MMBB255 Week 12 Experiments 1

Viruses
|. Objective
The goal of this experiment is to examine the distribution of viruses in nature.
Il. Background

Viruses are not cellsThey are parasites that must use cells to produce more viruses. For example, a
bacteriophage is a virus that infeatbacterium. Bacteriophages infect bacteria and instruct or redirect the
proteins in the bacterium to make nucleic acid and protein material that is specific for the virus. In this way, new
viral particles are made that are eventually released from ttertuem. Other cells become infected and the
process continues. Similarly, if an animal virus infects you, your own cellular machinery is taken over to
produce more virus. Thus, infected cells are unable to perform their own, normal functions.

There are fatures of viruses that make it possible to identify them and to distinguish them from cells. For
example, with few exceptions, viruses are very small. They cannot be seen with a light microscope. They are so
small that they will pass through a 0.2!m fitteshereas this filter retains bacteria. They do not grow but rather
assemble. Whereas aklls possess both DNA and RNA, viruses possess DNA or RNA, but not both.

A. The life cycle of one type of bacteriophage (also called phage or ¢).

Specific groups ofiruses exist thabnly infect bacteria-
these viruses are called bacteriophages (Greehk feat
bacterig. Certain bacteriophages are caltadiphages
because they are phages that are specificditiorms such
asEscherichiacoli. Although virusesvere not OseenO until
the advent of the electron microscope, their existence was
surmised in part from the ability of phage to lyse bacterial
cells.Lysis is essentially the complete destruction of a cell
When a virus (a phage) infects a bacterial cled,ihfection
will spread to surrounding cells and eventually all cells wil
lyse. This is seen as a circle of clearing, pftamuein a
lawn of cells (see figure to the right). The plaque actually
contains millions of viral particles that are capable of
infection. They can be transferred to uninfected bacterial
cells with an inoculating loop much the same way as you
would use the loop to transfer a bacterial colony from one
plate to another.

How does phage infect and replicate? One example of a phaggdiéeis described below. This example
is for the Feven group of phages and describedytie cycle

1. Phageadsorbs(or attacheg to the bacterial cell (which is called the host). Viruses have different types
of proteins that can attach or OdockO ajipnotein on the surface of the bacterial cell.

2. The phaggenetratesthe bacterium by making a hole in the cell wall with an enzyme called lysozyme
(also called muramidase) or physical 'injection’ and the phage nucleic acid (eithesrDRbA)
enters he bacterium.

3. The proteins in the bacterium transcribe and translate the genetic information in the viral nucleic acid
into new viral components. The host proteins also make more of the viral DNA. This step is called
viral replication .

4. During maturation, the viral DNA and the viral proteins that the host cell has produceakaeenbled
(therefore a virus does not grow) into new, intact virus particles. A single bacterial cell can contain
hundreds of viral particles.

5. In the final step of this cyclejrus is released Phages like the-€ven phages engineer their release
from the host by making lysozyme, which degrades the bacterial cell wall. Once the cell wall is
broken, lysis occurs.

The clear areas
are Plaques.

Soft agar overlay containing a lawn
of bacterial cells.

Note that this lytic cycle destroys the bacterial cell. Because viruses that infect bact
not harm animal cells, these viruses can be used to selectively infect and lyse a ba
that is causing harm to a plant or animal cell (biocontrol).
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Some important variations to the lytic cycle:

Lysogenic cycle Some bacteriophage can enter the host cell but instead of immediately making new viral
material, the phage DNA wilhtegrate into the chromosome of the bacterium. This state is called
lysogenyand the virus is essentially silent during this periochéfthacterial cell containing the
integrated viral DNA is perturbed, such as by UV (ultraviolet) light, ionizing radiation, or chemical
agents that cause mutation, the virus can become activated. Once activated, steps 3, 4, and 5 proceed
and the virus reptiates, matures, and is released.

