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Telomeres :

Centromere region

Long arm {q

Terminal protein-DNA complexes of linear eukaryotic
chromosomes

Does NOT code for any genetic information
Protects the chromosomal ends from:
e Recombination

* End-to-end fusion (NHEJ)

* Recognition as damaged DNA

v' Controls the terminal replication of chromosomal DNA

Contributes to the functional organization of chromosomes in
the nucleus

Participates in regulation of gene expression

Serves as “mitotic clock”: shortens with each cell division
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Replication problem:

Natural shortening upon cell divisions

G rich strand

a

\

A 4

A

3 C rich strand

Replication

o

= Lagging strand

a

Leading Strand

A 4

a

(based on Gilson E. & Géli V., 2007)
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Answer to telomere shortening:
— molecular counting mechanism

DE LA RECHERCHE A LINDUSTRIE

Preferential elongation of short telomeres

Short telomeres: « extendible » state

_ ——— Telomerase
Natural shortening

Molecular counting
mechanism

}

Lengthening by telomerase
at the end of S phase

Long telomeres: « non-extendible » state

4| Telomerase

Marcand S & al (1997),
Teixeira M.T. & al. (2004)
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Ce2 Telomeres in Saccharomyces cerevisiae

< >
40-200 base pairs

TG, ; repeats

3’ G-rich overhang

Subtelomeric area

Adapted from Giraud-Panis M-J, Pisano S, Poulet A, Le Du M-H, and Gilson E. FEBS Lett 2010, 584(17):3785-3799.
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Ce2 Telomeres in Saccharomyces cerevisiae

Telomerase activation

End protection

@
Ten1

Cdc13 4

C strand

protection

Subtelomeric area

TG, ; repeats

Adapted from Giraud-Panis M-J, Pisano S, Poulet A, Le Du M-H, and Gilson E. FEBS Lett 2010, 584(17):3785-3799.
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Ce2 Telomeres in Saccharomyces cerevisiae

Telomerase activation

End protection
Ten1
d
Rap?& Rap‘)%
C strand
protection

Subtelomeric area
TG, ; repeats

Adapted from Giraud-Panis M-J, Pisano S, Poulet A, Le Du M-H, and Gilson E. FEBS Lett 2010, 584(17):3785-3799.
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Ce2 Telomeres in Saccharomyces cerevisiae

Elongation regulation Telomerase activation

End protection

@
Ten1

Cdc13 .l
@ilids

C strand
Recruitment through protection

Rap1 Cter domain
TG, ; repeats

Subtelomeric area

Adapted from Giraud-Panis M-J, Pisano S, Poulet A, Le Du M-H, and Gilson E. FEBS Lett 2010, 584(17):3785-3799.
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Ce2 Telomeres in Saccharomyces cerevisiae

Elongation regulation Telomerase activation

End protection

Stn1
Ten1

»

J‘r: J

2OGOVOBOOOSOOTES
C strand

protection
Subtelomeric area

TG, ; repeats

DNA repair inhibition

Adapted from Giraud-Panis M-J, Pisano S, Poulet A, Le Du M-H, and Gilson E. FEBS Lett 2010, 584(17):3785-3799.
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Ce2 Telomeres in Saccharomyces cerevisiae

Elongation regulation Telomerase activation
End protection
Silencing .
Ten1
>
BOGOAOOOOOOOBOTEA
C strand
protection

Subtelomeric area
TG, ; repeats L
HR and NHEJ inhibition

Adapted from Giraud-Panis M-J, Pisano S, Poulet A, Le Du M-H, and Gilson E. FEBS Lett 2010, 584(17):3785-3799.
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Ce2 Telomeres in Saccharomyces cerevisiae

Elongation regulation Telomerase activation
Rap1
Rif2 Sir 3 Tent
Sir 4
Sir 3
. . Sir 4
Silencing o
\ Ten1
Highly dynamic 4, cde13
Nucleo-Protein rel @ gty
assembly -

