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Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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2021 Chesterton 5 2021 Chesterton 5 5/7
2009 Crotty ® 6 2009 Crotty ® 6 6/7
2013  ElMiedany ¢ 2 4 2013  ElMiedany 0 2 4
2002 Evers 32 2002 Evers 32
2020 Hinman ® 5 2 2020 Hinman ® 52
2020 Li I 6 2020 Li I 6
2014 Manning 4 1 2014 Manning 4 1
2016 Murphy 4 1 2016 Murphy 4 1
2020 Nilssen 3 1 2020 Nilssen 3 1
2020 O'Keeffe 4 2020 O'Keeffe 4
2017 O'Dwyer ® 6 2017 O’Dwyer ® 6
2005 Pariser 14 2005 Pariser 14
2020 Roddy e 5 1 2020 Roddy e 5 1
2021 Shao 5 2021 Shao 5
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2015 Williams 5 2015 Williams 5
21 20 9 15 15 12 1 3 21 20 9 15 15 12 1 3
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(a) Percentage of mice with tumors, (b) tumor number, and (c) size of Dclk1CreERT2;Apcfl/fl;Dnmt1fl/fl mice compared to Dnmt1fl/+ and Dnmt1+/+ mice. (d)
Relative mRNA expression of DNMT1 of tumors from Dnmt1+/+ Dnmt1fl/+ and Dnmt1fl/fl mice. The percentage of mice with tumors was significantly re-
duced with DNMT1 deletion as well as tumor number and size compared to Dnmtifl/+ and Dnmt1+/+ mice. Data are presented as mean+SEM. (*p<0.05,

**p<(,01, ***p<0.001)
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Dclk! Apc?t CreERTZ

5-mC%, 5mC/total DNA mice with tumors, %

15 ~

10 A

O_

—_— —

ctrl 5-AZA

100 -

50 A

O_

—_— —

.

veh 5-AZA

tumors per mouse

0O -

O_

—_— —

T

-

veh 5-AZA

tumor size, mm?2

15 -

10 A

O_

-k%k%k-

veh 5-AZA

AOM/DSS
tumors per mouse
8 -
6 -
4 -
-+
2 -
O -
veh 5-AZA

10 -

O_

tumor size, mm?2

T

veh 5-AZA

(a) Percentage 5-methylcytosine in colonic epithelial cells from WT mice treated acutely with vehicle vs 5-AZA, (b) percentage of mice with tumors, (c) tumor
number, and (d) tumors size of Dclk1CreERT2;Apcfl/fl.mice treated with vehicle (left) or 5-AZA (right). (€) Tumor number and (f) size in AOM/DSS mice treated
with vehicle (left) or 5-AZA (right). Mice treated with 5-AZA show a significant reduction in colonic tumor number and size. Data are presented as mean+SEM.
(*p<0.05, **p<0.01, ***p<0.001)
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(a) Percentage of mice with tumors, (b) tumor number, and (c) size of Dclk1CreERT2;Apcfl/fl;Dnmt1fl/fl mice compared to Dnmtifl/+ and Dnmt1+/+ mice. (d)
Relative mMRNA expression of DNMT1 of tumors from Dnmt1+/+ Dnmt1fl/+ and Dnmt1fl/fl mice. The percentage of mice with tumors was significantly re-
duced with DNMT1 deletion as well as tumor number and size compared to Dnmt1fl/+ and Dnmt1+/+ mice. Data are presented as mean+SEM. (*p<0.05,

**p<0,01, ***p<0,001)
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(a) Percentage 5-methylcytosine in colonic epithelial cells from WT mice treated acutely with vehicle vs 5-AZA, (b) percentage of mice with tumors, (c) tumor
number, and (d) tumors size of Dclk1CreERT2;Apcfl/fl.mice treated with vehicle (left) or 5-AZA (right). () Tumor number and (f) size in AOM/DSS mice treated
with vehicle (left) or 5-AZA (right). Mice treated with 5-AZA show a significant reduction in colonic tumor number and size. Data are presented as mean+SEM.
(*p<0.05, **p<0.01, ***p<0.001)



