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Abstract

Repair of oxidatively -induced clustered DNA lesions, after exposure of human cancer ells
to ionizing radiation.

In the present thesis, the induction and repair of complex DNA lesions, double strand
breaks (DSBs) of high complexity accompanied by oxidatively -induced base lesions in
their close vicinity were studied after exposure to ionizi ng radiation (IR) of varying quality
i.e. linear energy transfer (LET). These lesions are considered the hallmark of ionizing
radiation as well as of the high levels of oxidative stress. Complex DNA damage may be
consisted by DSBs, single strand breaks (SBs) and base lesions within a very short DNA
fragment up to 10-15 base pairs. Clustered DNA damage challenges the cell DNA repair
machinery and therefore the eventual misrepair could lead to mutations, genomic
instability or even carcinogenesis. Thein situ immunofluorescence-based detection of this
kind of damage is generally accepted as a very challenging goal and can be performed
currently only at the chromosomal level and within DNA regions much larger than the
above mentioned above.

The main experimental method followed in this thesis, it is the in situ indirect
immunofluorescence, using specific antibodies against several human DNA repair
proteins i.e. for DSBs (¢ 2a Hy for oxidative base lesions (OGG1) and for abasic DNA
sites (hAPE1). Moreover complementary meta-analysis of experimental results was
performed, achieving the systematical review of underlying mechanisms. The scientific
interest for DNA damage as well as for the consequential cellular response can be
attributed to the dual action of ion izing radiation. On one hand, coincidental exposure to
ionizing radiation could disrupt DNA integrity, causing mutations, sometimes beneficial,
promoting evolution or detrimental causing genomic instability and sometimes cancer.
On the other hand, one of the most important therapies against cancer, radiotherapy
utilizes ionizing radiation to target the DNA of tumor cells and thus to induce
programmed cell death (apoptosis).

In the framework of the present thesis, several human cancer cell lines originating from
breast cancer (MCF7), hepatocellular carcinoma (HepG2), lung carcinoma (A549),
glioblastoma (MO59K and their isogenic MO59J) but also normal immortalized
keratinocytes (FEP1811-T1), as well as lymphocytes from healthy donors were studied.
Diffe rent types of ionizing radiation and LET, electromagnetic (Low LET: A- and X- rays)

and charged patrticles (high-LET: a particles and Argon ions) were used. Increasing
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complexity of the induced damage was detected with the increase of LET of the incident
radiation. Regarding the repair of this damage, a significant delay in the process of
complex lesions was also observed. Chemical inhibition of the DNA repair protein DNA -
PK was induced in cell cultures, using two different and highly specific inhibitors, n amely
the NU7026 and the NU7441. NU7441 was found to induce stronger inhibition in double
strand break repair process than NU7026. DNA-PK was also tested by using a pair of cell
lines (MO59K and MO59J), MO59J are DNA-PKcs deficient. DNA repair was delayed but
finally was achieved.

In order to detect complex DNA lesions that also include oxidative base lesions in the
vicinity of a DSB, we defined the proper protocol which allows their visualization as
colocalized fluorescence signal coming from fluorescent antibodies that target the DSB
repair proteins (A-§ 2& Hor 53BP1) and the base lesion repair proteins (OGG1 or APEL).
In order to evaluate the colocalization
the present work, we introduced a criterion -Parameter called Pgc (colocalization
parameter). Our criterion conserves the focus topology for the DSBS, which are considered
the O6centersd of repair, and regarding
luminosity. Pcccompares the surface (or spatial in the case of 3D images) luminosity of tre
signal coming from the labeled antibody that targets the base repair enzymes, considered
over the DSB foci area with the same value considered over the rest of the cell nucleus
area. Using our suggested parameterP.c, normalization of any fluctuation am ong images
has been achieved, making possible the comparison among images resulting by different
experiments. The main advantage of this consideration is that it allows unbiased the
decision whether or not the occurring colocalization is random or of biolo gical importance.
Significant Pgcincreases were detected with increasing LET and this trend was verified
with some minor variations for all radiations used. In addition, specific correlations were
made with repair time and focus size synonymous with dama ge complexity.
Approaching the DNA repair of complex DNA lesions on organism level (systems
biology), data analysis coming from universal data bases was performed, utilizing
bioinformatics. For this purpose several open source tools were utilized, and mul tilevel
systematic proofing of the results was performed. Proper gene nomenclatures were cased
specifically used. Gene ontology terms hold the key role in the gene screening that was
performed, making the results reliable. This analysis has been based exdlsively on
experimentally evaluated data. Specific correlations were done between DNA damage

response (DDR) and repair genes with the immune system and inflammatory response
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especially in the case of radiation-induced systemic effects which consisted a sigificant
part of our bioinformatical work. The idea of radiation non -targeted effects holds currently
a prominent position in radiation biology and our main hypothesis has been that complex
DNA Il esions and their repair c asignalldee torteeg ar d e d
difficulty the cell encounters in processing and amending these genome problems.
Bioinformatics analysis revealed numerous (human and plant) genes that we believe that
are also participating in DNA repair machinery, following the expos ure to IR and
especially to the repair of clustered DNA lesions. Several other genes where identified and
are proposed as potential biomarkers of exposure to endogenous (replication, oxidative)
and to exogenous stress (ionizing radiation), being also applicable to biological dosimetry.
Regarding cancer therapy, the role of DNA repair genes was explored and several genes
were suggested as potential targets for chemical/pharmaceutical inhibition in order to
enhance radiotherapy in the frame of Synthetic Lethality, moreover the idea of Multi -
pathway Lethality was also proposed.

Summarizing , the results of this study are centered on the biophysical mechanisms
induction and repair of complex DNA lesions. They led to the development of protocols
for the detection of these lesions on the cellular level, by usingin situ immunofluorescence.
The scientific importance of these findings relies primarily on two aspects: 1.the technical
improvements and advancement of the field of in situ detection of complex damage as
well as 2. the biophysical/biological importance of the findings on the processing of
complex DNA damage consisting of a DSB and neighboring oxidative lesions challenging
the repair machinery of the cell. More importantly, the biophysical experimental and

complementary bioinformatics work has been published in the following papers:

[1] Z. Nikitaki, V. Nikolov, I. V. Mavragani, |. Plante, D. Emfietzoglou, G. Iliakis, and
Alexandros G. Georgakilas, "Non-DSB clustered DNA lesions. Does theory colocalize thi¢h
experimer,” Radiation Physics and Chemistry, 2016. 128: p. 285.

Abstract

lonizing radiation results in various kinds of DNA lesions such as double strand breaks
(DSBs) and other nonDSB base lesions. These lesions may be formed in close proximity
(ie, within a few nanometers) resulting in clustered types of DNA lesions. These damage
clusters are considered the signature of ionizing radiation, notably charged particles of
high linear energy transfer (LET). Accumulating theoretical and experimental e vidence
suggest the induction of these clustered lesions appears under various irradiation
conditions but also as a result of high levels of oxidative stress. The biological significance
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of these clustered DNA lesions pertains to the inability of cells to process them efficiently
as isolated lesions. The results in the case of unsuccessful or erroneous repair can vary
from mutations up to chromosomal instability. In this mini review, we discuss of several
Monte Carlo simulations codes and experimental evide nce regarding the induction and
repair of radiation -induced non-DSB complex DNA lesions. We also critically discuss the
most widely used methodologies (ie, gel electrophoresis and fluorescence microscopy [in
situ colocalization assays]). Based on the compaison of different approaches, we present
examples and suggestions for the improved detection of these lesions in situ. Based on the
current status of knowledge, we conclude that there is a great need for improvement of
the detection techniques at the celular or tissue level, which will provide valuable
information for understanding the mechanisms used by the cell to process clustered DNA
lesions.

[2] Z. Nikitaki, V. Nikolov, I. V. Mavragani, E. Mladenov, A. Mangelis, D. A.
Laskaratou, Georgios |. Fragkoulis, Christine E. Hellweg, Olga A. Martin, Dimitris

Emfietzoglou, Vasiliki I. Hatzi, Georgia |. Terzoudi, George lliakis and Alexandros G.

Georgakilas, "Measurement of complex DNA damage induction and repair in human cellular

systems after exposure to inimg radiations of varying linear energy transfer (LETlfee Radic
Res, pp. 45, Sep 5 2016.

Abstract

Detrimental effects of ionizing radiation (IR) are correlated to the varying efficiency of IR
to induce complex DNA damage. A double strand break (DSB) can be considered the
simpler form of complex DNA damage. These types of damage can consist of double
strand breaks (DSBSs), single strand breaks (SSBs) and/or norDSB lesions such as base
damages and apurinic/apyrimidinic (AP; abasic) sites in different ¢ ombinations.
Enthralling theoretical (Monte Carlo simulations) and experimental evidence suggests an
increase of the complexity of DNA damage and therefore repair resistance with linear
energy transfer (LET). In this study, we have measured the induction and processing of
DSB and nonDSB oxidative clusters using adaptations of immunofluorescence.
Specifically, we applied foci colocalization approaches as the most current methodologies
for the in situ detection of clustered DNA lesions in a variety of human normal (FEP1811-
T1) and cancerous cell lines of varying repair efficiency (MCF7, HepG2, A549, MO59K/J)
and radiation qualities of increasing linear energy transfer (LET) i.e., A, X-rays 0.3-1
keV/1Tm,a rAicles 113Ark a \0/nism 2ar0d KYHZAX bria3BP ILfaii
staining as DSB probes, we calculated a DSB apparent rate of A6 DSBs/cell/Gy
decreasing with LET. A similar trend was measured for non -DSB oxidized baselesions
detected using antibodies against the human repair enzymes 8oxoguanine-DNA
glycosylase (OGG1) or AP endonuclease (APE1) i.e. damage foci as probes for oxidized
purines or abasic sites respectively. In addition, using colocalization parameters
previously introduced by our groups, we detected an increasing clustering of damage for
DSBs and nonDSBs. We also made correlations of damage complexity with the repair

viii



efficiency of each cell line and we discuss the biological importance of these new findings
with regard to the severity of IR due to the complex nature of its DNA damage.

[3] Z. Nikitaki, 1. V. Mavragani, D. A. Laskaratou, V. Gika, V. P. Moskvin, K.
Theofilatos Konstantinos Vougas, Robert D. Stewartand Alexandros G. Georgakilas.,
"Systemic mechanisms and effects of ionizing radiation: A new 'old' paradigm of how the
bystanders and distant can become the play&siin Cancer Biol, vol. 3738, pp. 7795, Jun
2016.

Abstract

Exposure of cells to any form of ionizing radiation (IR) is expected to induce a variety of

DNA lesions, including double strand breaks (DSBs), single strand breaks (SSBs) and

oxidation, as well as loss of bases, i.e. abasic sites. The damaging potential of IR is

primarily related to the generation of electrons, which thro ugh their interaction with water

produce free radicals. In their turn, free radicals attack DNA, proteins and lipids. Damage

is induced also through direct deposition of energy. These types of IR interactions with

biological materials are collectivelycalled 6t arget ed effectso, since
irradiated cells. Earlier and someti mes O0anecd:
of IR actions unrelated to the irradiated cells or area, i.e. a type of systemic response with

unknown mechani stic basis. Over the last years, significant experimental evidence has
accumul at ed, showing a vari-dtiyelodd r aadgetads | ono e f
effectsNTE). The NTE involve the release of chemical and biological mediators from the

Oifiel dd6 area and thus the communication of the
signals. The NTE can be separated in two major groups: bystander and distant (systemic).

In this review, we have collected a detailed list of proteins implicated in eit her bystander

or systemic effects, including the clinically relevant abscopal phenomenon, using

improved text -mining and bioinformat ics tools from the literature. We have identified

which of these genes belong to the DNA damage response and repair pathway (DDR/R)

and made protein-protein interaction (PPi) networks. Our analysis supports that the

apoptosis, TLR-like or NOD -like receptor signaling pathways are the main pathways

participating in NTE. Based on this analysis, we formulate a biophysical hypothesi s for

the regulation of NTE, based on DNA damage and apoptosis gradients between the

irradiation point and various distances corresponding to bystander (5 mm) or distant

effects (5 cm). Last but not least, in order to provide a more realistic support for our model,

we calculate the expected DSB and nonDSB clusters along the central axis of a
representative 200.6 MeV pencil beam calculated using Monte Carlo DNA damage

simulation software (MCDS) based on the actual beam energy-to-depth curves used in

therapy.



[4] A. G. Georgakilas, A. Pavlopoulou, M. Louka, Z. Nikitaki, C. E. Vorgias, P. G.
Bagos, loannis Michalopoulos,"Emerging molecular networks common in ionizing radiation,
immune and inflammatory responses by employing bioinformatics approaChesgr Lett, vol.
368, pp. 16472, Nov 28 2015.

Abstract

Efficient radiation therapy is characterized by enhanced tumor cell killing involving the
activation of the immune system (tumor immunogenicity) but at the same time
minimizing chronic inflammation and radiation adverse effects in healthy tissue. The aim
of this study was to identify gene products involved in immune and inflammatory
responses upon exposure to ionizing radiation by using various bioinformatic tools.
lonizing radiation is known to elicit d ifferent effects at the level of cells and organism i.e.
DNA Damage Response (DDR), DNA repair, apoptosis and, most importantly, systemic
effects through the instigation of i nfl ammat or
response activation. Genes implicated both in radiation and immune/inflammatory
responses were collected manually from the scientific literature with a combination of
relevant keywords. The experimentally validated and literature -based results were
inspected, and genes involved in radiation, immune and inflammatory response were
pooled. This kind of analysis was performed for the first time, for both healthy and tumor
tissues. In this way, a set of 24 genes common in all three different phenomena was
identified. These genes were found to form a highly connected network. Useful
conclusions are drawn regarding the potential application of these genes as markers of
response to radiation for both healthy and tumor tissues through the modulation of
immune and/or inflammatory mechanisms.

[5] N. Hekim, Z. Cetin, Z. Nikitaki, A. Cort, and E. |. Saygili, "Radiation triggering
immune response and inflammatiorGancer Lett, vol. 368, pp. 15663, Nov 28 2015.
Abstract

Radiation therapy (RT) is a well-established but still under optimization branch of Ca ncer
Therapy (CT). RT uses electromagnetic waves or charged particles in order to Kill
malignant cells, by accumulating the energy onto these cells. The issue at stake for RT, as
well as for any other Cancer Therapy technique, is always to kill only cancer cells, without
affecting the surrounding healthy ones. This perspective of CT is usually described under
the terms oOspecificityd and oOselectivityd. Speci
the ideal is never entirely achieved. Thus, in addition to killing healthy cells, changes and
effects are observed in the immune system after irradiation. In this review, we mainly
focus on the effects of ionizing radiation on the immune system and its components like
bone marrow. Additionally, we are interest ed in the effects and benefits of low-dose
ionizing radiation on the hematopoiesis and immune response. Low dose radiation has
been shown to induce biological responses like inflammatory responses, innate immune
system activation and DNA repair (adaptive r esponse). This review reveals the fact that



there are many unanswered questions regarding the role of radiation as either an
immuneactivating (low dose) or immunosuppressive (high dose) agent.

[6] Z. Nikitaki, I. Michalopoulos, and A. G. Georgakilas, " Molecular inhibitors of DNA
repair: searching for the ultimate tumor killing weapoRuture Med Chem, vol. 7, pp. 1543
58, Aug 2015.

Abstract

DNA repair (DR) inhibitors are small molecules that interact with DR proteins in order to
disrupt their functionand i nduce a 6striked to the high fideé
repair systems. Many anticancer therapies aim to harm the DNA of the usually highly

proliferative cancer cell, causing it to undergo apoptosis. In response to this, cancer cells

attempt to fix th e induced lesion and reconstitute its genomic integrity, in turn reducing

the efficacy of treat ment . To overcome this, D
function, increasing the potency and tumor killing effect of chemotherapy or

radiotherapy. In this review, we discuss clinically applied novel inhibitors under

translational investigation and we apply bioinformatic tools in order to identify repair

proteins implicated in more than two phenomenically distinct DNA repair pathways (e.qg.,

base excisim r epair and nonhomol ogous end joining),
l ethalityd. Our study can aid towards the opt
therefore, maximizing treatment effectiveness like in the case of radiation therapy.

[7] Z. Nikitaki, C. E. Hellweg, A. G. Georgakilas, and J. L. Ravanat, "Stressinduced
DNA damage biomarkers: applications and limitations," Front Chem, vol. 3, p. 35, 2015.
Abstract

Avariety of environmental stresses like chemicals, UV and ionizing radiation a nd
organi smés endogenous processes such as replic
the generation of reactive oxygen and nitrogen species (ROS/RNS) that can attack cellular
vital components like DNA, proteins and lipid membranes. Among them, much att ention
has been focused on DNA since DNA damage plays a role in several biological disorders
and aging processes. Thus, DNA damage can be used as a biomarker in a reliable and
accurate way to quantify for example radiation exposure and can indicate its pos sible long
term effects and cancer risk. Based on the type of DNA lesions detected one can
hypothesize on the most probable mechanisms involved in the formation of these lesions
for example in the case of UV and ionizing radiation (e.g., X- or A- Acrays, energetic ions,
neutrons). In this review we describe the most accepted chemical pathways for DNA
damage induction and the different types of DNA lesions, i.e., single, complex DNA
lesions etc. that can be used as DNA damage biomarkers. We critically compae DNA
damage detection methods and their limitations. In addition, we suggest the use of DNA
repair gene products as biomarkes for identification of different types of stresses i.e.,
radiation, oxidative, or replication stress, based on bioinformatic appro aches and meta
analysis of literature data.

Xi



[8] V. |. Hatzi, D. A. Laskaratou, I. V. Mavragani, Z. Nikitaki, A. Mangelis, M. I.
Panayiotidis, et al., "Non-targeted radiation effects in vivo: a critical glance of the future in
radiobiology,"Cancer Lett, vol. 356, pp. 3442, Jan 1 2015.

Abstract

Radiation-induced bystander effects (RIBE), demonstrate the induction of biological non -
targeted effects in cells which have not directly hit by radiation or by free radicals
produced by ionization events. Although R IBE have been demonstrated using a variety of
biological endpoints the mechanism(s) of this phenomenon still remain unclear. The
controversial results of the in vitro RIBE and the evidence of nontargeted effects in various
in vivo systems are discussed. The experimental evidence on RIBE, indicate that a more
analytical and mechanistic in depth approach is needed to secure an answer to one of the
most intriguing questions in radiobiology.
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2.2.4.3 Crossing over via cleavage of nicked joint molecules

(50) dzO EVFfEFPT ET £00O masneRr@Rauao FOB Bk A AQE 7t A 1
EOaEUOI £0SY OAE BOE RIOA IAGATEEN A Tt A (EA RRADAZE B8 §

Y N = W L

E6ol al OResSf it & R30éERE ﬁura‘A(ZOE-D,‘iéléRDBf a ZEQ@SH
6001 Ul EROAREYLY 6ROT 36F OURA adi & EQOAIHoI@ayRI ARF T 1
TE EA(GRAE 21 A OA T U0UeO03@661 al §{ EAOIMACHSROE AL &9 O

alUO0 Eol ol £#O0O0 EAY Oo A& . dz&f O1 EY OOUYT ISEXRET Ail 6 OR
MUS81-EME1.D# O RU&i A Oi OOUT T EAREY AU? A (53p3ARI RF 3
ERO6 AF E O3 RQOAAIA RRESSHT A6EIT O000edOf Al Rf O RUe&T
Tt1771 OA Y A&H4B 31 oROUBOAE 314). A [

AOf AT T AB®Ad3 SO AaEk

URST ATRADIERACOE] aRAEREUIFEITTT SO AOAal Ait RUSREY UR

FEO AOAR?f ROU& o EeARRARFIEBAD ¢ OO AOAT &ERE 3 G

0 AROUROJARE 60U o6ROEA®EEVE aARORFETVE RAM®O Eo61 RI
Adad®&ARRI

t E
al OUET 11 ¢ 66 EaAO fpRAOOBEADI RiE3 Oal ai il OARAU YA
aOARUOaUART t , al A6l RF3e6EYE t 7l fFA Eo6l T AROUYT
al AUOREFT T O63F ¢t RtoOUY Aot ¢OUF al &uOROUF RUA
EOEAEQPF Al (DEDAT MBZEFAO EO6I RTt6ERE f[g8) LE ConQddAHe
Eol 1 AUETE 1TEfAD3 PSO &4T1SO St E 6106 O6ERI AR,
RUOaUART 63¢ Ao OFfEIERTAF SO 606U 160RE® OA AUEI R
37t1 OAOFY aOARUOaUART t T
7QUT a0 T OU  HollAdaARi AURO3TEOE al0i®  0ROT 307 OURA
AOARUGAUART 1. oFAO a30 ag@glilSO0A T1RIA DNA al AUSRGE
AOF Al 1l adOUO AEOETY Ta®Oioae EARUITUEO RIRROF a 6 ET E HdIt | if da yA EFO& 7
1964[74].

