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Metallothioneins are low-molecular-weight proteins involved in homeostasis and
detoxification of the transition metals. The bivalve mollusks are known to be the most
effective filter feeding aquatic organisms that provide the accumulation of toxic metals
from the environment. The analytical methods for detection and quantitative determina-
tion of metallothioneins in the biological samples must be improved to adjust the correct
conditions for detecting their metal composition. The sodium azide is frequently utilized
to conserve the Sephadex and prevent the microbial growth. The aim of this study was
to select the conditions for isolation of the metallothioneins of the bivalve mollusk that
would ensure a stability of their metal-binding forms.We examined the metallothioneins
of mollusks from four rural sites in the basin of Dniester River, upstream and down-
stream the dam of two hydropower plants (small HPP in the Kasperivtsy, the Seret
River and micro HPP in the Krasnostavtsy, the Zhvanchyk River. The mollusks from the
most polluted site (the reservoir of small HPP) were subjected to depuration in the labo-
ratory during 21 days, and the metallothioneins from their digestive gland were com-
pared in different conditions of elution. Four compositions of the eluent based on 10 mM
Tris-HCI buffer, pH 8.0 were applied: without additions; containing 10 mM 2-mercapto-
ethanol and 5 mM sodium azide; containing 5 mM sodium azide; and containing 10 mM
2-mercaptoethanol. The obtained results indicated the distortion of the chromatograph-
ic and spectral features of metallothioneins in the presence of sodium azide in the eluent.
The detecting of the metal composition of the metallothioneins demonstrated that they
predominantly bind Zn. In field conditions of two HPPS, the highest level of Cu in the di-
gestive gland tissue and in the metallothioneins was detected in the mollusk from the
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reservoir of small HPP. The depuration of the specimens caused the elimination of Cu
from the metallothioneins. The ratio of Zn and Cd was rather stable in all studied condi-
tions of the elution. The function of detoxification of the metallothioneins regarding Cd
and Cu was less revealed in mollusks from the reservoir of small HPP. The results ac-
cented a necessity of adjusting of correct conditions of elution in the investigation of the
metallothioneins in mollusks.

Keywords: metallothioneins, bivalve mollusks; copper; zinc; cadmium; gel-per-
meation chromatography

INTRODUCTION

Metallothioneins (MTs) are low-molecular-weight proteins involved in the homeo-
stasis of the endogenous metals and in the detoxification of several toxic metals [5, 9].
These intracellular proteins are characterized by unusually high cysteine content (30%)
and lack of the aromatic amino acids. MTs efficiently bind several divalent and monova-
lent transition metals, mainly Zn, Cu, Cd, Ag, with high affinity by forming characteristic
polynuclear metal-thiolate clusters within their structure [3, 5]. Moreover, MTs are among
the most abundant intracellular targets for the biologically essential metals, Zn and
Cu [18]. Thus, MTs play an important role in providing metal cofactors for apoproteins
and regulate gene expression via association with zinc fingers [10].

MT in a Zn-bound state is very stable that makes it an ideal reservoir for intracel-
lular Zn. However, they are highly sensitive to toxic metals: under cellular stress from
toxic transition metals, such as cadmium and mercury, the cell increases MT expres-
sion [11]. The synthesized protein sequesters these toxic metals buffering them and
protects cell damage. The most important example is connecting to the detoxification of
Cd, whereas MTs can bind almost all cadmium content within the cells in complexes of
low toxicity [11]. Due to this unique property, MTs are considered to be an ideal tool for
bioremediation of toxic metal contaminated environments [4, 8]. However, utilizing of
the MTs with the purpose of bioremediation is discussed only for the bacteria [4].

Bivalve mollusks are known as the most effective filter feeding aquatic organisms.
They accumulate different toxic substances from water, including toxic metals [7, 11].
Therefore, the elucidation of properties of their MTs can provide utilizing of these organ-
isms in the bioremediation of the reservoirs.

