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Unit 1 FRQs



DM # 47: Geckos Running on water



PART 1:

Water has a high surface tension, which allows Geckos to cross the water on the surface.

PART 2:

● Prediction: As more soap is added to the water, the ability of the Geckos to cross is 

decreased.

● Justification: Soap molecules will disrupt the hydrogen bonds that make surface 

tension possible.

PART 3:

Any combination of two of the variables below is acceptable:

● Same size of the tank/experimental apparatus

● The same source of water given to each lizard

● The same Gecko or population of Geckos challenged in different experimental trials

● Same water/air temperature







Regulation of enzyme activity (2 points maximum) 

● Shape change caused by (1 point for each bullet) 

○ Binding of allosteric or noncompetitive inhibitor. 

○ Binding of allosteric activator. 

○ Feedback control. 

○ pH or temperature changes. 

○ Cleavage of pre-enzyme (e.g., zymogen). 

○ Cooperativity; coenzymes; cofactors. 

○ Covalent modification (e.g., phosphorylation). 

● Competitive inhibitors binding in the active site prevent substrate binding. NOTE: The active site regulating 

enzyme activity is not enough to earn a point. 





Unit 2 FRQs





Question 37

PART 1:

In freshwater, there is a higher concentration of water outside of the lamprey (where the solute 

concentration is less than 50 mOsm/L) than inside (where it's over 225 mOsm/L). A lower solute 

concentration means a higher water concentration. Water moves from high to low concentration, 

so therefore water moves into the lamprey.

PART 2:

Aquaporins are specialized proteins in the plasma membrane that allow for the diffusion of water.

PART 3:

In saltwater, we can assume that the higher concentration of ions is outside the lamprey and will 

cause ions to move into the lamprey.

PART 4:

In saltwater, the lampreys will be in a hypertonic solution, and therefore water will flow from their 

bodies into the surrounding seawater.



2011: 1.  During an investigation of a freshwater lake, an AP Biology 

student discovers a previously unknown microscopic organism. 

Further study shows that the unicellular organism is eukaryotic. 

(a) Identify FOUR organelles that should be present in the 

eukaryotic organism and describe the function of each organelle. 

(b) Prokaryotic cells lack membrane-bound organelles found in 

eukaryotes. However, prokaryotes must perform many of the same 

functions as eukaryotes. For THREE of the organelles identified in 

part (a), explain how prokaryotic cells carry out the associated 

functions. 

(c) According to the endosymbiotic theory, some organelles are 

believed to have evolved through a symbiotic relationship between 

eukaryotic and prokaryotic cells. Describe THREE observations that 

support the endosymbiotic theory. 



2011: 1. (a) Identify FOUR organelles that should be present in the eukaryotic organism and describe the 

function of each organelle. 



2011: 1.(b) Prokaryotic cells lack membrane-bound organelles found in eukaryotes. However, prokaryotes must 

perform many of the same functions as eukaryotes. For THREE of the organelles identified in part (a), explain how 

prokaryotic cells carry out the associated functions. 



2011: 1.(c) According to the endosymbiotic theory, some organelles are believed to have evolved through a 

symbiotic relationship between eukaryotic and prokaryotic cells. Describe THREE observations that support the 

endosymbiotic theory.



2013: # 6





2016, # 8. Powering glucose transport (FRQ)

Glucose and sodium move from the lumen of 

the small intestine into the blood via transport 
proteins in the epithelial cells lining the small 
intestine (Figure 1). Based on Figure 1, 

describe the direct source of energy used to 
move glucose into the epithelial cell from the 

intestinal lumen. Explain how this system 
maximizes glucose absorption from the 
intestinal lumen into the epithelial cells and 

from the epithelial cells into the blood. 

