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A combination of mass spectrometry, Raman
microspectroscopy, circular  dichroism and X-ray
crystallography has been used to obtain detailed information
on the reaction of the iridium-based CO-releasing molecule
(Ir-CORM) Cs,IrClsCO with the model protein bovine
pancreatic ribonuclease. The results show that Ir-compound
fragments bind to N-terminal amine and close to histidine
and methionine side chains, retaining the CO ligand for a
long time. Data provide helpful information to identify
protein targets for Ir-CORMs and for studying the
mechanism that allows them to exhibit their interesting
biological properties.

The properties of some metal-containing compounds in the
treatment of selected human diseases are known since thousands
of years. However, after the important success of cisplatin and its
derivatives in the treatment of tumors, the interest of the scientific
community towards the synthesis and characterization of
potential drugs based on metal compounds has been sensibly
grown. In recent years numerous complexes of Ru, Ti, Fe, Au,
Ag, V, Bi, Sb, Os and Ir have been tested as pharmacological
agents. The mechanism of action of these compounds are not
entirely deciphered, but it is clear that DNA is not always the
primary target, as for Pt based drugs'~.

The study of the interaction of metal based drugs with proteins is
thus of crucial importance to unveil the mechanism of actions of
these important pharmacological agents and several reviews have
been published in this field.*®

Among the metal-based drugs, CO-releasing molecules
(CORMS)“O based on complexes of Mn, Fe, Co, Ru and Ir S11-14
are drawing increasing attention among medicinal (inorganic)
chemists because of their promising bactericidal,'' anti-
inflammatory,'>'® anti-apoptotic,'”” anti-microbial'® and anti-
proliferative properties. "’

To understand the biological properties of these CORMs in detail,
it is important to characterize their interactions with the possible
biological targets, to define the binding sites of the metal, and to
determine which among the original ligands are still present upon
the formation of the adduct. The binding of CORMs to proteins
can play an important role in their activation, transport, and
excretion in vivo.” A few structural studies of protein-CORM
adducts have been performed, but the knowledge of how CORMs
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recognize proteins and the mechanism which allows CORMs to
release CO in the presence of a protein is still rather limited.
Crystallographic studies on the first protein-CORM adduct,
carried out using hen egg white lysozyme (HEWL) as model
protein, have demonstrated that the Ru complex CORM-3 can
bind to surface histidine and aspartic residues.”' Subsequently, it
has been shown that ruthenium-based CORMs can bind HEWL at
diverse sites, i.e. close to His15, Asp18, Aspl01 and Asp119.2%%*
Recently, we have performed a structural characterization of the
adducts that are formed when HEWL reacts with the Ir-based
CORM Cs,IrCL;CO."*% 1t is found that adducts can be formed
via either covalent or non-covalent interactions. Six different
binding sites have been identified (His15 (site 1); Ser24, Asn27,
and Vall20 (site 2); Asn65 and Pro79 (site 3); Aspl8 (site 4);
Asn59, Trp62, Trp63, and Alal07 (site 5); and Asn46 and Thr47
(site 6)), although His15 seems the primary anchoring site for the
Ir derivatives. Loss of CO in the crystal state has been also
observed both via X-ray crystallography and Raman
microspectroscopy.?

In our continuous efforts to unveil the molecular bases of
metallodrug-protein interactions, here we have investigated the
reactivity of Cs,IrClsCO with the model protein bovine
pancreatic ribonuclease (RNase A) using mass spectrometry
(MS), X-ray crystallography and Raman microspectroscopy. The
stability of the adduct formed upon reaction of the protein with
the potential metallodrug has been also evaluated by circular
dichroism.

