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Microscopic examination

Aim: The aim of microscopic examination is to observe and analyze the structure and
characteristics of microscopic objects or samples. This can include cells, microorganisms,
tissue samples, or any other small-scale structures.

Principle: Microscopic examination relies on the principles of optics and magnification.
Light microscopes use visible light and lenses to magnify samples, while electron
microscopes use electrons to achieve much higher magnifications and resolutions.

Materials and Methodology:
e Microscope: Light microscope or electron microscope depending on the experiment's

requirements.
e Sample: Prepared slides or specimens, possibly stained or treated to enhance contrast

and visibility.
e Tools: Coverslips, slides, stains (if applicable), pipettes, and other laboratory
equipment.
Procedure:

1. Preparation of Samples:
o Samples are prepared by fixing, staining (if necessary), and mounting onto
microscope slides.
o This step ensures the sample is preserved and visible under the microscope.
2. Microscopic Examination:
o Place the prepared slide on the microscope stage.
o Adjust the focus and magnification to observe different aspects of the sample.
o Record observations, noting details such as cell structure, morphology,
presence of organelles, or any abnormalities.
3. Analysis and Documentation:
o Document findings either through written notes, sketches, or digital images
captured through the microscope's camera.
o Compare observations with expected outcomes or previous studies if
applicable.

Expected Results:

e Results can vary depending on the specific sample and experiment.

e Typical results might include observations of cell structures (e.g., nucleus,
cytoplasm), identification of microorganisms, or analysis of tissue morphology.

e Findings may support hypotheses regarding the sample's characteristics or contribute
to broader scientific understanding in fields such as biology, medicine, or materials
science
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Spectroscopic determination of nucleic acids and proteins
Aim:

To quantitatively determine the concentration of nucleic acids and proteins using
spectroscopic methods.

Principle:

Spectroscopic methods, such as UV-Visible spectroscopy, rely on the absorption of light by
biomolecules. Nucleic acids and proteins absorb UV light at specific wavelengths due to the
presence of aromatic amino acids (for proteins) or nucleotide bases (for nucleic acids). The
absorbance at these wavelengths is directly proportional to the concentration of the
biomolecule in solution.

Materials and Methodology:

e Materials:

o Samples containing known concentrations of nucleic acids (e.g., DNA or
RNA) and proteins.

o Spectrophotometer capable of UV-Visible absorption measurements.

o Quartz cuvettes or microplates for holding the samples.

o Buffer solutions appropriate for the biomolecules being analyzed.

e Methodology:

1. Preparation of Samples: Dilute the nucleic acid and protein samples to
appropriate concentrations using the respective buffer solutions.

2. Setting Up the Spectrophotometer: Calibrate the spectrophotometer with the
blank (buffer solution without any biomolecule) and set the wavelength to the
appropriate range for nucleic acids (typically 260 nm for DNA/RNA) and
proteins (typically 280 nm for proteins containing aromatic amino acids like
tryptophan and tyrosine).

3. Measurement:

= Measure the absorbance of each sample at the specified wavelength.
= Record the absorbance readings.

4. Calculations:

= Use the Beer-Lambert law to calculate the concentration of the
biomolecules: A=¢-c-1A =\epsilon \cdot ¢ \cdot 1A=¢-c-| Where AAA
is absorbance, €\epsilone is the molar absorptivity (extinction
coefficient), ccc is the concentration of the biomolecule, and Il is the
path length of the cuvette (typically 1 cm).
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Procedure:

1. Prepare Calibration Standards:
o Prepare a series of standard solutions with known concentrations of nucleic

acids and proteins.
o Measure the absorbance of each standard solution at the respective
wavelength.

2. Measure Samples:
o Measure the absorbance of the unknown samples using the same procedure as

for the standards.

3. Calculate Concentrations:
o Use the absorbance values of the standards to create a calibration curve.

o Use this curve to determine the concentrations of nucleic acids and proteins in
the unknown samples.

Example Results:

e For nucleic acids, you might obtain a calibration curve showing absorbance values
versus known concentrations (in micrograms per milliliter, pg/mL).

o For proteins, a similar calibration curve could show absorbance versus protein
concentrations (in milligrams per milliliter, mg/mL).
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Separation of Biomolecules by Paper chromatography and Thin Layer
Chromatography

Paper Chromatography

Aim: To separate and identify the components of a mixture of biomolecules using paper
chromatography.

