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Interactions between water soluble porphyrin-based star polymer and amino acids: Spectroscopic
evidence of molecular binding
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Molecular interactions giving rise to stable complexes between an uncharged water soluble cobalt-porphyrin
and amino acids are investigated by time-resolved fluorescence, uv-vis, and circular dichroism measurements.
This metalloporphyrin seems to act, by means of the coordination site of the cobalt of the core, as a recognition
host, preferentially, with amino acids possessing aromatic groups. The binding with aliphatic amino acids
requires longer time scales to be efficient and likely involves a slow kinetic process. The experimental findings
suggest that, besides the métak)-N(gues} coordination bond, which is the common requisite for all amino
acids, a preferential interaction with aromatic groups exists there. The solubility in water of the molecule,
guaranteed by the polyethylene glycol arms as peripheral substituents, in the absence of electric charges, allows
for a more selective discrimination of the binding process with respect to other water-soluble charged porphy-
rins. The interest devoted to the porphyrin-based star polymer and its recognition properties is, therefore,
founded on the potential use either in polymeric matrices for material science or in aqueous solution for

bioscience.
DOI: 10.1103/PhysRevE.71.021915 PACS nuni®er87.64.Ni, 82.70-y, 39.30+w, 36.20.Ey
[. INTRODUCTION sible the recognition of both AAs and oligopeptides or pro-

teins containing them.

Im recent y‘fjaFS’ thgre has b?in |fnten.se |n|terest n thel de- The use of porphyrins as AAs sensors is feasible with the
velopment and investigation of biofunctional nanoparticles, .ye species in solution or immobilized on specific poly-
consisting of proteins bounded to carrier units, thanks t

hei il o bi dici d bi hnol q eric or inorganic substrates. In this last case, the porphyrin-
their potential use in biomedicine and biotechnology as 'U&ontaining material should also be used for chromatographic
delivery systems, immunoassays, and biocataly4ts4].

Similar! h f . i separations.
imilarly, systems that can act as a target for amino acids are pohhyring have a great interest also in the biomedical

fundamental for protein recognition and identification andfield. As an example, based on the specific affinity of por-

can be exploited for creating biosensors. : : -
; : o - phyrins with neoplastic cellsl0-15, these compounds can
Amino acids(AAs), well-known units in the building of .be used for the localization and size determination of tumoral

protein molecules, play an unquestionable role in biochemigig o5 Porphyrin localization is then achieved by means of
cal processes, acting a_lso asan 'mp‘?_”a”_t nutrient. For t_he orimeters (based on the fluorescence of the metal-free
reasons, sever.al te(;hnlques_ of |der)t|f|cat|on and analysis oleculg or scintillators (introducing a specific radio nu-

the AAs contained in organic matrices, such as chromato-

. ; clide into the porphyrin cavity, the so-called “radio-labeling”
graphic (e.g.,_ HPLC and GEOI’.SpeCtI’.OSCOpI((bgsed O method. Moreover, the strong photosensitization properties
the chromatic changes of amino acids solutions in th

f : e d hpdm €haracteristic of the porphyrin compounds permit a localized
presence of appropriate reactive dyes, SUChpA®NZO- . qindegradative treatment circumscribed of “sick” tissues,
quinone, 2,4-dinitrobenzenesulphonic acid or 4—hydroxy—3,5-thus reducing the damage of the surrounding tissues.

dimethoxybenzaldehydlemethods, have been developed. Another i : licati f hvrins in the bio-
However, despite the high sensibility and selectivity achiev- nother interesting application of porphyrins in the bio

. . ; medical field is related to their peculiarity, both of free and
able, these techniques are often expensive and require rel

flietal complexed species, to inhibit the formation of a
tively high amounts of material and lengthy analy§. pexed Species, i I

