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Question: Why are there unique clinical and cellular
phenotypes in the RecQ helicase disorders?

HELICASE RQC HRDC
RECQ1, H. sapiens 649 aa

BLM, A. sapiens IRLIRCN " TE TR 1417 aa

EXO
WRN, A. sapiens IR TR 1432 aa
RECQ4, H. sapiens A SN 1708 aa
RECQ5B, H. sapiens e T 991 aa

Objective: To delineate and characterize unique

roles of RecQ helicases in genomic stability
maintenance

Today: 1. RECQ1 cellular phenotypes
2. Model system to study WRN genetics
3. Novel functions of FANCJ helicase


Presenter
Presentation Notes
I just presented to you conserved interactions among WRN and BLM, but then why are there unique clinical and cellular phenotypes in the recq helicase disorders?

So our current objective in the lab is to delineate and characterize unique roles of Recq helicases in the maintenance of genomic instability

I decided to focus my interest on human RECQ1 helicase since it is the most abundant of the five human homologs and resembles very closely to the prototype E coli Recq helicase.

RECQ1 was the first human RECQ homolog identified, however there was very little information available on the biochemical activities of the protein.

No human disease has yet been linked to RECQ1 but by association of REQ helicases with cancerpredisposition disorders, it is likely to have important roles in maintaining integrity of the genome. 


~ Roles for RecQ Helicases in DNA Metabolism
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So how do RECQ helicases work in maintaining the integrity of genome? 

A number of biochemical and cellular studies have suggested that RECQ helicases most likely play a role in smoothing the way for DNA replication in dealing with the DNA damage encountered during replication of the genome. 

Evidence suggests that RecQ helicases act as Road block remover by resolving alternate DNA structures such as G4 teraplex at G- rich sequences at telomeres and in rDNA and the stem-loop structures generated due to strand displacement during synthesis.

RecQ helicase processes DNA damage at the replication forks either directly by recognizing the DNA damage or by recruiting other repair factors at the site of damage.

A number of studies in bacteria and yeast have shown a hyperrecombination phenotype of RECQ mutant. Therefore another proposed role of RECq helicases is in quality control replication to prevent inappropriate recombination.

Upon replication stalling, Recq helicases result into fork regression generating a so-called chicken-foot structure. And Ian hickson’s lab at UK has recently shown fork regression by BLM helicase.

Alternatively, the four stranded Holliday-Junction structure can be resolved by branch fork migration activity of RECQ helicases for replication restart. 

This model is based on a lot of genetic and in vitro observations and even though the exact function for a RECQ helicase is not defined yet, they are strongly believed to work in replication restart upon DNA damage.






HELICASE RQC HRDC NLS

* First RecQ helicase discovered in the early 1970's
by Blackshear and Okumura Labs

- Smallest RecQ helicase

* Most abundant human RecQ helicase

* Not genetically linked to a human disease

* No organismal phenotypes for RECQ1 KO mouse
detected by Blackshear Lab, NIEHS
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Biochemical Activities of Recombinant Human RECQ1

Helicase Activity
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Sharma et al., J. Biol.Chem., 2005
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In order to understand functions of human RECQ1, we decided to characterize biochemical activities of RECQ1.

I purified a Histidine tagged recombinant RECQ1 using baculovirus expression in insect cells. 

This purified RECQ1 is a potent 3’-5 structure specific helicase.

It unwinds  synthetic replication forks and catalyzes HJ branch migration.

It efficiently melts a D-loop by removing the invading third strand. These D-loop structures are important intermediates of DNA recombination.

We also found that RECQ1 catalysed single strand annealing.

The gel shows here a time dependent annealing of single strand DNA to its complementry strand. 

So this was a very interesting  discovery since the same protein is able to mediate two opposite activities. It acts as a ATP dependent DNA unwinding enzyme and also mediates strand annealing in the absence of ATP. 

We actually found that ATP binding inhibits RECQ1 mediated strand annealing. And demonstarted that ATP binding introduces conformational change in RECQ1 protein and might work as molecular switch to determine if the protein is to work as a helicase or strand annealing activity.
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What DNA metabolic pathways does RECQ1 participate in?

» Identify RECQ1 interacting partners and characterize their
functional interactions

RECQ1 helicase interacts with DNA repair factors
that requlate genetic recombination

RPA70

RPA stimulates
RECQ1 helicase

Cui et al., Nucl. Acid Res. 2004

EXO1 < RECQ1-Rad51
found in MutSa. /
MLH1-PMS2 complex
Sharma et al., PLOS One 2007

- RECQ1 stimulates EXO-1 incision

- MSH2/6 stimulates RECQ1 helicase
Doherty et al., J.Biol.Chem. 2005
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We are interested in understanding what DNa metabolic pathways does RECQ1 participate in? and to do this our approach is to identify RECQ1 interacting partners and characterize their functional interactions.

We identified that RECQ1 interacts with the human mismatch repair factors that regulate genetic recombination.

More importantly, we were able to detect functional interactions of RECQ1 with these proteins.

