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Abstract

Environmental pollution through heavy metals is an upcoming universal problem that
relentlessly endangers human health, biodiversity and ecosystems. Hence remediating these
heavy metal pollutants from the environment by engineering soil microbiome through
metatranscriptomics is befitting reply. In the present investigation, we have constructed size
fractionated cDNA libraries from eukaryotic mRNA of cadmium (Cd) contaminated soil and
screened for Cd tolerant genes by yeast complementation system by using Cd sensitive ycf1/
mutant. We are reporting one of the transformants PLCel0 (from library C, 1-4 kb) with
potential tolerance towards Cd toxicity (40 uM-80 uM). Sequence analysis of PLCel0
transcript showed homology to von Willebrand factor type D domain (VWD) of vitellogenin-
6 of Ascaris suum encoding 338 amino acids peptide. gPCR analysis revealed that PLCel0
induced in presence of Cd (32 fold) and also accumulated maximum amount of Cd at 60
UM Cd. This cDNA was further tested for its tolerance against other heavy metals like copper
(Cu), zinc (Zn) and cobalt (Co). Heterologous complementation assays of cDNA PLCel0
showed a range of tolerance to Cu (150 uM-500 pM), Zn (10 mM-12 mM) and Co (2-4 mM).
Results of the present study suggest that cDNA PLCel0 is one of the functional eukaryotic
heavy metal tolerant genes present among the soil microbial community and could be exploited
to rehabilitate metal contaminated sites.

Key words: Metatranscriptomics, Heavy metals, VWD, vitellogenin, heavy metal tolerance
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1. Introduction

Soils are a large dump for various hazardous elements such as heavy metals which are
released into the soil through numerous anthropogenic activities such as industrial and
agricultural activities (Fernandez et al., 2018). Heavy metals not only cause pollution by
changing the physical and biochemical properties of soil but also represent severe
environmental effects and are considered as health hazards (Mitchell et al., 2011; Tchounwou
et al., 2012; Esteban-Vasallo et al., 2012). Conditions which affect the soil properties also
affect the diversity and functioning of microorganisms living in that environment. Majority of
these organisms possess a rich reservoir of genes which are involved in detoxification
mechanisms such as chelation, excretion of metals or cellular compartmentalization (Cobbett
and Goldsbrough, 2002; Clemens, 2006; Blindauer and Leszczyszyn, 2010). Discovering these
genes and the mechanisms in which they are involved will not only elaborate our understanding
towards the interaction between microorganisms and their environment but also be implicated
in bio-industry or for bioremediation.

Eukaryotic microorganisms present in the soil carry out numerous biological processes
with ecologically significance and many of them were unknown to the science as they
withstand the laboratory cultivation (Marmeisse et al., 2017). To explore true functional
diversity and activities expressed by eukaryotic strata of soil in situ in response to various
adverse factors, a metatranscriptomics approach has been practiced (Carvalhais et al., 2012;
Marmeisse et al., 2017). Metatranscriptomics involves the construction of eukaryotic-specific
environmental cDNA libraries through polyadenylated mRNA and screening them by
heterologous complementation in an appropriate microbial host such as Saccharomyces
cerevisiae (Grant et al., 2006; Bailly et al., 2007; Thakur et al., 2018). The systematic
sequencing of these transcriptomes has led to the recognition of full-length genes involved in

different biological processes from soils (Damon et al., 2012; Hesse et al., 2015; Ziféakova et
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al., 2016; Mauchline et al., 2018), animal digestive tracts (Tartar et al., 2009; Qi et al., 2011;
Dai et al., 2015), marine waters (Pearson et al., 2015; Zielinski et al., 2016) and extreme aquatic
environments (Edgcomb et al., 2016; Puente-Sanchez et al., 2016). Metatranscriptomics
approach has also been established to discover various ecological significant genes from
different environments involved in numerous phenomena such as metal tolerance (Lehembre
et al., 2013), organic matter degradation (Damon et al., 2011), cyanobacterial blooming in
marine bodies (Berg et al., 2018), plant-microbe interaction (Crump et al., 2018), root
microbiome (Gonzalez et al., 2018), saline tolerance in deserts microbiome (Ren et al., 2018).
Studies have also been reported where metatranscriptomics is explored to remediate the
contaminated sites such as degradation of polycyclic aromatic compounds like phenanthrene
(de menezes et al., 2012; Suenaga et al., 2007) and in neutralizing the toxic heavy metals
present in soil environment (Ziller et al., 2017).

