
3. Basics of 3. Basics of Biomolecules Biomolecules & Genetics& Genetics

a.a. The central dogma The central dogma –– universalityuniversality

ReplicationReplication TranscriptionTranscription
DNA  DNA  RNA RNA ProteinProtein

reverse transcriptionreverse transcription TranslationTranslation
““RNA based DNA synthesisRNA based DNA synthesis””

-- Language for information storage and exchangeLanguage for information storage and exchange
letters: a fourletters: a four--letter alphabet (madeletter alphabet (made--up of theup of the

nucleotides), A, T, C, G.nucleotides), A, T, C, G.
words: only three letters long (words: only three letters long (codonscodons), represent a), represent a
particular amino acids or particular amino acids or ““stopstop”” symbol of protein symbol of protein 
synthesis.synthesis.
Universality: bacterial cells to Homo sapiens.Universality: bacterial cells to Homo sapiens.



1.1. Structure of Nucleic AcidsStructure of Nucleic Acids
Genetic Materials:Genetic Materials:
1)1) A specific form that can be copied extremely accurately A specific form that can be copied extremely accurately ––

information can be transmitted from cell to cell/ information can be transmitted from cell to cell/ 
generation to generation.generation to generation.

2)2) It can be translated.It can be translated.

a.a. Structure of DNA: made of only three componentsStructure of DNA: made of only three components
i) Sugar molecule (i) Sugar molecule (deoxyribose deoxyribose or Ribose)or Ribose)
ii) A phosphate groupii) A phosphate group
iii) four different nitrogeniii) four different nitrogen--containing bases: Adenine, containing bases: Adenine, 
guanine, cytosine, guanine, cytosine, thyminethymine





b.b. DNA ReplicationDNA Replication
-- enzymes: DNAenzymes: DNA polymerasespolymerases for covalently linking the for covalently linking the 

monomers.  monomers.  

-- activated monomers: nucleoside activated monomers: nucleoside triphosphatestriphosphates..

-- Template.Template.





c. Transcription: message transfer (DNAc. Transcription: message transfer (DNA→→RNA)RNA)

Products: mProducts: m--RNA, tRNA, t--RNA, rRNA, r--RNARNA

-- rate of synthesis ofrate of synthesis of RNAsRNAs: critical capacity to make proteins.: critical capacity to make proteins.
-- Enzymes: RNAEnzymes: RNA polymerasepolymerase ((holoenzymeholoenzyme))







Transcription ProductsTranscription Products
3’ 5’

3’5’
DNA

RNA 5’ 3’

In Bacteria

Promoter  RRE Stop
codon

Terminator
ATG

AUG
RRE Stop

codon

Coding sequence



In Eukaryotic Cells

Transcription of Eukaryotic Genes – no operons, Exon and Introns



D. TranscriptionD. Transcription

i)i) IInitiationnitiation::
•• SSigma factors: recognize the vast majority of promoters,igma factors: recognize the vast majority of promoters,

special sigma factors under unusual growth special sigma factors under unusual growth 
conditions/ stress.conditions/ stress.

ii)ii) EElongationlongation:: RNTPsRNTPs required for energy supply required for energy supply 

iii) iii) TerminationTermination: a stop signal or transcription terminator.: a stop signal or transcription terminator.
•• RNA RNA polpol. Dissociates from the DNA templates. Dissociates from the DNA templates
•• RNA transcript is released.RNA transcript is released.



iv)iv) TranscriptsTranscripts
•• SStable: rtable: r--RNA, tRNA, t--RNARNA
•• Unstable: mUnstable: m--RNA (highly unstable) ~ a 1 min. halfRNA (highly unstable) ~ a 1 min. half--lifelife

for a typical for a typical E. coliE. coli
•• SSpecial Notes: in prokaryotic cells,pecial Notes: in prokaryotic cells, polygenic polygenic 

•• Prokaryotic cells: no physical separation of theProkaryotic cells: no physical separation of the
chromosome from the cytoplasm & ribosome; mchromosome from the cytoplasm & ribosome; m--RNARNA
bind and begin translation even while part of it is stillbind and begin translation even while part of it is still
being transcribed.being transcribed.