R | hof5—9] h f d thei : protease-resistant protein responsible for the transmissible
ecently, some authof§-9] have focused their attention on g, 5iform encephalopatia6]. Water solubility is often re-

systems containing metal-porphyrin derivatives in which the uired in many applications of porphyrin compounds. Actu-

interactions between metal d-electrons of the porphyrin an lly, this goal is prevailingly obtained inserting some electri-

some AAs cause spectroscopic changes, thus making poéz'illy charged groups in the molecule, but this approach can

represent a limit in some applications. In the sensor field, for
example, the existence of charges in the active molecular
*Electronic address: micali@me.cnr.it sensor can complicate the study of the “pure” AAs/porphyrin
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coupling. Analogously, in clinical trials, the charges can di-
rectly interact with cellular membranes hindering the pen-
etration of porphyrins inside the cel[87-19. Differently,

the water solubility of the porphyrins employed in this work
is due to the presence of long neutral hydrophilic groups
(polyethylene glycols, PEGsound to the porphyrin core,
which also reduces the typical detrimental aggregation phe-
nomenon of porphyrin unite20]. The recognition capability

of these porphyrin systems is due to the insertion of particu-
lar metal atoms in the porphyrin core.

In the present work, a three-functional system bearing a
porphyrin unit(the chromophore, having a very high molar
absorption coefficient a hydrophilic PEG componerithe
floaterg, and a cobalt atonfthe sensgrcomplexed in the
porphyrin core, was examined. In particular, the molecular
interaction between porphyrin and amino acids was investi-
gated by means of uv-vis, circular dichroism, and steady-
state and time-resolved fluorescence anisotropy. An analo-
gous Study was performed also for a more Compncated FIG. 1. 3D balls and sticks schematic representation of
system, in which insulin was added to the cobalt-porphyrin5:10,15,20-tetrg(«-methoxy-polyethylenoxyphenymetal  por-
(Co-P solution. The observed interaction between the Co-FPhyrin, where “metal” can be 2H, zinc, or cobalt atom.

system and the AAs units, both free or inside the protein,,.ats An argon-ion lasefSpectra-Physics BeamLok
chain, should allow the use of these systems as an AA sens 080, operating in the mode-locked regintg14 nm at a
repetition rate of 82 MHz, was used to synchronously pump
Il. EXPERIMENTAL SECTION a rhodamine 6G dye lasé€Bpectra-Physics 379BThe out-

Materials L- and D-Amino acidgAAs, Kit No. LAA-21) put pulses of the dye laser ef2 ps full width at half maxi-

and bovine insulin were obtained from Sigma Chemicall o at 575 nm wavelength passed through a Glan-Taylor
Company. Amino acids and insulin used ingthis work arepolarizer(to eliminate any depolarization effects due to the
indicated .in the following as L-alanireL-Ala; L-phenyl- mirrors placed along the laser optical pathyvagd then used
alanine=L-Phe: D-phenvl-alanineD-Phe: L:Tri tophane as an exciting beam focused on the sample. The temperature
—L-Trp: insuiinzlr?s [y5 1015 20:etrak’isp(w-n[1)etr?oxy- of the sample was controlled with a 0.1 °C resolution with a

polyethylenoxyphenlporphyrin  (2H-P), [5.,10.15,20 Haake C25-F6 thermostat @22 °C. Part of the dye laser

. . beam was sent to an autocorrelatBpectra-Physics 4090
Le;;?iﬁsp(czérn_e;)hoxyz-ir;ﬂyethylleg i)éyggzz)g\z?j-lrlr:ethgg; check the excitation pulse stability. The fluorescence emis-
polyethylenoxyphenylcobaltll) porphyrin, (Co-P, all hav- sion, before being detected, passed through a rotatable ana-

ing an average molecular mak, of about 3600 Daisee 7oL SRR E LRI BN T O
Fig. 1) were synthesized as described previoyg¥]. The P y

water solubility of these porphyrin derivatives has beenﬂuorescence decay curves were colleftedlong-pass filter

. : : . : with the 50% transmittance at 610 nm, to remove a possible
achieved by introducing hydrophylic substituefgslyethyl- o o r
ene glycol chains with aM, value of 750 Dain the periph- scattered excitation light; and a polarization scrambler, to

o i : ‘avoid any effects due to the different transmission efficiency
tearianlinpgoilggﬁzrgééhﬁyﬁrﬁggﬁE?eblr(r:wo?g(r:ﬂ?gs:m core, thus ob of the monochromator and of the photomultiplier for verti-

For a better AAs solubilization in water, theH of the c(?rl]lg/ \;a\,g?ehggtze%?ézlI%/hFoolljarr'lzzdmlf:ct"cgroergﬁgf%eoﬁir[_)ho'
solutions was maintained at about 9 by means of borat& g

