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ABSTRACT

In this thesis there are various experimental istudThey are primarily
conducted in zebrafish and in the Pacific oysteex@erimental models, and pursue the
development of relevant techniques in the field bddmedicine, toxicogenomics,

environmental risk assessment and aquaculture.

In zebrafish, there have been developed and tested

° Vitrification techniques of caudal fin tissue, d@wmeres (in microvolumes)
and of adult testicular tissue.

°  The germ-line chimaerism technique at MBT stagerbryo development,
with a previous penalization of recipient embrygsauliraviolet radiation.

°  Chimaerism technique at larval stage (48-72 h) wiphneviously
criopreserved testicular cells as donors obtainaah fadult individuals.

° Nuclear transplantation technique using cell cesurom both adult somatic
diploid cells and parthenogenetic haploid larvaewdei donors.

° Electroactivation technique of zebrafish oocytesgnic medium).

In Pacific oyster, there have been developed ested:

° Assessment of seasonal evolution of gonadal mataragametes quality
and fertilizability of Pacific oyster.

° Electrofusion technology of Pacific oyster zygotastained by in vitro

fertilization.



Vitrification techniques of caudal fin tissue, blasomeres (in microvolumes) and of

adult testicular tissue.

In this set of techniques, to highlight their diént difficulty level as well as the
results achieved. In this way, the vitrificationzabrafish caudal fin explants did not led
to unexpected problems. In fact, efficacies acldewere in line with those achieved for
the epthelial tissue cryobanking from five differ@mammalian species. This shows the
versatility of this basic vitrification techniqueln contrast, the blastomere
cryopreservation has been a real challenge. THepeeaieability patterns in aquatic
species is very different from those in mammalseré&fore their final cryopreservation
achievement came from an innovative approach: tlestdmere vitrification in
microvolumes (0.25ul) without their requirementcojoprotectant permeation.

Regarding the testicular tissue cryopreservatitrere were tested three
procedures, two of conventional freezing and afwaition one. This last was finally
selected for its best results acomplished. Alsaiy titrification procedure became more

efficient when it was applied previous to the tesstypsinization.

Germ-line chimaerism technique at MBT stage of embyo development, with a

previous penalization of recipient embryos by ultraiolet radiation.

Regarding to the germ-line chimaerism at MBT stageous issues should be
addressed. Firstly, the recipient embryo penabpatvith UV radiation is important but
the not only requirement to chieve the best germa-tihimaerism results (50%). In fact,
this penalization treatment must be completed wWithembryo manipulation in a 300
mOsm/kg medium to avoid negative osmolar effectoufhout the chimaerism
procedure. Secondly, the importance of differenbsim sensitivity to UV radiation
according to the zebrafish strain used, beingythe strain more sensitive than thad.

With respect to chimaerism using previously vigdf blastomeres in
microvolumes, many problems must be solved in &tuAn example was the
morphologic disruption caused by the blastomeremel increasment after thawing and
the subsequent requirement of using micromanipmrigtipettes of increased size.



Chimaerism technique at larval stage (48-72 h) withpreviously criopreserved

testicular cells as donors, obtained from adult intviduals.

This technique development was the logical consecgl of a previous testicular
tissue cryopreservation development indicated abdwes technique is required to
achieve the testicular cell integration, concretgbgrmatogonia, into the germ-line of
recipient specimens. This procedure needed thefu&®-72 h age larvae, assuming that
their immune system is not fully established anereafore it will not interfere with
transplanted cells. Technical results on micromaaipn, larval survival and further
development to adulthood were fully satisfactoryespite these, no germ-line
chimaerism was finally detected in any adult specinAmong all reasons which would
explain this, the more plausible by authors wowddhe possible dissynchrony between
temporal patterns of spermatogonia development thonde from testicular tissue,

maybe faster than the first.

Nuclear transplantation technique using cell cultues from both adult somatic

diploid cells and parthenogenetic haploid larvae asuclei donors.

This group is perhaps the most original in techagjand the more forward
looking from all provided in this thesis. Variouems can be cited. Firstly, it was
achieved a nuclear transplantation technique forauativated oocytes. Moreover, none
of the three nuclear transplantation (NT) develofeahniques required the micropile
detection as well as the previous recipient oodgehorionation. Secondly, it has been
possible to compare the subsequent embryonic dewelot effects among the three NT
techniques assayed and with the fact that the eoggs previously activated by either
sperm fertilization (genetically inactivated or hot by water stimuli. To this respect,
the pipette puncture and water stimuli did not eeki further parthenogenetic
development in any case when no cell nucleus wastad. This allows us to affirm the
relevant participation of transplanted nucleus he further embryo developmental
ability. Thirdly, the recipient (egg) aging as afud promoting factor of egg activation
was rejected in contrast with the possitive restdteamonly observed in mammals.

In this section, the use of cell nuclei donorsrfrgynogenetic haploid larvae

cultures in nuclear transplant of non-enucleatedyt®s acquires a special mention. This



technology would serve for genomic imprinting sesliand even for a plausible
alternative to the transgenic animal obtaining. Tdwgentiality importance of this
techniqgue has only been evaluated preliminary is thesis, although to date new

experiments are being carried out.

Electroactivation technique of zebrafish oocytes fiionic medium).

The most relevant aspect of the procedure is pesrtiee easiness of using ionic
media for electroactivation, especially when nomgomedia are the most commonly
used. To other respect, the best electroactivaironedure (one DC square pulse for
20us at 5.4V and applied at 0, 10 and 20min pdstadion in system water) allowed
the activation of 68% non-manipulated oocytes. Unfmately, when the best
electroactivation sequence (that cited above) wsaayed in nuclear transplanted eggs,
it produced their immediate lysis. These aspedisheithe key of future works to allow

the coupling of egg electroactivation and NT tegaes.

Assessment of seasonal evolution of gonadal matui@at, gametes quality and

fertilizability of Pacific oyster.

This study do not refers the development of angromhanipulation technique.
Despite this, it was essential for establishing thexiod of gametes availability
throughout the year as well as their quality arldwa#d us to work, precisely, in the
development of embryologic and micromanipulatiochteques in this species. Results
of this research were conclusive: only the periothgrised from July to October
assured the both gametes availability.

Electrofusion technology of Pacific oyster zygotesbtained by in vitro fertilization.

Based on results reached above, zygotic electmfassays were carried out in

the period from July to October for their possilpletentiality in tetraploid oyster

obtaining. In this regard, many interesting resaoétme to light. On the one hand, it was



observed that electric pulses (pursuing in thig ¢he cell fusion) can be applied in both
highly conductor (ionic) and high osmolarity media our case seawater, 1130
mOsm/kg). On the other hand, the fusion efficacyatific oyster zygotes was high,
and also they showed very low mortality rates a#§ a® high normal developmental
rates to D-larval stage (reached after 24 h culpast-electrofusion treatment). Also, it
was observed that the electric treatment did riet &l a significant way the further cell
cleavage patterns, assessed 25-30 min post-zyfition. This would indicate the
virtual damage absence on early embryos causduebsiéctric pulse.

To other respect and because of the unavailatfitgpecific installations and
food required, treated embryos did not reach okegr stages as “spat” or even the
adulthood. At this moment, the ploidy assessmeoinfiobtained specimens at an

individualized level is unavailable.



RESUMEN

En este trabajo de tesis, se presentan divershgli@s experimentales,

desarrollados principalmente en pez cebra pero iéamén ostra del Pacifico, que

persiguen la puesta a punto de técnicas relevaraes la utilizacion de estas dos

especies en el campo de la biomedicina, la toxm@géa y la acuicultura como

modelo experimental.

En pez cebra, se han puesto a punto y testado:

o

Técnicas de vitrificacion de tejido de aleta cauda blastomeras (en
microvoliumenes) y de tejido gonadal.

Técnica de quimerismo de la linea germinal en astelBT, con una

penalizacion previa por radiacion ultravioleta des | embriones
receptores.

Técnica de quimerismo larvario (larvas de 48-72utijzando como

donantes células testiculares obtenidas de indigidiadultos y

previamente criopreservadas.

Técnica de transplante nuclear utilizando como dt@sanucleos de
células somaticas adultas y larvarias.

Técnica de electroactivacion en medio i6nico detosale pez cebra.

In ostra del Pacifico, se han puesto a puntotgdes

o

Evaluacion de los cambios estacionales en la chlidacitaria y
espermatica en ostra del Pacifico.
Técnica de electrofusion cigética de cigotos ololesipor fecundacion in

vitro en ostra del Pacifico.



Técnicas de vitrificacion de tejido de aleta caudal de blastbmeras (en

microvolimenes) y de tejido gonadal.

