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Abstract

Membrane Transducing Activity of
Recombinant Hoxc8 and Its

Application as a Delivery Vector
Eun Shin Kim

Department of Medical Science
The Graduate School, Yonsei University

(Direted by Professor Myoung Hee Kim)

All macromolecules are not actively taken up byinky
cells as its impermeability. The observation of teio transduction
domain (PTD) has triggered its excitement. Sincenththe most
actively studied PTDs are those derived from themdmu
immunodeficiency virus (HIV-1) transcriptional rdgtor Tat and
the Drosophila transcription factor Antennapediant@, that shown
a rapid cellular delivery of proteins and peptiddske Antp,
Hoxc8 is one of the homeodomains that encodes ipratemain of



60 amino acids, which is composed of threehelices, with one
B turn between helix 2 and 3 and that helix 3 is know have
translocation properties. Therefore, this is todgtihe transducing
activity of recombinant Hoxc8 and its applicatiors @ delivery
vector in membrane.

Hoxc8 full gene (pGEX:Hoxc8:4) was obtained from
mouse RNA and prepared as a cDNA. By cloning teprmi
homeobox of Hoxc8 with acidic portion could be isolated and
named as pGEX:Hoxe&os» with homeobox only  of
PGEX:Hoxc84920s Recent paper have reported that PTD that
contains purely basic amino acids is more efficiechberefore, the
third clone consisted with homeobox only which skdwto contain
basic amine groups. The proteins were labeled d@reg88 and
labeled proteins were treated to cells.

Similar efficiency in protein transduction was seén all
those three recombinants. In the DNA-protein compfermation
experiment, the construct with basic amine groups waore
efficient and also the negative charge portion @ (C-terminus
suppressed from the DNA-protein complex binding. hids been
shown that the protein indeed enters cells with roraclecules and
the macromolecules were able to translate and vmside the cell.

This opens a great promise as a tool for a deliwergtor
with some modifications it may become alternativésr the
replacement of liposomes or viral vectors that &gic or may
produce immune reaction from the targeted cell.

Key words: PTD, Hoxc8, homeodomains, macromolecules



Membrane Transducing Activity of
Recombinant Hoxc8 and Its
Application as a Delivery Vector

Eun Shin Kim

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Myoung Hee Kim)

l. Introduction

Practically all macromolecules are not actively aripd by living
cells as the cell membrane acts as an impermeadieeb and has
shown to have poor permeability for large moleculé@ne of the
main difficulties in the manufacturing of new lingf drugs whose
targets are located within host cells is this meambr
impermeability which is reflected in the fact thgteater than 95%
of all new therapeutics possess poor pharmacokmetTypically,



delivery of macromolecules are undertaken using iddip
electroporation or through viral vectors, howevahese exhibit
several limitations, including: (1) the inability tdeliver to primary,
non-dividing cells, (2) the requirement for optiatibn with each
cell type, (3) low transduction level, (4) cellulgmxicity®>*>

For these reasons, considerable excitement wasrajedefollowing
the observation of protein transduction domain (BT particular,
those derived from the human immunodeficiency vir(i3IV-1)
transcriptional regulator Tat and the Drosophila transcription factor
Antennapedia (Antp). These PTDs have shown to nedize rapid
cellular delivery of proteifs and peptides that have observed to
possess the ability to traverse the lipid bilayer aells in a
concentration dependent marfier which of the mechanism is
generally known to undergo endocytosis but the texaechanism
is not fully understood y&t'**® The importance of these proteins
that traverse membrane lies in their ability to fommly transport
large, biologically active molecules to a populatiof mammalian
cells growing under standard culture conditidns

Hoxc8 is one of the homeobox containing genes which emcad
set of master transcription factbtsand that is similar to the
transduction domain of Anthp Homeobox encodes protein domain
of 60 amino acids and that is known to play an irtgpdg role in
defining the body plan of vertebratts Homeodomain proteins
belong to a class of transcription factors involved multiple
morphological processes. The homeodomain, compadethree «



helices, with one 3 turn between helix 2 and 3. Third helix is
known to possess translocation property comparablehat of the
entire homeodomatf (refer to the illustration of Hoxc8 in Fig. 1)

Whist studying the structure of Hoxc8, it has bdeand that the
C-terminus of pGEX:Hoxc842 is full of negative charged cations
(acidic portion) such as glutamic acid or aspadicid. As DNA
itself is highly negatively charged when DNA andcanstruct that
contains homeobox oHoxc8 with acidic portion at the C-terminus
Is mixed together, DNA-protein complex would notrfed as they
repel each oth&t Although the entire protein can be used for this
purpose, as it has been reported by Noguchi &% ahat smaller
and poly-arginine (polyR) and poly-lysine proteirave shown to
exhibit greater efficiency in terms of delivery ckeveral peptides
and proteins.

Therefore, it can be hypothesized that having haloemin would

be more efficient than the ones with Hoxc8 full sengce.

Therefore, three different constructs have beenigded and

examined on their membrane transducing activitywasl as their

application as the possible delivery vectors forcleie acids;

GST:HOoXCc8.242, GST:HOXC852.243 GST:HOXC849.2008 GST:HOXC.242

is full length of Hoxc8 protein fused to GST (ghitane

S-transferase) gene. GST:Hoxe84 contains homeodomain, of
which the N-terminus of homeodomain was partiallgleted and
still containing the acidic portion at the C-termmn fused to the
homeodomain. GST:HoxeB..0s contains homeodomain only.