The biochemical characterization and interactions with mismatch repair proteins suggested to me that RECQ1 might be involved in genetic recombination. 
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RECQ1 Suppresses Sister Chromatid Exchanges

Wild type RECQ1-/-
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A\ N
Cell line metaphases No. of
scored SCE/metaphase
Wild type MEF 20 2.71 £ 0.932 dha Sh
RECQ1 knockout MEF 25 12.32 + 1.416 Sudha Sharma

Sharma et al., MCB, 2007

Spontaneously elevated yYH2AX and Rad51 foci
in RECQ1 knockout MEFs
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We indeed found that RECQ1 null cells have spontaneously elevated sister chromatid exchanges suggesting that RECQ1 suppresses cross-over.

The SCE frequency was about 5 times higher in RECQ1 knockout cells than the wild type.


Reduced cell growth and elevated sister chromatid

exchange in RECQ1 -depleted cells

Colony forming assay

BrdU labeled metaphase
chromosome spreads

Sharma et al.,
PLOS One, 2007
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Cellular Deficiency of RECQ1 Leads to Increased IR Sensitivity

primary MEFs of RECQ1 knockout siRNA knockdown of RECQ]1
mice are sensitive to IR leads to increased IR sensitivity
in HelLa cells
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These results suggested that RECQ1 is responding to IR induced DNA damage, if it is so, then whether the absence of RECQ1 will lead to IR sensitivity.

Indeed the primary embryonic fibroblasts from the RECQ1 knockout mouse are more sensitive to IR than wild type cells.

To see the effect of RECQ1 deficiency in human cells, I knocked down RECQ1 in HeLa cells using two different siRNA. Hela cells treated with RECQ1 siRNA were more sensitive to IR as compared to the control siRNA treated cells.




- Does RECQ1 respond to DNA damage?

Untreated + IR

RECQL1 is a nucleolar protein and
relocates to form chromatin bound foci
upon DNA damage

Untreated IR (10Gy) Endogenous RECQ1 associates

/ B I ™

P1 S2 P2 S3 P3|s4 |P4 Pl S2 P2 S3 P3|s4|P4 with chromatin in response to IR

e Eery
—~ - - W
i {e: » . .I "
TR P B o

«RECQI

<+ Lamin B

i+ Histone H4

Who phosphorylates RECQ1,

). phosphatase-1 - -+ + and is this impor"ran‘l'?
IR (10Gy) - -

PhosphoRECQ1 —»
RECQ1 —»

Ig Heavy chain —

RECQ! is phosphorylated
in response to IR



Presenter
Presentation Notes
I started to investigate the cellular functions of RECQ1. If RECQ1 is involved in recombinational repair, then does the endogenous RECQ1 respond to DNA damage?

RecQ1 is a nuclear protein that is localized in nucleolus in untreated cells. 

In response to treatment of cells with Ionizing radiation, Endogenous RECQ1 undergoes relocalization to the chromatin bound foci.

I next did a sequential fractionation of untreated and IR treated cells and looked for RECQ1 localization either in soluble, nuclear matrix or chromatin associated fractions.

 RecQ1 is present in the soluble fraction in untreated cells RECQ1.

Upon treatment with IR, increased amount of RECQ1 was associated to the chromatin that also contained histones.  

RECQ1 is a DNA metabolizing enzymes and its helicase and strand annealing activities are likely to act on damaged chromatin.

RECQ1 is phosphorylated in response to IR, as shown by the IP western data here. 

And we further determined that phosphorylated RECQ1 is preferentially associated with chromatin fraction.




DNA Damage
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Homologous
Recombination

Error-free DNA repair Unresolved recombination events
Replication restart Elevated sister chromatid exchange
Stable genome Chromosomal instability

l

Carcinogenesis?

RECQ1 preserves genomic integrity through its role
in homologous recombinational repair



We are interested in the importance of
protein interactions between RecQ
helicases and structure specific nucleases.

Human Rad2 Structure-Specific Nucleases
FEN-1

EXO-1

846

1146



WRN and BLM helicases interact with human FEN-1
and stimulate FEN-1 nucleolytic activities.

WRN and RECQ1 helicases interact with human
EXO-1 and stimulate EXO-1 nucleolytic activities.

How are these interactions important in vivo?
Perhaps under conditions of replicational stress.



Hypothesis: WRN stimulates FEN-1 cleavage /n vivo
to rescue the DNA replication and repair phenotypes
of the dnhaZ2 replication mutant

Okazaki fragment processing model
. RPA
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* FEN-1 over-expression rescues dnaZ mutant phenotypes

» Functionally conserved roles of human and yeast FEN-1
in DNA replication and repair



WRN Rescues Replication Defects of dna2

dna2-1/WRNyyg.1432 dna2-1/WRNoyg. 143,

37°C

» Complementation regulated by level of WRN expression
* FEN-1 interaction domain of WRN sufficient for rescue
* WRN rescues cell cycle progression defect
* WRN rescues sensitivity to replication inhibitor HU

or DNA damaging agent MMS

Sharma et al., 2004 Human Mol. Genet.



Does the WRN: EXOI interaction play a
role in the replication stress response?

We chose to use yeast as a model system
to answer this question since it was previously
shown that yeast and human EXO1 are

functional homologs.

