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Water Quality Testing lli:

Multiplex PCR Analysis for Water Contaminants

Experiment Objective:

In this experiment, students learn how Polymerase Chain Reaction (PCR)
is used to detect several waterborne microorganisms simultaneously.
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Instructions

-

. Carefully READ the background.

HIGHLIGHT any words or phrases that you don’t know. LOOK UP the definition, and WRITE
the definition into the margins.

. UNDERLINE important information about the experiment.

Use this information to FILL IN the role of each experimental component.

. READ through the experiment, pausing to ANSWER QUESTIONS about what is happening.

ANALYZE the results.
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Background Information

Water pollution is a universal problem because clean
water is essential for human health, aquatic life, and
agriculture. According to the World Health Organi-
zation (WHO), contaminated drinking water is the
leading cause of infectious disease on the planet,
resulting in almost two million deaths each year.
Individuals with weak immune systems are espe-
cially vulnerable to the contaminants in polluted
water, including chemicals, solid waste, and micro-
organisms. Determining whether water is contami-
nated requires special tests to identify what kind of
contaminating organisms are present and how many
of them there are.

Contamination enters the water supply in two main
ways (Figure 1). Point source water pollution

is any contaminant that enters the water from a
single, readily identifiable source, such as a manu-
facturing plant or water treatment facility. These
contaminants are called effluent waste and contain Figure 1: Point and Non-point sources of water
both sewage and/or chemical by-products. Since contamination.

it is common practice to release effluent waste into
nearby bodies of water, water near a polluting entity
is strictly monitored and regulated by government agencies. Non-point pollution cannot be traced to a single,
identifiable source and often results from everyday activities, such as the overflow of septic tanks, soil erosion, and
water run-off from farms that contains animal feces.

Both point and non-point pollution are responsible for contaminating drinking water. Large, modern water treat-
ment facilities have been able to supply us with safe drinking water by removing harmful disease-causing mi-
crobes and chemical contamination. In the United States and other developed countries, water treatment systems
have been in place for nearly 150 years, and federal requlations have been established to keep pathogens, chemi-
cals, and other hazardous materials out of drinking water. Since over 15 million American households are located
in rural areas that rely on private, untreated wells for drinking water, the U.S. Department of Agriculture (USDA)
teamed up with the Environmental Protection Agency (EPA) to improve the quality of drinking water for people in
rural areas in 2011.

Although drinking water in U.S. cities is generally safe, monitoring remains necessary because our water supply
can still be contaminated by corrosion in aging water pipes and other environmental factors. A 1999 EPA study
revealed that maximum contaminant levels were exceeded in more than 11% of the water systems in 14 states.
From 2007-2008, the Centers for Disease Control (CDC) reported 36 waterborne disease outbreaks in 23 states,
which resulted in over 4,000 human illnesses.

In order to minimize contamination, the EPA has established four major guidelines for protecting drinking water:
1) Prevention - keeping contaminants from entering our drinking water,
2) Management - reducing and/or eliminating contaminants that do enter a water source,
3) Monitoring and Compliance - evaluating water quality throughout the water treatment process, and
4) (itizen Action - people in the community limiting activities that can pollute water.
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MICROORGANISMS IN THE WATER SUPPLY

Waterborne microorganisms can cause severe illness (Figure 2). For example, in 1993 the protozoa Crypto-
sporidium parvum caused gastrointestinal distress in over 400,000 individuals in Milwaukee, Wisconsin. The
outbreak resulted in 4,000 hospitalizations and more than 50 deaths. Cryptosporidium outbreaks have become
more common over the past 15 years because the organism has become resistant to water treatment disinfec-
tants, such as chlorine.

Another waterborne protozoa, Giardia, is very common in the gastrointestinal systems of farm animals and
household pets and will cause gastrointestinal distress in humans if the water supply is contaminated with the
feces of infected animals. Although rarely life threatening, giardiasis causes severe dehydration, resulting in
more than 4,600 U.S. hospital visits per year. The effects of this disease are more severe in individuals with
compromised immune systems, such as children, the elderly, and people with AIDS or who are undergoing
cancer treatment.

