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Histone modifications
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• The amino-acid side-chain of the core 
histones are subjected to many covalent 
mutations (acetylation of lysines, methylation 
of lysines or phosphorylation of serines)


• Primarily on histone tails but also on 
nucleosome core


• Modifications are reversible with dedicated 
enzymes to add or remove them (e.g. HATs 
and HDACs)


• Result in change in chromatin organization


• Are referred to as the “histone code”
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di!erent times and places in the life of an organism, thereby determining where 
and when the chromatin-modifying enzymes will act. In this way, the DNA 
sequence ultimately determines how histones are modi"ed. But in at least some 
cases, the covalent modi"cations on nucleosomes can persist long after the tran-
scription regulator proteins that "rst induced them have disappeared, thereby 
providing the cell with a memory of its developmental history. Most remarkably, 
as in the related phenomenon of position e!ect variegation discussed above, this 
memory can be transmitted from one cell generation to the next.

Very di!erent patterns of covalent modi"cation are found on di!erent groups 
of nucleosomes, depending both on their exact position in the genome and on 
the history of the cell. #e modi"cations of the histones are carefully controlled, 
and they have important consequences. #e acetylation of lysines on the N-ter-
minal tails loosens chromatin structure, in part because adding an acetyl group 
to lysine removes its positive charge, thereby reducing the a$nity of the tails for 
adjacent nucleosomes. However, the most profound e!ects of the histone modi"-
cations lie in their ability to recruit speci"c other proteins to the modi"ed stretch 
of chromatin. Trimethylation of one speci"c lysine on the histone H3 tail, for 
instance, attracts the heterochromatin-speci"c protein HP1 and contributes to 
the establishment and spread of heterochromatin. More generally, the recruited 
proteins act with the modi"ed histones to determine how and when genes will be 
expressed, as well as other chromosome functions. In this way, the precise struc-
ture of each domain of chromatin governs the readout of the genetic information 
that it contains, and thereby the structure and function of the eukaryotic cell. 

CHROMATIN STRUCTURE AND FUNCTION
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Figure 4–34 The covalent modification of core histone tails. (A) The structure of the nucleosome highlighting the location of 
the first 30 amino acids in each of its eight N-terminal histone tails (green). These tails are unstructured and highly mobile, and 
thus will change their conformation depending on other bound proteins. (B) Well-documented modifications of the four histone 
core proteins are indicated. Although only a single symbol is used here for methylation (M), each lysine (K) or arginine (R) can be 
methylated in several different ways. Note also that some positions (e.g., lysine 9 of H3) can be modified either by methylation 
or by acetylation, but not both. Most of the modifications shown add a relatively small molecule onto the histone tails; the 
exception is ubiquitin, a 76-amino-acid protein also used for other cell processes (see Figure 3–69). Not shown are more than 
20 possible modifications located in the globular core of the histones. (A, PDB: 1KX5; B, adapted from H. Santos-Rosa and  
C. Caldas, Eur. J. Cancer 41:2381–2402, 2005. With permission from Elsevier.)
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• Modification enzymes bind to DNA sequences, 
so DNA determines how histones are modified


• Some modifications persist in time

Histone modifications
  197
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Example: Histone acetylation

4  PMCID: PMC3660019

Histone acyltransferaseHistone deacetylase

Lysine

Masks the positive charge

http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3660019/


The spread of heterochromatin (position effect)
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4–36), activating an attached writer enzyme and positioning it near an adjacent 
nucleosome. !rough many such read–write cycles, the reader protein can carry 
the writer enzyme along the DNA—spreading the mark in a hand-over-hand man-
ner along the chromosome (Figure 4–40). 

In reality, the process is more complicated than the scheme just described. 
Both readers and writers are part of a protein complex that is likely to contain 
multiple readers and writers, and to require multiple marks on the nucleosome to 
spread. Moreover, many of these reader–writer complexes also contain an ATP-de-
pendent chromatin remodeling protein (see Figure 4–26C), and the reader, writer, 
and remodeling proteins can work in concert to either decondense or condense 
long stretches of chromatin as the reader moves progressively along the nucleo-
some-packaged DNA.

A similar process is used to remove histone modi"cations from speci"c regions 
of the DNA; in this case, an “eraser enzyme,” such as a histone demethylase or his-
tone deacetylase, is recruited to the complex. As for the writer complex in Figure 
4–40, sequence-speci"c DNA-binding proteins (transcription regulators) direct 
where such modi"cations occur (discussed in Chapter 7).

