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@ Cooper, Ch. 2, pp. 54-56, Ch. 4, 116-118, Ch. 6, pp.203-
208




What is molecular biology? b ;
Central dogma of molecular biology
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Nucleic acids .

@ There are types
@ Deoxyribonucleic acid (DNA)
@ Ribonucleic acid (RNA)

@ The primary structure of
nucleic acids is linear polymers The four bases
of nucleotides (monomers)
bound to each other via
phosphodiester bonds.

@ DNA is coiled and can be
associated with proteins
forming chromosomes. Cnromosome |}
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Nitrogenous bases
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In prokaryotes and eukaryotes
not viruses

DNA VS. RNA

l l
Double stranded Gene rally single- stranded

Deoxyribose as the sugar __Ribose as the sugar

Bases used: ? Bases used: (?
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Adenine (A) Adenine (A)
Guanine (G) i




Nucleotides vs.Nucleosides s -
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Nucleotides vs. Nucleosides
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Nucleotide: Deoxyadenylate Deoxyguanylate Deoxythymidylate Deoxycytidylate
(deoxyadenosine (deoxyguanosine (deoxythymidine (deoxycytidine
5’-monophosphate) 5’-monophosphate) 5’-monophosphate) 5’-monophosphate)
Symbols: A, dA, dAMP G, dG, dGMP T, dT, dTMP C, dC, dCMP
Nucleoside: Deoxyadenosine Deoxyguanosine Deoxythymidine Deoxycytidine
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Nucleotide: Adenylate (adenosine Guanylate (guanosine Uridylate (uridine Cytidylate (cytidine
5'-monophosphate) 5’-monophosphate) 5’-monophosphate) 5’-monophosphate)
Symbols: A, AMP G, GMP U, UMP C, CMP
Nudleoside: Adenosine Guanosine Uridine Cytidine

(b) Ribonucleotides




Formation of a nucleic acid polymeR -
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Nucleic acid polymers
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e A letter d can be added to indicate a deoxyribonucleotide residue.

* for example, dG is substituted for G.
* The deoxy analogue of a ribooligonucleotide would be d(GACAT).




DNA structure

A double helix
Specific base-pairing

@ A=T,G=C; Pur=pyr
Complementary
Backbone vs. side chains
Antiparallel
Stability vs. flexibility
Groovings

Large groove
in duplex <
(~22 A)

Small groove
in duplex <

(~12 A)

34 A
Length of one
complete turn

The two strands
have opposite




Chargaff’s rules
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DNA is complementary




Backbone vs. side ehains




DNA is anti-parallel

OH
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22001 Banjamin Cummings, an imprint of Addison Weslay Lot




Writing the sequence of nucleic aGiciSE - |

5 _.ATGGCCTGGACTTCA... 3°
DNA 3 . TACCGGACCTGAAGT... 5’

ORATGGCCTGGACTTC A

RNA 5 _AUGGCCUGGACUUCA... 3’




DNA is flexible, yet stable




(20A)

DNA grooves




CTGT motif




Prokaryotes versus eukaryotes s - |

Eukaryote

DINA

Prokaryote
4 iﬂ/
e
No nucleus

Single loop of DNA

Has a Nucleus with DNA
in non-looped chromosomes




In eukaryotes...

@ In eukaryotes, DNA is coiled to
package the large DNA.

@ Eukaryotic DNA is complexed
with a number of proteins,
principally histones, which
package DNA.

@ Chromatin = DNA molecule +
proteins.

@ The basic structural unit of
chromatin is known as a
nucleosome.

Cor
m

two

e of eight histone
olecules wrapped with

turns of DNA




Nucleosomes

@ A nucleosome consists of DNA
wrapped around a nucleosome
core particle, linker DNA, and
histone H1.

@ The histone core particle is an
octamer (two molecules of
histones H2A, H2B, H3, and H4)

and the DNA wrapped around it.

@ A linker DNA connects two
nucleosome core particles.

@ Histone H1 is bound to the
octamer and wrapped DNA (a
chromatosome).

@ Histones are positively charged
facilitating DNA interaction and
charge neutralization.
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The Hierarchical Structure of DNA through to the Chromosome

DNA is a combination
of 4 possible nucleo-
Genes are nucleotides tides bound in pairs,
y that get expressed in in a double helix
the real world structure

DNA (genes and other nucleotides)
; reside in 46 i
chromosomes

Nucleotides are
multiple segments
. of DNA base
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Human DNA
stretched out o
measures some

6 feet/ 1.8 meters

Euchromatin Heterochromatin

+ Histone H1

/O = FES

- Histone H1
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Gene
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DNA helix

Nucleosome

Histones

Chromosome
Chromatin

Chromatid




Haploid (n)
One copy of each chromosome

(M)

e 7
It o

Three non-homologous
chromosomes

Diploid Cell

The cel divides
resulting in only one
dupicated
chromoseme of each
color.

The diploid cel has two
pars of chromosomes
of each color

Diploid (2n)
Two copies of each chromosome

&

- 5 4
oA

Three pairs of homologous chromosomes
(of maternal and paternal origin)

Haploid Cell

©
©
©
©

The cel divides
agon and results
in four hopiloid
celk eachwith
only ona
chromosome of
each color.




@ [t consists of long, unbranched chains of nucleotides joined by phosphodiester
bonds between the 3’-OH of one pentose and the 5’-PO, of the next.

@ The pentose unit is a ribose (it is 2-deoxyribose in DNA).

@ The pyrimidine bases include uracil and cytosine (thymine and cytosine in
DNA).

@ In general, RNA is single stranded (DNA is double stranded).

sugar-phosphate backbone

P helix of
A ) sugar-phosphates_~
. hydrogen
bond

= adenine
= [ thymine
2> guanine
=X cytosine
Q) [ uracil

(@) ) (b)

RNA does not have a
precise structure, but it
can fold on itself
forming hydrogen
bonds within the same
molecule.




Types of RNA

P -

Symbol Non-Coding RNAs Functions
* tRNA Transfer RNA mRNA translation (structural)
% TRNA Ribosomal RNA mRNA translation (structural)
* miRNA micro RNAs Post-transcriptional transposon repression
piRNA Piwi-interacting RN A DNA methylation, transposon repression
* siRNA Short interfering RNA RNA interference
snoRNA Small nucleolar RNAs RNA modification, rRNA processing
PROMPT’s Promoter upstream transcripts Associated with chromatin changes
tiIRNAs Transcripton initation RNAs Epigenetic regulation
lincRNAs Long intergenic ncRNA Epigenetic regulators of transcription
rasiRNA Repeat associated small interfering RNA Invnlvec}];rliqt{:iz] I;I;.:i‘:;t}?rference
eRNA Enhancer-like ncRNA Transcriptional gene activation
T-UCRs Transcribed ultraconserved regions Regulation of miRNA and mRNA levels
NATs Natural antisense transcripts mRNA stability
PALRs Promoter-associated long RNAs Chromatin changes
tasiRNA Trans-acting siRNA Represses gene expression
*IncRNA Long noncoding RNA Regulation of gene transcription




