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ABSTRACT

Cardioprotective effect of alphaB-crystallin protein

transduction and its action mechanism

Seungwon Yang

Graduate Program in Science for Aging

The Graduate School, Yonsei University

(Directed by Professor Yangsoo Jang)

Small heat shock proteins (sHSPs) provide defensehamism against
stresses as heat shock, oxidative stress and lgypetic stress. One such
protein is alpha B crystallinuB crystallin) which is present at considerable

levels than other sHSP in the heart, skeletal reusaid kidney and plays a



critical role in repression of the aggregation ehdtured proteins. Recent
studies have been established that the overexpnestiuB crystallin highly
improves antiapoptotic effect against staurospendeced apoptosis through
repression of cytochrome C release, interactiom wiembers of the Bcl-2
family and inhibition of caspase-3 activity. In ghistudy, using protein
delivery system, we studied the potential cardiastgutive effect ofaB
crystallin as a therapeutic protein in rat cardiagblast H9c2 cells and its
cleavage and degradation mechanism by matrix roptalleinases (MMPS)
during TATB crystallin transduction. The results showed thaT-oB
crystallin was effectively transduced across tlesmpla membrane and located
in not only cytoplasm but also nucleus, and T&l-crystallin had strong
antiapoptotic effect in staurosporine-induced apsigtsuch as the repression
of cytochrome C release, binding to Bax and intghibf caspase-3 activity.
And we showed that TA&B crystallin colocalizes with cytoskeleton
components such agtubulin during staurosporine-induced cell death. |
probably acts as a protective effector of the dggteton and influences
recovery and stability of cytoskeleton. Moreover Wound that TATeB
crystallin were cleaved during transduction ana dtsund that recombinant
MMP-1,-3,-7,-8,-9 proteins had endopeptidase agtai TAT-0B crystallinin

vitro. The transduction of TA&B crystallin induced MMP-3 activation and



Jun N-terminal kinase (JNK) phosphorylation. In diethe cleavage of TAT-
aB crystallin was attenuated by inhibitors of MMPRa8d JNK in H9c2 cell.
TAT-aB crystallin had strong antiapoptotic effect aghissaurosporine-
induced cell death such as the repressing cytoar@nrelease, inhibiting

caspase-3 activity and binding with Bax.

Key Words: Alpha B crystallin, Protein transductidamain, Matrix metalloprotease,

Small heat shock protein, Apoptosis



Cardioprotective effect of alphaB-crystallin protein

transduction and its action mechanism

Seungwon Yang

Graduate Program in Science for Aging

The Graduate School, Yonsei University

(Directed by Professor Yangsoo Jang)

[. INTRODUCTION

Heat shock proteins (HSP) are a group of proteingse expression is
increased when the cells are exposed to elevataget@atures or other stress.

Small heat shock proteins are a family of proteuitsh molecular weights of



generally less than 30 kDa. The sHSPs play a afitade in repression of the
aggregation of denatured proteffghe mechanism is an energy-independent
process and organismal defense during physiologioadés where they protect
proteins from irreversible aggregation until suiéalconditions pertain for
renewed cell activity, at which time protein releasnd refolding are mediated
by ATP-dependent chaperones such as HSP70.

Another important role of small HSPs is their gmiptotic function
during differentiation and development, in partaulby inhibiting the
processing and activation of caspases and cytoehmneleas&*Therefore,
they highly affect to protect cells against strésstors such as heat shock,
oxidative stress and hyperosmotic stfes@ne of these small HSPs is alpha
B crystallin @B crystallin) which is present at considerable Is\metter than
other sHSP in the heart, skeletal muscle, and kidmeal it can be induced
highly by heat and other stres$es.

The expression of crystallin changes during devalam. For example,
in postnatal rat lenses, only oligomeric heat shiackor-heat shock element
complexes are detectable, whereas in the fetal lkemy monomeric
complexes are found. This suggests that transeniftf aB crystallin gene is
developmentally regulatéd,and aB crystallin is associated with diseases

related to aggregation. It was reported that th80O&Lmissense mutation in



aB-crystallin cause a desmin-related cardiomyop&tiecombinant HSP25
or HSP22 proteins can interrupt oligomer formatignthe CryAB R120G°
The cardiomyopathy-causingB-crystallin mutant R120G was found to be
excessively phosphorylated, which disturbed subvifamotoneuron (SMN)
interaction and nuclear import, and resulted in ftivenation of cytoplasmic
inclusions®

The aB crystallin has strong antiapoptotic propeffleand, when fully
induced, may constitute as much as 5% of totali@arohyocyte’A critical
serine residue at position 59 of i@ crystallin protein that is targeted by the
p33B-MAPKAP-K2 pathway during ischemic stre8s?In apoptosis signal
pathway,aB crystallin interacts with the procaspase-3 antiiglly processes
procaspase-3 to repress caspase-3 activation. ehatrystallin prevents
staurosporine-induced apoptosis through interastiaith members of the
Bcl-2 family®2223

First of all,aB-crystallin has critical structural function inethat cardiac
myoblast cell line H9c2. When cytoskeleton was sgyedamaged by upon
proteasome inhibitionpgB crystallin was translocated from the detergent-
soluble cytosolic fraction to the detergent-instdutnuclear/cytoskeletal
fraction. Indeed, phosphorylation @B crystallin is not essential for the

translocatiort® Low-expression ofuB crystallin with antisense cDNA in



glioma cells was found to lead to a disorganizecrafilament network' The
studies about functions ofB crystallin have been conducted due to their
powerful effect against various stresses in cells.

Recently, protein transduction domain (PTD) in avelotherapeutic
perspective has been introduced to deliver targeeim into cells directly?
One of PTDs is the human immunodeficiency virusV#) transactivator
TAT protein. Among full amino acid of that, 11 amiacid (residues 47-57 of
TAT) deliver a broad spectrum of proteii®y using TAT protein, numerous
target proteins can be delivered into cell. Therettion of TAT-PTD with
cell surface causes the internalization of TAT-dusproteins by lipid raft-
dependent macropinocytosfs.

The most important object of our study is to depetonew powerful
protein drug as PTD-fusion protein using PTD syst&rotein drugs are
expected as effective and strong drug, becausectrewffect specific targets
directly, reduce the period of drug development have high safety better
then drugs using target gene or chemical substardé®ugh PTD-fusion
proteins entry into cell occurred quickly and afézttarget protein directly, it
could be difficult to expect constant stability ogito protein properties. We
found that matrix metalloproteinases (MMPs) areeisged with degradation

of PTD-fusion protein in cells. MMPs are a majoogp of enzymes that



regulate cell-matrix composition. And the MMPs awnc-dependent
endopeptidases known for their ability to cleavee oor several ECM
constituents, as well as non matrix proteéii$:* Several MMPs are
expressed during wound healing, and mice defigeMMP-3 and MMP-7
are defective in wound repair of the epidermis ttadhea, respectivef:*®
Interestinglyone of their functions is that the combination éfTTand MMP
as a host defense mechanism produced significamugition of neurotoxicity
through the degradation of TAT by MMP21MMP-9 cleaves:B crystallin in
autoimmune disease and ldentified immunodominadtayptic epitopes of
aB crystallin in mice and rats were generated argkls left intact by MMP-

9 processing” These results indicates that MMPs can exert immune
mechanism as well as enzyme activity that regulegdlsmatrix composition
and non matrix protein$:®° In our study, we investigated the effect of TAT-
aB crystallin fusion protein on the apoptotic stinmslin cardiac cells. We also
analyzed the antiapoptotic pathway and degradatisechanism after

transduction of TATeB crystallin into cells.



