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DNA Backbone Analogues

- Amides
* Phosphonates
« Carbamates

* Methylene-
methylamino

*+ Heterocycles
- Acetals
* Peptide nucleic

acids

Thiophosphate

PNA



Positively Charged Oligonucleotides

- Modified bases ) o)
(zwitterionic DNA) !  H3N

N
*  Modified phosphate $ 0 ° lN&O

backbone 2 —%ﬂ
* Positively charged —O_CIPDI_O H3C I
backbone O— [
NEN

- T3 —O 0
DNm Modified base O
- DNG He, O
+ \

(Hs€),N  N—P—O

Modified backbone

(1)  Hashimoto, H., Nelson, M.G. and Switzer, C. (1993) J. Am. Chem. Soc., 115, 7128-7134
(2) Letsinger,R. L., Singman, C. N., et. a/(1988) J. Am. Chem. Soc., 110, 4470-4471
(3) Aryaq, D.P. and Bruice, T.C. (1999) J. Am. Chem. Soc., 121, 10680-10684.
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Positively Charged Backbones
I

DNmT
- Deoxyribonucleic
Methylated —%_ﬂ % j
Thioureas " S\\ C—NH ) N\\
DNG . B B
- Deoxyribonuceic HyC—S HN
Guanidinium @ SCc—NH SC—NH
| @ 1
HN B HN B
‘%O:I ‘r:o:|
DNmT DNG
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Deoxyribonucleic Guanidinium

e
- DNA backbone 0 )
analogue o \ELJN\\/
- Guanidinium NN
internucleoside i—;

linkages HZN@CNH \HL X
- Positively charged
- Achiral b
@ NH
-~ \* e

@© NH
H,N=C
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Properties of DNG

=
- Soluble

- Resistant to nucleases !

* High affinity for complementary
DNA 2

» Oligothymidyl DNG will form triple
helix with adenyl DNA 3

(2) Linkletter, B. A., Szabo, I. E. and Bruice, T. C. (1999) J. Am. Chem. Soc., 121, 3888-3896.

P (1) Barawkar, D. A. and Bruice, T. C. (1998), Proc. Natl. Acad. Sci. USA, 95, 11047-11052.
ull (3) Blaskd, A., Minyat, E. E., Dempcy, R. O. and Bruice, T. C. (1997) Biochemistry, 36, 1821-1831.
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Affinity for Complementary DNA

— AAAAAAAA
— AAACAAAA
— AAACCAAA
— AACCCCAA
— ACCCCCCA
— AACCCAAA
ACACACAC
AACCAACC
— CCCcccecece

A% Abs. :
(260 nm) -12

-16 :

-20 |

20 30 40 50 60 70 80 90 100

Temperature (PC)

Thermal melting curves for DNA:DNG association. 1.25 yM DNA

P oligomer, 2.5 uM DNG T, 10 mM KHPO, buffer, pH 7.4, 0.1 M KCI.
| | E Rate of heating was 0.2 °C/min. !
|
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L . (1)  Linkletter, B. A, Szabo, I. E. and Bruice, T. C. (1999) J. Am. Chem. Soc., 121, 3888-3896.



DNG,:DNA Triple Helix

U‘E DNG T4 with DNA A; computer simulation !
|

(1)  Luo, J. and Bruice, T. C. (1998) J. Chem. Soc., 120, 1115-1123.
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DNG,:DNA Triple Helix
.

10 —+ . 1~ 1 T 1 1 r7
[ CCCCCCCC ®
0g o

A% Abs. O}

(260 nm) -20 F AAAAAAAR

30 ¢ :
_40:...|...|...|...|...'
0 0.2 0.4 0.6 0.8 1
Mole Fraction DNG
]
) Job plots for DNG T, with A, and €, DNAs. [oligomer], = 2.0 uM, [KHPO,] =
| lE 10 mM, [KCI] = 0.1 M, pH 7.4, & = 260 nm. !
I

s (1) Linkletter, B. A., Szabo, L. E. and Bruice, T. C. (1999) J. Am. Chem. Soc., 121, 3888-3896.



Affinity for Complementary DNA

4 : .
; -f
>k
AeL-Ae 1
i em™y L E\ \o— ;
- AAAAAAAA:
2k CAAAAAAC]
- AAACCAAA:
3E CCAAAACC]
: CCCCCCCC
-4 ] ) ) ! 1 ! ! ! 1 : . . ] . . L
220 240 260 280 300

Wavelength (nm)

E— CD difference spectra of 2:1 mixture of DNG T4 and DNA oligomers.
P Calculated CD spectra for the combined unassociated oligomers are
E‘- subtracted from the measured CD spectrum. !

s mnesn (1) Linkletter, B. A., Szabo, I. E. and Bruice, T. C. (1999) J. Am. Chem. Soc., 121, 3888-3896.