Loss of DNMT1 inhibits colitis-associated cancer
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(a) Percentage of mice with tumors, (b) tumor number, and (c) size of Dclk1CreERT2;Apcfl/fl;Dnmt1fl/fl mice compared to Dnmtifl/+ and Dnmti+/+ mice. (d)
Relative mMRNA expression of DNMT1 of tumors from Dnmt1+/+ Dnmt1fl/+ and Dnmt1fl/fl mice. The percentage of mice with tumors was significantly re-
duced with DNMT1 deletion as well as tumor number and size compared to Dnmtifl/+ and Dnmt1+/+ mice. Data are presented as mean+SEM. (*p<0.05,
**p<0.01, ***p<0.001)
5-AZA inhibits colitis-associated cancer
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(a) Percentage 5-methylcytosine in colonic epithelial cells from WT mice treated acutely with vehicle vs 5-AZA, (b) percentage of mice with tumors, (c) tumor
number, and (d) tumors size of Dclk1CreERT2;Apcfl/fl.mice treated with vehicle (left) or 5-AZA (right). () Tumor number and (f) size in AOM/DSS mice treated
with vehicle (left) or 5-AZA (right). Mice treated with 5-AZA show a significant reduction in colonic tumor number and size. Data are presented as mean+SEM.

(*p<0.05, **p<0.01, ***p<0.001)
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(a) Percentage of mice with tumors, (b) tumor number, and (c) size of Dclk1CreERT2;Apcfl/fl,Dnmt1fl/fl mice compared to Dnmtifl/+ and Dnmt1+/+ mice. (d)
Relative mRBNA expression of DNMT1 of tumors from Dnmt1+/+ Dnmt1fl/+ and Dnmt1fl/fl mice. The percentage of mice with tumors was significantly re-
duced with DNMT1 deletion as well as tumor number and size compared to Dnmt1fl/+ and Dnmt1+/+ mice.
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(a) Percentage 5-methylcytosine in colonic epithelial cells from WT mice treated acutely with vehicle vs 5-AZA, (b) percentage of mice with tumors, (c) tumor
number, and (d) tumors size of Dclk1CreERT2;Apcfl/fl.mice treated with vehicle (left) or 5-AZA (right). () Tumor number and (f) size in AOM/DSS mice treated
with vehicle (left) or 5-AZA (right). Mice treated with 5-AZA show a significant reduction in colonic tumor number and size.
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(a) Percentage of mice with tumors, (b) tumor number, and (c) size of Dclk1CreERT2;Apcfl/fl;Dnmtifl/fl mice compared to Dnmt1fl/+ and Dnmt1+/+ mice. (d)
Relative mRNA expression of DNMT1 of tumors from Dnmt1+/+ Dnmt1fl/+ and Dnmt1fl/fl mice. The percentage of mice with tumors was significantly re-
duced with DNMT1 deletion as well as tumor number and size compared to Dnmt1fl/+ and Dnmt1+/+ mice.
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(a) Percentage 5-methylcytosine in colonic epithelial cells from WT mice treated acutely with vehicle vs 5-AZA, (b) percentage of mice with tumors, (c) tumor
number, and (d) tumors size of Dclk1CreERT2;Apcfl/fl.mice treated with vehicle (left) or 5-AZA (right). () Tumor number and (f) size in AOM/DSS mice treated
with vehicle (left) or 5-AZA (right). Mice treated with 5-AZA show a significant reduction in colonic tumor number and size.
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(a) Percentage of mice with tumors, (b) tumor number, and (c) size of Dclk1CreERT2; Apcfl/fl;Dnmtifl/fl
mice compared to Dnmt1fl/+ and Dnmt1+/+ mice. (d) Relative mRNA expression of DNMT1 of tumors from
Dnmt1+/+ Dnmt1fl/+ and Dnmt1fl/fl mice.
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(a) Percentage 5-methylcytosine in colonic epithelial cells from WT mice treated acutely with vehicle vs 5-AZA, (b) percentage of mice with tumors, (c) tumor
number, and (d) tumors size of Dclk1CreERT2;Apcfl/fl.mice treated with vehicle (left) or 5-AZA (right). (e) Tumor number and (f) size in AOM/DSS mice treated
with vehicle (left) or 5-AZA (right). Mice treated with 5-AZA show a significant reduction in colonic tumor number and size.
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Cohesion Symmetrical

DIP( HOW PHYSICS GOVERNS GENETIC INHERITANCE

Healthy cell

DNA segregation division

HEALTHY
DIVISION

When cells divide, the DNA
— — needs to be duplicated and
segregated symmetrically.

), w) A ~
D=

The ring-shaped protein Cohesin is responsibe for keeping chromosomes together.

Cohesin ring

) Asymmetrical
Cohesion loss y
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@ HOW DOES COHESIN KEEP TOGETHER CHROMOSOMES BALANCING EXTERNAL FORCES?
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\'° Mimicking chromosome segregation Merging imaging and biophysics
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COHESIN RESISTS FORCES UP TO 20 PN, WHEN IT DISENGAGES AT ITS WEAKEST INTERFACE
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Cohesin always broke at the least stable
interface: a ring that always breaks at its
weakest point.