Some idea of the complexity of the above processes can be derived from the 
results of genetic screens for genes that either enhance or suppress the spreading 
and stability of heterochromatin, as manifest in e#ects on position e#ect varie-
gation in Drosophila (see Figure 4–32). As pointed out previously, more than 100 
such genes are known, and most of them are likely to code for subunits in one or 
more reader–writer–remodeling protein complexes.

CHROMATIN STRUCTURE AND FUNCTION
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SPREADING WAVE OF CHROMATIN CONDENSATION

regulatory protein

reader protein

histone-modifying
enzyme (”writer protein”)
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COMPLEX BINDS

REPEATS

Figure 4–40 How the recruitment 
of a reader–writer complex can 
spread chromatin changes along a 
chromosome. The writer is an enzyme 
that creates a specific modification on one 
or more of the four nucleosomal histones. 
After its recruitment to a specific site on a 
chromosome by a transcription regulatory 
protein, the writer collaborates with a 
reader protein to spread its mark from 
nucleosome to nucleosome by means of 
the indicated reader–writer complex. For 
this mechanism to work, the reader must 
recognize the same histone modification 
mark that the writer produces; its binding 
to that mark can be shown to activate 
the writer. In this schematic example, a 
spreading wave of chromatin condensation 
is thereby induced. Not shown are the 
additional proteins involved, including an 
ATP-dependent chromatin remodeling 
complex required to reposition the modified 
nucleosomes. 

Position effect is the effect on the expression 
of a gene when its location in a chromosome 
is changed, often by translocation. 



In addition to histones, is DNA also modified?
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• DNA methylation on cytosine


• DNA methylation influences gene 
expression but not the chromatin 
organisation (hetero- and 
euchromatin)

DOI:10.1016/j.pbiomolbio.2015.02.009

http://dx.doi.org/10.1016/j.pbiomolbio.2015.02.009


Balanced vs. unbalanced translocation
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Reporter gene
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a reporter gene (often simply reporter) is a gene that researchers attach to a regulatory sequence of another gene of interest 
in bacteria, cell culture, animals or plants. Such genes are called reporters because the characteristics they confer on organisms 
expressing them are easily identified and measured, or because they are selectable markers. 

https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Regulatory_sequence
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Cell_culture
https://en.wikipedia.org/wiki/Selectable_markers


Homologous genes vs. homologous chromosomes
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Homologous genes are genetic sequences inherited from a common ancestor (=gene). They are similar in 
sequence and can perform similar functions

• Human cells (except gametes and highly-specialised cells like red-blood cells) have two copies of 
each chromosome (one from the father, one from the mother)


• The maternal and paternal chromosomes are called homologous chromosomes


• The sex chromosomes in males are non homologous


• Each human cell comprises 46 chromosomes: 22 pairs of autosomes and 2 sex chromosomes



Does the reverse transcriptase need a primer?
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Yes, reverse transcriptase (RT) requires primers to initiate DNA synthesis. Like other DNA polymerases, reverse 
transcriptase cannot start DNA synthesis de novo; it needs a pre-existing primer with a free 3'-OH group to extend.

Here are the key points:


1.Primer Types:

◦ The primer can be RNA or DNA.

◦ Commonly, in laboratory applications, researchers use short synthetic DNA primers (oligonucleotides) 

complementary to a specific RNA sequence.

◦ In retroviruses, the primer is typically a specific cellular tRNA molecule that hybridizes to the viral RNA genome.


2.Function of the Primer:

◦ The primer hybridizes to the complementary sequence on the RNA template.

◦ Reverse transcriptase extends the primer by adding deoxynucleotides complementary to the RNA template, 

synthesizing the first strand of DNA.


3.Applications in Molecular Biology:

◦ In techniques like reverse transcription-PCR (RT-PCR), oligo(dT) primers (binding to poly-A tails of mRNA), random 

hexamers, or sequence-specific primers are used to facilitate cDNA synthesis from RNA templates.
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Genomic and cDNA Libraries Have Different Advantages and 
Drawbacks
Genomic libraries are especially useful in determining the nucleotide sequences 
of a whole genome. For example, to determine the nucleotide sequence of the 
human genome, it was broken up into roughly 100,000-nucleotide-pair pieces, 
each of which was inserted into a BAC plasmid and ampli!ed in E. coli. "e result-
ing genomic library consisted of tens of thousands of bacterial colonies, each 
containing a di#erent human DNA insert. "e nucleotide sequence of each insert 
was determined separately and the sequence of the entire genome was stitched 
together from the pieces. 

