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Abstract: The triplet metal-to-ligand charge transfer ((MLCT) dynamics of two structurally characterized
Re'(CO)s(phen)(HisX)-modified (phen = 1,10-phenanthroline; X = 83, 109) Pseudomonas aeruginosa
azurins have been investigated by picosecond time-resolved infrared (TRIR) spectroscopy in agueous (D,0)
solution. The 3MLCT relaxation dynamics exhibited by the two Re'—azurins are very different from those
of the sensitizer [Re'(CO)s(phen)(im)]™ (im = imidazole). Whereas the Re'(CO)3 intramolecular vibrational
relaxation in Re'(CO)s(phen)(HisX)Az (4 ps) is similar to that of [Re'(CO)s(phen)(im)]* (2 ps), the medium
relaxation is much slower (~250 vs 9.5 ps); the 250-ps relaxation is attributable to reorientation of D,O
molecules as well as structural reorganization of the rhenium chromophore and nearby polar amino acids

in each of the modified proteins.

Introduction

Much of our current understanding of biological electron
transfer (ET) is based on investigations of structurally character-

ized Ré— and RU—diimine derivatives of Pseudomonas
aeruginosaazurinl—8 Activationless Cu— RuU" ET rates in

Ru(HisX)—azurins (X= 83, 122, 124, 126, 107, 109) have

could become rate-limiting at lower driving forcé$and water
dynamics near protein surfaces is of special interest, as structured
water and water-mediated hydrogen bonds at pretgintein
interfaces are believed to enhance the couplings between distant
redox center§:1?

We have initiated an experimental program with the goal of

established a timetable for distant electron tunneling through 9€términing time sca_les- for polypeptide and solven_t dynamics
proteins. Although not a factor in activationless or inverted ET N metai-labeled proteins: [R€O)(phen)(His)I" (phen= 1,10-
reactions, either solvent or polypeptide conformational dynamics Phenanthroline) complexes have been selected for initial study,
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Figure 1. Structure of RECO)(phen)(His83)Az (PDB code 1JZHAzurin

is a well-characterized blue-copper profeih?® whose active center is
embedded in an 8-stranded antipargliélarrel, with one extra-barrel helix

in the 128-residue chain inserted betwegkhandf5 (numbered from the
N-terminus). The copper ion is trigonally coordinated by donor atoms from
the side chains of Cys112, His46, and His117 in a hydrophobic cl
one end of thes barrel; and the Metl121 thioether and Gly45 peptide
carbonyl are weak axial ligand223°In the R&CO)(phen)(His83) protein,

the sensitizer produces only minor changes in the structure of the folded

polypeptide. His83 is replaced by GIn in (His109)Az.

the metallolabel. Both the native and the His109-mutant proteins 1o 5 ;

react with [R&CO)(phen)(HO)]* to give R&CO)(phen)-
(HisX)Az (X = 83, 109) derivative$2® Here, we report the
crystal structure of RECO)(phen)(His109)Az as well as details
of the outer-sphere environment of the rhenium unit in the
structure of RECO)(phen)(His83)Az determined previously
(Figure 1)22 The excited-state dynamics of these structurally
characterized Re-azurins and [R€CO)(phen)(im)i™ (im =
imidazole) in aqueous (D) solution have been elucidated by
picosecond time-resolved infrared (TRIR) spectroscopy.

Experimental Section

Re(COX(phen)(HisX)Az (X= 83, 109) derivatives were prepared
by reacting protein with 5 mMac-[Re/ (CO)(phen)(HO)]CFRS0;.226
(His109)Az was incubated with the Reaquo complex for 3 weeks or
longer at 37°C. Solutions for TRIR were prepared by repeatedly
concentrating and diluting protein with KPBuffer using Centricon
devices. The buffer was prepared by dissolvingdRO3H,O up to
26.8 mM and KHPO, up to 19.8 mM in DO (¢ ~ 100 mM). The
uncorrected pD at 21C of the buffer solution was 7.1. Reduced (Cu
Re—azurin was made by addition of sodium dithionite iauntil
the blue color disappeared.
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Figure 2. Crystals of RECO)(phen)(109His)AzCu(ll) (upper panel) and

700 800

uster at |\ _yjisible absorption spectrum of an aqueous solutiosO(Hof the same

protein (lower panel). The arrow in the lower panel marks the TRIR
excitation wavelength.