Transduction: transduction occurs when DNA from one bacterial cell is transferred to another bacterial
cell via phageWhen assembly of new virus occurs in the host batlterial DNA occasionally is
packaged into the vitgrotein coat. When the bacterium lyses, the viral particles that are released can
adsorb to a new bacterial cell. If the virus that adsorbs happens to be one that phaktayed DNA
then the newly infected bacterium will recelvacterial DNAand na viral DNA.

B. Viruses can be found almost anywhere

In the laboratory, we will examine a rich source of virtise water from a sewage treatment plant.
Specifically, we will look for bacteriophages (bacterial viruses) that are present in high nurnthers in
sewage from human and animal fecal material. In the sewage plant, the numbers of virus often increase
because they have plenty of bacteria in the sewage to infect. Fecal material released from infected
individuals ultimately can contaminate lakes, rgjeand drinking supplies. Fortunately, most viruses do not
survive well outside a host cell, but as we will see here, some viruses do survive.

C. The use of viruses in medicine and biotechnology

The clever strategies that viruses employ to infect humdrbacterial cells can be used as tools in
microbiology. Scientists have worked with epidemiologists to use a videtéatthe slowgrowing
organismMycobacterium tuberculosigMtb). It can take up to a month to see a colony of Mtb. If you have a
patiert with Mtb, s/he might be dead before you can make a positive identification of an organism that
grows so slowly. To Ospeed upO the identification of Mtb, scientists decided to place a marker in a phage th
is specific for this organism. They cloned th& genes, which encode a protein that can produce light, into
the phage. Now to test a sputum sample from a patient for Mtb, the clinic can simple add a small amount of
phage to the sputum. If Mtb is present, the phage will bind to the Mtb cell anditsjeatleic acid , which
contains théux gene. Once inside the Mtb host, the gene will beexpressedtranscribed and translated),
thereby producing light. The clinic can easily detect light using a photometer. If the sputum sample Olights
upOO, themetpatient is considered positive for Mtb.

Viruses are also being used to prevent the spread of plant and animal pathogensiocalhdbl. For
example, it is possible to isolate a phage that infects the plant patBogiema carotovora carotovoraThe
farmer can spray a dilute solution of phage on the plant, which can prevent the bacterium from destroying a
potato crop.

Besides the use of viruses in causing, detecting, and controlling diseases there are many other uses. We
can use viruses to help genetic manipulation, i.e. make a genomic library or in cloning. To treat genetic
diseases (gene therapy) viruses are used to transport replacement genes to the problem human tissues.

TuesdayOs Procedures
A. Characterization of viruses from sewag@®Work in Pairs.

Background: We will look for different types of phage in sewage and learn to quantify phage by counting
plaques. Recall that viruses are too small to be seen in the microscope. Although we could count viral particles
in an electron microscope, shis a difficult and expensive process. Moreover, it would not tell us the percentage
of viral particles that are capable of causing infection (infectious or virulent virus).

To determine the number oiffectious, or virulent, virus we take advantage dig fact that viral infection
can result in lysis of the bacterial cell. We can OseeO lysigaagia, or clearing zoneon an agar plate
containing heavy growth of bacteria (as in a OlawnO of growth). Each plaque began as one virus infecting one
bacteridcell. When the cell lysed, virus spread to neighboring cells, which subsequently became infected and
lysed. Within about 124 hrs, enough lysis has occurred for a plaque to be visible (often even in 12 hrs). By
extrapolation, the virus that initially fiected the bacterium was a virulent phage and can be cgllad e
forming unit (PFU), because it resulted in a plaque. This can be used to calculate the concentration of the viral
particles, PFU/mI, just like we do for colonies of bacteria, CFU/m.

