
Run4Life’s Cell Biology Exam
2021

SSSS
● One 8.5 x 11 note sheet, and one non-programmable calculator per student

are allowed.
● This exam has 225 points.

● Point values are given in the question.
● There is a mix of Multiple Choice with one answer, multiple choice with

multiple right answers, as well as free-response questions. Free-response
questions typically have more points, but are more difficult. Question types

are clearly delineated.
● On “select all that apply” questions point value is: # of correct answers

chosen - # of incorrect answers chosen. (Correct Answer means either the
choice was correct and you selected it, or the choice was incorrect and you

did not select it. Incorrect answer means the opposite).
● There is one challenge question at the end worth a great deal of points.

● The maximum allowed time to take the exam is 50 minutes.
● This test contains national-level content as described in the 2016 rules.

● Questions & Feedback are welcome. Contact Run4Life13 on SciOly Forums or
Discord.

● Have fun and keep in mind this exam was made to be difficult. :)



1: Which membrane lipid is NOT found facing extracellularly in normal, healthy
mammalian cells? Select one answer. (2 points)
A: Phosphatidylethanolamine
B: Ganglioside
C: Phosphatidylinositol
D: Phosphatidylserine
E: Sphingomyelin

2: Which does NOT correctly pair an organelle and a feature of said organelle?
Select one answer. (2 Points)
A: Mitochondria : Acyl-CoA Dehydrogenase
B: Nuclear Lamina : Intermediate Filaments
C: Peroxisome : Crystalized Enzymes
D: Chloroplast : Plastocyanin
E: Cytoplasm : snoRNAs

3: Which di- or polysaccharide consists solely of glucose monomers? Select all that
apply.
A: Lactose
B: Agarose
C: Amylose
D: Trehalose
E: Cellulose



4: Which type of lipid is non-hydrolyzable? Select one answer. (1 point)
A: Eicosanoids
B: Waxes
C: Glycolipids
D: Esters
E: Phospholipids

5: What takes place in the nucleus? Select all that apply.
A: hnRNA processing
B: FADH2 Synthesis
C: NAD+ Synthesis
D: Translation
E: tRNA production

6: The following is the structure of a molecule central in cellular metabolism.

Image taken from Wikipedia

A: What is this molecule’s Identity? Choose ONE. (2 Points)
ADP
Acetyl-CoA
Pyruvate
NADPH
FADH2
ATP



B: Identify TWO metabolic fates of this compound. (2 Points for each correct
pathway)

C: Discuss the importance/function of the two pathways you listed in response B. (3
points for each valid description/explanation of a pathway described)

7: Which of the following properly describes cellular cytoskeleton and intracellular
trafficking? Select all that apply.
A: Most dyneins usually travel to the + end of a microtubule
B: Most kinesins usually travel to the + end of a microtubule
C: Tubulin proteins are most stable when complexed with a GDP.
D: The - ends of microtubules attach to kinetochores during cell division.
E: Intermediate filaments contain coiled coil motifs.

8: Which biological membrane would be most stable during times of elevated
temperature? Select one answer. (1 Point)
A: Membrane with high abundance of saturated phospholipids and no cholesterol.
B: Membrane with high abundance of saturated phospholipids and cholesterol
embedded within the membrane.
C: Membrane with high abundance of unsaturated phospholipids and no
cholesterol.
D: Membrane with high abundance of unsaturated phospholipids and cholesterol
embedded within the membrane.

9: Which correctly characterizes enzymes? Select one answer. (2 Points)
A: The substrate usually binds to the active site via a covalent bond.
B: The pKa’s of amino acids can change depending on their position in the enzyme.
C: A greater Km value of an enzyme signifies a greater catalytic efficiency.
D: Enzymes can only catalyze a reaction in one direction.
E: Enzymes catalyze reactions by lowering the 𝚫G of the reaction, making the
reaction more favorable.



10: What type of membrane protein is ATP Synthase? Select one answer. (3 Points)
A: P-Type ATPase
B: ABC Transporter
C: V-Type ATPase
D: F-Type ATPase
E: Membrane Channel

11: The following graph shows growth of two plants, Plant A (colored red) and Plant
B (colored blue). Both were adequately watered and cared for, and they were
grown under conditions of a constant temperature of 42 Degrees Celsisus and no
night period, i.e., they were always illuminated.