Crystals of [R§CO)(phen)-(Met109His)] (His83GIn)AzCu(ll)
(space groufl, cell dimensions 30.93% 38.334x 48.835 &; o. =
= 106.25, y = 109.43, two molecules per asymmetric
unit) grew from 2uL drops made from equal volumes of 30 mg/mL
Re—azurin in 25 mM HEPES pH 7.5 and reservoir (Figure 2). The
drops were equilibrated against 500 of reservoir containing 20%
PEG molecular weight 4000, 100 mM LiNCand 100 mM imidazole
pH 7.0. Diffraction data (30:01.4 A resolution, 80.7% completBsym
= 3ll; — OdYY 3;l; = 6.6%; overall signal-to-noise= OlZol = 17.5)
were collected on a Quantum-210 CCD (Area Detector Systems Corp.),
at the Cornell High Energy Synchrotron Source, beamline F2 (0.945
A), and processed with DENZ®&.The structure of R€CO)(phen)-
(His109)AzCu(ll) was determined by molecular replacement with
EPMRE? using a probe derived from the structure of "Ry2-
bipyridine)(im)(His83)AzCu(ll) (PDB code 1BEXJ Rigid-body,
positional, and thermal factor refinement with C&#Smidst rounds
of manual rebuilding, RECO)(phen) incorporation, and water place-
ment with XFIT3 followed by further anisotropic refinement of all
heavy atoms’ temperature factors (S, Cu, and Re) with SHELX-97
produced the final model (1.4 A resolutioR-factor (all observed
reflections)= 19.5%;R-free= 22.7%). The refinement was performed
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Figure 3. TRIR spectra of R¢CO);(phen)(His109)AzCu(ll) measured at

2000 2100

2 (upper panel) and 700 ps (lower panel). The spectra at each time delay

were fitted with Lorentzian functions. Black, experimental points; green,
individual Lorentzian peaks; red, simulated TRIR spectrum.

against all but 5% of the reflections, which were used to calculate an
R-free value. The final round of refinement was performed against the

His83 Leu73

Figure 4. Structure of RECO)(phen)(His83)Az (PDB code 1JZI) in the
region of the rhenium complex. The environment surrounding the rhenium
complex is significantly different from that expected for [R&0)(phen)-
(im)]* in aqueous solution. The rhenium complex buries 170 ok
accessible surface area on the azurin molecule to which it is bound, and
about 40% of the accessible surface area of the rhenium complex is buried

entire dataset. All residues have favored backbone dihedral angles.by the protein. In addition to this primary interaction, an adjacent molecule
Stereochemical restraints were removed from the copper ligand bondsin the crystal lattice (gray bonds) further sequesters the rhenium complex.

in the later stages of refinement.

The R&CO)(phen) unit is covalently bound to His83Nand packs against
an otherwise surface-exposed loop between the toihelix and a fifth

The TRIR measurements were conducted using equipment andg syrand of the azuripi-barrel. The imidazole ring of His83 hydrogen bonds

procedures described previoudly®® Samples were excited at 400 nm
(~3 uJ energy) using frequency-doubled 150-fs pulses from a Ti:
sapphire laser. The excitation beam was focused on an are2Qf
um. IR-probe pulses~150 fs) obtained by difference-frequency
generation covered a spectral range of-2300 cnt®. Samples were
placed in a 0.50.1 mm Cak IR cell, which was rastering in two
dimensions.

