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Goal in Toronto in 1969:
the isolation of somatic cell mutants

5% kg sl e SR

i
]

il

EMS awad, 1986



Proceedings of the National Academy of Sclences
YVaol, 66, Mo, 2, pp. 377-384, June 1970

Isolation of Temperature-Sensitive Mutants of L-Cells®

L. H. Thompson,t R. Mankovitz,} R. M. Baker.§ J. E. Till,
L. Siminovitch, and G. F. Whitmore

DEPARTMENTS OF MEBICAL BIOPHYSICS AND MEDMCAL CELL HRIOLONGY, UNIVERSITY OF TORONTH]
AND THE ONTARIO CANCER INBTITUTE, TOROMNTO, ONTARIO

Communiealed by Frangos Jacoh, March 18, 1970

Abstract. [DProcedures are deseribed for the isolation of conditional lethal
mutants of mouse L-60T cells. The mutant lines were temperature sensitive
by the following criteria: (@) colony-forming ability, (b) growth in suspension
culture, and (¢) rate of uptake of tritiated-thymidine.

The development and use of conditional lethal mutations has considerably
facilitated the analysis of funetion in viruses and baeteria; as a result, the main
features of regulation in these materials have been outlined. However, it is not
yet clear how applicable these models of regulation are to eucaryotice eells and, in
particular, whether or not they provide a basis for understanding the processes
involved in the differentiation of mammalian cells.  Although technigques have
been developed for genetic studies with somatie cell hybrids, ' * progress in this
area has been severely inhibited by the limited numbers and kinds of mutants
availlable, Drug resistant lines® 4 and a few auxotrophs®—" have been reported,



Mouse tsA1 has a dramatic
temperature-sensitive growth phenotype at 38.5°C.
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The gene defective in tsA1 is later identified.

» Colwill, R.W. and Sheinin, R. (1983). ts A1S9 locus in
mouse L cells may encode a novobiocin binding protein
that is required for DNA topoisomerase Il activity. Proc

Natl Acad Sci U S A 80, 4644-4648.

> Brown, C.J., Powers, V.E., Munroe, D.L., Sheinin, R.,
and Willard, H.F. (1989). Gene on short arm of human X
chromosome complements murine tsA1S9 DNA
synthesis mutation. Somat Cell Mol Genet 75, 173-178.

> Disteche, C.M., Zacksenhaus, E., Adler, D.A., Bressler,
S.L., Keitz, B.T., and Chapman, V.M. (1992). Mapping
and expression of the ubiquitin-activating enzyme E1
(Ube1) gene in the mouse. Mamm Genome 3, 156-161.



Should we switch to haploid frog cells? --- NO

Proceadings of the Nattongl Academy of Seiences
Vol. 65, No. 2, pp. 337-344, February 1970

Stable Haploid Cultured Cell Lines from frog Embryos*
Jerome J. Freedt and Liselotte Mezger-Freed

THE INSTITUTE FOR CANCER RESEARCH, FOX CHASE, PHILADELPHIA, PENNSYLVANIA
Communicated by Hobert Briggs, Oclober 31, 1065

Abstract. Two haploid cell lines have been established from androgenetic
embryos of the frog, Rana pipiens; one line has been maintained in culture for
150 generations, the other for 200 genmerations. Karyvotypes of the two lines
agree well with the standard for the species although some chromosomes show
small differences in length. The cells multiply in the same defined basal medium
used for culture of other anuran cell lines; this medium consists of the usual amino
acids, vitaming, and serum macromolecules plus an exogenous purine source.
Both the haploids resemble “permanent’ cell lines in their prolonged multiplica-
tion in culture, The two lines differ in their mode of growth, one being epithelial-
like, the other forming an overlapping meshwork of fibroblast-like cells. Both
have the low plating efficiency characteristic of “unaltered” cells. These two
lines are exeeptional in their ability to compete successfully with the diploid
variants which arise by endomitosis or cell fusion and which usually overgrow
the haploid population. The more vigorous line, RPH 68.2A, should provide
the long-desired haploid material for genetie studies in eell culture.
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Chinese hamster ovary (CHO cells)

Tjio, J. H. and Puck, T. T.
(1958). Genetics of
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Il. chromosomal
constitution of cells in
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Deaven, L.L. and
Petersen, D.F. (1973).
The chromosomes of
CHO, an aneuploid
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line. Chromosoma 41,
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Why use CHO hamster cells as a model system?