Experimental Section

Crystallization and data collection

Crystals of the adduct formed in the reaction between RNase A
(Sigma Chemical Co, XII A) and IrClsCO* have been obtained
by the soaking procedure. In particular, crystals of RNase A have
grown in two weeks by the hanging-drop vapour-diffusion
method using a reservoir solution containing 22% PEG4K and 10
mM sodium citrate at pH 5.1. They have been soaked with a
saturated solution of Cs,IrClsCO. After four days (crystal 1) and
two months (crystal 2) of soaking, these crystals were fished with
a nylon loop, flash-cooled without cryoprotectants at 100 K using
nitrogen gas produced by an Oxford Cryosystem and dehydrated
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at air’®, as done in other works.””%

Data have been collected at 1.85 and 2.29 A resolution for crystal
1 and 2, respectively, at the CNR Institute of Biostructure and
Bioimages, Naples, Italy, using a Saturn944 CCD detector
equipped with CuKo X-ray radiation from a Rigaku Micromax
007 HF generator and processed using HKL2000.** Details of
data collection statistics are reported in Table 1.

Structure solution and refinement

The structures of the two RNase A-IrC1sCO* adducts have been
solved with Phaser, using the A chain of the PDB file 1JVT as
starting model.’' As expected,’' ™ these crystals contain two
molecules in the asymmetric unit (molecule A and molecule B).
The refinements have been carried out with CCP4 Refmac5 **
using NCS restraints; model building, map inspections and model
adjustments have been manually performed with Coot.** The
structures refine up to R-factor/R-free values of 0.172/0.226 and
0.224/0.293 for crystal 1 and crystal 2, respectively. Table 1
reports the refinement statistics. Figures were created using
UCSF Chimera Package.”® The refined structural models and
structure factors have been deposited in the Protein Data Bank as
entries 5JMG and SJML for crystal 1 and crystal 2, respectively.

Table 1. Data collection and refinement statistics

Data collection Crystal 1 Crystal 2
PDB code 5IMG 5JML
Space group C2 C2
Unit cell parameter
a(A) 99.9 99.6
b (A) 32.6 324
c(A) 72.3 72.6
a(®) 90.0 90.0
B () 90.3 90.0
v(°) 90.0 90.0
Observed reflections 55190 24425
Unique reflections 19871 10756
Resolution (A) 72.27-1.85 72.59-2.29
(1.88-1.85) (2.34-2.29)
Completeness (%) 97.8 (93.5) 96.5 (97.8)
Rmerge (%) 6.3 (40.6) 13.9 (55.7)
I/o(I) 10.9 (2.3) 10.7 (2.0)
Multiplicity 2.8(1.7) 23(23)
Refinement
Resolution (A) 72.27-1.85 72.59-2.29
Number of reflections in working set 18853 9837
Number of reflections in test set 1017 490
R factor (%) 17.2 22.4
Rfree (%) 22.6 29.3
Rall (%) 17.5 22.7
Number of non-hydrogen atoms 2238 2027
Mean B-value (A) 26.4 35.5
Ramachandran plot statistics
Most favoured/Additional allowed (%) 95.1/4.5 95.1/4.5
Generously allowed/ Disallowed
(number of residues) 0/1 0/1
R.m.s.d. bonds (A) 0.016 0.012
R.m.s.d. angles (°) 2.4 2.5

Values in parenthesis refer to last resolution shell
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Raman microspectroscopy

Raman microscopy spectra on RNase A crystals and on crystals
of the RNase A-IrClsCO* adduct have been collected at the
Department of Chemical Sciences of University of Naples
Federico II, using an apparatus and a procedure described
elsewhere®®. Raman spectra of Cs,IrClsCO powder have been
collected as a reference as well. The excitation line was 514 nm,
with 211 power at the sample of 3 mW. The spectra resolution was
7Tem .

Mass spectrometry

MS analysis has been performed on an LCQ DECA XP Ion Trap
mass spectrometer (ThermoElectron, Milan, Italy) equipped with
an OPTON ESI source (operating at 4.2-kV needle voltage and
320°C) Mass spectra have been recorded continuously between
the mass range 400-2000 Da in positive mode. Multicharge
spectra were deconvoluted using the BioMass program
implemented in the Bioworks 3.1 package provided by the
manufacturer.

