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ABSTRACT

Spin lattice relaxation of Fe3+ has been measured as a func-

tion of temperature in azide methemoglobin in natural and heat dena-
" turated condition. Of the two spin states present (S=1/2, and 5=5/2)
the high spin state always follows an Orbach mechanism of - relaxa-
tion with a characteristic energy dependent on the protein confor-
mation. In the absence of thermél equilibrium of the two spin states,
the S=1/2 state follows a.Raman relaxation process whose exponent,

n, is related to the conformation of the protein.

Key-words: Spin lattice relaxation hemecglobin.
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- INTRODUCTION

The first measurements of spin-lattice relaxation times in bio
logical systems attempted to identify different radical or ion spe
cies in the samples. They looked at the interaction among these com-
ponents through their effects on the half saturation power (1-3}.
The recent interest centers on the determination and understanding
of the dominant spin lattice relaxation mechanism in proteins (4,5).
Deviations from the expected 2 dependence of the Raman process have
been widely observed in iron containing proteins. This was the case
in_the low spin state (LS), S—l/Z -Fe3+ in myoglobin and cytochrome
complexes, etc. (6-8). A few theoretical models were pnxxsed (9-13)
to explain these unéxpected regsults based on anomalous vibrational
density state. Experimental and theoretical arguments support the
relation between the anomalous Raman exponent and the protein frac
tal dimension and conformation (9-12), although a more convention-
al theoretical approach that relates the anomaly to the . existence
of non central molecular forces, cannot be discarded (13).

We have previously suggested {(14), that the Raman mechanism with
", where n ~6.3 is predominant only in the pure LS heme proteins.
An Orbach-like relaxation mechanism was observed for the LS Fe3+
ion in ferric methemoglqbin and metmyoglobin powdered samples where
the high spin state (HS)}, S§=5/2, coexists with the LS in thermal e
qgquilibrium. The HS obeys always the Orbach mechanism (14,15).

In the present work azide methemoglobin (metthg) was used in
the native condition and in temperature denatured samples, in or-

der to further clarify the effect of mixed spin states and confor-

mational changes on the relaxation processes.
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EXPERIMENTAL DETAILS

Hemoglobin was obtained by hemolysis of human blood. The solu
tion was reduced with a 20-fold excess of ferricyanide and reac-
ted with 40-fold excess of sodium azide, followed by dialysis. Sam
.ples were mixed with glycerol in 1l:1 (v:v) ratio.

'Electfqp Pargmagnetic Resonance (EPR) experiments were per-
formed~with'a X band spectrometer (Varian E-9) between 6K and 26K .
using a helium flux cryostat (Helitran LTD-3-110) . Temperatures
were measu?ed with a Au—fe vs Chromel thermocouple placed just a-
bove the sample.

Thé progressive saturation method was employed and the half sa-
turation powers, P1/2 cbtained as previousiy described (14).

'The fraction of HS ions, N 5* relative to the low spin ones,

i

N 1 was calculated using the following expression:

LS’ K™

= Ipg/T g X (AHL /AH )? X G (_1)

where AH is the linewidth and G a gain factor. For the HS form on
ly the low field line {(g=6) and for the LS form the two low field
lines (fig.1) were considered. When necessary, the intensity I was

corrected due to saturation effects.

RESULTS AND DISCUSSION
Metth; is known as a pure low-spin state ferric hemoglobin.
This can be seen in the typical LS spectra (g around 2) observed

at liquid nitrogen temperature. Nevertheless, at lower temperatures
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we have observed the two spin states, as shown in the spectrum of
fig. la. The  denaturation process leads to an irreversible chahge
in the conformational state in which the modified environment of
iron gives rise to an altered EPR specfrum which contains broadened
lines with different g values and line shapes from those of the na
tive samples (fig. 1lb and 1lc). The population distribution between
the two spin states has also a different temperature dependence in
the denatured samples és compared to the unheated ones. Although
the HS population of the native protein increases as the tempera-
ture decreases, the LS form is predominant even at very low tempe-
ratures, in the temperature range observed.

The fraction of HS in the sample varies between 4% at 77K and
as much as 50% at 9K. The values of K~! depend on the freezing rate
of the samples but the'température_behavior does not. In contrast,
the fractioh of HS in a denatured sample does not vary as a func-
tion'df_temperature. _

Frauenfelder et al.(16) postulated the existence 6f a large num
ber of cohformational substates in thermal equilibrium that regu-
late ligand binding to - hemeproteins. After.thé deﬁétqration the
.protein acquires a physiologically ipactive conformation, The ab-
sence of thermal equilibrium between the two spin states can pos-
sibly be related to the loss of function of the protein.

