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Abstract
Harmful algal blooms have been reported in many parts of the world affecting water
quality, human and animal health. Timely intervention depends on early detection of
bloom-forming algae and cyanobacteria. Water samples were collected from 15 northern
New Jersey freshwater bodies and each processed through coarse (3.0pm) and fine
(0.45pm) pore filters which were dried then frozen at -20°C. Five small discs punched
from the filters were resuspended in 500pl water for microscopic observation. Many
microorganisms-cyanobacteria and algae were detected, whose distinction and
identification based on morphology was not conclusive. Two genes of interest (The
cyanobacterial phycocyanin and the 16S rDNA genes) were selected for polymerase
chain reaction (PCR) analysis using three primers. A quick DNA extraction protocol
(using 5% chelex-100) was followed for rapid DNA extraction from filters for laboratory
microorganism cultures and water samples from various freshwater bodies followed by
PCR based assay. The cyanobacterial phycocyanin cpcBA IGS- intergenic spacer gene
was amplified by a pair of primers specifically designed to amplify this gene in
cyanobacteria. 16S rDNA gene was amplified by two pairs of primers-one pair was
universal, amplifying the gene in all bacteria, cyanobacteria and phototrophs while the
other pair was designed to specifically amplify the gene in phototrophs. Cyanobacteria
and algae were detected through microscopy and PCR based assay. Results suggest that
these primers can be used to quickly determine the presence of cyanobacteria and/or
algae in water samples from various waterbodies.
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1. Introduction
1.1 Bloom-forming cyanobacteria and algae
Cyanobacteria, formerly referred to as blue-green algae are unicellular oxygen
producing photosynthetic organisms [34]. The organisms have been estimated to have
arisen between 2.8 and 3.7 billion years ago [23, 31]. They inhabit deserts, hot springs,
polar regions, marine waters and freshwater bodies, displaying diverse morphologies and
cell division patterns [16, 24, 31, and 33]. The group has nitrogen-fixing ability and plays
a role in oxygen and Carbon cycles [34]. Most cyanobacteria contain chlorophyll a and
the phycobilin pigment, phycocyanin, while a few contain chlorophyll a and chlorophyll
b [31, 36]. These cyanobacteria have the ability of sourcing carbon from carbon dioxide
in their Calvin cycle [31]. A lot of similarity is seen between the chloroplasts of
cyanobacteria and algae, suggesting a common cyanobacterial ancestry for these two
groups [13, 31]. The cyanobacteria group is divided into 5 taxonomic subsections based
on morphological differences [9, 34]. Members of subsection I-Chroococcales and
subsection II-Pleurococapsales are both unicellular coccoids but those in subsection I
divide by binary fission while members of subsection II divide by multiple fission,
producing baeocytes [34]. Members of subsections III-Oscillatoriales, IV-Nostocales and
V-Stigonemates are all filamentous. Subsection IV and V members are able to
differentiate into heterocysts and akinetes while those in subsection III only form
vegetative cells [34]. Heterocysts and akinetes differ morphologically from vegetative
cells, can perform nitrogen fixation and are therefore able to adapt to drastic environment
fluctuations including droughts and wide fluctuations in temperature [37].
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Cyanobacterial algal blooms and those resulting from other planktonic and benthic
algae can result in turbidity, foul odor, unusual taste and death of aerobic organisms in
water bodies [2, 19, 26, and 35]. Toxin Producing cyanobacteria and other planktonic
algae commonly inhabit freshwaters and brackish estuaries and blooms of these species
are escalating worldwide due to eutrophication [1, 26, and 27]. Mammals in temperate
regions are poisoned in the summer and early autumn when the following four factors
combine: 1) Calm conditions or light winds, 2) High water temperatures of 15°C-30°C ,
3) pH between 6 to 9 and 4) Abundant nutrients (especially phosphate and nitrate) [15]. A
number of cyanobacteria have been reported to be responsible for the production of
toxins that have either caused or could potentially cause health problems in animals and
humans [1,2, 10, 22, 32, and 38] which can result in huge economic losses. Over 40
species of cyanobacteria have been reported to be responsible for harmful algal blooms
(HABs) [5]. The major HABs causing filamentous genera include Anabaena,
Anabaenopsis, Aphanizomenon, Nodularia, Cylindrospermopsis, Gloeotrichia,
Oscillatoria, and Spirulina while the non-filamentous ones include Microcystis,
Gomphosphaeria and Coelosphaerium [29]. Formation and toxicity of HABs depends on
the following factors: 1) Genetic composition of the strain of cyanobacteria involved, 2)
Growth factors and 3) Toxin and non-toxin producing cyanobacterial ratio in freshwater
strains [7]. Harmful cyanobactrial toxins are classified into dermatoxins, hepatotoxins
and neurotoxins that are produced individually or in combination depending on the
cyanobacterial strain responsible [4]. Hepatotoxins which can cause liver failure a few
hours after ingestion are the most prevalent [7]. Some strains release toxins into the

environment via cell lysis, rendering algacidal treatment unsuitable because that could
release more toxins into the water [16].
The ability to detect harmful algal bloom species and their toxins in real- or near real
time is critically important for researchers studying HABs/toxin dynamics as well as for
coastal resource managers charged with monitoring bloom-forming cyanobacteria and
algae populations in order to mitigate their wide ranging impacts [18]. In order to detect
and determine the presence and diversity of cyanobacteria and other planktonic algae,
microscopy can be used to differentiate them based on morphology. However this
method can be arduous especially with lack of expertise in cyanocaterial and algal
taxonomy. On the other hand a gene of interest can be selected for analysis by
polymerase chain reaction (PCR) using degenerate primers that are capable of amplifying
DNA from a variety of related organisms. It has been shown that the cyanobacterial
phycocyanin gene, which contains beta and alpha components separated by an intergenic
spacer (cpcBA-IGS), provides discrimination among known isolates at the species level
and enables the clustering of related organisms into phylogenetic groups [21]. Universal
primers that amplify the 16S rDNA gene from cyanobacteria as well as from plastids in
mixed samples also often amplify other bacterial sequences that are not cyanobacterial
[32]. Primers specifically targeting amplification of 16 S rDNA in phototrophs
(phytospecific primers) have been reported for recovering algae and plant sequences in
mixed samples [32]. These primers have been used in PCR based assays to recover
cyanobacterial and phototrophic sequences and thus determine their presence and
abundance in environmental water samples [20, 21, and 32]
1.2 Chelex -100
3

Chelex is a styrene-divinylbenzene copolymer containing imminodiacetate functional
groups, which are capable of chelating metals through ion exchange [8]. Chelex both
stabilizes DNA during boiling and prevents contamination of PCR with inhibitory metals
[8]. Chelex extraction is a simple procedure that involves boiling a sample in the
presence of the resin, then vortexing and centrifuging the sample. An aliquot of the
extract can then be dispensed directly into a PCR reaction tube. This method has been
successfully applied in the extraction of DNA from many types of clinical specimens,
including whole blood, which would ordinarily inhibit PCR due to the presence of iron in
hemoglobin [2]. This method has also been used by Becker et al to extract PCR-ready
DNA from marine cyanobacteria of the genus Synechococcus that were captured on filter
paper from samples of seawater [3]. This method was evaluated and adopted for
recovering PCR-ready DNA for the PCR based assay with the fifteen water samples
collected and studied in this project.
The objectives of this research were as follows:
(1) To collect and process water samples from selected northern New Jersey
freshwater bodies
(2) To microscopically observe water samples for detection and identification of
bloom-forming cyanobacteria and algae
(3) To evaluate, modify and optimize a simple rapid procedure for extraction of total
DNA from laboratory and collected water samples
(4) To apply a PCR based assay in probing for cyanobacteria and algae in laboratory
and collected water samples
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2. Materials and Methods
2.1 Water sample collection
Twenty five milliliters of each of the eleven laboratory samples (controls) were
provided by Dr. Lee, H. Lee (Montclair State University) in large capped glass tubes.
These included Anabaena, Nostoc, Anacystis nidulans, Oscillatoria, Euglena,
Chlamydomonas, Chlorella, Volvox, Peridinium, Oedogonium and Spirogyra. Water
samples were collected from fifteen New Jersey freshwater bodies on July 21st and 22nd
2009. A total of 15 samples, each collected in a 500 ml sterile bottle, were used in this
study (table 1). Samples were collected by direct scooping, approximately half a meter
below water surface. All samples were preserved in a cool box with ice and held in the
cold room for one day followed by processing.
Table 1. Water samples collection sites.
Sample

Site of Collection

Date of Collection

1

West Hudson county park lake, Harrison

07/21/2009

2

Lincoln park lake, Jersey city, (Hudson county)

07/21/2009

3

Pompton lake, Pompton lakes, (Passaic county)

07/21/2009

4

Branch pond, Newark, (Essex county)

07/21/2009

5

Wequahic park pond, Newark, (Essex county)

