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Resources

@ This lecture
@ Cooper, pp. 49-52, 118-119, 130




Nucleic acids

@ The primary structure of
nucleic acids is the order of
bases in the polynucleotide
seguence.

@ The secondary structure is
the three-dimensional
conformation of the
backbone.

@ The tertiary structure is
specifically the supercoiling
of the molecule.
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» Positively charged ions (Na+ or Mg2+) and peptides with positively charged side

chains can associate with DNA
* Eukaryotic DNA, for example, is complexed with histones, which are positively

charged proteins, in the cell nucleus.
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Nucleotides vs.Nucleosides s - |
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Nucleotides

(l)_
'O—Iﬁ—O—CHz o
(o] H H
H H
OH H
Nucleotide: Deoxyadenylate
(deoxyadenosine
5’-monophosphate)
Symbols: A, dA, dAMP
Nucleoside: Deoxyadenosine
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Nucleotide: Adenylate (adenosine
5’-monophosphate)
Symbols: A, AMP
Nucleoside: Adenosine

vs. Nucleosides

OH H OH H OH H
Deoxyguanylate Deoxythymidylate Deoxycytidylate
(deoxyguanosine (deoxythymidine (deoxycytidine

5’-monophosphate) 5’-monophosphate) 5’-monophosphate)
G, dG, dGMP T, dT, dTMP C, dC, dCmP
Deoxyguanosine

Deoxythymidine Deoxycytidine

(a) Deoxyribonucleotides
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Uridylate (uridine
5'-monophosphate)

OH OH

Cytidylate (cytidine
5’-monophosphate)

Guanylate (guanosine
5’-monophosphate)

G, GMP
Guanosine

U, UMP
Uridine

C, CMP
Cytidine

(b) Ribonucleotides
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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
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Specific base-pairing
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DNA forms . - |

(c) ZDNA

v

B-DNA

@ The principal form of DNA.
@ Right-handed; 10 bp/turn
@ Base pairs are perpendicular.
A-DNA

@ 11 base pairs per turn

@ Base pairs lie at an angle
@ Right-handed.

@ Wider than B-DNA

Z-DNA

@ Left-handed

@ Occurs when alternating
purine—pyrimidine and
sequences with methylated C

@ Narrower than B-DNA

(a) BDNA

(b} ADNA




DNA structure
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Specific base-pairing
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Backbone vs. side chains
Antiparallel
Stable
Flexible
Groovings
Stability vs. flexibility

Large groove
in duplex
(~22 A)

Small groove
in duplex

(~12 A)

<

<

34A
Length of one
complete turn

The two strands
have opposite
polarity (antiparal

1

el)




In eukaryotes...

@ In eukaryotes, DNA is coiled to
package the large DNA and
regulate gene activity.

@ Eukaryotic DNA is complexed
with a number of proteins,
principally histones, which are
surrounded by DNA.

@ Chromatin = DNA molecule +
proteins.

Core of eight histone
molecules wrapped with
o tu

two turns of DNA




Nucleosomes

@ The histone protein core is an
octamer (two molecules of

histones H2A, H2B, H3, and H4).

@ A linker DNA/spacer region
connects the octamer-DNA
complexes.

@ A nucleosome consists of DNA

wrapped around a histone core.

@ H1is bound to the the octamer
and wrapped DNA (a
chromatosome).

@ Histones are positively charged
facilitating DNA interaction and
charge neutralization.

released
nuclensome
core partiche
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WITH HIGH
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OF SALT

octameric
histone cora

|

2 molecules each of
H2A, H2B, H3, and H4

14E-nuclectide-pair
DNA double helix

DISSOCIATION

S |
PR Fg

H2B

H2A,

“beads-on-a-string
form of chromatin

linker DNA

R,

o6 Bg
H3 H4
care histones
of nucleosome

Fr

| ]

nucleosome includes

=200 nucleotide
nairs of ONA




Light absorbance of nucleic acicS e -

@ Aromatic pyrimidines and purines can absorb UV light
@ The peak absorbance is at 260 nm wavelength

. Diode A
@ The absorbance of nucleic oo e

acids at 260 nm (A260) is

Dispersion device

ConStant Entrance slit
@ dsDNA: A260 of 1.0 =50 ug/ml Sample
@ ssDNA: A260 of 1.0 =30 ug/ml m Sﬂurce
@ ssRNA: A260 of 1.0 =40 ug/ml i
Reason for ss vs. ds absorbance: Single-

stranded

e Stacked bases, vs. unstacked bases

What is the concentration of a double

stranded DNA sample diluted at 1:10 and the

A260is 0.17?

DNA concentration =0.1 x 10 x 50 pg/ml
=50 pug /ml ' '

220 260 300
Wavelength (nm)

Absorbance ——

Double-
helical




Denatursd

&

Further
denaturation

@ The transition temperature, or
melting temperature (Tm).