« Subdiploid, stable karyotype
(but highly rearranged)

« Growth in both monolayer
and suspension culture

« Highly amenable to
synchronization by
centrifugal elutriation

« Yields unusually quantitative
data (e.g. survival curves
and cell cycle studies)

« ~ 10,000 publications;
~ 800 on DNA repair
(~ 40,000 for HelLa cells)



Hela cells spread rampantly.

Gartler, S.M. (1967). Apparent Hela cell contamination of human
heteroploid cell lines: Genetic markers as tracers in cell culture.
Nature: Natl Cancer Inst Monogr 2717, 167-195.

Heneen, W.K. (1976). HelLa cells and their possible contamination of
other cell lines: karyotype studies. Hereditas 82, 217-248.

Solov'ev, V.D., Khesin, |l.a.E., Amchenkova, A.M., and Gulevich, N.E.
(1977). Problema kontaminatsii perevivaemykh kletochnykh linii
kletkami HeLa. Vopr Virusol 246-251.

Lavappa, K.S. (1978). Survey of ATCC stocks of human cell lines for
Hela contamination. In Vitro 74, 469-475.

Seed stocks of human cell lines deposited at the American Type Culture
Collection (ATCC) have been examined for cross-contamination with
HelLa cells using Giemsa-banded marker chromosomes. Sixteen
additional cell lines investigated have been found to exhibit marker
chromosomes typical of HelLa cells. Quinacrine fluorescence studies
further revealed the absence of Y chromosome in these lines. These
observations indicate that the lines are HelLa derivatives.



Reprinted from _
Proc. Nat. Acad. Sci. USA
Vol. 70, No. 11, pp. 3094-3098, November 1973

A Mammalian Cell Mutant with a Temperature-Sensitive

Leucyl-Transfer RNA Synthetase

(somatic cell genetics/CHO cells/conditional lethality /inhibition of protein synthesis)

L. H. THOMPSON?*, J. L. HARKINS, AND C.

P, STANNERS

The Ontario Cancer Institute, 500 Sherbourne Street, Toronto, Canada, M4X 1K9

Communicated by Theodore T'. Puck, July 13, 1973

ABSTRACT A cell mutant of the Chinese hamster
ovary line, which is temperature sensitive for protein
synthesis, is specifically defeclive in vivo in its ability to
charge tRNA with leucine. Cytoplasmic extracts exhibited
temperature-sensitive leucyl-tRNA synthetase activity. It
is, therefore, highly likely that the mutant has a struetural
alteration in leueyl-tRNA synthetase. The low leakiness and
low reversion rate of this mutant, combined with the speci-
ficity of the defect in its protein-synthesizing machinery,
make it an appealing tool for investigating regulatory
mechanisms in animal cells.

MATERIALS AND METHODS

Cells and, , wells were a
clone of thd Chinese hamster ovary line (( HO) (Es) “hlch
has a stabl ; ]
little cell-to-cell \mmtlon (‘3}) Cells i'mm frwen ~.1m ks of
this line and of the mutant {sH1 were maintained in exponen-
tial growth in suspension culture at 34°. The growth medium
was e-minimal essential medium (10) supplemented with anti-
hintics and 1087, fatal-havina serum (Flow [abaratories) Tem-

Abbreviations: MNNG, N-methyl-N’-nitro-n-nitrosoguanidine;
{s, temperature sensitive; CHO, Chinese hamster cell urine.

* Present address:

Biomedical Division, Lawrence Livermore

Laboratory, P.O. Box 808, Livermore, Calif. 94550.



