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SUMMARY : By means of absorption spectroscopy we show that in 
benzene solutions, only one molecule of 2-methyUzG.dasole is bound with a 

great affinity by deuteroheme (K = 1.25 1O'M"l) and mesotetraphenylhane 
(K = 2.4 10' M'l). Besides, two overlapping steps may be distinguished 
when hemes bind imidazole molecules. The equilibrium constsnts are 
Kl = 4.5 ld M-I and 8.8 103 M-l, K2 = 6.8 lo4 M-l and 7.9 104 M-l for 
deuteroheme and mesotetraphenylheme respectively. 

INTRODUCTI~ :Thermodynsmical studies ofligandbindingby 

lran porphyrins are of interest with regard to the structure-function rela- 

tionship of hemoproteins. They may give material for an answer to the ques- 

ticm : how does hsmoprotein tertiary structure has an effect upon the 

physico-chemical properties of ircn porpfiyrins and conversely. As pointed 

out in our previous paper (l), studies in non-aqueous solutions may be more 

fruitful. We reported the preparation (1) and the spectral properties (2) 

of ferrous porphyrins (hereafter cslled homes) dissolved in various organic 

solvents. They were unsmbigously proved as being ligand - free - mongners 

is benzene (2). It is well known that hemes bind simultaneously two nitro- 

genous ligends such as pyridine, imidazole, histidine... in aqueous solu- 

tions (3). Cn the other hand, Collman and Reed (4) have pointed out that 

csiLy ane 2-methyUmidazole molecule (2-MeI.m) may bind hemes leading to five- 

coordinated iron. This paper emphasizes the 2-MeIm affinity for hemes dis- 

solved in benzene. Moreover, we show that two overlapping steps can be dis- 

tinguished when homes bind two imidazole molecules. The equilibrium cons- 

tants are given for each step. Two homes have been studied : ferrous 
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deuteroporphyrin dimethyl ester (DeutFeII) and ferrous mesotetraphenylpor- 

phin (TPPFe"). 

MATFCKULSANDMEXHODS : Preparation and reduction of iron III 

porphyrinshave been described elsewhere (1). Solvents and chemicals were 

of the purest avalaible grade. The coordination studies, using absorption 

spectroscopg were carried out as follows : a benzene solution of heme was 

contained in optical cells (1 mm and 1 cm) sealed to a glass pipe stopped 

by a teflon cap. The solution was bubbled with nitrogen. The deoxygenated 

ligsnd solution was added to the heme solution by means of an air-protec- 

ted Hamilton micro-syringe. Spectra were recorded using a Bausch sndLanb 

S~ectronic 505 spectrophotcmeter. Temperature was regulated to 25 f 0,l" C. 

REXJLTS: 1) 2-methylimidazole 

Addition of 24eXm to a heme soluticm induces a 

spectral evoluti~. Well - defined isobestic points indicating the presence 

of w two absorbing species are obtained. The reaction is very rapid and 

fully reversible. It may be represented by : 

H + n.L w= H (L) n lli 

and anslysed by means of the standard equation : 

log A-Ko z 
%o - A log K + n.log LL] c21 

where &,, A, and A are the absorbances of the initial, fir& and mixed 

species respectively. The mathematical analysis demonstrates that II DeuFe 

and TPPFe" bind only one 2-MeIm molecule (n=l) with affinity constants : 

K = (1.25 + 0.15) 104 M-l and K = (2 4 + 0 3) 104 MB1 at 25" C respecti- . - * , 

veQ. The bare heme and monocoordinated heme spectra are depicted an figures 

1 (a,b) and 2 (a,b). 

2) Imidazole 

Upon addition of imidazole to heme solutions the well- 

known hemochrome spectra are ultimately observed (fig. lc and 2c), but the 
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Figure 1 : Spectra of iron II deuteroporphyrin dimethyl ester derivatives 
in benzene : a : bare deuterohane ; b- -- : mono2-methyl- 
imidazoledeuteroheme ; c ----- - : bisimidazoledeuterohemochrane. 

Figure 2 : Spectra of iron II mesotetraphenylporphin derivativeain benzene: 
a : bare mesotetraphenylheme ; b--- : mono2-methylimidazole- 
mesotetraphenylheme ; c ----- : bisimidazolemesotetraphenylhanochrcane. 

whole set of intermediate spectra does not show isobestic point (see fig.3a), 

and absorbance variations cannot be plotted according to equation (2) with 

n=2. Thus, an intermediate formation of monoimidazoleheme is suggested, 

according to the following equilibria : 

K1 H-tL *HL HL+L 2 HL2 

An analysis of these reactions may be carried out as follows : 

obviously : [P] = LH] + lHL] + h2] (where LPJ is the total 

concentration). 

