Tpyner MacturyTa 6nonoruu BHyTpeHHUX Boa uM. M. /1. Ilananmaa PAH, Bem. 110(113), 2025

UDK 574.2

STRUCTURAL ORGANIZATION OF CHIRONOMUS AGILIS
AND C. MURATENSIS (DIPTERA, CHIRONOMIDAE) HEMOGLOBINS

V. V. Bolshakov, A. M. Andreeva
Papanin Institute for Biology of Inland Waters, Russian Academy of Sciences
152742 Borok, Russia, e-mail: victorb@ibiw.ru
Revised 25.02.2025

Biochemical studies of two chironomids species show that their hemolymph contains curious hemoglobins.
It is unusual that haemoglobin has a low molecular weight, 15.9 kDa for monomeric and 31.4 kDa for dimeric
forms, and in a condition of disc-electrophoresis, and they are formed up to 12—16 different fractions of hemoglo-
bins. In hemolymph of Chironomus agilis (Shobanov, Djomin 1988) were found octamers, pentamers, tetramers,
trimers, dimers, and monomers, which consist of subunits with MW from 9.6 to 15.7 kDa. In Chironomus mura-
tensis (Ryser, Scholl, Wiilker 1983) hemolymph were found octamers, hexamers, tetramers, trimers, dimers, and
monomers, which formed from subunits with MW from 11 to 15 kDa.
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INTRODUCTION

The article is a continuation of work on the
study of the mechanisms of maintaining homeosta-
sis of the internal environment of the body, which
is provided by the multiplicity of variants of mon-
omeric forms of haemoglobin [Shobanov, 2000;
Bolshakov, 2013]. Chironomids can inhabit a wide
variety of water bodies. They are a very good food
for all types of fish and especially for the juvenile
stages. Additionally, they are playing a very im-
portant role in the self-purification of water. Some
species of chironomids live in the river with well-
aerated water and in the bottom mud of giant water
reservoirs where oxygen is almost absent. Both
species of this review refer to sibling-species
of plumosus group in Chironomus genus. It is the
largest and the best genetically and karyologically
studied group in Chironomus [Golygina et al.,
2007], interest in them continues unabated
[Bolshakov et al., 2022; Li et al., 2022]. Numerous
biochemical reviews have shown that their hemo-
lymph contains hemoglobin [English, 1969;
Braunitzer, 1971; Bolshakov, Andreeva, 2012;
Bolshakov, Fefilova, 2020]. The typical place
of habitat for Ch. agilis (Shobanov, Djomin, 1988)
and Ch. muratensis (Ryser, Scholl et Wiilker,
1983) is the bottom of meso- and eutrophic waters
with slow water flow and as a consequence of this
oxygen deficiency. As we know, oxygen is one
of the most essential components of life, and hemo-
globin assists chironomids survive under the most
difficult low oxygen conditions.

Hemoglobins contents in hemolymph reach
90% of whole protein [Walshe, 1951; English,
1969], and its concentration can reach 8.2 g-%,
which can be compared with reptiles
[Alyakrinskaya, 2002]. For example, in fish, the
concentration of hemoglobin in normal blood
of 0.5-2.5 g for 1 kg of weight live organism, and
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up to 30 g for 1 kg in chironomids [Korzhuev,
Nikolskaya, 1951; Korzhuev, Radzinskaya, 1958].

The hemoglobins of chironomids possess are
extraordinary high oxygen affinity, some of its mol-
ecules can utilize oxygen with 1.3 mm Hg and even
with 0.32 mm Hg [Weber, Vinogradov, 2001].
In vertebrates, the same conditions of this character-
istic are 26 mm Hg for Seal, 50 mm Hg for a kanga-
roo and 27 mm Hg for humans [Korzhuev, 1964].
The oxygen capacity of C. plumosus (L., 1758) he-
moglobin varies from 5.4 to 11.6 cap-%, and de-
pends on hemoglobin concentration [Leitch, 1916].
Larvae can use stored oxygen only for short period
from 9 [Walshe, 1950] to 12 minutes [Leitch, 1916],
they use this time for a short pause between breath-
ing motions [Walshe, 1947].