II. MATERIALS AND METHODS

1. Molecular cloning of humanaeB crystallin

The humaruB crystallin cDNA was generated by PCR using huimeart
cDNA library (Clonetech, Palo Alto, CA, USA) as entplate. To construct
6Xhis-TAT-HA-aB crystallin, the sense primer was 5-CAC CTA CTG&
ATG GAC ATC GCC ATC CAC-3' and the antisense prinveas 5-CAA
GAA AGAATT CCT ATT TCT TGG GGG CTG C-3'. The PCRauuct was
digested withXhol andEcoRI, and subcloned into th¢hol andEcoRl sites of
the pTAT-HA bacterial expression vector (a giftrfrdr. Stephen F. Dowdy,
UCSD, USA). The pTAT-HA bacterial expression vectmwntains an N
terminal 6-histidine tagging sequence, followed the 11-amino acid
transduction domain of the TAT protein. The correetuence of the pTAT-
HA-oB crystallin vector was confirmed by DNA sequencinging the
universal T7 primer. To construct 6Xhi& crystallin, the sense primer was
5'-CTA GCC CAT ATG GAC ATC GCC ATC CAC CAC-3’ andnéisense
primer was 5-CAA GAA AGA ATT CCT ATT TCT TGG GGG TG C-3'.
The PCR product was digested witde-1 and EcoRI and subcloned into the
Nde-| andEcoRI sites of the pET28a bacterial expression vedtoe pET28a

bacterial expression vector contains an N-termiBahistidine tagging



sequence. The correct sequence of the pE#BBarystallin vector was

confirmed by DNA sequencing using the universapfivher.

2. Expression and purification ofaB crystallin fusion proteins

Escherichia coli BL21(DE3)pLysS (Novagen, Madison, WI, USA) was
transformed with the pTAT-HAB crystallin plasmid, and then grown for
overnight at 3T in LB broth supplemented with 1@@/ml ampicillin and 34
pg/ml chloramphenicol. These cultures were diluté@-fiold with fresh LB
media which was contained with 10@y/ml ampicillin and 34 pg/mi
chloramphenicol and cultured at B7for 3 hr while shaking at 200 rpm.
Protein expression was induced by the additon ofmM f-D-1-
thiogalactopyranoside (IPTG) for 4 hr while shakiag37C. The TATuB
crystallin fusion proteins were then isolated usangrea-denaturing protein
purification protocol. The bacterial pellet wasl&ed by centrifugation at
7,000 rpm, washed with phosphated-burffed salineSjPBesuspended in
buffer Z (8 M urea, 100 mM NaCl and 20 mM HEPES8(H, and sonicated
on ice 5 times with 10 second pulses with 1mNkknylmethanesulphonyl-
fluoride (PMSF). The sample was then clarified by centrificgaat 15,000
rpm at 4C for 30 min. The clarified lysate was loaded toNNIA column at 1

ml/min, and then the column was washed using Adsus0 mM NaHPQ,,

10



300 mM NacCl) for 1 hr at 1 ml/min. To elute TAB crystallin, the column
was loaded by using binding buffer containing iasiag concentrations of
imidazole (100-1,000 mM) at 1 ml/min. The protemncentrations in each
fraction were quantified by the Bradford assay @id, Hercules, CA, USA),
using bovine serum albumin (BSA) as the standah@. gurity of the fusion
proteins was assessed by SDS-PAGE and CoomastliarBiblue staining.
The purified fusion proteins dissolved in PBS camiteg 10% glycerol were

aliquoted and stored at -8Q

3. Animal cell culture

The rat heart-derived H9c2 cells were obtained fthen American Type
Culture Collection (ATCC, Rockville, MD, USA). H9aZlls were cultured in
Dulbecco’s modified Eagle’s medium/F-12 (DMEM/F-12)pplement with
10% FBS and 1% penicillin streptomycin (Gibco, Grasland, NY, USA), at
37T in a humidified atmosphere of 5% 5% air. All experiments were

performed using cells between passage numbersdl2an

4. Transduction of TAT-aB crystallin fusion protein into cells
To transduce TAEBB crystallin fusion proteins, cells were grown to

confluence in 60 mm dish or 6-well plates. The un@ltmedium was replaced

11



with fresh medium containing 10% FBS and was theatéd with various
concentrations of TARB crystallin fusion proteins. The cells were washed
with PBS, harvested by trypsinization for 5 minarder to remove TAERB
crystallin binding cell membrane and fresh mediwontaining 10% FBS was
added to inactivate trypsin. The cells were waghedsing PBS for 3 times

while centrifuged. Cells were prepared for analjsismmunoblot.

5. Immunoblot analysis

Protein-treated cells were washed once in PBS ysatllin a lysis buffer
(Cell signaling, Beverly, MA, USA) containing 20 mNWris (pH 7.5), 150
mM NaCl, 1 mM NaEDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium
pyrophosphate, 1 mM B-glycerophosphate, 1 mM B&O,, 1 mg/ml
leupeptin, and 1 mM PMSF. Protein concentrationsewietermined using the
Bradford protein assay kit (BioRad, Hercules, CASA). Proteins were
separated in a 15% or 12.5% SDS-polyacrylamidegeéltransferred to poly-
vinylidene difiuotide (PVDF) membrane (Millipore CBedford, MA, USA).
The membrane was blocked for 1 hr by 5% or 10 %-fabrdry Milk
(BioRad). After blocking the membrane, it was wakBeor 4 times with Tris-
buffered saline-tween 20 (TBS-T, 0.1% tween 20) i&r min at room

temperature, and incubated with primary antibodies 1 hr at room

12



temperature or for overnight at 4°C. The membraas washed four times
with TBS-T for 10 min, and then incubated for lahroom temperature with
horseradish peroxidase (HRP)-conjugated secondariybodies. After

extensive washing, the bands were detected by eatlahemiluminescence

(ECL) reagent (Santa Cruz Biotechnology, Santa (2édz USA).

