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1. Introduction 

To obtain a detailed understanding of both the 
general structure and function of specific members of 
the class of hemoproteins, comparative studies using 
homologous proteins from a wide variety of organisms 
are very useful. Myoglobins from a number of inver- 

tebrate species have been characterized both structurally 
and functionally [ 11. Myoglobin of AppZysia limacina 
was isolated, characterized [2,3] and several structural 
and functional properties have been studied [4-71. 
Applysia brasiliana is common on the eastern coast of 

Brazil. 

myoglobin was dialysed against the appropriate buffer 

to remove free spin label. The buffers used were Tris 
0.05 M with adjusted pH values. 

EPR spectra were taken with a Varian X band E-9 

spectrometer equipped with a system for temperature 
control. 

3. Results 

Here, we report results on temperature-induced 
changes of spin-labelled myoglobin of Applysia 
brasiliana and compare the results with sperm-whale 
myoglobin, the denaturation properties of which are 

interesting [2,4,5,8]. 

In fig.1 the EPR spectra of spin-labelled myoglobin 
of A. brasiliana are shown at 2 different temperatures 

and for different pH values. As the temperature 

increases a splitting at the high field component 
(MI = -1) occurs which is indicative of a conforma- 
tional change in the microenvironment of the label. 
With further increase in temperature the signal due 

to the label in the more hydrophobic environment I, 
increases and the signal due to the label in the polar 

environment I, decreases. This conformational 

2. Material and methods 

Applysia brasiliana were collected in San Sebastiao 
(50 Paulo) during summer and the radular muscle 
isolated [9,10]. Myoglobin was purified by precipita- 
tion with ammonium sulfate [2] and column chro- 
matography in DEAE-cellulose [ 111. Two main frac- 
tions were obtained and the more intense one used, 
as in denaturation [9] and acid-alkaline transition 
studies [ 111. The myoglobin used was always in the 
Met form. 

After elution from the column the myoglobin was 
concentrated to -l-2% and reacted with isothyo- 
cyanate spin label (103, from Syva Co.). The reaction 
was made by incubation of the label with myoglobin 
solution at 4°C with mixing for -72 h. The label/ 
myoglobin ratio was 2: 1 M. After the reaction the 
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change is very sensitive to the pH value and is more 
evident at the low pH (pH 7.0). In table 1 values of 
EPR parameters calculated for 25°C are given as a 
function of pH. This temperature was chosen because 
no splitting of the high field line is observed. The 
EPR parameters calculated were the parameters B 
and C, coefficients in the expression for the linewidth: 

with 

A = AH(O) 

PH W 

Fig.1 .(a) EPR spectra of spin-labelled myoglobin of Applysiu 
brusiliuna at 31.2”C and 46.1°C (pH 7.0); (b) EPR spectra of 
spin-labelled myoglobin of Applysiu brusiliunu at 3 1 .O”C and 
46.1”C (pH 8.0); (c) EPR spectra of spin-labelled myoglobin 
of Applysiu brusiliunu at 30.4”C and 46.5”C (pH 9.0). 

and 

CJ!#j+~_l, 

where AH(M) is the linewidth of the hyperfine com- 

ponents (M = tl , 0, -1) and Z(M) is the correspond- 
ing intensity of the lines. The values of rB and rc, 
the rotational correlation times corresponding to B 
and C were calculated as in [ 121 and also T, the rota- 
tional correlation time was calculated from the 
expression: 

7=6.5X lo-‘OX M(l) 

where M( 1) and I(l), 1(-l) have the same meaning 

as above. At pH 7 .O even at this temperature the spec- 
trum was distorted and so the values of B and C were 
not calculated. 

Table 1 
EPR parameters as a function of pH 

PH B c 7B 7C 7 
(s) (s) (s) 

7.0 - - _ - 2.3 x lo-*’ 
8.0 -0.057 0.090 0.7 x lo-‘0 1.1 x lo-‘O 0.35 x 10-‘O 
9.0 -0.025 0.086 0.3 x lo-l0 1.0 x lo-‘0 0.29 x 10-‘O 
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Fig.2. Temperature variation of the parameter (Y = 1H/(IH + 
I ) for spin-labelled myoglobin ofApplysia brasiliana (pH 7.0; 
H p 8.0; pH 9.0, right axis). 

It can be seen that the values of 7, the rotational 
correlation time, decrease sharply with increase in 

pH. This means that in Applysia myoglobin the label 
is in a site sensitive to the acid-alkaline transition. 

