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			Abstract

			Microbial diversity analysis by means of PCR- DGGE fingerprinting was conducted for water and sediment samples of the National Sanctuary of Ampay in Perú. This wildlife conservation area is not disturbed by human activity and this study corresponds to the first report of microbial diversity. PCR DGGE was able to detect culturable and non-culturable bacteria and fungi. The Predominant bacterial genus in water and sediment was Pseudomonas. Fungal community was more diverse. Aspergillus species were mainly distributed in water. Sediment samples contain different fungi genera, including a non-culturable Pleosporales specie. Because the bacterial and fungal diversity found, the Sanctuary of Ampay in Peru is a very valuable natural environment for bioprospecting of new genes of enzymes and natural compounds for different biotechnological applications.
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			Introduction

			Culture based methods to evaluated microbial diversity are usually unsuccessful because only 0.1-1% to 1- 10% of microbial species can growth in vitro and different microbiological and molecular strategies have been considered to improve microbial cultivation [1,2].

			In the last years, culture-independent techniques had become the main tools for evaluation of taxonomic and functional structures of microbial communities. Either 16S rRNA amplicon-based metagenome sequencing or shotgun metagenome sequencing is largely used for the assessment of the microbial diversity. Recently, comparison of two next-generation sequencing techniques, amplicon and shotgun, in Brazilian river food plain systems showed that less than 50% of phyla identified via amplicon sequencing were recovered from shotgun sequencing [3]. Amplicon based metagenome sequencing are commonly performed by analyzing the prokaryotic 16S ribosomal RNA gene (16S rRNA), which is approximately 1,500 bp long and contains nine variable regions interspersed between conserved regions. Variable regions of 16S rRNA are frequently used in phylogenetic classification such as genus or species in diverse microbial populations. Improving on the amplicon sequencing techniques remain as challenge [4,5].

			Between traditional and high accurate techniques for microbial diversity assessment, Denaturing Gradient Gel 

Electrophoresis, (DGGE) is an inexpensive fingerprinting technique and could be employed for several applications, including analysis of complex communities, monitoring of population shifts, and sequence heterogeneities. Through DGGE it is possible to obtain taxonomic information because bands can be excised, re-amplified and sequenced [6]. DGGE is still the chosen technique to assess microbial community composition in different natural or artificial ecosystems and foods [7,8]. Natural ecosystems comprise several microbial habitats including thermal water, water ponds, microbial mats and sediments. Metagenomic study of this habitats produced huge information, providing holistic images of the microbial communities. Peru has several conservancy areas distributed across marine, coast, andean and jungle ecosystems but there is not any report of microbial diversity by metagenomic approach. 

			National Park of Ampay Santuary is placed in Apurimac, in the south Andes (13° 34’44” S, 72° 53’ 24” W) and has forest, several water ponds and two hot springs. This place is very attractive for biodiversity studies, since is considered as conservation area. Thus, natural environments are not disturbed by human activity and biodiversity analysis has the advantage to reflect natural microbial community structure. 

			Despite of the valuable ecological information obtained by biodiversity analysis, the deep knowledge of structure of microbial communities allows several biotechnological applications such as discovery of new genes encoding for enzymes, secondary metabolites and others.

			Materials and Methods

			Sample collection

			Samples were collected from hillside water pond and surrounding sediment of “Carbon cañana”, located in National Sanctuary of Apurímac, Perú (13° 33’26”S, 72° 51’ 43” W and; 3255m high). Environmental and water temperatures were 14 °C and 20 °C respectively. 

			DNA extraction

			To extract the DNA from water samples, one liter of water was vacuum filtered with nylon membrane (0.2µm pore size and 47mm diameter). Then, the membrane was cut in small pieces and put them into one 2ml tube. On the other hand, the sediment sample was transferred into a 50 ml tube, centrifuged (5000 rpm, 15 min), and desiccated. Both, water and desiccated sediment samples were stored at -80°C until their DNAs were extracted.