07/21/2009

6

Rifle park pond ( West Paterson)

07/21/2009

7

Garret mountain pond (West Paterson)

07/21/2009

8

Ringwood state park pond

07/21/2009

9

Wanaque reservoir, Wanaque, (Passaic county)

07/22/2009

10

Clifton park pond

07/22/2009

11

Deal lake NJ

07/22/2009

5

12

Sunset lake, Asbury park NJ

07/22/2009

13

Lake Como, Spring lake heights NJ

07/22/2009

14

Leisure village pond, Lakewood NJ

07/22/2009

15

Toms River lake, Toms river NJ (Along route 88)

07/22/2009

Water samples for this study were collected on July 21st and 22nd 2009 from 15 sites as
listed in table 1 above.
2.2 Laboratory (control) and collected water samples processing
The processing procedure required sterile material-glassware (side arm flasks, large
filter funnels, conical flasks, sample bottles, Petri dishes and measuring cylinders) which
were sterilized by autoclaving. Micropipette tips, 1500 pi eppendorf tubes and PCR tubes
were autoclaved in large glass beakers covered with foil paper. Forceps, pairs of scissors
and disposable gloves were sterilized by overnight exposure to ultraviolet (UV) light.
Materials were flipped over and exposed to UV light for two hours to ensure complete
sterilization and then wrapped in UV light sterilized foil. Coarse (3 pm) and fine [(0.45
pm) Nalge Company, Rochester NY] filters were exposed to UV light overnight, flipped
over and exposure continued for two hours for sterilization. Once sterile, materials were
handled aseptically and wrapped in sterile foil.
For control samples, 20 ml of cultures were processed through coarse and fine filters
and the remaining 5 ml portions and all filtrates refrigerated for analysis. With collected
water samples, 200 ml portion was measured from each water sample into a 250 ml
measuring cylinder and passed through coarse [(3.0 pm pore size) Fig 1(a)] filter.
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Fig 1(a): Coarse filter (3.0pm)

Fig 1 (b): NalgeneS fine filter (0.45pm).

The filtrates were collected in respective sterile conical flasks and 100 ml portions
processed through fine [(0.45 pm pore size) Fig 1(b)] filter via vacuum filtration. Filters
were air dried in the hood overnight. Once dried, coarse filters were carefully folded,
placed in Petri dishes, and frozen at -20°C for DNA extraction. Fine filters were cut from
filter apparatus with sterile scissors and knives and put in Petri dishes then frozen at 20°C for DNA extraction. Two 28.3 mm2 discs were punched from each of the dried
filters before freezing and resuspended with 200 pi distilled sterile water in clean
eppendorf tubes for microscopic observation and hemacytometer cell counts. Forty five
ml portions of original samples were refrigerated for analysis. Samples were processed
aseptically throughout the procedures (figure 2)
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Fig 2(a): Filtration process

Fig 2(b): Processed sample filters

2.3 Microscopic observation
Processed lab and collected water samples were subjected to microscopic observation
to determine the type and number of microorganism(s) they contained. Microscopic
observation of laboratory and collected water samples was done by pipetting an aliquot
from each sample-original sample, coarse filter, fine filter, coarse filtrate and fine filtrate
into the hemacytometer groove and observing at low (100X) and high (400X) power
using a Leica ATC 2000 microscope. Number of cells in each laboratory sample was
counted by hemacytometer at high (400X) power [table 3 (a)] and the percent number of
cells of the original sample at different filtration stages calculated [table 3 (b)]. Pictures
were taken at 400X by a hand camera (Figures 4.1-4.14)
2.4 DNA extraction
DNA extraction from frozen filters was done with 5% chelex-100 resulting in a crude
DNA preparation that was used in PCR. A Stanley Bostitch disc punch was exposed to
UV light, dipped in alcohol, flame sterilized then used to punch several 28.3 mm2 (6 mm

diameter) discs from each of the stored filter papers (flame sterilizing the punch each
time before using it on a different filter). Five discs from each filter were placed in
respective 1500 pi sterile eppendorff tubes (www.eppendorf.com) and 200 ul 5% chelex100 added to the eppendorf tubes which were placed in a rack and incubated for 2 hrs at
56°C water bath followed by vortexing for 10 sec, boiling in a water bath for 8 minutes,
vortexing again for 10 sec and centrifuging for 3 min at 10,000 revolutions per minute
(rpm) using an eppendorf 5415 C centrifuge (Brinkman Instruments, Westbury NY). The
supernatants containing DNA were transferred to clean eppendorf tubes.
DNA used in the PCR based assay to evaluate primers and as a control in a PCR based
assay to evaluate the efficiency of the chelex method in DNA extraction was extracted
from A. nidulans culture cultivated in Dr. Lee’s lab at Montclair State University,
Montclair NJ by the phenol-chloroform-isoamyl alcohol. Forty ml of A. nidulans culture
was put in a large centrifuge tube and centrifuged at 5,000 rpm for 10 minutes in a
Dynac™ centrifuge (Clay Adams, Parsippany NJ) and the supernatants discarded. Four
and a half ml saline EDTA (0.88 g NaCl, 80 ml diH20 , and 20 ml of 0.5 M EDTA) was
added to the pellet followed by addition of 0.5 ml lysozyme (Fisher Scientific; Pittsburgh,
PA) at a concentration of 2 mg/ml and overnight incubation in a water bath at 37°C. Half
ml of 10% SDS was added to the tube which was then incubated in a 60°C water bath for
15 minutes. Six hundred pi of this mixture was transferred into sterile eppendorf tubes
followed by addition of an equal volume of chloroform-isoamyl alcohol to each of the
eppendorf tubes. The tubes were gently shaken until they were opaque and then
centrifuged for 10 minutes at 7,500 rpm in an eppendorf 5415 C centrifuge (Brinkman
Instruments, Westbury NY). The aqueous phases were carefully transferred to clean

9

sterile eppendorf tubes. Six hundred pi of Phenol-chloroform isoamyl alcohol was added
to each of the tubes containing the aqueous phases which were then shaken gently until
opaque followed by centrifugation for 10 minutes at 7,500 rpm. Five hundred pi aqueous
phases were transferred into sterile eppendorf tubes and 1 ml (double the sample volume)
of 100% ETOH (ethanol) added and the tubes put in -20°C overnight. The tubes were
then centrifuged at 14,000 rpm for 10 minutes, the ethanol dumped, the pellets washed
with 70% ETOH and centrifuged then air dried for 20 minutes to remove any remaining
alcohol. One hundred pi of deionized water (d i^ O ) was added to each pellet which was
then suspended by mixing with a Pipette. The contents were pulled into one eppendorf
tube and 0.5 pi of 10 mg/ml RNAse A (Qiagen cat No. 19101) added and the tube
incubated in a water bath for 40 minutes. Two and a half pi of 20 mg/ml protease K
(Qiagen cat No. 19131) was added and mixed in each tube before water bath incubation
at 50°C for 2 hours. The chloroform-isoamyl alcohol and ethanol steps followed above
were repeated to remove proteins and precipitate DNA. Two hundred and fifty pi of
diH20 was added to the pellet followed by mixing with pipette for resuspension. DNA
concentration was determined by nanodrop (ND-1000 Spectrophotometer) and the DNA
used in the PCR based assay to evaluate primers and as a control in the PCR based assay
to evaluate the efficiency of the chelex method in DNA extraction.
2.5 Primers
■

The primers used in this project are as tabulated (table 2). Some of the primers were
designed in Dr. Lee’s Laboratory (AN380F/AN380R) while some were sourced from
literature- CPC1F/CPC1R [21], 27FB/785R [20] and 27FB/PSr [32]. AN 380F/AN380R
is specific for DNA polymerase III prime delta gene in Anacystis nidulans.
10

CPC1F/CPC1R, 27FB/785R and 27FB/PSr are specific for cyanobacterial phycocyanin
gene, 16 S rDNA in bacteria and phototrophs, and 16 S rDNA in phototrophs
respectively. All Primers except PSr-Phytospecific reverse were evaluated by performing
a PCR assay with the primers and A. nidulans DNA before using them in the project. PSr
was not available at the time of evaluation. AN 380F/AN380R was then used in PCR
based assays to determine the efficiency of Chelex-100 method in DNA extraction from
filters and the effect of storage temperature on efficiency of chelex-100 extraction from
filters. The rest of the primers were used at various concentrations and profiles based on
the specific primer to determine optimum PCR Profiles and primer concentrations for
further PCR based assay with collected water samples.
Table 2. Primers used in this project.
Primer

