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THE RESPONSES OF ANURAN METALLOTHIONEIN TO ZINC OXIDE
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Nanonized Zinc oxide (nZnO) is an expected constituent of contemporary environ-
mental pollution. In the polluted environments, the combination of various stressors inclu-
ding typical pesticides and climate changes can complicate the interpretation and assessment
of biological responses to engineering nanoparticles. We studied the effects of nZnO (3.1
uM), combinations of nZnO and fungicide Tattoo (Ta, 91 pg L) at 18 °C, and nZnO at
25 °C (nZnO+#°) on the male marsh frog Pelophylax ridibundus after 14 days of exposure.
Characteristics of metal (Zn, Cu, Cd) distribution with the participation of metallothionein
(MT) and signs of toxicity were evaluated. Decomposition of nZnO was proved only in the
exposure to nZnO alone due to the elevated levels of Zn uptake and Zn-MT in the liver and
vitellogenin (Zn carrier) in blood plasma. In the combine exposures the level of metalated
MTs was decreased with the increase of nonmetalated MT portion. The combine effect of
nZnO and heat stress decreased the level of immunoreactive MT and affected Cathepsin D.
Both combine exposures increased hepatic GSH&GSSG and DNA fragmentation levels. All
exposures caused up-regulation of CYP-450 and caspase-3 activities.

Keywords: nanoparticles, zinc, metallothionein, Pelophylax ridibundus.

Zinc oxide nanoparticles (nZnO) are widely used in the industry and personal care pro-
ducts. The biological effects of n-ZnO can be caused by specific physico-chemical properties
of nanosized particles and their interactions with the cellular structures and/or on the biological
activity of the released metal [2, 6]. In the polluted environments, the combination of various
stressors including typical pesticides and climate changes can complicate the interpretation and
assessment of biological responses to engineering nanoparticles. For this study, we have selected
commonest agricultural thiocarbamate fungicide Tattoo. Our earlier study has shown that Tattoo
has negative impacts on frogs, particularly on the habitants from polluted area [3]. The thermal
stress was shown to distort typical molecular responses to pollutants in freshwater mussels [6].

Materials and Methods

Adult males of marsh frog Pelophylax ridibundus (8-10 cm long) out of the breeding
season were collected from a pristine area and transported to the laboratory. Experiments were
performed in accordance with the national and institutional guidelines for the protection of ani-
mal welfare with permission of the Ministry of Ecology and Natural Resources of Ukraine, No
466/17.04.2013 Committee on the Bio-Ethics at TNPU (No 2/10.06.2013). Frogs were randomly
distributed into five groups (15 individuals per group). One group was exposed to the aquarium
water only and was considered control (C). Other groups were exposed to nZnO (3.1 uM), com-
binations of nZnO and fungicide Tattoo (Ta, 91 pg L) at 18 °C, and nZnO at 25 °C (nZnO-+t°)
during 14 days with the replacing of water medium each two days. The isolation and quantifi-
cation of total metallothionein (MT) protein (MT-SH), metalated MT (MT-Me) and immunore-
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active MT (MTi), determining of metals (Zn, Cu, Cd) in the tissue of liver and in corresponding
MT as well as concentrations of reduced & oxidised glutathione (GSH&GSSG), and activities
of caspase-3 (EC 3.4.22.56) and Cathepsin D (EC 3.4.23.5) [total and free ( released from lyso-
somes)] in the liver was described in details in [4]. Level of vitellogenin-like protein (Vtg-LP)
was determined as it was described in [5]. The 96-well-plate semi-quantitative Biomarker ELISA
Kit (Biosense, Norway) was used to determine of vitellogenin (Vtg) in the blood serum and
CYP450 in the liver according to the manufacturer’s protocols. For analysis of MT-Me, sample
size was 3 per group, each biological replicate consisting of pooled tissues from five frogs. For
all other traits and all experimental treatment groups, sample size was 8. The data are presented
as means + standard deviation (SD) unless indicated otherwise. All statistical calculations were
performed with Statistica v. 10.0 and Excel for Windows-2010.