Analytical methods for detection and quantitative determination of the MT in bio-
logical samples are provided [5, 16]. The main problem in the MTs determining is the
oxidation of protein which can occur in the aerobic conditions and is accompanied by
a release of metal from the thiolate clusters [5]. Disulphide-bond formation occurs as
thionein becomes bound in the high-molecular-weight region and chemical reduction is
necessary to restore its normal elution behavior. Mercaptoethanol added to homoge-
nates maintains the reducing conditions normally found in cellular milieu and prevents
the oxidation of the MTs during isolation [10, 12]. However, the MTs of the bivalve mol-
lusks are very sensitive to the oxidation due to comparatively high content of copper in
their composition [9]. The aim of this study was to select the conditions for the allocation
of MTs of the bivalve mollusk that would ensure the stability of their metal-binding forms.
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MATERIALS AND METHODS

Bivalve mollusks Unio tumidus (Unionidae) (~ 6 years old, 81 cm length, and
4215 g weight) were collected in four rural sites in the basin of Dnister River, upstream
and downstream (U and D sites, correspondingly) the dam of two hydropower plants
(HPPs). Kasperivtsi small HPP (K groups) is located in the lower part of the Seret River
(48°40’ N, 25°50' E), and Krasnostavtsi micro HPP (Zh groups) is located on the Zh-
vanchyk River(48°49’ N, 26°23' E). The bivalves were collected in summer. The inves-
tigation of the mollusks from four sites had started in the day of sampling.The applying
of different eluents was made with the samples of the mollusks from KU site (reservoir
of the small HPP) that were kept in the aquarium during 21 day under the controlled
conditions in the aerated water that was renewed each two days.

For isolation of the MTs, tissue samples from five individuals of the experimental
group were pooled in aliquot quality (total mass 350 mg), and homogenized in ice-cold
10 mM Tris-HCI buffer, pH 8.0, containing 10 mM 2-mercaptoethanol to prevent the MTs
from oxidation and 0.1 mM phenylmethylsulfonyl fluoride to prevent protease activity [5].
EDTA was not added to the buffer to prevent the loss of metals bound to proteins. MTs
from the digestive gland were obtained as low weight thermostable proteins by size-
exclusion chromatography on Sephadex G-50 [16], as it was described elsewhere [6].
All chemicals were purchased from Sigma Aldrich (St. Louis, USA) and were of the ana-
lytical grade or higher. Column calibration was achieved by applying a mixture of stand-
ard proteins: chymotrypsinogen (25.8 kDa), myoglobin (17.0 kDa), cytohrome c
(12.3 kDa), ubiquitin (8.6 kDa), insulin chain B oxidized (3.5 kDa). In the study of the
mollusks from four sites, the low weight thermostable proteins were eluted in the medi-
um contained only 10 mM 2-mercaptoethanol. In the experimental exposure with the
depuration of mollusks, four compositions of the eluent based on the 10 mM Tris-HCI
buffer, pH 8.0 were applied: 1. without additions (C); 2. containing 10 mM 2-mercaptoe-
thanol and 5 mM sodium azide (corresponding to 0.03%) (ME+N); containing 5 mM
sodium azide (N); containing 10 mM 2-mercaptoethanol (ME). MTs were identified as
low weight thermostable proteins that have high absorbance at 245 nm (peak correspon-
ding to the metal-thiolate clusters) and absence of peak at 280 nm due to the absence
of the aromatic residues [13]. In the combined fractions of the peak (10 mL), UV spectra
were recorded and the metal content was determined.

The concentration of Cu, Zn and Cd was measured in the samples of the tissue of
mollusk digestive gland (250 mg), and pooled eluate of MTs-containing fractions from
a digestive gland after the size-exclusion chromatography (10 mL), as it is described
elsewhere [17, 6]. A reliability of measurements towards selected elements was as-
sessed by analyzing ERM-CE 278 certified reference material; recoveries of metals
were between 90% and 110%. Quality control was assessed by Quality Control Sample
for trace metal and method of Standard Addition (www.dentalmercury.com/245_1.pdf).
Metal concentration in tissue was expressed as pugxg™ fresh weight (FW), and in MTs,
also as nmolxg”' FW.

