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DNA

Desoxyribonukleinsaure

* beschrieb Abtrennung von
Cytoplasma und Zellkernen

* |solierte aus Zellkernen

NUKLEIN

saure Verbindung mit ungewohnlich viel
Phosphor und - im Gegensatz zu
Proteinen — ohne/wenig Schwefel

Nukleoproteide dts
Nucleoprotein engl

Friedrich Miescher Nukleinsaure
1844-1895 = Zucker + Phosphat + Base
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DNA

Normale Basen und einige ihrer Analoga
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Polynukleotid




DNA

Wasserstoffbruckenbindung

Guanin Cytosin
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DNA

Polynukleotidkette & Doppelhelix
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DNA

Doppelhelices, rechtsgangig

¥ O




DNA

Doppelhelices, rechtsgangig

0,59 nm

0,70 nm
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DNA

Doppelhelices, rechts- & linksgangig
a b

anti-Position von Guanin  syn-Position von Guanin

C,'-endo-Zucker- C5'-endo-Zucker-
Konformation Konformation




DNA-Komplexitat

Phylogenie
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Abb. 4-6 Strickberger, 1985



DNA-Komplexitat

genomweite ,Repeats”
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DNA-Komplexitat

eukaryontischen Genstruktur
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DNA-Analytik

Stochiometrie & Metrik

1 g DNA =2 x 102" Nukleotide
1 pg DNA = 2 x 10° Nukleotide

1 mm DNA = 2.9 x 10°% Nukleotide

Humangenom = 3 x 10° bp = 6 x 10° Nukleotide

haploide Chromosomensatz =3 pg DNA~1m



DNA-Analytik
Agarose-Gelelektrophorese

HO o oH o
(0] : _
o (0] HO (0]
0]
7 HO
D-galactose 3,6-anhydro
L-galactose

TABLE 6.1 Range of Separation in Gels Containing
Different Amounts of Agarose

Efficient range of

Amount of agarose in gel separation of linear
support tooth (% [w/v]) DNA molecules (kb)
teeth of comb / 0.3 5_60
0.6 1-20
gel 0.7 0.8-10
— 0.9 0.5-7
0.5-1.0 mm 1.2 0.4-6
/glass plate 1.5 0.2-3
2.0 0.1-2

Maniatis, 1989



DNA-Analytik

Agarose-Gelelektrophorese
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DNA-Analytik

Agarose-Gelelektrophorese

Lambda-DNA nach Extraktion

O
3

aus Phagen-Partikeln

Lockerer Ringschluss durch
Wasserstoffbriicken zwischen
den komplementdren Basen
der einzelstrdngigen Enden

Kovalente Bindung zwischen
den Nucleotiden am 3'- und
am 5'- Ende eines der Strange
durch das Enzym
Polynucleotid-Ligase

Ringférmige DNA-Molekiile,
in denen beide Strdange ge-
schlossen sind, sind nach der
Extraktion aus der Zelle
vielfach durch Verdrillungen
gekennzeichnet. Man be-
zeichnet diese Verdrillungen
als Supercoils

Form lll, linear

Form Il, oc

Form |, ccc



DNA-Analytik
Polyacrylamid(PA)-Gelelektrophorese

comb~. \\ back plate [
glass rabbit ear - - CHZ——CH__[CHZ_(I\’H_]UCHZ_ (|:H_'[CH2_C|:H —1,.CH,—
. (|IO (|)O cO
NH, l\|lH NH,
-
front plate ~ f\|lH
. C|:O
—CH2—(|3H—[CH2——(I:H—],,CH2~CH—-[CH2—CIH—]nCHz—
?O (‘)O CIZO
| ITIH NH, NH,
o CH,
L IIJH THZ
ol ?O ¢O cross-linked
;, —CH,~CH—[CH,—CH—],CH,— polyacrylamide
TABLF 6.4 Effective Range of Separation of DNAs in Polyacrylamide
Gels
CH,=CH—C—NH, ) Effective
I Acrylamide range of separation Xylene Bromophenol
o] (% [w/v])* (bp) cyanol FF® blue”
: 3.5 1000-2000 460 100
Acrylamid (AA) 5.0 80-500 260 65
8.0 60-400 160 45
H H 12.0 40--200 70 20
| | 15.0 25-150 60 15
— CH2=CH—C!f—N—CH2—N—ﬁ~CH=CH2 20.0 + 6-100 45 12
(0] 0] °N,N'-methylenebisacrylamide is included at 1/30th the concentration of acrylamide.