Results and Discussion

Results are represented in Table. Only nZnO in the exposure alone provoked the eleva-
tion of Zn concentration in the tissue and in MT without the changing of MT metal composition.
In the complex exposure, the up-regulation of MT-SH (by nZnO+Ta) or its down-regulation (by
nZnO+°) was accompanied by the impairment in the metal-binding capacity (MT-Me) and even
by the loss of typical immunoreactive properties (MTi) of MT (by nZnO+#). The determining
of the level of Zn-carrier protein vitellogenin confirmed this vulnerability of Zn-dependent pro-
cesses. The elevated GSH&GSSG level jointly with the increase in the nonmetalated and partially
oxidized MT portions [(MT-SH)-(MT-Me) and MTi correspondingly] confirmed the activation
of oxidative stress response, particularly by the heat effect. Elevated levels of CYP-450 activity
and DNA fragmentation had shown high sensibility of frog to the impacts even in the applied low
environmentally realistic concentrations. However, the lysosome dependent Cathepsin D activity
and the sensitivity of its release from lysosomes detected the particular deleterious effect of heat
stress and dysregulation of apoptotic cascades.

Effect of nZnO alone and in combine exposures with fungicide Tattu or elevated
temperature on the zinc-dependent characteristics and toxicity in the liver and blood
of P. ridibundus (M*S.D., n=3 for MT-Me, n=8 for all other data)

Groups

Parameters Control | nZnO | nZnO+Ta | nZnO+t°
Liver
MT-SH, pg-g' FW 782497 98.5£10.2* 1554+182%  55.3+6.2%
MT-Me, pg: g' FW 73.5+8.4 108.9+11.2* 24242 1% 21.342.2%
MTi, RU g!' FW 7.2+0.5 7.9+4+0.8 6.5+0.7 1.2+0.1*
GSH, pmol- g' FW 3.4+0.5 3.9+0.4 8.3+0.7* 12.3+0.6*
GSSG, pmol- g FW 0.44+0.08 0.52+0.05* 1.2+0.2* 1.7+0.1*
Total Cu, mkg g'! FW 25.6+2.4 12.2+1.7* 13.6+1.5% 10.5+0.6*
Total Zn, mkg g'! FW 60.6+5.2 94.7+9.4* 133.1+5.6* 67.6+5.0
Total Cd, mkg g' FW 2.9+0.3 4.4+0.7* 3.3+0.4 0.8+0.1*
Cu-MT, mkg g' FW 1.4+0.1 2.1+0.2% 2.3+0.2% 0.4+0.05*
Zn-MT, mkg g' FW 8.7+0.9 12.9+1.4* 1.6+0.2* 2.3+0.2%
Cd-MT, mkg g' FW 0.1£0.01 0.1£0.01 0.3+0.04* 0.43+0.04*
CYP450,RU/ g' FW 1.1£0.2 3.1+0.1%* 2.1+£0.3* 2.5+0.2%
Caspase-3, pmole min' mg! proteins 24.9+5.4 31.6+3.9% 47.9+6.0% 82.8+11.7*
Cathepsin free, pmole min™' mg™!' proteins ~ 0.36+0.09  0.13+0.03*  0.22+0.03* 0.48+0.05
Cathepsin total, pmole min"! mg™! proteins 1.1£0.2 0.8+0.2* 0.7+0.1* 1.2+0.1
DNA fragmentation, RFU mg™' protein 101.7£16.9  132.2+29.8  143.2+£29.0%  173.3+36.0*
Blood plasma
Vtg-LP, ug P,-mg' proteins 47.3+£8.6 69.5+7.8% 52.3+5.4 49.2+5.3
Vtg (ELISA), RU-ml"! plasma 1.5+0.1 2.0+£0.2% 0.5+0.04* 1.5+0.2

Note: the asterisks indicate that the values are significantly different from the respective control values (p<0.05).
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These results confirm the previous experience of our research of cellular specialized thi-
ols in different animal models started in 1970-1980s [1, 3-6]. In our present vision, we place the
inability of MT to keep Zn in the centrum of the explanation of irrelevant responses to the envi-
ronmental challenges and the exhausting of typical responses in complex exposures.