@ Factors influencing Tm
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Relative light absorbence at 260 nm

H Denaturation : I Melting temperature
9 G'C pa|r5 1.10 o begins / E.//
strandasd DNA :
9 Base StaCking Temperature, °C
9 pH LOT Singte
stranded
@ Salt and ion concentration DNA
U . Relatively Relatively
@ Destabilizing agents (alkaline low GC high GC:

content content

solutions, formamide, urea) oD, |

Double
stranded
DNA

Temperature (°C)



Central dogma of biology

@ Genetic information must
be preserved via DNA
replication.

@ [nformation must be
translated into action
makers (proteins) via
transcription and
translation.

@ RNA Sequence is dictated
by DNA sequence.

DNA

Transcription

\

Attached

amino acid
Growing
peptide chain
‘%}

Replication

DNA replication yields two

DNA molecules identical to the
original one, ensuring transmission
of genetic information to daughter
cells with exceptional fidelity.

Transcription

The sequence of bases in DNA is
recorded as a sequence of
complementary bases in a single-
stranded mRNA molecule.

Translation

Three-base codons on the mRNA
corresponding to specific amino acids
direct the sequence of building a
protein. These codons are recognized
by tRNAs (transfer RNAs) carrying the
appropriate amino acids. Ribosomes
are the “machinery” for protein
synthesis.




RNA . 9

@ Consist of long, unbranched chains of nucleotides
joined by phosphodiester bonds between the 3’-OH of
one pentose and the 5’-OH of the next

@ The pentose unit is B-D-ribose (it is 2-deoxy-D-ribose in
DNA)

@ The pyrimidine bases are uracil and cytosine (they are
thymine and cytosine in DNA)

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




Types of RNA

The Roles of Different Kinds of RNA

RNA Type Size Function

Transfer RNA Small Transports amino acids to site of protein
synthesis

Ribosomal RNA Several kinds— Combines with proteins to form ribo-

variable in size somes, the site of protein synthesis

Messenger RNA Variable Directs amino acid sequence of proteins

Small nuclear RNA  Small Processes initial mRNA to its mature
form in eukaryotes

Small interfering Small Affects gene expression; used by scien-

RNA tists to knock out a gene being studied

Micro RNA Small Affects gene expression; important in

growth and development




Gel electrophoresis .

@ The length and purity of DNA molecules can be
accurately determined by the gel electrophoresis.
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Resources |

@ http://www.personal.psu.edu/pzb4/electrophoresis.sw
f

@ http://www.sumanasinc.com/webcontent/animations/
content/gelelectrophoresis.html

@ http://www.sumanasinc.com/webcontent/animations/
content/gelelectrophoresis.html
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Detection _ - s

@ The DNA molecules of different
lengths will run as "bands”,

@ Each contains thousands or
millions of copies of the DNA of
the same length that can be of
same or different type (not one
DNA molecule).

S , 1000 bp

® DNA s stained (that is, colored)  ggg
with a dye (ethidium bromide) 750 bp

or radioactively labeled (32P). 600 bp

@ Itis common that a DNA 200 bp

standard is used to determine 100 bp
the length of the examined DNA
molecule.




Hybridization P - |

@ DNA from different sources can form C:% C%

double helix as long as their
sequences are compatible (hybrid
DNA).

@ Hybridization can be imperfect.
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double helix stable double helices




Hybridization technigues

@ Hybridization reactions can occur between any two
single-stranded nucleic acid chains provided that they
have complementary nucleotide sequences

@ Hybridization reactions are used to detect and
characterize specific nucleotide sequences




Add
Radioactive
Probe

@ A probes is a short sequence
of single stranded DNA (an
oligonucleotide) that is
complementary to a small
part of a larger DNA
sequence

@ Hybridization reactions use
labeled DNA probes to detect
larger DNA fragments




Southern blotting e %

@ This technique is a combination of DNA gel
electrophoresis and hybridization

@ Used to detect:

@ the presence of a DNA segment complementary to the
probe

@ the size of the DNA fragment




Digest DNA with
restriction endonucleases

DNA fragments are bound to the
filter in positions identical to
those on the gel
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Perform agarose gel electro-
phoresis on the DNA fragments
from different digests
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Buffer solution Agarose gel
Transfer (blot) gel to DNA fragments fractionated by size
nitrocellulose filter using (visible under UV light if gel is
Southern blot technique soaked in ethidium bromide)
Soak gel in NaOH, |—— ===l Longer DNA
neutralize _— fragments
paper e A
: Nitrocellulose .
=0\ } =———
— Y
—— | Shorter DNA
L ) fragments

Radioactive
probe solution

Expose filter to X-ray film.
Resulting autoradiograph

shows hybridized DNA fragments

1
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