Nucleic Acids

1869: Miescher- gelatinous material from cell nuceli of white blood cells containing
organophosphorous compounds- nuclein (chromatin)- discovery of nucleic acids
1891: Kossel- identified the DNA bases A, T, G and C
identified D-ribose in nucleic acids
1889: Altman- purified DNA
1901:  Ascoli- identified U in RNA
1910: DNA and RNA realized to be separate entities. ~DNA (thymus) RNA (yeast)
1929: Levene & Jacobs- identified 2°-deoxyribose in DNA
1920’s - 1950’s: structures of nucleosides and nucleotides. Alexander Todd (Nobel Prize, 1959)
1928: Griffith- first to propose that DNA was genetic material; not widely accepted

1931: Levine & Bass- first proposed structure. Believed to be part G o

of chromosome physiology, but NOT genetic material g:l—o—#}—o oC
1944: Avery, MacLeod & McCarty- Strong evidence that DNA o j—o@

is genetic material X Lm0
1950: Chargaft- careful analysis of DNA from a wide variety of q 0 iy

organisms. Content of A, T, C & G varied widely according 19Lo-p0

to the organism, however: A=T and C=G (Chargaff’ Rule) ° A
1953: Watson & Crick- structure of DNA (Nobel Prize with M. Wilkens, 1962)
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Nucleoside, nucleotides and nucleic acids Blackburn ef al. Ch. 2
First strand Second strand

AV

5" end 3" end

Phosphate

base | SuﬁarHTliiAHSuTarI
base Phosphate

E {phosphate]—( sugar ] - [ sugar |——{ az::7 | sugar |

{
i Sugarl—‘GESEC HSugarI
3end |,

L

5" end
Py

nucleoside nucleotide nucleic acid

(%)
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Sugar: D-ribose

CHO
HO o OH H——OH HO o H
_ H OH _—

H H H——OH H OH

HO OH CHoOH HO OH
B-D-ribofuranose a-D-ribofuranose
HO

o. OH
H H
HO H

B-D-2-ribofuranose

Stereochemistry:
As drawn, the side above the plane of the ring is 3
the side below the plane of the ring is a

243
Nucleosides vs Nucleotides
Q
HO o .B HO-P-O o_,B
HO X HO X
ribonucleoside (X=OH) ribonucleotide (X=OH)
deoxyribonucleoside (X=H deoxyribonucleotide (X=H
? Q 9 9
HO—F"—O—F;’—OY?,B HO-P-0-P-0-P-0 o_,B o o B
o -0
0% e J 2 f 0 LS °o ] Y
HO X HO X >0 oH
nucleotidediphosphate nucleotidetriphosphate 3',5"-cyclic phosphosphate
244
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9 Iq 9 /N NH> o 9 9 r/N NH,
.O*I?—O—F;’—O—I?—O O. N 74 \N 2 _07$—07E70 o. N 7 \N )
O O O N=/ \U =/  + PO,H
HO  OH HO  OH
ATP ADP

+ ~32 KJ/mol (7.3 Kcal/mol)

Hydrolysis of ATP is used to drive may biochemical reactions

Phosphoryl transfer reactions:

N NH.

of\g) 9 o @ 2

HO -0-pL0-P-0-P 7\
&

o p-0-P “0_o_N
HO o o N=" -
OH OH HO OH
- N NH;
o®» 9 0 (/ 0POs2
07E87E>0_E_0 oN~( \N —  » HO ADP
HO o~ o O =/ HO Q *
o N
Ho Y OH
HO  OH
on " OH 245
Bases
A. Purines
NH, o] o]
7
o T D
\N H,N \N '\ \N
R R

R

Adenine (R=H)
Adenosine (R= furanose, A)

B. Pyrimidines

NH,

Cytosine (R=H)
Cytidine (R=furanose, C)

Guanine (R=H)
Guanosine (R= furanose, G)

o o NH,
NH ‘ NH ~ N
N/KO N/KO N 0
R R R
Thymine (R=H Uracil (R=H 5-Methylcytidine
Thymidine (R=furanose, T) Uridine (R=furnaose, U) (R=furnaose)

Hypoxanthine (R=H)
Inosine (R=furanose, I)

DNA contains A, C, G, T all with 2'-deoxyribose
RNA contains A, C, G, U all with ribose

The stereochemistry of the base is
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Numbering System

- Of 0 =0*
5' 6 7 Q 4

7
HO O._,Base N5 NS 5 XN 3 5 4[\13H
N1 y 6 NH N2 N
Y\ 2/ 8/3\/\ 8< 1”1 | |1 12
Sy 7 <N | A 9N7 N/JZ\N'; 6 N/)2 6 N/g
HO3 “OH Sh 4N A 2 1 &

Ribonucleoside Purine Guanosine Pyrimidine Uridine

0= 0?