" Fig. 1lb and lc show the differende’in the spectra which result
from 5min. and 5 hour exposure to 80°C. The spectra reflect the dif
ferences in the Fe environment in hemoglobin. The HS component di-
sappears after the 5 min. treatment, but reappears in the 5 hr heated
sample.

An Orbach process predominates in either case, but the value

of A, the low lying energy level characteristic of the pnxéss, de~
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creases from A=32 tO.Scﬁ_' in the unheadted to A=16.4 t0.3cm'_1 in
the de_naturated sample (fig.2). The energy A is Ithe zero field split .
ting energy (2ZFS) determined by the symmetry and intensity of the
cryétal field. The change in the value of A is thus expected ﬁmview
of the cbnformational change due to denaturation.

The dominant relaxation mechanism of the LS form depends on the
state of degaturation of the samplé. Since we are only interesteqd
in the dependence of T1 on femperature, absolute values are not ‘re
levant and the data of the two LS lines measuréd in each samples are

superimposed (fig.3 and 4).
The natural sample shows an exponential dependence (fig.3). The

1

characteristic energy in this case is 33 +0,7cm” ', very close to

that measured for the Hé state of this samplé. This can be inter-
preted by a-reléxatiou mechahism via the HS state induced by the
high-low spin interconversion rate as already observed in methe-
moglobin (14). This interconversion is also reflected in the tempe
rature dependence of the relative populations of spin states, K_1.

The temperature dependence of relaxation of the LS lines in both
denatured samples (fig.4) shows that above' about 13K it has'the form:
n

TfMT

n can be related to the fracton dimensionality (9,17), dfr of .1.15+0,2

r With n=5.3 £0.3. In the theory of fractals this value of

in contrast to 1.55 ¢+0.5 observed for azide metmyoglobin (9,11).
Helman et al. (12) consider connections befweén different por;
tions of the chain by hydrogen bonds, and their eifect on the frac
ton dimension. They propose that if the number of bridges is largé
enough, the fractal dimension, d, equals d. and only then it is
felated to the Rgman exponent n by n=3 +2d. As there is no experi—
mental value for metth; we use the calculated 4 of 1.50 (11) as

this protein’'s dfr to be compared with 1.15 obtained for the dena-
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turated samples. On the other hand, if there are no bridges,that'is,

for a linear chain, 4 =1 independently of d. In this case n=5

fr
is predicted (12). This n value is in good agreement with our ex-
perimental value, considering that heating drastically reduces the
number cof bridges.

Euxg-anifkuplus (10) consider that the relevant interactions in
the evaluation of dﬁ:axe those between amino acids along the chain.
The absence of a helices and connectivity, in general, between a-
mino acids lower dfr,;so that loosening of the secondary structure

on heating lowers d__, in qualitative agreement with our results.

fr

Although, detailed calculations and further studies are called
for to.determine the exact mechanism responsible for the observa-
tions, our results support the models which proposes that the Raman
relaxation_mechanism in low spin state can be tied to dfrand re-

lated to the protein conformation, in absence of thermal equilibrium

between the LS and HS states.
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FIGURE CAPTIONS

3° .
(a) unheated protein solution, T=6.2 +0.3K; (b) denatured protein

Fig. 1 - E.P,R., Spectra of methbN

‘at 80°C for 5 min, T=6.2 £0.3K and (c) denatured protein at 80°C for

5 hours, T=6.0 *+0.,2K.

Fig. 2 - Temperature dependence of the spin lattice relaxation time

3+

T+ 0of the high-spin state of Fe (line g=6.0). Unheated protein (x),

_denatured protein 5 hrs at 80°C (o).

Fig. 3 - Temperature dependence of the spin lattice relaxation time

3+

T,, of the low spin state of Fe in unheated protein. {(lines g=2.24

1
and 2.84).

Fig. 4 - Temperature dependence of the spin lattice relaxation time,
Tl' of the low spin, state of Fe3+ in denatured metth; (lines g=2.20
and 2.78) 5 min at 80°C (x) and (lines g=2.2 and 2.92) 5 hrs  at

80°%c (o).



Fig. 1
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