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DNA Damage Responses

Double strand breaks Qﬁ

i v 1 3056
ATM \ \ BEEA)

f—\ 1 2644
@ @ ATR | | [TEK]

k @ .\ 1 2549

1 4128
DNA-PKcs ‘ ‘ I [PI3K]

v mTOR/FRAP ‘ I PI3K[|
Resection 1 3031
ATX/SMG1 | 1 Pk |
PARP1 il 1 4128
TRRAP \ \ EEN
. R SSDNA
l ‘\ [FAT [_|PI3K [ FATC |

| nhi bi ti on

HCEIDTrOM
In0om

N

Modified from Science 25 May 2007: Vol316 ( 1160-1166)
Peter J McKinnon EMBO Rep. 2004;5:772-776

—



a PARPI) [NuAd

IcExRees  (pmRenA | AT | [R50 BRZAl [CDKS

'\ TOP1 MRN  [CKZ—[CBXIHHISTH) u u
m;n)c\ ;cmsxc PDlPi szsx\] ctfm pui: 7
[KATS [DNACPK) [TRAFG WCPHD oG] z::: R T ; ;
Hén\ PI’TC MIZ-TARD n n | |

HERCZ_ [EXO1] SIXA DCK
BRCA1

(eeMIg iping ——OICHD3
2 ——OISETDBT

[HMGAZ REWD2L| GApDAsA Y PMAIPT

miR-421 USP7 538P1 |
i 260 PI3KK X
MOMZi+—

miR181 —] /
SMADT. ., O
SIRTi)—DBCT) WDMA— 31 =
VDR HIPK2) /
[CEP164) RRM28
INFATS) ZNF420]
o SMCIA
SSSMC3
KT FANCD?Z] (CYEA-GDK? (CyeE=COKZ
TERFT TAO) [AVEN| [FANCI

Double strand breaks

Cohesin MLHI MSHZ CDRNIA

RPS6)
TINF2| TERFZ) [SRSF1
MAPK14) | [RIFT) | [UPFT| [FBXO31) | | OBFCZB| [E2Fi—[RPAZ  [CDCBI—APCICSFZR

TRFY)  (TRE2 (USP28 (KBKG) (STKAH| (SF1)| | MAPKAPKZ| [ATFZ [RADIY RADOA) MCW3 MCMZ  [RPA GMNN
 [EFe \ / - N
Shelferin [RIPKT— IKK [STRAP] (SIAH1| [HSPBY DT7RFC MCM ———» Pre-RCl+—[ORC: <
o NEB L) S P BN (4 USE— PO RAD50
TP73] +— IYAPT+—[[ATST] - [STK3 CAF ol PK

e © 3056
/ 13K

2644

=
@

I3K

Nature Reviews Molecular Cell Biology 14, 197-210



) 'Catalytic Inactivation Models

1. ATM Kinase Dead (2012, 2016, 2020, 2021).

2. DNA PKcs Kinase Dead (2015, 2018, 2020)

7 . l ..

3. ATR Kinase Dead (2018)
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4. Catalytically inactive PARP1 and PARP2

Kinase PISKK Core Mouse Human

ATM LGLGDRH D2880 D2870
DNA-PKcs LGIGDRH D3922 D3889
ATR LGLGDRH D2466 D2475




Catalytic Inhibition | Deletion | phosphorylation

Gene Deletion Catalytic inactive Rescued Pho mut

ATM Viable Lethal E9.5 Mrell deletion No phenotype

ATR +/- normal Male infertility N/A

DNA-PK Viable Lethal E15.5 Ku70/80 deletion Moderate NHEJ defects,

ATM -| strand cleavage (Replication/HR),
ATR 17| long ssDNA (e.g., Cisplatin, meiosis),
DNA-PKcs i | end-ligation (NHEJ), rRNA and rDNA




Non-Homologous End-Joining

ONA DOW}ASTRAND sreacs  End-ligation: Ku70/80, Lig4, XRCC4,

\ XLF, PAXX and MRI (CYREN)

L)l End-processing:|DNA-PKcs
ig
V75

Artemis

Phenotype Ligd/XRCC4 DNA-PKcs/Artemis
— Embryonic Dev. E16.5 lethal Normal size
l Neuronal Apoptosis  Severe Not observed
Lymphocyte Blocked Blocked
Signal Join Blocked Normal

Chen et al. Nature 2021 May;593(7858):294-298

Chaplin & Blundell et al. Mol Cell. 2021 Aug 19;81(16):3400-3409



DNA-PKcs blocks end-ligation until activated
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DNA-PKcsKP/KD cells open hairpin in a ATM
and Artemis dependent manner.

