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2. Many insects rely on pheromones (chemical signals) that are released by the females to find
mating partners. Scientists hypothesize that, in a certain type of moth, the behavior of male
moths in response to pheromones is regulated by the extracellular signaling molecule 20E.

A. Many receptors are embedded in the plasma membrane. Describe the polarity of the portion
of the receptor that is inside the membrane.

To investigate whether the binding of 20E to its receptor, DopEcR, affects behavior in moths,
scientists injected male moths with saline (control solution) or with small interfering RNA
molecules (siRNAs) that inhibit the expression of the gene encoding DopEcR. The scientists then
exposed the moths to the pheromone and determined the percent of total time observed that
the moths engaged in general activity, defined as movement in any direction. The scientists also
determined the percent of the general activity time that the moths spent in oriented activity,
defined as movement toward an area of high pheromone concentration (Table 1).

Table 1. Average General and Oriented Activity in Male Moths Injected With Saline or siRNA

Molecules
General Activity (percent Oriented Activity
of total time observed, (percent of general
Treatment average +2SE_) activity, average +2SE_)

Mal ths injected with sali

ale moths injected with saline 9545 6044
(control solution)
Male moths injected with siRNAs
that inhibit expression of the 90+£38 25+6
gene encoding DopEcR

DopEcR is a G protein-coupled receptor. When 20E binds to DopEcR, GTP displaces the GDP
bound to the G protein, and a signaling pathway is activated. The scientists hypothesize that this
leads to the transcription of genes associated with the oriented activity observed in the male
moths (Figure 1).
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Figure 1. A simplified model of a signaling pathway activated by the binding of 20E to its
receptor, DopEcR
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B.

i. Using the template in the space provided for your response, construct an appropriate
type of graph that represents the data in Table 1. Your graph should be appropriately
plotted and labeled.

ii. Based on the data in Table 1, determine the type of activity that was affected by
inhibiting the expression of the DopEcR receptor.
C.

i. Based on Table 1, identify the treatment group in which the oriented activity was greater
than 50% of the general activity.

ii. The scientists studied some moths with a mutation in the gene encoding the G protein.
The mutation prevents GTP from displacing the GDP bound to the G protein. Based
on Figure 1, predict the effect of this mutation on the oriented activity in male moths
exposed to the pheromone.

Expression of the gene encoding DopEcR is low in the male moths during their first few days
as adults, when they are sexually immature. Gene expression rapidly increases as the moths
reach sexual maturity. The scientists claim that this increase in gene expression increases the
likelihood of males finding females with whom to mate.

D.
i. Use evidence from the information provided to support the scientists’ claim.

ii. Based on Figure 1, explain how an inhibitor of the DopEcR pathway might serve as an
effective chemical to protect crops from moth damage.
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Figure 1. Release of neurotransmitters into the synapse Figure 2. Model of a typical action potential
in response to an action potential in a neuron

4. Acetylcholine is a neurotransmitter that can activate an action potential in a postsynaptic neuron (Figures 1

and 2). A researcher is investigating the effect of a particular neurotoxin that causes the amount of acetylcholine
released from presynaptic neurons to increase.

(a) Describe the immediate effect of the neurotoxin on the number of action potentials in a postsynaptic neuron.

Predict whether the maximum membrane potential of the postsynaptic neuron will increase, decrease, or
stay the same.

(b) The researcher proposes two models, A and B, for using acetylcholinesterase (AChE), an enzyme that
degrades acetylcholine, to prevent the effect of the neurotoxin. In model A, AChE is added to the synapse.
In model B, AChE is added to the cytoplasm of the postsynaptic cell. Predict the effectiveness of EACH
proposed model. Provide reasoning to support your predictions.
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Figure 1. Cellular response to infection by pathogenic bacteria

2. Some pathogenic bacteria enter cells, replicate, and spread to other cells, causing illness in the host organism.

Host cells respond to these infections in a number of ways, one of which involves activating particular enzymatic
pathways (Figure 1). Cells normally produce a steady supply of inactive caspase-1 protein. In response to
intracellular pathogens, the inactive caspase-1 is cleaved and forms an active caspase-1 (step 1). Active
caspase-1 can cleave two other proteins. When caspase-1 cleaves an inactive interleukin (step 2), the active
portion of the interleukin is released from the cell. An interleukin is a signaling molecule that can activate the
immune response. When caspase-1 cleaves gasdermin (step 3), the N-terminal portions of several gasdermin
proteins associate in the cell membrane to form large, nonspecific pores.

Researchers created the model in Figure 1 using data from cell fractionation studies. In the experiments, various
parts of the cell were separated into fractions by mechanical and chemical methods. Specific proteins known to
be located in different parts of the cell were used as markers to determine the location of other proteins. The
table below shows the presence of known proteins in specific cellular fractions.

CELL FRACTIONS CONTAINING DIFFERENT CELLULAR PROTEINS

Aconitase DNA GAPDH Sodium- NF-xB
(Krebs cycle | POIYMErase | 1o olviic potassium (Immune
protein) protein) pump response
protein)
Whole cell sample + + + + +
Fraction 1 +
Fraction 2 + +
Fraction 3 + +
Fraction 4 +

+ = presence of protein
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(a)

(b)

(c)

(d)

(e)

Describe the effect of inhibiting step 3 on the formation of pores AND on the release of interleukin from
the cell.

Make a claim about how cleaving inactive caspase-1 results in activation of caspase-1. A student claims
that preinfection production of inactive precursors shortens the response time of a cell to a bacterial
infection. Provide ONE reason to support the student’s claim.

A student claims that the NF-xB protein is located in the cytoplasm until the protein is needed for
transcription. Justify the student’s claim with evidence. Identify TWO fractions where N-terminal
gasdermin would be found in cells infected with pathogenic bacteria.

Describe the most likely effect of gasdermin pore formation on water balance in the cell in a hypotonic
environment.

Explain how gasdermin pore formation AND interleukin release contribute to an organism’s defense against
a bacterial pathogen.
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Figure 1. Effect of exercise on blood prolactin
levels in adult males. The data represent
the means+ 2SE

8. Researchers conducted a study to investigate the effect of exercise on the release of prolactin into the blood.
The researchers measured the concentration of prolactin in the blood of eight adult males before (T = 0 hour)
and after one hour (T = 1 hour) of vigorous exercise. As a control, the researchers measured the concentration
of blood prolactin in the same group of individuals at the same times of day one week later, but without having
them exercise. The results are shown in Figure 1.

(a) Justify the use of the without-exercise treatment as the control in the study design.

(b) Using evidence from the specific treatments, determine whether prolactin release changes after exercise.
Justify your answer.

STOP

END OF EXAM