Image is User Generated



A: What type of Plant is Plant A? Select ONE. (1 Point)
CAM Plant
C3 Plant
C4 Plant
Anoxygenic Photosynthetic Plant
Carnivorous Plant

B: Justify your answer to A. (5 Points)

C: Identify the name of the cell in which carbon is fixated into the Calvin Cycle for
Plant A. (2 Points)

D: Identify the name of the cell in which carbon is fixated into the Calvin Cycle for
Plant B. (2 Points)

12: Glucokinase and Hexokinase have very different Km values yet they're both
present in the human body and both are used to phosphorylate glucose. Why is
this the case? Select one answer. (2 Points)
A. One enzyme is a remnant from our ancestors, but is no longer used.
B. One enzyme is used mainly for glycogenesis while the other is used mainly for
glycolysis.
C. The differences in Km complement each other, causing the rate of glycolysis to
double for when ATP is needed in high amounts.
D. One enzyme is used for glycogenolysis while the other is used for
gluconeogenesis .
E. The differences in Km complement each other, causing the rate of
gluconeogenesis to double to allow the liver to better supply the bloodstream with
glucose.

13: Which class of molecule does NOT play a role in cell cycle regulation? Select one
answer. (2 Points)



A: Cyclins
B: Ubiquitin Ligases
C: Phosphatases
D: Kinases
E: All of these play a role in cell cycle regulation.

14: Which amino acid are you most likely to find in a histone protein that helps
fulfill its function? Select all that apply.
A: Lysine
B: Tyrosine
C: Alanine
D: Arginine
E: Valine

15: Oh no!  Misfolded protein concentration is increasing in the Endoplasmic
Reticulum! What is the cell’s course of action? Select one answer. (3 points)
A: The nucleus releases a protease to break down the misfolded proteins.
B: The misfolded protein signals to import more chaperone proteins to the ER.
C: The misfolded proteins are exported to the cytoplasm so chaperone proteins can
refold it.
D: Nothing - The misfolded proteins can still perform their function, albeit slightly
less efficiently.
E: Nothing - Protein misfolding almost never occurs in the ER

16: The following picture is a hexameric protein. (It’s monomer is shown on the left.)



Image taken from Protein Data Base under Fair Use.

A: Identify this protein. Select ONE Answer. (8 Points)
Fungal Fatty Acid Synthase
Mammalian Fatty Acid Synthase
Apoptosome
Helicase
Hypoxanthine–Guanine Phosphoribosyltransferase
Sphingomyelinase
Hexosaminidase A
Connexon

B: Identify the cellular compartment where the subunits of the protein are usually
stored. Select ONE Answer. (4 Points)
Cytosol
Mitochondria
Nucleus
Chloroplast
Smooth ER
Rough ER   Vacuole
Late Endosome



Nucleolus

C: Identify the ion or molecule that must be binded to this protein for it to be active.
Select ONE Answer. (4 Points)
Mg2+

Zn2+

Cytochrome C
GTP
Cu+

Mn2+

A Nucleotide Monophosphate

D: What is this protein's function? Explain why this protein is important in the cells it
is present in and what would happen if it was absent. (6 Points)

17: Which of the following is true regarding ethanol and its metabolism? Select ALL
that apply.
A: Ethanol is ultimately catabolized into Acetyl-CoA
B: Ethanol has ~7 calories per gram.
C: The ability to catabolize pyruvate into ethanol is mutually exclusive to the ability
to catabolize pyruvate to lactic acid.
D: Animals use pyruvate decarboxylase to undergo lactic acid fermentation.
E: Although ethanol is toxic to humans, yeast cells are not negatively affected by
ethanol.

18: Which of the following is true regarding vesicle formation? Select all that apply.
A: Clathrin remains bound to the vesicle until the vesicle reaches its target.
B: To allow vesicle movement, all vesicle coats are spherical.
C: Vesicle formation almost always requires nucleoside triphosphate hydrolysis.
D: Membrane fusion requires the removal of water between the membranes.



E: v-SNAREs and t-SNAREs can disassemble and reassemble using only nucleoside
triphosphate hydrolysis.