"e most important advantage of cDNA clones, over genomic clones, is that 
they contain the uninterrupted coding sequence of a gene. When the aim of the 
cloning, for example, is to produce the protein in large quantities by expressing 
the cloned gene in a bacterial or yeast cell, it is more preferable to start with cDNA. 

Genomic and cDNA libraries are inexhaustible resources, which are widely 
shared among investigators. Today, many such libraries are also available from 
commercial sources. Because the identity of each insert in a library is often known 
(through sequencing the insert), it is often possible to order a particular region of 
a chromosome (or, in the case of cDNA, a complete, intron-less protein-coding 
gene) and have it delivered by mail. 

Cloning DNA by using bacteria revolutionized the study of genomes and is still 
in wide use today. However, there is an even simpler way to clone DNA, one that 
can be carried out entirely in vitro. We discuss this approach, called the polymerase 
chain reaction, below. However, !rst we need to review a fundamental, far-reach-
ing property of DNA and RNA called hybridization.

ANALYZING AND MANIPULATING DNA

Figure 8–32 The differences between 
cDNA clones and genomic DNA clones 
derived from the same region of DNA. 
In this example, gene A is infrequently 
transcribed, whereas gene B is frequently 
transcribed, and both genes contain introns 
(orange). In the genomic DNA library, both 
the introns and the nontranscribed DNA 
(gray) are included in the clones, and most 
clones contain, at most, only part of the 
coding sequence of a gene (red). In the 
cDNA clones, the intron sequences (yellow) 
have been removed by RNA splicing during 
the formation of the mRNA (blue), and a 
continuous coding sequence is therefore 
present in each clone. Because gene B 
is transcribed more frequently than gene 
A in the cells from which the cDNA library 
was made, it is represented much more 
frequently than A in the cDNA library. In 
contrast, A and B are represented equally 
in the genomic DNA library.
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RNA-seq vs. single cell RNA-seq

• using RNA sequencing (RNA-seq)


•Measures which genes are being transcribed at a given time under given conditions


• Uses reverse transcriptase that to copy all RNAs into cDNAs


• cDNAs are then fragmented and sequenced by next-generation sequencing


• Abundant RNAs have more cDNA copies and therefore more sequencing reads
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RNA-seq vs. single cell RNA-seq
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Studying gene expression
• using RNA sequencing (RNA-seq)


➡ Identification of RNAs present and quantification


➡ Using cluster analysis (computational approach), one can identify genes that are regulated together

504 Chapter 8:  Analyzing Cells, Molecules, and Systems

that occur as cells progress through the cell cycle to those made in response to 
sudden shifts in temperature. Indeed, because these approaches allow the simul-
taneous monitoring of large numbers of RNAs, they can detect subtle changes in a 
cell, changes that might not be manifested in its outward appearance or behavior. 

