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Vad kan en apotekare arbeta med?

Vad kan ni anvanda allt ni lart er till?



Vad ar forskning?




Metodutveckling

Forstaelse Utforskande

Hypotestestning



Metodutvecklig ger nya verktyg och nya
mojligheter

Microscopic observations by

Anton Van Leeuwenhoek!




Vad ar problemet vi vill losa”

Vad skulle vi vilja studera?



Cancer Stem Cell (CSC)

Immune
Pericyte (PC)~ @ N O ' Inflammatory Cells
(ICs)

Local & Bone marrow-
derived Stromal Stem
& Progenitor Cells

©0006

Core of Primary Tumor Invasive Tumor Metastatic Tumor
microenvironment microenvironment microenvironment

Hanahan D & Weinberg RA. Cell. 2011; 144(5): 646-674









Proteins
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Hur kan man gora en ny metod?

Vi anvander komponenter fran
naturvetenskapen
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DNA ar en enkel och forutsagbar
moleky]

En stor repertoir av DNA-
modifierande enzym



DNA base pairing

Wobble

C

Hoogsteen

B

Watson & Crick

A






Rolling Circle Amplification

— DNA circle




in situ Proximity Ligation Assay (in situ PLA)
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Proximity probes Circularization probes Ligation

RCA & Detection






Soderberg et al., Nature Methods 3: 995 (2006) .



Detection of phosphorylated PDGFRf
(secondary proximity probes)

\/

extracellular

intracellular




Detection of phosphorylated PDGFRf in
human Fibroblasts by in situ PLA

Jarvius, Paulsson, Weibrecht et al., Molecular & Cellular Proteomics. 6(9): 1500 (2007)




Racker det med att detektera en
protein interaktion for att forsta
biologin?



Multiplexing




Multiplex in situ PLA
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Her2-EGFR
Her2-Her2

Leuchowius et al., Mol Cell Proteomics,
12(6):1563-71 (2013)




Molecular Boolean analysis -
MolBoolean




Molboolean design

: ] =« Probe binding

A &‘ B O » : -y :
]  Circle hybridization

e " . Digestion with Nickase
[ ] =’ Tag hybridization and
Z 7 ligation
A B » | |

* Rolling circle

amplification
» Detection

Raykova & Kermpatsou et al., unpublished



Molboolean analysis of E-Cadherin / 3-Catenin

: . B-catenin

40.00 um i ? e
—+—+"%——" Deconvolved . Colocalizing signal only

Raykova & Kermpatsou et al.,
unpublished



Pairs of antibodies targeting different epitopes

Hoechst

B-cat (rabbit) |

" Colocaliziatio -

Pearson: 0,604

Raykova & Kermpatsou et al.,
unpublished




Racker det med att detektera
protein interaktioner for att forsta
biologin?

Kan vi kombinera olika slags
metoder for att fa en djupare
forstaelse?



Padlock probes

Nilsson et al., Science 265:2085 (1994).

Nilsson et al., Nature Genetics 16:252 (1997).
Nilsson et al., Nature Biotechnol 18:791 (2000).




Target preparation — step 1
Target sequence |
|

Restriction site




Target preparation — step 2
Target sequence |
|

Restriction site

Restriction digestion *




Target preparation — step 3

Target sequence I
Restriction sit
Restriction digestion ¢




Target recognition by padlock probe
Target sequence |
|

Restriction site

Restriction digestion *
):
5'-3' Exonucleolysis ¢
— >
Padlock probe hybridization
and ligation
»>

—_/



Target-primed RCA

\—/



Target-primed RCA

" exonucleolysis ¢







Detection of single nucleotide variation in
the mitochondrial genome (A3243G)

Larsson et al., Nature Methods 1:227 (2004)




Detection of single transcripts using padlock
probes and RCA

30% detection efficiency

Membrane staining

Larsson, C. et al. (2010) Nature Methods,7, 395-397.




K-RAS genotyping of mMRNA = ¢ ‘
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' Homozygots G T

Co-culture homozygots
GGT,G'T




Schematic lllustration of in situ Sequencing

d MRNA ———= f
Primer

C Gap-fill Padlock Probe d Barcode Padlock Probe

CD -,

cDNA cDNA

Gap-filling and ligation Ligation of barcode
of padlock probe padlock probe

-,

cDNA cDNA

e \ Sequencing-by-Ligation g Base 1 Base 2 Base 3 Base 4

NANNNNNNN-
NTNNNNNNN-
Anchor Primer NCNNNNNNN-

NGNNNNNNN-
C

3

Ke, et al, Nature Methods, 10:857 (2013)




Sequencing ACTB in mouse and man

DAPI

FITC-T

Cya G

TxRed - C LS
Cy5-A -
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Mouse GCAAAGCCGG
Human GCAAGGCCGG




Sequencing ACTB in mouse and man

DAPI
FITC-T

TxRed - C
Cy5-A

Mouse GCAAAGCCGG
Human GCAAGGCCGG



Sequencing AC

in mouse and man

!

Mouse GCAAAGCCGG
Human GCAAGGECCGG




!