Antennapedia homeodomain Antennapedia homeodomain
bound to DNA bound to DNA G

Helix 3
Helix 1 - &
Chal r's
—_—

Helix 2

Helix 2 ‘/’

Fig. 1. 3D Structure Antennapedia homeodomain boundo DNA
(Source originated from http://www.biosci.ki.se/gps/tbu/homeo/)



. MATERIALS AND METHODS

1. Plasmid Construction. The plasmid pGEX:Hoxc&s, harboring a
780 bp Hoxc8 fragment was cloned into tBamHI/Xhol site of
the expression vector, pGEX4T-1 (Amersham) was Ikinurovided
by Hyun-Joo Chung in our lab. pGEX:Hoxc, was digested with
Sall to produce 306 bp fragment and subcloned it itlte Sall
site of pGEX4T-1 to produce pGEX:Hoxe8:42 To isolate DNA
fragment containing homeobox only dfloxc8, both forward (16
mer; 5° GGA TCC CGG CGC AGC GGT CG 3) and reversgé (1
mer; 5° CT CGA GTT CTC CTT TTT CCA C 3') primers were
synthesized (Bioneer, Tae Jeon, Republic of Koa) designed to
contain BamHI and Xhol site, repectively (Takara). PCR was done
in the following conditions; first denaturation, 94C for 5 min;
second denaturation, 94 °C for 30 sec; annealingpéeature, 56
°C for 30 sec; extension, 72 °C for 60 sec; theé &dension step,
72 °C for 5 min. The amplified fragment of homeobwaas cloned
into the pGEM-T Easy vector (Promega). The clones when
double digested wittBamHI and Xhol endonucleases, and the 180
bp fragment was isolated and inserted into BenHI and Xhol
site  of the expression vector, pGEX4T-1, to produce
PGEX:Hoxc840.20s The schematic illustration of thEloxc8 deletion
constructs of GST:HoxG842 GST:HOXC8s2-243 GST:HOXC849-208
were shown in Fig. 2. Also the Detailed sequence thé
negatively charged portion is shown in Fig. 3.



Structure of Hoxc8 deletion Constructs

Molecular 1
Weighi{kDa)

GST:Hoxc8, 5 :l:l:_:[i] 5428 6.37

' i TAA

GST:HoxcS 550 | T 3% 58
| |

GST:HOXCS,45.0 | —— » 9
i 1

GST:Hoxc8, 54, contains full length HoxcS gene

GST:HoxcBy5.00 of which the N-terminus is partially deleted

GST:HoxcByy x5 contains full length homeodomain

1 Hexapeptide
N Homeodomain
] Acidic portion of the C-terminus of the Hoxc

Fig. 2. Structure of Hoxc8 deletion constructs of ST:HoXC8i-24,
GST:Hoxc8152.242 GST:HOXC8u49.208 The molecular weight of each
GST:Hoxc8 fusion protein was shown on the right kilodalton
(kDa) along with its PI value. The hexapeptide, kodomain, and
the acidic portion of Hoxc8 protein were indicatid colors.



Helix 3
GTG AAG ATT TGG TTC CAG AAT CGA AGG ATG AAG TGG AAA AAG GAG AAC
Wal  Lys Va Tip Phe GIn Asn Arg Arg Met  Lys
+ + +

+ +

C—terminus of pGEXHoxc8,5,_545

CGA GAT GAG GAG AAG GTG GAA GAA GAA GGG AAT GAG GAA GAG GAG
Arg Asp Glu Glu
+

Val Lvs Lvs Glu  Asn
+ _

Lys Vval Gu Gl Glu Gy Asn Gu Glu Gl
_ _ n _ - _ _ _
AAA GAG GAG GAG GAA AAG GAA GAA AAT AAG GAC TAA
Lys Gl Glu Gl
+

Glu

Glu  Lys Lys Lys
- +

Asn  Lys Asp Stop
+ + +

Fig. 3. The Detailed sequence of the negatively apad portion.

As it can be seen from the sequence, many glutamasid and
aspartic acid were present at the c-terminus of sieguence.

_10_



2. Gel Extraction using Jetsob Gel Extraction Kit (Genomed
GmbH, LOhne) Agarose was solubilized using 308 of buffer Al
and 10 ¢! of JETSORB suspension for each 10§ of Gel slice.
Then DNA binding was allowed by incubating the gssa 50 °C
for 15 min. The assay was mixed every 3 min duringubation.
After this, the assay was centrifuged for 30 secl@@00 g then
the supernatant was removed completely using attpip&@he pellet
was washed with Al buffer and centrifuged as beftoerecover
JETSORB and the supernatant was removed usingtgipB&bhen the
JETSORB was washed the 30Q: of buffer A2 and centrifuged,
then is repeated. JETSORB pellet was dried by ad ander
vacuum and eluted in TE buffer.

3. Transformation. Competent cell (DH%) was melted in ice. 30
1l of the competent cell was added to T6 micro tube and 100
nM of desired DNA was added. Kept in the ice for @bn with
occasional tapping. Heat shock were given for 99 ae42 °C and
120 ¢l of LB was added at room temperature (RT). The tulaes
incubated for 45 min at 37 °C and spread in a fr&gh plate

with selective antibiotics, ampicillin (10@g/x0) in this clone.

4. Plasmid miniprep. Cells were grown in 3¢ of LB broth (10 g
of trytone, 5 g of yeast extract and 10 g of Na@l 950 ml of
deionized HO then pH was adjusted to 7.0 with 5 N NaOH. The
total volume was finally adjusted to 1 liter witheidnized HO)