Analysis was of thermostable proteins carried out in triplicate for three independent
samples, and metal measurements in the tissue were carried out in six specimens, the
same as it was applied earlier [6]. The results were expressed as mean + SD. Shapiro-
Wilk test was used for the assessment of normality. Data were analyzed with parametric
Student’s t-test significant at p < 0.05. Statistical calculations were performed with Sta-
tistica v 8.0 and Excel for Windows-2000.
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RESULTS AND DISCUSSION

Gel-filtration of the thermostable extract from a digestive gland in each experimen-
tal group revealed the peak that had an apparent molecular mass of approx 8 kDa. It
was identified as MTs-containing peak basing upon its spectral features, thermostability
and molecular weight [6, 16] (Fig. 1A). In samples C, ME and N, it was not accompanied
by other peaks demonstrating the absence of the conditions for olygomerization or de-
struction of the MTs. However, the eluent contained both mercaptoethanol and azide
(ME+N), and the additional low molecular weight peak was indicated attesting partial
breaking of the MTs, probably to separate domains [13].

The D,5,/D,q, ratio of the low-weight fraction was in the range 2.7-3.2 in all samples.
However, the absorption spectra in the ultraviolet spectral region (UV-spectra) of this
fraction were different (Fig. 1B). Moreover, in the eluent containing both mercaptoetha-
nol and azide (ME+N), the fraction lost the typical peak intrinsic for the metal-thiolate
clusters, while in the sample containing only azide (N), this peak was less manifested
than in the control and only mercaptoethanol (ME) contained eluents. Additionally, in
control, the maximum of this peak shifted in the middle UV-light region from the typical
position. Therefore, according to the chromatographic properties the eluent containing
was the most appropriate for elution of the metalated MTs.

Sodium azide (0.02-0.03%) is usually applied to conserve the Sephadex as an in-
hibitor of the microbial growth. Correspondingly, the utilizing of buffer with its presence
cannot be excluded in the repeatedly utilized Sephadex. Current study demonstrated
that careful removing of azide from the medium for elution is a decisive condition for the
appropriate elution of the MTs.

We detected the metal composition of the MTs-containing peak (Tabl. 1, 2, Fig. 2).

The results of analysis of metal accumulation in tissues of the mollusk from the field
groups have shown the inter-site differences (Tabl. 1): the concentration of Cu was the
highest in the groups from the small HPP. The concentration of Cd was distinctly lower
in the group, sampled downstream the dam of small HPP, than in all other groups.
Metal concentration in the MTs-containing chromatographic peak and its ratio to the
total concentration of the corresponding metal in the tissue was also site-dependent.

In the depurated mollusks, in each case of the elution Zn was the main metal in the
composition, and in the sample N, its part in the ratio was the highest. In the presence
of ME, the level of Zn and Cu in the MTs was the lesser. The ratio of Cu and Cd was
different due to variations in the Cu content in the peak, whereas the level of Cd was
stable. This variability can be explained by the reducing effect of the ME and support of
true metal-thiolate cluster structure. In the absence of ME, the non-specific bounding of
Zn and Cu in the peak can be expected (so called hypermetalated state) [18, 14]. On
the other hand, binding of Cd as the most tightly bound to MTs ions was not dependent
on the conditions of the elution.

Comparison of the metal ratio in the MTs and total metal in the tissue indicate
a great level of the MTs in the metal binding. Importantly, the mollusks from the less pol-
luted site associated with the micro HPP were able of binding higher part of metals in
the MTs than the specimens from the polluted area of the small HPP in a low portion of
the river. This phenomenon was described earlier for accumulation of Cd in the freshwa-
ter mollusks [15, 16]. It can be explained by the best ability for the metal transport and
protein synthesis in the healthy organism. The comparison of metals in the composition

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2019 e Tom 13/Ne1 e C. 61-70



THE CONTENT OF METALS IN METALLOTHIONEINS OF THE BIVALVE MOLLUSK UNIO TUMIDUS... 65

Fig. 1.

Puc. 1.

