
- the structure of DNA;

- basic genetic mechanisms, how the 

genetic information of the cell is: 

- maintained 

- replicated

- expressed

- occasionally improved.

TOPICS – 4 courses:



I. DNA and CHROMOSOMES:

- I.A. The Structure and Function of DNA 

- I.B. Chromosomal DNA and Its Packaging in the 

Chromatin Fiber

- I.C. The Global Structure of Chromosomes

Previous Courses



II. DNA Replication and Repair:

- II.A. The Maintenance of DNA Sequences

- II.B. DNA Replication Mechanisms

- II.C. The Initiation and Completion of DNA 

Replication in Chromosomes

- II.D. DNA Repair



IV. How Cells Read the Genome: From 

DNA to Protein

- IV.A. From DNA to RNA

- IV.B. From RNA to Protein

Course structure



how cells decode and use the information in 

their genomes

- 25.000 genes;

- encode for proteins/various types of RNA;

- 4 different “letters” (nucleotides).



The information in eucaryotic cells genomes is 

not arranged in an orderly fashion (eg: 

dictionary or a telephone directory):

- Small bits of coding DNA are interspersed with large blocks of 

seemingly meaningless DNA. 

- Some sections of the genome contain many genes and others 

lack genes altogether.



How Genes Are Arranged in Humans:

- only a few percent of Human genome codes for proteins or structural and 

catalytic RNAs



- Proteins that work closely with one another in the cell often 

have their genes located on different chromosomes;

- Adjacent genes typically encode proteins that have little to do 

with each other in the cell. 



=> Decoding genomes is not a simple matter!!!

Even with the aid of powerful computers, it is still difficult to 

locate the beginning and end of genes!



Figure 6-2 Molecular Biology of the Cell (© Garland Science 2008)

the central dogma of molecular biology 

The flow of genetic information in cells 



Transcription and translation are the means by 

which cells express the genetic instructions in 

their genes.



Figure 6-3 Molecular Biology of the Cell (© Garland Science 2008)

Control the production of its RNAs!!! 



TRANSCRIPTION

- a particular portion of a DNA nucleotide sequence – gene –

is copied into an RNA nucleotide sequence



Figure 6-4a Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-4b Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-4c Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-5 Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-6 Molecular Biology of the Cell (© Garland Science 2008)

RNA can fold into specific structures 



TRANSCRIPTION

- Produces RNA Complementary to One Strand of DNA



TRANSCRIPTION – steps:

I. opening and unwinding of a small portion of the DNA double

helix (does not require the energy of ATP hydrolysis);

II. one of the two strands of the DNA double helix acts as a

template - enzymatically catalyzed reaction

III. RNA molecules produced by transcription are released from

the DNA template as single strand;

IV. The DNA helix re-forms



TRANSCRIPTION – enzymes - RNA polymerases

- catalyze the formation of the phosphodiester

- growing RNA chain is extended by one nucleotide at a time 

in the 5′-to-3′ direction 

- the substrates are nucleoside triphosphates (ATP, CTP, 

UTP, and GTP)



RNA and DNA polymerases - differences

- RNA polymerase catalyzes the linkage of ribonucleotides, not 

deoxyribonucleotides;

- RNA polymerases can start an RNA chain without a primer;

- transcription need not be as accurate as DNA replication:

- one mistake for every 10 nucleotides copied into RNA 

compared

- error rate for direct copying by DNA polymerase of 

about one in 10 nucleotides);

- RNA polymerases have a modest proofreading mechanism.

4

7



Figure 6-8a Molecular Biology of the Cell (© Garland Science 2008)



Cells Produce Several Types of RNA

- each transcribed segment of DNA - TRANSCRIPTION UNIT;

- RNA makes up a few percent of a cell’s dry weight;

- most of the RNA in cells is rRNA;

- mRNA comprises only 3–5% of the total RNA in a typical 

mammalian cell.



Table 6-1 Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-9 Molecular Biology of the Cell (© Garland Science 2008)

- 20 nucleotides per second (the speed in eucaryotes)

- over a thousand transcripts can be synthesized in an hour from a single gene 

Gene 1 Gene 2

Transcription of two genes as observed 

under the electron microscope.



Signals encoded in DNA tell RNA polymerase

where to START and STOP



Figure 6-11 Molecular Biology of the Cell (© Garland Science 2008)

Procaryotes

- one RNA polymerase



Table 6-2 Molecular Biology of the Cell (© Garland Science 2008)



Bacterial and eucaryotic RNA polymerases -

differences

- bacterial RNA polymerase requires only a single additional 

protein (sigma factor) for transcription initiation to occur in 

vitro;

- eucaryotic RNA polymerases require many additional 

proteins – general transcription factors;

- Eucaryotic transcription initiation must deal with the packing 

of DNA into nucleosomes and higher-order forms of 

chromatin structure.