_11_



overnight in 14 ml polystyrene Round-Bottom Tube (Falcon, NJ,
USA). Cells were collected by the centrifugation aatspeed of 12k
rom for 10 min at 4 °C in a 1.5n¢ micro tube (Sarstedt,
Germany). After discarding the supernatant, thel qelllet was
dissociated in 100x! of Soll (50 mM of glucose, 25 mM of
Tris-Cl in pH 8.0 and 10 mM EDTA in pH 8.0) and tered
well. The cells were then lysed by adding 200 of Solll (0.2 N
of NaOH and 1% (w/v) of SDS) and left for 5 min BRIl then
150 ¢ of Sollll (60 m{ of 5 M potassium acetate, 11.80 of
glacial acetic acid and 28.5¢ of H20) was added and shook to
mix well (vortex three to five times in inverted gsoon) then
centrifuged at 12k rpm for 5 min at 4 °C. Then sop&ant was
transferred and the pellet was discarded. 45@&  of
Chloroform:lsoamylalcohol=24:1 (C/l) was added twe tsupernatant
and shaken vigorously for at least 30 sec to 1 ntiven
centrifuged at 12k rpm for 5 min. The supernatarmts wransferred
into a new micro tube and then 9Q@ of absolute ethanol was
added and vortexed vigorously. After leaving at RF 2 min, it
was centrifuged at 12k rpm for 5 min at 4 °C and gupernatant
was discarded. The pellet was washed with ice ctd& ethanol
and centrifuged at 12k rpm for 5 min at 4 °C. Thémre pellet
was air dried at 55 °C for 10 min. 5@ of TE containing RNase
(10 pg/pl) was added to dissolve the DNA pellet.

5. Plasmid mediprep. Cells were grown in 25 of LB broth for
overnight in 50ml conical tube (SPL, Seoul, Republic of Korea).

_12_



The tube was centrifuged at a speed of 3.5k rpmlformin at 4
°C and the supernatant was discarded. The pellet @iasociated
by adding 1m{ of Soll and vortexed well. The cells were then
lysed by adding 2m¢{ of Solll and inverted for several times and
left for 5 min at RT then 1.51¢ of Sollll was added and inverted
to mix well then centrifuged at 4k rpm for 10 mih 4 °C. 15m(
tube with gauze covered up was prepared to isdlae pallet and
the supernatant successfully. The same volume giroganol
(Duksan, Seoul, Korea) was added to the supernatahbok
vigorously, left for 2 min at RT, and then centgéd for 10 min
at 3.5k rpm at 4 °C. The pellet was washed witm(3of ice cold
70% ethanol and centrifuged at 3.5k rpm for 10 ratn4 °C and
air dried at 55 °C for 10 min. 40@¢ of deionized DW with 10
1l of RNase (10ug/1f) was added and incubated at 37 °C for at
least an hour. 20Q« of phenol and 200x¢ of C/I were added
and vortexed. After centrifugation at 12k rpm forntin at RT, the
supernatant was transferred. 40 of C/I were added, vortexed
and centrifuged, and the supernatant was trandfeifhis step was
repeated until the supernatant was purely isolatdah the
supernatant, 1/10 volume of 3M Sodium Acetate (@H5and 2.5
volume of absolute ethanol was added and kept at “@ for
overnight. On the next day, DNA was collected bye th
centrifugation at 3.5k rpm for 10 min at 4 °C. THENA pallet
was washed with In{ of 70% of ethanol and air dried. Then the
pellet was dissolved in 5@¢ of TE.

_13_



6. Protein purfication. In order to purify the fusion proteins, 100
mg of each plasmid DNA of pGEX:Hoxe8s, PGEX:HOXC8s2-243
PGEX:Hoxc840-20s Was transformed into th&. coli strain BL21
(DE3). BL21 (DE3) cells containing the expressiolasmids were
cultured at 37 °C to an Qb of 0.8.
Isopropyl-b-D-thiogalactopyranoside (IPTG) was atldeo a final
concentration of 500 nM, and the cells were furtiveubated for
3 hr at 28 °C. After collecting cells through cénigation, they
were cracked with French Pressor (SLMOAMINCO, SLM
instrument Inc.), and the supernatant was recoveraiter
centrifuging it at 12k rpm for 60 min. The supeardt was
incubation with glutathione sepharose (GST) beadSignga)
overnight and the beads were recovered after tegation at 2k
rom for 10 min and washed three times with ice c®BS. To
separate GST bead with the proteins, They were bated with
reduced glutathione elution buffer {50 mM Tris irHp8.0 and 10
mM  reduced glutathione (sigma)}. After measuring e th
concentration of the proteins using Eppendorf Baipmeter
(Eppendorf), and the protein sample was conceutratégh Amicon
Bioseparations Centricon (Millipore). For the bettgeld, optimal

IPTG concentration and incubation temperature wigermined.

7. Westem blot. Purified recombinant proteins were resolved on a
10% polyacrylamide gel, transferred to nitrocelddo membrane,
blocked with 5% (w/v) milk powder in TBST (20 mM i$HCI,

_14_



pH 7.5, 150 mM NaCl, and 0.05% (v/v) Tween 20), andubated
with primary antbody to GST (Santa Cruz Biotechgglo at a
1:10000 dilution. After washing the membrane thrémes in
TBST, it was incubated with horseradish peroxidasgugated
secondary antibody at a 1:20000 dilution. Finalllge bands were
detected using chemiluminescence (ECL; AmershansdBaces).

8. Transfection. The plasmid pDsRed1l-C1l (red fluorescence) and
pPEGFP-C1 (green fluorescence) were chosen as eepptasmids
for their red and green fluorescent protein, reépely. 1 x 10
cells were seeded the day before transfection orb-teell plate.
One hr before the transfection cell was washed wWRBS and
incubated in DMEM without serum. For the transfecti DNA was
pre-complexed with the PLUS Reagent by adding DN#hwWLUS
Reagent and left at RT for fifteen min. Then in eparate tube,
LIPOFECTAMINE was diluted and the diluted Lipofectme was
brought to the pre-complexed DNA, mixed and left RT for
another fifteen min. The mixture was then added e@mch well
containing fresh medium on cells. Cells were intebaat thirty
seven °C at 5% COfor three hr. And then, the media containing
the mixture was suck out and fresh media containk@ye FBS
was added and incubated further 24 hr. Then the vea$ brought
to the fluorescent microscopy for the analysis.