247
Nucleoside Conformation:
o) o o} 0
N NH NH HN N HN
¢l l > |
N N/)\NHZ N/go HzN)\N N O)\N
HO HO HO HO
:O: :O: :O: :O:
OH OH OH OH
Anti conformation Syn conformation

S-member ring conformation: envelope

59A R
(R w
RO

NG o
RO |4 —N o
WN{{W %(ﬁ )

o] H \< H

70A ; NHz H N\<

R NH,
C2' - endo conformation C3' - endo conformation
found in B-form DNA found in A-form DNA
248
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Watson & Crick: double helix

Initial “like-with-like”, parallel helix:
Does not fit with with Chargaff’s Rule: A=T

H
H-N
=N an NFN LdR ER dR
Ny j\l N/ j‘ OY l OYN
= H~ N” N |
Q N b ! H~ N Ny
H ! H ! o 0 H. _H

‘ ' : : ) N N.
: H : K \EKN H \N_V‘_,H H
r/N 0 r/N N-H PY | X
7 N N— N

. N
dR N=( dR N=" dR
N-H
H

purine - purine pyrimidine - pyrimidine

Wrong tautomers !!

Watson, J. D. The Double Helix, 1968

G=C

249

Complimentary Base- Pairing in Nucleic Acids:

antiparallel double helix

Antiparallel C-G Pair

T

Hydrogen Bond

Donor N* \ of Hydrogen Bond Hydrogen Bond 14

—H-- -0\ N\7 Acceptor Acceptor )
Hydrogen Bond A\ Hydrogen Bond HydrogenBond (5 ¢/
Acceptor N0 { Ne--n N N1 st Donor

e A
HydrogenBond 12 e H— "

N N2 Hydrogen Bond

Acceptor " Donor

Antiparallel T-A Pair

H

/

AN
e O R
\—y/ \(\

10,

H N6 Hydrogen Bond
/ Donor

Acceptor

-H—N N
N
7\ 7‘ N1 Hydrogen Bond
—/ %

“Molecular Structure of Nucleic Acids” Watson J. D.; Crick, F. H. C. Nature 1953, 171, 737-8
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Minor
groove

Minor
groove

Major

Major groove

groove

pdb code: 1bna 251

DNA Grooves

major groove

cytidine m guanosine

minor groove
major groove

thymidine m adenosine
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Writing DNA sequences

DNA Sequences are written 5’ to 3’
5’-ATCGCAT-3’

5’-d(ATCGCAT)-3’

T C G C A

CYRNANNNS

253

Melting Temperature (T, ): a measure a duplex stability
A

Double - Single
stranded A strand
Hybridzed: Unhybridized:
highly ordered less ordered,
structure random coil

Base stacking causes a deceases in the next UV absorbance when
DNA is hybridized (double stranded) versus unhybridized.

Upon thermal denaturation (melting), the UV absorbance increases:
hyperchromicity

Blackburn et al. Ch. 2.5.1, 11.1.1 254

128



DNA melting curve:
57-d(GCT AGC GAG TCC)-3’

027 3._g(cea tce crc ace)-50  annealing single
E o015 7 melting stranded
3 e
8 . /
5 0.1 /
g :
< 005 | double :
’ stranded ~/ + Tm=65°C
T
0 I ‘ ‘ ‘ ‘
0 20 40 60 80 100
T(°C)

T, is often taken as a measure of DNA duplex stability

T,, 1s a measure of AG not AH

The T, is dependent upon the length and sequence of the
oligonucleotide (CG/AT ratio) and the ionic strength

of the medium

255

DNA processing enzymes:

DNA replication:
Helicase: Unwinds double stranded DNA

DNA polymerase: replicates DNA using each strand as a
template for the newly synthesized strand.

53

Template strands

Replication fork

25 DNA polymerase

DN& polymerase

© The two strands of the

parental double helix unwind, A7),
and each specifies a new daughter "/

T strand by base-pairing rules

/‘,/'\ DNA4 ligase
Okazaki

fragments

\ Lagging strand

Leading strand 3

3

5

“It has not escaped our attention that the specific pairing we have postulated
256

immediately suggests a possible copying mechanism for the genetic material.”
Watson & Crick

Blackburn et al. Ch. 3.6, 5.3, 6.6.4
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DNA Polymerase: the new strand is replicated from 5’ to 3’
DNA polymerase are Mg+ ion dependent
Details regarding the mechanism of recognition of ANTP

incorporation for the growing DNA strand are not
fully understood

257

DNA Ligase: enzyme that will join (ligate) two DNA segment by
catalyzing the formation of the phosphodiester bond of a
terminal 5’-phosphate of one oligonucleotide and the
3’-hydroxyl group of another oligonucleotide.

5 3
204P0 cI>H Z'OgP?
II| [TTTT1 T
Lttt IIIIIIIIII
OH
J 3‘
5 3 5 3 J
204PQ OH s
i T I_I_I_;ESPI;T
Lttt ||||||||||
) OH
Phosphodiester l DNA Ligase 3
bonds
l lDNALigase
Lttt it iiiititd

258

130



Restriction Enzymes: enzymes that will cleave double stranded
DNA at specific, known sequences.