25



npocuvayn 1

&
ouvayn (3) ™\ —
, (4a) D U )
HeTa-cuvayn ~— e =
(5a) < (5B) ¢ (5y) ¢
e e n ———
> (6¢)
| | AN ——
(6) (6B) (6v) (68) (7) 4
un-draotaupoupevn Un-SlaotaupoUpevn S100TOUPOULEV UN-Ola0TOUPOULEV UN-BlaoTaupoUevn
(AE)
SDSA BIR DSBR
DA &p-A | heAOOF ET ART Af A RPI1 TP Al URGaEY (EVT1TAAEQO 1
da0ARUOaUARTt: 3 37t1 OAOF A4OARUOAUARI-RBOABBOREDZ O/
fFE R3OAQE fgbAﬁ“.T@k@30ﬁ£m PROAOSRPe O0F AT P A 4
aET AGeEQ® Aot FE G@I 1 SOE KRA3RE 1Al ©#RO60060I 030°
9 (Rf-2n] AQAf 4 P E R3OAGE aET |l OURAE®GF Al AOAY aRt
113000 RAT URGAA ET IGAMEBRWOORTF Aa1 @ O®)Y 401 REOO ¢ ROA
AOAR3OaAaERE fEO EOARTF 31 El€pén dedtsttandrarﬁleaREDDSéAEl"?El"?f( aInA h e
45 KA) O EIRa&diT1sSO 1130060 A6ORUOCaAEF AT tfAO fET
aE3f ERO AT RO, EO3 06ROV AT EOGF AI |MB\AB®&OU@§V@@ET
EOaAUEFf AT OA EiT o6l A1 OOF Al 601108 137101 EIRa OT@“
It AS KRA3-Rduced ephicato k R, RHE4&4a)A 1-Ba RtEGOYRUET A?P e EF Al
T1TA 61 @&RE al UAT A AOf 1 ARAY A¥o6t Ndﬂ“ﬂﬁawm&HARSNNJi@a
RE A631 EI A Eraﬁééogs?éﬁtﬁes@E=@@R|§®§®6RRA4&E$6
E7) Eio6l A OO0t Al TAl fA a30 47T RA 60U AUET aEil OUF
PSO a30 11369006 EgRKRIpEauE3ef)ERFOAU 47 ROU, aET I OURAg3
it7ad tOU Holliday.  7t7a0r RFE RUOAUETA 160
al ARF AURO36 E@At G AT-&()RfA al AOBEAY OA T UeE® 1T ARS EC
OERT T AT A4 0kE] EGHABOSMOAS OA ARTEEQURE 1 ARBRF 4 &t OTORD) |
OaEA3 O0f At Ao Onl BRRAURDBTI RBOAT BEROst OF A (RFP &4al 6 7).
2008[76])

26



Recognition
Eukaryotic type Dioble strand break
/ Fecognition
5: AT
{Saccharoryres cerevisiae) (Ivlarnmmals)
5 to 3 resection i
MBE complex WEM complex
Radsi Rads0 TOFPEFP]
Ilrell Iirell | CHIP
RS2 Nbsl paRDL[BRCAL] BRIFY |
REA ~~BRCA2-DSS1 NBAL
Abravas | BRE
Filameent formation, 0] R&PE0 | BRCCIS
RadS1B (5. cerevisiae) (Common)  (Dlarmmals)
Rad51C Raid55 PALE2
Radsy
e | e e [Ratst | [ Dsst |pRos2] H{svers |
¥RCC2| [Rads1c| [RadSic |RadsiD Fas D
XRCC2 Radyl paralogs
Rad51 paralogs
Rad5] filarent
Strand irveasion
(5. cerevisiae) (Cormmon)
l
———
1
! |
Second end capture |
D-loop|
Holliday junction irterediate Rﬁdj‘rﬂ\_ﬂ_ -
______ ™
:I 1 DM A& synthesis
P E—
; ‘— I
______ (Common) \
Branch mizration and
resolution of Holliday junction
(Common) + - h
BLM | [ IlusE1
TOPS Erael Strand displacerment Strand displacement
Flap reracrval and annealing
Crossover (Cataaom) Ligation
* [ LM
Mon-rrossover
DSBR . . SDSA . . BIR o
Double-strand hreak repair Synthesis-dependent sirand annealing Break-indurced replication

DA &2 3 37t1 OAOY aOARUOaU it? AUEIT PREIT? oleé
2.25  NHEJ (Non-Homologous End Joining-0Q t 1 GOBRE RSO

g O6ERI ARAua&e 60U A} Ol GueeEw ¢ OU TEU“““F“QTOB NHE
0 ARAARARID Oe vEf E1 AUET AQOE] FEOUROAAOGF AIRRE OBat T E U/

27



N M A A A

FE30ARGETY agdi 1 SOEY eRA3REY 1 AIAI EUEEEOT Ehd EDAE A
E

-0 O m
O
(@)

—

T R
- m = =
DD I S —
- = m O
O > — O
> O ©
m o W
o &
-
oy B>« O
. -
-
(e} Qr
-
O
[—

o
Py
(O
@]
C
> Cx

i al At e@RA3REY!
¥ NHEJ RUT aAaAQOEl 1 O0BOADBREE WAF JSRABRE RO37f OU AdA
41 RA &I A O TtAO ttI0OIOABRVABECEIOEARS té RAIRIEA ROT AA

W ~ N A

AT f1 OOROEEAY RUOOAE3ZOOFRAN UARGISARNEORITAG RY ETEF Tt
E REIY 060WROAOCARIEREBOEALA RT A

UORE AUfI3 Ot #ISOE ak Alagiot R&$
E 7 OO 6 NREODRIRRIOOGE3 E &2eA N

= POV A W WA A

T EY & adiA ARAD @ TE OGN § EDWW LGS O
ROOU

w W ~ N N A ~ NA W Aanvw

€anahiCeSNMEJ (7 RSO
Al EVTEQOE o60U o6MRROAURI 4eEI

13FF ARA, ETAaET 3O0El o60F &7 AUORTF & ADNBRAIEFROA!IRI
0 RORAEOt T EOE EVV IQEKU FEJOEIVABIRIEL.EROAT T ERAT A6 O
Uo O OOAAE? Ku70/ Ku80 E FR¥oAOCAI RATAGU oRMORaEREBBET 1
P AF AT UFT YT & U A

0 O1 O-Gependent prétdin kibaNeA (DNA -PKcs) 3 RF E OA
O EOERHKKt 3 OROEDATAUEFIGBINA EOER

>
O
W)

28



pull
(et
—_
(@)
—+

i EUAOT RIt, to6SY *¢fI1TFV
D-NHEJ
DSB

k- B kur0i80

r § DNA-PKcs

End processing r

- &\ Artemis
enzymes )

LigaselV
(’ gXRCM

Restores DNA integrity. Sequence deviation likely

DO &2-A O ARIT 1T & OQOE 31ti OAE
Kuw 0A8E&!L
FMETATDNRET 5 T
FEO 306A
P OU ®RKck
EO EGEODERAAROA A1
F SO RO6A

f OU Ef EROaIl T
FEO EOI

ROali ERO3T
RP R4 PPEKERE

EOERAOGO6 Ol EGT Al Aot
AoOfEiEQTAFTT;rEFA

OROAAET ¢

E6o AU E E6AOAOSRE

R37161 01O LiglV/ XRCC4/ XLF

TDT,7 OO0 6 O1T Ul ERT R1 t
Lig

AUF & 47 RA

Lig|V/XRCC4/xumrﬁAha@N@TAééﬁTiA A7 R
3 6ROARUOOR K1

29

Aot P17V
| V/IOERCC4f KEF.RUOF OOT RT £
R

7T OAR30 EO61 U ARESRQISHAGHERWD TG RFOORE 4T |
RPA2,

WRN, XLF/ Cernunnos,

AAAAAA

g AUf OUSRUORUI OSRE
DNA-PKc s 0ARAUEI P
Ao AT f 6371 EOE EOARAET A
iEfAAARE ¢ OU Of OEO
Aot PEO AOOI Ufr & RFEO
FOU 1 QRU&EETI RF & T ORU.
FOU O OEG83F REE6ET
FEO EO6EOJERAAKRVASO

P OU DNA A6t P EC
60T UOBUT T EOFT al ¥ & 1
PNK 1 Aif RREKRUERARE
DNA o601 Ul ERAREY 1T 1/

= OETY ARARETY
A tOU DNA

SURCEN ~a v

AR OTAAR BB fAB aH RAA | &t R ABS;

SN



2252 guEaRIVT & QOE 371tl OAE
B-NHEJ
DSB

? <Y - L o PN A N
:\; ’3’ fj/ a L& 5 AR “r : I’“ 61
5 ‘2 A~ &yﬂl - [77. 31 o6R3E

PARP1 < -\( % MRN complex R A
PARP2 ) —

B 5; ﬁﬁf"\\\. 0 ARAT &RIERI T 3FF ARA
’ MO59J © A 56 OA  AUOUO
WRN U /__ 4L|gaselll R o o o i o
ARCC TAFERFATT A0 06 AdDO

¢ = DNA -PKcs, (DNA -PKcs
pgﬁ]cf* ‘\\_ _
\
. . . ““" ) Eol al OF
DA &P-& gUEaARIT & O
i 0006 4&r 1 fFLBIV RORD A
RUé&7T gé E EERPLA G tE O3 a =7 1 OURAE
XRCC1 [30] .

¢
2
N¢
i
m
c:
Py
wn
O
vy)
Q
(@)
=~
[
©

m;
>/
m-
-~

gy O
=
-

w

AO T11AO4& OA
; .

> m
Ef
m
Q m: 0 =
D
Py
) > s
W O
>
m
(@)
O
C

NN W W AW W ~

S
At E
OAﬁéAOGFENHEKHIGmFTﬁHWARmETEE@]E%H@H@R@BGEO@A
ATl O O A )

30



O DNA RFA 13ffARA EQOAT .

3
30 OUE®I

P A AN W wWw

R
RITET mA P ET EU
s

1 Ael RF30f AY EU0lTfe FEO AOQU R ERFT130 E61 al
iE 1t alédaer 7 OU DNA gol ol £00, al O1 OAT Y A R
iTT RO6UR&2OEY T AT 1 &F 1 ORSREBRSBT Aol 6601 630F AT Al A

@)
g ARU& fEPJAOEREE?Y ADSO AT T OI 3 RESO # OU DNA, 6RO
DNA Aot FfA 173fFARA, t0O0 06606006 UaROI3EFAT RE 700
RE OOUTT EOROAIN. *a BAT GrAIREANY 1 A6 Oa Ol , RPFE RUO
UaROI U £#OA o6ROst OF A TAIT 1 ARS 11 AY EOEIT allEUT 4
6 OROF 11 O6OGERE 7SO AlT1TOI3RESO
g UAR& ORST At OARAU DA Ua ET &t Aot aORE?Y
ETETFROUET 11 &t AOCUGRAURBE? fil BA a0 & (ER-6 o-D8
al UarkaCE 06 U A 6 U A@B-6xB-Zi&dthydro -2 -deoxyguanosine - 8-oxodGuo) [81].
g AT 1T OOSRE AUt & AUET aUOATT1Tt 1060f1T RI 63 UAITE
E6lFRAE6OOF AY PEO Eo6ITETFIT& VAl 060ROFTIT & AOGUC
AOI UOE3O60F AUa RORIEEDId UT UE-hydraxp-2 -Aeoxycytidine - 5-HO-

31



yd) JoAlbodmdo FRO6O6OI &REIT T . DAUO®xé St AUFf4& A
Of AT 1T AT Aortd AOAO tANT GGEHUNTe# ARSY EUAQRe
ARETY, 1T Ael RfF30OFfFAY AT ERE FEO A UR

TAP Qi1 3R, 0 EDBRITAFOT 37 Ua
OUx, PE aET AEf A ¢t OU &8

57 A RAUGA T E mBAAOG UA

| RE aEgAi At A DNA 60U AUOUO
E EREY Aa4REIY. &I A FE T £6bad Al
EREY, 1T Ae3tr OI a4REI? DNA aEO EO
RST Af OARAU OA. dzZA o6 ROst OF A 6ARAA
a

(@}
c
M
[\N)
O
(@7
>
pull
-
@)
>

<))
O
o

m-
S)

as
O

32



1 Pouget 1Al RUO 71 4000f At ¢cUAR& URST At OARAU |

ET ETf ROUET 11 & AOOUOEUREe T Al TE ¢UAR& URST At OA

TE al AadUl 1 & UART A?f OARAUGA 1 42 ANOREAT ARASEAOD®
= .

EYfEeEI T £#OA RE AUOAOt T HS5EB8. a3 IREI
POEYsaRtAe Emikddi OBl ¢Fl yoclod sRUUO& al &

ASA&r t OUY, OERBAREI®, I AR QOGS (GBly®R B
At UdoEloxfoll lBA 0A6 tEOBYT EDAA 6fl EF 6&Rt RU

o)
1 RfA[BIalgA eEEoidaatB® f O AOF @OUD T E@ RERG DU R

‘ | CH, I H

HN™ “-CH, HNZ 4 5 —OH HN "\ NG
2 ¢ oH )\\ | > 2 Al 0

O rl: N 2 N

dR 4R dR dR
Bupdivn YAUKOAR Bupdivng youavooivn (8-ox0dG)

o)
R
8
o
Q)
4

g >
Qo
<
o B
SD
M
9’
®Z
ANV
o
O
)>
~ O

-
. —+
=

Ely
\6% >
Fﬁ)

U godGuad [88], O
O azTisésé éﬁAgRE

a @0 Eu ABOIEDZRET RO ka O
P FE USRUORIT & Of 4

— -
o
=~ m

[N
a» -
— m

O, -

oA,
A.

W =

1
ROT

© ™
O a;.
o~
cC:C
—_
m: =
O m
oy

& X
B s
O B
O I~
- O
- &y
m:-gf
o X
([@xN o)
(D C

33



M- Q2 Cx

Qa»
5

i1 ERE AOQOUOEURE
TEREY & alOUET T T A 1A60a0p KUDUOEGO ARBPUOBRBRER
Aa3z O DNA 31 o©o0R3FfE?Y O6RORoAeEIEYT O6ERIET AT aAOA
ali30 AOAOf1 ail AazO DNA. UGFfFRI, EOEI alilEUI £0A A
TER3O 6URITT1 agOEY 60U atEi |l OURAEQY[8SE 6 AROURGA Ud
)
: T s
Hy T, on,
I Uv ~ N o
T~ Y oB hABAB'J\ A
N~ 0 07y SN
GRS L '
| C I'c
0 - NH, 0 a, NH,
N ’ '_I_ I““n.\ uv -~ N =N
EH Jx ,L
8] N N 0 soe . BT hAB AT N N 0
(ooTeon
HD23A QE T EO 6AROURGA Al fl 00adl gAT UV ¥
_ 6AROURQGA T EFT UGERIzaldur Aiil 00all gA
i AR6O30O AUF A FA aliERe
A f1¢v OdEil asftiT A al dacbdodGAR TFRRISOA Ad AU 7 E
Aof 30UeEYTAO aRAEGETE t7FIl AaEO EQOOAT T11TBOOG6OIETI
AR?F AURO3T EOE T AOPERAREREIT T AOBUAOOOE?Y OA agot
Of ET ARJ. At A
1 aitTATlVTa& A 61 URE (Alkaline elution)
ATTAT T 1T & A 61 URE EQZOAT THAE 6ARGHAE 1 ¥HOED HHE A0 R
U TUfrfA&ROU 1T £ARS ATTATTTO63 al AT 371 At OdF T AT RPFE
t UGIFPRO TE ¢t BFfROBEE] AQHUA BT &R Ha 0a AUF 0K E 7 RA
Ot171 SOEY é@RA3REIY, 1Aeéegtr O omRAﬁmomlAm,Awyﬂﬁﬁx
AO O6ERI £AUOUO eRA3REIT g FEUOIT& AUf & eESREOT
AATE 1T EfAalEfFtfPEFA TAT 1171 Rea& EaAéAléalitrEFA
47 SO A 61 UREY [¥0U A6 Al f O30°f Al

34



w w

ROT Ef ROA DD et

w
N
N
O
([ext)
-
>

f

-
-
>
pug
—_
[
-~

©x¢

ROA RO&F EQOOAT AOA R3IRFETA 860U 1 AT
T 3B of AACRAAA 1T ABBBGBFEARA RO U C E E

| @8t T EOA Adét |l aser
&

O
Qo X

pull
-
$\
—_
mp
s
-
$\

pull

i
> C
N > 4
> n > O

>/
pull
D
mp
-

8

X

Fluorescent
Channels

,,
*

.

L
[
. s
‘5
Laser o ’
« |
¢ |
| &
= cel
B 3
.
. = ‘[
o «f
~ :
0

Side
Scatter
Detector

\

Forward
Scatter
Detector

DA #8-FaRU& 1T EI 7T OURAJAT 7
3

E
Af Af ARREIT, A&4El Aa® al AUSRQeEI
E¥. J1O6 6RtRUAFEY 06RORE
4

A W ~ ~

0
UO®RBE ESE®3IGA 1 t Re SREY DNA, 1T4000fAY 1Al 064

WAQEU6T 62l a@RU6T OETI BBMROE TE UURI O1 6ATT 63 ARi et O3
1 3FF ARO.



323 JATT17063 06Ea@OU EI EV pukélifielR §aR Blectrophiresise?  (
PFGE)

afaociko onpeio f o§eldwpévn Baon

/.\/ §
/.\/ A opadonoinpéveg BAapeg DNA
/\./ /j\ MKo

v

ev{UOTIKN
Katepyaoia

oudEtepn
TNKTA ayapoing

/.\//.\//:>

un umopén Bpavong MKO AKO

(1) (1) (1)

Agv aviyvelovtal cUOTASEC

- @
> g3
B
O}

oon Vo oo

OPUOEURE Oi Aadbo Ol ET £0SO ail A
1AOET adoéEalEBafS DNA, 33 AD) i
pH. A) 1 s

(@)
\O)mn

Oi >¢ %2 ™ @l"m m:

)
poL El
[T o —
) C;
-

A ay o
M
-
<

Q= — IS ¥ DHOMOORQPCIS MY O

m> 2>
-7

W
e
o

.+ |'|'|)(_AI

WD Mmoo P

- O’ -
ANV
pull

X = > Q? -7

h~ Fﬁ‘ —_ (-] —_
¢ — [T

X - O’S(A) [
2=

CO® o> )

)

o™ ;05\./ (@)
m»

=
mp
>

NS

f
AOQD
G @0 Ug A @mlmm@u

O‘ >¢ A<=

—

W OTE M>>I OO -

— P Q= T T > T > O

— O) —_ &‘ >) > —i =t qQy = —i =

|
o} A
& BR
g Ul aRARO Edad
OBUOEURE +t EV RP [ a0OPUOEURE 7SO RU
f Or AAARt &ET . 601 al AV t NA AAAZRta® BF) U8 PRTEA
ROUt RERE (RUOEUOG3Y & 6AT 1171063 oEagdbu, AOAIT C
REY T AROU RIT éeTEfFT1 7103 1& OUF Ol 6RSt OAEOEOY
6 Ol ET £OE?} OEI ast i1 ATOMEITARFER E éDONBAO (RTCBD ) Q all 6A
TRE TEfAd3 £SO 8S030 1 VAl 2 o6ARAUEI A EG
0a Ol ET £#OOU aEQAT At OF 060@

A RUOzeée St AOAI
F DT A

(@)

>
by
M-

pY

T
— >

me >
N -~
-~
D D>
%) o me

Mo Xk W D>DPW MO ™ ™ ™ p>D O
Q
(@)
O
I-I-If
-
wn
6/
>
D —,
&,
F
e
2
O
&
O'm
I-I'I/

S COomOrT OO Cr T D s

o o
7
ANV
—_
-~ O)

O
c
—

I9l —_
T

Q

o

Q

Q

=

o

®

D

(@)
(o]

Q

=~

B o

w
o



&l A FEO AOQGUOEURE agiisSOsSO OiMadio®d Ei AODSGWD Adt
AOéR361 OA 13FFARA & A6t 13FFARA ETARRIAQW, &
I-DNA 2 & +O UGEREITITSI £#00 DNA 11 A b6RORAZAAAI RE
E6l alt ReSREY ¢+ OU DNA ARUIT A AOAort[@Mle &5 H aAdA fFrEG
0 RORAAAT REY aARgeEfr Al Rit O AEAOOf tf1 FA A£O&U
QEUAOI Rit gl OitaarSTAAREYT AT UY 62 U1 ARE DNA 1 Al

al Aag 0O, eA ¢ri? AoOTtadUO VAl eA al AR6AROUO 7 OO
f OUF EOERAt F(EXRTAN JeUld REREYT DNA) & éA al AR6GAROUO
OEROJO6F SRE FfEY EOaAaOOOUYIT EAREY AP, aEil OURA3OF A
11300, aEi Aase 1 JA R / ERC

it OBARET ‘

OdEIl asSit £#0SO a4RESO. 3I azTTséé? éﬁAa

E6l alt RESREY T160RO30 OA TEFR il f1 R
6EaAagOU, AT O1 6Ued31 EOEY Aot AOABWEber aveyd U
length analysis -NALA) ,R3 7T U SOA 1T E F

a1 1 SOEY eéRA3REIY? eESRO30f Al
Aftol O O O6EY G A

AO0& U1 A 0 URST Af g@ OOF AT T E AafF
P AFATTETA 1Al E EITETFROOI V1 & AO6ERT ADEREBY AOQET
uT7:a Al f ERT OB & AMEOAT Tt7 060U 6RORa&TTEI A0IAEOTEN AGFAMI
A6t DNA T AT 1O0130EI A oéﬁT”&nﬁ&Rm E@ElwwElwﬁrEEEkﬁ
6 O1 1 /A& laitrEFEY 600 700 TA&TRi O30 T[@pholit UAdAO AT A
12T.DNA:DNA Aot @ 4 A0 U A AOY Eéfé@“é@@@ KIRE®AT aAT f ERI O 4 A
T EAEe OUY 60U 6RORaAITTEITcoi[dd AUft? FPEO Escherihia

B AQAT URE 1 £AROU ARI &1 #1003 Tﬂé@@ﬁ&RDM|OB%|@@® 7 SC
i AT ROT ORGSO 60U ETUAOLedOOF Al RE 1T1A RUAlElRITEéE

1
t 1T00REY OA EBJAU.

E
ETEY? ROUt REREY. ao6t AUft tO 1 £AEeOD
0 t FEfad @W&Aéﬁ@@@@ﬁﬁ@é

Ff SO a@ii1sS0OSO @RA3RESO AO4
6 ERT ARKid e t a RButherland etal,, 2003[98).