9. Concentration of proteins. Since it is advised to used the

_15_



concentration of higher than 2g/i/0 for the effective labeling with
Oregon 488, purified proteins were concentrated 4tel0 pg/ul

using centrifugal filter device, Centricon (Milipmr USA) as the
initial protein concentrations were far less tha® fg/wl. Purified

protein was loaded on to the column of the cergsafufilter device
and centrifuged for 2000 g until the desired cohegion of
protein in obtained.

10. Labeling of protein with Oregon 488. About 5 mg of the
protein were dissolved in 50/ of 0.1 M sodium bicarbonate
buffer. 5 mg of the amine-reactive protein compound and the
Oregon 488 dye were dissolved in OB of DMSO (10 mg/mf).
The the dye was freshly dissolved just before istgrthe reaction.
Since reactive compounds are not very stable inutisol While
vortexing protein solution prepared earlier, 50~1Q0@ of the
reactive dye solution (10ng/m¢) was added slowly and incubated
for an hour at RT with continuous stirring.

11. Nuclear (DNA) staining with Hoescht Dye. Media was
aspirated from culture plate and cells were wastwde with PBS.
Cells were then fixed with 4% formaldehyde at RTr 20 min
using just enough solution to cover the dish thghty After
aspiration of the fix solution, cold absolute meibla was added.
After leaving at RT for 20 min, the methanol wasiesed and
rinsed thoroughly three times with PBS. 1:10,000utdin of

_16_



Hoescht stock (1.2mg/m¢ in 0.9% NaCl or water) in PBS was
added and incubated for 15 min at RT. After rinsifige times
with PBS, cells were analyzed under the fluoreseemicroscope.

12. Cell culture and protein intemalization. Cell used for the
experiment was PPFF (Pig Primary Fetal Fibroblasl)Gind T98G
(Myeloma cells obtained from brain) cells. Cells revecultured in
Dulbecco's Modified Eagle's Medium (DMEM, Welgene, eda,
Korea) containing 10% Fetal Bovine Serum (FBS) abéo
Penicillin-streptomycine. All cells were cultured 87 °C in a 5%
CO, atmosphere. Cells were seeded on a 24-well plate density
of 1 x 10 cellsiwell. After 24 hr incubation, the medium was
changed with fresh medium containing 1 M of eachid proteins
purified proteins and incubated for 0, 5 min, 10nmiL5 min, 30
min, 1 hr, 2 hr and 3 hr, and then the optimal bation time
was decided. Then, series of proteins (10 nM, 160, 500 nM
and 1 mM) were treated to cells seeded on a 24-plalie at the
same density described above. Cells were trypsinize rule out
electrostatic binding of protein to the cell suda@and analyzed
under the fluorescent microscope (Olympus IX70, nddus, Melille,
NY).

13. Fomation of DNA-protein complex. The binding of Hoxc8
fusion proteins to the reporter plasmid DNA was estgated
through a gel retardation experiment. Increasingowarh of protein
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was incubated with 0.Jg plasmid pEGFP-C1 (green fluorescence)
or pDsRed-C1 (red fluorescence), not exceeding (20 in total
volume and then glycerol was mixed to 30% of totalume. The
mixture was left in RT for an hour. Then the eleptroretic
mobility of the resulting protein-DNA complexes wasalyzed in

1% agarose gel through electrophoresis.

14. Transduction of DNA-protein complex. To evaluate the
transduction of protein-DNA complexes, cells wdreubated in
the presence of the medium harboring the DNA-pnoteomplex
for 3 hr, and then incubated overnight after addfresh medium.
The vitality of the cells were checked with lightionoscopy and
the cells were kept another 24 hr for the protexpression. After
washing three times with PBS, cells were fixed in% 4
paraformaldehyde (PFA), stained with Hoescht, andlyaed under

the fluorescence microscope.

_18_



lll. Results

1. Construction of plasmids pGEX:Hoxc8.242 PGEX:HOXC8152-242
and pGEXZHOXCSl4g-242

In order to examine the Hoxc8 transduction actiatgpng with the
nucleic acid complex, several Hoxc8-derived fusiproteins were
cloned to be synthesized (Fig. 4.). Since the plhsm
PGEX:Hoxc8.242 expresses the full length Hoxc8 protein, several
deletion derivatives were constructed using thisasplid. The
plasmid pGEX:Hoxc8242 was digested withSall and created 306
bp of DNA fragment (Fig. 5.) containing homeoboxray with the
acidic portion at the C-terminus of Hoxc8 was iseda and cloned
into the Sall site of pGEX4T-1 vector. Of 45 colonies selected
the ampicillin plate, 10 were chosen to be check&mhong these
four had the DNA fragment inserted in the right ediion
(PGEX:Hoxc8s2249 and the rest of them had the DNA fragment
inserted in the opposite direction.

To produce pGEX:HoxG&s.206 homeobox (180 bp) only of Hoxc8
was amplified using PCR technique as described himm materials
and methods and the product was cloned into the MMGEEasy
vector. Since pGEM-T Easy vector has a-complementation
region of LacZ, blue / white selection is possible after cloning.
Among 14 colonies (12 white and 2 blue coloniesalyared, all 12
white colonies turned out to contain about 800 bp
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‘ PGEX:Hoxc8, o, ‘

v
BamH/
PGEX4T-1 vector Multicloning site
Promoter — i
BamH(930) ‘ PL’E‘\'HOXLsmg-zos‘
(2 EcoRl (939

