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Many chemical reactions in proteins are complex, involving —
multiple intermediate states along the reaction pathiwRsobing HbCO
the intermediates in detail is essential to understand the reaction [ & 0.3 mODI
mechanism in such complex systems. - W

Ligand binding in heme proteins such as hemoglobin (Hb) and T
myoglobin (Mb) has long served as a biological model reaction. .
Three decades ago, Frauenfelder and co-workers showed that ligand g B pZ
binding to Mb involves multiple intermediates along the reaction
pathway? Only recently have their structural details been
characterized-® Femtosecond IR experiments of photolyzed MbCO B
at ambient temperature showed that CO becomes temporarily
trapped in a nearby ligand docking sBebefore escaping into the
surrounding solvent® Low-temperature and time-resolved crystal AP T T
structures of photolyzed MbCO revealed that &tés on top of 2110 2090 2070 2050 2110 2090 2070 2050
the heme group abo@ A from the active binding sité5 which is 4
consistent with a location suggested by molecular dynamics (MD) E/hc (cm™) -
simulations® Secondary docking sites, where ligands migrate as Figure 1. Representative time-resolved vibrational spectra¥0

they escape toward solvent, have also been charactéri@dathe photolyzed from HE'CO and MBCO in DO at 283 K. The data) are
fit to two evolving bandsB; andBy), and each band is modeled as a sum

presence of highly conserved amino acid residues surrounding siteqt o Gaussians).12 For clarity, the cubic polynomial background and

B in mammalian Hb and Mb indicates that the docking site iS small hot bands have been subtracted from the measured spettihe
functionally important. It has been suggested thatBigerves as ~ spectrum at 100 ps is decomposed into two bands. Spectra are offset to
a station mediating the passage of ligand to and from the active a0id overiap.
binding site, thereby modulating ligand-binding activityTo 0.7
elucidate how the docking site mediates ligand transport, it is crucial
to characterize the free energy surface of the primary docking site
under physiological conditions. IR spectroscopy has shown two
distinct stretch bands for CO in tiiestate of Hb and MB:11 Those
bands, denoteB; andB;, arise from two opposite orientations of
CO78While theB states have been well-characterized, the detailed
dynamical information oB-state interconversion under physiologi-
cal conditions has not yet been obtained. Here we use femtosecond

it
[+2]

W ]
iy ]
P

o
o
PR St

=
=

3

Fractional Population
o
w

06 1
IR spectroscopy to probe CO photolyzed from HbCO and MbCO 1
and characterize the equilibration of the two spectral bands. 05 1
Interconversion rates between the two states were obtained from 04
the time evolution of the fractional population of each band, from 2 4
which a free energy surface of the docking site was deduced. By 0.3 Lttt
comparing Hb and Mb, we explored the effect of quaternary packing 01 1 10 100 1000
of Hb on the ligand dynamics in the docking site. Time Delay (ps)

Figure 1 shows representative time-resolved mid-IR absorption Figure 2. Time evolution of the fractional population of each band of
spectra of CO photolyzed from HbCO and MbCO ipat 283 photolyzed HbC_O an_d M_bCO. The dam, (0)_ are \_/veII-reproduced by the
K.12 Spectra of MbCO are similar to those of HbCO, but are fit to the relaxation kinetics modet) described in the text.
modestly broader. The two positive-going features correspond to
CO located in the primary docking site with opposite orienta- CO to Hb and Mb are much slower than 100'pthe time window
tions”#1112To characterize the spectral evolution, the absorption of the present experiment, the magnitude of the total integrated
features were fit to two evolving bands with each band modeled area is expected to be maintained after the initial growth, as is the
with a sum of two Gaussians on a cubic polynomial backgré&#d. case here.

Initial growth of the total integrated area, occurring with a time While the total integrated area grows quickly and remains

constant of 1.1+ 0.1 ps, arises from protein rearrangement that constant, the individual band areas evolve in time, suggesting that
constrains the orientation of docked CO after photol§8scause the two bands interconvert with each other. Figure 2 shows the
escape of CO from the heme pocket and geminate rebinding of time-dependent fractional population of ed8lstate from HbCO
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Table 1. Least-Squares Fit Parameters Obtained by Modeling the
Fractional Population in Figure 2

ks, (pS) ke, (pS) £(0) AG* (kdfmol)

HbCO 43+ 2 26+1 0.56+ 0.02 1.184+0.02
MbCO 10+ 0.5 6+ 0.4 0.5+ 0.02 1.20+ 0.04

version rates of both Hb and Mb can be used to refine computer
simulations, which could in turn provide a detailed mechanistic
picture of ligand binding in heme proteins.
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is not in thermal equilibrium, but approaches equilibrium according
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