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Abgract :  RQD peptides linked with a nonnatural amino acid, phenylazophenyl aaninine (azoAla) , were synthesized and
gpplied to cell adheson inhibitors. The RA peptides linked with azoAla at CGterminal showed potent binding to the integrin
onthe surface of HeLa cells. Photoi somerization effect of the azobenzene sde chain of syntheszed peptides on the cell
adhesion inhibition wasfurther invegigated. It was denongrated that the cisform of azoAlalinked RAD peptides revealed a

little weak cell adheson inhibition efect as compared with transform of azoAlalinked R peptide.
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A family of cell surface adheson receptors,
referred to integri ns™ | has been extensvely sudied
recently?®* | and is considered to be responsible for
the adheson of cell to cell or cell to extracellular
matrices (ECMs)1*®!. The integrin is sructuraly
clarified as an integral plasma membrane heterodimeric
glycoprotein consging of an a-subunit and a smaller
B-subunit!®®, It is inwlved in ecific adhesve
interaction during tunor metastass and establi shment
of cell-cell tight contact during tissue organization. It
possesses ecificity for binding of adheson proteins
which contain short hydrophilic amino acid sequence
arginine-glycine-agartic acid (R@) which has been
experimentally corfirmed to play a central role in cell
adheson.

The gecific recognition and binding among the
integrin and the cell adheson protein such as
fibronectin isof great interest concerning application of
RQD peptides as cell adheson inhibitord* ®"'to some
integrinrrelated pathological process, such as thrombo-
9% | ogeoporosid®™® | and tunor metastas ™.
Consequently , the synthetic R@ peptides acting as
the ligandsfor integrins have been extensvely sudied.
S far, diverse R@ peptides with various length of
resduas or followed by different resdual sequences
have been synthesized and , in particular, compared
concerning their abilities in binding to the integrin.
Furthernore , conformation of RGD-contai ning peptides
was eculated in the ecific interaction. A quali-
tative model was proposed by R. Haubner et. al. 2]
to describe the binding in which geric regriction,
ionic interaction, hydrogen bond and hydrophobic
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interaction were concerned. OF which the hydrophobic
interaction between the forth reddua, X, in
R@X-peptides and the integrin is the mog interegting
and corfirmed to be capable of enhancement of the
binding. Accordingly, variation in the hydrophobicity
and/ or hydrophilicity of the forth resdual X can result
in change!”™®! of the binding and be potentially
agoplied to control cell adheson on adheson
protei nrcoated subgrates.

On the other hand, in our laboratory functiorr
alization of peptides and proteins have been performed
by chemica or biochemical incorporation of a
nonnatural amino acid which contains a group being
snsble to external sgnals, such as photoirradiation.
Previoudy a nonnatural amino acid carrying an azobenr
zene group , L-p- (phenylazo) phenyla anine (abbrevia
-ted to azoAla) ! | had been synthesized and linked to
N°®-carboxymethyl- substituted NAD" to perform control
of the azoAlaNAD® mediated enzyme reaction with
antibody againgt the trans azobenzene group!™ . These
experimental data suggested that conformation change
of azoAla by UV irradiation might be available to
achieve biof unctional control .

In this sudy , an azobenzene sde chain-carrying
nonnatural amino acid, L-p- (phenylazo) phenylalanine
was incorporated into C-terminal or N-terminal of RGD-
contai ning peptides by solid phase peptide synthesis(S
PPS . The syntheszed peptides might be of both
light-sensgble characterigic due to azobenzene sde
chain and secific binding characterigic due to the
R notif. Therfore, we had tried to use the
gyntheszed peptide to control adheson of human
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cervicak carcinoma  (HelLa) cells on the
fibronectin-coated subgrates and consdered whether
the iomerization of the azobenzene sde chain, transto
cis, could result in diginguishable efects for cell
adheson inhibition by conformational tranformation
and hydrophobicity change. It was expected that the
transcis corformation change by UV irradiation
induced the decrease of gteric hindrance for the binding
and the reduction of hydrophobic interaction,
decreasng likewise the binding. Our results showed
that the RG peptides linked with azoAla at Cterminal
had potent cell adhesion inhibition efect as compared
to the other commercia available R@ peptides,
whereas the difference of inhibition €fect was a little
between trans and cisform. This research is the firg
step to develop the intelligent peptide drugs which are
regponsve for external signal.

