=)
oxidative stress 3loA 9] cell-viability test® & ZAI 025-2 pMeol A
40-80%9°] viability T7FHe BAE 4 Y3, ol AFH Tat-SODY A
AgARY 7H5AAE 9 AAFE Aot} (Fig. 25)

@ 9Lys-SOD &I M A9 fibroblast ME HAFE XAMIGEH 9Lys-SODA}
Tat-SODET} TUFEA HFLo] Etom FAZHNEE HHsd Fo}
HAeEes & F JA (Fig. 26).

It

AN

® Tat-SOD$} 9Lys-SOD ¥ WAe dRzHozo JFARE sty
HAete] H FHHAY & WES F 7o §FEHAL deFn. A
o wet FJRZ2S sectiondt] immunohistochemistryE 33 23 ¢33
W Ao epidermis ¢ dermis7tA AFEIFHS S FAE & e A% &
429 AR IS & & I (Fig. 27). o] A5 Z23}+= SODE o] &
ato] o] EA9 #E Je g dwzd xs@ojyegt vRustd 2 ou
A& 715RSFFolY olEFAY FARGXE T AHLET £ JE ¥r)F
oln T8I ATAFAE AL

Ol

@ FEF vectorg Tat-vector® AH437 =W Tat-SOD, Tat-CAT ©] AIE, %
Ao R AFED7] Y E denaturation AAoF 2 AXY ZAYE Eo7}
2 Al refolding processingo] H L3Rt ol¢tzto]  denaturation,
renaturation A Wi HFE & L ATX UM AYEA HEFZE &
< T3o] Ja =3 gilF X8 E YA e AJAZ @Ed By 3ATE
E 717 intact @B AE A5 L2 AEsE Ao O utEz stEg Azt
ATk 2yxE2 B dAFdiE 3ATRE A @¥lES ARANLS dE
PEP-1-vector& o]-&3to] PEP-1-SOD, PEP-1-CATE A% %@ Z3Ad HE
NAe AFE FP3AT
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PEP-1 vector (KETWWETWWTEWSQPKKKRKV)E 217019] ofux=Al ZH7]
9} KETWWETWWTEW : hydrophobic trap motive, SQP : spacer arm, =L
232 KKKRKV : hydrophilic lysine rich domaino. 2 o]Fojx ¢glt} 9]
sequence™ PTD domaing #8438l 9+ signal peptideE2A AN I AEE
A&l SOD, CatalaseE A Z ot

) A gEol A FA T PEP-1-SOD &89 A2 Hela A¥ W F37} A

T E R wE oEdA HIHeERNE #FAY. Fig. 289 Uehd A X
# PEP-1-SOD& At ¥ % 9&XH 02 Hela AE UZ 53 He A&
Western blotting 2.2 #1385t} old A= HAAEHZ AAS Tat-SOD
7 A R TR GEHOZ AX W B dojye A ¥&Eg o

O ANE J2 T8 gEENEde I 173 S FA S o] vy
2 A& (protein therapy)el &% = it} w&lA, PEP-1-SOD &gz
£ HelLa AX %3 o]% AXZAd WA SOD &4& #&3% . Fig. 299
el w9} Zo] AAEI) PEP-1-SODE x33 HeLa AE We SOD
24L& FE % A gEFo=E FUMHEAY. PEP-1-SOD9 g4
Tat-SOD9] MX 53 T AL vaFyE Z$, Tat-SODET 3-4u] £

Hl A douyxwt EXEE A SF/HEE RS ¢ £ I} o=
PEP-1-SOD7} ME W2 5338 ¥ refoldinge] Z2ogle] vlE AL FXA
3t eSS & & AT

@ AX WZ F3" PEP-1-SOD §3w#dS Fpddggaos oA 3
A9t 2 uMe] PEP-1-SODE 1 A7t B¢t AlFujdad Yo Halsta$
| g do] AEXY BRE 9dooz Figo] FFJAGIAYL o] £

kil
o]
FFAnB R 9 & AN (Fig. 30).

@

Hela AX U2 T35 PEP-1-SODE A42% 7|7 B¢t AX WA oA
FA okt gRH oz gy X7 $8F 4 ). Fig. 319 YE
[} 2ol AE WE F38 PEP-1-SODE Al7bd] ot Eajxo] ghatz o)
AR ZAAHAL Y, #Ha 48 A B4 AX UM EATE & F 3
. SOD &4 oA Azhol wie} Ha gadgoy Fo 48 A7 Fox
(45 U/mg protein)2] 15 (6.31 U/mg protein)t] o]Are] &Ae &4
At R eH, 60A AN E 2T BT} 1.2 (5.12 U/mg protein)
g4e FA2 JAo

2 [ ok
g2 e
4

o £

fo o
iy

Lo go & 32 o

H X PEP-1-SOD7} a3d oz 537 dojueX dolr
ZA G E o] 439 &l Fig. 32& vl¢2 IF =
72 3 uM PEP-1-SODE 1 Azt 3R] @alFzm Q45 g
EP-1-SOD7F & =3 <¢toz F3d Egs Z BdFy girh
¥ PEP-1-SODE I3 %39 AuAE @ JIIFAHE 71X PEP-1-SOD
F347r dojya &8 FUdsuch =3, AR £33 F SOD 42
mg proteinl A 2618 U/mg protein® 46.22 U/mg protein& & 4]
whet 5-108) ©)d ZA FrbstAdh 28y, Tat-SODY A$E whex
F3 & Alzbe] wEl SOD &Ado] 24.39 U/mg protein® & 5¥] Z7}3)

N
ol fo o @
Jézﬁo
o
I A =)

g ot tlo
Do
S

S
it 2
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Ath. PEP-1-SOD$} Tat-SOD 25 H¥ zAxog ®
Z7F8tA gk, PEP-1-SOD €3 ©#Ao] Tat-SODXET T
Ao 8445 YeHE Aog gdgAdrh

PEP-1-SOD ¥ Tat-SOD §g9wWadg wl$2o EQRFALStT 8 A7H
T A7 (H, 2 A%, AR, 9, W, AHES Bdzggaes Fs
K. Fig. 332 E7FA2 PEP-1-SOD % Tat-SOD §gduido) z+ 37
HE 1% EXxH9 £37F do] bz 9L ¢ & JdUW Fig. 4= Z*ﬂ
d2 E33 PEP-1-SOD$ Tat-SODE# A9 4<% ez ot o 2

I}2 Zt Fr7IE2 F39 PEP-1-SOD $&u@ldo] o 2zt ArldAe]
SOD &4eo] A F7lee A& &9 89k wEkA, PEP-1-SOD 34
AL Az A8 agu 7 AUl ae&FoE Fasl & dojuta, SOD &

Be FAGAL &S BEIFA

(U4) F33a 4 Catalase (CAT)Q F3dAaZY D AX9 iz I
gl 9 gIAA 14

@ Tat-CATZ 9Arg-CAT §@dad Ao IFAHL Yl ¢4
Catalase®] FHAE& PCR Wyd 9dte Hxz2 3224Y9d 3 ¢
HUWAT (Genebank™ AY 028632)(Data A} &)

0]
- 1
7IMES W

©@ 229" FAAE primerE ©]83 PCR ZE2Y F Tat 2 9Arg vector®l
fusion A]# Tat-CAT, 9Arg-CAT €3¢ d¥d L 45 & °]§ Z+zt A A st

of 3913t o= Hela A X PC12 Ajxd] Z+zt 7;‘:]—‘?- ANAY 5 @ A5
Albe] ME HFEAEL ZAEEY Tat-CAT Bt 9Arg-CATo] Z7E.§.‘%°]
=2 AL ¢ F JdA2 (Fig. 35), A58 AL 3% 28 Aoz golgtygch
(Flg 36). 5 H Tat-CATS stabilityr 60A7H7HA] <+A 814 2.1, paraquat
o] &3 AIBFAHL =43 AF} oxidative stressoll ] protection T
B3 Tat-SOD} 4 HFAAL 9 protection® synergic &34& &
AR (Data A ).

¥ Nl

@ Tat-CATH 9Arg-CATe ¥ %7 ;:11115‘% g13% A3} Tat- SOD o} ml
7FA & epidermis 3} dermis 74X HFSH L, THAEE F/HIRS S #23)
A9 (Fig. 37). Tat-SOD HXHE9 T tCAT94 Y EAF @-"}L‘ el B
A5 (=3, Fxy F) € 9Fng 9xE 75 FFE AL AEE £
A& Aol

@ Mzx3¥ PEP-1-Catalase €392l Agigd 2 AA
PEP-1-SOD¢} 72 w"Wwlo & PEP-1-Catalase®] ZEHEE AZs5Ex
g d oA PEP-1-Catalase® Fied 2 ¢34 AAZ o Jopdd
2 FA"A PEP-1-Catalase €992 SDS-PAGESt Western blote
2 ZUdsdot (Fig. 38).

® HeLa M X2 Az PEP-1-Catalase o2 £33 2L 34
PEP-1-Catalserx ®l%¥ Hela A|Xe] 5% ‘31 A7k -4% o2 FHHEA,
Exy & AT BHE WS zl s}%‘xv} PEP-1-Catalase & %&H
A% Hela AZd & % A7t g&H o2 FHHIJL (Fig. 39), % €
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% z718 A9 (Fig. 40). =3 AL W2 53 9
g A7t oA e AL FASH AAAL HX&T YA

® PEP-1-Catalase §@9W2¢l vhex g3z F3)
PEP-1-Catalase §¥9AE mp¢x spzzxoz R39S At
Fig. 4104 PEP-1-Catalase’} ¥¥ A o2 EIgE AZE & Yehyxn
ou, B3 #© %9 Catalase 842 321 U/mg protein® 2 w7l ]3|
158) o] Z7}8) 03, Tat-CAT (86 U/mg protein)ol] 1) 3] 4-58) ©]d =4
e,

@ PEP-1-Catalase §3 949 vig2 7z FrjE2e 34

PEP-1-Catalase® w"}-$2o] BRFAlsla A7 & 2z AV|EL AYZAY
A S EAZF ok SOD & wisbA] HPe g dTE £ 23
PEP-1-SOD¢} PEP-1-Catalase® Tat-SOD, Tat-Catalase® .tk & =& &
AL 7HA32 7 23Fd FIdHE RAE . wekA, PEP-1-SOD,
PEP-1-Catalase €329 EL BHNALZTANNT 4 AES &4 SOD B
Catalases} #H " Ao s gdld XNaAZAM 71548& & F o By
FAT (Data A ).

(}) Botolinum toxin (BTx)9 FAAazY @ 2y
@ BTx*¥ anaerobic, G+ bacteria ¢1 Clostridium botulinum T4 AALE &
neurotoxin G A Z A A AN F A acetylcholined] EHIE Asfgozry &
AR ARE AGAA ZSKvHHIE 2YATIE AAFLolth 80dW £
"3 FDAS] &7t 93] <t AAAEA, AMXNE 4F 25239 A8
de] ALEH7] AlEsle] 90d ) 2R E FEA XNEAZ AMEEHI v 19
FEHAA XNEA (RE2AE) FAZ FEdfobstr] Wi o ERHS}
A Aedx ot B dF9ANE PEP-1S BTxol §3AA 2dAz 5 9
Fo 2P w2 IPoz FEHAA XN8E & F Ug HALZ A4H
ol A7Vt AFHY 7482 A2 Ay

@ BTx9 light chain FAXE primer AZFE PCRE ARY3}Y
PEP-1-vector®] fusion A|Z 2™ (PEP-1-BTx)olE ZdAZx, 23y o
AL AA st Western bloto 2 29t (Fig. 42). PEP-1-BTxE Hela
ANEZNZ 538 T 92 ANE=E X2 sd Western blot22 ettt
(Fig. 43). =3 d3ndgNoz AFXY T3 gA B3 (Fig. 44).

@ PEP-1-BTx9] H2x32 53 9 93] it
rh$-2 FRel= PEP-1-SOD7F &FHe= F37p dojueA dop
71 98 WY 2AGAE o] &3l FAd4d Fig. 468 "2 IR =
M3t AxZ 50 pg PEP-1-BTxE 1 Azt 9o deFa A48 4%
PEP-1-BTx7} H¥ z% <o g H3g 2&He I RdFa gl
EP-1-BTxE ¥ =39 A9AE 2 JAFJAEZR] FH7F dojy
38t 1, BTxol| djg @3Ag Aatstith

B odn gl XN
< ru[o
ol o

o og
iz

32
o
o

() &#4 pb39 AX JAFHUY R VAEEEY
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@ Tat-p53¢] HeLa A Xz A%

HPV -positive cervical cancer cell line?] HeLa< normal RB and p53
functions®] ZHA HIF2A W$ &5 E9 wild-type p53& 7FAL 3l
T} Tat-p53 §FDHAE AZXU AL 2 FEEE AT obF Western
blote 2 Qs Ath Tat-p53 STFUEL AXEYo] T= 2 A J&EFHO
2 B350 (Fig. 46A and 46B). Al U2 358 Tat-pb3 fusion protein
L 24NZY A EA 8T (Fig. 46C). %3, Tat-p53 fusion protein®] AXE
Yz HE FHe RS 9] & 7] 98 AEW Tat-ps53¢ subcellular
distribution® confocal laser microscopy ¢ subcellular fractionation 2.2 %
A At (Fig. 46D). 1 A3 Tat-pb3& & BolUel MEZ AT LA E
Ao, subcellular localization& #4317 ¢3] =z Axd HEL2 47 &9
3le] anti-pB3, anti-actin or anti-PARP antibodies £& ©]&3¢ Western
blote.Z £ It} Fig. 46E9 A B%, Tat-pb3 & & olygt Ax3z
el M= 2= A

@ Tat-pb3e] AXY IAE=T ol p21 F-AA 2 transactivations

53 Tat-p53 protein®] T2 &AL protein transduction technology ol
Ao A z7o] o} pb32 p21 KA S fT dvz gHA AT
MEUYZE HAEH Tat-p53 fusion proteino] AFE U A AL 7IA2 JdEA
ot 7] H& p21 proteing] WEH FFEL Lo} BHYY. T AF} Tat-pb3 &
p218) HHL 5 A3t g&How HrdAtt (Fig. 47A and B). T3
Tat-p53°ll €3 p21 promoter activity®] transactivationg <olx7] 93
luciferase activity® ZA3J (Fig. 47C). AXW FHAFH Tat-pb3< p2l
promoter activit® AlZtel wet F7F AlF o ol AAE Tat-pb3 T
dol 84& 23 AFYE HAFE e AL & 5 U

® Tat-pb39l 3 cell viability &3
cell viabilityE &<13}7] &8 02 - 1 uM Tat-p532 HeLa celld] o 3¢
< A & MTT assayE SA3ATH (Fig. 48). Tat-ps32 FEo o&
Hog AFEAE FE391, 1 uM Tat-po3E 3¢ < AHg Ax= oF
60%7F AHE H AT

@ Tat-p53°] 93] Fx8 AXA FA

Tat-ph3e.2 #8d AHFXolr] DNA fragmentation® apoptosis related
moleculesE¢] W3E =AYt Tat-pd3e A& AXoA DNA
fragmentation ladder’} e} (Fig. 49A), caspase activation, Bcl-2
expression, and PARP cleavage %<& apoptosis related molecules®] ¥ 3t&
¢l sttt Tat-p53S s AT PARP cleavage’} WERG o,
Bcl-2 protein 0] RolxlEs AA}E JUAD (Fig. 49B). ojd 23 &2
Tat-p53¢] apoptotic cell death’} & HE & & AUt

® Tat-p539] ¢AM X U &% F
HAEE Tat-p53el E#HE 942 human cancer cell linesol A o} H 3ttt
liver cancer cell lines?! Hep3B (null p53), HepG2 (wild-type p53)%}
prostate cancer cell lines¢l PC-3 (null p53), LN-Cap (wild type p53)< At
239tk 4249 cell lined 1 pM Tat-pb3e Y 4 &G A 3z, A
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29 viabilitys= MTT assay® 23 HAS (Fig. 50). AXQ viabilitys
Ay Tat-pb3 FEd d&EHoz 7Z+Aa HUoh walA Tat-ps3e o8 <&
Ao g NEAZ ALEE 5 L Fs .