H :‘Yr - ~~ \‘. y :
OBODOBOO00COTE B 00O TR O

Rif2 C strand
protection
Subtelomeric area Rap1

TG, ; repeats
HR and NHEJ inhibition

Adapted from Giraud-Panis M-J, Pisano S, Poulet A, Le Du M-H, and Gilson E. FEBS Lett 2010, 584(17):3785-3799.
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ce2 Rap1 (Repressor Activator Protein 1)

Transcription
activation

NMR structure Crystal structure Crystal structure
(Zhang et al., 2011) (Koénig P. et al., Cell, 1996) (Feeser & Wolberger, J Mol Biol, 2008)

- 3 domains (BRCT, DBD, RCT)
- =40 % of the sequence predicted as unstructured

Highly flexible molecule
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Telomere is a highly dynamic nucleo-protein assembly, centered
around a highly flexible protein

Our hypothesis :
Rap1 flexibility allows conformational adjustments upon DNA binding
which optimize its ability to form specific functional quaternary structures.
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Rap1/DNA interaction:

_ mm@

1 Rap1 every 18 pb (Gilson et al., 1993)

KMnO, hypersensitivity

Signature of
DNA melting
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Rap1/DNA interaction:

_ mm@

1 Rap1 every 18 pb (Gilson et al., 1993)

KMnO, hypersensitivity

Signature of
DNA melting

Oléron, 2015/06/05

Presence of Rap1 is associated
to DNA bending of = 50°
(Gilson et al., 1993)

Do not agree with DBD/DNA
crystal structure

15



Crystallization

Crystallization trials:
358 827

Myb1 B myb2 B RCT

+
(31 pb)
— _/
TV — ~— _/
Canonical site Non-canonical site
(3 bp space) (5 bp site)

Crystallization

2 crystal forms
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Crystal structure analysis

Collection de données

Résolution

2,95A (3,13 A-2,95 A)

2,99 A (3,17 A-2,99 &)

Paramétres de maille

40,6 x 102,9 x 116,8

63,8 x 122,6 x 149,4

90 x 90 x 90 90 x 90 x 90
Rierge 0,138 (0,688) 0,121 (0,701)
Nombre de réflections uniques | 9831 11279
Vo 14,32 (3,39) 16,61 (3,09)
Complétude 90,1 (68,8) 92,4 (78,7)
Remplacement moléculaire Phaser Phaser

1 solution unique (LLG = 1305,76)

1 solution unique (LLG = 905)

Affinement BusterS BusterS
Résolution 2,95 A 2,99 A
Rictor 0,1923 0,2044
Ry, e 0,2650 0,2690
Figure de mérite 0,869 0,873
Rmsd Bond 0,0010 0,0010
Rmsd angle 1,48 1,40
Nombre de molécules d’eau 6 12
Nombre de résidus 223 218
Nombre de bases 62 60

Oléron, 2015/06/05
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Crystal structure analysis

Crystals content:;

358 601
Myb1 Il Myb2

/

Protein degradation during
crystallization process.

Access:b:llty (AZ)

GAACACCACACAACACCCACACACCAGGTGT

KMnO, hypersensitive
cytosine

Signature of DNA
melting

e
(12B@9
N Oléron, 2015/06/05
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DNA distortion analysis.

Intra base pairs Inter base pairs

3\ )‘
u Major
. Groo\e |
= | B f
Minor " é & |
Groove V3 T | 1 I ' I I I l ll

Distortion parameters of

DNA from our crystal ),, %]

structure as calculated with L 7’q
Curve+ (R Lavery et al,

NAR, 2009)

=

=Ly
e,

The observed distortion at the hypersensitive Cyt20 is too small
to explain the KMnO, reactivity.