The TRIR measurements on the'Reodified proteins were com-

with the carbonyl O atom of Thr48 [His83%N---Thr84 O] (not shown)

and occupies the same position as found in native azurin. In addition to
covalent attachment to His83, interactions of the rhenium complex with
the protein are dominated by packing of the phen ligand against Val80 and
lle81 in the center of thgg—a loop and the close proximity of four
negatively charged residues to the label: Asp71, Asp76, Asp77, and Asp93.
Residues Leu73, Lys74, Asp76, Asp77, Val80, 1le81, and His83 all contact
the phen ligand directly. With the exception of a slight change in the
conformation in Asp76, whose Omoves 1.28 A to accommodate the

plicated by the necessity to use an aqueous solvent and a relativelyrhenium complex, the structure of the folded polypeptide is virtually the

low concentration 5 mM) of rhenium chromophore. Thus, the
transient IR signals were wealk@D < 0.05) and measured against a

relatively large background. However, reliable spectra were measured

by using DO as solvent (some 4@ is inevitably present, however),
short optical path lengths<0.1 mm), and mechanical rastering of the

same as that of native azurin (PDB code 4AZU).

~2030 cm! and a broad band at-1925 cnt?, which
correspond to A1) and (nearly) degeneraté (&) + A" CO
stretching vibrations, respectively (Figure 6). In the case of

IR cell to prevent local overheating of the sample. The spectra were R€(CO)(phen)(His109)Az, the lower band is split into two

fitted with Lorentzian functions to determine accurately their band

components. The ground-state CO stretching frequencies are

positions and shapes. Fits were conducted on the middle excited-stateset out in Table 1.

band, the A1) bleach, and the 'Al) excited-state band (limiting the

Laser excitation (400-nm pulses150 fs) in the onset region

fittings to the latter three bands allowed a more accurate determination ¢ the MLCT absorption band of the rhenium chromophore

of the position of the A1) excited-state band). Typical fits are shown

in Figure 3. Spectral and kinetics fitting procedures were conducted

using MicroCal Origin 7.0.
Results

The crystal structures of the two Reazurins (Figures 4 and
5) reveal that the rhenium complex does not significantly perturb
the protein fold. In particular, the geometry of the copper site
is identical to that of unmodified azurf.Of particular interest
is the observation of two orientations (#85% and 25-30%)
of the rhenium complex in crystals of REO)(phen)-
(His109)AzCu(ll) (Figure 5).

The ground-state(CO) IR spectra of RECO)(phen)(His83)-
Az and RYCO)(phen)(His109)Az exhibit a sharp band at

(37) Towrie, M.; Grills, D. C.; Dyer, J.; Weinstein, J. A.; Matousek, P.; Barton,
R.; Bailey, P. D.; Subramaniam, N.; Kwok, W. M.; Ma, C. S.; Phillips,
D.; Parker, A. W.; George, M. WAppl. Spectrosc2003 57, 367—380.
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A. W.; Grills, D. C.; George, M. WJ. Chem. Soc., Dalton Tran2002
701-712.

(39) Busby, M.; Gabrielsson, A.; Matousek, P.; Towrie, M.; Di Bilio, A. J.;
Gray, H. B.; VIek, A., Jr.Inorg. Chem.2004 43, 4994-5002.

(Figure 2, lower panel) partially depletes the ground-state
population, as manifested by the appearance of negative (bleach)
and positive transient bands in the difference TRIR spectra
(Figure 7). All of these features are formed within the instrument
time resolution. The excited-stat¢CO) bands shift to higher
wavenumbers and narrow with increasing time delay from
excitation. This dynamic evolution is most prominent for the
middle and the highest bands that are attribtftéol the out-
of-phase A(2) and in-phase A1) symmetrical CO vibrations,
respectively. The/(CO) values of the relaxed excited states
(determined at long time delays) are given in Table 1.

