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ABSTRACT: Collection and storage of water samples and methods of extraction of DNA are
crucial steps for metagenomic studies of sewage/water samples. This study was aimed at microbial
metagenomic analysis of sewage water samples from a shrimp processing industry in
Visakhapatnam, east coast of India. In this study the Cetyltrimethylammonium Bromide (CTAB)
method was adopted to extract DNA from the water samples. Unfortunately, all efforts became futile
at the time of gel check, as a result a study was undertaken to optimize the Polymerase Chain
Reaction (PCR) conditions with the extracted DNA. Exposure of DNA sample to 53.8°C
temperature for 30 seconds and 54°C for 30 seconds and 30 thermo cycles at each temperature were
proved best to conduct Horizontal Gel Electrophoresis, leading towards metagenomic DNA
extraction and analysis.
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1. INTRODUCTION

Meta genomics is the study of DNA of microbial populations in the environmental samples, which
yields large genetic pool that can be used for the recovery of novel genes, to find out new metabolic
pathways and their products and also to study the biodiversity index of microbial population of an
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ecosystem without carrying out laboratory culture of microorganisms [1, 2, 3]. Sampling is one of

the crucial steps in metagenomic analysis. The collection and storage of the collected water samples
or soil samples may affect the quality and quantity of the results [4,5]. This study was initiated with
an objective to analyze the biodiversity of microbial populations in the drained water of a shrimp
processing industry namely the Southern Sea Foods, Pendurti, Visakhapatnam, through
metagenomic analysis. Owing to the difficulties faced at the stage of gel check and rarity of this
kind of work published, the work was undertaken in two phases, the first phase is to optimize the
PCR conditions at which the maximum base pairs of DNA fragments can be obtained, which leads
to the metagenomic analysis as a second phase. This study will save the time and also useful to the
researchers working on the metagenomics of coastal water samples, coastal sediment samples, water
samples of aqua farms and water samples of hatcheries in the analysis of microbial biodiversity of
genetic material in the above samples.

2. MATERIALS AND METHODS

2.1. Sample collection and processing

Water sample was collected from the Southern Sea Foods Limited (17°49" 59.88" " N; 83° 12" 0.00""
E), Pendurti, Visakhapatnam, Andhra Pradesh. While the plant is at function, 10L of sewage water
from shrimp processing section was collected in sterile plastic screw capped containers in December
2019, January 2020 and February 2020 transported to laboratory within 3 hours of its collection as
the processing plant is 20km away from the laboratory. Immediately after bringing the sample to
laboratory, SL of sample was filtered through 5.0 um of cellulose filter paper (Sartorius Q5) to
remove large particles then through 0.22um GF/F filter paper (Sartorius Q2) in succession until 10g
of filtrate (with filter paper) obtained. All kinds of microbial cells on the filter paper were processed
to obtain the DNA. The remaining 5L sample was stored at -80°C for further use.

2.2. The extraction protocol for DNA from sewage water samples

The filter paper with microbial samples (weighing 10g) were removed from the filtration unit with
sterilized forceps and dropped into 200ml of 0.12 M sodium phosphate buffer (NaP), pH-8.0 and
2.5 g of sodium dodecyl sulphate and incubated at 70°C for 1 hour. The lysis of the filter paper
should be greater than 90% in the mixture of buffer solution. The mixture was then centrifuged at
6000g in a centrifuge Eppendorf model 5810R for 30min and the supernatant was removed in to a
beaker. Four extractions were made with the above buffer mixture. All supernatants were pooled
and again centrifuged at 16000 g for 2min to remove all the cell debris, the debris of the filter paper
and other particulate matter. Then the sample extracts were concentrated by adding 0.3M sodium
acetate to the sample. Then the extract was precipitated by adding two volumes of ethanol to that of
extract and store at -20°C overnight. The extract was again centrifuged in 0.12 M NaP at pH- 6.8 for
7 times, until 5Sml pellet formed in the centrifugation tube. The pellets suspended on the top of the
centrifuge tube were collected with a 60ml syringe without needle.
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2.3. Purification of DNA

