David L. Nelson and Michael M. Cox

* PRINCIPLES OF BIOCHEMISTRY
* Fifth Edition

© 2008 W. H. Freeman and Company

Nucleotides & Nucleic Acids

@ Introduction

& General structure of nucleotides
@ Minor nucleotides

@ Nomenclature of nucleotides

@ Nucleotide pairing

@ DNA store the genetic information
& Three dimensional structure of DNA
@ Unusual structure of DNA

@ Complex structure of RNA

@ Denaturation of DNA & RNA

@ Hybrid of DNA

@ Mutation of DNA

@ Sequence & Synthesis of DNA

@ Functions of nucleotides

12/23/10



Chromosomes

§ Chromosomes are made of
DNA.

§ Each contains genes in a
linear order.

§ Human body cells contain
46 chromosomes in 23 pairs
— one of each pair inherited
from each parent

§ Chromosome pairs 1 — 22
are called autosomes.

§ The 23rd pair are called sex
chromosomes:
XX is female, XY is male.

Gene for cystic
fibrosis
(chromosome 7)

) 2

Gene for sickle cell
disease
(chromosome 11)
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Types of RNA

There are 3 types of RNA, each with a
different job

1. Messenger RNA (mRNA)
2. Transfer RNA (tRNA)
3. Ribosomal RNA (rRNA)

Each type of RNA has a different
structure that is related to its function.

Why do we need RNA

« Our body needs to make proteins in order
to carry out cell functions. The instructions
on how to make proteins are found in our
DNA.

« Enzymes can not read our DNA so it must
be converted into RNA which our enzymes
can read. This process is called...

Transcription!
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Types of RNA

mRNA- single strand that carries messages from the
DNA to the cytosol, so that it can be used to make
proteins.

tRNA- is a cloverleaf shaped single strand that
matches the amino acid to the correct sequence of
mRNA

rRNA- is a single strand in globular form, rRNA binds
with proteins to make up ribosomes which are then
used to make the proteins

Structure of Nucleotides
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Pyrimidine

Figure 8-1b
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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Base Nudeoside Nucleotide Nudeicacid
Purines
Adenine Adenosine Adenylate RNA
Deoxyadenosine Deoxyadenylate DNA
Guanine Guanosine Guanylate RNA
Deoxyguanosine Deoxyguanylate DNA
Pyrimidines
Cytosine Cytidine Cytidylate RNA
Deoxycytidine Deoxycytidylate DNA
Thymine Thymidine or deoxythymidine Thymidylate or deoxythymidylate DNA
Uracil Uridine Uridylate RNA
Note: “Nucleoside” and “nucleotide” are generic terms that include both ribo- and deoxyribo- forms. Also, ribonucleosides and ribonu-
cleotides are here desi d simply as nucleosides and nucleotides (e.g., riboad: ine as ad ine), and deoxyrib leosides and
deoxyrit leotides as deoxynucleosides and d leotides (e.g., di iboad: asd di ). Both forms of naming

are acceptable, but the shortened names are more commonly used. Thymine is an exception;“ribothymidine” is used to describe its un-
usual occurrence in RNA.

Table 8-1

Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H. Freeman and Company
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Figure 8-3b
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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o H H
H
OH H OH H OH H OH H
Nucleotide: Deoxyadenylate Deoxyguanylate Deoxythymidylate Deoxycytidylate
(deoxyad i (deoxyg i (deoxythymidine (deoxycytidine
5. phosphate) 5 phosphate) 5 phosphate) 5 phosphate)
Symbols: A, dA, dAMP G, dG, dGMP T, dT, dTMP C, dC, dCMP
Nucleoside: Deoxyadenosine Deoxyguanosine Deoxythymidine Deoxycytidine
Deoxyribonucleotides
Figure 8-4a

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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OH OH
Cytidylate (cytidine
5" hosphate)

OH OH OH OH OH OH
Nucleotide: Adenylate (ad ine ylate (g i Uridylate (uridine
5’-monophosphate) 5'-monophosphate) 5’ phosphate)
Symbols: A, AMP G, GMP U, umpP
Nucleoside: Adenosine Guanosine Uridine
Ribonucleotides
Figure 8-4b