14CCD: Charged Coupling Device, Gl At BAEEUAY BAOWBOWA RURT EU& AT A FE TE
ETETFRITO3 Rei At OF Aot FfEO 6ERI OU& fOU Al REEF &RA R
aooOf ET E@f Al A6t RUR?P Ol UGEY o601 OSP30 060U 6ERI £AUOUO

T Ef At RO6& 7SO USt O0OBSO o OUETOFRROBO@EDG ORD REAREBAEEHE
RFE AEOSRE EO3 FfA ETETFfRtOI A aERTE300FAT Ast O 6EA
FO 4110 ETETFPRtal 6. & A FEO VAt AARAu&® fEY EITTt OAY}

T Ef AUARE?P AT al AaOUbUA OBRote dEDAST @ARRUT T EUEEQD Aot F &
aEl Aa& oRtYEIPAT ATA f AUSRE? £ Ol gReERET



ETETFROOI Y A EITtOEY RFE RUOAUET A AOAI 3060f AT 1T E
BAAGt P(EP AT AOA 1 004 )

adl oAv EOAAEFAT Aot 1

U

O W«
PO
O

-’

(A<

(NS

~ A ~

3.2.4 CometAssay- dzE U Of D@01 & E
g dzEUOF Opbaer &2 AT T 1 £ ET E REREY AAZAIEY 1E7T OO0ST A
(Single Cell Gel Electrophoresis) E OAT 1 @ E6 JREY EUAOReEFE fEUOT T
1T AUOREFT T4 E®aAaE alAazO toSt a@i |l SOEY eRA3ZREIT

St117 A al 4aEv, OREGOF AT AABEF SQRARESVA T Al

—)

—_ -
> O O
>
- —
PUENG)
— o
— -
= > [T
—t
)
) mp
o
o -
# > .
O o
[N
(o] a»
—_
me
-
Py
Qv ©Q«
m

(@)

38



al aAl f ORI 1T & alil Af RI a E T A2 0aldr inGitu £ URKST 0
AOOROUE ORI RI t ¥ g ARUe& TEI?OURAQGAY P E?Y TEéetadu
TA? ART EUART £OEY Aod6t EF AT ROEY TE PEO 1T abrtiftEfr A O
60 ROY A OZGIREIUREOETY g 1 A 0adr 1 AAEP AT ¢ A1 EROY e
A6 Al t EgQf AT T Al AO0Aa & ERGERRIDO ADDP @ RSA AAOAAOSRGREI
F®R3F O AOFf WRSOB3AT ¢ AUF OURt OSY UAREI 11T A UéOR(
Ao Of £l ERT A, t?PAO #O0 aEOBAT A EBEFfARFE® RE 117 ROF
OA UeORGeEI, 14000FAY At RI Ei11 ARS?Y ORAf & FEO
St E

39



Ef Al AT A fTE 1 A& RER

E
AUPGRO aadlEA aiEET RAAISEA U At

FEO TTARRIT & TEebOadl OAOA al ORSRDRET RDAT .f Adz20O6 O
ET0UAO0e@dO0F Al TE RUUOtFEFA 1aAUDBHUDOUNEAARDOEBRES @
RUO&®e St RORSURBSI T 4 eRA3RTI ADAOOEO 3ARBDET EB O RI 7 a&F
PEO T Af Al £fF RER& ¢ OU? g RUUOtfPEFA ETUAOI R&r ¢ OU
Ao ORROUET £AOEY at RET HIRERT T 6601l 30F AY ¢f1 ¢ ATT OI 31
Ao ORROUET £OE atmREAT0 RIOEBRS OBRREF U6SO T AT 631 SO AOAD
T Af ART EVAcedOtio Al FA®DOat T ERE 6ERIUERIT O3 Agi At OF :
AOAu ORAY AU0OU 1-4 AU ORG A ATRIAA 117 &

B« 8/ e
4 = *»
’%& * P N # Yo%
" A i‘s s B
» ® [l )
!‘ % 2= & i st TPLKEVTPLKO XPWHOCWHUO
L I
& $ ca > A an ®
v S l = q‘ “ ¥
= b - %
= r 43 y; =
% 'y 6: Sikevpika %
> of ‘z ¥ XpwWHOCWHATA o ==
“ oL LKEVTPLKA oe
a Bpavopata 9
DA &i3M: QT ARRIT & 1U0f7AROAEOQEFT 1 & 1 A60albft. G300
AT fl1 O0OaOl @ ET AO TE 6 Gy tfAO ARJRT OOF AO RFE UAR
Edoe@f URST ORST AP I T A ATTOI3REIT: ARIRFER&) 7 ROA |
AI EOT I?I 1 él “é R\\AB RT AT A, é;Ef) I“é)“ ﬁEOé&“r‘\\Aﬂl | I?AEIZIARI FI F,Rl‘r“ll EéOﬂfthi
URSTt RISTAOA QAL t f E al ol ST Af2).1T & ERAAROGA T ET ARA U C

40



>
(@7
(@}

QFAFTQF]Té? Poisson. dzZA E6AAtT EOA Asdt FEO AV P

TTARI T & AUF & 1E&eOaldl OAgQA al

RART £#06 URt 06 eés
OERTUERIT 63 Agi Ar O 1 Al RFEO AOFITT AP ARF ARe
ARUAAOOSO 1TUFPFARSO 1 UROSTY FPOU 1TUET 63 7SO O
TET0UOTUP?PARSO #OU OGERIUERITIO3ZAADST QESDT 6 OBRAAEDT |
P A O1 OU EgadOUFY 1T E RUTaAr A 1TE FEO TUfFFPARIT & &l
TETUOT UPF?FARSO EOOAR1IGERZS OU 3 URt Ol A
g TT ARRIT& AUfr& 1 EeOaldl OABA, tt AO #A URSIT OR31 A
GiemsaZUET FfEO 17 AOBEIEF BT OARRAG) DEETY SIOAI t5 S? 1 E

el

AART EROOU g@hHIgOUEEFEED t T R
E

OUeEeEFISAs a e DadT ACOET TUBCE sAdrAET A 7 ET OT ER&
FA T EOFf ROT ERZAl A, Dapi]i AMMOGROREEORGREOAERT 441 O E
i HAUEAOE O6OOA O6ARAYT 4T o6f B2f @U TREM FEARD PEQ 3AATUOUN (
AUbAOEf AT E TTAOtfPEFA PEY TEéetadU TRAA @0 OREQD ¢
[107.

332 0OAeHOaldOF fEY O6Rt SRERI URSBITOORSOSARHT (PCC)
R

&l At 00 6RORalT ORITRit fE¥Y A6ORROUETI £OE? at RE? R
URERI T 66 O EgF Al E i A& O0aoOv 6 Rt SRET URST ORST
DAUAY ET RI 1 £#OA R37T0USOA 1T E ‘PtE 1 Ae06a0 AUT &, id
I ET 00T 3rGUARAERT DUERT T 03 A@i Af O, RUOF & OOF AT 1
(CHO) Uét FPEO E6OVAaRARE T1AY UETITYT&F RUGFEDI OAj
PEG). OAf & fE R3OFE®ODE, E O06UREOIT& TETaRA0OE 7SO
GO U4 AR OOH RRT A OA AQGOE? AT
SR

15 FISH: fluorescencein situ hybridization:

41



A6 EUeé EgATY AO&AT URE URST ORSTAfFT130 AiiTOI3RESO RI
TETUOTUP?PARSO O6ERIUERIT 03 A@IURRF GERE REO ® B3 ABO FSAT3
i TARRI T &F 1TUf? AROAEOEfFIT T & 1EéetadU ail 0aldRI 1 EFRD

R
[2.0AT # O3F E
P SO féiéiéﬁaé T AT rsé T EOF ROT ERI &
AdTte6l RFA A

w

3 QA&e

S
9
O/
m/
(@]
(@)
C
%
U)
C_T
o
(@]
=~
3,
Q
o
>
c
o
]
c
2]
(9]
=
o
3
(¢]
Q
7))
2
=

~ AN AW

URST OR3ABGUAO MTAA RO ER &

3. 0
OE fE UR&RE FfEY FEUOI T & 7SO T11TRO6UR£E0SO, AODI 0C
A e A U RE]
7 Af ARF ROU&F fE?Y Af RATFOU T AT aeEd AUOUC
R

me
(@)
X
5
-
>
o 8
pull
mp
)
wn
o .
me
O/
-
Py
O
-
m
3]
o3
&«

42



o
(@}
c’

@&l A FE TEI A E FEY E61 altReSREY 7SO al AagC
al Aaz3 0O E OEIRATAFTI T & al A& EARAOALOBOT ER

devtepevoV avTio

@& 1 ElirfstuUm A EARO UF ROAR O utedeRgiv 1 A
3 4

AN

O»® ~ > » ~ Y m by
R MO j O™ ™

z

]
aE DBROURVEERANT T OARDE 13A0 “‘A‘“io

m e’ -

7.8 A
3086 I Ag 3ad A0k 3
ot 6 V&I t Ré SRBWRAFRADED 1AIFtl 174l ET a@), ¢t OU gal Ol
of 1 SOERE +EY al daeErvr, RiO ERAAR? &R1 O, AROI
ROR FAl ERSTEAODERBRARSIED aEUF ERE3O0 AOF ORSH
e OR AOi UOE3ET 6 6R3fO T Al A RI E al dacEe

3

ET TSN E QIUA &E JFaH RAE Ea 134
E

\C)O) Qs ™ 4 O O>)>i;U)U
O
C
[N
Qa»
(@}
(e
&8
Qpon
—_
—_
oo

m: O#»W0n ¢
s OO0 ™ O 8}
OOX>——'mM O
—_ e) —_ o
~3
B Hims >
0]

m: O O X

%)

1340

&9 o

BY

& _-
B~

/O

8

(@}

ET 47 SE& OF @ ERARA N E R

—

-~
B~ OO™ = MO P g

({3 Q» FH
O > O;FH
X

o
EB‘ )
mp
m
D
Q»
(@]
(i)
>
oy
@\
-~
>
>}
¢
@
M
w O
m O
(@}
(@)
w ©

-
pull
mp
-
Q.
a)
6’}
O
h=
™
-
Pl
By
pull
0p)
(@)
C;
(@)
(@)
(@)
Q
O
C;
>;
O}
(@)
O/
m/



(@)
Py
O
m
D:
m
Q
>
o
%*,
cQ;’ )
C
m/
@)
243
m: @
X &

RA3RBENA®D ET SOERE A6t oOE
OWilliam Bonner? O 1[206],8 t 6 OU al A

(p))

a‘l‘ﬁfgéE‘rE tf‘l‘ Ol GOK F

-~

s
-

oA Oax®AERE RFfE aET T OURA2ZAT AIOF I RST A&
At OfE E 1 A£é O0a Org 280w WERAREAXA T EAvo % OU&F AT A 7 OO0 E
GOK QAT T RFA ESREOGF AD ﬁﬁowo@oamuwsﬁﬁiﬁm A0

T EOOET ¢ &1 Aft-§2BEF T EéetadU rEY A
adtr AUfr & EQGOAT Al AT6AdI 160 HBAUAKRSEREFE 7+ Al 37
URE 7SO a@11S0SO @RA3RESO. dzO0 V3RI O 6ROF AR
= C UET EOa ORtEIOBIFF RIf AAT BT ARALRAI DAOD
EU OO0 UGARDEI GORSH BRADBDI tOREREET E6 GU
OUO EOCaOAEOE@Y RUATEOFR3REITF? VAT T EFA
& fOUFY RFEO UbDI UbBS&RIAA Ao BRIRAGE ]

1 URERI 10601l EeE® VAl RFPFEO 6ARO3RA al
E¥, FRARMA Ug@®O4eiRAFA O6ERGOHTF SR

-~

F

=)

16gd AORERE AsOF ET 630 O1 OH6ERIT6F3REI T A) 1 E
RUT 607 OST AOS D3 OUURST ORSBARAD AORU 61 &RST -gi2AAIHYT
UOSRo?Y OA RUET? @R AIE 1A BEPERORRAT EZS RUET 1
T ATAPFAEDGt 6 F RIYE

44



ORSFOTtTTOU 60U AUET RAO oAMoRITT Atk f EER ET Eo A
E61TETFPIT & 6Rt RAaE R Hrispedifis tindidg® d2O0R &1 4§ fi0S® O 3 Ro OU
6T EOOA FET A FTEY EQOAT tf1 EQOOAI ¢o6AO0OF AUO3 6 AR
aEl Aae E TRt OERJFOOHAOBRRIDRMRFTA OOUT T EOR3 1 AT
 OT ETROFT Tt 61 EOOA FETA EOGOAT tfl T QWA GOK 1 080R
TTA A fARE PEY URMDPATAMOEGA 6ERM GRUI2I Se 030 6ERY
1T Rt OEY [10fl2 a O Ao CF @ AIRTtAF I 1 £ARS 7t OU AOOROuUE ORI
TEAATEY TAl USPFEI OA ER?POEY 0UéORIRTI O3, 1400607 A
2EOI T4 eEEBREGEIA AioAl 0@ OBOAT Rt OB REQK TE 711
ET UAQI @t 1 EOEY ERFEGROFRBEGHEOATT HALILEG .

g USRUORUI OSRE fEY 1 Rft OEY @2 &ABREOINEIPRg? AT A6
EOATTAYPT T4 & RUITO6TERSTAfFTITA, EAO T 40601 A Aot
O1 1T OAAOEPAY E®ROAKIK AEOE f[116.3 DDAOEOEIR AGF A 6 R3 F A RFT
AOGUOEUREY fEFY GOK, AOEOARFEFA Aot 700 6061 60 1
13fFFARO (00 31t1 OAO aOARUOaAUARIt & FfE OQE 317t

&l A PE TEI £FE f$dngé@EE:bié@@BE@fAT @rs@ oAﬁC
4000

g2akH B1537V Al al EREUOAFP AT o640S RE AUF A&r fT? ERI
A d R E£ff EEAGOERT t RPBIRBBGL() 60U AO&l OUO Rt O QEUAOI
AAREDU BOOAT UBE3eUO00F Al A /AeiOm; O0a i DI (Ol ERH O\ |

ATA FEO EVF @1 ERE F SO RI EGREFIEE RE AAROE TE FOAD E Gf O
(colocalization) , t 6 ST 6 ARARTP ADdl &14A a 9OEFf Al RP O

gol 1T AURBAABDT RI T AOAREFAQEMED SHI 6 ROF E g OHadafardl A6t

—)

Georgakilas [10]. APE1 (Apurinic/Apyrimidinic Endo deoxyri bonucl ease 1)

AAAAAA

0RSFEAGDaOOOUT T EARE, TE TURGARUO Rt1 O RFEO A
OURI O1T 1 &/ ABURIT 11 ® E E

Q»
(@7

oEl + OURAE® St Abd 0aoda

gi f O &f AAREY, Eo6il al ORe3 O00Ff At al 4aEb®d3t0o08 AU
ATTUTTseivT O3 0 ARAAOOF EV . gi110E® FEO Eolal
T Af AT 300F At FEO UaROTUfi1e& ETFOTa& fOU USRuUbaAIlE
al 4aE aEil OURA30f At T OA 100t7 1 SOE éeRA3RE

17 Mbp : mega basepairs. D£é E 38A&ER EISEF R & fdAsT OBODNA .
18 PIKK: Phosphatidylinositol  3-kinase-related kinases EZOAIOT T OA ADEIOAR3 O
RERJGOREOOQDOE?D

45



EY P OT 208 GBAOBAOQYOETY g fET EUF A COAA FEAORDS RAEEDA TFEF AT T
06000 ET UAOQeEF Al St AoOr AIERT A BARARKE e BREEORBRHT &
0OGGL, 60U E@GOAT T @A Al U1 62Ul AREA dHDRIRIEAY, £E4A0HDIT & E A
PEY AT URZaAY , USR@T OA E@OAI A6 ARADFEFE E 6/

""""" E¥Y 1 EIl AF E¥Y RUOEOF 661 R1T

PN

AT RUOeé&i E¥ 1T AT T T A£R
A

goET ZAAERAO o1 2eOF A6t T UPFARIY A 3REERARUOIAIA RAO:
o6 RORal ORT RFEZ 1 AI OA EUART ORFE® AOA o6RSPFtYOII
OGo6fi T 0601 ®REI t RA O @eESREGUO.A o@oHR OAD AL ER T T EUDOEA
P UFPARIY A REI RAR?T OWC REERR 2ARR ADR T £ RBUWACOR A

95% AARAY) TAl AuZAeET AO OA AOA6f 3RROOPF AT ASY tF
6T A&7 A 1117 RORT 06 00U o ORI EAAI1TOAT U TORMIMAITARIAEN BF 4

AT 1 06adi 630f AO.

MCF7 (ATCC; HTB22) AOéR361I OA TARYVIOITA& 13ffFARA i

Dul beccods modified Eagl e-BldrichrCerg.,i S rhoui§, MRE M) (Sigr
RUT 61 ERST18%eCE RiH 1 37 A6 EOERA RO E T1/4&GaiH 6dvine(

serum, FBS), 1% Lglutamine 7 A1%6 E Ol ERF BB 6 f O [pahicighF0 U/ml) &

streptomycin (100 Tg/ml)]. § E?f OT 1 ARGA 7 SO ®d ®ERO ET BT RARE

UURT T & ORI OeAFERE 7FOU U3ROU t606U A AEBA6F3RROC

-
m

T Al An&oéé@ﬁﬁgﬁ@DﬁWQE ﬁfEmmolgEmmmﬁ®®mmao

0 ERIT AEARAT T AREE 200DRITOUR QE 67 | Uz0 300l ST AOQFAA O T AERA R
P RUaAT OA Petri RPOO 71 0aA0OO E63AREY ASt t7fOU ¢ A
DZ E RUOAUEIT A-2h)i EE&I Al6AOQ , &RE6F T Tt T ARO (10ml) 6F
&l A 70 EORAT A 60U O6ERI EQER (OEA-PkO ANBRBI £AA Eo6 1 3



(@)}

FEP1811-T1 (Gibco, Paisley, UK; Cat. No. 1233201 1) , AOeR3 061 OA RS

UURT O @RIAICAT 06 O1 ET £FOA 1T ERAFT OOV 3T AARAT BIAO T ARER
AU? & é RE 6 fKeratinocyte BRI, Invitrogen, Paisley, UK; Cat. No. 17005042) f

060080 BOOAET Aot ¢ O (CatUNRZIS024011 RO 61 ERST £0O 1T E i
AOéR361 OO E61 AaERT IVt EBRASNGCaANo. AGNE001B)Y AE D

EY U3TT RT A Uod Ou@FIntgSTat. Not 1R0268D14)RE R UOOT BOOml. dzAAT O

~ A

1377 ARA RO AoReAn WO AREEY 2 1 AREY o6RI O FPEO AT f1 OC
HepG2, AOéR361 OA 1V 3ffARA EoAf QHeP®2f ANGAS; HBIP65) ART T O3

T AT 11 ERA &é-medidrd (madifiedadMEM, Pan -Biotech, Aidenbach, Germany) i E

10% FBSz2l A F EO EaaldOi Aal AGA AOKT BEDi D#ERBRAA fEBE PBB
PEO A6OT tTTERE 7 OUFY 1T E &PAAIBIOtech). Dif FEU 0 RADEAU EEIDAT AT

13 7P ARA RO AROOOF AO 42 REUT OAEET AT 8R11BOY . dzO éR
TTAet?PAO T AeEA4TET AREDAASA® ¢ OU AOf gR? O1 UOU

AR BN TRERY E¥Y  EO6 1 U AWubd, Robkilds, Dénmarkn

e
TE 3 m eéREo6fi1T O i AROU ¥Wchk b AT OARBOOUEOUBEDA
A6OTtTTERE 7SO T UFPFARSO A6t A GTA‘ié‘i‘i@T T AP 4
4 R 3H 37

o
(0]
N
pull
(@)
Qx
Py
(D)
yl

4

Ul ARV EY EODARF R3EHe poURDOE (90, AT A g RB @ bh#Cn 3 7A1

EY 61367 AORA 1T E RPFEORO Okd QRFAATRIBOMDR AOEFROUT ¢ A

6 RORYT OT 1 &8 ET AO R?P OO o6Ueéet EOA T ETOTIERGE EdAARIOAT *

RFT AT & FEY AT Ff1 OOawmil RREY . 6 HzZBRBEREIGADNARE 1 £ARO AT R

6RITO FfE RfTAT & FE?Y AV Pl OOaAAT EIRBOAOT Rele BA ADRF Ef
E

T ART O0ST A FOU 60

A
TATTTERA®6EYT AO AREATOEITRUS8T RAAEEOS | RM-RISUREDIFE. 1G4 épbo
R @ 27 O

T AT U6t RogaA t 0o OeEF EODP RE 7 RUalT @0 al Al £ ROU 3
13fFf ARA RHzO &&HEo6£QA.t T ARO &f AO McCo¥da RDUATRUT 6
ORt 1Tt RUOGU ( f-EGSh | calf serum

MO59K -MO59J (ATCC, CRL-2365/ 2366) , AOeR3061 OA 13fFARA

T AT T 1T ERA&REN AdDc Rd&ES £ argd ckidfsi-a@RIUTuom ER S 10BEO®Rt T E

it ROOU 80U o6 ERI A£U0@HyClogedlogah, ED.® 6FB@a BEROD f A A549 /i
AU & TATTIERA®2e EVEAFDAIRERG AR&ABITR@AT AT 4 00623 x x 1100
AOf ORFdN UMO59K/J eESRO30FAT 1TAFATTEI O ot 7 U6O
60RSPFTEAOEY 1 I(ONARPRFREDN AU idfieA RIOKET Al ERAARBBIORO3 O

FEO AOAAO3RIRE & FEO E6IdeAt RE8A REBRIAIRA ERD3 ONA .

a7



6AOF ET 3 RFEO A URARE FEY 1 Af-RK DRA-PKest, ADAOT 004 aA
AUt DtiA® ECOAT T TAFRERBRABO Eol alt ReBREAIOHREDNA
TE fFA 1T ROK®UTAITFA AMO59K, 1t ASEriAfAT®DINIABERDIOIVA D ET

43 g e £AREI ©f REOURBEY AT 71 06a Ol GETYT

OAfr 4 FfE al&RVEIA T E?} EY 6t OERERAAfM AR O®AIRHB RIAR O
AT 1 0OOadl «REI? RE al 40ORA EREUOEfI YT A 1 £0fF RA 3
AAT OAO Rt O g.0Q0.9g.06g.fECGET Ae RHe®EREaE.EY] OT 1 4
0EI RAT Af A E6QPREY EVPEI £ARF ETAO R?f O ERAAR?F &RI O t C
®ERT AM@AAY .ER?F AT ERAO 1T 377 AEAT? EY il IEGQORE@ABD EAOCRA 1t OF A
aRAOBGt f E  RUOE R Klrigtinea HellwégA R 6 t PO &ERTAOI T ¢ Q AC
AaEROAT ARREEIDI #0f§ SRUAERAAF T a4 T A? OQAeEA&F RI A Olg
Peter MacCallum Cancer Centre fE?Y OEI a0O3ROET} Al T
I ERA?FT OOABi Tt ARAOI ET1 £BA. T E AV 7 OOE?Y

E
CF7 1 ATT 1T ERPet® DOE QT FEBUE®RU A WARTF ET RST £00

o1 At dal O 711 DRARUEOBDEGY ARAKIFEAFIRSO (aET. RE UARE 7
137 TQUG2AT 7T 0O0aldiliee AN AWREE OQOEAIEBHOB OU aRORY EF Al

RF O g. Q. g. ¢g. g .oCaGaimmaCel R0 frréuiatdr, Atomic Energy of Canada

Ltd., Ottawa, Canada) RE al ®u GRIkie VARRE tF7 AT RETAI

TAfA PEO 06EROOaAO o0.FGymAl f i1 O0at il EREY

Q3Fff ARPABILTIAT F 1 OHa Ol e ET AQ Gy RE 006 HA & HUGAIAGY O U

source, GammacCell 40 Irradiator, Nordion International, Ottawa, ON, Canada), 1 E RUéT t

at RE¥Y T AFfA FTEO O0EROUOASBRL Gin. AT F OODROO BRERE AAIl OF
U

0 ARAUDOR1T AAYAlE ¢ 8 hTAHF & F EO A‘if‘lbéégiéﬁeé.

19DNA -PKcs: DNA -PK catalytic subunit

2] ROAOGOT@OWT AUOUO 06 AOOT O t F UG R3 001 A AOOT a@S$0

217 EfF AT T AODE TEFAFtBUREAJOENRAT RUBDO: AT URgaA 7 OU DNA 1 AF 4

al AARAu& OOUTTEOFT Aa@sSO tPAO O ARIT el t

T@al1t01 06O TEFA FEO EI RAASA® & fE al AAR
48

P FOUF aEO EQGO/
Al &[18i AadeE? AT |



432 ai t gOEY H
HepG2 ET f /6 ET AO RET (aBAI0kdveem) AT F GGIEE 6 Gulmeay X-ray

RS225 (XStrahl, Surrey, UK) RF EO 003 SREA£OAT 7-8I02ARDIREOT | RT AC

RFA 200 kidsmAAdl ARFAOO 6ERI ORI RIt HSOARET AT 3260 EAE
AORDT tHRAD ¥ 63, od&dMIGUB Lt RE T A

a OR Y1 BNIR@Swebline, T E

Germany).§ A6t RF ARE T EfAd3 7 OU aEQAT Asorfni, W3RIF Ef A 6

E61l F EUUEEQ® RP A@ERt ?1.0 Bymin tET &4t REEFO REEIAAERE A 4
TEF AUAREET AO R O ©Aé A OE EXB AR EBRIAWGD OeEF ET £OE
Aot ¢t A afEMAT At AARA RFfIY UTARVEY EVFAZETAD RE

60AR4eURO EdtadbU £SO AT f 0SSO
Q37 F AAB4D, MO59K, MO59JAYT ¢ 1 O0a OT ®é EY AH) TRiE

~ LN\ A

(Seifert-Pantak, East Haven, CT) RUé 1 I R1 /AGA kWR LOMA, UAROURA UOT T I

-~

al OuT 1T OZ0UHAMU@BIARF | 1 &F EOARBEkeW?. 03S7ROWEASIOr 7 |
at RE? AT A FPEO A6t RFARE 7SO 50 cm 60U tOodbeEF O3
g aORIAI BFFERY 6 EA&F EQUE AQOOEI 1 E 41 AT O 10601 RT O
i ARE ET AT A AUFP O3 ¢t OU EgadOUY PEO AT r1 0O0adl oA

L
&l A PE TEI A E 7SO

ATT A4 640S A‘tERDURA 7 O6
B Femald iX-€ayncollimator, Geneva,

Switzerland). § AV f1 O0at 1 ERE AAI OE AT A 5 min, Al T 4
E E A U

Ao ORROU & ET E a i 6ORED C U6 OT OAT RF E® E3T O1 A,
PO RUATET RT1.A0O 6EORAT A

a
010D OFS ® OBFOO AT AR foROOE AT 7 1
HUOEUORERAGE A2 Ol Alal ADOG R
/

N AW < W zA AL AR EERSRSY N w7 ~ W ~



6 ERI £AUET Af 1 ORUAT RI Tt AARA Al oRBO#AERAOOEQG AF |
aEil OURAGA T EOO3, 3RfE OA A6OUE3AOOFr Al A63T EIE?D
P SO RST-AFISOFA 1t RIARUDUEAERALOE o6 BAROOT O GAEUE]
PE?Y 61 @&RSRe&e?r FE?Y TE U E Ol to6O01l He RV EaA

RS
VAT A RSEHDUD
T Ae3t E aET ] OUF
USROeEI 7 OUY ga 36(E AesArd) WOBOERAt 7eB
Am.0: RE AOA U031 R

QE?f R&REIT? aAeéei 00ti ERER
~116 keV/T m.