This work has been granted by the Ministry of Education and Science of Ukraine (Projects
# 125B; 131B).
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PEAKIIII METAJIOTIOHEIHY ) KABH HA BIIVINB HAHOYACTHUHOK
OKCHUAY HUHKY CIIOTBOPIOIOTHCA Y KOMIIJIEKCHHUX BIIJIMBAX
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Hanodopma okcuay 1mmHKy (nZnO) € IpPOrHO30BAHOIO CKJIAJOBOIO CYYacHOTO
3a0pynHeHHs1 cepenopuiia. OrmiHka OIOJOTIYHHMX peakilii Ha BIUIMB TEXHOTCHHHX
HAHOYACTUHOK y 3a0pyTHEHOMY CEpeIOBHII peaKIlil MOXe YCKJIa[HIOBAaTUCS MOEJHAHUM
BIUTMBOM PI3HOMaHITHHX CTPECOPIiB, 30KpeMa, THIIOBUX NMECTUIWAIB 1 3MiH KiiMary. Mu
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Budainu BB nZnO (3,1 MxM), moexnanust nZnO ta ¢ynrinuay Tarry (Ta, 91 mxr
JI'") 3a 18 °C ta nZnO 3a 25 °C (nZnO+#°) Ha camiiiB abu o3epHoi Pelophylax ridibun-
dus micng 14 ni6 excrnosuunii. OmiHIOBaJIMCSA XapaKTEPUCTHKM PO3MOALTYy MeTamiB (Zn,
Cu, Cd) 3a yuactio meranotioneiny (MT) ta o3Haku Tokcu4HocTi. Byno noseneHo, mo
nume BB nZnO cnpuunHse Oiogerpaaanito nZnO 31 301IbIICHHAM PIBHA aKyMYJILii
Zn 1 Zn-MT y neuinui Ta BiTeNoreHiHy (Zn-TpaHCIOPTHOTO MPOTEiHy) y mi1a3mi KpoBi. 3a
CIUIBHOTO BIUIMBY PiBE€Hb METaaboBaHOTO MT 3MeHIyBaBCS y MOEAHAHHI 31 3pOCTaHHAM
piBHs HeMeTanboBaHoro MT. KombinoBanmii BB nZnO Ta TEMJIOBOTO CTPECY BUKIHMKAB
3MEHILIEHHS BMICTy iMyHOpeakTHBHOI ¢opmMu MT 1 3MiHM aKTHBHOCTI KaremcuHy D.
O6unBa xom6iHOBaHi BrumBH 30inbmman piBeHb GSH 1 GSSG ta ¢parmenranii AHK y
TKaHHUHI TediHku. 3pocTaHHs akTuBHOCTEeH CYP-450 Ta kacmasu-3 Big3HA4ajoch y BCIiX
EKCIEePUMEHTAIbHUX TPYIax.

Kniouosi cnosa: HAHOUACTUHKH, [IUHK, METANOTiIOHETH, Pelophylax ridibundus.
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Hanodopma okcnpa nmaka (nZnO) sBisieTcs: IPOrHO3UPOBAHHON COCTaBILIONIEH
COBPEMEHHOTr0 3arpsi3HeHust cpenpl. OleHKa OMONOrMYEeCKUX peakiuii Ha BO3/CHCTBHE
TEXHOTCHHBIX HAHOYACTHUIl MOMKET YCJIOKHATHCS COBMECTHBIM BIMSHUEM pPa3IMYHbIX
CTPECCOpOB, B YaCTHOCTH, THIIMYHBIX IECTULMIOB U U3MEHEHUH kiumara. Mbl n3ydanu
BusiHue nZnO (3,1 MxM), coueranust nZnO u yuruimaa Tarty (Ta, 91 mxr JI™) npu 18 °C
1 nZnO npu 25 °C (nZnO+#°) Ha caMII0B 03epHOU JsIryiku Pelophylax ridibundus nocne 14
CyTOK dKcno3unuy. OLEHNUBAINCH XapaKTePUCTHKH pacnpeeneHus Meramios (Zn, Cu, Cd)
¢ yuactueM Metautornonena (MT) u mpu3Haku TOKCHYHOCTH. BBIIO 10Ka3aHO, YTO TOJIBKO
Bimsiane nZnO Be3bIBaeT Onoaerpasanuio nZnO ¢ yBelIn4eHHeM YPOBHS aKKyMYJISIUY Zn
n Zn-MT B nevyeHu u BUTEIUIOT€HHHA (ZNn-TPaHCIIOPTHOTO MPOTEHHA) B IUIa3Me KposH. [Ipu
COBMECTHOM BO3JCHCTBUU YPOBEHb METa/IIMPOBaHHOIO MT yMeHbIancs Npy yBeIUYCHUU
ypoBHst HeMmeTasupoBanHoro M T. Kom6unupoBannoe Bimsiare nZnO U TEIIIOBOTO CTpecca
MIPUBOMIIO K YMEHBILICHHIO COJACPIKaHUS MMMYHOpeakTHBHOH (opmbl MT u m3menenuto
akTHBHOCTH KarerncuHa D. O0a KOMOMHHPOBAHHBIX BO3JCHCTBUS YBEIHMUHBAIN YPOBEHb
GSH n GSSG u ¢pparmentanuu IHK B Tkanu nedenu. Bo Bcex skCriepuMeHTaNbHX Ipyax
oTMeuasioch Bo3pacranue akTusHocTedl CYP-450 u xacnasel-3.

Knrouegvie cnosa: HaHOUACTUYKH, INHK, METAJUIOTHOHEHH, Pelophylax ridibundus.