N
)

>

D, 245 nm

N+ ME

N

bt

1.51

0.51

B D164

1.4 -

1.2 4

0.8 -
0.6 -
0.4 4

0.2 4

0

280 300 320
A, Nm

200 220 240 260
Chromatographic features of a thermostable extract of the digestive gland of U. tumidus from the
reservoir of Kasperivtsy HPP after 21 days of the depuration of mollusks: the elution profiles on Sep-
hadex G-50 (A) and UV-spectra of low molecular weight fraction (B)

Comment. Arrows highlight the elution volume of the molecular weight markers: 25.8 kDa, 17.0 kDa,
12.3 kDa, 8.4 kDa, 3.4 kDa appropriate to 1.1; 1.8; 2.75; 3.3; 4.5 Ve/Vo, correspondingly; Ve, elution
volume; Vo, void volume of the column. Samples: without additions (C); containing 10 mM 2-mercap-
toethanol and 5 mM sodium azide (ME+N); containing 5 mM sodium azide (N); containing 10 mM
2-mercaptoethanol (ME)

XpomatorpadiyHi pucu TepmocTabinbHOro ekcTpakTy 3 TpaBHOi 3ano3un U. tumidus i3 pesepByapy
Kacnepiscbkoi 'EC nicna 21 gobw genypadii montockis: npodine entouii Ha Cedapekci G-50 (A) Ta
Y®-cnekTpu HM3bkoMonekynspHoi dopaxuii (B)

Mpumitka. CTpinkn nosHayaTe 06’em entouii mapkepis: 25,8 ka, 17,0 kOa, 12,3 kda, 8,4 k[a,
3,4 k[da matotb napametpu entouii 1,1; 1,8; 2,75; 3,3; 4,5 Ve/Vo BignosigHo. 3pasku: 6e3 gogaH-
kiB (C); 3 10 MM 2-mepkanTtoeTaHonom Ta 5 MM asngom Hatpito (ME+N); 3 5 MM asngom Hatpito (N);
3 10 MM 2-mepkanTtoetaHonom (ME)
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of MTs from the field mollusks and the specimens applied to depuration indicated the
efflux of Cu from the MTs, whereas the level of Cd was increased. It could be explained
by a unique ability of the MTs to bind almost all Cd in the tissue, whereas the Cu is easy
transported from the MTs to other cellular targets [1-3, 9, 20].

Table 1. Results of metal accumulation in tissue of a digestive gland and its metallo-
thioneins in U. tumidus from four field sites, ugxg' FW (% of total), M+SD, n = 6
for total metal in the tissue and n = 3 for the metallothioneins

Tabnuys 1. Akymynsuisa meTaniB y TKaHUHi TpaBHOI 3ano3u Ta il MeTanoTtioHeiHax y U. tumi-
dus i3 4oTUPBLOX MicLueBocTel, MKrxr' Bororoi macu TkaHuHu (% Big 3aranbHo-
ro), M£SD, n = 6 ans 3aranbHOro BMiCTy MeTany y TKaHuHi Ta n = 3 Ana meTtasno-

TioHeHIB
. Groups

KU KD ZHU ZHD
Zn total 91.241.22 85.5+1.42 62.9+1.3° 98.2+0.962
Zn MTs  37.1£2.9% (40.7%) 20.06+1.5° (23.5%) 28.842.3°(45.8%) 27.47+1.4°(28.0%)
Cu total 3.39+0.372 3.1240.322 1.37+0.34° 2.1240.69°
CuMTs 1.2740.15% (58.1%) 0.80%0.09" (25.6%) 1.17+0.2° (85.4%) 1.79+0.22°(84.4%)
Cd total 1.25+0.34° 0.29+0.06° 0.61+0.16° 1.06+0.142

Cd MTs  0.24%0.02% (19.2%) 0.25+0.023° (86.2%) 0.36+0.04° (59.0%) 0.40£0.03° (37.7%)

Comment. For each parameter, same letters correspond to values that are not different significantly, always
P>0.05. Groups: Kasperivtsi small HPP upper and downstream dam groups (KU and KD groups
correspondingly), Krasnostavtsi micro HPP upper and downstream dam groups (ZhU and ZhD
groups correspondingly)

Mpumitka. [ns koxHoro napametpa ofHakoBi OykBM BiANoBiaatoTh 3HAYEHHSAM, SIKi HE Bipi3HAOTHCA Bipo-
rigHo mixx coboto, 3aBxan P>0,05. Mpynu: Kacnepiscbka mana MEC Buwle Ta Hux4ve aamon (KU
Ta KD rpynu BignosigHo), KpacHocTtascbka mikpo MEC Buwe Ta Hwkde gambu ((ZhU ta ZhD
rpynuv BiAnoBigHo)