434 kt Of A arRAO3
03FfF ARA HepG2 EV T /AéE®AO BREAERAEI AR AdORSAEMe YVAERAET A 6 ¢
Uf A0OERT RUOO &F AO 84.7 MeéVmn RFaiAT € BT ®r htierdlu r N
d'lons Lourds (GANIL, Caen, France).dzA 61 AVNAARMEAIOS Rf A ft AODOJA &
Q

URERI 1 06 Ol ®e E RI? Elaiv A& eée& Ev, US

f O6 O EF &6 ET AO 00 t ODoBPOFT OR LAERADRBDPRAER ORT AP A

akRTE 7SO RSTAfI agso OAé3t E R3éiT1RE FfE? @ER’

RUAY EY RI 1 £#OE EAYT At ARVEARBE REAJGFEIRO @3 RIARBRO GIST Af O

AT 1 Obatl EREY &f AO EOARF 31 EOOFY whion. f BAUQGIRIE, & T1E

al Aal 1 ARGA ERER] @0d5t10 #f SO aE b3S ®RUaIT BRET BE® UEO

FPEEED RFOJIROEIIO nLARASG O ( RS BENMPRITEAN/AfnR4 6 ET E

RE A6ORROUO3T®OER32tT REORETE FEQ AJATAGDOOF AV ARB t G

PE ARAT 111 & EOAWt(EIERE) EAMRAED AEgadOF 7SO RSTAFT agd
W, —00 pHop Twd O do  Tod 1)

3 ART éfit? FSO AV 1 O6aKil EOG AOKSROT UARIAKRSIOFr 1T RO3RESC

0 ARRUAE OOF ADOREID O

&l A POOOBI RIt 7SO 6ABRAAMRRESIR#FeFEU E tFf1 E Eo61UAO

0 UR&0A 7SO HepEGBOAUrZBRINMT OAT RTit¥ AUF & FEFP E

E6EOEAEQGF Al RiO E6tTEOO VEUAT AT O P EY al Af RI aet

50



-~

] OOMIIAY] ARAT EF ROI

DO& Gt REQI ART A AO. OT ART A T Uf OAEROY t
(DZ 9 m (Gy) T UFFARS oC)U AT 1 002 1TRO3RE:

0,00x10 0 1,0 0,1 0,0
2,50x106 0,1 0,8 0,2 0,2
1,25x16 0,5 0,3 0,7 1,2
2,50x10 1,1 0,1 0,9 2,4
5,00x1G 2,2 0,0 1,0 4,9

®l A fEYT AOAATEY f1¢Y o6ARO3RAY al At Rl a&t £Al OE
Ve ORART @8 o6EI RATAF A 60U EVFPET ARF ET AC
jtg1 RIGEOFr ¢ A6 EI Y OOOGRF ETAO 1 E
Zatl Re@#A\Nlicroscopy GmbH, Hamburg, Germany. § 1 &0 E
T E 7I8IST EWathsistemd t

D AEl RAT Af A 60U EkK OIRf GERF &1 KA RIF1IOAXTRBOF Ui OOBE O Off BV
ZERT AOGRATAGET Tt O REO EARAF IOAT t1 El IFTIORORT t 61 & DMI 600 C
Microsy st ems, Mannhei mE Gemirkanfy90 HIAIt OSO A£Al OE

A D ET 6 OU R U O OIS BFH | Elidic®Midrobysté®.R1 t 6 1 O,

>/
(@)

me
—+

(@7
pull
mp

JIER ~ A ~ ~ w ~

RAGAY 11171 RORY O gAY Eol uedRI RT O3

C

441 aRUzElI T+t O

napampnig

Mercury Arc Lamp

100

@iltpo npoomimtovoag Séopng 80
(oo Oa mpoxaiéoet 1) Sigyepor foo Seiyparog)

, . 60
PIATPO exIePIOpEVTG

axtvoPoMag

Avyvia vdpapyvpou
40

BYP@OLKO KATOITPO 20

OXCTlKl'] CKﬂ[}lnb’lCVl‘l (P(A)TCIV(‘)TI"TG

300 400 500 600 800

pixog kopatog [nm]

l DA &euA JgART A EV o601
1R GaRARA3ROU

D E 111 RORT O6 A EO61 U eDARAUR), OF @ARAETI AREERP&ET AT R
i A TUOUOOA Af(HLA@RAEAZROOGD & 34A£006U0U), VAl O6ERII



7 31 A{DAFi4R) gfF A000F At E 6 OTRUDRIITAFFIRGe saRERROEG6 F O
aARTEY, 17t00 1T1TA 111 Re& 6ERI OU& 7tOU UARTAF OF al A
714r 66fr RO T AT VYTAPEUe30Ef Al o6ROF O aEgAIT A. gf a00
Ut T OT 6E T A8 TE FEO EVTO6ETO6tT EOE UAOQARITRO O3k JAT /
E61 RF RAUEI RFO al ORSI IVt i 4f 06t RO, toOU A6OTt 6
6 ROR6 o OURAY aAZRTE?Y 60U E6ARFREOAO TtAS AOATT AF
OA 6ERAREIT 1Al Ao6t AOA aE3fERO 0gitRO, 7O 0@difRC
Rei AORIERT 63 aEO EQOAT 1 OOOURSTAfI1t. D OO Eodl eunod
PO aEgAT A T Al O ust OARAUGEY 60U 1T AT ad0b60f Al A
ERFT ATt EO6Q6EaAOD)

442 &a6EITtOIRE TE 0 T1TRORTto61 O Eo6luéeodRi RT O3

dz0 T T T RORIt61 O EoluedrleRi &3 Ad AU f BRBHEIN TRAG @IF A ¢ ET
al At Rl a&t T Al 60U aRORYEF AT Rt O kORflIfO3F 0O GAEI O
P OAxioplan 2 F EY EF @arlZéissi A1 RUOOaE3EF AT Adgf ERO 1T OAT R
Metasystems.

&l A FPEO A

OET Tt Ol RE T1IERItA ®A RAIARN &8 BRIl A OGEOIOA d DIAEY RUeéT
Ol E®AAtT EOEY EIVTtOE? OA EZGOAT RUATRORITE? 1TE
A 6A§EUE| PO TOATRITTIt, EUARTteET ATA

URt OO1 RUIT T OA&?r Rei
iEfAd3 ¢t OUFY RUAY RORITET
QAe ORI Rit? RUOEEVT 30 T &uE?Y AT A 7O V4eE 1T AOATI
6t f1? RUé&1T OREIY? Eo6I1 T £ZAQOUIE ¢t O EIYT O0O0al 6 1E 0

a
g 61 1 /ERABuUdiodErome Settingsd
&l A O AOf Rt O1T UO 0 @1 7 ROAPE DB IEQER ACFIREIARBPR B, 6 .

R
ATA T E AUfFPt1TAFE T &0E, @mﬂﬁ$monEof6Eé6@@§Té©
OAutomatic6 T Al RU U7 E ous

Eol eUT Ef & 711 .

52



~

ocapture sequenc®dA OFf 1 1 Aél RF

0300 .

61 A Oéntegration timed RF OF a

53

-~



= |

Ha T"Eg O

ll] ET?POSRE FEY EIVTt OAY}

ﬂ] 9060S?T UAQOEf Al Ri QI TAHOBY TARGIOATERN 171t Al
AOAT 3REI FEO EITtOA ATA tO6 17t71710060 UR
RUU C t F 4

Capture

Lower Threshold
Upper Threshold
Register Colors
Staining

Intensities

Region

Annotate

Enter Karyo Mode

1 RFERA o6ROFY tA a il4 FTEO O6R3FE ARO6F
UAGOET Al PO 14frS o1 AGRI O, Rt O 1T RftARA
I 400601 E JRF1 A

FE aEol &4, Aot Tt E , E t
iTT Rt P ERE Adt FfEO AOftARE RFEO Ob600A
ARAT 1 & AUf & GEl Aa& T E AUf &0 7t EO EOF OT :
Aot O U6t aAeRO.

QE t EO Hpperitidesisold 1 EF AT 1 OO31 E A6t aEol &

TEFPAAATT EF Al E U Shikel OB EFIA tREAT.T AA WA OEF AT E UST
P Aixelft RO 6ERI RRtf ERO t RO RIB¥tAAGpherGpéshald.g ROROOA A

UfF AROUT E RE RETEQOO 306 ARpxEIT6 OUORERAE OZFEJIOUG F BEF FRE]
i Ef AaAT ROODAT ATT 4 AUBAOOUO ¢ B AusstFIE®IOS A .EFf dio ®@10ADST
P EO E Opp@iheeshold? E URERI T 0601 031 E t®WIOE elA adrUD TEAFORAI E |
iTA?Y EIVtOAY, AUBOAOOOFAY FfE USFEIOtfEFA fOUY

54



443 DUOERFT AT @& 717 RORT 66 OA

CUYKEVTPOTIKOG Ppaxog 1

. , p Siypoikod
IIPOCIIIITOLOA aKTvoBoa - KATOITTPO
Oa mpoxaléost ) Sieyepor) tov Sérypatog 4
om

ue ORI RT 063, EGOAT 71 RfF EO

al A0 RAAT A 60U Au&OEI t0 Rel
i1TT RORYT OOP&E@e ERE AE OO0 E

i A 111 R& 6ERI OU& 7t OU aEgAT At O
OERAREIT 1100 06 R&i A 60U

Aot AT T A ERmoAT &OBae Al A OA

Aot Uo O OATl R &, Aud3 1T 4eE

T At AUS el D AR A R

OorlT1t oBMAZAIGA FEARRIAD
T OATRITT30 AGOE? Al E ? RI Ra
A0EITTtOIRE TE #O RUOERPT AV
D DARARF&ES® E¥Y al Af Rl a&t ago0
E

55

-~

Q7



R
REREAF ERFOAO0 @&OT T A REIRA  O6EI RAT
o

TAFATTEI OFR SAftRA OEARD, T IREe RUATERRA
ORSFtTOTTO RO 06000 T Af Al ®0AT E AUEIT S? EO0 &t
DA AT f1 OOCadl EiMarFA, TV BAP AFDAOBA EQGUATE ROEODREI 064
i11T RORY 66 oOU, AEUOOF AY OROREI 1 @0A O6ERI OU& 1TE UaR
AT A A AOF oR?t O1 UAF BROOUT A6 Al ARB RE O ETAR?FT OFE oFE
o)

AT Amia.o

46 OQOAeOaldl EVFf @1 EREY fOU RUOEOF 661 RT 03
DZE 717 RORY 06 A 0 é ORI Rovl@glizatiod) RACHEROR DB | RS RF T &

E61 VAT UOE 1 BEERDRRABEOR&®O e ORI &t Of SO 1 UOEeEFP30. 3
ATA OA b6ARAUOUO o1 EROUOR®mA ARORET EVL A1 2DAY AUSL
A6 ORRt UERE?Y 1 Aégt 1Al al AUORE?T YT OAT #bORE®W 3 DAF O
al AT RICe @ B4 AUOREF T T OO ¢cRftUOI & aRORI O0OF Al RFEO
EAO aRORY OOF AIETADI33 FORORAt T AUFP Tt T ERIT AT Aa40ET a
UAT Ot TE®BAT EAt T EOE Roo-@euirande)O,l RE @@@EERErAI Rf EO
ET0AOI RE a301aDAad@r?r 1 E REERICA IREOPERITATITAT O

P E RURUGeERlAtigNE0 QU EVT URAGET 1 OA 6013 6ERI RRt FERO R
RUOARE T EFADd3 7SO 0UeOROUt RSO, aEIT SFiT@9 T 4001 Av 3
Df EO 6ER@OFP SRE AUf & E EOaEUt1T1 EOE DURIT& USROUROO
0RSFEsO30 RE AOAO T117TRt tAT O t#0OU 1WUhF ARDUAQRIUOxe
St AoOr ATERTA FEO Eo6l 1 AT U.oE3 @O RIERATS 06 R@ARD R £
aEUF BAEAR AOF 6P AFRERT 1 0601 630f AT AT A OA Rt OUE3ZI
AOf 1T R3T Af A, tA O60OOA 1 E FtE REIRA G6RIFEACEOGUEZO
E6l al t Ré SDNAT 2FCGHF Al E 6ARAaOU& tf1 FfA TE EO6IRE
AOf 1 R37T Af A 6RORa ARHAF At REAI REFWOWAIL t¢f1 RFA O6RST
AOfF T R3TAfA 6RORaAOOOF Al FA EO61 RET ART £#OA aEUF ERE
e ORGeEOURA URSRFI T &, 060U6IRD0OxEGT T BIREIE) DD RHOHO
66f 17103 URZRAAEBERRE 7 EY uPORAIE ODRATTF BO3f AT ¢ O 1 A
il Of 731 Af O 7O 66000 OUEQI El aDAARRAHERSE) Aot F



o O O
- X X
o O »
—_ = pu))
O )
cC: > —*
o
m & W

T30 1ORGSO. JOI3 10104 ORERITO

RUOF ET ERTF &F R Péatsdhf(Redoits cdir€dton coefficient -PCC) T AT O
RUOP ET ERP &F E Manteési(Manderssover@dicoefficient -MOC) [120. QAT  O1

a30 AUF A& o6ROREAAQGREIT T 1 Ail 204 OBUBR AUDO®OF BT 7V AOA  $
“ A . s . . .

300

N . ) EOOAT 06013 adilia& altfl E
DAJ &1 A5: DAJET Af | 1T & A ( L . ) -
P T ARR] e B3 REREY RUOEO 11 aRTAFPOF 1TaoOEI ai ERA AO
ERFI 30 uéedRIRT O3. NP + & - C AN W RS A A - -
[élééééféi AFO “Jléﬁ IRU? fOU PﬁlOOlf?QU ANTi
RUOEO? 061 R 03 6ROY 1 £0a0Ot ag@oEI i AT 4 Ao Of EI
PEY AT TEY URSRFPTIT &P, Lon .. o0 oA~ . .o
EI”??T;(“D. OERUJO6T SRE 6 OU Ol ERTF O
T AT ORUET Af 1 RT £OEY, 1 ROT EAZLEIT 1TA1 O o061 EeURTtTY


http://www.bitplane.com/imaris/imariscoloc

Py S v
FFI C: m
™ -
o ©
Ay
o X
m: >
o> o %
;= 2
g
Z o
> O
am &
>
> )
—_ (@)
m O
- m/
>
P
(@)
(@
;U
Qpn
@’
I'I'I
>
m ©
Q»

UOERA 4 rAiDRyd@Nlartin .
10lga Martin etal. E1 R a&A /
Ef ART BARt T 61 OU

(Al(
cr >
>
>/
m: O
?
%
s
,
FFI
:
;_U>
2)
w &
ﬁip
&
m/

—)

RSN

S:BPU@Ehg)fa. @ Q
6 OB R &b BFRBPE o‘i‘zﬁaﬁrw‘l‘/‘&‘r‘c“)mzlifé‘l‘UA, Al A

o
>
g
mr
oY
@]
>
(@}

QO T -
m: —
Q»
(@}
)

me &y >
O/

Q1 Qy (@)
0 Cr O X
> Q8 T O O
8 m

S o

m e (@)

m

w0

o O

o8}

e

O
ANV X
-
4 m)
m: o

D
pull
me
=
-
22
N
Q-
g
—+
(@)
(@]
C
Qa»

pull

OIS AN e A v
¢ X O
— e
(D O/
— -
- O
m: ©
& —
&
Qp —_

Qo  Q
O/
—
—_

>¢ -~
C: mp
=
. —t —7
-_ —2
- —
@ »
I-I-I’ yl -
-~7J
—
(@)
Qs
-

Qs
>
Qo

=

BIA f1 172 7T 00F A4 1
tf1 OoRtTVEIFAT AT A Al Eeéee
T 406 ®RAST BAOAE OA E6

21
o = T T @
YH2AX 0GG1
OB 700 {RO FU0UAGO RUOED! RODE® 3
aEO EQOAl GOK
oY

RE al E¥Y 060U
0ROAERUOOF AT Ast 7O EOabAE OdvET asfiit RPfFREF,
RUAY £O0f RSRE6 RAIF Rk OB TE ¥

58



(% 0 ARA T g G000 BB AS OElT 00 ARI éeTO©SH6SBas3) i RROI
RFI? TEAATEY (7t171OEY Eaz) ERFOEY #SO GOK, 1
UotiT 01606 tOU 6UR&OA t OUFkd U ROREBUE T Boci-ikéebt AR DA ¢
E6El as&e RE AUfF &0 FEO 6ARATEF RO, T AT fOAO aBRY QKN |
Uée ORI Rbc)3 (DF E RUOAUETI A 06ROFEDOMAT EE T Ad OG A OE B
0 ERIT RRt Ff ERO AT RI a et QA1 Oi a306agnpger 6 ARATEF R

D) &#-& dz06 O OAGA ORI RAw 3AFE 65U 6EAI RFMA@E ARAGIOF
ETF@EEBENEOU“RUQ§OE9613TO§. a) Oilt11EROI
it71100 UOR31TA) OA AOFR&B@RS%EBDMOrHWr Tam
AOf T 6RORSOE30OUO0 i1t aidakeEr 234RESO. A) |
él?(?RT CA)OEAI AI?f”O“O\ A RAw& 1ABR. agaef)SCE q;ﬁEFRAlO/EraERSRO
0O0ORt P EFEY o6RFUIDG RARGTITARFRT A5.0 6 ARAT AF R
D @A 2i46 6 AROURIT 48 60 AT O1 AEST EFP RITOO toOl
AOAU AROO® Al D# O 1 AROFY &) oO6AROURI 4eEf Al OTtV1E
R31 A REYEARG ERUQUG VO T OEY Ea3z) ERF QEY
At (06RARI OEY Eaz) ER?PQE?Y 60U AOi
£) O eESRO31EOOF U3ROF EQGOAT 11006 O U3ROF 7SO
i ARO?Y &) O eESROFIGEAt TR FEAAOAIUR&0A ¢ OU 1T L
6 UR&eOAY, EAO AUAI REeO30 O t AT O61 o06U Y AP Al A1 a4
430 O6ARAT Ef ROAATO®OUE ZFORAAAR&RI TEFT tFAO O6RtTEIT
TEAAZeOUY, TAI T alAlf ARSi | RRED &RRO&F SREAROOR] H&
UR3RE. 31 o6ARATE? ROI AUf £, o6ROFEQGOOOF AT 1 At 4

59



R
A7 FARdoR@IT EGOET Ala

g 0AR RE AaCE ] ] Uud T AT O
ERPF QEV g 6ARATEF ROF AUP & I URA@EF AT St O Tt AOY
ERFT130 RFEO O6ERI OUaDEOAN EARIOSO F ERFUISRD 1 @ 6 UT Ot ¢
TTT R3O ERfT130 RFEO Uodti Ol & apRlI RE2E0O0D & ARBO
i AF AT AT aA00OU0 O1 TEAAT BPe@Bis Tt771 OEY) ERFJET (
g O60ARATHFARAYEF A1 Aot 1P 1T ROaAa3zOAT EY EVURAREIT® R?Y
Dike e J 3 F e ; - (3)

n 2 2 C 9
Qi ke — R — TR - 4)

4 B d 2
g 60ARATHRJITE@MOE] RFO 0 RFEO 6ERGO6FSRE tOU AOFfF ORFP R
P11 A A3RS RFO 1 RFEO 6ERU6F SREeE OUI it & URBIOAO IRIUIO!
T EAAT 3P ERE P OU 1 aEi30EI ¢t OO0 Al Ees&e RUOEO? 661 RT t
TAT O T1TVRA TAI O 1 E¥Y ER?f OE¥Y E@OOAT 1 AT ORU

¢
P E EOEDHEFMEANARGA Agg & RAO
: ERO

E EZGOAT EUARITItRITE RFEO O6ERQGT
al 40040ETY 3RT O TEI OOA FET A AUf &t tEY AOAT UREY 60U
Fue EGOAT t 71 E Eo6lT1OA& ?PSO TRIFERGSOAMI Ao &TG0 OR
E6l RREMmIET ATT RAM 30 SO 1 RIFTEROSO, 06ARAAOOFAY T E
St o6ROFY 7O ARIT eétTEfITt AoOFr AIERTA ATA ?F1F 111R,

| AAJAET? AlFike. @AIA RUE @O 6 ARSI EF RFRODO ¢

AT T 4 aE UbARUEI AATE ¢t OU I F SO T11
462 & A FTEO O6ER@QO6FSRE 60U 1t006 & aEgitEY F
i AT ORUET Af 1 RT £#OEY ER? OE?Y 0Uée ORI FPubO3 o6ROF EZOOL
@ A FPEO 6EROU6FSRE 60U E UR3RE t+OU aEOGTVFE AT A FIli
ERF JEY aAaE T160R0O30 OA ORVURADHOF EGPAERANKRAREGA Al
RFEO gal A t 0601 OAGhke EOOPEDOOARAT @GP ROI P eESRO31 EO
AT a4 0EF Al 6EDY O3 WIBRA 111 R3O ERF130, E 61 EROUOROA



AUORA P E UR3RE AT A 1t al 4aEr a4RESO EOUOAI E 1 /
TAOATT (BRARIBER®! A) . Gl At Us3 OE+ /
Ed01 R3 REQD (B) .