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company

C, CMP
Cytidine

Minor Nucleotides
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OH OH
Adenosine 5'-monophosphate
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Figure 8-6
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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Successive Nucleotides
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Figure 8-7
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company
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Unnumbered 8 p276
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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Hydrolysis of RNA
under Alkaline Conditions

|
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| _ +
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7 i
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H H H H
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RNA | B | Shortened
O—|T=O O—||’=O RNA
Figure 8-8

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H.Freeman and Company

Properties of nucleotide bases affect

the structure of nucleic acids

Hydrophobic stacking

Hydrogen bonding
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Figure 8-9
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company
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Lehninger Principles of Biochemistry, Fifth Edition
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Figure 8-11
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company

DNA stores genetic information

1868 Friedrich Miescher isolated nuclein from nuclei of pus cells

1944 Oswald T. Avery, Colin MacLeod, & Maclyn McCarty
Virulent strain of bacterium streptococcus pneumoniae

DNA extracted from virulent strain carried inheritable
genetic message for virulent

Proteolytic enzyme: active virulent
Deoxyribonucleases: no virulent

12/23/10
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Blender
treatment

% £\
shears off [ /]
viral heads M
(D
Not Separation
radioactive by Radioactive
centrifugation P
=503
Y
b
Radioactive Not

radioactive

Chargaff rule:

v The base composition of DNA generally varies from one
species to another

v DNA specimens isolated from different tissues of the same
species have the same base composition

v The base composition of DNA in a given species does not
change with an organism’s age, nutritional state, or changing
environment

v In all cellular DNAs, regardless of the species, the number of
adenosine residues is equal to the number of thymidine
residues (that is, A = T), and the number of guanosine residues
is equal to the number of cytidine residues (G = C). From these
relationships it follows that the sum of the purine residues
equals the sum of the pyrimidine residue; thatis, A+G=T+C

12/23/10
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Minor
groove * /

Major
groove

Figure 8-13
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company

Complementarity of DNA
Double Helix

Figure 8-14
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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Structural variation in DNA

NHjy NHy NHy
N7 /-N\ N‘ SN ’/ SN
\N/‘N - N/ \N/\()
HOCHy O
H H
H H
OH OH OH OH OH OH
syn-Adenosine anti-Adenosine anti-Cytidine

(b)

OH OH OH OH OH OH
syn-Adenosine anti-Adenosine anti-Cytidine
Figure 8-16b

Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company
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A form

Figure 8-17 part 1

Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company

A form B form Z form
Helical sense Right handed Right handed Left handed
Diameter ~26 A ~20 A ~18 A
Base pairs per
helical turn 11 10.5 12
Helix rise per base
pair 26 A 34A 3.7A
Base tilt normal to
the helix axis 20° 6° 7
Sugar pucker C-3’ endo C-2’ endo C-2’ endo for
conformation pyrimidines;
C-3’ endo for
purines
Glycosyl bond Anti Anti Anti for
conformation pyrimidines;

syn for purines

Figure 8-17 part 2
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company
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Unusual structures

Palindrome: a word, phrase, or sentence that is spelled
identically reading forward or backward.

STRAW WARTS

Palindrome

I\

TTAGCACGTGCTAA
»dr r 111111

1 1 1 11
AATCGTGCACGATT

Mirror repeat
gy I T AGCECACCACGAT T
-

Figure 8-18
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company

1 1 1 1 1 1 11
AATCGTGGTGCTAA

12/23/10
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Figure 8-19a
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company
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Figure 8-19b
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

12/23/10

22



CH,
— CH —
1-C—N o o ) 1’C—N/_\—N/H I!l
S /I, W AN B / N 7~ AN
H H + H H |
% SN N_ _N Y g™ N_ _N
0 0
H, HE Y e H,, S L
NS 0 N N~ 0
<1 J Gl Il
'i' N7 'il NZ N/H
1 c1 J,
T=A-T C=G-C*