In this study, eukaryotic cDNA libraries constructed from metal contaminated soil was
screened to identify the genes involved in metal tolerance by yeast functional complementation
assay. Screening of one of the libraries (library C) yielded several genes involved in metal
tolerance including von Willebrand factor type D domain (VWD) of vitellogenin (\Vg) protein
(PLCel0). Vitellogenin is a multimeric egg yolk protein encoded by multiple Vg genes in a
number of species that include insects, fish and frog (Tufail and Takeda, 2008) and provide a
potential indicator for monitoring and assessing the toxic effect of heavy metals like Cd, Cu,
and As (Hwang et al., 2009). Present study aims to characterize the cDNA PLCel0 and test its
multi-metal tolerance characteristics by heterologous complementation.

2. Materials and methods
2.1. Collection of soil samples and analysis
Soil samples were collected from Agro-forestry land in Pierrelaye (49°1'45”N, 2°10'32"E)

in northwest of Paris, France. This site was previously maize growing crop field which now
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has been converted into an Agro-forestry site where Poplars are being cultivated. These sites
became polluted with heavy metal due to irrigation with untreated wastewater for many years.
Twenty soil cores were collected and equal volumes of each core was mixed together to form
composite sample after sieving them through 2.0 mm mesh. The soil sample was analyzed for
its pH (1:2 soil: water ratio, v/v), organic carbon (Walkley, 1947); total Phosphorus (Kitson
and Mellon, 1944); available Phosphorous (Olsen et al., 1954) and total nitrogen (Piper, 1966).
Soil samples were digested with HNOs and HCIO4 (3:1 v/v) and the metal content was
determined by using inductively coupled plasma atomic emission spectroscopy (ICP-AES)
(ARCOS, Simultaneous ICP Spectrometer, SPECTRO Analytical Instruments GmbH,
Germany) (Moor et al., 2001).
2.2. Biological materials

In the present study, Cd-sensitive ycf14, copper-sensitive cupl? (DTY4), Zn-sensitive
zrc14 and cobalt-sensitive cot1? mutant strains of S. cerevisiae were used. The yeast mutant
ycf14 lacks YCF1 gene which is an ABC transporter encoding gene responsible for conferring
Cd tolerance through the vacuolar transport of Cd conjugates (Li et al., 1997). Similarly, copper
sensitive cup1? lacks the both the copies of copperthionein gene while its isogenic wild type
strain DTY3 (cupl®) (MATa, leu2-3, 112his371, trp1-1, ura3-50, gall, CUP1%) carries single
copy of copperthionein gene cupl (Longo et al., 1996). In case of zrc14, ZRC1 gene encoding
a transporter protein that helps in sequestering of Zn into vacuoles is knocked out (Li and
Kaplan, 1998). The hypersensitivity to Co is due to deletion of COT1 gene that mediates the
efflux of cobalt ions into the vacuole (Conklin et al., 1992). ycf14, cotl? and zrcl1? strains
derived from the wild-type strain BY4741 (MATq, his3?1, leu240, met15%0, ura340) were
used as a negative control for metal tolerance. All yeast cultures were maintained on Yeast
Peptone Dextrose media (YPD) (Hi-media laboratories, India). For all bacterial

transformations, One Shot® TOP10 Electrocomp™ E. coli (Thermofisher, USA) was used.
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2.3. Screening of cDNA library C for cadmium tolerance genes

Total RNA was extracted from soil sample using the RNA PowerSoil® Total RNA
Isolation Kit (Mo Bio laboratories, Carlsbad, CA) according to the manufacturer’s instructions.
cDNA synthesis and size fractionation of cDNA libraries were performed as described earlier
(Yadav et al., 2014). Briefly, cDNA libraries were prepared by ligation of cDNAs between
SfilA and SfilB sites downstream of the PGK1 promoter of S. cerevisiae present in yeast
expression vector modified pFL61 (Minet et al., 1992). The largest fraction of cDNA library
(Lib C) was screened for cadmium tolerant genes by functional complementation assay using
ycf14 according to the method described in Thakur et al. (2018). For positive transformants,
heterologous complementation assay was performed by drop out assay and growth assay. To
perform drop out assay, yeast cells were grown in SD-ura broth until ODggo = 1.0 and serial
dilutions were made (0.1-0.0001). Five pul of each dilution was subsequently used to perform
drop out assay on SD-ura with and without Cd (40 uM CdSOa) plates. The growth assay was
performed to know the range of tolerance of tolerant cDNA by inoculating the respective yeast
transformant in 20 ml medium with log phase culture in range of 40-80 uM CdSOs and growth
was recorded after 48hrs. One of the transformants, PLCe10 was chosen for further studies,
based on its tolerance towards higher Cd concentrations.
2.4. Sequence analysis

