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Part A — Fungi

1. To the right is an image of Saccharomyces
cerevisiae. The cell wall has been colored
using false stains. In particular, the yellow
sections (budding) indicate scarring of the cell
wall. These scars are evidence of what
cellular process? (1)

mitosis

2. What microscope was most likely used to
generate this image? (1)

SEM

3. The image to the right highlights another
aspect of the S. cerevisiae life cycle — the four
reproductive cells enclosed in a cellular sac.
What are the names of the sac and of the
reproductive bodies inside it? (2 *T*)

ascus (ascospores)

4. Which process of cellular reproduction is
used to generate this structure? (1)

meiosis

5. The diagram to the right shows the S.
cerevisiae life cycle more simply. What is the
name of the union at #2? (1)

Plasmogamy (fusion of cell membrane)

6. Unlike many fungi, S. cerevisiae does not
have an extensive dikaryotic life cycle stage.
What is meant when a fungal organism is
“dikaryotic” and what step of the fungal life
cycle ends the dikaryotic stage? (2)

Plasmogamy (fusion of cell membranes) has occurred,
but karyogamy (fusion of nuclei) has not occurred yet.

7. This question is asked every year, and no
one ever answers this one correctly. To the
right is a Neospora crassa hyphal tip, with a

brightly stained organelle (arrow pointed at it!)

without any membranes. What is the name of
this fungal organelle? (1 *T*)

Spitzenkorper

Team:

htto [www. mlmaqe un| -frankfurt. de/lma es/modelsystems/s cerevisiae tetrade.ipa

/<aplmd \
diploid .

0 @ ‘/

8\,

http://www.wynboer.co.za/imagesart/biotech.jpg

30 seconds later

S ——————————
e

http://www.biology.ed.ac.uk/research/groups/jdeacon/FungalBiology/Fig3_15a.jpg

1 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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Team:

Part B — Bacteria

1. Lacking the complexity of gene splicing in eukaryotes, many bacterial proteins are
synthesized in groups of closely related genes (especially those involved in metabolism) called
operons. What is the primary function of an operon? (2)

Operons allow bacteria to regulate expression of multiple genes using relatively simple gene switches.

trp operon
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http://departments.oxy.edu/biology/bio130/lectures_2000/11-17-00_lecture_files/image022.jpg

2. The diagram above illustrates the activity of the trp operon, which governs tryptophan
biosynthesis in E. coli. According to this diagram, if excess tryptophan is present, is gene
expression activated or repressed?

3. The above diagram shows an example of which of the following?

a. feedback inhibition c. discontinuous protein synthesis
b. attenuation d. competitive regulation
4. The diagram to the right shows a stained i e s T W; @1
Mycobacterium infection. How can we visualize the ; B A 9 |
Mycobacterium cells to the right? (2 *T*) g AR o
Mycobacterium is a gram-indeterminate bacteria, meaning its ;,.v- 3
cell wall does not react well to gram staining. To visualize this p: o -v;y::p.
bacteria, researchers must use an acid fast stain. Despite this, \ ‘ ? V'&‘Q e i
Mycobacteria is in fact gram-positive. ¢ "# B
5. Mycobacterium is commonly associated with a S * M
disease of the lungs, causing scarring of the tissues \ 4
that can be visualized on an X-ray scan. What is the
common name of this disease? : ) _ -
Pneumonia http://textbookofbacteriology.net/acid-fastbacilli.jpeg

6. How would you describe the shape of the bacteria?
Bacillus

2 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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Team:

Part C — Viruses HIV LIFE CYCLE

2 Binding and Fusion: Virus binds to

a CD4 molecule and one of two

g “coreceptors” (either CCR5 or CXCR4).
\ Receptor molecules are common on

the cell surface. Then the virus fuses

with the cell.

. cpa

0 Receptor CCRS5 Receptor
/ CXCR4 Receptor

I

1 Free Virus

— v.,

3 infection: Virus
penetrates cell. Contents
emptied into cell.

-

4 Reverse Transcription: Single

strands of viral RNA are converted
into double-stranded DNA by the
reverse transcriptase enzyme.

