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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 metalshostd-Nsguestd 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.
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I. INTRODUCTION

In recent years, there has been intense interest in the de-
velopment and investigation of biofunctional nanoparticles
consisting of proteins bounded to carrier units, thanks to
their potential use in biomedicine and biotechnology as drug
delivery systems, immunoassays, and biocatalystsf1–4g.
Similarly, systems that can act as a target for amino acids are
fundamental for protein recognition and identification and
can be exploited for creating biosensors.

Amino acidssAAsd, well-known units in the building of
protein molecules, play an unquestionable role in biochemi-
cal processes, acting also as an important nutrient. For these
reasons, several techniques of identification and analysis of
the AAs contained in organic matrices, such as chromato-
graphic se.g., HPLC and GCd or spectroscopicsbased on
the chromatic changes of amino acids solutions in the
presence of appropriate reactive dyes, such asp-benzo-
quinone, 2,4-dinitrobenzenesulphonic acid or 4-hydroxy-3,5-
dimethoxybenzaldehyded methods, have been developed.
However, despite the high sensibility and selectivity achiev-
able, these techniques are often expensive and require rela-
tively high amounts of material and lengthy analysisf4g.
Recently, some authorsf5–9g have focused their attention on
systems containing metal-porphyrin derivatives in which the
interactions between metal d-electrons of the porphyrin and
some AAs cause spectroscopic changes, thus making pos-

sible the recognition of both AAs and oligopeptides or pro-
teins containing them.

The use of porphyrins as AAs sensors is feasible with the
active species in solution or immobilized on specific poly-
meric or inorganic substrates. In this last case, the porphyrin-
containing material should also be used for chromatographic
separations.

Porphyrins have a great interest also in the biomedical
field. As an example, based on the specific affinity of por-
phyrins with neoplastic cellsf10–15g, these compounds can
be used for the localization and size determination of tumoral
tissues. Porphyrin localization is then achieved by means of
fluorimeters sbased on the fluorescence of the metal-free
moleculed or scintillators sintroducing a specific radio nu-
clide into the porphyrin cavity, the so-called “radio-labeling”
methodd. Moreover, the strong photosensitization properties
characteristic of the porphyrin compounds permit a localized
photodegradative treatment circumscribed of “sick” tissues,
thus reducing the damage of the surrounding tissues.

Another interesting application of porphyrins in the bio-
medical field is related to their peculiarity, both of free and
metal complexed species, to inhibit the formation of a
protease-resistant protein responsible for the transmissible
spongiform encephalopatief16g. Water solubility is often re-
quired in many applications of porphyrin compounds. Actu-
ally, this goal is prevailingly obtained inserting some electri-
cally 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
sensor can complicate the study of the ‘‘pure” AAs/porphyrin*Electronic address: micali@me.cnr.it
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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 cellsf17–19g. Differently,
the water solubility of the porphyrins employed in this work
is due to the presence of long neutral hydrophilic groups
spolyethylene glycols, PEGsd bound to the porphyrin core,
which also reduces the typical detrimental aggregation phe-
nomenon of porphyrin unitsf20g. 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 unitsthe chromophore, having a very high molar
absorption coefficientd, a hydrophilic PEG componentsthe
floatersd, and a cobalt atomsthe sensord complexed 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 complicated
system, in which insulin was added to the cobalt-porphyrin
sCo-Pd solution. The observed interaction between the Co-P
system and the AAs units, both free or inside the protein
chain, should allow the use of these systems as an AA sensor.

II. EXPERIMENTAL SECTION

Materials: L- and D-Amino acidssAAs, Kit No. LAA-21d
and bovine insulin were obtained from Sigma Chemical
Company. Amino acids and insulin used in this work are
indicated in the following as L-alanine5L-Ala; L-phenyl-
alanine5L-Phe; D-phenyl-alanine5D-Phe; L-Triptophane
5L-Trp; insulin5Ins. f5,10,15,20-tetrakis-psv-methoxy-
polyethylenoxyphenldgporphyrin s2H-Pd, f5,10,15,20-
tetrakis-psv-methoxy-polyethylenoxyphenyldgzincsII d por-
phyrin, sZn-Pd, and f5,10,15,20-tetra-psv-methoxy-
polyethylenoxyphenyldgcobaltsII d porphyrin,sCo-Pd, all hav-
ing an average molecular massMn of about 3600 Dassee
Fig. 1d were synthesized as described previouslyf21g. The
water solubility of these porphyrin derivatives has been
achieved by introducing hydrophylic substituentsspolyethyl-
ene glycol chains with anMn value of 750 Dad in the periph-
eral positions of the hydrophobic porphyrin core, thus ob-
taining uncharged hydrosoluble molecules.