En relacion con este grupo de técnicas, sefiatfifezente nivel de dificultad de
cada una de ellas e incluso de los resultadoszadas. Asi, la vitrificacion de tejido de
la aleta caudal no ha supuesto problema adici@sgecto a la aplicacion de dicha
técnica en los ultimos afios a tejidos epiteliakesidco especies de mamiferos, lo que
da idea de la versatilidad en el uso de dicha¢éahe vitrificacion basica. Por contra, la
criopreservacion de blastomeras ha supuesto umadera reto, ya que los patrones de
permeabilidad celular en esta especie acuaticaugsdiferente a la caracteristica en
mamiferos, lo que obliga en principio y siguiends métodos de vitrificacion mas
convencionales (permeacion intracelular de cricggmtores), a prolongar excesivamente
los tiempos de permeacion previos a la vitrificaciBla sido resultado de un enfoque
innovador el que se haya logrado la vitrificacioe 8Olastomeras aisladas con
relativamente elevada viabilidad celular posterimrando la vitrificacion se realizé en
microvolumenes (0.25ul) y sin pretender la perntadel crioprotector al interior de
las células.

Por lo que se refiere a la criopreservacion dddejonadal, se han testado tres
procedimientos, dos de congelacion y uno de dadién, de los que claramente éste
altimo mejores resultados ha supuesto. Ciertamehtprocedimiento de vitrificacion
ha resultado mucho mas eficiente cuando se haadplisobre pequefios fragmentos de

tejido testicular que cuando se aplicé despuési depsinizacion.

Técnica de quimerismo de la linea germinal en estadMBT, con una penalizacion

previa por radiacion ultravioleta de los embrionegeceptores.

Respecto a las técnicas de quimerismo de la lieeaigal en estadio MBT,
deben sefalarse diversas cuestiones. En primer, lqge el tratar los embriones
receptores con radiacion ultravioleta (UV), no ésimco requisito para lograr los
mejores resultados de quimerismo de la linea gatmdebiendo complementarse dicho
efecto con la evitacion del choque osmaético quesepa utilizacion de medios de 30

mOsm/kg para la micromanipulacion. De otro ladosedsvante sefalar la deteccion de



una sensibilidad diferencial al tratamiento por &¥vfuncion de la estirpe de pez cebra
utilizada, siendo la estirmmld mas sensible que Veild a este respecto.

Por lo que se refiere a la técnica de quimerismbzarndo blastomeras
vitrificadas en microvolimenes, deberan asimismgoluerse en el futuro la
desorganizacion morfologica del embridn receptovpcada por el aumento de tamafo
tras su desvitrificacion de las blastomeras y @lsiguiente tamafio excesivo de las

pipetas de micromanipulacion.

Técnica de quimerismo larvario (larvas de 48-72 hltilizando como donantes
células testiculares obtenidas de individuos adulsoy previamente criopreservadas.

Esta técnica es la consecuencia légica de laresepvacion de tejido testicular
indicada antes, puesto que se requiere para qulkasdicélulas testiculares,
concretamente las espermatogoénias, se integrera éimda germinal del individuo
receptor. Se han utilizado larvas de 48-72 h asuinigue en dicho estadio el sistema
inmunitario no se ha establecido plenamente vy, taato, no atacara las células
transplantadas. Los resultados técnicos relativoscaomanipulacién, supervivencias
larvarias y desarrollo hasta adulto han sido plesmden satisfactorios, no asi los de
quimerismo de la linea germinal, ya que no se tserebdo quimerismo de la linea
germinal en ningun espécimen. De entre las razguegustificarian esta carencia, una
resalta como mas plausible a juicio de los aut@iesido ésta la posible disincronia
entre las pautas temporales de desarrollo de pesraatogonias y aquellas propias del

tejido testicular, al parecer mas rapidas queilogo.

Técnica de transplante nuclear utilizando como dona#es nucleos de células

somaticas adultas y larvarias.

Es este grupo de técnicas quizas mas original malgor recorrido de cara al
futuro de entre las aqui contempladas. Las aportasi que a este respecto se han
logrado con esta tesis podrian clasificarse erosdtems. En primer lugar, el haber
logrado el transplante nuclear sobre oocitos nvams sin necesidad de localizar el

micropilo, siendo ademas que en ninguna de lasatteshativas de transplante nuclear



se ha requerido el decorionado de los oocitos temp En segundo lugar, haber
podido comparar los efectos que sobre el desareoflorionario posterior y el alcance

del mismo tienen en cualesquiera de estas alteasatie transplante nuclear el que el
oocito haya sido activado mediante su fertilizaadn un espermatozoide no radiado,
con uno radiado o tan solo por el efecto estimaldet contacto con el agua de sistema.

A este mismo respecto, sefialar que la punciéa ggéta de transplante nuclear
como la mera exposicion a agua de sistema sintamseficleo celular alguno, no
suponen en ningun caso el desarrollo posteriorepagenota, 10 que nos permite
afirmar el papel relevante que la presencia deleoidonante ejerce sobre la capacidad
de desarrollo embrionario. En tercer lugar se hdidmodesestimar la posible utilidad
del envejecimento oocitario como factor promotofadeficacia de activacion oocitaria,
a diferencia, en este caso notable, de lo con@idnamiferos.

Mencion especial merece una aproximacion al esaeliamprinting gamético e
incluso de posible técnica alternativa para lamtiten de animales transgénicos, que se
deriva de la utilizacibn como donante en transplawiclear, sobre oocito no enucleado,
de células obtenidas por cultivo de larvas ginotesnbaploides obtenidas por radiacion
ultravioleta de espermatozoides. La potencial ingpmia de esta técnica solo ha podido
ser evaluada muy preliminarmente en esta tesigjuguen estos momentos ya se estan

desarrollando nuevos trabajos al respecto.

Técnica de electroactivacion en medio idnico de atms de pez cebra.

Respecto a esta técnica, lo mas relevante quersedie estos estudios sea
quizas la facilidad que supone el poder utilizadio® i6nicos para electroactivacion,
méxime siendo que en practicamente todos los erpatos de electroactivacion
recientes de los que se tiene conocimiento, el anddi electroactivacion ha sido
masivamente no conductor. De otro lado, el mejotgaolo de electroactivacion (un
pulso cuadrado de 5.4 V y 20us de duracion) perimitgta un 60 % de oocitos
activados cuando estos no han sido previamente omaripulados.
Desafortunadamente cuando estas secuencias des m@sensayaron sobre o0ocitos
transplantados nuclearmente, la casi totalidadllde eesultaron lisados. Esto obligara
en el futuro a redefinir los pulsos eléctricos d@mee pretendan acoplar a la técnica de

transplante nuclear.



Evaluacion de los cambios estacionales en la calid@ocitaria y espermatica en

ostra del Pacifico.

Aunque este apartado no se refiere al desarrollo tdcnica de
micromanipulacion alguna, resultaba imprescindddaocer los meses del afio en los
gue se dispondria de gametos en cuantia y calidaieste para, precisamente, poder
trabajar en técnicas embriolégicas o de micromdagdn en esta especie. Los
resultados han sido absolutamente concluyentes| d@ma que sélo en los meses de
Julio a Octubre, ambos inclusive cabe esperar guisponga de gametos, mientras que

en el resto del afio tal disponibilidad resulta doamenos incierta.

Técnica de electrofusion cigotica de cigotos obtelts por fecundacion in vitro en

ostra del Pacifico.

En base a lo anterior, durante los meses sefaladogalizaron ensayos de
electrofusién zigotica como paso previo a la pesdiditencion de ostras tetraploides. A
este respecto, varios de los resultados obteniglosdsultado interesantes. De un lado,
y con visos de poderse extender a otras especigsasiase ha comprobado que la
aplicacion de pulsos eléctricos (en este caso siérficelular) puede darse en medios
altamente conductores y de elevada osmolaridagsencaso agua de mar. De otro
lado, la tasa de fusion celular en estadio zigdt@sido altamente eficiente, con unas
mortalidades sumamente reducidas y con elevadas ths desarrollo hasta larva de
estadio D (24 h de cultivo post-fusion). Tambiérhagodido comprobar que la fusion
no altera de manera significativa los patrones nsidnes celulares posteriores,
transcurridos 25-30 min de aplicacion del pulsajue indicaria la practica ausencia de
dafos ocasionados por el pulso sobre los embrtengsranos.

La no disponibilidad de las instalaciones y alinamigueridos para que el grado
de desarrollo alcance estadios clave como “spatickiso adulto impide, por ahora,

evaluar la ploidia de los especimenes asi obtenidos



RESUM

En aquest treball de tesi, se presenten diverstadis experimentals,

desenvolupats principalment en peix zebra perdo déamib ostra del Pacific, que

persegueixen la posada a punt de tecniques retiepana la utilitzacié d'aquestes dues

especies en el camp de la biomedicina, la toxicoméra i I'aquicultura com a model

experimental .

En peix zebra, s’han posat a punt i testat:

o

Técniques de vitrificacié de teixit d'aleta cabdg blastomeres (en
microvolums) i de teixit gonadal.