It ensues that LHL] = [Pi* 
K&L] 

1 + Kl[L] t- K,.K2tLJ2 

reaches a maximum value for LLmG] = p 
(K,.:,)r/2 
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420 u.0 A”, 460 

Figure 3 : Imidasole addition to a mesotetraphenylheme benzene solution 
a/ Set of spectra showing the lack of isobestic points in the Soret region. 

: mesotetraphenylheme ;- --: bisimidazolemesotetraphenyl- 
heze;-,.- : intermediate spectra. 

A - Ao b/ Plot of log A 
c-a-* 

versus log [Lj ( X = 4.27 nm) 

l : experimental. points 
: theoretical curve calculated with K = 8.8 103 M-1, 

K2 = 7.9 lo4 M-l and &HL/&H = 1.d (see text). 

LHLLx _ (K1/K2)1’2 
and --El--- 2 + (K ,K )1/2 [61 

12 

On the other hand, we can write the following equations : 

A, = &H.!P]; A =&HtHl + &m[HLj + &HL 2 W2J; 40= E,, LPJ 
2 

frcvn which it may be deduced : A - A, = (&,-&,)LHL] + (&HL -&H)LHL2.jL8] 
2 

A - A. and A= 
03-A L91 

Equation L8] may be used if the second term on its right side cancels 

E HL2=&H) , and if the first have sane measurable value (&, + &,). 
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These conditions are fulfilled in the Soret region (TPP : A = 438 m, see 

fig. 3a; Deut : X = &Q ran). Then, LHL] may be determined provided that 

5-L is known. The divergences from isobestic points which are observed in 

the visible or the Soret regions, support the hypothesis that monoimidazole- 

heme and mono2-methylimidazoleheme spectra are similar. In a first approach 

we assume their identity. Thus, [HL&, and LLt]max may be determined (LL,] 

is the total ligand concentration which is added to the heme solution). The 

free ligand is given by LLj = [Lt] - 
K&Lj f 2K,K2LLj2 

1 + K&LA f KlK2LL12 
* LPJ fran which we 

deduce LL&= = [Ltdax - LPI. Then, equation L5] and 161 allow the deteti- 

nation of Kl and K2. Following values of Kl and K2 are obtained : 

Kl = 8.8.ld , K2 = 7.9.104 and Kl = 4.5.103 , K2 = 6.8.104 M-l for mesate- 

traphenglheme and deuteroheme, respectively. Furthermore the eqerimental 

A - A, curves log A 
03-A 

versus log [L] are plotted for scme wavelengths (hane or 

hemochrane m&a). Generally, these curves do not greatly differ from 

straight lines, but their slopes are lower than 2. They are reasonably fit- 

ted by the theoretical curves calculated according to eq. [9] with the as- 

sumed molecular absorbances and the above mentioned affinity constants 

(see fig. 3b). As monoimidazoleheme spectra are not exactly know, values 

of K1 and K2 cannot be thought to be accurate. However, the deviations frczn 

theoretical curves which are observed by vmg the assumed molecular 

absorbance of the intermediate species and the affinity constants suggest 

that affinity constants are given within 3% and gives support to our hypo- 

thesis on the manoimidazoleheme spectra. 

DIscUSsIm : As pointed out by CoUman and Reed (4), repulsive 

interactiwbetween the hydrogen atans on the methyl group and the electrons 

of the porphyrin ring may account for the particular behavior of 2-methyl- 

imidazole. These interactions should be greater if iron came in the porphy- 

rin plane which is a prerequisite for low spin hemochrcme formation. Actusl- 
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ly, the reaction of bane with 2-methylimidazole affords only a five-coordin+ 

ted high spin species in which iron Lies outside the porphyrin plane. More- 

over, our results demonstrate that, in this ccmpound, the interactions 

between the methyl group and the porphyrin ring are week. Indeed, the effi- 

nities of hemes for 2lnethylimidazole and for the first imidazole which 

cannot give rise to repulsive interactions, are quite similar. A base - 

strengthening effect of the methyl group which reinforces the iron nitrogen 

bond may account for the swewhat larger 2-MeIm-heme stabilities. 

According to the high stabilities of these five-coordinated 

species, the bond between iron and only one nitrogenous ILgand is expected 

to be strong. This fact must be taken into account in discussing the heme- 

globin linkage in deoxymyoglobin or dewhemoglobin. 
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