Plasmid DNA was extracted from ycf14/PLCel0 cells by using Zymoprep™ Yeast
Plasmid Miniprep Il (Zymo Research, USA) and electro-transformed (3-4 pl) into One
Shot® TOP10 Electrocomp™ E. coli cells (Thermofisher, USA). The insert was sequenced
with vector specific primers NF and NR (Table 1). BLASTX analysis was performed to find

homologous sequences for PLCel10 via NCBI web server (http://blast.ncbi.nlm.nih.gov/ Blast.

cqi). The resulting polypeptide sequences were aligned by multiple sequence alignment using

Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/). Potential O- and N-linked
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glycosylation sites were determined using NetOglyc 3.1 (http://www.cbs.dtu.dk/services/

NetOGlyc/) and NetNGlyc 1.0 server (http://www.cbs.dtu.dkservices/NetNGlyc/) and

phosphorylation sites by NetPhos 2.0 server (http://www.cbs.dtu.dk/services/NetPhos/). The

sequence of PLCel0 cDNA was deposited at NCBI database under the accession number
MF770726.
2.5. gPCR analysis and metal uptake

The induction level of PLCel0 in response to Cd stress was quantified by gPCR analysis.
The ycf14 cells carrying PLCe10 were grown in SD-ura broth supplemented with different
concentrations of Cd (0, 40, 60 and 80 uM) for 48 hrs at 30 °C. Cells were centrifuged at 3000
rpm for 5 mins and the pellet was ground with liquid nitrogen. Total RNA was extracted by
using Trizol reagent followed by use of RNase-free DNase | (Thermo Scientific, USA) to
remove genomic DNA contamination. The purity and integrity of RNA was determined by
NanoDrop™ 1000 (Thermo Scientific, USA) and formaldehyde agarose gel electrophoresis.
First strand cDNA was synthesized from total RNA by using PrimeScript™ first strand cDNA
synthesis kit (Takara, Japan) as per the instruction manual. Gene expression analysis of Cd
tolerant cDNA PLCe10 was performed by using SYBR® Premix Ex Taq™ (Tli RNase H Plus)
(Takara, Japan) as directed in user’s manual in a Mastercycler® ep realplex system (Eppendorf
AG, Hamburg, Germany) with a final volume of 20 pl (100 times diluted RT cDNA 6.8 pl, 0.2
uM forward primer, 0.2 uM reverse primer (Table 1), 2x SYBR Green mix 10ul and H20 final
volume make up). Amplification programme used was: 95 °C for 2 mins (1 cycle), 95 °C for
15 sec, 53 °C for 15 sec and 68 °C for 20 sec (40 cycles). The amplification efficiency (E) was
calculated in accordance to the equation E = [10C510P9)] — 1 and efficiency values lies between
0.94-1.27. These efficiency values were further used to compute Ct; values by using equation
Cty = Ciex [log(1+E)/log2]. The primers (Table 1) were designed for reference genes from ACT

(Actin; SGD:S000001855), TAF10 (TATA binding protein-associated factor;
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SGD:S000002574) and TFC1 (Transcription factor class C; SGD:S000000327) of S. cerevisiae
(Teste et al., 2009). Analysis via Normfinder suggested that most stable expression and
minimum stability value under Cd stress recorded was for TFC1. Hence, TFC1 was used as
reference genes to calculate comparative expression level of genes by using the formula 244¢;
(Livak and Schmittgen, 2001). The —AACT is calculated by subtracting the normalised Ct value
for test data from normalised Ct value for corresponding control. For every measurement, RNA
was extracted from three independent biological samples (experimental replicates) and for each
experimental replicate, three technical replicates were also performed.

The Cd accumulation by ycf14/PLCe10 cells were determined by ICP-MS (Element XR,
Thermo Fisher Scientific, Germany) analysis by growing these cells at different concentrations
of Cd (40 uM to 80 uM CdSOg). Cells were harvested and acid digested 1 gm of cell pellet
with HNO3z and HCIO4 (3:1 v/v). Acid digested samples (final volume of 50 ml with H,O) were
analysed by ICP-MS. The wild type strain BY4741 transformed with empty vector was used
as positive control.