Hemoglobin is omnipresent and appears
in many organisms at different levels of complex-
ity: from bacteria to vertebrates [Hardison, 1996,
1998; Herhold et al., 2020]. The hemoglobin
of vertebrates is intracellular and forms hetero-
tetramers with a molecular weight (MW) about
68 kDa [White et al., 1978]. Nonvertebrate hemo-
globins are generally extracellular. It carries out
similar functions, but its structure is very diverse,
from monomers to multisubunit compositions.
Their molecular weights vary widely too, from tens
to thousands of kDa’s [Lehninger, 1982; Weber,
Vinogradov, 2001; Numoto et al., 2005; Herhold
et al., 2020; Prothmann et al., 2020]. The molecular
weights of the separate subunits in different groups
of organisms range from 12-28 kDa, dimers 23—
34 kDa, tetramers 50-80 kDa and high molecular
weight aggregates up to several thousands kDa
[Alyakrinskaya, 1979; Aydemir, Korkmaz, 2023;
Braunitzer, 1971; Dangott, 1980; Thompson,
Bleecker, English, 1968; Tichy, 1975; Waxman,
1975; Weber, Vinogradov, 2001; White et al.,
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1978]. Hemoglobin of chironomids is uncommon,;
it is extracellular and possesses a low molecular
weight, with a MW of 15.9kDa for the monomeric
forms [Thompson et al., 1968; Tichy, 1975] and
about 31.4 kDa for the dimeric forms [Schmidt-
Nielsen, 1979]. The relative content of monomers
and dimers in the hemolymph of Ch. plumosus de-
pends on pH values. In a solution of hemolymph
with the pH from 5.2 to 7.0 dimers predominate,
while at pH’s from 9.2 to 10 the hemolymph solu-
tion is dominated by monomers, and at a pH’s
of 7.5 to 9 there is a dynamic equilibrium between
monomers and dimers [Behlke, Scheler, 1967].
Several electrophoretic studies of chirono-
mids hemoglobins have shown their high heteroge-
neity [Braunitzer, 1971; Tichy, 1978; Shobanov,
2004]. Different species of chironomids have from
1-2 up to 12 different fractions of hemoglobin, spe-
cific for a stage of development and populations
[Tichy et al., 1981; Shobanov et al., 1993; Das,
Handique, 1996; Bolshakov, Fefilova, 2020]. It has

been suggested that fractions with different electro-
phoretic mobility are functionally diverse: the frac-
tions with low electrophoretic mobility carry out a
buffer function, while the middle fractions have the
greatest affinity for oxygen and provide for its uti-
lization at low concentrations in the environment,
and the fractions with the high electrophoretic mo-
bility may represent the products of degradation of
hemoglobin [Shobanov, 2004].

The amino acid sequences of hemoglobins
from the laboratory species Ch. riparius (Meigen,
1804) and Ch. dilutus (Shobanov, Kiknadze et But-
ler, 1999) have been well studied; however, the rea-
son for the high level of heterogeneity has not yet
been defined. The observed heterogeneity cannot
be explained only by the presence in the hemo-
lymph of monomers and dimers. Therefore, the ob-
jective of our research is to study the structural or-
ganization hemoglobins of chironomids Chirono-
mus agilis and C. muratensis from natural
populations.

MATERIALS AND METHODS

Place of sampling. The larvae of Ch. agilis
(Diptera, Chironomidae) and Ch. muratensis (Dip-
tera, Chironomidae) were collected from sediments
of the Rybinsk reservoir with Ekman dredge, near
Syobla river (N 58°27°00°’; E 37°37°00°°), from
depth 14 m., in October 2010 (Figure 1). The oxy-
gen concentration in near-bottom water ranged
from 0.03 to 2 mg/1 for all summer period, and in
October about 12 mg/1.

Hemolymph extraction and analyses sys-
tem. Hemolymph was extracted from every single
larva in phase 4-9 of the IV-th instar and immedi-
ately froze in —24°C or used fresh for electrophore-
sis. Hemolymph after thaws out was used for only
once. To provide the most accurate species identi-
fication were used karyological methods with the
application of standard chromosomal maps [Keyl,
1962; Kiknadze et al., 2016; Maximova, 1976].

For protein analyses several electrophoreti-
cal methods were used. Before electrophoresis he-
molymph was mixed with 40% sucrose in 1:1. Na-
tive proteins were first separated by discontinuous
polyacrylamide gel electrophoresis (disc-PAGE)
with 10% acrylamide [Maurer, 1978]. The protein
fractions separated by disc-PAGE were then fur-
ther separated by two-dimensional electrophoresis.
The second-dimension separations were by native
gradient-PAGE  with  5-40%  acrylamide
[Andreeva, 2008]; denaturing PAGE with 8M urea
[Creighton, 1979, 1980]; and denaturing PAGE
with SDS [Laemmli, 1970]. All type of electropho-
resis was used for every individual of larva, i.e. for
10 larvae’s were made 10 lines in disc-PAGE,
10 two-dimensional gradient-PAGE’s, 10 — SDS-
PAGE’s and 10 — 8M urea-PAGE’s.
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Syobla river

20 km

Puc. 1. Cxema Pribunckoro Bogoxpanmnmiia, Poccus.
Crpernkoii moka3zaHo MecTo 0TO0pa 1poo.

Fig. 1. Scheme of the Rybinsk reservoir, Russia. The ar-
row shows the sampling place.

Staining and MW markers. Coomassie
R-250 (0.1%) was used for protein staining, in mix-
ture: distilled water, ethanol and acetic acid
in 30:10:1 [Maurer, 1978]. Native protein gels used
HSA (human serum albumin) and OA (ovalbumin)
as molecular weight markers, and for denaturated
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protein molecular weight markers we used the Pag-
eRuler™ Prestained Protein Ladder Plus kit

(Fermentas). All results were analyzed with spe-
cialized software (OneDScan™).