For a better AAs solubilization in water, thepH of the
solutions was maintained at about 9 by means of borate
buffer sfrom Metrohmd. All porphyrin/AAs mixtures were
prepared, to facilitate the host-guest interaction between AAs
and porphyrin, with a 1:10 and 1:100 molar ratio for the
uv-vis measurements and 1:100 molar ratio for the fluores-
cence and circular dichroism measurements. For the
porphyrin/Ins mixture, the molar ratio used was instead 1:1.
The star-polymer concentration was fixed at 46mM for all
the measurements.

All the solutions were freshly prepared and measurements
were performed within one hour.

A. Time-resolved fluorescence

All fluorescence measurements were carried out by a
time-correlated-single-photon-countingf22g home-made ap-

paratus. An argon-ion lasersSpectra-Physics BeamLok
2080d, operating in the mode-locked regimes514 nmd at a
repetition rate of 82 MHz, was used to synchronously pump
a rhodamine 6G dye lasersSpectra-Physics 375Bd. The out-
put pulses of the dye laser of,2 ps full width at half maxi-
mum at 575 nm wavelength passed through a Glan-Taylor
polarizersto eliminate any depolarization effects due to the
mirrors placed along the laser optical pathwayd and then used
as an exciting beam focused on the sample. The temperature
of the sample was controlled with a 0.1 °C resolution with a
Haake C25-F6 thermostat atT=22 °C. Part of the dye laser
beam was sent to an autocorrelatorsSpectra-Physics 409d to
check the excitation pulse stability. The fluorescence emis-
sion, before being detected, passed through a rotatable ana-
lyzer, to select the verticallysIVVd and the horizontallysIVHd
polarised fluorescencesthe analyzer was removed when total
fluorescence decay curves were collectedd; a long-pass filter
with the 50% transmittance at 610 nm, to remove a possible
scattered excitation light; and a polarization scrambler, to
avoid any effects due to the different transmission efficiency
of the monochromator and of the photomultiplier for verti-
cally and horizontally polarized light. The fluorescence pho-
tons were detected through a monochromatorsOriel Corner-
stone 1/8 md by a microchannel-plate photomultiplier
sHamamatsu R1645U-01,,200 ps rising-timed operating in
the single-photon counting regime. The photomultiplier
pulses, properly preamplifiedsEG-G Ortec VT120d, were
processed by a constant fraction discriminatorsEG-G Ortec
935d, to obtain a timing independent of pulse height varia-
tions, and by pulse-delay generator. The output signals of the
mode-locker driver, synchronized with the exciting laser
pulses, and of the photomultiplier were sent, respectively, to
the stop and start inputs of a time-to-amplitude converter
sTAC, EG-G Ortec 567d. Finally, the output pulses from the
TAC were sent to a computer-controlled multichannel ana-
lyzer card sEG-G Ortec Trump-8k/2kd operating in the
pulse-height-acquisition mode, to record and store the decay
curves. Moreover, another output of the constant fraction dis-

FIG. 1. 3D balls and sticks schematic representation of
f5,10,15,20-tetra-psv-methoxy-polyethylenoxyphenyldgmetal por-
phyrin, where “metal” can be 2H, zinc, or cobalt atom.

ANGELINI et al. PHYSICAL REVIEW E 71, 021915s2005d

021915-2



criminator was also sent to a universal countersHewlett-
Packard 53131 Ad, to perform all steady-state fluorescence
measurements. The collected data were then analyzed using
the nonlinear least-squares iterative reconvolution proce-
dures based on the Marquardt algorithmnf23g. In the case of
total fluorescence decay curves, the fitting was performed on
the basis of the multiexponential decay lawf24g,