. : Stone 1/8 m by a microchannel-plate photomultiplier
buffer (from Metrohm). All porphyrin/AAs mixtures were ST R
prepared, to facilitate the host-guest interaction between AAS1amamatsu R1645U-01200 ps rising-timg operating in

. : i : : e single-photon counting regime. The photomultiplier
and porphyrin, with a 1:10 and 1:100 molar ratio for the pulses, properly preamplifie€EG-G Ortec VT120 were

uv-vis measurements and 1:100 molar ratio for the fluorest rocessed by a constant fraction discrimina®6-G Ortec

B e couremert. 11835, 1o abtan a tming dependent of ulse heigh vt

The star-polymer con'centration was fixed at 481 for all "“tions, and by pulse-delay generator. The output signals of the
y mode-locker driver, synchronized with the exciting laser

the measurements. | d of the vhot itiol| i fvely. t
All the solutions were freshly prepared and measurement; Uises, and ot the photomuttiplier were sent, respectively, to
were performed within one hour. e stop and start mput; of a time-to-amplitude converter
(TAC, EG-G Ortec 56Y. Finally, the output pulses from the
TAC were sent to a computer-controlled multichannel ana-
lyzer card (EG-G Ortec Trump-8k/2k operating in the
All fluorescence measurements were carried out by gulse-height-acquisition mode, to record and store the decay
time-correlated-single-photon-counting2] home-made ap- curves. Moreover, another output of the constant fraction dis-

A. Time-resolved fluorescence
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criminator was also sent to a universal countelewlett- |VH:§|(U[1 -], (5)
Packard 53131 A to perform all steady-state fluorescence ) ] )

measurements. The collected data were then analyzed usidgd. then, superimposed with the experimental data. In all
the nonlinear least-squares iterative reconvolution procecases, the goodness of fit was evaluated on the basis of the
dures based on the Marquardt algorithf@s]. In the case of reduced chi-square valugtypically close to 1 for all the
total fluorescence decay curves, the fitting was performed oflecay curvesand of the weighted residuals plots, ensuring

the basis of the multiexponential decay 1524], that the latter are randomly distributed. _
A rather simple relation exists between steady-state aniso-
I(t) = |02 a exp(—t/), (1) tropy rs, defined from the steady—statg expression of (2j.
i and time-resolved(t) fluorescence anisotropy,
wherel(t) is total fluorescence decay cur¥gjs the intensity Jx F(O)1(t)dt
at time zero, andy, and 7; are, respectively, the relative am- 0
plitude and lifetime of théth componentthe normalization rs=—— (6)
condition isZ;a;=1). In the case of time-resolved anisotropy f I(t)dt
0

measurements, the reconvolution fitting procedure was based
on two stepq24]. Fluorescence anisotrogy(t)] is defined
using the following expression:

_ Iw® =1ly® _D(t) (" _
r“)_f;X5:25;Kﬁ_'3ﬂ’ (2 IS—J;IOeXd—UﬂdL-br (7)

where the sum dat&(t), must be equal to the total intensity Under these hypotheses and provided that both time-resolved
[(t). In the first stepS(t) was analyzed using a reconvolution fluorescence intensity and anisotropy have a single decay
procedure based on a multiexponential mddele Eq.(1)], time, Perrin’s equation holds,

to obtain the parameters describing the intensity ddeay

and 7): in our experimental conditions, the parameters ob- rs= o , (8)
tained by both the sum data and total intensity analysis were 1+7l7:
very close to one anothéthe diffe_rences were within a few | L. relates s with the dynamic parameters, 7, and
percent. In the second step, holding constant the parameters
recovered from the first step, the differenbét) was ana-

as well as between the steady-state intensity and the decay
time,

lyzed considering a multiexponential decay of the anisotropy B. uv-visible
[24], uv-visible spectra were recorded on a Shimadzu uv-1601
spectrophotometer at=22 °C using an aqueous borate

D(t) = S(Hr(t) = (t)re>, g; exp(- t/7g) buffer (pH 9) as solvent and cuvette with 0.1 cm path length.
j All the absorption spectra of amino acids and insulin samples
do not show any signals in the examined rar{§é0—700

= S(t)z Foj €Xp(— t/7g;), ) nm).
j

where the parameterg=2rq;, 75, andg; represent, respec- C. Circular dichroism
tively, the limiting anisotropy in the absence of rotational

o L2 ? C The circular dichroism spectra were collected using a
diffusion, the individual rotational correlation times, and the . .