Peptide Compatible DNG Synthesis
.

Polystyrene resin with
acid-labile chlorotrityl

linker
Base labile Fmoc
blocking group
TI"iCthI"OCThOXY' fhlor‘o‘rr‘i‘ryl 2-Ar.nino§ThoxyeThanol
inker group loading site
carbonyl (Troc) NH,
Protecting groups
. 0]
Activated o "
carbodiimide linking PN )LN j | Ny
chemistry 0 T Lo
— HN—Fmoc
E Troc Thiourea Fmoc
E protecting linking blocking
1 group group group
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Peptide Compatible DNG Synthesis
I

*  Monomer added t
logcrj‘?ngegrr'gup?/ia ° HO—/_ 2
mercury abstraction of
the sulfur. © N \)i

- H,N= ¢

Fmoc deblocking group | IN .

removed by brief N6

treatment with H‘\pj

piperidine. & o

Mercury ppte removed '\é”"

by Thiophenol. M= \[ul

Cycle repeated t,] oI ©

Cleaved from resin by ‘\Q/ 6

0.5% TFA D NH Q

Troc removed by mild HN=C \[U:L

Cd/HOAc oxidation N NS0
H

|
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DNA Compatible Synthesis
I

o ' : MMTr blocki _Bz Benzoyl
Basic coupling oo™ W bt
conditions for 0 fjﬂ Group

o . MMTr—N NN
stability of purine H‘\OQ
bases.
. . Thiourea Hl}l Fmoc

° ACld lablle MMTr' linking S=? Protecting
blocking gr'oups group HN—Fmoc Group

» Basic cleavage/ ;
deprotection \[lLiH

H,N N“~O
O 5'-Aminothymidine
— loading group
P
T cPG
|

solid support
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Coupling Chemistry

=
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Abstraction of sulfur o
from thiourea by RN N—t—o
mercury (II) gives N Fm

carbodiimide and HgCl,. 1

Electron withdrawing

¢ HgCl,/ TEA/DMF
character of carbonyl of

Fmoc protecting group Q

activates carbodiimide R'—N=C=N—-C—0Q + HgS 1oy
for nucleophilic attack. Fm

Terminal amino group of i H,N—R"

growing oligomer attacks

and forms protected
guanidinium group. RS

(1)  Robinson, S. and Roskamp, E. J. (1997) Tetrahedron, 53, 6697-6705.
(2) Kim, K. S. and Qian, L. (1993) Tetrahedron Lett., 34, 7677-7680.



Synthesis Cycle
I

A. Couple monomer to N
. . . S NH
terminal amine with 1 .., <'Nf5' Tl

equiv. HgCl, and A\ T
2 equiv. TEA in DMF. e

B. Remove HqgCl, ppte. " po
with 10% thiophenol Hacl,
in DMF nowe J
C. Deblock the new e e
terminal amine with <'Nli“'
3% DCA in DCM. N it
D. Repeat, repeat... b 0

HT\II \Eu\
Fmoc—N=C NH
iy ko
E—— ‘\p/
l..
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Cleavage and Deprotection
I

A. Final MMTr group is left e “Nf:z
on the terminal amino e <’wa)
group. “\_{Ej L
B. Exposure to conc. AN
ammonia/MeOH at 60 .\ﬁ
°C for 16 hrs S N
C. Purified by RP HPLC and TY—; v
the fraction containing a ) -
trityl group collected Fmoe=N=¢ <:fNj'
(trityl-on purification). w )
D. MMtr removed with - (/N%;N
HOACc treatment. ”“Tﬁ“ N
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Overview of Synthesis Cycle

Coupling (95-99%)

A. HgCl,/TEA/DMF

B. 10% thiophenol/DMF

C. (Ac),0/TEA/DMF
Deprotection/

Loading ‘ ‘
Detritylation
Deblocking U Isolated yield of

=  3%DCA/DCM TAAAA DNG: 27%
ull (optical density)
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Oligoadenyl DNG
.

