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 smallest viruses are smaller
than ribosomes
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Adenovirus

Tobacco mosaic virus

Bacteriophage

Influenza virus

 envelope is derived from the host cell

The capsids of many animal viruses are enclosed in a membrane derived from the host cell membrane.
Bacteriophage infection 1

Bacteriophage infection 2

Animal virus infection

A virulent phage (Lytic)
tail fibers bind to specific
receptors on the host

*
Some viruses also
have an envelope
around the capsid

 each type of virus can infect only a
limited range of cells
 this results from coevolution of viral
capsid proteins and host cell membrane
proteins

phage nucleic acid is injected
and a viral enzyme
hydrolyzes the host DNA

a phage enzyme damages the
cell wall so the cell lyses

 some are very specific. (e.g., HIV
infects only specific cells in the human
immune system)

*Remember that viral nucleic acid could be:
ssDNA
dsDNA
ssRNA
dsRNA

the phage proteins self
assemble and the nucleic
acid is packaged

phage DNA takes over the cell

Bacteria, viruses, and Alice in Wonderland

Natural selection favors:
 bacteria with receptors not recognized by the phage

 phages resistant to restriction enzymes

1

Genetics_of_Viruses_and_Bacteria_p5.notebook

March 15, 2018

Temperate phage

without
killing the
host

*

* one phage gene suppresses most of the others
 sometimes other prophage genes cause the bacteria to
produce molecules that are toxic to humans (e.g., the bacteria
that cause diphtheria, botulism, and scarlet fever)

 virus fuses with cell membrane

 reverse transcriptase makes a DNA copy
of viral RNA

When bacteria infect an animal, the
number of bacteria in the body
increases exponentially (graph A).
After infection by a virulent animal
virus with a lytic replicative cycle,
there is no evidence of infection for a
while. Then the number of viruses
rises suddenly and subsequently
increases in a series of steps (graph B).
Explain the difference in the curves.

 DNA becomes a provirus
 proviral genes are transcribed into
mRNA
 viral proteins and reverse transcriptase
are assembled into new viral particles
 viral proteins are embedded in cell
membrane
 viruses buds from host taking the
envelope with it

 this makes viral infections hard to treat because viruses have few (if any) enzymes of their own
to target with medication

Retrovirus infection
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Do we have any ideas about how virus evolved?
 require a host cell so must have evolved after cells

 usually have more in common with host cell genome than that of viruses infecting other hosts

 in some cases, have genes that are identical to host genes

 may have started as naked pieces of nucleic acid
During the infection cycle for a typical retrovirus, such as HIV, which uses RNA as genetic material,
the genetic variation in the resulting population of new virus particles is very high because of
a) damage to the virus particle from envelope loss during infection
b) errors introduced in the DNA molecule through reverse transcription

 the evolution of capsid genes increased their success

Capsid protein

 viral genomes may have started as:
 transposons  DNA segments that can move within a genome

c) errors in the protein molecules produced in translation
d) recombination of the genomes of free virus particles

 plasmids  small circular pieces of DNA that replicate independently of the genome
and can be transferred between cells

Where do new viruses come from?
 mutation of existing viruses (mutation rate is high in RNA viruses because RNA is not
checked for errors)
 a virus from one species jumps to another when they come in close contact
 a virus moves from an isolated population

Viroids
 circular RNA molecules of a few hundred nucleotides that infect plants

 do not code protein but somehow disrupt plant growth regulation (RNAi)

Prions
 proteins with no nucleic acid but somehow cause infection

 cannot be destroyed by heating to cooking temperatures

 it is a misfolded version of a normal protein

 when it enters a cell with the normal protein it converts the normal protein to the prion
protein

 WTF?

How do bacteria evolve so quickly?
Analyzing a SequenceBased Phylogenetic Tree to Understand Viral Evolution

 they reproduce quickly  a single cell of E. coli can produce 107 to 108 cells within 12 hours
For E. coli in the human intestine:
2 x 1010 cells produced each day
mutation rate is 1 x 107 per gene per cell division
So, each day there would be (2 x 1010) x (1 x 107) = 2000 new mutations in any given gene
For the 4300 E. coli genes, this means
4300 x 2000 = 8.6 million mutations per human host per day!