The dynamics of the upward shift was analyzed by monitoring
the time dependences of th&(®) band positions(t) (in cm™?),
which were found to follow biexponential kinetics (Figure 8,
eq 1):

v(t) = v() — Acexp(-t/ry) — AiexpC-tir) (1)
In eq 1,v() is the final band position extrapolated to infinite
time delay,r; andts are the time constants of the fast and slow

J. AM. CHEM. SOC. = VOL. 128, NO. 13, 2006 4367
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Table 1. Ground- and Excited-State CO Stretching Frequencies (cm—1)a

ground state excited state
compound A" A'(2) A'(1) Al A2 A1) Av(A'(1)) Av Av.
[RE(CO)(phen)(im)} 1925 1925 2032 1968 2013 2071 +39 +57
Re(CO)(phen)(His83)Az 1923 1923 2031 1967 2011 2068 +37 +56
Rée(CO)(phen)(His109)Az 1918 1932 2032 1966 2010 2067 +35 +54

aFor band assignments, see ref 2&requencies measured at long time delays (1 %%)equencies extrapolated to infinite time delayfe)).
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Figure 5. Structure of RECO)(phen)(His109)Az (PDB code 2FNW) in
the region of the rhenium complex. Two 'Rezurin molecules per
asymmetric unit generate different environments for the two rhenium

complexes in the crystal lattice (three different azurin molecules are shown 0.000 -

with yellow, gray, and pink bonds). Both rhenium complexes mediate

contacts between neighboring molecules and buf5 A2 of solvent- 2,5

accessible surface on the covalently attached azurin molecule. Conversely, -0.004 | 20, 100

about 40% of the rhenium complex surface area is buried by the protein in 300, 800 ps

each case. The REO)(phen) unit is covalently attached to His1092N

and packs against an otherwise surface-exposed loop between the first and -0.008 ; . .
second3-strand of the azurip-barrel. Both unique azurin molecules show 1950 2000 2050
two distinct conformations for the rhenium complex (yellow and orange; A1
gray and cyan). In one of the two conformers (orange and gray), His109 is Wavenumbers /cm
hydrogen-bonded to the carbonyl oxygen of Gly123 [His109 N-Gly123 Figure 7. Difference TRIR spectra of [R€€O)(phen)(im)]" (upper panel),

O]. In the other conformer (yellow and cyan), the imidazole ring of His109 Ré(CO)(phen)(His83)AzCu(ll) (middle panel), and REO)(phen)-
forms a hydrogen bond with the carbonyl O atom of Tyr108 [His10% N (His109)AzCu(ll) (lower panel) at various time delays. Separation between
--«Tyr108 O]. In one molecule, the Nof Lys122 forms a hydrogen bond experimental points is45 cnr L.

with an equatorial carbonyl ligand [Lys122N--OC—R€]. The rhenium

complex directly contacts the main chain of Asn16 and Thrl7 and the side
chains of Asn18 and GIn14. Little, if any, conformational change is observed
in the folding of the loops contacting the rhenium complex in either 2070 4
molecule. -
§
£ 2065 1
=] .
E [Re(CO)s(phen)(im)1*
§ § 2060 [Re(CO);(phen)(His83)]Az
é o - = [Re(CO);(phen)(His109)]Az
3
=4 2055 4
0 200 400 600 800 1000
Time/ps
1925 1975 2025 Figure 8. Biexponential fits (solid lines) of the time dependences of the
Wavenumbers/cm! positions of excited-state’fl) ¥(CO) bands of RECO)(phen)(HisX)Az

Figure 6. FTIR absorption spectra of REO)(phen)(His83)AzCu(ll) (red (X = 83, 109) and [R€CO)(phen)(im)]" (see Table 2).
trace) and R€CO)(phen)(His109)AzCu(ll) (blue trace).