5 Integration: Viral DNA
is combined with the cell's
own DNA by the integrase
enzyme.

http://trialx.com/curetalk/wp-
content/blogs.dir/7/files/2011/05/diseases/Hiv-1-3.jpg

6 Transcription: When the
infected cell divides, the viral DNA
is “read” and long chains of
proteins are made.

8 Budding:
Immature virus
pushes out of the
cell, taking some
cell membrane

{ withit. The

; Protease enzyme
"~ starts processing

L. the proteins in the
newly forming
virus.

)

) e——— 9 immature
Vvirus breaks
free of the
infected cell.

1. What type of microscope most likely 7 nesonty: St ettt e

captured the image above? s gt
TEM

2. HIV is classified as a Group VI virus.

What does this mean? (2 *T*)

Group VI viruses are retroviruses; retroviruses have an RNA 10 ot _ _
Maturation: The protease enzyme finishes cutting

genome, but use RTase to transcribe genome into DNA, and then HIV protein chains into individual proteins that combine to
. . ke orki R
integrate into host genome. ee anewottng v

http://pradipjntu.files.wordpress.com/2011/08/hiv_life_cycle.jpg

3. A very recent paper in Nature (Feb 2012) described a new protein that shows anti-HIV action
by depleting cells of the building blocks to produce DNA. Explain how this protein performs
“anti-HIV” action, and why it would not be a viable treatment for HIV patients. (4)

Depleting building blocks of DNA would prevent the virus’s ability to perform RT and integrate into the host genome,
since its RNA genome needs to be transcribed into DNA. This would prevent infection before the virus has been able to
hijack the cellular machinery. However, since most human cells need to replicate DNA or perform DNA repair, using a
modification of this protein would not be a good treatment.

4. Some current HIV treatments focus on the action of HIV-1 protease. What role does this
protein fulfill in HIV replication? (2)

HIV-1 protease cleaves the polyprotein complex which is necessary for repackaging of viral proteins during replication
and budding. Without proper cleaving of the polyprotein complex, the virus cannot erupt from the host cell, arresting
replication.

5. HIV is a lytic cycle virus. What is the other lifestyle for viruses, and how does that lifestyle
differ from that in lytic cycle viruses? (2)

Lysogenic viruses differ from lytic cycle viruses by the time latency between infection and lysis (or budding) of viral
progeny. Whereas lytic viruses immediately begin producing new viral particles after infecting a host and integrating
into the host genome, lysogenic viruses can lie in dormancy after infection and integration, even to the extent where the
host cell has undergo several normal cell divisions. After an external stimulus triggers a return to the viral lifestyle, the
lysogenic virus emerges from dormancy and resumes its work like a lytic virus.

3 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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Team:

Part D — Protists

1. The above diagram shows a simplified
life cycle of the protist Phytophthora
infestans. This parasite is responsible
for the death or decay of many
economically significant crops,

including tomatoes and potatoes. One
epidemic of P. infestans is especially
famous for its impact on the socio- e | GOS8 N\ e
economic politics of the mid-19" s
century. What is a common name of this

epidemic and which country did it LEVENSGYGLUS VAN PHYTOPHTHORA INFESTANS
particularly |mpa(:t') (1) http://www.biotic-interactions.de/datapool/page/18/Phytophthora_infestans.jpg

The Great (Irish) Potato Famine ; Ireland

2. As shown in the diagram, the P. infestans alternates between a diploid lifestyle (sporangium)
and a haploid lifecycle (oospore). This is a lifestyle strategy employed by many organisms, more
commonly known as what?

alternation of generations

3. Judging by the way the diagram is shown, which of the following statements is true?
a. The haploid stage is the dominant lifestyle in P. infestans.

b. The diploid stage is the dominant lifestyle in P. infestans.

c. The haploid and diploid stages are equally dominant in the P. infestans lifestyle.

d. P. infestans must undergo a triploid state (triple fertilization) in order to proceed from
the haploid stage to the diploid stage.