Target Organism

Sequence

CPC IF

Cyanobacteria

CPC1R

Tm

Size

GGCKGCYTGYYTRCGY

(°C)
62.0

(bp)
400

Cyanobacteria

GACATGGA
AARCGNCCTTGVGWAT

62.4

400

27FB

Bacteria,

CDGC
AGAGTTT GAT CMTGGC

59.4

750

785R

Phytoplankton
Bacteria,

TCAG
ACTACCRGGGT AT CTA

59.4

750

PSr

Phytoplankton
Phytoplankton

ATCC
AGGACTACWGGGGTA

64.6

150

AN

TCTAATCCC
CAAATCACTCAGTTTC

62.2

249

AN3801F

TGG

11

AN3801R

AN

CAGTAGCAGCTCAGGA

62.6

249

CTC

Out of the four primer pairs used in this study, AN380F/AN380R was used to study the
efficiency of chelex method in DNA extraction and the effect of storage temperature on
DNA extraction using chelex method. The rest were used in the PCR based assays.
2.6 Evaluation of the chelex method in DNA extraction
DNA was extracted from A. nidulans cells by the standard (phenol-chloroform
isoamyl alcohol) and chelex methods [35]. lOpl of A. nidulans culture was transferred
into a sterile 1500 pi eppendorf tube either directly or by soaking it in two 28.3 mm2
diameter discs punched from a 0.45 pm Nalgene® filter paper. DNA extraction by the
chelex method was done either immediately or after freezing the samples at -20°C or 70°C for 12 days. PCR based assay was done with chelex extracted DNA and with phenol
chloroform extracted DNA as positive control using AN380F/AN380R primers. Agarose
gels were run to visualize the products.
2.7 Polymerase Chain reaction (PCR)
PCR was performed by the Veriti TM 96-well thermal cycler (Applied Biosystems;
Foster City, CA). For laboratory and collected water samples DNA; lp l F primer, 1 pi R
primer, 10.5pl DNA and 12.5pl Hot-Start Taq™ Blue Mastermix (5 units/pl) [Denville
Scientific Inc, cat No. CB4040-7] were pipetted into sterile 200 pi bubble cap reaction
tubes to yield 25 pi reaction volume in each tube. For AN DNA with AN380F/AN380R;
lp l F primer, lp l R primer, 5.5 pi sterile H20 , 5 pi DNA and 12.5 pi Mastermix was
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pipette into a reaction tube. AN380F/AN380R was used at 0.6 pM final concentration.
CPC1F/CPC1R was used at 4 pM, 2 pM, lpM, 0.6 pM and 0.04 pM; lpM was selected
for the PCR based assay with collected water samples DNA. 27FB/785R and 27FB/PSr
were both used at 2 pM and 1 pM, 1pM was selected for the PCR based assay with
collected water samples DNA. Water was used as a negative control. The tubes were
placed in the Veriti thermal cycler.
PCR profiles varied based on the primer used. For CPC1F/CPC1R, 27FB/785R and
AN380F/AN380R, the reaction was initiated by incubating the sample for 5 minutes at
95°C; followed by 30 cycles of denaturation at 94°C for 30 seconds, primer annealing at
60°C for 30 seconds, extension at 72°C for 1 minute and a final extension at 72°C for 7
minutes at the end of the 30 cycles. The thermal cycler was set to 4°C indefinitely at the
end of cycling. For the 27FB/PSr the reaction was initiated by incubating the sample for 5
minutes at 95°C; followed by 30 cycles of denaturation at 94°C for 4 minutes, primer
annealing at 55°C for 30 seconds, extension at 72°C for 1 minute and a final extension at
72°C for 7 minutes at the end of the 30 cycles. The thermal cycler was set to 4°C
indefinitely at the end of cycling. Denaturation times for CPC1F/CPC1R and 27FB/785R
were optimized from 55°C for 30 sec and 58°C as reported in literature to 60°C used in
this project so that PCR could be run with the 3 different primers including
AN380F/AN380R simultaneously, saving time in assaying many samples. The annealing
temperatures for 27FB/PSr; 58°C for 30 seconds and 50°C for 30 seconds respectively
were also optimized to 55°C for 30 seconds so that the combination of these primers
could work better (55°C is in between 50°C and 58°C).
2.8 Gel Electrophoresis
13

Visualization of PCR products was completed using 1% agarose gels. 0.6 g of agarose
(USB Corporation, Cat no. 32802) was weighed into a 200ml conical flask and 60 ml of
IX Tris Acetate EDTA (TAE) buffer added. The mouth of the flask was covered with
kimwipes® and the combination heated in a microwave for 2 minutes to boiling. 2 pi of
ethidium bromide (5mg/ml) was added to the flask and the flask gently swirled to mix
followed by pouring the mixture into a gel apparatus with a comb to solidify for 30
minutes. The comb was pulled out, the gel placed in the correct orientation and IX TAE
buffer poured into the gel apparatus to submerge the gel. Loading dye was not needed
because the mastermix used in PCR contained the dye. 10 pi of Hi-Low DNA marker
0

■

.

(Minnesota Molecular Inc.) and samples were loaded to respective wells and the gels run
for 45 minutes at 115V. The gels were visualized and pictures taken by the Kodak image
station 440CF (Perkin Elmer Life Sciences, Waltham, MA). Some gels were preserved in
the refrigerator (4°C) for gel band cutting, DNA extraction and sequencing.
3. Results and Discussion
3.1 Laboratory samples (controls) and collected water samples processing
Two 28.3mm discs were punched from each of the dried filters and resuspended with
200pl distilled sterile water in a clean eppendorf tube for microscopic observation and
hemacytometer counts. Microscopic observation of samples was done by pipetting an
aliquot from each sample-original sample, coarse filter, fine filter, coarse filtrate and fine
filtrate into the hemacytometer groove and observing at low (100X) and high (400X)
power using a Leica ATC 2000 microscope. Number of cells in each laboratory sample
(original sample culture, coarse filter, fine filter, coarse filtrate and fine filtrate) was
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counted by hemacytometer at high (400X) power and results tabulated as in table 3 (a)
below.
Table 3 (a). Cell number in various filtration stages from laboratory cultures
1. Number of microorganism in original sample
Microorganism

# in 5 large boxes

# in 25 large boxes

Cell #/ml (#*10A4)

Anabaena

258

1290

1.290* 10A7

Nostoc

68

340

3.4*10A6

Anacystis nidulans

2500

12500

1.25*10A8

Oscillatoria

42

210

2.1 * 10A6

Euglena

10

50

5.0*10A5

Chlamydomonas

17

85

8.5*10A5

Chlorella

12

60

6.0*10A5

Volvox

0

0

0.0*10A4

Peridinium

33

165

1.65*10A6

Oedogonium

18

90

9.0*10A5

Spirogyra

9

45

4.5* 10A5

2. Number of microorganisms in 1st filtrate (filtrate after coarse filtration)
Microorganism

# in 5 large boxes

# in 25 large boxes

Cell #/ml (#* 10A4)

Anabaena

12

60

6.0*10A5

Nostoc

0

0

0

Anacystis nidulans

2100

10500

1.05* 10A8

Oscillatoria

0

0

0

Euglena

0

0

0

Chlamydomonas

6

30

3.0*10A5

Chlorella

1

5

5.0*10A4

Volvox

0

0

0

Peridinium

31

155

1.55*10A6

Oedogonium

0

0

0
15

Spirogyra

0

0

0

3. Number of microorganisms in half resuspended coarse fi] ter
Microorganism

# in 5 large boxes

# in 25 large boxes

Cell #/ml (#*10A4)

Anabaena

7

35

3.5*10A5

Nostoc

12

60

6.0*10A5

Anacystis nidulans

591

2955

2.955*10A7

Oscillatoria

0

0

0

Euglena

1

5

5.0*10A4

Chlamydomonas

7

35

3.5*10A5

Chlorella

1

5

5.0*10A5

Volvox

0

0

0

Peridinium

4

20

2.0*10A5

Oedogonium

0

0

0

Spirogyra

1

5

5.0*10A4

4. Number of microorganisms in half resuspended fine filter
Microorganism

# in 5 large boxes

# in 25 large boxes

Cell #/ml (#*10A4)

Anabaena

0

0

0

Nostoc

0

0

0

Anacystis nidulans

398

1990

1.99*10A4

Oscillatoria

0

0

0

Euglena

1

5

5.0*10A4

Chlamydomonas

0

0

0

Chlorella

7

35

3.5*10A5

Volvox

0

0

0

Peridinium

7

35

3.5*10A5

Oedogonium

0

0

0

Spirogyra

0

0

0

5. Number of microorganisms in 2nd fi trate (filtrate after fine filtration)
Microorganism

# in 5 large boxes

# in 25 large boxes

Cell #/ml (#*10A4)
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Anabaena

0

0

0

Nostoc

0

0

0

Anacystis nidulans

0

0

0

Oscillatoria

0

0

0

Euglena

0

0

0

Chlamydomonas

0

0

0

Chlorella

0

0

0

Volvox

0

0

0

Peridinium

2

10

0

Oedogonium

0

0

0

Spirogyra

0

0

0

The percentage number of cells of the original sample at different filtration stages
(coarse filtrate, coarse filter, fine filtrate and fine filtrate and fine filter) was calculated
using the formula [(Number of cells on filter/number of cells in original sample before
filtration) *100 %]. Results were recorded in table 3 (b) below and figures 3 (a) and 3 (b).
Table 3 (b). Percentage number of cells of the original sample from laboratory
cultures at different filtration stages
Microorganism