Istd = I0o
i

ai exps− t/tid, s1d

whereIstd is total fluorescence decay curve,I0 is the intensity
at time zero, andai andti are, respectively, the relative am-
plitude and lifetime of theith componentsthe normalization
condition isoiai =1d. In the case of time-resolved anisotropy
measurements, the reconvolution fitting procedure was based
on two stepsf24g. Fluorescence anisotropyfrstdg is defined
using the following expression:

rstd =
IVVstd − IVHstd
IVVstd + 2IVHstd

=
Dstd
Sstd

, s2d

where the sum data,Sstd, must be equal to the total intensity
Istd. In the first step,Sstd was analyzed using a reconvolution
procedure based on a multiexponential modelfsee Eq.s1dg,
to obtain the parameters describing the intensity decaysai
and tid: in our experimental conditions, the parameters ob-
tained by both the sum data and total intensity analysis were
very close to one anothersthe differences were within a few
percentd. In the second step, holding constant the parameters
recovered from the first step, the differenceDstd was ana-
lyzed considering a multiexponential decay of the anisotropy
f24g,

Dstd = Sstdrstd = Sstdr0o
j

gj exps− t/tRjd

= Sstdo
j

r0j exps− t/tRjd, s3d

where the parametersr0=o jr0j , tRj, andgj represent, respec-
tively, the limiting anisotropy in the absence of rotational
diffusion, the individual rotational correlation times, and the
associated fractional amplitudes in the anisotropy decay
so jgj =1d. In the simple case of spherical molecules, eachtRj

is related to the volumesVjd of the rotating unitsor of the
equivalent sphered by the following equationf24g:

tRj =
hVj

kBT
, s4d

whereh is the microviscosity of the medium,T is the tem-
perature in kelvins, andkB is the Boltzmann constant. Fi-
nally, the decays of the parallelsIVVd and perpendicularsIVHd
components of the emission were reconstructed using all the
parameters obtained by the first two steps on the basis of the
following expressions:

IVV = 1
3Istdf1 + 2rstdg,

IVH = 1
3Istdf1 − rstdg, s5d

and, then, superimposed with the experimental data. In all
cases, the goodness of fit was evaluated on the basis of the
reduced chi-square valuesstypically close to 1 for all the
decay curvesd and of the weighted residuals plots, ensuring
that the latter are randomly distributed.

A rather simple relation exists between steady-state aniso-
tropy rS, defined from the steady-state expression of Eq.s2d,
and time-resolvedrstd fluorescence anisotropy,

rS=

E
0

`

rstdIstddt

E
0

`

Istddt

s6d

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

IS=E
0

`

I0 expf− t/tgdt = I0t. s7d

Under these hypotheses and provided that both time-resolved
fluorescence intensity and anisotropy have a single decay
time, Perrin’s equation holds,

rS=
r0

1 + t/tR
, s8d

which relatesrS with the dynamic parametersr0, t, andtR.

B. uv-visible

uv-visible spectra were recorded on a Shimadzu uv-1601
spectrophotometer atT=22 °C using an aqueous borate
buffer spH 9d as solvent and cuvette with 0.1 cm path length.
All the absorption spectra of amino acids and insulin samples
do not show any signals in the examined ranges300–700
nmd.

C. Circular dichroism

The circular dichroism spectra were collected using a
JASCO J-500A spectropolarimeter, with a 150 W xenon
lamp under nitrogen flux. The difference between the inten-
sity of the left- and right-polarized light transmitted through
the sample,DI =2sIL− IRd / sIL+ IRd, was analyzed by a lock-in
module to obtain the circular dichroismsCDd signal. The
instrument was fully controlled by a PC computer and the
CD signal was calibrated in order to obtain the ellipticity,u
sproportional to the difference between the absorbance val-
uesd, by using a 0.06% aqueous solution of d-10-
camphorsulfonate.

The measurements were performed at 22 °C and corrected
for the contribution from cell and solvent.

III. RESULTS AND DISCUSSION

Initial uv-vis spectroscopic studies on aqueous solutions
of aliphatic or aromatic AAs and both metal-free porphyrin
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s2H-Pd and zinc-porphyrinsZn-Pd did not evidence any in-
teraction between the porphyrin systems and the AAs. In
fact, the uv-vis spectrum of the 2H-PsFig. 2d, constituted by
a “Soret band” at 414.2 nm and four “Q bands” at 522.2,
560.0, 596.5 and 652.5 nm, and that of Zn-P, constituted by
a “Soret band” at 431.4 nm and two “Q bands” at 561.1 and
604.7, remained unaffected by the addition of AAs solutions
sspectra omitted for brevityd.