•• EukaryoticEukaryotic cells: cells: 
+ separation of chromosome &+ separation of chromosome & ribosomesribosomes by the by the 

nuclear membrane.nuclear membrane.
+ + intronintron can becan be transcriptedtranscripted (nonsense DNA part (nonsense DNA part –– no no 

specific sequence for specific amino acid: this fact specific sequence for specific amino acid: this fact 
make it difficult to expressmake it difficult to express eukaryoticeukaryotic genes in genes in E. coliE. coli).).

+ m+ m--RNA splicing should occur.RNA splicing should occur.



e.e. TranslationTranslation
1)1) Genetic code: universal message (blueprint)Genetic code: universal message (blueprint)

•• sixtysixty--four words are possible (manyfour words are possible (many redunctantredunctant!): !): 
nPrnPr = 4P3 = n= 4P3 = nrr = 43 = 64 = 43 = 64 
(permutation with repetition of objects)(permutation with repetition of objects)

•• UCU, UCC, UCA, & UCG UCU, UCC, UCA, & UCG –– ““serineserine””
•• UAA, UAG, UGA UAA, UAG, UGA –– ““nonsensenonsense codoncodon”” (not for amino acids),       (not for amino acids),       

““stop pointstop point”” in translation at the end ofin translation at the end of
message.message.

2)2) Translation Translation –– initiation, elongation, terminationinitiation, elongation, termination

i) Initiation:i) Initiation:
•• mm--RNA binds to the ribosome at the ribosome binding site         RNA binds to the ribosome at the ribosome binding site         

((ShineShine--DelgarnoDelgarno box).box).
•• AUG or GUG (modifiedAUG or GUG (modified methioninemethionine; N; N--formylmethionineformylmethionine) ) 
codoncodon at the early site ofat the early site of mRNAmRNA: starting: starting codon codon for protein for protein 
synthesis    synthesis    



Major genetic traffic signalsMajor genetic traffic signals
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•• AUG at the middle of mAUG at the middle of m--RNA:RNA: codoncodon forfor methioninemethionine..
•• Initiation complex should be formed for initiation of Initiation complex should be formed for initiation of 

polymerization.polymerization.
-- 30S ribosomal unit with N30S ribosomal unit with N--formylmethionineformylmethionine boundbound
-- 50S ribosomal unit50S ribosomal unit
-- three proteins (initiation factors: IF1, IF2, IF3)three proteins (initiation factors: IF1, IF2, IF3)
-- GTPGTP

ii)ii) EElongationlongation : t: t--RNA as RNA as decordersdecorders
•• anticodonanticodon: complementary to the: complementary to the codoncodon on the mon the m--RNA.RNA.
•• Charged tCharged t--RNA: tRNA: t--RNA carrying an amino acid.RNA carrying an amino acid.
•• Energy obtained from phosphate bonds. Energy obtained from phosphate bonds. 
•• Energy required to add one amino acid to a growing Energy required to add one amino acid to a growing 

polypeptide: two for charging tpolypeptide: two for charging t--RNA, two for elongation RNA, two for elongation 
process.process.

iii)iii) TerminationTermination
•• protein released from the ribosome with the aid of releaseprotein released from the ribosome with the aid of release
factor (RF) factor (RF) 

•• DDissociation of 70S ribosome into 30S and 50s subunits.   issociation of 70S ribosome into 30S and 50s subunits.   
•• About 10About 10--2020 ribosomesribosomes can bind to thecan bind to the mRNAmRNA at once.at once.



Ways to manipulate DNA
Cellular Enzymes

- DNA polymerase:

Ex) bacteria that live at very high temp. (in hot springs or 
thermal vents in the ocean floor) – enzyme for PCR reaction.

- RNA polymerase: Promoter, no primer required.

- Reverse Trnascriptase: read an RNA sequence and 
synthesize a complementary DNA (cDNA) sequence.  Made 
by RNA viruses.