Apal 2 Smal (948) | pGE‘{'Hoxc8152_242 |

(38
3&//(949) bd// BQ”’?H{

| t: Hoxc8 deletion for
nsert: Hoxc8 deletion form Xho/

Xho! Sall 1 80bD

78000 30600

SGEY AT Xho! (354)
* Hoxc8 Noil
4969bp (960)
Ny
W
Vector: pGEX4T-1

Fig. 4. Schematic illustration of different clones. pGEX:Hoxc8s2-242
was obtained by digesting pGEX:Hoxc# with Sall endonucleases
and ligase into pGEX4T-1 vector. pGEX:Hax&0s was cloned by
amplification of homeobox using PCR with the tentplaof
PGEX:Hoxc8..42 The amplified homeobox was then cloned into
PGEXA4T-1 vector.
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4.9K bp

«_ 306 bp of

300 bp insert fragment

Fig. 5. 306 bp fragment harboring the C-tetming of Hoxc8
was confimed. pGEX:Hoxc8.242 was digested withSall restriction
endonucleases, and the 306 bp fragment harborieg Gtierminus
of Hoxc8 was confirmed in a 1.0% agarose gel.
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BamHI-Xhol fragment instead of 180 bp PCR fragment (Fig. 6.)
Unexpectedly however, two blue colonies (lane 14l db) have
revealed to contain about 200 amHI-Xhol fragment containing
the amplified homeobox region dfloxc8. For further analysis, #
14 colony was selected and used.

With the DNA gained from the mediprep, DNA was digg with
Xhol/BamHI and the 180 bp of homeobox was isolated, at the
same time pGEX4T-1 was digested with the endonsekea
Ligation of the vector and the fragment were peried, for the
result 1 colony was obtained. For the confirmatioh the clones,

all the different clones were digested witall and BamHI/Xhol.

As it can be observed from the Fig. 7. all the eknobtained
were confirmed.

2. Protein puification of GST:Hoxc8i.242, GST:HOXC8i52-242 and

GST:Hoxc8149-208 fusion proteins.

In order to get the highest yield of fusion progeirach plasmid
(GST:Hoxc8.242, GST:HOXC852-242 and GST:HoxcBo.209 Was tested
for the optimal IPTG concentration and inductiomperature, since
higher than 2mg/m{ was advised to use for the effective labeling
with Oregon 488. As shown in Fig. 8., small amouwrft proteins
were induced even in the absence of inducer IPTdhefl 2 and
6). As the concentration of IPTG was increased froxh mM to 1
mM (lanes 3 to 5 and 7 to 9), however, it seemedrgach its
plateau at 0.5 mM of IPTG. Therefore, 0.5 mM of @T
concentration was used to induce each fusion protei
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Am 1B12o3 4567 8M89101112131415

pGEM"-T Easy
Veclor
(3015bp)

Fig. 6. PCR product (A), 15 clones obtained from t cloning (B),
cloned PCR product into pGEM-T Easy vector (C). 0.5% agarose
gel showing PCR product (A). 180 bp of PCR prodweas
subcloned into pGEM-T Easy vector (C). (B) Showdte t15
clones obtained from the cloning of PCR producb itite pGEM-T
Easy Vector (1 - 13; white colony and 14 - 15; blkmlony). As
pGEM-T Easy vector contains LacZ, the clones waansformed
into E. coli and then spread to a LB plate contains X-gal. The
colonies were selected according to its color af ttolones; white
(lane 2 to 13) and blue (lane 14 and 15) colonM#iprep of the
colony was performed and the DNA were cut wikhol and
BamHI enzyme. Lane 1 shows single cut of pGEM-T Eaggtor
as a negative control.
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Sall cut BamHI/Xhol cut

///7\* @31, \@3 \/\930 v 930
1 /2
[ somp \ [ 1 ) 7810 | [ a300p
\_ A17ep / 4117bp / 4953bp / \\iﬁmbp /
e
2440 1989 3.0kb 17 \/ 1260 —
T, 831 / ’/HIH . // ™~ 430/ T, 930

/3 [ a 1.0kb / \ y\ .
( 10150p | L 800bp | o8 ( usbbp 16bp o8
\AHmp / \mmp / \ 49)8bp / \fmhp /

r{_/ \—V/ 0.3
1846 1640 mﬁ 954 0.2

1 - pGEX:Hoxc8,_,,,
2 ~ pGEX:HOXCB 5, 4p
3 = PGEX:HOXCB 49 505
4 = pGEX:AT-1

= PGEX:HOXCB, 55
27 PGEXHOXCB,65- 52
3 — pGEX:HOXC8, 49_50s
4 - pGEX:4T-1

Fig. 7. Different clones achieved after the cloning.The colonies
were confirmed using different restriction enzymékimbers on the
plasmids show the cutting site of the each regtricendonucleases
and the numbers in the illustrated plasmids shots digesting
points.
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We tested the optimal temperature for the Hoxc8dpeton. Since
some proteins were reported to be extracted best law

temperature of 28 °C and some in normal temperatfre87 °C.

As shown in Fig, 9, 28 °C gave better yield than 32Z. As

Hoxc8 protein is one of transcription factor thakt anot expressed
much normally, the optimal condition of 28 °C walsosen for the
Hoxc8 full length protein after purifying and comteating fusion
proteins of GST:HOXC®42 GST:HOXC8s2-242 and GST:HOXCBi9-208

3. Westem blot.

To confirm whether fusion proteins, GST:Hoxe®,
GST:HOXC8s52-242 and GST:Hoxc8o-20s Were the ones which we
have designed, each protein was partially purifieasing
GST-agarose bead and analyzed on a polyacrylametlecantaining
SDS. Using two identical SDS gel with the same gnst were
loaded and ran, one was used to confirm the sizeagh protein,
GST:HOXC8.242, GST:HOXC8s2-242 and GST:Hoxc8o-20s through
Commassie Blue staining (Fig. 10. A.), and the othel was used
to transfer the proteins into the nitrocellulose nmbeane and
western analysis was performed using GST antibddyg. (10B).
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34 » S-S e

