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DNA Is very stable and very massive

A Asingle human nucleated cell contains approximately 2
meters of DNA, 3 billion base pairs.

A A grown adult with 16100 trillion cells contains enough
DNA to go from earth, past the moon, to the sun and
back—more than 100 times.

A Only one single missnatch incorporation per 10bases
(300 perSphase per celk-reidberg2006)
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At the molecular level DNA Is very
reactive

A For example, more than 20 types of oxidative lesions.
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Cooke et al., 2003, other papers cite more than 80 ROS damage sites al@id 1



How can DNA be reactive, massive an
remain stable?

Three general methods to maintain the genome:
1. Highly efficient DNA repair mechanisms

2. High fidelity DNA replication

3. Coordinated genome duplication angsolution.

To summarize what is coming up: significant numbers of
mutations arise because the high fidelity replication system
cannot surpass significant distortions in the double helix.
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1. DNA repair mechanisms

A DNA is very reactive, but almost any type of damage can be

repaired.
I it

A Repairocccurdy excision repair, direct reversal,
recombination, mismatch repair, and end joining.

A DNA damage is rarely a mutation.

5/41



2. High fidelity DNA replication

A high fidelity is dependent upon
I Incorporation of the correchucelotide

I a very restricted active site preventing extension from
mismatched bases

I exonucleasactivity to releasamisincorporated
nucleotides

Preexisting distortions (damage) in the helix pose a threat to
DNA duplication, tolerating this damage may be a method to
ensure genome duplication.
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3. Coordinated genome duplication
and resolution

A Restriction ofprereplicationcomplex formation until mitosis is
complete, ensuring the genome is duplicated only once per
cell cycle

A Coordinated and complete separation of sister chromatids to
ensure equal genome division.
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Saccharomyceserevisiaas an
excellent model system to study DNA

A All DNA is the same from bacteria to humans

A Yeast have to repair much of the same damage as humans dc
A Genetic modifications are relatively easy in yeast.

A The majority of DNA repair proteins in yeast are found in

humans.
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Three yeast epistasis groups of DNA
repair genes

A Rad52 group-recombination repair (Rad52, Rad54, Rad55,
MRE11..))

A Rad1l group-Nucleotide excision repair (Radl, Rad2, Rad3,
Rad4, Rad7...)

A Rad6 group- mutagenic repair (Rad6, Rad5, Rad18, Revl,
Rev3, Rev7, Mms2, Ubcl3...)
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Discovery of DNA damage tolerance

- UV to induce covalently thymidine dimers
- alkaline sedimentation analysis

- white dots—without T4 TT endonuclease
- black dots-with T4 TT endonuclease

Stacks et al., 1983.

3H- Radioactivity (cpmx10~2)

N R
10 14 18 22
Fraction Number

A Completion of DNA synthesis occurred without loss of UV
Induced TT dimers damage is tolerated

A Rad6 and Rad18 (mutagenic epistasis group) are described tt
be essential for this DNA damage toleraneakasi981).
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Error-free PRR described by the
discovery of Mms2

100
Table 3. Spontaneous mutation rates of 8. cerevisiae strains
19 F Strain Key alleles  Mutation rate* » 10°  Relative ratef
wild type DBY747  Wild type 7.0+ 44 1
E rﬂ-j mtfarni SBU mms2 216.6 = 50.0 3.0
= WXYO3R2  rev3A BT+ 50 1.2
a1 SBUL mms2 reviA 27+ 50 1.2
t
mms2 mutant
0.1§
A double mutant
0.01

@ 80 1m0 ke 200 Brogmfield et al., 1999‘[\—/)(

Uy Doss {Jim3)

Important: This initiated the idea that the Radpistaticgroup could be
divided further into errofprone (Revalependent) and errofree (Mms2

dependent) pathways.
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Hror-prone and erroffree PRR
pathways
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Error-free PRR-must utilize an intact DNA strand.