Figure 1. A single cell from the epithelial layer lining 

the intestine, illustrating movement of glucose and 
Na+ from the intestinal lumen to the blood 



2016, # 8. Powering glucose transport  (SG)
Glucose and sodium move from the lumen of 

the small intestine into the blood via transport 
proteins in the epithelial cells lining the small 
intestine (Figure 1). Based on Figure 1, 

describe the direct source of energy used to 
move glucose into the epithelial cell from the 

intestinal lumen. Explain how this system 
maximizes glucose absorption from the 
intestinal lumen into the epithelial cells and 

from the epithelial cells into the blood. 

Figure 1. A single cell from the epithelial layer lining the 

intestine, illustrating movement of glucose and Na+ from the 
intestinal lumen to the blood 

Description (1 point)
● Energy from the sodium gradient

Explanation (2 points maximum)

● The Na+/K+ pump maintains the sodium concentration gradient and allows for the cotransport of glucose

● The symport/inflow of glucose maintains a glucose concentration gradient between the epithelial cells and the blood and allows 

for (facilitated) diffusion of glucose

● The microvilli/folds on the lumen side of the epithelial cell provide more surface area for uptake of glucose into the epithelial 

cell



Unit 3 FRQs



2013 FRQ # 2: photosynthetic pigments

An absorption spectrum indicates the relative amount of light absorbed across a range of wavelengths. The graphs above 

represent the absorption spectra of individual pigments isolated from two different organisms. One of the pigments is 

chlorophyll a, commonly found in green plants. The other pigment is bacteriorhodopsin, commonly found in purple 

photosynthetic bacteria. The table above shows the approximate ranges of wavelengths of different colors in the visible 

light spectrum. 

(a) Identify the pigment (chlorophyll a or bacteriorhodopsin) used to generate the absorption spectrum in each of the 

graphs above. Explain and justify your answer. 

(b) In an experiment, identical organisms containing the pigment from Graph II as the predominant light- capturing pigment 

are separated into three groups. The organisms in each group are illuminated with light of a single wavelength (650 nm for 

the first group, 550 nm for the second group, and 430 nm for the third group). The three light sources are of equal intensity , 

and all organisms are illuminated for equal lengths of time. Predict the relative rate of photosynthesis in each of the three 

groups. Justify your predictions.

(c) Bacteriorhodopsin has been found in aquatic organisms whose ancestors existed before the ancestors of plants 

evolved in the same environment. Propose a possible evolutionary history of plants that could have resulted in a 

predominant photosynthetic system that uses only some of the colors of the visible light spectrum. 



2013 FRQ # 2: photosynthetic pigments (SG)

c) Proposal that includes an environmental selective 

pressure: 

• Green light was being absorbed by aquatic organisms 

using bacteriorhodopsin. 

• Unabsorbed wavelengths of light were available 

resources that organisms could exploit. 

• Absorbing visible light at all wavelengths may provide 

too much energy to the organism. 

• Absorbing light from ultraviolet wavelengths (shorter 

wavelengths = higher energy) could cause damage to 

the organism. 

• Absorbing light with longer wavelengths may not 

provide sufficient energy for the organism. 

Appropriate reasoning to support the proposal: 

• Natural selection favored organisms that rely on 

pigments that absorb available wavelengths of light. 

• Endosymbiosis: chloroplasts evolved from 

cyanobacteria with pigments that used only certain 

wavelengths. 

• Genetic drift eliminated pigments that absorbed certain 

wavelengths of light. 

• Mutation(s) altered the pigment(s) used by organism. 



2015i, # 3: Corn Seedlings in light and dark (FRQ)



2015i, # 3: Corn Seedlings in light and dark (SG)



(c) (i) Based on the data in Table 1, describe the effect of temperature on the rate of ATP synthesis in liver 

cells from toads. 
(ii) Based on the data in Table 1, calculate the average amount of oxygen consumed, in nmol, for 10 mg of 
mitochondrial protein after 10 minutes at 25 C° . 

(d) (i) Oligomycin is a compound that can block the channel protein function of ATP synthase. Predict the 
effects of using oligomycin on the proton gradient across the inner mitochondrial membrane. 

