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structural organization - five monomeric (mol. wt. ca., 15 000) and
seven dimeric (mol. wt. ca. 32 000) components [10, 14] the known
spatial structure of the CTT III component in different ligand
states [11, 17], and its functional properties LS B 4

The data indicate the high oxygen affinity, the presence of
an alkaline Bohr effect and the lack of co-operativity of oxygen
binding in these Hbs [2, 8, 9]. Unfortunately, the mentioned
high oxygen affinity of the Hbs produces some important difficu-
lties in its correct measurements. The main problem is a main-
tenance of the Hbs at the native, functional reduce state. There
are many ways to solve this difficulty: the using of reductants
following a gel chromatography, the using catalase or (and) other
special precautions. In our work we decided to use other reducing
agents systems dithionite-ascorbate which makes possibility under
strictly defined conditions to measure all important oxygen af-
finity parameters. This paper deals with the making progress with
investigations of these parameters in Hbs showing the high oxygen
affinity and the resolving the ways of this system action.

I 3 “

MATERIALS AND METHODS .

Larvae of Chironomus thummi thummi were collected in a summer
period (July-August) as described previously [14]. Only the fo-
urth instar larvae were taken into account. Hb was isolated using
the method described by Weber et al. [24] and Leyko
and Osmuls ki [14]. oxygen equilibria of the Hbs were
determined using a spectrophotometrical method [1]. The Hbs solu-
tion was dissolved to concentration 0.2% using 0.2 mol.].'1 phos-
phate or Tris-HCl buffer. Absorbance measurements were made with
a Specord UV-VIS or a Spectrophotometer VSU-2G (Carl-Zeiss Jena)
at 560 and 575 nm. Equilibration times after each addition of
air portion were 5 min. Deoxygenation of the Hb solution was. per-
formed by passing argon through a tonometer for about one hour.
Then 0.1 ml of sodium dithionite solution of appropriate concen-
tration was dropped into the measuring chamber. Next, 0.1 ml of
ascorbic acid solution was dropped. After each addition of the
reductant solution argon was passed through a tonometer for about
15 min. The concentration of sodium dithionite and ascorbic acid
in the Hb sample were 3.85 mg% and 7.70 mg% respectively. The
experiments were carried out at room temperature (21-25°c).
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those of Weber
within all three points:

and log K was found,

et al. [24] or Ger sonde
the high oxygen affinity,

of the alkaline Bohr effect and the lack of the co-operativity
of oxygen binding. ‘
Since our reducing

The simple linear

. T'9.b L% L
Parameters of the oxygen affinities
of the C. thummi thummi haemoglobins
Parametry powinowactwa tlenowego hemoglobin
larw C. thummi thummi

The kind of P Bohr effect n

the system (mm Hg?opﬂ 7) -Alogpso/ApH (at pH 7) Relaronces
Mixture of 0.27 n.d. 1415 [22]

all the Hb 0.5 nide 1.0 L7

components 1.67 X 0.37 | 0.70 % 0.13 1.10 £ 0.07 | this work
Mixture of ' 1.04 * 0.09 | 0.80 * 0.21 0.95 * 0.19 | this work

the monomeric | 1.27% 0.0 1.0 [24]

components 0.63b 0.30 1.0 [24])
Mixture of 1/5% 1.55 1.0 [ 9]

the dimeric 1.76 £ 0.19 | 1.29 % 0,22 1.13 £ 0.23 | this work

components 1.50° 0.79 1.0 [24]

8 The component CTT I (monomeric).

b The component CTT III (monomeric).

€ The component CTT VI (dimeric).

N ot e: n.d. - not determined.

are also given for the comparison. Our findings agree well with

[8,9]

et al.

the presence

system was not removed from the Hb solu-
tion it was necessary to take into account the influence of this
system on oxygen affinity parameters.
dence of reductants concentration in the range 3-24 mg% on log Pgq
so after a linear interpolation of
values to the concentration of the system equal to O one can cor-
rect results.

depen-

given

During all the time of the experiment run the denaturation of

-

the Hb was not observed although sometimes
ading by the Hb was not possible
see also Fig. 1).

the fu;l oxygen lo-

(the a/p bands ratio decreased
The level of MetHb after the experiments fi-~
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curs during the ventilation period followed by the intense oxy-
gen consumption. Without the alkaline Bohr effect,the oxygen un-
loading would happen only at its extremely low tension in the
tissues [22, 24]. Summarizing all these findings and conceptions
we can solve the o0ld question of the function of these Hbs: an
oxygen store or a transporter? In the light of our present know-
ledge we can propose the following action of the Hbs system: it
facilitates oxygen diffusion, transports it through the body se-
gments, accumulates oxygen during the ventilation activity and
releases it in the tissues of high metabolic activity and during
the rest periods.