Different data resulted when a cobalt-porphyrinsCo-Pd
was used. The uv-vis spectrum of an aqueous solution of the
pure Co-P is shown in Fig. 2ssolid lined. Two strong absorp-
tion bands, of comparable intensity, partially overlapped, ap-
pear at 410.5 and 432.0 nm. As reported by Pasternacket al.
f25,26g for similar metal-porphyrin systems, these signals are
explained considering that, in aqueous solutions, the cobalt
atom can coordinate a different number of solvent molecules
and/or ions, with a different interaction with the d metal-
electrons and then different uv-vis absorption signals in the
spectrum. For Co-P, the two “Q bands” appear at 541.6 and
588.8 nm.

Remarkably, important changes are observedsFig. 2d in
the Co-P spectrum when L-Ala, L-Phe, or Ins are added to its
aqueous solution. In particular, a different increase of the
intensity of the Soret band at 432 nm and a decrease of the
intensity of the band at 410.5 nm can be noticed upon the
AAs and protein addition. Furthermore, in the expanded
traces of theQ-bands zone, reported in the inset of Fig. 2, it
can be noted that all the signals are strongly redshifted with
respect to those of pure Co-P system, depending on the AAs
or insulin used. In particular, the deep changes observed in
the absorption spectrum of Co-P/L-Phe or Ins are indicative
of a greater interaction between the Co-P and aromatic AAs
units, also when present inside the protein molecules, with
respect to the aliphatic ones; this behavior could be useful
for the construction of a selective AAs sensor.

In principle, the spectroscopic modifications observed
above for the Co-P/AAs solutions could be alternatively at-
tributed to the well-known porphyrin aggregation phenom-
enonf27–30g. This eventuality, however, has been excluded
considering the results from dynamic light scattering experi-
mentssphoton correlation spectroscopyd. In fact, the inten-
sity autocorrelation function of Co-Psboth in the absence
and in the presence of AAd does not reveal any porphyrin

aggregation phenomenon in a borate buffer solutionsdata not
shownd. Fluorescence spectra are shown in Fig. 3 for 2H-P
and Co-P. The fluorescence spectrum of 2H-P, also in the
presence of AAs, shows a maximum at 660 nm. Different
data result when the cobalt atom is present: the fluorescence
maximum shifts to 615–620 nm and, also in this case, the
addition of AAs does not produce any changes in the fluo-
rescence spectral distribution. In order to study in more de-
tail the interaction phenomenon qualitatively revealed by uv-
vis spectra, time-resolved fluorescence and time-resolved
fluorescence anisotropy measurements were carried out.

The fluorescence decay of 2H-Psat 660 nmd shows a
mono-exponential behavior, both in the presence and in the
absence of AAs units, with a lifetime value of about 9 ns, as
reported in Table I. The presence of the cobalt atom in the
metal-porphyrin system induces a strong fluorescence
quenching, probably due to the enhanced intersystem cross-
ing to the triplet state. As showed in Fig. 4 and in Table I, the
fluorescence decay of Co-Psat 615 nmd becomes bi-
exponential, the lifetime values being 1.4 and 0.2 ns. The
presence of AAs units does not induce significant variations
in the fluorescence decay timesssee Fig. 4:A, B, C, andD
curves are almost paralleld: the lifetime values are the same
s1.4 and 0.2 nsd and, varying the amino acids, only the rela-
tive energy distributionssatd are differentssee Table Id. This
circumstance also suggests that the photodynamic properties
of Co-P probably do not change in the presence of AAs units.
Interestingly, in the presence of the insulin, the fluorescence
time decay is quite differentsFig. 4, curveE and Table Id: the
lifetime values significantly increase to 1.8 and 0.4 ns. In
these conditions, the proteic structure seems to offer different
microenvironments in which the chromophore molecules are
more stabilized.

A more complex behavior is observed in the time-
resolved fluorescence anisotropy measurements. In the ab-
sence of the cobalt atom, the fluorescence is completely de-
polarizedfsee Fig. 5sadg. The zero anisotropy can only be
due to the fact that the relative angle between the absorption
and emission dipoles, in our conditions, is close to the magic
angles54.7 degd to which corresponds a fundamental aniso-
tropy valuesr0d equal to zero. In fact, a typical porphyrin
moiety, in water solution, shows a rotational correlation time,
tR, of about 0.5 nsf31g, surely measurable with our instru-
mental apparatus. Moreover, in the present case, this rota-
tional correlation time should be greater because of the pres-

FIG. 2. uv-vis spectra of 2H-Psthick solid lined, Co-P ssolid
lined, and mixtures of Co-P with AAs: L-Alasdashed lined in 1:10
molar ratio, L-Phesdotted lined in 1:10 molar ratio, and insulin
sdot-dashed lined in 1:1 molar ratio.