(ii) Justify your prediction.

(a)Describe the role of water in 

hydrolysis of ATP

(b) (i) Using the template in the 

space provided for your 

response, construct a bar graph 

that represents the data shown 

in Table 1. Your graph should 

be appropriately plotted and 

labeled. 

(ii) Based on the data provided, 

determine the temperature in °C 

at which the rate of oxygen 

consumption is different from 

the rate of oxygen consumption 

at 25 C° . 

2024 # 2





Enzyme substrate interaction FRQ



GRAPH: axis X = Time (independent); Y = Product (dependent) (1 point)

Adequate scale and labeled axis (1 point)

curve plotted - drawn curve necessary (1 point)
A initial rate = 0.025 mg/sec (from 0.25  mg/10 sec)    2 points for correct calculation

B rate after 50 sec = 0 (.85 - .85)/(60-50)   2 points for correct calculation

B1 Why? (1 point for any of the points below)

▪ Substrate gone or reaction at equilibrium

▪ Other explanation - any are possible

o Product inhibition
o Product changes pH or temp optimum

C Change in temperature. 2 points (one for correct prediction, on for explanation)

▪ If heated to 100C, stops reaction; no product formation; rate near or at zero
▪ Explanation: Conformational shape change denaturation     

D Prediction relating to a change in substrate concentration. (2 points: one for a correct prediction of result  

and one for correct explanation of increasing OR decreasing substrate concentration)

● If substrate concentration is increased:

▪ Possibility 1: no change, initial slope will stay the same, but will take longer to level off;

▪ Possibility 2: increase in reaction rate (steeper slope)

▪ Explanation

● (Increase) a) Enzyme is working as fast as it can (Vmax)

● or  It will approach Vmax and increase the rate.

● If substrate concentration is decreased:

▪ More gentle slope; decrease rate or take less time to level off;

▪ Explanation: Enzyme no longer saturated; or further from saturation, or enzyme will take longer 
to consume all of the substrate.

E pH variation (two points, one for a correct prediction, one for a correct explanation)

Prediction

▪ Slight change may affect the curve either way

▪ Drastic change may stop the reaction

Explanation:  

▪ Enzyme has optimum pH
▪ Enzyme can be denatured by extremes

TOTAL POSSIBLE



2024 FRQ # 2
To investigate how increases in environmental temperatures affect the metabolism of certain organisms, 

researchers incubated liver cells from toads at different temperatures and measured two markers of 
metabolic activity (Table 1): the rate of oxygen consumption and the rate of ATP synthesis.

(a) Describe the role of water in the hydrolysis of ATP

(b) (i) Using the template in the space provided for your 
response, construct a bar graph that represents the data 
shown in Table 1. Your graph should be appropriately 

plotted and labeled. (ii) Based on the data provided, 
determine the temperature in °C at which the rate of 

oxygen consumption is different from the rate of oxygen 
consumption at 25 C° .
(c) (i) Based on the data in Table 1, describe the effect of 

temperature on the rate of ATP synthesis in liver cells 
from toads. (ii) Based on the data in Table 1, calculate 

the average amount of oxygen consumed, in nmol, for 10 
mg of mitochondrial protein after 10 minutes at 25 C° .

(d) (i) Oligomycin is a compound that can block the channel protein function of ATP synthase. Predict the 

effects of using oligomycin on the proton gradient across the inner mitochondrial membrane. (ii) Justify your 
prediction.



2024 FRQ # 2 scoring guide

a. Water is added in the process of cleaving/splitting (a phosphate from) ATP

Rate is different from 25 degrees at 

30 degrees.

C. As the temperature increases, 

the rate of ATP synthesis also 

increases. 
Average amount of oxygen 

consumed, in nmol , for 10 mg of 

mitochondrial protein after 10 

minutes at 25 C° is 1,650 [16.5 

nmol/min/mg 10 mg 10 min × × ]

D. Oligomycin will cause the proton gradient to increase/become steeper (and may 

eventually plateau). 

