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Answer all of [Question 1], [Question 2] and [Question 3] below.
The answers must be written on separate answer sheets for each Question. You may
use the back of the answer sheet if there is insufficient space

[Questicn 1]
Answer the following questions about experiments of photosynthetic electron transport and
ATP synthesis.

Q1-1. Three proteins (ferredoxin, FNR and plastocyanin) and three membrane protein
complexes (cytochrome bsf, photosysiem | and photosystem II) were purified from
spinach chloroplasts. These samples were mixed, and light was irradiated to the mixture
for 2 min. Change in absorbance at 340 nm of the mixture was monitored. As the result,
the absorbance at 340 nm increased by 0.031 after the light irradiation. The experiment
was performed in a cuvette with a 1-cm bandpass.

1. In this experiment, the reduced compound produced by the linear photosynthetic
electron transfer was detected by the increase in 340-nm absorbance. Answer name
of the reduced compound {Abbreviation is also acceptable).

2. The molar extinction coefficient of this compound is 6,200 (M/cm). Estimate the rate of
production of this compound {change of concentration of this compound per min},
assuming linear increase of 340 nm absorbance.

3. Write the name of the first electron donor compound for the linear photosynthetic
electron transport system in chloroplast. Then, write the three proteins and three
protein complexes used in this experiment in the order of the linear photosynthetic
electron transfer.

Q1-2. Thylakoid membrane was prepared from spinach chioroplasts. The thylakoid membrane
sample was incubated in Solution A {diluted acid buffer, pH 4.0) for one hour in the dark.
Then, the same volume of Solution B (buffer containing ADP, phosphate and MgClz) was
added to the thylakoid membrane sample in Solution A, followed by the detection of ATP
after 1 min in the dark (Experiment I). It was previously confirmed that when the same
volumes of Solutions: A and B are mixed, the pH of mixed solution becomes 8.0. To
characterize this reaction of ATP production, additional Experiments II and Il were also
carried out, In Experiment II, pH of Solution A was adjusted to 8.0 before mixing with
Sclution B. In Experiment [ll, ammonium chloride NH4Cl (2 mM) was contained in
Solution A.

The results of the experiments are shown as Table 1.

Continued to the next page
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Table 1. Results of Experiments | to lll.

Exp. | Exp. Il Exp. [l
pH in Solution A 4.0 8.0 4.0
Addition of NH4CI {2 mM) in - - +
Solution A
Relative ATP production 100 0 10

As shown in Table 1, ATP production was observed in the dark (1), but no ATP
production was detected in Experiment Il (2) and ATP production was drastically
decreased in Experiment Il (3). Explain the reasons of the results of Experiments |, I
and Ill, based on the ATP production mechanism in chloroplasts.
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[Question 2]
Answer the following questions.

Q2-1. Plants can sense gravity and roots grow downward.

1. What do we call the response?
2. What cells sense gravity in the roots?

3. In the cells answered in Q2-1.2, what organelle has a role as statoliths? Answer the
name of the organelle and describe its characteristics.

Q2-2. Auxin is a plant hormone essential for the response described in Q2-1.

1. Auxin efflux transporter X in the stele near the root apical meristem of Arabidopsis
thaliana is located at the specific side of the cell, thereby determining the direction of
auxin transport. Answer whether auxin flow by transporter X in the stele of the root is
basipetal or acropetal. Also, explain how the localization of transporter X regulates
auxin flow.

2. Answer which auxin concentration is the higher, at the lower side (gravity direction) or
the upper side (opposite to gravity) of the root, when the plants are laid horizontally.
Also, explain why roots grow downwards in the direction of gravity.

3. Which aminc acid is auxin produced from?

4. AUX/IAA proteins have been suggested to bind with ARFs and inhibit their activation
in the absence of auxin. Answer how AUX/IAA is regulated in response to high auxin
levels and ultimately activates auxin-responsive gene expression, using the words
degron, auxin receptor, and proteasome.
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[Question 3]
Read the following sentences about substance transport in plants and answer the questions
below.

Plants absorb water and nutrients from the soil through their roots and have specialized
structures to carry out this process efficiently. For example, root hairs significantly increase
the surface area of the root, while the Casparian strip plays an essential role in nutrient
absorption by enabling the selective substance transport. The water and nutrients absorbed
by the roots are transported to the above-ground parts and used for plant growth and
metabolism. This absorption, transport, and distribution processes of water and nutrients are
finely regulated by plant hormones. These processes optimize water and nuirient use
efficiency according to environmental conditions and plant growth stages, thereby enhancing
plant adaptability.

Q3-1. In transporting water from plant roots io leaves, “transpiration pull” is the most
important driving force. Briefly explain what transpiration pull is and how it contributes to
water transport within the plant.

Q3-2. How does the Casparian sirip coniribute to the selective substance transport in plant
nutrient absorption? Briefly explain, including its location and characteristics.

Q3-3. Whether each statement regarding nitrogen absorption and transport in plant roots is
true or false? If a statement is false, correct the error.

A) Nitrogen in the scil is mainly absorbed as NH4* and NOj-.

B) Absorbed NH4* is not assimilated in the roots but transported directly o the
above-ground parts.

C) NOj reduction occurs mainly in roots.

D) Glutamic acid, the final product of nitrogen assimilation, is mainly transported through
the phloem.

E) NOjs absorbed by the roots is mainly transporied to the above-ground parts through
the xylem.

Q3-4. Answer a representative plant hormone that functions under drought conditions when
water is scarce. Also, provide two examples of how this plant hormone is involved in the
absorption of water and selectivity of nutrients.
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