6. Immunoprecipitation

Cell were washed once in PBS and lysed in a tygifer (Cell Signaling,
Beverly, MA, USA) containing 20 mM Tris (pH 7.5)5@ mM NacCl, 1 mM
N& EDTA, 1 mM EGTA, 1% triton, 2.5 mM sodium pyrophbsgpe, 1 miVB-
glycerophosphatel mM NaVO, 1 mg/ml leupeptin and 1 mM PMSF.
Protein concentrations were determined using Brddbootein assay kit (Bio
Rad). Whole cell extract (200 pg) was pre-clear@tl protein A/G agarose
plus (Santa Cruz Biotechnology, Santa Cruz, CA ,USAR rotating platform
plate at 4 for 2 hr and incubated with 2 pg of antibody omogating
platform plate at £ for overnight. Immunoprecipitation was facilitateg
the addition of 15 ul of protein A/G agarose & 4or 1 hr on a rotating
platform plate. After serial washes for 3 timesy#s subjected to SDS-PAGE

and detected using immunoblot analysis.

13



7. Immunocytochemistry

Cells were grown on 4-well plastic dishes (Soni¢S&iae, Nalge Nunc,
Rochester, NY, USA) and treated with various cotre¢ing TAT-uB
crystallin. Following incubation for 1 hr, the celvere washed twice with
PBS and then fixed with methanol and ethanol (&tib)y for 10 min at room
temperature. The cells were washed again with RRBStlaen permeabilized
for 15 min in PBS containing 0.2% triton. The cellere then blocked in PBS
containing 5% BSA and then incubated for 1 hr withbit polyclonal histag
alexa 647 antibody and FITC conjugated monoclomdi-B-Tubulin antibody.
The cells were incubated with PBS containing 4igddino-2-phenlindde
(DAPI) 0.02 pg/ml once and three times for 10 miithwPBS. Confocal
microscope (LSM 510 META, Carl Zeiss, ThornwoodwN¥ork, USA) was

used for analysis.

8. Measurement of caspase-3 activity

The activity of caspase-3 in the H9c2 cells was emeined
spectrophotometrically with an Apoaltt CPP32/caspase-3 assay kit (BD
Science, Palo Alto, CA, USA) by measuring the redeaf the chromophore,
pnitroanilide pNA), following hydrolysis of DEVDpNA. H9c2 cells were

incubated in DMEM without FBS and incubated withT##B crystallin for 3

14



hr prior to treat 100 nM staurosporine for 2 hr.tekfthen, cells were
harvested, resuspended in chilled cell lysis budfedt incubated on ice for 10
min. Cells were centrifuged and supernatants waresterred to a fresh tube.
Protein concentration was determined by the Bradfassay (BioRad,
Hercules, CA, USA). The 50 ul of 2X reaction buffesntaining 10 mM
dithiothreitol (DTT) was added and each sample imasbated with 5 pl of

DEVD-pNA (4 mM) at 37°C for 1 hr.

9. Matrix metalloproteinase cleavage assay
To test TATaB crystallin cleavage by MMPs, cleavage buffer (BM
Tris (pH 7.5), 3 mM NaBll5 mM CaC}, 1 uM ZnC}) was used. Recombinant
TAT-aB crystallin (1 pg) was co-incubated with active MMroteins in

cleavage buffer for 2 hr at 37°C.

10. Preparation of detergent insoluble fraction
After cells were lysed with lysis buffer, the supatants were transferred
to new tube for soluble fraction. The remaininglgielvas washed once with
500 pl of lysis buffer, and then centrifuged. Thatlgis were resuspended in

50 ul of lysis buffer.

15



11. Mitochondrial and cytoplasmic cell fractionation cytoplasmic cell

fractionation

Mitochondrial and cytoplasmic fractionation was docted by using the
ApoAlert cell fractionation kit (BD Biosciences, Ridin Lakes, NJ USA)
according to the manufacturer’s instructions. Thsocwere centrifuged and
removed supernatant, and then resuspended in 1 imé-abld wash buffer,
and centrifuged at 2,500 rpm for 5 min at 4°C. Otfee supernatant was
removed, the cells were resuspended in 200 plestidd fractionation buffer
mix with protease inhibitor mixture and 1 mM dittticeitol (DTT).

The tube was incubated on ice for 10 min, anccils were passed through
a device for homogenization about 20 times. Theyeweansferred to new
tube and centrifuged for 10 min at 4°C. Followingntifugation, the
supernatant was transferred to a new tube andifoget at 10,000 rpm for
25 min at 4°C to separate the cytosolic and mitodnial fractions. The
supernatant containing the cytoplasmic extract tnassferred to a new tube,
whereas the remaining pellet, which is the mitochi@h fraction, was

resuspended in 200 pl of the fractionation buffer. m

16



[ll. RESULTS

1. Construction and purification of aB crystallin fusion protein

To prepare cell-permeabdd crystallin fusion protein, the plasmid pHis-
TAT-HA-aB crystallin was constructed as described in Makeind Methods
(Fig. 1A). CompetentEscherichia coli BL21 plysS was transformed with
pHis-TAT-HA-0B crystallin and the protein was expressed in cadere
Escherichia coli BL21 plysS. The bacteria were cultured in LB mediwith
shaking (200 rpm) at 37 to a density of O.R,=0.6. Then, 1 mM IPTG was
added in order to induce the expression of thembaaant proteins for 4 hr.
Recombinant TATB crystallin protein was purified by using Ni-NTAfiaity
column chromatography (Fig. 1B). This protein waalgzed by 12.5% SDS-
PAGE and stained with Coomassie brilliant blue (Ri§, D). And then the
protein was dialyzed by using PBS. The purifiedt@rowas confirmed by

immunoblot analysis with antiB crystallin antibody.

17



A.lmﬂ-l TAF- |I-IA| Alpha B crystallin

B. Bacteria culture
( BL21pLysS having the plasmid—TAT alphaB ciystallin)

Treated iml IPTG for 4 hr

Bacteria harvest with Z buffer
(8M urea, 500mM Nacl, 20mM Tris—cl,pH8.0)

Cell lysis (sonicete)

Bacteria supernatant

Ni—-NTA

=3 |midazole

Dialysis (ras)

Purified fusion protein

< —‘—--_‘_ "
G {
IR
M 3 45‘78910117
M C TaBC 3
M - Protei % R.""----‘
‘¢

C : Empty vector induction %-\
T : TAT alphaB crystallin i

MI12 1314 15 16 1718 19 20

Fig. 1. Construction and purification of aB crystallin fusion protein. A.