19: In CAM Plants, CO2 is stored as what compound and in what cellular
compartment? Select one answer. (1 Point)
A: Malate:Vacuole
B: Malate:Chloroplast
C: Oxaloacetate:Vacuole
D: Oxaloacetate:Chloroplast

20: The following is an image of a plasma cell, a cell of the mammalian immune
system. Plasma cells manufacture and secrete antibodies, a type of glycoprotein,
into the bloodstream during an immune response.

Image Taken From: Fawcett DW, The Cell: An Atlas of Fine Structure, WB Saunders, Philadelphia, 1966, p. 153.



A: Besides the nucleus and any features pertaining to it, what organelles are
present? (0.5 points for each valid organelle. Point value capped at 2.)

B: Within the nucleus, there appears to be darker and lighter spots. What is the
name of the darker spots? What is the name of the lighter spots? (1 point for each
correct identification. 2 Points total.)

C: Explain the mechanism(s) that cause the heterogeneity of the nucleus. How are
these darker spots formed? (3 Points)

D: What is the functional significance of the darker and lighter spots? (4 Points)

E: This cell also has quite a bit of a specific organelle relative to other mammalian
cells. How does having a large amount of this organelle help the plasma cell achieve
its function? (6 Points)

21: Where can calcium be found in high concentrations relative to the cytosol?
Select all that apply.
A: Nucleus
B: Extracellular Matrix
C: Mitochondrial Matrix
D: Endoplasmic Reticulum
E: Nucleolus

22: Which is true of lipid rafts? Select all that apply.
A: They are thicker than the rest of the membrane.
B: Late endosomes' lipid composition resembles that of a lipid raft more than early
endosomes.
C: They are typically enriched in sterols and sphingolipids.
D: Because of their unique lipids, lipid rafts lack GPI-anchored proteins.
E: Caveolae, pinocytotic vesicles, are typically formed from lipid rafts.

23: When do S Cyclins begin to lower in concentration? Select one answer. (2 Points)
A: G1 Phase



B: S Phase
C: G2 Phase
D: Beginning of Mitosis
E: End of Mitosis

24: What denotes and provides structure to the metaphase plate? Select one
answer. (2 Points)
A: Actin
B: Microtubules
C: Intermediate Filaments
D: A Lipid Bilayer
E: Nothing

25: Which are true of stem cells? Select all that apply.
A: Cell differentiation is irreversible.
B: A cell can be made pluripotent by artificial expression of transcription factors.
C: While embryonic stem cells can differentiate into somatic cells, they cannot
become germ cells.
D: To change a cartilage cell to a muscle cell, you must first revert the cartilage cell
back to a pluripotent stem cell.
E: Epigenetic changes are crucial to induce cell dedifferentiation.

26: The following shows a double-reciprocal plot of an enzyme and an enzyme with
an inhibitor.



Image taken from Wikibooks

A: What kind of inhibition is shown here? (2 Points)

B: What does this inhibitor bind to? (1 Point)

C: What effect does this inhibition have on the Km and Vmax? (2 Points each)

D: Explain conceptually how this inhibitor has the effects you described in C. (3
Points each)

27: Which force drives protein folding towards completion the most? (2 Points)
A: Decreased entropy of the protein.
B: Increased entropy of water.
C: Heat energy given off when the protein folds.
D: Heat energy absorbed by the protein when it folds.
E: Increased entropy of the protein.

28: Which of the following is NOT a proto-oncogene? Select one answer. (2 Points)
A: Ras



B: Myc
C: p53
D: HER2
E: HTT

29: Match the following organelles and their marker molecules. (1 Point for each
correct match)
A: Cytosol 1:Phosphodiesterase I
B: Peroxisome 2: α-Mannosidase II
C: Cell Membrane 3: Catalase
D: Golgi Apparatus 4: Glucose-6-Phosphatase
E: Lysosome 5: Lactate Dehydrogenase
F: Mitochondria 6: β-Galactosidase
G: Endoplasmic Reticulum           7: Succinate Dehydrogenase

30: The following is a signal transduction pathway of the hormone Insulin. Assume
a single stimulatory input is stronger and will override a single inhibitory input.



Images taken from Cell Signaling Technology under Fair Use.