Oléron, 2015/06/05 10




52 Rap1 induced hypersensitivity to KMnO,

Anomalous absorption
= edge of Mn

‘ml (65516 keV)

Edge (6.5478 keV)

KMnO,

0.8

0.6

0.4
6.52 6.53 6.54 6.55 6.56 6.57 6.58

Encrgy (keV)

X-Ray Detect
Crystal ay Detector

Diffracted

1o 2Fo-Fc (blue) and 2.80

X-Ray ' Ray
r=1.89 A
ie 6.55 keV
anomalous Fourier
(orange) at 4.1A resolution.
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Anomalous signal analysis of RAP1/DNA /KMnO, crystals

Cga Rap1 induced hypersensitivity to KMnO,

Oligonucleotide 31 CACCACACACCCACRACACACCACAAGTGTG 57
Data collection KMnO4
Wavelength (A) | 1.89
Space-group P2,2,2,
Diffraction limits | 4.1 A (4.32-4.10 A)
(last shell)
Unit cells | 40.6x103.2x115.7
(axbxcxaxpxy) 90x90x90

merge 0.149 (0.376)
Number of | 4148
unique reflections
l/o 7.0 (2.8)
Completeness 99.8 (100.0)
R ok 0.1973
Riee 0.3265
Figure of merit 0.928
RMSD bond 0.011
RMSD angles 1.55

Oléron, 2015/06/05
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Biological analysis

Ability of the rap1 alleles to complement Rap1 loss
in yeast cultures.

Western blot comparing Rap1 amount in
the different strains

RAPI
RAPI

rapl-R580A4
rapl-R580A4

C OO0 @ b | — | ————

+ Cu?
+ Cu2+

Mutation R580A does not affect cells viability.

Collaboration Rachel Lescasse,
Stéphane Marcand, CEA Fontenay

::'/12561
e

Oléron, 2015/06/05
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Cea Rap1 induced hypersensitivity to KMnO4

Isothermal calorimetry (ITC) titration of KMnO, footprinting showing the role of
Rap1 or Rap1 [R580A] by DNA. Arg580 in Rap1 hypersensitivity
Rapl Rapl [R5804] .
Time (min) Time (min) %
Abatasaacacanoe o) E 52 Mutation R580A ﬂffect
- it =it S e Rapl induced
§ oo gE2zx 8
21 [N | 4 -l .
f o i T 3 §§ §§ permanganatelo)?tflssmm
o s - hypersensitivity.
z e _ B .
:él‘ %‘ 6.00 4
= i g 40 3,00
§ \ _5; 00 z 2,62 M Experiment 1
s .""' € 000l  "sesessssse é 241 Experiment2
Mola:Rauo ‘ V Molar hano g 2,00
Ka=25108+4410" M! Ka=2.0210%+1.06 10" M i =R S e Q
AH = 6.8 + 0.04 kcallmol AH = 9.36 + 0.021 kcal/mol ClR=-= ¢ 2
A. E 1,00
c E
° o
Mutation R580A does not o Z oo |00 00 % 0o
affects DNA bl'nding C No protein RaplWT Rap1 R580A
AN
C . . .
' Collaboration Bianca Sclavi,
A- ENS Cachan

Le Bihan Y-V et al., Acta Crystallographica-D, 2013.
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Ce2 Rap1 induced hypersensitivity to KMnO4

Residues involved in Cyt20
distortion are 100% conserved
among double-myb containing

Rap1 proteins.

Le Bihan Y-V et al., Acta Crystallographica-D, 2013.
Oléron, 2015/06/05 24




Permanganate potassium hypersensitivity induced upon Rap1
DNA binding is driven by Arg580 that plugs DNA major groove.

Residues involved in Cyt20 distortion as well as Arg580 are fully
conserved among double-myb containing Rap1.

= New questions:

The KMnO, hypersensitivity is a useful biochemical artefact.
Why the residues involved in the distortion of hypersensitive
nucleic acid are they so conserved?

Which function could sign this distortion ?

(No methylation of telomere DNA)

Oléron, 2015/06/05 25



/7
I
X

AcceSS|b|I|ty (A )

[
T T

DNA accessibility

Rap1 binding site

DNA Bending

A CACCC

Bending parameter

h
b

12B@
=t Oléron, 2015/06/05

GAACACCACACAACACCCACACACCAGGTGT

Overall bending of = 20°
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Cce2 Rap1 binding at telomere fiber.

