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Mouse oocyte — Bright-field imaging Time hh:mm




LIGHT MICROSCOPY TECHNIQUES FOR LIVE CELL
IMAGING

Timing of meiotic resumption




LIGHT MICROSCOPY TECHNIQUES FOR LIVE CELL
IMAGING

Early mouse embryos - Bright-field imaging




LIGHT MICROSCOPY TECHNIQUES FOR LIVE CELL
IMAGING

Mouse fibroblasts- Bright-field imaging



LIGHT MICROSCOPY TECHNIQUES FOR LIVE CELL
IMAGING

Advantages

O study of cellular events, timing

0 germinal vesicle (A), meiotic resumption (B), extruding the first polar body (C)

0 involvement of signaling pathways, proteins,... in these processes



LIGHT MICROSCOPY TECHNIQUES FOR LIVE CELL
IMAGING

Limitations

0 optical resolution, low contrast
QO culture conditions, pH, CO, level, O, level, oocyte and early embryo handling

QO subcellular events — fluorescence live-cell imaging




FLUORESCENCE MICROSCOPY TECHNIQUES FOR LIVE
CELL IMAGING




FLUORESCENCE MICROSCOPY TECHNIQUES FOR LIVE
CELL IMAGING

Advantages 0430 04-10 04:10

0 study of subcellular events

0 image analysis — qualitative and quantitative information

Limitations

O culture conditions, pH, CO, level, O, level, oocyte and early embryo handling
0 phototoxicity, photobleaching,...



IMMUNOFLUORESCENCE VS FLUORESCENCE LIVE CELL
IMAGING

I
y-Tubulin a-Tubulin DNA




FLUORESCENCE MICROSCOPY
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e-library/comparing-wavelengths-
radio-gamma/

Philip Ronan, https://en.wikipedia.org/wiki/Visible_light _communication

O Asyou move from violet to red, the wavelength increases and energy
decreases




FLUORESCENCE MICROSCOPY
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0 The range of wavelengths that a fluorophore can absorb and emit are
known as excitation and emission spectra




FLUORESCENCE PROTEINS

N-Terminus
C-Terminus Aequorea victoria GFP Mutation Map

Discosoma sp.

The 2004 palette of nonoligomerizing fluorescent proteins

GFP-derived mRFP1-derived Ev d by SHM p-6

.,

Exc. 380 4: 488 516 4540 548 554 568 574 587 595 596 605 590 nm
Em. 440 509 529 53 562 581 585 596 610 620 625 636 648 nm

Figure 2
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12 Nathan Shaner et al (2004) Nafure Biotech. 22: 1567-1572
Lei Wang et al (2004) Proc. Natl. Acad. Sci. USA 101: 16745-16749




FLUORESCENCE PROTEINS

Fluorescent Protein Gene Fusions
for Subcellular Localization
Imaging

Human alpha-Tubulin
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Figure 4
http://zeiss-
campus.magnet.fsu.edu/print/probes/fpintroduction-
print.html
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Recombinant protein expression:
O transfection

0 electroporation (DNA, mRNA,
protein)

O microinjection (DNA, mRNA,
protein)

O lentiviruses
a CRISPR/Cas9

O Transgenic models - CAG::H2B-EGFP
mice



FLUORESCENCE PROTEINS

Acc651I (701)
/" _KpnI (705)
/=" _ Afel (779)

. /~ Agel (783)

(8568) Ahcll\

AFIII (1456)
W\ / BsrGI (1505)
/ _Sall (1548)
W\~ Accl (1549)
T KAfII (1592)

(7279) Pacl
(7271) Swal\ g

(7263) NaeI—fl —— Aarl (2004)
(7261) Mrel - NgoMIV - SgrAI -~ i
(7254) Ascl - BssHII {
(7025) Eagl - Notl —4 0194 pGEMHE-mEGFP-mCDK5RAP2
9291 bp
—— Psil (2489)

(6016) BsaAl TPIFI - Tth1111 (3265)

Mfel (3469)

'Hpal (3620)

(4785) AwrIl BspDI* - ClaI* (4715)

0 design of DNA plasmids, and possible modifications (fluorescence markers,
targeting, mutations, polyA tailing...)