Error-prone PRR likely does not utilize an intact strand.
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Rad6 and Rad18 are ubiquitin
conjugating enzymes
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Eror-prone PRR by Rad6/Radl8

Radb

PCMNA

DNA Damage Rad18
Hoegeet al., 2002 described Uvduced Translesion
mono-ubiquitiation of lysine 164 of Jpﬂlymerases
PCNA, arocesstivityfactor central for Translesion
DNA synthesis. Synthesis
(by Rev3,

for example)

The same lysine 164 residue of PCNA is
conserved between yeast and humans. 14/41



Ubcl3/Mms2 catalyze |y&3 linked
Ubiquitin chains

Mms2 is a UEV (ubiquitin Ubc]3-Mms2
enzyme conjugating variant \
(lacking acystinein the
active site) :
S~
Mms 2 phenyl al §
fits into pocket of Ubcl13 not "
found in other E2s. Pastusholet al., 2005%
Ubc13/Mms2 specifically
links ubiquitin to the lysine lw
63 position of the preceding

ubiquitin
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Current working yeast model of PRR

Srs2 . Homologous
' Recombination
UbcS

I : S|z1
PCNA Rad6
Rad18

polymerases

lTranslesion

Translesion
Synthesis

Error-free DDT

Andersen et al., ZOOV—VX 16/41
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| joined the lab to help investigate DD
IN mammalian cells

1. Errorfree pathway Hours After 4]/m?2
- hUbc13 UV Exposure
-hMms?2 <+ 0

2. Errorprone 150 kD=

pathway/ranslesion

synthesis
-hRev3 S0 kD=

37 kD =

3. Combining the two

tentative pathways_ UV-induced moneUb of PCNA
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Human Mms2 and Uev1A can
substitute for yeast Mms?2

L | 1 R I I L I L L L

F WPRHFRLLEELE[@SE 5 HEls-
AMMs2 [BR----------- - ciiciicccscscssmeccessccscmeeee - PTGk YPRHFRLLEELEEGDN G503
nlev1A :;quns!- ------- Ixsqsm SDEGR-=vmmmcmmmmcmccmmmnn= LE .......... FH 5k YPRHFRLLEELEE B

nlev1B EALEQLEIPVWECFVFCHI | FGTFTNQI HKWSHTYFGLPRWTLLQDWHVI L JJBHHR! HHVSPHETYFI TR

Mms? p < BNET I BER s v HETERR . /1 Bk RA

nAMms?2 DD AT L TG SPPETEIVENFEI : I E v F J Gy DEE Y BV A =T EY

CIAF S D DE DMTLTRWTGMI | GPPRTI YENPI K[V PEAPPF VRF ¥ I JDPRAI oV 21 Ry

mleviB EDDEDMTLTEWYWIGHMI | GPPETI YvEHNFI v 31 | 'E APPF ¥EF WOHZYZI1 kY

wild type

mms2A

mms2A+ pG4BD

mms2A+ pG4BD-MMS2

mms2A+ pG4BD-UEVIA

mms24+ pG4BD-UEVIB

YPD YPD + 0.025% MMS

V

Ubc13 interacting with hMms2 and hUev1A was also
confirmed with Y2H and GST padwns. 18/41



Production of monoclonal antibodies
recognizing Ubc13 and Mms2/Uev1l

4E11

2H11

done 2H11 recognizes both hMms2 and the homologue hUev1.
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Detergent preextraction to identify

nuclear structures
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Myctagged constructs to differentiate
Mms2 and Uevl

Variable

N-terminal core region (90% identity) C-myc
mumn Mms2 (145 aa)

mmn Uev1A (170 aa)
s Uevi1B (221 aa

Mms2myc Uewiyk Uenil/B
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DNA strand breaks induced
Ubcl1l3/Mms2 focl formation

Ubcl3 Merge

-

Ubc13 localize to sites of damageluced
DNA synthesis.

Mms?2 colocalizes with Ubc13.

UevlA-myc Uev1A does not ctocalize with Ubcl13
" unless the Nlerminal peptide is removed.