A schematic presentation of th8 crystallin containing His 6X tag-TAT-HA.
TAT domain anchB crystallin-coding sequence were fused. B. Diagnatic
representation of protein purification. C. Recomalin TAT-uB crystallin in
BL21 pLysS was induced by 1 mM IPTG. for 4 hr.  [BTHaB crystallin was
purified using Ni-NTA affinity chromatography. Coosge brilliant blue stain
was followed by purification of TARB crystallin. Lane 1,2 present sample
induced and flow through respectively, and laneamfr3 to 20 show
continuous elution fraction

18



2. Transduction of TAT-aB crystallin into H9¢c2

To determine the efficiency of TAIB crystallin transduction, H9c2 cells
were treated with TABRB crystallin for 2 hr and then removed media frdéma t
4-well slide chamber. The cells were washed ondle RBS-T and fixed with
mixture of methanol and ethanol (1:1 ratio) for IGin, and then
permeabilized for 15 min in PBS containing 0.2%otri after being washed
with PBS-T. The cells were incubated in PBS comtgi® % BSA for 1 hr in
order to block the cells. The cells were rewasheekttimes for 10 min with
PBS-T, and then incubated with Anti-HIS TAG-alex&/@ntibody for 1 hr.
The intracellular TATaB crystallin was visualized using immuno-
cytochemistry analysis (LSM 510 META, Carl Zeisiofnwood, New York,
USA). As shown in Fig 2, these data presented TAdtuB crystallin was
effectively transduced across the plasma membradelacated in not only
cytoplasm but also nucleus. The transduced dBlerystallin proteins were

almost located on cytoskeleton of H9c2 cell.
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TAT aB Crystallin 1 pm

TAT aB Crystallin 1 pm

Fig. 2. An analysis of intracellular TAT-aB crystallin fusion proteins

in H9c2 cells H9c2 cells were treated with 1 uM TARB crystallin fusion
proteins and stained with anti-HIS TAG-alexa 64Tikaody and DAPI. The
transduction of recombinant TAIB crystallin was observed by using

confocal microscope.
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3. Protective effect of TATeB crystallin in H9c2 cell

To explore the biological function of TAIB crystallin, the protein was
added to cells for 2 hr before cells were treaté@ti staurosporine from 1 to
100 nM for 3 hr. After that, the cells were obserwsith phase contrast
microscope (CKX 41, OLYMPUS, Tokyo, Japan) (Fig.)3Although 10 nM
or 100 nM staurosporine induced cell detachmerthange of morphology,
the cells which were pretreated with recombinan@-@B crystallin were
recovered from staurosporine-induced cell deattsame condition. These
data showed the protective effect of TéB-crystallin in cardiac cell death-
induced staurosporine. It had been reported variswslies that over-
expression ofiB crystallin significantly affects protective fuinmt from cell
damage related to apoptdsiSAT-0B crystallin transduction is also powerful
method to prevent the pathway caused staurospimituged apoptosis. The
aB crystallin has also been reported to be partibukffective in stresses of
cytoskeletorf’ To confirm these protective effects, immunocytoulstry
analysis was performed by using FITC conjugatedauolamal antif-Tubulin
(Sigma, St. Louis, MO, USA) and anti-HIS TAG-ale@d7 antibody. The
cells were incubated with TAGB crystallin or PBS for 3 hr and then treated
with 0.01% DMSO or 100 nM staurosporine for 2 hig(RBB). As shown in

Fig. 3B, severe disorganization of cytoskeleton whserved in the cells
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which are incubated with only staurosporine 100 iV contrast, the cells
which were transduced by TAIMB crystallin did not display nuclear
condensation as well as disorganization of cytetkel by staurosporine.
Moreover, it was found that TAIB crystallin was co-located with
cytoskeletons in staurosporine-induced cellulaeration. One of marked
functions ofaB crystallin is to repress depolymerization andraggtion of

cytoskeletons by binding the site damaged dirélths a result, TATaB

crystallin transduction prevented cytoskeletonratten from staurosporine-
induced cell death and it could be expected asejraidrug in cell death

condition as staurosporine-induced apoptosis.
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TD-aBC 100 nM STS TD-aBC+100nMSTS

Fig. 3. Transduction of TAT-aB crystallin and its protective effect

against staurosporine-induced cell death A. H9c2 cells were treated with
3 uM TAT-0B crystallin (TD) for 3 hr and then added to staarine of
ranging from 1 nM to 100 nM for 2 hr. B. 5 uM TAB crystallin was
transduced to H9c2 cells which were pretreated withwithout 100 nM
staurosporine. Blue, green and red colors indinatdear,p-tubulin, TAT-B
crystallin respectively. NT (DMSO 0.01%), TD (TAB crystallin 5 uM),
STS 100 nM (staurosporine 100 nM), TD-aBC+STS 100 (TAT-aB
crystallin 5 uM and staurosporine 100 nM )
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4. Antiapoptotic effect of TAT-aB crystallin
Earlier studies have suggested that translocatidda® directly induces

cytochrome C to release from mitochondria to cytoand caspase-3
activation® To explore whether TA®B crystallin is able to prevent apoptosis
at the mitochondria level and upstream of caspaseti@ation, it is examined
for measurement of caspase-3 activity, interacti@tween Bax andiB
crystallin, and cytochrome C translocation in order identify possible
antiapoptotic effect. To test the ability to regradeavages of caspase-3 in
apoptotic condition, H9c2 cells were co-incubateth WAT-aB crystallin for
3 hr, and then 100 nM staurosporine was treatéaetaells for 2 hr. Caspase-
3 activity was measured by using caspase-3 coloierigt and immunoblot.
The partial cleavages of caspase-3 decrease gellsewith TAT-uB crystallin
(Fig. 4A) and total caspase-3 activity decreasedvsy 50% in the data using
caspase-3 colorimetric kit (Fig. 4B).

To check prevention of staurosporine-induced cytmtie C release, the
cells were incubated with TAAB crystallin and then treated with 0.01%
DMSO or 20 nM staurosporine for 2 hr. The samplesavharvested by using
cytosolic and mitochondrial fraction method. Altighuall samples had a
small amount of cytochrome C release, the datalajisg a repressed

tendency of their release by TAB crystallin transduction. TA&B crystallin
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also prevented release of cytochrome C from mitddhdo cytosol (Fig. 4C).
Bcl-2 family members such as Bax are the major tgtimpregulator and they
have been shown to be activated and translocated the cytosol into
mitochondria after apoptotic stimulatidhTheaB crystallin binds to Bax and
Bcl-xS to sequester their translocation during misporine-induced
apoptosi$. To test whether TAGB crystallin is able to interact with Bax, we
conducted immunoprecipitation analysis using aBtierystallin (Stressgen,
Ann Arbor, Michigan,USA) and anti-Bax (Santa Crua<tgichnology, Santa
Cruz, CA, USA) antibody. The total proteins extrdci®m each sample were
immunoprecipitated with antiB crystallin. The precipitated samples were
then sequentially blotted with anti-Bax. As expdctdAT-aB crystallin

interacted with Bax (Fig. 4D).
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NT TD aBC STS  STS TD
aBC