Circular dichroism
CD spectra of RNase A and of the adduct formed between the
protein and IrClsCO* after 24 h of incubation in 1:1 and 1:10
protein to metal ratio have been recorded at 10 °C using a Jasco
J-710 spectropolarimeter equipped with a Peltier thermostated
cell holder (Model PTC-348WI) (Jasco, Easton, MD). The mean
residue molar ellipticity, [0] in deg cm’ dmol ', has been
calculated from the equation:

[6] = [6]ops X MRW /(10lc)
Where /6], is the ellipticity measured in degrees, MRW the
mean residue molecular weight, ¢ is the protein concentration in g
mL " and / is the optical path length of the cell in cm.
Far-UV measurements (190-250 nm) have been carried out using
a 0.1 cm path length cell and protein concentration 0.1 mg mL ™"
in a 10 mM Tris-HCI buffer, pH 7.4. Before measurements, the
instrument has been calibrated with an aqueous solution of d-10-
(+)-camphorsulfonic acid at 290 nm. Thermal unfolding curves
for the protein and the adduct have been recorded in the
temperature mode at 222 nm in the same experimental conditions
(protein concentration 0.1 mg mL ™" in a 10 mM Tris-HCI buffer,
pH 7.4).

Results and Discussion

Mass spectrometry

In order to study the reactivity of Cs,IrClsCO with proteins,
RNase A has been incubated in the presence of the Ir compound
for 24 h in 1:10 protein to metal ratio and the resulting products
have been analysed by electrospray ionization mass spectrometry
(ESI-MS). Results of these analyses are reported in Figure 1.
Spectra obtained in the presence of the Ir compound reveal that a
number of different fragments can bind the protein. In particular,
new peaks are detected in the ESI MS spectra, which have been
assigned to a complex formed by RNase A with fragments of the
type —[IrC1,CO] and —[IrCl3(H,0O)CO]. Interestingly, more than
one Ir fragment could bind the protein at the same time. The
observation of these peaks suggests that the CO is retained upon
protein binding, while a CI” ligand is released.

2|Journal Name, [year], [vol], oo—oo

This journal is © The Royal Society of Chemistry [year]

Page 2 of 8


http://dx.doi.org/10.1039/c6dt01685e

Page 3 of 8

Published on 01 July 2016. Downloaded by University of California- Santa Barbara on 01/07/2016 13:25:30.

Dalton Transactions

View Article Online
DOI: 10.1039/C6DT01685E

x104
14046

2.54
2.25
2..
1.754 *
1.5
1.254

Counts

0.75 13682.97
054 « RNase A+IrCI3(H20)Q)
0.254 ¥ =

O - A 2 !L[

28
2.75 RNase A +IrCl,CO
/ A

RNase A+[IrCl,CO]+[IrCl;(H,0)CO]

14 RNase A A _ RNase A+ [IrCI&O'H[IrCI]
¥

T e
1427471

RNase A+2[IrCl,CO"]

RNase A+3[IrCl,CO"]
14772.17

A A

15 13700 13800 13900 14000 14100 14200

14300 14400 14500 14600 14700 14800 14900 15000

Deconvoluted Mass (amu)

Figure 1. Deconvoluted ESI-MS spectra of RNase A incubated for 24 h at room temperature with 10> mol L™ Cs,IrCl;CO dissolved in
water (complex/protein=10:1) in 20 mmol L™' ammonium acetate buffer, pH 6.8; symbols indicate several adducts of main peaks:

20 *:RNase A+Na", ¥: RNase A+2Na", #: RNase A+Cs".