1 Experiment
1.1 Syntheses of RGD peptides

The R@ peptides linked with azoAla were
synthesized by solid phase peptide synthess (SPPS; .
A support , FMocNHSAL Resin (C. 059, 0. 025 nwol
NH, group) ( WataNabe chemical industries, LTD) ,

was used in peptide syntheses. The norma procedure
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for peptide synthess is as follows. Deprotection of
Fmoc group was carried out with 20 % piperidingin N,
N- di methylformami de(DMF) for 10 min; Ninhydrin test
was used to indicate that the protecting group was
removed from amino group which was now ready for
coupling of the next Fmocamno acid. The
Fmoc-amino acid was coupled to the amino group for
1h in DMF solution containing coupling reagents:
1-hydroxybenztriazole (HOBt) , N ,N-dii opropylethy-
lamine (DIEA) and benzotriazol N-oxytrisdimethy-
laminophogphonium  hex&lurorophosphate (BOP) .
Ninhydrin tes assured if the coupling reaction was
conplete or not. Repetition of the above steps could
result in peptide with sequence as designed; finaly,
cleavage of peptide was executed with trifl uoroacetic
acid (TFA) oontaining scavengers, mrcresol and
thioaniool (mrcresol thioanisol TFAwas2 12 86).

In this sudy , we manually synthesized four RGD
peptides: Ay-Argr Qy-A-NH, (GRM) , Ay-Arg G
ly-Ag-azoAlaNH, (GR@azoAla) , azoAla Ay-Arg G
ly-As-NH; (azoAlaR@) and Qy-Arg Ay-Asp-Phe
azoAlaNH, (GR@FamAla). These peptides were
purified by HRLC with ODS column and identified by
molecular weight with MALDFTOFMASS (PE
Biosysems, Voyger DEPro). Their dructures are
schematicallv renresented in FHa. 1.
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Fig.1 Chemica dructuresof GRQD peptide and the syntheszed R peptides linked with azoAla.
(a) GRA; (b) awAlaR@; (c) CR@amAla; (d) GR@DFamAla

1.2 Cdl culture

The human cervical carcinoma (HeLaS3) cells
were obtained from RIKEN Cell Bank (Wako,
Sasitama) , and were cultured in dulbecco’ s nodified
eagle’ s Medium (DMBEM) (Gbcoco BRL) containing
10 % FCS. Cellswere harvested for experiment during
the logarithmic growth phase.

1.3 Cedl adhesion and the inhibition measure
ments

F bronectin was coated on the bottom of a 96-well
microtiter plate for the purpose of evaluating the

inhibition efect of the peptidesfor Hela cell adhesion.
The optimal concentration of fibronectin for cell
adheson was experimentally shown to be about 10
mg/L (data was not shown). Thus, fibronectin
lution of 10 mg/ L was always used to coat the bottom
of 96-well plate in relevant cell adheson experiments.
The fibronectin-coated plates were incubated overnight
a 37 ; the coated surfaces were washed with
phosphate buffer saline (PBS, pH7.4) twice and then
blocked with 1 % bovine serum albumin (BSA) for 2 h
a 37 HeLa cells were added to each
fibronectin-coated well (5 x 104 cells/ 100pL , 100
pL/well). The cells were incubated for 2 h at 37
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Twice washing with PBS and agpiration renoved those
unattached cells. Immediately ater that , fresh DMBMV
mediumof 100U L was added to the cell-attached well s,
and at the same time 10U L of WST-1 cell counting kit
olution (Dojindo, Kumanoto) was pipetted into the
wells. After 4 h incubation at 37 , abrbance of
each well was nonitored with Model 450 Microplate
Reader (Bio-Rad) to measure the number of cells
attached on the coated bottom. The syntheszed RGD
peptides, as antagonists to ECMs, were disolved in a
PBS wlution (pH7.4) and injected into wells before
Hel a cell plating when the adhesion inhibition efect of
the peptides was invegigated. The inhibitory ratio
could be used to evaluate the specific binding of the
peptides to cells.

2 Resultsand Discussion

2.1 Photoisomerization of GRGDazoAla by UV/ vis

light irradiation

Fig.2(a) shows the absorption ectra of the
GRM@azAla. Large absrption at around 340 nm of
spectrum t; attributes to transform of azobenzene sde
chain of azoAla. And the absorption decreased at 240
nm and absrption increased at around 425 nm
(gpectrum c¢;) dter the irradiation of light with
wavelength of 340 nm indicated the conformation
change from transform to cisform in azobenzene part.
Furthernore , it was denondrated that photoirradiation
at 425 nm induced the reversble conformation change
to transform (ty). From these results, it was
confirmed that the azobenzene sSde chain of the
syntheszed peptides maintained the revershle
photoi somerization function.