RESULTS AND DISCUSSION

3.1. Differentiation of proteins in disc-
PAGE. Spectral analysis of Ch. agilis and Ch. mu-
ratensis hemoglobins has shown standard absorp-
tion bands in 576 nm (alpha), 544 nm (beta) and
414 nm (Soret absorption band) typical for oxy-
hemoglobins of chironomids [White et al., 1978].
In the native hemolymph pH is 7.45 and agrees
with pH 7.45-7.68 in Chironomus plumosus
[Weber, 1963].

The native disc-PAGE separated hemoglo-
bins from hemolymph of Ch. agilis and Ch. mura-
tensis into 10 fractions (Figure 2). The observed
fractions were designated by numbers from 1 to 10.
The observed fractions are distinct from hemoglo-
bin species previously described in laboratory cul-
tures of Ch. riparius and C. tentans and designated
by common symbols such as “CTT I-CTT X”
[Osmulski, Leyko, 1986].

Differentiation of native hemoglobin mol-
ecules by molecular weight. The fractions defined
by native disc-PAGE were further separated by
two-dimensional electrophoresis with native gradi-
ent-PAGE. The Ch. agilis first hemoglobin fraction
contained molecules with MW’s of about 120 kDa
(Figure 3a, Table 1). The second, third and fourth
Ch. agilis fractions included hemoglobins with
MW’s of about 68, 56.7 and 45.3 kDa, respec-
tively. In the fifth and sixth fractions gradient
PAGE revealed three components with MW’s
of 44, 35.4 and 24.7 kDa. However, these three
components could not be unambiguously assigned
to either fraction 5 or fraction 6. In the area of the
seventh and eighth fractions, components of MW
33, 26.2 and 18.3 kDa were distinguished, but
could not be unambiguously assigned to either
fraction 7 or fraction 8. The ninth fraction con-
tained a single component with a MW of 19.4 kDa.
In the tenth fraction four components were re-
vealed with MW’s of 22.8, 20.9, 18 and 14.2 kDa
(Figure 3a, Table 1).

The first fraction of Ch. muratensis hemo-
globin included one component with a MW
of 133 kDa (Figure 3b, Table 2). Fractions 2, 3 and
4 each contained one component with MW’s of 95,
63 and 52 kDa, respectively. Fractions 5 and 6 each
contained two components with MW’s of 50 and
34, and 24 and 20.3 kDa, respectively. Fraction
7 included four components with MW’s of 28.3,
24.3 and 15.8 kDa. Fractions 8 and 9 each con-
tained one component with MW’s of 19.7 and
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16.5 kDa, respectively. Fraction 10 was separated
into three components with MW’s of 21.9, 17.5 and
14.7 kDa (Figure 3a, b; Table 2).

Separation of hemoglobins of Ch. agilis
and Ch. muratensis in denaturing 8M urea
PAGE. In 8 urea PAGE electrophoresis the chiron-
omid hemoglobin fractions formed macromolecu-
lar aggregates. Fractions 1, 2, 3 and 4 of Ch. agilis
formed aggregates with MW’s of 142, 152, 114 and
68 kDa, respectively (Figure 4a; Table 1). In the
region of fractions 5 and 6 complexes with MW’s
of 91, 62 and 47 kDa were revealed. The area
of fractions 7 and 8 also separated into three units
with MW’s of 77, 60 and 50 kDa. Fraction 9 con-
tained one component with a MW of 50 kDa. Frac-
tion 10 included three components with MW’s
of 618, 49 and 38 kDa (Figure 4a; Table 1).
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Fig. 2. Representative disc-PAGE separation of hemo-
globin proteins from a — Ch. agilis, and b — Ch. mura-
tensis. The analyzed fractions are marked with numbers
from 1 to 10. Ry — retention factor, or relative electro-
phoretic mobility. In both cases Coomassie R-250 was
used for staining.
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Fig. 3. Two-dimensional electrophoresis of hemoglobin of chironomid larvae in a native gradient-PAGE. a — Ch. agilis,
b — Ch. muratensis. The horizontal arrow indicates the direction of native disc-PAGE and the vertical arrow indicates
the direction of native polyacrilamide gradient gel electrophoresis. Rr— retention factor, or relative electrophoretic mo-
bility, M — molecular weight markers (OA and HSA), 1 — hemolymph of larvae.

Tadanua 1. 3HaueHUsI MOJIEKYJISIPHBIX MacC KOMIIOHEHTOB HATHBHOTO U JIEHaTypHUpoBaHHOTO remornoduna Ch. agilis

Table 1. The values of molecular masses of native and denatured hemoglobin components of Ch. agilis

Type of Electrophoresis Hemoglobin fractions number defined by disc-PAGE electrophoresis
1 2 3 4 5-6 7-8 9 10
Grad.-PAGE 120 68 56.7 453 44 33 19.4 22.8
354 26.2 20.9
24.7 18.3 18
14.2
8M-urea PAGE 142 152 114 68 91 77 50 618
62 60 49
47 50 38
SDS-PAGE 11.4 11.3 10.6 11.2 12.7 11.5 15.7
10.4 9.6 12.5 10.4 11.6
11.2 10.2
10.2
9.7

