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In the continuing effort to understand the struc- 
tural basis of hemoglobin allostery [ 1, 21, attention 
focuses on the molecular pathway [3] between ligand 
binding and the change in quaternary structure [4,5]. 
While the designation T (‘tense’) for the deoxy qua- 
ternary structure implies a tension at the heme group 
to account for the lowered oxygen affinity, it has 
been recognized [ 1, 21 that no significant force need 
be exerted on the heme group in the deoxy form per 
se, and indeed none has so far been detected [6-81. 
Rather, tension may be generated upon binding of 
ligands in the T quaternary state. A key molecule for 
examining this question is hemoglobin Kansas, a low 
affinity Hb mutant [9], which can be switched in its 
ligated forms from the R to the T quaternary state by 
addition of inositol hexaphosphate (IHP) [lo]. 

The infrared stretching frequency of carbon 
monoxide bound to heme proteins has been a useful 
probe of the heme environment [l I-141. The fre- 
quency is sensitive to the extent of n-back donation 
from the iron atom, which in turn depends on the 
electron withdrawing or donating properties of the 
peripheral heme constituents, and of the fifth (axial) 
ligand [ 121. In addition the frequency is sensitive to 
distal interactions; hydrogen bonding and electron 
donor interactions have been implicated in peroxidase 
[ 131 and in hemoglobin [ 14, I.51 respectively. Thus 
it is of interest to examine the change in the CO 
frequency, if any, between R and T quaternary states. 

We have recorded the infrared spectrum of COHb 
Kansas; the C-O frequency was the same, 1951 
cm-’ , as that of COHb A, run under the same condi- 
tions. Addition of IHP had no detectable effect on 
the Hb A spectrum, but it did produce a 0.7 cm-’ 
decrease in the C-O frequency for Hb Kansas, as 
shown in the Figure. This implies that a definite, 
though small, change in the CO bond energy is in- 
duced by the quaternary structure change. In this 
regard, the infrared frequency is apparently more 
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Figure. Fourier transform infrared spectrum of the C-O 
stretching band of COHb Kansas without (A) and with (B) 
addition of excess IHP. 

sensitive than the 13C nmr chemical shift, which 
shows no change upon IHP addition to COHb Kansas 
[ 161. Recently Brunori and coworkers [ 171 have 
observed a similar effect for trout COHb IV. Lowering 
of the pH from 7.8 to 6.2, which is accompanied by 
conversion to a low affinity form of the protein, 
produced a 0.4 cm-’ lowering of the C-O frequency. 
The direction of the shift is the same for trout as for 
Kansas, but the magnitude appears to be somewhat 
lower for trout. 

If the low ligand affinity of T state hemoglobin 
is connected with stabilization of the out-of-plane 
structure characteristic of deoxy heme [2], then 
forcing the R -+ T switch in ligated hemoglobin may 
be expected to weaken the bond between the iron 
atom and the proximal imidazole. This effect is rather 
well established in nitroxyl hemoglobin, for which 
infrared [15], esr [18] and resonance Raman [19, 
201 data are all consistent with substantial weakening 
or breaking of the proximal imidazole bond in half 
the Hb subunits upon R + T conversion with IHP. 
Addition of IHP to NOHb produces a - 50 cm-’ 
increase in the N-O stretching frequency for half 
the hemes, a shift similar to that observed upon loss 
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of N-methylimidazole from its complex with nitrosyl 
protoheme dimethyl ester in chloroform [15]. The 
shift is consistent with reduction in n-back bonding 
from Fe to NO upon loss of the electron donor axial 
ligand. A similar effect would be expected for car- 
bony1 hemes, although smaller in extent, NO being 
a stronger n acceptor than CO. Indeed, addition of 
N-methylimidazole to the carbonyl adduct of reduced 
hemin in aqueous phosphate buffer, pH 10.5, de- 
creases vco from 1967 to 1948 cm-’ [21]. The 
increase expected if the proximal imidazole bonds 
were broken in COHb might be somewhat larger than 
this 19 cm-’ difference, since there may be a weak 
axial interaction between OH- and the carbonyl 
heme in the aqueous buffer. 

The observed shift upon IHP addition to COHb 
Kansas is small, and is in the direction opposite to 
that expected for weakening of the proximal imidazole 
bond. The decrease in frequency is, however, consis- 
tent with an enhancement of the distal imidazole 
interaction which has been inferred to exist in COHb 
[ 141 and NOHb [15]. It is possible that the R + T 
switch in COHb Kansas and trout COHb IV induces 
both a weakening of the proximal imidazole bond 
and a strengthening of the distal imidazole interac- 
tion, with compensating effects on voo, resulting in 
the small observed shifts. 

Experimental 

Hemoglobins were separated on CM-cellulose 
(Whatman CM-52) as the carbon monoxide com- 
plexes as previously described [9]. The hemoglobin 
rich fractions were concentrated by ultrafiltration 
(Amicon PM-lo) and buffer exchanged by chromato- 
graphy on Sephadex Co-25 equilibrated with CO 
saturated 0.1 M Bis-Tris (Sigma #B-9754), pH 7.0. 
The CO saturated solutions were transferred to sealed 
CaFz cells (0.05 cm path length) with a gas tight 
syringe. Spectra recorded at room temperature with 
a Nicolet 7199 Fourier-transform infrared spectro- 
meter. The digitized spectrum contained 65,000 
data points, corresponding to N 0.24 cm-’ resolution. 
The spectra were ratioed to that of the buffer alone, 
taken in the same cell. 
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