Atomic Force Microscopy (AFM)
experiments. Scale bars
corresponds to 200 nm (A, B)
and 100 nm (C-F)

A

16 Rap1
. . 5 Binding sites 3 20
Analysis of DNA curvature using — ” T ]
the ratio between curvilinear (S) o wm  7omm g = et .
. . (232bp)  (272bp)  (232bp) 3 B Rapieseon S 1
and direct (D) distances. B S 40 o 15 _
= g 1. ’
. DNA DNAA+Rap1 = o * 1 | 3
b BN 1= =5
B B RECRCTERI GG I ¥ & &
— — Ratio SID & q@"\@

Binding of Rap1 is associated to local DNA stiffening.

The local bending observed in the crystal structure does not propagate along DNA fiber

What is the architecture associated to this binding ?

Collaboration Olivier Pietrement,
Le Bihan Y-V, et al.,. Acta Crystallographica-D, 2013. EnC I—e Cam, IGR V|”eJU|f

Oléron, 2015/06/05
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RAP1: available structural data

BRCT domain

NMR structure
(Zhang et al., BBRC, 2011)

Rap1 full length
Electron microscpy
Ve Papai et al., Nature, 2010

(ToB@Y
oW Oléron, 2015/06/05

DBD/ DNA

Crystal structure
(Kdnig P. et al., Cell, 1996)

O e e (R R TR
) 1 ¥ o B

Diameter = 120213 A (avg 255 images)
Rap1 full length

Electron microscopy

Williams et al., J Biol Chem, 2010

Toxicity

Transcription
activation

Silencing

Length regula

NHEJ inhibit

vy [N
N N
o S

RCT domain
Crystal structure

(Feeser & Wolberger, J Mol Biol, 2008)

RCT/Sir3-peptide
Crystal structure
Chen et al., NSMB, 2011
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Remaining questions:

Pseudo-ring Interaction with

conformation functional
. partners ?
-~
‘ N-ter <> C-ter
Overall ) Interaction?
architecture ? / Molecule
\ flexibility ?
Conformational Conformation
adjustment upon ‘ | size |
DNA binding ? ’

r%\ orientation of
, linkers ?

Telomeric DNA
No unique method allows to resolve .
architecture of a flexible molecule involved in = Inﬁg:gg;ea:gr:atg:‘al

dynamics and transients interaction

Oléron, 2015/06/05 29




Structural approaches :

X-ray crystallography

Small Angle X-ray E)itfusion (SAXS)

T T

T T

Crystal X-ray detector
Diffracted
Incident vy beam
beam
~

Data analysis

[ >
Structure Resolution
Molecular Replacement

X-ray detector
i Diffused
i beam
Incident v
beam
g q max

Data analysis
[ >
Ab initio
Molecular modelisation

Limiting step : Obtaining diffracting crystals

Oléron, 2015/06/05

Limiting Factors : aggregation and heterogeneity
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Structural approaches :

% Nuclear Magnetic
Resonance (NMR)

(low affinities)

Labelled protein Fingerprint
15N-, 15N 13C- H, 1SN- HSQC
3D experiments [ =T |
on backbone +
side-chains
+/- partners

) . . Interaction surface
Interaction titration

(+/- partner)
| e

Chemical shifts variations

Contribution of
each method

Crystallography
-

" High resolution structure

7 Averaged overal shape in
solution

7 Interaction surface
mapping

Limiting factor: solubility, size

Oléron, 2015/06/05
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Our approach:

Question Tool
N-ter <= C-ter interaction ? > NMR
ITC

Conformational adjustment
upon DNA binding ?

Overall architecture ? SAXS
Analytical ultracentrifugation

Molecule flexibility ?

Conformation, size,
orientation of linkers ?