Fractions 1 and 2 of Ch. muratensis com-
plexes with MW’s of 130 and 141 kDa respectively
(Figure 4b; Table 2). Fraction 3 consisted of two
components with MW’s of 139 and 103 kDa. Frac-
tions 4, 5, 6, 7 and 8 each contained one component
with MW’s of 86, 61, 86, 60 and 75 kDa, respec-
tively. Fraction 9 consisted of two components
with MW’s of 57 and 40 kDa. Finally, fraction 10
yielded three components with MW’s of 57, 50 and
41 kDa (Figure 4b; Table 2).
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Analysis of the subunit composition of
Ch. agilis and Ch. muratensis hemoglobins by
denaturing SDS-PAGE. The fractions defined by
native disc-PAGE were dissociated into their com-
ponent subunit and separated by molecular weight
with two-dimensional electrophoresis with dena-
turing SDS-PAGE. In C. agilis fractions 1 and 2 we
detected subunits with MW’s of 11.4 and 11.3 kDa,
respectively. In the region of fractions 3 and 4 two
components with MW’s of 10.6 and10.4 kDa were
found. Fractions 5 and 6 yielded two components
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with MW’s of 11.2 and 9.6 kDa. In the area of frac-
tions 7 and 8, we identified four components with
MW’s of 12.7,12.5, 11.2 and 10.2 kDa. Fraction 9
consisted of two components with MW’s of 11.5

and 10.4 kDa. Fraction 10 was resolved into three
components with MW’s of 15.7, 11.6 and 10.2 kDa
(Figure 5a; Table 1).

Taﬁ.rmua 2. 3HaycHUsA MOJICKYJIAPHBIX MaCC KOMIIOHCHTOB HATUBHOI'O U ACHATYPHUPOBAHHOI'O remornoouna Ch. mura-

tensis

Table 2. The values of molecular masses of native and denatured hemoglobin components of Ch. muratensis

Type of Electrophoresis Hemoglobin fraction number defines by disc-PAGE electrophoresis
1 2 3 4 5 6 7 8 9 10
Grad.-PAGE 133 95 63 52 50 24 283 19.7 16.5 21.9
34 20.3 243 17.5
18.9 14.7
15.8
8M-urea PAGE 130 141 139 86 61 86 60 75 57 57
103 40 50
41
SDS-PAGE 14.3 - - 13 13.5 - 13.6 13.8 13 15
12.9 12 12.5 12.6 12.8 12 11.6
12.3 11 11.5 11.6 11.8
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Fig. 4. Two-dimensional electrophoresis of hemoglobin of chironomid larvae in a denaturing PAGE with 8M urea. a —
Ch. agilis, b — Ch. muratensis. The horizontal arrow indicates the direction of native disc-PAGE and the vertical arrow
indicates the direction of denaturing PAGE in 8M urea. Ry— retention factor, or relative electrophoretic mobility, M —

molecular weight markers (OA and HSA).

Analysis of the subunit composition
of Ch. agilis and Ch. muratensis hemoglobins
by denaturing SDS-PAGE. The fractions defined
by native disc-PAGE were dissociated into their
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component subunit and separated by molecular
weight with two-dimensional electrophoresis with
denaturing SDS-PAGE. In C. agilis fractions 1 and
2 we detected subunits with MW’s of 11.4 and
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11.3 kDa, respectively. In the region of fractions
3and 4 two components with MW’s of
10.6 and10.4 kDa were found. Fractions 5 and
6 yielded two components with MW’s of 11.2 and
9.6 kDa. In the area of fractions 7 and 8, we identi-
fied four components with MW’s of 12.7, 12.5,
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11.2 and 10.2 kDa. Fraction 9 consisted of two
components with MW’s of 11.5 and 10.4 kDa.
Fraction 10 was resolved into three components
with MW’s of 15.7, 11.6 and 10.2 kDa (Figure 5a;
Table 1).

o
Rf _ D llrs
007
250
130
95
0.25— 72
55
36
28
0.50 |—
s |17
0.75— T .
1.0 :

b

Puc. 5. [IBymMepHbIi 251eKTpodope3 reMorioonHa JIMYMHOK XUPOHOMHU/ B IeHATypupyounux ycnousix SDS-TTAAT. a—
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Fig. 5. Two-dimensional electrophoresis of hemoglobin of chironomid larvae in denaturing SDS-PAGE. a — Ch. agilis,
b — Ch. muratensis. The horizontal arrow indicates the direction of native disc-PAGE and the vertical arrow indicates
the direction of denaturing SDS electrophoresis. Rr— retention factor, or relative electrophoretic mobility. M — molecular
weight markers (PageRuler™ Prestained Protein Ladder Plus kit (Fermentas)).