838 0 O 2. ¢ 9 C 2 C

UCICOO d B C 2 2 C

g A URARE AUP & AUORA A0 NAFIRRAUED, FITAT BQ 7aH AEFFE

F C AT RE, PQ@b OUI t EDODED &KRAF
EOr 66T RTt, fi11 A A3RS R
EAAT 3f EREY #OU 1 EYuURA&OU

~

Ut RSO TEétaso Al

61



# 0GG1 foci 172

B
o

# H2AX foci
A # yH2AX coloc with 0GG1 1
% of y-H2AX Fiike
: ? colocalizing with 0GG1
10 pm
0GGl1 YH2AX Dapi merged Sl St |l
s
;
» o sworiconcmn e
% of 53BP1 Fike
colocalizing with APE1
. =809 198 32.5
APE1 53BP1 Dapi merged Hpsens
:
% of 53BP1 Fiike
colocalizing with yH2AX
: 49/52=94% 295 35.3
vyH2AX 53BP1 Dapi merged
gl 1 ¢®A dZRETY O6ERI®6F3REIY RUOEO?F 661 Ri 63, AUBAOt1 E
ET ERET . a) AEOA 60 ROT AT ART 7 | ODGGL AIEAMRAT A, at a®@B? Ea &
ET 0OAOUJeET Al TE FTUUAUJO T Rt 60, 3 1T1TARIT¢t?Y RUOEOT O¢
Al A 1O EAO O6RtTEITAI Al A fUUA@OFliEIeAAIEI)f,Cf)BOO & t Ul
B G

El RAAAAAT E agOOUO f1i& A3RS FO 1, aEl Aa&® 6Rt1VEI
i

P ERPEL 1T Al BRLEP $5ARRUOEOF 661 RTt? agOEI 1 QGA Pl11a& A3
0ARAT EF ROI 060U EI RAAAAAT E RBROE GOODIURT tt .7 | 2)6 RDA GE
F SO 6aRBSY Es@®3 OAOT UOE3OUO0 GOK. ol EFY O o6ARAT EF ROI
FOUFY. DAUOOITTA4 Aot O RU&I A RUOAAEFAT tfl1 1 AT Ol
TAT4 RE t1T A A EgGaAE 7SO EITtOSO.

62



X
-
b
>
B
>

47 HR&REOAT RITT O3 Al A FE RU
3

471 aOAT URE ET7t 0SSO 660U 6ROARUOOF AT A6t T117ROR
i OOBRFETAO TE 6 T171R

An W

Afl GRU T R A0 o RPakief AEO A6 TU O E

>/
m
Py
Qyn
-
>
-
>
(@))
(@]
>
(@)
m)

al A
14601 0 Aot tA a
Lobachevsky A6t O P
T OATRITTt 00 R
RUOAUET A AT A tiv AO&AAN
\ O A . .

o >
(@]

allum Cancer Centre, [
1100601 ®6 EY E Ritoa®[126 A0F(E3 RA &l
EfY FTE?Y O0ARO3RADODral Af RI :

P A GREINtFErd 1ANQGEOtRd 3 GFRETE FORA

S

E
gal A 1 Al
V]

j—
—_)
)
B
-
Q7
o
o)
m
g .
Q3 4
Qi
D
B om
O
O)
Q»

t f 1 JcOuBtRAl

AT Ur b ARADEEAY? ODAEADEA AT A 7O 063
, EJcourtFoo$ @ | 1JdhiadtPd. dzQcountProi 6 ORE® OA RFP Ae
it 006 ?OU st 1 OAlquittol @ QU EDBT ITOWRA&EETE T Aft ol

P, UREI 4eEf Al O1 EITAQ6tEGEY IodntPmGAd Rie®3 O

>/
(@7

Al Ol aARIY A& ¢ i OAT Y A OOfrtPEFEY 060L

0
3

4711 g3RERE ?#SO 6UR&0SOcoin®® 1T UfPFARSO
E.’;JCoun!Pro - a X

/¥ Plo
@ Image Browser Object Analysis Focus Counting ﬁ- »I
[T N=?

About Documentation

gl 7 #®A aRUI Tt JoouatOrO3 &RAO OA ORQGROUT E T Okt 6 UR&O
Analysish

6t fO ARUI Tt 1 EOpBtAtagsisi(gEAGUBRE ¢ O
63

i



RUBBERE. g 1

RS N ~

\“ ~v

BAROR3TE I
ET 7

NAN W

A Eile Adledtione SO A1
@f 0 SSHAYTE ¥

t OET ,

Ef Af ROGfE STRPO® RIUN 16 @ER ER B

6 OR

64

o)
o R

Eg OA AQOE

@&l A OA Eo6i1 1 A£506U7 EAdH G FA | IR‘|‘F OEBrSp@@‘EUrEﬂ TAE 6
Df EO Eo6tT EO BgmeAt&tlonéEEd\IIﬁEAOUTE PO UR3TA 60U EJOA
6 UR&OET , RFA alila TD/RPI,EEDREDS? A E & @l:A EAOG T O
P @ow tunedd EAABOOU1 tfO aAaEQTVFE A6t FA AaEDdI 6 ROT T A
6UR®OEY . % AESIFEYT AOFpx&FEGIOD
EE Ohject Analysis *
File Selection Segmentation Background — Objects  Colours/Tools  Filters Display Zoom
Top Hat Settings Delete Options
] Apply Top Hat Index Auto Delete Small Objects
SERad = 5 SE Size = 97 0 Min Chject Size z
Enable Delete Key
H-Dome Settings Holes
Dome Height, % = [ Auto Fill small Holes
Min Hole Size =
Threshold, % = =
Auto Split Large Holes
Auto Save Auto Split
Save Objects on Auto Analysis Auto Split Large Objects
Save Objects on Manual Edit Max Object Size z
[]save Objects as AOI Max Object Size  [15ppp | =
(Conditional)
Auto Load Objects Min Roundness =
Falder
[]Enable () Auto Analysis Backaround Correction
[Jioadaor @ Manual Edit []Enable At, % =
Parameters Moise Filter
(®) Linear Size =
O -
Load Save [on
B & | ey |
% % B Apply
fa]] 1
MO e X R e
gl 7 ¢®A gOaEI T OUtT EOEY FfI1 T A& 7SO 611 £RO
T Ur aRSO, BcoudtPro OAT RT I Tt

LSRN AW w

BEED SR TATR UE @iskd EBII M AAEA



w AW

TE fE 1TEAAT3FERE AO0fARE 1Al tRO 11008 ARFE 6
iTTRt?PERE}Y O
D EO 1 AGbjecisb(@l 1ot @Pa @O0EF AT E aUOAUFEEFAT OAABRDRER |
AT A FPEO Eol T OA& SO 6UR&0SO.

-
>/
pull
mp

Top Hat Settings

D EO AOAT URE EIT11t0O
TopHat EOT RU3 O60F AT 1T E ITAPA &£ T71StO0 Aot UL R &8 SA
A6 ARAQ? Ef Er, TEP@IEAOSAO31T E RFA Eo6t i EOA.

DZ ®-DomeAl 200OUT E FEO 6R

D# OutoBaveEo 1 1 AFAOUTE ¢ A a3db o

AN W - 2N A A A A

O1 3 1 OloHat. Ok EF ARUE

Delete Options
QA 06013 UR&RII
0

Y

>
(p))

\i

>/

m/

D

— Pl
©

< &

AUft O, al

Holes

—
(@}
—

~ ~

1 A UORA Y ArDapi ABOAQAXIR3IMRE GRAT O O o6 UREOQRI

RI OUA& 1 ARRA oRFRROETT.0 dzO T OATRIT1t AOfFI T AT aédo

OoA&r. g&40O e£l OUTE O o6UREOYZ E

Eol 1T AA OAufo Eill $ntall Holess .

Auto Split

Max Objectsizef O 1T £AT Rt O

AUft ail AUSR@gedOrF Al .
A

(@)
me

E RAWO® O EQF AT RE RUOa
Of 1T E®T EOOAEGOAT 7 BE@AAT B &E |
RQURINRD A A U T tE7 E fOA &\ OA G §i E



GoARUET aUOAftfEFA AT A OERAIF ARS
6Af 3 OF A¥Y aE®d® T111 o
Foci Analysis Worksheet Help

Booso|poosa oF

FEO ETE386ERE RUEagARE.

Foci Analysis  Worksheet  Help gRAA EgA o606U ali AUSR@G OuUO AOF

%DD@|@@5@J£§@|@|‘?;?O 7 A0E]T AUft1 AfF O al A
6040S RE to60160

AOFTTEIT £O0SO,

Rf 1T A1 60U & o6AFATE dz0 t Rgi © agOEI FfE a
06 0OBA éeéA OERAREI E ARATT &l 1a£QIG.RT &0 0F £ B8RP A Oa
AaUOAFtFfEFfF A O URx&RFTET OA Eo6I11 ASEl T E RARBPO&I al AU

of AO OT OV T ER3ROUTE TE PEO Eo6l1TOA& #SO AOFITE
a/kl 6r AT A OA 6471 E RFEO Eot o}
of AO Eo61 TUd GOU0FEGEY Aot t 1 A 7 AcountPrdif AIR AA O @ EAOWDIVUE E
P QquantPro.§ Eol1 1 OAse ¢SO AOfFIYTEIT £0SO, aET i O3RAE

EivTt OEY ARUEGA TE tOOTA 60
A ETil ©®URG a@ahieicdito, O GoEOAGGUR

t T AF A a
6 606U 6ERI A£UET ¢f1°7F

~
\I\ E

—
—
—
m
—
—
(@F
I'I'I)
-~

(B

Qo
-~
—+

m-
pull
-
VS
[
(p))
O
Pl
pull
O

4712 g3RERE 1Al 11 Af Al A RERE 7SO
JguantPro

dzO 1 OAlnBantPro® ET T OAET A6 t Fodi Golnting AR FAETOMA 6 ROUSR&ROUT
E2Efr Al OA E61TEAOG3O0 T AT Ol otiA OBGODMAI o6 ERI ADO @
O 61 EROUOROGA AT A ¢ OUY Eol 1 EAT £0LQUTt AU REOET |
& Af A U 6RAGET OA AdbdectbBéEe 03 0.
E UOERMEVPAOUI E RPE al ol AO#&ociClurtingBl. A 6 OU EQOAIT ¢

66



B QuantPro

¥ et Ob'ctAI' mF'C t
mage Browser S II= nalysis o0 Lountang
ﬁ = N=

'_'{--}I Exit ‘

Directory Available Files Image Files
Bl c: [windows] e HepG2 xrays 0Gy 24h 04.4f A 5 epG2 Xrays i
| | HepG2 xrays 0Gy 24h 05.tf SRS
] pG2 xrays 0Gy Oh 02.ti
= Ciy HepG2 xrays 0Gy 24h 06.4f HepG2 xrays 0Gy Oh 03 ti
(= Users HepG2 xrays 0Gy 24h 07.4f Up HepG2 xrays 1Gy Oh 0Lt
[= Zacharenia HepG2 xrays 0Gy 24h 08,6 HepG2 xrays 1Gy Oh 02t
Deskto HepG2 xrays 0Gy 24h 09.4f HepG2 xrays 1Gy Oh 03,4
(= Desktop HepG2 xrays OGy 24h 10.tif Down
= HEDGZ wrays - Copy HepG2 xrays 0Gy 24h 11.4f
Hep32 xrays 0Gy 6h 01.4f
£ AutoAnalysis HepG2 xrays 0Gy 6h 02.tf SEIINE
Hista HepG2 xrays 0Gy 6h 03.4f
(7 History ) HepG2 xrays 0Gy 6h 04, tif —
(] ManualEdit HepG2 xrays 0Gy 6h 05.4f
HepG2 xrays 0Gy 6h 06.tif
HepG2 xrays DGy 6h 07. tf [Oset2
Hep32 xrays 0Gy 6h 08.tf
HepG2 xrays 0Gy &h 09.4f Set2x=
HepG2 xrays 0Gy 6h 10.tf
HepG2 xrays 1Gy Oh 01.4f . -
sew i HepG2 xrays 1Gy 0h 02 6f COhject Collection Files .
ew Files HepG2 xrays 1Gy Oh 03. tF -
(®) Images HepG2 xrays 1Gy Oh 04.tf HepG2 xrays 0Gy Oh 02.i0
HepG2 xrays 1Gy Oh 05, tif HepG2 xrays 0Gy 0h 03.i0
(O Object Collections HepG2 xrays 1Gy Oh 06,tf HepG2 xrays 1Gy 0h 0Lio
Hep2 xrays 1Gy Oh 07.4f Up HepG2 xrays 1Gy Oh 02.i0
(O Images and Object Collections HepG2 xrays 1Gy Oh 08.4if HepG2 xrays 1Gy Oh 03.i0
HepG2 xrays 1Gy 0h 09.4f
(") Frame Lists HepG2 xrays 1Gy Oh 10.6f
S— S— Down
Selected Files
s DGy Oh 0 1.ioc -
HepG2 xrays 0Gy Oh 02.tf - HepG2 xrays 0Gy Oh 02.ioc Remove
HepG2 xrays 0Gy Oh 03.tif - HepG2 xrays 0Gy Oh 03.ioc cove list
HepG2 xrays 1Gy Oh 01.tif - HepG2 wrays 1Gy Oh 0l.ioc
HepG2 xrays 1Gy Oh 02.tf - HepG2 xrays 1Gy Oh 02.ioc dli
HepE2 xrays 1Gy Oh 03.tf - HepG2 xrays 1Gy 0h 03.ioc Load List Clear
Add List Recent
Reset e
Select Files Fod Counting Data Analysis Parameters Options/Tools Help
Standard Counting Images loaded Select Files
gl 1 a®A aR0T T { Jquabt®O3 SEOVDO4 1 At EUeRo@Contind 6 t
DZ O EC)';TEOO a®el A ORge HOT | 60 ARail f ROI Al '
SEOBAB RESO. DF O 6AR&AET AT A 60U A O1 6UeEQ, Ol
TtiT17T1 00U UR31T AT OF
at Settings
Ef ARUET AdplHRITORIde EF Al T AR Oostiudiutal e'ﬂeﬁe‘ht&é oo
O8O0 OR@GeET AI BERREPT AIET T AR T BEHSUZ@.@RE T O60I1I EQF A
I A OA al AT ROOEI FlT Rf JE¥Y 060U aQdR ROE I F ODOO
Size 6 R A6 E | OA OR@eET A St PO 1 EAI RfTF @ EOAI BDAtI (
EOI RU3EI f O R f SO Rfl 3SE 6BO0Q3 ERJOAR&T AT RO W
tfl 0 ROARUET Al Adt fE a4l aUURE, aEel a®e& RFTA tRIA

H-Dome Settings

67




mQ
0 —*

.
& JQuantPro

V¥ 9o
ﬁ Image Browser Object Analysis m Fod Counting Exit
j2223] N=
Top Hat Settings Index H-Dome Settings
SERad = 5 SE Size =97 ﬁ S Dome Height, % 40 = Image Threshold, %
Focus Channel Threshold, % 8 = 8 =
Colour Plane
© Red Blue Shape/Size Settings
) Green () Average Min Focus Size, pixels 11
Parameters [¥] Apply Shape/Size Max Focus Size, pixels 100
No selection File
Max Focus Size (Conditional) Min Roundness, x100
Second Channel 2 2 0 g
Colour Plane
Red _) Blue Normalisation
@ Green None [] External Normalisation
. Q) Linear Noise Filter
Analysis Parameters Save Normalised Files B [ Apply
Intensty No selection Use Existing Data Size
Fod Co-oc Optimisation Level, %
File pae 1 :
@) Intensity Co-oc = Optimise Intensity 60
Holes Analysis Fodi Statistics
f :Aubo Fill Small Holes Min Hole Size 20 : N Cells Min Max Aver StDev
Auto Split Large Holes 25 0 23 4,64+/-7,18
1/O Options Parameters
Dcosevaogoxonsiat [sme]  (oaa] () () (@) (@) (1ea] 01]
[V] Progress Monitor
" [ start | [sstart| [ swp |
|  SelectFiles ‘ Foci Counting Data Analysis I Parameters ] Options/Tools ] Help ‘

Foci/Intensity Co-localisation

Counting finished

Foci Counting

%=

= (<
m -
Py
-~
Q
m
-

m»

LA~ W W W A

606U eA

~w

oARAlErRSO Al Mcld EOEGROPIT E

eRA3RESO, tfAO EY EQOOEY

EAO3
ToEAET ED t(ORSEFROEAR &1 1
AU ApixelEreE¥3 O E T1ATo1t

AaET T OUR
EARGEEF Al R
Eol 1T AOEI ,

R BN
Y,

Doe T AI

N oW

EO

AW u =

T EOQOE,

N N w»

N o ™ W™ W - PR
W

Al

RO

68

6 ROY
Uo O OAge 6OF A}
Enmﬁmw@mm& REOT EARRA

idomies) tzépieel:

2, ™ W

EgOA

>

ES AO
PA EODOE

m AE?

N LN AN Az AN W RSO N W -

R UAIRATU EB 0BAAMRABOY AP ARG tT 17 A

~ N . N WA A
A



Ao 0Tt EGOOUO 1t OOOOLAORAOBAT @31 EEFEO EITTtOA St EO6
al AR ARE @ESR&ROEOEARED plUgh Gi€EOST t RO AUdAOE
300, ftRO AUBAOEF AT TAI E fl1i1a& fpxel, AOARAREDA 6 (
Ao Ot EGOOUO 1t 006 o661 tRO3T1 OI GRA E A30ERE Tt EV

Shape/Size settings

Min focussizea E 1T AT a4 O0EIT U 0
P OO ARI pixeto GUSORZe 60r ATl 1 E AUft 7O T RITP &R
Max focussizee al AUSR@eEI *¢f1? ER?QGEY o600 AUOUO
Max focus size (conditional )R R U O a4 U A EOMin Roundness, a4l AUSR@eEI f1 ¢
AUOUO 1 £AAEe OF 1 E Adndit®faE RO Rodndness ¥ IO Rt F ERE A6t F

RIRTt? fOU aE3FEROU 1T AOATT O3

D O RUAYETRI 1T £A00 6ARAAET AT PoRARDO GE3F ERO T AOAT T

Analysis

&l A OA U6 RUOEQRBDBI ROt 1 ARSPck&E®U 6 ARARME RO URF A 6
3RAY al Af RI & ‘oTiEA@@mﬁcw&b fﬁ@fé E

(@)
@)
c
m
c
@)
c
m-
m
Py
>
>
Qp
>
m

GET 1 OURAEQr A&l at #Ge £ZOAU 1 O1 4@ ET 1HxcelAU?P & 060U A&ET
dzGO o6 O@BRIT EME It T OW2 IATEAperiment, Analysis Summary, Cell Summary,

Focus Summary, Distributions, Colocalization Distributions, Image Summary 1 A BD

cluster.
DZ O REAEBF t AUOUO RUT 61 ERSeE® Aot FTEO O6ROEAEEE(
&l A OA RUOEUGREI FfE RFAFTRFIT & i RAG EI

aET Aas® 601 E? EITtOE? AO& OUO RTEC

~

D EO EO6t 1T EOE Datdardlyss, &) E IRT 3 O Gkvopi SktthdsrEAAnalysis.