) . : . . JASCO J-500A spectropolarimeter, with a 150 W xenon
associated fractional amplitudes in the anisotropy deca

(S.g.=1). In the simple case of spherical molecules h -Yamp under nitrogen flux. The difference between the inten-
(=9 =2 P P ) ) €84 sity of the left- and right-polarized light transmitted through
is rglated to the voluméV) of _the rotatmg unl't(or of the the sampleAl =2(1, ~19)/(1, +15), was analyzed by a lock-in
equivalent sphejeby the following equatiori24]: module to obtain the circular dichrois¢CD) signal. The
v instrument was fully controlled by a PC computer and the
TR} = 7 , (4) CD signal was calibrated in order to obtain the ellipticiy,
keT (proportional to the difference between the absorbance val-
) ) ) ) ) ) ues, by using a 0.06% aqueous solution of d-10-
where 7 is the microviscosity of the mediun, is the tem- camphorsulfonate.

perature in kelvins, andtg is the Boltzmann constant. Fi-  The measurements were performed at 22 °C and corrected
nally, the decays of the paralléll,) and perpendiculaivi)  for the contribution from cell and solvent.

components of the emission were reconstructed using all the

parameters obtained by the first two steps on the basis of the

following expressions: Ill. RESULTS AND DISCUSSION
Initial uv-vis spectroscopic studies on aqueous solutions
Iy =31(0[1 + 2r (V)] inhati i i
wW=3 ' of aliphatic or aromatic AAs and both metal-free porphyrin
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FIG. 2. uv-vis spectra of 2H-Rthick solid line, Co-P (solid FIG. 3. Normalized fluorescence spectral distribution of 2H-P

line), and mixtures of Co-P with AAs: L-Alédashed lingin 1:10 (dashed curveand Co-P(solid curve aqueous solutions.

molar ratio, L-Phe(dotted ling in 1:10 molar ratio, and insulin ] ) ]
(dot-dashed lingin 1:1 molar ratio. aggregation phenomenon in a borate buffer solufézia not

shown). Fluorescence spectra are shown in Fig. 3 for 2H-P

(2H-P) and zinc-porphyrinZn-P) did not evidence any in- and Co-P. The fluorescence spectrum of 2H-P, also in the
teraction between the porphyrin systems and the AAs. Ipresence of AAs, shows a maximum at 660 nm. Different
fact, the uv-vis spectrum of the 2H{Pig. 2), constituted by data result when the cobalt atom is present: the fluorescence
a “Soret band” at 414.2 nm and fouf“bands” at 522.2, Mmaximum shifts to 615-620 nm and, also in this case, the
560.0, 596.5 and 652.5 nm, and that of Zn-P, constituted bddition of AAs does not produce any changes in the fluo-
a “Soret band” at 431.4 nm and tw@“bands” at 561.1 and rescence spectral distribution. In order to study in more de-
604.7, remained unaffected by the addition of AAs solutiondail the interaction phenomenon qualitatively revealed by uv-
(spectra omitted for brevily vis spectra, time-resolved fluorescence and time-resolved

Different data resulted when a cobalt-porphyfi@o-P  fluorescence anisotropy measurements were carried out.
was used. The uv-vis spectrum of an aqueous solution of the The fluorescence decay of 2H{BAt 660 nm shows a
pure Co-P is shown in Fig. &olid line). Two strong absorp- mono-exponential behavior, both in the presence and in the
tion bands, of comparable intensity, partially overlapped, apabsence of AAs units, with a lifetime value of about 9 ns, as
pear at 410.5 and 432.0 nm. As reported by Pasteranak  reported in Table I. The presence of the cobalt atom in the
[25,26] for similar metal-porphyrin systems, these signals argnetal-porphyrin - system induces a strong fluorescence
explained considering that, in aqueous solutions, the cobaiuenching, probably due to the enhanced intersystem cross-
atom can coordinate a different number of solvent molecule&g to the triplet state. As showed in Fig. 4 and in Table |, the
and/or ions, with a different interaction with the d metal- fluorescence decay of Co-Rat 615 nm becomes bi-
electrons and then different uv-vis absorption signals in th&xponential, the lifetime values being 1.4 and 0.2 ns. The
spectrum. For Co-P, the twaQ'bands” appear at 541.6 and presence of AAs units does not induce significant variations
588.8 nm. in the fluorescence decay timésee Fig. 4A, B, C, andD