2.2 Sability of the cisform of GRGDazoAla

The cisform of GR@azoAla can be preserved for
over 2 h under dark at room temperature. Furthernmore,
we a0 examined gability of cisform by putting the
peptide olution in an incubator at 37  for 2 h and
found little change in absorption gectrafor the peptide
in cisform, as shown in Fg.2(b). Therefore it was
cons dered that the cisform was sable for at least 2 h
under dark even at 37

Syntheszed peptides and ome commercial
available ones were compared for their inhibition effect
on adheson of He,a cells to fibronectin in
dose-dependent manner , shown in FHg . 3. From the
figure , it was shown that GR@FazoAla and
GR@azAla peptides have quite srong inhibition
effect on adheson of HeLa cells to fibronectin as
compared with the other RQD peptides . Upon prepar-
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Fig.2 Abrption gectraof the GR@azoAla peptide.

(a) The corformational change from transform (t;) to

cisform (c;) was carried out by irradiation of light of 340

nm and the reverse corformation change to transform, t;,

t, and ¢ (from top to bottom) ; (b) GR®@azAla in

cisform before (lower curve) and &ter (upper one) being

kept at 37  in dark incubator for 2 h
ing the peptide slution, it was found that the water
lubility of the peptides was decreased in the order of
GRMD, GR@azoAla and GR@FazoAla. This result
isin good agreement with the hydrophobicity of the sde
chain of the forth resdual that can enhance the binding
of the peptide to the integrin. On the other hand,
azoAlaR@ in which azoAla was linked at N-terminal
of RGD peptide, showed low inhibition in site of
hydrophobicity of azoAla.

The efect of photoi omerization of azoAla in the
peptides on the cell adheson was furthermore
invedigated. Fg.4(@) and Fg.4(b) show the
influence of transcis conformation change in the
GR@azAla and the GR@FazoAla, repectively on
HeLa cell adheson inhibition. The influence of
transcis conformation change of azAla was
invedtigated at not only high inhibition on the HeLa cell
adheson inhibition concentration but a9 low
inhibition concentration to corfirm the conformation
effect with the consderation for the difficulty of 100 %
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Fig.3 Cel adheson inhibition by the RCGD-containing
peptides in dose dependent manner
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Fig.4lIrfluence of transcis corformational change. (a)

GR@amAla; (b) GRAFazoAla peptides
of photoiomerization from trans to cisform. From
Fg.4 (a) and (b) , it was indicated that trans to
cisiomerization of azoAla in the peptides induced the
decrease of cell adhesion inhibition efect, though the
influence was mot great as we expected. In
R@-containing peptide, RA notif , as recognition
unit by the integrin, plays a central role in cell
adheson. It is well known that subgitution of any
resdua in the unit leads to loss of the binding. The
sde chainsof arginine and agartic acid are believed to

be ionic interaction with the integrint™!. It was ao
denmongrated that the hydrophobic interaction of the
forth resdual of R@X peptideswith the integrin could
enhance the binding!™ ™! | whereas the linkage of the
hydrophobic amino acid at the N-terminal dte of the
R@ nmotif shows little influence on the binding. This
might be ascribed to the sructure of the integrin. The
glycine islikewise important in the binding and offers a
geric redriction on orientation of the sde chains of
arginine and agpartic acid. Dynamic smulation revea s
that RGD takes a B-type sructurel™® where both the
dde chains of arginine and agartic acid locate at the
same flank of the peptide. A faworite dructure of
GR@azAla tends to be a hemi-circle with the sde
chains of arginine and agpartic acid extraorientation
and, rather , the sde chain of azoAla intra-orientation.
S the conformationl change of azoAla cannot form an
eficient geric hindrance to the binding of the peptide
to the integrin. Photoi somerization effect of GRF
azoAla on cell adhesion inhibition was al® a little,
although the sde chain of azoAlawas expected to beon
the same flank as the sde chains of arginine and
agartic acid. This result implicates that digance
between the ionic interaction region and conformational
change one of azoAla might be an important factor in
the geric hindrance. In addition, the variation in the
hydrophobicity of azoAla is not large enough to afect
the binding in this stuation. These results suggest that
the cell adheson undergoes influences from the
conformational and hydrophobic changes of azoAla,
however it can be compensated by adjusment of the
peptide’ s sructure because of itsflexibility.

3 Conclusion

RQGD peptides linked with the nonnatural amino
acid, azoAla , were manually synthesized with SPPS.
These peptides exhibit photoi omerization characte-
risic. Moreover , their specific binding to the integirn
was greatly enhanced by linked azoAla at C-terminal
due to the hydrophobicity of azobenzene part.
However , photoi omerization has a little efect on the
cell adheson inhibition. It may be explained by high
flexibility of the syntheszed small peptide. In the next
gep , nore rigid peptide gructure will be designed to
perform enough control of biological activity of
azoAlearincorporated peptides.
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