2019 The 11" ART World Congress

AR'T

WORLD OCTOBER 10-11, 2019 | NEW YORK, USA

CONGRESS

THE ROLE OF SPERM IN FACILITATION OF FERTILIZA

Which Came First, the Sperm or the Man?

Prof Gerald Schatten
University of Pittsburgh
gschatten@pdc.magee.edu



mailto:gschatten@pdc.magee.edu

2019 The 11" ART World Congress

AR'T

WORLD OCTOBER 10-11, 2019 | NEW YORK, USA

CONGRESS

THE ROLE OF SPERM IN FACILITATION OF FERTILIZA
XAND LIFE?

Which Came First, the Sperm or the Man?

Prof Gerald Schatten
University of Pittsburgh
gschatten@pdc.magee.edu



mailto:gschatten@pdc.magee.edu

sperm nucleus "

Y

a
cytoh

membranes

mitochondria

sperm tail




Sperm !actors

RNAs
Proteins Gene regulation,
Cell divisions, other effects? TE activity

DNA methylation
Histonemodifications Gene regulation, TE activity

Gene reiulation, TE activitx















Female with Healthy female
mutant mtDNA egg donor

Abnormal Normal
mitochondria mitochondria

\‘ @
Maternal . Discard
Discard nuclear genome Combine Oocyte
(cytoplasm only)

Father sperm \_»

IVF No mitochondrial
(three genetic sources) disease



KEYMESSAGHENVNe report a live birth after oocyte spindle transfer to prevent
transmission of the mitochondrial disease, Leigh syndrome.
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Live birth derived from oocyte spindle transfer to prevent mitochondrial disease
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ABSTRACT

Mutations in mitochondrial DNA (mtDNA) are maternally inherited and can cause fatal or debilitating mitochondrial disorders . The
severity of clinical symptoms is often associated with the level of mtDNA mutation load or degree of heteroplasmy . Current clinical
options to prevent transmission of mMtDNA mutations to offspring are limited . Experimental spindle transfer in metaphase Il oocytes,
also called mitochondrial replacement therapy, isa novel technology for preventing mtDNA transmission from oocytes to pre-
implantation embryos . Here, we report a female carrier of Leigh syndrome (mtDNA mutation 8993 T > G), with a long history of
multiple undiagnosed pregnancy losses and deaths of offspring as a result of this disease, who underwent IVF after reconstitution of
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Corticaltethering of mitochondriaby the anchor
protein Mcp5 enablesuniparentalinheritance

LeebannChacka, Kritikaviehtal, andvaishnavAnanthanarayanan

During sexualeproductionin eukaryotes, processesichasactivedegradationanddilution of paternalmitochondriaensure
maternalmitochondrial inheritanceln the isogamou®rganisniissionyeast,we employedhighresolutionfluorescence
microscopyto visualizemitochondrial inheritanceluring meiosisby differentially labelingmitochondriaof the two parental
cells.Remarkablymitochondria,andthereby mitochondrial DNf&om the parentalcells,did notmix uponzygoteformation
but remainedsegregatedat the polesby attachingto clustersof the anchorprotein Mcp5 viaits coiled-coil domain. We
observedhat this tethering of parentalmitochondriato the polesresultsin uniparental inheritancef mitochondria,
whereintwo of the four sporesformed subsequentlycontained mitochondrifrom oneparentandthe othersporescontained
mitochondriafrom the other parent.Further,the presenceof dyneinon anMcp5 clusterprecludedthe attachmentof
mitochondriato the samecluster. Takerogether,we revealadistinctmechanisnthat achieves uniparental inheritandsy

segregatiorof parentalmitochondria.

Introduction

Mitochondriaarecellular organellesesponsible fothe gener
ation of energyrich adenosinetriphosphatemoleculesin ew
karyoticcells In additionto this andotherimportantfunctions,
mitochondriacarry their own geneticmaterialin the form of
mitochondrial DNA (mtDNA) nucleoids During meiosis, in
contrastto the nucleargenome mitochondrialgenesfollow a
non-Mendelian pattern of segregation through tightly
controlled mechanismsthat typically favor uniparental
inheritance, or the passing down of mitochondria
predominantlyfrom a single parentto the progeny In several
eukaryotes maternalinheri- tanceis the preferredmode of
uniparental inheritance Maternal inheritance is brought
about by one of many ways, including subjectingpaternal
mitochondriato (1) sequestrationand ex- clusion (Yu and

mtDNA that occurin the form of nucleoidsseeminglyremain
anchoredto their original locations in the zygote, thereby
giving rise to homoplasmiccells within a few rounds of
vegetative division following sporulation(Nunnariet al., 1997.
During mitosisin S. cerevisiagmitochondriain the mothercell
are tetheredto the cell membranevia the mitochondri®ER
cortex anchor (MECA) structure containing the protein
Numl (Heil- Chapdelaineet al., 2000, Klecker et al., 2013
Lackner et al. 2013 Ping et al., 2016. Tethering of
mitochondria by Numl aids in the retention of a
mitochondrialpopulationwithin the mothercell (Lackneret
al., 2013, while anotherpopulationis transportedon actin
cablesto the bud by the activity of the myosin V, Myo2
(Altmann et al., 2008 Foirtsch et al., 2011. The Numil

Russell, 1992, (2) selective lysosomal degrada tion via
ubiquitination (Sutovsky et al., 1999 2000, or (3) simple
dilution due to the large size of the female gamete in

comparisonto the male gamete(Birky, 1995 Wilson and Xu

2012. Uniparental mitochondrial inheritance has been sug
gestedo be importantfor preventingthe propagationof selfish
cytoplasmictransposablelementshat could affectthe nuclear
genome(Cosmidesand Tooby, 1981 Hoekstra,2000).

homologue in fission yeast (Schizosaccharomycespombg,
Mcp5, is expressedspecificallyduring prophase of meiosis
(Saito et al., 2006, Yamashitaand Yamamoto,2006) andis
required for the anchoring and thereby activation of the
motor protein cytoplasmicdyneinthat powersthe oscillatory
movementof the zygotic horsetailshapednucleus(Yamamoto
etal., 1999 Tolic et al., 2009 Ananthanarayanastal., 2013.
Interphasemitochondriain fission yeastremain associated

In the unicellular eukaryote budding yeast Saccharomyces with microtubules,and their fission dynamicsare dictatedby

cerevisiagmitochondriaare biparentallyinheritedby the mei-
otic progenydue to mixing of mitochondriafrom both pa
rental cells upon zygote formation (Thomas and Wilkie
1968 Strausbergand Perlman, 1978 Zinn et al., 1987.
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the dynamicsof the underlyingmicrotubuley(Yaffe et al., 1996
Chiron et al., 2008 Fu et al., 2011, Mehta et al., 2019. This
relationship betweenmicrotubulesand mitochondriais also
essentialfor independensegregatiorof mitochondriaduring
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