Remarkably, important changes are obser(ieid. 2) in  curves are almost paralletthe lifetime values are the same
the Co-P spectrum when L-Ala, L-Phe, or Ins are added to it§1.4 and 0.2 nsand, varying the amino acids, only the rela-
aqueous solution. In particular, a different increase of thdive energy distributionsa7) are differentsee Table)l This
intensity of the Soret band at 432 nm and a decrease of thgircumstance also suggests that the photodynamic properties
intensity of the band at 410.5 nm can be noticed upon thef Co-P probably do not change in the presence of AAs units.
AAs and protein addition. Furthermore, in the expandednterestingly, in the presence of the insulin, the fluorescence
traces of theQ-bands zone, reported in the inset of Fig. 2, ittime decay is quite differer{Fig. 4, curvek and Table ): the
can be noted that all the signals are strongly redshifted witfifetime values significantly increase to 1.8 and 0.4 ns. In
respect to those of pure Co-P system, depending on the AAese conditions, the proteic structure seems to offer different
or insulin used. In particular, the deep changes observed imicroenvironments in which the chromophore molecules are
the absorption spectrum of Co-P/L-Phe or Ins are indicativenore stabilized.
of a greater interaction between the Co-P and aromatic AAs A more complex behavior is observed in the time-
units, also when present inside the protein molecules, wittiesolved fluorescence anisotropy measurements. In the ab-
respect to the aliphatic ones; this behavior could be usefugence of the cobalt atom, the fluorescence is completely de-
for the construction of a selective AAs sensor. polarized[see Fig. %a)]. The zero anisotropy can only be

In principle, the spectroscopic modifications observeddue to the fact that the relative angle between the absorption
above for the Co-P/AAs solutions could be alternatively at-and emission dipoles, in our conditions, is close to the magic
tributed to the well-known porphyrin aggregation phenom-angle(54.7 deg to which corresponds a fundamental aniso-
enon[27-30. This eventuality, however, has been excludedtropy value(ry) equal to zero. In fact, a typical porphyrin
considering the results from dynamic light scattering experiimoiety, in water solution, shows a rotational correlation time,
ments(photon correlation spectroscopyn fact, the inten- 7, of about 0.5 ng31], surely measurable with our instru-
sity autocorrelation function of Co-Pboth in the absence mental apparatus. Moreover, in the present case, this rota-
and in the presence of AAdoes not reveal any porphyrin tional correlation time should be greater because of the pres-
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TABLE |. Summary of the time-resolved fluorescence measurements.

Sample 711£0.05(ny 7+£0.05(ng a7y (%) apm (%) re£0.02 7r£0.05(ns) rgt0.02
2H-P 9.2 100 0 0
2H-P/L-Trp 8.8 100 0 0
2H-P/L-Phe 8.8 100 0 0
Co-P 14 0.2 62 38 0.23 1.1 0.09
Co-P(aged 14 0.2 64 36 0.23 11 0.10
Co-P/L-Ala 1.4 0.2 57 43 0.22 1.1 0.11
Co-P/L-Trp 1.4 0.2 72 28 0.18 1.5 0.11
Co-P/L-Phe 1.4 0.2 75 25 0.19 1.4 0.11
Co-P/L-Ala(aged 1.4 0.2 50 50 0.23 2.0 0.10
Co-P/Ins 1.8 0.4 63 37 0.27 2.9 0.15