			The DNA from water sample was extracted according to Ludeña method [9], with some modifications as follows: cells were removed from filter with a vortex in 500µL of a TES buffer (10mM Tris, 1mM EDTA, pH 8, and 25% (w/v) of sucrose) for 15 sec. Then, the liquid phase was recovered into other 2ml microtube and treated with 60µl of lyzozyme (5mg/ml) and 50 µl of 0.25M EDTA at 37 °C for 15 min. RNA was eliminated by adding 175µl of H2O, 7.5µl 10% (w/v) SDS, and 10µl of 10mg/ml RNAase to the mix, homogenized by vortex 2 sec and incubated at 37 °C for 30 min). To complete the lysis process 10 µl of 10mg/ml proteinase K was added and incubated at 37 °C for 30 min. The proteins and cell debris were precipitated by adding 90µl of TE (10 mM Tris base, 1mM EDTA, pH 8), 120µl of 5M NaCl (5M); and the mix was homogenized and incubated at 65 °C for 25 min. In addition, 8M Potassium acetate solution (75µl) was used to concentrate the sample, by incubation at 4 °C for 15 min and centrifugation at 13500 rpm for 5min. The supernatant was collected, and centrifuged at 13500 rpm for 5 min, 3 times. The DNA was precipitated using 0.6V of isopropanol, incubating at -20 °C for 30min. After centrifugation at 13500rpm for 15min, the DNA pellet was washed with 70% (v/v) ethanol, and centrifuged at 13500 rpm for 15 min. Finally, The DNA was dissolved in 25µl of free-nucleases water, and stored at 20 °C. 

			DNA extraction method from sediment sample was adapted from Lai, et al. [10], Zhou, et al. [11] & Murray, et al. [12] 300mg of sediment were transferred to 2ml tube, and 810µl of Extraction buffer (100mM Tris-HCl, 100mM EDTA, 100 mM sodium phosphate, 1.5M NaCl, pH 8), 90µl of 20% (w/v) SDS, and 117µl of 10%(v/v) CTAB were added. The mix was homogenized by inversion for 1 min and incubated at 68 °C for 1 hour, every 15min the sample was homogenized by inversion, and centrifuged at 13500 rpm for 5min, and the upper solution was transferred to a clean tube. This step was done for two samples by separate. The purification step was performed by adding 1 part of chloroform to each tube. Then, they were homogenized by inversion and centrifuged at 13500rpm for 10 min. The upper solution was transferred to a new 2ml tube. RNA digestion was performing by adding 15µl of 10 mg/ ml RNase to each tube and incubated at 37°C for 30min. The proteins were digested by adding 10µl of 20mg/ml proteinase K. 

			After that, the solution was homogenized by inversion and incubated at 37 °C for 30min. Precipitation of the CTAB-DNA complex was done by adding 250µl of 2X CTAB (1.4M NaCl, 0.1 M EDTA y 2%(w/v) CTAB) to each tube, and they were incubated at 68 °C for 15min. The CTAB-DNA complex was precipitated by adding 2.2 volumes of precipitation solution (0.5% (w/v) CTAB and 0.04M NaCl) and incubating for 1 hour in ice. Samples were centrifuged at 3000rpm for 5min, and the upper solution was discarded. 300µl of 1.2M NaCl was added to each tube to dissociate the CTAB-DNA complex. The solution of each tube was mixed in only one. Finally, The DNA was purified by adding 1 volume of chloroform and centrifuged at 13500rpm for 15min. The supernatant was recovered in a 1.5ml tube. The DNA was precipitated in 0.6 volume of isopropanol and incubated at -20 °C for 1 h. After the DNA precipitation at 13500 rpm for 15min, the pellet was washed with 70% (v/v) ethanol, solubilized in 20µl free-nuclease water, and stored at -20 °C.

			PCR amplification of 16 and 18 S rRNA genes

			16S and 18S rRNAs were amplified by PCR with primers showed in Table 1. Temperature gradient with different temperature intervals was performed to find out the optimal temperature of annealing for Bacteria and Archaea (from 48 °C to 65 °C) and Eukarya (fungi) (from 40 °C to 60 °C).

