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1. Introduziion

In a preceding paper [1} it was shown that the re-
sonance signal of 13C0 bound to the hemes of human
hemoglobin was split while only a single resonance
line was present in the case of 13C0O myoglobin. I
was suggested that the two resonance lines of hemo-
globin might correspond to 13C0 bound to the o and
to the § <hains of the molecunle. These resulis have
been confirmed and more accurate values of chemical
shift have been assigned [2] to the rwo resonance
signals. The measnrement of 13C0 resonance might
then offer the possibility to measure directly the dis-
tribution of the CO bound io hemoglobin between
the @ and the f chains provided that i1 is known
which resonance signal corresponds 1o which chain.

A tentative assipnment has been made on the basis of
kinetic data [2]. With this aim we have determined
the NMR spectrum of the 1300 derivatives of the
isolated hemoglobin &« and § chains. The data obtained
are reported in the present note. ’

2. Matérﬁals and methods

Isolated o« and B chains were prepared by the
method of Bueci and Fronticelli [3] as modified by
Geraci et al. [4]. The chains were electrophoretically
homogeneous, free of p-chloromercuribenzoate
and their equimolar mixture migrated as a single band
with the same electrophoreiic mobility of hembglobin.
The sample solutions in 50 mM potassium phoshate
PH 7.0 were concentrated in dialysis bags covered with
dry Sephadex G-100 (Pharmacia). The concentrated
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solntions were ased within three days after the prepa-
ration.

The 13CO derivatives were prepared slowly finshi~g
90% enriched ! 3CO (Stohler Isotope Chemicals,
Switzerland) over the solutions gently stirred into
stoppered test tubes. The lipand state of the proteins
were checked gpectrophotometrically.

NMR spectra were measured using 1.2 mi of sam-
pls solutions covezred with a layer of paraffin oll in
12 mi tubes, at room tempera’re, The instrument
used was a high resolution carbon-13 Fourier NMR
specitropholometer {Varizn XL.—100) operating at
25.15 MHz. The apparatus included a noise-modulated
proton-decoupler. 1*CS, in a cepillary mserted within
the NMR tubes was vsed as reference compound.

3. Resulis and discussion

The BC spectra of the 13CO derivatives of hemo-
globin and isolated o and § chains are shown i fig. 1
and the values of the chemical shifts relative to 13CS,
in ppm are listed in able 1. The hemoglobin spectrum .
shows two resonance lines, relative to the 13C0 at
—13.71 and —13.25 ppm respectively, in agreement
with the values seported by cther anthors [2] .

The spectra of the isvlated chains, in conirast to
hemoglobin, and similarly to myoglobin [1, 2] show

_* The two resonance lines wers incorrectly reported a1 appro-

ximately —17 ppm In a previons paper. This inaccurzcy was
essentially due to the much larger sweep width {6000 Hz)
used in ozde: to monitor the spectrum of 13C resonance of -
the amino acids. B ) : ) :
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Fig. 1.: A) 13C — NMR spectrom of [13C0)hemogiobin, 15

mM; b) 13C — NMR spectrum of {1300 1a chains, 15 mb;

£) 13¢ — NMR specirum of [13C0] g chains, 15 mM; D) 13C

— NMR spectrom of 5 mM « + 10 mM g chains oblainzd by
mixzing 0.5 ml of B plus 1 mlof C.

a single resonance line relative to 13CO woth chemical
shift values —13.8 ppm for the « chains and —13.02
ppm Tor the 8 chains {table 1 and fig. 1a, b). Thus, the
lower ficld resonance at —13.71 ppm, which is present
in the hemoglobin, compares directly with the reso-
nance of isolated « chains. The other resomance of
hemoglobin instead appears shified down-field {about
0,25 ppm) with respect to that of the isclated 8
chains. Although this difference is small, it suggests
that the 13CO resonances of the chains are affected
by the specific chain—chain interaction in the hemo-
globin tetramer.

In order o check this resnlt, we measured the 13C
NMR spectrum of 2CQC in mixtures containing dif-
ferent amounts of & and § chains. As it is shown in
fig. 1 and table 1, in the presence of an excess of
chains, three different resonance lines are observed

with chemical shift values in agreement with those fo
hemoglobin and § chaias respeetively.

Changes in heme properties as a result of o:—ﬁ inter-

action have been observed before by optical spectro-
:scopy both in the case of the. deoxygenated and ligand
_ bound denva’:wes [5 6] Howevex, it was 1m;p0351b1e
. ) ) .
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‘Taeble 1
13C0 chemical shifts resonances in ppm from J3(,’52.
Hemoglobin —13.25 -13.71 —
a Chains — —-13.8 —
B Chains —-13.02 - -
{a+ B) Chains -13.2 -13.6 —13.02

to distinguish between the contribntion of o and
chains 10 the hemoglobin spectrum. In contrast the
resonances of the heme bound 13CO ars still suffici-
ently distinciive to allow the identification of the
coniribution of o and B chain to the NMR spectrum
of the assembled hemoglobin ietramer.

In passing from the isolated simple chain molecules,
o and B, to the hemoglobin tetramer aof,, the f
chain 13CO resonances exhibit the larger shift. This
may indicate that, at least in the ligand bound deriva-
tives, the effect of chain—chain interaction is greater
on the B rather than on the @ chains.

The identification of the 13C0 resonances gives
ihe possibility to measure directly the sguilibrinm
distribution of 13CO between the ¢ and § chains of
hemoglobin at different CO saturation levels, The
high concentration required for the measurements of
1300 resonance appears particularly convenient since
it permiis working even with erythrocyte suspensions.
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