Circular dichroism studies

»s In order to verify the effect of the IrClsCO* binding on RNase A
structural stability, CD spectra have been recorded (Figure 2) and
the signal intensity at 222 nm have been monitored for increasing
temperature values (from 10 °C to 95 °C) (Figure 3). The far UV-
CD spectra of RNase A and of the adduct formed upon 24 h of

30 incubation of the protein in the presence of the Ir compound at a
1:1 and 1:10 protein to metal molar ratio are indistinguishable
(Figure 2) at 10 °C in 10 mM Tris-HCI buffer, pH 7.4. They
contain the typical fingerprints of o/f proteins. Furthermore,
inspection of unfolding curves clearly indicates that the thermal

35 denaturation of RNase A is not affected by the IrClsCO* binding
(Figure 3).

These findings demonstrate that binding of IrClsCO* fragments
to RNase A does not affect both protein overall conformation and
structural stability.
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Figure 2. Far-UV CD spectra of RNase A and RNase A-

IrClsCO* adducts in 1:1 and 1:10 protein to metal molar ratio.

Spectra have been acquired at 10 °C using a protein concentration
45 0f 0.1 mg mL™" in a 10 mM Tris-HCI buffer, pH 7.4.
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Figure 3. Thermal denaturation of RNase A and RNase A-
IrClsCO* adducts in 1:1 and 1:10 protein to metal molar ratio as
followed by CD spectroscopy at 222 nm. Measurements were
so carried out in 10 mM Tris-HCI buffer, pH 7.4, using an enzyme
concentration of 0.1 mg mL™'. Heating rate was 1.0 °C min .

Structure of the RNase A-IrCISCOZ'
ss To explore on a structural ground the reactivity of IrCl;CO* with
RNase A, the structure of the adduct has been determined by X-
ray crystallography, using two different datasets both collected
using monoclinic crystals grown under the same conditions and
containing two RNase A molecules in the asymmetric unit. These
crystals differ in the time of soaking of the Ir compound. X-ray
diffraction data on the first crystal were collected after four days
of soaking in a saturated solution of Cs,IrClsCO, whereas data on
the second crystal after two months. Interestingly, the two
structures show a different number of Ir-compound binding sites.
s Indeed, five sites have been identified in crystal 1 (N-terminal
amine, Met29, His105 and His119 in molecule A and His119 in
molecule B), whereas eight sites have been found in crystal 2 (N-
terminal amine, Met29, His12, His105 and His119 in molecule A,
His12, His105 and His119 in molecule B). In both cases, the
70 structure of the protein is not significantly affected by the
reaction with the CORM: the four disulphide bridges are retained
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and the CA root mean square deviations from the ligand-free
protein in the same experimental conditions (PDB code 1JVT)
are in the range 0.19-0.42 A.

Figure 4 illustrates the asymmetric unit content of the structures
of the two RNase A-IrCl;CO* adducts.

The final model of the RNase A-IrClsCO* adduct in crystal 1
(Figure 4A) includes 2238 non-hydrogen atoms and has been
determined at 1.85 A resolution. This structure refines to an R-
factor of 0.172 (R-free 0.226). The average B-factor for all atoms
of the structure is 26.4 A%, A full list of the refinement statistics is
reported in Table 1. Figure 5 shows the 2Fo-Fc electron density
map for the five Ir-compound binding sites identified in this
structure. The occupancy factors for the Ir atoms are in the range
0.30-0.60. In molecule A, in the first Ir compound binding site,
i.e. close to N-terminal amine, the Ir atom is bound to a CI” and is
in contact with the side chain of Arg85 from a symmetry-related
molecule (Figure 5A). This finding indicates that upon
hydrolysis, Cs)IrClsCO can act as a cross-linker bridging to
different protein chains as already observed for cisplatin and
other metallodrugs.’”*® In this site, the electron density maps do
not allow to complete the definition of the coordination sphere of
Ir. In molecule A, at the binding site close to His105 side chain,
the [IrCI(H,0);COJ*" fragment is bound to the protein (Figure
5B). The same fragment is bound to the active site residue His119
of molecule B (Figure 5C). The product of the hydrolysis of this
fragment, i.e. [Ir(H,0),CO]*", is linked to Met29 side chain of
molecule A (Figure 5D), with CO ligand that occupies an
equatorial position with respect to Met side chain. The
observation of this binding site is interesting. Indeed, although it
is known that that Ir-based complexes can also bind to sulphur
protein sites,”® the interaction between sulphur containing
residues and Ir complexes has never been described from a
structural point of view. Finally, Ir compound fragment bound to
His119 of molecule A presents a metal coordination shell
completed by water molecules (Figure S1).