Fig. 8. Test for the optimal IPTG concentration. Test of optimal
IPTG concentration of each constructs; A. Lane dHicame the

protein maker, 2 to 5 were the overexpression off G& to 9 are

the overexpression of GST:HoxG82s B. Lane 1

protein maker, 2 to 5 show the overexpression ofl ‘@B6XC8i5,-243
Lane 6 to 9 are the overexpression of GST:Hexe8 The IPTG
concentration was increased from 0 mM (lane 2 apdo60.1 mM
(lane 3 and 7), 0.5 mM (lane 4 and 8) and 1 mMgldnand 9).
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Fig. 9. Test of optimal temperature for the inducton of
GST:Hoxc8,.242 protein. M lane indicates protein markefD) lane
indicates protein overexpressed in 37 °C a@d lane indicates
protein overexpressed in 28 °C.
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Fig. 10. Commassie staining of SDS-PAGE gel (A) andhe
westem blot analysis using GST antibody (B) for th activities of
proteins purfied. Using two identical SDS gel with the same
proteins were loaded and ran, one was used torporthe size of
each protein, GST:Hoxe84, GST:HOXC852-242 and GST:Hoxc8o-208
through Commassie Blue staining (A), and the otbel was used
to transfer the proteins into the nitrocellulose nmbeane and
western analysis was performed using GST antibd8y (ane 1
indicates GST alone, Lane 2 indicates GST:Haxc8s Lane 3
indicates GST:Hoxc@..242 and Lane 4 indicates GST:Hoxc%:
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4. Cellular translocation of GST-fused Hoxc8 dernvtves;
GST:Hoxc81-242, GST:HOXC8i52-242 and GST:HOXC8 49208 protein.

In order to see the translocation activity of G%%e€d Hoxc8
derivatives, each protein was purified and labelth Oregon 488
as described in the Materials and Methods. When ldigeled
GST:Hoxc8-242 (3 mg/ml) was added into the culture media, green
fluorescence was detected inside of PPFF cells hasvrs in Fig.
11, indicating that the labeled protein entered itiie cell through
the lipid bilayer. The figure still revealed thatet protein entered
the cell not only the in cytoplasm but also in thacleus of the
cell.

In the Fig. 12., the possibility of artifacts wetested by adding
the dye only in the well containing cells (A) andSGHoxc8.242
was added as positive control. According to theadsttown in Fig.
12., There was green fluorescence detected in thk with dye
only (A), whereas green fluorescence detected mosi 100% of
cells with the GST:Hoxc&42 containing cells (B).
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Fig. 11. Cellular transduction of the Oregon 488 leled
GST:Hoxc81-242 in PPFF cells. Picture above shows that cellular
transduction of the Oregon 488 Ilabeled GST:Hexg8 in
fluorescent (A) and light (B) microscopy shows thedme of the

proteins were retained in the nucleus of the celtl asome are

retained in the cytoplasm of the cell.
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Fig. 12. To test the atifacts; dye (A) and 0.5 mM of
GST:Hoxc8:1-242 (B) was treated. To confirm that the Oregon 488
dye itself is not staining the cells, dye only wasated (A) which

was used as a negative control and 0.5 mM of GS4c8ios, (B)

was treated to the cell as a positive control.
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To compare the cellular translocation activity o&cle proteins,
three different proteins of GST:Hoxc8, (Fig. 10. A),
GST:Hoxc8s2-242 (Fig. 10. B) and 0.5mM of GST:Hoxe8.20s (Fig.
10. C) were added into the culture media at a aunaton of
0.5mM each. After 1 hr incubation, cellular uptaie each proteins
was analyzed under the fluorescence microscopeshasvn in Fig.
13., all three proteins have a similar translocatarctivity, entering
nearly 100% of the cells.

The time course for the cellular internalization ¢fotein was
tested using 0.5 mM of Oregon 488 labeled GST:Hoxe8protein
following different incubation time (5 min, 10 minl5 min, 30
min, 1 hr, 2 hr and 3 hr). The intensity of the egrefluorescence
in the cell was gradually increased with the timatiluthey reach
its plateau at 1 hr of incubation (Fig. 14.).
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Fig. 13. The transduction of Oregon 488 labeled Ha8 fusion
recombinants. The transduction of Oregon 488 labeled
GST:HOXC8-242 (A), GST:HOXC852-242 (B) and GST:Hoxcfig-208 (C)
proteins in T98G cells displayed similar patterw#h the ones
observed from PPFF cells.
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By the same method, optimum concentration was #&sted using
10 nM, 100 nM, 500 nM and 1 mM of Oregon 488 labefeall
length Hoxc8 fusion protein, GST:Hoxc82 As shown in Fig. 15.,
the intensity seemed to reach its peak at 500 nMprofeins.

In order to verify whether the GST itself has a luat

translocation activity, transduction efficiency svacompared
between GST and GST:Hoxc8. fusion protein. Although small
amount of GST was found to enter the cell the igfficy of the
GST:Hoxc8..42 was far greater than GST alone (Fig. 16.)
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SIS 10mins 15mins

30mins

Fig. 14. The time course for the optimal protein tnsduction. The
time course for the optimal transduction of proseils tested only
for GST:Hoxc8.242 as all of the proteins displayed similar patterns
in the internalization of the protein. After the eatment of
GST:Hoxc8.242 proteins for 5 min, 10 min, 15 min, 30 min, 1 hr,
2 hr, and 3 hr. 1 hr of the incubation time seemsbé the most
suitable for the internalization of the protein.
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GST:Hoxc8, ,,,

100 nM

500 nM

Fig. 15. The optimal concentraton of the protein dér the
transduction. Same protein was tested to T98G cells for thenugiti
concentration of the protein to internalize the thé&®0 nM seems
to be the optimal concentration to treat with.
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GST:HoxcB,_,,, (light) GST:HoxcB,_,,, (fluorescence)

"

GST (light) GST (fluorescence)

Fig. 16. The compaison of differences in transduin efficacy
between GST protein to GST:Hoxc8242 Although GST protein
itself was able to transduce, it has clearly shdhet the efficiency
of GST:Hoxc8.242 was higher than GST protein only.
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5. Fomation of DNA-protein complex.