Tecnica de quimerisme de la linia germinal en et8T, amb una
penalitzacio previa per radiacio ultraviolada datsbrions receptors.
Técnica de quimerisme larvari (larves de 48-72 tiljtaant com a
donants cel.lules testiculars previament criopresdrs obtingudes
d'individus adults .

Tecnica de trasplantament nuclear utilitzant cordoaants nuclis de
cél-lules somatiques adultes i larvaries.

Técnica d’electroactivacio en medi ionic d'oociespebix zebra.

En ostra del Pacific, s’han posat a punt i testat:

o

Avaluacio dels canvis estacionals en la qualitaitada i espermatica en
ostra del Pacific.
Tecnica d’electrofusié zigotica de zigots obtingpesr fecundacian

vitro en ostra del Pacific.



Tecniques de vitrificacié de teixit d'aleta cabalde blastomeres (en microvolums) i

de teixit gonadal.

En relaci6 amb aquest grup de técniques, assenghldiferent nivell de
dificultat de cada una d'elles i fins i tot delsukats assolits. Aixi, la vitrificacidé de
teixit de l'aleta cabal no ha suposat problemacamiuil respecte a I'aplicacié d'aquesta
técnica en els ultims anys a teixits epitelialiole especies de mamifers, el que dona
idea de la versatilitat en I'ls d'aquesta técnieavittificacié basica. Per contra, la
criopreservacio de blastomeres ha suposat un bieritepte, ja que els patrons de
permeabilitat cel-lular en aquesta espécie aquésicaolt diferent a la caracteristica en
mamifers, el que obliga en principi i seguint eletodes de vitrificacio més
convencionals (permeacio intracelslular de criogetors), a prolongar excessivament
els temps de permeacié previs a la vitrificacio. é&hriocament innovador ha permes
aconseguir la vitrificacié6 de blastomeres ailladesh relativament elevada viabilitat
celslular posterior, quan la vitrificacié es valiezar en microvolums (0.2%) i sense
pretendre la permeacio del crioprotector a lioteride les celslules

Pel que fa a la criopreservacio de teixit gonastakn testat tres procediments,
dos de congelacié i un de vitrificacio, dels quarainent aquest Ultim ha donat els
millors resultats . Certament, el procediment defigacio ha resultat molt més eficient
quan s'ha aplicat sobre petits fragments de téesticular que quan es va aplicar

després de la seva tripsinitzacio.

Tecnica de quimerisme de la linia germinal en estadBT, amb una penalitzacio

previa per radiacio ultraviolada dels embrions recptors.

Pel que fa a les técniques de quimerisme de ila ¢jarminal en estadi MBT,
s'han d'assenyalar diverses questions. En prinoer fjue el tractar els embrions
receptors amb radiacio ultraviolada (UV), no ésitrequisit per aconseguir els millors
resultats de quimerisme de la linia germinal. Rleacomplementar aquest efecte amb
l'evitacié del xoc osmotic que suposa la utilitbade medis de 30 mOsm/kg per a la
micromanipulacio. D'altra banda, és rellevant agslan la deteccié d'una sensibilitat
diferencial al tractament per UV en funcio de larpsde peix zebra utilitzada, sent

I'estirpgold més sensible que Veild en referencia a aixo.



Pel que fa a la tecnica de quimerisme utilitzalsistomeres vitrificades en
microvolums, hauran aixi mateix de resoldre's enfwur la desorganitzacié
morfologica de I'embrié receptor provocada pergiaant de mida de les blastomeres
després de la seva desvitrificacio i el consegii@miany excessiu de les pipetes de

micromanipulacio

Técnica de quimerisme larvari (larves de 48-72 h)tilitzant com a donants cel.lules

testiculars previament criopreservades obtingudes'ithdividus adults .

Aquesta técnica és la consegiéncia logica de i@preservacio de teixit
testicular abans indicada, ja que es requerebapgue aqguestes celelules testiculars,
concretament les espermatogonies, s'integrin énidagerminal de l'individu receptor.

S'han utilitzat larves de 48-72 h assumint queaguoest estadi el sistema
immunitari no s'ha establert plenament i, per tantatacara les célelules trasplantades.
Els resultats técnics relatius a micromanipulacgypervivéncies larvaries i
desenvolupament fins adult han estat plenamersfaetioris, no aixi els de quimerisme
de la linia germinal, ja que no s'ha observat gusme de la linia germinal en cap
especimen. D'entre les raons que justificarien stgu@ancanca, una és la que ressalta
com més plausible a judici dels autors: la posgiid#ncronia entre les pautes temporals
de desenvolupament de les espermatogonies i asjyelpies del teixit testicular, que

pel sembla son més rapides que el primer.

Tecnica de trasplantament nuclear utilitzant com adonants nuclis de celslules

somatiques adultes i larvaries.

Aquest grup de tecniques és potser més origidalmajor recorregut de cara al
futur d'entre les aqui contemplades. Les aportacieferents a aix0 que s'han
aconseguit amb aquesta tesi podrien classificansgiversos items. En primer lloc, el
fet d’haver aconseguit el trasplantament nucldamesoocits no activats sense necessitat
de localitzar el micropil, sent a més que en cafesiéres alternatives de trasplantament
nuclear s'ha requerit el decorionat dels oociteptrs. En segon lloc, haver pogut
comparar que els efectes sobre el desenvolupamamiomari posterior i I'abast del

mateix tenen en qualsevol d'aquestes alternativésadplantament nuclear i que l'o0cit



hagi estat activat mitjancant la seva fertilitzagidb un espermatozoide no radiat, amb
un radiat o tan només per l'efecte estimulant datacte amb l'aigua del sistema. En
aquest mateix sentit, s’ha d’'assenyalar que laipude la pipeta de trasplantament
nuclear sense injectar nucli celslular algun axin I'exposicié a aigua de sistema, no
suposen en cap cas el desenvolupament posteritmpgenota, el que ens permet
afirmar el paper rellevant que la preséncia delimdonant exerceix sobre la capacitat
de desenvolupament embrionari. En tercer lloc gdgut desestimar la possible utilitat
de I'envelliment oocitari com a factor promotor teficacia d'activacidé oocitaria, a
diferencia, en aquest cas notable, del conegutanifers.

Es mereix menci6 especial a una aproximacio mdesel imprinting gametic i
fins i tot de la possible técnica alternativa pé abtencié d'animals transgénics, que es
deriva de la utilitzaci6 com a donant en traspleaiat nuclear, sobre oocit no enucleat,
de célelules obtingudes per cultiu de larves gammges haploids obtingudes per
radiacid ultraviolada d'espermatozoides. La potdntnportancia d'aquesta técnica
nomeés ha pogut ser avaluada molt preliminarmeriersta tesi, encara que en aguests

moments ja s'estan desenvolupant nous trebakspécte.

Técnica d’electroactivacié en medi ionic d'oocits & peix zebra.

Respecte a aquesta técnica, el més rellevant gjagerera d'aquests estudis és
potser la facilitat que suposa el poder utilitzadis ionics per electroactivacio, i amés,
sent que en practicament tots els experimentsatfebetivacié recents dels que es té
coneixement, el mitja d’electroactivacio ha estaasj sempre no conductor. D'altra
banda, el millor protocol d’electroactivacio (unigouadrat de 5.4 V i 20us de durada)
permet fins a un 60% d'odcits activats quan aquestshan estat previament
micromanipulats. Malauradament quan aquestes se@déde polsos es van assajar
sobre oocits trasplantats nuclearment, la quaalitt d'ells van resultar llisats. Aixo
obligara en el futur a redefinir els polsos eléstrquan es pretenguin acoblar a la

tecnica de trasplantament nuclear.



Avaluaci6 dels canvis estacionals en la qualitat oaria i espermatica en ostra del

Pacific.

Encara que aquest apartat no es refereix al delsgrament de cap técnica de
micromanipulacid, resultava imprescindible coneiets mesos de l'any en que es
disposaria de gametes a quantia i qualitat sufiggen precisament, poder treballar en
técniques embriologiques o de micromanipulacié gquresta espécie. Els resultats han
estat absolutament concloents, de tal manera ques@n els mesos de juliol a
octubre, ambdods inclosos cal esperar que es didpagmetes, mentre que a la resta de

I'any tal disponibilitat resulta com a minim ineert

Tecnica d’electrofusié zigotica de zigots obtingutper fecundacidin vitro en ostra

del Pacific.