57-d(G-A-A-T-T-C)-3" EcoR 1
37/-d(C-T-T-A-A-G)-5"

57-d(G-G-A-T-C~C)-3"
37-d(C-C-T-A-G-G)-5" BAM HI
?

restriction
enzyme

OH 2:04P0

STTTTT EEEEEEEREEE
NEIRIRENEN LLiiiil,

203P0 OH

“sticky ends”

Werner Arber, Daniel Nathans and Hamilton Smith 259
1978 Nobel Prize in Medicine & Physiology

Type I: cleaves at a site very distant from the recognition sequence;
Mg?*, SAM and ATP dependent.

Type II: cleaves DNA at or near the recognition sequence;
Mg?* dependent. i.e., EcoR I, BamHI, Bbs I

Bbsl: GAAGACNNNNNNN
CTTCTGNNNNNNN

Recognition
sequence Cleavage: blunt end

Type 2
restriction
enzyme

Il
| 1 260
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Polymerase Chain Reaction (PCR): method of amplifying DNA
using DNA polymerase and cycling temperature

Heat stable DNA Polymerases:
Taq: thermophilic bacteria (hot springs)- no proof reading

Pfu: geothermic vent bacteria- proof reading

Mg 2+

two Primer DNA strands (synthetic, large excess)
one sense primer and one antisense primer

one Template DNA strand

dNTP’s

KARY B. MULLIS, 1993 Nobel Prize in Chemistry for his invention of

Blackburn et al. Ch. 5.2.3,5.4.2

the polymerase chain reaction (PCR) method.

A typical PCR temperature cycle

Denaturation:

Annealing:

Extension:

# of cycles

Final extension

94 °C

55-68 °C

72 °C

25-35

72 °C

0.5 -1 min

0.5-1 min

1 min

10 min

5 °C below the
T, of the primer

+ 1 min per Kb
of DNA

262
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Polymerase Chain Reaction

3
CTTTTTTTTTTITTTITTT]

3' 95
CTTTTTTTTTTTTITITTT T -
O I A I ation
I 1 1 I I I e
segc  JTTTITTITTITITTT] a2
—_— a1l Taq, Mg ™, dNTPs
anneal '|—|—|—3‘ extension
(+) and (-) primers
I I I e
3
CTTTTTTTTTTTITITTT T
3
FrrrrrTrrrrrrirrrd
LIttt
3" ! o
%°C LIl LlIrrrri,
_—
5 3 denaturati
TTTTTTTTTTTTTTTT] onaturation .
ol LI LTI LI NI IT],  2ndeycle FTTTTTTTTTTTTTITTT
2 copies of DNA
O I I I I I v v
P —
—— g -
[ amplification of DNA

263
For a PCR animation go to: http://www.blc.arizona.edu/INTERACTIVE/recombinant3.dna/pcr.html

$$ The Power of Compounded Interest $$

1x2=2x2=4x2=8x2=16x2=32x2
=64x2=128x2=256x2=512x2=
1,024 x2=2,048x2=4,096 x2=8,192x 2
=16,384 x2 =32,768 x 2 =65,536 x 2 =
131,072 x 2 =262,144 x 2 = 524,288 x 2 =
1,048,576

In principle, over one million copies per original,
can be obtained after just twenty cycles
264
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Oligonucleotide-Based Site-directed mutagenesis

DNA mRNA ——— protein

THE STANDARD GENETIC CODE SYMBOLS FOR AMINO ACIDS
UUU  Phe UCU  Ser UAU  Tyr UGU Cys A Ala Alanine
UUC  Phe UCC  Ser UAC  Tyr UGC Cys B Asx Asparagine or aspartic acid
UUA  Leu UCA  Ser UAA  Stop UGA  Stop C Cys Cysteine
UUG Leu UCG  Ser UAG  Stop UGG Trp D Asp Aspartic acid
E Glu Glutamic acid
CUU Leu CCU  Pro CAU  His CGU Arg F Phe Phenylalanine
CUC  Leu ccc  Pro CAC  His CGC  Arg G aly Glycine
CUA Leu CCA  Pro CAA  GIn CGA Arg o Histidine
CUG Leu CCG  Pro CAG GIn CGG  Arg I e i
AUU lle ACU  Thr AAU  Asn AGU  Ser K Lys Lysine
AUC lle ACC  Thr AAC  Asn AGC  Ser L Leu Leucine
AUA lle ACA  Thr AAA  Lys AGA Arg M Met Methionine
AUG  Met ACG  Thr AAG Lys AGG Arg N Asn Asparagine
P Pro Proline
GUU  Val GCU  Ala GAU  Asp GGU  Gly Q G Glutamine
GUC Val GCC  Ala GAC  Asp GGC  Gly A Ag Arginine
GUA  Val GCA  Ala GAA Glu GGA Gly S Ser Serine
GUG  Val GCG  Ala GAG Glu GGG Gly T Thr Threonine
vV val Valine
W Trp Tryptophan
AUG is part of the initiation signal, as well as being the codon for internal methionine. Y Tyr Tyrosine
Z GIx Glutamine or glutamic acid
Blackburn e al. Ch. 5.6 265

