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CONCEPT: LIGHT MICROSCOPE

o A light microscope uses light waves and magnification to view specimens

o Can be used to visualize transparent , and some cellular components

- Can visualize 10-20um in diameter
- Limit of resolution is the distance that you can tell two objects apart —is 0.2um
- Resolving power is the ability to see fine details of a structure (smaller resolution = greater resolving)

o Light microscopes can be to increase visualization of components

- Bright field microscopy is when light passes directly through a specimen, but it needs to be fixed
- Phase contrast microscopy improves the contrast of live cells
- Differential inference microscopy can be used to visualize live cells
- Fluorescence microscopy uses fluorescence to detect specific proteins or organelles
- FRAP studies movement of fluorescently labeled proteins
- FRET visualizes two interacting proteins within a cell

EXAMPLE:
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PRACTICE:
1. Which of the following terms describes the smallest distance that you can tell two objects apart?
a. Resolving power
b. Limit of resolution
c. Convex power
d. Phase limit

2. Which type of fluorescence microscopy can visualize two interacting proteins in a cell?
a. FRAP
b. FRET
c. FREP
d. FRAT
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CONCEPT: ELECTRON MICROSCOPY

e Electron microscopy uses electrons to cells

o Improved limit of resolution, up to 0.002nm (100,000x greater than light microscope)

o To perform electron microscopy, the samples have the be properly

- Specimens need to be preserved using special chemicals
- Specimens need to be sliced extremely thin (1/200 thickness of a cell)
o There are many ways to process samples
- One way to process the sample is to use immunogold staining
- Immunogold staining labels specimens with electron dense gold (via antibodies)

- Metal shadowing is used by coating specimen with metal at one angle, creating electron dense shadows

o There are two main of electron microscopy
- Transmission electron microscopy which shoots electrons through the samples
- Scanning electron microscopy which scans electrons over the specimen’s surface.

EXAMPLE: Electron microscopy image of mitochondria
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PRACTICE:
1. True or False: Light microscopy has an improved limit of resolution compared to electron microscopy.
a. True
b. False

2. Which of the following types of microscopy works by shooting electrons through the specimen?
a. Light microscopy
b. Transmission electron microscopy
c. Scanning electron microscopy
d. FRAP floruences microscopy
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CONCEPT: RADIOISOTOPES

e Radioactive isotopes are atoms where the nucleus is unstable, and can emit

o There are three types of radiation that can be released
- Emission of alpha particles results in loss of two protons and two neutrons
- Emission of beta particles results in the loss of an electron
- Emission of gamma particles results in the loss of photons, changing the energy state of nucleus
- Autoradiography is a technique that detects isotopes in biological materials (cell, gel, filter)

o Radioactive isotopes can be attached onto

- Determine quantity of molecules in a cell
- Determine location of molecules in a cell
- Follow the movement of a molecule in a cell over time or in response to an environmental stimulus

EXAMPLE: Radioisotope labeled molecules visualized on a gel
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PRACTICE:
1. Which of the following types of radiation results in the loss of an electron?
a. Emission of alpha particles
b. Emission of beta particles
c. Emission of gamma particles

2. Which of the following characteristics can a radioisotope NOT determine?
a. The quantity of molecules in a cell
b. The location of molecules in the cell
c. The size of a single molecule in the cell
d. The movement of a molecule in the cell
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CONCEPT: CELL CULTURE

e Cells can be cultured in a setting (Began in 1907)

o Primary cultures are derived directly from tissues
- Take tissue, disrupt the ECM, and dissect cells from thin tissue slices
- Unfortunately, they don'’t live very long and are difficult to keep alive
o Secondary cultures are cells that are derived from other cultured cells
- Cell lines are cells that have undergone genetic modifications to allow them to grow indefinitely
- Eventually each culture will die after 25-40 divisions - but you can freeze them at early cycles

o Cells need a lot of when grown in a laboratory

- Need certain nutrients from media solutions

- Need to be grown in flat dishes, or in a 3D environment with fake ECM

- Need to be maintained at certain temperatures with certain gas exchanges
o Cell culture provides certain benefits to scientists