(mh) AgAel 9% FAAEZNEGNA pS3 (Human UV endonuclease 1)
9] fAx =223 2 PEP-1 vector=9 §%
HEAEZE AJHAUV  light)ol »=Z5W  pyrimidine dimer, DNA-protein
corss-links, thymine glycon Z< 3z} £45 2t} ou &38 F3dxE
repair 3FE &4 F base excision 5 83 H¥& s UV endonuclease I
9} 53 a4 DNA polymerase § o ¢/t 3EH} Tg|22 B dAF4
o] F HAE ol&3te] I AFAPOZA ALYH g FHA &
P NEAZ AFEEF YRS stuA o A pS39 DNA polymerase §
9} primerg AZF PCRZ 243 PEP-1-vectorel fusion AlZHow T
At

o
M

o e, S e
oy 3,
lo

=,

(8} Prodrug A} &4 <9 Nitroreductase(NR)2] A ¥ U] IF 59¢ 2 P
g4 874

@ Nitrodeductase (NR)& E.coli% 9]
CE195481& Chemicalel W8] Seol3
alkylating agent® WHSA|AH o p
cross-linking& =3t A E9 Apbd
Aol

% o

"{r_‘_l

S4880] MMAZ YE ELAEA
48 Bo CB1954Z difunctional
oduct’t DNA double strand]
FET o2 A prodrug® 2o0le &

tlo

@ Tat-NRe] Alxu IF 9 AIdA =4
Tat-NR #8942 L E colidlA] d83td AA gt (Fig. 51A,B). A
H 9¥d e immunoblote® &9  (Fig. 51C), AAE vwae A4
& 7FA 3 Rt (Fig. 51D).

@ Tat-NR9] A ¥ I5F £ AAFHY=A
Tat-NR @28 24 AXY AF5HE A7 2 3= B2 Western blot
o2 I Tat-NR §gddoe] Azt 2 F% o&Hoz Axy
FHE AL FAsAT (Fig. 52). ¢¥d X5 UHE oL ad43x
protein therapy& HsAE §FGNZAo] A X QoA LA AT AAFH
282 Z4& JHAY A&Ho ok 3} wabA, XM BN G
S48 Bttt Tat-NRE AXuUlelA 2417 A=A a8y B AF 4
NR &4 #Al& Hela cell AA1Y reductase &A4o] WF ¥o] 1h2tx NRY
24 83E AT £ 93 (data B,

oft ek
¢

o

@ Nitrofurazone &A3dlo] I FH Tat-NR fusion protein®] cytotoxic
effect ZALE 918 MTT assay
Tat-PTDell ¢]% PTD-DEPTY anti-tumor effectsE &¢18t7] $sf, MTT
assayE 33t th $A4 10 UM nitrofurazone®] &4 3tollA A Fof| tiFdt F
o dildg A3t Fig. 53AdA 2y AAE 5 pg/ml Tat-NRE A
HPS o ALoZ W3S RHUZT 20 pg/mie AT w7 gfde] A
&3 wbdlEle] viabilityE® EQow 20 pg/ml oA E ALY #e u
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BIh, =8 transduction B M E7} Gubut nitrofurazoned] i) Wz
BA7bel e #EFEPT. 5 pg/mle) SFERAE Az, F
& %X nitrofurazone® X34t} Fig. 53BolA, Tat-NR& &
05 M ©]49] nitrofurazone FEo| A8 w-&& R PO nitrofurazone®] F
=7} 2 IM€ HoiA™ ¢ ol adE vEA X

NN ok, o
o o o

(X)) Cytosine deaminase (CD)9 A ¥} AF &9 2 A@A 4

CD¥ E. coli, yeast, fungi®¢ 3&5AE° /A1 Y H22 AL
e fungi® AEtA] E3&A s17] 98] antimicrobial agentq! SFCE AF-&-3f
o ojuf #A3= ZaF/E Aol WHAY. CDY bystande effectE HH
5-FCE b5-FUE ¥W38ANAFT o] 5-FUE cells® enzymeEe] <3|
5-FAUMP& ul# 1 o)A o] thymidylate synthase® inhibitiondt% dUMP7}
dTMPZ H}¥E 713E block ¥t 2= DNAY replications W3R
cell® proliferations =&t}

@® Tat-CD9] Axd JF 2 A8 53
Tat-yCD §@2#9de) A¥ F558< A7 2 =0 @ Western blot
o2 AR Tat-yCD €% @@z A7 (15-90 #) 2 F& &4
2 AXYR AFHe R BUsg (Fig. 54A and B). £ §3a93
°f MEUelN driy dFHoz FAHAE FAAAG (Fig. 540).
Tat-yCD¥ 247747 AEReI dReA fAHD I ALIFF &
284¢ Z4% @% Ta-yCD $¥wNgol 5FCE 5-FUR WEAZL
Gl o] =g vlEste CDY Ao ZrtstE AL &l H Tt (Fig. 55).

® 5-FC &A)8t2] Tat-CDdl 2l MTT assay
Fig. 56A°1A E&= A ¥ Hela cell®] 5-FCol g whgF4& Aot
05 g/ml Tat-yCDS A& v HLoz WS HFYL, 2g/mlE AT
WX diA el g g3t w9 viabilityE R Ao
2o 9ee B 3 AEsF gy 5-FCol tidh mgAdLe )
5g/mle] &% v9FdAL HYstzm, ZAZe & FTEE 5FCE Hst4,
Tat-yCDE ¢ 05-2 M o|A% 5-FC &3& Yelldth (Fig. 56B).

[o]]

® 5-FCel 23 bystander cytotoxic &%

Transduction® &% @¥dd] o) &A43 HoA drugel 93] AN AXY
At ol dojypER] MTT assay2A] #E38AT Fig. 57404 2 dg 24
3t¥ drugE transduction® A & A X0 A w¥&F ax3E Jedode
AL & F 99 zzY BAstE drugd 93 MAEZY AELE AH
transductiong 3 A X9 AlE 713 (cytotoxic effects) ¥ ZFEs) HolA =
¢rstth. Bystander cytotoxic effects®l Z#AE HW A E7t ApEdte 7139
E5 & cytotoxic effects®t H]EapA He a3& JegAE X3e A
Fdas

(o}) ZHAAYE 54259 §AAEF2Y ¢ Tat/PEP-1-vectorZ 9] fusion

D GABA Transaminase (GABA-T)9 ¢AAR=aZY, 4K #3247
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N ZAqA F83 AAAGEIZ S 9= GABAY EHUAY
GABA-TH 1% §3x E23¢ FYAT. 2498 FH AL Northern
biot& ©]&3% tissue distribution® Southern blot2 ©¢]&3% genomic
39128 pGEM-T vectordlAl 2EAA BAo] AxE A
Atk EF £¥2F GABA-TE #d7 22d% ¥de 3
B A2

S
S
2,
N
Q
[l
o
5
o
aft
1

PCR cloning-& #8831 AXE IFAFL F3Fo] gt GABA-TY AX
U 2JE7F A= 718 8 olyzl GABA-T deficiency 48 & 88 4
A& Aol

@ Succinic semialdehyde dehydrogenase (SSADH)¢ #4dx 2324

SSADHE GABA ShuntolX GABA EEAEA 7r@Wo] w$ #Ho)

53] #H SSADH deficiency genetic diseaseo] W& AF7F oi-¢ &2
o, 2822 27 SSADHE AT HAFEAF 7] g8t $AAR 224 &
gt it SSADHY fHA 224g 98te] SSADH 4o FARY
ZE gAaslg oy (82X 1] Neurochem. 76, 919-925 2001) ©]& o]-&
o] primerE A|Z3te] DNA probeZ LAt o] probeE o]&3td <l
SSADH #Fdx SF2YE dA 3 Zd Jon gozg F2YH FARAE
o] &3l “uld HAELAF L FFT Aol

A 9 41y S

® Glutamate decarboxylase (GAD)® #4d# &2 2 23
GAD$} glutamate transporters= 7+2H 2 AR A3 o) o) F Q3% o
2 ok 53 GAD¥E glutamate transporterd] €8] ZHHE Aoz 4y
ATt GABAZF E42) GADE primerg ©]43t9 PCR £23¢ 333
o] & Tat-vectorel 29} fusion GHAE THFAT. A o] Tat-GAD =
e A U2 ZFA7E FH Ao

@ Glutamate dehydrogenase (GDH)®] §Ax g2 ¢ 4d
GDH< glutamate metabolism®] Zdd] -9 Fa3% ol FHT GDHd
e A7 i3] AFPFojtd azuZ Q7 GDHE AW AEAA7 ¥
q FHA E2YE FYdIYT o]E Tat-vectord] ¥o] §FaNz L 2AF
2 AAsIAT AAE Tat-GDH ¥ 82& PCI12 cellel 5% 2 A3t 9

THoE HAFE FHoH, AT 49 Ao ZA FHEE & g
AT (Fig. 58). E31, cytotoxicity testdd Ao A3 54L& Je x|
Hee FAsnh

=

() sZ1<¥ AY Tyrosine hydroxylase (TH)®t GTP cyclohydrolase
(GCH) 9 34 22499 43

THE X3 oA AAALEAQ dopamine$Ad 9] rate limiting stepd Zv)
e F83% Fholl GCHE TH, PH 59 &2E0] 48 98 98 1
Z1#1¢1 BHy (Tetrabioterin)e] $AHEAEXN olE E4EQ oA T7&Y
3 AT #He] gle AR g#A . THY GCHE FHAE o &34
primerA| 2 & PCR £&24€ F338le Tat-vectord] fusion AlAow A &
d, AA Fol Ak o] EAEY AZY HF 2 AIF Aol AFHH
¢ HY B2l FES o83ty d¥d X589 AL B & Aol
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(3}) Phenylalanine hydroxylase (PH)¢] #4x €214

PH: phenylalanineol A tyrosine2 2 hydroxylation® £ZA7]& E4AEH F
2 livero]l &A3h. PHe ZAfd 98 phenylketonuria(PKU)7F dojyim
PKUE ¥R #lole o amino acid thAle] ojAez dojdr} 2o AT
= ol8g PHXAEE 5% PKU fAxAN g B d77 I8 Fd ey
EFHA MNgyo] HA Esm gtk aHEER B AFdA gUAAEEE
frd &} ‘]39} Hady o) AW XNgd & §3E B oz Jgdn
PHY 4 A= primerE o} €% PCR 224< 33t Tat-vectorel fusion
A A P—Ui A4 ¢gaNds &9 o 3vh

(1) Nitric oxide synthase (NOS)9] f#x 24
NOSE NO HAHE22A NOE A4 WA AxxL, 248y, Ir524,
458 T 99 A AFES HAD gle T2 BdoY £ i
E NOSE AX Wz AFA77] 9439 primerg AF F PCR F24<€ +
g Fo Jom o] AT AAE doB ABAE 54, §F, 2L
o] &34 ol8E A2 A€

(8}) Human growth hormone (hGH)®] #AA 24
Human growth hormone (hGH)< A %}ﬂ} RS ZH3E 583 hormoneo]
o B dFME hGHE AZWE AFA7)7] 93] primerg &% PCR €
238 38 Tat-vectorel fusmnl\]?dotﬂ A SowAds wd AA
gt A g =23 AT Fo

(#}) Organic compound (Vitamin A, C)¢ Tat vector$®} link

st 2 FFE 7} JE Vitamin A9t Vitamin C & 6Lys & 7184

IS ] 3l conjugation Al#A 6K-Vit A, 6K-VitCE Z}7 A3t
Fig. 59-61). Tat-Vitamin §¥ &2 TLCE o|&3e] vitamin C7F link
A AL Felsgon, ol EXEc] yRxAoE JREFES FAHT e
o] dAF AFE RHFEHA/ 9 hyaluronic acid, FIREIIT JE
hydroguinone, 38]&28] A &7}7} Y= 5-a-reductase inhibitor 5o ©] 7|
&g &8eto AEFIIY g5 L v, AGAGeA g o]de 7HA

=
< T g AR AEdHT

ﬂ/-\

=)

(1) Tl 3B B o Tat-SOD WA AX 5 52&3571
AZY Tat-SODE AAFHAANA ] FEol WER
‘*@}i AZY AF 3 F3ge wg oz 75
71 CR-Tat-SOD (Copper Reconstituted Tat-SOD)¢t Tat-SOD}9} A
F 588 9.

7h) Felol & 3 &9 Tat-SODY A|ZF (CR-Tat-SOD)

Table 20 el vle} Zo] A E Tat-SODE FEo]&& I HFAFL
AAHPY g2 BAL B3PI, FEo]o] CuZn-SODY AL FA3t
ed E4Fo2 2THE AL AT

_45_..



(1}) CR-Tat-SOD9] A ¥ IFA <2l

Fig. 6294 29FE A48 CR-Tat-SOD7} ZR-Tat-SOD$} CZR-Tat-SOD
Bt B AEFHOE AE U AFEJ dolgg Y. FEol FHEL
2 S0DY &4 B olizg AEX W AE7} 100% F7FE AR, ofdeo] 3 5L
AX g FAES Tat-SOD Bt} 15% Z7tstgn =3 Fa/obd o2 &g
Tat-SODe A X W AT/ 95% F7kste] Falol2% 383 Tat-SODS 7
o] ZA JER

(t}) CR-Tat-SOD¢9] HelLa AlX W I%

Fig. 63¢] Jebdl vl Zo] ¥ FH §RIRAEL BF AP v=
vl #Hste] Aol FFEHE Uo] F/EdeY, 2L FEE HHYSAL 9 Al
TUZ AFH §FaRAe 4& CR-Tat-SOD7F Tat-SODel Hlstd =LA
Z7bstd ) ol 3 AN $e FE (025-05 uM)e] §¥ERA S AHEAS
g #AstA e} CR-Tat-SOD A EHFAL Tat-SODel ®]8] 4~54)
7ttt =8, Fig. 640] Ueld nlel o] 1 uMe] @IS A3t
I AZHEE AEZYE 5D fgaude JS ##EI A7, CR-Tat-SOD
7V w2A (5-20 B) AXUE JA5stE= AL FeA3t}h (rapid-saturation
manner). WA, FEo]L 3Boz e Exol wE AT AXE HFAo]
719 Tat-SODE ©¥d ABAZAHY 754 &F o 249 27942 &
2= A

(2}) CR-Tat-SOD<®] BESHH I =
AEWE AFH CR-Tat-SOD7} AFAIE S o= A JAJEAE &
At Fig. 6591 YERA wle} 2ol 0.1~2 pMe AL W F FFH 8%
gude 2R Fr-od&xgoer AXAES AA}HEAT CR-Tat-SODo)
Tat-SODE T $& F% (0.25~05 pM)dA EA et ol CR-Tat-
SOD7} Tat-SODol| Bl5le] AE W2 o wEA A5 AXWY Faatl
E AAANDoZN NEIAIES ggHoc2 A4AT ¢ Y& YEINET

ri'c!