In order to test whether Hoxc8 protein could beduss a delivery
vector for nucleic acid, the protein and DNA inw@n was
investigated using a gel retardation experiment. déscribed in the
Materials and Methods, different concentrations GfST:Hoxc8
fusion proteins were incubated with the same amainDNA. As
shown in Fig. 17., GST:Hoxg8s, seemed to bind well with DNA;
most of DNA made complex with the protein at théiora of 1:15
(DNA:protein in mass). In the case of GST:Hoxg8s, that has a
negative charge at the C-terminus of the proteg tormation of
DNA-protein complex seemed to be inhibited by remr negative
charges between DNA and C-terminus of the prot€n. the other
hand, GST:Hoxcf20s having the negative charges removed,
seemed to retain the ability to form DNA-protein nggex and
making itself even more efficient than the oneshwfull length
Hoxc8 protein: even with small amount of GST:Hoxe80s protein,
high amount of protein-DNA complex was formed (Fig7. lane
2).
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GST:Hoxc8, 50 -

1- DNA only

2- DN A:protein = 1:1
3- DNA:protein = 1:5
4- DNA:protein = 1:10
|| 5- DN A:protein = 1:15
6- DN A:protein = 1:20

GST:Hoxc8 5504

GST:Hoxc8, 49 505

Fig. 17. Gel retardation experiment for DNA-protein complex. Gel
retardation experiment was conducted to test thaityalfor the
proteins to bind with macromolecules. The figureeacly showed
that the binding affinity of PTD with negatively atyed portion
(GST:Hoxc8s2249 has greatly suppressed whereas when the
negatively charged portion has removed the bindafiinity seems

to increase greatly.
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6. Transfection of DNA using Hoxc8 protein as a delery vector.

In order to test the possibility of Hoxc8 proteirs a delivery
vector, the protein-DNA complex was applied intofrash standard
culture medium containing 20% FBS. The amount o tBNA
added was decided by the amount of DNA wused for the
transfection using lipofectamine (04& in cell seeded onto 6 plate
well). Transfection using 0.7:,g¢ of DNA using lipofectamine were

shown in Fig. 18. as a preliminary data.

Total amount of 0.7, 1.4, 2.8, 4.2 and 54 of pDsRedl-Cl
DNA formed complex with each GST:Hoxa820s and those
complex (1:15 mass ratio of DNA:protein) was applismmto each
well (6-well plate). After incubation for 3 hr, refluorescence was
analyzed under the fluorescence microscope. Acagrdio the
fluorescence microscope, it the transfection rates wbserved to be
higher with the wells containing 5.G6ig of pDsRedl-C1 DNA
complex with GST:Hoxc8 fusion protein, which of tldata is not
shown. The DNA-protein complex seemed to be traafe in

similar efficiency for both GST:Hoxe&.20s and GST:Hoxc8242,

which of the data was shown in Fig. 19 that 54 of

pDsRed1-C1 DNA formed complex with GST:Hox&30s (A: 840

rg in a DNA:protein=1:15 ratio) and GST:HoxcB. (B: 840 pg in

a DNA:protein=1:15 ratio) was transfected.
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Fig. 18. DNA transfection using lipofectamine.DNA transfection
was performed as a preliminary data to use in taestection of
the DNA-protein complex transfection. A showed $faction of
pDsRed1-C1 (translates red fluorescence proteinl & shows
transfection of pEGFP-C1 (translates green flu@ese protein).
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Fig. 19. DNA-protein complex transfection(A: GST:HOXC849-205 B:
GST:Hoxc8.-249). Red color resulted from the translation of pDdRe

C-1 vector, Blue color resulted from Hoescht, aingtg of
nucleus. The pictures above have merged pictures Rafd
fluorescence, Hoescht staining taken up by flu@ese microscopy
and the cell taken by light microscopy.
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V. Discussion

Protein Transduction Domain (PTD) is on excitememd getting
much attention as they are known to traverse bicddgmembranes.
What is more is that this protein binds with macotecules and
has the ability to deliver to cells as a delivenector. The
delightedness may come with their therapeutic asskarch use in
the place of liposome and viral vectdrs

Over the past years, the term "homeodomain" haslvedo to
define a class of protein domains that have rezadpe similarity
to a 60 amino acid motif (encoded by 180 bp homrobo
sequences) originally identified in three Drosophihomeotic and
segmentation proteins. Those homeodomains that leen tested
contain sequence-specific DNA binding activitiesdaare part of
large protein family that function as transcripabrregulator®. It
has been already known that a homeodomain of Hoked
helix-turn-helix structure like other homeodomairnotgins including
Antp.

The homeodomain of Antennapedia is well studied amil known
as they act as PTD. According to the study of Dsrost af’
third helix of Antennapedia homeodomain is esséntiar
internalization of Antennapedia. When they analyzede mutant
having two  hydrophobic residues (tryptophan and a
phenylalaning) deleted in the third helix of the homeodomairg it
translocating ability has been lost. Using synttessi peptides, they
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found that a peptide of 16 amino acid residuesyesponding to
amino acids 43 - 58 of the homeodomain (penetrhtior ‘third
helix'), possesses translocation properties comfgartab that of the

entire homeodomafh

Since Hoxc8 has homeodomain as the one from Anpathia and
this domain is well known for its conserved struetu we
hypothesized that the homeodomain would work in ienilar
pattern to that of Antp. It has been studied alye#ltht the Hoxc8
with its full lengths can be transduced into c&lisFrom the
homeodomain sequence of Hoxc8, we have found thatthe
C-terminus many glutamic acid and aspartic acididuves, which
make the protein negatively charged. As PTDs arewknto be
more effective when they are constituted with bagmino acids,
three constructions were generated here: the protaving full
length Hoxc8 (GST:HoxG8&49), the protein having homeodomain
along with the negatively charged C-term (GST:Haxc®), and
the protein having homeodomain only (GST:Hoxe&g. In the
case of GST:Hoxe&-243 3 amino acids are missing at the
beginning of the homeodomain. Roy, ef’ahas suggested that the
first few amino acids ofe-helix are not important although the
last helix is crucial. Therefore, 3 amino acids smg were not
seriously considered here.