2.6. Tolerance of PLCe10 for different metals

The plasmid pFL61 containing cDNA PLCel0 was transformed into yeast mutants
hypersensitive to specific heavy metal like Cu (cupl?), Zn (zrc1?) and Co (cot1?) and their
respective wild type strains with empty vector. The transformants were regenerated on SD-ura
media containing specific metal i.e. Cu 150 pM, Zn 10 mM and Co 2 mM. In parallel
experiments for studying growth under the influence of metal, each flasks containing 20 ml of
SD-ura medium with different range of metal concentrations of Cu (150 uM-500 uM), Zn (10
mM-12 mM) and Co (2 mM-4 mM) were inoculated with transformed cup1, cot14, zrc14 cells
and incubated at 30°C at 220 rpm for 48 hrs. In a similar way, yeast transformant cultures

(cup1?, zrc1” and cot1”) were grown in 50 ml of SD-ura supplemented with range of different
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metals i.e. Cu (150-500 uM), Zn (10-12 mM) and Co (2-4 mM) and the uptake of metals were
determined by ICP-MS as described above.
3. Results and Discussion
3.1. Soil analysis

The soil collected from Pierrelaye region is sandy luvisol with a pH of 7.1. The other
chemical properties of the soil were: organic carbon 1.6%; total P 291 mg/kg; available P 14.2
mg/kg and total nitrogen 0.12%. The Cd content was 2.5 mg/kg, Cu 64 mg/kg and Zn 385
mg/kg of the soil.
3.2. Cadmium tolerance genes

One of the main challenges in cDNA library construction is to obtain a high number of
clones having inserts more than 1.0 kb size (Yadav et al., 2014). In the present study, the cDNA
quantities were slightly increased by amplifying through three PCR cycles without affecting
significantly their average length. Then the cDNAs were separated by bi-dimensional agarose
gel electrophoresis to separate them and minimize cross-contamination of size fractions. Three
different size fractions such as fraction A (0.1-0.5 kb), fraction B (0.5-1 kb) and fraction C (1-
4 kb) were recovered and the respective cDNA libraries were constructed as described in Yadav
et al. (2014). Prior to library construction, the fractions were tested for the absence of cross
contaminations by performing PCR amplification of four eukaryotic genes of different length
classes (Yadav et al., 2014). In the present study, library C (1-4 kb) was screened for presence
of metal tolerant gene present in soil environment. The transformants from cDNA library C
were selected based on their ability to rescue the Cd-hypersensitive mutant strain ycf1. One of
the transformants, ycf1“PLCe10, which showed high tolerance to Cd while performing drop
test, was selected for further studies (Fig. 1a). The ycf1/PLCe10 showed significantly higher
growth in all the concentrations compared to the wild type strain transformed with empty

vector. With increase in Cd concentration, reduction in the growth was observed both in
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ycf19PLCe10 and wild type strain (Fig. 1b). The metabolic and ecological roles of
microorganisms present in various adverse environments including metal contaminated site
could be studied by metatranscriptomics approach. Lehembre et al. (2013) reported different
categories of genes such as metallothioneins (MTs), cysteine rich protein (CRPS) responsible
for Cd tolerance and BOLA genes responsible for Zn, Mn and Co tolerance by using soil
metatranscriptomics. While exploring metatranscriptomics for novel genes, Ziller et al. (2017)
reported metal binding properties of five new CRPs (environmental MTs) conferring tolerance
to heavy metals like Zn and Cd. Similarly, Thakur et al. (2018) isolated environmental
transcript PLBel encoding an ubiquitin fusion protein responsible for Cd tolerance.
3.3. Sequence analysis

