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ABSTRACT

Copper is an essential element to the production of hemocyanin and is also involved in diverse
life processes, including antioxidant defense, neurotransmitter production, cellular respiration,
pigment formation and peptide biosynthesis. It is well documented that copper (Cu) has toxic
effects at high concentration. This study was undertaken to present the effect of copper sulfate on
gills and hepatpancreas normal control shrimp at molecular level by using Fourier transform
infrared (FTIR) spectroscopy. The results mainly reveal that, Cu incubation causes an increase
in lipid content and an alteration in protein profile with a decrease in alpha-helix and an
increase in beta-sheet structure and random coil in both gills and hepatopancreas which might
be reflecting a slight sub toxic effect of copper on normal shrimp at the dose used in the study.

Keywords: Gills; Hepatopancreas; Copper; Lipid content; Rros¢ructure; FTIR spectroscopy.

INTRODUCTION

An essential trace element, copper (Cu), and hadafmental importance to crustaceans. It is
essential to the production of hemocyanin and # ahvolved in diverse life processes,
including antioxidant defense, neurotransmitter dpigion, cellular respiration, pigment
formation and peptide biosynthesislowever, it has toxic effects at high concenragi Excess
copper exposure has significant toxic implicatiémrsproteins that require copper as an integral
part of their structufe Such toxicity is reflected at the molecular, gilt and tissue levels in
each individual. However, information concerningper-induced alteration of the biomolecular
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constituents of primary organs, gills and hepatopsas inPenaeusmonodon(Fabricius, 1798)
has not been widely studied at molecular level.

The gills represent a vital organ in aquatic orgars and play an indispensable role in gaseous
exchanges and respiration. Copper may cause dartagdstissues, thereby reducing oxygen
consumption and disrupting the respiratory funcebmaquatic organisms. Similarly copper may
also cause damage to the hepatopancreas. Cellseohdpatopancreas typically consist of
digestive and absorbent cells that are believethédiate digestion, absorption, storage, and
excretion and detoxificatidrit was also pointed out that, those copper-indueethtions might
lead to more important changes in the metabolisnallsring the proteins, carbohydrate and
lipids*®. Taking into consideration these sparse liteestum this field, it is clearly seen that the
effects of copper on major organs such as gillsrephtpancreas have yet to be characterized in
detail in normal controP.monodon. In the present study, we aimed to study the etiEcopper
treatment on the gills and hepatopancreas ofRlmenodon by Fourier transform infrared
(FTIR) spectroscopy at molecular level. The bioctwamchanges in the sub-cellular levels
manifest themselves in different optical signatusesich can be detected by IR spectroscopy.
Acquisition of IR spectra with high spatial and sjpal resolution allows the visualization of the
distribution of intrinsic biochemical componentscisuas lipids, proteins, and carbohydrates as
well as parameters that reflect a variety of mdecand structural characteristics. This novel
method monitors and visualizes the underlying ckémiof the tissue, based on hundreds of
vibrational absorption bands that are intrinsi¢hte sampl® ”. This technique has been widely
used for a rapid and sensitive determination of roraolecular concentration and
conformational changes in biological tissues andhbrane$ ® Consequently, the spectroscopic
study of biological cells and tissues is an actvea of research with a primary goal being to
elucidate the molecular mechanism of diseasestaftethose cells and tissues