The structure of the RNase A-IrClsCO* adduct in crystal 2 has
been refined at a lower resolution (2.29 A). This model includes
2027 non-hydrogen atoms and refines to an R-factor of 0.224 (R-
free 0.293). In this structure, three additional Ir binding sites
have been identified compared to those observed in crystal 1
(Figures 5E-F). The occupancy factors of the Ir atoms are in the
range 0.30-1.00. A full list of the refinement statistics is reported
in Table 1. The first two additional binding sites are close to
His12 of the two molecules in the a.u., in the active site clefts. In
these sites, the metal is bound to His12 and GInll side chains
(Figure 5F) and is modelled as alternative to the Ir compound
bound to His119. The other additional binding site is observed at
the side chain of His105 of molecule B (Figure SE). Here, a
[1rCl,(H,0),CO]" fragment is bound to the protein. Interestingly,
in this structure, the fragment bound to His119 of molecule B
([Ir(H,0),CO1*) is different when compared to that found in
crystal 1 ([IrCI(H,0);CO7J*", Figure 5C), suggesting that ligand
exchange processes are possible upon protein binding.

Additional details on the Ir compound fragments identified in the
two structures are reported in Table 2.

60

Figure 4. Cartoon diagram of the RNase A structures in the
asymmetric unit from crystal 1 (A) and crystal 2 (B). Ir
compounds are represented as ball and sticks, as well as the
residues involved in the compound recognition (N-terminal Lys,
His12, Met29, His105, and His119). Molecules A are on the
right.

Raman microspectroscopic studies

Raman spectra have been collected to have an unambiguous
evidence of the presence and persistency (no release) of CO
inside the crystals of the adduct (Figure 6). As previously
found,? the Cs,IrC1sCO powder shows signals due to Ir-Cl bond
stretching in the 300-400 cm™' region and a signal falling at about
2080 cm’' assigned to the CO ligand.

The monitoring of the Raman spectra of RNase A crystals
collected over 2 weeks of IrClsCO* soaking shows that the
metallodrug is able to enter within the protein crystals. The
entrance into the crystal of the Ir compound is well evidenced by
the appearance of a high-frequency band at 2073 cm™ just after a
few minutes of soaking. This spectral feature, due to the CO
bound to the metal centre remains stable for two weeks,
suggesting that under the investigated experimental conditions
the CO ligand is not released by the compound. This observation
is in contrast with the results obtained studying the reactivity of
the same compound with HEWL in the crystal state.' In fact, it
was previously shown that IrCI;CO” is able to release the CO
ligand upon interaction with HEWL, with consequent appearance
of new Raman spectral features in the 2000-2200 cm™ region
(CO stretching region, see Figures 9-10 in reference 25).
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Figure 5. Details for the IrClsCO” binding sites from crystal 1 (A-D) and for the additional IrClsCO* binding sites from crystal 2 (E-F).