Comprehensive studies of gene expression also provide information that is 
useful for predicting gene function. Earlier in this chapter, we discussed how iden-
tifying a protein’s interaction partners can yield clues about that protein’s func-
tion. A similar principle holds true for genes: information about a gene’s function 
can be deduced by identifying genes that share its expression pattern. Using an 
approach called cluster analysis, one can identify sets of genes that are coordi-
nately regulated. Genes that are turned on or turned o! together under di!erent 
circumstances are likely to work in concert in the cell: they may encode proteins 
that are part of the same multiprotein machine, or proteins that are involved in a 
complex coordinated activity, such as DNA replication or RNA splicing. Charac-
terizing a gene whose function is unknown by grouping it with known genes that 
share its transcriptional behavior is sometimes called “guilt by association.” Clus-
ter analyses have been used to analyze the gene expression pro"les that underlie 
many interesting biological processes, including wound healing in humans (Fig-
ure 8–65).
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Figure 8–65 Using cluster analysis to identify sets of genes that are coordinately regulated. Genes that have the same expression pattern 
are likely to be involved in common pathways or processes. To perform a cluster analysis, RNA-seq or microarray data are obtained from cell 
samples exposed to a variety of different conditions, and genes that show coordinate changes in their expression pattern are grouped together. In 
this experiment, human fibroblasts were deprived of serum for 48 hours; serum was then added back to the cultures at time 0 and the cells were 
harvested for microarray analysis at different time points. Of the 8600 genes depicted here (each represented by a thin, vertical line), just over 300 
showed threefold or greater variation in their expression patterns in response to serum reintroduction. Here, red indicates an increase in expression; 
green is a decrease in expression. On the basis of the results of many other experiments, the 8600 genes have been grouped in clusters based 
on similar patterns of expression. The results of this analysis show that genes involved in wound healing are turned on in response to serum, while 
genes involved in regulating cell-cycle progression and cholesterol biosynthesis are shut down. (From M.B. Eisen et al., Proc. Natl Acad. Sci. USA 
94:14863–14868, 1998. With permission from National Academy of Sciences.)
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Figure 8–64 DNA microarrays are used to analyze the production of 
thousands of different mRNAs in a single experiment. In this example, 
mRNA is collected from two different cell samples—for example, cells 
treated with a hormone and untreated cells of the same type—to allow for 
a direct comparison of the specific genes expressed under both conditions. 
The mRNAs are converted to cDNAs that are labeled with a red fluorescent 
dye for one sample and a green fluorescent dye for the other. The labeled 
samples are mixed and then allowed to hybridize to the microarray. Each 
microscopic spot on the microarray is a 50-nucleotide DNA molecule of 
defined sequence made by chemical synthesis and spotted on the array. 
The DNA sequence represented by each spot is different, and the hundreds 
of thousands of such spots are designed to span the sequence of the 
genome. The DNA sequence of each spot is kept track of by computer. After 
incubation, the array is washed and the fluorescence scanned. Only a small 
proportion of the microarray, representing 676 genes, is shown. Red spots 
indicate that the gene in sample 1 is expressed at a higher level than the 
corresponding gene in sample 2, and the green spots indicate the opposite. 
Yellow spots reveal genes that are expressed at about equal levels in both cell 
samples. The intensity of the fluorescence provides an estimate of how much 
RNA is present from a gene. Dark spots indicate little or no expression of the 
gene whose probe is located at that position in the array. 
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Studying gene expression

• using single cell RNA sequencing (RNA-seq)


‣Tissue dissociated into single cells


‣ Microfluidics to separate single cells


‣ Each cell is processed for RNA-seq


‣ Cluster analysis algorithm that group cells with similar 
gene expression patterns
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Protein isolation
Why do we need to purify proteins?


• To separate them from the other thousands of proteins in each cell


• To study them in vitro (perform biochemical assays)


• To get their 3D structure
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Chromatography - big volumes

• Using column chromatography


• A mixture of proteins is passed through a porous gel 
matrix


• Different proteins are retarded to different extents 
depending on their interaction with the matrix


• They are collected separately as they come out of the 
column

448 Chapter 8:  Analyzing Cells, Molecules, and Systems

(microsomes) have been separated from each other and analyzed as functional 
models of these compartments of the intact cell.

Similarly, highly concentrated cell extracts, especially extracts of Xenopus lae-
vis (African clawed frog) oocytes, have played a critical role in the study of such 
complex and highly organized processes as the cell-division cycle, the separa-
tion of chromosomes on the mitotic spindle, and the vesicular-transport steps 
involved in the movement of proteins from the endoplasmic reticulum through 
the Golgi apparatus to the plasma membrane. 

Cell extracts also provide, in principle, the starting material for the complete 
separation of all of the individual macromolecular components of the cell. We 
now consider how this separation is achieved, focusing on proteins.

Proteins Can Be Separated by Chromatography 
Proteins are most often fractionated by column chromatography, in which a 
mixture of proteins in solution is passed through a column containing a porous 
solid matrix. Di!erent proteins are retarded to di!erent extents by their interac-
tion with the matrix, and they can be collected separately as they "ow out of the 
bottom of the column (Figure 8–8). Depending on the choice of matrix, proteins 
can be separated according to their charge (ion-exchange chromatography), their 
hydrophobicity (hydrophobic chromatography), their size (gel-!ltration chroma-
tography), or their ability to bind to particular small molecules or to other macro-
molecules (a"nity chromatography).