Although most strains of Escherichia coli are relatively harmless or aid digestion in human beings; certain
strains of the bacterium (0157:H7 in particular) produce a potent toxin that can cause acute bloody diarrhea,
kidney failure, and even death. This disease-causing strain is present in the intestines of cattle, where it is not
pathogenic; but it is easily transmitted to humans if they eat undercooked beef, eat raw fruits or vegetables,
or drink unpasteurized milk. Thousands of E. coli 0157:H7 infections also occur in the U.S. each year due to
contaminated water.

In addition, run-off from farms can send 0157.H7 E. coli into drinking water or recreational water sources such
as pools, lakes, water parks, and hot tubs. E. coli and other bacteria can cause swimmer’s ear, skin rashes, and
respiratory infections in addition to gastrointestinal distress. According to the CDC, the incidence of recreational
water infections (RWIs) has been steadily increasing over the past twenty years. Between 2004-2008, the
number of RWI Cryptosporidium infections alone went up 200%. These figures may be the result of crowded
public pools, code violations in pool maintenance, and/or the increased pollution of recreational lakes and
streams.

METHODS TO IDENTIFY MICROBIAL WATER CONTAMINATION

Many different types of bacteria can contaminate water. Testing for all of them would be very expensive, so
the first organisms scientists look for are relatively harmless, easy-to-culture microbes called coliform bacteria.
Coliform bacteria are found in the digestive tract

of all warm-blooded animals where they help

digest food. Unfortunately, a variety of bacteria .
. . Disease Pathogen

that cause human disease - such as Escherichia, —

Klebsiella, Enterobacter, and Serratia - are also Cholera Bacteria - Vibrio cholera

found in mammalian digestive tracts and all of Typhoid Fever Bacteria - Salmonella typhi

them have coliform members of their spe- Giardia Protozoa - Giardia lamblia

cies. Ifa Water S.amPle is negative for coli- Cryptosporidosis Protozoa - Cryptosporidium parvum

form bacteria, scientists assume that harmful —— ey Sactera E col (015747

microorganisms are also absent and the water emolytic-uremic syndrome acteria - £. colf (O157:H7)

is safe to drink. If a water sample is positive for Dysentery Bacteria - Shigella dysenteriae

coliforms, the sample is sent to a laboratory to Legionnaires' disease Bacteria - Legionella pneumophila

determine whether more dangerous micrqbes. Hepatitis A Viral — Hepatitis A

are present. Coliforms can also be found in soil . . ——
Guinea worm disease Nematode - Dracunculus medinensis

and on plants.

Figure 2: Common Waterborne Illnesses
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Figure 3:

DNA Amplification by the Polymerase Chain Reaction
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After a sample tests positive for coliform bacteria, scientists use the Polymerase Chain Reaction (PCR) test to
see if dangerous microorganisms are present in the water. The PCR uses short, synthetic DNA sequences called
primers that match DNA sequences in suspected bacteria. The primers fuse with very specific segments of bac-
terial DNA and multiply it so scientists have enough genetic material to identify exactly what kind of organisms
are present. For example, if a PCR uses Cryptosporidium-specific primers and the test is positive, then Crypto-
sporidium must be present in the water sample.

The first step in a PCR is extracting microbial DNA from the water sample. The extracted DNA is mixed with
the primers, then heated to 94° C to unzip the DNA double helix into single strands. The sample is cooled to
between 45-60° C, a temperature at which the primers can actively seek out and bond to identical sequences
in the microbial DNA. This is called annealing. After annealing is complete, the temperature is raised to 72° C,
which is the optimal temperature at which the primers can create a new strand of DNA. This is called exten-
sion. Each PCR cycle (denaturation, annealing, extension) takes a few minutes and doubles the amount of
target DNA (Figure 3). This is called amplification and the DNA sample it produces is called an amplicon. In
order to produce enough DNA for analysis, twenty to forty cycles may be required. To simplify this process, a
specialized machine, called a thermal cycler or PCR machine, was created to rapidly heat and cool the samples.

PCRs can detect multiple organisms at the same time by using several primers. Each primer targets a unique,
organism-specific gene that amplifies bacterial DNA at a different rate. After amplification, agarose gel elec-
trophoresis is used to separate DNA fragments according to size so they can be easily identified. In this experi-
ment, you will isolate DNA from water samples and perform PCR to detect three potential bacteria - B. subtilis,
S. marcescens, and E. coli.
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Study Questions & Answers

What is non-point water pollution? Why is it important to be aware of this type of pollution?