Principle: Paper chromatography separates substances based on their differential affinity for
a stationary phase (the paper) and a mobile phase (the solvent). Different components of the
mixture will move at different rates due to their varying solubility and interaction with the
paper and solvent.

Materials and Methodology:

e Materials:
o Chromatography paper strips
o Sample of biomolecule mixture
o Solvent system (e.g., ethanol and water)
o Developing chamber
o Pencil for marking
o Ruler
e Methodology:
1. Prepare the chromatography paper by marking a baseline near one end of the
strip.
2. Apply a small spot of the biomolecule mixture to the baseline.
3. Place the paper strip in a developing chamber containing the solvent system.
4. Allow the solvent to move up the paper strip by capillary action until it nears
the top.
5. Remove the strip from the chamber, mark the solvent front, and allow it to
dry.

6. Calculate Rf values (distance moved by substance / distance moved by
solvent) for each separated component.
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Thin Layer Chromatography (TLC)

Aim: To separate and identify the components of a mixture of biomolecules using thin layer
chromatography.

Principle: Thin layer chromatography is similar to paper chromatography but uses a thin
layer of adsorbent material (like silica gel or alumina) on a glass or plastic plate as the
stationary phase. The separation is based on differential partitioning between the mobile
phase (solvent) and the stationary phase.

Materials and Methodology:

e Materials:

TLC plates coated with adsorbent (e.g., silica gel)

Sample of biomolecule mixture

Solvent system (e.g., chloroform and methanol)

Developing chamber

UV lamp (optional for visualization)

hodology:

Prepare the TLC plate by marking a baseline near one end.

Apply a small spot of the biomolecule mixture to the baseline.

Place the TLC plate in a developing chamber containing the solvent system
(ensure the solvent level is below the spot).

Allow the solvent to ascend the plate until it nears the top.

Remove the plate from the chamber, mark the solvent front, and allow it to
dry.

Visualize the separated components under UV light if applicable.

7. Calculate Rf values for each separated component.
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Procedure and Given Result for Experiment
Procedure:

e For both paper chromatography and TLC, the procedure involves preparing the
chromatographic medium (paper or TLC plate), applying the sample, developing the
chromatogram with a suitable solvent system, and finally analyzing the separated
components.

Given Result:

e After development, the chromatogram (paper or TLC plate) will show separated spots
or bands. These spots correspond to different components of the biomolecule mixture.
Rf values are calculated to quantify the extent of movement of each component
relative to the solvent front
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Subcellular Fractionation by Differential Centrifugation

Aim: To isolate and characterize different organelles or subcellular components from a
homogenized cell suspension using the method of differential centrifugation.

Principle: Differential centrifugation exploits the varying densities and sizes of cellular
components to separate them based on their sedimentation rates. By subjecting a cell
homogenate to successive rounds of centrifugation at increasing speeds, different organelles
can be pelleted out at different stages, based on their size and density.

Materials and Methodology:

¢ Materials:

Cell culture (e.g., HeLa cells)

@)

o Isotonic buffer (e.g., sucrose or phosphate-buffered saline)

o Homogenizer (e.g., Dounce homogenizer or sonicator)

o Centrifuge tubes

o Centrifuge with various rotor speeds

o Gradient maker (optional, for density gradient centrifugation)

e Methodology:

1. Preparation: Harvest the cells and prepare a cell pellet by centrifugation.
Resuspend the pellet in an isotonic buffer to prevent osmotic shock.

2. Homogenization: Homogenize the cells using a homogenizer to break open
the cells and release organelles into the buffer. This step can be optimized
based on the specific cell type and desired organelle isolation.

3. Centrifugation: Centrifuge the homogenate at a low speed (e.g., 1,000 x g for
10 minutes) to pellet the largest cellular components such as nuclei and
unbroken cells. The supernatant (S1) contains smaller organelles such as
mitochondria and lysosomes.

4. Fractionation: Transfer the supernatant (S1) to a new tube and centrifuge at a
higher speed (e.g., 10,000 x g for 20 minutes). This step pellets mitochondria,
while the supernatant (S2) now contains lighter organelles like microsomes
(endoplasmic reticulum and Golgi).