In Ch. muratensis fraction 1 revealed three
distinct subunits with MW’s of 14.3, 12.9 and
12.3 kDa. Fractions 2 and 3 in the investigated
specimens were absent as a result of polymor-
phism. Fraction 4 contained three components with
MW’s of 13, 12 and 11 kDa, fraction 5 — con-
tained subunits with MW’s of 13.5, 12.5 and
11.5 kDa, and fraction 6 was absent. Fraction 7 was
composed of subunits with MW’s of 13.6, 12.6 and
11.6 kDa, fraction 8 contained subunits with MW’s
of 13.8, 12.8 and 11.8 kDa, and fractions 9 and
10 each included two subunits with MW’s
of 13 and 12, and 15 and 11.6 kDa, respectively
(Figure 5b; Table 2).

Analysis of the structural organization
of the hemoglobin proteins in the larvae of chi-
ronomid species studied. In Ch. agilis hemo-
lymph we observed a high diversity of hemoglobin
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proteins (Table 1). Fraction 1 in native conditions
involves a protein, probably an octamer, with a
MW of 120 kDa, dissociated into subunits of MW
11.4 kDa, and in 8M urea aggregated into com-
plexes with MW 142 kDa. Subunits of the second
fraction have a MW of approximately 11.3 kDa,
and in native conditions, they form a complex with
a MW of 68 kDa, presumably a pentamer, while in
8M urea fraction 2 forms a complex with a MW
of 152 kDa. Subunits of fractions 3 and 4 have sim-
ilar MW values of 10.4 and 10.6 kDa, and were
poorly differentiated. Under native conditions they
formed a pentamer with a MW of 56.7 kDa (frac-
tion 3) and a tetramer with a MW of 45.3 kDa (frac-
tion 4). Under native conditions fractions 5 and
6 contained a tetramers with a MW 44 kDa, a tri-
mers with a MW 35.4 kDa, and a dimers with a
MW of 24.7 kDa. In SDS-PAGE these complexes
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dissociated into subunits with MW’s of 9.6 and
11.2 kDa and in 8M urea they aggregated into com-
plexes with MW’s of 47, 62 and 91 kDa. The com-
ponents of fraction 7 could not be distinguished
from the components of fraction 8, so the two frac-
tions were analyzed together. In total, five types
of subunits with MW’s 9.7, 10.2, 11.2, 12.5, and
12.7 kDa were isolated. In native conditions they
formed a monomer with a MW of 18.3 kDa, a di-
mer with MW of 26.2 kDa, and a trimer with a MW
of 33 kDa. In 8M urea these components aggre-
gated into complexes with MW’s of 50, 60 and
77 kDa. Fraction 9 is presumably a monomer with
a MW of 194 kDa, and contained subunits
of 10.4 and 11.5 kDa. Fraction 10 was formed by
three monomers with MW’s of 14.2, 18, 20.9 kDa,
including subunits of MW 10.2 and 11.6 kDa, and
a monomer with a MW of 22.8 kDa, including, pre-
sumably, subunits of 15.7 kDa.

In the hemolymph of Ch. muratensis we also
found a high diversity of hemoglobin proteins (Ta-
ble 2). The fraction 1 hemoglobin defined by native
disc-PAGE contained subunits with MW’s of 12.3,
12.9 and 14.3 kDa, in native conditions formed an
octamer of 133 kDa, and in 8M urea formed an ag-
gregate with a MW of 130 kDa. In the hemolymph
of the individual larvae subjected to SDS-PAGE,
fractions 2, 3 and 6 were not found. Therefore, pre-
dictions of multimeric structure were based on the
assumption that the MW’s of the hemoglobin sub-
units were approximately 12—14 kDa. Thus, the
fraction 2 hemoglobin with a MW of 95 kDa was
predicted to be a hexamer. In 8M urea fraction
2 formed a complex with a MW of 141 kDa. Under

native conditions, the subunits of hemoglobin frac-
tion 3 formed aggregates of 139 and 103 kDa. He-
moglobin fraction 4 was predicted to be a tetramer
with a MW of 52 kDa under native conditions.
Fraction 4 contained subunits with MW’s of 11, 12
and 13 kDa, and aggregated in 8M urea to a com-
plex with a MW of 86 kDa. Under native condi-
tions, the subunits of fractions 5 formed trimers and
tetramers with MW’s of 34 and 50 kDa, respec-
tively, while in 8M urea fraction 5 formed an ag-
gregate of 61 kDa. The subunits of fraction 6 were
predicted to form dimers with MW’s of 24 and
20.3 kDa, and aggregated in 8M urea to complexes
with a MW 86 kDa. In the region of the fraction 7
we found three types of subunits with MW'’s
of 11.6, 12.6 and 13.6 kDa, which in native condi-
tions formed monomers with apparent MW'’s
of 15.8 and 18.9 kDa, dimers with MW’s of
24 kDa, and trimers with MW’s of 28.3 kDa. Frac-
tion 8 in native conditions consisted of monomers
with an apparent MW of 19.7 kDa, formed by three
types of subunits with MW’s of 11.8, 12.8 and
13.8 kDa. In 8M urea fraction 8 aggregated into a
complex with a MW of 75 kDa. Protein fraction
9 consisted of monomers with an apparent MW
of about 16.5 kDa, including two types of subunits
with MW’s of 12 and 13 kDa. In 8M urea fraction
9 aggregated into complexes with MW’s of 40 and
57 kDa. In the area of fraction 10 we observed
monomers with apparent MW’s of 14.7, 17.5 and
21.9 kDa, formed by two subunits with MW’s of
11.6 and 15 kDa. In 8M urea fraction 10 aggregated
into complexes with MW’s of 41, 50 and 57 kDa.