En base a l'anterior, durant els mesos assenyakatgan realitzar assaigs de
electrofusié zigotica com a pas previ a la possitidencié d'ostres tetraploides.
Referent a aix0, alguns dels resultats obtingutsrbaultat interessants. D'una banda, i
amb la possibles de poder-se estendre a altresiespaarines, s'ha comprovat que
I'aplicacié de polsos eléctrics (en aquest cauud® fcelelular ) pot donar-se en mitjans
altament conductors i d'elevada osmolaritat, erestgcas aigua de mar. D'altra banda,
la taxa de fusid celelular en estadi zigotic haatewltament eficient, amb unes
mortalitats molt reduides i amb elevades taxesederd/olupament fins a larva d'estadi
D (24 h de cultiu post-fusio). També s'ha pogut jgmwar que la fusié no altera de
manera significativa els patrons de divisions a#dfk posteriors, transcorreguts 25-30
min d'aplicacio del pols, el que indicaria la pigetabsencia de danys ocasionats per el
pols sobre els embrions primerencs.

La no disponibilitat de les instal.lacions i haént requerits per a que el grau de
desenvolupament arribi a estadis clau com "spéitisii tot adult impedeix, per ara,

avaluar la ploidia dels especimens aixi obtinguts.
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[. INTRODUCTION.

|. Introduction.

The following text introduces the more three ralav scientific, and well
differenced, areas of knowledge where the zebraiddmio rerio) and the Pacific

oyster Crassostrea gigas) play an important role as experimental models.

With the aim to avoid reiterative comments, thiengral introduction is
complemented with those corresponding to every oh@resented studies, in the
section I11.Experiments, in which particular aspects related to the canteineach

experiment are detailed.



I. INTRODUCTION. Zebrafish as experimental model.

I. 1. Zebrafish as experimental model.

Since 1986, when George Streisinger and colleap@resiuced the zebrafish as
a reliable and interesting animal model for genatialysis of embryo development on

vertebrates, several events were happened.

At the beginning of their discovering, this littlesh was closely related to
aquariophilia but, more recently it has acquiradae complex role in many emerging
areas of knowledge. This fish is now a scientifioltin multitude of labs around the
world. In this sense, several and varied are tipecéb areas where the zebrafish has
established as a both efficient and capable modeldéveloping knowledge. As
Streisinger pointed out (1986), the reasons wergr timany useful biological

characteristics.

There are three general areas of knowledge tadsepted in this thesis related
to the use of zebrafish: biomedicine, toxicogen@teicvironmental risk assessment and

aquaculture.

I.1.1. In biomedicine.

In biomedical research, animal models serve tdysfundamental biological
systems and diseases in a way that cannot be dtudmimans (Wall and Shani, 2008).
The zebrafish takes part in the understanding wérsé factors related with human
health, being a cost-effective bridge between lsafled assays and mammalian whole-
organism models (Brittijret al., 2009). In this context, we find the zebrafishsinch
interesting aspects as the inflammation and ciatian processes (Martin and Feng,
2009) and also of infection, mainly because ofeisellent optical accessibility at the
embryonic and larval stages, when the innate immsystem is already effective
(Levraudet al., 2009) and even, in adult zebrafish to analyzetipial disease states
(Phelpset al., 2009) or the interactions between host cellskzaaderia (Brugmaset al.,
2009). Also, the zebrafish takes part efficiently ithe understanding of
neurodegenerative diseases (Parglaal., 2006; Senutet al., 2009), skeletal and

cartilage research (Ches al., 2009a; Witten and Huysseune, 2009), vasculaozati
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(Montero-Balagueret al., 2009) and cardiovascularization processes (Sardosl.,
2009) in contrast with difficulties arised in otherailable model organisms.

Current research also involves little known aspedtout sleep function and
mechanisms of sleep regulation (Zhdanova, 2006k frechanisms of ageing to
develop in future preventive and therapeutic sjiateto prolong “helth span” (Kislet
al., 2009) as well as the understanding of stressaffadtive disorders in humans (Egan
et al., 2009) are also of interest.

In line with this, there is indispensable the tima and study of specific
zebrafish mutant lines (Talbot and Hopkins, 20@@) the genes knockdown with the
use of morpholinos (Nasevicius and Ekker, 2000)more recently using engineered
zinc finger nucleases (Meng et al.,, 2008), to mefkectively advance in many
established research programs current in this,fieédthein vivo study of forebrain
GnRH neuronal development by the transgenic (TgRIGIEGFP zebrafish line
(Abrahamet al., 2009).

As pointed out Eissen (1996), zebrafish has a murobfeatures that facilitate
recognizing and characterizing mutations. Develapngeexternal, making it relatively
easy to identify and score mutants either for lgthar for specific and even quite
subtle phenotypes. Embryos are optically cleamsividual cells can be labelled and
their development followed to learn how mutation$e@ embryonic cell fates.
Individual or groups of cells can be transplantedé¢w locations to test autonomy of
mutant genes. Also, these aspects have been @dfafter the complete zebrafish
genome definition (Freemamal., 2007).

One of main beneficed research programs by bictakdesearch advances has
undoubtedly been the cancer research. Despite e currently better alternative to
the use of animal models, at least if the targehahis human (Wall and Shani, 2008),
several cancer models have been established bggeait expression of human or
mouse oncogenes in zebrafish @ual., 2009). The transparent zebrafish embryos
invasion, circulation of tumour cells in blood velss migration and micrometastasis
formation can be followed in real-time. These fimgh show that the zebrafish is a
useful in vivo animal model for rapid analysis n¥asion and metastatic behaviour of

primary human tumour specimen (Marquesl., 2009), leukaemias (Payne and Look,
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2009) and, as a model to perform strategies foibiting tumor development (ie: in

tumour angiogenesis, Harfoucteal ., 2009).

The regenerative medicine is a research area e#t gnterest for solving in
future topical human diseases. In this sense, deratanding of stem cell mechanisms,
such as how they are established, their self-rehpweperties, and their recruitment to
produce new cells is therefore important (Hultngaral., 2009). Into this topic area,
there are many research programs, being the zslbrafmodel for the regeneration of
many organs (Mosst al., 2009). So, we can find research groups workingiron
different related aspects as are the comprehensibnappendix regenerative
mechanisms, characterized by multiple biologicalatres involved (Leet al., 2009);
the spinal muscular atrophy disease (Bebal., 2009), liver regeneration (Kaat al.,
2009) and the regeneration of adult zebrafish meaticr beta-cells (Mosat al., 2009)
among others. Also, aspects of regeneration of Ensory organs structures are in the
spotlight (retina regeneration by neurogenesisti®att al., 2009; hair cells contained

in the inner ear, Liang and Burgess, 2009).

[.1.2. In toxicogenomics/environmental risk assessnt.

Always connected to biomedicine, we find the stumlyd development of
chemicals for biomedical applications such as seliéctive drug delivery and
bioimaging (Nelsonet al., 2009). This interesting area is mainly focusedcamcer
research by the study of drug interactions for maprg the efficacy and tolerability of
cancer therapy and drug screening of antitumor lindtags (Kleinet al., 2009; Wang
et al., 2009). Some authors affirm that zebrafish embaresalso a reliable alternative
for developmental toxicity studies to predict cheafs effects in mammals (ie: to
distinguish teratogens from non-teratogens, Sdhtgis et al., 2009) and allowing
rapid toxicity screening (Faet al., 2009). Despite this, controversies appear when
others point that zebrafish cannot replace mammatiadels in the drug development
pipeline (Brittijnet al., 2009).

But the fact is that zebrafish is used in toxigylostudies since the 1950s
(Carvanet al., 2007). In this sense, zebrafish has been useahdtyze the effects of
toxins and pollutants in the environment, and fiimating biomonitors that emit alarm

signals when a toxic compound is detected (Alesibah, 2006).
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For that and, in combination with the establishiratransgenic sensor strains
and the further development of existing and neworaated imaging systems, the
zebrafish embryos could be used as cost-effectne ethically acceptable animal
models for drug screening as well as toxicity tes{ide Castret al., 2009; Yanget al.,
2009). An example of this was the acceptance antlatary use of the embryo toxicity
test with zebrafish as whole effluent testing inr@any, Europe (approved in January
2005, Lammeet al., 2009). To this respect, several studies carryeaperiences with
single chemicals or complex mixtures assessingr tBeibryotoxic, neurotoxic or
teratogenic damages (Chetral., 2009b; de Castret al., 2009; Froehlicheet al., 2009;
Kling and Foérlin, 2009; Mulleet al., 2009; Selderslaghat al., 2009). Pesticides are
also included in these assays (Dai@l., 2009; Maet al., 2009; Shiet al., 2009) as
well as toxins produced from marine and freshwatecroalgae, including those
classified among the so-called “harmful algal blesdr{Berry et al., 2007; Suyamat
al., 2009).

[.1.3. In aquaculture.