Non-point water pollution cannot be traced to a single source and occurs when rainwater washes over land
into a water reservoir, such as a stream or lake. Non-point contaminants are produced by normal activities,
including soil erosion, farmland fertilizer runoff, and faulty septic systems. Non-point water contamination
can be modified by human beings changing their behavior.

List and describe the three steps of PCR. How can PCR be used to monitor water contamination?

Denaturing - Unzipping the DNA into single strands by breaking the phosphodiester linkages between
the strands.

Annealing - The primer and the DNA fuse with each other.

Extending - The primer will duplicate the missing strand of DNA, which will double (amplify) the
amount of DNA present.

Repeating these steps will increase the amount of DNA until there is enough to be successfully tested.

PCR is used to detect the presence of specific, harmful pathogens found in the water supply. This is per-
formed using primers designed to amplify genes that are unique to those organisms

What are coliform bacteria? If a water sample tests positive for coliforms, what action should be
taken and why?

Coliform bacteria are relatively harmless and normally inhabit the intestinal tracts of mammals. The pres-
ence of coliforms in a water sample means that the water has been contaminated by human or animal
feces, which can also contain harmful microorganisms. If coliform bacteria are found in a water sample,
tests should be run to see if bacteria, protozoa, or parasites that can cause disease are present.

4. What is Giardia?

Giardia is a single-celled parasite that lives in the intestines of warm-blooded animals. It is passed to other
organisms when its host defecates. A Giardia infection is called giardiasis, and it can cause severe gastro-
intestinal distress and dehydration, especially in people with weak immune systems (children, the elderly,
AIDS patients, and cancer patients who are receiving chemotherapy and radiation).
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Experiment Components

Fill in the purpose of each experimental component.

Component

PCR EdvoBeads™:
dNTP Mixture
Taq DNA polymerase
Mqdl,

DNA Lysis Buffer

Proteinase K

Primer Mix

PCR Control

DNA Ladder

UltraSpec-Agarose®

Electrophoresis Buffer

SYBR® Safe Stain

Purpose

Free nucleotides for extension of DNA

Enzyme that extends DNA strand

Co-factor for Taq that's needed for DNA polymerization

Lyses bacterial cells in water sample

Cuts up proteins in the bacterial cells

Attaches to single stranded DNA to create template for Taq to extend
Positive control

Electrophoresis control and standard curve

Matrix for DNA to be separated

Tank buffer to conduct electricity

Binds to DNA to allow visualization
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Experiment Overview

EXPERIMENT OBJECTIVE

In this experiment, students learn how Polymerase Chain Reaction (PCR) is used to detect several waterborne mi-
croorganisms simultaneously.

LABORATORY NOTEBOOKS

Record the following in your laboratory notebook or on a separate worksheet.

Before Starting the Experiment:
Write a hypothesis that reflects the experiment.
Predict experimental outcomes.

Following the Experiment:
Formulate an explanation from the results.
Explain how you would use this technique in your neighborhood.
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TEACHER'S GUIDE

Module I: Isolation of Bacterial DNA from Contaminated Water

OBTAIN the four water
samples and RECORD
their identities in your
lab notebook (E. coli,
Serratia marcescens,
Bacillus subtilis, and
the unknown water
sample).

2. UD

@ LABEL

OBTAIN four 1.5 mL
screw-top tubes contain-
ing Lysis Buffer. LABEL
the tubes with the
identities of your water
samples.

3.

ADD:

100 pL
Water
Sample

ADD 100 pL of each
water sample to the
appropriate tube of Lysis
Buffer and MIX by pipet-
ting up and down for 5
seconds.

o ANSWER QUESTION

55°C

INCUBATE all four sam-
plesin a 55 °C water
bath for 5 minutes.

BELOW.
S. 6. 7.
:
VORTEX
or FLICK
INCUBATE all four PLACE all the samples on

MIX the samples by
vortexing or flicking the
tubes for 20 seconds.

samples in a 99 °C water
bath for 5 minutes.

@ ANSWER QUESTION

ice. The extracted DNA is
now ready for Module II:
Multiplex PCR Amplifica-
tion of Water Contami-

BELOW.
nants.
ANSWER QUESTION
BELOW.
#3 Q: What would happen if you used the same pipette tip for all the samples?

The bacteria will contaminate every other sample.