FLUORESCENCE PROTEIN PLAZMIDS

Agel

ctaccggtcgccaccatggtgagcaagggcgaggagctgttcaccggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgcca
1 Il 1 1 i 1 i 1 1 1 1 1 t 1 1 1 3 1 1 1 ! M i 1 i 1
L] T T T T T T T T T T L] T T T

gatggccagcggtggtaccactcgttcccgectcctcgacaagtggeccccaccacgggtaggaccagctcgacctgeccgectgecatttgecggtgttcaagtcgcacaggeccgctecccgectecccgetacggt

>

Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala —_

cctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggcccaccctcgtgaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagceca
1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1
t T t T t T t T t T t T t T T T T T T T T T T T T T

ggatgccgttcgactgggacttcaagtagacgtggtggccgttcgacgggcacgggaccgggtgggagcactggtgggactggatgeccgcacgtcacgaagtcggcgatggggetggtgtacttegtegt

>

Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu Thr Tyr Gly Val GIn Cys Phe Ser Arg Tyr Pro Asp His Met Lys GIn His —

cgacttcttcaagtccgccatgcccgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgag

1 1 1 1 i 1 i 1 1 1 1 Il 1 1 1 1 1 1 1 1 't 1 1 1 i 1

T T T T T T T T T T T T T | T T g T v T L} T L) T LI T
gctgaagaagttcaggcggtacgggcttccgatgcaggtcctcgcgtggtagaagaagttcctgectgecgttgatgttctgggecgecggectccacttcaagectcccgectgtgggaccacttggecgtagete
D T Al ————

Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val GIn Glu Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu —_

ctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatcc

1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1

t T t T t T t T t T t T t T T T T T T T T T T T T T
gacttcccgtagctgaagttcctcctgeccgttgtaggaccccgtgttcgacctcatgttgatgttgtcggtgttgcagatatagtaccggectgttecgtcttettgecgtagttccacttgaagttctagg
G — >

Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys GIn Lys Asn Gly Ile Lys Val Asn Phe Lys Ile —_

gccacaacatcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaaccactacctgagcacccagtccgccctgagcaaagaccce
1 1 I 1 1 1 1 1 1 1 1 L 1 1 i 1 1 1 1 1 1 1 1 1 i 1
t T t T t T t T t T t T t T T T T T T T T T T T T T
cggtgttgtagctcctgccgtcgcacgtcgagcggectggtgatggtcgtecttgtgggggtageccgectgeccggggcacgacgacgggectgttggtgatggactcgtgggtcaggecgggactecgtttctggg

Emm————————mmapsaaaaaaa—=————————————=——=————=——u

Arg His Asn Ile Glu Asp Gly Ser Val GIn Leu Ala Asp His Tyr GIn GIn Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr GIn Ser Ala Leu Ser Lys Asp Pro —

AfIIT BsrGI SaII| |Ach
caacgagaagcgcgatcacatggtccttaaggagttcgtgaccgccgccgggatcactctcggcatggacgagctgtacaagtactcagatctcgagctcaagcttcgaattctgcagtcgacgatggac
i 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 i 1 i 1 1 1 1 Il
T . T

b T ¥ T T v T i T ¥ T o T . T . T L T b T . T

gttgctcttcgcgctagtgtaccaggaattcctcaagcactggcggcggccctagtgagagccgtacctgectcgacatgttcatgagtctagagectcgagttcgaagettaagacgtcagetgetacctg