"The numbers given are the approximate sizes (in nucleotide pairs) of fragments of double-
stranded DNA with which the dye comigrates.

Maniatis, 1989



DNA-Analytik

,Southern“-Blot
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DNA-Analytik

,Southern“-Blot

Restriktion
(1 EcoR1; 2 BamH|; 3 Hind I1)

Agarose-Gel-Elektrophorese
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DNA-Synthese

Phosphit-Methode

DMT*0—CH: ? j"f
P—NIiC:H:):
601:01:0!
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i
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o
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9 -
; ’ .
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START [ “@ {1, pyridine, Hi0)
NCCi||:£H:D

5
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DNA-Synthese

Gensynthese aus Oligonukleotiden

Synthese
von einzelnen
Strangen

3 5
P OH P OH

P OH P OH

P OH P OH

l Hybridisierung

: OH P 5 OoH P s
P OH
HO 5 y P
P OH P OH 6
T4-DNA-
Ligase
P OH
HO P

zusammengesetztes Gen

Abb. 3-9 Glick & Pasternak, 1995



DNA-Synthese

Gensynthese aus Oligonukleotiden
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Oligonucleotiden
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komplettes Gen

Abb. 3-10 Glick & Pasternak, 1995



DNA-Amplifikation

Polymerase Chain Reaction (PCR)

Schritt 0

Ausgangs-DNA
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DNA-Amplifikation

PCR, exponentielle Amplifikation

Zyklen n Zielmolekule N
1 0
2 0
3 2
4 4
5 8
32 1.073.741.824

N =2 n? (n>3)




DNA-Amplifikation

5
5IIIIIIIIIIIIIIII IIIII-3-
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DNA-Amplifikation

Alu-PCR

Primer A 3 AACGTCACTCGGCTCTAS

Part of Aly consensus

@) sequence unique fo primaies
Primer B
A dlone
A A A A A
{b) [Abs-| 1 [awe-| 2 [-ann] 3 [Algw| 4 [=Ab
e, T e s T
8 2 B B B
8 alone

i)




DNA-Amplifikation

Bakterielle Klonierung

Vektor Fremd-DNA
BamHI %
BamHI-
Restriktion
5-[GIGATC C|-3 5-IGIG AT C C|-3
3-[CCTACG|IG|-5 3-|IC CT A G|G|-5
e R S arr e T
3- -5 3- -5'
[ aw e |

Ligase4
5-|GIGAT CC|-3
3-|CCTACGIGSY




DNA-Amplifikation

Cosmid-Klonierungssystem

Phage & DA concatenats

Cohesiva ands (cos) i Clere cos DNA

irto plasmid.

Genomic ONA, j (0 Sile
[ =) = Bgil{Sau 3n = compalible)
Py S,
\\"'\.' L L-' - ){:&
Farily cleave with : Linearize at Bgill site
|| Sauda Isolate Cosmid
W 35—45 kb fragments o 1stF
jf oo sites
Ligate
TedtF ichor CIMA, J‘r
= —] = = =
cos gites Ganomic DA | | In vitro packaging recognizes two

* ©os sites that are 35— 45 kb apart.
.-\'L - ‘L B -L
i Iq i | i
7 g L 5 — =P

| Infect E ool
Salect lor Tel resstance,

Racombinart coamid Ba _
replicates as a plasmid m E coff cell
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DNA-Amplifikation

Cosmid-Klonierungssystem

SuperCos |
cosmid vector

76kD

Klonierungskapazitat
52 kb — 7,6 kb = 44,4 kb




DNA-Amplifikation

BAC/PAC-Klonierungssystem

SP6 promotor (100.0%)
M13r (100.0%

Sfil (309)

Srfl (309)

Scal (463)

SeqlL-B (100.0%)
don3 (100.0%)

Clal (1136)
Spel (7020

KN(R)
parB pBeloBAC-kan

8774 bp

SnaBl (5929)

parA

repE

Klonierungskapazitat
100 -250 kb




DNA-Amplifikation

Fosmid-Klonierungssystem

17 _-Eco721361

® pIF RP

chi R

parE  pEpiFOS ™5 redF

1.5 Kb

ari2

repk

Einzelkopie-Cosmid



DNA-Sequenzierung

Maxam-Gilbert-Methode, radioaktiv *1977

Sample DNA

Preparation of homogeneous
single-strand DNA

SATTGAC[TTAGCCY
@ Addition of °’P as 5’ phosphate
"ATTGAC|TTAGCC

o Cleavage at specific nucleotides

\‘_"‘-—_
G reaction | A reaction, |T reaction, | C reaction
| with some |with some
: G cleavage |C cleavage
! (underlined) (underlined)

!