Initiation of transcription of a 

eucaryotic gene by RNA polymerase II



Figure 6-17 Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-16 Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-16 (part 1 of 3) Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-16 (part 2 of 3) Molecular Biology of the Cell (© Garland Science 2008)

TFIIH (ATP):

- pry apart the DNA double helix;

- locally expose the template strand;



Figure 6-16 (part 3 of 3) Molecular Biology of the Cell (© Garland Science 2008)

TFIIH (ATP):

- phosphorylates RNA polymerase II

(C-terminal domain);

- release RNA polymerase

=> elongation;



Table  6-3 Molecular Biology of the Cell (© Garland Science 2008)



Polymerase II Also Requires Activator, Mediator, 

and Chromatin-Modifying Proteins



Figure 6-19 Molecular Biology of the Cell (© Garland Science 2008)



TRANSCRIPTION ELONGATION

- elongation factors - proteins that decrease the likelihood that

RNA polymerase will dissociate before it reaches the end of a gene;

- DNA supercoiling issue



TRANSCRIPTION ELONGATION in eucaryotes 

is tightly coupled to RNA PROCESSING

- the removal of intron sequences – RNA splicing;

- Both ends of eucaryotic mRNAs are modified: 

- capping on the 5’ end end

- polyadenylation of the 3’end

5’-methyl cap signifies the 5’ end of eucaryotic mRNAs, and 

this landmark helps the cell to distinguish mRNAs from the 

other types of RNA molecules present in the cell.

The cap binds a protein complex called CBC (cap-binding 

complex) - helps the RNA to be properly processed

and exported



Figure 6-21a Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-22a Molecular Biology of the Cell (© Garland Science 2008)



RNA PROCESSING - the removal of intron sequences –

RNA splicing

-precursor-mRNA (or pre-mRNA);

- after splicing – mRNA;

- each splicing event removes one intron, proceeding through 

two sequential phosphoryl-transfer reactions known as 

transesterifications; 

- these join two exons while removing the intron as a “lariat”



Figure 6-25 Molecular Biology of the Cell (© Garland Science 2008)



RNA splicing - advantages

-exon–intron arrangement would seem to facilitate the 

emergence of new and useful proteins over evolutionary time 

scales;

- many eucaryotic genes (estimated at 75% of genes in 

humans) are spliced in more than one way 

=> eucaryotes increase the already enormous coding potential 

of their genomes.



Figure 6-26a Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-28 Molecular Biology of the Cell (© Garland Science 2008)

RNA Splicing Is Performed by the Spliceosome



RNA Splicing Is Performed by the Spliceosome

- key steps in RNA splicing are performed by RNA molecules 

rather than proteins;

- Specialized RNA molecules recognize the nucleotide 

sequences;

- specify where splicing is to occur;



RNA Splicing Is Performed by the Spliceosome

- participate in the chemistry of splicing;

- RNA molecules - relatively short (< 200 nucleotides);

- five of them (U1, U2, U4, U5, and U6) involved in the major 

form of pre-mRNA splicing.



Figure 6-29 (part 1 of 2) Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-29 (part 2 of 2) Molecular Biology of the Cell (© Garland Science 2008)







RNA-Processing Enzymes Generate the 3’ end of 

Eucaryotic mRNAs

- Two multisubunit proteins: CstF (cleavage stimulation 

factor) and CPSF (cleavage and polyadenylation specificity 

factor);



Figure 6-38 (part 1 of 3) Molecular Biology of the Cell (© Garland Science 2008)

C-terminal domain

- cleavage stimulation factor

- cleavage and polyadenylation specificity factor



Figure 6-38 (part 2 of 3) Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-38 (part 3 of 3) Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-39a Molecular Biology of the Cell (© Garland Science 2008)

Mature Eucaryotic mRNAs Are Selectively 

Exported from the Nucleus



Figure 6-39b Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-40 Molecular Biology of the Cell (© Garland Science 2008)



FROM RNA TO PROTEIN



An mRNA Sequence Is Decoded in Sets 

of Three Nucleotides



Figure 6-51 Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-67 (part 5 of 7) Molecular Biology of the Cell (© Garland Science 2008)

Key “actors” - Translation



tRNA Molecules Match Amino Acids to 

Codons in mRNA

Figure 6-52a Molecular Biology of the Cell (© Garland Science 2008)



Figure 6-52d Molecular Biology of the Cell (© Garland Science 2008)

tRNA



Figure 6-52d Molecular Biology of the Cell (© Garland Science 2008)

tRNA - Phe



Figure 6-58 Molecular Biology of the Cell (© Garland Science 2008)











Thank you!