ence of PEGs groups. In the presence of the cobalt atontions, between the alanine unit and the Co-P. On the contrary,
both the steady-state and time-resolved fluorescence aniseshen aromatic amino acidgryptophane and phenyl-alanine
tropy are revealed. The anisotropy decay curpgs)| are  or insulin are added to the Co-P solutions, remarkable varia-
reported in Fig. 5, for Co-P solutions without amino adids  tions in the rotational correlation time are obseréd ns
and in the presence of L-Alé&), L-Trp (d), and Ins(e); for Co-P/Phe; 1.5 ns for Co-P/Trp; 2.9 ns for Co-Pjlns
whereas Fig. 6 shows, under the same conditions, the diffeifhis fact indicates that interactions occur between the cobalt-
ence curvesD(t), from which the anisotropy parametdrg  porphyrin star-polymer and the aromatic AAs units as well as
and g, reported in Table)lare calculated by the best-fitting the protein. Moreover, referring to Fig(ed, the anisotropy
procedures, as explained in the experimental section. decay curve, in the presence of insulin, shows an apparent
First of all, it is important to note that the presence of theplateau of about 0.1, which could also correspond to a very
cobalt atom induces an, value different from zero, which long time component. In any case, this component is attrib-
allowed us to measure a rotational correlation time of aboutitable to the binding of Co-P with some aggregated proteins,
1.1 ns for Co-P. which significantly slows down the rotational dynamics of
The different behavior of the porphyrin fluorescence anthe Co-P molecules.
isotropy, with and without the cobalt atom, is explained tak- The 7z values are coherent with the size of Co-P in dif-
ing into account that, in the present conditions, the absorbinégrent microenvironments=2 nmj. It is worth noting that a
dipoles are different in the 2H-P and the Co-P systems. In

fact, the used excitation wavelend®75 nm, in the case of 0.05 @
Co-P, is close to the lastQ band,” whereas this band is
centered at 652.5 in the absence of the cobalt atom. 0.00

As reported in Table I, in the case of alanine the value of
71r=1.1 ns was found, the same as that of Co-P, probably
indicating that no interactions take place, under these condi-

-0.05
0.3
0.2}

0.1
0.0 hl.hu‘hﬂ. ‘LJ | lll‘\‘l o o O
0.31(¢)

r(t) 0.2

0.0 h\‘u”hll\ i L ‘J ‘
0.3/ (d)

0.2

0.1
4 6 8 12 Mmma NN “LUL a

t (ns) 0.3¢(e)

FIG. 4. Time-resolved fluorescence decay?pfCo-P(46 uM); 02

B, Co-P/L-Ala (molar ratio 1:10Q; C, Co-P/L-Phe(molar ratio 01
1:100; D, Co-P/L-Trp (molar ratio 1:108 and E, Co-P/Ins 034 5 &

(molar ratio 1:3. In order to make the graph more readable, each t(ns)

curve is scaled for a multiplicative fact@?, 5, 10, and 20, respec-

tively). The lowest part of the plot shows the typical weighted re- FIG. 5. Time-resolved anisotropy d&) 2H-P (46 uM), (b)
siduals of the fit obtained with the reconvolution methtg Co-P (46 uM), (c) Co-P/L-Ala (molar ratio 1:100, (d) Co-P/L-
=1.08. Trp (molar ratio 1:100, and(e) Co-P/Ins(molar ratio 1:3.
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D(t) (107 counts)

%50 400 450 500
A (nm)

FIG. 8. CD spectra of the Co-P/phenylalanirta. A, Co-P;
B, Co-P/L-Phe; andC, Co-P/D-Phe(b) CD spectra ofD, 2H-P

FIG. 6. Differences between parallel and orthogonal fluores2ndE, 2H-P/L-Phe.

cence decays together with the fit obtained using the reconvolutioaichroism(lCD) the CD technique has been employed as a
method: (@ Co-P, (b) Co-/L-Ala, (¢) Co-P/L-Trp, and (d) — gongitive analytical tool. An ICD band, in fact, appears

