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EFFECT OF MAGNETIC STORMS
ON THE TEMPERATURE CHARACTERISTICS
OF DIGESTIVE GLYCOSIDASES IN ROACH FINGERLINGS'

Abstract. The aftereffects of a typical geomagnetic storm (the duration 24 h, in the frequency
range 0-5 Hz) on the activity of glycosidase (maltase, amylolytic activity) in the intestine
of a 4-month juvenile roach Rutilus rutilus (L.) have been studied. Embryos were exposed to geo-
magnetic storm 72 h later after fertilization. The amylolytic activity was determined by Nelson
method and the maltase activity by the glucose-oxidase method. The level of glycosidase activity in
juvenile roach under the impact of geomagnetic storm was significantly lower than that in controls.
Temperature characteristics of glycosidase in fish of the experimental and the control groups are simi-
lar. Temperature optimum of amylolytic activity was observed at 40 °C, the temperature optimum
of maltase was found at 60 °C. The E, values of maltase at the temperature 0—30 °C are similar in
both groups of yearlings. The E, values of amylolytic activity at feeding temperature 10-20 °C were
significantly lower (the efficiency of the process is higher) than at lower temperatures in both groups
of yearlings.
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Introduction

The geomagnetic storm (GMS) is a disturbance of the geomagnetic field, associated with an in-
teraction of the perturbed flow of the solar wind and the Earth's magnetosphere. The geomagnetic
storm is different in intensity and the overall picture. The intensity of geomagnetic fluctuations during
GMS does not often exceed 1 % of the intensity of the geomagnetic field. However, such a weak im-
pact can cause significant biological responses [1]. Aftereffects of a real GMS reproduced in experi-
mental conditions, on the early stages of roach development manifested as an increase in the mitotic
activity in prelarvae cells [2], the decrease in size-weight characteristics and in vertebral phenotypes
diversity in juveniles [3]. Multidirectional changes in the activity of glycosidase (enzyme hydrolyzing
carbohydrate) were previously found in the gut of juvenile roach subjected to the effect of low-
frequency magnetic field during its embryogenesis [4, 5]. At the same time, there is no information
about the aftereffect of the magnetic storm on the digestive function of fish.

The goal of the present work is to study the prolonged effects of GMS exposure during embryo-
genesis upon activities and temperature characteristics of intestinal glycosidase in roach fingerlings.

Materials and methods of research

The fertilized eggs obtained from the parental roach Rutilus rutilus (L.) (8 females and 6 males)
caught in May 2012 at the Rybinsk Reservoir spawning grounds were used for the experiments. The
eggs were fertilized by a dry method and then were placed in 2 crystallizers filled with the river water.
The water was renewed twice a day. The geomagnetic storm (happened on 30-31 October 2003 and
recorded at the latitude of the experiments) was reproduced in the experimental setup that allows com-
pensating fluctuations of the geomagnetic field in the working volume and creating user-defined three-
component magnetic fields. The crystallizer with embryos was placed in the working volume of the
experimental unit 72 h later after fertilization. The geomagnetic storm was reproduced in the unit for
24 hours in the frequency range of 0—5 Hz. Fish in the control group were developed under the natural
geomagnetic field. Groups of 500 larvae from control and experimental variants were placed in ponds
with natural forage for 4 months after resorption of yolk sac. Roach mortality in the ponds was insig-
nificant and did not depend on the experimental exposure.