3’-GAG ATG ACA CCC AAA-5'
5’-CTC TAC TGT GGG TTT-3'

-Leu Tyr Cys Gly Phe-

3’-GAG ATG CGA CCC AAA-5'
5’-CTC TAC GCT GGG TTT-3'

-Leu Tyr Ala Gly Phe-

266

134



Restriction Map

23 BspD |

23 Clal
EcoR | 4361 29 HinD IIl
Aat Il 4286 185 EcoR V

Ssp| 4170 229 Nhe |
375 BamH |

562 Sph

622 EcoN |

¢ 651 Sall

Sca | 3846
Pvul 3735

Pst | 3609
Ase | 3539

939 Eag |
\— 972 Nru|

1063 BspM |

pBR322

+

4363 base pairs
Unique Sites

Bsa | 3435
Eam1105 | 3363

1353 Bsm |
S 1369 Sty |
1425 Aval
1444 Bal |
1444 Msc |
1650 Bsg |

1664 BspE |

1664 BspM Il
1668 BsaB |

AwN | 2886

I \

Afl Il 2475
Nde | 2297 2066 Pvu Il
Xca | 2246 2124 Esp31
Bst1107 | 2246
Bsa | 2227
Tth1111 2219

267

EcoR | EcoR |
Cys—=Ala EcoR1
BamH |
Cys—>Ala

EcoR 1
BamH1
- - BamH | BamH |
insert
envelope
Cys plasmid (template)
5°

BAM H1
3'-GAT CCC NNN CTC TAC ACA GGG TTT NNN--

5'-CTA GGG NNN GAG ATG GCT CCC AAA NNN-3'
PCR primer with mutation Ala i
PCR amplifies a new insert with the mutation
Cut the PCR fragments with EcoR1 and BamH1

Ligate the new insert (with the desired mutation) back into the envelope

MICHAEL SMITH, 1993 Nobel Prize in chemistry for his fundamental contributions to the establishment
268

of oligonucleotide-based, site-directed mutagenesis and its development for protein studies.
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Amplification of the mutant sequence by PCR

—ACA Codes for Cys
—TGT
Denature and
. . anneal primers
Primer contains
the mutation —ACA
for Ala —GCT— —TGT
l extend
=—ACA —ACA
—GCT —TGT
Denature and
anneal primers
—ACA. —ACA
—GCT— —GCT—
—=GCT —TGT
l extend
- ACA =—ACA
—GeT —GCT
—CG —ACA
—=GCT —TGT
269
—ACA. —ACA
—GCT —GCT
—CGA: —ACA
=-GCT —TGT
Denature and
anneal primers
—ACA —ACA
—GCT=— —GCT=—
—GCT =—GCT
—CGA —ACA
=GCT=— —=GCT=—
—aGcT —TGT
i Extend
—=CG =—ACA
—GCT —GCT=—
—=CGA —CGA
—GCT =—GCT
—CGA —ACA
—GCT =GCT
—caA —ACA
—GcT —TGT

DNA strands with the desired mutation are being amplified much faster than strands without the mutation;
after ~25 rounds of PCR, the amount of DNA that does not have the desire mutation become

270
negligible (<< 1 in a million)
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Nucleoside Synthesis: Blackburn et l. Ch. 3.1

important class of chemotherapeutic agents
(anticancer and antivirals)
important reagents for biotechnology

Anti-Cancer Nucleosides

FoC o} NH,

R o]
</ NH </ NH (/ \N
DYARRCARRGA
\ \ F

Ho' HO' HO' F

Anti-Viral Nucleosides

Chemical Synthesis of Ribonucleosides
via Vorbriiggen Glycosylation

(6 _SiMes
a-
oTMS j 1\1
~N : \N)\OTMS
AcO o NS AcO o
OAc N~ OTMS \O -~ AO—~ o
St $nCl,, CH;CN S 7
AcO OAc v AcO 0’< ., )+\
AcO 0

o 0
2/ ,ZNH ;/ NH
> Aco\@N« NHa, McOH HO—\@N 5
0

AT OAc HO  ©OH

B-Ribonucleoside
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The stereochemistry of the C2-ester group of the furanose-tetraester
controls the stereochemistry of the glycosylation reaction

AcO

AcO\\\ ’/’OAc

ribose-tetraacetate

AcO
\Cz‘f OAc

AcO OAc

arabinose-tetraacetate

OTMS
Z "N

I
\N)\OTMS

SnCl,, CH,CN

OTMS
7N

IN

)
N~ "OTMS

SnCl,, CH;CN

O

WNH

AcOWN—Q
o)

7

A0 OAc

B-1'-stereochemistry
(o]
:/ NH
AcO \(iz\ N &o

AcO OAc

a-1'-stereochemistry

273

Exocyclic amino groups of C, A and G require protecting
for the Vorbriiggen Glycosylation reaction