Cohesin’s weakest interface is mutated in disease:
Sorger g s knowing how this interface is important allows us to

Grundlagenforschung

target the dysfunctional mutations
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Before a cell can divide,
it must first make a copy

CHROMATIDS

The original chromosome
and its copy are bound
together by cohesin.
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Sy ONE RING TO RULE THEM ALL

Martina Richeldils

CELL DIVISION REQUIRES
WELL-ORGANISED DNA
COPYING AND SEGREGATION

Cohesin is a ring—shaped protein that keeps
the two sister chromatids together.

Cohesin guards against these becoming
prematurely separated — the consequence of
cohesin loss is an imbalance of genetic material.

MUTATIONS IN COHESIN GIVE
RISE TO CANCER AND OTHER
GENETIC DISEASES

The hallmark of cancer is genomic instability:
errors in copying and distributing DNA.

Cohesin is mutated in 30% of all cancer
cases comprising 32 different cancer types,
contributing to genomic instability.

Mutations in cohesin also directly cause severe
genetic disorders called cohesinopathies

(1/10,000 live births).

Proportion of cancers

0,
with mutations in cohesin § 23% Bladder cancer

COHESION

SEGREGATION

Cohesin: the tiny and strong
guardian of our genetic inheritance

2,3 Frank Uhlmann?, Maxim Molodtsov!:3

1Biopbysics and Mechanobiology and 2Chromosome Segregation Laboratories at The Francis Crick Institute, London, UK
3Department of Astrophysics, University College London, London, UK martina.richeldi(@crick.ac.uk  (@MartinaRicheld1
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Healthy cell division
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Abnormal cell division
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Cohesin dysfunction or
premature loss

I 19% Ewing sarcoma

Disruption of
cohesion between
sister chromatids
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Asymmetric distribution
of genetic information

I 13% Myeloid neoplasms

SEEING AND MOVING TINY THINGS — TESTING THE LIMITS AND WEAKNESSES OF COHESIN

How do we move molecules?
To understand the role of
cohesin in cell division and
chromosome segregation

we use a biophysical technique
called optical tweezers.

Through a glass bead, which we
can attach to specific
molecules, the laser of these
tiny tweezers can hold and
apply forces to DNAs that are
encircled by cohesin. Like
this,where the bead goes, the
molecule goes with it.

How do we see molecules?
Fluorescent tags can be attached
to molecules, like DNA and
cohesin. When illuminated by a
laser, these

DNA
tagged molecules 4,
light up, allowing
us to monitor
their movement
and behaviour. cohesin

The intersection of
imaging & biophysics

For the first time, combining
visualisation and optical

tweezers, we see and move single

molecules of cohesin. This allows
us to measure cohesin’s strength
and identify its weaknesses.
Y d
é - ‘ M Martina Richeldi

- ¥ (@MartinaRicheld1
XX martina. richcldl@crlck.ac.uk
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OPTICAL TWEEZERS — A METHOD TO SEE AND MOVE MOLECULES
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Targeting the weak link
The cohesin ring always broke
when the force applied to it
reached ~20 pN.We observed
this regardless of the direction
of pulling and what kind of
DNA was used.

Importantly, the cohesin ring
broke always at the same
position in its structure: this
weak point is precisely the part
of the protein that is mutated
in disease.

Watch the
r cohesin ring
t break in real time.

THE WAY FORWARD
Understanding how mutations
affect the biophysics of
cohesin will eventually

help us treat cancer and
cohesinopathies.

Cobhesin is incredibly strong!

It can resist a pulling force of

~20 piconewtons (20 trillionth of
a newton). This is 4 times as much
as generated by kinesin, a protein

that moves molecules around.

A Newton is a measure of force. The Earth

pulls on a 100 gram mass with a force of
about | Newton.

ThE 3 Boehringer Ingelheim Fonds
CRICK > ( Stiftung fur medizinische
il Grundlagenforschung



..Force . . .

dmaging

One ring to rule them all:
how cohesin holds together X-shaped chromosomes
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When cells divide, the DNA
needs to be duplicated and
segregated symmetrically.

HEALTHY
DIVISION

The rlng shaped protein Cohesm is responsibe for keeplng chromosomes together.

Asymmetrlcal

COheS'?n loss DNA segregatlon

AneupEO|dy

If symmetrical segregation
fails, genetic diseases and
cancers can arise.

PREMATURE
_.COHESIN.LOSS ...