Asn Glu Lys Arg Asp His Met Val Leu Lys Glu Phe Val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys Tyr Ser Asp Leu Glu Leu Lys Leu Arg Ile Leu GIn Ser Thr Met Asp —

mCDK5RAP2

KfiI

tcggggatggaagaggaaggcgccctgcctgggaccctcagecggttgecagtggecttcaccctgttectgeccaagtgacctggatgtcatcagtgacacttectggecttgggaaatggagtgctcccaagcea
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1

agcccctaccttctccttccgcgggacggaccctgggagtcgccaacgtcaccggaagtgggacaagacggttcactggacctacagtagtcactgtgaagaccgaaccctttacctcacgagggttcgt

Cutters (Nonredundant)
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FLUORESCENCE PROTEIN PLAZMIDS

16

cagcaagagtggccaccatatgctgggcctgattgaggactatgatgccctctataagcagatcagctggggccagacactgcttgccaagatggatgttcaaacccaagaggctctgagccccacaagt
1 1 1 1 1 1l 1 1 i 1 i 1 It 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T

T T T T T T T T T T T T T

gtcgttctcaccggtggtatacgacccggactaactcctgatactacgggagatattcgtctagtcgaccccggtctgtgacgaacggttctacctacaagtttgggttctccgagactcggggtgttca

Ser Lys Ser Gly His His Met Leu Gly Leu Ile Glu Asp Tyr Asp Ala Leu Tyr Lys GIn Ile Ser Trp Gly GIn Thr Leu Leu Ala Lys Met Asp Val GIn Thr GIn Glu Ala Leu Ser Pro Thr Ser

cacaagctgggaccaaagggttcttcatccgtgcctctgagcaagtttctttccagtatgaacacagccaagctggtcctggaaaaagcatccaggttgectgaagctcttectggagggtctcagtcccca
1 L 1 L 1 L 1 L 1 L 1 L 1 1 1 1 1 i | i 1 i 1 i L L L
+ T + T t T t T t 1 t T t T T T T T T T T T T T T

gtgttcgaccctggtttcccaagaagtaggcacggagactcgttcaaagaaaggtcatacttgtgtcggttcgaccaggacctttttcgtaggtccaacgacttcgagaagacctcccagagtcaggggt

His Lys Leu Gly Pro Lys Gly Ser Ser Ser Val Pro Leu Ser Lys Phe Leu Ser Ser Met Asn Thr Ala Lys Leu Val Leu Glu Lys Ala Ser Arg Leu Leu Lys Leu Phe Trp Arg Val Ser Val Pro

ccaacggccagtgttcccttcactgtgagcagattggagaaatgaaggcagagaacacgaaactacacaaaaaattgtttgaacaagaaaagaagctgcagaacacagcaaaactattgcagcagagcaa
i 1 i 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 ) | 1 1 1 1 1 1
+ . . t . t }

T T T T T T T T T T T T T T T T T T T

ggttgccggtcacaagggaagtgacactcgtctaacctctttacttccgtctcttgtgectttgatgtgttttttaacaaacttgttcttttcttcgacgtecttgtgtcgttttgataacgtcgtectegtt
Thr Asn Gly GIn Cys Ser Leu His Cys Glu GIn Ile Gly Glu Met Lys Ala Glu Asn Thr Lys Leu His Lys Lys Leu Phe Glu GIn Glu Lys Lys Leu GIn Asn Thr Ala Lys Leu Leu GIn GIn Ser Lys

gcaccaggagaaagtcatctttgatcagttggtcatcacccaccaagtccttcggaaggccaggggaaacctggagctcaggcctggggccacccgtccaggagcatccagtcccagcagaccgggctca
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1
+ + + t t t .