N R=CH, CH(CHy),

(0]
HNJI\Ph
N SN
4
e

H

o)
N NH O
]
N/)\N)LR

N
H H

_ >

OTMS

NZ R

PN |

TMSO N

OTMS
N7 R

N7

PY |

TMSO N

oTMS
NZ “Ph

SN

</: IN)

/
(H3C)sSi

_—

OTMS

</N | SN oTMs

P
NT NN

(HC)aST

R=CH;, Ph
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Chemical Conversion of Ribonucleoside to 2’-Deoxyribonucleoside:
Free radical deoxygenation of the 2’-hydroxyl group

? {O o
HO N~<\‘H (iPr,SiC1),0, ;/ NH PhOC(S)Cl,
ridine . idi
0} 5 Py iPry /O o N—< pyridine
iP5 0

HO oM Ol &
) /SI\“O OH
B-Ribonucleoside iPr ipr

o] o}
2/ H 1) nBuySnH, AIBN ;/ NH

iPry ./O o N PhCHj, reflux
ipr— S v
o S >

ko)

N

HO o. N
o T > o
2) nBu,N*F, THF \

Si-0 OoPh HO'
iPr ipr T

p-2'-Deoxyribonucleoside
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Solid-Phase Oligonucleotide Synthesis
$ [—oH Sio $o o o
1 I
Lpod —— b 07Si—(CH2)rNHz — | | -0-—8i—(CH2s~N~C~(CHp)y C—OH
OH c c
; (o o
DMTrO B,
o HO. B
shol 2 E—ﬁ o)
— |t 07Si—(CH2)3—H—c~(CH2)2»ﬁ—o _ClsCCOOH
¢ro 0 ®—o0
DMTIO
DMTIO B pMTro B ' P
o o °
\%—} 1) Ac,0 (capping) o
2) Ip, H,0 o.
0\?,N(‘Pr)2 o\,‘j,o\ﬂCN 2 e ":O,
O ~cn o B 0 By
jﬁﬁﬁ jﬁﬁﬂ
coupling
®—o ®-o
HO B, HO. B,
§o: ;o;
CI,CCOOH NHy, H,0
Repeat Cycle o] o. O
O\Fl!/io/\/CN deprot%ctmn ﬁ’/io
o. By cle:/re‘ f;om O\l By
0. solid support 0.
&0 HO
276

Blackburn et al. Ch. 4
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The Protecting Groups for Solid Phase DNA Synthesis:
5’- hydroxyl group

Trityl Ry= Ry= Rz=H Tr-OR
© (p-Methoxyphenyl)diphenylmethyl ether Ry= R,= H, Ry= OCHj,
4'-methoxytrity! MMTr-OR
REQC’O’R Di-(p-methoxyphenyl)phenylmethyl ether R,;= H, R,=R; = OCHj,
4',4'-dimethoxytrity DMTr-OR
Tri-(p-methoxyphenyl)methyl ether R;= R,= R3= OCHj,4
Rs 4'4' 4'-trimethoxytrityl TMTr-OR

Relative rate of hydrolysis:

o) 0
HN)j HN)E
R0 OJ\N 80% ACOH (49 A

HO (e) N
o 20°C o
HO OH HO OH
R= Tr 48 hr.
R= MMTr 2 hr.
R= TMTr 1 min. (too labile to be useful)

277

Protecting groups for the exocyclic amino groups
0]

L)l drrs L

N N
dR H

o
HNJ\ HNk/oph o)
N)j N SN N NH O
| % IL %
O)\N <,N | N) - N)\N)K/OPh
R dR H

N
/
drR

All are removed with NH,/H,O at 80° C
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Phosphoramidite reagents: the monomeric building blocks
for solid-phase DNA synthesis

O
N
HO o. ,B OMTrCl DMTrOv \r 7 c DMTrOWB
T

HO' purcine [(CHo).CHINH ¢
NC._~. P
Base is protected 0" "N[CH(CHy),]

for solid-phase RNA synthesis

|
Si—Cl  DMTrO B DMTrO 0. B
HO 0. ,B DMTr-C DMTrO O. B 7 | W W
\ * | -
S id sy QA S
HO  OH pyricine HO  OH Ag* HO O—S‘i—é %S‘I*O oH

Base is protected 70:30

\rN\P/OV\CN [(CH3)2CHINH

|
cl

DMTrO 0. ,B silyl group removed

w with fluoride ion (F)

sy |

o b—?i*é

NC. R
\/\ -
O NICH(CHy) 279

DNA Sequencing: Maxam-Gilbert Sequencing Blackburn ezal. Ch. 5.1
sequence selective chemical cleavage

A: Cleavage at the 3'-side of guanosines with a) dimethylsulfate b) A, c¢) piperidine.
o 32