5. Further Steps: Depending on the specific experiment, further centrifugation
steps can be performed at higher speeds to isolate specific organelles or
perform density gradient centrifugation for more refined separations.

Procedure:
1. Harvest cells and prepare a cell pellet.
2. Resuspend the pellet in an isotonic buffer and homogenize the cells.
3. Centrifuge the homogenate at low speed to pellet large debris.
4. Transfer supernatant to a new tube and centrifuge at higher speed to pellet

mitochondria.
5. Repeat centrifugation at increasing speeds as needed for further fractionation.
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Example Result: After differential centrifugation:

e Pellet 1 (P1): Contains nuclei and unbroken cells.

e Supernatant 1 (S1): Contains mitochondria and lysosomes.

e Pellet 2 (P2): Contains microsomes (ER and Golgi).

e Supernatant 2 (S2): Contains soluble proteins and smaller organelles
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Polyacrylamide gel electrophoresis of proteins
Aim:

To separate and analyze proteins based on their molecular weight using polyacrylamide gel
electrophoresis (PAGE).

Principle:

Polyacrylamide gel electrophoresis is a technique used to separate proteins based on their size
(molecular weight) and charge. Proteins are loaded into a gel matrix made of polyacrylamide,
which acts as a molecular sieve. When an electric field is applied, proteins migrate through
the gel at rates inversely proportional to their size. Smaller proteins move faster through the
gel, while larger proteins move slower. This separation allows researchers to analyze the
composition and relative abundance of proteins in a sample.

Materials and Methodology:
Materials:

o Polyacrylamide gel electrophoresis apparatus

e Acrylamide and bis-acrylamide

e Tris buffer

e SDS-PAGE sample buffer

e Protein samples

e Protein molecular weight markers

e SDS (sodium dodecyl sulfate)

e [(-mercaptoethanol or DTT (dithiothreitol)

o Coomassie Brilliant Blue or silver stain (for visualization)

Methodology:

1. Preparing the Gel:
o Prepare a separating gel and a stacking gel of appropriate concentrations of
acrylamide/bis-acrylamide in Tris buffer.
o Polymerize the gel by adding ammonium persulfate (APS) and TEMED to
initiate polymerization.
2. Preparing Protein Samples:
o Denature proteins by boiling in SDS-PAGE sample buffer with SDS and
reducing agent (-mercaptoethanol or DTT).
3. Loading the Gel:
o Load protein samples and molecular weight markers into the wells of the
stacking gel.
4. Electrophoresis:
o Run the gel at a constant voltage until the tracking dye reaches the bottom of
the gel.
5. Staining and Visualization:
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o Stain the gel with Coomassie Brilliant Blue or silver stain to visualize
separated proteins.

Procedure:

1. Gel Preparation:
o Prepare a 10% resolving gel and a 5% stacking gel.
o Polymerize the gels using appropriate amounts of acrylamide, bis-acrylamide,
and catalysts.
2. Sample Preparation:
o Mix protein samples with SDS-PAGE sample buffer and reducing agent.
o Heat the samples to denature proteins.
3. Loading and Running the Gel:
o Load samples and molecular weight markers into the gel wells.
o Run the gel at 150V until the dye front reaches the bottom of the gel.
4. Staining and Visualization:
o Stain the gel with Coomassie Brilliant Blue for 1 hour.
o Destain the gel until protein bands are clearly visible.

Given Result for Experiment:

Upon completion of electrophoresis and staining, visualize the polyacrylamide gel under
appropriate lighting conditions. The gel should show distinct bands corresponding to different
proteins separated based on their molecular weight. The molecular weight markers serve as
reference points to estimate the molecular weight of unknown proteins in the sample
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Qualitative determination of nucleic acids by agarose gel electrophoresis
Aim:

To determine the presence and approximate size of nucleic acids (DNA or RNA) in a sample
using agarose gel electrophoresis.

Principle:
Agarose gel electrophoresis separates nucleic acids based on their size and charge. Smaller
nucleic acids move faster through the gel matrix than larger ones, allowing for separation and

visualization.