Table 2. Metal composition of the metallothioneins in a digestive gland of U. tumidus
depending on the eluent, pgxg' FW, M+SD, n =3

Tabnuys 2. Cknag meTaniB y MeTanoTioHeiHax TpaBHoi 3ano3u U. tumidus 3anexHo Bif
erneHTa, MKrxr' Bororoi Macu TkaHuHu, MtSD, n =3

Samples
Metal
@ ME+N N ME
Zn 42.4+2.82 20.9+2.8° 86.3+3.7° 35.7+1.9¢
Cu 0.75+0.122 0.21+0.05° 0.21+0.04° 0.11+0.03°
Cd 0.71+0.122 0.71+0.142 0.84+0.122 0.69+0.11°

Comment. Samples: without additions (C); containing 10 mM 2-mercaptoethanol and 5mM sodium azide
(ME+N); containing 5 mM sodium azide (N); containing 10 mM 2-mercaptoethanol (ME)

Mpumitka. 3pasku: 6e3 gopaHkiB (C); 3 10 MM 2-mepkanTtoetaHorom i 5 MM asngom Hatpito (ME+N);
3 5 MM asugom Hatpito (N); 3 10 MM 2-mepkanTtoetaHonom (ME)
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Fig. 2. Metal composition of the metallothioneins in a digestive gland of U. tumidus in different eluents (A)
and depending on the origin of population (B), Zn:Cu:Cd, atoms rate (%).
Comment. Samples: without additions (C); containing 10 mM 2-mercaptoethanol and 5 mM sodium
azide (ME+N); containing 5 mM sodium azide (N); containing 10 mM 2-mercaptoethanol (ME)

Puc. 2. Cknag meTaniB y MeTanoTioHeiHax TpaBHoi 3anoau U. tumidus y pisHux entoeHTax (A) Ta 3anexHo Big
noxomkeHHs nonynauii (B), atomHi yactkun Zn:Cu:Cd (%).
Mpumitka. 3pasku: 6e3 pgopankis (C); 3 10 MM 2-mepkanToetaHoriom Ta 5 MM a3uaom Hatpito
(ME+N); 3 5 MM asugom Hatpito (N); 3 10 mM 2-mepkantoetaHonom (ME)

At least four important conditions to ensure a stability of MT extracted from tissue
samples during storage were selected. Heat-treatment of homogenates, storage of su-
pernatants at -70 °C, the addition of a thio-protecting agent to the supernatants, and
maintenance of sample dilution to below 1:5 of supernatants were used [5]. In present
study, the importance of the maintaining of the composition of the eluent (the avoiding
of sodium azide) was stressed. Our results have shown that the composition of metals
in the MTs can be substantially changed by the depuration of animals, and Cu is a sub-
stance that can easily be removed from these proteins during withstanding of the spec-
imens in the laboratory conditions. One can suggest a necessity of the azide removing
from the eluent and keeping the presence of mercaptoethanol for supporting of the MTs
metal-binding state.
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BMICT METAIIB Y METAJIOTIOHEIHAX IBOCTYNIKOBOI'O MOJTKOCKA
UNIO TUMIDUS 3A PI3HUX YMOB EKCIMO3WUUII IN SITU TA IN VITRO

B. B. Xoma

TepHoninbcbKull HauioHanbHUU nedazoeiyHull yHisepcumem imeHi Bonodumupa MHamroka
8yn. M. KpusoHoca, 2, TepHoninb 46027, YkpaiHa
e-mail: khomav@tnpu.edu.ua