COHESIN IN CANCER AND DISEASE

: Cohesln mutat|<:)ns in cancers Cancer Cojhesinopathies:
190 . o mutated in 30% of  °1in 10,000 live births
- pan-cancer cases o: severe developmental and
:o _found in 32 dltferent - physical abnormalities
50 Ecancer types '
Sister Sister : :
DNA 1 DNA 2 25 1% | 23%

13% Understandmg how cohesrn works will help treat

Ewing  Myeloid Bladder genetlc dlseases

sarcd)ma neo'plasms cancer'

HOW DOES COHESIN KEEP TOGETHER CHROMOSOMES BALANCING EXTERNAL FORCES”

Experlmental workflow Output

M/m/ck/ng chromosome segregat/on - Merging: /maging and biophysics
: : : : : : : : < EH
g i)
i ii) i) 8 2y i)
g
P : : . : § Distance
Zero force Maximum force Cohesin: rupture
COHESIN RESISTS FORCES UP TO 20 PN WHEN IT DISENGAGES AT ITS WEAKEST ENTERFACE
5 ' ' P ' . 60
25 rupture MaX|mum force is ~20 pN 180° a
Z 20 force : i) cohesm has detached from DNA . 50 : : =
ks 12 NS I R : Slgnlflcant force' : L 40
: - : i Z :
0 - eg protein kmesm generates P
40 50 60 70 80 | ~5 pN force = :B_) 30
: Dlstance (pm) i i
' le t : . : 20
x 10¢ single-ste : i
: : 2_@ phgteblea:ihi”g ¢ Real t|me |mag|ng ;
. § 15 P - Asingle- step drop in fluoresoence 10
£ 3 10 represents one Iabelled molecule
S % 0s o
& g En8ured that one cohesm only . Cohesin always broke at the least stable
= 2 was bemg tested at any t|me . interface: a ring that always breaks at its
0 100 200 :300 400 : : : i
Time () Weakest pomt
Martina Rlé:heldl Cohesm S Weakest mterface is mutated in disease:
Martina R|cheld1 kndwmg how this interface is important allows us to
martina. r,cheld,@cmk ac. uk target the dysfunctlonal mutations




NPT HOW PHYSICS GOVERNS GENETIC INHERITANCE

Symmetrical Healthy cell
DNA segregation division

When cells divide, the DNA
— needs to be duplicated and
segregated symmetrically.

Cohesion
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The ring-shaped protein Cohesin is responsibe for keeping chromosomes together.
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Symmetrical Healthy cell
DNA segregation division

When cells divide, the DNA
needs to be duplicated and
segregated symmetrically.

The ring-shaped protein Cohesin is responsibe for keeping chromosomes together.
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fails, genetic diseases and
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Cohesin rupture

« Maximum force is ~20 pN:
cohesin has detached fromm DNA

« Significant force!

e.g. protein kinesin generates
~5 pN force

o Real-time imaging:
A single-step drop in fluorescence
represents one labelled molecule.

o Ensured that one cohesin only
was being tested at any time.
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Cohesin always broke at the least stable
interface: a ring that always breaks at its
weakest point.

target the dysfunctional mutations

Cohesin’s weakest interface is mutated in disease:
knowing how this interface is important allows us to
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ONE RING TO RULE THEM ALL
What holds a chromosome together
and why it matters
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GENETIC INHERITANCE RELIES ON HEALTHY CELL DIVISION

When cells divide, the DNA
needs to be duplicated and Healthy

Cohesion

segregate d symmetri Cally. division Symmetrical DNA segregation

Healthy cell division

COHESIN IS A RING-SHAPED PROTEIN THAT KEEPS CHROMOSOMES TOGETHER

If symmetrical segregation
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cancers can arise. . Asymmetrical DNA segregation
cohesin loss
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Sister MUTATIONS IN COHESIN ARE IMPLICATED IN CANCER AND OTHER DISEASE
DNAT Cohesin is mutated in ~ Mutations in cohesin Cohesin mutations in cancers
Sister 30% of pan-cancer account for severe 100
DNA 2 cases and found in 32 developmental and physical 75
different cancer types.  abnormalities in 1 out of 50
10,000 live births. 25
0
UNDERSTANDING HOW COHESIN 19% 13% 23%
WORKS WILL HELP TREAT 2oz sl kg

sarcoma neoplasms cancer

GENETIC DISEASES
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COHESIN’S WEAKEST INTERFACE IS MUTATED IN DISEASE: KNOWING HOW THIS INTERFACE IS
IMPORTANT ALLOWS US TO TARGET THE DYSFUNCTIONAL MUTATIONS
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GENETIC INHERITANCE RELIES ON HEALTHY CELL DIVISION

When cells divide, the DNA Cohesion
needs to be duplicated and Healthy

segregated symmetrically. division Symmetrical DNA segregation

Healthy cell division

COHESIN IS A RING-SHAPED PROTEIN THAT KEEPS CHROMOSOMES TOGETHER

If symmetrical segregation

fails, genetic diseases and Cohesion loss
‘ Premature , :
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Cohesin is a ring-shaped Understanding how cohesin works
protein that keeps a will help treat cancer and
chromosome together. other genetic diseases.
INHERITANCE OF GENETIC S
INFORMATION RELIES ON Healthy

HEALTHY CELL DIVISION division Symmetrical DNA segregation

In this process, DNA must be Healthy cell division
segregated symmetrically.