A: Identify and explain TWO chemical properties of glucose that explain why it is
transported into the cell via GLUT4 and not some other mechanism like simple
diffusion. (3 Points)

B: What would happen in the case of an Akt Knockout? Select ALL that apply. For
this question, correct and incorrect response point values are tripled.

Inhibition of GLUT4 Exocytosis
Increased Gluconeogenesis
Decreased Protein Synthesis & Proliferation
Increased Fatty Acid Synthesis
Increased Glycogen Synthesis
Decreased Lipolysis

C: Describe the function of Lipin1. What is its function and how does it achieve this
function, chemically speaking? (3 Points)

D: Is AMPK active when phosphorylated or dephosphorylated? Justify your answer.
(3 Points)

E: Does Insulin reception stimulate or inhibit apoptosis? (3 Points)

F: Reactive Oxygen Species (ROS) affect intracellular glucose levels. Explain the type
of feedback loop this circuit between ROS and glucose is, and why it can eventually
lead to cell death. (10 Points)

31: Which non-proteinogenic amino acids are intermediates in the urea cycle?
Select all that apply.
A: Selenocysteine
B: Ornithine
C: Pyrrolysine
D: CItrulline
E: Norleucine



32: Mitochondria arose from what ancestral taxa? Select all that apply.
A: Purple Non-Sulphur Bacteria
B: Purple Sulphur Bacteria
C: ɑ-Proteobacteria
D: β-Proteobacteria
E: γ-Proteobacteria

33: Select the correct order of cellular junctions in a mammalian epithelial cell, from
the apical side to the basal side. Select one answer. (3 Points)

I: Tight Junction
II: Hemidesmosome
III: Desmosome
IV: Adherens Junction
V: Gap Junction

A: II, V, IV, III, I
B: V, III, II, I, IV
C: IV, V, I, II, III
D: III, II, I, IV, V
E: I, IV, III, V, II

34: Which is true of cancer cells? Select one answer. (2 Points)
A: Most mutations in the cancer cells contribute to the cancer’s malignancy
B: Even when oxygen is available, cancer cells seem to prefer lactic acid
fermentation.
C: Although different genes are affected in different cancers, most cancer cells
share similar types of chromosomal damage.
D: The genes that can cause cancer have similar proteins when transcribed.
E: Most cancer cells are also stem cells.



35: Which biochemical reaction releases the most free energy? Select one answer.
(3 Points)
A: ATP → ADP +Pi

B: ADP → AMP +Pi

C: ATP → AMP +PPi

D: Acetyl CoA → Acetate + CoA
E: Creatine Phosphate → Creatine + Pi

36: Which movement happens least often in biological membranes? Select one
answer. (3 Points)
A: Bond Vibration
B: Gauche-trans Isomerization
C: Flip-Flop
D: Bilayer Undulations
E: Lateral Diffusion

37: Which sugar cannot enter glycolysis? Select one answer. (3 Points)
A: Galactose
B: Mannose
C: Trehalose
D: Lactose
E: Sorbitol
F: Maltose
G: All of these can enter glycolysis.

38: The default pathway of vesicles budding off the trans golgi network leads to
what location? Select one answer. (3 Points)
A: Lysosomes
B: Secretory Vesicles
C: Back to ER
D: Cell Surface
E: Nowhere - the vesicle is eventually shed and the protein enters the cytosol.



39: Describe how ATP is moved from the mitochondrial matrix into the cytosol. In
your response, list protein names when possible and appropriate. Also include how
the H+ gradient formed in mitochondria is not solely used for ATP production.  (10
Points)

40: Challenge Question
Enzymes are important biological catalysts of reactions. Reactions can be drawn
using arrows, with arrows signifying the flow of electrons. (Specifically, an arrow
represents the flow of two electrons.) Examples are given below.

Image Taken from Organic Chemistry Data

Answer the following questions pertaining to the two-step enzyme catalysis
example below.



Image taken from Voet, Voet, Biochemistry 4th Ed. under Fair Use

A: Draw a correct arrow mechanism for the top two steps above. (10 Points for each
correct drawing)

B: What is the function of this enzyme? Be specific. (5 Points)

C: What amino acid is in the active site of the enzyme? (3 Points)

D: What type of biomolecule is the intermediate formed after the first step of the
reaction? Be as specific as possible. (5 Points)