MATERIALS AND METHODS

Brackish water shrimpPenaeusmonodon, approximately 4-months old weighing 23-25 g were
purchased from a shrimp farm for the experimentinghwere fed daily ad libitum with chow in
holding tanks for approximately 1 week at 25 ° @pto the experiment. Ten shrimp were
randomly selected and killed. Their gills and hepahcreas were isolated, cleaned several times
with pH 8.0 Tris buffer solution (50mM), wiped attten homogenized in the cooled condition.
The pooled homogenates were then centrifuged ad ¥6@ for 5 min. The supernatant was
discarded, and 2 ml of Tris buffer solution was etldThe above process was repeated five
times, and then the crude homogenates mass wameaibtior further use. The total protein
concentration in the crude homogenates of shritipagd hepatopancreas were determined by
the Bio-Rad protein assay kits in the crystalliogibe serum albumin as a standard. The protein
contained in this gill and hepatopancreas homogsnaere >6 mg/ml. Copper solution (0.5%)
was prepared by dissolving Cu powder (company)50 enMTris buffer solution, pH 8.0. Equal
volume of homogenate and copper stock solution wexed (1:1), and then incubated in a 37°
C water bath for 3 h.

FT-IR spectroscopic study

FTIR spectra were recorded with a Perkin EImer—8pet Rxl Spectrometer equipped with a
mullard l-alanine doped triglycine sulfate (DTGS)etettor installed at Centralized
Instrumentation and Services Laboratory (CISL), &malai University. The spectrometer was
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continuously purged with dry nitrogen to eliminatenospheric water vapour and carbon dioxide
(CO2). Pellets were scanned at room temperaturet (23C) in the 4000400 cm-1 spectral
range. To improve the signal to noise ratio formesigectrum, 100 interferograms with a spectral
resolution of +4 cr were averaged. Background spectra, which wereatelli under identical
conditions, were subtracted from the sample speatramatically. The frequencies for all sharp
bands were accurate to 0.00I&nEach sample was scanned under the same condititims
three different pellets.

Peak Fit version (4.1.2) for windows (Cranes Sofeaaternational Ltd., Bangalore) was used
for data acquisition and handling. Second derieapectra were vector normalized at 2800—
3050 cm’(for the comparisons made in 2800-30301cregion), at 1600—1700 ¢hand at 950—
1480 cm' (for the comparisons made in 1000-1270"aregions). Fourier self-deconvolution
and second derivative resolution enhancement weed to narrow the width of infrared bands
and increase the separation of the overlapping ooems with software Peak Fit Version 4.12.
The resolution enhancement resulting from self-deotution and the second derivative was
such that the number and the position of the bambs fitted were readily determirietf.Curve
fitting was accomplished during a curve-fitting pess with Peak Fit software (version 4.12) for
the amide | band region. Protein secondary straatantent was calculated from the area under
the individually assigned bands and expressedpascentage of total area in the amide | region.
The band maximum from 1650 to 1658 tiwas assigned to alpha-helical structure, 1640 to
1610 cnt to p-sheet, 1700 to 1660 ¢hto B-turn, and 1650 to 1640 ¢mto random coil
structuré’. The next step was the calculation of the averafeie individuals belonging to the
same groups. The results were presented as “mestantlard deviation”, and the differences
between with or without Cu-incubated (0.5%) homages of gills and hepatopancreas.

RESULTS AND DISCUSSION

2800-3030 cni Region

Average second derivative spectra belonging tagith@nd hepatopancreas of the Cu-incubated
and without Cu-incubated group are demonstratdig)ibA-D, respectively. The changes in the
percentage area of main functional groups are givdrable 1. As it is seen in Fig. 1 and Table
1; the changes observed between the Cu-incubat@dvéhout Cu-incubated groups in this
region are quite different for all the investigategjions of the shrimp gill and hepatopancreas.
The intensities of the GHasymmetric and the symmetric stretching modesfgigntly increase

in the Cu-treated groups. As it is demonstrate#figa 1A-D and Table 1, the intensities of the
CH3 symmetric and the asymmetric stretching bartsedise significantly only in the gills of
the Cu-treated groups. While the intensity of tHeé; Gymmetric stretching band significantly
increases in the Cu-treated group of hepatopancreas

1600-1700 criifRegion: The average spectra belonging to the gill and logaicreas of the Cu-

incubated and without Cu-incubated groups in th@016700 critregion are shown in Fig. 2A—