T T T T T T T T T T T T T T T T T T T

cgtggtcctctttcagtagaaactagtcaaccagtagtgggtggttcaggaagccttccggtcccectttggacctcgagtccggaccccggtgggcaggtcctecgtaggtcagggtcgtctggecccgagt
His GIn Glu Lys Val Ile Phe Asp GIn Leu Val Ile Thr His GIn Val Leu Arg Lys Ala Arg Gly Asn Leu Glu Leu Arg Pro Gly Ala Thr Arg Pro Gly Ala Ser Ser Pro Ser Arg Pro Gly Ser

NotI
Eagl

tgagcggccgctctagataaatgatagcttgatctggttaccactaaaccagcctcaagaacacccgaatggagtctctaagctacataataccaacttacactttacaaaatgttgtcccccaaaatgt
1 1 fi 1 I It 1 1 : 1 i 1 1 1 1 1 | 1 i 1 : 1 1 1 1 1
T T T T T T T T T T T T T T T T T T T 1 T T L3 T L |

actcgccggcgagatctatttactatcgaactagaccaatggtgatttggtcggagttcttgtgggcttacctcagagattcgatgtattatggttgaatgtgaaatgttttacaacagggggttttaca

mCDKSRAP2
B
Mrel
Ascl SgrAl
BssHII NgoMIV  Nael Swal Pacl

[ | |

agccattcgtatctgctcctaataaaaagaaagtttcttcacattctaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaccccccccccccccccctgcaggcgcgecgeccggecgatttaaattaatt
1 1 i 1 1 1 1 1 1 1 | 1 1 i 1 i 1 i 1 1 1

tcggtaagcatagacgaggattatttttctttcaaagaagtgtaagattttttttttttttttttttttttttttttttttgggggggggggggggggacgtccgcgcggcggccgctaaatttaattaa
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VITAL FLUORESCENCE PROBES — SILICON RHODAMINE
SIR) PROBES

-
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g | = SiR-tubulin + BSA

OH =
o
Q
H OH N
HN N, 0, & @ 0.2 1
S ‘o o E L
o o = S 0 T N T
SiR-tubulin A = 450 550 650 750 850
HO  GHo

Wavelength (nm)
— SiR-actin + F-actin

NS , 8 - SiR-actin + BSA
|O P ;g’ 1.0+
COOH m g . 081
“ o £
0 O o 2 2 064
o HN o = c
Q
HN{/\)\)LN{'\.}ZKfD 0 ﬁo E E 044
2on N . T 02
- N s 2
SiR-actin : ©\0H 5 0
HN . =

450 550 650 750 850
Wavelength (nm)

SiR-Tubulin

www.spirochrome.com

O SiR-tubulin  microtubule binding drug Docetaxel
0 SiR-actin F-actin binding natural product jasplakinolide

0 SiR-lysosome cathepsin D binding natural product pepstatin A




VITAL FLUORESCENCE PROBES - SIR PROBES
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VITAL FLUORESCENCE PROBES - SPY™ PROBES

I ———————————————————————————————————————————————
A - : A a — SPY505
— SPY555
SPY595
— SPY620
— SPY650
— SPY700

500 J 800 700 800

www.spirochrome.com
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DUAL COLOUR IMAGING WITH
SIR- AND SIR700-PROBES

]
Fluorophore ’*abs (max) ﬁ;max " }vem (max) lifetime QY
(nm) (M'-cm™) (nm) (ns)
SiR 652 100,000 667 2.7 0.4
SiR700 689 100,000 716 1.4 0.13
SiR channel SIR700 channe! SIR700 channel - I * SiR channeal
. . v PAT 4
SiR-lysosome SIR700-tubulin comected SIR700-tubulin image
Dual colour imaging examples
10
. 08
:
-
0 m— ol s
500 550 600 650 B0 as0
21

www.spirochrome.com



MULTICOLOUR IMAGING

]
Advantages

0 two and more subcelullar structures, cell types (up to ten?)