#6 Q: What is happening to the cells during these incubations?
The membranes are breaking apart, lysing the cells.
#7 Q: Is there anything else besides DNA in the sample? If so, why can P(R still be done efficiently?

Yes, the membranes and proteins have not been excluded from the sample. However, if primers
are specific enough and the PCR program is optimized, Taq DNA Polymerase can still amplify the
DNA in the sample.
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Module II: Multiplex PCR Amplification of Water Contaminants

L af
it

OBTAIN your four
extracted DNA samples
from Module I:

- E. coli

- S. marcescens

* B. subtilis

- Unknown

LABEL four fresh 0.2 mL
snap-top PCR tubes with
the samples' names and
your initials.

3 ‘ ADDm

Primer Mix
Extracted DNA
PCR EdvoBead™
REPEAT for each sample.

To the fresh "E. coli" tube,
ADD 20 pL primer mix, 5
pL extracted E. coli DNA,

and a PCR EdvoBead™.

REPEAT this step for each

of the remaining three
samples.

@ ANSWER QUESTION

BELOW.

4, Gently mix
oL

MIX the PCR samples.
Make sure the PCR
EdvoBeads™ are com-
pletely dissolved.

CENTRIFUGE the sam-
ples for a few seconds
to collect the sample
at the bottom of the
tubes.

Positive Control
Reaction

OBTAIN a tube of "Posi-
tive Control Reaction".
The positive control con-
tains primers, template
DNA and PCR compo-
nents, and is ready for
PCR amplification.

7.

PCR cycling conditions:

AMPLIFY the DNA using
PCR.

- Initial denaturation 94° C for 5 minutes.

+ 94° ( for 30 seconds
« 54° ( for 30 seconds
« 72° C for 60 seconds
- Final Extension 72° C

} 30 cycles

for 240 seconds (4 minutes).

@ ANSWER QUESTION BELOW.

8 After PCR, PLACE the tubes on ice. PROCEED to Module IlI: Separation of PCR Products by Elec- g ?
trophoresis. @) ANSWER QUESTION BELOW.

#3 Q:

In your own words, what is the role of the extracted DNA, the primers, and PCR Bead in the reaction?

The extracted DNA provides the template. The primers bind to the template once it's denatured.
The PCR bead contains Taq DNA Polymerase, Mg2+ ions, and free nucleotides. Taq uses the Mg2+
ions and free nucleotides to extend the DNA strand past the primers and amplify the template.

#7 Q:

Explain the reasoning behind the temperature choice for each step?

The high temp. in the denaturation step disrupts the bonds between the DNA, creating single

strands. The annealing temp. is specific to the primers. That temp. is chosen based on the length of

primers and composition of nucleotides. Every primer set will have its own ideal temp. The exten-
sion temp. of 72°C is optimal for Taq DNA polymerase.

#8 Q:

What would happen if you ran the samples on a DNA gel before PCR?

If the samples were run immediately, there would not be enough DNA to show up on the gel.
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Module IV: Separation of DNA Fragments by Electrophoresis

In Module 1V, you will perform agarose gel electrophoresis on both of your DNA samples - the digested and undi-
gested PCR products from Module IlI. Once the electrophoresis has completed you will visualize the DNA bands to
determine your TAS2R38 genotype.

1. m 2. o 3.
CREATE 1X buffer and MIX B ' I
==

with agarose powder in a
250 mL flask (see Table A).  agerose

DISSOLVE the agarose

1X buffer powder by boiling the COOL the agarose to 60°C
solution. MICROWAVE by carefully swirling the
Table the solution on high for 1 flask to promote even
A Individual 1.0% UttraSpec-Agacose™ Gel minute. Carefully REMOVE | dissipation of heat.
with Diluted SYBR® Safe Stain the ﬂask from the mlcro_
Size of Gel | Concentrated Distlled  Amtof _ TOTAL | AddDILUTED wave and MIX by swirling
Casting tray | Buffer (50x) + Water + Agarose = Volome |SYBRO (StepS) the ﬂask Contlnue to HEA‘I’
TxTem | O05SmL  245mL | 0.25¢ | 25ml | 25yl the solution in 15-second
bursts until the agarose is
Tx14em| 10mL 49.0mL | 0.50g | SOmL | SOuL completely dissolved and
clear like water).
4 S.
ADD
Diluted
SYBR Safe
While the agarose is Before casting the gel
. ) ’ POUR the cooled agarose | REMOVE the end caps and
cooling, SEAL the ends ADD diluted SYBR® Safe solution into the prepared | comb. Take particular care
of the gel-casting tray to the cooled molten aga- | qo|.casting tray. The gel | when removing the comb
with the rubber end rose and swirl the flask to | ghqiq thoroughly solidify | to prevent damage to the
caps. PLACE the comb mix (see Table A). within 20 minutes. The wells
in the appropriate notch. @ ANSWER QUESTION | gel wil stiffen and be- ANSWER QUESTION
BELOW. come less transparent as it @ BELOW.
solidifies. ’