Coarse filtrate

Coarse filter

fine filtrate

fine filter

Anabaena

4.65%

2.71%

0%

0%

Nostoc

0%

17.64%

0%

0%

A. nidulans

84%

23.64%

0%

15.92%

Oscillatoria

0%

0%

0%

0%

Euglena

0%

10%

0%

10%

Chlamydomonas

35.29%

41.17%

0%

0%

Chlorella

8.33%

83.33%

0%

0%
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Volvox

0%

0%

0%

0%

Peridinium

93.93%

12.12%

0%

21.21%

Oedogonium

0%

0%

0%

0%

Spirogyra

0%

11.11%

0%

0%

On passing laboratory cultures through coarse and fine filters, it was found that most
algae (Euglena, Chlamydomonas, Spirogyra and Peridinium) and some cyanobactreiaAnabaena, Anacystis nidulans and Nostoc were blocked by coarse filter. Nostoc and
Spirogyra did not go through the coarse filter. Most A. nidulans and Peridinium went
through coarse filter while a few were blocked. Less than 10% of Chlorella and
Anabaena went through coarse filter. All the A. nidulans, Euglena and Chlorella were
blocked by fine filter. These results are shown in figures 3(a) and 3(b) below.

Fig 3(a). Percentage Number of Laboratory Microorganisms on Coarse filters.

18

Fig 3 (b). Percentage Number of Laboratory Microorganisms on Fine filters
The passage of samples through filters was helpful in predicting which microorganism
could be blocked by coarse and fine filters in collected water samples processing. The
results in [Fig 3 (a) and (b)] show that both algae and cyanobacteria groups were blocked
by the coarse filter. The algae that were blocked included: Chlorella, Chlamydomonas,
Euglena, Peridinium and Spirogyra. The cyanobacteria that were blocked included:
Anabaena, Nostoc an&A.nidulans. 83.33% and 41.17% of Chlorella and
Chlamydomonas cells respectively of the algae group were blocked by coarse filter. The
rest of the algae were blocked in lower numbers. Fewer cyanobacterial cells were blocked
by coarse filter compared to algae cells. Because both algae and cyanobacteria are
represented, cyanobacteria specific and phytospecific (for algae and cyanobacteria)
primers can be applied in a PCR based assay with DNA extracted from coarse filters after
filtration of collected water samples.
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It was found that both algae and cyanobacteria were blocked by fine filter [Fig 3 (b)].
The algae, Peridinium and Euglena were blocked by fine filter while for cyanobacteria
only A.nidulans cells were blocked by the fine filter. From these results, it is expected
that Peridinium, Euglena and A.nidulans cells, if any in the collected water samples will
be blocked by the fine filters. Because both algae and cyanobacteria are represented,
cyanobacteria specific and phytospecific (for algae and cyanobacteria) primers can be
applied in a PCR based assay with DNA extracted from fine filters after filtration of
Table 4. Estimated sizes of Laboratory Microorganisms

Microorganism

Estimated size

1. Anabaena

5.8-9 pm width; 10-15 pm long

2. Nostoc

30-50 cm spherical colonies

3. A. nidulans

<1 pm width; 2-5 pm long

4. Oscillatoria

2-6 pm width; 7-10pm long

5. Euglena

5-20 pm wide; 25-100pm long

6. Chlorella

2-10 pm diameter

7. Peridinium

10-100 pm in diameter

8. Oedogonium

10 pm width; up to 250 pm long

9. Spirogyra

10-100 pm width; several cm long

10. Chlamydomonas

10-30 pm diameter

11. Volvox

350-500 pm diameter (Colony)

collected water samples.
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There were no volvox cells in the original sample and therefore there were none
counted through the whole microscopy study. 2.10 xlOA6/ml Oscillatoria cells were
counted in the original sample but none on filtration. The portion of filter paper punched
may not have contained any. Estimated size of the lab microorganisms, table 4 below,
were compiled to see if they relate to the results in figures 3 (a) and 3(b) above.
Relatively smaller cells (A. nidulans and Euglena) were partially on coarse filter;
however it is not clear how large cells of Peridinium passed through the coarse filter to be
found in fine filter. Further studies are required to confirm which organisms go through
and are blocked by coarse and fine filters. Estimated size of the lab microorganisms were
compared with the results in tables 3 and figures 3 above.
3.2 Microscopic observation
Processed laboratory and collected water samples were subjected to microscopic
observation to determine the type and number of microorganism(s) they contained.
Number of cells in each laboratory sample was counted by hemacytometer at high
(400X) power [table 3 (a)l and the percent number of cells of the original sample at
different filtration stages calculated [table 3 (b)]. The pictures below were taken at high
power (400X) on pipetting an aliquot of original sample, resuspended coarse filter and
resuspended fine filter on a hemacytometer groove and observing at high power (400X).
3.2.1 Laboratory Sample pictures
On microscopic observation of original cultures, Anabaena, Nostoc, A. nidulans,
Oscillatoria, Chlamydomonas, Chlorella, Peridinium, Oedogium and Spirogyra were
observed as shown in the figures 4.1, 4.2, 4.7, 4.8, 4.9, 4.10, 4.12 and 4.13 respectively.
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In resuspended coarse filters, Nostoc, A. nidulans and Spirogyra were observed as shown
in figures 4.3, 4.5 and 4.14 respectively. In resuspended fine filters, only A. nidulans and
Peridinium were observed as shown in figures 4.6 and figure 4.11 respectively. There
was no Anabaena, Nostoc, Chlamydomonas, Chlorella, Oedogonium and Spyrogyra on
the fine filters. Results from hemacytometer cell counts (figure 3) and microscopy (figure
4) support the use coarse and fine filters in capturing algae and cyanobacteria from
collected water samples for studies. Although many microorganisms were identified,
some remained unidentified and need further studies for identification. The samples were
then subjected to a PCR based assay to determine if the results were similar.
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Fig 4.1 .Anabaena original sample (400X) Fig 4.2 Nostoc original sample (400X)
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Fig 4.3 Nostoc coarse Filter (400X)

Fig 4.4 A. nidulans original sample (400X)
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Fig 4.5 A. nidulans coarse filter (400X)

Fig 4.6 A. nidulans fine filter (400X)
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Fig 4.7 Oscillatoria original sample (400X) Fig 4.8 Chlamydomonas original (400X)

Fig 4.9 Chlorella original sample (400X) Fig 4.10 Peridinium original sample (400X)
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":Pj|
Fig 4.11 Peridinium fine filter (400X) Fig 4.12 Oedogonium original sample (400X)
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\
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Fig 4.13 Spirogyra original sample (400X)

Fig 4.14 Spirogyra coarse filter (400X)

Figure 4.1 - 4.14: Microscopic observation of Laboratory samples (controls) at high
power (400X)
3.2.2 Collected water Samples Pictures
Water samples were collected and processed. The pictures (figure 5 below) confirm
the presence of some bloom-forming cyanobacteria and algae like Anabaenopsis in water
samples collected from various New Jersey freshwater bodies. Results suggested that the
filtration method can be used to capture algae and cyanobacteria from collected water
samples.
West Hudson County Park Lake (Coarse Filter)

24

Fig 5.1 Peridinium (400X)
Lincoln Park (Fine Filter)

Fig 5.2 Chlamydomonas (400X)
Pompton Lake (Fine Filter)

Fig 5.3 Anacystis (400X)

Fig 5.4 Anacystis (400X)

Branch Pond (Coarse Filter)

Wequahic Park Pond (Coarse Filter)
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Fig 5.5 Anacystis (400X)

Fig 5.6 Peridinium (400X)
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Wequahic Park Pond (Fine Filter)

Branch Pond (Fine filter)
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Fig 5.7 Scendesmus (400X)

Fig 5.8 Anacystis (400X)

Clifton Park (coarse Filter)

Fig 5.9 Agmenellum (400X)

Fig 5.10 Pediastrum (400X)

Ringwood state Park (Coarse Filter)

Rifle Park (Fine filter)

Fig 5.11 Peridinium (400X)

Fig 5.12 Anacystis (400X)

Deal Lake (Fine filter)

Fig 5.13 Cladophora (400X)

Fig 5.14 Anacystis (400X)

Sunset Lake (Coarse)

Fig 5.15 Sphaerocystis

Fig 5.16 Anabaenopsis (400X)

Figure 5: Microscopic observation of coarse and fine filters of water samples
collected from selected New Jersey Lakes at high power (400X)
3.3 Evaluation of PCR primers
In testing whether selected primers were effective in amplifying DNA from specific
organisms, primers were either designed or sought from the literature and used in a PCR
based assay of AN 380 clone pure DNA and AN DNA diluted at 1:50 (DNA: water),
before being used in PCR based assay with laboratory samples (controls). Results in

figure 6 below, show that AN380F/AN380R, CPC1F/CPC1R and 27FB/785R generated
amplicons of approximately 237, 400 and 750 base pairs respectively. These primers
could now be used in PCR based assays with laboratory samples (controls) and collected
water samples

Fig 6. Evaluation of three sets of PCR Primers with AN 380 and A. nidulans DNA.
Lane 1 was loaded with molecular weight maker (MWM) whiles lanes 2 and 3 were
loaded with AN 380 clone pure DNA and 1:50 AN DNA respectively amplified with
AN380F/AN380R. Lanes 4, 6 and 8 were loaded with water (negative control). Lanes
5 and 7 were loaded with 1:50 AN DNA amplified with 27FB/785R and
CPC1F/CPC1R respectively.
3.4 Efficiency of Chelex method
To find whether chelex method was efficient in DNA extraction from filters and
whether storage temperature of filters and/or cells affected the extraction efficiency, a
PCR based assay was performed with AN DNA that was extracted by passing 10pl of
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cells through the fine filter, extracting the DNA directly from cells or extracting DNA
after passing cells through filter or after freezing at -20°C for 12 days.