4. P. infestans is sometimes called a “fungus”, but it is actually a member of the phylum
Oomycetes, more closely related to kelp and slime molds. Which of the following statements
does not describe the difference between oomycetes and fungi?
a. Oomycetes have motile spores with two flagella, while fungi have spores with one
flagellum (if at all present).
b. An ancestor of oomycetes once had plastids (aka chloroplasts), while fungal ancestors
have no such history of plastids.
c. Oomycetes have cellulose-based cell walls, while fungi use chitin in their cell walls.
d. Fungi survive in aquatic-based ecosystems, while oomycetes are terrestrial organisms.

5. The general term “protist” is being phased out scientifically around the world because it
describes a group of organisms that do not form a monophyletic clade. Explain what this means,
and moreover how protists actually form a paraphyletic clade. (3 *T*)

Protists include monophyletic clades “fungi”, “animals”, and “plants”; since not all descendants are included among the
extant clades, protists is a paraphyletic clade. Couple this with the fact that plants and animals/fungi form two distinct

branches within the protists domain (Chlorophyta and Opisthokonta respectively), the name is no longer scientifically
valid. accurate diagrams showing phylogenetic lineages is appropriate here as well.

4 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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1. In the field of oenology (science of winemaking), it is generally acknowledged that 12% is the
theoretical limit of ethanol production for any fermentation product. Why? (2)

After ethanol concentration of about 12%, ethanol becomes toxic to fermentation microbes; fermentation stops
because microbes are dead.

2. Most endoparasitic worms come in one of two varieties: gut-living or blood (body fluids)-
swimming. What are the technical terms for these two lifestyles? (2)

Enteral = gut-living ; Parenteral = blood/fluid-swimming

3. ldentify one endoparasite that exhibits both of the abovementioned lifestyles during its

lifecycle.| Trichinelia

4. You find a microbe and begin to identify its probable phylogenetic origin. It inhabits a highly
alkaline, saline environment on the edge of a desert. Its genome and molecular biology puts it

more related to eukaryotes, but its cellular components lack any membrane-bound structures. An
analysis of its cell membrane has detected relatively high C:H ratios (contrast to low C:H ratios).

Judging on this information, identify the domain of
this organism [+1 if you identify the putative phylum
and class to which this organism likely belongs]. (3

*T*) Archaea
Euryarchaea

Halobacteria (Halobacterium = genus)

The organism to the right is Karenia brevis. Judging
by the organelles present, how would you describe

this organism?

5. Immotile or Motile?

6. Photosynthetic or Consumer?

7. Prokaryotic or Eukaryotic?

8. Although K. brevis may appear green here, the
actual color of the plastids is red, both highlighting
the endosymbiotic origin of its plastids and its true
color in large algal blooms. What is a more common
name for algal blooms involving K. brevis?

red tide

Use the diagram chart to the right to answer the

following questions:

8. What is the term used to describe bacterial

growth at time “A”?

9. What is the term used to describe bacterial

growth at time “B”?

10. What is the cause of the population decline

lagging phase

http://starcentral.mbl.edu/msr/rawdata/viewable/karebiabrevis_bgw.jpg

y axis = log cell number

log phase (exponential okay...)

observed at time “D”? (2)

birth rate

Note: This isljust one example of information that may be included on an

after sustained growth, resources begin to diminish;
competition intensifies, and death rate begins to exceed

time
http://www.mansfield.ohio-state.edu/~sabedon/black06_files/image004.gif

5 Score:

xam. Information on future exams is not limited to the scope or topics covered here.
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Team:

Part A — Fungi

1. To the right is an image of Saccharomyces
cerevisiae. The cell wall has been colored
using false stains. In particular, the yellow
sections (budding) indicate scarring of the cell
wall. These scars are evidence of what
cellular process? (1)

2 What mICl’OSCOpe was mOSt |Ik€|y used to ' http: l/www mlcroblologyonllne org. uklthemed/sgm/lmg/sllde5h0w5/3 1.4 fungi_2. png__
generate this image? (1)

3. The image to the right highlights another
aspect of the S. cerevisiae life cycle — the four
reproductive cells enclosed in a cellular sac.
What are the names of the sac and of the
reproductive bodies inside it? (2 *T*)