Fig. 4. TAT-aB crystallin prevents staurosporine-induced cytochome C

release and caspase-3 activatioh. H9c2 cells were incubated with TARB
crystallin for 3 hr prior to the incubation of 100/ staurosporine. The black
arrows indicate active or inactive caspase-3 pmeteand the data was
analyzed by anti-caspase-3 antibody. B. cells waaevested and same
amount of cell extracts were used for caspased/ab®c2 cells were treated
with 0.01% DMSO (DMSO) or 20 nM staurosporine (ST&)2 hr after co-
incubated with TATeB crystallin or PBS for 2 hr. These samples wernth
used for isolation of mitochondrial (M) and cytdso(C) fractions. Total
samples were then extracted from the two fractissing the ApoAlert cell
fractionation kit. Anti-cytochrome C antibody wased for immunoblot
analysis. D. this data indicates the interactioiwben TATaB crystallin and
Bax during staurosporine-induced apoptosis or nbowoadition. H9c2 cells
were incubated with TA®B crystallin for 3 hr, and then 100 nM
staurosporine was treated to the cells for 2 he @élls were harvested for

immunoprecipitation analysis.
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5. The cleavage of the transduced TA&B crystallin in H9c2 cell

In protein transduction experiment using TéB-crystallin, the cleavage
of TAT-aB crystallin was found during their transductiofig; 5A,B) The
H9c2 cells were incubated with 5 uM of TAB crystallin for varying
periods of time, and the amounts of protein tak@enwas analyzed by
immunoblot using antiB crystallin antibody (Fig. 5A). As shown in FigAb
TAT-aB crystallin entry increased in a time-dependemmes. The cleavages
of transduced TABB crystallin were displayed in 90 and 180 min ated i
level was eventually increased. The H9c2 cells wesebated with 1 uM or 5
UM of TAT-uB crystallin for 3 hr. the amounts of protein takgm and their
cleavages were analyzed by immunoblot using eBterystallin antibody.
The cells which were incubated with 1 uM of TAB- crystallin did not
showed small size among cleaved fragments of dBIerystallin (Fig. 5B).
These results demonstrate that T -crystallin protein could be delivered
into cardiac H9c2 cells and be cleaved during ttaacson. To find out the
reason these showed up, we tried to inhibit totaivities of transcription,
translation and proteasome during TéB-crystallin transduction by using
actinomycin D, cyclohexamide and MG 132. But we didt find any

difference in immunoblot result (not shown data).
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A.
29KD
25KD
20KD
2 _A 15KD
S L S L S L S L
— 30 90 180 min
B.
429 KD
+25KD
20 KD
P e 15%D

S L 8 L S L
— 1 5 pM TAT aB crystallin

Fig. 5. Cleavage of transduced TA®B crystallin in H9c2 cell TAT-aB
crystallin (5 uM) was transduced into H9c2 cellgtiate- or concentration-
dependent manner. Media (M) and whole cell lysa)ewere prepared and
immunoblot againsiB crystallin were examined.
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6. Different cleavage patterns of TATeB crystallin in soluble and
insoluble fraction of cells
In order to know the tendency in detail, we expliotiee patterns of TAT-

aB crystallin transduction and the cleavages ofaretlular TATeB crystallin
at concentration- and time-dependent manner. a\Erystallin was added to
H9c2 cells at concentration ranging from 1 uM todMd for 3 hr or time
ranging from 30 to 720 min. These samples were tis=u for isolation of
soluble and insoluble fractions. Protein sampleswien extracted from the
two fractions. The amounts of transduced proteinsrewanalyzed by
immunoblot using anB crystallin antibody. TATeB crystallin was
successfully transduced at 5 UM concentration (E*gupper panel) and the
small band of TATaB crystallin became to appear by 5 uM TéB-crystallin.
As shown in Fig. 6 B, TARB crystallin entry rapidly occurred at time-
dependent manner. And the cleaved bands of 15 ki2 wighly generated
from 60 to 120 min, after that, disappeared by eegr Through these results,
we could expect that the cleavage and insolubitimain TAT-uB crystallin
transduction is one of the mechanisms related totepr degradation.
Therefore, we also investigated insoluble fractibrthat experiment in order
to know whether TAlB crystallin cleavages affected their degradatias.

shown in Fig 6B, the small fragments of cleaved -6BTcrystallin happened
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in 60 min. After that, they gradually increasedtatal insoluble protein.
Therefore, the loss of function of intracellularTFéB crystallin in cells was
accelerated by their cleavage. Interestingly, neaxed TATeB crystallin (29

kD) located in insoluble fraction better than sotufshction.
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uM  TAT aB crystallin

A. 3 95
— <+ 29KD
< 25KD
S +20KD
= | +15xD

29KD
[«+25 KD

ISJ p—— «<20KD
. |e15%D

120 180 360 720 min

B. <+«—29KD
S «—25KD
<+—20KD

— — —
<«—15KD

Fig. 6. Concentration- and time-dependent transduabn of TAT-aB
crystallin and different cleavage patterns betweersoluble and insoluble
fraction A. TAT-oB crystallin was transduced into H9c2 cell at vasio
concentrations and indicated time. Cells were iatedb with 1 uM, 3 uM or 5
UM TAT-aB crystallin for 1 hr. The samples were isolategdtuble (S) and
insoluble (IS) fraction by detergent insoluble fras method. B. TATaeB
crystallin transduction into H9c2 cell at time-dedent manner. Cells were
incubated with TATaB crystallin (5 uM) for ranging from 30 to 720 min.



7. Cleavages of TATeB crystallin by matrix metalloproteinase-1

We hypothesized that the proteins having endopaggidactivity could
attack intracellular TA®B crystallin. In the previous study, it has been
reported that cleavage of HIV-TAT is related to M8/ To determine
whether MMP-1 could directly interact with TAIB crystallin, TATaB
crystallin was incubated with MMP-1 in MMP reactibaffer and analyzed
them by Coomassie blue staining and immunoblot.(F§,B). MMP-1
cleaved TATeB crystallin, as demonstrated by disappearancéefTAT-uB
crystallin band and appearance of low size banoh filee gel. Furthermore,
when FN-439, which is an MMP-1 inhibitor, was adddthe reaction

mixture, the cleavage of TAIB crystallin band reappeared (Fig. 7C).
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Protein gel stained with Coomassie biue Immuneblet ( anti-aBC)
A B.
- e
— —
- + + MMP buffer - +
+ + + TAT @B crystallin + +
- — MMP-1 - -
o| ——y>
—— -
> —
_-
+ + + + MMP buffer
- + + + TAT @B crystallin
- - + + MMP-1
_ _ - ¥ FN-439

Fig. 7. Specific cleavage of TA®B crystallin by MMP-1 Cleavage of TAT-
aB crystallin is specific to the endopeptidase aitiof MMP-1. TAT-uB

crystallin was co-incubated with MMP-1 at 37°C fbhr. Reaction products

were separated by SDS-PAGE and analyzed by Coombks staining (A)
and immunoblot (B,C). MMP-1 inhibitor (FN-439) wase-incubated with
MMP-1 for 30 min and then TA&B crystallin was added (C).
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8. Cleavage of recombinantaB crystallin and TAT-aB crystallin by
matrix metalloproteinase-1