Limitations
O spectral overlap
A B
1007 == GFP 1007 == GFP
> YFP > == mCherry
5 80- G 80+
Q (O]
£ 604 £ 604
© ©
(O] (O]
S 40 S 404
© ©
£ £
o 207 o 201
= 2
0 T b r T v 0
400 450 500 550 600 650 400 450 500 550 600 650
Wavelength (nm) Wavelength (nm)

https://bitesizebio.com/33529/fluorescence-microscopy-the-magic-of-fluorophores-and-filters/
0 selection of fluorescence proteins

» EGFP, mCherry, far-red SiR
» EGFP, EYFP, mCherry, SiR ?
O phototoxicity



FPBASE :: THE FLUORESCENT PROTEIN DATABASE

Aprase info~ tools~ explore~ signin

Find a Protein

Search
advanced search

L 4 % 789 Proteins |4 743 FP Spectra
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' /N EGFP = Fluorescent Protein Datz! X

€& > C @& fpbaseocrg/protein/egfp/

EGFP

a.k.a. enhanced GFP, GFPmut1

similar: mEGFP

EGFP is a basic (constitutively fluorescent) green fluorescent protein published in 1996, derived from Aequorea victoria. It is reported to be a rapidly-maturing weak E O
dimer with moderate acid sensitivity. £

mAmetrine

rsEGFP

@ rzcrez

mKalamal
avGre @
. mEmerald
SiriusGFP
BrUSLEE
@ EGFPEM @ EGFP2P @ EGFPEX
i &

463nm
@ EGFPEM:  0.00
@ EGFPEX: 0.69

- L Type here to search

300 325 350 375 400 425 450 4735 500 525 550 575 800 825 B850 675 700
click and drag to zoom

Oligomerization Organism Molecular Weight Cofactor

Weak dimer Aequorea victoria 26.9 kDa




/N EGFP: Fluorescent Protein Dat=l X + v = x

< C @ fpbase.org/protein/egfp/ B * A
Oligomerization Organism Molecular Weight Cofactor -
Weak dimer Aeguorea victoria 26.9 kDa -

Attributes @ FPbase ID: RONLS o
EC (M1 cm) Brightness Maturation (min) Lifetime (ns) g
488 507 55,900 06 3354 60 25.0 26 -
Edit States/Attributes
EGFP OSER Measurements @
% Normal Cells 'OSER/NE ratio Cell Type Reference
76.5 + £.9 (10000 cells) - Hela Cranfill etal. (2016) &
76.5 £ 6.9 (10000 cells) - Helz Shaner etal. (2013) &£
76.5 + £.9 (10000 cells) - Hela Hoi et al. (2013)
389 £ 025 (50 cells) U-2 0% Costantini etal. (2012) £
Photostability
tis2 (s) Power Light Mode In Cell Fusion °C Reference
174.0 Arc-lamp Widefield X none 230 Shaner et al. (2005) &5
501 15 (mwW) Laser Point Scanning Confocal Hela Zhong et al. (2018) £
A caution on interpretation of photostability measurements Add photostability info
EGFP Sequence v
EGFP was derived from avGFP with the following mutations: M1_5S2insV/F64L/565T/H231L
1 MVSKGEELFT GVVPILVELD GDVNGHKFSV SGEGEGDATY GKLTLKFICT TGKLPVPWPT LVTTLTYGVQ CFSRYPDHMK QHDFFKSAMP
91 EGYVQERTIF FKDDGNYKTR AEVKFEGDTL VNRIELKGID FKEDGNILGH KLEYNYNSHN VYIMADKQKN GIKVNFKIRH NIEDGSVQLA
181 DHYQQNTPIG DGPVLLPDNH YLSTQSALSK DPNEKRDHMV LLEFVTAAGI TLGMDELYK
GenBank: AAB02572 UniProtKB: C3MIKYT IPG: 928978
Structure
PDBID  4EUL(1.354) E
rictal ctrctira of anhancad Graan Flinracrant Drotain to 1 254 racahtinn M
— - = 247 AM
i@  .© Type here to search o B G e ] ﬁ @ B ~ o= s 1772022 %