In this study, three different GST:Hoxc8 fusion tefn constructs
were produced. In the cloning of PCR product to {thW6EM-T
Easy vector (Fig. 6. B.), it has not been expedtedave fragment

_44_



of 800 bp where the inserted PCR product was 180 Alpo in
the comparison of the size of vectors, which lanevds showing
empty pGEM-T Easy vector (3k bp) lane 2 to 13 slowe
somewhat bigger vector size as well. Therefore #@n cbe
interpreted that the PCR template might have beanstormed and
shown as white colony and as the PCR fragment waall sthat
laclizaM15 region was expressed and shown blue colony in l&ep
in the presence of X-gal.

According to the protein transduction study, allreth different
constructs (GST:HoxG84, GST:HOXC8s2-242 and GST:Hoxc8o-209
was shown to transduce to almost 100% of the csliswing
similar efficiency not only in the cytoplasm butsalto the nucleus
of the cells. It had been interpretate that thenswacing efficiency
of GST:Hoxc8s:.242 would be less efficient than GST:Hoxe®
and GST:Hoxc8y9.20s As those PTDs are known to electrostatically
bind to the cell surface in order to endocytosisuoc However, in
the transduction of GST Hoxc8 fusion protein, diree construct
was turn out to be very efficient even in the loancentration (10
nM).

In order to eliminate the possibility of artifactéree dye, GST
protein and the GST:Hoxc8 fusion protein was adtectells on a
standard culture media, respectively and the gifhegrescence was
detected. A high density of positive charges ledds a strong
binding of the peptides to the overall negativeljarged plasma
membrane as was evidenced by mild fixations wasfopred’.
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According to the data obtained, we can understdrad hon of the
detected green fluorescence was artifacts.

What excites us even more in the present studyh#& we have
found the protein not only traversed to the cellsit balso
GST:Hoxc8 fusion protein actually delivered macréenales into
the cells (refer to the Fig. 19.). There are notnynastudies on
protein carrying macromolecules which to be debderinto cells
and show the expression pattern. In the comparisgn the
transfection experiment, the transfection rate weo¢ shown to be
as effective as to lipofectamine or viral vectorglowever,
according to the data obtained from the transfactistudy of
GST:Hoxc8 fusion protein combined with pDsRed1-CRig( 19.),
red fluorescence protein was observed not only he tucleus of
the cells but also in the cytoplasm of the cell® @&nhance the
transfection rate, the use of common co-lipids inesgy may
come useful as suggested by Mukherjee K, et athe use of
common co-lipids in synergy may turn out to be nelwa in
future design of novel liposomal transfection kifsr use in
non-viral gene therapy.

According to Namiki et al’ GST itself can act as PTDs. In the
comparison of transduction of GST to GST:Hoxc8 dusiprotein,
our data revealed that GST:Hoxc8 fusion proteinmsre effective
compared to GST alone. However, more experimenhesded to
be designed in order to find out, if the Hoxc8 pnot itself is
effective as it is separated from GST. As the G®kd8 fusion

_46_



protein might have become effective protein as tproteins that
are able to transduce to the cells were fused heget

In conclusions, the homeodomain of Hoxc8 has higindlocating
ability into cells without any sort of toxicity ogcs in translocation
of different cells. As far as gene therapy concermestly viral
vectors are used although they have reported tsecigh toxicity
and immune reaction, there are no alternativeslablai yet. With
PTDs are now arising as a promising source of dglig
oligonucleotide or macromolecules vector to cellhiey might be
considered to use clinically or for the researchppses.
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V. Conclusion

Protein Transduction domain is one of the excitdmas they
translocate into cells without harming the targetll cbut also
without causing immune response as they are repddedo so in
the use of the viral vectors. Positively chargedDBTare known to
electrostatically bind to negatively charged plasm&mbrane cell
surface and then taken up by endocytosis of thé teht makes
energy or receptor independent pathway processibbmss

In our studies, we have conducted three differeminstucts
containing homeodomain of Hoxc8. One contained fahgths of
Hoxc8 (GST:Hoxc8249), second contained homeodomain with
negatively charged C-terminus (GST:Hox%84y and last contained
homeodomain only (GST:Hoxg8.209. To sum up the results
obtained from the study, we can conclude that @oimig of basic
amino acid not particularly crucial in the develanh as a protein
carrier in transduceness of the cells but is ctucia the
development of a carrier of macromolecules in thendfection of
the cells.

It can be concluded from our study is that Hoxc8 che a
promising source as PTD as they act not only a®ad gsource as
a carrier of other proteins but also a source ascaaier of
macromolecules with it. It will come wuseful with me
modifications, especially, in the gene therapy asalvvectors or
liposomes have toxic effect on the target cell.
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ABSTRACT (IN KOREAN)

Hoxc8 et el A7k Alg 7153 Wel2 e $4o g A7

Axuto] FRAFE FF= A A4S §17] wiEo] dfF
LA Aol A= AlEe o8] &ds] o]YHAE ¥ Ly
H< @A transduction =1 Q1 (PTD)o] *| & Z0 & o] Folzl A Luf
= T35t AEX Wi E =ydEHod F dvke Aol Huydt. 7t
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