Many types of matrices are available. Ion-exchange columns (Figure 8–9A) 
are packed with small beads that carry either a positive or a negative charge, so 
that proteins are fractionated according to the arrangement of charges on their 
surface. Hydrophobic columns are packed with beads from which hydrophobic 
side chains protrude, selectively retarding proteins with exposed hydrophobic 
regions. Gel-#ltration columns (Figure 8–9B), which separate proteins according 
to their size, are packed with tiny porous beads: molecules that are small enough 
to enter the pores linger inside successive beads as they pass down the column, 
while larger molecules remain in the solution "owing between the beads and 
therefore move more rapidly, emerging from the column #rst. Besides providing 

solid
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porous
plug

test
tube

fractionated molecules
eluted and collected

time

sample
applied

solvent continuously
applied to the top of
column from a large
reservoir of solvent
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COLUMN CHROMATOGRAPHY

Figure 8–8 The separation of molecules 
by column chromatography. The sample, 
a solution containing a mixture of different 
molecules, is applied to the top of a 
cylindrical glass or plastic column filled with 
a permeable solid matrix, such as cellulose. 
A large amount of solvent is then passed 
slowly through the column and collected 
in separate tubes as it emerges from the 
bottom. Because various components of 
the sample travel at different rates through 
the column, they are fractionated into 
different tubes.
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• Depending on the matrix, proteins can be separated according to 


• their charge (ion-exchange chromatography), 


• their hydrophobicity (hydrophobic chromatography)


• their molecular weight (gel filtration = size-exclusion chromatography)


• their ability to bind small molecules (affinity chromatography)
  449

a means of separating molecules, gel-!ltration chromatography is a convenient 
way to estimate their size.

A"nity chromatography (Figure 8–9C) takes advantage of the biologically 
important binding interactions that occur on protein surfaces. If a substrate mol-
ecule is covalently coupled to an inert matrix such as a polysaccharide bead, the 
enzyme that operates on that substrate will often be speci!cally retained by the 
matrix and can then be eluted (washed out) in nearly pure form. Likewise, short 
DNA oligonucleotides of a speci!cally designed sequence can be immobilized in 
this way and used to purify DNA-binding proteins that normally recognize this 
sequence of nucleotides in chromosomes. Alternatively, speci!c antibodies can 
be coupled to a matrix to purify protein molecules recognized by the antibodies. 
Because of the great speci!city of all such a"nity columns, 1000- to 10,000-fold 
puri!cations can sometimes be achieved in a single pass.

If one starts with a complex mixture of proteins, a single passage through an 
ion-exchange or a gel-!ltration column does not produce very highly puri!ed 
fractions, since these methods individually increase the proportion of a given pro-
tein in the mixture no more than twentyfold. Because most individual proteins 
represent less than 1/1000 of the total cell protein, it is usually necessary to use 
several di#erent types of columns in succession to attain su"cient purity, with 
a"nity chromatography being the most e"cient (Figure 8–10). 

Inhomogeneities in the matrices (such as cellulose), which cause an uneven 
$ow of solvent through the column, limit the resolution of conventional column 
chromatography. Special chromatography resins (usually silica-based) com-
posed of tiny spheres (3–10 μm in diameter) can be packed with a special appa-
ratus to form a uniform column bed. Such high-performance liquid chromatog-
raphy (HPLC) columns attain a high degree of resolution. In HPLC, the solutes 
equilibrate very rapidly with the interior of the tiny spheres, and so solutes with 
di#erent a"nities for the matrix are e"ciently separated from one another even 
at very fast $ow rates. HPLC is therefore the method of choice for separating many 
proteins and small molecules.

Immunoprecipitation Is a Rapid Affinity Purification Method
Immunoprecipitation is a useful variation on the theme of a"nity chromatogra-
phy. Speci!c antibodies that recognize the protein to be puri!ed are attached to 
small agarose beads. Rather than being packed into a column, as in a"nity chro-
matography, a small quantity of the antibody-coated beads is simply added to a 
protein extract in a test tube and mixed in suspension for a short period of time—
thereby allowing the antibodies to bind the desired protein. %e beads are then 
collected by low-speed centrifugation, and the unbound proteins in the super-
natant are discarded. %is method is commonly used to purify small amounts of 
enzymes from cell extracts for analysis of enzymatic activity or for studies of asso-
ciated proteins.