SELECTION OF FLUORESCENCE PROTEINS FOR

MULTICOLOUR IMAGING

]
@ EGFPEM @ mcCherry EM EGFPEX @ mCherry EX
4 A
' ‘\'m
488nm
# EGFP EM: 017
. EGFP EX: 1.00
' ) ® mCherry EX:  0.08
O
300 350 400 450 500 550 600 650 700 750 800
© EGFPEM EYFP EM EGFPEX @ EYFPEX
488nm
4 @ EGFPEM: 0.17
A
/ EYFP EM: 0.00
oy EGFPEX:  1.00
» EYFP EX: 0.38
300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700
® EGFPEM ® tdTomato EM EGFP EX tdTomato EX
//
// 488nm
/" © EGFP EM: 0.17
EGFP EX: 1.00
tdTomato EX: 0.27
525 550 575 600 625 650 675 700

300 325 350 375 400 425 450 475 500



WIDE-FIELD VS CONFOCAL MICROSCOPY

Camera or Detector or

Photomultiplier Tube
Excitation filter = Detector
) In-Focus Emission Pinhole Aperture
o Light Ray Out-of-Focus
Dichroic mirror > Filter cube ~*—  Fluorescence
Emission Light Ray
Emission Filter ==

Light source o P,
‘ Emission filter I
Laser |‘|

.{ rism Excitation Filter -~ I

To camera Light Source
Pinhole Aperture

Focal Planes {

https://bitesizebio.com/33529/fluorescence-microscopy-the-magic-of-fluorophores-and-filters/

Dichroic Mirror

Objective

To eyepiece ~a— [xcitation Light Ray

Specimen

https://www.edmundoptics.eu/knowledge-center/application-notes/microscopy/confocal-microscopy/




CELL CYCLE ANALYSIS IN TRANFECTED SOMATIC CELLS

Confocal live-cell imging of Hela cells Confocal live-cell imging of Hela cells

H2B-mCherry H2B-mCherry, alfa-tub-eGFP




CELL CYCLE ANALYSIS IN TRANFECTED SOMATIC CELLS

Prometa- Early Late
Interphase Prophase phase Metaphase anaphase anaphase Telophase  Apoptosis

!IQIQ

Nat Methods.
2010 Sep;7(9):747-54.




CELL CYCLE ANALYSIS IN TRANFECTED SOMATIC CELLS

Cell rajectories

-...:. - -.' p= . -:_ P
T T T R T T oYY

—46 0 133

In silico synchronization

30




LIVE-CELL MICROSCOPY OF MOUSE OOCYTES

Advantages of mouse oocytes:
v spherical shape
v size
v optical transparency
v availability

v microinjection

Live-cell experiment:
0 1.Isolation of mouse oocytes
O 2.mRNA microinjection
0 3. expression of marker

O 4.imaging

31




ACENTROSOMAL SPINDLE FORMATION IN MAMMALIAN
OOCYTES

]
‘—> . .—->,/ ‘\\. ——Vﬁ'%*:":}‘_‘ e '.\——> \
< ! < % ; KT /
ﬂ m & Y4 . . e [ * \o o \
\ Legend
Clift, Schuh, 2015, Nat Commun., PMID: 26147444
_hA:cr;tJbaE+

Light-sheet live-cell imaging
H2B-mCherry, SiR-tubulin, CDK5RAP2-eGFP
Time hh:mm after GVBD



HOMOLOGOUS CHROMOSOME SEGREGATION IN
MAMMALIAN OOCYTES

Mono-orientation Arm cohesin cleave
of sister centromeres by separase

Centromeric cohesion
protected by SGOL2/PP2A

Beverley et al, 2021, Frontiers in Cell and Developmental
Biology

H2B-mCherry, CENP-C-2x mEGFP

Time hh:mm after meiotic resumption



HOMOLOGOUS CHROMOSOME SEGREGATION IN
MAMMALIAN OOCYTES

Chromosome fragments

Premature separation of homologues chromosomes

Anaphase bridges




APC ACTIVATION IN MAMMALIAN OOCYTES

I
G Y. % @f 30 (%)
&

Separase activity
@ f—| Cdk1 @ Cdk1
Known separase in B1
inhibitors in meiosis | LNl Caki feh
Securin Cyclin B1 |
Securin | |

APCIC activity APC/CCdc20 _ APC/CCdc20
APC/C inhibitors X T T
in oocytes SAG Emi2 Emi2.