CONCLUSION

This work is a follow up to a thorough study
of the mechanisms of adaptation in chironomids at
the biochemical and cytogenetic levels. While pre-
vious studies have detected only monomeric and
dimeric forms of hemoglobin, the present study
demonstrates the novel result that oligomeric forms
of hemoglobin are simultaneously present in the
hemolymph of chironomid larvae. Dr. Shobanov
suggested that the high level of chromosomal pol-
ymorphism may contribute to an increase in the di-
versity of haemoglobin forms in different species

of chironomids in the genus Chironomus. In the
studied species Ch. agilis and Ch. muratensis,
which have a high chromosomal polymorphism,
we found a high diversity of structural forms
of both multimeric haemoglobins and their subu-
nits. This indirectly confirms Dr. Shobanov's the-
ory. In addition, our results reveal a high degree
of heterogeneity in the electrophoretic spectra of
chironomid haemoglobins, which may be useful in
the characterization of species, populations and de-
velopmental stages.

ACKNOWLEDGEMENTS
The work was realized according to the Russia state project 124032500015-7.

REFERENCES

Alyakrinskaya [.O. Physiological and biochemical adaptations to respiration of hemoglobin-containing hydrobionts. Biol.

Bull., 2002, vol. 29. no. 3. pp. 268-283.

Alyakrinskaya O.I. Gemoglobiny i gemotsianiny bespozvonochnykh. (Biokhimicheskie adaptatsii k usloviyam sredy)
[Hemoglobins and hemocianins of invertebrates. (Biological adaptations to environmental conditions)]. Moscow,

Nauka, 1979. 155 p. (In Russian)

Andreeva A.M. Structural and functional organization of blood proteins and different extracellular fluids in fishes. Ex-
tended Abstract of Doc. Biol. Sci. Diss. Moscow, 2008. 41 p. (In Russian)



Transactions of Papanin Institute for Biology of Inland Waters RAS, issue 110(113), 2025

Aydemir H.B., Korkmaz E.M. Identification and characterization of globin gene from Bombus terrestris (Hymenoptera:
Apocrita: Apidae). Biologia (Bratisl), 2023, vol. 78, no. 9, pp. 2517-2526. doi: 10.1007/s11756-023-01389-4.

Behlke J., Scheler W. The molecular properties of the methaemoglobin of Chironomus plumosus L. in Solution. Eur. J.
Biochem., 1967, vol. 3, no. 2, pp. 153—-157.

Bolshakov V.V, Prokin A.A., Pavlov D.D., Akkizov A., Movergoz E.A. Karyotypes and COI Gene Sequences of Chi-
ronomus sp. Lel (Kiknadze and Salova, 1996), Ch. laetus (Belyanina and Filinkova, 1996) and Their Hybrid from the
Yamal Peninsula, Arctic Zone of Russia. Insects, 2022, vol. 13, no.12, pp. 1112. doi: 10.3390/insects13121112.

Bolshakov V.V. The adaptive role of chromosomal rearrangements in larvae of the genus Chironomus (Diptera, Chiron-
omidae). Extended Abstract of Cand. Biol. Sci. Diss. Borok, 2013. 24 p. (In Russian)

Bolshakov V.V., Fefilova E.B. Karyotype characteristics and the composition of hemoglobins in Chironomus sp. Ya3
(Diptera, Chironomidae) from the Pechora Delta. Entomol. Rev., 2020, vol. 100, no. 1, pp. 39-44.
doi: 10.1134/S0013873820010017.

Bolshakov V.V., Andreeva A.M. Peculiarities of structural organization of hemoglobin of Chiromonus plumosus L. (Dip-
tera: Chironomidae). J. Evol. Biochem. Physiol., 2012, vol. 48, no. 3, pp. 265-271. doi: 10.1134/S0022093012030024.

Braunitzer G. Die Polygenie der hamoglobine (erythrocruorine) der chironomiden. Limnologica, 1971, vol. §, no. 1,
pp. 119-127.

Creighton T.E. Electrophoretic analysis of the unfolding of proteins by urea. J. Mol. Biol., 1979, vol. 129, no. 2, pp. 235-264.

Creighton T.E. Kinetic study of protein unfolding and refolding using urea gradient electrophoresis. J. Mol. Biol., 1980,
vol. 137, no. 1, pp. 61-80.

Dangott L.J. Structural and functional characterization of the extracellular hemoglobins of the branchiopod crustaceans
Lepidurus bilobatus and Daphnia pulex. PhD dissertation, The University of Oregon, Biology dept., 1980, 178 p.
Das R., Handique R. Hemoglobin in Chironomus ramosus (Insecta, Diptera): an electrophoretic study of polymorphism,
developmental sequence and interspecific relationship. Hydrobiologia, 1996, vol. 318, no. 1-3, pp. 43-50.

doi: 10.1007/bf00014130.