*ATTGACTTAGCC *ATTGACTTAGCC *ATTGACTTAGCC *ATTGACTTAGCC

*ATTGACTTA ‘ATTGACTTA *ATTGACTTAGC *ATTGACTTAGC
“ATT *ATTGACTT TATTGACTTAG "ATTGACTTAG
*ATTG *ATTGACT *ATTGA
ATT *ATTGAC
TATTGA
AT
. {
o Electrophoresis
Fragment
length o Radioautography
(bases) 1
Whole L
oligonucleotide —» 12 | == — — —
1 — | (3
10 m—— '
Q AT G
B e A
2 :
6 rrrm———
4 — A
3 mm— G
2 e v
1 — T
?

e Read
sequence



DNA-Sequenzierung

Maxam-Gilbert-Methode, radioaktiv *1977

TABLE 13.2 Chemical Modifications Used in the Maxam-Gilbert

Method

Base Specific modification®

G Methylation of N, with dimethyl sulfate at pH 8.0 makes the
Cg—C, bond specifically susceptible to cleavage by base

A+G Piperidine formate at pH 2.0 weakens the glycosidic bond of
adenine and guanine by protonating nitrogen atoms in the
purine rings resulting in depurination

C+T Hydrazine opens pyrimidine rings, which recyclize in a five-

: membered form that is susceptible to removal

C In the presence of 1.5 M NaCl, only cytosine reacts appreciably
with hydrazine

A>C 1.2N NaOH at 90°C results in strong cleavage at A and weaker

cleavage at C

* Hot (90°C) piperidine (1 M in H,0) is used to cleave the sugar-phosphate chain of DNA at the
sites of chemical modifications.

Maniatis, 1989



DNA-Sequenzierung

Maxam-Gilbert-Methode, radioaktiv *1977

G (A+G) C

|

32

ACACTGAACGTTCATGTCGA . . ..

me
32p

ACACTGAACGTTCATGTCGA . . . .

me

32p
ACACTGAACGTTCATGTCGA . . ..

me

32
PACACTG:A:‘\CGTTCATGTCGA Ce

me
a2p l
ACACT
32p
ACACTGAAC
32p
ACACTGAACGTTCAT
32
ACACTGAACGTTCATGTC

l

Separate fragments of radiolabeled
DNA by gel electrophoresis

Radiolabel target DNA
at only one end

Carry out five base-specific

cleavage reactions

For example,
partial maodification
of G residues by
dimethyl sulfate

Release of modified G
residues and hydrolysis
of sugar-phosphate back-
bone by piperidine

Maniatis, 1989



DNA-Sequenzierung

| NTP-Kettenabbruch~, Didesoxy~, radioaktiv *1977

» A . .
@ »Primer

a (32P) dATP a (32P) dATP a (32P) dATP o (32P) dATP
ddATP

dGTP dGTp dGTP dGTP

ddGTP
dcrp dcTp dcrp dcTp
ddCTP
dTTP dTTP dTTP
ddTTP

900

[ L L= e L —TI | TTCGAAAGCTTCGATG
— TTCGAAAGCTTCGAT
— TTICGAAAGCTTCGA
e TTCGAAAGCTTCG
— TTCGAAAGCTTC
— TTCGAAAGCTT
—_— TTCGAAAGCT
— TTCGAAAGC
= e
— | TICCAA Fred Sanger
[— TT1CG .
g He Nobelpreise 1958, 1980
ACGT

© Georg Thieme Verlag - Knippers: Molekulare Genetik

- 8. Aufl. 2002



DNA-Sequenzierung

Didesoxy~, Fluoreszenz-markiert

T

Polyacryl-

amid-Gel Sequenz
CCAGCGCTGTGAT

Lauf- l

richtung /‘\ /\

Computer /\ /\
Detektor

< A A

© il ANA A




Sequenzier-Technologie

Dye-Primer

Single-stranded DNA
with cloned insert to be
sequenced

Set up sequencing

reachons

Dideoxy terminators

M13 universal primer
with fluorescent tags

Newly synthesized DNA
strands carry tag




DNA-Sequenzierung

Dye-Terminator

Templaie Primer

() +=+anr

+ Polymergse =i

ddATP, ddC'TP :
ddGTP, dd TP wACGTAC

_|_




Sequenzier-Technologie

Dye-Primer vs. Dye-Terminator

220 Qe0

1 | 1 ] 1 | 1 ] 1 | 1 ] 1 | 1 ] 1 | 1 ] 1 | 1I|:|4|:|

1.12D

GG TACCGGGCCCCCCCTCGAGGTCOGACGG TATCGA TAAGCT TG ATT

"