PURIFYING PROTEINS
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Figure 8–9 Three types of matrices 
used for chromatography. (A) In ion-
exchange chromatography, the insoluble 
matrix carries ionic charges that retard 
the movement of molecules of opposite 
charge. Matrices used for separating 
proteins include diethylaminoethylcellulose 
(DEAE-cellulose), which is positively 
charged, and carboxymethylcellulose 
(CM-cellulose) and phosphocellulose, 
which are negatively charged. Analogous 
matrices based on agarose or other 
polymers are also frequently used. The 
strength of the association between the 
dissolved molecules and the ion-exchange 
matrix depends on both the ionic strength 
and the pH of the solution that is passing 
down the column, which may therefore be 
varied systematically (as in Figure 8–10) 
to achieve an effective separation. (B) In 
gel-filtration chromatography, the small 
beads that form the matrix are inert but 
porous. Molecules that are small enough 
to penetrate into the matrix beads are 
thereby delayed and travel more slowly 
through the column than larger molecules 
that cannot penetrate. Beads of cross-
linked polysaccharide (dextran, agarose, 
or acrylamide) are available commercially 
in a wide range of pore sizes, making them 
suitable for the fractionation of molecules of 
various molecular mass, from less than  
500 daltons to more than 5 × 106 daltons. 
(C) Affinity chromatography uses an 
insoluble matrix that is covalently linked 
to a specific ligand, such as an antibody 
molecule or an enzyme substrate, that will 
bind a specific protein. Enzyme molecules 
that bind to immobilized substrates 
on such columns can be eluted with a 
concentrated solution of the free form of 
the substrate molecule, while molecules 
that bind to immobilized antibodies can be 
eluted by dissociating the antibody–antigen 
complex with concentrated salt solutions or 
solutions of high or low pH. High degrees 
of purification can be achieved in a single 
pass through an affinity column.

Chromatography - big volumes
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HPLC - increased resolution (=separation)
• The resolution of classical chromatography columns is limited


• Special resins (silica-based) composed of tiny spheres (3-10 um) can be packed to form a uniform 
column bed to attain a high degree of resolution = high-performance liquid chromatography 
(HPLC)

https://microbenotes.com/high-performance-liquid-chromatography-hplc/https://noguchi.ug.edu.gh/services/hplc-analysis/
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IP - small volumes/yield
• Immunoprecipitation (IP) as a rapid affinity purification

https://www.rockland.com/resources/immunoprecipitation-technique/
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SDS-PAGE - visualization

• Larger proteins are retarded more than small ones in the acrylamide 
mesh


• Proteins can be stained (for example using Coomassie blue)
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in a cell or even in an organelle. In contrast, two-dimensional gel electrophore-
sis, which combines two di!erent separation procedures, can resolve up to 2000 
proteins in the form of a two-dimensional protein map.

In the "rst step, the proteins are separated by their intrinsic charges. #e sam-
ple is dissolved in a small volume of a solution containing a nonionic (uncharged) 
detergent, together with β-mercaptoethanol and the denaturing reagent urea. 
#is solution solubilizes, denatures, and dissociates all the polypeptide chains 
but leaves their intrinsic charge unchanged. #e polypeptide chains are then 
separated in a pH gradient by a procedure called isoelectric focusing, which takes 
advantage of the variation in the net charge on a protein molecule with the pH of 
its surrounding solution. Every protein has a characteristic isoelectric point, the 
pH at which the protein has no net charge and therefore does not migrate in an 
electric "eld. In isoelectric focusing, proteins are separated electrophoretically in 
a narrow tube of polyacrylamide gel in which a gradient of pH is established by 
a mixture of special bu!ers. Each protein moves to a position in the gradient that 

ANALYZING PROTEINS

+

B

C

A

protein with two
subunits, A and B,

joined by a disulfide
bridge

single-subunit
protein

A                  B                                 C

S-S

HEATED WITH SDS AND MERCAPTOETHANOL

SH

HS

___ _ __
__________ _ __________________ __
___
_____

__
_

_ _____
__

__ ______________________ _ ____
__
__
__
__
__
__
__
__
_ ______________________________

__
____

__
_

__ _ _____ _ _ ____ ____________ _ _ ___
__
__
__

_____________
_____

negatively
charged SDS
molecules

POLYACRYLAMIDE-GEL ELECTROPHORESIS

A B

C

slab of polyacrylamide gel

(B)(A)

+

cathode

anode

sample loaded onto gel
by pipette

plastic casing

buffer

buffer

gel

MBoC6 m8.18/8.15

Figure 8–13 SDS polyacrylamide-gel electrophoresis (SDS-PAGE). (A) An 
electrophoresis apparatus. (B) Individual polypeptide chains form a complex 
with negatively charged molecules of sodium dodecyl sulfate (SDS) and 
therefore migrate as a negatively charged SDS–protein complex through a 
porous gel of polyacrylamide. Because the speed of migration under these 
conditions is greater the smaller the polypeptide, this technique can be used 
to determine the approximate molecular weight of a polypeptide chain as 
well as the subunit composition of a protein. If the protein contains a large 
amount of carbohydrate, however, it will move anomalously on the gel and its 
apparent molecular weight estimated by SDS-PAGE will be misleading. Other 
modifications, such as phosphorylation, can also cause small changes in a 
protein’s migration in the gel.

