CISC 636 Computational Biology &
Bioinformatics
(Fall 2016)

DNA Microarray, 2d gel, MSMS, yeast
2-hybrid.
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Gene expression

How many copies of a gene (its product) is
oresent in the cell?
—0r experimental reasons, gene expressions are

measured by numbers of mMRNAS, not directly
by proteins. (See Proteomics)

— Various cell types are due to different genes

expressed.

— The difference between diseased (e.g.,

cancerous) and non-diseased

Diseased cells are often resulted from the

abnormal levels of expression of key genes.
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* Microarray

— Oligonucleotide (Affymetrix) array
 Oligo (~ 25 bases long)
« High density (1cm? contain 100k oligos)

— cDNA array
« ¢cDNA (RT-PCR), much longer (> 1000 bases)

 Varied density of cDNA on each spot, hybridization depends
on length

* Less possibility for false positives
— Image processing
— Background subtraction
— Normalization
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Applications
* Inferring transcription regulatory
networks

 Understanding correlation between
genotype and phenotype

» predicting genotype <=> phenotype

* Phenotypes:
— drug/therapy response
— drug-drug interactions for expression
— drug mechanism
— Interacting pathways of metabolism
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Transcriptome by RNA-seq

RNA-Seq reads
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What is proteomics?

» Like genomics is the study of all genes in a genome,
proteomics is the study of all proteins of a cell at a given
time.

» Three aspects
— Biological process (why is this being done? e.g. movement of cell)
— Molecular function (what kind of molecule is this? e.g., ATPase)
— Cellular component (where is this located? e.g., ribosome)

Why is it difficult?
« Moving target
— Cell-to-cell variations
— Cell behavior changes with time

 Lack of high throughput technology

— Protein chips? Protein sequences do not have hybridization that
DNA sequences have.
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Figure 1 Analytical versus functional protein microarrays. a, Analytical protein
microarray. Different types of ligands, including antibodies, antigens, DNA or RNA
aptamers, carbohydrates or small molecules, with high affinity and specificity, are
spotted down onto a derivatized surface. These chips can be used for monitoring
protein expression level, protein profiling and clinical diagnostics. Similar to the
procedure in DNA microarray experiments, protein samples from two biological states
to be compared are separately labelled with red or green fluorescent dyes, mixed,
and incubated with the chips. Spots in red or green colour identify an excess of
proteins from one state over the other, b, Functional protein microarray. Native
proteins or peptides are individually purified or synthesized using high-throughput
approaches and arrayed onto a suitable surface to form the functional protein
microarrays. These chips are used to analyse protein activities, binding properties
and post-translational modifications. With the proper detection method, functional
protein microarrays can be used to identify the substrates of enzymes of interest.

- CISC636, F16, Lec19, Liao 10



2D gel electrophoresis

— Isoelectric points (first dimension)
— Molecular weights (second dimension)

Both pl and MW are functions of amino acid
sequence of a protein.

Some proteins do not resolve well by 2D gels.
Issues:

» Detection of spots (image processing)
 Quantification of each spot

» |dentification of each spot (Mass Spectrometry)
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Two-dimensional (2D) gel electrophoresis. Each column (a-c) with a

gradation of gray shading represents the isoelectric focusing gel with a pH gradient. a) A mixture
of proteins (blue drop) is applied to the isoelectric focusing gel and b) exposed to an electrical
current. ¢) Proteins migrate to their isoelectric points (pl) and stop moving. d) This tubular gel

is placed on top of a slab polyacrylamide gel that contains SDS and is subjected to electro-
phoresis (SDS-PAGE). Proteins migrate into the slab gel according to their molecular weights.
Yeast cells were grown in rich media and subjected to 2D gel analysis. Using duplicate isoelec-
tric focusing gels, large e) and small f) proteins were analyzed on separate gels. The same
spots appear at the bottom of e) and the top of f). Molecular weights are resolved on the Y-axis
and pls on the X-axis. Panels e) and f) are from the Swiss 2D database at ExPASy.
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FIGURE 6.20 e Protein identification through peptide fragment formation and sepa-
ration. When a group of identical proteins is broken into its peptide pieces, more than one
pair of b and y peptides will be formed. a) One protein sequence and its calculated mass on
top, with the b peptides/masses (gray) and the y peptides/masses (blue) below. b) An experi-
mentally determined mass/charge spectrum from the peptide in a). Notice that some peaks
are higher than others, which means that some b/y peptide pieces were more abundant than
others. The spectrum is used to determine the peptide’s amino acid sequence and protein
identity.

CISC636, F16, Lec19, Liao 14



o o

Cell population 1 Cell population 2

/

Combine

Run 2 D gel

Excise protein spots,
digest peptides

Analyze by MS — - |dentify proteins

L e

LI g | rretens
| I I ----» Protein C
1 I I II 1

[ntensty

Mass/charge

FIGURE 6.24 < AQuantifying differences in proteomes.
Two cell pools are grown in the presence (blue = cell popula-
tion 2) or absence (gray = cell population 1) of heavy nitrogen
'>N. The proteins are extracted, pooled, and subjected to 2D gel
analysis; spots excised; and proteins identified and quantified by
MS/MS. The relative areas under the pairs of heavy and light
peptide peaks indicate relative abundance of each protein pair.
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FIGURE 6.25 e Quantifying relative levels of phospho-
rylation. Bar graphs A, B, C, and D indicate no difference for
proteins A-D in the two populations. Compared to population
1, unphosphorylated protein X was reduced in population 2.

Phosphorylated protein X (Xp) was increased in population 2.
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FIGURE 6.9 e Bar code analysis of biological processes. Distribution of functional
classes of essential (inner circle) and nonessential (outer circle) genes using criteria from the
Munich Information Center for Protein Sequences (MIPS).
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FIGURE 6.15 ¢ Proteomics circuit showing the interactions of RNA splicing pro-
teins. The proteins are indicated by large blue nodes and their interactions with lines. The
dots on the lines help you follow each line. Blue lines show interactions that were detected by
traditional Y2H array screens, black from multiple high-throughput screens, and gray from
literature and array screens. The black arrows point away from the protein used as bait in the
screens. Small gray nodes indicate other protein-protein interactions not highlighted here.
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FIGURE 6.17

Protein interactions grouped by cellular compartments. Numbers in

parentheses indicate the number of interactions in the circuit diagram among proteins of this
compartment/the total number of proteins in the same compartment. Lines connecting com-
partments indicate the number of protein interactions by the thickness of each line (numbers

of connections are near each line). For example, there are 7 interactions between the

48 membrane proteins and the 72 plasma membrane proteins in “Benno Figure 1.”
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Yeast two hybrid System 1

(Gal4 protemn: comprises DNA
binding and activating domains

Binding
domain

nteracts
with
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Yeast two hybrid System 2

* (Gal4 protein: the two domains of the protein do not
need to be transcribed in a single protein

* Just as long as they come to interact

Binding
domain
mteracts

with

Two other protein domains act
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Yeast two hybrid System (3)

*This 1s achieved using gene fusions:
*Plasmids carrying different constructs can be expressed in yeast.

Binding domain as a Activating domain as a
translational fusion translational fusion with
with the gene the gene encoding a third
encoding another protein 1n a second
protein in one lasmid
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