Fig. 7 (a) Extraction of DNA from AN cells or DNA in solution and on filter paper
discs using the chelex method, and PCR amplification with AN 380F/AN380R
primer pair. Lane 1 was loaded with molecular weight marker (MWM). Lanes 2, 3
and 4 were loaded with AN DNA extracted immediately from filter, after 12 days in
-20°C from filter and immediately from cell culture respectively. Lanes 5, 6 and 7
were loaded with pure AN DNA extracted by chelex from filter, DNA directly
extracted by chelex from cell culture and DNA extracted by phenol-chloroformisoamyl alcohol respectively.
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Figure 7 (a) show that amplification of AN DNA extracted from ~104 cells (lanes 2-4)
are clearly visible, and bands from positive controls (lanes 5-7) are strongly visible.
Freezing filter at -20°C for twelve days prior to chelex extraction (lane 3) generated a
stronger band, indicating that freezing may contribute to the breaking open of cells to
release DNA.
Since freezing the filters during storage seemed to enhance extraction of DNA from
cells using Chelex, I attempted to increase the detection limit by storing the filters at 70°C instead.
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5

6

7

8

Fig. 7(b) Effect of storage temperature on efficiency of chelex extraction of AN DNA
from filter paper discs.
Figure 7(b) shows a representation of the results of an experiment in which DNA was
extracted from 8xl05, 104 and 103 cells on filters using the chelex-100 after storing filters
for 4 days at either -20°C or -70°C. A PCR based assay with the extracted DNA and
AN380F/AN380R showed that storing the filters at -20°C gave better results (lanes 2-4)
than did storing them at -70°C (lanes 5-7). When filters were stored at -20°C, the band
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for AN380 PCR with 400 cells is clearly visible (lane 4), whereas when stored at -70°C
the band for PCR of the same number of cells is barely visible (lane 7).
3.5 PCR based assay protocol development and optimization with Chelex-100
extracted DNA from laboratory microorganism
3.5.1 Optimization of PCR Profile
Different PCR profiles were performed with selected primers to find out which profile
suited each of the primers. For CPC1F/CPC1R, 27FB/785R and AN380F/AN380R, the
PCR profile that worked best was: initial activation for 5 minutes at 95°C; followed by
30 cycles of denaturation at 94°C for 30 seconds, primer annealing at 60°C for 30
seconds, extension at 72°C for 1 minute and a final extension at 72°C for 7 minutes at the
end of the 30 cycles. The thermal cycler was set to 4°C indefinitely at the end of cycling.
For 27FB/PSr initial activation was done for 5 minutes at 95°C; followed by 30 cycles of
denaturation at 94°C for 4 minutes, Primer annealing at 55°C for 30 seconds, extension at
72°C for 1 minute and a final extension at 72°C for 7 minutes at the end of the 30 cycles.
The thermal cycler was set to 4°C indefinitely at the end of cycling. The denaturation
times for CPC1F/CPC1R and 27FB/785R were optimized from 55°C for 30 sec and 58°C
as reported in literature to 60°C used in this project so that PCR could be run with the 3
different primers including AN380F/AN380R simultaneously, saving time in assaying
many samples. The annealing temperatures for 27FB/PSr; 58°C for 30 seconds and 50°C
for 30 seconds respectively were also optimized to 55°C for 30 seconds so that the
combination of these primers could work better (55°C is in between 50°C and 58°C).
3.5.2 Optimization of primer concentration
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3.5.2.1 Optimization with laboratory samples (controls)
CPC1F/CPC1R with laboratory (controls) samples
To find out the concentration of CPC1F/CPC primer pair suitable for a PCR based
assay with DNA from collected water samples, PCR was done with DNA from laboratory
samples and CPC 1 primer pair. Results are shown in figure 8 below.

Fig 8. PCR based assay with 4 pM and 2pM CPC1F/CPC1R primers with DNA
from laboratory samples. Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4,
and 5 were loaded with Oscillatoria, Anabaena, Nostoc and A. nidulans DNA
respectively with 4pM CPC1F/CPC1R. Lanes 6, 7, 8 and 9 were loaded with
Oscillatoria, Anabaena, Nostoc and A. nidulans DNA respectively with 2pM
CPC1F/CPC1R.
PCR with both 4 pM and 2 pM CPC1F/CPC1R (figure 8) generated the expected
amplicon of 400 base pairs; however, primer dimers were evident. The primer
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concentration was diluted to lpM and 0.04 pM and the experiment repeated. Results are
shown in figure 9 below.
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Fig 9. PCR based assay with lpM and 0.04 pM CPC1F/CPCR primers with DNA
from laboratory Microorganisms. Lanes 1 and 10 were loaded with MWM. Lanes 2,
3, 4, and 5 were loaded with Oscillatoria, Anabaen, Nostoc and A. nidulans DNA with
lpM CPC1F/CPC1R respectively. Lanes 6, 7, 8 and 9 were loaded with Oscillatoria,
Anabaena, Nostoc and ,4. nidulans DNA with 0.04 pM CPC1F/CPC1R respectively.
PCR based assay with 1 pM and 0.04 pM CPC1F/CPC1R (figure 9) show that lpM
primer concentration produced the expected amplicon of 400 base pairs; however, 0.04
pM was too low to yield any bands. 0.6 pM yielded a weak band with DNA from
collected water sample DNA (figure 15). Therefore lpM CPCF/CPCR primer
concentration was adopted for the PCR based assay with DNA extracted from collected
water samples DNA.
27FB/785R with laboratory (control) samples

33

To find out the concentration of 27FB/785R primer pair suitable for a PCR based
assay with DNA from collected water samples, the PCR based assay was performed with
DNA from laboratory microorganisms and 27FB/785R primer pair. Results are shown in
figure 10 below.

Fig 10. PCR based assay with 2 pM and 1 pM 27FB/785R primers with DNA from
laboratory samples. Lanes 1 and 10 were loaded with MWM. Lanes 2,3, 4, and 5
were loaded with Oscillatoria, Anabaena, Nostoc and A. rtidulans DNA with 4pM
27FB/785R respectively. Lanes 6, 7, 8 and 9 were loaded with Oscillatoria,
Anabaena, Nostoc and A. nidulans DNA with 2pM 27FB/785R respectively.
PCR based assay with 2pM and 1pM 27FB/785R primers generated amplicons of the
expected size (750 base pairs). However, they contained primer dimers that could be due
to a high primer concentration. Now that it was established that the primers amplified
DNA in control samples, the primers were diluted to 0.6 pM (figure 19) and the
experiment repeated with DNA from collected water samples
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27FB/PSr with laboratory (control) samples
To find out the concentration of 27FB/PSr primer pair suitable for a PCR based assay
with DNA from collected water samples, PCR based assay was done with DNA from
laboratory samples and 27FB/PSr primer pair. Results are shown in figure 11 below.

Fig 11. PCR based assay with 2 pM 27FB/PSr with DNA from laboratory samples.
Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4, 5, 6, 7, 8 and 9 were loaded
with DNA from Chlamydomonas, Chlorella, Peridinium, Spirogyra, Euglena (from
coarse filters) Euglena, Chlorella and Peridinium (fine filter) respectively with lpM
27FB/PSr.
The PCR based assay with 2pM 27FB/PSr generated the expected amplicon of
approximately 750 base pairs in Chlorella, Peridinium, Spyrogyra and Euglena DNA
extracted from laboratory samples coarse filters. However, primer dimers were observed.
Primer concentration was reduced to lpM and the experiment repeated (figure 12)
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To find out the concentration of 27FB/PSr primer pair suitable for a PCR based assay
with DNA from collected water samples, PCR based assay was done with DNA from
laboratory samples and 1 pM 27FB/PSr primer pair. Results are shown in figure 12
below.