MeTanoTioHeiHM — e HU3bKOMOMEKYNAPHI NPOTEiHK, 3any4deHi o romeocTasy i ge-
TOKCUKaLii nepexigHnx meTanis. [JBOCTYKOBI MOSOCKM BiJOMI SIK HaedeKTUBHILLI opra-
HiI3MKU-INbTPaTOpK, WO 3abe3neyyroTb aKyMyrsiLilo TOKCUYHMX METarniB i3 BOLHOMO ce-
pegoBuLLa. AHaNITUYHI METOAM BUABIIEHHSA Ta KiNbKICHOTO BU3HAYEeHHSI METarNOTIOHEIHIB
y GionoriyHmx 3paskax noTpebyoTe BOOCKOHANEHHS AN JOCATHEHHS] KOPEKTHUX YMOB
BM3HAYEHHS cKnagy ixHix MmeTtanis. A3ng HaTpito YacTo BUKOPUCTOBYOTb AN KOHCEpBa-
uii Cedhagekcy Ta 3anobiraHHst pocTy Mikpodnopu. MeTa uiei po6otn — obpaTt ymMoBU
ONs BUAOINEHHST METanoTIOHEIHIB ABOCTYNIKOBOIO MOJIHOCKA, SAKi 3abesnevaTb cTabinb-
HICTb IXHiIX MeTan-genoHyBanbHUX hopm. byno gocnigkeHo MeTanoTiOHEIHN MOSHOCKIB
i3 YOTUPBLOX MicLeBOCTeN y BacenHi pikn [HicTep — BuLWe Ta HWk4e gamb OBOX rigpo-
enekTpocTaHuin y 6acenti p. [Hictep (manoi NEC y KacnepiBusix Ha p. CepeT i mikpo-
MEC y KpacHocTaBusix Ha p. >KBaH4uk). MortockiB i3 HanbinbL 3abpyaHeHoT MicLeBoC-
Ti (pe3sepyap manoi N'EC) nigaaBanu genypadii B nadopatopii npotarom 21 gobw, nic-
NS 4YOro MeTanoTiOHEIHN TPaBHOI 3a503n BUAINANKM K TEPMOCTabiNbHI NPpOTEiHN Ta no-
PiBHIOBANM 3a Pi3HNX PEXUMIB entoLii. Byno 3acTocoBaHO YOTMPU CKMaam EntOEHTY Ha
ocHogi 10 mM Tpuc-HCI 6ydepy, pH 8,0: 6e3 pobaBok, 3 gogasaHHsaM 10 MM 2-mepkan-
ToeTaHony Ta 5 MM Hatpi asugy; 3 AogaBaHHaM nuwe 5 MM HaTpin asuagy abo 10 MM
2-mepkanToeTaHorny. BcTaHOBNEHO, WO HasBHICTb asvay B EIeHTi Npu3BoauTb 40
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CMOTBOPEHHS XpoMaTorpadidHmnX i CNeKTpanbHNX XapakTeEPUCTUK MeTanoTioHeHiB. Bu-
3HAYEHHA cknagy metarniB y MeTanoTioOHeiHax BCTAHOBMIO, LLO BOHM 3B’A3Y0Tb Mepe-
Ba)XKHO LMHK. |3 gocnigXeHnx rpyn MOJKCKIB i3 AinaHok TEC HamBULWWIA BMICT Kynpymy
Yy TKaHWHi TpaBHOI 3ano3n Ta MeTanoTioHeiHax OyB BiA3Ha4YeHWI Yy MOJIOCKIB i3 pesep-
Byapy manoi 'EC. NpoTe genypauis MOMIOCKIB BUKNMKana eniMmiHalito Kynpymy 3 MeTa-
notioHeiHiB. KoOHUEHTpaUis UMHKY Ta kagmito byna gocutb cTabinbHO Y BCiX gocnigke-
HUX ymoBax entouii. [leTokcrkauinHa gyHKUIa MeTanoTiOHEIHIB LWOAO KaaMito Ta Kynpy-
My Halripe BUpaXkeHa y MOJHCKIB i3 pesepByapy Manoi '[EC. OTpumaHi pesynbsratu
npuBepTaKTb yBary A0 HeoOXigHOCTI AOTPUMMAaHHS KOPEKTHUX YMOB entouii y Aocni-
[KEeHHi MEeTaroTiOHEeHIB MOJTHOCKIB.

Knro4oei cnnoga: wmeTanoTiOHEIHW, BOCTYNKOBI MOMOCKU, KYMPYM, LIMHK, KaaMmin,
renb-po3noginbdya xpomartorpagis
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