P HeG o 2p
< fk ; ﬁ |
Z
NH, HyCO—! ﬁ-OCHS o O N7 ONTNH, o on

§

0o o 5
N N HG ol
AN P \ p
079 o7 lose NH 07
§ .0 !
N

32

o

[oRVV VvV

P P 32
E é 5
(Eg OH H o OH H fo) OH H
- Yh— YLO NEO
¢ G H

(o]
\p
/
o
Ve
/'UAO
onnd
oF
(e}
\p
/°
rnnnd
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Maxam-Gilbert Sequencing

B. Cleavage at the 3'-side of adenosines and guanosines with a) dimethyl sulfate
b) HCO,H, c) piperidine.

NH, NH; 32p

N N
0. N H,CO—S—OCH. N
° ] ° O I HCO,H, H,0 OH
] CHy R
. \ \
8 ¢ NH, s

9 0 g
Sh Ok N~ Sh
07N 07N ose ¢ ] J 07N
3 b + b
NN
CH, :
32P SZP 32P
? § ?
OH H OH K OH K
— Y YO VO
s s H H
R R :
SR

o

o
\ 7
=0,
rrnnd
o
\ //O
/ -0,
vannnd
I
=
o
P
/
3

Maxam-Gilbert Sequencing

C. Cleavage at the 3'-side of thymidines and cytidines with a) hydrazine, b) A, c) piperidine.

32 H* a2p
P o
sp é :'D é NH:
HN o
o H 0 ~NH
§ o= )t 6 :<N ’ N AN
o o N H,N—NH, ) o
v - HN—NH, — > \
§ H:0 ol o
o? Oy BPLN
Sk 0" o7
07 N0 g g
<2

g 32 32p

y H H
#
oﬁP\ H o
0”7 Yo N, O>\P\o
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Maxam-Gilbert Sequencing

D. Cleavage at the 3'-side of cytidines with a) hydrazine, 1.5 M NaCl, b) A, ¢) piperidine.
32p . NH,
p H o M E H m(
p NH, $ N
L=< Mo vy
's
b o:<N / H,N—NH, ©
YY > HN—NH, ——— > ¢
1.5 M NaCl v o

¢ o X
o Oy [ BOLN
°N 'O>\ N 07 9
. /P\9 g §
32P 32P
32p 3 3
13
E NH, | E o, E
S (@]
o

283

Maxam-Gilbert Sequencing

Separation and detection of 32P-labeled DNA fragments by polyacrylamide gel electrophosesis
(PAGE). DNA fragments separated based upon charge, which is proportional to the length of
the DNA fragment.

G A&G C C&T
Larger

fragments — — G 3

— T

A

— A

— — C

— — G

— T

— A

— A

— T

v — — c

— A

— — C

Smaller — A
fragments — — G 5
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Sanger Sequencing

Enzymatic replication of the DNA fragment to be sequnced with DNA polymerase,

Mg*2, ddNTP's and 32P-labeled primers.

ddNTP’s

N N
4
(o} 0] [0} <Nf\/J

N N
o oB o o O—B—O—H"—O ;—0 o.
o & & & 6 o
ddATP ddTTP
o NH,
X
o o o 7 NNH o o 0 N~ o
o bod o L ofod
-O—H—0—P—0—— o 0—P—0—P—0—+—0 o
o- O O o O
ddGTP ddCTP
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Sanger Sequencing
ddA  ddG ddC ddT
5
Larger _—
fragments - c G J
— A T —
— T A —
- G ¢C —_—
- Cc G i
- A T —
- A T —
v - G c =
— = | T A —
G (o] —_
Smaller — T A —
fragments — c G 3 —
G AT C § %
—_—— o
— s 3
=
: —: %2p 32p_g 3
——
— = primer template
e 286
== pr—
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Sanger sequencing with flourescent ddNTP's

X w

¥ Hy05P30. CH ) 3 H,0,Py o
HsC . CH
o ‘ o D 0" :
CH, CHy
ddT

o,
. 0
CHy HN CHa HN

HoC. P oty \\ NH,
X
o ! e} l o ¢ J“ o i
s NN N
H,;04P;0. OH OQPSO
:o:

ddA ddG

Excitation: ~ 490 nM, Emission: ddT= 526 nm. ddC=519 nm, ddA= 512 nm, ddG= 505 nm

287

Sanger sequencing using flourescent ddN'TP's

terminated DNA strands are separated by capillary electrophoresis

288
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Light-Directed, Spatially Addressable Parallel Synthesis

hv

]| B

P P P PR R P g P P ALAL RO R PR
\o \O \O \O \O \0 H H\ No N0 N Coup]mg ~, NATSNA TN
—_— -
A-OP

W || B

oF oP QP QP QP OP Coupling

ALA_R_PR_PR_PR
~o*~o0™ o™ o™ o™0 > AZAi\E \i i) T or

¢H II1L o o
- D\ D\
P OP OP OP OP OP P P P P . (P ? P P P P
rrryey N O RN
D-OP
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Photoremovable protecting group: o-nitrobenzyl ether derivatives