FIG. 3. Normalized fluorescence spectral distribution of 2H-P
sdashed curved and Co-Pssolid curved aqueous solutions.
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ence of PEGs groups. In the presence of the cobalt atom,
both the steady-state and time-resolved fluorescence aniso-
tropy are revealed. The anisotropy decay curvesfrstdg are
reported in Fig. 5, for Co-P solutions without amino acidssbd
and in the presence of L-Alascd, L-Trp sdd, and Ins sed;
whereas Fig. 6 shows, under the same conditions, the differ-
ence curves,Dstd, from which the anisotropy parameterssr0

andtR, reported in Table Id are calculated by the best-fitting
procedures, as explained in the experimental section.

First of all, it is important to note that the presence of the
cobalt atom induces anr0 value different from zero, which
allowed us to measure a rotational correlation time of about
1.1 ns for Co-P.

The different behavior of the porphyrin fluorescence an-
isotropy, with and without the cobalt atom, is explained tak-
ing into account that, in the present conditions, the absorbing
dipoles are different in the 2H-P and the Co-P systems. In
fact, the used excitation wavelengths575 nmd, in the case of
Co-P, is close to the last “Q band,” whereas this band is
centered at 652.5 in the absence of the cobalt atom.

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

tions, between the alanine unit and the Co-P. On the contrary,
when aromatic amino acidsstryptophane and phenyl-alanined
or insulin are added to the Co-P solutions, remarkable varia-
tions in the rotational correlation time are observeds1.4 ns
for Co-P/Phe; 1.5 ns for Co-P/Trp; 2.9 ns for Co-P/ Insd.
This fact indicates that interactions occur between the cobalt-
porphyrin star-polymer and the aromatic AAs units as well as
the protein. Moreover, referring to Fig. 5sed, the anisotropy
decay curve, in the presence of insulin, shows an apparent
plateau of about 0.1, which could also correspond to a very
long time component. In any case, this component is attrib-
utable to the binding of Co-P with some aggregated proteins,
which significantly slows down the rotational dynamics of
the Co-P molecules.

The tR values are coherent with the size of Co-P in dif-
ferent microenvironmentss<2 nmd. It is worth noting that a

TABLE I. Summary of the time-resolved fluorescence measurements.

Sample t1±0.05 snsd t2±0.05 snsd a1t1 s%d a2t2 s%d r0±0.02 tR±0.05 snsd rS±0.02

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 1.4 0.2 62 38 0.23 1.1 0.09

Co-Psagedd 1.4 0.2 64 36 0.23 1.1 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 sagedd 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

FIG. 4. Time-resolved fluorescence decay ofA, Co-Ps46 mMd;
B, Co-P/L-Ala smolar ratio 1:100d; C, Co-P/L-Phesmolar ratio
1:100d; D , Co-P/L-Trp smolar ratio 1:100d; and E, Co-P/ Ins
smolar ratio 1:1d. In order to make the graph more readable, each
curve is scaled for a multiplicative factors2, 5, 10, and 20, respec-
tivelyd. The lowest part of the plot shows the typical weighted re-
siduals of the fit obtained with the reconvolution methodsx2

=1.08d.

FIG. 5. Time-resolved anisotropy ofsad 2H-P s46 mMd, sbd
Co-P s46 mMd, scd Co-P/L-Ala smolar ratio 1:100d, sdd Co-P/L-
Trp smolar ratio 1:100d, andsed Co-P/ Inssmolar ratio 1:1d.
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small mass change, due to the binding process, is success-
fully revealed by a significant change intR fcorresponding to
a size variation within 10%, as calculated from Eq.s4dg.

Surprisingly, in the case of aliphatic amino acidsalanined,
an aging processstypically after one dayd causes a significant
change in the anisotropy decay curvefrstdg ssee Fig. 7d,
showing atR value of about 2 ns. No change is, instead,
observed in the Co-P aged sample. This fact indicates that
also aliphatic AAs units interact with the Co-P, but in this
case the phenomenon includes kinetic processes which re-
quire a longer time scale.

As can be seen, time-resolved measurements, different
from the steady-state onesssee Table Id, allow for the dis-
crimination of the interaction between Co-P and AAs. How-
ever, the steady-state anisotropy agrees with the dynamic
quantitiessr0, t, and tRd through Perrin’s equation, where
average values are used.