O

(2) AAEL o] £ Tat-SOD §FdNd AX 5 858 371
B AFoE HIEY AN F2E (gensenosides)S ©]-&39 Tat-SOD9
AE R 237 A5 §&8 v T3P

hH A4t % AEAF 289 F
ol4to] AXAFE EEE F/HAIE AL Aty 8 A4 FEFES A
wjokho] mle 12417 A Agetgt. 28-S Tat-SODE % Z Azt
2 a3t western blotting 2.2 #9154t} (Fig. 66). Fig. 669 Y&
viel Zol Tat-SOD % ¢14Hg Zo] Xgd Tat-SOD7F Azt 2 FXe otz
AEY AFa el F7 I a8y, 9ae A Tat-SOD A EH
E Zgo| Tat-SODW Ad3 ART =2A F4HE AL &dsdnh

2 =

o

(}) Tat-SOD &9 =7}
AE AF & gz AL FUsr] 9

g wld FHNEE v wE] B}
AAte] ols) AT HEI Z7E HZgAY @

WA GAEE 3L H Azt4d

. O~ R
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T d4to] Tat-SODS N X HEF = 2
S Foled ERHOE o8W + YL Uehdrt

() A ExxHoz FF 58 S/
AL B ool vREHoF Tat-SODY AF F ol F/tEE AL s}
71 $3) E}T g Az Tat-SODE 2ol FAsAc AMNE A3
upg- Aol IR ZR A Tat-SODY AF %L g4 9 %/‘éo Tat-SODgF A &
s -?—EE} A FHEE As Z'UW% A g4 GHE BHE B &
o1&t At (Fig. 68).

r()
flio

—_—

., 23w d FEo FH

AN
HE

2958 o83 9Md Aud 54

(1) Ischmia model % 9] F4j

D AEEES 4N AN,

@ zE&E9FHNE 01%’3}04 3‘7 isoflurane2. & HAlwlH ARl 98, 25%
isoflurane (in 33% O ¥ 67% NO)E w3 AHE FX 3o,

@ A4FFTEY Aol 37-375T7F IEF hot pad®t heat light2 2|8}, o]
g A A (rectum) g B3t A& A, AT

@ E FEE 2531, ¥F *?:EE““ (common carotid arteries)& =&A1%1 T
€ autoclampE ©| &34 artery clipl® 58 EE 1087t ischemia® F&3t
T

® Ischemia®} % 3% oo
ophthlamoscope E3Fe] #<913t},
® Ischemia & ¥ & %9
ZZ7ol| gFo] AdA 7T A

(2) ¥ F% model TE &4

@ Tat-SOD7} streptozotocin (STZ)e.2 Hutd Bxy v oig aai&
#HZ37] f8] ICR w28 o) &3td Fa¥E FEAHTD ICR »Ff-29
STZ< 100 mg/kg® 0.1 M citrate buffer (pH 42)9] &3 o5 gAY
BERAFAIE GaHE §FEAZT STZ 5o & 3-4¢0) Y ¥98 =4
3ted 200 mg/dl ©]/39 EHFAE Holy MAE Txyo f¥d Roez
Atk 89 AL w2 E 1AL AHAIZ £ A ESE QPR
HAdg AHslA glucometer (Glucotrend, Germany)E o|&3l9 38 &4

Eia=
@ #7343 insulin dependent diabetes mellitusoll A}&3 NOD (Non-obese
diabetes mouse)E £ e APFFERAM FH gk

3) IANEAY FF model FE9 F£4|

O F1EN ¥ 22 FA C57BL/6 vH$-29) herbicide 1,1’ -dimethyl-4,4'~
bipyridinium (paraquat; PQ)& 159 % 10 mg/kg® 3F &< AS
EAF A s Azt

@ YETFLE salined Fofdted v mety.

@ "$25 FYANA e ZH-(substantia nigra)ol £ A3}l dopaminergic
neurong ZAHAGM o Z FQ%t]
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(4) Ischemia model ¢4 2] SOD 2 Catalase 3 9# A9 F3}

(>H) PEP-1-SOD9] A ZME J5a7
PEP-1-SOD7} A7 ME (Astrocyte cells)ol HFH=AE HA37198 &
E 2 ARER AR AHE PEP-1-SODE %9i8la western blotting¥ @
NAGYE BAL B3 EAstgt (Fig. 69). Fig. 6901 vehd nlepzdo)
PEP-1-SODE §%& ¥ A7t g&EH oz AAAE IFFL & F U1,

eude) 24 B 2-104 o4 FHE e BAHA.

(1}) Paraquato] t& NA A E (astrocyte cells)?] B3 & 3%

NABAEZ T35 PEP-1-SOD7} paraquat (PQ)ell &dt A TAIEE o]=H
= BI3sleAE BE37] Y3 AFAXY PQE At PQE A

AXEE 60% BE AEAIEE JeERARA T PEP-1-SODE #Zeo] Hd 4%
AZ RO 90% ©]F JAHE AL FAHAT (Fig. 70).

(}) Ischemia modelol* PEP-1-SOD &3a@de &3}
Ischemia® +2A17]7] 30% A, %] PEP-1-SOD$ Tat-SODE =4
(100-500 pg)2 EAFAb 3193, ischemia F2 49 Fo] Hgzzgao=
neuronal cell viability® <189t (Fig. 71). Controlel H] 3] ischemia® &
T3 gerbil®] neuronal cell® HREE (0% ©lA) S|
PEP-1-SODE FA}gl gerbil®] 7% control® 90% ©]4 neuronal cello] =
AHA e g FAsAT 53], ¥& FENAE neuronal cell F9 S &
oz Busts AE & F dA 22, Tat-SODY A LdE IF%
AM EFH7F EET B oA 23E Ygux It ojdd A
© PEP-1-SOD7} Tat-SODe| ¥®}8} ischemiasid @& ¥E2% neuronal
cell 7 & FAHo2 RIS & + YUY (Fig. 72).

(2}) Ischemia modelol A PEP-1-Catalase § 332 &3}
PEP-1-SOD%} #Z& Wi o2 PEP-1-Catalase® ©)-83}9 ischemia B3 & 3
& #2331ty PEP-1-Catalaset ischemia®l B3 & 8o 38 Yegx &
=2 B9z gaoz sty (Data A,

(v}) Ischemia model°)] 4] PEP-1-SOD, Catalase § 33 ¥ 29 &3
Ischemia®] 4] neuronal cell viabilityE& Z7}A7)7] 913) PEP-1-SOD %
PEP-1-Catalase § 39N 2A& Zo] FA}89 neuronal cell viabilityS ¢l
St th SODS} Catalase® SA) o) FAFehH ischemiadlA B3 &7} SODgh
FARS AET H{L aHfHoE Yyt
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(4) €49 &Y 3= (IDDM) modelol A ¢ Tat-SOD &394 <
27

(7F) MIN6N Alx=¢] A5 9 ALY 534

@ MIN6N A X2 Tat-SOD9] %3 2 A
Fig. 73A°] Yed =g} Zo] Tat-SODE % YEHo=Z d&d #y
MIN6N AUz 3509 Tat-SODE A 2 AXE e SOD &4
T R3E DUy <o uigstd sk g&EHoR FrHHIUG.
Tat-SOD®] %3+ confocal laser scanning microscope (Bio—Rad,
MRC 1024 ES)& ol &3te] A9 gFPM oz oA &stHtt (Fig. 73C).

@ MIN6N M ¥=2 5349 Tat-SOD9 ¢AA
Fig. 73Bol Y uie} 2ol X W2 39 Tat-SODE A 48 Azt
T AEUY SA48S & £ YT SOD A A 48417 T T =T
ot 58 22848 fAFT 9tk

@ Tat-SOD transduction®] STZEZ X8 MIN6N AlZ 9] A 3EAEd)

A= 4

Streptozotocin (STZ)E 1-50 mM¢ =2 Ao H/5HE W s=d&EH
o2 MIN6N Ao AldE F=3 4t (Fig. 74A). 238y, STZd 937 A
FAPEE 3 uMe Tat-SODE 1A17F ol AAXHAE | Festath 53
20 mM STZ % 30 mM STZ FoFolA Tat-SODS Foe AT AIES
50%%t 110% #9stA Z7M213A Y. AlX Y SODY 4% HA] Tat-SODE
FoZ 3-108F frolstAl FrtetAd Tt (Fig. 74B).

@ Tat-SOD transduction®] STZZ F7}8 MIN6N Al ¥u superoxide
anion radical (SAR)3 NOd] 9|XA &= 43
STZE 1-50 mM9 »E=2 ujxo] H7lsl9S W FZo&doz Axy
SAR¥# NOY X7} Z7+9 At (Fig. 75). ©183 SARY ZF7l= 3 uM9Y
Tat-SODE 1 Al Aol AAXFHS o 2T v £+F22 F93
| JAFAT (Fig. 75A). 218y, o|fe dzH oz STZd 93 <2
NOE Tat-SOD9 Fojo] st A=A sk} (Table 3, Fig. 75B).

® STZd 93 fx=5%+ DNA #@H3}o] v]X & Tat-SOD <IN A
Foo I
AT ol £3F free radical £ AA1EA}, 55 DNAE F235to] DNA
o} AW 3} (fragmentation)E SE8E Ao g8A vt Fig. 769 e
dlsh 2ol 20 mMe] STZE HelatdS ©, 9 A7 olFo] DNA Z®si7t
AshA g2=dch 28, o8¢ DNA ¥k 3 pMe) Tat-SODE B
ZAE W gHH o AAHUY

® Tat-SOD transduction®©] STZd &9 MIN6N A X ] Bcl-29 Heat
shock protein (hsp70)2] @& v|X= AT
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20 mMe] STZE Agg ATANA Bel-29 2HL A7te] A wat 2Aa
SHR oY, hsp709] HEL Fo 1-3A7F AlololA dAAe R FIEHJGI}
OA A2"E S AT (Fig. 77). 28 Tat-SOD7F 538 A%
e 12 AlZko] A UE Bel-29 hsp70 i de] Wdo] A& =& FFo 2
FAHT AES & F AU ol # antiapoptotic TR AL T3ty Tat-SODY)
ot Bgo] FUEE AL YNy

(1) ZRFEL o|$ Tat-SOD 9| ¥ 2 &53H

@ ICR mouse°] ] Tat-SOD in vivo transduction

AAE Tat-SOD 500 pg/ml& 7% ICR vl$-2o] BZFFAsta 547F FH o
AT 23 & Edste Western blot & F3% 23, E3FAg Tat-SOD7}
AZxA WE EJHAJSES FA890 (Fig. 78A). old what Hgzx2 9]
SOD #A =7 gRTol Hsdte] 22d Asdtdch. Tat-SOD9 in vivo
transduction< ™A} H HExAZstoe 2 #FQE4H. Tat-SODE E7+
AbgE AFZ=A L Tat-SODd| Eo|stA ¥+ £3+E polyhistidine Aol %A
¥E& Yt (Fig. 78B).

@ STZZ X3 mice A B-AxX9 Hgd vlxE Tat-SOD in vivo

transduction®] <&

ICR miceo| STZE FAbsla 4474 1, 3, 5o AAH Tat-SOD 500 ug/ml
< BAFASIAY. STZE FA 7549 Fd dAA=2E A& insulin &
dxAsteto g A% p-Axs FF3A) Fig. 7991 vebd wpe} o] STZ
€ FAF ZAAe dusdd AR p-AEXsh g wd #EdE, 211
cells/islet, n=12), STZE FA}3}2 43])o) ZAA Tat-SODE ERFAIS AJ L
AqXE ol p-AEe HIs dA3 JaA=HATH (Table 4, BF, 458
cells/islet, n=12).

@ STZZE FX% mice?d @9 Fd v X+ Tat-SOD in vivo transduction

(5)

o 9%

Fig. 80 Webd vie} o] STZ 120 mg/kgE FAIS F 197 H 7 Fol
A8 Frretd e 39 Fo 530 meg/dle] ¥8FE FAGAT. o &
28 F7he oW Tat-SODE HEZFAIFLEAN FoatA ZA2IAUAT ()
£ 55-75%).

FAERAY, & 02 2AFEqA9 §F

A7ERH A E SOD, CATE ¢ olAdE= pb3, NR, CD, ADIE zHE oA
¥ GABA-T, SSADH, GAD 5 9%43 §INAES o] g3t Td X
BAZMY 7t A o
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Table 1. t}%$k HIV-1 Tat &8 Vector 7% @ 45}

Deletibn of HIV-1 Tat Basic Domain (47 YGRKKRRQRRR 57)

48 GRKKRRQRRR 57 : Tat (48-57) - GFP
49 RKKRRQRRR 57 : Tat (49-57) - GFP
50 KKRROQRRR 57 : Tat (50-57) - GFP
51 KRRQRRR 57 : Tat (51-57) - GFP
52 RRQRRR 57 : Tat (52-57) - GFP
50 KKRR 53 : Tat (50-53) - GFP
50 KKRRQ 54 : Tat (50-54) - GFP

50  KKRRQRR 56 : Tat (50-56) - GFP
o " “Addition of Proline :

49 RKKRRQRRR 57 - Pro - GFP
49 RKKRROQRRKR 57 - Pro - Pro - GFP
49 RKKRRQRRR 57 - Pro - Pro - Pro - GFP

Modification of HIV-1 ;Tat‘Baéiicﬂ Domaini w’it'l'i:"pq‘lxyiyé’ihe‘-b qf. pblyagiﬁiﬁé

49 KKKKKKKKK 57 : 9 Lys - GFP
49 RRRRRRRRR 57 : 9 Arg - GFP

o JE Vector ¢] &4 vl ( Tat, pK, pR ) @3 Q9

- Tat(58-57) < Tat(49-57) > Tat(50~57) > Tat(50-56) > Tat(51-57) > Tat(50-55)
> Tat(54-57) > Tat(52-57) > Tat(53-57)
- 9K > Tat(49-57) = 9R

+ Ptn—HD = En HD = Ftz HD > Tat{49-57)

« 9K-HD = Tat(49~57) > 8K-HD > 7K-HD > 6K-HD

« 9R-HD > 8R-HD > 7R-HD > Tat(49-57) > 5R-HD > 4R-HD > 3R-HD
« 9R-HD > 9K-HD = Tat(49-57)

SOD

* 9K > 9R > Tat(49-57)

CAT

* 9R > 9K > Tat(49-57)
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Table 2. Copper ion content, dismutation activity and relative trasnduction
efficacy of the Tat-SOD and metal ion recovered Tat-SODs.

Cu2+ content SOD S.A Transduction
(mol/subunit) (U/mg protein) efficacy
Erythrocyte SOD 1.00 £ 0.02 1485 + 24 0
Tat-SOD 0.27 £ 0.02 13 £ 5 1.0
CR-Tat-SOD 0.96 £ 0.03 804 + 21 4.3
ZR-Tat-SOD 024 + 0.07 17 £ 6 19
CZR-Tat-SOD 0.91 + 0.08 788 + 33 42

Table 3. Effects of transduced Tat-SOD on the tissue levels of superoxide anion
radicals (SAR), nitric oxide (NO), malondialdehyde (MDA), and SOD enzyme
activity in the pancreas of STZ-induced diabetic mice.

Untreated SODinjected  Heat-inactivated Tat—SOD Tat-SODinjected
Control Diabeticmice Diabeticmice Diabeticmice
SAR 100.0£209 (5) 197.3%6.9 (5)** 202.6+85 (5) 137.6+14.9 (4)+
(% of control)
NO 39.6£3.1 (5) 795x13.3 (5)* 86.2+4.7 (5) 63.616.1 (4)*
(uM)
MDA 13.3¢1.3 (5) 20.124.7 (5) 224116 (5) 17.3+2.8 (4)
(nmol/mg protein)
SOD activity 129.2x14.1 (5) 38.1+16.0 (5)** 29.6+13.4 (5)*x* 135.4+21.1(4)+

(U/mg protein)

Diabetes was induced by a single ip injection of 120 mg/kg STZ in male ICR
mice. STZ-induced diabetic mice were injected 4 times (4 hours, 1, 3 and 5
days after STZ injection) with 500 g of control SOD, Heat-inactivated Tat-SOD,
and Tat-SOD. Pancreas was dissected from mice 7 days after STZ injection,
and was processed for biochemical analysis. Each value represents the
meanSEM (n). *, P<0.05 and **, P<0.01 versus untreated control group. +,
P<0.05 versus the relevant SOD injected diabetes group.
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Table4. Number of insulin-positive cells per islet in the pancreas of untreated
control mice, SOD, heat-inactivated Tat-SOD, and Tat-SOD injected
STZ-induced diabetic mice.

Group Islet counted Number of insulin-positive cells
(cells/islet)
Control 12 69.2+7.7
Diabetes 12 21.1£3.9%x
SOD injected diabetes 12 26.6£3.5%*
Heat~inactivated Tat-SOD
Injected diabetes 12 22.3£5.2%*
Tat-SOD injected diabetes 12 45.8+5.9* +

Insulin-positive cells were counted from the relatively large sized islets nearby
periductal or perivascular regions. Each value represents the meanSEM obtained
from four animals for each group. *, P<0.05 and #**, P<0.01 versus untreated
control group. +, P<0.05 versus the relevant diabetes group.
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Figure Legends

Fig. 1. (A) Schematic representation of Tat-GFP expression vector. A
GFP-expression vector, pGFP, was constructed by inserting the coding
sequence for GFP into pETI15b, thereby generating a control GFP-fusion
protein missing the basic sequence of HIV-1 Tat. The two oligonucleotides
corresponding to a sequence to encode various forms of the HIV-1 Tat
protein-transduction domain (PTD) were inserted downstream to the 6His tag
sequence into pGFP by using Ndel and Xhol sites. The resulting vectors were
designated pTat-GFP. The coding frame of the GFP is represented by an open
box along with 6His and HIV-1 Tat PTD. ApR, ampicilin-resistance gene; ori,
plasmid-replication origin; lac I, lac repressor-expressing gene;, PT7, T7
promoter. (B) Analysis of purified GFP-fusion proteins. Purified fusion
proteins by affinity chromatography on a nickel sepharose column were
separated by 12% SDS-PAGE gel and stained with Coomassie blue. Lane
M, molecular weight markers; lane 1, GFP; lane 2, Tat(51-57)-GFP; lane 3,
Tat(52-57)-GFP; lane 4, Tat(50-53)-GFP; lane 5, Tat(50-54)-GFP; lane 6,
Tat(50-55)-GFP; lane 7, Tat(50-56)-GFP, lane 8, Tat(50-57)-GFP; lane 9,
Tat(49-57)-GFP; lane 10, Tat(48-57)-GFP.