As seen before, the zebrafish represents a Versatl well-characterized model
with applications in many fields of study. In redet with aquaculture, the need for a
well-characterized fish model has been satisfied thy zebrafish owing to the
availability of functional genomics and moleculaiolbgy data to development of
vaccines and therapies or marker-assisted breddiegtromet al., 2006; Dahm and
Geisler, 2006). In relation with this, already sexced genes in zebrafish are useful to
be compared with those characterized in farmedisp€ie. two ghrelin receptor genes
in channel catfishlctalurus punctatus, Smallet al., 2009) also, in transcription factors,
where it is observed that liver X Receptor trangan factors of salmonids (Atlantic
salmon, Salmo salar; rainbow trout, Oncorhynchus mykiss) are more closely with
zebrafish than from medaka (Cruz-Garetaal., 2009). Other example could be the
similar clock-gene expression in Atlantic salmoriiat observed in zebrafish (Dae
al., 2009). In relation with this, innovative techngies as transgenics have acquired
much interest in their application to farmed fishdise their potential to supply the ever
growing demand of food products derived from aguaésources (Wong and Van
Eenennaam, 2008). In this sense, the feasibilitys®e the zebrafish in this research

program (Eissen (1996, Talbot and Hopkins, 2000pfiggreat interest for further
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transferring these technologies (as specific zedfrahutant lines, Talbot and Hopkins,

2000; genes knockdown by morpholinos, Nasevicius EBkker, 2000 or more recently

using engineered zinc finger nucleases; Meng £2@08) to farmed species (ie. use of
zebrafish U6 promoters to express shRNA in Nilapith and shrimp cell extracts;

Boonanuntanasasaret al., 2009). But, in this case, the genetic reprodectiv
containment of transgenic animals must be effityesstablished (ie: gene knock-down
technology by morpholino; Dahm and Geisler, 200&s&Vicius and Ekker, 2000).

To other respect, research on nutrition and grosttiess, and disease resistance
in the zebrafish can be expected to produce reapltficable to aquacultural fish. For
example improved husbandry and formulated feedfirfDand Geisler, 2006; Temple
and langdon, 2009) or to comparing different arregts in zebrafish juveniles and
embryos (Macovat al., 2008).

Other aspect to take into account is the econonmgadrtance of what zebrafish
represents itself. Several companies have bormdrthe world under the necessity of
supplying zebrafish mutant lines to laboratorieordbver there is also offered the
sizing and training maintenance of zebrafish latooya facilities. Also, collateral
benefits appeared from unexpected ways as occuithdsome mutant zebrafish lines

that become economically important for aquarioghili

In all these scientific areas, the development aintbrovement of
micromanipulation and embryological techniques iatBspensable for many research
programs that use either gametic or embryonic biolmaterial, making their progress

possible.
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[.2. Pacific oyster as experimental model.

The Pacific oysterGrassostrea gigas) is a protandrous hermaphrodite species,
changing sex with an erratic and seasonal way éyatibl. 1988).

The commercial fishery for the Pacific oyster gmapidly since its introduction
from Japan to the western coast of the United Statd 903 (Glude and Chew 1982).
Then, its adaptative ability of colonizing diffeteenvironments around the world
converted the P. oyster in the most cultured oyasteund the world, now extended to
all continents but Antarctica (Mann 1979) and witte largest production for an

individual species (4.4 million tonnes; FAO, 2006).

Despite the P. oyster is mainly of interest fouamulture, its intimate relation
with humans has also promoted its use in the staidyther different research areas,
thus taking part in a greater or lesser extentieambdical research and environmental

risk assessment.

[.2.1. In biomedicine.

Bivalve mollusks are not widely used model orgarsisin human research.
Despite this, oysters (and also mussels) play gooiitant role into a specific area: the
study of threats to human health from marine emwirent, including infectious diseases
and harmful algal blooms (Hedgecoekal. 2005). The P. oyster is a shellfish filter-
feeding animal that concentrates infectious agants harmful algae. Because of this,
the mollusk consumption, especially oysters, istan important mode of transmission
of infectious disease to humans (Hedgecetlal. 2005), due they are traditionally
consumed alive.

Last years, nonvertebrate model systems, as p{anabidopsis thaliana) and
nematodes (@aenorhabditis elegans), were developed to study human infectious
disease. Despite they were initially quite inforivet recent studies achieved the
successful identification of numerous virulenceegem human pathogens (Phelps and
Neely, 2005). Their increasing interest is becaniséhe ability to easily genetically
manipulate the host (Darle al., 1999; Rahmest al., 1995; Rahmest al., 1997). To
this respect, the creation of BAC (Bacterial Adidil Chromosome) libraries is now

emerging in oysters and have been developed asopaah international effort to
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develop tools and reagents that will advance tligyato conduct genetic and genomic
research (Cunninghast al., 2006). Their interest is in first instance fajuaculture
production, but biomedical research could take fierieuseful aspects come to light
regarding to the development of tools for nonvedeb models, for example the
evolution of molecular mechanisms of immune recogmi and response to stress
(Gueguenet al., 2003; Tangy and Moraga, 2001) for the study ahan infectious
disease (Phelps and Neely, 2005).

[.2.2. In environmental risk assessment.

Aquatic toxicity tests play a crucial role in asseg the potential or actual
impact of contaminants on the natural environmelat Cruzet al., 2007). In these
toxicity assays, is of interest the use of aqusgpiecies with different feeding habits to
evaluate the long term risk of environmental chesiand metals impact (Bolognesi
al., 2006; Leeet al., 1996). In this context, oysters are of substh@tmnomic and
cultural significance in the ecology of the coastarine environment (Hedgecock et
al., 2005).

The oyster biological interactions with toxic atgenan be measured at different
stages of their live: in embryos (Beiras and Hi893; Calabreset al., 1973), spat
(Stachowski-Haberkoret al., 2008) and adult (Bolognest al., 2006). Moreover, of
much importance is also the development of chronisub-chronic tests, due they may
have a higher ecological relevance when dealing thi¢ embryonic development of a
key species for the ecosystem at risk (da @tat., 2007; Mulleret al., 2009).

To this respect, the early-life-stages tests hawielent ecological relevance
because they reflect the possible reproductive immaat of natural populations (da
Cruzet al., 2007). In spat, the assessment of growth difte¥emue to pesticide impacts
can be measured by the shell area index increas(B¢mthowski-Haberkoret al.,
2008). In adult oysters, there can be evaluatecdtergrations of selected elements
(Schuhmacher and Domingo, 1996), thus allowingagsessment of human health risks
from exposure to toxic compounds (ie. Inorganieais Liu et al., 2006). Also there
are interesting developed models: the physiololyidzsed pharmacokinetic model,
which will serve as a useful tool for predictingtkinetics of other persistent organic
pollutants as well as, to dispose of a more refieedlogical risk assessment by

estimating dioxin concentrations in sensitive tessguch as the gonad (Wintermer
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al., 2005). Moreover, this model permits the developihté a gametogenesis protocol
to serve also as a model for evaluating the toffects of chemicals on oogenesis and
spermatogenesis (Wintermyer and Cooper, 2007).

For these reasons, oysters, especially the géPnassostrea, have been
commonly used for the determination and polluti@gk prevention or in monitoring
long term impacts (da Cruet al., 2007; Hiset al., 1997; Woelke, 1972). Some
examples are their increasing utilization in Brdnil risk prevention (da Cruet al.,
2007); the long term genotoxic impact of Havengglll along the Ligurian coast in
Italy (Bolognesiet al., 2006); the ecotoxicological evaluation of indigdtrport of
Venice in Italy (Libralatoet al., 2008); the bioaccumulation of chemicals throuigé t
marine food web in Sendai Bay, Japan (Okunmsiral., 2003); or the assessment of
copper pollution status of the south-western ane@aiwan after the 1986 green oyster
incident (Leeset al., 1996).

[.2.3. In aquaculture.

With the use of P. oyster there have establisliéereht types of techniques in
relation with production systems (ie: telecaptatidttelm and Bourne, 2004) and
breeding (oyster conditioning, gamete strippingyitro fertilization; Helm and Bourne,
2004) being some of such techniques of especiaplmdty (ie: triploidy induction,
Helm and Bourne, 2004). In this last group, we fiath a great variety of manipulation
techniques (ie: embryo transfection, Buchamrfaral., 2001; microinjection of eggs,
Cadoretet al., 1997 and the obtaining of aneuploid, triploidraploid and gynogenetic
oysters, Eudelinet al., 2000, Gucet al., 1993, Guo and Allen, 1994). To this respect,
the induction of triploidy has been the most popolae, being in use since decades ago
(Nell, 2002).