English D.S. Ontogenetic changes in hemoglobin synthesis of two strains of Chironomus tentans. J. Embryol. Exp. Mor-
phol., 1969, vol. 22, no. 3, pp. 465-76.

Golygina V.V, Kiknadze LI, Istomina A.G. Cytogenetic divergence of genomes in Chironomus plumosus group (Diptera:
Chironomidae). Comparative Cytogenetics, 2007, vol. 1, no. 1, pp. 17-32.

Hardison R.C. Hemoglobins from bacteria to man: evolution of different patterns of gene expression. J. Exp. Biol., 1998,
vol. 201, no. §, pp. 1099-1117.

Hardison R.C. A brief history of hemoglobins: plant, animal, protist, and bacteria. Proc. Natl. Acad. Sci., 1996, vol. 93,
no. 12, pp. 5675-5679. doi: 10.1242/jeb.201.8.1099.

Herhold H.W., Davis S.R., Grimaldi D.A. Transcriptomes reveal expression of hemoglobins throughout insects and other
Hexapoda. PLoS One, 2020, vol. 15, no. 6, p. €0234272. doi: 10.1371/journal.pone.0234272.

Keyl H.G. Chromosomenevolution bei Chironomus. 1I. Chromosomenumbauten und phylogenetische beziechungen der
arten. Chromosoma, 1962, vol. 13, no. 1, pp. 464-514.

Kiknadze LI., Istomina A.G., Golygina V.V., Gunderina L.I. Karyotypes of Palearctic and Holarctic species of the genus
Chironomus [Electronic resource]. Novosibirsk, Academic Publishing House “GEO”, 2016. 489 p.

Korzhuev P. A. Sravnitel'naya fiziologiya i biokhimiya [Comparative Biochemistry and Physiology of Hemoglobins].
Moscow, Nauka, 1964. 284 p. (In Russian)

Korzhuev P.A., Nikolskaya I.S. Ob"em krovi nekotorykh morskikh i presnovodnykh ryb [The volume of blood of some
marine and fresh water fish]. Dokl. Biol. Sci., 1951, vol. 80, no. 6, pp. 138—146. (In Russian)

Korzhuev P. A., Radzinskaya L.I. Kolichestvo gemoglobina v gemolimfe lichinok komara Chironomus plumosus [The
quantity of hemoglobin in Chironomus plumosus larvae hemolymph]. Voprosy Ihtiologii, 1958, vol. 10, pp. 139-143.
(In Russian)

Laemmli U.K. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature, 1970,
vol. 227, no. 5259, pp. 680—685.

Lehninger A.L. Principles of biochemistry. New York, Worth Publishers, 1982. 1011 p.

Leitch I. The function of hemoglobin in invertebrates with special reference to Planorbis and Chironomus larvae. J. Phys-
iol., 1916, vol. 50, no. 6, pp. 370-379.

Li S.Y., Zhao Y.M., Guo B.X., Li C.H., Sun B.J., Lin X.L. Comparative analysis of mitogenomes of Chironomus (Dip-
tera: Chironomidae). Insects, 2022, vol. 13, no. 12, p. 1164.

Maurer H.R. Disc electrophoresis and related techniques of polyacrylamide gel electrophoresis. DE GRUYTER, 1978.
222 p.

Maximova F.L. K voprosu o kariotipe Chironomus plumosus L. ust'-izhorskoy populyatsii Leningradskoy oblasti [The
karyotype of Chironomus plumosus from the Ust-Izhora wild population of Leningrad region]. Tsitologiia, 1976,
vol. 18, no. 10, pp. 1264-1269. (In Russian)

Numoto N., Nakagawa T., Kita A., Sasayama Y., Fukumori Y., Miki K. Structure of an extracellular giant hemoglobin
of the gutless beard worm Oligobrachia mashikoi. Proc. Natl. Acad. Sci., 2005, vol. 102, no. 41, pp. 14521-14526.
doi: 10.1073/pnas.0501541102.

Osmulski P.A., Leyko W. Structure, function and physiological role of Chironomus haemoglobin. Comp. Biochem. Phys-
iol., 1986, vol. 85, no. 4, pp. 701-722.

60



Tpyner MacturyTa 6nonoruu BHyTpeHHUX Boa uM. M. /1. Ilananmaa PAH, Bem. 110(113), 2025

Prothmann A., Hoffmann F.G., Opazo J.C., Herbener P., Storz J.F., Burmester T., Hankeln T. The globin gene family in
arthropods: evolution and functional diversity. Front. Genet, 2020, vol. 11, pp. 858. doi: 10.3389/fgene.2020.00858.

Schmidt-Nielsen K. Animal physiology: adaptation and environment. Cambridge University press, 1979. 560 p.