Structural keystones of — Crystal structure of a
conformational adjustments ? DBD/DNA complex

Interaction with > :
functional partners ? NMR mapping

Oléron, 2015/06/05 22



CeFirst step: inter-domains interaction analysis

(CRter [ BRCT(

-

S0 o o S e NS
b D ~ o N N
o " o o o S

2- NMR titration: 1- Tool for NMR
analysis of interaction

NS

11
215

116

215
675
82

116
215

No variation of RCT
chemical shifts signals

(BRCT] D
- - o
= S g
Bl o helices
. . [ B sheets
No NMR detectable interaction B undetermined
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CeFirst step: inter-domains interaction analysis

-

(R:ter [, BRCT(

(Rer (BRCT O
or + @EEDEDICTT( T RCT )

(BRCT | O

11
215
35
596
616
630
675
82

Retention volume

. . . [ A
Gel filtration profiles 75 kDa— W
A 50 kDa— %
016 | 37 kDa— =
| -‘.D“— |
| 25 kDa—— **
“ 75kDa—
“ 50 kDa—— **
012 ‘ 37 kDa— —

\ Rap1[1-224] Rap1,1,7.355
—Rap1[117-352] 25 kDa—— S=

e e
— -
—Rap1[358-827] gg ﬁgg _& * — Raps550
o.08 | —Rap1[1-224] and [358-827] 37 kDa— i

Rap1[117-352] and [358-827]

OD at 280nm

25 kDa—— -

75kDa— ™ 4 bl
50 kDa— " - Rap1355.507;
37 kDa— = -

— ~ RapT;,

\\
\_
) e 3 75kDa— %
0,00 e — — 1 - o1
200 220 240 260 280 300 320 340 360 38 400 50 kDa )4 w P 3s8-5271

25 kDa -
. 37 kDa— * '
R I L - - B
N etentlon$ ume (m )} 25 kD e Rap1;447.355

No detectable interaction between N-ter and DBD-Cter moieties
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Intermediate information:

’ Pseudo-ring_|

conformation

Telomeric DN

No detectable interaction between RCT and N-ter region
No detectable interaction between N-ter and DBD-Cter moieties

Oléron, 2015/06/05 25



Structural analysis of Rap1 full-length:

DE LA RECHERCHE A LINDUSTRIE

Combination of SAXS and AUC

Three constructs R [ ReE Sufficient for telomeric

functions

827

1
358

(N=ter ( BRCT(,
o e
SEE

358

One telomeric 5’ -TCCTGGTGTGTGGGTGTGCG - 3’
oligonucleotide 3" - GACCACACACCCACACGCAG - 57

Oléron, 2015/06/05 26



CLEIL

/C\ 0,0001
(2N :

0,00001

I(q)

0,000001

0,0000001

1E-08

(axRg)?x1(q)/1,

Structural analysis of Rap1 full-length:

SAXS curves

0.05

0.1 0.15 0.2 0.25
q (A7)

Kratky plots

0.3

0.35

0.4

Monomers only

No complex dissociation

Progressive introduction of N-ter region
associated to more flexible and elongated
molecules

v/ DNA/Protein complexes associated to
more compact objects

SN

SAXS pair distribution plots

1,6E-07

Rap1[358-827]
——Rap1[358-827]-DNA
Rap1[117-827]
Rap1[117-827}-DNA
/; Rap1[1-827]

| ——Rap1[1-827]-DNA

1,2€-07

t 8,0E-08

0,0E+00

0 50 100 150, 200 250 300
R(A)

37



nnnnnnnnnnnnnnnnnnnnnnnn

Détermination d’enveloppes ab initio : DAMMIN Cycle 1: Rf = 0.8857
Cycle 5 : Rf = 0.8819
Cycle 10 : Rf = 0.8587

Cycle 15 :

Cycle 20 :
Cycle 25 :

Cycle 30 :
Cycle 35 :
Cycle 40 :
Cycle 45 :
Cycle 50 :
Cycle 51 :
Cycle 52 :
Cycle 53 :