55 (A) N-terminal amine (molecule A), (B) His105 (molecule A), (C) His119 (molecule B), (D) Met29 (molecule A); (E) His105 (molecule
B of crystal 2); (F) His12 in the active site cleft (molecule A from crystal 2). 2Fo-Fc electron density map is contoured at 1.5 ¢ (blue) and
2.5 (orange) level.
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Table 2. Additional details on the Ir compound fragments identified in the two structures of RNase A- IrClsCO* and on the interactions

that they form with protein residues

Crystal 1 Crystal 2
Chain Site Fragment* Interaction |Distance A) Site Fragment* Interaction |Distance A
IrE_Cl2 2.0 IrE_CI3 23
Ir E— HOH 3 2.0 It E— HOH 2 2.0
His 105 | [IrCI(H,0);COJ* g E B ggg ‘5‘ ;z His 105 | [IrCI(H,0);COJ* g E B ggg ‘5‘ 5:8
Ir E - NE2 22 Ir E— NE2 23
E-C6 23 E-C6 2.0
rL-C2 2.0 rL-C2 2.0
Ir L— HOH 3 2.6 Ir L HOH 3 2.0
Met29 | [Ir(H,0),COP** g i - Egg ‘5‘ 22 Met 29 | [IrX(H:0);COP* g i - Egg ‘5‘ 5:8
Ir L — HOH 6 2.0 IrL—SD 29 23
IrL-SD 2.6
Ir G/A — HOH 2/A 2.0 Ir G/A — HisI19/A NE2 22
Ir G/A — HOH 260 27 Ir G/A — HOH 2/A 2.0
A |HisTI9A| [I(H:01X]"  [Ir G/A—His 119 NDI/A 26 His 119 A| [Ir(H,0),X]*"  |Ir G/A — HOH 3/A 2.0
Ir G/A — His 119 NDI/B 24 Ir G/A — HOH 4/A 2.0
Ir G/A — HOH 5/A 2.0
Ir G/B — Hisl 19 NE2/B 23 Ir G/B — His119/B NE2 23
Ir G/B — HOH 2/B 24
. .. [rG/B-Glulll OE2/B 3.0 . , |[FG/B-HOH2EB 20
His 119 B| - [IH00X]" Wy G5 o 134 29 His119B)  [IH0)XT 55 pom 3/8 2.0
Ir G/B — HOH 199* 2.8 Ir G/B — HOH 4/B 2.0
Ir G/B - HOH 5/B 2.0
Ir F—Lysl N 2.8 rM-Cl2 2.6
Lys 1 [IrCIX, % Ir F—Cl2 23 Lys 1 [IrCIX, IrM-N 23
Ir F - Arg85* NH2 27
Ir J/A — His12 NE2 28
Hist2 | OO T A ¥
Ir /A — Cl2/A 27 Ir /A — His 119/A NE2 22
Ir UA — HOH 3/A 2.5 Ir UA — HOH 2/A 2.0
His 119 A| [IrCI(H,0);COJ* g gﬁ B ggg ‘5‘;2 3:8 His 119 A| [Ir(H:0),COJ*" g gﬁ - ggg Zﬁ 5:8
Ir VA - C 6/A 2.0 Ir /A — HOH 5/A 2.0
Ir UA — His119/A NE2 22 Ir UA—C6/A 2.0
Ir UB — His 119/B NE2 19
Ir /B — HOH 2/B 2.0
His 119B| [I(H;0),X]** |Ir /B — HOH 3/B 2.0
B Ir /B — HOH 4/B 2.0
Ir UB — HOH 5/B 2.0
IrF-Cl2 22
IrF-Cl3 26
His 105 | [[rCL(H,0),COT' g E - ggg ‘5‘ ;:2
Ir F — NE2 22
tF-C 2.0
Ir K/B — His|2 NE2 27
His12 | [I(H,0)X,]" |[ir K/B - HOH 2/B 2.1
Ir K/B - Glnl1 NE2 26