HiPur® water DNA purification kit was used for isolation and purification of microbial DNA from
the collected sewage water samples (Table 1 & 2).
Table 1: Hi pur® water DNA purification Kit for isolation of DNA from

bacterial and fungal species in water

Product code | Reagents provided MB547

20 Preps 50 Preps | 250 Preps

(mL) (mL) (mL)
DS0014 Gram positive lysis solution 6 15 75

(GPLA)

DS0015 Lysis solution (AL) 6 15 75
DS0010 Lysis solution (C1) 6 15 75
DS0031 Prewash solution (PWB) 12 30 150
DS0012 Wash solution concentrate (WS) 4 10 50
DS0040 Elution buffer (ET) [LOmM Tris-Cl pH 8.5] | 4 10 50
MBO086 Proteinase K 10mg 25mg 125mg
DS0003 RNase A solution (20mg/ml) 05 1.25 6.25
MB098 Lysozyme 0.5 1.25 6.25
DBCAO03 HiElute Miniprep spin column (capped) 20nos 50nos 250no0s

Pellet of 1.5ml was transferred with a 60ml disposable syringe without needle from the centrifuge
tube into a capped 2.0 ml collection tube. The remaining volume of pellet stored at -80°C for
successive uses. To remove the micro debris attached to the DNA strands, the pellet was re-
suspended in 180ul lysis solution (AL; product code: DS0015 1. HiPur® water DNA purification
kit)

2.4. Cell lysis & extraction

20uL of proteinase K solution (0.2mg/mL™") prepared adopting the instructions given in the kit and
added to the pellet, mixed well and incubated for 30 minutes at 55°C. Then added 200uL of lysis
solution (C1; product code DS0010, HiPur® water DNA purification kit) vortexed thoroughly for
15 minutes. Then loaded the obtained lysate on to Hi-Elude mini prep spin column capped, present
in the DBCA16 collection tube (product code; DBCA O3; 1. HiPur® water DNA purification kit).
Then centrifuged at > 6500g for one minute, placed the spin column in the same 2.0 mL collection
tube, when uncapped the liquid flow through which was discarded.

2.5. Washing

A volume of 500uL of prewash solution (PWB; product code D50031, HiPur® water, DNA
purification kit) was added to the column and centrifuged at 6,500 rpm for one minute. The DNA
was washed with 500 pL of prewash solution at least 5 times before final elution. Then the column
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1s washed with 500 pL of diluted wash solution and centrifuged for three minutes between 13000

and 16000 rpm. The flow through liquid was discarded and centrifuged the tube again at the same
rpm for an additional 1 min to dry the column. Then the column was placed in a new 2.0 ml
collection tube (uncapped) and pipetted 100ul of the elution (ET; product no: DS 0040 I. HiPur®
water DNA purification kit — Hi media) directly into the column and incubated for one minute at
room temperature and centrifuged at 6500¢g (10,000rpm) for one minute and transferred the obtained
pure genomic DNA to a new 2.0 ml collection tube (capped) and stored at 2°C for further analysis.
The purity and concentrations of these fractions were monitored by spectroscopic scans from 320
to 220 nm wave length on Perkin-Elmer Model- Lamda 35 UV-Vis spectrophotometer. 10 pg of
DNA was yielded per liter of sewage water sample from the shrimp processing plant under study.
HiPur® water DNA purification kit was tested before DNA extraction of sample according to the
predetermined specifications to ensure the product quality.

2.6. PCR

Hi Chrom PCR kit was used to carry out Polymerase Chain Reaction. The specifications of PCR
master mix was given in the table-2.