Based on these results, we needed to know whéthereaction between
TAT-aB crystallin and MMP-1 is specialized by TAT pegtidVe constructed
the plasmid pHiseB crystallin as described in Materials and Methadisl
thenaB crystallin was purified by Ni-NTA affinity columrchromatography
(Fig. 8A). To know correlation between TAT pepticend MMP-1,
recombinantB crystallin (TAT free) was co-incubated with MMPii vitro,
and TAToB crystallin was also used for control in this expent. This data
displayed the small size bands derived freBh crystallin. Therefore, there
was no relation to TAT peptide in the reaction w MMP-1 andoB
crystallin. These bands were same bands derived T@T-aB crystallin. But
we could also see another clear protein band ar@ds&D from SDS-
polyacrylamide gel stained with Coomassie brillibhte and Western blot
data in the reaction between MMP-1 and T -crystallin. From this result,
we anticipated that TAT peptide residue of Tég-crystallin was cleaved or
degraded by MMP-1, because auifi- crystallin antibody recognizes C-
terminal sequence (REEKPAVTAAPKK) within TAIB crystallin. From
analysis of total amino acid sequence, this raésdltated that MMP-1 could

directly cleave or digest both in the middle of &8 crystallin and TAT
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peptidein vitro.

Ni~NTA affinity chromatography
A -
M 1 i 3 4
WP
_M 18! 15 17 1) 21 23 25
Protein gel stained with Coomassie biue Immunoblot ( anti~aBC )
B. 1 C.
29KD —> ——— ’
25KD —» sy e | 23KD p——
15kp —> ¢ 10 Rl
TAT-aBC aBC TAT-aBC aBC
— + — + MMP1 = T = T

Fig. 8. Cleavage of recombinantuB crystallin and TAT-aB crystallin by
MMP-1 A. RecombinanuB crystallin protein was purified using the Ni-
NTA affinity column chromatography. B. Two types ofcombinantaB
crystallin were incubated with MMP-1. The data wanalyzed by Coomassie
blue gel staining (B) and immunoblot (C).
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9. Cleavages patterns of TAlB crystallin by various matrix
metalloproteinases

To extend our study to find new functions of oth@MPs in TAT-uB
crystallin cleavage, we prepared recombinant MMB;47,-8,-9 proteins, and
conducted previous experiments about cleavage rpattby using other
MMPs. Coomassie blue gel staining (Fig. 9A) and impblot (Fig. 9B)
method was used for analysis. As shown in Fig 9, RMM8,-9 had the
endopeptidase activity at same peptide domain mwitfAT-aB crystallin.
Uniquely, TAToB crystallin was quickly degraded in the cleavagaction
with MMP-7. MMP-7 had strong endopeptidase activity total peptide
domain of TATeB crystallin. Interestingly, MMP-3 solely affectathique

cleavage of TATeB crystallin in these reactions.
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Protein gel stained with Coomassie blue

Fig. 9. Cleavage patterns of TATeB crystallin by MMPs TAT-aB crystallin
was co-incubated with various MMPs for 2 hr. Immiolad and Coomassie
blue method were used for exact analysis.
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10. Cleavage site within TATaB crystallin by matrix metalloproteinases
To know exact amino acid sequence of fragmentsretbay MMP-1 and
MMP-3, TAT-uB crystallin of 10 pg was used for N-terminal amiaod
sequencing analysis. TAIB crystallin was incubated with MMP-1 or MMP-
3 for 2 hr. As shown in Fig. 10B, black arrow indesamajor cleaved bands.
This band was used for protein sequencing system. résult of TATeB
crystallin cleavage site was described in Fig. 10Ae N-terminal sequences
of a major fragment of TA&B crystallin in MMP-1 reaction were determined
to be LRAPS (leucine, arginine, alanine, prolineirge), and the N-terminal
sequences of a major fragment of TéB-crystallin in MMP-3 reaction were
determined to be GGSTM (glycine, glycine, seringedhine, methionine).
We noticed that MMP-1 and MMP-3 mainly cleaved tmmain withinoB
crystallin and TAT domain respectively. It is irgsting to note that MMP-3
has endopeptidase activity at TAT domain of T -crystallin protein and
MMP-1,-8,-9 have endopeptidase activity at spedifie of TATaB crystallin

protein.
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Fig. 10. An analysis of MMP-1, -3 cleavage site vin TAT- aB crystalline
by MMPs A. Demonstration of cleavage site of TAB- crystallin by MMP-
1,-3. B. TATaB crystallin was incubated with recombinant MMP+IMMP-
3 for 2 hr. The samples were separated by SDS-PagEhen transferred to
PVDF membrane. The membranes were stained with @ssimblue solution.
Major bands were separated from total membraneamadlyzed by Procise
492 cLC protein sequencer (Applied Biosystems, US2) Comparison of
cleavage TATaB crystallin between in cell and in tube. (1, TéB-crystallin

MRGS HHHHHHGHASITGGQQI(GRDI.YDDDDKDRWGSKLGYGRKKRRQRRR
GGSTMSGYPYDVPDYAGSMGAGTGLE !]unuunngwmnnrrrns PSRLFDQ
C. d. *
FFGEHLLESDLFPTSTSLSPFYLRPPSFLRAPSWFDTGLSEMRLEKDRFSVNL
c.

DVKHFSPEELKVKVLGDVIEVHGKHEERQDEHGFISREFHRKYRIPADVDPLTI

TSSLSSDGVLTVNGPRKQVSGPERTIPITREEKPAVTAAPKEK

£

a. 6X histag

b. TAT domain

c.  The start domain of TAT alphaB crystallin in MMP-3 cleavage reaction
( N-terminal sequence analysis )

d. HA domain

e. Thestart domain of TAT alphaB crystallin in MMP-1 cleavage reaction

(N ly
f.  The domain which is detected by anti-alphaB crystallin antibody
*  Astarting domain of alphaB crystallin.
= C.
-~ |¢&=—MMP3
Non-(kned_.
- TAT-aBC .0— 29KD
Cleaved
~  |e=——6xhistag- TAT-HA-aBC  TATeBC ™™ B |- 25x0
> e HA-2BC Endo-aBC = o 20kD
1 Z
Marker sample

transduction into H9c2 cells; 2, TAB crystallin cleavage by MMP-3 in
tube).
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11. Time-dependent cleavage of TA&B crystallin by matrix
metalloproteinases