Fig. 2. The basic oligopeptide-GFP fusion proteins used in protein-
transduction studies. The fusion proteins showing the positions of the His tag,
and each protein transduction domain (PTD) are diagrammed. The numbers
below the protein coding regions indicate the number of amino acids from the
N-terminus of each fusion protein. All PTDs were cloned into pET15b-GFP
plasmid containing the T7 promoter and lacO-operator. The expression is
induced by the addition of IPTG.

Fig. 3. Schematic representation of the Tat-GFP fusion proteins. The
fusion proteins showing the positions of the his tag and Tat PTD are
diagrammed. The numbers below the protein coding regions indicate the number
of amino acids from the N-terminus of each fusion proteins. DNA fragments
coding for the Tat PTD were cloned into appropriate regions of pET15b-GFP
plasmid.

Fig. 4. Schematic representation of the Tat-GFP fusion proteins. The
fusion proteins showing the positions of the his tag and Tat PTD are
diagrammed. The numbers below the protein coding regions indicate the number
of amino acids from the N- or C-terminus and both terminus of each fusion
proteins. DNA fragments coding for the Tat PTD were cloned into appropriate
regions of pET15b-GFP plasmid.

Fig. 5. Construction of PEP-1-SOD. Construction of the PEP-1-SOD

expression vector system based on the vector pET-15b. Synthetic PEP-1
oligomer was cloned with into the Ndel, Xho1 sites, and human Cu,Zn-SOD
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cDNA was cloned into the Xhol, BamH 1 sites of pET-15b. Expression was
induced by adding IPTG.

Fig. 6. Analysis of purified Tat-GFP fusion proteins. Two micrograms of
each fusion protein purified by affinity chromatography on a nickel Sepharose
column were separated by 12 % SDS-PAGE and stained with Coomassie blue.

Fig. 7. Expression and purification of Tat-SOD in E. coli. Protein
extracts of cells (A) and purified fusion proteins (B) were analyzed by
15% SDS-PAGE gel and subjected to Western blot analysis with a
monoclonal antibody to human Cu,Zn-SOD (C). Lanes in A are as follows:
extracts of bacteria containing expression vector pET (lane 1), pTat-SOD (lane
2), and pSOD (lane 3). Lanes in B and C are as follows: lane 1, Tat-SOD; lane
2, SOD. Transduction of Tat-SOD fusion proteins into cultured HelLa cells
(D). 1 uM of Tat-SOD and control SOD were added to the culture media for
1h and analyzed by Western blot analysis. Lanes are as follows: lane 1,
denatured Tat-SOD; lane 2, denatured SOD; lane 3, native Tat-SOD; lane 4,
native SOD.

Fig. 8. Analysis of transduction efficiency of GFP-fusion proteins. (A)
Different GFP fusion proteins were added at the concentration of 0.5 uM to
Hela cells for 1 hr. Cells were harvested for the preparation of cell extracts.
The presence of transduced protein was analyzed by Western blot analysis. lane
1, GFP; lane 2, Tat(51-57)-GFP; lane 3, Tat(52-57)-GFP; lane 4,
Tat(50-53)-GFP; lane 5, Tat(50-54)-GFP; lane 6, Tat(50-55)-GFP; lane 7,
Tat(50-56)-GFP, lane 8, Tat(50-57)-GFP; lane 9, Tat(49-57)-GFP; lane 10,
Tat(48-57)-GFP. (B) The intensity of bands in panel (A) were measured and
depicted. (c) Microphotography sections (original magnification, X 200) of Hela
cells treated under the same conditions in panel (A). At 1 h following treatment,
the cells were washed with PBS and photographed using a fluorescent
microscope. lane 1, GFP; lane 2, Tat(51-57)-GFP; lane 3, Tat(52-57)-GFP; lane
4, Tat(50-53)-GFP; lane 5, Tat(50-54)-GFP; lane 6, Tat(50-55)-GFP; lane 7,
Tat(50-56)-GFP, lane 8, Tat(50-57)-GFP; lane 9, Tat(49-57)-GFP; lane 10,
Tat(48-57)-GFP.

Fig. 9. Western blots of 9K-GFP fusion protein and control GFP. (A)
purified 9K-GFP and control GFP. (B) dose dependence of transduction by
9K-GFP in HeLa cells. Hela cells were washed with PBS and incubated in
complete DMEM with increasing concentrations of 9K-GFP. Cell extracts were
prepared after 1 h and assayed for western blot. lane 1, GFP; lane 2-6, 9K-GFP
0.1 1M; 0.25 uM; 0.5 uM; 1 uM; 1.5 uM. (C) time dependence of transduction by
Tat in HeLa cells were incubated with 0.5 uM 9K-GFP for various time. lane 1,
5 min; lane 2, 30 min; lane 3, 1 h; lane 4, 2 h; lane 5, 4 h; lane 6, 6 h.

Fig. 10. The transduction efficiencies of fusion proteins were compared by
Western blot analysis. Two UM of each GFP fusion protein were added to a
6-well plate that contained HeLa cells. One hour later, the transduced cells were
treated with trypsin, washed with PBS. About 70% of the cell lysate was loaded
on each well and analyzed by Western blot.
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Fig. 11, Analysis of transduction efficiency of GFP fusion proteins. (A)
GFP fusion proteins were added at a concentration of 1 BM to Hela cell for 1
h. The cellular uptakes of GFP fusion proteins were analyzed by Western blot
analysis with polyclonal anti-GFP antibody. (B) The band intensity values in
(A) were adjusted and depicted. (C) Comparison of internalization of GFP fusion
proteins by flow cytometry. HeLa cells were incubated with the 2 pM  with
GFP, Tat-GFP, GFP-Tat or Tat-GFP-Tat fusion proteins. After 30 min, cells
were extensively washed with trypsin and the uptake of GFP fusion proteins
were monitored by flow cytometry. con, untreated cell; GFP, GFP fusion protein
without Tat PTD; TG, Tat-GFP fusion protein, GT, GFP-Tat fusion protein;
TGT, Tat-GFP-Tat fusion protein.

Fig. 12. Subcellular localization of the transduced GFP fusion proteins
visualized by confocal microscopy. Hela cells were treated with 0.5 UM GFP
fusion proteins for 15 min. After the treatment, cells were washed quickly with
PBS, were trypsinized with trypsin and fixed for 5 min in 3.7% formaldehyde
before stained with PI to visualize the nuclei. Nuclear and cytosolic distribution
of transduced GFP proteins (left panels) was observed by confocal laser
scanning microscopy (magnification x 630). Corresponding images show the cell
nuclei stained with PI (middle panels).

Fig. 13. Characterization of cellular uptake of Tat-GFP-Tat fusion
protein. (A) Dose-dependent transduction of Tat-GFP-Tat into cells. HeLa cells
were incubated with control GFP or Tat-GFP-Tat fusion proteins at the
indicated concentration. After 30 min, cells were extensively washed with PBS,
were trypsinized with trypsin and then analyzed for intensity of fluorescence by
flow cytometry. (B) Time-dependent transduction of Tat-GFP-Tat into cultured
HelLa cells. Denatured Tat-GFP-Tat 0.2 uM was added to culture media for
indicated time, and then analyzed by flow cytometry.

Fig. 14. Analysis of transduction efficiency of native and denatured
Tat-GFP-Tat proteins. HelLa cells were incubated for 1 h in the presence of 1
UM native or denatured Tat-GFP-Tat fusion protein. After the treatment, cells
were washed with trypsin and PBS. The transduction activity of each GFP
fusion protein was measured by analyzing the level of the transduced protein in
the cells by Western blot analysis (A) and the band intensity in (A) was
measured (B). And transduction efficiency of native and denatured Tat-GFP-Tat
fusion proteins was analyzed by FACS analysis. Hel.a cells were incubated for
1 h with 1 uM native (C) or denatured (D) Tat-GFP-Tat fusion proteins. After
the treatment, cells were washed with trypsin and PBS, and then analyzed for
intensity of fluorescence by flow cytometry.

Fig. 15. Comparison of cellular uptake of GFP fusion proteins at 37C and
4T. Hela cells were incubated in the presence of 2 uM GFP, Tat-GFP,
GFP-Tat or Tat-GFP-Tat fusion proteins at 37C (left panels) or at 4C (right
panels) for 1 h. Cellular uptake of GFP fusion proteins was monitored by flow
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cytometry.

Fig. 16. Deletion analysis of two PTDs and Comparison of transduction
efficiencies of three heptapeptide-GFP proteins. (A) Transduction efficiencies
of penetratin and a deletion product ptn7C were compared. The primary
structures of penetratin and ptn7C are RQIKIWFQNRRMKWKK and
RRMKWKK, respectively. The Tat-GFP and GFP were used as positive
andnegative controls, respectively. (B) Transduction efficiencies of Engrailed
homeodomain and a deleted heptapeptide En7C were compared. The primary
structure of En7C is KRAKIKK. (C) The heptapeptides ptn7C, En7C, and Eve7C
are derived from homeodomains of Antennapedia, Engrailed, and Even-skipped,
respectively. The primary structures of ptn7C, En7C, and Eve7C are
RRMKWKK, KRAKIKK, and RRMKDKR, respectively.

Fig. 17. The transduction efficiency of basic oligopeptide-GFP fusion
proteins was proportional to the number of basic amino acid residues. The
effects of increasing the number of basic amino acid residues (A, arginines; B,
lysine) and concentrations of the basic oligopeptide-GFP fusion proteins on
transduction efficiency was analyzed with a fluorometer. Fifty, one hundred, and
two hundred nM each of the basic ologopeptide-GFP fusion proteins was added
to a 24-well plate contatining Drosophila S2 cells. One hour later, the
transduced cells were treated with trypsin, washed several times with PBS, and
the fluorescence was measured with fluorometer. Standard deviations are shown
by error bars.

Fig. 18. The PTD-GFP fusion proteins were transduced with similar
efficiencies. One nmole each of the PTD-GFP fusion proteins at a
concentration of 200 nM was added to a 60 mm culture dish containing 5 ml of
Drosophila S2 cells. One hour later, the transduced cells were treated with
trypsin, washed several times with PBS, and the harvested cells were mixed
with one volume of 2X Laemmli buffer. The volumes of cell extracts, prepared
from about one half of the harvested cells, were adjusted to contain the same
amount of proteins in each well. To quantitate the efficiencies of transduction,
known amounts of GFP were loaded in the same gel. In all cases, intact
PTD-GFP fusion proteins, with expected molecular weights, were recovered
from the S2 cell. The PTD regions of two PTD-GFP fusion proteins, the
penetratin-GFP and the FtzHD-GFP, appeared to have been partially removed in
the cell.

Fig. 19. Construction of HIV-2 Tat-GFP expression vector. The synthetic
Tat oligomer was cloned and GFP ¢DNA was cloned into pET-15b. The
expression vector is under the control of the T7 promoter and lacO-operator.
The expression is induced by the addition of IPTG.

Fig. 20. Expression and purification of HIV-2 Tat-GFP fusion protein.
Protein extracts of cells and purified fusion proteins were analyzed by 12%
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SDS-PAGE gel and subjected to Western blot analysis.

Fig. 21. Analysis of transduction efficiency of HIV-2 Tat-GFP fusion
protein. Denatured form and native form HIV-2 Tat-GFP fusion proteins were
added into HeLa cells and the crude extracts were analyzed by Western blot
and enzyme activities.

Fig. 22. Time- and dose-dependent transduction of HIV-2 Tat-GFP
fusion protein. HIV-2 Tat-GFP fusion proteins were added to the culture
media for various times and various concentration of fusion proteins were added
to the culture media for 1 h. Transduced fusion protein into the cells was
analyzed by Western blotting.

Fig. 23. Subcellular localization of the transduced GFP fusion proteins
visualized by confocal microscopy. Hela cells were treated with 0.5 pM GFP
fusion proteins for 15 min in 3.7% formaldehyde before staining with PI to
visulized nuclei. The distribution of the transduced GFP proteins was observed
by confocal laser scanning microscopy. Corresponding images show the cell
nuclei stained with PI.

Fig. 24. The specific activities of SOD in cultured HeLa cells treated with
Tat-SOD. 1 uM of denatured Tat-SOD was added to the culture media for 5
min~1lh (A), 02572 uM of denatured Tat-SOD was added to the culture media
for 1h (B). Each bar represents the mean*SE obtained from 4 experiments.

Fig. 25. Effect of transduced Tat-SOD on cell viability of HeLa cells
treated with Paraquat (Pq, 5 mM) was added to the HeLa cells pretreated
with 0172 uM Tat-SOD, and control SOD for 1 h, respectively.
Cell-viability was estimated by with a colorimetric assay using MTT. Each bar
represents the mean+SE obtained from 5 experiments. Asterisks and crosses
denote statistical significance at p<0.05 and p<0.01, respectively. The statistical
analysis was evaluated by the students ¢-test.

Fig. 26. Transduction of fusion proteins into cultured mammalian cells.
Human fibroblast cells plated in a 6 well plate were treated with SOD,
Tat-SOD and 9Lys-SOD at concentrations of 025°1 M for 1 h (A). The
transduction activity of each protein was analyzed by measuring the level of the
transduced proteins in the cells by Western blot and the specific enzyme activity
(B). Each bar represents the meantS.EM. obtained from five experiments.

Fig. 27. Immunohistochemical analysis of animal skin transduced with
Tat-SOD and 9Lys-SOD fusion proteins. 50 ng of each fusion proteins were
topically applied onto the shaved area of the mice dorsal skin for 1 h,
respectively. Frozen sections of skin tissues were immunostained with a rabbit
anti-histidine IgG, as described in Materials and Methods. The sections were
visualized with 3,3-diaminobenzidine and observed under the Axioscope
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microscope (A). Transduction efficiencies were analyzed by measuring specific
enzyme activities of skin tissue (B). Each bar represents the mean+S.E.M.
obtained from three experiments.

Fig. 28. Transduction of PEP-1-SOD in cultured cells. (A) Time-dependent
transduction into HeLa cells. 2 uM PEP-1-SOD was added to culture media for
5-30 min. (B) Dose-dependent transduction into HeLa cells. 0.25-2 pM of
PEP-1-SOD was added to the «culture media for 30 min. Transduced
PEP-1-SOD was identified by Western blot analysis.

Fig. 29. The specific activities PEP-1-SOD in cultured cells.
Time-dependent transduction into HelLa cells. 2 tM PEP-1-SOD was added to
culture media for 5~30 min. (B) Dose-dependent transduction into HelLa cells.
0.25-2 UM of PEP-1-SOD was added to the culture media for 30 min. SOD
enzyme activity identified by enzyme activity assay.

Fig. 30. Transduction of PEP-1-SOD. Hela cells were treated with 1 1M
PEP-1-SOD fusion proteins for 1 h, then incubated with anti-rabbit polyhistidine
(1:400) and Cy-3 conjugated antibody (1:1000) for 1 h. Transduced proteins were
identified by immunoflourescence microscopy.

Fig. 31. The stability of transduced PEP-1-SOD in HeLa cells. Cells
pretreated with 2 pM PEP-1-SOD were incubated for various times. Transduced
PEP-1-SOD was identified by Western blot analysis (upper panel) and by
enzyme activity assay (lower panel), respectively. Each bar represents the mean
+SEM obtained from five experiments.

Fig. 32. Histochemical analysis of animal skin transduced with PEP-1 or
Tat-SOD (upper panel) and enzyme activity assay (lower panel). Fifty ug
of PEP-1 or Tat-SOD were topically applied onto the shaved area of mouse
dorsal skin for 30-60 min. Frozen sections of skin tissues were immunostained
with anti-rabbit polyhistidine antibody (1:400) and then stained with biotinylated
goat anti-rabbit antibody (1:200). The sections were visualized with
3,3~diaminobenzidine and observed under an Axioscope microscope. Transduction
efficiencies were analyzed by measuring specific enzyme activities in skin tissue.
Each bar represents the mean+SEM from 7 mice.