#5Q: Why is SYBR® added to the cooled (60°C) agarose?

The SYBR is added because it binds to the DNA and allows it to be visualized with blue light. It's
added after the gel is cooled so that the heat doesn't destroy the SYBR Safe.

#7 Q:  In your own words, explain what is happening to the gel. What does the cooled gel look like on a
microscopic level?

When the gel is poured, it's in liquid form. As it cools, it hardens and becomes a gel. Microscopi-
cally, the gel has small openings and channels for the DNA to pass through.
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Module IV: Separation of DNA Fragments by Electrophoresis, continued

PLACE the gel (on the tray) into
an electrophoresis chamber.
COVER the gel with 1X TBE elec-
trophoresis buffer. The gel should
be completely submerged.

@ ANSWER QUESTION BELOW

9.

LOAD the entire sample (25 pL)
into the wells in consecutive order.

10, e,

CHECK that the gel is properly ori-
ented, then PLACE the safety cover
onto the chamber. Remember, the
DNA samples will migrate toward
the positive (red) electrode.

@ ANswER QuESTION BELOW

CONNECT the leads to the power
source and PERFORM electropho-
resis.

e ANSWER QUESTION BELOW

After electrophoresis is complete,
REMOVE the gel and casting tray
from the electrophoresis chamber.

B@

SLIDE the gel off the casting tray
onto the viewing surface of the
transilluminator and turn the unit
on. ADJUST the brightness to the
desired level to maximize band
visualization. DNA should appear

as bright green bands on a dark
background.

@ ANSWER QUESTION BELOW

The buffer contains ions which allow electricity to be conducted and separate the DNA in the gel.

Which electrode will the DNA migrate toward and why? What will happen if the gel is placed in the

The DNA will migrate toward the positive electrode because the sugar phosphate backbone in DNA
is strongly negatively charged. If the gel was placed backwards, the DNA would still run toward the

What would happen if the gel was run for a shorter amount of time? Longer?

If the gel was run for a shorter amount of time, the DNA would not separate as well. If it was run

#8 Q: What is the role of the buffer in the tank?
#10 Q:
tank backwards?
positive electrode, but would then flow out the top of the gel.
#11 Q:
longer, it could run off the end of the gel.
#13 Q:

Why is a blue light needed to view the DNA? How is the blue light able to illuminate the DNA bands?

SYBR Safe binds to the DNA in the gel. When SYBR is bound to DNA, it can absorb blue light and
emit green light, illuminating the areas in the gel where there is DNA.
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Experiment Results and Analysis

EXAMINE the gel results below and ANSWER the following questions.

Lane Sample Name

1 DNA Ladder
Extracted DNA - E. coli

Extracted DNA - Serratia marcescens

Extracted DNA - Bacillus subtilis

Unknown

1728
1400
1100

900

700
600

(o2 T B2 N~ S Y

Positive Control

400

200

1. What bacteria were in the unknown sample?
E. coli and S. marcescens were in the Unknown sample.

2. If you used water from a local stream and no bacteria showed up, does that mean the stream is safe to drink
from?

Not necessarily. If no bacteria show up with this test, it just means there's no E .coli, S. marcescens, or
B. subtilis in the sample, but there could be other bacteria or chemical pollution in the water.

3. Using the graph paper on the next page, create a standard curve based on the ladder. Known base pair
lengths should be graphed against how far the DNA fragment migrated on the gel.

. . . Bacteria Size of Amplicon
4. Measure the length that each bacterial DNA migrated in the —
gel. Using the standard curve, determine how large each DNA B. subtilis 893 bp
fragment is. S. marcescens 629 bp
E. coli 479 bp
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