4. Which process of cellular reproduction is — N T e W —
p://lwww.mimage.uni-frankfu le/images/modelsystems/s cerevisiae tetrade.ipg

used to generate this structure? (1) ' T e
N \ \
. . haploid

5. The diagram to the right shows the S. ®
cerevisiae life cycle more simply. What is the ‘ ‘
) a\a

name of the union at #2? (1)
diploid ‘

6. Unlike many fungi, S. cerevisiae does not hilo'd ‘ ‘ ‘/

have an extensive dikaryotic life cycle stage.
What is meant when a fungal organism is
“dikaryotic” and what step of the fungal life
cycle ends the dikaryotic stage? (2)

7. This question is asked every year, and no
one ever answers this one correctly. To the 0

right is a Neospora crassa hyphal tip, with a e —————
brightly stained organelle (arrow pointed at it!) -

without any membranes. What is the name of
this fungal organelle? (1 *T*)

http://www.biology.ed.ac.uk/research/groups/jdeacon/FungalBiology/Fig3_15a.jpg

1 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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Team:

Part B — Bacteria

1. Lacking the complexity of gene splicing in eukaryotes, many bacterial proteins are
synthesized in groups of closely related genes (especially those involved in metabolism) called
operons. What is the primary function of an operon? (2)

trp operon

Promoter Operator
Regulatory gene P Genes of operon
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mRANA & mMRNA __———————— il
5" 5=
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. Ak Waaley Longras. e

http://departments.oxy.edu/biology/bio130/lectures_2000/11-17-00_lecture_files/image022.jpg

2. The diagram above illustrates the activity of the trp operon, which governs tryptophan
biosynthesis in E. coli. According to this diagram, if excess tryptophan is present, is gene
expression activated or repressed?

3. The above diagram shows an example of which of the following?

a. feedback inhibition c. discontinuous protein synthesis

b. attenuation d. competitive regulation
4. The diagram to the right shows a stained ¥ | T RS M]
Mycobacterium infection. How can we visualize the RN o fﬁ % |
Mycobacterium cells to the right? (2 *T%*) ; by 4 e 2

disease of the lungs, causing scarring of the tissues
that can be visualized on an X-ray scan. What is the |
common name of this disease?

5. Mycobacterium is commonly associated with a s \ ’ - 1

http://textbookofbacteriology.net/acid-fastbacilli.jpeg

6. How would you describe the shape of the bacteria?

2 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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Part C — Viruses HIV LIFE CYCLE

2 Binding and Fusion: Virus binds to
a CD4 molecule and one of two
“coreceptors” (either CCR5 or CXCR4).

\ Receptor molecules are common on
o P the cell surface. Then the virus fuses
with the cell.
. cpa
) Rec:;ycms Receptor
CXCR4 Receptor

I

1 Free Virus

3 Infection: Virus
penetrates cell. Contents
emptied into cell.

—

4 Reverse Transcription: Single
strands of viral RNA are converted
into double-stranded DNA by the
reverse transcriptase enzyme.

5 Integration: Viral DNA
is combined with the cell's
own DNA by the integrase
enzyme.

http://trialx.com/curetalk/wp-
content/blogs.dir/7/files/2011/05/diseases/Hiv-1-3.jpg

6 Transcription: When the
infected cell divides, the viral DNA
is “read” and long chains of

8 Budding:
proteins are made.

Immature virus
pushes out of the
cell, taking some
cell membrane

( withit. The

; Protease enzyme
"~ starts processing

1. What type of microscope most likely . ,
R ‘Assambly: Sets of viral protein
captured the image above? s gt

the proteins in the
newly forming
virus.

3
| /
) e——— 9 immature
Vvirus breaks

free of the
infected cell.