O,

(0]
O o. B
Mechanism: hv (A ~ 350 nm) NO, v
(?
NC
0-R 0-R ~ o P NieH(CH
o H hv 0 H
< o) - < N\ —_—
0O ’?‘// o) N/o.
S bo
O—R O—R _
° O~ H [ <O 7 o Z 9\R
< - o ¢
o N o N o Cﬁ/oe
|
00 00 )
H-OH, OH
O—R
- <O o) o o
% — ROH -+ ¢
O N o N
! 5
H0
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Spatially addressable: 8-mer chip: 65, 536 different sequences
12-mer chip: 1,677,216 different sequences

DNA fragment —— DNA-fluorophore

Place DNA on the chip, then wash away

non-specific hybridization after 1-10 hrs. - u:

Raise temperature and “melt” away e

3’ -ACGGTGCG

partially hybridized seilV/ sstiite o
/ I

CGGTGCGA

GGTGCGAG

GTGCGAGA
TGCGAGAA
GCGAGAAT etc

3’ -ACGGTGCGAGAAT---5' (from the chip)
5’ -TGCCACGCTCTTA---3’'

Nucleotide Biosynthesis

CHO

n_l on ATP AMP
HO 0 PO

H——OH  _ OH E f _\\/OJ,\.\\OPP
H——OH ~/
CH,0H HO©  OH HO  OH

X 5-Phosphororibosyl-
D-Ribose 1-pyrophosphate (PRPP)

Blackburn et al. Ch. 3.4, 3.5 22
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Purine Biosynthesis o v
HoN
glutamine  glutamate 7 HJ\X
glycine PO o HN 10-formyl-
PRPP _*ATP w o tetrahydrofolate
amidophospho- glycmamlde -/ — -
ribosyl transferase OH ribonucleotide (GAR) HO\\C "/OH GAR
synthase transformylase
Q o]
glutamine  glutamate + N
NH ", ATP ~ ADP+Fi NH ATP ¢ 1
NH AmanlmldazoIe
formylglycinamidine v 2 ribonucleotide —
(FGAM) synthase g "o (AIR) synthase HO OH
(o} €Oy
COy J COy
N 2 2
HCOg, ATP Y aspartate, N N
p— kO N </ | H -fumaric acid
NOAI';“" W NH, aminoimidazole PO o N7 NH, -ADP, -Pi
succinylocarboxamide i
carboxylase p— ribonucleotide adeny:;z:gcmate
HO  OH (SAICAR) synthase &
HO OH
o
o)
N NH,
N
</ | 10-formyl- </N | NH, -H,0 </ | NH
PO o N NH tetrahydrofolate cHo ————> /)
o NN IMP PO o )TN
aminoimidazole H cyclohydrolase
s carboxamide
HO' OH ribonucleotide - Kt
(AICAR) transformylase HO OH HO OH
Inosine monophosphate 293
(IMP)
Purine Biosynthesis (con’t)
aspartate fumaric acid
+ GDP + Pi
HO\\\ %OH

Inosine monophosphate
(m

adenylosuccinate synthase, 5 >

adenylosuccinate lyase HO' OH

Adenosine monophosphate
(
+

IMP NAD* + H,O

dehydrogenase
NADH + H*
glutamine glutamate
o + ATP + ADP+Pi
8¢

PO N

)
HO'

7

OH

GMP synthase
Xanthosine monophosphate
(X

N
P
=
HO

z

OH

Guanosine monophosphate
(G

294
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IMP Dehydrogenase

0]

HN N
ﬁﬁg

Ribose-5P

H,0, NAD*

e}

) N
Blahiieel Fﬁ‘\)i N + NADH
0” NN

H Ribose-5P
Cys-S©
ve Cys-SO
295
Pyrimidine Biosynthesis
o COMH  zn2n
HCOy + ATP P Aspartic acid L J: -H0
’ . > .
+ glutamine ooy 0sPOT TNH, aspartate HoN H Co, dihydroorotase
phosphate carbamoy!
synthase carbamoyl transferase
phosphate
(0]
(0] o) HN
o
HN NAD+/FAD PRPP PO O:<N /
- =
07 >N >cos Dlhydroorotate &J\ i orotate v COy
H 2 dehydrogenase CO; phosphoribosyl \ /
transferase N Y
dihydroorotate orotate HO OH

Orotate monophosphate
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PO

S
S

ot oM
Orotate monophosphate

(OMP)

HN:

o Panct

- CO» PO N
B —————_—

decarboxylase

Uridine monophosphate
(UMP)

Ribonucleotide
reductase

methylene-
tetrahydrofolate

thymidylate

o}

PPPO—\\/i\//N

HO  BH

Uridine triphosphate
(UTP)
ATP + GTP
glutamine

CTP
synthase

HO  H

<& synthase " os‘
HO Cytidine triphosphate
Thymidine monophosphate dump
(TMP)
297
Ribonucleotide Reductase
PO B Ribonucleotid PO B
W Reductase \\/17
Ho' o HO'
Class I
H,0, R0 7
. ? \\\O’ILGM Class IV
Asp—C” B R 0O Class II
W N S A
(o] PeN
Glu Coenzyme B, Mn”™ " Mn
p-oxo-bridged
diferric clusier
T‘/r4< )—o- COys—S+ Tyf‘< >—0 .
Cys—S* o protein
Class III 05 N
Hs%‘a 0o
ET . protein
. protein ;
& o A T T o P
% - 0
HO\S I’I/OH Hd ""o protein

glycine radical
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Mechanism of Ribonucleoside Reductase