Cycle 54 :
X2 = 2.06

Rf = 0.0436

Rf =0.0276
Rf =0.0258

Rf =0.0240
Rf=0.0137
Rf =0.0104
Rf=0.0107
Rf =0.0089
Rf =0.0090
Rf = 0.0095
Rf = 0.0095
Rf = 0.0095




-——Progressive construction of Rap1 and Rap1/

DNA

SAXS: ab initio approach

w = AN N

3
5
61
6.
6

Conserved DBD-RCT
region

RC

1
5
9
1
3
7
2

11
2

114

Progressive introduction of
N-ter region associated to
envelop elongation

g)
()
N o w o O o £
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Progressive construction of Rap1 and Rap1/

SAXS: 3D models

DNA interaction
associated with different
orientation of RCT

T 1,E+01
0,15 0,2 0,25 0 0,05
""" Rap1[358-827]
1,E+00
1,E05 —Model =
E 1,E-01
1,E-06
1,E-02
1,E-03
1,E-07
5
E —
'g | g
'goo W 01 0,1 '. 0,2 20
0,0 0
) ’ ’ i ' ° 2 9 0,05
. Chi=0.64

Oléron, 2015/06/05

0,1

0,15

0,2

0,25
""" Rap1[358-827]/DNA
—Model
0,15 0,2 0,25
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Progressive construction of Rap1 and Rap1/

B8R Co—RBRENREA >—Crer ") —BrCp— GBI >—Crer ()

s 4 %E
[
<7t7

DNA interaction associated with :

Py . .
g - Conformational adjustment
i - Increased stability
qg Ve, e
q
1,E-03 1,E-03
0 0,05 0,1 0,15 0,2 0,25
LE04 vEo ~~Rap1/DNA

1,E-05

—Model

I(a)

1,E-06

1,E-06 1,607
1,E-08

1.E-07

5 5
©
=]
T o :
wv
0,1 0,2 0,25 2 o0 ,05 0,15 0,2 0,25
Chi=1.1

41
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Structural analysis of Rap1 full-length:

AUC sedimentation profiles AUC friction coefficients
Program SEDFIT (Schuck, P., 2000) Program SEDFIT (Schuck, P., 2000)

2 o

——Rap1[117-827]-DNA 18
7’

——Rap1[1-827]

——Rap1[1-827]-DNA

fif,

1,6 4

1,4 -

1,2 <

2,1 2,2 23 24 2,5 2,6 2,7 2,8 2,9 3
Sedimentation coefficient (S)

v’ Monomers only

v No complex dissociation

v Progressive introduction of N-ter region
associated to higher friction coefficient

Rap1[358-827]
Rap1[358-827]-DNA
Rap1[117-827]
Rap1[117-827}-DNA
Rap1[1-827]
Rap1[1-827}-DNA

Oléron, 2015/06/05 4



step: progressive construction o
Rap1 and Rap1/DNA

26 27 28

icient (S)

construct Rapl ;s Rapl;,,-. Rapl Rapl,,,.
827] [ 827] [ 827]/D[I\IA Rapl/DNA
Th. MW (kDa) 55 82 92 94 105
Partial  specific | 0.717 0.712 0.710 0.693 0.693
volume (ml/g)
AUS 0.55, 1.1,]0.82, 1.64, ] 0.56, 0.94,] 0.67, 1.35,] 0.56, 0.94,] 0.63, 1.06,
[Sample] (mg/ml) | 2.2 3.11 1.4, 1.88,(2.02 1.88,2.81 2.12, 3.17,
2.81,3.74 4.23
MW (kDa) 55 82 94 67 94 106
Sed coef 3.67 3.76 3.88 4.23 4.29 4.24
SAX | [Sample] (mg/ml) | 1,3.2 1.8,2.5 11 9 g; il L4112
Rg (A) 32.7 58.1 67.4 40.6 71.6 72.4
Dmax (A) 120 224 260 162 275 260
Calc sed coef 3.55 3.75 3.97 4.21 4.31 4.23

Validation of SAXS models by comparison of calculated and
experimental sedimentation coefficients.
Convergence between SAXS and AUC analysis increases the
reliability of the result.