Proc. Natl. Acad. Sci. USA
Yol. T8, No. 6, pp. 37T34=-3737, June 1981
Cenetics

Genetic diversity of UV-sensitive DNA repair mutants of Chinese

hamster ovary cells

{complementation analysis/mutagen sensitivity/tester strains,7-bromomethylbenz(alanthracene|

Lariry H. Tnompson®, Davip B. Buscutt, KErry BRookMan®, CarRoLYN L. MooNEY*, AND

DonaLpD A. GLASERT

*Blomedical Sciences Division, L452, Lawrence Livermore National Laboratory, PO, Box 3507, Livermore, California $4550; and *Department of Molecular

Biology, University of California, Berkeley, California $4720
Contributed by Donald A. Glaser, February 17, 1951

ABSTRACT Mutant lines of Chinese hamster ovary cells that
show hypersensitivity to killing and mutagenesis by UV light were
analyzed by genetic complementation analysis to determine
whether defects in different gene loci might underlie a common
cellular phenotype. To facilitate rapid screening of mutant clones,
a procedure was devised that allowed presumptive complemen-
tation to be assessed on the basis of the frequency of UV-resistant
cells after fusion by polyethylene glycol. Four classes were iden-
tified among 44 clones tested. By using drug-resistance markers
for selection of hybrid cells in crosses between UV mutant and wild
type, a mutant from each of the four classes was shown to behave
as phenotypically recessive, Hybrids were also isolated from
crosses between each of the pair combinations of the four mutants.
All such hybrids were relatively resistant to UV killing, providing
confirmation of the complementation classes. When mutants rep-
resenting the four UV-complementation classes were tested with
the polyaromatic hydrocarbon 7-bromomethylbenzia)anthracene,
complementation was again seen for all pair combinations. These
results suggest that each class of mutants represents a biochemical
defect that plays a common role in the repair of both UV-induced
and chemically induced lesions in the DNA.

tation groups on the basis of their responses to either UV or the
chemical mutagen 7-bromomethylbenz(ajanthracene (7-Br-
MeBA). These results show that different genetic defects can
underlie the UV-sensitive phenotype and suggest the possibility
of a genetic analysis of repair functions in CHO cells.

MATERIALS AND METHODS

Cells and Culture Conditions. The wild-type CHO lines,
SCI1 and AAS, and culturing techniques have been described
(11); UV-sensitive clones were obtained from AAS (9, 10). Mu-
tants designated UV-24 and UV-41 correspond, respectively,
to lines previously labeled as 60-21 (10) and 361-112-10b (12},
Hybrids are designated by the prefix “"Hy" and a suffix for the
clone number. Doubling times of mutants and hybrids were
13-16 hr.

Exposure to UV, Cells were exposed to germicidal UV on
plastic dishes as described (11).

Isolation of Drug-Resistant Lines. For hybridization, drug-
resistance markers were introduced into certain lines. Thiogua-

nina rarickanna war ahtsinad af 197 oW and anahain rocickanaa



Proc. Natl Acad. Sci. USA
Vol. 79, pp. 534-338, January 1952
Genetics

Role of DNA repair in mutagenesis of Chinese hamster ovary cells
by 7-bromomethylbenz[a]lanthracene

imutagen sensitivity/mutation induction/sister chromatid exchange,/thioguanine resistance/ouabain resistance)

Larry H. THOMPsSON, KERRY W, BROOKMAN, ANTHONY V. CARRANG, AND LARRY E. DILLEHAY

Biomedical Sciences Division, L-452, Lawrence Livermore Mational Laboratory, P.0O). Box 3507, Livermore, California 54550

Communicated by Richard B. Setlow, September 17, 1981

ABSTRACT  The role of DNA repair in mutagenesis was stud-
ied in normal, repair-proficient Chinese hamster ovary cells and
in two mutant strains that are deficient in excision repair. By using
the mutagen 7-bromomethylbenz[alanthracene (7-BrMeBA) and
the technigue of alkaline elution of DNA, the mutants were found
to be defective at or before the incision step of excision repair.
Daose-responses were determined for cell killing, mutation indue-
tion at three loei, and sister chromatid exchanges over a survival
range of.1.0-0. 1 aﬁtr Tullr‘r![aBA m.ah-u.tnt The mutants were
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one study presented Exceptmnal results (13). Moreover, en-
hanced viral mutagenesis in UV-treated host cells has suggested
the presence of mutagenic repair (16, 17). In rat hepatoma cells
the increase in x-ray-induced mutations under conditions of
uncoupling of oxidative phosphorylation has also been inter-
preted as reflecting error-prone repair (18).