Fig 12. PCR based assay with 1 pM 27FB/PSr with DNA from laboratory Samples.
Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4, 5, 6, 7, 8 and 9 were loaded
with DNA from Chlamydomonas, Chlorella, Peridinium, Spirogyra, Euglena (from
coarse filters) Euglena, Chlorella and Peridinium (fine filter) respectively with lpM
27FB/PSr.
The PCR based assay with lpM 27FB/PSr generated expected clean amplicons of
approximately 750 base pairs in Chlorella, Peridinium, Spyrogyra and Euglena DNA
extracted from laboratory samples coarse filters. A weak band was observed from the
coarse filter in used to Chlamydomonas processing. 1 pM 27FB/PSr primer pair
concentration was therefore adopted for a PCR based assay with collected water samples
DNA.
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3.5.2.2 Optimization with selected collected water samples
CPC1F/CPC1R with selected collected water samples
A few collected water samples with high density and a diversity of microorganisms
(based on microscopic observation) were selected for DNA extraction by the chelex
method and used in a PCR based assay to test whether CPC1F/CPC1R primer pair
amplified DNA in them. Results are as shown in figures 13, 14 and 15 below.

Fig 13. PCR based assay with 2 pM CPC1F/CPC1R primer pair and DNA from a
few selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4,
5, 6, 7, 8 and 9 were loaded with CPC1F/CPC1R primer pair and DNA from
Lincoln Park (fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter),
Wequahic Park (fine filter), West Hudson (fine filter), West Hudson (coarse filter),
Deal Lake (fine filter) and Garret Mountain (coarse filter) respectively.
After PCR based assay with 2 pM CPC1F/CPC1R primer pair and DNA from a few
selected water samples, 400 base pair expected amplicon was observed in all samples
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except for samples from Clifton park pond (coarse) and West Hudson county park lake
(fine and coarse filters). Mis-priming resulted in 100 bp bands (lanes 2, 4, 5, 7, 8 and 9)
whose identity is not known and requires further studies to determine. There were primer
dimers that could result from using a high concentration of primers. Primer concentration
was reduced to 1 pM and the experiment repeated. Results are shown in figure 14 below.

Fig 14. PCR based assay with 1 jaM CPC1F/CPC1R primer pair and DNA from a
few selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4,
5, 6, 7, 8 and 9 were loaded with CPC1F/CPC1R primer pair and DNA from
Lincoln Park (fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter),
Wequahic Park (fine filter), West Hudson (fine filter), West Hudson (coarse filter),
Deal Lake (fine filter) and Garret Mountain (coarse filter) respectively.
The 400 base pair expected amplicon was observed in all samples except for samples
from Clifton Park pond (coarse filter) and West Hudson County Park Lake (fine and
coarse filters). Mis-priming resulted in 100 bp bands (lanes 2, 4, 5, 7, 8 and 9) whose
identity is not known and requires further studies to determine. This primer pair seems to
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easily form primer dimers because they were generated even at 1 pM primer
concentration. Primer concentration was reduced to 0.6pM and the experiment repeated
as shown in figure 15 below.

Fig 15. PCR based assay with 0.6 pM CPC1F/CPC1R primer pair and DNA from a
few selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4,
5, 6, 7, 8 and 9 were loaded with CPC1F/CPC1R primer pair and DNA from
Lincoln Park (fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter),
Wequahic Park (fine filter), West Hudson (fine filter), West Hudson (coarse filter),
Deal Lake (fine filter) and Garret Mountain (coarse filter) respectively.
The 400 base pair expected amplicon was only observed in lane 4. The 0.6 pM
CPC1F/CPC1R primer concentration was not sufficient for PCR based assay and
therefore 1pM was adopted for a PCR based assay with collected water samples
27FB/785R with selected collected water samples
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A few collected water samples with high density and a diversity of microorganisms
(from microscopic observation) were selected for DNA extraction by the chelex method
and used in a PCR based assay to test whether 27FB/785R primer pair amplified DNA in
them. Results are shown in figures 16, 17 and 18 below:
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Fig 16. PCR based assay with 2 pM 27FB/785R primer pair and DNA from a few
selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4, 5, 6,
7, 8 and 9 were loaded with 27FB/785R primer pair and DNA from Lincoln Park
(fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter), Wequahic Park
(fine filter), West Hudson (fine filter), West Hudson (coarse filter), Deal Lake (fine
filter) and Garret Mountain (coarse filter) respectively.
The expected 750 amplicon is evident in lanes 2,4,5,8 and 9 although with primer
dimers. Mis-priming resulted in higher molecular weight smears which could be removed
in future by increasing annealing temperature and reducing the amount of DNA used. The
primer concentration was reduced to 1pM and the experiment repeated as shown in figure
17 below.
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Fig 17. PCR based assay with 1 pM 27FB/785R primer pair and DNA from a few
selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2 ,3 ,4 , 5, 6,
7, 8 and 9 were loaded with 27FB/785R primer pair and DNA from Lincoln Park
(fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter), Wequahic Park
(fine filter), West Hudson (fine filter), West Hudson (coarse filter), Deal Lake (fine
filter) and Garret Mountain (coarse filter) respectively.
The expected 750 amplicon is evident in lanes 2,4,5,8 and 9 with primer dimers very
faint. Mis-priming resulted in higher molecular weight smears which could be removed
in future by increasing annealing temperature and reducing the amount of DNA used.
Primer concentration was reduced to 0.6pM and the experiment repeated. Results are
shown in figure 18 below.
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Fig 18. PCR based assay with 0.6 pM 27FB/785R primer pair and DNA from a few
selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2,3, 4, 5, 6,
7, 8 and 9 were loaded with 27FB/785R primer pair and DNA from Lincoln Park
(fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter), Wequahic Park
(fine filter), West Hudson (fine filter), West Hudson (coarse filter), Deal Lake (fine
filter) and Garret Mountain (coarse filter) respectively.
The expected 750 amplicon is evident in lanes 2,4,5,8 and 9. The primer dimers and
high molecular weight smears were very faint. 0.6pM 27FB/785R was therefore adopted
for PCR based assay with collected samples.
27FB/PSr with selected collected water samples
A few collected water samples with high density and diversity of microorganisms
(based on microscopic observation) were selected for DNA extraction by the chelex
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method and used in a PCR based assay to test whether 27FB/PSr primer pair amplified
their DNA. Results are shown in figures 19, 20 and 21 below.

Fig 19. PCR based assay with 2 pM 27FB/PSr primer pair and DNA from a few
selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2,3, 4, 5, 6,
7, 8 and 9 were loaded with 27FB/7PSr primer pair and DNA from Lincoln Park
(fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter), Wequahic Park
(fine filter), West Hudson (fine filter), West Hudson (coarse filter), Deal Lake (fine
filter) and Garret Mountain (coarse filter) respectively.
The PCR based assay with 27FB/PSr generated the expected 750 base pairs amplicon
in lanes 2,4,5,8 and 9. Mis-priming resulted in higher molecular weight smears which
could be removed in future by increasing annealing temperature and reducing the amount
of DNA used. Primer dimers were observed which could be due to high primer
concentration. The primers were diluted to 1pM and the experiment repeated and the
results are shown in figure 20 below.
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Fig 20. PCR based assay with 1 pM 27FB/PSr primer pair and DNA from a few
selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2, 3, 4, 5, 6,
7, 8 and 9 were loaded with 27FB/7PSr primer pair and DNA from Lincoln Park
(fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter), Wequahic Park
(fine filter), West Hudson (fine filter), West Hudson (coarse filter), Deal Lake (fine
filter) and Garret Mountain (coarse filter) respectively.
The PCR based assay with 1 pM 27FB/PSr generated the expected 750 base pairs
amplicon in lanes 2,4,5,8 and 9 although with faint primer dimers and faint mis-primed
higher molecular weight. Primer concentration was diluted to 0.6 pM and PCR repeated.
Results are shown in figure 21 below.
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Fig 21. PCR based assay with 0.6 pM 27FB/PSr primer pair and DNA from a few
selected water samples. Lanes 1 and 10 were loaded with MWM. Lanes 2 ,3 ,4 , 5, 6,
7, 8 and 9 were loaded with 27FB/7PSr primer pair and DNA from Lincoln Park
(fine filter), Clifton Park (coarse filter), Branch Pond (coarse filter), Wequahic Park
(fine filter), West Hudson (fine filter), West Hudson (coarse filter), Deal Lake (fine
filter) and Garret Mountain (coarse filter) respectively.
The PCR based assay with 0.6 jiM 27FB/PSr generated the expected 750 base pairs
amplicons, evident in lanes 4, 5, 8 and 9. Primer dimers were not observed and only very
faint mis-primed smears were seen. It is not clear why the band in lane 2 disappeared on
lowering the primer concentration when other bands can be clearly visible in figure 20
above. Its DNA concentration may have been very low. 0.6 pM was therefore adopted for
PCR based assay with collected water samples.
3.6 Viability of old collected water sample DNA
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PCR based assay was done with selected old collected water sample DNA (extracted
12/02/2009) to ascertain if the DNA samples were viable to be used in a PCR based
assay. Results are as in figure 22 below:

Fig 22. Viability of old collected water sample DNA (extracted 12/02/2009). Lanes 1
and 10 were loaded with MWM. Lanes 2 ,3 ,4 , 5, 6, 7, 8 and 9 were loaded with 1 pM
CPC1F/CPC1R primer pair and old DNA from Lincoln Park (fine filter), Clifton
Park (coarse filter), Branch Pond (coarse filter), Wequahic Park (fine filter), West
Hudson (fine filter), West Hudson (coarse filter), Deal Lake (fine filter) and Garret
Mountain (coarse filter) respectively.
On performing a PCR based assay with CPC1F/CPC1R and selected old collected
water sample DNA, the 400 base pair expected amplicons were observed in three samples
(lanes 4, 8 and 9). PCR based assay with old collected water sample DNA (extracted
12/02/2009) showed that some of the DNA samples were viable but these samples were
not used for a PCR based assay with collected water samples because some of them could
be unviable. Mis-priming resulted in 100 bp bands (lanes 2, 4, 8 and 9) whose identity is
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not known and requires further studies to determine. New DNA was extracted from
collected water samples using the chelex method and used in a PCR based assay for the
detection of cyanobacteria and algae in the samples.
3.7 PCR based assay with all collected water samples
Having determined suitable concentrations and PCR profiles for PCR based assay
with each primer, the primers were used to assay for the presence of cyanocbacteria and
algae in collected water samples by extracting total DNA from all coarse and fine filters
for each sample.
3.7.1 PCR based assay with lpM CPC1F/CPC1R
PCR based assay of collected water samples was performed with CPC1F/CPC1R and
DNA from coarse and fine filters of all collected water samples to detect the presence of
cyanobacteria in the collected water samples. The results are shown in figure 23 (a) - 23
(d) below.
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Lane Sample
1
MWM
Branch pond fine
2
3
Wequahic paricpondfine
4
Rifle park pond coarse
5
Garret Mountain coarse
6
Ringsrood state park coarse
?
Wanaque reservoir coarse
S
CHftonparkpond coarse
9
Rifle park p ond fine
10
MWM

Primer
1 uM CPC IF R
1 uMCPCIFR
1 uM CPC IF R
luM CPC1FR
1 uMCPCIFR
1 uMCPCIFR
1 uM CPC IF R
1 pM CPC IF R
- .

Fig 23 (a). PCR based assay of collected water samples with 1 pM CPC1F/CPC1R.
Samples were loaded as shown on the table beside figure 23 (a). The expected 400
base pairs amplicons were observed in lanes 3 and 5.

Lanes
1
2
3
4
5
6
7
S
9
10

Sample
MWM
West Hudson coarse
Lincoln Park lake coarse
Pomptonlake coarse
Branchpond coarse
Wequahic Parkpond coarse
West Hudson fine
Lincoln park fine
Pomptonlake fine
MWM

Primer
lpM C PC IFR
1 uMCPCIFR
luM CPC1FR
1 uMCPCIFR
1 uM CPCIFR
1 uM CPCIFR
1 uM CPCIFR
1 uM CPC1FR
-

Fig 23 (b). PCR based assay of collected water samples with 1 pM CPC1F/CPC1R.
Samples were loaded as shown on the table beside figure 23 (b). The expected
amplicon was observed in lane 5.
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Lanes
1
2
3
4
5
6
7
S
9
10

Sample
MWM
Garret mountain fine
Ringwood state park fine
Wanaque reservoir fine
Cliftonparkpond fine
Rifle park pond fine
Deal lake coarse
Sunset lake co arse
Lake Como coarse
MWM

Primer
lu M C P C lF R
1 uM CPC IF R
1 uM CPC1F R
luM C P C lF R
lu M C P C lF R
1 uM CPC IF R
1 uM CPC IF R
luM C P C lF R
-

Fig 23 (c). PCR based assay of collected water samples with 1 pM CPC1F/CPC1R.
Samples were loaded as shown in the table beside figure 23 (c). Expected amplicons
were observed in lanes 6 and 7.

Lanes
1
2
3
4
5
6
7
S
9
10

Sample
MWM
Leisure Village coarse
Toms river lake coarse
Deal lake fine
Sunset lake fine
Lake Como fine
Leisure village fine
Toms river lake fine
—

MWM

Primer
1 uM CPC1FR
lp M CPC IF R
luM CPC IF R
1 pM CPC1FR
luM C P C lFR
luM C P C lFR
lpM CPC1FR
luM C P C lFR
-

Fig 23 (d). PCR based assay of collected water samples with 1 pM CPC1F/CPC1R.
Samples were loaded as shown in the table beside figure 23 (d). Expected amplicons
were not observed.
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Figures 23 (a) - 23 (d). PCR based assay with CPC1F/CPC1R with collected water
samples DNA.
On performing a PCR based assay with CPC1F/CPC1R and DNA from coarse and
fine filters of all collected water samples, the expected 400 base pairs amplicon was
observed in samples from Wequahic park pond, Garret Mountain [Lanes 3 and 5
respectively of figure 23(a)], Branch pond [lane 5 of figure 23 (b)], Rifle park pond and
Deal Lake [Lanes 6and 7 of figure 23 (c)]. Mis-priming resulted in faint bands of
approximately 100 bp in figures 23 (a) - 23 (d) and an additional 1000 bp band in lane 5
of figure 23 (b) that could be removed in future by increasing the annealing temperature
and decreasing the amount of DNA used. CPC1F/CPC1R targets the cyanobacterial
phycocyanin gene in cyanobacteria, which contains beta and alpha components separated
by an intergenic spacer (cpcBA-IGS). The expected amplicon of approximately 400 base
pairs was observed in samples from Wequahic park pond, Garret Mountain, Clifton park
pond, Rifle park pond and Deal Lake. This corresponds to the microscopic study findings
in figure 5, confirming presence of some bloom-forming cyanobacteria and algae in the
waterbodies from which these samples were collected. Sequencing of band DNA will
determine the identity of cyanobacteria and algae in the samples.
3.7.2 PCR based assay with 0.6 pM 27FB/785R
PCR based assay of collected water samples was done with 27FB/785R and DNA
from coarse and fine filters of all collected water samples to detect the presence of
cyanobacteria and algae in the collected water samples. Results are shown in figure 24(a)
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24(d) below:

6

Sample
MWM
West Hudson coarse
Lincoln p ark co arse
Pomptonlake coarse
Branch p ond coarse
Wequahicpark coarse

7
S
9
10

West Hudson fine
Lincoln park lake fine
Pomptonlake fine
MWM

l
2
3
4
5

Primer
0.6uM27FB 7S5R
0.6uM 2'FB 7S5R
0.6 pM27FB "S5R
0.6 pM 27FB/785R
0.6|iM 27FR 7SJR
0.6 pM 27FB7S5R
0.6uM2TFB 7S5R
0.6 pM 2 7FB 7S5R
-

Fig 24 (a). PCR based assay of collected water samples with 0.6 pM 27FB/785R.
Samples were loaded as shown in the table beside figure 24 (a).

Lanes
1
2
3
4
5
6
.7

s
9
10

Sample
MWM
Branch pond fine
Wequahic park pond fine
Rifle park pond coarse
Garret mountain coarse
Ringwood state park coarse
Wanaque reservoir coarse
Clift on p ark p ond coarse
Rifle park pond fine
MWM

Primer
0.6 uM 27FB
0.6 U.M27FB
0.6 pM 27FB
0.6 uM 27FB
0.6 jjM 27FB
0.6 pM 27FB
0.6pM 27FB
0.6 uM 27FB
-

"S5R
7S5R
7S5R
*S5R
7S5R
7S5R
"S5R
7S5R

Fig 24 (b). PCR based assay of collected water samples with 0.6 pM 27FB/785R.
Samples were loaded as shown in the table beside figure 24 (b).
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Lane
1
2
3
4
5
6
7
S
9
10

Sample
MWM
Garret mountain fine
Ringv.'ood park fine
Wanaque fine
Clifton park fine
Rifle park pond fine
Deal lake coarse
Sunset lake coarse
Lake Como coarse
MWM

Primer
-

0.6 pM 27FB 7S5R
0.6 pM 27FB 7S5R
0.6 pM 27FB 785R
0.6 uM 27FB 7S5R
0.6 pM 27FB7S5R
0.6 pM 27FB 7S5R
0.6 pM 27FB785R
0.6 pM 27FB 785R
-

Fig 24 (c). PCR based assay of collected water samples with 0.6 pM 27FB/785R.
Samples were loaded as shown in the table beside figure 24 (c).