Oléron, 2015/06/05
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Structural analysis of Rap1 full-length:

DE LA RECHERCHE A LINDUSTRIE

Median of the statistical distribution of the conformations of the molecule in
solution, including flexible regions

Free Rap1 2:/;“5 Rap1/DNA

Telomeric DNA

) Stabilization
Molecule Associated to —
flexibility N-terminal region DNAbinding = ¢ o tonal
adjustment

Matot, Le Bihan, et al., Nucl Acid Res, 2012.
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Remaining question:

Free Rap1

Structural determinants of
conformational adjustment
upon DNA binding ?

Oléron, 2015/06/05 45



Crystal structure

Loop 565-597 wraps DNA and

HZ\ ° °
kN A drives N- and C-terminal
H1 N-ter) 75305 . regions toward opposite
» directions

~
~~o
1Y

gf(

'/ »_"‘ | A b _7 .
12B@9 "
e Oléron, 2015/06/05 46
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Crystal structure

I Segment 591-597 locks Rapl around DNA.

Ve
(ToB@Y
\ W Oléron, 2015/06/05 47




o7 Analysis of Rap1 wrapping determinants

1280

RapI Raplyspawsory— Raplagsyr.sor
Mutation Y592A4-K597A4 or m i e |
deletion of segment (T~ l I 11
591-597 affects DNA e — e ——
binding. E
Ka (M-1) 25103+044  [15108+0.36  |6.5107 +0.58
Relative Ka 1 0.6 0.26
AG -10.8 ~105 -10.0
AH (kcal/mol) |6.8 + 0.04 6.8 £ 0.07 186+ 0.1
TAS 176 173 28.6

Oléron, 2015/06/05
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o2 Analysis of Rap1 wrapping determinants

Oléron, 2015/06/05

N N
2y Ei
ITT F93 Mutation Y592A-
empty vector AN NI b3 .
E 2 ':? 223 < K597A or deletion
~ 33 -
rapl-Y5924;K59740 S§§ < §§F of segment
rap1-A591-597/€ o 591-597 affects
rapl-R58040 T | - 97 kDa cells viability.
+ Cu2+
R””,i Raplpspnsray— Raplysgrso
Mutation Y592A-K597A4 or (i el I ’”H
deletion of segment | . ‘|1~Ll Il [T—
591-597 affects DNA e R o
Ka (M) 2.5 108 + 0.44 151092036 6.5107 £0.58
Relative Ka 1 0.6 0.26
AG -10.8 -10.5 -10.0
AH (kcal/mol) |6.8 +0.04 6.8+0.07 18.6 0.1
Izgeq TAS 17.6 17.3 28.6



Conclusions :

Interaction of Rap1 with DNA induces a complete wrapping of the
protein around DNA, and a stiffening of DNA fiber.

Mutation or deletion of region that locks the protein around DNA:
=> Affects Rap1 affinity for DNA.
= Affects Rap1 functional integrity.

Oléron, 2015/06/05 50



Toward telomeric assembly

o

Free R

Oléron, 2015/06/05 51



Toward telomeric assembly

Steric clash

DBD/DNA interaction
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Toward telomeric assembly

Wrapping
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Toward telomeric assembly

Rif2, Sir3
NMR
mapping
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Toward telomeric assembly

NMR mapping, gel filtration
profiles and ITC show no Nter-
Cter interaction between
isolated domains

2" molecule
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DE LA RECHERCHE A LINDUSTRIE

ce2 Toward telomeric assembly

s —

12505

Oléron, 2015/06/05 56




Toward telomeric assembly

RCTs remain
accessible to
protein partners

BRCT-DNA
distance = 50 A

Matot, Le Bihan, et al., Nucl Acid Res, 2012.
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With suc

With such wrapping

interaction, how ca

efficiently unbound at
stage ?

New arising questions:

>h promiscuity of tightly bound molecules
‘affinity’ still mean anything ?

and tight &
n Rap1 TR
replication
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