D, respectively. The changes in the percentage @réd@& main functional groups are given in
Table 3. Since the peak maximum of the Amide | baewlrs at different frequencies for various
types of hydrogen- bonded secondary structuresdigerete types of secondary structure in
proteins can be identified by the frequencies efrtmaxima in the FTIR spectra. As it is seen in
Fig. 2 and Table 2, Cu-treatment causes a signifidacrease in the intensities of alpha-helix
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and Beta-turn of Amide | band of the gill and thepatopancreas. The intensity of beta-sheet of
Amide | band significantly increases in all theestigated regions of the Cu-treated group. The
figure and Table reveal that the intensities ofrdn@dom coil increased significantly only in the
gill homogenate of the Cu-incubated group with eespo the without Cu-incubation. However,
the intensity of random coil did change signifidgrin the hepatopancreas.

1000-1270cnii Region: The average spectra belonging to the gill and loggaicreas of the Cu-
incubated and without Cu-incubated groups in th@0£Q270 crifregion are demonstrated in
Fig. 3A-D, respectively. The main changes in theg@etage area of the investigated functional
groups are given in Table 4. The band located atrat 1230 crilis a PQ asymmetric
stretching band which arises from the phospholipidd nucleic acids. As it is shown in Fig. 3
and Table 3, the intensity of this band decreaggsfisantly in the gill and hepatopancreas
homogenates of the Cu-incubated group. The baad5it cni is a C—O stretching band arising
due to the presence of glycogen and nucleic aciddarsystem and the band giving absorption at
1171 cm_1 is due to CO-O-C asymmetric stretchimgjngr from ester bonds in cholesterol
esters and phospholipids. The other band in thetigpe of gill and hepatopancreas of Cu-
treated group in which we see decrease in thesityfemalue gives an absorption peak at 1083
cm®. This band can be assigned as the, P§gmmetric stretching band arising from
phospholipids and nucleic acids or due to the C#+€&ching band which mainly arises from
glycogen, oligosaccharides and glycolipids presetite system.

In the present study, we have analyzed the spegtieaiges in 1000-3030 &mmegion in detail
by FTIR spectroscopy. The dominant lipid bandshie 2800-3030 cihregion originate from
the C—H stretching vibrations of the fatty acyl iclsaof membrane lipids The increase in lipid
content might be due to the disturbance of lipidabelism in Cu-treated groups. Accumulation
of fatty acids and their metabolites, such as lohain acyl-CoA and long chain acyl-carnitine,
has been associated with cell damage. Alteratiotisa composition of membrane phospholipids
are also considered to change the activities ofouar membrane bound enzymes and
subsequently gills and hepatopancreas functionrudifferent pathophysiological conditiolfs
However, we observed a significant decrease in dbetent of the CH3 symmetric and
asymmetric stretching group in gills homogenate #rel CH3 symmetric stretching group in
heptopancreas of the Cu-treated shrimp. These elBamgght be implying an alteration in lipid
and protein profiles leading to modifications inmi®ane compositich