Not shown: Ubc13/Uev1A (but not Mms2)
Uev1A430-myc —| Operate in the NFB signaling pathway by

Camptothecmmduces DNA damage byubiquitinatingNEMO.
inhibiting topoisomerase |I. Andersen et al., 200 NAN

22141




Spontaneous DNA damage without

Ubcl3/Mms2

anti-
Rad51 DAPI
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IUBC13
anti-Ubc13
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Summary of Ubc13/Mms2

A Ubc13/Mms2 is involved in a DNA damage
response.

A UevlA and Uev1B are not involved in a DNA
damage response.

A loss of Ubc13/Mms2 results in spontaneous
DNA damage.
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HumanTranslesiorsynthesis (TLS)

+— —+#+4+» = Revi- Inserts C across frombasicsites, scaffold

1 ——+ m  pol-eta- inserts AA across from TT dimer

1 -++—— = pol-iota - functions in bypassing some large adducts

- — —-+m pol-kappa- extension role from distorted DNA backbone

W polymerase ¢BRCT pol-iota, pol-kappa, Rev7 BDs
Rev1 Binding Domain ¢ UBM UBz ¢PIP Andersen et al., 2008 VVX

The Laboratory of
Wied Xiao

Revl is thought to primarily act as a scaffold for the other TLS polymerases.
In vitro analysis (from the published literature) has demonstrated distinct insertion
and elongation steps.

-for exampl e: TT di mer el engméd iio

TLS polymerases{fYami | y) exhibit | ow acHti ve si
exonucleasgroofreading ability, making them intrinsically error prone.

Human Rev3 is poorly characterized. 25/41



Production of polyclonal antibodies
recognizing hRev3
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Optimization of Rev3 focl developmen

3 6
UV Dose (J/m?)

3 6 12
Time after UV Treatment (hrs)

0 20 40 60 27/41
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UVtinduced TLS polymerase and PCN
foci formation

A anti-Poln B  anti-Revi C anti-Rev3

anti-PCNA
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pol-n is iIndependent of Revl

anti-Rev1 anti-Rev3
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Lack of Rev3 does not affect the othel
TLS polymerases

anti-Rev1 anti-Rev7 anti-Rev3

Control

Knockdown

See earlier figure
for Rev3iRNA
knockdown.
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Lack of palh does not affect the other
TLS polymerases

anti-Rev1 anti-Rev7 anti-Rev3

XPV cells have a
truncation of the pol
ngene near the N
terminal.
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Rev3 Is only partially dependent on
Rev/
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McCormick,
Michigan State
University
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Foci formed

Summary of TLS polymerases

Required
Revl Rev7 Rev3 poln
Revl No No No
Rev7 Yes No No
Rev3 Yes | Partially No
poln No No No
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Suppression of Rev3 and Ubcl3 (or
Mms?2) exacerbates UV sensitivity
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suppression of Ubcl3 in XPV cells
Increases sensitivity to UV
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Overall summary

Ubcl13/Mms2 is involved in a DNA damage response distinct from Uevl

A sub lethal dose of UV becomes lethal when Ubcl3 andtpare co
suppressed.

A A sub lethal dose of UV suppresses the growth rate when Ubc13 (or
Mms2) and Rev3 are suppressed.

To o

A This supports the existence of DDT consisting of two pathways in
mammalian cells.

However:

A PolyUbof PCNA could not be demonstrated, suggesting another target fol
Ubcl3/Mms2.

A Foci formation by Ubc13/Mms2 (CPT) or the TLS polymerases (UV) was
damage dependent, monrdbof PCNA
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Continuing projects #1

A Will a PCNA K164R mutation result in loss of TLS or
Ubcl3 activity?

A Will there be spontaneous DNA damage formation?
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Continuing projects #2

A What are the functional domains of hRev3?

yRev3 1504 a.a.
hRev3 3130 a.a.
putative NLS  R7BD Polymerase domain

A What is the nature of Revindependent Rev3 foci
formation?
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Continuing projects #3

A What are the functional activities of mitotic Rev3? Is
this the reason for embryonic lethality of Rev3?

A anti-Rev3 DAPI

Log
* jRev3

250 kD— ‘ s "

Noc

iRev3 g
Noc
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Continuing projects #4

A What is the function of Uevl1RBU&?
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