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Lecture 11 - Instrumentation

Raphael Bar-Or

Instrumentation

You have now gotten a small glimpse 
into the complexity of biology
How were all of these data collected?
New trend in biology – “High 
Throughput” technology
We are in the midst of a revolution!
Explosion in data

Outline

Getting “pure” samples
Characterization of phenotypes
Characterization of molecules
Understanding molecular function
Molecular localization
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Science of Biology

Controlled studies
Qualitative / quantitative measurements

Issues of limits of detection / dynamic range
Calibration
Sensitivity / specificity

Laboratory techniques
In-vitro
Ex-vivo
In-vivo
In-silico

Getting “Pure” Samples

Why study pure samples?
Reproducible
Remove interferences
Simpler / smaller experiments

Analogy extends to whole organisms 
when we get pure strains by 
inbreeding
Usually this is a problem of separation

Separations
Separating cells and organelles

Centrifuges
Can achieve up to 40,000 g’s !
Separate mixtures based on density
Cells will form a “pellet”



3

Flow Cytometry

Used to separate 
cells based on both 
physical and receptor 
characteristics
Can be used as a 
preparative or 
analytic technique

~ 50-300 µM

Flow Cytometry

As a preparative method a tiny 
mechanical switch is added after laser 
detection to divert cells
As an analytic technique it is used to 
count cells of various types

Fluorescent stain for various proteins

Molecular separation

Chromatography – Separation of  
compounds by their chemical 
properties including

Molecular size (size exclusion)
Polarity (reverse phase)
Ionic tendencies (ion-exchange)
Specific interactions (affinity)
Chirality! (difficult)
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Chromatography

Most modern chromatography is done with 
High Performance Liquid Chromatography 
(HPLC)
Uses the differential attraction of an analyte
to a immobilized material in a column.
Columns are usually packed with some 
matrix with huge surface area and many 
functional groups bonded to the surface.

Chromatography

When flowed through 
the column, 
compounds with 
differential affinity to 
the packing will leave 
the column at different 
times
We can detect the 
compounds as they 
come out 

Electrophoresis

Separate compounds by 
their:

Their charge or something 
called the isolectric point 
Their size

2D gels use both
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Blotting 

http://www.accessexcellence.org/AB/GG/southBlotg.html

Idea is to move the molecules to 
a membrane where they are 
accessible
Southern Blot – DNA 
Western Blot – Proteins
Northern Blot – RNA

Phenotype Characterization
Morphological approach
On the cellular level visualization is accomplished via 
light microscopes.
But light microscopes can only see things down to 
~300 to 400 nm
We can extend the resolution by using electron 
microscopes which can see things down to ~2 nm
Confocal microscopes make high resolution 
fluorescence images
Some microscope can see even smaller, at the atomic 
level, e.g.. scanning tunneling microscopes (STM)

Staining

Most cells or tissues are transparent under 
microscopy, so we need to color them somehow to 
see them.  Most staining kills the cells
H&E staining (haematoxylin & eosin) -
haematoxylin is a dye that stains nuclei blue while 
eosin stains cytoplasm pink
Immune – tagged antibodies that attach to a 
specific protein in the cell
Fluorescence staining – a type of tag that 
fluoresces under specific wavelengths of light
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Sample Images

Microscope limits
Is this enough?  How big are proteins?

http://www.biology.arizona.edu/cell_bio/tutorials/cells/cells2.html

We can’t “see” the differences between 
molecules
We need other ways of sensing phenotype 
at the molecular level

Molecular Phenotype

What meaning does phenotype have 
at the molecular level?
Substrate fluxes – flow of metabolites
Gene expression (part of “genomics”)

Measure mRNA!
Proteins (proteomics)
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PCR – Polymerase Chain Reaction

Before we can measure 
levels of mRNA, we 
need to “amplify” the 
amount since normal 
levels are outside of our 
levels of detection
Invented quite recently 
(1985) by Kary Banks 
Mullis 

Genotyping

RFLP (restriction fragment length 
polymorphism) – uses restriction enzymes 
which cleave DNA at very specific sites to 
create a fragment “fingerprint” (think OJ 
Simpson trial)
If an enzyme cleaves on or near a disease 
gene, then the fragments can be diagnostic 
STS sequence tag sites
Micro satellites 
***more

Gene Expression Arrays

One of the new “high 
throughput techniques”
We can simultaneously 
measure the expression 
levels of 15,000 genes!
Done on a chip that 
measures mRNA
Biggest player is a 
company called Affymetrix
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Protein Arrays

Technology not as developed and still 
not reliable 
Similar idea to gene arrays
Antibody arrays
Aptamers
2D gels + Mass Spectroscopy (coming 
soon!)