Mouse GCAAAGCCGG

- Human  GCAACGCCCGG




Expression profiling

# HER2
YIrd
<o KI-67
STK 15
O BIRCS
CCNEBE1
MYBL2
+ ST-3
CTSL2
ER
BAG1
& CDES
BCL2
SCUBE2
ACTB
* GAPDH
RPLPO
#* GUS
+ TFRC
YEGF
O MYC
MET
TPS3
EPCAM
CCND 1
MUC1
RAC1
HOXBT
%  ATB1
% ETv4




mRNA and PTIVI detectlon'
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Visualization of signaling activity
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in situ PLA for detection of PDGFR—-beta phosphorylation
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signals/cell
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detection of DUSP6 mRNA using padlock probes
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Drug-treatment;
proof-of-principle

Bi no drugs

@
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Vad kan vi gor billigare och
enklare — sa att metoder kan bli
tillgangliga for fler?



Proximity dependent initiation of HCR

Koos et al., Nature Communications, 6, 7294 (2015)



Proximity dependent initiation of HCR
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Koos et al., Nature Communications, 6, 7294 (2015)




Proximity dependent initiation of HCR
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Koos et al., Nature Communications, 6, 7294 (2015)




Proximity dependent initiation of HCR

Koos et al., Nature Communications, 6, 7294 (2015)



E-Cadherin/B-Catenin proxHCR

Koos et al., Nature Communications, 6, 7294 (2015)



Och nu nagot helt annorlunda



Identifying DNA nicks

5’—AAGTCTAGAACngiAGGATACTAGTCATCATGGCTTCCAGAATCGATCGCAGCATCGCA—3’

3" -TTCAGATCTTGAAGCTCCTATGATCAGTAGTACCGAAGGTCTTAGCT

5 ~AAGTCTAGAACT TCGNGGH'

AGCGTCGTAGCGT-5"

3" -TTCAGATCTTGAAGCTCCTATGATCAGTAGTACCGAAGGTCTTAGCTAGCGTCGTAGCGT-5"

¢ _

5’—AAGTACAGAACTTCGﬁGGﬁTﬁCTﬂGTCHTCﬁTGGCTTCCHGHﬂ&CGT

ACGCAGCATCGCA-3'

—>

37 -TTCATGTCTTGAAGCTCCTATGATCAGTAGTACCGAAGGTCTTAGCA

TGCGTCGTAGCGT-5"

o

Wenson et al., unpublished



What do you want of a DNA polymerase?

it would need to be highly error prone (possibility to use only 3
nucleotides)

it wou Sl ™
. oppymerase _

reading)

it would have to have 5'to 3 exonuclease activity to remove the
strand in front of the nick while it is synthesizing a new strand

tolerate biotinylated nucleotides



Sloppymerase™ is highly error-prone

Oligo GGATCCGGCCAAGCTTCGAGCTGAATTCTGCAGTACATTAA

- dCTP
l. F GGATAAGGAGAAGEGTTTGAGTTGAATTGTGTAGTATATTAA
2. F GGATTGGGGTGAATTTIGG—=—= == ——=——= AGTATATTAA
3. F GGATGAAGTGAA-TTTIGA=-========——= AGTATATTAA
4. F GGATTAGGGG--—=——=———= TGAAG--TAGTATTAATTAA
5. F GGATAGGGT-AAG=——=~ AGTAGTAG—=———- TAGTATTAA
6. F GGATTTGAG---—=——=——— GTGAATTTTGAAGTAAATTAG
7. F GGATAAGG==—=—=——=——— GTGAAATTTGAAGTATATTAA
8. F GGATAAGGTTAAG-AGAGAGATGAATTATGAAGTATATTAA
9. F GGATTTGGGAAAGTTTAGAGGTGAATTTTGTAGTATATTAA
10.F GGATGAGGGG--—=——=———= TGAATTATGGAGT-TATTAA
11.F GGATTGGGGAAAGEGTTTGAGATGAATTTTGGAGTATATTAA
12.F GGATTTIGGTIGAAGTA === === — e e e e e e e AA

dNTP
13.F GGATCCGGCCAAGCTTCAAGCTGAATTCTGCAGTACATTAA
14.R GGATCCG=---~-AGCGTCGAGCTGAATTCTGCAGTCCATTAT
15.F GGATCCGGCCAAGCTTCGAGCTGAATCCTGCAGTACATTAA
16.F GGATCCGGCCAAGCTTCAAGCTGAATTCTGCAGTACATTAA
17.R GGATCCGGCCAAGCTTCGAGCTGAATTCTGCAGTACATTAG
18.R GGATCCGGCCAAGCTTCGAGCTGAATTCTGCAGTACATTAA
19.R GGATCCGGCCAAGTTTCGAGCTGAATTCTGCAGTACATTAA
20.F GGATCCGGCCAAGCTTCGAGCTGAATTCTGCAGTACATTAA




Sloppymerase™
- what else fun can you do with it?

Expressing Sloppymerase™ in bacteria
Can you speed up evolution of recombinant proteins?

Expressing Sloppymerase™ in mamalian cells
Can you use it as a model system for cancer — increasing mutation
rate in defined cell populations?
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Let there be light!
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TANKA RATT AR STORT

MEN TANKA FRITT AR STORRE
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