Ways to manipulate DNA
Restriction Enzymes

- A nuclease: any enzyme that cuts the phosphodiester bonds 
of the DNA backbone

- Endonuclease: cuts somewhere within a DNA molecule.

- Exonuclease: cuts phosphodiester bonds by starting from a 
free end of the DNA and working inward.



DNA Polymerase

- DNA dependent- DNA synthetase
- 5’ to 3’ direction
- substrates: dNTPs (A, C, G, T)

Reverse Transcriptase
- RNA dependent- DNA synthetase
- 5’ to 3’ direction
- substrates: dNTPs (A, C, G, U)



Terminal Trnasferase

- No template required
- addition of nucleotides to 3’ end of DNA fragments
- used for tagging fluorescence or radiation reporters.

Nuclease

- Restriction enzyme for digesting single strands of DNA or 
RNA
- used for S1 mapping in intron confirmation and digestion of 
hairpin loop strands.



- DNA Restriction Enzymes (Scissors)
- Restriction enzymes recognize and cut a specific places along 
the DNA molecule called restriction sites. 

- A restriction site is a 4- or 6-base pair sequence that is a 
palindrome. 

- A DNA palindrome is a sequence in which the “top” strand 
read from 5’ to 3’ is the same as the “bottom” strand  read from 
5’ to 3’

Ex) 5’GAATTC3’
3’CTTAAG5’ --- 4 DNA palindrome (EcoRI)

cut sites: 5’G   AATT   C3’
3’C   TTAA   G5’

cut DNA 5’G AATTC3’
3’CTTAA G5’

(single strand tail – “sticky end”)



- DNA Restriction Enzymes..continued

Ex) 5’AGCT3’
3’TCGA5’ --- DNA palindrome (AluI)

cut sites: 5’AG CT3’
3’TC GA5’ (blunt end)

Ex) 5’CCCGGG3’
3’GGGCCC5’ --- DNA palindrome (Sma I)

cut sites: 5’CCC GGG3’
3’GGG CCC5’ (blunt end)

Ex) 5’GCGC3’
3’CGCG5’ --- DNA palindrome (Hba I)

cut sites: 5’GCG C3’
3’C GCG5’(sticky end)





Palindromic Tetra and Hexa-nucleotide Recognition
•Palindromic Penta-Nucleotide Recognition
•Specificities greater than 6 bases.
•Multiple Recognition Sequences.
•Nonpalindromic Sequences.
-----------

DNA Ligases (Glues)

- Join piece of DNA (or RNA) together by forming new 
phosphodiester bonds between the pieces.

- Sticky ends > blund ends : easier to ligate.  (hybridization 
between the single-stranded regions holds the fragments 
together in the proper position for ligation)





Gel Electrophoresis Gel Electrophoresis –– separationseparation
-Agarose: a polysaccharide that dissolve in boiling water and 
then gels as it cools.

- DNA is highly negatively charged in the normal circumstances 
(because of phosphate group): it is attracted to positive 
electrode – thus, DNA migrate.

-Smaller fragments faster (for linear molecules): 

The rate of migration of linear DNA fragment is 
proportional to 1/[log (M.W.)].

- The migration rate = f [the shape of the molecules, 
concentration of agarose, buffers, voltages (5 V/cm)]

- Buffers: necessary for preventing anode to become alkaline 
and the cathode acidic during electrophoresis.



Electrophoresis (protocols) 

-Agarose preparation

-DNA loading and electric voltage applied under buffered 
conditions

-DNA fragments are separated.

-Gel Staining (staining solutions: methylene blue, ethidium 
bromide, or fluorescence tags) 

- Recording data under UV exposure.  (Photography)













PolyacrylamidePolyacrylamide Gel ElectrophoresisGel Electrophoresis

- For Smaller Molecule Separation (more tighter mesh 
than agarose, a higher resolving power)

- Proteins separated (proteins much smaller molecules 
than the DNA fragments)

- Size differences:
A base pair DNA: ~ 660 Da
60,000 Da (fairly average-size protein) ~ 91 b.p. 
DNA fragment
53,000 Da protein ~ 83 b.p. DNA fragment

- 60,000 Da vs. 53,000 Da : clearly separated in polyacrylamide
gel but difficult in agarose gel.