CO'.P/ Ins. The lqwezSt part of the plot shows the typical weighted i the absorption bands of the Co-P-based star polymer.
residuals of the fix*=0.90. In Fig. 8a), the CD spectra for Co-P/Phe complénalo-

small mass change, due to the binding process, is succe3US results were obtained for Co-P/Yrre reported. It

fully revealed by a significant change #g [corresponding to  urns out that an ICD band appears at 434 nm, in correspon-

a size variation within 10%, as calculated from Ed)]. d_ence to the Soret band of the porphy_rm. The _fac_t that the
Surprisingly, in the case of aliphatic amino a¢idaning, sign of the ICD band depends on the sign of chirality of the

an aging proceséypically after one daycauses a significant amino acid is a further validation that a chirality induction
change in the anisotropy decay curfit)] (see Fig. 7, takes place. The presence of alanine, on the other hand, does

showing ars value of about 2 ns. No change is, instead,nOti”duce any ICD signal in the freshly prepared solution. In

observed in the Co-P aged sample. This fact indicates th&@@l0gy with what is found by time-resolved fluorescence

also aliphatic AAs units interact with the Co-P, but in this &1iSOropy measurements, the aged sample shows an ICD
case the phenomenon includes kinetic processes which r

ignal. The higher hydrophilicity of the alanine and, there-
quire a longer time scale. X : ;
As can be seen, time-resolved measurements, differerP!€ to this behavior.

ore, its tendency to remain in the solvent, could be respon-
from the steady-state onésee Table), allow for the dis- Performing the same measurements on the star polymer
crimination of the interaction between Co-P and AAs. How-2H-P, which does not possess the cobalt atom, the ICD band
ever, the steady-state anisotropy agrees with the dynamﬁoes not appear either in the fresh or aged soluppn, as shown
quantities(ro, 7, and 75) through Perrin’s equation, where N Fig. 8b). Co-P acts, therefore, as a recognition host by
average values are used. means of_ the coordination site of the cobalt of thg core.
To further investigate the association of the chiral amino A Pinding (hostmetal-Nigues} in complexes amino acid

acids with the achiral Co-P, which causes an induced circulafSters—metal porphyrins in CHQOlas hypothesized by Mi-
zutaniet al.[32,33 as the origin of the different type of ICD

0.3 bands. For charged metalloporphyrins in water, on the other

3
t(ns)

0.2 fresh hand, some authof$,34] revealed that a competition by the
ol solvent in the coordination binding with the metal atom de-
t S L A l creases the binding constant. - _

r(t) 00 e In the present case, in which the porphyrin-based star
0.2 polymer is uncharged, the binding of the amino acids with
o4l the porphyrin core can be attributed to the concomitant pres-

aged MM ence of the coordination bond of the amino group with the
0.0, 1 > 3 4 5 6 metal atom and of the hydrophobicity effect. Moreover,

t (ns) against these circumstances favorable to the stabilization of
the complex, the competitive binding affinity of water or
FIG. 7. Time-resolved anisotropy of Co-P/L-Ala freshly pre- buffer ions can act, but it seems to have only a marginal
pared and aged solution. effect.
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The binding between the Co-P and insulin is a more comments. On the contrary, the study on Co-P/L-Ala solutions
plex issue. The amino acid sequence and the conformation afoes not indicate a significant interaction between Co-P and
the protein does not allow for an unambiguous and definitiveahe aliphatic AA: no changes in the rotational correlation
assignement of the interaction sites. However, it seems quitéme and no ICD signal are revealed. The fact that a binding
plausible that the Co-P can interact with the insulin surfacewith the aliphatic AA is revealed only after a very slow ki-
where hydrophobic patches are present. Moreover, the steriwetic process suggests that, although the metal-N coordina-
interaction by the PEG arms does not seem to hinder thgon bond is the common requisite for interaction, a prefer-
binding with insulin. ential interaction with aromatic groups exists there.

On the basis of the results presented in this work, it turns Further studies, changing, for example, pH of solutions or
out that, in water solution, besides the Co-N coordinationusing amino acid derivatives with amide group, are in
the contribution of the aromatic residues plays a crucial rolgprogress in order to affect the coordination with the cobalt
in the recognition process of the Co-P. atom.

The porphyrin-based star polymer studied in the present
work constitutes a fundamental starting point for creating
new materials of relevant interest in the sensor fields and in

A binding process occurs between aromatic amino acidbioscience. The solubility in water in the absence of electric
(and protein and cobalt-porphyrin, made water-soluble by charges, in fact, excludes the possibility of any electrostatic
the presence of polyethylene glycol arms as substituents. Theteraction and allows for a more selective discrimination of
presence of a strong interaction is put in evidence by uv-visthe binding process with respect to what happens for charged
time-resolved fluorescence anisotropy, and ICD measuregorphyrins.

IV. CONCLUSION
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