B. 



2016:7 Sucrose and Starch Synthase (FRQ)



2016:7 Sucrose and Starch Synthase (Scoring guide)



2015 I:5; Respiration in Diving Seals and Penguins



2015 I:5; Respiration in Diving Seals and Penguins (SG)

A: Proposal (1 point)

● Increase in lactate levels are due to 
fermentation/anaerobic metabolism

0-20 min (1 

point)

After 20 min 

(1 point)

Oxygen levels start high 
and decline steadily

Oxygen levels decline more 
slowly or remain flat

Oxygen levels start and 
remain high

Oxygen levels decline

B: Description (2 points maximum; points 

may be earned from only one row)

C. Proposal (1 point)

● The (genetic/heritable) capacity to sustain dives for longer periods of time provides 

selective/reproductive advantages (access to food/avoidance of predators) for seals but 
not for penguins.



2014i, # 7, Chemiosmotic model

According to the chemiosmotic model proposed by Peter Mitchell in 1961, an

electrochemical gradient is linked to the synthesis of ATP in mitochondria.

Construct an explanation of the chemiosmotic model by doing each of the

following.

(a)Make a claim about the role of the inner mitochondrial membrane in 

ATP synthesis. (1 point maximum)

(b)Present ONE piece of experimental evidence that supports the role you 

proposed in part (a). (1 point maximum)

(c)Provide reasoning to explain how the evidence you presented in part (b) 

supports the claim you made in part (a).



2014i, # 7, Chemiosmotic model (scoring guide)

According to the chemiosmotic model proposed by Peter Mitchell in 1961, an electrochemical gradient is linked to the synthesis of ATP 
in mitochondria. Construct an explanation of the chemiosmotic model by doing each of the following.

(a) Make a claim about the role of the inner mitochondrial membrane in ATP synthesis. (1 point maximum)
(b) Present ONE piece of experimental evidence that supports the role you proposed in part (a). (1 point maximum)
(c) Provide reasoning to explain how the evidence you presented in part (b) supports the claim you made in part (a).

Claims Possible supporting Evidence Reasoning

IMM (inner 
mitochondrial 
membrane) 

maintains a proton 
gradient required for 

ATP synthesis.

● The pH of the intermembrane space is lower than the pH of the 
mitochondrial matrix

● ATP can be produced by incubating isolated mitochondria with low pH 

buffer and ADP + Pi

● Membrane is not permeable to hydrogen ions

● pH is a measure of proton concentration; 
higher proton concentration --> lower pH

● Protons move through ATP synthase from 

intermembrane space to matrix and produce 
ATP

Electron transport chain 
is in IMM and creates a 
proton gradient

● NADH/FADH2 are oxidized by electron carriers and electrons 
move through the complex finally reducing O2 to H2O.

● Energy from oxidizing NADH/FADH2 is 
converted to energy in proton gradient (PMF) 
energy in gradient can be coupled to ATP 

synthesis

IMM is the site for 
ATP synthesis

● Presence of ATP synthase in IMM

● IMM is where ADP undergoes phosphorylation

● IMM contains ATP synthase complex for making ATP.

● Protons move through ATP synthase from 
intermembrane space to matrix and produce 
ATP

Note: just one row (with C, E, and R) gets full credit.



Unit 4 FRQs



2013, # 8, Cell Communication



2013, # 8, Cell 

Communication 

(SG)

• Step 1 = hormone/ligand binding to receptor to initiate/trigger/induce signaling 

OR signal reception 

• Step 2 = an intracellular cascade that transduces/amplifies/transfers the signal 

from plasma membrane to nucleus (or other cellular effectors) 

• Step 3 = transcription/expression of target genes is stimulated/repressed 



2017 # 8, Estrogen Signaling (FRQ)

Estrogens are small hydrophobic lipid hormones that promote cell division and the development of reproductive 

structures in mammals. Estrogens passively diffuse across the plasma membrane and bind to their receptor 

proteins in the cytoplasm of target cells. 

