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Biological Chemistry I 11

Answer the following questions regarding protein analysis methods.

Explain why, in Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE),
larger molecules move more slowly than smaller molecules, whereas in gel filtration

chromatography, smaller molecules move more slowly than larger molecules.

Provide one experimental method for determining the type and number of metal ions bound to a
protein molecule. Additionally, explain the principle behind this experimental method.

Answer the following questions.

Explain the structure of the cell membrane. Additionally, provide two representative examples
of mechanisms for the transport of substances across the cell membrane.

Explain the structure and role of mitochondria, and explain those of chloroplasts.

Explain the principle of DNA amplification by the polymerase chain reaction (PCR)
method.

Provide one experimental method to investigate whether a protein specifically binds to
DNA, and explain the principle behind it.

(The end)
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II-a Answer the following questions.

(1) Provide the names of the four types of bases that are contained in DNA.

(2) Explain the structure of Watson-Crick base pairs in DNA.

(3) Name one method for determining the DNA base sequence and explain its principle.
II-b Answer the following questions.

(1) Explain what is meant by the isoelectric point (pI) of a protein.

(2) Ion exchange chromatography is widely used for protein purification. Explain the principle of

ion exchange chromatography.

(3) Name a typical secondary structure of proteins and describe its structural features, considering
the interactions that contribute to its stability.

(4) Write the structural formula for one of the two possible structures of a dipeptide composed of
leucine and phenylalanine. Note that there is no need to consider optical isomers of amino acids.

II-c In the structural analysis of proteins, electromagnetic waves (such as X-rays, infrared, and
microwaves) or particle beams (such as electron beams and neutron beams) are often
employed. Provide one example of a structural analysis method using electromagnetic

waves and one using particle beams, and compare their advantages and disadvantages.

(The end)
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Answer the following questions regarding protein analysis methods.

Explain why, in Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE),
larger molecules move more slowly than smaller molecules, whereas in gel filtration
chromatography, smaller molecules move more slowly than larger molecules.

When protein molecules are treated with SDS, they adopt an elongated rod-like conformation
whose length is proportional to their molecular weight, regardless of their native structure. As
these rod-like molecules pass through a polyacrylamide gel with a mesh-like network, larger
(longer) molecules are more frequently trapped within the network structure, resulting in slower
migration. In contrast, smaller (shorter) molecules are less frequently impeded and therefore
migrate faster.

On the other hand, gel filtration media (beads) contain numerous pores of defined sizes. Protein
molecules smaller than the pore size can enter these pores and are temporarily retained, leading
to slower elution from the column. In contrast, larger protein molecules cannot enter the pores

and therefore elute more quickly.

Provide one experimental method for determining the type and number of metal ions bound to a
protein molecule. Additionally, explain the principle behind this experimental method.

Method: Atomic absorption spectroscopy (AAS)

Principle:

The protein sample is atomized by high-temperature treatment, and light is passed through the
resulting atomic vapor. The absorption spectrum is measured to analyze the elemental
composition of the sample. Standard solutions containing known concentrations of candidate
metal ions are prepared separately, and their spectra are compared with that of the sample. This
allows identification and quantification of the types and numbers of metal ions present in the

protein.

Answer the following questions.

Explain the structure of the cell membrane. Additionally, provide two representative examples
of mechanisms for the transport of substances across the cell membrane.

The cell membrane consists of a lipid bilayer composed of two layers of lipid molecules. This
bilayer contains phospholipids and cholesterol, which contribute to the structural integrity and
fluidity of the membrane. Representative mechanisms of transport across the membrane include
the following (any two):
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1. Diffusion:
Movement of substances across the membrane along a concentration gradient. This applies
to small nonpolar molecules and gases.

2. Passive transport:
Transport of substances along a concentration gradient without energy input. This includes
diffusion, osmosis, and filtration.

3. Active transport:
Movement of substances against a concentration gradient, requiring energy. Transporter
proteins is involved.

4. Endocytosis and exocytosis:
Endocytosis is the process by which substances are engulfed by the cell membrane and
taken into the cell, whereas exocytosis is the release of substances outside the cell via
membrane vesicles.

5. Receptor-mediated transport:

Transport processes involving receptor proteins.

(2) Explain the structure and role of mitochondria, and explain those of chloroplasts.
Mitochondria
Structure:
Mitochondria are oval-shaped organelles surrounded by a double membrane. The space
between the outer and inner membranes is called the intermembrane space. The inner
membrane is highly folded into structures called cristae, which serve as the site of the
electron transport chain and ATP synthesis. The inner compartment is filled with a fluid
called the matrix.
Functions:
1. ATP production:
Mitochondria are the primary site of ATP production through cellular respiration, which
generates energy from organic molecules using oxygen.
2. Enzymatic reactions in respiration:
They contain enzymes responsible for energy extraction and ATP synthesis.
3. Calcium ion storage:
Mitochondria regulate intracellular calcium levels by storing and releasing calcium ions.

Chloroplasts

Structure:

Chloroplasts are flattened organelles surrounded by a double membrane. Inside, there are
disc-like structures called thylakoids, which are stacked into grana. Thylakoids contain
chlorophyll, the photosynthetic pigment. The fluid surrounding them is called the stroma.
Functions:
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1. Photosynthesis:

Chloroplasts convert light energy into chemical energy, synthesizing organic molecules
(such as glucose) from carbon dioxide and water. This process consists of light-dependent
reactions and light-independent reactions.

2. Oxygen production:

During photosynthesis, water is split and oxygen is released into the atmosphere.

3. Carbohydrate storage:

Chloroplasts temporarily store carbohydrates produced by photosynthesis for use as an
energy source.