Lana
1
2
3
4
5
6
7
S
9
10

Sample
MWM
Leisure village coarse
Tomsriver lake coarse
Deal lake fine
Sunset lake fine
Lake Como fine
Leisure village fine
Tomsriver lake fine
MWM

Primer
0.6pM27FB 7S5R
0.6uM 2~FB “S5R
0.6 uM 2~FB 7S5Pv.
0.6 uM 27FB ~SJR
0.6 pM 27FB 7S5R
0.6 pM 27FB 7S5R
0.6 uM 27FB 7S5R
0.6 uM 27FB 7S5R
-

Fig 24 (d). PCR based assay of collected water samples with 0.6 pM 27FB/785R.
Samples were loaded as shown in the table beside figure 24 (d).
Figures 24 (a) - 24 (d). PCR based assay with 27FB/785R with collected water
samples DNA.
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On performing a PCR based assay with 27FB/785R and DNA from coarse and fine
filters of all collected water samples, the expected 750 base pairs amplicon was observed
in samples from the following water collection sites: West Hudson county park lake,
Lincoln Park Lake, Pompton Lake, Branch pond, Wequahic park pond, Rifle park pond ,
Garret mountain, Ringwood state park pond, Wanaque reservoir, Deal lake, Leisure
village, Toms river lake, sunset lake and lake Como as shown by the bands in figures 24
(a)- 24 (d). Mis-priming resulted in faint high molecular weight smears in figures 24 (a)24 (c) that could be removed in future by increasing the annealing temperature and
decreasing the amount of DNA used. 27FB/785R are universal primers that amplify the
16S rDNA gene from cyanobacteria as well as in plastids in mixed samples but also often
amplify general bacterial sequences. Expected amplicons of approximately 750 base pairs
were observed in samples from the following water collection sites: West Hudson county
park lake, Lincoln Park Lake, Pompton Lake, Branch pond, Wequahic park pond, Rifle
park pond , Garret mountain, Ringwood state park pond, Wanaque reservoir, Deal lake,
Leisure village, Toms river lake, sunset lake and lake Como. These many amplicons from
different samples were expected because 27FB/785R is a universal primer, amplifying
16S rDNA even in general bacteria. This corresponds to the microscopic study findings
in figure 5, confirming presence of bloom-forming cyanobacteria and algae in the
waterbodies from which these samples were collected. Sequencing of band DNA will
determine the identity of cyanobacteria and algae in the samples.
3.7.3 PCR based assay with 0.6 pM 27FB/PSr
PCR based assay of collected water samples was performed with 0.6 pM 27FB/PSr
and DNA from coarse and fine filters of all collected water samples to detect any
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phototrophs in the collected water samples. Results are shown in figure 25(a) - 25(d)
below.

Lane
1
2
3
4
5
6
1

S
9
10

Sample
MWM
West Hudson coarse
Lincoln Park lake coarse
Pomptonlake coarse
Branchpond coarse
Wequahic park pond coarse
West Hudson fine
Line oln p ark lake fine
Pomptonlake fine
MWM

Primer
0.6 uM2TFBR§5
0.6 uM 27FB
0.6uM2~FB£§s
0.6pM 27FB£&
0.6pM27FBE&
0.6 uM 27FB
0.6 uM 27FB £§r
0.6 pM 27FB
-

Fig 25 (a). PCR based assay of collected water samples with 0.6 pM 27FB/PSr.
Samples were loaded as shown in the table beside figure 25(a).
Lane
1
2
3
4
5
6
7
S
9
10

Sample
MWM
Branchpond fine
Wequahic Park pond fine
Rifle park pond coarse
Garret Mountain coarse
Ringwood park coarse
Wanaque resen*oir coarse
Clifton Park pond coarse
Rifle park pond fine
MWM

Primer
0.6 uM27FB
0.6 uM 27FB
0.6 pM 2~FB £§r
0.6 uM 2"FB PSr
0.6 pM 27FB £§j
0.6 pM27FBE&
0.6pM27FB£§j
0.6pM27FB£§r
-

Fig 25 (b). PCR based assay of collected water samples with 0.6 pM 27FB/PSr.
Samples were loaded as shown in the table beside figure 25 (b).
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1

2

3 4

5 6

7

S

Lane
1
2
3
4
5
6
7
8
9
10

Sample
MWM
Leisure village coarse
Toms river lake coarse
Deal lake fine
Sunset lake fine
Lake Como fine
Leisure village fine
Toms river lake fine

■mm

—

MWM

Primer
0.6 pM
0.6 pM
0.6 pM
0.6 pM
0.6 pM
0.6 pM
0.6 pM
0.6 pM
-

Fig 25 (c). PCR based assay of collected water samples with 0.6 pM 27FB/PSr.
Samples were loaded as shown in the table beside figure 25 (c).

Lane
1
J

3
4
5
6
7
S
9
10

Sample
MWM
Leisure village coarse
Toms river lake coarse
Deal lake fine
Sunset lake fine
Lake Como fine
Leisure village fine
Tomsriver lake fine
—
MWM

Primer
0.6uM2"FB 7S5R
0.6 pM 27FB 7S5R
0.6pM27FB 7S5R
0.6 uM 27FB ~S5R
0.6 pM 27FB 7S5R
0.6 uM 27FB 7S5R
0.6 uM 27FB 7S5R
0.6 uM 27FB 7S5R
-

Fig 25 (d). PCR based assay of collected water samples with 0.6 pM 27FB/PSr.
Samples were loaded as shown in the table beside figure 25 (d).
Figures 25 (a) - 25 (d). PCR based assay with 27FB/PSr with collected water
samples DNA.
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On performing a PCR based assay with 27FB/PSr and DNA from coarse and fine
filters of all collected water samples, the expected 750 base pairs amplicon was observed
in samples from the following water collection sites: West Hudson county lake, Lincoln
Park Lake, Pompton Lake, Branch pond, Wequahic park pond, Rife Park, Ringwood state
park, Garret Mountain, Clifton Park, Sunset Lake, Lake Como, Leisure village, Toms
River Lake and Deal Lake as shown by the bands in figures 25 (a) - 25 (d). Figure 25 (b)
contains smears of high molecular weight that could be removed in future by increasing
the annealing temperature and decreasing the amount of DNA used. Lane 6 of figure 25
(c) has a mis-primed band of approximately 500 bp whose identity requires further
studies to determine. The 27FB/PSr Primer pair specifically targets amplification of 16 S
rDNA in phototrophs and has been reported to have been used for recovering algal and
plant sequences in mixed samples [32]. This primer pair recovered the expected 750 base
pair amplicon in samples from the following water collection sites: West Hudson county
lake, Lincoln Park Lake, Pompton Lake, Branch pond, Wequahic park pond, Rife Park,
Ringwood state park, Garret Mountain, Clifton Park, Sunset Lake, Lake Como, Leisure
village, Toms River Lake and Deal Lake. This corresponds to the microscopic study
findings in figure 5, confirming presence of bloom-forming cyanobacteria and algae in
the waterbodies from which these samples were collected. Sequencing of band DNA will
determine the identity of cyanobacteria and algae in the samples.
4. Conclusions
Given the importance of quick and accurate detection, and identification of bloom
forming cyanobacteria and algae, a comparison experiment was done using standard
microbiology identification techniques and primer based PCR assays.
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It was found that coarse filters used in the protocol were sufficient for removing larger
algal and cyanobacterial cells from collected water samples while fine filters were
sufficient for removing smaller cells from collected water samples that DNA can be
extracted from for PCR based assays to detect and identify microorganisms in the water
samples. This is a quicker detection method as compared to the standard microbiology
detection techniques.
By microscopically studying the collected water sample, the water samples from New
Jersey freshwater bodies were found to contain a diverse composition of algae and
cyanobacteria, some of which are bloom-forming. Rapid detection of some of these
microorganisms was completed by extracting DNA from filters and perfoming a PCR
based assay with selected primers. Sequencing of the band DNA could enable the
identification of bloom-forming cyanobacteria in New Jersey freshwater bodies.
The chelex-100 rapid DNA extraction method was found to be suitable in quickly
extracting DNA from processed filters of laboratory cultures and collected water samples.
These DNA samples were suitable for PCR based assays with selected primers to detect
the presence of bloom-forming cyanobacteria. Freezing filters during chelex-100
extraction helps to disrupt and break open algal and cyanobacterial cells for liberation of
DNA, freezing at -20°C is preferable to freezing at -70°C.
5. Future studies
Further studies are required to follow up with this project including (1) Sequencing the
PCR products to determine the identity of specific cyanobacteria and algae in the samples
studied, (2) Quantitative study of cyanobacteria and algae using real-time quantitative
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PCR (qPCR) (3) Identification of unidentified algae and cyanobacteria in non-published
pictures from microscopic study of samples and (4) Application of the PCR based assay
in detection and determination of bloom-forming cyanobacteria and algae in Lake
Wapalanne (School of Conservation)
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