The BLASTX analysis with the deduced nucleotide sequences of PLCel0 revealed 30%
identity (50% positives) to von Willebrand factor type D (VWD) of vitellogenin-6 of nematode
Ascaris suum with the open reading frame of 1017 bp, encoding 338 amino acids. The predicted
molecular mass of peptide was 38.96 KDa (average mass) with pl of 4.77. The deduced peptide
showed homology with amino acid sequence of A. suum from 1428-1719 amino acids denoted
C-terminal of the VVg-6 which is an egg yolk protein. It had been reported that in Paracylopina
nana, C-terminal region of the Vg1 from amino acid sequence 1571-1739 and the Vg2 i.e. from
1481-1658 amino acids codes for von Willebrand factor type D domain (VWD). Hwang et al.
(2010) reported that the BLAST analysis with the inferred amino acid sequences of
Paracyclopina nana Vgl and Vg2 had shown that in amino acid residues strongly matched
with the intertidal copepod Vgl (35% identities/56% positives) and Lepeophtheirus salmonis
Vg2 (31% identities/52% positives), respectively. Multiple sequence alignment of homologous
sequences showed that the 1017 bp gene belongs to protein family smart00216 which is also
named as VWD. The deduced polypeptide identified as VWD like protein, contained

characteristic phosphorylation sites at 32 amino acid sequences and 14 potential motifs for O-
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linked glycosylation sites were also found while no N-linked glycosylation sites (Fig. 2). Finn
(2007) observed that before exporting Vg from hepatocytes, phosphorylation of precursor
protein takes place in the Golgi bodies and the presence of phosphorylated serine residues in
the Vg polypeptide are assumed to avert premature degradation and assist the solubility of Vg
molecules in the blood. Various phosphorylation sites within the predicted VWD like
polypeptide sequence indicate that the wide majority of serine residues present in the
polypeptide of VWD like domain may be phosphorylated along with threonine and tyrosine.
In addition to this, comparison of VWD like polypeptide to other vitellogenin showed a high
degree of conservation; contain two RXXR consensus cleavage sites each at C-terminal and
N-terminal of the polypeptide, a well characterised the GL/ICG motif and conserved
polycysteine residues at C-terminal (Fig. 3).

Tufail et al. (2010) characterised Vg from insect Nilaparvata lugens and found high degree
of conservation for the motif GL/ICG. In a study, Shu et al. (2009) aligned Vg of Spodoptera
litura with Vg of other species and characterised it by presence of highly conserved cleavage
signal RXXR at N terminal, C-terminal the GL/ICG motif followed by cysteine residues.
Similarly in a previous research, it was concluded that in C-terminal of Vg, VWD contain a
signature amino acid sequence GL/ICG followed by nine cysteine residues (Tufail and Takeda,
2008). Salmela et al. (2016) characterised three Vg like proteins and found that all of them
share structural similarities with Vg but each of them also has unique gene/ protein architecture
and distinct pattern of positive selection, which are indicative of divergence of functions.
Presence of hexameric polyadenylation signal (PAS) AATAAA at 12 bp upstream the poly-A
tail in ORF PLCel0, also characterised this cDNA as ORF with a potential for coding a protein
as described by Beaudoing et al. (2000). From all the findings of bioinformatic analysis, we
assumed that the cDNA sequence PLCel0 conferring tolerance to Cd metal obtained in this

study encode for VWD like domain of putative protein Vg. Jubeaux et al. (2012) clearly

11



270

271

272

273

274

275

276

277

2178

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

demonstrated the benefit of moderate phylogenetic conservation of Vg like protein such as Vg
proteotypic peptides, to directly exploit them in developing biomarkers to identify more or less

close phylogenetically related un-sequenced species.

3.4. gPCR analysis metal uptake

Induction of cDNA PLCel0 encoding VWD like protein in the presence of Cd metal was
studied. Induction levels of PLCel0 increased significantly due to Cd stress and maximum
mRNA accumulation was observed at 60 uM of CdSOs, which was 32 fold higher than control
(Fig. 4a). Similar findings were reported for induction of metallothioneins in fungi on exposure
to heavy metals and observed that expression of different metallothioneins helps in providing
tolerance towards different heavy metals (Ramesh et al., 2009; Reddy et al., 2016; Kalsotra et
al., 2018). The ycf1“PLCe10 cells accumulated different levels of Cd when grown in presence
of various Cd concentrations. It has been observed that the amount of Cd metal accumulated
increased up to 60 pM of Cd concentration and decreased at 80 pM Cd (Fig. 4b).
3.5. Multi-metal tolerance of PLCe10

The cDNA PLCel0 was tested for its tolerance to other heavy metals such as Cu, Zn and
Co. As shown in Fig. 5a, Cu sensitive mutant cup14 with empty pFL61 was sensitive to 150
uM CuSOs4 while cupl? cells carrying plasmid PLCel0 (cupl/PLCel0) were showing
tolerance to a recognisable level in comparison to cupl®pFL61 which carries single copy of
CUP1 gene only. Likewise, zrc14 cells carrying PLCe10 plasmid were tolerant at 10 mM ZnCl;
whereas this concentration was toxic for zrc14pFL61 as shown in Fig. 5b. Similarly, 2 mM
CoCl; inhibited the growth of cotl“pFL61 where as cot14 cells carrying plasmid PLCel0
(cot1“PLCe10) were showing tolerance to Co as in case of wild strain BY4741pFL61 (Fig. 5¢).