Cu-incubation causes a decrease in the contentmad\l alpha-helical structure of the gills and
hepatopancreas (Fig. 2A-D and Table 2). Our resl#is reveal that Cu-treatment causes an
increase in the concentration of beta-sheet streictuboth gill and hepatopancreas (Fig. 2A-D
and Table 2). Thus, we can deduce that Cu-treatmightt be causing some important structural
alteration in the protein secondary structure efgshrimp gill and hepatopancreas. The epithelial
membrane covering the outside of gill and hepatogeas tissue may first be exposed to Cu in
solution, resulting in changes in structural confation of bimolecular components of gill
hepatopancreas tissues and progressively losentsién. The shrimp gills and hepatopancreas
homogenates shows the maximum peaks of Amide Iahd650-1658 cih suggesting that
the predominant proportion of protein is in thehaelical conformation. Once the Cu was
incubated in the gill and hepatopancreas, the Arhjsiak shifted gradually from 1650-58 ¢m
to 1640 and finally to 1640 ch This shift is assignment with a random coil aredaksheet
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structure. As it is shown in fig 2A-D and Tablewdth Cu-incubation, corresponding to
alterations of the protein conformation from algtedix to random coil and beta-sheet
conformation. The changes in peak position andhte§second derivative Amide | band may
quantitatively reflect alterations in the compasitiof protein secondary structurd$ The
random coil and beta-sheet structures were momopraed in protein secondary conformations
of the gill and hepatopancreas homogenates aétatntient with Cu. This finding was consistent
with the mechanism of beta-sheet formation by cdmg alpha-helical structure into beta-sheet
conformation™* *>*¢ In the present study, the decrease in alpha-katixture of the shrimp gill
and hepatopancreas homogenates might be respofwsilie increase in beta sheet and random
coil structures; which were consistent with the hagism of beta-sheet formation The beta-
type structure in the gill homogenate induced by €liggests that the increase of the
intermolecular hydrogen-bond interactions formsraggtes of higher molecular weight, and
then to modifies the secondary structures of pndtethe gill homogenaté

The decrease in the intensity of the ,P@symmetric stretching band in the gill and
hepatopancreas of the shrimp due to Cu-treatmepiteésndecrease in the phospholipid content
(Fig. 3 and Table 3). The decrease in the interfitthe band at 1151 ¢fin the Cu-treated
group of gill and hepatopancreas might be resultiogn decrease in the content of glycogen,
which might be due to the disturbance of carbohgdeamd lipid metabolism. Furthermore, our
results also show that, in the Cu-incubated graidpke gill and hepatopancreas, the intensity of
the band at 1151 chdecreases and the intensity of the band at 117incneased with respect

to the control. In both gill and hepatopancreashef Cu-treated groups, there is decrease in the
intensity of the band located at around 1083'cithis decrease might be due to decrease in the
lipid content and/or glycolipid content and/or ghgen content.

By considering the results of both gill and the d&tepancreas of the shrimp, an apparent increase
in the content of lipids was observed. The findingsur study are important in this aspect since
they might be revealing that lipid metabolism iteasd due to Cu-treatment. Our results are in
agreement with a previous study which has showntkigafatty acid content of hepatopancreas,
gills and muscles increases due to Cu-treatme@trafb. However, when exposed to copper, the
ultrastructure and mcrostructtfeof the gills and hepatopancreas would be damaged i
Macrobrachumrozenbergii , consequently the indispensable cytological gneogpsumption was
diminished, further decreasing the respiratoryighdf gills and more significantly decreasing
the cell respiratory-related physical activitiesmiarly copper may also cause damage to the
hepatopancreas. Cells of the hepatopancreas tlypmatsist of digestive and absorbent cells
that are believed to mediate digestion, absorpttorage and excretion and detoxificatibn
Moreover, copper may interact with nuclear proteai®ring the complex structure of chromatin
or catalytic activities of the enzymes involvedDINA and RNA metabolism. Copper reduces
the rate of protein synthesis by reducing the c&tRNA synthesi¥. The findings of the current
study related to the changes in the lipid and pmatentent due to Cu are also important since it
is known that ion channels are affected by lipithy®r composition’® ' Therefore, the
structural damage to the gills and hepatopancresogenate due to Cu-treatment observed in
the present study would impair the physiologicaldtiioning of the gill and hepatopancreas.
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Table 1: Changes in the percentage area of the mafanctional groups in the region 2800-3030 crhregion
with or without incubation with Cu solution (0.5%)

Gill homogenate Hepatopancrease
Without Cu| With Cu | Without CJ With Cu
CHsasym.str.(at 2953 ¢cM) | 8.20+0.50| 6.09+0.45 7.80+0.68 6.19+0.58
CHjasym.str.(at 2925 ¢ | 5.08+0.48 | 6.53x0.56 8.33%2.80  5.09+1.97
CHssym.str.(at 2873 c) | 14.28+0.15] 13.58+0.36 12.48+1.00 14.47+0\64
CH,sym.str.(at 2854 cit) | 7.3840.94 | 11.12+2.71 9.71+3.28  8.60+3.80