Table 2: Hi- Chrom PCR master mix

Product name Product code Kit packing **
Hi-Chrom PCR | MBTB089-20R 20r(0.5mL)
Master Mix
MBTB089-50R 50r(1.25mL)
MBTB089-100R 100r(0.5mL)

The DNA in the eluent was precipitated with elution buffer (ET, Product code DS0040) directly into
the column incubated for 1 min at room temperature and loaded into the PCR machine Perkin Elmer
model GeneAmp2400 PCR system. The initial step that was denaturation, carried out for 45 seconds
at temperature 94°C, followed by annealing which was the second step of PCR. Here, the
oligonucleotide primers dissociate from their templates at the calculated melting temperature (Tm),
as indicated on the PCR kit. The third step in PCR, the extension was carried out at optimal
temperature given on the PCR kit (72-78 °C) catalyzed by the thermostable polymerase. In this study,
Taq Polymerase is used as thermostable polymerase. The reaction that takes place in the first cycle
was, one primer extension proceeds beyond the complementary sequence of the other primer
towards the binding site. This cycle was followed by the production of first molecules whose length
was limited by the binding sites of the primers. Amplification of DNA starts from the third cycle
onwards. The Taq polymerase polymerization rate is ~ 2000 nucleotides per minute at the optimum
temperatures 72-78°C where extension is carried out for one minute for every 1000 base pairs of

product.
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2.6.1. Number of cycles

In this study 30 cycles were undertaken to obtain adequate magnitude of amplification of a single
copy of target sequence. Gel electrophoresis was conducted to confirm the presence of extracted
DNA from the water sample. But all attempts to detect DNA through gel check were failed. So
attempts were made to optimize the PCR conditions particularly at the annealing stage as the
temperature at this stage, play a critical role in the PCR amplification of DNA. At high annealing
temperatures, the oligonucleotide primer and the template DNA anneal poorly. Then the
amplification of sample DNA will be very low. At high annealing temperatures annealing of
nonspecific primers may also occur which results in the amplification of unwanted segments of
DNA. Annealing is usually carried out 3°C to 5°C lower than the calculated melting temperature
(Twm). The oligonucleotide primers dissociate 3°C to 5°C lower than then given Ty, values, from their
templates. The theoretical Tr, values may differ from experimental Ty, values for oligonucleotide
primers of different lengths and sequences. To optimize the annealing temperature while performing
PCR, a series of trail PCRs may be conducted at temperatures ranging from 2°C to 10°C lower of
the T values calculated for the two oligonucleotide primers. Alternatively, the thermocycler was
programmed to use progressively lower annealing temperatures in consecutive pairs of cycles [6].
In this study PCR was carried out with an initial denaturation at 94°C for 10minutes, followed by
30 cycles of denaturation at 94°C for 30 seconds time, followed by annealing at 53°C for 30 seconds.
Extension at 72°C for 45 seconds, with a final extension at 72°C for 10 minutes and final step cooling
at 4°C. In this study the initial denaturation was carried out as given above. To increase the microbial
DNA concentration for gel check, the annealing process of primers and template DNA was tested
at 9 different temperatures between 53°C and 57°C (53°C, 53.3°C, 53.7°C, 53.8°C, 54°C, 55°C, 56°C,
56.5°C and 57°C) for 30 seconds. PCR was repeated at every test annealing temperature separately.
Gel check was carried out after each experiment in order to confirm the migration of sample DNA
fragments. The results were presented in the results section.

2.7. Gel check

Gel check was carried out for study of separation of microbial DNA bands by performing horizontal
gel electrophoresis after PCR at every experimental annealing temperature. Standard protocol was
used to conduct Horizontal Gel Electrophoresis [7]. A comb containing 8 teeth (tooth width 6.4mm
x 1.5mm) was used to make the wells in the agarose gel (1.0cm thickness) plate. 50uL Marker DNA
was loaded in the first well followed by loading of 50uL amplified DNA sample in the remaining 7
wells. A gel tank of 10cm length, filled with 100mL TAE buffer containing lid was used to place
the gel slab. After closing the lid of the gel tank, the tray was connected to electrical leads. As the
distance between the positive and negative electrodes of the gel tank used in this experiment is 10
cm, only 50V of power was applied to run the gel. The fragments of DNA migrated from the wells
towards cathode was presented in the figure 1a to 1i.
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3. RESULTS AND DISCUSSION