The recent isolation of repair-deficient mutant strains of
Chinese hamster ovary (CHO) cells provides a new system in
which the involvement of repair in mutagenesis can be quan-






Mutagen sensitivity profiles for ERCC1 and
ERCC2Z/XPD CHO UV-sensitive mutants
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Surviving fraction

Differential sensitivity of ERCC1 -ERCCS
mutants to mitomycin C
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Differential sensitivity of ERCC1 -ERCCS

mutants to diepoxybutane
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NER nucleases and helicases:
ERCC1-ERCCS5 proteins are key enzymes in the
recognition and dual incision at bulky adducts

5 27-29 bases 3’
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ERCC1 = no XP group
ERCC2 = XPD
ERCC3 = XPB
ERCC4 = XPF
ERCCS5 = XPG




Excessive sister-chromatid exchange in CHO xrcc1 EM9 cells




XRCC mutants are a motley bunch!

Available online at www.sclencedirect.com

ilEll:lll‘.'l.@l:llll.'l‘.'T"Il DNA
REPAIR

wiww eleevier. comlocats/ dnarepair

DMA Fapair 2 (2003) 655572

Mini review
The mammalian XRCC genes: their roles in
DNA repair and genetic stability

John Thacker®*, Matgorzata 7. Zdzienicka ™°

L Modical Resegrell Covmct], Radiahton and Gemome Stabiiily Unit Horwed, COdfordefiere QX1 ORD, T7X
b Departmmail of Thxtropeaeiice—MOC, Letden Daiversihy Medicaf Coater, Roarcnoorseweg T2,
2353 AL Leidew, The Netheriardr
¢ Deparitment of Mok odar Cell Genefics, the Ludhwip Bydvgier University af Medical Scterces,

M. Shodowshie/-Curte 9 §5-004 Bydporerz, Polord

Raepaivad 31 March 2003 ; recaived in mvisad foom 3 April 2003 ; aceaptad 3 April 2003



= CHO mutants

“Reparr pathway Gene symbol Chromosome position (ho-  Mutant cell line”
man)
“BER XRCC1 19q13.2 EM7, EMD, EM-C11, EM-
C12

Single-strand break repair

HRR XRCC2 7q36.1 irs1
Double-strand break repair

XRCC3 14¢32.3 irs1SF
SIL2/RADSIC 17q23-24 CL-V4B, irs3

XRCC11/BRCA2/FANCD!  13¢12-13 V-C8

RADS51D ?

XRCCO[FANCG 9p13 UV40, NM3

Fanconi anemia replication fork breakage pathway



NHET

Double-strand break repair

Ciher

ARCCH

ARCCS [Ku80

XRCC6{G22P1

ARCC7{FRKDC

LFG4
ARCCS

Unknown function

5q13.1-3

2935
22¢11-13
8ql1

13¢33-34
nk.

XR-1, M10

xs series, XR-VB series,
sxi-2.3

Only known from knockout
mouse cells

V3, scid, =20, SX9, XR-
Cl, XR-C2

5X10

ms2, V-C4, V-E5, V-GE&,

CM1, CM3, CM6



The evolution of CHO DNA repair genetics at LLNL:
life gets harder with age

Mutant isolation & characterization
A little hemizygosity goes a long way
1978-1980

v

Chromosomal mapping
Which chromsome has the repair gene?
1985-1993

v

Gene cloning & characterization
Chinese hamster cells love foreign DNA
1988-1998

Targeting vector construction &
gene targeting (knockouts)
No beginner’s luck
2000-present



CHO UVS cells carrying human chromosome 19




An unexpected mutant from the semi-automated hunts...
Busch, D. B., Zdzienicka, M. Z., Natarajan,
A.T., Jones, N. J., Overkamp, W. I. J.,
Collins, A., Mitchell, D. L., Stefanini, M.,
Botta, E., Riboni, R., Albert, R. B., Liu, N.,
and Thompson, L. H. A CHO mutant,
UV40, that is sensitive to diverse
mutagens and represents a new
complementation group of mitomycin C
sensitivity. Mutat. Res., 363: 209-221,
1996.