Explain the principle of DNA amplification by the polymerase chain reaction (PCR)
method.

The principle of PCR is based on the replication of a specific DNA fragment using DNA
polymerase under controlled conditions. The main steps are as follows:

¢ Denaturation:
The reaction mixture is heated to dissociate double-stranded DNA into single strands.

¢ Annealing:
The temperature is lowered to allow short single-stranded DNA oligonucleotides (primers)
to associate specifically with complementary sequences flanking the target region.

o Extension:
DNA polymerase synthesizes new DNA strands from the 3’ ends of the primers, resulting in
the amplification of the target region.

By repeating these steps, the target DNA fragment is amplified exponentially.

Provide one experimental method to investigate whether a protein specifically binds to
DNA, and explain the principle behind it.

(Any one of the following)

1. Electrophoretic Mobility Shift Assay (EMSA):
EMSA is used to detect protein—DNA interactions. When a DNA-binding protein binds to
a DNA probe containing its recognition sequence, the resulting DNA—protein complex
migrates more slowly during electrophoresis than free DNA. This shift in mobility allows
detection of specific binding.

2. Fluorescence Polarization (FP):
In FP, a fluorescently labeled DNA probe is used. When the probe binds to a protein, the
rotational mobility of the DNA decreases, leading to an increase in fluorescence
polarization. This change allows quantitative analysis of protein-DNA interactions.

3. Chromatin Immunoprecipitation (ChIP):
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ChIP is used to determine whether a protein binds to specific DNA regions in biological
samples. The protein is immunoprecipitated using a specific antibody, and the associated
DNA fragments are isolated. These DNA sequences are then identified using PCR or

next-generation sequencing.

(The end)
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Answer the following questions.

Provide the names of the four types of bases that are contained in DNA.

Adenine, thymine, guanine, and cytosine.

Explain the structure of Watson-Crick base pairs in DNA.

As shown in the diagram, adenine pairs with thymine (left), and guanine pairs with cytosine
(right), through hydrogen bonds.

Name one method for determining the DNA base sequence and explain its principle.

One method for determining DNA sequences is the Sanger method. In this method, DNA
synthesis is carried out using a mixture of normal nucleotides (ANTPs) and modified nucleotides
(ddNTPs) with DNA polymerase. Incorporation of a ddNTP randomly terminates DNA
synthesis. As a result, the reaction produces a mixture of DNA fragments of different lengths.
Each of the four ddNTPs is labeled with a distinct fluorescent dye, and the DNA sequencer

reads the sequence by detecting the fluorescence corresponding to each base.

Answer the following questions.

Explain what is meant by the isoelectric point (pl) of a protein.

The isoelectric point is the pH at which a compound possessing both anionic and cationic

functional groups has a net charge of zero after ionization.

Ion exchange chromatography is widely used for protein purification. Explain the principle of

ion exchange chromatography.

Ion-exchange chromatography separates proteins based on their electrical properties (charge).
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Proteins carry an overall charge, and based on this property, basic (positively charged) proteins
bind to negatively charged matrices (cation exchangers), whereas acidic (negatively charged)
proteins bind to positively charged matrices (anion exchangers) via ionic interactions. After
binding the sample to a column packed with an ion-exchange resin, the salt concentration of the
eluent is gradually increased. This weakens the ionic interactions, causing proteins with weaker
binding affinities to elute first. In this way, proteins are separated according to differences in

their charge.

Name a typical secondary structure of proteins and describe its structural features, considering
the interactions that contribute to its stability.

o-Helix:

In an a-helix, hydrogen bonds form between the carbonyl group of the i-th amino acid residue
and the amino group of the (i+4)-th residue, resulting in a helical structure. The pitch of the helix
is 5.4 A, and there are 3.6 residues per turn.

Alternatively, B-sheet:

A B-sheet consists of extended peptide chains arranged in parallel or antiparallel orientations.
Hydrogen bonds form between the carbonyl and amino groups of adjacent strands, resulting in a
planar structure.

Write the structural formula for one of the two possible structures of a dipeptide composed of
leucine and phenylalanine. Note that there is no need to consider optical isomers of amino acids.

(Any one of the possible structures is acceptable.)
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II-c In the structural analysis of proteins, electromagnetic waves (such as X-rays, infrared, and

microwaves) or particle beams (such as electron beams and neutron beams) are often
employed. Provide one example of a structural analysis method using electromagnetic
waves and one using particle beams, and compare their advantages and disadvantages.
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(Note: The following are examples; answers may vary depending on the selected methods.)

Electromagnetic waves: Nuclear Magnetic Resonance (NMR)
Advantage:

Provides information on the dynamic structure of proteins in solution.
Disadvantage:

Analysis of large proteins is difficult due to peak broadening and spectral overlap.

Particle beams: Cryo-electron microscopy (cryo-EM)

Advantage:
Enables determination of the structures of large protein complexes.

Disadvantage:
Samples must be frozen to prevent radiation damage, and information on molecular
dynamics over time cannot be obtained. It is also difficult to determine structures of small

proteins.

Electromagnetic waves: X-ray crystallography

Advantage:
Allows determination of atomic coordinates of proteins.

Disadvantage:
Requires crystallization of the sample, making it difficult to study protein dynamics in
solution. It is also difficult to selectively obtain structural information for specific

components within molecular complexes.

Particle beams: Small-angle neutron scattering (SANS)
Advantage:
Allows structural analysis without crystallization. When combined with deuterium labeling,
it enables selective observation of specific components within protein complexes.
Disadvantage:
Provides only low-resolution information about overall molecular shape and cannot
determine atomic coordinates.

(The end)
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