5

*water molecule ligands in the identified Ir compound fragments
could be deprotonated.
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b) IrCl,CO* and the products of its hydrolysis bind the protein
: : ! : : : : : e c) the formation of the adduct does not affect significantly the
co overall enzyme structure
2 weeks d) the RNase A-IrClsCO* adduct is stable under the investigated
Amidell 6 days experimental conditions
e) the adduct formed in the reaction between RNase A and the
=] el 65 IrClsCO* compound retains a significant amount of CO for at
< 5 min least two months, further confirming the idea that the
formation of complexes between protein and CORM can be
M%RNase used to modulate the kinetics of the CO release®*>4S.
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Figure 6. Raman spectra of Cs,IrClsCO powder, RNase A crystal
and of protein crystals soaked in a saturated solution of
Cs,IrClsCO as a function of time. Star refers to signals from the
buffer. Excitation line 514 nm; power at the sample 3 mW;
spectral resolution 7 cm™. CO band persistency indicates that no
CO release is occurring in the crystals of the adduct.

Interestingly, when compared to previous studies, other
differences also appear. In fact, differently from previous Raman
data collected on lysozyme-IrClsCO* adduct (collected using
crystals grown in 1.2 M NaCl)®, in the present case, the major
Raman band around 300 cm™, related to Ir-Cl stretching, seems
attenuated. This indicates that under the NaCl-free conditions
used to study the formation of the RNase A-IrCl;CO* adduct, the
Ir compound probably undergoes to the hydrolysis reaction. The
slower CI/H,O exchange observed for the HEWL-IrClsCO*
adduct when compared to RNase A-IrClsCO> is probably related
to the high concentration of Cl” ions in the solution used to grow
HEWL crystals.

Conclusions

The interaction between CO-releasing compounds and biological

macromolecules has received increasing attention over the past

decade. Here we  have reported a  combined
spectrometric/spectroscopic/crystallographic study to unveil the
molecular bases of the protein/Ir-based CORM recognition.

The results reported in this work allow to draw the following
conclusions:

a) IrClsCO* tightly binds RNase A at N-terminal amine and at
His12, His105, His119 and Met29 side chains. His residues
have been found to bind Ir-based metallodrugs in other
structures®, but details of Met-Ir interactions and binding to
N-terminus were never shown before. Sulfur-containing
ligands are often strong binding sites for the heavy transition
metal ions. For example, it has been shown that cisplatin and
carboplatin bind to the sulfur of Met29 of RNase A4 o
sulphur of Met65 of cytochrome ¢** and to Met side chains of
Na+/K+ ATPase* and human serum albumin®*,

It is interesting to discuss this work in the general framework of
iridium compound-protein interaction.
Iridium complexes have received considerable attention in
75 catalysis,*’ optoelectronics and inorganic photochemistry*’*,
medicinal inorganic chemistry and biology®. Furthermore, they
can be used as chemosensors, for live cell imaging, in vivo tumor
imaging™ and as protein-protein interaction inhibitors. It has been
shown that negatively charged Ir complexes like (IrClg)> can
so bind basic protein regions. Ir complexes can bind His residues by
nucleophilic substitution of a metal ligand, usually a chloride, by
the imidazole.”> Taking advantages of these properties, the
cyclometalated Ir(IIT) solvato complex [Ir(ppy)a(solv),]” has been
used as a selective luminescent switch-on probe for His-rich
ss proteins.”’ In contrast, positively charged complexes like
(Ir(NH;)e)** may bind to acidic regions on the protein
(http://homepage.usask.ca/~pag266/bart-hazes.html).
Here, we have shown that Ir(III) complexes are also able to bind
to Met side chains and N-terminal amines. This finding could
o help in the understanding or predicting biomolecules-Ir
compounds interactions. Our data can be used to perform
statistical analysis on the features of preferred Ir binding sites on
protein surfaces that could be of help for future drug-design.
As a final comment, it could be noted that the two Raman studies
on lysozyme and RNase A with IrCl;CO* suggest a possible
correlation between CO-releasing ability of the Ir compound and
its CI/H,O content, at least in the time scale of the Raman
analysis (2 weeks): the higher is the content of CI in the
coordination sphere, the faster is the CO release within the
100 crystal, but further studies are needed to verify this hypothesis.
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