Molecular Characterization

Typically the molecules of interest are 
proteins and nucleic acids
We want to determine:

Primary structure (easy)
Secondary structure / Tertiary structure / 
Quaternary structure (hard)
Post translational modifications

Primary Structure - Sequencing

For nucleic acids, the primary structure 
is the most important
The Human Genome Project is a 
sequencing effort.
Done on large robotic sequencing 
machines that are mostly based on 
electrophoresis and fluorescent 
tagging
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Gene Sequencing

Protein sequencing

De-novo sequencing can be laborious 
for large proteins.
Cleave one amino acid at a time 
(usually at the N-terminus) and 
analyze the cleavage products
Many proteins are known and the 
problem becomes one of identification 
rather than sequencing

Protein Identification

Often done with Mass Spectrometry where a 
“fingerprint” of a protein is compared to a 
database
Immunoassays or antibody assays are 
specific chemical tests relying on the very 
specific binding of antibodies
Antibodies are proteins that are produced in 
response to foreign substances, they are 
defense compounds
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Mass Spectroscopy

Identifies compounds by their molecular weights
Idea is to ionize (charge) molecules and to subject 
them to strong magnetic fields
Ions will accelerate in magnetic fields but their 
velocity will be in proportion to their mass/charge 
ratios (m/z)
We can use these differences in velocity to 
separate and detect the ions quite accurately
The result is a spectrum of mass/charge ratios 
present in the sample
By breaking proteins with enzymes that are specific 
to particular amino acid sequences we get a set of 
fragment masses that we analyze (similar to RFLP)

Protein Structure - NMR

Nuclear Magnetic Resonance (NMR)
Looks at interaction between 
“neighbors” in a molecule
Simplest is proton NMR or 1H NMR
Interpretation of results is very 
complicated and often computer 
intensive.
Large molecules can be problematic

NMR

Instrument consists of a large strong 
magnet, and a radio frequency (RF) 
transmitter
Uses RF to invert the spin moment of 
protons in the presence of strong 
magnetic fields
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X-Ray Crystallography

Looks at the interaction of x-rays and carbon bonds
Relies on the ability of crystallized molecules to 
diffract x-rays in specific patterns.
In contrast to NMR, no size limitation exists for the 
molecule or complex to be studied
Can be difficult or impossible to grow crystals
Molecular conformation in a crystal may not be the 
same as that of a solvated, free molecule
Interpretation is difficult

X-Ray Crystallography

http://www-structure.llnl.gov/Xray/101index.html

Light Spectroscopy

Visible / UV – based on the principle that electronic 
transitions in molecules occur in the visible and 
ultraviolet regions of the electromagnetic spectrum 
Infra-Red (IR) – based on the principles that 
molecular vibrations occur in the infrared region of 
the electromagnetic spectrum and functional groups 
have characteristic absorption frequencies 
Fluorescence – some molecules will emit 
electromagnetic energy when relaxing from an 
excited state 
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Post Translational Modifications

A number of techniques to detect post 
translational modifications

Mass Spectroscopy
Immunochemistry (antibodies)
Gel electrophoresis / blotting

Molecular Function

Reaction constants 
Binding affinities of enzymes to their substrates
Experimental conditions – reactions can be controlled by 
things like pH, temperature, localization.  We can vary 
these parameters in a controlled fashion to discover 
function
Often done with light spectrometry.

Knockout - an organism that has been genetically 
engineered to remove a particular gene, they can 
often be good models of disease
Knockin – an organism that has engineered to add 
a particular gene sometimes to a molecular tag 
protein such as GFP
Gene selective expression

Localization

Molecular tagging
Radio-active tagging
Fluorescent tagging

Atom tracing