Fig. 33. Transduction of Tat-SOD and PEP-1-SOD into mice. Male ICR
mice were ip injected with a single dose of 300 pg of PEP-1-SOD or Tat-SOD
and control SOD proteins in 0.5 ml PBS and 10% glycerol. Various mouse
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tissues (the brain, pancreas, heart, spleen, kidney, liver and lung) were dissected
from 8 h after administering PEP-1-SOD or Tat-SOD and control SOD.
Histochemical analysis of various mouse tissues. Frozen sections (the brain, 30
m and the others tissues 12 m) of mice tissues were immunostained with an
anti-rabbit polyhistidine (1:400) and then stained with bictinylated goat
anti-rabbit antibody (1:200) antibody. The sections were visualized with
3,3-diaminobenzidine and observed under an Axioscope microscope.

Fig. 34. Activity of transduction of Tat-SOD and PEP-1-SOD into mice.
Male ICR mice were ip injected with a single dose of 300 pg of PEP-1-SOD or
Tat-SOD and control SOD proteins in 0.5 ml PBS and 10% glycerol. Various
mouse tissues (the brain, pancreas, heart, spleen, kidney, liver and lung) were
dissected from 8 h after administering PEP-1-SOD or Tat-SOD and control
SOD. Transduced SOD fusion protein activities were measured by SOD enzyme
assay. Each bar represents the mean*SEM obtained from 7 mice.

Fig. 35. Transduction of fusion proteins into cultured mammalian cells.
(A) PC12 cells plated in a 6 well plate were treated with 2 M of control CAT,
Tat-CAT and 9Arg-CAT for 2 h, then harvested and washed (Con: PC12 cells
extracts, CAT: cells treated with catalase fusion proteins). HelLa cells plated in a
6 well plate were treated with control CAT, Tat-CAT (B) and 9Arg-CAT (C)
at concentrations of 0.574 uM for 2 h. The transduction activity of each protein
was analyzed by measuring the level of the transduced proteins in the cells by
Western blot and the specific enzyme activity (D). Each bar represents the
mean+S.EM. obtained from five experiments.

Fig. 36. Visualization of Tat-CAT transduced into HelLa cells by
immunofluorescence assay. Hela cells treated with 2M Tat-CAT and control
CAT fusion proteins for 2 h, and the transduced proteins were identified by
immunofluresense microscopy.

Fig. 37. Histochemical analysis of animal skin transduced with catalase
fusion proteins. Fifty g of CAT fusion proteins were topically applied onto the
shaved area of the rat dosal skin for 1 h. Frozen sections of skin tissues were
immunostained with rabbit anti histidine IgG (dilution 1:500) followed by
staining with biotinylated goat anti-rabbit IgG (dilution 1:200), as described in
Materials and Methods. The sections were visualized with 3,3-diaminobenzidine
and observed under the Axioscope microscope (A). Transduction -efficiencies
were analyzed by measuring specific enzyme activities of skin tissue (B). Each
bar represents the mean+S.E.M. obtained from three experiments.

Fig. 38. Expression and purification of PEP-1-CAT. Protein extracts of cells
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(lane 2) and purified fusion proteins (lane 3) were analyzed by 10% SDS-PAGE
(A) and subjected to Western blot analysis with an anti-rabbit polyhistidine
antibody (B). Lanes in the panels are as follows: lane 1, non-induced
pPEP-1-CAT; lane 2, induced pPEP-1-CAT,; lane 3, purified pPEP-1-CAT.

Fig. 39. Transduction of PEP-1-CAT in cultured cells. Dose-dependent
transduction into HelLa cells. 0.25-2 uM of PEP-1-SOD was added to the
culture media for 30 min. Time-dependent transduction into Hela cells. 2 UM
PEP-1-SOD was added to culture media for 10-60 min. Transduced
PEP-1-SOD was identified by Western blot analysis.

Fig. 40. The specific activities PEP-1-CAT in cultured cells.
Dose-dependent transduction into Hela cells. 0.25-2 UM of PEP-1-SOD was
added to the culture media for 30 min. Time-dependent transduction into Hela
cells. 2 UM PEP-1-SOD was added to culture media for 5-30 min. SOD enzyme
activity identified by enzyme activity assay.

Fig. 41. Histochemical analysis of animal skin transduced with
PEP-1-CAT (upper panel) and enzyme activity assay (Jower panel). Fifty
g of PEP-1-CAT was topically applied onto the shaved area of mouse dorsal
skin for 30-60 min. Frozen sections of skin tissues were immunostained with
anti-rabbit polyhistidine antibody (1:400) and then stained with biotinylated goat
anti-rabbit  antibody  (1:200). The  sections were visualized with
3,3-diaminobenzidine and observed under an Axioscope microscope. Transduction
efficiencies were analyzed by measuring specific enzyme activities in skin tissue.
Each bar represents the meantSEM from 7 mice.

Fig. 42. Expression and purification of PEP-1-Botoxin. Protein extracts of
cells and purified fusion proteins were analyzed by 10% SDS-PAGE (A) and
subjected to Western blot analysis with an anti-rabbit polyhistidine antibody
(B).

Fig. 43. Dose-dependent transduction into HeLa cells. 0.25-2 pM of
PEP-1-Botoxin was added to the culture media for 30 min. Time-dependent
transduction into HeLa cells. 2 utM PEP-1-Botoxin was added to culture media
for 10-60 min. Transduced PEP-1-SOD was identified by Western blot analysis.

Fig. 44. Visualization of PEP-1-Botoxin transduced into HelLa cells by
immunofluorescence assay. Hela cells treated with 2 pM PEP-1-Botoxin and
control Botoxin fusion proteins for 2 h, and the transduced proteins were
identified by immunofluresense microscopy.

Fig. 45. Histochemical analysis of animal skin transduced with
PEP-1-Botoxin. Fifty png of PEP-1-Botoxin was topically applied onto the
shaved area of mouse dorsal skin for 30-60 min. Frozen sections of skin tissues
were immunostained with anti-rabbit polyhistidine antibody (1:400) and then
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stained with biotinylated goat anti-rabbit antibody (1:200). The sections were
visualized with 3,3-diaminobenzidine and observed under an Axioscope
MICroScope.

Fig. 46. Kinetics of transduction of p53 fusion proteins. (A) Dose-dependent
transduction of Tat-pb3 into cultured Hela cells. Denatured Tat-pb3 and p53
fusion proteins were added into the culture media for 1 h. Cellular lysates were
then prepared for Western blot analysis for determining the levels of transduced
Tat-p53 protein. (B) Time-dependent transduction of Tat-p53 into cultured HeLa
cells. Denatured Tat-p53 1 pM was added to culture media for indicated time.
(C) Stability of Tat-p53 in the transduced HeLa cells. Denatured Tat-p53 and
pd3 fusion proteins were added into the culture media for 1 h. The cells were
washed twice with serum free media and exchanged with new culture media for
the indicated times. Cell lysates were analyzed by Western blotting using a
monoclonal p53 antibody. (D) Subcellular localization of transduced Tat-pb53
fusion proteins visualized by confocal microscopy. HeLa cells were treated with
0.5 M pb3 or Tat-p53 fusion proteins for 4 h. The cells were fixed and the
fusion proteins were visualized with rabbit anti-histidine antibody, followed by
FITC-conjugated goat anti-rabbit IgG (left panels). The nucleus was stained
with PI (middle panels). (a) untreated cells (b) p53 fusion protein (c) Tat-p53
fusion proteins. (E) Analysis of subcellular fractions of cells transduced with p53
fusion proteins. The nuclear and cytosolic extracts were prepared from
transduced Hela cells as described in Materials and Methods and analyzed by
Western blot with a anti-p53 monoclonal antibody. The membrane was stripped
and reprobed with anti-actin (cytosolic marker) or anti-PARP (nuclear marker)
antibody.

Fig. 47. Activation of p21 expression by Tat-p53. (A) Dose dependancy of
p2l protein expression by Tat-p53. Hela cells were treated with p53 or Tat-p53
fusion proteins at the indicated concentrations for 36 h. Transactivation activity
of pb3 fusion proteins were analyzed by measuring the levels of p2l protein
using a monoclonal p2l antibody (B) Time-dependent analysis of p2l expression
by Tat-p33. HelLa cells were treated with 1 uM of pb53 or Tat-p53 fusion
proteins for the indicated periods. Cell lysates were prepared and levels of p2l
protein were detected by Western blot analysis using a monoclonal p21 antibody.
(C) Transcriptional activation of a p2l promotor by Tat-p53 fusion protein.
Hela cells were transiently transfected with a p2l promoter-luciferase construct
and the beta-galactosidase construct (pCMV-lacZ). After 24 h, 1 yM of Tat-p53
fusion proteins were added into transfected cells. The level of luciferase activity
was determined at the indicated time. Luciferase activities of each sample were
normalized to the beta-galactosidase activities and expressed as fold increase
from the control. RLA, related luciferase activity. The results are expressed as
the mean+SD of data from the five separate experiments.

Fig. 48. Analysis of cell viability of HeLa cells transduced with Tat-p53.
Hela cells were plated in 24 well (2 x 10* per well) and transduced with
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various concentrations of control pb3 and Tat-p53 fusion proteins at every 24 h
for 3 days. Percentage of viable cell was measured by MTT during 3 days. The
results are the mean of three separate experiments and are shown with standard
deviation.

Fig. 49. Biochemical analysis of cell death by transduced Tat-p53. (A)
Analysis of DNA fragmentation in HelLa cells transduced with Tat-p53. HelLa
cells were transduced with p53 fusion proteins at concentrations of 0.2 - 1 UM
for 48 h. DNA was extracted from the cells transduced with p53 fusion proteins,
and analyzed by electrophoresis on a 2 % agarose gel. Lane M is DNA ladder
marker. (B) Analysis of apoptosis related molecules in the Tat-p53 transduced
Hel.a cells. Hela cells were transduced with p53 fusion proteins at
concentrations of 0.2 — 1 pM for 48 h. Cellular proteins were extracted, then
separated by a SDS-PAGE, and subjected to immunoblot analysis with
antibodies recognizing caspase-3, Bcl-2, PARP or actin. The same blot was
immuno probed by individual antibody and then stripped and reprobed with
indicated antibodies. Lane con, untreated cell.

Fig. 50. Analysis of cytotoxic effect of transduced Tat-p53 fusion protein
in the cancer cells with different p53 status. (A) Liver cancer cell lines,
HepG2 (w. t. pb3) and Hep3B (null p53) were plated in 24 well (2 x 10* per
well) and treated with 1 uM p53 or Tat-p53 fusion proteins at every 24 h for 4
days. Percentage of viable cell was measured by MTT during 4 days after
transduction of Tat-p53 proteins. (B) Prostate cancer cell lines, LN-Cap (w. t.
p53) and PC-3 (null p53) were plated in 24 well (2 x104 per well) and
transduced with 1 UM pb3 or Tat—pb3 fusion proteins. Percentage of viable cell
was compiled from three independent experiments and is shown with standard
deviation.

Fig. 51. Expression and purification of NR, Tat-NR fusion proteins in E.
coli. Expressed Tat fusion proteins were denatured in 3 M urea, purified by
Ni-NTA column. A)Expression of NR in E. coli. B)Expression of tNR in E. coli.
C)Immunoblot with anti-histidine antibody. M; size marker. Lane 1, control.
Lane 2; induced with ImM IPTG for 3 hr. Lane 3; fraction eluted with binding
buffer. Lane 4; fraction eluted wash buffer. Lane 5-9, proteins elutedwith elution
buffer containing 1M imidazole. D)Activity of purified tNR and NR in a native
form tNR and NR are assayed spectrophotometrically in a reaction mixture
containing 0.1M Tris buffer(pH7.5), 05 mM NADPH as cofactor, 70 M
cytochrome C as electron acceptor and menadione as substrate. Activity of tNR
and NR was measured at 550 nm.

Fig. 52. Transduction kinetics of denatured Tat-NR fusion protein.
Tat-NR fusion protein were added to the culture media of HeLa cell. Cell
lysates were analyzed by immunoblot with anti-histidine antibody.
A)Transduction of various native and denature fusion proteins. B) Time
dependency of transduction of Tat-NR. C) Concentration dependency of
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transduction of NR and Tat-NR. D)stability of transduced Tat-NR.
Con;Untreated cell lysates. c¢; purified Tat-NR.

Fig. 53. MTT assay to ascertain biological activity of transduced enzyme
in the presence of 10 mM nitrofurazone. A) Various concentration of fusion
protein were transduced into Hela cells for 2 hr in presence of nitrofurazone.
After, the culture media was removed and fresh media were added for 48 hr,
then MTT assay was performed. B) Bystander effects on the cell viability with
supernatants obtained from panel.

Fig. 54. Transduction kinetics of denatured Tat fusion proteins. Fusion
proteins added to culture media of HelLa cell at various conditions. We washed
the cell twice with serum-free media before harvested the cells at various
conditions, after the cell lysates were analyzed of immunoblot with a rabbit
anti-histidine antibody. C, non-transduced cell lysates. (A), Time course of
transduction. The cells were transduced with 1 uM of the Tat-CD fusion
proteins for indicated time. (B), Transduction in concentration dependent manner.
The cells were treated with various indicated concentration of Tat-CD and CD
fusion proteins for 2 hr under standard condition. (C), Stability of transduced
Tat-CD fusion proteins. The cells were incubated with 1 UM of the Tat-CD
fusion proteins for 2 hr. After, the cell were washed serum-free media and
added new media. And then, the treated cell were harvested at indicate time

Fig. 55. Activity of transduced Tat fusion proteins into HeLa cell. The
cells were transduced with fusion protein and were harvested at identical
condition with Figure 5. 100 ml of transduced cell lysates with Tat fusion
proteins were added to described enzyme activity section and activity was
measured of a UV spectrophotometer at 290 nm and 255 nm. C; HelLa cell
lysates, PBS, 5-FC, and 0.IN HCl, others, PBS, 5-FC, transduced HeLa cell
lysates and 0.1 N HCI, respectively. (A), Activity of transduced enzyme in a
concentration dependent manner. The cells were transduced with the indicated
fusion proteins for 2 hr under standard condition. (B), Activity of transduced
enzyme in time course of manner. The cells were treated with 80 g, 50 g of the
Tat fusion proteins for various times. (C), Stability of transduced enzyme
activity.

Fig. 56. MTT assay to ascertain biological activity of transduced enzymes
in the presence of 5-FC. The sensitivity of cells to a variety of drugs was
determined using the MTT dye reduction assay. The cells were plated 1X10°
cells/well in 24 well plates. The following day the medium removed and the
cells were daily treated with either fusion proteins or 5-FC in 0.5 ml medium,
respectively. The cell survival was estimated after 96hr utilizing ELISA reader
at 570 nm and 550 nm. (A) The Hela cells were transduced with the indicated
fusion protein and were grown in presence of 100 uM 5-FC. (b) The HelLa cells
were transduced with 5 g/ml of the fusion protein and grown in presence of
various concentration of 5-FC.
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Fig. 57. MTT assay to certify bystander cytotoxic effect of activated
drug, 5-FU, by transduced Tat-CD enzyme. As ascertain to biological
activity, the cells were treated with various fusion proteins and prodrug, 5-FC
for 24 hr. Another cells were duplicated in the wake of plating rules. The cells
were not treated with any proteins or chemicals. The media of untreated cells
exchanged for media that incubated with fusion protein and 5-FC for 24 hr.
And then, the cell viability was estimated after 72 hr using ELISA reader at
570 nm and 550 nm. (A), (B) The Hela cells were transduced with the
indicated fusion protein and were grown in presence of 100 M 5-FC.

Fig. 58. Transduction of the recombinant Tat—GDH fusion protein into
PC12 cells. Tat-GDH was added directly to PC12 cells in culture media and
incubated for various time periods (4, 8, 12, and 24 h). At different time
intervals, the cells were disrupted and the crude extracts were analyzed by
SDS-PAGE and Western blot using monoclonal antibodies raised against bovine
brain GDH. As a control, the crude extracts of PCl2 cells transduced with
human GDH without Tat fusion were used. M, marker proteins; C, control
(GDH only); S, sample (Tat-GDH).