Otherwise, errors in DNA Cohesion loss
.. . Premature . .
duplication can occurr, leading to Asymmetrical DNA segregation
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cancer and other genetic diseases. Aneuploidy
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HOW DOES COHESIN KEEP TOGETHER CHROMOSOMES BALANCING EXTERNAL FORCES?
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Cohesin is a ring-shaped protein
that keeps a chromosome together.

HEALTHY DIVISION
Segregation

WAt

Cohesion Cell division

ABNORMAL DIVISION

INHERITANCE OF GENETIC
INFORMATION RELIES ON
HEALTHY CELL DIVISION

In this process, DNA must be segregated
symmetrically. Otherwise, errors in DNA
duplication can occurr, leading to cancer
and other genetic diseases.

MUTATIONS IN COHESIN ARE
IMPLICATED IN CANCER AND
OTHER DISEASES

Cohesin is mutated in 30% of pan-cancer
cases and found in 32 different cancer types.

——
I
Loss of Asymmetrical Chromosome Mutations in cohesin account for severe
\ cohesion segregation imbalance developmental and physical abnormalities in
CHROMOSOME 2 1 out of 10,000 live births.
sister sister ) c . ) & ) Proportion of cancers with
DI;IA DIZ\IA - o mutations in cohesin
. Ewing sarcoma 19% .
_ © © Myeloid neoplasms 13% [}
' Premature cohesin loss Bladder cancer 23% [l
' Understanding how cohesin works will help treat cancer
and other genetic diseases.
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Cohesin is a ring-shaped protein
that keeps a chromosome together.

HEALTHY DIVISION
Cohesion Segregation Cell division
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ABNORMAL DIVISION
Loss of Asymmetrical Chromosome
cohesion segregation imbalance
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Premature cohesin loss

CHROMOSOME 2

sister sister
DNA DNA
| 2

and other genetic diseases.

ONE RING TO RULE THEM ALL
What holds a chromosome together
and why it matters
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INHERITANCE OF GENETIC
INFORMATION RELIES ON
HEALTHY CELL DIVISION

In this process, DNA must be segregated
symmetrically. Otherwise, errors in DNA
duplication can occurr, leading to cancer
and other genetic diseases.

MUTATIONS IN COHESIN ARE
IMPLICATED IN CANCER AND
OTHER DISEASES

Cohesin is mutated in 30% of pan-cancer
cases and found in 32 different cancer types.
Mutations in cohesin account for severe
developmental and physical abnormalities in

1 out of 10,000 live births.
Proportion of cancers with
mutations in cohesin
Ewing sarcoma 19% [
Myeloid neoplasms 13% .
Bladder cancer 23% [

Understanding how cohesin works will help treat cancer



HOW DOES COHESIN KEEP TOGETHER CHROMOSOMES BALANCING EXTERNAL FORCES?

How do we see molecules? / T i1 1) ) Targeting the weak link
Lorem ipsum dolor sit 5 Moxi Cohesi Cohesin always breaks

ero aximum ohesin : T
amet, consectetuer DNA at its weakest point

adipiscing elit, sed diam force force rupture

nonummy nibh euismod
tincidunt ut laoreet dolore
magna aliquam erat
volutpat. Ut wisi enim ad

and it is prcciscl}* this

region in the protein

weak point that is mutated in

disease.

Cohesin

. . . start |6 seconds |8 seconds By understanding how
Imaging & Biophysics mutations affect the
Lorem ipsum dolor sit amet, cohesin
consectetuer adipiscing elit,
sed diam nonummy nibh

euismod tincidunt ut laoreet

biophysics of cohesin
rupture will hclp

DNA . .
pinpoint targctcd

treatment.
dolore magna aliquam erat
volutpat. Ut wisi enim ad
minim veniam, quis nostrud 0.0022mélg1meter S
Imaging in real-time «103  Fluorescence Force (pN)
Real-time imaging: A 20 75 o Maximum force is
single-step drop in 0 {\ o f ~20 pN: cohesin has
fluorescence represents one |5 ‘v\ BN 20 / detached from DNA.
Ebelled moleciile. Ensured 10 | W vﬂ 'M\]l i 15 Significant force!
at one cohesin only was ii n 10 — e.g. protein kinesin
being tested at any time. 5 \’ | i 5-1 enerates ~5 pN
0 - Aﬁ;iiiﬁ Ll 0 w— fgorce P
WWW” e U v /! ’
100 200 300 400 5 6 7 8

time, s distance, ym



-,
s ONE RING TO RULE THEM ALL
Cohesin: the tiny and strong
guardian of our genetic inheritance