Additional variety comes from genetic recombination. Remember that in a species like humans,
most diversity is from sexual reproduction, not mutations.
In bacteria there are three processes that recombine genetic material:
1. Transformation
2. Transduction
3. Conjugation
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*

plasmid

 for the DNA to incorporate into the chromosome it must do so by crossing over. i.e., the cell must
have had an allele of the gene in the first place (note this is not required for plasmids)

Living cells typically have biosynthetic pathways to synthesize at least some of the amino acids used in
making proteins. Some strains of E. coli, a prokaryote, can synthesize the amino acid tryptophan, while
other E. coli strains cannot.
Similarly, some strains of the yeast S. cerevisiae, a eukaryote, can synthesize tryptophan, while other S.
cerevisiae strains cannot.
Which of the following describes the most likely source of genetic variation found in the tryptophan
synthesis pathways of both species?
a) Exchange of genetic information occurs through crossing over.
b) Viral transmission of genetic information required to synthesize tryptophan occurs.
c) Random assortment of chromosomes leads to genetic variation.
d) Errors in DNA replication lead to genetic variation.

The figure above shows several steps in the process of bacteriophage transduction in bacteria. Which
of the following explains how genetic variation in a population of bacteria results from this process?

a) Bacterial proteins transferred from the donor bacterium by the phage to the recipient bacterium
recombine with genes on the recipient’s chromosome.

b) The recipient bacterium incorporates the transduced genetic material coding for phage proteins into
its chromosome and synthesizes the corresponding proteins.

c) The phage infection of the recipient bacterium and the introduction of DNA carried by the phage
cause increased random point mutations of the bacterial chromosome.

d) DNA of the recipient bacterial chromosome undergoes recombination with DNA introduced by the
phage from the donor bacterium, leading to a change in the recipient’s genotype.
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In a transformation experiment, a sample of E. coli bacteria was mixed with a plasmid containing the
gene for resistance to the antibiotic ampicillin (ampr). Plasmid was not added to a second sample.
Samples were plated on nutrient agar plates, some of which were supplemented with the antibiotic
ampicillin. The results of E. coli growth are summarized below. The shaded area represents extensive
growth of bacteria; dots represent individual colonies of bacteria.
Plates that have only ampicillinresistant bacteria
growing include which of the following?
a) I only
b) III only
c) IV only
d) I and II

 "male" uses the sex pilus to attach to a "female"
 sex pilus retracts, pulling them together

Which of the following best explains why there is
no growth on plate II?
a) The initial E. coli culture was not ampicillin
resistant.

 a cytoplasmic bridge forms between them
 DNA moves from the donor to the recipient
 the F factor is needed to be able to form a sex pilus

b) The transformation procedure killed the bacteria.

Plates I and III were included in the
experimental design in order to

c) Nutrient agar inhibits E. coli growth.

 sometimes other pieces of DNA are transferred
accidentally along with the F plasmid

d) The bacteria on the plate were transformed.

a) demonstrate that the E. coli cultures were
viable.

sex pilus

b) demonstrate that the plasmid can lose its
ampr gene.

c) demonstrate that the plasmid is needed for
E. coli growth.

d) prepare the E. coli for transformation.

Which of the following statements best explains why there are fewer colonies on plate IV than on
plate III?

(note that the donor cell remains F+ because only one strand is transferred)

a) Plate IV is the positive control.
b) Not all E. coli cells are successfully transformed.
c) The bacteria on plate III did not mutate.
d) The plasmid inhibits E. coli growth.

In a second experiment, the plasmid contained the gene for human insulin as well as the ampr gene.
Which of the following plates would have the highest percentage of bacteria that are expected to
produce insulin?
a) I only
b) III only
c) IV only
d) I and III

Although DNA can move from one cell to another, it can also move within a cell.

Transposable elements
 pieces of DNA move from one location in the genome to another when they are brought close together
by DNA folding

 sometimes by "cutandpaste"
 sometimes by "copyandpaste"
 remember that this is different from transduction, conjugation or crossing over in that the
sequence can insert in a variety of locations

(1.5% of E. coli genome)

 insertion sequences only contain genes for transposition

MRSA is the acronym for methicillinresistant Staphylococcus aureus. Many of the strains of the
common bacterium are also resistant to other antibiotics in use today. The resistance is linked to a
collection of genes carried on plasmids that are passed from one bacterium to another by conjugation.
Suppose a newly discovered, chemically different antibiotic is used in place of methicillin. Which of
the following would be the most likely effect on S. aureus antibiotic resistance?

2040 nucleotides

2040 nucleotides
(recognized by transposase)

a) The gene for methicillin resistance, no longer needed, would disappear entirely from S. aureus
populations within a few generations.