40 50 b0 70 80 90
CICTAG ACG ATG ATTTACACGCATG TGC TG AAAGTTGGCGGTIGCCGG AGTGC GC TCACCGC

||

DT ﬂ
i J JM J

I

—




Sequenzier-Technologie

,cycle“-Sequenzierung
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Sequenzier-Technologie

Manipulierte Polymerasen

Proc. Natl. Acad. Sci. USA
Vol. 92, pp. 6339-6343, July 1995
Biochemistry

A single residue in DNA polymerases of the Escherichia coli DNA
polymerase I family is critical for distinguishing between deoxy-

and dideoxyribonucleotides

(DNA sequencing /dideoxynucleotides /T7 DNA polymerase,/Tag DNA polymerase /fidelity)

STANLEY TABOR AND CHARLES C. RICHARDSON

Department of Biological Chemistry and Molecular Pharmacology, 240 Longwood Avenue, Harvard Medical School, Boston, MA 02115

Contributed by Charles C. Richardson, March 28, 1995

ABSTRACT Bacteriophage T7 DNA polymerase effi-
ciently incorporates a chain-terminating dideoxynucleotide
into DNA, in contrast to the DNA polymerases from Esche-
richia coli and Thermus aquaticus. The molecular basis for this
difference has been determined by constructing active site
hybrids of these polymerases. A single hydroxyl group on the
polypeptide chain is critical for selectivity. Replacing tyrosine-
526 of T7 DNA polymerase with phenylalanine increases dis-
crimination against the four dideoxynucleotides by >2000-
fold, while replacing the phenylalanine at the homologouns
position in E. coli DNA polymerase I (position 762) or T.
aguaticus DNA polymerase (position 667) with tyrosine de-
creases discrimination against the four dideoxynucleotides
250- to 8000-fold. These mutations allow the engineering of
new DNA polymerases with enhanced properties for use in
DNA sequence analysis.

METHODS

Construction of Hybrid Genes. Hybrid genes were constructed
by using synthetic oligonucleotides and the polymerase chain
reaction. Hybrids of the T7 DNA polymerase gene were ex-
pressed under the control of the lac promoter in the vector
pUC18; the parent vector (pGP5-12) contains the gene for T7
DNA polymerase with a deletion that encodes amino acid
residues 118-145, inactivating the exonuclease (9). Hybrids of the
E. coli DNA polymerase I gene were constructed in pKLEN-1,
which encodes the large fragment of E. coli DNA polymerase [
(beginning at residue 324) under the control of a T7 RNA
polymerase promoter. Hybrids of Tag DNA polymerase were
constructed in pTQA-1, which encodes a truncated fragment of
Tag DNA polymerase (beginning at residue 289) under the
control of a T7 RNA polymerase promoter. For characterization
of the purified Tag h}rbnd pﬂlymerasc C—QS (see Table 1), a

1acicaamidmnamalacandlnia

[ -SSR WSS YN SRS | NS YRR LS .,



Sequenzier-Technologie

Manipulierte Polymerasen
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Sequenzier-Strategie

Primer-,walking"

2600b ass




Sequenzier-Strategie

,hested” / verschachtelte Deletionen

vector template insert

ordered
series of
deletions




Sequenzier-Strategie

Schrotschuss (,shotgun®)

bacterial clone =i : — 40 -250 kb insert
(Cosmid, PAC, BAC)

random fragmentation

M13/plasmids 1-2/6-8 kb inserts

ABI 377 Sequencer : 800-1400 clones

400 bp/read

8-10 fold

Sun server & X-terminals redundancy

database entry

final sequence



“shotgun”-Theorie

Lander & Waterman (1988)

nicht sequenzierter Anteil U=eMmg

verbleibende Liicken: G = n*e g

n: Anzahl der ,shotgun“-Sequenzen

| : Lange einer ,shotgun“-Sequenz
g: GrolRe des Genoms/Ausgangsmolekuls

Beispiel: g = 100.000 bp ; =400 bp

n (n*l)/g U G
250 1 37% 92
1250 5 1% 12,5

2500 10 0,005% 0,125
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