			Table 1: PCR-DGGE primers used for specific the amplification of 16S rRNA genes of Bacteria or Archaea, and 18S rRNA genes of Eukarya.
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							Bacteria

						
							
							*968F

						
							
							AACGCGGAAGAACCTTAC

						
							
							Nubel et al. [13]

						
					

					
							
							1401R

						
							
							CGGTGTGTACAAGAAGACCC

						
							
					

					
							
							1055F

						
							
							ATG GCT GTC GTC AGC T

						
							
							Wang et al. 2008

						
					

					
							
							1406R*

						
							
							ACG GGC GGT GTG TAC

						
							
					

					
							
							F16SrRNA*

						
							
							CCTACGGGAGGCAGCAG

						
							
							Lai et al. [10]

						
					

					
							
							R16S rRNA

						
							
							ATTACCGCGGCTGCTGG

						
							
					

					
							
							Archaea

						
							
							0348F*

						
							
							TCC AGG CCC TAC GGG

						
							
							Achenbachy Woese, et al. [15] & Watanabe et al. [16]

						
					

					
							
							0691R

						
							
							GGA TTA CAR GAT TTC AC

						
					

					
							
							Eukarya (Fungi)

						
							
							NS1

						
							
							GTAGTCATATGCTTGTCTC

						
							
							Das et al. [17]
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							GTAGTCATATGCTTGTCTC

						
					

				
			

			*GCclamp (CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCC) [16].

			PCR mix (final concentration) for 50 µl of volume reaction contained: PCR buffer 1 x, MgCl2 (2.5mM), dNTP’s (0.5mM for each one), primers F and R (0.2mM for each one), Go Taq Promega (1.875U/50µl), metagenomic DNA (100 ng/50µl).

			PCR thermal cycles include: 1 cycle of denaturation at 94 °C, 35 cycles of 1 min denaturation at 94 °C, 1min for annealing (optimal temperature varies for each primer set) and 2min of extension at 72 °C. The final extension was performed at 72 °C for 10 min. 

			Denaturing Gradient Gel Electrophoresis (DGGE)

			DGGE analyses was performed according to Green et al. [14] using a Cleaver scientific® equipment. The PCR products were loaded on 7% (w/v) polyacrylamide gels and run with 1X TAE (40mM Tris acetate, sodium acetate 20mM, and 1mM EDTA pH 8). The polyacrylamide gels were made with denaturing range from 36% to 65% (Bacteria and Archaea) and from 25% to 55% (Fungi). A 100% UF solution was defined as 40% (v/v) formamide and 7.0 M urea. The DGGE was conducted at 60 °C 160V for 3.5 h (for 16S rDNA amplicons), and at 56 °C, 50V for 16h (for 18S rDNA amplicons). After the electrophoresis, the gel was stained with Gel Red™ for 30min. The stained gel was immediately photographed (ChemiDoc XRS-BioRad).

			DGGE PCR 

			DNA bands from the DGGE gel were cut and put in 600 µl tubes, then, submerged with 30 µl of ultrapure free-nuclease water. The DNA was allowed to passively diffuse into water at 37 °C  for 30 min, and then at 4 °C overnight [15]. Aqueous phase for each band was recovered in 1.5 ml tube and stored at 4 °C 5µl of aqueous phase was used as template for PCR reaction with conventional rRNA gene primers without clamp (Table 1), following the same conditions of metagenomic DNA PCR. 

			Sequence analysis

			DGGE-PCR amplicons were sequenced in MACROGEN (South Korea). The sequences obtained were analyzed with BLAST program of the National Centre for Biotechnology Information (NCBI) Phylogenetic tree was constructed by Neighbor-joining method from MEGA7 software.

			Results and Discussion

			DGGE analysis, a molecular culture independent method for assessment of microbial diversity was performed with hill inside water and sediment samples from National Sanctuary of Ampay in Perú. 