David Busch: A brilliant scientist & physician
succumbs to leukemia in 2002

David B. Busch, PhD & MD




Many were affected by David’s passing
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Proe, Natl Aced. Sci. USA
Yol B4 pp. 92329237, August 19697
Chenetics

The human XRCCY9 gene corrects chromosomal instability and
mutagen sensitivities in CHO UV40 cells

(IPNA repair/radiation sensitivity,/chromosome aberrations/ sister chromatid exchange)

Nan Liv*, Jang E. LAMERDIN®, JamMEs 1. TuckeER*, Z1-Q), ZHouT, CHRISTT A, WALTERT, JOANNA S, ALBALAF,

Davm B. BuscH?, aND Larry H. THOMPsON*#

*Riology and Biotechhology Ressarch Progimm, Laefenos Livermote Matiomal Laboramory, Livermore, A, S4551; +IL'|:-.'|rl||'r.'|1I af Cellular and Siructural
Biology, University of Texms Health Science Cenber, San Antonio, TX TR284; and fleparment of Eovitonmenial and Toxicologic Pathology, Armed Forces

Imstitu e of Pathology, Washingion, 12 30506

Editea By Chedes M. Radding Yale Univesity Sohon! af Medicise, New Hovery, CT, moeal appeesvea June 16, TO0T freceived e reviow Decembe 12 1096G)

ABSTRACT The Chinese hamster ovary (CHO) mutant
UV40 cell line 15 hypersensifive to UV and wniang radiation,
simple alkylating agents, and DNA cross-linking agents. The
mutant cells also have a high level of spontaneous chromosomal
aberrations and 3-fold devated sister chromatid exchange. We
cloned and sequenced a haman cDNA, designated YROCY, that
partially corrected the hypersenstivity of UV40 to mitomycin C,
cisplatin, ethyl methanesulfonate, UV, and f-radiation. The
spontancons chromosomal aberrations m XBOOY cDDNA trans-
formants were almost fully corrected whereas sister chromatid
exchanges were anchanged. The XROUY penomic sequence was
cloned and mapped to chromosome 9p13. The translated XROC?
sequence of 622 amino ackds has no similanty with known
proteins. The 2.5-kh YROC? mRNA seen in the parental cells was
undetectable in UVA) cells. The mBENA levels in testis were up to
10-fold higher compared with other haman tisspes and op to
10 -fold higher compared with other haboon tissues. XROCY 15 a
candidate fumor suppressor gene that might operate in a pos-
treplication repair or a cell cycle checkpoint function.

Ionizing radiation produces a complex mixture of strand breaks

ARCCH (K@), and XROCY (SCIE (22-26). The Ku/DNA-
PK.. patlway appoars to account for rejoining of a substantial
fraction of the double-strand breaks resulting from ionizing
radiation and from gene rearrangement in germ-line Iymphmrj
cells (27).

The CHO mutant UVA0 represents a new complement ation
group that is unique among hamster cell mutants (28). L'v40
exhibils hypersensitivity 1o multiple classes of mutagens and
shows pronounced spontaneous chromosomal Illbldhllll]rl: 25%:
abnormal metaphases). Isolated as being hypersensitive o UY
i4-fold), UV40 cells seem Lo possess normal nucleatide excision
repair and were reported 0 be hypersensitive to mitomycin C
i MMC; 11-fold), ethyl methanesulfonate {EMS; 10-fold ), methyl
methanesulionate | MMS; 3-10ld ). and ionizing radiation { 2- ol d)
i 28). VA0 is also unusual among rodent mutants in combining
broad-spectrum sensitivity with a 3-fold elevated level of SCE.
We report here the isolation of a human cDNA and genomic
sequence, which efficiently corrects the chromosomal instability
of UV40 and partially corrects mutagen sensitivity, We speculate
that the product of the XRCCY gene may participate in a
postreplication repair pathway or a cell eyele checkpoint function.
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The Fanconi anaemia group G gene FANCG is identical

with XRCC9

Johan P. de Winter!", Quinten Waisfisz!*, Martin A. Rocimans!, Carcla G.W. van Berkel!,
Lucine Bosnoyan-Collins?, Noa Alon?, Madeleine Carreau?, Olaf Bender?, Ilja Demuth3, Detlev Schindler?,
Jan C. Pronk!, Fré Arwert!, Holger Hoehn!, Martin Digweed®, Manuel Buchwald? & Hans Joenje!