Martina Richeldi!»2:3, Frank Uhlmann?, Maxim Molodtsov!:3

1Biopbysics and Mechanobiology and 2Chromosome Segregation Laboratories at The Francis Crick Institute, London, UK
3Departmemt of Astrophysics, University College London, London, UK martina.richeldi(@crick.ac.uk  (@MartinaRicheld1

DIVISION
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Symmetric distribution
of genetic information
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Asymmetric distribution
of genetic information

SEGREGATION
Healthy cell division

1
-
1

Disruption of
cohesion between
sister chromatids

CELL DIVISION REQUIRES
WELL-ORGANISED DNA
COPYING AND SEGREGATION

COHESION
Cohesin is a ring—shaped protein that keeps x
the two sister chromatids together.

Cohesin guards against these becoming
prematurely separated — the consequence of
cohesin loss is an imbalance of genetic material.

MUTATIONS IN COHESIN GIVE
RISE TO CANCER AND OTHER
GENETIC DISEASES

The hallmark of cancer is genomic instability:
errors in copying and distributing DNA.

l CHROMOSOME 2

Before a cell can divide,
it must first make a copy

tlts genetic material.
SISTER

i
s

Cohesin dysfunction or
premature loss

Cohesin is mutated in 30% of all cancer
cases comprising 32 different cancer types,
contributing to genomic instability.

The original chromosome

' Mutations in cohesin also directly cause severe
and its copy are bound

CHROMATIDS
g

together by cohesin.

‘/lll

genetic disorders called cohesinopathies

(1/10,000 live births).

Proportion of cancers

0O,
with mutations in cohesin § 23% Bladder cancer

I 19% Ewing sarcoma

I 13% Myeloid neoplasms

SEEING AND MOVING TINY THINGS — TESTING THE LIMITS AND WEAKNESSES OF COHESIN

How do we move molecules?
To understand the role of
cohesin in cell division and
chromosome segregation

we use a biophysical technique
called optical tweezers.

Through a glass bead, which we
can attach to specific
molecules, the laser of these
tiny tweezers can hold and
apply forces to DNAs that are
encircled by cohesin. Like
this,where the bead goes, the
molecule goes with it.

How do we see molecules?
Fluorescent tags can be attached
to molecules, like DNA and
cohesin. When illuminated by a
laser, these

DNA
tagged molecules 4,
light up, allowing
us to monitor
their movement
and behaviour. cohesin

The intersection of
imaging & biophysics

For the first time, combining
visualisation and optical

tweezers, we see and move single

molecules of cohesin. This allows
us to measure cohesin’s strength
and identify its weaknesses.
Y d
é - ‘ M Martina Richeldi

- ¥ (@WMartinaRicheld1
X martina. richcldi@crlck.ac.uk
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OPTICAL TWEEZERS — A METHOD TO SEE AND MOVE MOLECULES

i i

start, 0 um 0-16 seconds, | =7 ym

Zero force Force application
bead motion
bead &
laser target
laser

tag

cohesin
weak point

I ym =0.000001 m

force (pN)
25
20 e :
i Initially, there is slack i1 The force on the
in the system and the cohesin ring increases
15 he sy: d th h g
bead can be moved as the bead is moved
10 by about 5 um before by 6 um and beyond.

the cohesin ring
experiences a force.

il

18 seconds, 7.2 ym
Cohesin rupture

il

When the bead
is moved about
7.2 um, the
force becomes
so large that
the cohesin ring
breaks.

6
bead distance (um)

8

Targeting the weak link
The cohesin ring always broke
when the force applied to it
reached ~20 pN.We observed
this regardless of the direction
of pulling and what kind of
DNA was used.

Importantly, the cohesin ring
broke always at the same
position in its structure: this
weak point is precisely the part
of the protein that is mutated
in disease.

Watch the
r cohesin ring
t break in real time.

THE WAY FORWARD
Understanding how mutations
affect the biophysics of
cohesin will eventually

help us treat cancer and
cohesinopathies.

Cobhesin is incredibly strong!

It can resist a pulling force of

~20 piconewtons (20 trillionth of

a newton).This is 4 times as much
as generated by kinesin, a protein

that moves molecules around.