2. HIV is classified as a Group VI virus.
What does this mean? (2 *T*)

10 Maturation: The protease enzyme finishes cutting
HIV protein chains into individual proteins that combine to
make a new working virus.

http://pradipjntu.files.wordpress.com/2011/08/hiv_life_cycle.jpg

3. A very recent paper in Nature (Feb 2012) described a new protein that shows anti-HIV action
by depleting cells of the building blocks to produce DNA. Explain how this protein performs
“anti-HIV” action, and why it would not be a viable treatment for HIV patients. (4)

4. Some current HIV treatments focus on the action of HIV-1 protease. What role does this
protein fulfill in HIV replication? (2)

5. HIV is a lytic cycle virus. What is the other lifestyle for viruses, and how does that lifestyle
differ from that in lytic cycle viruses? (2)

3 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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Team:

Part D — Protists

1. The above diagram shows a simplified
life cycle of the protist Phytophthora
infestans. This parasite is responsible
for the death or decay of many
economically significant crops,

including tomatoes and potatoes. One
epidemic of P. infestans is especially
famous for its impact on the socio-
economic politics of the mid-19"
century. What is a common name of this
epidemic and which country did it LEVENSGYGLUS VAN PHYTOPHTHORA INFESTANS
particularly |mpaCt7 (1) http://www.biotic-interactions.de/datapool/page/18/Phytophthora_infestans.jpg

GENERATIEF

2. As shown in the diagram, the P. infestans alternates between a diploid lifestyle (sporangium)
and a haploid lifecycle (oospore). This is a lifestyle strategy employed by many organisms, more
commonly known as what?

3. Judging by the way the diagram is shown, which of the following statements is true?
a. The haploid stage is the dominant lifestyle in P. infestans.

b. The diploid stage is the dominant lifestyle in P. infestans.

c. The haploid and diploid stages are equally dominant in the P. infestans lifestyle.

d. P. infestans must undergo a triploid state (triple fertilization) in order to proceed from
the haploid stage to the diploid stage.

4. P. infestans is sometimes called a “fungus”, but it is actually a member of the phylum
Oomycetes, more closely related to kelp and slime molds. Which of the following statements
does not describe the difference between oomycetes and fungi?

a. Oomycetes have motile spores with two flagella, while fungi have spores with one

flagellum (if at all present).

b. An ancestor of oomycetes once had plastids (aka chloroplasts), while fungal ancestors
have no such history of plastids.

c. Oomycetes have cellulose-based cell walls, while fungi use chitin in their cell walls.
d. Fungi survive in aquatic-based ecosystems, while oomycetes are terrestrial organisms.

5. The general term “protist” is being phased out scientifically around the world because it
describes a group of organisms that do not form a monophyletic clade. Explain what this means,
and moreover how protists actually form a paraphyletic clade. (3 *T*)

4 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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Part E — Smorgasbord

1. In the field of oenology (science of winemaking), it is generally acknowledged that 12% is the
theoretical limit of ethanol production for any fermentation product. Why? (2)

2. Most endoparasitic worms come in one of two varieties: gut-living or blood (body fluids)-
swimming. What are the technical terms for these two lifestyles? (2)

3. ldentify one endoparasite that exhibits both of the abovementioned lifestyles during its
lifecycle.

4. You find a microbe and begin to identify its probable phylogenetic origin. It inhabits a highly
alkaline, saline environment on the edge of a desert. Its genome and molecular biology puts it
more related to eukaryotes, but its cellular components lack any membrane-bound structures. An
analysis of its cell membrane has detected relatively high C:H ratios (contrast to low C:H ratios).
Judging on this information, identify the domain of
this organism [+1 if you identify the putative phylum
and class to which this organism likely belongs]. (3
*T*)

The organism to the right is Karenia brevis. Judging
by the organelles present, how would you describe
this organism?

5. Immotile or Motile?

6. Photosynthetic or Consumer?

7. Prokaryotic or Eukaryotic?
8. Although K. brevis may appear green here, the
actual color of the plastids is red, both highlighting
the endosymbiotic origin of its plastids and its true
color in large algal blooms. What is a more common
name for algal blooms involving K. brevis?

http://starcentral.mbl.edu/msr/rawdata/viewable/karebiabrevis_bgw.jpg

y axis = log cell number

Use the diagram chart to the right to answer the
following questions:

8. What is the term used to describe bacterial
growth at time “A”?

9. What is the term used to describe bacterial
growth at time “B”?

10. What is the cause of the population decline —
observed at time “D**? (2) http://www.mansfield.ohio-state.edu/~sabedon/black06_files/image004.gif

5 Score:

Note: This is just one example of information that may be included on an exam. Information on future exams is not limited to the scope or topics covered here.
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