Hybridization

- Hybridization is a technique that takes advantages of the 
specificity of DNA base pairing for the detection of specific 
DNA sequences in a mixed sample. 

- Restriction digestion/ Electrophoresis/ Staining techniques: 
information about the sizes of DNA fragments

- What about sequence of the DNA fragments?

Important:
to know whether a specific DNA base 

sequence is present in a sample.
to determine whether a certain gene has been 

introduced into an organism.
to analyze the structure of a certain region of DNA.



Hybridization

-Hybridization (also called annealing or renaturation) is the 
term used to describe the process in which two single DNA 
strands with complementary base sequences stick together to 
form a  correctly base-paired double-stranded molecule.

- It occurs spontaneously if two complementary single DNA 
strands are mixed together and left alone, they will hybridize.

- The time it takes for hybridization  is proportional to the 
length of the DNA sequence.

- Usages:
1) a way to look for a specific DNA sequence (as a probe)

2) a starting place for additional techniques.  (ex, DNA 
chip)





Hybridization

- Steps:

1) separating the strands of the DNA molecules

2) mixing those separated strands with many copies of ssDNAs 
or RNAs (It is called a “probe”)

3) Hydrogen bonds formed between the probe and its 
complementary single strands

4) The sample is rinsed to remove unhybridized probes

Hybridized probe indicates the presence of the DNA sequence 
of interest.



Hybridization

- Denaturation:

1) For breaking the hydrogen bonds between the base pairs

2) The extremity of the conditions: G***C/ A**T, higher 
temperature or pH required for GC than AT

3) The melting temperature required to denature a given DNA 
molecule is predicted on the basis of its G-C content. (~ 95 – 100 
C)

4) For probe hybridization, the melting temperature in 
consideration.



Hybridization

- Hybridization:

1) Solution allowed to cool

2) The strand reannealed and the double helix formed

3) Annealing occurred between any complementary single 
strands of DNA; no enzyme required

4) Short complementary molecules > longer one – for facillitate 
hybridization: the sample DNA transferred to a membrane 
(nylon or nitrocellulose)



Hybridization

- Probes:

1) Short synthetic oligonucleotides of 15-30 bases/ purified 
restriction fragments/ whole linearized plasmids/ products of in 
vitro enzymatic DNA or RNA synthesis used as Probes

2) - Radioactive labeling: synthesis in the presence of 
radioactive nucleotides or attachment of a radioactive terminal 
phosphate group by polynucleotide kinase.
- colored or luminescent product formation through a detection 
reaction (usually enzymatic one).

3) The critical aspect to probe selection: the probe will 
hybridize only to the DNA of interest

4) The chance of random occurance: 1 in 4n, where n is the 
number of bases in the sequence.



Hybridization

- Probes:

5) The chance of random hybridization decrease dramatically 
as the probe becomes longer: but possible hybridization 
between somewhat mismatched two ss molecules.

6) Less stable base pairing for mismatched molecules (no 
hydrogen bonds between mismatched bases)

7) By adjusting hybridization temperature, the mismatched 
annealing permitted or blocked.



Hybridization .. continue
- Southern Hybridization: a procedure used to detect a specific 
sequence of nucleotides among fragment of DNA which have 
been separated by gel electrophoresis.  

1) ss forms of the fragment bound to a matrix

2) the matrix exposed to a labelled probe complementary 
to the sequence of interest

3) hybridization between the probe and the specific 
region of the blotted DNA.



Blotting
Picking up a specific DNA sequence using so called “a 

probe” through transfer of DNAs to membrane (or 
papers) [blotting] and DNA hybridization

1) Southern blotting: DNA hybridized in paper 
membrane

2) Northern blotting: RNA transferred & hybridized

3) Western blotting: Protein transferred & hybridized

4) No eastern blotting!!