state. As the total shift is larger than the dynamic shift, it follows
components of the shift, andk and As are the corresponding  that part of the shift is instantaneous, complete within the
amplitudes. The magnitude of the total shift upon excitation is instrument time resolution. Its magnitude can be estimated as
defined asy() — v(GS), while A + Ag is the magnitude of  v(0) — »(GS), wherev(0) is the peak position extrapolated to
the dynamic shift ana(GS) is the band position in the ground time zero;»(0) = v() — (As + As). The band-shift parameters,

4368 J. AM. CHEM. SOC. = VOL. 128, NO. 13, 2006
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Table 2. Dynamic Shift Parameters for the A'(1) »(CO) Band of

R i o TR anen A’(2) components reflects a change of the'(R®); local

symmetry from pseud@s, to Cs upon reduction of the phen

Re!(CO)s- Re!(CO)s- [Re'(CO)s- ligand in the MLCT excited state. Small quantitative differences

(phen)(His83)Az _ (phen)(His109)Az (phen)(mj]” aside, thev(CO) IR absorption patterns of the relaxed excited
¥(GS), CﬂTfl 2030.5 2032 2032 state of both Re-azurins are the same as that seen for
;’()Eér’s)hicf;“ 3368'1 325066'9 32;71 [R€(CO)(phen)(im)f, thereby confirming that the electronic
inst. shife 18 14 9 structure of the®MLCT excited state does not change upon
dyn. sr_1i1ft 525)HE o jllio , SSgi 4 bin(_jin_g to the protein. This conclusion is in agreement with
2?,' om 14.3+ 0.6 16,5+ 0.5 24.9+ 1.4 emission datd? _ o
7o PS 267+ 44 227+ 32 9.5+ 2 The total A(1) band shift upon excitation reflects the change
7, PS 4.3+ 0.3 3.9+ 0.2 2.1+ 0.2 of electron-density distribution in the chromophore between the
@52 2-738 2625 &21 relaxed excited state and the ground state. Ttf&)4band shift

has a similar magnitude for the Reazurins and [R€CO)-
(phen)(im)" (35—39 cnTl). We conclude that the charge
redistribution in the R€CO)(phen)(im) chromophore in the
thermally equilibrated (i.e., relaxed) excited state is about the
same in bulk RO or bound to protein.

ayeg(0) — ¥(GS), in el Pveg0) — ¥(GS) = veg() — Ar — As —
»(GS), in cnTL, € A¢ + A, in cmL, 4 1008J(As + Ay).

Scheme 1. Dynamic Behavior of the Position of the A'(1) »(CO)
Band after Excitation?

Instantaneous| Fast As discussed above, thé(A) band-shift can be divided into
» Slow instantaneous and dynamic parts, the latter occurring with “fast”
Vies) V(o) V(00) and “slow” kinetics components (Scheme 1). The kinetics of

the A'(1) band shift was analyzed using ed®linspection of
Table 2 and Figure 8 shows that the excited-state dynamics of
Re—azurins is very different from that of [R€O)(phen)-
(im)]*. The slow kinetics component of the dynamic shift is
much slower for the Re-azurins. This behavior can be
explained as a medium response to the change of the magnitude
and direction of the dipole moment of the 'R&O)(phen)

a2The »(CO) band undergoes an “instantaneous” shift upon excitation
from the ground-state position(GS) to »(0), which is followed by a
dynamic shift to the final position(). The dynamic shift occurs with
two kinetics components, denoted “slow” and “fast”; see eq 1.

determined by biexponential fits of experimentdt), are set
out in Table 2, and the observed dynamics is qualitatively
depicted in Scheme 1. chromophore upon excitation to the'R€0)(phen—) 3MLCT

The effect of reduction of the Cucenter was determined  state. Initially, the polar environment would be arranged to
for RE(COX(phen)(His83)Az. Neither the positions nor the optimize electrostatic interactions with the ground-state chro-
intensities of the ground-state IR bands nor their behavior after mophore. Upon excitation, only nearby molecules would
excitation were affected by reduction of the copper with sodium respond immediately; reorientation of the outer environment
dithionite. would be much slower. Moreover, tRBILCT state would be
vibrationally hot, accommodating 606F000 cn1? of energy
per molecule released during intersystem crossing from the
optically populated singlet state.