Twenty fish specimens from both the control and experimental groups were used for the bio-
chemical analysis. Fish were killed by the excision of the spinal cord, slit open immediately and the
intestine was removed and placed on ice. The intestinal chime was deleted. The activity of glycosidase
(maltase, amylolytic activity) was determined in the total homogenates (including medial intestine
of 20 specimens in each group) prepared on Ringer's solution for cold-blooded animals (110 mM NacCl,
1.9 mM KCI, 13 mM CacCl,). The amylolytic activity (a characteristic of the total activity of enzymes
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capable hydrolyzing of starch, namely, a-amylase EC 3.2.1.1, glucoamylase EC 3.2.1.3, and maltase
EC 3.2.1.20) were assessed by analyzing hexose accumulation according to the modified method
of Nelson [6]. The activity of maltase was assayed by the glucoseoxidase method using the
Fotoglyukoza (LLC Impakt, Russia) clinical biochemistry kit. The incubation of homogenates and sub-
strates (1.8 % solution of starch or of 50 mM maltose) was carried out at the temperature of 0—70 °C
and pH 7.4 during 20-30 min. Enzymatic activity was determined in five replicates at each point with
the background (glucose content in the original homogenate) taken into account and expressed in
micromoles of the reaction product formed per 1 min of incubation per 1 g wet tissue weight
(umol/(g-min)). The activation energy (F,.;) was calculated using a graphical method of Arrhenius. The
results are presented as mean values and errors of the mean (M + m). The significance of the differ-
ences was assessed by one-way analysis of variances (ANOVA, LSD-test) at p <0.05.

Results and discussion

The body weight of the fingerlings of the control group is 6.0 = 0.2 g, body length — 7.1 £ 0.1 cm.
The fish body weight of the experimental group is 25 %, length — 9 % lower compared to the control
(p <0.05) and is 4.5 £ 0.1 g and 6.4 £ 0.1 cm, respectively. In most cases, the glycosidase activity in
fish of the control group was significantly higher than in the experimental group in all range of the in-
cubation temperature, p < 0.05. At the standard temperature of 20 °C the amylolytic activity in roach
of the experimental group was by 22 % lower than in the fish of the control group and was 29.6 £ 0.7
and 38.1 £ 1.1 pmol/(g'min), respectively. The maltase activity in fish after exposure to GMS was
26 % lower than in control — 10.9 £ 0.1 and 14.8 = 0.3 pmol/(g'min). The patterns of curves of tem-
perature dependence of glycosidase in roach of the control and the experimental groups were excep-
tionally close (Fig.). The temperature optimum of starch hydrolysis in yearlings of the both groups was
40 °C, the maximum level of the amylolytic activity was 122.1 £ 2.4 and 99.2 + 4.3 pmol/(g-min), re-
spectively. The relative enzyme activity was 4—6 %, 15-16 and 30-31 % of the maximum at 0, 10 and
20 °C in the both groups of fish. The temperature optimum of a-amylase in the adult roach from the
Rybinsk reservoir was observed at 40 °C, the optimum of the amylolytic activity was found at the tem-
perature of 50 °C [7]. The discrepancy between our and previous results may be due to differences in the
spectrum of nutrition as well as different quantitative ratio of pancreatic (o-amylase) and membrane
(glucoamylase and maltase) enzymes hydrolyzing starch in juveniles and adults of the same species.
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The maximum of maltase activity recorded at 60 °C is 122.1 £ 2.4 and 99.2 £ 4.3 umol/(g'min)
in fish of the control and the experimental groups, respectively. The zone of the maximal activity
of maltase (40—70 °C) is much larger than that of the amylolytic activity. The relative activity of mal-
tase in fish of the control group (23, 29 and 43 %) was slightly higher than that of the experimental
group (15, 21 and 28 % of maximum) at 0, 10 and 20 °C, respectively. It should be noted that the tem-
perature stability of maltase at low and especially postmaximal temperatures is higher. So, at 70 °C it
was amounted to 86—-87 % of the maximum, while the relative activity of enzymes hydrolyzing starch
was only 5-8 %. These data agree well with those obtained previously for carp fish species
[7-9]. The comparison of the values of E, of the amylolytic activity in roach fingerlings in the vital
temperature range from 0 to 30 °C showed no significant differences between fish of the control and
the experimental groups (Tabl.).