Triploids are produced by preventing the egg ugoieg meiosis so that it
remains in the diploid (2n) state. When such an iegigrtilized by sperm in the 1n
(haploid) stage the result is a triploid (Helm aBdurne, 2004). The interest in
producing triploid oyster for aquaculture is maiblgcause of gamete output (functional
reproductive sterility) and improved meat qualihdagrowth (Donget al., 2005). Also,
there was observed a better resistance to parasitediseases as well as a reduction of
mortalities in summer (Nell, 2002). There are margatments capable of inducing

triploidy: chemicals (Cytochalasin B, 6-dymethylampurine, Caffeine; Okumura,
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2007); thermal shock (hot, cold; Okumura, 2007¢spure shock (Okumura, 2007) and
by mating tetraploid (also obtained artificially)tivdiploid oysters (Guet al., 1996).
Other applied technology in oyster is the cryopnesgon. An example is the
commercial availability of cryopreserved trochofteevae ofCrassostrea gigas for the
first days feeding of fry larvae for commercial mnarfish production. Their small size
(50 um) compared with rotifers or artemia is idamedor this purpose. But, in this
special case, trochofores must be penalized inloleweent to avoid their further settle
into the fish hatchery installations.

To other respect, P. oyster would not only provédeollusk for comparative
genomics but also a model species for a broad rspeadf genome level studies of
shellfish biology (Hedgecoadd#t al., 2005). To this respect, it has detected a higiege
load in this species, which give support the domieatheory of heterosis and
inbreeding depression and establishes the oystan asnimal model for understanding
the genetic and physiological causes of this phemam (Launey and Hedgecock,
2001). Moreover, the creation of BAC (Bacterial ifictal Chromosome) libraries is
now emerging in oysters to develop tools and reagemat will advance the ability to
conduct genetic and genomic research (Cunningtiah, 2006). In aquaculture, this
advances will benefit the genetic selection improget in breeding programs, even
more, when the treats heritability in P. oyster iargeneral high (around 30%, Lopez-
Fanjul and Toro, 1990). An example is the creatdraround 50 inbred strains to
produce F1 hybrids for comparisons of growth andisal rates in hatchery and field

trials, any of them in commercial production (Heclyek et al., 2005).

In all these scientific areas, the development aintbrovement of
micromanipulation and embryological techniques Wwéhefit the development of many
research programs, being also useful for aquaeylas it occurred in mammals for

breeding programs (ie. embryo and sperm cryobankiagsgenesis).
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Il. OBJECTIVES.

[I. Objectives.

The objective of this thesis was the developmérdiverse embryological and
micromanipulation techniques in zebrafish and Raolster to be used as experimental

models in different scientific areas. Specifically:

In zebrafish:
First general objective: Cryopreservation techagju
» Vitrification of caudal fin explants.
» Vitrification of MBT embryo blastomeres.

» Cryopreservation of adult testicular tissue.

Second general objective: Chimaerism techniques.
* Chimaerism at MBT stage.

* Cell testicular transplantation at larval (48-72tgge.
Third general objective: Nuclear transplant teghes.
* Nuclear transplant of adult somatic cells.

* Nuclear transplant of haploid somatic cells.

In Pacific oyster:
Fourth general objective: Zygotic electrofusionealogy.
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[ll. EXPERIMENTS.

[ll. Experiments.

All experiments included here are presented ansfic papers. Many of them
have been already published in both indexed aretnational scientific journals. The
rest, are still in review process. With all of theame configured the different

experimental parts of this thesis.

The findings reported are result of the LaboratmirAnimal Reproduction and
Biotechnology (LARB) team effort since 2006, beitigeir contribution of different
importance to the development of objectives, with tiscussion of results being in

consonance.

With the aimed of improving the contents presentatf this thesis, this section
has been structured in four well differenced paasg corresponding to the four
different working areas where the doctorandus hesnbascribed the experiments.
According with this, each part is briefly introducend the following information

given:

°  The linkage among the experimental works carrigd ou

° General results accomplished.

°  The doctorandus participation level in terms ofrthesponsibility in the settled
works with which each part is configured.

° Experimental works. The paper citation (if publidheor the manuscript
reference number (if submitted to a journal) isluded as a footnote on each

study presented.
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lll.1. Cell Cryopreservation in zebrafish.

[11.1. Cell Cryopreservation in zebrafish.

In the use of zebrafish as model for biomedicineyetbpmental biology
research and in other related areas, there are spewic cellular types widely used
and therefore acquiring much importance to be pvese

Their interest reside mainly in the possibility wding these cellular types in
somatic cloning by nuclear transplant (NT) or ia ttonservation of genetic endowment
(mutations), artificial mutant lines, transgenicasts, etc. This is the case of somatic
cells, being the epithelial fibroblasts of caudalthe main tissue target used in fish for
this purposes.

Early embryo blastomeres play a special paperargtmeration of chimaeric fish. Thus
meaning the further obtaining of viable gametesftbese cells when they are inserted
in a host embryo. Another cellular type with rethteharacteristics of that (two) cited
before are testicular cells, specifically spermatogl cells. In fish, as well as it occurs
in mammals, it is possible the spermatogonial ioelbrporation into either developing
or adult host testicular tissue in the way thathier gamete production (sperm and
eggs) is derived from transplanted cells. ThisrggBng technique also permits their
interespecific transplantation or in vitro cultugquiring great interest in different
scientific working areas. So, the availability gfesific cryopreservation protocols for
these cellular types is of much importance. Moreowere are thousands of mutant fish
lines in need of cryopreservation and stock cenaresoverwhelmed by the time it
would take to do this. Also, many university laltoraes are not well versed in cryo-
techniques. The wonderful thing about efficientopseservation techniques should be

they are fast and easy applicable to almost argarek setting.

In this sense, the first of works entitlefitrification of caudal fin explants
from zebrafish adult specimens% pursued the extension of a pre-defined
cryopreservation technique in mammals to fish. Taeyet tissue chosen for this
purpose was the caudal fin. The cryopreservationnigue employed, reached efficient
rates in the cryopreservation of ear skin tissumahy economically important species
of domestic mammals.

Results obtained in both substrate attachment atgrawing of vitrified tissue pieces
in zebrafish are high (63 % and 83 % respectivelsing the best combination of
cryoprotectant agents (20 % Dimethyl sulfoxide &0d% Ethylen glycol prepared in
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lll.1. Cell Cryopreservation in zebrafish.

Hanks’ buffered salt solution plus 20 % FBS). Mare fish fins achieve a complete
regeneration after a partial amputation (in zebhaéit 6 days approximately), leading to
the efficient further recovery of cell lines fromery specific and important fish

specimens without mutilating them.

» Throughout the development of this vitrificationche@ique, the doctorandus
participated in all steps, from animal anaesthesejlization and fragmentation of
fin samples, vitrification-warming procedures adlvas tissue culture. He was also

responsible of the manuscript preparation, esggdled discussion section.

With respect to the development of a blastomerepmgservation protocol, this
was certainly a great challenge.

First trials pursued the cryopreservation of embsiastomeres by vitrification
in plastic straws (0.25 ml) due that the entire proleryopreservation still represents a
front barrier very difficult to overcome, concreteh fish species, because their embryo
size is relatively big. Under our carried out cdimfis, it was concluded that the either
vitrification of entire blastoderms or isolated $ifameres in plastic straws (0.25 ml) was
not a reliable option. So it was developed a ned @uginal vitrification technique in
microvolumes to accomplish our objective. This tegbe is detailed in the manuscript
“Vitrification of zebrafish embryo blastomeres in mcrovolumes. Briefly, it
consisted in the blastomere (both grouped andtes)lampregnation with the vitrifying
solution (5 M Dimethyl sulfoxide prepared in Hanksliffered salt solution plus 20 %
FBS) without cryoprotectant cell permeation. Thengrodrops of 0.25ul containing
blastomeres were held on to a nylon filament (Idbf@5mm diameter) and immediately
submerged in liquid nitrogen (blastomeres were s&goto cryoprotectants for a
maximum of 25 sec prior vitrification). The procedwestablished here reached a 93.4%
blastomere survival and allowed the rescue of ashnas 20% of the total blastomeres
from each zebrafish blastula embryo. Also, it waseloped a loop container which
consisted in a conventional screw cap plastic ¢oataof 30 ml (with the body drilled
to facilitate the entry of liquid nitrogen). Thismtainer allowed a suitable cryobanking
management of loops (maximum load capacity of 2p%).

Further to the blastomere vitrification achievemehe possibility to use these
cells as donor cells in chimaerism experiments alas assessed and presented in the

manuscript Can vitrified zebrafish blastomeres be used to obta germ-line
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lll.1. Cell Cryopreservation in zebrafish.

chimaeras?. Unfortunately, to this respect, several diffites arose. They were
mainly related to a major increase volume of thawkktomeres, a major medium
volume injected in host embryos and a more boredsinicropipettes (60-70 pum)
required to insert treated blastomeres and whicitdotause embryo disorganization.
The scanty number of chimaeras that reached aawltf¥%) was not enough to
detect the thawed blastomeres ability on furth@gegration and participation in the host
germ-line. In fact, neither somatic nor germ-lingincaerism was observed. These
aspects will be the basis of future studies rel&eichprove chimaerism using vitrified
blastomeres, being the increment of effectives raman important key point to be

considered.