While in the sperm whale myoglobin the pK of the 
acid-alkaline transition is -9.0 in Applysia myoglobin 

this pK is -7.0 [6,11]. In fig.2 we plotted the param- 
eter : 

where 1, and ZP, respectively, the intensities of the 
components at the lower (hydrophobic) field and the 

higher (polar) field for the splitted line (MI = -1). If 

the linewidths of the hydrophobic and polar lines are 
approximately equal this ratio is the ratio between the 

respective areas and so is proportional to the fraction 
of label in the hydrophobic environment. A strongly 
pH-dependent transition with temperature is seen to 
occur. Besides the 3%42°C range at which the 
hydrophobic component appears, there is also a less 
pronounced change near 50&55’C, seen most clearly 
at pH 8.0 (fig.2). 
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bb& PH 7,O 

0.2 - 
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Fig.3. Temperature variation of the parameter Y = (emax - 

01101 max - emin) for spin-labelled myoglobin of Applysia 

brasiliana (pH 7.0; pH 8.0; pH 9.0). 

In fig.3 another plot is given in an attempt to 
obtain more precisely the transition temperatures for 
the conformational changes. The parameter used in 
that figure is: 

where omax was defined over 55-60°C and has val- 
ues from 0- 1. At lower pH the transition occurs at 

lower temperature (fig.3). 

4. Discussion and conclusions 

In table 2 we compare the amino acid residues of 

myoglobin of sperm whale and myoglobins ofA. Zima- 
cina [7] and A. brasiliana [ 111. InApplysiu myoglobin 
the only histidine residue is the proximal one. How- 
ever, the number of aromatic residues is much higher 

Table 2 
Comparison of amino acida residues in different myoglobins as percent of total content 

Source Acids Basics Aromatics IIydrophobics 
(Asp + Glu) (Lys + Arg + His) (Phe + Tyr + Trp) (Leu + Val + Ile + Phe) 

A. brasilianab 18.4 14.2 17.2 28.8 
Mollusc 9.7 11.7 11.7 29.0 
Insect 9.6 12.5 12.5 30.9 
Vertebrate 13.7 21.8 7.2 27.6 

a From [16];b from [ll] 

243 



Volume 140, number 2 FEBS LETTERS April 1982 

than in the sperm whale myoglobin. These facts are 

probably responsible for the lower pI value for myo- 
globin of Applysia as well as for the lower pK value 
of acid-alkaline transition. Since it has been shown 

that the NH*-terminal of Applysia myoglobin is 
blocked [ 1 l] thus it is quite probable that some 
aromatic residue is modified upon reaction with iso- 

thiocyanate spin label. Modifying the area of the 
NH*-terminal of sperm-whale myoglobin affects 
heme region [ 13,141. If this is a general property of 
myoglobins our spin label may be in an aromatic 

residue in the region of the NH*-terminal. The cal- 
culated values of 7 are characteristic of a weakly 
immobilized label at the protein surface. 

Denaturation studies in [8,9] were made at pH 
9.0 giving a transition temperature of Tc = 66°C. At 

this pH we have only the alkaline form of metmyo- 
globin of Applysia. The Tc at this pH obtained from 
our results is 5 l”C, lower than that obtained for native 

myoglobin. It is possible that the label facilitates the 

denaturation of myoglobin. This effect was observed 
for myoglobin labelled with Cu2+ in [ 151. Further 

changes occur at the highest temperatures (fig.3a). 
These changes could be related to the denaturation of 

the protein. 

At lower pH values both the Tc decreases (41.7”C 
at pH 7 .O) and the amount to hyd;ophobic spin label 
increases considerably. This is especially evident at 
pH 7 .O where the spectrum is distorted showing a 
superposition even at lower temperatures. As the 

acid-alkaline transition occurs at pH ~7, the tempera- 
ture may be very effective in shifting this equilibrium. 
The hydrophobic component is characteristic of the 
acid myoglobin (high-spin) and the polar component 
of the alkaline (low-spin). At pH 7.0, both spin forms 
are present at equal concentration. As the pH increases, 
the acid form is reduced and so is the hydrophobic 
signal. The temperature-induced transition is very 
sensitive to the myoglobin spin form. 

Besides its thermal denaturation properties, 
Applysia myoglobin may be a useful system to 
examine spin equilibrium in hemoproteins. 
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