DNA-PKcs

GFP-Artemis

Before 1min after

+ ATM inhibitor 30 min

. Before 1min after

KD/KD

UR

SJ+C
J

hCJ

oCJ

Native
RV g49 RV

RVerp RV
LTI

RSS RV
CITIIL

RSS RV
I

Urea &Heal penatured

T A

—>

—» —TTTTTTTTITIT

—®» T TTT oLl

I

ATMi

UR —

306CH

36hCEs

UR, SJ,CJ —

360 CE>

DNA- PKCSKD/KD

qurtemls

Jiang et. al.

- Native

- Denatured

Mol Cell 2015



Working Model & Perspectives

DNA DOUBLE STRAND BREAKS
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N A u-Phosphorylation Clusters
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Lymphocyte Development
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V(D)J recombination and Class switch recombination
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Kinase dead | auto-phosphorylation
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DNA-PKcs-phosph is not required for chromosomal
V(D)J recombination and Hairpin Opening

_ V(D)J recombination Class switch recombination

Hairpin  End-ligation Efficiency (IgG1l) Resection Blunt
WT Open Fine 100% + 40%
POR Open Fine 100% + +/- 40%
5A Open Fine/®fidelity (80%) 100% ++ 25%
Null Closed Fine/®fidelity (85%) 90% +++ 20%
Kinase Dead Open Blocked 50% +++++ 15%

Crowe J et. al 2018 PNAS
Jiang W et.al 2019 J Immunology
Crowe J & Wang X et. al 2020 PNAS



Structural function of DNA-PKcs

Impact on other repair pathway -end
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DNA-PKcsKPKPp53--mice died lymphomas free
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DNA-PKcsKPKPp53--mice developed
Myelodysplasia Like Disease
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T2609A, but not S2056A leads to

bone marrow failure
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600x

P53 dependent Bone Marrow Failure
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T2609A does not affect early lymphocyte development
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T2609A did not cause severe crosslink defects

Relative Viability
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T2609A and KD cause Ku dependent HSC defects
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% Probe DNA bound

Why?

Mimori T and Hardin JA JBC 1996
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Mutually Exclusive Binding
of Telomerase RNA and DNA by Ku
Alters Telomerase Recruitment Model

Jennifer S. Plingsten,'? Karen J, Goodrich,' Cormnelus Taabazuing,'* Faissal Ouenzar,” Pascal Chartrand,?
and Thomas R. Cech'*
‘Howard Hughes Medical imtitute, Department of Chemistry and Biochemistry, University of Colorado Biokrontiors imattute, Boulder
CO, 803060215, USA
Department of Blochemistry, Université do Montrdal, Montréal, Quetec HIC U7, Canadla
Frosent acdress: Somal.oge, Inc.. Boulkder, CO 80301, USA
*Presont address: Department of Chemistry, University of Massachusetts, Amherst, MA 01003, USA
*Comespondence: thamas cech@colondo edu
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RNA recognition by the DNA end-binding Ku heterodimer

ANDREW B. DALBY, KAREN J. GOODRICH, JENNIFER S. PFINGSTEN,' and THOMAS R. CECH?

Howard Hughes Medical Institute, Department of Chemistry and Biochemistry, University of Colorado BioFrontiers Institute, Boulder,
Colorado 80309-0596, USA

Table 1. Summary of Binding and Competition Data

3xmutTLC1-KBS RNA  TLC1-KBS RNA Blunt End
Apparent Kp [nM] 353 + 49 10.5+0.7 0.18 + 0.06
Kot [min "] 26+12 0.007 + 0.005
t1/2 [min] 0.27 99
Kon M~ 's 7] 3.4x 10° 6.3x10°




Ku and DNA-PKcs bind to nucleol

A new method for high-resolution imaging of Ku
foci to decipher mechanisms of DNA double-strand
break repair

Sébastien Britton,’ Julia Coates,’ and Stephen P. Jackson'?
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CMP/MEP requires high translation.