*Thee authors conirited equaly fo this work,

Fanconi anamia (FA) is an autosomal recessive disease with
diversa clinical symptoms including developmental anomalies,
bone marrew failure and early occurrence of malignancies!. In
addition to spontansocus chromosome instability, FA cells
exhibit call eycle disturbances and hypersensitivity to cross-
linking agents'. Eight complemantation groups (A-H) hawe
been distinguished?, each group possibly representing a dis-
tinct FA gene?, The genes mutated in patients of complemen-
tation groups & (FANCA; refs 4,5) and C (FANCT; ref. &) hawve
been identifled, and FANCD has been mapped to chromosoms
band 3p22-26 (ref. 7). An additicnal FA gena has recently bean
mapped to chromosocme 9p (ref. &) Here we report the identifl-
cation of tha gena mutated in group G, FANCE, on the basis of
complementation of an FA-G cell line and the presence of path-
cgenic mutations in four FA-G patients. We identilled the gene
as human XRCCH a gene which has be2en shown to comple-
ment the MMC-sensitive Chinese hamster mutant U440, and is
suspected to be involvad in DMA post-replicaticn repair or cell
eycle checkpoint control® ' The gene is localized to chromo-
soma band 9p13 {ref. 9), cormesponding with a known localiza-
tion of an FA gene.

— == ELIF&12
£ A ELIF&143
5 —d— ELIF A £3a5
z D~ HSC538
g

B HSC53E+G

1 1 10

[FARAC] M)

Fig. 1 Complementation of cross-linker hyperiensiticity by pFAGE. MBIC-in-
duced growth inhibition showing specillc hy pereensitivity of EUFATA3 [FA-G)
Iymphoblasts s shown. A level squal o that of wilkd-type c=lls (ELIFSTZ) was
restored after trarshection with pFAGS, except in complmentation group C
Iymphoblasts (HEC53G).

bry 350 bp. The remairder of the pFAGY insert appeared identical
tea the sequence reparted for XRCCS,



Clinical phenotype and genetics of Fanconi anemia

# Progressive aplastic anemia due to loss
of bone marrow stem cells

<~ Predisposition to cancer, including
squamous cell carcinoma

% 15% incidence of acute myeloid
leukemia in FA children, i.e ~15,000 x
Increase

= 70% of patients have diverse develop-
mental abnormalities in upper limbs,
skeleton, Gl tract, skin, kidney, heart,
and CNS

< Clinical diagnosis from testing
lymphocytes for chromosomal sensitivity
to the crosslinking agents diepoxybutane
or mitomycin C

& Genetically complex with ~12 genes; 8
cloned




How much is a knockout mutant worth ---
in lost technicians, disgruntled postdocs, and DOE $$ ?

No knockout
APE1

Knockouts
XPD
FANCG
RADS1C (1 allele)
RAD5S1D

APE1, XPD, & FANCG are single-copy genes



Hamster FancG Gene Structure and Mutations

uv40 NM3
Hamster 25C+1C 267G+ 1G 2 kb
L9—-PLTNIFX A92G + X
\ \

8.4 kb

1 2 3 4 567 8 9 10 11 12 1314

FISH of
WT CHO




FGKO40 cells are NOT specifically sensitive
to DNA cross-linking agents

Agent fold sensitivity (D37) ]
Diepoxybutane (crosslinks) 7

Thioguanine 5

Methyl methanesulfonate 4

Methyl nitrosourea 4 il
Mitomycin C (crosslinks) 3 s o
ENU 3 ° y-r%lyd os4e Gy °

CNU (crosslinks) 3 ’

Chlorambucil (crosslinks) 2 1" ;
uv-C 1.5

Camptothecin 1.2

Hydroxyurea 1.2

lonizing radiation 1.2 101 E
Paraquat 1.0 ]