3.1. Experimental conditions for optimization of polymerase chain reaction

Figure 1 a, b, ¢, d, e, f, g, h and 1 shows that only DNA marker bands were moved towards cathode
at annealing temperature 53°C, 53.3°C, 53.7°C, 53.8°C, 54°C, 55°C, 56°C, 56.5°C and 57°C
respectively, the migration of template DNA from any of the wells was hardly expressed at annealing
temperatures 53°C, 53.3°C, 53.7°C, 55°C, 56°C, 56.5°C and 57°C. At annealing temperature 53.8°C,
the microbial sample DNA migrated from 6™ and 8" wells towards cathode, marker DNA was also
migrated as usual from the 1st well (Figurel d). At annealing temperature 54°C also, the sample
DNA migrated towards cathode from 5" well (Figure 1 e). This result confirmed that these annealing
temperatures are favorable for amplification of the microbial DNA extracted from the sewage water
samples collected from shrimp processing plants. If the annealing temperature is high, the
oligonucleotide primers anneal poorly and also the template DNA. Then the amplification of sample
DNA will be very low. In carrying out polymerase chain reaction experiments, sometimes
amplification of unwanted segments of DNA takes place because of the annealing of nonspecific
primers. Annealing is usually carried out in a range of 3°C to 5°C lower than the calculated melting
temperature (Tm), at which the oligonucleotide primers dissociate from their templates. The
theoretical T values may differ from experimental T values for oligonucleotide primers of
different lengths and sequences. To obtain the best results, it is to optimize the temperature at
annealing by performing a series of trial PCRs with sample DNA. Alternatively, the thermocycler
has to be programmed to use progressively lower annealing temperatures in consecutive pairs of
cycles [6]. In this study, from the gel checks conducted with the amplified DNA obtained through
PCR at different annealing temperatures, it is clear that most DNA was migrated from the wells at
annealing temperature 53.8°C and 54 °C which proved best PCR condition for amplification of
microbial DNA of sewage water samples from shrimp processing plants. The appearance of two
clear bands (6™ & 8™ wells of the gel slab) at 53.8°C indicates the migration of DNA fragments that
are pure. At 54°C annealing temperature migration of DNA takes place but only broad single band
appeared which is close to the 5™ well there after the migration of amplified DNA sample is diffusing
and overlapping. This indicates that the DNA was migrated from the well as high molecular weight
band followed by migration of contaminated genomic DNA of the microbial populations present in
the sewage water samples. The sample DNA requires more purification.

In this study even after seven times washing of microbial DNA obtained in the micro spin column
and the same was loaded in the thermocycler for amplification no bands of amplified DNA
visualized in the gel slab. In order to avoid the interruption of amplification of DNA by the high/low
GC content, the temperature at annealing process was changed. In variable temperature conditions
of annealing, partial success was achieved at 53.8°C and 54°C (Figure 1 d and 1 e). This result is
encouraging to study the microbial biodiversity of water samples through metagenomic analysis.
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Figure 1. Agarose gel electrophoresis of DNA isolated from sewage water sample of
shrimp processing plant at different annealing temperatures of PCR

Further this study opens avenues for a detailed study to optimize the PCR conditions for extraction
of microbial DNA of sewage water samples.

4. CONCLUSION

This study aimed at metagenomic DNA extraction and analysis of sewage water samples from a
shrimp processing industry in Visakhapatnam later turned to optimize the PCR conditions for
amplification of extracted DNA from sewage water samples. This study revealed that the
amplification of DNA while conducting PCR plays a very important role for further gel check
studies. While conducting PCR, exposure of DNA sample to 53.8°C annealing temperature for 30
seconds and 30 cycles are suitable for obtaining the fragments of DNA of micro and other

organisms present in the sewage water.
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