The growth assays of different transformants were showed positive results on different
range of concentration of metals. When screened for Cu, it was observed that cup1/PLCe10

cells were able to grow up to 500 uM compared to mutant strain cupl/pFL61 and wild type
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strain cup1®pFL61 (Fig. 6a). In context to Cu, it was reported that estrogen induced vitellogenin
was tolerant to oxidation reactions induced by Cu and chelate low concentrations of Cu ion.
Antioxidant property of vitellogenin protected the copper-stimulated oxidation of very low
density lipoprotein (VLDL). Vitellogenin believed to be served as transition metals-binding
lipoprotein which results into extensive depressing of free-radical reactions in the oocytes
(Ando and Yanagida, 1999). While studying tolerance for Zn metal tolerance, it was found that
transformant has shown more tolerance towards Zn (10 mM to 12 mM ZnSOg) in comparison
to both wild strain BY4741pFL61 and mutant strain zrc1/pFL61 (Fig. 6b). Vitellogenin
mediates the transfer of Zn from the liver to the maturing oocytes in the turkey hen, ultimately
resulting in Zn deposition into yolk of the newly formed egg (Richards, 1989). It was also
reported that \Vg is a macromolecule phospholipid glycoprotein containing Ca and Zn ligands
(Wallace, 1985; Montorzi et al., 1994, Denslow et al., 1999). Furthermore it was reported that
among honeybee workers and queens, Vg plays role as a Zn carrier that protects them from
oxidative stress (Amdam et al., 2004; Seehuus et al., 2006) and contributes to queen longevity
(Corona et al., 2007). Similarly in cobalt, the gene provided tolerance to mutant yeast from
range of 2 mM to 4 mM. Increase in tolerance was observed with the increase in range of Co
concentrations (Fig. 6¢). Henceforth, this study showed that gene PLCe10 was responsible for
providing tolerance to all the four metals. Concurrently, while estimating the accumulated
metal by yeast mutants transformed with cDNA PLCel0, it has been observed that cDNA
PLCel0 is capable of accumulating a higher range of metal (Cu, Zn and Co) in comparison to
wild strain BY4741 transformed with empty vector pFL61. For Cu, the level of metal
accumulation increased with increase in concentration as shown in Fig. 6d, while for Zn and
Co metal, the level of accumulation increases up to 11 mM of ZnCl; and 3 mM CoCl>
respectively and decreases with further increase in Zn or Co concentration (Fig. 6e, 6f). Such

variation in order of tolerance and accumulation of heavy metals could potentially be an
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explanation for distinct metal-binding abilities of the deduced VWD like protein. In general,
increased growth and metal accumulation was observed in mutant yeast cells carrying PLCel0
compared to the respective wild type strains. The increase in growth might be due to protection
of PLCel0 to the yeast mutants under metal stress and the accumulation of metal in the yeast
strains also might to due increased growth.

In heavy metal contaminated aquatic environment, induction of Vg among aquatic animals
on exposure to heavy metals and endocrine disruption chemicals has been used as a biomarker
(Hwang et al., 2010, Lee-Pow et al., 2016). As on bioinformatics analysis of VWD like protein,
it was found that the cDNA screened has shown GL/ICG conserved domain (Fig. 2). The
presence of GL/ICG motif followed by number of cysteine residues at conserved locations was
entitled as a general trait among various invertebrate and vertebrate species (Lee, 2000).
Consequently, there could be a possibility to gain benefit of this peptide motif conservation to
develop biomarkers applicable for groups of phylogenetically related species as these days
mass spectrophotometry-based procedures necessitate small peptides i.e. from 5-20 amino
acids. Hence, these findings reported VWD like protein as a potential member of metal tolerant
gene family of eukaryotic community which increases the possibility of using such peptides as
biomarker for metal contamination.

