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eDiscovery of DNA
*Nucleotides, nucleosides & bases

«Polynucleotides

*DNA as genetic material
«Structure of double-stranded DNA
*Chromatin

*RNA

*Nucleases

DNA and RNA are made up of nucleotides

: base + sugar + phosphate,
deoxyribonucleotide (sugar = 2-deoxyribose)
ribonucleotide (sugar = ribose)

: base + sugar

of nucleotides: heterocyclic rings
containing nitrogen

Two class of bases: and

DNA is the genetic component of life

Central Dogma for Biological Information Flow

DNA —» RNA — PROTEIN

Friedrich Miescher (1869): discovered DNA (nuclein —»
nucleic acid {
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Fig 19.4 Major pyrimidines and purines

PYRIMIDINES

Fig 19.5 Tautomers of guanine, thymine and uracil
Lactam versus Lactim
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Nucleosides

Fig 19.8

Two conformations of
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TABLE 19.1

Base

Adenine (A)
Ciuanine (G)
Cytosine (C)

Uragil (U}

Base

Adenine (A)

Ciuanine (G)

Cytosine (C)

Thymine (T)

Nomenclature of bases, nucleosides, and nucleotides

Ribonueleoside

Adenosine
Guanosine
Cytidine

Uridine

Deoxyribonucleoside

Dreoxyadenosine

Deoxyguanosine

Deowyeytidine

Deosythymidine or

Ribonucleotide
(5" -monophosphate)
Adenosine 5"-manophosphate (AMP); adenylate’
Guanosine 5" -monophosphate (GMP); guanylae”
Cytidine 5" -monophosphate (CMP): cytidylate”

Uridine 5"-monophosphate (UMP): uridylae”

Deoxyribonucleotide
(5" -monophosphate)

uanosine 5'-monophosphate (dGMP):
deoxyguanylare”

Deoxyeytidine §'-monophosphate (dCMP):
deoxyoytidylae”

Deoxyihymidine 5'-menophosphate (dTMP)

Fig 19.9 (continued)

Sy —p-

OH H OH H

2" Deoxyeytidine §'-monophosphate
(Deoxycytidylate, JCMP)

2 Deoxythymidine 5 monophosphate
{Thymidylate, dTMEP)

thymidine deoxythymidylate” or thymidylate”
‘Anionic forms of phosphate esters predominant at pH 7.4, 15
Fig 19.9 Structures of the
deoxyribonucleoside-5’-monophosphates
o® In vivo the negatively charged
@, =0 .
e 1 phosphates on nucleotides are
0 — ‘I- - - .-y
L ¢ 1 complexed with cations or positively
] NTSNTNH, .
[ charged proteins
! H FII n
OH H OH H
2 Deosyadenosine 5 monophosphate 2 Deoxyguanosine 5 monophosphate
i Deoxyadenylne, dAMP) (Deoxyguanylate, dGMP) *xk
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BCMB 3100 - Nucleic Acids - Chapter 19

*Discovery of DNA
*Nucleotides, nucleosides & bases

*Polynucleotides
*DNA as genetic material

Story of DNA as Genetic Material

Discovery of the structure of double
stranded DNA, 1953

James Watson, Francis Crick, Rosalind Franklin,

«Structure of double-stranded DNA Maurice Wilkins
*Chromatin
*RNA
*Nucleases
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BCMB 3100 - Nucleic Acids - Chapter 19 DNA is double-stranded with equal ratios of
G:C and of A:T. However, the ratio of
+Discovery of DNA (G+C):(A+T) varies in an species specific
Nucleotides, nucleosides & bases manner
*Polynucleotides Table 19.2
*DNA as genetic material TABLE18.2  Base composition of DNA({mole%)and ratios of bases
Purine
«Structure of double-stranded DNA Souree A [ C T AT Gic* G+ 0y wri...;a'f:x‘
Escherichia colf 6.0 M9 232 2% 1o (L0 S0 1.04
«Chromatin '”a'.:‘r?-;f:.'-'.:.:.'r:::m 151 49 14.6 103 099 0.3 1.0
Yeast s 183 !2.’_1 0.97 105 _!.j.? ':::II
*RNA e »s 7 B w2 w4 i
Human 304 199 30.0 1.0l 1.00 398 1.01
*Nucleases T : -
25 27
5 1 & 1

Fig. ] Fig 19.13

19.12 “et, .
[ \ : (
—~a N—Hewwg  CH, ; \
VoNeg Y Y 5
Voo /N------- H—N 2 o o Hise paiming produces
0] )/c: — oy N ? N\ B P . Complementar .llk:guhu sructure in Huase-pair illl\'r:b.'liurl-.
F L S < . which vne strand is Beaal fer the Fomuation of
<N o a o
o" o L & y base pairing complementary to the a double helix with
e CH " Y I and stacking in ather, stacked base pairs,
|‘*-—-_,o M !)————"—Hf){f -\ DNA
[ \ 5 ) H.C,
N “/\ ﬂl/,N' ¢ N Hewm Y o o
s —" @y N p. By
o] / "R Yo T XN o0
g Ve, H | s -y
CH., [
l - G
} -