Figure 8–14 Analysis of protein samples by SDS polyacrylamide-gel 
electrophoresis. The photograph shows a Coomassie-stained gel that 
has been used to detect the proteins present at successive stages in the 
purification of an enzyme. The leftmost lane (lane 1) contains the complex 
mixture of proteins in the starting cell extract, and each succeeding lane 
analyzes the proteins obtained after a chromatographic fractionation of the 
protein sample analyzed in the previous lane (see Figure 8–10). The same 
total amount of protein (10 μg) was loaded onto the gel at the top of each 
lane. Individual proteins normally appear as sharp, dye-stained bands; a band 
broadens, however, when it contains a large amount of protein. (From  
T. Formosa and B.M. Alberts, J. Biol. Chem. 261:6107–6118, 1986.)
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in a cell or even in an organelle. In contrast, two-dimensional gel electrophore-
sis, which combines two di!erent separation procedures, can resolve up to 2000 
proteins in the form of a two-dimensional protein map.

In the "rst step, the proteins are separated by their intrinsic charges. #e sam-
ple is dissolved in a small volume of a solution containing a nonionic (uncharged) 
detergent, together with β-mercaptoethanol and the denaturing reagent urea. 
#is solution solubilizes, denatures, and dissociates all the polypeptide chains 
but leaves their intrinsic charge unchanged. #e polypeptide chains are then 
separated in a pH gradient by a procedure called isoelectric focusing, which takes 
advantage of the variation in the net charge on a protein molecule with the pH of 
its surrounding solution. Every protein has a characteristic isoelectric point, the 
pH at which the protein has no net charge and therefore does not migrate in an 
electric "eld. In isoelectric focusing, proteins are separated electrophoretically in 
a narrow tube of polyacrylamide gel in which a gradient of pH is established by 
a mixture of special bu!ers. Each protein moves to a position in the gradient that 
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Figure 8–13 SDS polyacrylamide-gel electrophoresis (SDS-PAGE). (A) An 
electrophoresis apparatus. (B) Individual polypeptide chains form a complex 
with negatively charged molecules of sodium dodecyl sulfate (SDS) and 
therefore migrate as a negatively charged SDS–protein complex through a 
porous gel of polyacrylamide. Because the speed of migration under these 
conditions is greater the smaller the polypeptide, this technique can be used 
to determine the approximate molecular weight of a polypeptide chain as 
well as the subunit composition of a protein. If the protein contains a large 
amount of carbohydrate, however, it will move anomalously on the gel and its 
apparent molecular weight estimated by SDS-PAGE will be misleading. Other 
modifications, such as phosphorylation, can also cause small changes in a 
protein’s migration in the gel.

Figure 8–14 Analysis of protein samples by SDS polyacrylamide-gel 
electrophoresis. The photograph shows a Coomassie-stained gel that 
has been used to detect the proteins present at successive stages in the 
purification of an enzyme. The leftmost lane (lane 1) contains the complex 
mixture of proteins in the starting cell extract, and each succeeding lane 
analyzes the proteins obtained after a chromatographic fractionation of the 
protein sample analyzed in the previous lane (see Figure 8–10). The same 
total amount of protein (10 μg) was loaded onto the gel at the top of each 
lane. Individual proteins normally appear as sharp, dye-stained bands; a band 
broadens, however, when it contains a large amount of protein. (From  
T. Formosa and B.M. Alberts, J. Biol. Chem. 261:6107–6118, 1986.)
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in a cell or even in an organelle. In contrast, two-dimensional gel electrophore-
sis, which combines two di!erent separation procedures, can resolve up to 2000 
proteins in the form of a two-dimensional protein map.