- Provides homogenous population of cells to work with

- More convenient to work in a lab

o Research done using is called:

- In vitro by most everyone because it doesn’t happen in living organisms

- In vivo by biochemists, because it does happen in living cells

EXAMPLE:
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PRACTICE:
1. Which cell types are derived from primary tissue?
a. Primary cell cultures
b. Secondary cell cultures
c. Tertiary cell cultures
d. Celllines

2. Invitro can describe experiments happening in all but which of the following?
a. Inatube
b. Incells
c. Inliving organisms
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CONCEPT: ISOLATION AND PURFICATION OF PROTEINS

e There are a variety of techniques that scientists use to obtain for research.

0 Protein purification allows for isolation of a single protein
- Protein is grown in bacterial cultures and isolated
- Fractionalization separates different proteins into individual fractions based on properties (size, charge)
- Proteins can be tagged to give them a certain property that makes them easier to purify

o Chromatography allows for separation of proteins via certain properties
- Column chromatography separates mixture of proteins by running them through a porus mixture (Size)
- Affinity chromatography sorts proteins based on interactions with other proteins
- Gel filtration chromatography separates proteins based on size

0 Gel electrophoresis is used to separate proteins based on a charge to mass ratio

o Once a purified protein is obtained, the proteins can be in isolation

EXAMPLE: Column Chromatography

Ll
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PRACTICE:

1. Which of the following methods allow for the isolation of a single protein?
a. Protein purification
b. Affinity chromatography
c. Gel Electrophoresis
d. Column chromatography

2. Which of the following methods separates proteins by a charge to mass ratio?
a. Protein purification
b. Affinity chromatography
c. Gel Electrophoresis
d. Column chromatography
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CONCEPT: STUDYING PROTEINS

e Scientists use a variety of to study protein structure and function

0 SDS Polyacrylamide gel-electrophoresis (SDS-PAGE) is used to detect proteins
- Protein solutions are run through a polyacrylamide matrix (contains adjustable pores for migration)
- Proteins unfold when attached to negatively charged SDS, and therefore migrate in response to + charge
- The gel is then transferred onto nitrocellulose paper via a second electric field
- The membrane is then immunoblotted with antibodies to identify if proteins are present
o 2D Gel electrophoresis can separate up to 2000 proteins on one membrane
- Proteins are separated by intrinsic charges and pH

EXAMPLE: SDS PAGE

25

0 Mass spectroscopy is used to identify unknown proteins

- Samples peptides via a mass to charge ratio

- Provides sequences of proteins from unknown protein solutions
0 Nuclear magnetic resonance spectroscopy (NMR) is used to analyze structures of proteins in solution

0 Yeast-two hybrid system is able to examine if two proteins interact inside a living organisms
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- Two proteins of interest (called “bait” or “prey”) are fused to transcription factors

- If bait and prey proteins interact, then the transcription factors interact
- The interaction is created so that when the bait and prey interact it activates transcription of a gene

EXAMPLE: Yeast two hybrid system

Bait Prey
Transcription
> | —
Promoter Reporter Gene
PRACTICE:
1. Which method would be best to use if you wanted to identify unknown proteins?

a. SDS-PAGE
b. Mass Spec
c. NMR

d. Yeast two-hybrid test
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2. Which method would be best to use if you wanted to analyze the structure of a protein?
a. SDS-PAGE
b. Mass Spec
c. NMR
d. Yeast two-hybrid test
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CONCEPT: NUCLEIC ACID HYBRIDIZATION

o Hybridization takes advantage of the fact that complementary nucleic acid strands will form
o Southern blotting detects specific genes in cellular DNA

- DNA from a cell is separated by gel electrophoresis

- The DNA is transferred to a filter paper

- A DNA probe complementary to a sequence of interest is incubated with the filter

- The probe is fixed with a fluorescent or radioactive molecule for detection

0 Northern blotting detects specific RNA sequences

EXAMPLE: Southern Blotting
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