The instantaneous shift is attributed to the redistribution of
vibrations are typical of [RéCO)(N,N)(N-donor)l" com- electron density upon excitation of the rhenium chromophore
plexes?? 2539 Characteristically, the A2) and A’ vibrations at the ground-state geometry of both the chromophore and its
merge into a single band. In contrast, these vibrations are sep-environment. Orientation of solvent and protein dipoles would

Discussion

The ground-state FTIR spectra of ReO)(phen)(His83)Az
and [Ré&(CO)(phen)(im)f” in the region of CO stretching

arated by 14 cmt in the case of R€CO)(phen)(His109)Az.

In crystals of R{CO)(phen)(His109)Az, one of the equatorial
COs is H-bonded to the ™of Lys122 in 50% of the molecules
of one conformer (Figure 5); thus, for that conformer, the two

be fixed in response to the ground-state chromophore polarity,
exerting an electric field that would limit the extent of charge
transfer from RECO); to the phen ligand, which in turn would
diminish the magnitude of the instantaneous shift relative to

equatorial CO's are coupled very differently to the outer-sphere the overall shift seen for the relaxed state. The magnitude of

region, as the 14-cnm splitting indicates. As the rotational
barrier of the rhenium complex bound to His109 is likely low,
we expect that several conformations of the rhenium unit in
Re(CO)(phen)(His109)Az are populated in solution.
Excited-State Character.The TRIR data clearly show that
the lowest excited state of [REO)(phen)(im)j is SMLCT,
as demonstrated by the shift of th€CO) spectral pattern to
higher wavenumbers and splitting of the low¢€O) band into
two components upon excitation (Figure!?)416-2539-41 The
spectral shift is caused by depopulation of the atbitals of
the R&(CO); core and strengthening of O€ Re o donation??
whereas the splitting of the lower band into distinct And

(40) Glyn, P.; George, M. W.; Hodges, P. M.; Turner, J.Xhem. Soc., Chem.
Commun.1989 1655-1657.

(41) Bredenbeck, J.; Helbing, J.; HammJPAm. Chem. So2004 126, 990~
991.

the instantaneous shift would be diminished further by anhar-
monic coupling between'fl) »(CO) and low-frequency, large-
amplitude vibrations, which would be initially highly excited.
The instantaneous shift was found to be larger for the-Re
azurins (14-18 cn1t) than for [R&CO)(phen)(im)i (9 cnY).
Moreover, the effect is greater for REO)(phen)(His83)Az
[where the metallolabel is surrounded on two sides by different
regions of the protein and is in close proximity to several
negatively charged residues (Figure 4)] than fol(@@)(phen)-
(His109)Az, where the complex contacts the polypeptide only
in the region surrounding the coordinating histidine (Figure 5).

(42) Connick, W. B.; Di Bilio, A. J.; Hill, M. G.; Winkler, J. R.; Gray, H. B.
Inorg. Chim. Actal995 240, 169-173.