Materials and Methodology:

Materials:
e Agarose powder
e TAE (Tris-Acetate-EDTA) buffer
o DNA ladder (standard markers)
e Sample containing nucleic acids

Gel electrophoresis apparatus (electrophoresis chamber, power supply)
o Loading dye (e.g., bromophenol blue)

Methodology:

1. Preparing the agarose gel:
o Prepare a suitable concentration of agarose gel (typically 0.7% to 2% agarose).
o Dissolve agarose in TAE buffer by heating and then cooling to pour into a gel
mold.
o Add ethidium bromide (optional) to visualize nucleic acids under UV light.
2. Loading the gel:
o Mix the sample containing nucleic acids with loading dye.

o Load the samples into wells of the agarose gel along with DNA ladder in one
well.

3. Electrophoresis:
o Submerge the gel in TAE buffer in the electrophoresis chamber.
o Apply a current (typically 80-120V) for a specific time period (e.g., 30-60
minutes).

Procedure:

1. Preparation:
o Prepare the agarose gel as per standard protocol.
o Prepare the samples by mixing with loading dye.
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2.Loading:

o Load the prepared samples and DNA ladder into the wells of the gel using a
micropipette.

3.Electrophoresis:

o Connect the electrodes to the power supply ensuring correct polarity.
Run the electrophoresis until the dye front reaches the desired distance
(indicating sufficient separation).

4.Visualization:
o After electrophoresis, remove the gel carefully from the apparatus.

o Visualize the separated nucleic acids using UV transillumination (if using
ethidium bromide) or other suitable staining methods.

Expected Result:

o Bands of nucleic acids (DNA or RNA) will be visible on the gel.
e The DNA ladder serves as a reference for estimating the size of the nucleic acids in

the sample.
e The position of the bands indicates the relative size of the nucleic acids present in the
sample.
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Preparation of buffers and pH determination by pH meter

Aim: The aim of this experiment is to prepare buffer solutions of specific pH values and to
determine the pH using a pH meter.

Principle: Buffers are solutions that resist changes in pH when small amounts of acid or base
are added. They are typically composed of a weak acid and its conjugate base (or a weak base
and its conjugate acid). The pH of a buffer solution can be calculated using the Henderson-
Hasselbalch equation:

1H[[\text{HA}]} \right)pH=pKa-+log([HA][A-])

where pKa\text{p}K_apKa is the negative logarithm of the acid dissociation constant of the
weak acid (HA), [A—\text{A}"-A—] is the concentration of the conjugate base, and
[HA\text{HA}HA] is the concentration of the weak acid.

Materials and Methodology:
Materials:

pH meter

Analytical balance

Distilled water

Weighing boats

Beakers

Stirring rods

Solid NaH2PO4

Solid Na2HPO4

HCI (for adjusting pH if necessary)

COoNoOr~WNE

Methodology:

1. Preparation of Buffer Solutions:
o Buffer Solution A (pH 7.0):
= Weigh out appropriate amounts of NaH2PO4 and Na2HPO4 according
to the Henderson-Hasselbalch equation for pH 7.0. Dissolve these
solids in distilled water in a beaker. Stir until completely dissolved.
o Buffer Solution B (pH 4.0):
= Similarly, weigh out appropriate amounts of NaH2PO4 and Na2HPO4
for pH 4.0 buffer solution. Dissolve in distilled water and stir well.
o Adjust the pH of each solution using small amounts of HCI or NaOH as
needed, and confirm the pH with a pH meter.
2. pH Determination:
o Calibrate the pH meter according to manufacturer instructions using pH 4.0
and pH 7.0 standard buffer solutions.
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o Rinse the electrode with distilled water between measurements to prevent
contamination.
o Measure the pH of each prepared buffer solution and record the readings.

Procedure:

1. Weigh out the appropriate amounts of NaH2PO4 and Na2HPO4 for each buffer
solution.

Dissolve each set of solids in separate beakers containing distilled water.

Stir until the solids are completely dissolved.

Adjust the pH of each solution using small amounts of HCI or NaOH as necessary.
Confirm the pH using a calibrated pH meter.

Record the final pH values of each buffer solution.

ok wd

Expected Results:

o Buffer Solution A (pH 7.0): Expected pH = 7.0 (x0.1)
« Buffer Solution B (pH 4.0): Expected pH = 4.0 (£0.1)

These results demonstrate the effectiveness of buffer solutions in maintaining relatively
stable pH levels and showcase the accuracy of pH measurement using a pH meter.

This experiment not only illustrates the preparation of buffer solutions but also emphasizes
the importance of accurate pH measurement techniques using modern instrumentation like a
pH meter.
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