The activation energy of intestinal glycosidases in roach fingerlings
of the control and the experimental (under a magnetic storm) groups

Fish groups The activation energy, kcal/mol Breakpoint, °C
before breakpoint | after breakpoint
Amylolitic activity
Control 159 10.6 10
GMS 20.1 124 10
Maltase activity
Control 549 no
GMS 542 no

The breakpoint of the Arrhenius plot was identified at 10 °C, while the values E, in the tem-
perature range 10-30 °C were 1.5-1.6 times lower (higher process efficiency) than at lower tempera-
tures. In the adult roach the breakpoint of the Arrhenius plot was recorded at 20 °C and the values E,
were, 12 and 7.9 kcal/mol, respectively [7]. The values E,. of maltase in the temperature range
0-30 °C in fish of the experimental and the control groups were equal, the breakpoint of the Arrhenius
plot was absent. These results corresponded to the data, which were previously obtained in the study
of the thermal characteristics of maltase in roach [9].

Conclusion

The results demonstrate a low level of the glycosidase activities (amylolytic activity and maltase)
in the intestine of the juvenile roach exposed to GMS (24 h duration, in the frequency range 0—5 Hz) 72 h
later after fertilization. Temperature characteristics of glycosidase in fish of the experimental and the
control groups are similar. The temperature optimum of amylolytic activity is recorded at 40 °C, and
the temperature optimum of maltase is observed at 60 °C. The E, values of amylolytic activity at the
temperature of feeding 10-30 °C are lower (the efficiency of process is higher) than at lower tempera-
tures. The E, values of maltase in the temperature range 0-30 °C in fish of the experimental and the
control groups are equal.
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A. A. Qununnos, B. B. Kpwvinos, U. JI. ['onosanosa

BITUSIHUE MATHUTHOW BYPU
HA TEMITEPATYPHBIE XAPAKTEPUCTHUKH
MUILIEBAPHTEJIbHBIX INMIMKO3HUIOA3 Y CEIOJIETOK IUIOTBHI

W3y4yeHsl OTHANCHHBIC TOCICICTBUS NICHCTBHS THITMYHON MAarHUTHON Oypw (TPOJOIDKUTEIHHO-
cThI0 24 4aca, B auana3oHe yactoT 0—5 I'I) Ha aKTHBHOCTH IVIMKO3UNa3 B KUIICYHHUKE 4-MECSIIHON
MOJIOU IWIOTBBI Rutilus rutilus (L.). DKCIO3UIMU B MATHUTHOMN Oype IMOIBEPrauch IMOPHOHBI CITYCTS
72 yvaca mociie OIIo0oTBOpeHust. s onpeneneHusi akTMBHOCTH MaJIbTa3bl U aMUJIOJIUTHYECKON aK-
TUBHOCTH MCITOJIb30BaHbI TIIFOKO300KCHIA3HbIH METO/] 1 MOAUGDHUIMPOBaHHKIH MeTo ] Henbcona. Ypo-
BEHb aKTHBHOCTH TIMKO3HAa3 (MajbTa3a M aMIJIOJIUTHIECKAs aKTUBHOCTB) Y CErOJIETOK IUIOTBBIL, TIO/I-
BEPTHYTHIX JISHCTBUIO MAarHUTHOW OYpH, JOCTOBEPHO HIDKE, YeM B KOHTpoJIe. TeMIiepaTypHblie Xapak-
TEPUCTHKH TIIMKO3U/a3 Y PHIO OMBITHOH M KOHTPOJBHOW rpymil Oym3ku. TemmepaTypHbBIH ONTHMYM
aMUJIOJTUTUIECKON aKTUBHOCTH OTMeUeH npu Temneparype 40 °C, TemrepaTypHbIii ONTUMYM MajlbTa-
361 — nipu Temneparype 60 °C. 3nauenus E,,, ManbTa3bl B JUana3oHe 3HadeHui Temneparypsl 0-30 °C
y PBIO OINBITHOW W KOHTPOJILHOW TPYIIT paBHBI. 3HAYCHUS F,, aMUIIOJIUTHYCCKONH aKTUBHOCTU TIPH
temnepatype nuranus 10-20 °C nocroBepHo Huke (3G QEKTHBHOCTD Mpolecca BhIIIE), YeM HpH 00-
Jiee HU3KOW TeMIIepaType y CETOIeTOK 00EHX rPyIIIL.
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