			This is the first report of microbial diversity in this wildlife conservation area, although previous reports on faunal inventory of Satyrinae butterflies and diversity of arboreal biomass were published [16,17].

			To evaluate the microbial diversity of water and sediment samples, some protocols for metagenomic DNA extraction were standardized to obtain both, better yield and quality of DNA. DNA recovery was as tenfold (10 x) higher from sediment samples compared with water samples. Yields for DNA extraction were 2µg per liter of water and 6μg per gram of sediment (dry weight). As expected, DNA quality from water samples was better; since sediment and soils commonly have humic acids which co precipitate with nucleic acids [18,19]. Also, the average size of the metagenomic DNA obtained from both types of samples was up to 18 Kbp, which was comparable with other optimized methods [20].

			For PCR-DGGE, reference primers were used for amplification of a fragment of the 16S rRNA genes, 23S rRNA and 18S rRNA belonging to bacteria, archaea and eukarya (fungi). For each pair of primers, a gradient temperature PCR was done in order to obtain the optimal annealing temperatures (48 °C for GC-968F/1401R and 1055F/ 1406R-GC, 55 °C for F16SrRNA-GC/ R16S rRNA and 55 °C, NS1/ GC-Fung). No amplification was obtained for the 16S rRNA target sequences of archaea, since these sequences belong mainly to methanogenic archaea [16]. Although r16SRNA target sequences for Archaea were limited to few phyla, more sequences have been validated in the past years [21-24]. Bacterial and fungal diversity found in water and sediment samples of Ampay are showed in Figure 1. The most prevalent bacterial genus in water and soil was Pseudomonas, which is widely distributed in the environment [25]. Species of Pseudomonas comprised culturable and non-culturable strains. Non culturable bacteria refers to microorganisms with low viability because any stress factor in their environment limits their growth on the routine bacteriological media but are still able to show metabolic activity [26].

			Common species found in Ampay include P. resinovorans and P. nitroreducens in sediment and P. alcaligenes in water respectively. P. resinovorans could be a rare human pathogen but also has biotechnological importance as lipase producer as well as P. resinovorans for the vanillin production and carbazol degradation [27-30]. Another detected bacteria in sediment, Pseudomonas nitroreducens, has a great metabolic capability for the catabolism of aromatic compounds [31]. 

			Other species in water samples include Serpens flexibilis, recently renamed as Pseudomonas flexibilis [32] and P. mendocina an inhabitant of soil and water environments and previously reported also as an opportunistic human pathogen [33]. Interestedly, P.mendocina strains were recently reported as cellulase and medium-chain-length polyhydroxyalkanoate producers [34,35]. Finally, Pseudomonas anguilliseptica has been reported as a potential fish pathogen [36]. Because non-human activity has taken place in hill inside water in Ampay, strain identification should be confirmed. 

			With respect with the fungal diversity, the prevalent genus in sediment samples was Aspergillus. Even fungi are predominantly saprophytic, some of them are also considered as opportunistic species. Aspergillus flavus is a crop contaminant and aflatoxin producer [37], Aspergillus flavipes was recently studied for cytochalasans production and Aspergillus terreus which is the main producer of lovastatin, a cholesterol-lowering commercial drug [38,39]. 

			Water samples showed more diverse genera of fungi. Those include: The new aquatic specie Acanthostigma chiangmaiensis [38], the endophytic specie Preussia minima which produces amylases and the Ascomycete, pan tropical specie, Rhytidhysteron rufulum [40,41]. Also, non-culturable species were detected, belonging to the Pleosporales, which comprises epiphytes, endophytes or parasites of plant, insect and liquens [42-44].

			Conclusions

			 According to the overall species and metabolic diversity found in water and sediment by PCR-DGGE analysis, the Sanctuary of Ampay, constitutes an environment with high potential for bioprospecting of new genes of enzymes and natural compounds with biotechnological applications. The use of culture independent methods, as DGGE, to recover DNA directly from the environment, avoids the manipulation of opportunistic or pathogenic strains, allowing a safe use of genes related to metabolic diversity in natural environments.
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