Data Analysis> Group Settings: 3 R@eé GUIRRT é1 tOTfA@®OO 6 TNagRerl O

of Groups. D# O 6 1 Ilagét Olfect Files/ IDs Rf E  RGreaplE,a 61 A RFEO 6R3f
EiTtOA FEY T 4eE O1 4aAtT 0k4 & OYODEAREOAOt ARIOEDODS T A

Groups.
Data Analysis>Analysis:

Data Analysis> Analysis> Standard Counting

69



gol 1 AAMDaysiET AR ET | OURRABeED Frequency Distribution Analysis, £0 A

Rf t ARRDWAOF &f SO, 1T AOOOI 1 O6OFET £AGRT BEE UWOORART O]
aol 1 SOSO eRA3RESO. JERAI P ARS a@OEf Al E aUOA E
Eol T OA RUOART BRSO 6 QA OERF U OATF t ¥ AF AAT A a gt ORUE
RUOA4 R mimédal Poissont 6 ST 06 ERI ARADE A U
Lobachevsky, Martin et al [124)7 ARoissonGamma.D# O RE1T E@O A a
Ao Of ET ERUVADESERI GBEF Al Disgibufiods ,6 OU 6 ERF EOET Af AOOT A A
PT? ER?POE?Y 0eéORIRT O3 ?PSO GOK AT A T 4eE daA

Data Analysis> Analysis> Focus/Intensity Colocalization :

~ ASSROCN

QE fEO E61 1 OA& AguadrotUd O OAIGRENT f PL. 6 ARAT EF RO
D EQI 7 t A0 AGOEF AT 7O Ao OF £ ERT AT EQt TETT I OBRO3 AGE O+
OEI RATAFTI 1T & BYO®&dl, E AT A HepG2 13FfFARABSHAT 731 0O0a BT E

AEBTFEY 7SO ad11SOSD2aRABRESAI EODATl ARBREABDHERET E

dzA A6 Of ET ART Af A E® 4AOOF AColocRizafion Rigfibgtiaris OT RO Ou 311 O
cal al gb6e #+SO Ao OFEIERT AP SO.

gol 6l £600 aET 1 OURAE@t toup 1CA&Ummary,O0t 6 OYT T BUOOU B ET |,

01 Aa@o BOA AO& O6EI RATAfI T & RUOé&I E, A Ad6OFf El £RT A
DZ O RETEQGO AUft ¢t A A6OFfEI ARTAFA 1 060ROBOU OA A6 O«
AaETT OURAE®Z O 1 OAT R1 1 totA, OAURTREE 3@RABE N TE6 ORE @ OO A ATRA U O3
RE T A601 O o6Rt ARGelAll AA t00ERATIFOERS EOGEODERAARQGA

70



-
% JQuantPro =T e
& Image Browser Oé Object Analysis mF i Counting Exit
od Coun
= s m
[ Group Setup | Analysis
Statistics
A 1,21 0,49
Pokc Distribution verage Stoev
1,00 : : : Pdc Distribution Range
@ Automatic Min 0
©) Manual Max |3,849041
0,75 |
Distributions
% Normal Distribution
go,s0 E o :
& Average ' Sthev | 0,49
ﬁ Rsqr
0,962
025
0,0 1,0 2,0 3,0 4,0
Pdc Value
Standard Counting Focus/Focus Colocalisation Focus/Intensity Colocalisation ’
o 10 - (i) 1]
3D Overlap Correction Cell Area Correction
Data Storage Analysis
[ save Results | | LoadResuits | [ExportResuits| [ ExportData | (analysis | | worksheets |
’ Select Files l Fodi Counting ‘ Data Analysis | Parameters | Options/Tools l Help ‘
Foci/Intensity Co-localisation Counting Analysis finished Data Analysis

gl 1 4DA g3 RERE E@wﬁ&Aﬁﬁmmmﬁ@m) D O QU‘TETQTTEGO
AUET AOAT3REI PREIP EITtOEBy OAGtARPRO 1 BEF RRAAT

AT 71 00a0il ET ADA 3 EABRDT WOETF SO agdi-§ 3D9H07T RIRABARE S
AaARI T A0 RET BREREE

472 aOal EREt OSO 606U 6ROALARUOOFT AT Adt RUOERTIT AT t
dzZ2A6 ET RABAUVAET F EI £ARORFAO OBRT & kAt R1 06ail 61 6OAgAYT
usréAF‘zAna'eéE‘iAo TE RUOERFT ATt T1TTRORTtol 6 T AT O

20
6M‘zai|‘zfﬁ‘z©‘|‘ 3 RfF E OA PIABTORRY | R 0333 O A3 v T AT A
RUOEOF 606 I1AREAD®RUIGE OF O61 RT 63 O0F 61 OAT 1 &4 EOOOO3T E



(@)
(@}
C
(@]
(@)
>
Py
Qxp.
m
Py
(@}
Q
O)
mﬁ
8¢
(57
Ei
5
'8
(@)
ms
?U
\;’_J..
X
I'I'l
i
%
X
m

6ROY tO AOA & tO 411 O Egaldr ERFPI30. DZ”O UAY EV |
OEORATA TE 13FfFfARA a549H EDOBeDIiT £#GA 1 BOEAT BRABR
E61 RET AOBED 6 RFRBSEMIIDIT t RegS2RaEr ATABPE. NP AEAOQOt F A
RUOEO?r OogRa@B3®IPEOOOO3TE i1 v ERFQEY Ol 06O00EY AU
P SO ERIPI3 O6 RST OR?F ST 1T Al Eol o6l £00 AUOWQ amei A RP O
( Eas3chahnd®-2,6 RARIJORI)T.ET f AT aET ABPES AU Aa BBRWEG ABGS RE
ERF Bd&2aH oROO AUO OR HIABRREY E A6t Ff A aE
Eo&eUERADO A6t .

OAZA o6ARATEFf ROAAAAT ET EAl EORRUATETRIT A£0O0 1 OAT Ri1 1
E6 O £#O0S?Y aEO FEO 6ERI AUEI

ZET 1 O30 AY 7O c¢cUf BRI T Oe 7OU AT AOR@Ge1T OU, ORAGEI
TUFPARS@.I VDAGAO feh A ASEO ERT ARAUOUO AUf & FE al Aall A
Ay aoet 70O ARUITt TEOO3 Eo6I Supds@®UAAS tf &etags3 F ERO ET
Eol 1 AAGGUP max)d®@ Eo61 1 OA&e AUf & EOARUAT GeEIT tfl t7fAO
AOf 1 6RORSo6EUFTITt AT A VT &4éE REFf EIVTt0OSO 860U A6OFE
EJOAT E o6ROadOlI & #SO 1 EAORF SO pikeE}f REDOF ARET ABRA AT E@
i Ol I Bate

a) g g

A =

Rt OU T 4eE T UfFf AROU.

RUT 201 gAOWBOBEVRTIFARSO 606U o6ERI £AUOUDO o6 UGR&OA 1T AI
a0OOUOEURE T UffAROU 6iDBOGBREEREI 1 0URERAU 60U 6ER
Ué ORI RT ©OBAOCAIIOEURE 1T UfF P ARSD).OC i

3 A

OO 60T TOBA & Ge AT TARRE E  EC
R

72



UAY EY RI 1 £OE Eol1 1 OA& AUEI +EO AOOOI A O A'I

>
~ 5
pul)
Q.b(q‘—n
T o
5 -
S ™
go
Py
® o
> [
O
> 3
B m
o g
& _
= §
\G)
%/
$’O
= B
)_>_
m
m O
] =S
3 —
>‘I!
o
© 3

O Alo1AUR3U eAOFiMHﬁ
; )
i

~ Intensity Sum Ch=2" sbave 109

Add & new Type of Vesicles.

. 1
92 C 385 0r 405 selected (95%) 1530

gl Tu®A : allEI OUUGA aET &f SO 3RFE OA aETI
FSO ERPI-3XaH EI®RI)A5IBAe3T 1 AT UrOEM OB RE @3S
Imarist EBitplane

a) dz@Background SubstractiondA 6 ®16 FAE0It T A pikeBf E¥ EIT T t OAFY T 4601 A
AOF AREY 060U ORgGeEF AT Aot DFEE WRRBOFEUET SY EVbT EA
éIAUSRIIf\’Tt, fFSO TUPTP A o) eddRENBIDA GFOA 14 QAG QX RAE 1
gl 71t 6Adpoint i 1T A¥ 7 0601 OAT T &i @6? fi PO ARIO HABG®RS Aot
EYPEQGOEP AT 7O T4eE AOPITEQGI EOO. GET Aa&e O ATAtR

3 U

(@)
(@}
C}
m}



601 3 Aa|t6|§géréi®ARE®r00®eE| PA AOF 11T E@GI EOA, EC
ERF OEY UéeOROGOOBA &fiaddypiliCRSTEDAAT AUftt? O Al At RI éef €
AUET 1TA40EI alEeO3tr AOA Aot tA o610 Adltoel RFA AT
AOAAO3 RIRE 7SO ERIDAR® BADRIRINDIO 060U al Ae At E
(http://mww.bitplane.com/download/manuals/ReferenceManualé 1 0.pdf ) ORJEET Al

146 ST ARAU3QualiSoE ®OAJ & AOfF ARE Rt O 1V £A0F RO 7 OU R6(

R6OF AOI UOE3EF AI

g & © @ackground Substractionsd EBJOAT E61 1 EAT EOEOF ARE REGOAAOA |
Ui T fRART RT £#O0E 1T E 1 AOOC A
E61 1 EAT @akyrouhd Substractiond E

Ul Tf RARIT RT £#OE T E T AOOOI T & TAFAOOI &) 1 EBOGO FEO Al
Al P QOAT THUORROTERROYT AUFf & 701 48ET OA EQOA

orop Hatdi A H-Démedd O U ]

~ [N

gol 1 £AAOGUTE TO16t0 ATA FEO E3RERE 7SO 0UR&0SO A6t

®ualitysRF EO OO0 OWAEe #4601 O 71 4fr S URAAT A dz0 1 RI1 f &R1 O

PEO EIVTtOA 60U AaEQUOEI ¢t AUPt UROOA ¢t @i QAIART 11t ,

EGOAT E EIVTtOA 7SO T £AAT RF SO 6ROa0OI 30, 1 Aestr 0

Eol T AAOOF AT 1T AIAT 6 OIAR3ED AT ROBOFE Aot 7 OO0 1T ARRORA

| Rt OARAT 1 Af OF o6ROF P A aEOdIl &

RIRTt? 7SO ERfFI130 uedRI RI O3

Rf) DO Rt é&dal O AUfrt OR@peOOFr Al P A EQGAE 7tSO ERFI3C
i A11 Rt O 06000 Gméé“érmﬁi;mﬁémR@mémE

04A0O0EI6 RRIRWAOT A T ATl OA AUOmG1T DIZSHT EORGRAT E T AT Al
BEABOA, f EOACABDOEB RAOTIAEBTI OATYT A0&T EF
O E @F eoth F3BPO 6.0 IR &1 UA ORORAMBHEL T A
toyH2AX80A f1 ¢t 0AUOETI RifO O6RARI OO UR371A. aud3 a3RO
(vesicle) 8 RO} AOQUOEURE o6AF 4T E O aBEny asA0g a3
ORZe OOF AT A A A
AOOUO 1T RUO3 T AT 4 oﬁofERAltrEFA R31 0 S


http://www.bitplane.com/download/manuals/ReferenceManual6_1_0.pdf

OfyldZAK Ris3BPL 0if o6 R3F O 1T RIf&RI O é/ARATE
eR1T O 600U UAQGOE?F AT BPRN® &6AOAALDD v T RARIDBER O 56

U AUORA FEO AOTHRRESL BY OE wdBadikeli2i OF SO E
AQIDHT A. KA OUT E ERARIDREDBRAIO 640S Aot

~

DAJAT REOOOF AY F A a30 1 OATRT IV A:
dzQquantProo AUET o671 £0O0 EORST AfP8le, £&B Off ERD S A B4 TAEFXAR QU
FEO E3RERE AUf & fEY O6ARAT A ROU A@EBBRIOAILOAOIAD 16

P @maris URET 4@ Ef AT 1 al Agf ERA 601 3¢ Rt OO0 AT A O 1

dzOlmaris AOAT 3ET 1T Al ? RI Ral &R ArguantPrg I6TOIUOERT AR 13& )

AOA6F 3RREFAT RFrO 1 A 1060 eA AOAT3EI YAl EYE@OO.
0 E | A AVEK s

dzAJcountJquant Al 20OUO ¢ agt RE t1EY
E

6 ARAT £F ROUYT ,

EJOAT 1 O0E oO6ARAT A RSO, 060U aEO E
AO 6ARAAEIT RUAYRORITA AoOr ET £ART AT A T EFAD3 7 SO
dzOlmaris 4 JOE | Eol 61 £60 FfE aUOATtF EFfF EORI BRARERA E

6 Ol &BubtUquant E@OATRTF A
Eol 61 £#0O0 OA AQOE? Al RAU A

(@) o
m: 2
puaNe
o >
0 @
— O)
- m/
me
o
M
O
mp
(@)
wn
m/
Q

75



(@)

RERGIFFOU T UT

AUOUO

o

(@)

A aREed30 gbI
6 UR20OA ( RE
I OUAOEDRT 61 BEZGT E

azo 1

o) pi xel

U
P31

P10 04 teeRENTAO REOt fREF AFTRATATA RFUAJ RU O/
A O &201aMreA @A & O
1 BRor 1 Qul A0GEEA A

fFART T O3

(

OARRARATIATF ERTDB QRAERRE G2AT HB RO

BN B

—— BimodalGaussian2 (User) Fit of Sheet1 B

BimodalG
aussian2 (

YT (0% (1N (AW sari(P1/2))*

Model

90

80

70

60

exp(-2*((x-xc1ywy2) + F(A/(w*s
qri(P1/2)))*exp(-2*({x-xc2)w)*2))

Equation

Reduced | 11,34434
Chr-Sar
Adj. R-8qg 0,97717

Value Standard
yO 0 0
504,889 1287367
2994 85 110,6295
583064 57,6387
9754 42 360,2631
n 625 0

014681 002136

T“AT ) BT“EF“ |
éR@ﬁTOOFAll



RUOaAET £00 T E +t OUI
¢cGEiTt WRI f AT OE uST
AUET UARAA1T £OA T ET

Imaged(g1 7t @A 5

1.00 ma.

1.00 mm

0.05 mn. =

]

1.00 mm

File Edt Image Process Analyze Plugins Window Help

-

O olc|o|~4|+NAla|o|@ z|Kin e = o>

x=203, y=117, w=400.00, h=400.00

Neubauer Ruling

1|5—D£E\Ae|©(“)'gi R%Y::

O A

|l UEg R

| R
FE T113

@l A FTEO EO6AI xé
peak2, FA1 OO tEEERE t F 1

al ol &R1 O BERITFEEtDNA, FtF7E

T gA40 eESREe®® o6UR&OEY AUdOUOE
al AT AF RO ARLUA | 03 EI

e @i t-+1—
eESRBAE D30 FIARA RO A0O6UO
PSSO al AnLVEAIRS& Af O R(U,3 EA
).

A g&o
itAd

— WU ¢ —

(al ¢ ¢

77

F(A0)galrq ¢

r

X el

~

E6T A HRT RNOG L
f SO pixel
Rt

ERE



3 TtAOF 7SO al Al A RIE ® O\ AT RIARE3 6ofORl GPEGROANRRA D ET Al

51E00AT plt w7 AT aRORYT EF AT Eo6Oi £#0SY 1T EFfAd3 FSO a30
F11730:

126=¢ — pkw Wc=1, 41
AARET t EYEORRAGE MED&T UREY O ¢ Rt 6 0OF R ORIA& ARPFE®T .1 6 Ol

512 QET7 R®&REIT T EOoIBDROEEIARIT Rl
ERE REH AR FREDEITt OF A aR

Eppadov sotiov AK® [um?]

HepG2 aktiveg -X HepG2 ovta Apyoo
1,20 1,20
1,00 1,00 * .
0,80 0,80 : ot s
0,60 0,60
0,40 L ] i 0,40
0,00 0,00
Oh 1h 6h 24h Oh 1h 6h
H0Gy W0.1Gy W0.5Gy mW1Gy m2Gy H0Gy H0.1Gy W05Gy E1Gy H2Gy
@#RAUEB2ZA QA RERE tE? EOTUAOEI AT 7SO ERPI30 0é&ORI I
7 3F PHRPGA EV F EeEIl T dHOA AREE ANtfOBQAETARAO3Z .
aoet FfE TETAE ?OU ARAu&i At Or 6ROV 36FEI tf1 E@C
AETURAOG30 FA 1TtOFA aRAOG3 AT A A AOF OR?F O1 UA B EIT RA]
aET T OURAOG3 OHOT AATAACOEY TE EUAEGBSRUAEGAT OAGeDRO6DAI
A6 Of ET AERTERFAN &1 BU2ADF & E 6 ARAT e HEER R REWO BAGROJe ERE
AUDAOOTTAEQET O1 al 4aEr Ag@OOOF Al o601 Ot f EREY 0f RI
16A0f 1 RF O1T OUBA #SO ERfF1 30 0UedORIRI O3 B FI1F GOK, E

78



79

U

£

\

&

E@BEFU AOER3 OET
P OEBTA At 10 QE T

3



521 aO@WUOEURE a@ii1S0OSO @RA3RESO RE 6013 UAI ET A&
(] AROURI AGAOAT 6 EORAT A 60U EVFET £ARF EY EU RRAICE OadOT
RFEO T AfF AT /f RERE ,f SRE ERRFOBRA ARORITRE G317 GRA dzERE

g06SARFETAO Al A EGiDB i A AR 48 ARF ORt OHAARAATUROOI i
PE REIARE URA 2, A O6OOA AT O1 63ERAO fA Irr RFPI
ERAARF @R1T O Rif O AT @®Oa O E@ai3cORAReATF A 61 AT gal A 1 4
Ao OFr ET 630 tA cCctr1, tA O60OO0A 6ARA EI OAO RP OO 11
UROOITA al ARF ®EREAURZRBT ADOROU eA@RIaRD. O3GEAN ALEATEOE
UR3RE 7SO 6UR&0SO 1 E DAPI
Ctrl Ctr2 Irr

05h

6h

48 h

DA &5 ET RAT AGelai AT RU
52.1.2 ] ARA?t @®RERE Rt O 11T RORTtol O
g 0ARA? @RERE Rt O 717 RORGORORDF t£aEDDEA FEDA A EAAAT DO A
ueORI EITGI VA ATA f1? O06R3FPEFY 3REY, 6O0ORORft O 06060
61 ET OOt EFf A 7SO 1-BFRARSIO EaQyE icfE RAO EIT Tt OE?P, 1Tt
0RARUODF RO (FITC), TAegt T A& FPEO EiT £ARA T 20EY ¢ 0
Al 6At OO6U (AT A DIC images, 3RFE OA AgOOUO ORAF® OC
OERZO6F SRE ET AUR3F 06RORART ORTREQGE Wt S30R fFoH) R@O SIOA & O & G\F
aEO Uo&RUE ATTE aUOAftfPEFA ABEITtOIRE?Y 7SO 06UR&C

QAée3t o6RtVEIFPAT AT A 6013 UATEIl & atRE, AT A OA UA
RUOEGET 30, T ROUEETE RItol1O OA AOAT Ueb30A®Da G J t OF
Aot O O EITtOEY T Al OA EOGEOERAAR?FT O30 1



- O O W o
4
-~
m/

T UffARSO
EO3

L)

pul) (@)
(@7
[~s}]

-

©x¢

3 REYV ,
Pt O RRZPO&HFEHE BOEP AT .
TA FOUY URGAODBHh, 0 ADhUOE3F ET AO T 3 AMMMARSKRT E R3O
3ff ARA AOA&A OaBNnMx o6EaAQgO 42

~

> N > O
C

&
Q

0 AT T OaRt T &IREA R ARODE OFBAD EXEA YE 6
T ORUU& 1T Al f O stan

peak | 0.059 peak 0.181 | 0.085 | 0.1109!

sterr | 0.004 sterror 0.011 | 0.011 | 0.0023

Ctrl 0.5h Ctr2 0.5h 6h 48h

QEFT Ad3 7SO RUOEGET 30 AAl ake sG RFRANTE R¥EQItITe Al EERAABG

two -tailed distribution, two -sample unequal variance), { @ O A 15-&)F

 OASI3AY DF Af T RFTTtY AT EAUOOFY TEFAD3 FSO RUOEGET 30

St u d e ntest(twvo -thiled distribution, two -sample unequal variance)
0,5h 6h 48h
Ctrl-Ctr2 |Ctrl-IR |Ctr2-IR [Ctrl-Ctr2 [Ctrl-IR |Ctr2-IR |Ctrl-Ctr2 |Ctrl-IR |Ctr2-IR
0.34491¢ 0.037014 0.00019] 0.24605{ 0.00789( 0.16308] 0.59484 0.96651 0.546]
i * ook _ ok _ - i -

81



@l A FEO EOB6I RItOERE Tt SO eRdOEREIAERT (A 7 BWOO a4~ eOFOFFAD |
Ao Of ET £R1 AFIAD &f05-D T Al5-3 31 RFAFTRPETT 3V RET AOF T 7 ¢
E61 RET AGOOOF AT T E ARFERGAGAZBTY, R3TUSOA TE f OO
@&l A FEO EO6ATl ®eEURE FEY UobteEREDOITIErfF DBROJET ARA
1 3FfF ARA 060U aRgUREBREAT AROB DzA 1 A6ATE it R &REAG O, A (
0 AROURT 428 060f AT +A RUOOITTVTA AoOrET ARTAAHOUAOA o EI
0 BOAY AMOAT Ag dzA A @@fd Al £ART Af A 6 AROURI 42 60f AT 1 Al
RUUOOT sefaRG UFEBA

# eotiov YH2AX / api@prowpo xottapo

0.25 -th

g 02

>0 :
5015 | ;
2 01

@ .