A Newton is a measure of force. The Earth
pulls on a 100 gram mass with a force of
about | Newton.

e 3 Boehringer Ingelheim Fonds
ERICK ( Stiftung fur medizinische
e Grundlagenforschung
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To understand the role of
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we use a biophysical technique
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Through a glass bead, which we
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tiny tweezers can hold and
apply forces to DNAs that are
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How do we see molecules?
Fluorescent tags can be attached
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laser, these

DNA
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light up, allowing
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when the force applied to it
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Evaluation satisfaction survey pdp 2023

Survey period: mid-October — mid-November 2023

response rate:
N =206

--------------- =749 %

1%? O
satisfaction surveys were sent out b
87.9 % 12.1%

(excluded: demented, deceased)

——
~ o

Quantitative results Somewhat disagree Neutral Somewhat agree Strongly agree
2 3 4 5

comfortable
professionalism feeling

l waiting time
dedicated on site
time

organisation and
communication of
appointments

~— helped me a lot.”

»Ich habe viel dazu gelernt und auch wo meine schwéicheren Punkte sind und ich méchte daran arbeiten!” 2 Just taking part

»Ich freue mich immer, wenn ein neuer Termin ansteht!” ,Je veux juste exprimer ma reconnaissance de créer un programme
— pareil. Ce sujet me préoccupe beaucoup et c'est magnifique que des

,Le fait de savoir qu'il y a quelqu'un qui se !\ Etats mettent des choses comme le pdp en place. “

soucie de mes préoccupations. “ N—"—"
pdp 66 :’ ,,Wichtig ist fiir mich, dass man nach jedem

pdp Programm sich nicht verschlechtert hat.
Das ist mein Ziel.”

,Freundliche, effizient arbeitende Menschen die in N

»J'éspére pouvoir encore participer longtemps.“ % voices

einem sehr gut organisierten Umfeld niitzliche ,D'abord: le fait qu'il existe. Ensuite, le fait qu'il continue a exister,
Leistungen erbringen, nicht nur fiir mich und lber c'est un projet sérieux qui s'inscrit dans la durée et qui pourra m'étre
die Forschung fiir andere.” utile a moi personnellement. “

" ideas for improvement
Q Gruppentherapie im Norden.

Q Bei der Terminvergabe danach in der Zitha. Da hat es lange gedauert, bis Platz fir mich da war.

O Avoir une application d'entrainement en francais N
= PP Gals. “O- Arrét de bus devant le PDP.

Q Avoir le résultat des tests par rapport au(x) dernier(s) réalisés avec un graphisme simple [...]

PDF 2023

Evaluation satisfaction survey

mid-October — mid-November 2023

ENGAGEMENT

FEEDBACK

=) 291 COMMENTS /138 PARTICIPANTS

IDEAS FOR IMPROVEMENT
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einem sehr gut organisierten Umfeld niitzliche
Leistungen erbringen, nicht nur fiir mich und tber
die Forschung fiir andere.”

Q Gruppentherapie im Norden.

Q Bei der Terminvergabe danach in der Zitha. Da hat es lange gedauert, bis Platz fir mich da war.

Q Avoir une application d'entrainement en frangais.

,D'abord: le fait qu'il existe. Ensuite, le fait qu'il continue a exister,
c'est un projet sérieux qui s'inscrit dans la durée et qui pourra m'étre
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ideas for improvement
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Just taking part : J'éspere pouvoirencore : Lefaitde savoir quilyaquelquunqui : Ichfreue michimmer, wenn ein

helped me alot. :  participer longtemps. @  sesoucie de mes préoccupations. neuer Termin ansteht!

Freundliche, effizient arbeitende Menschen die in einem sehr
gut organisierten Umfeld nutzliche Leistungen erbringen,
nicht nur fGr mich und Uber die Forschung fur andere.

Wichtig ist fir mich,dassman : Ich habe viel dazu gelernt und
nach jedem pdp Programm auch wo meine schwacheren
sich nicht verschlechterthat. :  Punkte sind und ich méchte
Das ist mein Ziel. daran arbeiten!

D'abord: le fait qu'il existe. Ensuite, le fait qu'il continue a
exister, c'est un projet sérieux qui sinscrit dans la durée
et qui pourra m'étre utile a moi personnellement.

Je veux juste exprimer ma reconnaissance de
créer un programme pareil. Ce sujet me
préoccupe beaucoup et c'est magnifique que des
Etats mettent des choses comme le pdp en place.

IDEAS FOR IMPROVEMENT

> Gruppentherapie im Norden.