Radical«
\ Radical-H

B
PO ° P,0 o B P,0 o B
4 Y B
. - o
HO (o} Q0 ©0 H
OH LF'{ OH ( OH
ribonucleoside-5P
B/ (s Cys ©s—Cys
P,0 B
O ET
- —_—
H*
\t‘ o H
S Cys
- ?—Cys
©Os—Cys @S Cys S—Cys
Radlcal H Radicals
2'-deoxyribonucleoside-5P
299

Mechanism and Inhibition of Thymidylate Synthase

H
HN_ N _N
~
g ¢ o
a ) o HN_ _N_ N
HN = 2
j§7 O CH, NHR o )t

=
O=< X #04P0 o N + I | /j\/NHR
2 OSPOWN I X\// N

B o
O\\ S—Cys HO dTMP Dihydrofolate
H “s—Cys
dUMP (X=H)
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Ternary complex of thymidylate synthase with 5’-fluoro-dUMP
and 5,10-dihydrotetrahydrofolate

pdb code: 1B02 301

DNA Methylation: 5-methyl-2’-deoxycytidine

NH, Mo (/N NH, NH, _ s (N Ntz
o $ { N 0,c {
N= YN o o=( CH TV o
\ O=< / + NHg N=" \ / 3 + NH, N="
o o N + — . O o N + L
\Q, HO  OH W HO oM

“s—Cys & ~ S—Cys
o (9
| |

302
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5-Methyl-C (Epigenetic) sequencing

NH, NH, o] o

NaHSO5 basic pH
—_— - = | NH
/& sodium /& H0 /& NAO
DNA DNA

bisulfite

DNA DNA
NH,
chj\} NaHSO; HaC Ay
/& sodium N0
DNA

bisulfite DNA

Sodium bisulfite converst C’s to U’s, but has no effect on 5-methyl-C

303

Antiviral nucleosides:
2,3-dideoxynucleosides as reverse transcriptase inhibitors

Protein Biosynthesis

transcription translation
DNA » mRNA » Protein

Retrovirus (hepatitis B, HIV)

RNA mRNA

Protein (reverse transcriptase)

reverse transcription <

DNA

Blackburn et al. Ch. 3.7
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Mechanism of action of 2,3-dideoxynucleosides:
recall Sanger sequencing- termination of a growing DNA
chain by enzymatic incorporation of a 2,3-dideoxynucleosides

E — - - Incorporation
C - - C / of a ddNTP
- —— ] = - Termination
- - - = of elongation
C - C = Truncated DNA
- - - - also inhibits RT
305
Nucleoside-based reverse transcriptase inhibitors
o} NH, o NH, HoN,
2/_( p (/_\<N 7 (/_\<N VN
HOWN«O HO o N—< HOWN /N/JNH HOWN%O O>/~—N OY—OH
o
XY - A&
AZT ddC ddI d4c (-)-3TC

2,3-dideoxynucleoside is enzymatically phosphorylated at the
5-hydroxyl to the ddNTP, which is the active RT inhibitor

3 203P03PO B
—_—
—_—

ddNMP ddNDP

203P0O3P03PO B PR . . .
—_— ‘\@ Pro-drug: administered in an inactive

formed but is transformed
in vivo into the active drug

ddNTP

306
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DNA as a target for therapeutic agents:

Intercalation:
* planar aromatic molecules “slide” between stacked bases
* intercalators span the minor and major grooves of DNA
e driven by hydrophobic interactions
intercalators stabilize DNA structure
* causes an “unwinding” and elongation of DNA in the area of
the intercalation

\“ OH O

R=H, daunomycin

¢ N Campthothecin Ellipticine
Ethidium Bromide OH R=OH, adriamycin

Topological relationship of DNA: supercoiling, tangling, knotting
for replication (transcription), the supercoiling of DNA must
first be “relaxed”

Topoisomerase (mammalian) DNA gyrase (bacteria)
. |
Mechanism of the | OWB
B
DNA cleavage step W
b HO
S w
= —— :
T \ o o_ B
|
colvalent o
Tyr enzyme-substrate [

intermediate
Topo II inhibitors stabilize the covalent DNAeTopo II complex
(protein bound double strand cleaved DNA), which causes
chromosomal abnormalities and leads to apoptosis

Corbett, A.H.; Osheroff, N. Chem. Res. Toxicol. 1993, 6, 585-597 308
Topo II movies: http://berger.berkeley.edu/Pages/Teaching.html
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pdb code: 110D

Intercalation

major
groove

minor
groove

o} OH o]

h OO
OCH; O OH O daunomycin

HaC O

NH,
OH 309
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