Figure 8-20a

Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H. Freeman and Company
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Figure 8-20c
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company
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Figure 8-22
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Figure 8-23a
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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.
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Figure 8-25
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

DNA

denatured

DNA

Separation Association of
of strands strands by base
pairing

Separated strands
of DNA in random coils

Figure 8-26
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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AR

Double-helical
DNA

Denaturation Annealing

Figure 8-26 part 1
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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VRN

Partially denatured
DNA 5 o
Separation Association of
of strands strands by base
pairing

Separated strands
of DNA in random coils

Figure 8-26 part 2
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Lehninger Principles of Biochemistry, Fifth Edition
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Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company
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Figure 8-29
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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Figure 8-30a

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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Depurination o
o-
—O—II’—O— CH, Guanosine residue
(in DNA)
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HN "\ I
PR | > + —O—III’—O—CHz O_ OH
~
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H,N N H o H
3 H H
Guanine
? H
Apurinic residue
Figure 8-30b

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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Figure 8-31a
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company
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Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company

NaNO, NaNO,;
Sodium nitrite Sodium nitrate

Nitrosamine

Nitrous acid precursors

Figure 8-32a
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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Figure 8-32b

Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company
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DNA sequencing

Sanger method

* DNA sequencing
— Based on chain termination method
—Yields information about
» Structure of gene

* Probable amino acid sequences of its
encoded proteins

33
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inger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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ddNTP analog

Figure 8-33b
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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(A) deoxyribonucleoside triphosphate dideoxyribonucleoside triphosphate

@P®-0—C o

3’ OH

@P®-0—Cy0

allows strand extension at 3’end  prevents strand extension at 3" end

(B)

normal deoxyribonucleoside

small amount of one

5 Pl o dideoxyribonucleoside
triphosphate precursors A CG __— triphosphate (ddATP)
(dATP, dCTP, dGTP,and ™ C 'IATTG‘\:QT
dTTP) TA ATCT ATC

GA’G GAC cT rareincorporation of
oligonucleotide primer T (jj dideoxyribonucleotide by DNA

for DNA polymerase

5
liGCTACCTGCATGGA
3

single-stranded DNA molecule

to be sequenced

polymerase blocks further growth
of the DNA molecule

ﬁCGATGGACGTACCTCTGAAG CG ﬁg,’

Figure 8-36 part 2 of 4. Molecular Biology of the Cell, 4th Edition.

(a)

5'e—

[ —Y)

DNA polymerase
+dNTPs (100 uM}

+ Dideoxy A + Dideoxy G, + Dideoxy T + Dideoxy C
(1 uM) (1 M) {1 uM) {1 uM)
—A —G —T —cC
—A —G —T —C
—A —G —T —C
etc. ete. ete, ete.

Lol

<G Denature and separate by electrophoresis =35>

(b}
8' 97P-TAGCTGACTC3'
3

ATCGACTGAGTCAAGAACTATTGGGCTTAA

DNA polymerase
+dATP, dGTF, dCTF, dTTP
+ddGTP in low concentration

5'37P. TAGCTGACTCA63

3' ATCGACTGAGTC UU/ ACTATTGGGCTTAA

5‘ 2 PTAGCTGACTCAGTTCTTGS

ATCGACTGAGTCAA g»--« TATTGGGCTTAA
5 ‘PTAGCTGACTCAGTTCTTGATAACCCG3
ATCGACTGAGTCAAGAACTATTGGGCTTAA

12/23/10
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Chain Termination Method

& Single-stranded DNA fragment to be sequenced .
FTTTTTTTTTTTTTI
ATGCTATGCTCC
| o SR I
+ddATP +ddCTP +ddGTP +ddTTP
(a) Four different reaction mixtures are used to sequence a DNA fragment;
each contains a small amount of a single dideoxynucleotide, alldl as ddAT
Larger amounts of the four normal de \'mlLleululu (dATP, PdG md

dTTP) plus DNA polymerase and radioactively labeled primers are also included.

