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SUMMARY : The addition of an excess of C,HsN!3C to myoglobin and
human adult and fetal hemoglobins, gives three characteristic NMR
spectra with new '°C resonances respectively at § = -10,56 ppm, § =
-7,03 and -7,95 ppm and § = -6,28 and -7,95 ppm (CH;CO,Na as
external standard). These signals correspond to the C;HsN!3C bound
to the Fe(II) of the different heme units, according to CO exchange
experiments. Characteristic resonances can be assigned to C,HsN!°C
bound to ¢, B and y subunits. C,Hs;N'!3C appears as a more sensitive
probe than!®CO for hemoprotein NMR studies.

1360 bound to the

hemes of the o and B8 hemoglobin chains (1-6). This probe has been

Separated NMR signals can be observed for

used to study the different chemical properties and ligand affi-

nities of the a and B subunits in intact hemoglobin. However the

13

dependence of the bound CO chemical shift on variations of the

heme environment is rather small. For instance, no difference is

observed between normal and fetal human hemoglobins (HbA and HbF)
(6), and in our hands the 13CO probe did not give sufficient diffe-
rences to ensure comparisons between several heme pocket mutant hemo-

13

globins (7). Furthermore the CO resonances are pH independent in

the range pH 6-8 and do not vary upon addition of an excess of 2,3-
diphosphoglycerate (6). This prompted us to look for a 13C labelled
ligand which ought to be more sensitive to variations of the heme
environment. Isocyanide ligands, R-N=C, seemed promising because of
their good affinities for hemoproteins (8) and of the expected inter-
action between the alkyl group of the bound %;gand and the aminoaiid

residues of the heme pocket. We report here C NMR data of C2H5N Cc

complexes with myoglobin (Mb) and human adult and fetal hemoglobins.

MATERIALS AND METHODS

C,HsN13C was prepared from C,HsI and K'3CN using the method
reported for the !2C derivative (9).
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Pure human adult and fetal hemoglobins were obtained by DEAE
sephadex chromatography followed by removal of the organic phosphates
by passage over a mixed-bed ion exchange column (Amberlite IRA 400
and IR 120), the hemoglobin solutions were then at pH 7.4.

Horse myoglobin was purchased from Sigma Chemical Cy. and used
without further purification.

In a typical experiment a 10 mm diameter NMR tube, sealed with
a rubber septum, containing 1.5 ml of 1 to 2 mM hemoglobin solution
was first vacuum degassedand filled with Argon several times before
addition of 10 pl of pure C,HsN!3C.

The proton decoupled pulse !3C PTNMR spectra were recorded at
22,63 MHz with a Bruker WH 90 Spectrometer, using the deuterium
resonance of internal D,0 as a lock. 90° pulses and 2048 points
memory blocks were used to accumulate FID. Sweep width was 1200 Hz
giving an acquisition time of 0.83 sec. Chemical shifts are reported
in ppm upfield from the carbonyl resonance of the external standard
CH;!3CO,Na which was in a sealed capillary tube.

RESULTS
Addition of pure C2H5N13C to a solution of pure HbA (pH 7.4)
leads to an NMR spectrum with two new signals at 6§ = -7.03 and -7.95

ppm (Fig. 1b) compared to the spectrum of C2H5N12C - HbA recorded

under the same conditions (Fig. la). These resonances are superim-
posed with the broad carbonyl resonances of the protein. Visible
spectroscopy indicates that all the isocyanide binding sites of HbA
are saturated under the conditions of Fig. 1b ; this is confirmed by
the intensities of the two NMR bands which are not affected by
further addition of C2H5N13C, even in the presence of sodium dithio-
nite. That the two new signals do not result of irreversible binding
of C2H5N13C is ascertained by thT%r disappearance after extensive
saturation of the solution with CO. Vacuum degassing of this solution
followed by a new addition of C2H5N13C regenerates the original
spectrum of Fig. 1lb in agreement with the known reversibility of the
isocyanide binding.

Similar results are obtained upon an identical treatment of
both horse myoglobin (reduced by sodium dithionite in phosphate buffer
at pH 7.4) and pure human fetal hemoglobin (pH 7.4). However the

former exhibits only one signals at § = -10.56 ppm and the latter
exhibits two signals at § = -6.28 and -7.95 ppm, one of which has
13

a different chemical shift from the two resonances of the CZHSN c -
HbA complex (Table 1).
DISCUSSION
. 13 1
Like CO,C2H5N
Mb giving only one. As shown by the

3C binds to HbA giving two NMR signals and to

12CO exchange experiments, these
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Fig.l. !®C NMR spectra of C,HsN'’C bound hemoproteins.
Chemical shifts upfield from CH;'3CO,Na as external standard.
(a) Co,HsN'2C - HbA (pH 7.4), 13000 gulses ; (b) C.HsN'3C - HbA
(pH 7.4), 13000 pulses ; (c) C,HsN'’C -HbF (pH 7.4), 15000
pulses ; (d) C,HsN!'®C - Mb (pH 7.4 in phosphate buffer, in the
presence of 2 mg of sodium dithionite), 25000 pulses.

Table 1. Chemical shifts of I 2-bound C2H5N13C(a)

8, 82 AS A5laco(b)
HbA (human) -7.03 -7.95 0.92 0.56
HbF (human) -6.28 -7.95 1.67 0.52
Mb (horse) -10.56
free C,HsN!3C =31.33(J_13.=THz)

(a) ppm from CH3!'3CO,Na * 0.06 ; (b) from (6), each § * 0.04 ppm.

signals should correspond to the isocyanide bound to the Fe(II) of
the Hbo, Hbg and Mb heme units. The simultaneous presence in the two

spectra of the signals of free and bound C2H5N13C implies a slow
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exchange, on the NMR time scale, between the two species in the

recording conditions. It is noteworthy that the N—13C coupling

(JN_13C = 7 Hz) observed for free C2H5N13C (Table 1) does not appear
for the Fe(II) bound isocyanide, this is probably due to the change
of hybridization of 13C upon coordination.

The signals corresponding to C2H5N13C bound to the ¢ and B
subunits in HbA are separated by 0.92 ppm instead of 0.56 ppm for
bound 13CO (6) (Table 1). Futhermore two different characteristic
spectra are obtained for HbA and HbF, leading to the assignment of
the § = -7.95, -7.03 and -6.28 ppm signals respectively to CZHSNIBC
bound to the a, B and y subunits. Thus C2H5N13C appears as an NMR
probe more sensitive to the heme environment than 13CO. This suggests
that the presence of the ethyl group of the bound isocyanide makes
the ligand more sensitive to the aminoacid substitutions differen-
tiating the y and g subunits (10, 6).

The sensitivity of the isocyanide ligand to variations of the
heme environment, resulting from conformational changes, is further
supported by preliminary results showing a dependence of the chemical
shifts of the bound CZH5N13C on the pH of the solution and the
presence of phosphate effectors.

The labelled isocyanide appears as a promising probe for NMR
investigation of the variations of the heme pocket of various hemo-
proteins, particularly because of its versatility based on the

choice of the alkyl group.
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