{ g CHy OeeH -
! SR
4] n/\ <f’_<N_ ( \\
v ‘*-J—N 4, /
ANy R e
O o m ©
CH
I H i 26 L 5 3 b




 Structure of B-DNA

 Sugar phosphate backbone
outside

Stacking creates two
unequal grooves (major
and minor)

Hydrophobic attraction Ll
between the bases

Van der Waals contact
between bases

H-bonds between bases

Electrostatic repulsion
between phosphates

Fig 19.14

Fig 19.18 Forms of DNA

L i GC

inhibited by cations (Mg™) B Dehydrated DNA DNAin vivo rich regions .

Fig. 19.15 Jromay b )

‘%Es.{,, “&;.u,, DNA molecules vary greatly in length
(a) Ball-and- fiee e ““*Jgé’ depending upon the organism and
stick model "=_-:v....,.“w'{_;; ‘«.._,.f,;; organelle
» E. coli 4.2 x 108 bp
fruit fly 62 x 106 bp

(b) Space-filling mitochondria 0.015 x 108 bp

model

30

human 240 x 106 bp




Fig 19.16 Absorption spectra of double-stranded and
single-stranded DNA
Single-

« Double-stranded £\ _~|]r;.:\:_u\ud
(ds) DNA absorbance ~
max 260 nm

. absorbs
more than ds DNA

* dsDNA can be denatured
by heat and chaotropic Double-
stranded
agents DNA

Absorbance

« Extent of denaturation —
can be measured by .
Wavelength (nm)
ODZGO

T
260 300

Fig 19.21 Stem-loop structures in RNA
)

* ssRNA can also have ds
regions

. or
can form from short h.
regions of complementary
base pairs I,
AR
S e

« Stem: base-paired
nucleotides

« Loop: noncomplementary
nucleotides =1

Fig 19.17 Melting curve for DNA
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Four Classes of RNA in living organisms

(rRNA) - ~80% of total RNA, part of
ribosomes (translation machinery)

. (tRNA) - ~15% of total RNA, 73-95
nucleotides long, carry activated amino acids to
ribosomes during translation

(MRNA) - linear “copies” of DNA that
encode genetic information. Encode primary structure
of protein. ~1-3% of total RNA, relatively unstable

- may have catalytic activity and/or
associate with proteins to enhance activity, some
involved with RNA processing in the nucleus 3




Fig 19.19 Structure of supercoiled DNA. Circular B-
DNA has 10.4 bases/turn of helix. If DNA is underwound (or
overwound), it is supercoiled to restore 10.4 bases/turn.
Supercoling is done by topoisomerases.

Al brse pusirend Locally swound region

Supercailing

Supercoiling

ercails, n-2 muma of the

with no supercoils negative supercodls LUET
and a1 nums of the helix helix, and a locally unwound region
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*RNA

*Nucleases

Fig 19.20 Human topoisomerase | bound
to DNA

 Topoisomerases can
add or remove
supercoils in DNA

* Cleave one or both
DNA strands, unwind
or overwind by rotating
cleaved ends, then
rejoin ends

38

* In the nucleus DNA is found as

» Chromatin: an association of DNA with proteins
(mostly histones) — compact & manageable packing.
Chromatin looks like long threads of 30 nm diameter.

« Histones - the major proteins of chromatin
» Eukaryotes contain five small, basic histone proteins

containing many lysines and arginines:
H1, H2A, H2B, H3, and H4

« Positively charged histones bind to negatively-
charged sugar-phosphates of DNA

40
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Table 19.3

TABLE 19.3 Basic and acidic residues in mammalian histones

Number of Number of

Molecular Number of basic acidic
Type weight resid id id
Rabbit thymus H1 21 000 213 65 [[1]
Calf thymus H2A 14 000 129 30 9
Calf thymus H2B 13 800 125 31 10
Calf thymus H3 15 300 135 33 1
Calf thymus H4 11 300 102 27 7
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Fig 19.23 Histone octamer

fa)

H2A HiB H3 H4
) - -

Histone octamer
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Astructural unit in chromatin is the Fig 19.23 (b) Nucleosome
Nucleosome: a ~200 bp DNA strand wound around a
histone core. Nucleosome gives
Chromatin treated with a low salt solution extends 10-fold packing
into a “beads on a string” structure. Beads are the
nucleosomes; the string is DNA. 54bp
Linker : L 146 bp
DNA
Nucleosomae
Core
particle
44
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Fig 19.25

Solenoid: a

higher level of

chromatin Solenoid
structure in give
which further
adjacaent 4-fold
nucleosome packing
associate via

histone H1
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Final chromosome is 1/8000 of length
of B-DNA.