> Beider Terminvergabe danach in der Zitha. Da hat es lange gedauert, bis Platz fGr mich da war.

> Avoir une application d'entrainement en francais.

> Arrét de bus devant le PDP.

> Avoir le résultat des tests par rapport au(x) dernier(s) réalisés avec un graphisme simple [...]
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BRAND GUIDELINES

Introduction / Brand / Visual identity / Typography / Colours / Photography / Graphic elements / Sprott brand / Ravens brand

Photography =2 Guiding
principles

Engaging original photography
should be used where possible.

To accurately tell our story and
reflect the Carleton brand, there are
four guiding principles to consider.

SELECTED IMAGES SHOULD BE:

Bold

Carleton is an exciting
place doing exciting things.
Photography should be
confident and distinctive,
not quiet and generic.

Authentic

Photography must reflect the
actual story of Carleton. We
should capture real students,
faculty, and staff in environments
that reflect Carleton. We have

a unigue story to tell, so must
emphasize this through the
imagery we use.

Active

There's alot going onin every
part of the university. Our subjects
should be captured either taking
action or taking a brief break from
what they're doing to interact

with our audience.

Inclusive

The Carleton community
is diverse in every way,.
Photography should
proportionately represent
diversity in all forms.
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Astrochemistry goals: Detect new molecules in interstellar space
and explain how they form

' 108 e S RPN - 10'
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L\? F?,,_ "a\,::if‘ “*"3" - ,"}« “-« E:E 102F — ]-(é:':l %_ 410'° g
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Radlo Observatlons: X ?.' “ ";u;' % ;"*‘. T e / ¢ >>? ]O.M £ A ]08 \x/
. S e L) e A RN Model .
DetECt new mOIQCUIES _% ll g = !;2 t \ 3 106 F — 110° =
(>200 detected so far!) N /\,0
| v 10* 10° 10° 10’
Time (yr)
Chemical kinetics
modelling:
How, When and Where

are these molecules formed?

Experiment5°
- Spectroscopy
- Kinetic parameters
- Reaction dynamics/mechanisms

Image: David Fernadez



The 64-meter radio telescope at Parkes
Observatory as seen in 1969, when it was used
to receive live televised video from Apolio 11.

This photo, taken in 1969, shows the telescope as it
was around the time of the first manned Moon
landing. CSIRO's Parkes radio telescope was
officially opened on the 31 October 1961 by the

: Governor-General, Viscount De L'Isle forty years on,
"‘{#i",;-'f it is still one of the most advanced telescopes of its

7 Kind. A gigantic structure of steel and concrete, the

telescope soars nearly 55 metres into the sky near
Parkes NSW. It played a crucial role in receiving
signals during the Apollo 11 Moon landing in 1969,
relaying them for broadcast to an audience of 600
million around the world.

https.//en.wikipedia.org/wiki/Radio_telescope



https://en.wikipedia.org/wiki/Parkes_Observatory
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Implications of digestive dynamics
of protein and starch for
chicken-meat production in the future

Sonia Y Liu
Peter H Selle

Poultry Research Foundation
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Phylogenomics of Land snails

ké Luisa Teasdale

Museum Victoria anad

The University of Melbourne



PHYLOGENOMICS OF LAND SNAILS



The role of cyclin-Cdk complexes
in the budding yeast cell cycle

Deniz Pirincci Ercan
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QUALITATIVE AND QUANTITATIVE CDK CONTROL OF
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Upper Limits on Energy
Non-Conservation

Peter Moen
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Understanding the mechanical basis of mammalian body axis

formation and elongation with self-organized embryo-like structures

Marc Trani Bustos

Jesse Veenvliet Lab

Otger Campas Lab




g v !
! i N
L : 3
i . 4
I- i -
-
" F*
y
i i g
B |
L]
i
L]
i
& p!
1- L]
= S
. i
" y ! 2
a
»
3 #
b | o "
. ' F L
j a ey
. i r
'] . | %
‘_f
] a
£ Ep : &
= *
" A 1
'
'
= & .
& L L
_r A - L] | §
i "
1]
L] L
¥ L
a y
]
= ¥
: i
& ]
o
L1 ﬂ s
p ,
-
q..




Understanding the mechanical basisof - &
mammalian body axis formation and elongation.
with self-organized embryo-like structures

Marc Trani Bustos

Jesse Veenviiet Lab
Otger Campas Lab
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Gordon Andrews (designer)

Gazelle chair (c. 1950) designed, 1957 manufactured
plywood, aluminium, wool

74.0 x 48.0 x 55.0 cm

Museum of Applied Arts and Sciences, Sydney
Purchased, 1989 (89/499)