In the "rst step, the proteins are separated by their intrinsic charges. #e sam-
ple is dissolved in a small volume of a solution containing a nonionic (uncharged) 
detergent, together with β-mercaptoethanol and the denaturing reagent urea. 
#is solution solubilizes, denatures, and dissociates all the polypeptide chains 
but leaves their intrinsic charge unchanged. #e polypeptide chains are then 
separated in a pH gradient by a procedure called isoelectric focusing, which takes 
advantage of the variation in the net charge on a protein molecule with the pH of 
its surrounding solution. Every protein has a characteristic isoelectric point, the 
pH at which the protein has no net charge and therefore does not migrate in an 
electric "eld. In isoelectric focusing, proteins are separated electrophoretically in 
a narrow tube of polyacrylamide gel in which a gradient of pH is established by 
a mixture of special bu!ers. Each protein moves to a position in the gradient that 
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Figure 8–13 SDS polyacrylamide-gel electrophoresis (SDS-PAGE). (A) An 
electrophoresis apparatus. (B) Individual polypeptide chains form a complex 
with negatively charged molecules of sodium dodecyl sulfate (SDS) and 
therefore migrate as a negatively charged SDS–protein complex through a 
porous gel of polyacrylamide. Because the speed of migration under these 
conditions is greater the smaller the polypeptide, this technique can be used 
to determine the approximate molecular weight of a polypeptide chain as 
well as the subunit composition of a protein. If the protein contains a large 
amount of carbohydrate, however, it will move anomalously on the gel and its 
apparent molecular weight estimated by SDS-PAGE will be misleading. Other 
modifications, such as phosphorylation, can also cause small changes in a 
protein’s migration in the gel.

Figure 8–14 Analysis of protein samples by SDS polyacrylamide-gel 
electrophoresis. The photograph shows a Coomassie-stained gel that 
has been used to detect the proteins present at successive stages in the 
purification of an enzyme. The leftmost lane (lane 1) contains the complex 
mixture of proteins in the starting cell extract, and each succeeding lane 
analyzes the proteins obtained after a chromatographic fractionation of the 
protein sample analyzed in the previous lane (see Figure 8–10). The same 
total amount of protein (10 μg) was loaded onto the gel at the top of each 
lane. Individual proteins normally appear as sharp, dye-stained bands; a band 
broadens, however, when it contains a large amount of protein. (From  
T. Formosa and B.M. Alberts, J. Biol. Chem. 261:6107–6118, 1986.)
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Studying gene expression = RNAs

• Observing - RNA FISH


• Detecting a precise RNA - Northern Blotting or RT-PCR


• Quantifying a precise RNA - qRT-PCR


• Global idea on RNA presence - microarrays, RNAseq
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Mutants libraries - pooled library
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Mutants libraries - arrayed library
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RNA interference
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Microscopy
  531

interfere with one another and cause optical di!raction e!ects. If two trains of 
waves reaching the same point by di!erent paths are precisely in phase, with crest 
matching crest and trough matching trough, they will reinforce each other so as 
to increase brightness. In contrast, if the trains of waves are out of phase, they will 
interfere with each other in such a way as to cancel each other partly or entirely 
(Figure 9–4). "e interaction of light with an object changes the phase relation-
ships of the light waves in a way that produces complex interference e!ects. At 
high magni#cation, for example, the shadow of an edge that is evenly illuminated 
with light of uniform wavelength appears as a set of parallel lines (Figure 9–5), 
whereas that of a circular spot appears as a set of concentric rings. For the same 
reason, a single point seen through a microscope appears as a blurred disc, and 
two point objects close together give overlapping images and may merge into one. 

LOOKING AT CELLS IN THE LIGHT MICROSCOPE

Figure 9–2 Resolving power. Sizes of cells and their components are drawn on a logarithmic scale, indicating the range of 
objects that can be readily resolved by the naked eye and in the light and electron microscopes. Note that new superresolution 
microscopy techniques, discussed in detail later, allow an improvement in resolution by an order of magnitude compared with 
conventional light microscopy. 
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Figure 9–3 A light microscope.  
(A) Diagram showing the light path in a 
compound microscope. Light is focused on 
the specimen by lenses in the condenser. 
A combination of objective lenses, tube 
lenses, and eyepiece lenses is arranged to 
focus an image of the illuminated specimen 
in the eye. (B) A modern research light 
microscope. (B, courtesy of Carl Zeiss 
Microscopy, GmbH.)

The following units of length are 
commonly employed in microscopy: 
μm (micrometer) = 10–6 m
nm (nanometer) = 10–9 m 
Å (Ångström unit) = 10–10 m
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Microscopy

• Light Microscope


• Classical “brightfield”


• Phase contrast


• Staining/fluorescence


• Confocal microscope


• Super-resolution
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Microscopy

• Light Microscope


• Classical “brightfield”


• Phase contrast


• Staining/fluorescence


• Confocal microscope


• Super-resolution
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Microscopy

• Electron Microscope



Have a nice holiday/exam prep ! 
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