This allows DNA to be packaged into
cells. For example, the largest human
chromosome is 2.4 x 108 bp.

This chromosome would be 8.2 cm long
if it were not packaged as chromatin
(as opposed to 1 pm)!!
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Fig 19.26 Histone-depleted chromosome scaffold.
Attachment of DNA to RNA-protein scaffold gives further
200-fold packing

Protein scaffold Loops attached to scaffold
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Nucleases and Hydrolysis
of Nucleic Acids

* Nucleases - hydrolyze phosphodiester bonds
RNases (RNA substrates)
DNases (DNA substrates)

» May cleave either the 3'- or the 5’- ester bond
of a 3'-5’ phosphodiester linkage

¢ Exonucleases start at the end of a chain

* Endonucleases hydrolyze sites within a chain

49

Cleavage of 3’ ester of Guanylate

5 ....pGpCpAp...3" + H,O —» 5....pG + pCpAp... 3’

Cleavage of 5’ ester of Guanylate

5 ....pGpCpAp...3" + H,O —» 5....p +GpCpAp... 3’

* Nuclease cleavage sites B Fig. 19.27

0—P=0
« Cleavage at bond A generates 0
a 5’-phosphate and a 3’ OH “CH, Base
terminus

 Cleavage at bond B
generates a 3’-phosphate and
a 5’-hydroxyl terminus s

A =cleavage of 3’- ester bond !/0 I'

B = cleavage of 5’- ester bond !

Alkaline Hydrolysis of RNA
DNA is stable in
basic solution i

RNA is unstable in H
base

Fig 19.28

()




Fig 19.28

CH, 0. B Ribonuclease-Catalyzed Hydrolysis of RNA
(cont) Woow 2 RNase A cleaves 5’ ester to right of
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Fig 19.29 (cont)

M H [
u H 1] 4 | ! His- 12
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Most restriction enzymes recognize
palindromes: inverted sequences with
two-fold symmetry over two strands

5 AAGAATTCGG?
SATCTTAAGCCY

: site-specific

endodeoxyribonucleases causing cleavage of both
strands of DNA at points within or near the
specific site recognized by the enzymes; important
tools in genetic engineering

: catalyze both
methylation of host DNA and cleavage of non-
methylated DNA at recognition site

: cleave non-methylated

DNA at recognition site

TABLE 19.4 Specificities of some common restriction endonucleases

Recognition
Source Enzyme”
Acetobdcter pastenrianis Apal
Barillus amylofiguefaciens H BantHI
Escherichia coli RY13 FeaRl
Escheridhia coli R245 FeoRI
Heemophilus aegvpring Haelll
Haemaphilus influenzae By Hindlll
Haemophilus paminfluenzae Hpall
Kiebsiella penmeoniae Kpnl
Nocardia ofitidis-caviarum Netl
Prwidenciasiwartii | 64 Parl TG '.-\1( i
Sermitia manescens Sy Amal ('('f‘lf‘ufi{;
Xanthomonas badrii Xbal T*CTAGA
Xanthomonas holeicola Xhol [ G
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® D. EcoR1 Binds Tightly to DNA
. ForNNGAATTCNN w3
Flg 19.30 FanNNCTTAAGN NS
CH,
i . z DNA replication. the * EcoR1 has 2
* MEthyIatlon Heplicatic {i‘.*il:\'l"llr"f'L’i;i\\hm\nnmh'}ll‘md. identical subunits
and restriction ‘ (purple and
at the EcoR1 M yellow)
t 5o NNGAATTCNNA~3
site Yo NNCTTAAGN N 8 » Bound to a
fragment of DNA
Amethylase catalyzes
IECORI Methyation | e _I ation of the second (strands blue and
GAATTC | recognition i green)
CTTAAG e
F~+NNGAATTCNN ¥ .
FourNNCTTAAGNN e 5 Flg- 19.31
= 61 (like) 63
Fig 19.30 (continued) EcoRI Fig. 19.32 Uses of Restriction Endonucleases
GAATTC
) CTTAAG « Developing restriction maps (indicates specific
5~ NNGAATTCNN 3 cleavage sites in a DNA fragment)
¥ NNCTTAAGNN 5 . . .
« Map of bacteriophage A showing cleavage sites
The endonuclease recognizes of some restriction enzymes
Restiiat GAATTC sequence and cleaves both
ESIICHON | rands of the foreign DNA to produce
fragments with staggered ends. Kpnl Kpnl
Apal \ Xbal Xhol
; . v ; ! | | A DNA
5~ NNG¥ YAATTCNN-~3 00 ' 69 'H' 55" uE 15.0 48.4Kkb
¥ NNCTTAA¥ YGNN 5t h
62 64
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« Restriction digest of
bacteriophage A

 Four restriction
enzymes used

« Sizing gel separates
fragments (smallest
move fastest)

bottom
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Fig 19.34

* DNA Fingerprinting
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