>
o
o}
—~

LLJ
Radioactive ¥ Larger
s  fragments
5 4 - P
ATGCTATGCTCC | c
WACGATAGCGAGG 5 - a
i i -
ddA TACGAGG / || T
LLiirirrie .|
c
ddACGAGG / c
[EEREEE] —_ A
ddA G G / — G
[ — G
B
Direction Smaller
+ddATP of synthesis 5 fragments

Reaction products from mixture
containing dideoxyATP

(b) The random incorporation of dideoxyATP

 smaller DNA fragments ending
at all the possible positions where adenine

is found in the newly synthesized fragments.
These correspond to positions where thymine
oceurs in the original template strand.

(¢) The radioactive products of each reaction
mixture are separated by gel electroph
and located by exposing the gel to x
The nucleotide sequence of the newly synthesized
DNA is read directly from the film (5" = 3).

The sequence in the original template strand
is its complement (3’ = ).

Buiusea uoswoy - 3|0/S400I8 &

1l

it

et

l

ACGT

(d) An exposed x-ray film of
a DNA sequencing gtl The
four lanes represent A, C,
G,and T dideoxy reac
mixtures, respectively.

(C) 5 \GCATATGTCAGTCCAG 3" | double-stranded
3" CGTATACAGTCAGGTC 5 | DNA

labeled primer ‘
5 |GCAT 3’

3 CGTATACAGTCAGGTC &' single-stranded

+ excess dATP
dTTP

T
dCTP
dGTP
l+ ddATP l+ ddTTP l +ddCTP 1+ ddGTP
+ DNA polymerase '+ DNA polymerase t+ DNA polymerase t+ DNA polymerase

GCATA GCAT AT GCAT ATGTC GCAT ATG
GCATATGTCA GCAT ATGT GCAT ATGTCAGTC GCAT ATGTCAG

GCATATGTCAGTCCA [GCAT ATGTCAGT [GCAT ATGTCAGTCC GCAT ATGTCAGTCCAG

i U R e

Figur —

— 5
A T C G

DNA sequence reading directly from the bottom of the gel upward, is

ATGTCAGTCCAG
1 12

12/23/10
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Primer

s [ —cAAGcTCaACT

Template
dCTP, dGTP, dATP, dTTP
+ddATP +ddCTP +ddGTP +ddTTP
EE—GATTCGAGCTGddA  EEE—GATTCGAGdAC B GATTCGAGCTddG B GATTCGAGCAdT
B GATTCGddA B GATTddC B GATTCGAddG B GATddT
EE—-GddA B GATTCddG EE—GAddT
l EE—ddG
A 4 G T 4
12 (— A
1 . G
10 . p—— T
s | - c
8 E G
7| — A
6 s G
5 Pt c
4 TR T
3 p—— T
2 o A
1 | ™ G
Autoradiogram of Sequence of

electrophoresis gel
Figure 8-33c

Lehninger Principles of Biochemistry, Fifth Edition
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complementary strand

— —_

|

|

[

Dye-labeled segments

— applied to a capillary
T .DNA. gel and subjected to
k DNA polymerase, migration electrophoresis
four dNTPs,
four ddNTPs

—
\
e G
—_— @
—_—

¥

<«— (UL

Laser beam E’

Detector Laser
Denature
—m Dye-labeled
/] g ts of DNA,
S copied from
S template with
& emplate wit

T unknown sequence

CCTGT TTGATGGTGGTTCCGAAATCGG

|

Computer-generated result after
bands migrate past detector
Figure 8-34

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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Primer