® Separase, inhibited
(& Separase, active
35 Wassmann, 2022, Cells




APC ACTIVATION IN MAMMALIAN OOCYTES

Aurka cKO

H2B-mCherry, SiR-tubulin, securin-eGFP

Time hh:mm after meiotic resumption




INITIAL EMBRYONIC CELL DIVISIONS IN MOUSE

|
A tmeinhphce Figure 1
~12h ~ 30-35h -lso-65h ~ 60-75h ~70-90h ~ 90-110h
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Fertilized Zygote 2-cell 3-4-cell 5-8-cell Morula Blastocyst
MIl egg

Knoblochova et al 2022, bioRxiv

Confocal live-cell imaging of chromosomes and MITOCs during 1st
division in of mouse zygote - Drutovic, 2020, unpublished



PREIMPLANTATION DEVELOPMENT
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Fertilized Zygote 2-cell 3-4-cell 5-8-cell Morula Blastocyst
MIl egg

Knoblochova et al 2022, bioRxiv



»TRIANGLE OF FRUSTRATION“

Confocal microscopy Light-sheet microscopy
/. / 0‘ ; ‘ 1 4

Specimen
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Contras
Whole oocyte Whole oocyte
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CONFOCAL VS SPIM MICROSCOPY

O SPIM - Selective Plane lllumination Microscopy

SPIM Light-Sheet Microscopy Reduces Phototoxicity
SPIM Confocal

[llumination

Selectively illuminated
Whole-volume illuminated

Detection

Y YYY YRRy

Wide-field detection Pinhole detection

https://www.prnewswire.com/news-releases/bruker-acquires-emerging-
light-sheet-microscopy-company-luxendo-300452724.html

Advantages of SPIM

O selective
illumination

O high acquisition
speed

0 reduced
phototoxicity

0 increased signal-
to-noise ratio



SPIM (SINGLE PLANE ILLUMINATION MICROSCOPY)

I
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uonoaag

L-SPIM

www.photometrics.com/learn/light-sheet-
microscopy/introduction-to-light-sheet-microscopy4.html




VIVENTIS LS1 LIVE SPIM MICROSCOPY SYSTEM




PREIMPLANTATION DEVELOPMENT

A time in h phCG

Fertilized
MIl egg

"’14
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Fiqure 1
h ~ 30-35h ~ 50-65h ~ 60-75h ~ 70-90h ~ 90-110h
1st mitosis 2nd mitosis 3rd mitosis
- - - - -
Zygote 2-cell 3-4-cell 5-8-cell Morula Blastocyst

11:40:00

Knoblochova et al 2022, bioRxiv

Light-sheet live-cell microscopy of preimplantation development
Chromosomes (cyan), brightfield, time after HCG stimulation




LENGTH OF INDIVIDUAL CELL CYCLE PHASES

protein
level
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Cell. 2008 Feb 8;132(3):487-98.




VIVENTIS LS1 LIVE SPIM MICROSCOPY SYSTEM

]
hCG injection . ] .
Feitilization Zogotic Genniie. Autivadion Mol Cell Endocrinol. 2008 Jan 30;282(1-2):78-86.
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Cell cycle progression during pre-implantation mouse embryos development
H2B-mCherry, mCDT1-EYFP



SIGNALING PATHWAY ACTIVITY BY FRET BIOSENZORS

targetingI— CFP—| FHAzH substrate |— YFP
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The anaphase phosphorylation gradient is observed for multiple Aurora B substrates
Fuller et, 2008, Nature
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QUANTITATIVE IMAGE ANALYSIS
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