Fig. 59. Conjugation of 9-Lys and vitamin A
Fig. 60. Conjugation of 6-Lys and vitamin C

Fig. 61. Construction of pET31b-3Tat peptide expression vector system
(KSI-3Tat) based on the vector pET31b (A). The synthetic Tat oligomer
was cloned into the Nde I , Xho I sites of pET31b. The expression vector is
under the control of the T7 promoter and lacO-operator. The expression is
induced by the addition of IPTG. Diagram of expressed KSI-3Tat and control
KSI fusion proteins (B).

Fig. 62. Effects of metal ion recovery on the transduction potential of
Tat-SOD. To compare the transduction potentials of metal ion Tat-SODs with
Tat-SOD, 0.5 uM fusion proteins were added to the culture media of HeLa cells
for 1 h at 37C. Transduced fusion proteins into the cells were analyzed by
western blotting (A). The relative magnitude of each band was calculated from
the integrated area that was obtained from densitometry (B).

Fig. 63. Transduction levels of Tat-SOD and CR-Tat-SOD into cultured
HeLa cells with treated dose. CR-Tat-SOD and Tat-SOD (0.25~2 uM) were
added to the culture media for 1 h. Transduced fusion proteins into the cells
were analyzed by western blotting (A). The relative magnitude of each band

was calculated from the integrated area that was obtained from densitometry
(B).

Fig. 64. Transduction levels of Tat-SOD and CR-Tat-SOD into cultured
HeLa cells at various transduction times. CR-Tat-SOD and Tat-SOD (1 n
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M) were added to the culture media for 5~60 min. Transduced fusion proteins
into the cells were analyzed by western blotting (A). The relative magnitude of
each band was calculated from the integrated area that was obtained from
densitometry (B).

Fig. 65. Effects of transduced CR-Tat-SOD and Tat-SOD on the cell
viability of HeLa cells treated with MV. MV (5 mM) was added to the
HeLa cells that were pretreated with 0.1~2 utM CR-Tat-SOD and Tat-SOD for
1 h. Cell viability was estimated with a colorimetric assay using MTT. Each
bar represents the meanzS.EM. that was obtained form five experiments.
Asterisks and crosses denote that the value is significantly different than that of
the MV and MV+Tat-SOD, respectively. The statistical analysis was evaluated
by a Student’s t-test.

Fig. 66. Dose—and time—-dependent transduction of Tat—SOD into cultured HelL.a
cells. 0.5-3 UM of Tat-SOD was added to the culture medium for 1 h (A), 3 U
M of Tat-SOD was added to the culture medium for 5 min-1 h (B). Cells were
pretreated with ginsenosides for 12 h. Transduced Tat-SOD was analyzed by
Western blotting.

Fig. 67. The specific activities of SOD in transduced HeLa cells. Each bar
represents the mean*S.EM. of four experiments. Asterisks (P<0.05) and crosses
(P<0.01) denote values that are significantly different from that of Tat-SOD on
its own. Significance was evaluated by a Student’s t-test.

Fig.68. Immunohistochemical analysis of animal skin transduced with Tat-SOD
proteins. Fifty pg of Tat-SOD was applied topically onto a shaved area of the
mice dorsal skin for 1 h. Frozen sections of the skin tissues were
immunostained with a rabbit anti-histidine IgG. The sections were visualized
with 3,3'-diaminobenzidine and observed withan Axioscope microscope (A).
Transduction efficiencies analyzed by measuring the specific enzyme activities of
the skin tissue (B). Crosses (P<0.01) denote values that are significantly
different from the control and Tat-SOD, respectively as evaluated by Student’s
t-test. Each bar represents the mean+S.E.M. of three experiments.

Fig.69. Transductionof PEP-1-SOD fusion protein into cultured astrocyte cells.
(A) 2 UM of PEP-1-SOD and control SOD were added to the cultured media
for 5-30 min, respectively. (B) 0.25-2 uM of PEP-1-SOD and control SOD were
addedto the cultured media for 30 min, respectively. Transduced PEP-1-SOD
into cells was analyzed by Western blotting (upper panel) and the specific
enzyme activities (lower panel), respectively. Each bar represents the
meantS.E.M. obtained from five experiments.

Fig. 70. Effect of transduced PEP-1-SOD on cell viability of astrocyte cells. The

paraquat (Pq, 5 mM) were added to the astrocyte cells pretreated with 0.5-2 pM
PEP-1-SOD and control SOD for 1 h, respectively. Cell viabilities were
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estimated by with a colorimetric assay using MTT. Each bar represents the
mean+S.EM. obtained from five experiments. Asterisks and crosses denote
statistical significance at P<0.05 and P<0.01, respectively. The statistical
analysis was evaluated by Student’s t-test.

Fig. 71. Effects of transduced PEP-1-SOD on neuronal cell viability of
ischemic insults. Representative photomicrographs of the cresyl violet
(CV)-stained hippocampus of the gerbil brain. Control (normal), ischemia insults,
and PEP-1-SOD were pre- or post-ip injected as a single dose (300 Hg) into
the gerbil after ischemic insult. The relative percentage of viable neuronal cells
compared to sham-operated animals in the hippocampus after ischemic insults is
shown. Neuronal viabilities were higher in the groups treated with PEP-1-SOD
than in the PC group. Each bar represents the meantSEM obtained from 7
gerbils.

Fig. 72. Effects of transduced PEP-1-SOD and Tat-SOD on neuronal cell
viability of ischemic insults. Representative photomicrographs of the cresyl
violet (CV)-stained hippocampus of the gerbil brain. Negative control (NC;
normal), positive control (PC; vehicle injected group), and Tat-SOD and
PEP-1-SOD were pre- or post-ip injected as a single dose at various
concentration (100-500 ng) into the gerbil after ischemic insult. The relative
percentage of viable neuronal cells compared to sham-operated animals in the
hippocampus after ischemic insults is shown. Neuronal viabilities were higher in
the groups treated with PEP-1-SOD or Tat-SOD than in the PC group. In
particular, low-dose treated PEP-1-SOD showed significantly more neuronal
viability than Tat-SOD treated groups. Each bar represents the meantSEM
obtained from 7 gerbils.

Fig. 73. Transduction of Tat-SOD into cultured MIN6N cells. (A)
Tat-SOD or control SOD (0.5~3 uM) was added to the culture media for 1 h.
Stability of transduced Tat-SOD in MIN6N cells (B) Cells pretreated with 3 uM
Tat-SOD were placed in fresh culture medium and further incubated for 3-48 h.
The transduction activity was analyzed by Western blot and SOD enzyme
assay. Immunofluorescence analysis of transduced Tat-SOD in MIN6N cells (C).
MING6N cells were transduced with 3 iM Tat-SOD for 1 h. Cells were fixed,
and incubated with SOD monoclonal antibody/FITC-conjugated anti-mouse IgG
antibody, and transduced cells were identified by confocal laser microscopy.
Each bar in A and B represents meantSEM of four experiments. *; P<0.05, #*x,
P<0.01 vs control group.

Fig. 74. Effects of Tat-SOD transduction on the viability (A) and
intracellular SOD activity (B) of MIN6N cells exposed to STZ. After the
cells were treated with 3 pM Tat-SOD for 1 h, 1-50 mM STZ was added to
the culture medium for 12 h. Cell viability was estimated by colorimetric assay
using MTT. Each bar represents meantSEM of five experiments. *; P<0.05, *x*,
P<0.01 vs control group. +; P<0.05, ++ P<0.01 vs corresponding STZ-treated

...67_.



group.

Fig. 75. Effects of Tat-SOD transduction on the levels of superoxide
anion radical (SAR) (A) and nitrite (B) in MIN6N cells exposed to STZ.
After the cells were treated with 3 WM Tat-SOD for 1 h, 1”50 mM STZ was
added to the culture medium for 12 h. Each bar represents meantSEM of five
experiments. *; P<0.05 *x; P<0.01 vs control group. ++ P<001 vs
corresponding STZ-treated group.

Fig. 76. Effects of Tat-SOD transduction on STZ-induced DNA
fragmentation in MIN6N cells. After the cells were treated with 3 MM
Tat-SOD for 1 h, 20 mM STZ was added to the culture medium for 1-12 h.
The DNA samples were separated by 1.59% agarose gel electrophoresis and
stained with ethidium bromide. M; DNA molecular size marker (100 bp DNA
ladder), C; control.

Fig. 77. Effects of Tat-SOD transduction on the expressions of Bcl-2 (A)
and hsp70 (B) in MIN6N cells exposed to STZ. After the cells were treated
with 3 UM Tat-SOD for 1 h, 20 mM STZ was added to the culture medium for
1712 h. The expressions of Bcl-2 and hsp70 were assessed from cell lysates by
Western blotting. The nitrocellulose membrane was probed with primary
monoclonal antibodies of Bcl-2 or hsp70, followed by incubation with goat
anti-mouse IgG antibody. The bound antibodies were then visualized by
enhanced chemiluminescence method.

Fig. 78. Transduction of Tat-SOD into the pancreas of mice. Mice were ip
injected with a single dose of 500 ug of Tat-SOD or SOD control protein in 0.5
ml PBS and 10% glycerol. Pancreas tissues were dissected from mice 5 h after
injection with Tat-SOD and SOD, and were processed for Western blot analysis
and SOD enzyme assay (A). Each bar in A represents the mean+SEM obtained
from four experiments. Asterisks denote statistical significance from those of
SOD-injected group at P<0.05. Histochemical analysis of rat pancreas injected
with Tat-SOD (B). 3 BM control SOD (a) or Tat-SOD (b) were ip injected.
Frozen sections of pancreatic tissues were immunostained with an
anti-polyhistidine antibody. The sections were visualized with
3,3'-diaminobenzidine and observed under light microscope ( x 200).

Fig. 79. Light micrographs of rat pancreas showing insulin—positive cells of
untreated control mice (a), STZ-induced diabetic mice (b), SOD injected
STZ-induced diabeticmice (c),heat-inactivated Tat-SOD injected STZ-induced
diabetic mice (d), and Tat-SOD injected STZ-induced diabetic mice (e). Tissue
sections were incubated with an anti-mouse insulin antibody, stained with a
peroxidase/DAB system, and observed under light microscopy (x 200). These are
representatives of insulin immunohistochemistry obtained from four animals for
each group.
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Fig. 80. Effects of transduced Tat-SOD on blood glucose levels in streptozotocin
(STZ)-induced diabetic mice. Diabetes was induced by a single ip injection of
120 mg/kg STZ in male ICR mice. STZ-induced diabetic mice were injected 4
times (4 hours, 1, 3 and 5 days after STZ injection) with 500 ug of control
SOD, heat-inactivated Tat-SOD, and Tat-SOD.Symbols represent were untreated
control mice (O), STZ-induced diabetic mice (@), SOD injected STZ-induced
diabetic mice ([]), heat-inactivated Tat-SOD injected STZ-induced diabetic mice
(), and Tat-SOD injected STZ~induced diabetic mice (). Each bar represents
the mean+*SEM obtained from four or five experiments. **, P<0.01 versus
untreated control group. +, P<0.05 and ++, P<0.01 versus the relevant
STZ-induced diabetes group.
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AE M3 (penetratin) vector® /g ozM ARXE T ZFaNEy 7=
R AZ e HAPH vectorg WAL F o] FFARY FEHoE AE
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E# 2 (Oxidative stress)E FZAIZ AlEe] AEEL 3ulo]d Fol
#AZE £ AU =3 SOD, Catalased T Fo By JFAHAXTE
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AL Aoz SRR E A FAT = A 713
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3. A7Aee) HTEE

AW EA3E, F83% YL 2E g AA 7 9UFAES AX
Y2 88302 AXAI)E= 714 (Protein transduction technology)s ©]&
st B2 FHES AF¥oln £&40F NEE & Y @9WF NgPs 4
E35lete Aol B I AF EXo|d,

4. A/ A7 5 2 &

. HIV-1 Tat @939 &g 9

. HIV-1 Tat &4& vector A=

. Homeodomain 2@ vector A=

HIV-1 Tat? GFP$}te] §%

Homeodomain® GFP$e) §%

. HIV-1 Tats} 2x993d $42 229 4 §8
1A = A « P A Ngg Exgud
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FadiAdo) g Ak 1, 3w ¥4, By, A % Y

—"5:‘74 2311] 7& 7H‘% 2. ¢@dudel IS 3 Exuwigy JAAL
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HIV 1 Tat«] basw domaln-—] de etlon addltlon
2 mutationS 8 AHE LA vector AZ

2. Homeodomain® 3rd helix ¥#¢] deletion %
mutation®d Z % reconstitude vector AZE (57}

ol

S YE)

A3PE ZExgHd 1. ARE A3dge Exdwds $ARe g3

2Ahd & FAA2EY §F 2 2. 9 sdgude] Bd, 2, AA 2

(2000 E, B, AA g9 3. ExgwAs oy A (7 F3IE)
AAE ¥R . . i

480y B¥gugEe A5 =2

ATy ASzA AA3 1. :fﬂr% Exdudse Axy 3% 2 484
2 A4 53 ave
AXY A5 A BE |1 AZUY=E AFs9 Aol 53d Hxuids
audgs] =AY AR & in vivo ZHoAN ZFo g AFHEAE XA
ZA} (F7F 398

[2 A

129 =
(2001)

1. Tat vector9] mutagenesis® 0|4 FAX A
2. Homeodomain® mutagenesis® o] &% fAA}
AFEE 5L penetratinl AA
vector?] A&A¢ A |3. C-terminal ZOE Tat sequenced Ut
vector 7)E
4. HIV-2 Tat vector 7§%
1. BTx : AZW J5F, grz3y J+F
2. rpS3, DNA pols : S 2249, 38, 34 2 A
XU A5
23EP 53993 3. p53, p21, pl6, p27, p57, NR, CD, ADI : &8, 3
fFAR=z2Y, €% A, Az 2 z2AY JF
ade) FE, FA 2 |4. GABA-T : AZW IF
A 838 5. SSADH : #dzr €2, 2¥, ZA
6. GAD, GDH, PK, PO, TH, GCH, PH : &, A4
2 AZY AT
7. NOS : #3a 24, 28, A7
ii‘ji&%‘giﬁﬁﬂé-@] 1. Tat-, 9K-, 9A-, NR, rpS3 &
3 To
e o o L A2 e $EUNA Bax, HSPIO )9 44 2
w7 A 249, $FIRA 4y, AA
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O 2% AFd vude Al I5A4TE 992 (d:SOD)Y 1EE IF=AY
5584 14T =24
. i 1. %5 993 s] 8 &F
O i o ars o a%a vudEs AzwaA 934 24
axaz o [3 AFH SRS refolding ZARY R refolding
i factor 7l
13ds (O #8282 primary 1. 84 beta cell MYEF Tat-SOD, Tat-CAT,
beta~cell29] AF HSP709] Alxy HE
(2001)
O A8x9FE9] £ 1. Egvdde] sdEES Fy
O BYPEHEF] Y&
organic compounds ¢ |1. Tat, 9K, 9R vector®} vitamin A %= vitamin C
A%F vectorstd] §% 2 oto] 2% 2 <)
Ax 2= 2AYEY 2. ¥ &= g 4
=yt
1. Tat vector @ homeodomain® mutagenesisd ©|
O HAEZE ¥ penetratin] £ A2 AA
vectord X9l /| (2, pGEX-4T vector® Tat EE 9K, 9R sequence
A4
1. 2001 979 A&H 3
-BTx, rpS3, DNA pol§, p53, p2l1, pl6, p27,
O Z2a#d BEggugy p57, NR, CD, ADI, GABA-T, SSADH, GAD,
AL Ee 249 47 GDH, PK, PO, TH, GCH, PH, NOS : A% & 2
kel 2 Qg B4 AY ¥
22hd = - IMPP : fAx 28, A4 2 A%, 224y A%
(2002) - SOD, CAT : ¥ Zz\ A=
1. Cytokine®] o138 f=5+ beta—cell 3aof ot
- O
© Tr?:n;ODr}e?—z; 3] Tat-SOD, CAT Ao 2% Bz 2§ ZA}
Ha moars AHem |2 Free radicalel &%) §E%% beta-cell 33
- T )& Tat-SOD, CAT HFol % 25 H 8 XA}
O BTx &% 2% 1, —Zizlizﬂ BTx9] AXAFE o83 FFF &7
170
O MEZE organic compound|l. Vitamin A
E9 #I% domain® ¢ |2. Vitamin C
%
A3y Zrgaz o
© é%ﬁ;ﬂjﬁi‘;ﬁ;; A1 c0024x a9 A&7 S
x A -
dol, geiga Ba s 2. Exuuide A¥E, AR FF
ARRAL £ §T _ e .
OFRreEIUEY |l zwuwas zuves 8¢ 2% 57
O ¢gaRade B4 (1. §Feuzd A 24 45 XX 24
32 & Sutgle Wl B |2, gguude B2 Faye Ay
2003 a1 &3 i ]
( ) o Tjtﬂr F?j‘ ;(Zrzg]a(?; 1. Tat ¢ 3% vector? link¥ vitamin A% C9
ge T grzdoz Avad 2 4484 24
O sudMA 54, YY) congs guNdy dFAL 2 AT 23
Bt & 7%, 94, Ak by _ )
= gagazze 7]aqu FEE o83 AV E45A
o T = 2. AP 82 9 d¥7H5A B ¢ vled oA

oA
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5. Agdn] 2=

. HIV-Tat9] 72701¢ 867019 a.ad X

st o%d fE”E ’I‘at vectoroﬂ
subcloning 3 3 JJr‘:' H AlFHoeH
o]2 A A3t transactivation
%"‘]Eg} endotherial cell°ﬂ X9}
VCAM-19] 2824 d3dg Basa
A AFEFHS Q’?l‘é}‘?xi‘:}.