(43) Because of uncertainties in band-shape fitting, this analysis can only be
semiquantitative, although the parameters summarized in Table 2 allow
reliable comparisons to be made among individual compounds.
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We suggest that the increase in the instantaneous shift on goingor Reé —azurins are much slower than those of surfacater
from [R€(CO)(phen)(im)]” in DO to the Ré-azurins is relaxation found for other proteins (3®0 ps)*8-51 Because
caused by the lower polarity near the protein surface along with the reorientation time of gD is expecte®?>3to be similar to
smaller exposure of the rhenium chromophore to the solvent, that of HO, we conclude that the “slow” dynamics of the
which allow for larger electron density redistributions upon rhenium chromophore does not originate solely in the reorienta-
excitation. The vibrational contribution to the instantaneous shift tion of surface RO molecules, which is 45 times fastef?
is mainly an intramolecular effect, assumed to be comparable  The protein-bound rhenium complex is solvated much less
for the Ré—azurins and [R¢CO)(phen)(im)f'. than [R&CO)(phen)(im)]" (Figures 4 and 5). Reorientation
The fast component of the dynamic shift contains contribu- of the rhenium chromophore relative to nearby polar amino acid
tions from vibrational cooling of the excited-state chromophore residues as well as polypeptide dynamics are important con-
(e.g., dissipation of energy from low-frequency vibrations into  triputors to the relaxation process. These motions likely are the
the solvent) and fast reorientation ob® molecules in the  main contributors to slowing medium reorganization in-Re
solvation. A similar fast component has been observed forRe  azurins, relative to both the bulk and the protein-bound
tricarbonyl complexes in aprotic solvents (&EN, DMF, water48-51 Rotational freedom of the rhenium unit about the
CH:Cl;) as well as alcohols and even at a bare ZrO Hjs c—CS bond is demonstrated by the two conformations of
surface?025:39.4446 The fast component is the dominant con-  the rhenium complex in R€O)(phen)(His109)Az (Figure 5).
tribution, accounting for 8670% of the dynamic shift. The  Rd(CO)(phen)(His109)Az, whose structure in the region of the
time constants measured for the'Razurins (-4 ps) are longer  rhenium complex is much more flexible than that of (R©O)s-
than that of [RECO)(phen)(im)]" in DO (2.1 ps). This  (phen)(His83)Az, exhibits a faster relaxation rate.

difference probably reflects a slower reorientation ofOD In conclusion, although tRMLCT excited states of REO)-
molecules in the protein vicinity as compared to the bulk solvent (phen)(HisX)Az, (X= 83, 109) and [RECO)(phen)(im)} after
ar?d a sIO\k/]ver ratf] of \tnbtrstlonalt energy transfeirom the full relaxation (thermal equilibration) of the rhenium chro-
rhenium chromopnore to the protein. mophore and its environment are virtually the same, the

trThte rSI|°\rN cor:llponefntthofr:]hiid?/nnar;:rlcn;shlf:‘ rfporr:\slirozr;hitrelaxation mechanism and dynamics are very different. Bulk
structural response of the rhénium chromophore environme D,O allows for less charge separation immediately after

ar)(rj]'surfr?ce-goundz[or: o the changeé)f the C.hafge d|stL|.t|)ut|.on excitation than the lower dielectric region near the rhenium unit.
Vn\f:; 'I:mtj discarr(gg?f?eroéiglp:lr;?';ﬂl_of-[h:)éc':g:zi% s\r/1\i/ft)l ans However, there is larger-scale medium (outer-sphere) dynamic
cor’gparable for both Reazurins a(r)ld [R'éC())/b(phen)(im)]F reorganization of bulk BO than for the proteins. The much

' slower relaxation rate seen for both'Razurins, as compared

the dynamics are vastly different. The rate of the “slow to [Ré(CO)(phen)(im)J in bulk D;0, is attributed mainly to

gx]nea;mslfovsgt trig:]n?ﬁgtepgrf?&ggk?eﬁég)”(?ni)l]f ?lef—,gsgfg' structural changes associated with reorientation of protein-bound
P D,O molecules and nearby restrained protein dipoles. We

9.5 ps). This effect is related to the rate of structural adjustment : .
. o~ " conclude that protein-bound Recarbonyl-polypyridyl com-
near the rhenium chromophore caused by charge redistribution, . - .
plexes can function as sensitive reporters of the dynamic

that is, to flexibility in the region of the metallolabel. The .
. . I responses of surface,0 molecules as well as the polypeptide
environmental response includes several contributions, among . : .
in the region around the rhenium unit.

them the reorientation of H molecules, which is slower if
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