The oxygen affinity determination in the presence of the redu-
cing system. Our results are consistent with those published pre-
viously by other authors, but generally show the lower oxygen af-
finities of C. thummi thummi Hbs [1, 8, 9]. This may be connected
with the fact that some authors did not take into account the high
autoxidation rate of these proteins. Other danger which can in-
fluence on the erroneously high values is an incomplete deoxygena-
tion of a sample.

Our system have many possitive properties: 1) it does not
create detectable amounts of hemo- and hemichromogenes; 2) it do-
es not change the pH value of a medium (in the range +0.05 of pH
unit); 3) it excludes the difficult to define interactions of
the Hb (or Mb) with other eventually added proteins (e.g. cata-
lase) and 4) the stability of the reducing system in the pH ra-
nge 6 - 9 makes possible the Bohr effect study. This system has
also the negative properties of course: 1) it needs calculation
of the special correction for the presence of the system in the
investigated solution; 2) it makes possibility of the oxygen con-
sumption by the system under specific experimental conditions so
lower oxygen affinities may be received.

Reaction of the reducing system with C. thummi thummi Hbs. The-
re are three aspects of the reaction of the reducing system with

C. thummi thummi Hbs i.e. a reaction with dithionite anion, with
ascorbate anion and a dithionite - ascorbate interaction. The me-
chanism of these reactions in the absence of oxygen is more sim-
ple and better known than those in its presence [18, 25]. Organic
reducing agents can reduce an oxidized form of a haem protein in
three fundamental ways: an electron transfer to the haem through
an axial ligand of the porphyrin (it is suggested that dithio~-
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nite ion can react in this manner [5]), through the peripherical
groups of the porphyrin or through the globin (the proposed way of
the ascorbate ion reaction [18]). ‘

Tsukahara and Yamamoto (18] reported
that since the ascorbate anion is too large to enter into the haem
pocket it must exist the globin-way of the electron transfer. Then
the "strength" of the reducing properties of ascorbate may depend
on a position and a kind of amino acid residues of the globin,par-
ticularly tryptophan or arginine residues. In fact,these sugge-
stions were found confirmation on the basis of kinetic studies on
the reduction of imidazolmetmyoglobin by ascorbic acid [18 and re-
ferences cited therein]. The reaction of MetHb with ascorbate le-
ads to reduced Hb and ascorbate radical. From two ascorbate radi-
cals ascorbate anion and dehydroascorbate is formed. The mechanism
of the anaerobic reduction of the haem proteins by dithionite is
described by

2" e -
SO, + MetHb(H,0) —> SO,H™ + Bt + Hb

so the effective reducing.agent is a sulfur dioxide radical [25].
After an oxygen addition our system becomes more complicated and
what is more not clearly defined. We can suppose on the basis of
available literature the following scheme [4, 5, 6, 12, 15].

AH + 02 H+ A + H202
Metﬂb: zHb

As an active intermediate superoxide radical is produced in
the above. process. Hydrogen peroxide reacts then with ferric and
ferrous ion of the haem what gives hydroxyl radical and ferryl de-
rivative of haemoglobin. The reaction of ferryl Hb with Hb and"ubo2
leads to ferri Hb generation [26]. In the presence of oxygen the ra-
dical anion monomer, sog may create hydrogen peroxide through a su-
peroxide dismutation [?5]. ‘Thus MetHb will be formed if only the
component of the system is used alone. The common addition of di-
thionite and ascorbate makes possible the interaction of sulfur
dioxide radical with an ascorbate radical or with other interme-
diates.

Then ferryl derivative of Hb is not observed and a contribu-
tion of the ferric form is minimal. Unfortunately, details of
these blocking reactions are not clear for us. We think that these
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free radical reactions may be ccrnnected with the ease of the C.
thummi thummi haemoglobins oxidation [14, 16]. Now, we try to
clear up the reaction of ascorbic acid with different haem pro-
teins (work in progress). There is still much to be learnt both
about the well known reaction of dithionite anion as a reductor
and about not so well understood reaction of ascorbate.
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