2, HIV-Tat® basic domain (117) a.a
" 47- 57tj)ETde1enon A7 fz_}lofﬂ_?]
2. HIV-1 Tat penetratin &3 | aas Zx Tat VeCtOI“" 4 A

P el A5 age vl 2
vector A|FE 97} a.a (49-57)% = vector®

F2 Agd AMe3isit.
3. HIV-Tat9] basic domam O a.a

pie)

1. HIV-1 Tat @93 2§
/\-]]EL'H z] —‘6—‘-2 3l

=2
=
=78

3. HIV-Tat basic domain®] 49-57)°1 proline 170, 270, 3707} _
mutatgenesis® ©]-& ¢ ?7}% vectorg A= 0}2—’] 973 =5
ysine ¥ argininelZ |
a&4 A vector A 9%%\85_} 9-Arg-Tat vectorg® A=
[+}

1. A% . . 4. Drosophila®] antennapedla 100%
18 we 4, Homeodomain 2@ vector hgm%odg}magl (Agtp)a H%L o)
s tzHD H t torg
Penetratin Al 3}7—42’ A &5 °“r‘14 PR vecor x
! N pKnHD, pRnHD, Ptn7C, Ptn7MK, g4

B
o] 7jg 5. gorek gma A= s Ptn7WR, Ptn7WK, Ptn7TWR
o ; 5. T8k vectorel reporter FAAEA
peptide®] N-terminal, GFPE A9 °}9§C‘:}E 22 Tat«] S A o)
C-terminal ¥Z& 2 29 ‘E/[L:;Ore_ ;a]C;;)(g}oq GFPEte{%Iﬁ%q
aFQlo] o MY A= R9-GFP-Tat, K9-GFP-Tat
Tat-GFP-Tat, ptn—-GFP-Tat
vector?) A R9-GFP-R9, K9-GFP-R9

Tat-GFP-R9, ptn-GFP-R9
RO-GFP-K9, K9-GFP-K9
6. Epumae 3x7zAgs| Tat-GFP-K9, ptn-GFP-K9

- < Ay Ed Tat-GFP, GFP-Tat, Tat-GFP-Tat

LAY ¢ e AE HIV-2 Tat, pGEX-4T-Tat
vector$! PEP-1 vector 6. 33} F2AHE ‘a‘?lii‘—l $4k vector$d
7 PEP-1 vectord] Az

(KETWWETWWTEW_S_QBKKKRKV)

o] sequence® PTD domaing %3}
i 9}E signal peptideZA AFEW H
EZ 934 SOD, Catalase ¥ T3
EX9NAES SEANRT
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Penetratin
3 2%
ELED
T371=
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1. HIV-Tat penetratind}

reporter gene?l GFP
SR

39}

2. Homeodomain¥ GFP9}¢]

LAl

3. AFEE w2 g

penetratin vectorf

2 SEDUL AR

&%

4. Organic compound®} Tat

sequence? link

28

e

W

. Thkglk HIV-1 Tat vector® ¥ GFP

gened §YAA pTat-GFP vector®
AZeR 2, EF HIV-2 Tat-GFP
B vectorgE ARSI

. FtzHD, EnHD, ptnHD #&3# GFP
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vectorE A 2at el

=3 B 2xuud fdxse §%

Tat-SOD, 9Lys-SOD, Tat-CAT,
9Arg-CAT, Tat-BTx, PEP-1-SOD,
PEP-1-CAT

¢ BE 2EUd FAA9%e $F

Tat-p53, Tat-p21, Tat-NR, Tat~CD,

Tat-ADI], PEP-1-rpS3, Tat-HSP70,
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L AARE 2R RGN f8As

A
PEP-1-GABA-T, PEP-1-GAD,
Tat~GDH, PEP-1-SSADH

LAY gl R AE B

2EgNd fA499 §%
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Wz sl

5. 4924 % SxURLE AxY
AN FAFHEA FEE BT 53
stol 2EuNy 458§ A¥Aes
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1. 475%
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o] w@d HEIg& ANIFAI  (penetratin)E zZE HIV  (Human
Immunodeficiency Virus) Tat (Transactivator) 9% 43 Antennapedia
homeodomain G¥ Aol ABHoZ AXYZ JFL F Yot 54L& o] 43
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a Ao JvtylzzH G849 5 g 71359 JlEoln
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) #Elo] = DNA, antisense RNA, Abe] AX 2 =7 HFE o] &d
5,;}5}0]1: A7y, FAXAXEY, antisense RNA X849, 3] A5
(Antibody therapy)e] &8 7154,

(3) AAANAM F23 7T E ZE w3y d XN52@H AARVNER
(Bio-organic molecules)olt} &8¢ &5l e 31¥E (anticancer chemical

molecules, HHA % X584 EA)EY AR YR JAFE o] &%
71538 8E € 3dA, giAd XNsAZ2 %%

(4) AEAXZES ‘Eﬂ%*é‘%}‘i‘l‘é A5E 53 AEAFE, H, 75 59 =23

(5) AEAF glolA DAL o] g3 AR E Y "“%9}

6) @id 9 feols EH9 AXUEY AHPAFE 7HsHA 3t AX
RE, MEFTE Eobd] 7|zdT 843

(7) Drug delivery AA8 71€3d ZAA9 312

8) 4 g Eokel oA FAH MA=HF 7))
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Eur. J Hman brain GABA transaminase; 267
=+9] .- 7" |Genomic organization, Tissue distribution | 2000 ¢ n] 3| SCI | 3.001
Bioch 5601-5607
Clem.  |and Molecular expression
S Tansduction of Cu,Zn-superoxide 185
FEB, dismutase mediated by an HIV-1 Tat )
=9 Lett, protein basic domain into mammalian 2000 163-167 Pl= | SCI | 3.609
cells
Anatomia |Comparative studies on the distribution 29
=9 Histol |of glutamate transporters in the retinae 2000 381—1,%83 o= | SCI | 0.709
Embryol, |of the Mongolian gerbil and the rat
7 Production and characterization of 10
. > ., |monoclonal antibodies to glutamate , s
S| Microbiol. |y drogenase thermophile Sulfolobus | 200 | sg7-gos | | T | SCT| 1202
Biotech |solartaricus
Efficient intracellular delivery of GFP by 10
S | Mol. Cells |homeodomains of Drosophila 2000 728—”732 3= | SCI | 1.128
Fushi-tarazu and Engrailed proteins
J Generation and characterization of the 10
. =" . . lcell permeable green fluorescent protein , 51
= M{crobzol. mediated by a basic domain of human 2000 797-804 &= | SCI | 1.202
Biotech |immunodeficiency virus type I Tat
J Expression of human immunodeficiency a3 )
T | Biochem. |virus type I Tat proteins in E.coli 2000 337_é 3 33t [SCIE| 0.952
Mol Biol. |and application to study Tat function
Brain succinic semialdehyde %
J dehydrogenase; identification of reactive 2
=9\ Neurochem |lysy! residues labeled with 2001} 919995 FI% | SCL) 4825
pyridoxal-5’-phosphate
Tansduction of human catalase mediated a1
Free Radic.lby an HIV-1 Tat protein basic domain ,
=4 Biol Med |and argine rich peptides into mammalian 2001 1509-1519 F1= | SCT | 5.063
cells
Molecular cloning and functional 12 .
SW | Mol. Cells |expression of bovine brain GABA 2001 91-{)6 g5 | SCI| 1.128
transaminase
Efficient intracellular delivery of an 12 )
FU | Mol. Cells |lexogenous protein GFP with genetically | 2001 ’ = | SCI | 1.128
T, B 5 267-271
fused basic oligopeptides
J. Skin Penetration of a Tat-superoxide 3
. bt y -]_
= B;r;er dismutase fusion protein into skin 2001 55-61 =
, Immunohistochemical studies of brain 925, 4
=91 | Brain Res. |1 daoxine-5-phosphate oxidase. 2002 | 159-168 FI% | SCL) 2474
TAT-Mediated Delivery of Human
=9 Neurl'cr);hem Glutamate Dehydrogenase into PC12 2002 3;1'_1"12 = | SCI | 3.261
" cells.
I G Mutational analysis of an HIV-1 Tat &
. Gen. |protein transduction domain which is s
=l Virol, required for delivery of an exogenous 2002 1173-1181 P15 | SCT | 3.086
protein into mammalian cells.
Poduction of monoclonal antibodies and 13 )
S | Mol. Cells {immunohistochemical studies of brain 2002 21_é7 g | SCI| 1128
myo-Inositol monophosphate phosphatase
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9-polylysine protein transduction domain; 3
Enhanced transduction efficiences of 2 Lo
S| Mol Cells superoxide dismutase into mammalian 2002 202-208 @3 SCI ) 1128
cells and skin
Transduction efficacy of HIV-1 13
W | Mol Celis | Tat-superoxide dismutase is enhanced by | 2002 a3 4_’340 3| SCI | 1128
copper ion recovery of the fusion protein
Human liver Catalase; Molecular Gene 15
=4l | Mol Cells |Cloning, Expression and Characterization | 2003 381—é86 33| SCI | 1.128
of its Monoclonal Antibodies.
Kor. J. Transduction of Tat-Superoxide .
. Dismutase into Insulin-producing MIN6N , =
= | Physiolo. Cells Reduces Streptozotocin-induced 2003 163-168 ki
Pharmacol. | Cytotoxicity
Human glutamate dehydrogenase is
= EXJT/‘[ 1;401' immunologically distinct from that of 2003 9 45_5 é56 8= | SCI | 1.373
€ other mammalian orthologues
Tat-C3 exoenzyme inhibits association of "
zymosan particles, phagocytosis, Adhesion, A 51
=l | Mol. Cells and complement binding in macrophage 2003 216-223 @ SCI| 1128
J774A.1 cells
J Molecular Gene Cloning, Expression and 35
S | Biochem. |Characterization of Bovine Brain 2003 5 45_,2.)51 @3 |SCIE| 0.952
Mol Biol |Glutamate Dehydrogenase
Ginsenosides enhance the transduction 16
=W | Mol Cells |efficiency of Tat-superoxide 2003 - g% | SCI | 1.128
402-406
dismutase into mammalian cells and skin
Enhanced transduction efficiency by "
fusing HIV-1 Tat protein transduction , 51
= | Mol. Cells {4, oin (PTD) at both ends of 2003 | se5-391 @) SCI 1128
heterologous protein
. |HIV-1 Tat-Mediated Protein Transduction
=9 IZ.“[ ﬁ;df of Cu,Zn-Superoxide Dismutase into 2004 333_2 9 o] | SCI | 5.063
to. Met \pancreatic Cells In Vitro and In Vivo
r Rad In Vivo Protein Transduction: Biologically a7
ree Radic.|active PEP-1-superoxide dismutase fusion >
=9 Biol Med, |protein efficiently protects against 2004 1656-1669 F1% | SCI | 5.063
ischemic insults
Evo. Mol Transduction of Yeast Cytosine
xp. Mol. |Deaminase Mediated by HIV-1 Tat Basic _ 5
= Med. Domain into Tumor Cells Induces 2004 | 36, 43-51 @S| SCT {1373
Chemosensitivity to 5-Fluorocytosine
Intracellular delivery of pb3 fused to the 17, 5
S | Mol Cells basic domain of HIV-1 Tat 2004 353-359 $k= ) SCI | 1.128
Site-directed Mutatgenesis of Human
Brain GABA Transaminase: Lysine-357 51
= | Mol. Cells involved in cofactor binding at the active 2004 | In press @) S| 1128
site
Human Brain GABA transaminase: "
Cysteine 321 residue involved in ) &
=l | Mol. Cells intersubunit cross-linkage between its 2004 214-219 @) SC1| 1128
two subunits
Eur. J. Brain succinic semialdehyde
=9 Bi h " )dehydrogenase; Reactions of sulthydryl 2004 | In Press n] 3| SCI { 3.001
LOCNEM. residues connected with catalytic activity
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‘Tat fusion technology & EAdTF A AL A g yedy HgEs A=
(FILG o] &3t vitamine AS} C¢J e fRzHoze AFIeS ol&dd g8, dFE
};%m ARFE R ESHAATE |E%o] Y& Vitamin A 9 CF Tat & 9Lys, 9Arge]
agE E§ A v, FEANEA fusion AA FFES) W ¥ N5ANEES
z}]; A ks 7Agsks, SOD, Catalased] WFAFE 0|88 Fic3l,
o ‘Tat-SOD @ Tat-Catalased] |2k} 7159 =34 7154 F4EL A sz
SRS SRRk M
B d7dels Fdstude @H¥d 3 4984
AERF] AT penetratin - [31FHE ] AX EE fRRYo 2 JARI|EF
(FlddFolivector N B o] F o] §F |AFEAES Eole NEL vector & AL} 53
FFEARAN AL Ale  (HRATAS] g YUY SIS LS JRIG
AB2AAQY 7154 SARE] daz Agsax .
e Pentmting o183 B veclordl Tt TEF SLye, Al A28 93
T = 27 2 Y recombpinan umanize conjugation ssue
Ay [P0l vuudd g (edes U A4 Fad 9 EPO
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2. Y dFAEHe] dHeA B

7y @9 AR ER
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et 7] I{}: (:_57-7]—) = /\5]):5] _g_io_] . L
Brown Univ., USA Dr. ]. Yeh Tat-Peroxidase fusion
Univ. Cal. SanDiego, USA Dr. Dowdy Tat-SOD
Karolinska Institute, Sweden Dr. M. Williams Tat-myc fusion
Okayama Univ. Japan Dr. Wuhaiyan Tat-protein purification protocol
¢/o Cellomics, Inc.,, USA Dr. K. Giuliano Tat-GFP fusion
Univ. North Carolina, USA Dr. K.C.Oh Tat-GFP
France Dr. M. Rolli-Derkinderen Tat-SOD
Univ. Illinois, USA Dr. AM. Nardulli Tat-SOD

Univ. South Alabama, USA Dr. MA. Alexeyev Tat-SOD, Tat-Cat
Uni. Bath, UK Dr. A. Jacoby Tat-GFP, 9Lys-GEFP
Kent State Univ. USA Dr. Z.Huang Tat-GFP
National Institute of Cancer, Spain Dr. J.R. Iniesta Tat-GFP
Northern Arizona Univ. USA Dr. C.ADyer 9Arg-GFP, Tat-GFP
Univ. of the Pacific, USA Dr.K.AJensen Tat-GFP
Shanghai Medical Univ. China Dr. L.Wang Tat-vector
Univ. Texas, USA Dr. AMiller Tat- Arg- vector
Univ. Pittsburg, USA Dr. D. Blumberg Human catalase gene
Washington Univ. USA Dr. J.Fujita Tat-SOD, 9Lys-SOD
Okajama Univ. Japan Dr. W.Haiyan Tat-50D
The Hospital of Sick Children, Canada Dr. DM, deAndrade Tat- vector

- 105 -




L S A7 FEAT 2 g¥a

e o , TR

R )94 AEAZZ %-9_-?_} e FEAT A3ty Hzxz AEBAX R x4
@¥ 38 2l ARGF (539
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a8 A& RPS 3 (UV endonuclease) A A E A B AE X Z(DNA Repair)
THY & Antisense RNA Hanta virus BAA|28 7%
T nEx Arginine deiminase PANg B

7129 o A3 HIV nucleocapsid (HIV-NC) % HIV agent 7)€
A AAA | Tat-biotin & o] &3 @A 3 A% aud g AR
A A ) o] A\ Endotoxin Intracellular signaling Q7
Ao BRE Tat-SOD %4 Human SOD 43 7% 4+
ke Be-f Tyrosine hydroxylase Parkinson disease &
£kl 2% GDH Multiple sclerosis
ot A H GIP Cyclohydrolase Parkinson disease X & (RYUEFE)
734 A4 Nitric oxide synthase (NOS) NO #3d 48% 248 X8
e Bt 2j ¥ |C3 Transferase, Liposome #+2] A3} A1z A2 2 Phagocytosis {7
gEd o] 78 Bax @iy 3T FHEANXE cell signaling T
Eig- el AZEzr Tat-Bio-organic molecules link Bic-organic molecules?] F& §&

Ry Ao PK, PO Vitamin B6 dependent enzyme] Z&713 47
S 473 SOD, Catalase Brain Ischemia <% 2 X3 (E¥9%8)
T | g oo, 500 TEA FAE R AT AT AT
Mg | A8 RLLP Tat, PEP-RLLP A2 2 Axy IF
ML Bl & AHNAK Tat-, PEP-AHNAK A% 3 A2l J5

JHEY A | =Y PLD Tat-, PEP-PLD Az 3 AZuy I5F
)(11% %’9—] 3},‘:;] ARE Tat-SOD Tat-SODE o]-&% ALS ¢+
oistodl #33) Tat-, PEP-50D Tat-, PEP-SOD A3

538 Jaal o194 HAYR FEAT st Az
AFlEE AFRer o vd ARIISE Gee) A7E F

(1) Cell cycle controlling D] AL 2] &9 Bl cell cultureZ

2 AEAE 2 2Fd Tat-GFPE IF
27 € 434.

B3t FYAMA HEAME EA4

7} It 4 AE f
{2) Anthocyanin M2 §A4o] #HA = master gened] transcription factor T d-g& A
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A23] .
A B
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1999. 9. 9.
Neuronal Cell Death in the Ischemic Brain and Spinal Cord
9 25 vbHEGURT g ARG @A)

1999. 11. 25.