ARTICLE : :
Nucleoli Stresses Disorders

Haematopoietic stem cells require a

highly regulated protein synthesis rate

To

Blackfan-Diamond Anemia are often caused by

=

35, fit - mutations in one of 18 ribosomal protein (RP)

5% o it genes

i 2 1t A Hyperpigmentation

:§ kil i gy 1T A Hyper activation of p53 without DNA damage

“ 8 05 A Macrocytic Anemia and bone marrow filature
"TBu Hs WP OMP GUP MEP Gri+ FroB ProB IgM*B CD3* T A Increased risk for MDS and AML

LETTERS

nawre,,
medicine

Altered translation of GATA1 in Diamond-Blackfan anemia

Leif S Ludwig' ¢, Hanna T Gazda®"#, Jennifer C Eng**, Stephen W Eichhorn®?, Prathapan Thiru®
Roxanne Ghazvinian’, Tracy | George'®, Jason R Gotlib'!, Alan H Beggs™*, Colin A Sieft'#, Harvey F Lodish™**
Eric S Lander*™? & Vijay G Sankaran'-4#

Harding et al., 2015, Cell Reports 13, 2517 259
Carkins et al., 2013 Nucleic Acids Res. 41(15): 73781 7386.
Dejmek et al.2009 Mol Cancer Res. 7(4):581-91

eeeeeeeeceeeece. .



Proerythroblast
(Pronormoblast)

|

Basophilic erythroblast

Polychromatic erythroblast

l

Orthochromatic erythroblast
(Normoblast)

Polychromatic erythrocyte
(Reticulocyte)

Erythrocyte

DNA-PKcs mutant mice has

Ma c cytic)Anemia

MCV (fL)

901
[
801 I}
Y | |
70 - (1]
gf’ - T
v
60 1 °
501 Y
40 T T T T
A \ ‘
S AR
Y >
N
v
K
©

+/+

Courd

g z 2 3

DNA-PK |DNA-PK
5A/5A

count

DNA-PK
5A/5A

Ku70/"

Court

Ku70"’

]

count

E

H

© O CoCcoOoRkkEE
N WONOOORN
]

Relative population percentile
o
o P
| |

[___IEVES

P14

§88

mm 5A/5A !_‘

S1

$s

:

S2 S3 S4

Red blood cell stages



Translation defects in erythroid progenitors
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'RNA processing defects
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rRNA processing factor binding by KU

U3 ChIRP-MS in HelLa cells
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CD11b/Gr-1 Expression
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¢ Catalytic Inactivation Models

1. ATM Kinase Dead (2012, 2016, 2020, 2021).

2. DNA PKcs Kinase De 2015, 2018, 2020)

3. ATR Kinase Dead (2018)
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4. Catal
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Inactive PARP1 and PARP2

Kinase PISKK Core Mouse Human

ATM LGLGDRH D2880 D2870
DNA-PKcs LGIGDRH D3922 D3889
ATR LGLGDRH D2466 D2475




log surviving fraction

Synergistic lethality with BRCA mutants
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The activity of PARP1&2
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DNA damage induced activation
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PARP1 Trapping
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Persistent Foci can be seen in live cell imaging
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PARP trapping | Phys
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The nature

of PARP1 trapping
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Physiological consequences?
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Parpl1*/E988A are under representative
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Somatic Expression of the E988A alone causes
lethal bone marrow failure
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Somatic activation of A/- depletes

hematopoletic stem and progenitor cells
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~  The lethality of Parpl EA/- can not be explained by loss of
~.‘ both PARP1 and PARP2
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Parpl-E988A causes pan bone marrow failure
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Parpl**Parp2** Parpl1C/Cparp2*+ Parpl**Parp2¢/C Parp1C¢/Cparp2¢/c Parpl®AParp2+*

100X

400X