Functional groups

Table 2: Changes in percentage area of the differesecondary structures in the Amide I: 1600-1700 cth
region with or without incubation with Cu-solution (0.5%)

Functional groups Gill homogenate Hepatopancrease

Without Cu With Cu Without Cy With Cu
a-helical.(1650-1658 ci) 23.50+£0.44| 21.54+0.80 23.20+0.28 18.20+0.34
B-sheet (1640-1610 ch) 20.3940.79| 26.45+0.77 22.06+0.29 35.68+0/69
Random coil (1640-1650 ch | 18.48+0.28 23.38+0.88 19.07+0.47 18.39+0/20
B-turn (1660-1700 cih) 37.56+0.29| 28.63+ 0.3{4 35.62+0.29 27.68+0]29

Table 3: Changes in the percentage area of the mafanctional groups in the region 1000-1270 crhregion
with or without incubation with Cu-solution (0.5%)

Functional groups Gill homogenate Hepatopancrease
Without Cu| With Cu | Without Cu  With Cu
Po, asym.str.(at 1230 ci) 6.68+2.81| 4.44+1.79 3.94x0.70 1.60%0/57
C-O-O-C asym.str.(at 1171¢n| 5.45+2.38 | 4.34%0.40 5.75x0.74 5.04%0.19
C-O str.(at 1151 cif 7.40+1.15| 5.25#0.37 4.45+1.55 2.41+0.64
PO, sym.str.(at 1083 ci) 5.60+0.52 | 3.14+0.75 2.19+0.1%5 1.27%0.16
Fgld Gill Without Cu-meubation FiglB Gill With Cue-eubation
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Rl Hepatopauereas Wichont Cretnebation

FglD Hepatopancreas with Cu-nenbation
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Fig.1A-D.The average spectra belonging to the gilind hepatopancreas of the Cu-incubated and withouCu-
incubated groups in the 2800-3030 cHregion.Second derivative average spectrum belongirtg the gill
without Cu-incubation (A), with Cu-incubation (B), and hepatopancreas without Cu-incubation (C), and vth
Cu-incubation (D).

Fig2A Gill Without Cu-incubation
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Fig.2A-D.The average spectra belonging to the gilind hepatopancreas of the Cu-incubated and withouCu-
incubated groups in the 1600-1700 ctregion.Second derivative average spectrum belongirtg the gill
without Cu-incubation (A), with Cu-incubation (B), and hepatopancreas without Cu-incubation (C), and vth
Cu-incubation (D).
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Fig3d  Gill homogenate without Cu-ncubation Fg3B  Cilhomogenatevith Cuenebaion
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Fig 3C hepatopanceeas Widhout Cu-dncubation FigdD  Bepatopancreas With Co-noubation

006 006
05 005 0178 0175
004 004
01% 01%

003 003
00 a0y 0078 0.075
001 L~ / 00t 0025 002

0 0

90 1070 1160 1250 1000 1083 167 1250

Wave Number o™ Wave Number e

Fig.3A-D.The average spectra belonging to the gidind hepatopancreas of the Cu-incubated and withoutu-
incubated groups in the 1000-1250 ciiregion.Second derivative average spectrum belonging the gill
without Cu-incubation (A), with Cu-incubation (B), and hepatopancreas without Cu-incubation (C), and wh
Cu-incubation (D).

CONCLUSION

In the current work, we showed that Cu-incubatetth@tdose (0.5%) used in this study increases
lipid content and causes some alterations in prgbeofile with a decrease in alpha-helix and
increase in beta-sheet structures in the shrimpagitt hepatopancreas. The present study
elucidated the relationship between biomoleculeslavprovide more practical applications for
chemical contaminants analysis.
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