Shobanov N.A. The genus Chironomus Meigen (Diptera, Chironomidae) (Systematics, Biology, Evolution). Doc. Biol.
Sci. Diss. Saint-Petersburg, 2000. 464 p. (In Russian)

Shobanov N.A. Heterogeneity and heterofunctionality of hemoglobins in bloodworms (Diptera, Chironomidae). J. Evol.
Biochem. Physiol., 2004, vol. 40, no. 4, pp. 392-397. doi: 10.1023/B:JOEY.0000046535.66886.4d.

Shobanov N.A., Tayevskaya E.Y., Belkov V.M. Izmenenie sostava gemoglobinov motylya v ontogeneze [Changes of
hemoglobins composition in the midge Chironomus riparius Meig. (Diptera, Chironomidae) during development].
Ontogenes, 1993, vol. 24, no. 2, pp. 43—48. (In Russian)

Thompson P., Bleecker W., English D.S. Molecular size and subunit of Chironomus tentans structure of the hemoglobins.
J. Biol. Chem., 1968, vol. 243, no. 17, pp. 4463-4467.

Tichy H. Nature genetic basis and evolution of the haemoglobin polymorphism in Chironomus. J. Mol. Evol., 1975, vol. 6,
no. 1, pp. 39-50.

Tichy H. Are the different Chironomus hemoglobins of monophyletic origin? Acta Univ. Carolinae-Biologica, 1978,
vol. 12, pp. 253-257.

Tichy H., Kleinschmidt T., Braunitzer G. Studies on the evolutionary relationships between hemoglobins in Chironomus
pallidivittatus and C. Tentans — 1. Isolation and immunological analysis of monomeric and dimeric hemoglobins.
J. Mol. Evol., 1981, vol. 18, no. 1, pp. 9-14.

Walshe B.M. Feeding Mechanisms of Chironomus Larvae. Nature, 1947, vol. 160, no. 4066, pp. 474—474.

Walshe B.M. The function of haemoglobin in Chironomus plumosus under natural conditions. J. Exp. Biol., 1950, vol. 27,
no. 1, pp. 73-95.

Walshe B.M. The function of haemoglobin in relation to filter feeding in leaf-mining chironomid larvae. J. Exp. Biol.,
1951, vol. 28, pp. 57-61.

Waxman L. The structure of annelid and mollusc hemoglobins. J. Biol. Chem., 1975, vol. 250, no. 10, pp. 3790-3795.

Weber R.E. Aspects of haemoglobin function in the larvae of the midge Chironomus plumosus L. Proc. K. ned. Acad.
Wet., 1963, vol. 66, no. 3, pp. 284-295.

Weber R.E., Vinogradov S.N. Nonvertebrate hemoglobins: functions and molecular adaptations. Physiol. Rev., 2001,
vol. 81, no. 2, pp. 569-628.

White A., Handler P., Smith E.L., Hill R.L., Lehman L.R. Principles of Biochemistry. New York, McGraw-Hill, 1978.
vol. 6. 1492 p.

CTPYKTYPHASA OPITAHU3ALUA TEMOI'IOBUHOB
CHIRONOMUS AGILIS U C. MURATENSIS (DIPTERA, CHIRONOMIDAE)

B. B. boabmakoB, A. M. AujipeeBa
Hnemumym 6uonozuu enympennux 600 um. M. /1. Ilananuna Poccuiickotl akademuu HayK,
152742 Fopok, Apocnasckas 06a., Hexoyszckui p-w, e-mail: victorb@ibiw.ru
octynuna B pepakiuio 25.02.2025

BroxumMuueckue nceie10BaHus IBYX BUIOB XUPOHOMHU/ TTIOKa3aJIi, YTO B MX reMosuMde coneprkaTcs pasiind-
HbIe (POpMBI TeMOTII00HHOB. OHHU 0071aIal0T HIU3KOHW MOJIEKYIIIPHOW Maccoit: MoHOMephl — 15.9 kJla, u mumepsl
— 31.4 x/la. B ycrmoBusix auck-3sekTpodopesa BoIsIBICHO 10 12—16 pasnuuHbIX Qpakiiuii reMorio0nHoB. B re-
Mosmumbe Chironomus agilis (Shobanov, Djomin 1988) Obli 00Hapy>keHBI OKTaMepbl, IEHTAMEPbI, TETPaMepHI,
TPUMEPHI, TUMEPHl 1 MOHOMEDPEI, B COCTaB KOTOPHIX BXOAAT CYOBEAMHUIIBI C MOJIEKYJIIPHOW Maccoil oT 9.6 1o
15.7 x[la. B remonmumbe Chironomus muratensis (Ryser, Scholl, Wiilker 1983) Obuti oGHapyxeHbI OKTaMephl,
rekcamMepbl, TeTpamMepbl, TPUMEPBI, IUMEPbl 1 MOHOMEPBI, COCTOSIIUE U3 CYOBEIMHHUI] C MOJIEKYJSIPHON Maccoi
or 11 mo 15 x/a.

Knioueevie crosa: Chironomus agilis, muratensis, remoriaoous, Diptera, remonumda.
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