» The procedure of blastomere vitrification technignemicrovolumes exclusively
came from the development of a doctorandus idethelin extension to chimaerism,
it took part the experienced professor Francisend®i although the solution of
reported problems throughout the technique re-aiapt from conventional
chimaerism to the characteristics of a new cellutgpe (vitrified/thawed

blastomeres), were responsibility of doctorandus.

According to the objectives described in the covest®sn of important cellular
types, different cryopreservation methods wereyeskan order to establish a testicular
cell cryopreservation procedure in zebrafish. Tl wf how this objective was finally
accomplished is described in the manuscritfécts on cell viability of three
zebrafish testicular cell or tissue cryopreservatio methods. Among three
procedures assayed, the most efficient was vitifim of testicular tissue pieces in
plastic straws (0.25 ml) with the subsequent elation of connective tissue after
warming, using 20% Dimethyl sulphoxide and 20% Hhyglycol solution in Hanks’
buffered salt solution plus 20 % FBS as vitrifyiegution. Cell survival rates were, in
this case, 94% and the appearance of pseudopodiaarimed cells indicated their
spermatogonial condition.

As said before, nuclear transplant and chimaerisgnasailable techniques to
use in the recovery of genetic endowment. But thieskniques require: in the case of
NT the insertion of a cell nucleus into non-actadifertilized eggs or in early zygotes
and, in chimaerism, a specified number of insededor cells into early embryos at

blastula stage. However, a different cell insertiechnique is required for testicular
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lll.1. Cell Cryopreservation in zebrafish.

cells. Spermatogonial cells transplantation is eadd in many fish species, although
major larval sizes have been used than the zebrafi©ur case, after the establishment
of an efficient testicular cell vitrification metpwe developed an efficient testicular
cell transplantation technique from a technicahpaoif view to insert these cells in the
germ ridges area of 48-72 h aged larvae, in omessess their germ-line contribution.
This technique was carefully described in the manpis entitled Testicular cell
transplant in zebrafish (Danio rerio) using cryopreserved adult testicular cells as
donors’. Useful innovations were therefore described eeggly those related to larvae
immobilization along the whole injection processaadl as the manual cell injection of
thawed cells and also, in the correct depositi@tl Unfortunately, and despite high
survival and normality rates of transplanted laraabieved (176 injected larvae in 12
transplantation sessions) results of germ-line elemsm were null, possibly due to
some asynchrony between the gonadal colonisatidityats§s spermatogonia and the

embryo rhythm of gonadal development.

» The development of these two techniques for adudtstidular cells
(vitrification/thawing and their further transplatibn to host larvae) was the result
of the contribution of the two first authors, peipating the doctorandus to a lesser

extent.
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STUDY 1. Vitrification of caudal fin explants from zebrafish adult specimens.

Abstract

No data on vitrification of tissue samples are kade in fishes. Three
vitrification solutions were compared: V1: 20% d#ne glycol and 20% dimethyl
sulphoxide; V2: 25% propylene glycol and 20% dinyetbulphoxide, and; V3: 20%
propylene glycol and 13% methanol, all three pregpan Hanks’ buffered salt solution
plus 20% FBS, following the same one step vitrifima procedure developed in
mammals. Caudal fin tissue pieces were vitrifietd i0.25 ml plastic straws in 30s and
stored in liquid nitrogen for 3 days minimum, wadr(@0s in nitrogen vapour and 5s in
a 25°C water bath) and cultured (L-15 plus 20% RB28.5°C). At the third day of
culture, both attachment and outgrowing rates wererded. V3 led to the worst results
(8% of attachment rate). V1 and V2 allow higheaeiment rates (V1: 63% vs V2:
50%. P < 0.05) but not significantly different outgrowingates (83%-94%).
Vitrification of caudal fin pieces is advantageousfish biodiversity conservation,

particularly in the wild, due to the simplicity pfocedure and equipment.

Keywords: Cryopreservation, vitrification, cryoprotectantgberafish, tissue culture,

biodiversity.

" This paper has been published in the jour@al8Letters’ with the following reference: Cardona-
Costa J, Roig J, Pérez-Camps M and Garcia-Ximén€20B6). Vitrification of caudal fin explants

from zebrafish adult specimens. CryolLetters 273§3R-332.
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INTRODUCTION

Tissue and cell sample cryopreservation from anyaegered species, either
domestic or wild, have been proposed by McLarer0Q20as part of biodiversity
conservation strategy independently of whether siensboning technology is available
or not at present. Somatic cells should be alssidered for fish genome cryobanking
of valuable or endangered fish (Maugegal., 2006). At present, cloning technology is
available in fishes (Huang al., 2003). Moreover, cells cultured from fin explantsre
recently used for cloning (Jt al., 2003; Liuet al., 2002).

Cryopreservation by conventional procedures of itnovcultured fibroblasts
does not involve special difficulties in fishes (Wgeet al., 2003; Zhang and Rawson,
2002). However, little attention was paid to theyopreservation of the explants
themselves and to the ability of fin explants tdfailmgly outgrow somatic cells
(Maugeret al., 2006).

In rabbit and pig, we have shown that vitrificatisnan adequate procedure to
cryopreserve epithelial tissue samples (Silvestral., 2002), including post-mortem
(Silvestreet al., 2003). These results have become widespread thggenthe main
economically important species of domestic mamn(@ilwestreet al., 2004). To our
knowledge, no data are available on vitrificatioathods for fin explants in fish. So, the
aim of this work was to extend this vitrificatioechnique to a very different group of

vertebrates, the fish, using zebrafish as a model.

MATERIALS AND METHODS

Wild-type zebra fish specimens were maintained micg to standard
conditions (15). Fish were anaesthetised with clavéGrushet al., 2004; Mylonaset
al., 2005) in system water (10@) and the amputated caudal fins were bleached (2
minutes in 0.2% v/v bleach/system water) and wasBetines in 2ml of Hanks’
buffered salt solution 10% in water (H10) for 5-&n each and finally in Hanks’
buffered salt solution with antibiotics (HC). Afténe last HC wash, the fin explants
were prepared for vitrification or directly for tihen vitro culture (control groups). All
aseptic procedures and sterile instruments werd issubsequent steps. It may be
pointed out that any fish used during the experinveas sacrificed or died due to the

anesthetic or to the amputation procedure. In eudiin zebrafish, as in other teleost
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fish species, the caudal fin can completely regapdtself after a partial amputation, in
zebrafish six days approximately (Westerfield, 2000

A vitrification procedure previously used for sldamples in various domestic
mammalian species (Silvestee al., 2002) was applied, with some modifications, to
small pieces of amputated caudal fin. The assaigftication solutions (VS) were: V1:
3.58M (20% vl/v) ethylene glycol (EG) and 2.82M (20#v) dimethyl sulphoxide
(DMSO) (11) ;V2: 3.42M (25% v/v) propylene glycdP@G) and 2.82M (20% v/v)
DMSO (established in this work) and; V3: 2.73M (20%s) PG and 3.21M (13% v/v)
methanol (Chen and Tian, 2005). All three were are@ in Hank’s buffered salt
solution plus 20% FBS (HC-F). Vitrification solutis were prepared on the day of use
and were stored in darkness at room temperatuné usd. V2 was included in the
experiment because of the low toxicity of propylemgcol in zebrafish embryos (16),
as in other fish cells (Zhang and Rawson, 2002).

For vitrification, 15-20 small tissue pieces (1lmni maximum length
corresponding to the inner diameter of 0.25ml crgeprvation straws) from each
amputated caudal fin were put into 1.0ml VS and edrately loaded into 0.25ml
plastic straws (2-3 straws for each amputated ttjaws were sealed with modelling
clay, identified, and plunged vertically into liguinitrogen. Straw loading took
approximately 30s. Straws were stored in liquidogén for 3 days minimum before
warming.

Tissue samples were warmed following a two-stepdra@rming procedure.
Briefly, every straw was held horizontally in niggen vapour for 10s (15cm over liquid
nitrogen surface) and then warmed by immersion28°%C water bath for 5s. The straw
content was expelled into a watch glaRscovered tissue samples were rinsed for five
minutes in 1.0ml 0.125M sucrose in HC-F to remorgprotectants, and then, for a
further 5 min, 1.5ml of HC-F were added in orderg¢duce the sucrose concentration
progressively. Finally, the pieces were transfet@dHC-F without sucrose for 5min
and then to L15-F (see below). Tissue samples (&3ue pieces each) were
immediately placed in culture in 2ml of L15 Medilreibovitz’s (Sigma) supplemented
with 0.3 g/l L-glutamine, 100units/ml penicillin,00 ug/ml streptomycin, and 20%
heat-inactivated foetal bovine serum (L15-F) at28.(15) and counted as the initial
number of pieces that were placed in culture. Timaler of tissue pieces fixed to the
substratum and the emergence of tiny fibroblagt-tiklls immediately adjacent to the

fin pieces were recorded at the third day (Pawzord 1999). Two fresh control groups
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were carried out at the same time as the experahgnbups. In the first (Control 1),
samples were obtained and put in culture exactihéensame manner that the vitrified-
warmed samples, while the second control group ff@bil) was established with a
different procedure, consisting of tearing andrixithe fin tissue pieces to the culture
substratum, usually considered as the most faveeirabnditions for subsequent
outgrowth. Cell survival was assessed during pynmarture both by the ability of
seeded pieces of caudal fin to attach to the aiubstratum and by the presence of
outgrowing living cells (mainly fibroblasts) acquig a flattened appearance (Mauger
al., 2006; Silvestret al., 2002; Silvestret al., 2003; Silvestret al., 2004), in our case
evaluated at three days of culture.