To examine the patterns of TAB crystallin degradation, TA&B
crystallin was incubated for 0-360 min with MMPMMP-3, MMP-7, MMP-
8 and MMP-9in vitro, respectively (Fig.11). TA&B crystallin (0.2 48) was
used for this test. Cleavage patterns of @Brl-crystallin by MMPs were
measured by immunoblot analysis. The samples tteaith MMP-1 or
MMP-9 showed that same pattern was displayed, amathar sample
incubated with only MMP-3 displayed that totallyffdient pattern appeared
in comparison with MMP-1 and MMP-9. The intact foofnTAT-a.B crystallin
was almost degraded at 360 min in incubation witMmR1, MMP-3 and
MMP-8. Surprisingly, the intact form of TAIB crystallin was completely
degraded only in 30 min incubation with MMP-7. MN8Phardly affected

TAT-aB crystallin degradation in MMP reaction.
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Fig. 11. Time-dependent cleavage of TA&B crystallin by MMPs TAT-oB
crystallin were incubated for 0-360 min with MMPR3,;7,-8, or -9 at 3T (1,
0 min; 2, 30 min; 3, 60 min; 4, 90 min; 5, 120 min:180 min; 7, 240 min; 8,

300 min; 9, 360 min).
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12. Effect of matrix metalloproteinases inhibitorson the cleavage of
TAT- aB crystallin
Cells were pretreated for 1 hr with MMP inhibitohish could inhibit
MMP-1, MMP-3 and MMP-7 broadly and then incubateithve uM TAT-uB
crystallin for 1 hr. The cells were isolated toudsé and insoluble fraction by
detergent insoluble fraction method. And ari-crystallin antibody was used
for pattern analysis. As shown in Fig. 12, a greahlper of transduced TAT-
aB crystallin became located in insoluble statdyalgh intracellular TAT:B
crystallin generally maintained soluble state incBiell. But this tendency
attenuated in the cells which were incubated witkiMinhibitor. This data
indicated that MMP inhibitor was able to improvee tiquantity of active
intracellular TATeB crystallin and decreased the degradation of thaced

TAT-aB crystallin.
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Fig. 12. Effect of solubility of TAT-aB crystallin by MMP inhibitor Cells
were starved for 24 hr and then treated for 1 tih WMIMP inhibitor 150 nM
(MMP Inhibitor 1ll, Calbiochem), and then TAIB crystallin (5 uM) was

incubated for 1 hr. (S : soluble fraction, IS : ildxe fraction)
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13. Suppression of cleavage of TA#B crystallin by the inhibitors of

MAP kinases and matrix metalloproteinases
Previous our data have showed that the cleavagméduced TAR:B

crystallin occurred quickly. Hence, we further exeld the relation between
transduced TAEB crystallin and MMPs. MMPs are regulated through
MAPK and AP-1 pathways in fibroblast&and HIV-TAT protein activates c-
Jun N-terminal kinase and activator proteili-To test whether the increased
MMP endopeptidase activity was followed by MAP lIdrain TATeB
crystallin transduction, we performed the experitmersing MAPKase
inhibitor in TAT-uB crystallin transduction. The cells were pretrdateth
MAP kinase inhibitors such as p38, JNK and ERKdw, and 3 uM TATzB
crystallin was added. As shown in Fig. 13, whendbkwere pretreated with
JNK inhibitor, the non-cleaved band (29 kD) of TéB- crystallin increased
as well as that of the cleaved band (25 kD) deexdkaERK inhibitor and
MMP inhibitor also affected the quantity of nonaWed TATeB crystallin
(29 kD), although barely altering the quantity loé tleaved TAB crystallin
(25 kD). The result suggested that JNK pathway masly associated with
MMP endopeptidase activity in TAIB crystallin transduction. But the
pathway of p38 MAPK pathway was hardly related iNT-kB crystallin

cleavage.
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Fig. 13. Effect of MAP kinase inhibitors on the clavage of TATaB
crystallin 1, DMSO 0.01%; 2, only TARB crystallin; 3, p38 inhibitor and
TAT-aB crystallin; 4, JNK inhibitor and TA&B crystallin; 5, ERK inhibitor
and TATeB crystallin; 6, MMP-1, -7 inhibitor and TAd&B crystallin; 7,
MMP-3 inhibitor and TATeB crystallin. The cells were starved with serum-
free media for 24 hr and pre-incubated with inlkitstor DMSO for 30 min,

and then co-incubated with TAIB crystallin (3 uM) for 2 hr.
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14. Activation of Jun N-terminal kinase and matrix metalloproteinase-3
by TAT-aB crystallin transduction in cells

To gain further insight into the role of JNK pathwan the TAT«B
crystallin cleavage by MMP-3, we investigated JNKdaMMP-3 activity
during TATuB crystallin transduction. After starvation for 24, the cells
were incubated with TA&B crystallin at time- or concentration- dependent
manner. To determine that the constitutive JNKvatiton is due to TA:B
crystallin transduction, the cells were incubatéthy8 uM TAT-uB crystallin
for time ranging from 10 to 150 min (Fig. 14A). Quigative variations of
SAPK/INK and SAPK/JNK phosphorylation were measurngd@nmunoblot,
and antip-actin antibody was used as standard. As showrngnldA, JNK
phosphorylation was remarkably detected only itye2®d min, and the total
protein level of constitutive JNK did not chang®é next investigated active
MMP-3 protein and JNK phosphorylation level at cemtcation-dependent
manner of TATeB crystallin. The cells were incubated with TAB-crystallin
of concentration ranging from 100 nM to 5 uM forht (Fig. 14B).
Quantitative variations of MMP-3 and SAPK/IJNK phbspylation were
measured by immunoblot, and aftactin antibody was used as standard.
As shown in Fig. 14B, the protein level of activéid-3 increased gradually

at concentration-dependent manner.
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Fig. 14. TAT-eB crystallin transduction induces MMP-3 and JNK
activation in cellsA. After starvation for 24 hr, the cells were inatdd with
TAT-aB crystallin for 10-150 min. B. Cells were co-inatéd with TATeB
crystallin of ranging from 100 nM to 5 uM after stad for 24 hr (1, PBS; 2,
TAT-aB crystallin 100 nM; 3, TATeB crystallin 500 nM; 4, TATB crystallin

1 uM; 5, TATwaB crystallin 3 uM, 6, TATaB crystallin 5 uM).
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IV. DISCUSSION

This study demonstrated that intracellular delivefryB crystallin protein
fused to a protein transduction domain TAT showmgphicant protective
effect against staurosporine—induced apoptosis EiMPs affected the
cleavage of intracellular TA&B crystallin during transduction. We first
producedaB crystallin containing the 11-amino acid transduttdomain of
TAT using recombinant technology. The TAB- crystallin fusion protein
could enter efficiently H9c2 cells (Fig. 2).