L3 _Template of

unknown sequence
— —
\

\\

DNA polymerase,
four dNTPs,
four ddNTPs

Denature

>

Dye-labeled
T segments of DNA,
c copied from
template with
5 unknown sequence

o

|

Figure 8-34 part 1
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company

—0 Dye-labeled
@ of DNA,
GC copied from

template with
% unknown sequence

|

=

Dye-labeled segments
applied to a capillary
gel and subjected to
electrophoresis

DNA
migration

¥

Laser beam E

Detector | | Laser

CCTGT TTGATGGTGGTTCCGAAATCGG

Computer-generated result after
bands migrate past detector
Figure 8-34 part 2
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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DNA sequencing: The following DNA g ‘
fragment was sequenced by the Sanger =8
method. The asterisk indicates a fluorescent :
label. (12 points — =
s - o
3’ —ATTACGCAAGGACATTAGAC---5’ T m—
A sample of the DNA was reacted with DNA %
polymerase and each of the nucleotide N | T c—
mixtures (in an appropriate buffer) listed ?3; ; b
below. Dideoxynucleotides (ddNTPs) were < | | ™=
added in relatively small amounts. gl I -
1. dATP, dTTP, dCTP, dGTP, ddTTP 28 Ta—
2. dATP, dTTP, dCTP, dGTP, ddCTP = | ;"'""'"
3. dATP, dCTP, dGTP, ddTTP c =
4. dATP, dTTP, dCTP, dGTP 2

T s

A

A
T o
=
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Hybridoma Technology

Hybridoma: A cell hybrid resulting from the fusion of a
cancer cell and a normal lymphocyte (a type of white blood cell).
The hybridoma is immortal in the laboratory and makes the same
products as its parent cells forever

A hybridoma is a hybrid cell produced by injecting a
specific antigen into a mouse, collecting an antibody-producing
cell from the mouse's spleen, and fusing it with a long-lived
cancerous immune cell called a myeloma cell. Individual
hybridoma cells are cloned and tested to find those that produce
the desired antibody. Their many identical daughter clones will
secrete, over a long period of time, millions of identical copies of
made-to-order "monoclonal” antibodies.Thanks to hybridoma
technology, scientists are now able to make large quantities of
specific antibodies.

Hybridoma Technology

Antigen —i

i

" Cells fuse
to make
hybridomas Cancerous

a% a% plasma cells
9 e
o o
Antibody-producing
Clones are tested for
PISHTRLCERS desired antibody

Hybridoma cells @Q e T “e%é
grow in culture r'Y 3 XN - o
pL s
Individual hybridoma " Desired o3
cells are cloned S clones are @Q ‘? ®
cultured e’
{ and frozen

Hybridomas are ‘__\
kept alive in mouse ‘ty" v

Monoclonal antibodies 1T
are purified AT
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Abbreviations of ribonucleoside
5’-phosphates

Base Mono- Di- Tri-

Adenine AMP ADP ATP
NMP Guanine GMP GDP GTP
Cytosine CMP CcDP CTP
ump UDP UTP

NDP Uracil

NTP 5’'-phosphates

Abbreviations of deoxyribonucleoside

Base Mono- Di- Tri-

Adenine dAMP dADP dATP
Guanine dGMP dGDP dGTP
Cytosine dCMP dCDP dCTP
Thymine dTMP dTDP dTTP

Figure 8-36
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company

Ester

T 70
'O—II’I—O—Il:i—O—IrI—O—CHz
10 0 o
Anhydride || H
Anhydride

H3c—ﬁ—o—ﬁ—CH3 H3c—ﬁ—o—CH3

Acetic anhydride, Methyl acetate,
a carboxylic acid a carboxylic acid
anhydride ester

Figure 8-37
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company
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Figure 8-38
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company

dinucleotide (NAD*)

OH OH
Flavin adenine dinucleotide

[ o
HS—CHz—CHz—N—ﬁ—CH z—CHZ—N—c—c—cl—CH,—o—
| 119 O OHCH3 |

B-Mercaptoethylamine Pantothenic acid
|
CoenzymeA

Figure 8-38 part 1
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3’-Phosphoadenosine diphosphate
(3’-P-ADP)
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Nicotinamide adenine dinucleotide (NAD™)

Figure 8-38 part 2
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Flavin adenine dinucleotide (FAD)
Figure 8-38 part 3
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Adenosine 3',5"-cyclic monophosphate
(cyclic AMP; cAMP)

(o] OH

o =I|’
o-
Guanosine 3',5-cyclic monophosphate
(cyclic GMP; cGMP)
Figure 8-39
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Guanosine 5-diphosphate, 3'-diphosphate
(guanosine tetraphosphate)
(PPGPP)
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