(contains genes in addition to transposase)

b) Transmission of the methicillinresistance plasmid by conjugation would increase among the
S. aureus population as the genes would confer resistance to the new antibiotic.
c) Transmission of the methicillinresistance plasmid would gradually decrease but the plasmid would
not entirely disappear from the S. aureus population.
d) Transmission of the methicillinresistance plasmid by conjugation would increase among the
S. aureus population due to destruction of bacteria without the plasmid through use of the new
antibiotic.
 cutting at the two red arrows would take the blue gene along for the ride

How is this beneficial to bacteria?

two insertion sequences land close to
one another and a gene gets picked up

transposon adds the
gene to a plasmid

plasmid is transmitted
to another cell

bacterium acquires a new gene

 at least some viruses could have originated as transposable elements
 some transposable elements (called retrotransposons) contain the gene for reverse
transcriptase so act like retroviruses
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The trp operon  a repressible operon  is an example of negative gene control
(operon = operator + promoter + genes)

Regulation of the tryptophan metabolic pathway
 bacteria often rely on a host organism so they can't always be assured of having all the nutrients
they need (e.g., tryptophan (trp))
 if the environment lacks trp, the bacteria need to synthesize it
 if trp is present, the bacteria will not waste resources making it
 there are two ways to approach this control:
(short term)

(long term)

efficient because all genes are on one mRNA

trp

 operator is like a switch to turn the genes on or off by controlling the access of RNA polymerase to the
genes
 normally, the operon is on (that's why it's called repressible)
 this means RNA polymerase can bind and transcribe the genes

How do they accomplish this?

 the repressor only binds to the operator if it first binds to trp

Simulation
 lactose is available if the host drinks milk
 normally, the enzymes required for lactose metabolism are nearly absent in the bacteria
 when lactose is added, the number of enzymes increases 1000x in 15 minutes
How?
The lac operon  an inducible operon  is an example of negative gene control

What about when lactose and glucose are present together?

 when lactose and glucose are present together, the cell would rather use glucose
 it needs a way to be able to keep the operon off if lactose and glucose are both present
 note that the normal case
here is "off"
 that's why it's called an
inducible operon

 RNA polymerase binds
really well when CAP is
bound to the promoter

 CAP only binds when it is
attached to cAMP

 [cAMP] rises when
glucose is scarce

 the inducer turns on the operon by deactivating the repressor

*

* an isomer of lactose formed in small amounts when lactose is present

 this is positive gene control
Why have two different methods?
 repressible operons are usually present in anabolic pathways
 when enough product is present the pathway can be shut off to conserve resources. i.e., precursors can
be used for something else
 inducible operons are usually present in catabolic pathways
 when the nutrient is absent the cell avoids wasting resources producing enzymes necessary for its
catabolism

 this is called negative gene control because the repressor interacts with DNA to switch the gene OFF
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The regulatory sequences of the operon controlling arabinose metabolism (ara operon) were studied to
determine whether bacteria can respond to changes in nutrient availability. It is predicted that if those
regulatory sequences are functioning properly, the bacteria will produce the enzymes involved in
arabinose metabolism (structural genes B, A, and D) in the presence of arabinose.

Lactose digestion in E. coli begins with its hydrolysis by
the enzyme βgalactosidase. The gene encoding
β−galactosidase, lacZ, is part of a coordinately regulated
operon containing other genes required for lactose
utilization.

If a gene that encodes a green fluorescent protein (GFP) is substituted for the structural genes of the
operon, activation of the regulatory sequences can be assayed by GFP expression. A culture of E. coli
cells underwent a transformation procedure with a plasmid containing the regulatory sequences of the
ara operon directly upstream of the gene encoding the GFP. The plasmid also confers ampicillin
resistance to bacteria. Samples were then plated on different types of culture media. (Note: The GFP
fluoresces only under UV light, not under white light.) The table below shows the results.

Which of the following figures correctly depicts the
interactions at the lac operon when lactose is NOT being
utilized? (The legend defines the shapes of the
molecules illustrated in the options.)

Which of the following can best be used to justify why the GFP is expressed by E. coli cells after
transformation with the plasmid?

a) The presence of arabinose in the nutrient agar activated the expression of the genes located
downstream of the ara operon regulatory sequences.

b) The combination of ampicillin and arabinose in the nutrient agar inhibited the expression of certain
gene products, resulting in the increased expression of the GFP.

c) The nutrient agar without arabinose but with ampicillin activated the expression of the genes located
downstream of the ara operon regulatory sequences.

d) Both arabinose and ampicillin were required in the nutrient agar to activate the expression of genes
located downstream of the ara operon regulatory sequences.

2016 3.1

Mean
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