Thesewage you will be using has been enriched for viruses specific for three different bacteria. This was
accomplished by growing the bacteria to fiid phase and then adding a sample of raw sewage. After 24 hrs.
the culture was centrifuged and the supermats put through a 0.2 !'m filter. You will analyze this filtrate.
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1. Preparation

a. Materials
3 tempered TSB soft agar (5 ml per tube)
3 TSA plates
pipetting equipment.

b. Three dilutions of enriched sewagéhandle carefully as they could contain humarnus@s)containing
bacteriophage (phage). The phage samples have been diluted for you. This is necessary because the
concentration of viable phage can vary tremendously depending on the source. For example, the
concentration of virus in effluent from a seveageatment plant might be only1RFU per ml (10,000
PFU/mI) or as high as ¥0PFU per ml from a Iytic infectiorRecord the dilutions used in the table
below!

c. The bacterial test strainsChoose one of the following bacterial strains. You and yodneawill test
the sewage for phage that can infect this bacterium.
Escherichia coli
Pseudomonas aeruginosa
Salmonellalyphimurium

2. Mix bacteria and phage dilution #1.Quickly aseptically add 0.1 ml of the first phage dilution and 0.1
ml of the correspnding bacterial host to 5 ml of tempered soft agar. Mix well and pour the entire
contents of the tube onto a TSA plate.

3. Mix bacteria and phage dilutions #2 and 3Repeat step 2 for the other two dilutions of phage.

4. Incubate at 37;{C. After the soft gar overlays have set up, invert the plates and incubate at 37;C. Check
12-24 hrs. and refrigerate if there are plaques.

B. Finish enteric biochemical test®Work in Groups of Four.

1. Finish APle. Add the necessary reagents, record the resultdPati# organism. Please see pages 4 and
5 of last week ThursdayOs procedures.

2. Finish decarboxylases and IMViC Add the necessary reagents aedord the results. Please see pages
3, step Dof last week ThursdayOs procedures.

ThursdayOs Procedures
A. Examining plaques and counting them®Work in Pairs.

1. Observe and counthe plaques by holding the plate up to the light aftee42rs. of incubation. Look
for the following types of features: is the plaque clear, cloudy, large, small (in millimeters), a have
bulls-eye? Do you see more than one type of plaque?

2. Determine the concentrationof phage in the enriched sewage. Use the same formula that you used for
determining the number of bacteria in a sample (i.e. cfu/ml).

Dilution | # plaques (pfu)| pfu/ml phaye in the original sample = pfu*dilution factor/vol. plated

Escherichia coliplague observations:

SalmonellaTyphimurium plaque observations:

Pseudomonas aeruginogéaque observations:
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B. How specific is the bactelwphage?®Work in Pairs.

Background. If you obtained plagues, then you were successful in isolating a virus that infects a bacterium. If
you obtained a virus fdg. coli, will it also infectSalmonellaor PseudomonasTo find out, you will use aseptic
technique to pick phage from a plaque, and test it against a different bacterial host. As a control, you must also
test your phage with the same strain that was used originally to isolate the phage.

1.

Prepare two spread platesObtain a liquid culture of theame bacterial strain used to see plaques and
one other bacterial strain. Aseptically place 50 !l of cells on a TSA plate and then aseptically use the
metal spreader to evenly spread the bacterial cells over the surface of the plate.

Allow the surface  dry.

OstreakO the phagd.ouch your sterile inoculating loop to an isolated plaque. Streak the surface of one
of the plates that you spread in step 1. (Use the same streak technique that you would use to obtain an
isolated colony.)

OstreakO the sead plate. Touch your sterile inoculating loop the samésolated plaque. Streak the
surface of the other plate that you spread in step 1.

Invert and incubate at 37{C.Check and refrigerate plates after22hrs.
Record your results here:
Did youobtain isolated plaques on the plate that contained the original host?

Did you obtain isolated plaques on the plate that contained a different bacterial host?

If plagues were obtained on both plates, were they similar in egopEs?

Study Questions:

1. What is the difference between a virus and a cell?

2. Define phage and plaque.

3. What general steps are there in a lytic virus life cycle?

4. What is meant by lysogeny?

5. What are 4 important aspects of viruses (both beneficial and detrimental uses)?

6. How would you enrich for a specific phage?

7. Can you calculate the starting concentration of a virus?

8. What does PFU stand for?



