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DNA binding protein

e Seguence-specific recognition of DNA epitomizes macromolecular
Interaction

— transcription factors are proteins that bind to the promoter region of a gene
and regulate gene expression

— restriction endonuclease are enzymes that cleave specific DNA sequences

« DNA binding activity resides within the DNA binding domain of a
transcription factor while the activation domain mediates protein-protein
Interaction
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Zinc finger proteins

Zinc finger proteins comprise multiple copies of a small beta-beta-
alpha domain stabilized by a bound zinc atom

Each module in the protein functions independently and recognizes ~
3 — 4 DNA base pairs

Select residues in each domain are responsible for interacting with
DNA (the rest provide structural scaffold)

-

B&T, Ch 10



« Polydactyl ZFP with 6 domains can recognize 18 bp, which are
statistically unigue in the human genome
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Engineering ZFP Specificity
Phage display of randomized ZFP (one and a half finger at a time)

Simultaneous randomization of residues in more than one domain is
Important to optimize binding to long DNA sequences
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Position on Helix

Wolfe et al, Ann Rev Biophy Biomol Struct 3, 183 (2000)
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What to do with engineered ZFP

Regulate gene expression by fusing DBD with a functional domain

The functional domain can be an activator or a repressor

Can target the localization through addition of nuclear localization signal
Combine with gene therapy to effect changes

ZFP Therapeutics
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Growing blood vessels
HMAARA
Repertoire of zinc-finger
DNA-binding domains

Assembly into 3-finger Assembly into 6-finger
transcription factors transcription factors
and gene regulation Effector and gene regulation Effector
; domain ZF1 ZF2 ZF3 L4 ZF5 ZF6 domain
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Pasqualini et al, Nat Med 8, 1353 (2002)



Inhibiting HIV-1 replication

« (Gene transcription can be repressed by fusing a ZFP with a repressor
domain, e.g. Kruppel-associated box (KRAB) repressor (KOX1)

 HIV-1 encodes two regulatory proteins, Tat and Rev

 Engineered ZFPs can bind the Rev response element, raising the
guestion whether viral replication may be controlled using these proteins
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Fig.5. Assaysto demonstrate inhibition of HIV-1 replication. The bars show
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. A . HIV-1 focus-forming units (FFU)/ml, and the line shows the level of HIV-1
3 flngerS 6 flngers reverse transcriptase (RT) in the culture supernatant. The negative control
Y contains pcDNA3.1 alone (A), whereas positive controls contain pcDNA3.1 +
i CXCR4 (B) or TFZ-KOX + CXCR4 (C). HIVBA'-KOX was tested and showed a
multlple reduction in the number of foci and the levels of viral RT (D).
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Reynolds et al, PNAS 100, 1615 (2003)



STEM CELL

STEM CELL -
(e.g., hematopoietic /

Controlling stem cell fate o
Stem cells are progenitor cells that can differentiate into speC|aI|zed cells

Differentiation and cell longevity are controlled via signaling pathways
and transcriptional regulation

— Oct-4 gene is important for self-renewal and pluripotency

— controlling Oct-4 has an effect on other downstream gene expressmn
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Restriction enzymes

Restriction enzymes recognize specific DNA sequences and hydrolyze

the phosphate backbone

Used in molecular biology to “sub-clone” DNA

Criginal DMNA molecules
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with the same restriction enzyme

l Cleave DNA& from two different sources l

{EcoRl used as an example).

S

Fragments
with sticky
ands

Wiz fragments from both digestions

and allow sticky ends of fragments to
join by base pairing

5 [AATTC 3
3 COmEAlc &
Incubate with DMNA ligase to
link both strands covalenty
o GAATTC 5t
3 CTTAAG 5

Recombinant DNA molecule

Copyright © 2005 Pearson Education, Inc. publishing as Benjamin Curnmings

restriction digest followed by ligation



Computation design of a homing endonuclease

Domain that binds DNA sequence-specifically (e.g. ZFP) can be fused
to a catalytic domain that modifies DNA non-specifically (e.g. nuclease)
to target covalent modification

Interdependence of structure, substrate recognition and catalysis makes
designing new restriction enzyme a challenge

* use conserved “LAGLIDADG” helix to
orient the domains

» first model based on ala scanning

e optimize the interface by including
more residues in the calculation (total
of 14 residues, of which 8 were
ultimately changed)

e Introduce a short peptide linker
between the two domains to generate
a monomeric protein

computational interface redesign Chevalier et al, Mol Cell 10, 895 (2002)




truncated E-Drel redesigned E-Drel

D1

S5' CAAARCGTCGTG

5' GCCTTGCCGGEGT. TTCCGGCGLE 3!
3*' CGGAACGGCCCATTCAAGGCCGCSEC 5'

D2

ACAGTTTGGT 3’

3' GTTTTGCAGCACTCTSTCAAACCA 57

| C1

C1'

dre1 5' GCCTTGCCGGGTACGACGTTTTG 3' 5’ CAARACGTCGTAAGTTCCGGCGCG 3’ dre3
dmo 3' CGGAACGGCCCATGCTGCARAAC 5' 3’ GTTTTGCAGCATTCAAGECCGCGC 5'
D1 CH C1 D2
dre2 5' GCCTTGCCGGGTGAGACAGTTTGGT 3 S5' ACCAAACTOTCTCAAGTTCCGGCECE 3' dre4
cre 3' CGGAACGGCCCACTCTGTCAAARCCA S5 3' TOGTTTEGACAGAGTTCAAGGCCGCGC S5'

D1 Ct' Ct' D2

I-Dmol and I-Crel DNA target sites

E-Drel
drel dro2 dre3 dred4 cre dmo

I-Crel
cre dred dred

I-Dmol

dmo dre3 dre4 DNA substrate
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Putative E-Drel DNA target sites

Enzyme

< substrate
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