> N mall N
6h 48h

' 0,5h l
HCtrl MCt2 WIR

®RAUBUARI éTt? f SO -gR2RafH 3OF AF EF3fA ARA 060U
T Af A1 /EF RERE  RFAFTRFIYTtY /& EAUOY | AAOIEGH
al AuUORAr, RUATRIOt7TEOEY TAI TE FA a30 ol
48nO1 t 60Ol EY O6Rt RéeEfEY al d4aeEvr A£U0OUO Eo61l al
% MO000TO TWV KOTTAP®V OF
ovvOlson i Too oOVOAOL
80%
60%
40% ,I
0%
0.5h 6h 48h
HCtl ECtr2 ulrr
®RA&0UE3 AT Af AT A&f RERE T 00f ARE®OUBRDO36ARO
ERF 130, AIA PTEO EO6AIT ® EURE FfE? Uobt eE
R30é ERE ] R&AT AT 7 A 60ORORF & RUO&AOU
6 ORORIt T EIBROEORAMAOREARR4BOA®HE 6B Rt T E
61T EEURT 03 1T Al Eo6O1 £#0St Ol RUé1T OO Tt EV



s~

j OOAR4AFRT 6Tttt TUF7PA4RSO 60U 6AROURT 42000 64RA o
' 3f Ff ARA) RE RUARE TE 7O RUOOI TVt 61 EeURiTt Y UFTPT
Ctrl Ctr2 Irr Ctra Ctr2 Irr Ctra Citr2 Irr
0.5h 0.5h 0.5h 6h 6h 6h  48h  48h  48h

T EFf R&RI {235 280 290 305 272 299 392 348 345

TE TEFf Rel 183 135 157 164 243 174 128 145 94

% 6 ORORT

TEf R&eRT T 444% 33% 35% 34% 47% 37% 25% 30% 22%

P OU RUOt

Stdev

(U601 OAT R{12% 13% 9% 11% 17% 7% 9% 8% 13%

Ooflilit o
52.15 DAT 6 ERART Af A
1) dzAT6AE #RBOAT E61 f UUET £0O6 altfl EV ¢t OU -AdOrf ET 4
test RUOAAE?P AT tf1 1T1EfR&eRATE 11AOt ARIT é&tt 1TUFfFPAR
al AaE?Y RFPE O0.5h.
2) UVaE Amtf Aiw3gmr ARA AUOUO Eol ail ORéeseEgd, AUF ¢t
fE aEaAlitfPEFfA, arcadi £0O6U t¢f1 RFE 0,5 h O alA
AOI UOE3RI 1 EY
3) § U6t abERa&e FIAATT 3FFARA TE FfI1V¢ (GOET ARIERBPRET A
AOF T R?F OT1 UO3 0O RE WERF DBOEERRETIEPOAT R3TUSOE 1 E
60RO P EO AOAIT30RA GAA&®3 TEEIRET ORREF AT O URt OOF

83



SA#e T Al EoélaltReESRE agiisSOSO eRA3RESO

&l A 0 6 RORal ORTRIt FOU VTAPATTETI QR aAHRSREOT 111 0
TETUOT 3P F ARA GHAA OAROVAAPAARY ¢ 1 TOF 1 D ETIRGA/TIAR/AL2  AAT
Al TEIO0A Aatt BF, ®8® 01t OSRE 1 E7 0OV UftBlodolRgaraing UR&RE 7
Solution ( § UY tREE)AOAT OAGA UA@GTEFIOY U UAOY £#0F RT RE AT A 20
rpom,35°C, E61 fF AUUORE=E dJiDa FOA&) OFRSED=1 ET 0 OV UfF F ARSO, AR/
OA£OU?Y RST &OEY, TE 61 &RE? eREo6fIVTt 1T ARO, TAI OAA
1 3fFfF ARA Aot ¢ Bpmyibmin] EEG L B 6 BItalRHRIE) . U6 ERY E@T EQOOU
E6AOAT 3 RERB T BROWY T AROU ATaAr NGGE TRERELGAE 0 1 Al
(AT P @OER A ARE mAin A @WBPC.&31701 O3 oEkiv g R E%BSAR PBS

T Al E63 AREAOEI RAMmLSeHabit) ARAT ST £OA BIAJOPNARE 1%
iE PA 6RSFE300FA AOFT R3TAFA T AEAtTi EO&] A4RVEIT AT AERB
5mini PBSI Al 6 RORée &l E aEUFf ERERE OFVRAW SARIF BBAMIONT RE 1%
50%4061 Ux5ninPBS AOA AR&2AORO 9461 UT A TE Al eAOtTE, R

5221 J RORal ORI Rit?t 6RSFOTt110OU:
o}

A&t QDAT AOF REBSR R @lobkihg solution
aET Aol ART ARFP ET E, ERBS$I AIROWROKMOET E%,Y Ad% VA 0.02%
@ )

AOft gRt O1 UA
DZ 1 ¥ 11/2/13 YAl AudOG3 EQGUAO 1 EROTMCEHRRHEHATATT A o
0 EORAT A 00 DI 11T ARP EV E E63 ARE

FE 1T 001 TEOEDBEAREE REATUG6atGIA QG Ry G&U
0 R O3 ROUOD. 31 &RRGFREAT GERIT RFOEID EA
ATTA B6EIR EOOR) RORF MRE TFOOBEDBI! ocking sol uti

84



FBS, 0.02% Triton X), a) E ARAQOSRE diAOU 36 R AREA3 O
E6S4eO0F Al TE 7O 6RSFE3O0 AOF ORSTA AT A 24h

0 Gy 1h

0.5 Gy 1h

1Gy1lh

gl 16D 61 OalAd AKOF&T ( RUOE
mM) 6 R f“ 3é1T RE RE_ Uot 7 600
agzel RE R 10 10dt 7P OO0 aElT T3
RE ROARE £ A1 81818 OB EXTRAD
lal Al v {EFg$‘g &l AtiitdniXAC ARDW RPBREEKQETQIaA | T BF ART |
i ORUOT OAQGAT TREKAMAUDAR@AR I RQA EOAOEoErARr EQ
6EIT RATAfA T E AURFERA 1 EFfRET £00 O URt OO 606U Au
a) E ARAQGSRE ?OU aEUFERE300f O6F AOfI1 R3T AP OF (1:
i Al 6RI O O AaSUAEREBORT AOECJRU BabN SIBEE 1 ARFOENTAN 1 C
RE 100% Al éAZtC EERGAOWYT EROT Aa&RET O6EI RAT AP A 1t
al 1 =

Q»

pull

cC: m
-

(@)

M-

peg :
Qe

O/

>

—_

m

—

-



~ A ~ - NN ww PSRN
W o =

m
?B
P
=)
ﬁ
U
ﬂ]
(o]
O
(I
w
m
&
==
A\S]
=]
R
b
A
?a
3
B
&
m
O

1 1NwAzr|OO$OTmmﬁ 3% t1QERE AKNODE OBODA 14006 i
ATt 1 O6atT ERE, EO3 O RftUOF & AO fA 608. aot AUF
UGET 63 U6t aAeROU 60U 6AROUR@AAE) RPED HO6t3TAREO O B Ri
60RSFE300 AOF ORST A A6t FEO O1 6037 ¢f1 A E63ARE A6RESG
5222 JEI RARBiIASOA TE 7O FEITTt 6RSFt1TO1ITO

dzA o6 EI RAT AfF A 606U AT 061 638ERAOQ, AUORO3IRAO Ft REITYT
al AUORET I Y /& E1 EROT EOQJETYT , I Al RUOaUA&t 1 EOA, )
lal Al P ERt&4&F EEOfFTOU #aSRAO f A A6 Of ET ARUGAERE 6O.U 6 A

-
me

ADEDT GOadAl RFEAT AO
4 ¢ bo AwBT Odat 1 ER
0Galdil e ETHATTE ODRNORWAR L A6 ET AO

56 6,310, 28h A ARLO.@®RABET RI T £#OA t O RETE®O

e ESR&é E] 2 RAAI AGETNAZE£FTAA O
100110601l EeE® tRO 10 Aa&UOAEOO AAREDGRIGREREDTT EOFOU
i ROT AAaEREAAT A AIFARARAOU aA&l AO Aot f OWEREAO 1 AUR
®&f AO 5086 1Al EUtROO E O6ARAF @RERE R?fO 1T17VRORVTt O]
al d4aer, O URt OOF AUfttY aE T160ORO3RE OA EESREEGED
TAet 1 OU TAra@A\@O EeESR&EEVE tifDZADF PRI ORUDDOIOT EBi & O2 B¢
POG P&E 6406 EVFP ABDAOTARE WAF OD&EKEeET AO OA Eo6l al ORe
6, 12 hl Ago@RET HOENTADOAGH Gyl ATT Al A2 ERHAG RFIEA AA

U ARUEN OAAGA T E tA TETRNOE30KABARAGEDBUT Bl OgeEF AT ¢
Au AeET A, AERAODOO3TE tf1 RPOO 71 0aA0O0 E6S&&00f Al
E6l alt RESRE #SO TUfr?PARSO RUOEU@geEFf Al TAP A FE al
i 001 T OaODE®E RV RT 1 £#0O0 6 EORAT A, ?FA 13ffARA Aot FtE
i6&l AO RF OO 64A0 AT A 156 1 £AURI OA 0f4&ROUO RP OO
RFT Alee FEFY AT fl1 OOatl EREY 1 £AURI FE R?I16Dfa PP EY A0/
9/12/13 T ET 0 O1 3 fOFUA R AaGd 00a O1 e EV A9 ( AEF BAQEAT 1

Al £ ET AO OA EGIélO§é$éOB®T@WSr1IAB,E&2,?A4IEﬁMO\
60U A6OFETI 630 7O o60EI RRGDERAET RET BRWOO fEF 0aAO AT
URt OO 60U T1EROFAAEBE 6 At TPEBI RO RP 00 ||@aA6© AES
T 001 1 O6 OJERDF | ®f AG/ & OFELANZFEUE 1 4aEI AOfi 0l EAT O
Eod a30 EAAIOCOBaBI I OTEaQWA, AT A OA EIEAUeEg EAO



Resilia& 11TAOt? Ef AEGGA aA0 1T ISEERIARI| & RERIT REZSDIE

o)
i e OaE&utiROO A &F AO AOI UOE3 RIEBTE EOASaRIAGRETA G\ URTa

R ~ S ~

1 SOSO eBMASRESOET UOT 3FF AR/

E

DUOaUA&t T EOA tAUGEBEARODRT ARDAORDERDO3T EOE o6 ARA S

AASA®F agi1SOSO éRA3

ESOAT Rz . 9 \d 30 oRPORIAAIA
S

A ww

O FEFT RAAaocwso FEOHIS R3 C
N “

Eo A e ERE RE

x
A

0,5 1 1,5 2 2,5
Gt RBY] |

MGt f EYT XGAf ET@Gtki'Er ' G

2R4& U BBAQAT 631 At IRENIRET T ET UOT 377 ARA UAI 30 aobr

Al Pl OB ORBAEENLE FEO A}f ARDa&ti{ ERESO ERFI130 UéORI

ART EfAetZEZX A t71 T ROAUOADNEY ZEAT OO BRRBAMATBOSG

E E0ARFTERE 7 OU ARI &1 ORAIT $E& A QI @O BROREKEAAD REQ KA RE
R&

9 pull
o

B

)>

\\Y)

% \
)

»

A’

&

ITI

m:

()

E
A 6060 Ai¢tl1 006a0OIl a’eéEF‘zA(“) OROARUOOT Al
eft URS? ORS1T &f SO, t6SYT RIUGWAQGOEI
87

m: -
(@] m
—_— )
o C
- O
O W
O¢ -~
-~
>
>/
ml



W W

e OO0F Al. RgOAl oHMEOOEOAA T ETUOT 3FF ARA

é
ATTA 1732 ARA 60U EBE]

Rfl EeFT tQQISEDE F AE EF AD RR10e
. UaIORTRT g UOT 7 BRF OE

> A~

0AASA& 1Al EO6I altRéSREDNAXRE SOSOU C8 BA F RAERAO
= EeET T AOA RBAQURYOIAT & oOBAI 1 0 E)

pull
mp
Q:

Q:

(@]
>
X
>
(et
[\
>
>/
(@)

Qs M o (e e
- o O [m ™
>N O O
s 4
m/
(@))
a»
—t
m/

m-
(@)
Q»
O
pel
D
ANV
o c

A0 Aot FfA O6EI RAT 2RAUBFSROURT 4@
R REY AUf & EQOOAI AR EF 4 EF

~ ~

E
Rf EEVOARAGENA REGA T AROUT al @WEATI & WAHI
. S .

wA

T @x3TRE &R E

W@
—_

(@)
M-
pul
>
X
>
s
8B
(@))
(@]
(et}
D
m
wn
Py
Q



(@)

- -~ Q- —_

i ON¢

Tal8eband NijOO [128, O1 10i Uo 6t 0E o1 xeé Or
6 RORal ORGROUO ity o011 A o6ARAT A ROUY

@& A1 Ol OUeé E@t MhriottE et alFIRY, ARRA U &6 BLO EJOAT F

ERE A T AIOT Hro®ehs RAT E OA AOAGARAAOUIT E 1

A 0 100t A1 O TAI OA 6RGRDOIRERGAIE 17t AU

I Ol oviariotti etel, FFOOTT OOF £1 OEO OV E0 BEROAR & EOd £

PSP2&RFTE OF @ URt OO0, AT A T gA, OOEQA /A @éE

RE:

N A N W -

T URAElT FfEO A6OTI EQSRE 7SO EI
EUEEQD Dagaé aaé néQET? FEY al Aalil ARGAY

SN a ~

DERDBY t ROOAI 16 RU

ot E
@$®o@@m, tTEARORAERE PO 6gb

89



12

&
O
O K

: ’

0 5 10 15 20 25 30 35 40 45 50
URt QT

MGt F E¥XGt f EGkf EF G

N oA W™ oW ~ s~ W

()
Py
o

R&AUEE A] ERT ARAL

0 {GyAi 71 O@AOI @&

PEO 6RSTEAOEgEA
R



T AOE@A &m&IABIAT 4aET  AOA 7 A O OU

O U 0 E
0 /A£O0FE TE a/EI A UORA 7SO ARIT éit £SO TUfFARSO



A W A

5226 DAJAT RIFiVve& TEIAE FEVY RO Oyl &IGyRd ABOSBY Al A

\\\\\\ w

S&3 ® o6 OT .
F1 Y 16/0

(@7
mp
>
> O
Qx
C/
pull
mp
(@)
puy
(@}
(=)
il
>
=
(@]
(&L

-
m: [T
—
pull

—)

(@) o
> D
PV

00 pawop QN mx v RW" Mt T p@ O

006 chpppp QN iy v T O mip T @m"

92



AOF T UT EATG/OBHERODI 1 & EOAI | 0E

20

0 10 20 30 40 50 60
URt OO T EfA& FEM AT 7l OOat i
MlGy W2Gy

| F1Te& TEI A E FEF UROGY
208 O dzA 1 3 A U
OrT Bl EAIC
F SO o6A

—ﬁ)w>

eRERE 7 SO aBX RROEIA® 35 EOSIO EOF U6 SRI AT &4 F
C O E A. FaAaRUTT & RIODVIERERTCGE Ag a of

o) RAGOE] RFPFEO
GyAUET O6ERQoOU al ol ARIGK. fd0ad ABDARDB OO R

~

-
%\

\\

P OU
By 1l

f
;¢
-y



F SO RUOTF B EVEBARBAOOB RByAARROOUO 717 R
1Gy. gut ROO ETUR&A2OUO 7O RUeéiHRAXAADD $ AL

94



EY TARTTOI VA REITRAT. 3 1TtAOF R316fC
i 0oOREY OA T asetd GA A ARUOCN T1ed BE2166e 0630 RUATRIF I
1 00adaOERE L ESAOERT T AT a40ET Ao Of ET £ART AP A 600U

13FF MBFY EVTFPEEEI 1T £OMNCCRE AQF PPOEG GE FEPLRITLAE ) |,

1 F OBAEBCs, a URF RAHepB) ETVF EEEl AXEOHMMORS T &0%rahl, H

OT S QABAY,MO59K, MOSAT ¢ 1 OOa Ol H—mﬁ@TAaé@é‘ﬁéf-Pantak F‘e,le‘zb)
5 E Of AE AT 1 )

>
—
-~

49 RE &S9N ITRAR)EHEPG21
I TAT 63T EY AUOUO 6RORART ORY?
TP al ADORET 1 U AR
1 TOAARUDGOERT ET 206 ERAO f A MCEN EI@EP1GATITA. f A 1 37
1 ToxXAT #WOERAO Ubt 0E ¢ A Ealdl KAAaAB509, ADER O B
7 AFEP1811-T1. &I A f ABARSIRAATIAOA al AéeARIT A 13ffF ARA &F
TAT ATA A 1TtOfFA aRAO3, tA AE OF /

> > Gk
— o
>
s
Py
m
e .
E,
>
> a»

9&
>

@WARE 7SO O6ET RAT A&RBHU BIOAU BaAE RT T A
1 eEQO 1 E AUOEDt T EOEF AR

03ffF ARA AT 1 00adi (o6EA= LET [keV/ 1T m]

MCF7 AV F ¢BAETYT 60Co 0.3
FEP1811-T1 AV CBRETY 137Cs 0.91
HepG2 AT t OBRETY X-Strahl 0.33

A549, MOS59K,

AT F CBRET Seiref-Pantak 2
MO59J

A549 RST & A 241AmM 116

4
N
~
o

B,
HepG2 1t OfF A AaRACGANIL(EBT F AUL

o]

s I
—_
Qr
(@Z
Of
-
>
(@
xX»
ms
[N
(9]
—

4 )
g
&
g
X
-~
(@]
O

>/
P
>
mp
o ¢ O
o O O
—_ 3
> B
C
=1
> o
O/

> O
-~
o
(@}



100
€L 90

80

-~ y = 16,424x + 8,6521
0 Ri = 0,81909
70 7Y =j15,50 + 6,1352
/ i —
O /@I = 0,74009

W@ 60 LD y = 9,088x + 1,3182
1 Ri = Q.Y014
" 50 / °

=40
(o .'.

«@ .-'.

— 30 .n..

ad o’

20

10
y =4,8121x + 1,4893
Ri = 0,9674

—
o
o
~

3

Gt RGy] [
FEPAY t GRET
MO59K AT f BIDE T

O MCF7AY i GRET
@ A549AY 7 BKRET / DE
HepG2 A1 ¢ GKET

MO59JAT 7 BKE ¥ Al T oM .
HepG21 t OF A aRAO03
3

©X X0

¢ A549RST ARAl A A aRr
eeeee Linear (AS49R ST a FAI) A eeooe Linear(HepG21 t OFf A

s

AgdARFERE fOU ARI e DBHEAAIAL A E OB
EY 1 AREN ORBIAR AN UFATARATTAUOREF T T A
ORFE® 1 AT aA000OF AY UG6tOE tTA ¢
TA T4eE o00ItPEFA Al oA ORBDDD P

& EF {

—s O D Qo

MY O [T MY 0 —
OlIl 0
y (S y
>
>
>
B

4
T13AI17-REHEAP.1 821 A &ET &
59@R©3 O A 713FF ARALTaS5 4 9%l AQ 3pBA9 CEA: S
ARA & AO A as549, O1 0SSt 1 AI

Py

w

X e} 0O » ?B|
—_— = (-

m¢ o

~

il

mr
D
&\
m/
>
S
E/
aﬁ
©
m
(@]
¥
$4
[==H

GREF? GEI Maad, [ ROa3
R A R

O/
(@]
5
fFI)
o
m»
(&
m
(@]
>
>
m/
\NS)

Qa»
c mr
(@7 Q»
> O

—_

m

O/

b

96



dz03 7 O RU;Z iatAid@Blt AUOIEOEDAT Ff REOUI & aET | OURAEQ o6 EI
ilAY GOK RE 100f1 O& A

U

EFAT t7f1 E O0RORARI OA& 7 SO BAeIBAIZ@E RF E

Eigg IAA AfTEARDRO 6 O1 EF RAGIRO AEOUD, 81 T Al AD, AdF AOT ¢

1T TtAs 7SO C)TTaO| All ARWW@ERT R OaVBERRET A
. 50608

X D
C: e hl'l)
wn

(@)

Of Al |‘.‘AC)© O1 Ef 11V A& AJTA frlA AF
030 al Aazd, 1 Aezt 6AROURI 480600 1
Aot PEO 6RORART OA& 7 ARUDI ETO o

a ART eit ERF130
\g EAIAOU ORDRBOUY ETFt P A6t FEO Al

Q I Mr M oQ W
m m: X o
_— —_
mp
o O
m/

al 4u o 428060fr AT Ol ARIT e
ERFT130 0eORIRT O3 ATA fIP-gEDHATBDRESRAE AL h2o RIS ERA
iEfA FEO Aifl1 0O00atl ERE ] BHRAR E£RBIZAI B i )AT AT |r|“|‘fA‘|A|‘®‘i
a30 0RSFTEAOEY -&Eddtal tERE SEEOGUB 1 EI3REI fA E6Q06EaA
at RE AT ¢f1 0O6adl gAY Rilt a30 3REY. DUAIGRIIOOOF A
0ARAF ERO3TE (H® 1AREIO8T tRif OrFgS2Ch HE RETTGTCORe EY 11 A ARAT
RF O 6T(ANDRIART éTtt FfBPO BRDI AUGEWANGIEID t F EGYA, RF A
aUft ERTEOE3Ef Al Aofg2abBy AEAOAUEI t EDaBABRO® RUA
SRORUT 1 saH?. AIEG EABF AIEO ACGAOJERGETA EE?P &8PIST E 53
4

cC: <
(@)

PEY aEO EOB6ARYT 030 AELT ODAES&SEEAHTAT HROPOA6t 1T 4eE

ET UAQOI eEREDEY EQOAI 117V RtFPEREY, TE A6OFf £ ERT A
t P AO E AOAT URE AQOEFfAT 1TE 146010 TOATRITT K C
t o601 A AOAT URE 1T E TOATRITTt, & USR@OY 1 OATRITIH
ORAGET ORA AARBARE AT A PO 1 eA 0001 4280U1 E ERP @7
St Uoét aAero G§OA aARIVTt TRIF&RI O ATA fF1}Y ERFQ



EOGOAT E AO0f ARE 10edORIRI O3 1T Al AOA tRoirdO T160RED
USFEI OtP Ef & R AAdw OmAeROU, & A6t fE T ARE AOF AR
1016t O 6ARAFERO3TE tfl UAOE® Al BPLARMAUIAN IRIGIODIOR AR
PO o1 AiPRE GNOEGI 1t 63D ARAFERO3TE tfl1 O RUETAPT &t1
538P1 EQOAT JATTARGYAEGIETt RO AdyA 31A AOBORP O UEY ET 1t C
Ag2ar aE 1 Ef Aadl OU PO 1 AAEéett 7 OUTY . oAddzA RERQ A RUT
AUORA FtEO oBPBfEAORBRI ABBAROO 6ROY AR2EBGU BRT &y 16t, BA F E]
(RS 4 BA)AI T {53A

(i) A549 aktiveg -X # gotumv y-H2AX

150

100
i i |ii
0 — i B~ 1

1h 2h

H0Gy H0.5Gy W1 Gy M2 Gy M4 Gy

(iii) A549 copania —a # coniwv y-H2AX

150

100

? i i i

N  ea il
1h 2h

HOGy 125Gy M25Gy H6.25 Gy

(i) A549 axtiveg-X # eotumv 53BP1
150

100

*

0=aﬁ£1 iaJJ-
1h 2h

HO0GyMO0S Gy M1Gy m2Gy m4 Gy

(iv) A549 copanua -a # soniwv 53BP1

150

100

50 i
0 =
2h

1h

H0Gy M1.25Gy M2.5Gy m6.25 Gy

2RAUVEICA g0 & RFEBDRAIITEDSO ERFI130 UéeORT RI O3

aSA{‘:iQ&.uX A7 Eﬂ:L@l@&w) RSBﬂélr&ll(lA Al A T E & 26aR-8 fil BAAAH

FEO 6RSBPEAOE 53

31 al daei AOOOAL REY 06 0b DEN-FI AN O®ARDURI, A ET al A0UR
t 01T T AT 3% ORI RIPEQEVATEARFADE YR fof SEABATE at RE, aEO E
60T T A TAI 1T1YVRA ERP QE?D 0tfE TE O YWEORAT A
RUAY EY RI 7T £#OEY ‘P EUOT VT &, Aub63 o1 £A6O0 O o6RS?tEAOE
AOfr A6 OT RI 0630 RUET Ar g2 OOF AY ERF JEY 3 RFE OA Al
AOf 1 Rt O1T UO3RE fI1 ¥ ERFOEY T EDRA.Y E6AAtT EOE? a@dil s



An A AN o~ W

DAET EI 3 OEF AT, A&l OF, £QffR S EBPEFORTO BB 2O RR U@Ee) RF O o1
PEGI 7t WAB to0OU0U UAQGOEF AT T OA AReEO&Fr UR3RE OA 1.,

(i) axtiveg -X 0,5 Gy (ii) axtiveg -X 4 Gy

(iii) copdmua -a 2,5 Gy (vi) oopatia -a 6,5 Gy

gl 7 6®A Q37 F ARA 4549 Al idHOG RIPATARORBET B AEOQOGEREI
G0OUO URSReE@ 2GIH G RRAT Bkt ARA ETT 1 0SO A6t  RUOI
t 600 AUET AQ@OEI 6ROall & 1 AAl R EZ. (&G07 AR BHO OEGY 7
0,5 GyAIOF ORii&IVOARS BARF I5A TAAOB PR O1 UA

525 QAT 631 E -A®DttRERI RE? AT A 1 ARIKCF7Ol E&TF Be3EIPiARDPA

Al F BROEY

] AROURT 4eEf Al Eaz AOMCRIEZORMAMOU TEE B&RFARIE 7 OU

ETUAQI &8t 1 E 2BRF T PEROR s EF Al i E P RET ¥ i
0 A RIG PA FEY Y AP AT £ RERE
EYFOIERE ¢iE O 14f1&. DFfFE RUOAUEI A 6AROURI &
TE FE UR&RE tJoountii DATREITOIO3 64T 1 Aot f A Ao OF EI Al
AgOE? Al DOAAEOReBHEE, o0RORo06Aeée3Of Ay OA al AUSR@ORO
FPE DARE 7OU0U TUFFARIT O3 1371 00U 606U aRGRY O0f AO.