ACIDIC k
REPEATS HELICASE RQC HRDC NLS

WRN [: D
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C‘WRN940-1432 :::I

Monika
Aggarwal



Yeast radb50 mutant strain

Xrs2 Complex /\ . .
(Rad50-Mrel1-Xrs2) | Pleiotropic effects
1 >»DNA repair deficiency

»>Hyper-recombination

v Nonhomologous end- joining >Telomere shortening

v Homologous recombination »Intra-S phase Checkpoin‘r defect
»>DNA damage sensitivity

Overexpression of Exol (5'-3' exonuclease) rescues MMS
and IR sensitive phenotypes of Rad50-Mrell-Xrs2 complex
mutants, and this is dependent on EXO-1 nuclease activity.

Tsubouchi, H and Ogawa, H. Mo/. Biol. Ce// 2000; 11:2221-33.
Moreau, S. et al., Genetics 2001; 159:1423-33.
Lewis, KE et al., Genetics. 2002;160(1):49- 62.
Lewis KE et al., Genetics 2004; 166(4):1701-13.



Test WRN for radb0 rescue
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Test WRN catalytic domain mutants for rad50 rescue

ACIDIC
REPEATS HELICASE RQC HRDC NLS
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Can WRN prevent mitotic catastrophe in rad50 mutant?

FACS Analysis

No MMS 0.3 mM MMS

RAD50 + Vector J\j\L j L
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worwed (AN

WRN expression prevents accumulation of sub-61



Can WRN expression rescue IR sensitivity of rad50?

1000 1

100 —4 RAD50 + Vector
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WRN expression does not rescue IR sensitivity of rad50,

suggesting that WRN rescue is specific to agents like MMS that
stall replication forks.



Can WRN stimulate EXO1 to process a stalled
replication fork to counteract fork reversal?

N Mol Cell. 2005 Jan 7;17(1):153-9.
y/
EXOL(025nM) - + + + + 4+ - - - - Exol processes stalled replication
WRN(WM) - - 12481243 forks and counteracts fork reversal

substrate — (imperaiaiaiaidd in checkpoint-defective cells.

Cotta-Ramusino C, Fachinetti D,
Lucca C, Doksani Y, Lopes M, Sogo
J, Foiani, M.

1 nt—> - -—

WRN stimulates the exonuclease activity of EXO1 on
replication fork lagging strand, suggesting mechanism
to prevent fork regression.



Summary

- WRN rescues rad50 MMS sensitivity in EXO-1 dependent manner

- WRN does not rescue rad50 IR sensitivity, suggesting WRN:EXO1
interaction is important for response to agents that induce
replicational stress, not direct strand breaks

- WRN rescue of rad50 MMS sensitivity requires helicase, but not
exonuclease activity

- WRN prevents MMS-induced mitotic catastrophe in rad50 mutant

- WRN stimulates EXO1 to process replication fork structures in a
manner that would counteract fork reversal



Understanding the Consequences of Helicase Dysfunction
for Age-related Disease, Cancer, and Genomic Instability

SF2 Helicase Disease / Abnormality

WRN Werner syndrome

BLM Bloom syndrome

RECQ4 Rothmund-Thomson syndrome
RECQ1 2

RECQH 2
‘FANCJ Fanconi anemia, Breast cancer

Common pathways promote chromosomal rearrangements
in different genome instability syndromes



Distribution of FANCJ mutations and
breast cancer associated sequence changes
in FANCJ protein

MLH1 binding domain
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FANCJ Helicase Family }Mm

BRCA1
human ATPase/Helicase Domain Binding Domain

FANCI e

XPD Xeroderma pigmentosum, NER defect

FA, breast cancer

sister chromatid cohesion defect

yeast
Chll

sister chromatid cohesion defect

mouse
ChIR1 T sister chromatid cohesion defect
C. elegans
DOG-1 instability of guanine-rich tracts



Does FANCJ Unwmd G4 DNA?
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Cell Number (10°)
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Effect of telomestatin (5 pM) TKL “ JD
exposure on FANCJ -depleted cells g é
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FANCJ depletion sensitizes cells to telomestatin



Telomestatin induces elevated y-H2AX foci
in FANCJ -depleted cells

v-H2AX Merge DAPI
control
SiRNA
No
treatment
FANCJ
SiRNA
control
SiRNA
5 um TMS
s 2 hr treatment,
o 2 hr recovery
FANCJ
SiRNA




Proposed Role of FANCJ to Resolve G4
Quadruplex DNA Structures During Replication

\(GGG)n

- FANCJ / \ + FANCJ

Genomic Instability




Role of FANCJ to Preserve M
Chromosomal Integrity

* Promote S phase progression by resolving DNA roadblocks such
as G4 tetraplexes that destabilize or impede the replication fork
* Preserve genomic stability to prevent cancer susceptibility

FANCJ & Human RecQ Helicases—
Potential Cancer Therapy Targets?

Exploit the roles of DNA helicases
in DNA repair to enhance cytotoxic
effects of DNA damaging agents

Gupta and Brosh, Curr. Med. Chem. 2007
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