To further investigate the association of the chiral amino
acids with the achiral Co-P, which causes an induced circular

dichroismsICDd, the CD technique has been employed as a
sensitive analytical tool. An ICD band, in fact, appears
within the absorption bands of the Co-P-based star polymer.
In Fig. 8sad, the CD spectra for Co-P/Phe complexsanalo-
gous results were obtained for Co-P/Trpd are reported. It
turns out that an ICD band appears at 434 nm, in correspon-
dence to the Soret band of the porphyrin. The fact that the
sign of the ICD band depends on the sign of chirality of the
amino acid is a further validation that a chirality induction
takes place. The presence of alanine, on the other hand, does
not induce any ICD signal in the freshly prepared solution. In
analogy with what is found by time-resolved fluorescence
anisotropy measurements, the aged sample shows an ICD
signal. The higher hydrophilicity of the alanine and, there-
fore, its tendency to remain in the solvent, could be respon-
sible to this behavior.

Performing the same measurements on the star polymer
2H-P, which does not possess the cobalt atom, the ICD band
does not appear either in the fresh or aged solution, as shown
in Fig. 8sbd. Co-P acts, therefore, as a recognition host by
means of the coordination site of the cobalt of the core.

A binding shostdmetal-Nsguestd in complexes amino acid
esters–metal porphyrins in CHCl3 was hypothesized by Mi-
zutaniet al. f32,33g as the origin of the different type of ICD
bands. For charged metalloporphyrins in water, on the other
hand, some authorsf6,34g revealed that a competition by the
solvent in the coordination binding with the metal atom de-
creases the binding constant.

In the present case, in which the porphyrin-based star
polymer is uncharged, the binding of the amino acids with
the porphyrin core can be attributed to the concomitant pres-
ence of the coordination bond of the amino group with the
metal atom and of the hydrophobicity effect. Moreover,
against these circumstances favorable to the stabilization of
the complex, the competitive binding affinity of water or
buffer ions can act, but it seems to have only a marginal
effect.

FIG. 6. Differences between parallel and orthogonal fluores-
cence decays together with the fit obtained using the reconvolution
method: sad Co-P, sbd Co-/L-Ala, scd Co-P/L-Trp, and sdd
Co-P/ Ins. The lowest part of the plot shows the typical weighted
residuals of the fitsx2=0.90d.

FIG. 7. Time-resolved anisotropy of Co-P/L-Ala freshly pre-
pared and aged solution.

FIG. 8. CD spectra of the Co-P/phenylalanine.sad A, Co-P;
B, Co-P/L-Phe; andC, Co-P/D-Phe.sbd CD spectra ofD, 2H-P
andE, 2H-P/L-Phe.
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The binding between the Co-P and insulin is a more com-
plex issue. The amino acid sequence and the conformation of
the protein does not allow for an unambiguous and definitive
assignement of the interaction sites. However, it seems quite
plausible that the Co-P can interact with the insulin surface
where hydrophobic patches are present. Moreover, the steric
interaction by the PEG arms does not seem to hinder the
binding with insulin.

On the basis of the results presented in this work, it turns
out that, in water solution, besides the Co-N coordination,
the contribution of the aromatic residues plays a crucial role
in the recognition process of the Co-P.

IV. CONCLUSION

A binding process occurs between aromatic amino acids
sand proteind and cobalt-porphyrin, made water-soluble by
the presence of polyethylene glycol arms as substituents. The
presence of a strong interaction is put in evidence by uv-vis,
time-resolved fluorescence anisotropy, and ICD measure-

ments. On the contrary, the study on Co-P/L-Ala solutions
does not indicate a significant interaction between Co-P and
the aliphatic AA: no changes in the rotational correlation
time and no ICD signal are revealed. The fact that a binding
with the aliphatic AA is revealed only after a very slow ki-
netic process suggests that, although the metal-N coordina-
tion bond is the common requisite for interaction, a prefer-
ential interaction with aromatic groups exists there.

Further studies, changing, for example, pH of solutions or
using amino acid derivatives with amide group, are in
progress in order to affect the coordination with the cobalt
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
bioscience. The solubility in water in the absence of electric
charges, in fact, excludes the possibility of any electrostatic
interaction and allows for a more selective discrimination of
the binding process with respect to what happens for charged
porphyrins.
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