(a) Describe ONE characteristic of the plasma membrane that allows estrogens to passively cross the membrane. 

(1 point) 

(b) In a laboratory experiment, a researcher generates antibodies that bind to purified estrogen receptors extracted 

from cells. The researcher uses the antibodies in an attempt to treat estrogen-dependent cancers but finds that the 

treatment is ineffective. Explain the ineffectiveness of the antibodies for treating estrogen-dependent cancers. (2 

points) 



2017 # 8, Estrogen Signaling (SG)

Estrogens are small hydrophobic lipid hormones that promote cell division and the development of reproductive 

structures in mammals. Estrogens passively diffuse across the plasma membrane and bind to their receptor 

proteins in the cytoplasm of target cells. 

(a) Describe ONE characteristic of the plasma membrane that allows estrogens to passively cross the membrane. 

(1 point) 

Description (1 point) 

● Hydrophobic/nonpolar 

● Space between phospholipids 

(b) In a laboratory experiment, a researcher generates antibodies that bind to purified estrogen receptors extracted 

from cells. The researcher uses the antibodies in an attempt to treat estrogen-dependent cancers but finds that the 

treatment is ineffective. Explain the ineffectiveness of the antibodies for treating estrogen-dependent cancers. (2 

points) 

Explanation (2 points) 

● Antibodies are unable to enter the cell. 

● (Extracellular) antibodies will not bind to (intracellular) estrogen receptors. 



2017, # 1, Pollination

Treatment 
Memory(average probability of revisiting a nectar source ±2SEX ) 

10 Minutes 24 Hours

Control 0.72 ±0.09 0.41 ±0.07

Caffeine 0.83 ±0.07 0.78 ±0.08

2017: 1. In flowering plants, pollination is a process that leads to the fertilization of an egg and the production of seeds. Some flowers attract pollinators, 

such as bees, using visual and chemical cues. When a bee visits a flower, in addition to transferring pollen, the bee can take nectar from the flower and 
use it to make honey for the colony. 

Nectar contains sugar, but certain plants also produce caffeine in the nectar. Caffeine is a bitter-tasting compound that can be toxic to insects at high 

concentrations. To investigate the role of caffeine in nectar, a group of researchers studied the effect of 0.1 mM caffeine on bee behavior. The results of 
an experiment to test the effect of caffeine on bees’ memory of a nectar source are shown in Table 1. 

(a) On the axes provided, construct an appropriately labeled graph to illustrate the effect of caffeine on the probability of bees revisiting a nectar source 

(memory). 

(b) Based on the results, describe the effect of caffeine on each of the following: 
• Short-term (10 minute) memory of a nectar source 

• Long-term (24 hour) memory of a nectar source 
(c) Design an experiment using artificial flowers to investigate potential negative effects of increasing caffeine concentrations in nectar on the number

of floral visits by bees. Identify the null hypothesis, an appropriate control treatment, and the predicted results that could be used to reject the null 

hypothesis. 
(d) Researchers found that nectar with caffeine tends to have a lower sugar content than nectar without caffeine. Plants use less energy to produce the 

caffeine in nectar than they do to produce the sugar in nectar. Propose ONE benefit to plants that produce nectar with caffeine and a lower sugar 
content. Propose ONE cost to bees that visit the flowers of plants that produce nectar with caffeine and a lower sugar content. 



2017, # 1
a. Correctly plotted means on a bar 

graph/modified bar graph  Appropriate labels, 

units, and scaling  Correctly plotted error bars 
b. 

c. 

D1. Proposed benefit

● More pollen is transferred/more visits by pollinators.  

● Plants store energy/have more energy available for other uses. 

D2. Proposed cost

● (Individual) bees visit more flowers.  

● (Individual) bees use more energy.  

● The colony/bees may produce less honey  

● The colony/bees may produce lower quality honey/ honey that provides less energy. 
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