Thymidine 1.0

Hydrogen peroxide 0.8 0 10 20 30 40 50 O 200 400 600 800
6-Thioguanine (ng/ml) Hydroxyurea (nM)



Reduction in hprt mutation rate in KO40 cells

To be updated
after publication
of data



KO40 cells have increased spontaneous rates of gene amplification
at dhfr and CAD loci (like DNA-PKcs mutant of CHO cells)

To be updated
after publication
of data



KO40 revert to MMC resistance at a high rate

6-thioguanine




Monoubiquitination of FANCD?2 is essential for
resistance to crosslinks and other DNA damage

D
(FancD)

2
] 34
Blocked-fork Focus formation
~ signal Fork stabilization

’, »




A new molecular model for FA:
Activation of FANCD2 by replication-fork-blocking lesion,
leading to stabilization of the blocked fork

Oxidative stress
bRy B

LCEET T ® = abasic site, modified,
or adducted base

Lesion bypass:

g

Point mutation

% FA proteins allow translesion, mutagenic
polymerases to bypass blocking lesions.

= Blocked forks may provide the signal for
an S phase checkpoint.




FA proteins allow the nonmutagenic, HR (homologous
recombination) pathway to bypass a blocking lesion

D)

Iocked -fork Focus formation
S|gnal Fork stabilization

— Point mutation

Reversal of

chickenfoot:

No mutation

FA proteins may allow lesion bypass
by interfacing with the HR machinery.




Without FA proteins, more chromosome rearrangements occur.

DSBs from broken forks
interact through error-

prone nonhomologous
end joining (NHEJ).

Misjoining
between
chromosomes




Without FA proteins, at metaphase there are more breaks,
as well as rearrangements & exchanges arising from misrepair.

The most deleterious event

for cancer is outcome 1.

Misjoining

between
chromosomes
2

BNl (&

e

Correct NHEJ:
Rejoined
chromosome
with
rearrangement

Incorrect NHEJ:
Chromatid
exchanges

No NHEJ:
Chromatid
breaks




KO40 cells have increased spontaneous rates of gene amplification
at dhfr and CAD loci (like DNA-PKcs mutant of CHO cells)

Synchronize cells Treat for 30 min with MMC  Sample over time &
in early S-phase 100% survival of WT cells  measure nuclear foci
for yH2AX and Rad51




KO40 exhibit more gH2AX foci than wild-type cells
in response to MMC treatment

To be updated
after

publication of
data



KO40 exhibit more Rad51 foci than wild-type cells
in response to MMC treatment

To be updated
after publication
of data



Persistent foci at mitosis do not imply chromosomal breaks.

< WT CHO cells treated in early S phase
with mitomycin C; S.F. = 100%

+ Persistent YH2AX foci 8 hr post-treatment
when cells are dividing

< Are double-strand breaks present in
these foci?
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DNA Repair

ELSEVIER Mutation Research 486 (20017 217-247

www,elsevier.com/locate/dnarepair
Communily address: www.elsevier.com/locate/ mulres

Mini review

Repair of DNA interstrand cross-links

Mies L.G. Dronkert?, Roland Kanaar®®-*



Passage of DNA replication forks through crosslinks is error prone
and requires homologous recombination proteins
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Summary of studies that suggest more double-strand breaks
occurring during replication in KO40 fancg cells

B

@ Higher frequencies of yH2AX foci in
S-phase cells

@ Higher frequencies of Rad51 foci in
S-phase cells

@ Increased rates of gene amplification,
a phenotype shared with mutant cells
defective in NHEJ DSB repair

@ A reduction in hprt mutation rate




hprt mutant frequency

Modest hypomutability for UV-C induced mutations
at the hprt locus KO40 fancg cells
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Who did much of the work

f

Robert Tebbs Alice Yamada (postdoc)
(senior staff) Cell synchrony, protein assays

Gene targeting,
Nuclear foci

Casey Cat:
“FancG
KO? ...so
what?...”

John Hinz

(postdoc)
Cell survival,
fluctuation
experiments
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Life is not a dress rehearsal.

anonymous
psychiatrist