90 90

80 80

70 70

y =15.021x + 5.706
60 wuy T
y= 13.6ilx +10.734

wul| ' n 50

40

y=10.496x + 8.3013 30

wuy I ndTT Al

0 1 2 3 4

@ 11T RORTto61 O
@ JoountOSROY al Al OAa
@ Jcountl &4 R BD-B1

Linear(T 1 7 RORT t 61 O)

Linear JcountUS R @ al AT O

Linear (Jcountll & R E50-G1)

=37.548x + 3.9371
wy [ nddTHC

0 1 2

@ 11T RORTto61 O
@ JoountOUSROY al Al OAa
@ Jcountl &4 R BSD-B1

Linear(1 1 7 RORT t 61 0O)

Linear JcountUS R@Y al Al

Linear (Jcountll & R B0-G1)

®2RA4 U EILA g RERFFEOU ARI é

MCF7 EV fEeEI 1T AOA RIEA ARG

aROIT T4 7TAfr AARAUOOF AT O

TE T T J6ohnt RTANTGT

AOA O0F AT St o6 F
3

Gy, USF AUft OA 1 A? OUUR ) 1E fUM OF 7 AR AJTT
P OU UAT CDATEEDUARAT &RERE Ad6t 7O 711 RORT I C U4 OE



>/
a»
[N
(et
O
Py}
m
-

526 g6AASA& VAl Eol altRéESRE GOK Al /
HepG2 EV f EE@EI 1 £AOA RERKATIFtOOEA aRAO3
a0l 6 EY AO ARE o6&iRAN@QBERFT T AT 1 AT
i 6011 6601 Ei £#O0A) A6t Chiisine Rieleg RIAE 7 Aa &@ QeBATT t OF A
351 ER?FQOE? 0eORI RT 063 JeduitldiAeerEs GFCE T14ART A6 /
4

OUO. g6 QDRET
%)

0]
AOZIFEREBY . go6 07 £0OSY 1 R3a0O6U0 6

101



(i) HepG2 axﬁveg—X # eotiwv y-H2AX

25
20
15
10
5 ﬁi ii M ' imii
0
24h
H0Gy M01Gy W05Gy ml1Gy W2Gy
(ii) HepG2 wovta Apyoo # eotiov y-H2AX
25
20
*
15 *
*
10 *i
* *
| R
0Oh 1h 6h
H0Gy m01Gy w05Gy m1Gy m2Gy
®RAUEI2AD ARF ERE 7 OU ART 61 03-g28® R®AAFTEEQASREERATJ OOA O GAT T A
Eol alt ReBRRTADI T4 137fFARA HedAG2e EiifiBEe RET £ODF Ai A RRE3AT F SOET
D OUPOABERS-7a3000f A1l ¢+ A AoOfF ET ART AF A AT A FA VT3¢ ¢
TE TtOFA aRAOG3, e At OOF At al AuOREAT AEODF BRERT AF RO
60U A0QUATF o AFfARA IR, O6ROARUOOAIOAEBN 6 OO0 E
E6l T OAe SO 6ARAT A#A RSO AT A FEO AOAAO3RIRE 7SO E
OA a@gOEI AUft 60U oRAATAFPITITA al A6 AT E RFEO EITt OA

102



] BOA5i6AT a6 OF ET ARép@f A 3XIFAMRAA AT f 1 O0a Ol E1T £OA 1T E TJdditA aRAOG3, AU0UOOF AV
o ARAT £ ROUY 3RFE OA TArATEFRA 1171 RA ERFtGEY ueORI RTI O3.
117 BAF BEA H
0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy
avg fociN  stdev avg stdev avg stdev avg stdev avg stdev
# >95% # >95% #>95% stdev  # >95% stdev #>95% stdev
Oh 0.41 0.01 0.87 0.08 2.24 0.15 511 0.34 12.14 0.14
1h 0.41 0.01 0.45 0.15 2.78 0.19 420 0.47 11.37 1.66
6 h 0.42 0.01 0.36 0.12 2.08 0.17 3.63 0.30 10.96 0.29
0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy
avg fociN  stdev avg stdev avg stdev avg stdev avg N stdev
total total total stdev total stdev total stdev
Oh 1.19 0.34 1.21 0.01 2.45 0.52 5.88 0.36 12.21 0.14
1lh 0.55 0.21 0.50 0.39 3.10 0.35 449 0.49 12.25 1.74
6 h 0.83 0.19 0.40 0.11 2.24 0.94 4.07 0.32 10.94 0.30
] SOASI7TAT a6 OF E ﬁp@rAaAlrMI‘f&rM AT F1 006adl ET £#OA T E 1lJdditA aRAO3, AUOOF Ab
0 ARAT Af ROUAT BIREFEROANEORI R t DRF AEN Aa BROAFEEO9 OB aRIGRY O60F AT 6013 1T 060¢
OEAAT EY -&#RAaMKIETY A
0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy
avgfociN stdev  avgfociN stdev avgfociN stdev avgfociN stdev avg fociN stdev
#>95% #>95% # >95% # >95% # >95%
Oh 0.29 0.12 0.465 0.08 1.54 0.25 252 0.11 3.88 0.31
1h 0.20 0.29 0.215 0.08 1.93 0.26 2.10 0.32 442 0.35
6 h 0.32 0.34 0.265 0.18 1.64 0.70 1.01 0.01 4.03 0.42
avgfociN  stdev  avgfociN stdev avgfociN stdev avgfociN stdev avg foci N stdev
total total total total total
Oh 0.68 0.13 0.49 0.09 1.75 0.26 2.71 0.11 3.88 0.31
1lh 0.41 0.31 0.27 0.08 2.14 0.27 2.23 0.33 442 0.35
6 h 0.66 0.36 0.50 0.19 1.72 0.74 1.11 0.01 4.03 0.42
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5421 J R31 1A A6Of ET £R1 At A

] ARAT geEOF AT Eaz AT AATt NANQAODRARAGRI T EFRAEDPBOE AOU o
P I6tROR6 A EEGY EAT @1 ERE 7 OU RUOEO? O61APEIO3T AIEFTAMO3 F
g2ami A f A HepGR BRAEEET T £AOA RE3I11 t6OR3AF EZRAORBOROG A6 ET
AUORO3RAO RE Ao RERESIO EAT dRERISEAPGERT O 6 Rt f U6 0

P SO ERFI 30 0eORI RTant 7120 teORtTaOAETRA 16U 6 ROA U6 F E
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APE1 per cell
0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy
avg foci stdev avgfociN  stdev avg stdev avgfociN stdev avg stdev
N foci N foci N
total total total total total
Oh 1758 0.1 187 9 164 34 242 12 194 26
1h 180 17 191 26 203 40 279 3 147 9
6 h 197 14 192 3 191 53 196 9 165 1

APEL1 foci number per cell area

Oh 0.021 0.001 0.022 0.001 0.021 0.003 0.022 0.004 0.0214 0.0009
1lh 0.021 0.000 0.024 0.002 0.023 0.000 0.031 0.0026 0.0200 0.0001
6 h 0.021 0.001 0.023 0.001 0.021 0.004 0.021 0.001 0.0194 0.0002

parameters th6 20,8 2.20.5 80

Eo 40
i AFOEY EO6OVaRAREY éA T160RO3RE OA RUOE
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APEL1 per large A &4 Hiocus
0 Gy 0.1 Gy 0.5 Gy 1 Gy 2 Gy
avg foci  stdev avg foci  stdev avg foci stdev avgfoci stdev avgfoci stdev
N N N N N
total total total stdev total stdev total stdev
Oh 141 0.21 2.65 0.10 3.32 0.45 3.47 0.17 2.67 0.08
1lh 1.31 0.16 3.42 0.85 3.57 0.01 3.73 0.02 2.56 0.25
6 h 151 0.31 253 1.00 3.09 0.13 296 0.06 2.98 0.11
APE1 foci number per large A @4 Hiocus area
Oh 0.019 0.001 0.021 0.001 0.026 0.002 0.027 0.002 0.0231 0.000
1lh 0.025 0.001 0.024 0.004 0.027 0.000 0.029 0.000 0.0228 0.005
6 h 0.021 0.001 0.020 0.006 0.025 0.001 0.024 0.001 0.0230 0.001
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http://www.clinicaltrials.gov/ct2/show/NCT02032277?term=NCT02032277&rank=1
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22 BMN 673 PARP QOOOCERAO Ry g AAEGT 1t AV OI HRBRCA) (f RAUPUF NCT01286987
23 BMN 673 PARP 00006 ERAS BER



http://www.clinicaltrials.gov/ct2/show/study/NCT01874353?term=olaparib+and+BRCA&cond=%22Ovarian+Cancer%22&rank=1
http://clinicaltrials.gov/ct2/show/NCT01788332?term=NCT01788332&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT02032823?term=NCT02032823&rank=1
http://clinicaltrials.gov/ct2/show/NCT01390571?term=NCT01390571&rank=1
http://clinicaltrials.gov/ct2/show/NCT00540358?term=NCT00540358&rank=1
http://clinicaltrials.gov/ct2/show/NCT00687765?term=BSI-201++Bipar+sciences&rank=8
http://clinicaltrials.gov/ct2/show/NCT01086254?term=NCT01086254&rank=1
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http://www.clinicaltrials.gov/ct2/show/NCT01692678?term=NCT01692678&rank=1
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http://curie.fr/sites/default/files/pr-dbait-clinical-research-radiotherapy.pdf
http://www.clinicaltrials.gov/ct2/show/NCT02000531?term=NCT02000531&rank=1
http://clinicaltrials.gov/ct2/show/NCT01870596?term=NCT01870596&rank=1
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ontology terms 8 OU E Oa E U O7 AGErT AAAERIOANO. 31 t ROT 060U
0 AROURI 428 00f AT Rt OO AT t1 6GUued b6 @OAT A
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0 &1 TGO  Annotation

G0:0006284 baseexcision repair

G0:0006285 baseexcision repair, AP site formation

GO0:0006287 baseexcision repair, gap-filling

G0:0006289 nucleotide-excision repair

G0:0006283 transcription -coupled nucleotide -excision repair

GO0:0000109 nuclectide-excision repair complex

G0:2000819 regulation of nucleotide -excision repair

G0:0033683 nucleotide-excision repair, DNA incision

GO:0000724 double-strand break repair via homologous recombination

G0:0010569 regulation of double -strand break repair via homologous recombination

G0:0006303 double-strand break repair via nonhomologous end joining

GO0:0097681 double-strand break repair via alternative nonhomologous end joining

G0:0097680 double-strand break repair via classical nonhomologous end joining

G0:2001032 regulation of double -strand break repair via nonhomologous end joining

G0:2001034 positive regulation of double -strand break repair via nonhomologous end
joining

G0:2001033 negative regulation of dou ble-strand break repair via nonhomologous end
joining

G0:0006298 mismatch repair

G0:0032300 mismatch repair complex

G0:0032424 negative regulation of mismatch repair

G0:0032423 regulation of mismatch repair
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G0:0006298 mismatch repair gol ait RESRE aoOAOr 1

G0:0000724 double-strand break repairvia g 61 al tERE SR a1 1 SO
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nonhomologous end joining T £ARS T E?Y QE 31t

7 RSO
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arRUI T 4 ORERETI 66 E 61 Af Ut RT A GLAD4U (Gene List Al
You)[209, &®O@®A EGOAT AOA ERAATEGO 600U c¢cAiTTE3EIl & AOOL
RF O PuphMedDU0 NGBIGLAD4U Aud3 RUIT AEIT 70 RUEFTT A
i ARS EOttY Al AORgeiT 6U, AITTE3Z3EI tA 616 RUEfFITT A& A

] OOARIAY aec“)ocaq““)& 600 A6AOF 3 0F Al RUUGRtERATRMAR eEIRER
RE | OOf e OURA A1 71 O0aolOl oA, O UAI OtT EOO 7t OU ODdEI
30EIl ast D RE?}
k OOf e OURA AT 71l OO, Ri RED ADFT ARG

Di 6A00Owa R1 CAOODal R CAOOwa RYCAOOpa RY CAOOQDa

194.8 ATM 31.8 ERCG 15.5 RAD9A 127.8 OGG1 113.6 ATR

87.5 DDB2 29.9 XRCC6 14.5 FANCD2 43.7 APEX1 48.3 CHEK1

79.3 TP53 29.9 TP53BP1  14.4 RNF8 29.2 SOD2 42.5 ATM

73.5 H2AFX 29.4 ERCC2 14.2 RAD51B 28.1 PARP1 32.4 CLSPN

71.7 NBN 29.0 XRCC3 14.2 CDKN1A 27.3 ATM 29.0 ATRIP

71.2 PRKDC 29.0 XRCC5 13.8 BARD1 23.7 GSTM1 23.8 RPA1

56.5 ATR 27.3 XRCC4 13.6 NTHL1 23.3 XRCC1 20.8 RPA2

55.2 CHEK2 23.5 APEX1 13.6 CDC25C 18.7 CAT 17.0 H2AFX

54.6 MRE11A  22.8 DCLREIC  13.4 XRCC2 18.5 GSTT1 15.6 SMARCAL1

53.8 BRCA1 22.1 RAD18 13.3 NHEJ1 17.9 GPX1 14.3 BLM

52.8 XRCC1 21.1 OGG1 13.3 BRCA2 17.0 ERCC6 14.0 RAD17

52.7 CHEK1 19.5 CDC25A 13.0 ATRIP 16.8 NFE2L2 13.7 WRN

52.3 RAD51 19.5 RAD52 12.8 ERCC1 15.7 ERCC2 11.4 CDC25A

51.1 XPA 19.1 ERCCS8 12.5 LIG4 13.9 NUDT1 10.5 RAD9A

50.3 DDB1 18.4 ERCC4 12.0 POLD1 12.5 NEIL1 10.3 FANCM

47.1 PCNA 18.2 CUL4A 11.8 PNKP 11.4 WRN 10.3 NBN

44.9 XPC 17.9 ERCC3 11.5 KATS 11.0 MUTYH

39.8 ERCC6 16.7 UIMC1 11.4 MDM2 10.8 TP53

39.6 RAD50 16.5 RPA1 10.4 PPM1D

37.6 MDC1 16.4 PARP1 10.2 ABL1

32.2 POLH 16.0 RPA2
DAJAY EY RI 1T £O0A Al P OO 6RORal ORI RiIt 7SO AOOI agso
OdbEl aSfiTt RFREY EIR&UEGERAO fA Te&  1TAfFA doxidatiyv
29 PubMed : 1 EUA an A\:O\{&“éAa'ef E“F”e“é‘r‘ ,o“o L“J“ ééf&f RAUVET 1T URMISA fE aAFR
AODAUORAT TAl OB6ERIT &0EI? 4ARéeRSO.
30 NCBI: National Center of Biotechnology Information, T JAU6 R A R&E a O1 A0

EOf & R RE Kxfidnal Institutes of Health ¥ S&®] a
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andoxidative stressé6 1Al ooxidative stress and DDRO
60U EOGUAO RV OR TEAAT3FPERO A6t 10, to6St o6ROA Ub
st 00 AROEfIVTt aeEiAalit 1 OAARI &1 O FEY P11 &t

ébr@ RFADTARA TaA3 BDOUABE t T OlU21AT Af di oni zing radiatio
repairo, ODNA repair anAdioomiziingg raadiaaiionn da

oreplication stress and DNA repa ||rAmireqn[DNAartepo

A W

stress agldaPBRA. ATA O RfRE?Y AOf T ARAu&F URERI 1
PANTHER [210. ] ARA? geEOf Al 7 A] BOAT-BIT £R1 Af A Rf 00
| OAR2AY 2060%al A E61 alt ReSREY 7 OU DNA 60U 1 606RO3
Al eEREY RE 1 00f e OURA RirRE®O#OT BR, F DUARG REGO BIC
PEO AOf T ARAU& t OU DNA.

Response to Response to DNA

ionizing radiation  oxidative stress replication stress

FAM175A PSEN1 POLE3

BRE RECQL5

BABAM1 IGHMBP2

UIMC1 POLG2

NABP2 RFC2

NABP1 RFC4

EYA3 RFC3

EYAl RFC5

BRCC3 RFA1

INIP RFA3

INTS3 RFA2

RNF8 INOSOE

RNF168 RNASEH2A

C100rf90 ATR

RRPWD3 RBM14

AEN CDK2

usP28

BRSK1

PAXIP1
D DARARF®&F BY al Af Rl a&F U6ARUOUO 6ERI RRtfERE}? |
AOAT URE
&l A 00 6RORalI ORI RIt 7SO AOOI agSO 606U AsOFf ET O3
PEO A6OT T EI RPI VA PAMR0 GFEQR ERFFFEEY f OU DNA, EVT P (7D
AOAT URE, o6RAA1T Afr 6601 ®eEYE T Al E AT t1 OUeE

151



HIRERIT 7 66 O1 3 OF At AmiGD2 FERIAAT E@A O&t  Bebd ®abdloByR E ¥
Consortium[205
TE O E

t 1 00U OaUART 63% 1E ¢t1¢v ATTE?Y aud ¥ Af EAORC

60U ARDIAO Aot FEO 6ROEAO3T EOE AOATURE T E #O GLAI

| OOAT1A &I A fE agig@URARBAr @RATE Tt 00 fA 1 O0OAal 4

PEO VT 4eéeE 1V Af EAOROA

712 go6Al @ EURE ?SO Ao6Of EFAEGATACRES FfIER OIERFSARIT RFP &
P U6 O6 Ol DIAEGE ERE (manual searching)

&l A OA EOI ROUUeEQY E

RETAOF IVt FPEFA 7SO B0OAT BT ERT AF

72, /EAT OAO Eo6l 61 £0O0 A1 EAUOT URERI 1 06601 3 07 A

akEaodi £0S OQuerte®il, f GefeCard§213, Wniprot[214, EnttezGene[215

1 Al PANOHER [216 217. g 1E&EANE QRart®£OA o6 RO?P AOA t A AOO@al A

Rf &l Ev] gfOBW-A AT A 61 é&eA003% RURUET E 4
R P A 3 ¥

6ARAAET AT A, AOOpal A FEY o6R3FEY RPe&lEFY EI £AUE
coxidative stresseé TtAlesisAf.t 60aQF ERie®ll O &latAlomA GO
Ust T OT 6A AOODal A 3 Al EAUOY AUPt? aEO AAaEITOE 7T A7
PE?P T AeE 1T AP EAORQA?YT go 01 £OSt O A1 EAUOY AUr¢t Y
ci OOAalitfEFAT e 7SO al OatEl AAREBI AURExadl EABOOOONT
AOAUDAReéEYTAO RUAYTEOFR3RATE o661 EROUORGEY AT A tA A
o0 ROEAEEeEQORA AOAIT URE
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713 Al OAE@V T EY T BEXYOTAAeeCHIRENY ARE 1100a 01 gA
A

S

FAM175A3., BRE32, BRCC33, BABAM1341 AUIMCL13 £ARORT OO+

—_
.-t
[—"

URST ORBA, fA 6ROst OfF A #OUFY t1St, aElA
RF O R3761 010 BRCA1A 606U TE? £AUEI RPEO ol alt Re
AOAAOSR@geEI ElailtTa&4 f1? TRftOEY H2A T Al g2aH 6c¢
OUalil1foO0E QATEHEREAT ERVDOEZE T RB3t. OB 1O0ARS T BT O ySsi /
| RfFt OE? aR@ORYT OOF Al RFEO O6ERI OU& tEY al daE? DN
R37161 01 0O BRCA1A OaAaEAEQ® RFE Rit UEBERBMRBIYROFOE? ERC
6 ERI OU& FEF? GOK dzO0 fEF ERBARA ERED RUDt OOBEE] A
TUr?PARI T30 0agz 0, TEFAd3 #SO 0600SO 1T Al E E61 RI
RUT T Ef £ZOET T AT Rt O RETE@®O EI £AA0UOU G2 tO6U DNA,
RFIT TP ALPFJOE?
FAM175B
_BABAM1 .~

BRCC3

S—

NABP1387 ANABP23: g gOA R
RUT 6Tt7T06U0U +O0 060600 aRA 1Bf A6ROAAD
@ =

W ~

DNA T Al t+6 RETECZ

31 FAM175A: Family With Sequence Similarity 175 Member A [21§]

32 BRE: Brain And Reproductive Organ -Expressed[219

33 BRCC3 BRCA1/BRCAZ2-Containing Complex Subunit 3 [220

34 BABAM1: BRISC And BRCA1 A Complex Member 1[221]

35 UIMCL1 : Ubiquitin Interaction Motif Containing 1 [227

36 BRCAL: Breast Cancer 1[223

37 BARD1: BRCA1 Associated RING Domain 1[224

38 NABP1: Nucleic Acid Binding Protein 1 [225]

39 NABP2: Nucleic Acid Binding Protein 2 [226]

20 R317 61 6033 sensor of ssDNA, A6 OF ET A PGIR S 7 ESNDEX NBN, PPP2CA,

IGBP1, INTS3, NABP1, NABP2, INIP.

“R37 061 OIRD: Ao OEBF Adtf 1 ® RSF E MRELLI-RADSONBN. DT 1 EF AUET RF EC

Eol alt RESRE SO GOK, RifOO AOARUOaUARiTt #OU DNA, F

ET 61 ER3 0, RFfA RETEQA EIT AAUOU ¢ gBR7i UfFfF ARTT O3 137160
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FOU 1 P AROUGA QEEBOAIRI EYAIREE ART Rf &2 a0b BaORS03 @1 Al E
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