4. Conclusions

The present study results conclude that the eukaryotic transcript PLCel0 have potential to
tolerate the toxicity of different metals in the environment. Functional metatranscriptomic
approach is suitable to characterize novel genes like VWD like protein whose over-expression
restored tolerance to all the four heavy metals in hypersensitive yeast mutants. This study
strongly supports the existence of some unknown mechanisms and biomolecules that play vital
role in adaptation of biodiversity of an ecosystem against metal contaminated environment.

Metatranscriptomics approach has major contribution in providing information about various
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unknown phenomena occurring in soil and revealed high degree of diversity. Most of the work
on vitellogenin is contributed to aquatic oviparous vertebrates and invertebrates, while in
present study VWD like protein screened through metatranscriptomic cDNA library of metal
polluted soil environment is novel finding of this approach. In this respect, VWD like protein
could be used to probe gene related processes and to assess their involvement in the overall
capacity of organisms to survive in heavy metal enriched environment. This gene could be
developed as biomarker to determine heavy metals in the environment principally in soil and
to exploit the levels of tolerance or resistance among the species of concern for the
bioremediation of polluted lands.
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Fig.1. Functional complementation of PLCe10 (a) Drop assay of mutant strain ycf14 expressing
PLCel0 on Cd 40 uM. (b) Growth assay of mutant strain ycf14 expressing PLCel10 in SD-ura
broth with different concentrations of Cd. Wild type BY4741 and ycf14 transformed with empty

vector pFL61 (EV) were used as controls. Errors bars are +SD.
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Fig.2. Alignment of amino acid sequences of different organisms showing highly conserved
GL/ICG motif (red highlighted) to the C-terminal ends. Accession numbers are in parenthesis

Toxocara canis (KHN77828),

Ascaris suum (ERG83573), Caenorhabditis elegans

(CCD65563), Angiostrongylus vasorum (ABV46673), Haemonchus contortus (CDJ93502) and
Oesophagostomum dentatum (KHJ90957). Cysteine residues are highlighted with green colour
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Fig.3. Deduced amino acid sequence of VWD protein: Highly conserved GL/ICG motif
(highlighted in green) to the C- terminal end. Cysteine residues are given in bold red color
while RXXR cleavage sites at the N- terminal end are highlighted in blue with white font. Bold
and boxed amino acids are sites for O- linked glycosylation and grey highlighted are
phosphorylation sites.
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Fig.4. a) Fold increase in expression levels of cDNA PLCe10 in ycf14 after 48 h incubation in
medium supplemented with different concentrations of Cd. Values plotted are referred to the
control condition (expression level in transformant ycf14PLCe10 without metal treatment), b)
Accumulation of Cd in ycf14 carrying cDNA PLCe10 and BY4741/EV. EV stands for empty
vector pFL61. Error bars are +SD.
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and cupl® are used as control and EV denotes to empty vector pFL61.
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Fig.6. Growth assay of metal sensitive mutant strains cupl14, zrc1” and cot1? expressing
PLCel0 in SD-ura broth with metal supplementation for 48hrs. a) Cu 150 - 500 uM, b) Zn 10
- 12 mM and c¢) Co 2 - 4 mM. Accumulation of d) Cu, e) Zn and f) Co in mutant yeast cells
cupl?, zrc14 and cotl? carrying cDNA PLCel0 and BY4741/EV. Wild type BY4741 and
mutant strain transformed with only empty vector pFL61 (EV) were used as controls. Error
bars are £SD.
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585  Table 1. Primers used to amplify different genes in this study.

586
pFL61 vector specific primers
pFL61 NF 5’-CAGATCATCAAGGAAGTAATTATCTAC-3’
pFL61 NR 5’-CAGAAAAGCAGGCTGGG AAGC-3’
gPCR primers for yeast (S. cerevisae)
Actin gACTF: 5>-CGAATTGAGAGTTGCCCCAG-3’
gACTR: 5’-CAAGGACAAAACGGCTTGGA-3’
TAF10 qTAF10F: 5’-GCTAACAACAGTCAGGCGAG-3’
qTAF10R: 5’-GAGCCCGTATTCAGCAACAG-3’
TFC1 qTFC1F: 5>-ACGACGCTGCTTTGGAAAAT-3’
qTFCIR: 5>-GCTTTTCATTGTTTCCGCGG-3’
PLCel0 qVitF: 5>-ACCGTCCAAGTTCAATTGCC-3’
qVitR: 5’-GAATGTCCTGTTCGTCGGTG-3’
587
588
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