Pentameric adenyl Ty
tract in a ’

o4 o @ HN NH,
positively charged el
hexameric DNG

@ HN NH,

3'-terminal
hydroxy group e ey
5'-terminal amino

@ HN NH,
gr'oup HN=¢ <Nf/N

—
P © HN Q
-: H = N
E =t Y
I HN N
o
|
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Properties of Oligoadenyl DNG
I

03 |
C-8
025 |
Abs.
(260 nm)
o015 [ 8
20 30 40 50 60 70 80 90 100
|
P Temperature (PC)
]lE Thermal denaturation plots for DNA:DNG association. 2.0 yM DNA oligomers C-8 and T-
8, 2.0 uM DNG TAAAAA, [KHPO,] = 10 mM, [KCI]= 0.1 M, pH 7.0. Observed at A = 260 nm.
i Rate of heating was 0.2 °C/min.



Properties of Oligoadenyl DNG
I

0.2

0.18 |

0.16 |
Abs. i

(260 nm) 44 ]

0.12 |

0.1-...|...|...|...|...
0 0.2 0.4 0.6 0.8 1
— Mole Fraction of DNG
P
]lE Job plots for DNG TAAAAA with DNA T-5 plotted by %hyperchromicity. [oligomer] =
et Tt 2.0 uM, [KHPO,] = 10 mM, [KCI]= 0.1 M, pH 7.0, 25 °C, observed at 260 nm.
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Mixing and Matching
.

* Urea linkages can

be included by _\g .
using isocyanate " i
monomers Fmoc o
* DNG can be AN o T

included into DNA vy \y
using DNG dimer g HAN=C

in standard DNA PRI AN T
SP synthesis. v, b _\jw—?/

=

(1) Linkletter, B. and Bruice, T. C. (2000), Bioorg. Med. Chem. 1893-1901.

(2)  Barawkar, D. A., Linkletter, B. and Bruice, T. C. (1998) Bioorg. Med. Chem. Lett., 8,
LIYVERSITY oof 1517'1520.
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Stepwise Synthesis of DNG/DNA
.

MMTr—0O o T MMTr— N‘\g" MMTr— N‘\q

Pr),N” \OCH CH,CN
HNﬁ R HNﬁ R (iPr)e 212

@) )

DNG to DNA DNG to DNG DNA to DNG

R = CH,CCI;
R=Fm

=

PRI LI'.I'I. I'I.:I.:l L'|.'~.I'.I



DNA/DNG

I
- TgTAGGGTgT
(complementary to
human telomerase

template sequence
AATCCC

» Coupling yields
- 1(DNG-A) 94%
- 2-5 (DNA) 96% Ave.
- 6 (DNA-G) 85%
- 7 (DNG) 95%
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NCCHZCHZ—O—‘=O <N I NH
o) N N/J\N/IPY‘
o
H
(Ij o
NCCH,CH,—0—P=0 </N i NH
(0] N N/J\N/P
R
(I) o
NCCH,CH,—0—P=0 N NH
I <« |l A e
O NN N/l r
° H
Bz
0 HN”
—0—P= N
NCCH,CH,—O0 1 0 </N I j;
0 N
o]




Current Capabilities and Goals

+ Synthesis of DNG/peptide and DNG/DNA
oligomers now possible

*  Mixed sequence DNG oligomers
- A, C,and T currently available
- G on the way

+ Self complementary DNG oligomers
- Will DNG form a duplex with itself?
- (gAgT), being synthesized
- is the DNG world a happier place?
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PARKING REGULATIONS
+UCSB Parking Permits required B:30A1-5:00Pm Monday—Friday.

= Dally parking peemits: $5.00.
. « Permits are required 24 hours a day, year round, in areas/stalls markad
' * “Entorced 24 hours™, “At All Timas”. “Reserved” or “Rasiricted”. Violalors are subject o citation.
L = Parking permits are not required after business hours and all day Saturday, Sunday
75 /
Stadi 5,

and an Administrative Holidays unless otherwise noted.
Parking Sarvices is located! In biailer #381, north of Lot 30.
For questions related to parking, please contact Parking Sarvices at 833-5338.
EMERGENCY
= For fire, police or medical gancy Il 8877 or use phones
{in red bowes).
= Palie Department, Public Satety Bullding, non-grmergency 803-3448 (24 hours).
= CE0 Estort Service is available by calling 893-2000.

tcbruice@bioorganic.ucsb.edu

blinkletter@upei.ca

Humanitiesand  Cownseling &  EOP, 0ig5,  Girvelz Hall
Soshal Sclences  Career Services  Women's Center ETRIE U

i = =
Starke
Tower

F
PARKING DESIGNATIONS
Permits raguired 6:30AM-5:00PI
Mondzy—Friday

fimless otherwise marked)
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* Prof. Thomas C. Bruice

+ Istvan Szabo

- Jia Luo, Helgi Adalsteinson
« NIH, UC Biostar, Genelabs
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