Previous other studies demonstrated tatcrystallin exert significant
protective effect against staurosporine-inducecbtsis in H9c2 cefi.It has
been reported to interacting with the Bcl-2 famalyd cytochrome C as well
as the procaspase-3 and partially process pro@Spts repress caspase-3
activation in order to block apoptodi¥***** Recently, the protein
transduction domains (PTDs) including TAT represempotentially valuable
tool for the treatment of several disea¥és®*’

In this study, using protein delivery system, wealtlewith the
antiapoptotic effect of TARB crystallin in staurosporine—induced apoptosis
and its cleavage mechanism by MMPs during trangslucOur data also

showed that TAlB crystallin transduction improved strong antiajdiot
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effect similar to over-expression o crystallin in noxious stress. They
prevented cytochrome C release and caspase-3tawiivand interacted with
Bax in staurosporaine—induced apoptosis. Thesdtsesuggest that TA&B
crystallin could be possible to be used as clinmaltein drug. Especially,
TAT-aB crystallin was totally collocated in the cytosiein which was
damaged by staurosporine. Intriguingly, disruptifrthe cytoskeleton and
disaggregation of actin fibers are among the moshediate effects of heat
shock in higher eukaryot®sand the stability of the actin filaments is
considered as an important factor in the survivalcells exposed to
hyperthermia and other streséésDisassembly or disturbance of the
components of the cytoskeletal network result e dbtivation of convergent
pathways to MAPK p38 pathways, which results infthesphorylation ofiB
crystallin and changes in its localizatigri®*° The «B crystallin has critical
structural function in the rat cardiac myoblast tire.*° when cytoskeleton is
severely damaged by upon proteasome inhibiti@8n¢rystallin is translocated
from the detergent-soluble cytosolic fraction toe tlletergent-insoluble
nuclear/cytoskeletal fraction, however, phosphdigtaof aB crystallin is not
essential for the translocatid™® As shown Fig. 3B, TAEB crystallin
prevented nuclear condensation as well as disag@oin of cytoskeleton

from staurosporine by binding damaged site directly
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In the present study, we observed that, after dBTcrystallin was
transduced into H9c2 cell, it was cleaved (Fig.) 5p6d MMPs directly
interacted with TATeB crystallinin vitro (Fig. 7-9). MMPs are a major group
of enzymes that regulate cell-matrix composifiof**  When MMP-3 or
JNK inhibitor was pretreated, the cleavage of cetalar TAT-uB crystallin
was attenuated in H9c2 cells (Fig. 13). In previstusglies related to MMPs
and HIV-Tat, the interaction between MMP-1 and Tgibtein could occur
and the combination as a host defense mechanismuged significant
attenuation of neurotoxicity through the degradatif Tat by MMP-132
Interestingly, it was not observed the tendencieemlow concentration (< 1
uM) of TAT-aB crystallin was added to cells (not shown datder&fore, we
hypothesized that these patterns were consideredores of defense
mechanisms for cells and as a reaction for maimginintracellular
homeostasis, because the cells might need to reramwessive proteins
because of sudden increase of specific proteireiin But it was difficult to
expect antiapoptotic effect at low concentratiord (¢M) of TAT-uB crystallin.
Hence, we had no choice but to treat high conceéoraf TAT-uB crystallin.

Although we pretreated preteasome inhibitor (MG)18% cleavage band
was not decreased. On the other word, MMPs migtasseciated with early

degradation of intracellular TAGB crystallin rather than proteasomal
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degradation in protein delivery system. As showrFig. 6C and 6D, the
cleaved bands about 15 kD were strongly generaied 60 to 120min, and
then disappeared by degrees. In contrast, the edefragments in insoluble
fraction appeared in 60 min and then increasedugibd Through these data,
we could expect that the cleavage is concerned antlearly stage of their
degradation in TARB crystallin transduction.

In another study related to the cleavageuBf crystallin, MMP-9 can
cleaveaB crystallin in autoimmune disease. Identified immadominant and
cryptic epitopes of aB crystallin in mice and ratsre generated and largely
left intact by MMP-9 processind In this study, we found new mechanism
that TAT-uB crystallin is cleaved by MMP-1,-3,-7,-8,-9 dirgcin vitro. Until
now, few papers have been published on cleavagaingl betweenaB
crystallin and MMPs. The cleavage pattemngitro of TAT-aB crystallin by
MMPs are similar to that of transduced TéB-crystallin.

MMP function is regulated through MAPK and ARpathways.****and
HIV-TAT protein activates JNK and activator protdirfAP-1)*" We had tried
to repress the function of MMPs by using MAPKaseévidiP inhibitors, and
when we pretreated JNK inhibitor in the cells, ttleavage patterns of
intracellular TATeB crystallin were considerably changed (Fig. 13 #re

signal pathway related to JNK and MMPs were aatidaby TATeB
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crystallin transduction (Fig. 14). Active MMP-3 aettes various MMPs such
as MMP-1, MMP-2, MMP-7, MMP-8 and MMP-. Therefore, the
generation of 15 kD can be considered as MMP-¥aiitin.

In protein delivery system, one of the disadvardaigelow stability in
cells because of proteins were degraded by prateasdhe ubiquitin-
proteasome system is the major extra-lysosomalwagthfor controlled
degradation of intracellular proteins in eukaryotiksyenerally plays a key
role in protein degradatioi.The problem of protein degradation has been
considered many times over the past years. If & s@ved, protein delivery
therapy could be used as more powerful therapyoddir our results, we
knew that MMPs could cleave TAIB crystallin through recognizing TAT
domain and specific amino acid sequence wittBrcrystallin, and they were
highly associated with the degradation of intradell TAT-uB crystallin. We
hypothesized that the stability of intracellular TFéB crystallin could be
extended through control of MMP and JNK activityterestingly, as shown in
Fig. 5, intracellular non-cleaved TAB crystallin (29 kD) located in
insoluble fraction rather than soluble fraction,dahesides intracellular
cleaved TATeB crystallin (25 kD) mainly located in soluble stéh cell. It
seems that cleaved TAB crystallin (25 kD) is more stable in cell. Aftall,

MMP-3 could assist intracellular TAIB crystallin to advance the stability
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through removing TAT domain. Now, we are furtheudsing about
relationship between MMPs and the stability of ahtellular TAT«B
crystallin.

In conclusion, we have demonstrated the follow{ig:TAT-aB crystallin
fusion protein could enter efficiently H9c2 cell®) TAT-aB crystallin has
strong antiapoptotic effect in staurosporine-indli@@optosis such as the
repression of cytochrome C release, binding to &axkinhibition of caspase-
3 activity; (3) TATeB crystallin is cleaved during transduction; (4)
recombinant MMP-1,-3,-7,-8,-9 proteins can cleavd-&B crystallin and
recombinantaB crystallin; (5) MMP-3 has endopeptidase activitly TAT
domain within TATeB crystallin protein and MMP-1,-8,-9 have
endopeptidase activity at specific site withiB crystallin protein.; (6) the
transduction of TAleB crystallin activates JNK and MMP-3; (7) through
inhibition of MMP-3 and JNK activity, the cleavagé intracellular TATeB
crystallin is attenuated. These results suggest TRI-oB crystallin
transduction could be expected as protein druglindeath condition and that

MMPs could be a key role in the stability of intelalar TAT-uB crystallin.
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