Free Radical-Generating Function of Cu,Zn-Superoxide Dismutase
7 AE WA (RFY FAFEH)

2000. 4. 13.

Chemical Synthesis of The Human Glutamate Dehydrogenase

A Ql WAL (LA PR A G AT L)

2000. 6. 15.

: Mechanism for inactivation of the KIP family CDK inhibitor genes in gastric

cancer cells

o] A& AL (Uit e A y)
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A|53) : 2000. 9. 21.

Al & Identification of GTP binding site of human glutamate dehydrogenase
using cassette mutagenesis and photoaffinity labeling

o

3 Ak 2 A S SA (AR Qs

A6z : 2000. 11. 2.
Al &: Characterization of Mycoplasma Arginine Deiminase Expressed in E. coli

and Inhibitory Regulation of Nitric Oxide Synthesis
A Ak R F ey (aUSE T ote)sta)

A73 : 2000. 12. 14.

Al EB: The coenzyme thiamine pyrophosphate inhibits self-splicing of primary
transcripts of the phage T4 thymidylate synthase gene

A A ou gl 2 uha} (SRR $EAET)

A3} 1 2001. 4. 12,
Al E: Transgenic tomato plants overexpressing both Cu/Zn superoxide dismutase
and catalase in chloroplasts confer improved resistance against

paraquat-induced oxidative stress
A AR o] A ¥l (ATFBdEtn Py aety)

A193] : 2001. 5. 24.

A E: Human rpS3/UV endonuclease III complements XP-D cells in vitro;
Characterization of endonuclease activity of rpS3

A Ak A & A (zEgER AEEEL)

#1103): 2001. 7. 5.
A & In vitro gene-transferring capability of noble cationic lipids
A Ak w g A ua} (AW BinEge

A1113): 2001. 9. 20.
A &: Development of an anti-angiogenic agent for the treatment of ocular diseases
A A o 4 B A} ( FHA Eyegene $4 AT )

A123]: 2001, 11. 1.
A E: Next Generation Protein Drugs
A Ak 2 H A A (ALAD FTEE ATD)

A13%]: 2001. 11. 22.

Al E: Microarrays as a systems related to functional genomics
A Ak % F E A (SHAY ABAY

A143): 2001, 12. 6.

Al E: Enhanced SMase and PLA2 activity with advancing age

A Ak R A S WA (FIYSE I stma)

A|153]: 2002. 9. 26.
Al  E: The Effects of ERK2 Residues on Differentiation in Response to

- 108 -



NGF Stimulation in PC12 Cells
A A F 9 & wAY (KIST AA AL FAE)

A1638 : 2002. 10. 10.
Al &: The EphA8 Receptor Regulates the Boundary Formation, Cell Migration
and Axon Guidance in the Developing Midbrain

A A S WA (S9ely 4Rae)

A173: 2002. 11. 7.
Al &: Human Papillomavirus E2 Downregulates the Human Telomerase Reverse
Thanscriptase Promoter

A Ak #H F 59A} (KAIST AE3}stst)

A183): 2002. 12. 5.
A 5 Identification of tumerogenesis and angiogenesis targets by functional proteomics

and mass spectroscopy in Gastric cancer.
A AR 2 A AN EFEATY)

#1193} 2003. 3. 20.
Al E: Beneficial Roles of Nitric Oxide in Human Diseases

4 Ak 7 9 WEal (pEUEa oseh

A208): 2003. 4. 17.

Al & Isolation and characterization of the HIV nucleocapsid protein variants
4 A f A F A GHEY e

A213]: 2003. 5. 22.

Al E: Capsaicin inhibits vascular endothelial growth factor-induced angiogenesis
A Ak W Q2w (pAnsE ATy

@ AZAE NF 8%

AR HEA R

dAl 20000 1€ 199 () &F 44

A4 dgUsta 2% 6% =AY A A

dA

4:00 - 4:30 Proteomics®] ¥}
A 2g (A9 Asea)

4:30 - 5:00 Functional GenomicsE o] &3 Al kel 4
W7l wg (AAY A3et)

5:00 - 5:30 SmaH GTP-binding Proteins of Synaptic Vesicle Membranes
g% ag (FEdste od AsiEtad)

530 - 540 =g EE

A2 QEAE
QA : 20014 38 169 () ©F 44
B2 FANYE ZF 65 wFA A LA
2%
15:00 ~ 15:10 QQAp (Hrd

+
2

dolsta fAF
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AEAE FF ol 3 B st gsis=])
1510 - 15550 @A A =2
(AR m : Agigia vigEsla])
15:50 - 16:30 Reverse genetic approach for retinal degeneration in  Drosopfila
(EAT 2 AIsh fa-gsk
16:30 - 16:40 coffee Break
16:40 - 17:20 Reguirement of mediatar comrplex for gene-specific transcriptional activation
duwing Drosarfila larval brain development
(A9E m : AANEL Astetl)
17:20 - 18:00 FHEEE

A3z A F

AA 2001, 12. 28. FRY
T SEUSn SASAAE Aviyd
dA  AEZAR FF; o] § B 25 (FddEn Ay

15:00-16:00 Phagocytosis of apoptotic cells: role of avbb integrin and the
CrkII-Dock180-Raclcompiex.
129 a5 (FYdsta e sstui)

16:00-17:00 Regulation of EphAS8 expression by Pax5 in the mesencephalon.
B B4 (FPARL BFARR AT 2)

17:00-18:00 Protein Penetration Technology for Clinical Therapy of Human
Disease
HAF5y g (YU FAFSS dRAXNE AR ATH)

18:00-18:30 FTYEE

A4} AEAE AN dF

A} 2002 3 12€ 199 (&)
& Srgdista AstgEd Aejva
dA,

16:00 - 16:10 ; ZH3AL (A5 FIHAATA A7 YA
16:10 - 16:50 : Transduction of the pb3 tumour suppressor protein mediated by
HIV-1 Tat basic domain %X : ¥ A A (TP AExgsty)

16:50 - 17:30 : Purification and characterization of a thermostable lipase from the
archaeon Sulfolobus solfataricus ¥ X : o] 3] ¥ (Zdd A eR)

1750  -1830: Expression of endogenous insulin-like growth  factor-1
immunoreactivity in the gerbil hippocampus after ischemic insult
4 9 F 5 (3 o908 )

18:30 - P EYEE
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1. SN-50 vectors
SN-50 vector: HIV-1 Tat vector®# @z AxFo] JFHARL, 3t Axd
o] z+z} A ¥ E protein transduction domain (PTD) sequence® 74zt 7FA| 3L
Aok wElA, Z+ gelge] EXo] wel W3 ¥ S-S JIFAVIeH
FHE AY P+ vectore|H.

SN-50 : AAVALLPAVLLALLAPVQRKRQKLMP

7b o g HAEEE (PTD) sequence : VQRKRQKLMP
U Axdz 558 (PTD) sequence : AAVALLPAVLLALLAP

2. Cyclosporine A conjugated fusion protein
Cyclosporine AE #H$3 45388 JEAS g XNEAZA dE] AHEH
JE BN FRzHoE AR ¢ FAHH] AgY oS AY
21tk Rothbard 1&-& Cyclosporine Aol HIV-1 Tat vector (7TArg)S &34
AE 2 28y AEgGoz2N AHHS XNEAZY anti-inflammation £%5&

A3t A,

do 3% R R

3. 0] 9l td EREL HIV-1 Tat vectord] §FAA Add 2AHH A=
Q_ =

[}
Az 7

7}. Tat-GDNF (Glial cell line-derived neurothrphic factor), Tat-Bcl-2 and FNK
Ischemia BEEZDANM ATAE FopFe gId €25 FoM GDNF,
Bcl-2, FNKE o) £3te #9138 Z 7} hippocampusel SA3+E AZ A X A
¥ ALE protection AY dealysts €93 AREo] BuEHo @¥d A&A]
2X9 7t E& AASAT

1}, Tat-ARC (Apoptosis Receptor with Caspase recruitment domain)
Tat-ARCE ©] &3} ischemia 2 referfusionol €3 ARAge] WX &3}
2 9% A brainolA B o} heartol ME HUt B3 37t #HEHO
thekg Az M IMAAEARY 7MEAHE AAGAT
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€ T 2 B E) wek ANWAE BF D RS A 712007 o))

L AFALERY $54/3004

HTo A T AFo] AXE v wHAR A 7| TE A}
do] &P wet olE AT duAe HxUYze AHAG 7o) )
T+ F83tn MEHojor & FAoltt, 2FL B Aol 35137 o)

BEFHOZ MAE poreE FAAII= WY, &¥E carierg o] &3t=
P, 283 liposome, ME-AE WY Fo] Jou BF EAHE 714
I wEA B dFeME 998 g9d IAF signal peptideE EZ ol
Ao §FANAH TLEL IAF vectorE NG =3 duld HIEALGY
(Protein Transduction Domain)¢l HIV-1 Tat ©¥& ] basic domaing &
signal® o] &8uE EZUMAL denaturation A1AHA HEFE AJHOY 2L
PEP-1 signal peptideE 723l PEP-1-E gl A$ gulzel 337
ZE FAANZ ZE9 intact proteing IFAZF A 713 vectorE
2o gddld XNEPY 5SS ¥ EoF AFHE & JAG. AL
d HF vectorg ol &3l U AF #H EF gwAEY FAXNE 2F

<

9 IAF vectorste] §FDUA L FF AAsQLen, o] FENEL ALY
o824 x3dd FA3 F4AE AAZFA 72, 30EY | Ischemiaol
HHEHE Z4E, 4FE SUAE, 744, 3y T FEHE @I EY
FHAE Tat =5 PEP-1 vectord] §3A1A @A Ad@AAZ & o] A
X == 2AUE AF ANHY. 53 giks 249 SOD, catalased] E73F
AFE BE ZF AA AN, H, A, vE, 2%, 98 52 A% J5H
247 B E 7HAY ischemiast B RAFES o83t ol IFEH

9 B & dolFEtes dFAHgE

[e}
SOD, Catalase”} 4173 M| EAFS} 27 B-A %
ROS @842 (=3}, U428, 3= $)A
gt

o #7]14d A+ ZH= It

fu

2. ATANLAR HFETH

B35 ClFErs, ¥, BT, UE, D

IS A9 A5 A FAZ A=ee g4 54 FAelt Adede 4e

J wYAS ATHE APete AmskE Aol Yot vl As

gl dolh, F2olE QY UM ABo] AT WA WFYH B

of 1deke Aol gl wet ols wude B 2PFOEA A
S|

93 gtk e geels 3 wdde g g visl 53 YUs
of g3 49y % A5 HAPIE ETHT AL RYE AY ALY 5
Qe o e ZAH AN AESt BUHOE el WRolT
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ol ¥ EAE A st Fad AHBAHL e I} AA v @

WAES AIUWE FE&Foezx HEANI)E 7|%€ (Protein Penetration
Technology)& NZFL=2H = FAIAEL AFPHolu FLHoE Ngd &+
AE U142 vl Xg *°‘ AL8e & ge AFEF) & AR 7

EH%‘:}. E3] 3ats E.’i\_'é?l SOD$%} catalase®] Zt 7‘}7]7‘751°§—4 AE AE
2 ischemia®} FxHd RAEEJ g3 ;z A5L ROS (Peactive oxygen
speices) #Hd Z4F AZE(: HIE, A7, Ty 5o g dld X8
W AEstd gFgHrt & Aold E HREIZo HFE Tt =3

1543 SdAF Mdd= 483e ¢ & Aol =3 -4’?—-7-%" AALE o
A (Botulinum toxin)9] ATFZAIAE Yoz FAE FEXNIHE & A8
282 HBEANDF g& ol wyiE FEMAL Vit C, Vit A 59 Tat#e]

linkes AEEA 73T ESY 715AFZE o &
o E gE JFEFZ J2ATEGEN A JAQT, FEAY
gulAde 75 ATFAE FFEHI) UL Ao g g

AHH 5ol RILE ﬁii}%} T e #@HI &l o] V=

Sl Agdl olydl & AAEA (organic compound, oligonucleotides,
peptides )& HEsld AEZUNR o]FA A & Qv WA ol E4& 7]
22 3t Az AFZTEARE SR, BFAZE OSIANE F de
71ZAT7} "JB-OPU%, TE % dAEES 53 &8 Ve FYo] A3 &
THY. o] 7w 7]L e A4 gds o, A32A% FAY, =5 d@d F
AR SEAE F e 713 dHV|€EAN A X5 L&Y F 3
< Zlojth

flo o ¢ c! W
Hr 2
D
i
23
o
aE

Penetratin vectors] 71% 2)
) ¢ oA A 9 BaA
A A% A O 5T A AT D 2AY A% 2 ATE A 47
24 $4 5 4% RUSES o8¢ A7Y wude £% 42 % w93
A e 9A wees THA sied 2 100% gdsgn 59
@S AANIA ga 3ATERE FANNA FFE e PEP-]

vector®) 743} 0] o] &3 PEP-1- SOD PEP-Catalase®] ischemia ¥ Bk
¥ RAdF5ENAY g5ASL v AU ATFEFHE Aoy EE OS:I"
}5].9_ o

= m;
w o

FEo did 23E4E o FATt oJHE AFFd ARE 200149 T
BAE FANAT 20044 4890 A48 FrleprF=E e FANIE o}
Art.

- 121 -



, AR, Ex3 A F)

N SE o CHESE $4, BE UE, 29)
2 A7MAAATE T8 FFE (77), 5HEY (247) € 39 =¥ (32%)
Ko

gxsgon, N2 JidE vlee A43E s LG ‘3%{7’@9‘*“(-1*)
() Cell Tech. Korea, () BodiTech Med. (F)BioBud, 4 Aulv 2 7|&
AHEE FYslHen o V&g "eE e IFUe 2L dFAEH :’6’—%@?
2 vector AETE YL AE T IJAEFH gt R AL B V& A&
32 AT Avy 2A & o} 2FIHIYT Avy 2 AEXE L AT &
g5¢ v B wd aud HAF vector B IAFFTERAE I
32 AFAEANA AF3R
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1. 5358 2 59 55
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e

Hrd 9

2gEeRIdotols © BEY (52) 374050% 20034 29 179 P iy
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SHeNAL AT =gsts 3y
AEHNEA Tat-C3 EAAF A
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