Results were analysed by a Chi-square analysis.nWhesingle degree of

freedom was involved, the Yates’ correction fortoaunty was carried out.

RESULTS AND DISCUSSION

The results are presented in Table 1.

Looking at the effect on the attachment rate ofttiree vitrification solutions
tested, it can be highlighted that V3 (Propylenegl and Methanol as cryoprotectants)
leads to the worst results, allowing only a 8% ttdehment rate of all the seeded tissue
pieces after three days in culture. There aressitally significant differences between
V1 and V2 attachment rates, favourable to V1. lditah, these two vitrification
solutions allow higher attachment rates than Comtfiin tissue pieces prepared by the
same procedure used for vitrification: similar sidgieces and no initial anchorage). A
possible explanation could be the possible higheraion of the tissue structure of fin
explants in vitrified-warmed samples than that duelusively to the scalpel blade cut
injuries. Such additional alteration of the struetwf tissue pieces provides a better
direct contact of inner proliferating cells on tleelture substrate and its further
outgrowth. Two arguments support the proposal.tlgjrshe fact that in this same
experiment it was observed that outgrowing rateirisctly related with the attachment
rate (it is important to point out that these twargmeters were assessed at the same
time, after three days in culture) and, on the mthand, that Control Il is the
experimental group with the highest attachment fatel outgrowth), precisely the
group established with the seeding procedure (tgaand initial fixing of the fin

samples) considered as the best in cell culturmaly be emphasised that outgrowing
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after vitrification is detected as early as in Fresontrols, suggesting a low cellular
toxicity of cryoprotectants. It is still surprisintpat the vitrification solution which
offers better attachment rates is statisticallysgoin outgrowing rate when compared
with Control IlI. It is probable that the number foted pieces will increase further
because of the short time of culture defined uaskessment of this parameter.
Whatever the case, it should be emphasised thatstnef V1 or V2 in this vitrification
procedure allows us to obtain live cells efficigrftiom cryopreserved tissue samples of
adult zebrafish specimens.

The PG-Methanol combination has previously been pgsed for
cryopreservation of fish embryos due to the highmaation rate of methanol (Chen and
Tian, 2005) and the low toxicity of the propylenbogl on fish cells (Zhang and
Rawson, 2002). However, for somatic tissue samples,results obtained with this
vitrification procedure when methanol was used wseouraging. Despite the results
using methanol, the use of DMSO in combination vidth or PG (particularly in V1)
and according to the vitrification procedure testeale shown that DMSO is adequate
for epithelial tissue sample vitrification. In preus works (Silvestreet al., 2002;
Silvestreet al., 2003; Silvestret al., 2004), this cryoprotectant in combination with EG
was used to cryopreserve epithelial tissue sanfpyes a wide number of mammalian
species and has also been shown to be efficiergourtry to cryopreserve quail
blastoderms (results not published). This work rextends its use to fish, taking into
account, additionally, that the direct cryopresgoraof tissue pieces, compared with
that of cultured cells, is proved advantageous iadilersity conservation strategies,
especially when using it in the wild, due to thengiicity of procedure and of the

required equipment.
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Table 1 Effect of three different vitrification solutionsn the attachment and

outgrowing rates of zebrafish caudal fin tissuepseafter three days of in vitro culture.

Attachment rate Outgrowing rate

(on attached)

V1 (20DMSO+20EG) 88/140 (63%) 73/88 (83%)
V2 (20DMSO+25PG) 65/130 (50%) 61/65 (94%F°
V3 (20PG+13Methanol)  6/78 (8% 5/6 (83%%°
Control (fresh) | 17/55 (31%) 16/17 (94%°
Control (fresh) II 64/70 (91%) 64/64 (100%)

Rows with different superscripts are statisticdlifferent (p<0.05)
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STUDY 2. Vitrification of zebrafish embryo blastomees in microvolumes.

Abstract

Cryopreservation of fish embryos may play an imgatrtrole in biodiversity
preservation and in aquaculture, but it is veryicift. In addition, the cryopreservation
of fish embryo blastomeres makes conservationegjied feasible when they are used in
germ-line chimaerism, including interspecific chenam. Fish embryo blastomere
cryopreservation has been achieved by equilibrinotgxlures, but to our knowledge,
no data on vitrification procedures are availabiethe present work, zebrafish embryo
blastomeres were successfully vitrified in micraxaks: A number of 0.25 ml drops,
sufficient to contain all the blastomeres of an grahkat blastula stage (from 1000-cell
stage to Oblong stage), were placed over a 2.50p @ nylon filament. In this
procedure, where intracellular cryoprotectant petmea is not required, blastomeres
were exposed to cryoprotectants for a maximum ofs@8& prior vitrification. The
assayed cryoprotectants (ethylene glycol, propylgheol, dimethyl sulphoxide,
glycerol and methanol) are all frequently used ishfembryo and blastomere
cryopreservation. Methanol was finally rejectedéhese of the excessive concentration
required for the vitrification (15M). All other coprotectants were prepared
(individually) at 5 M in Hanks' buffered salt solom (Sigma) plus 20% FBS
vitrification solutions: VS).

After direct thawing in Hanks’ buffered salt sotuti plus 20% FBS, acceptable
survival rates were obtained with ethylene gly®2.8%, propylene glycol: 87.7%,
dimethyl sulphoxide: 93.4%, and glycerol: 73.9% @®$). Dimethyl sulphoxide
showed the highest blastomere survival rate amdvell the rescue of as much as 20%
of the total blastomeres from each zebrafish blagtmbryo.

Keywords: Biodiversity, vitrification, microvolume, cryoptectant, blastomeres,

zebrafish.

" This paper has been published in the jour@aySLetters’ with the following reference: Cardona-
Costa J and Garcia-Ximénez F. (2007). Vitrificatiafi zebrafish embryo blastomeres in
microvolumes. CryolLetters 28(4): 303-309.
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INTRODUCTION

Cryopreservation of fish embryos is interestingldardiversity preservation and
in aquaculture. However, it is very difficult (Chemd Tian, 2005; Edashig# al.,
2006; Roblest al., 2005).

In contrast to mammalian embryos, fish embryos Hawemembrane permeability and
the presence of cell layers which act as osmotrcidra, making the permeation of
cryoprotectants extremely difficult. Furthermoréher compounding features have also
been identified including their large size (usuallyy mm diameter), the high yolk
content in the egg and the high sensitivity to loigl injury (Hagedornet al., 1997a,;
Hagedornet al., 1997b; Janiket al., 2000; Zhang and Rawson 1996). The low
cryoprotectant permeation also makes cryopreservaif blastoderms very difficult,
and even of blastomere clumps (Harvey, 1983). Be,ctyopreservation of isolated
blastomeres is at present the only available wagréserve fish genetic endowment
efficiently. Blastomere cryopreservation may play important role in biodiversity
preservation when they are used via germ-line chimaia, including interspecific
chimaerism (Kusudaet al., 2004; Linet al., 1992; Nakagawat al., 2002). Equilibrium
procedures of cryopreservation have been usediewecthis (Calvi and Maisse, 1998;
Calvi and Maisse, 1999; Strissmaetmal., 1999). However, no references to blastomere
cryopreservation by nonequilibrium procedures, saglvitrification, are present in the
literature.

Liu et al. (1998) reported a 2-step zebrafish intact embrtrifieation procedure
in microvolumes, where approximately 80% of lateage (50% epiboly to prim-6)
embryos and 50% of early stage (1-cell and 64-eetibryos remained morphologically
intact when evaluated by light microscope inspectimmediately after thawing.
Although no embryos showed any developmental sliter vitrification, the results
obtained in this study indicated that the vitrifioa procedures tested had advantages
over previously reported methods (Zhang and Rawke®s).

In our laboratory, preliminary (non-published) assaof blastoderms and
isolated blastomeres vitrification in 0.25 ml steakesulted in a total cellular lysis every
time. As a consequence of such negative resultdakiag into account previous and
successful assays in mammals (Lena., 1999; Matsumott al., 2001; Mukaidaet al.,
2003), vitrification in microvolumes but withoutyoprotectants was also tested, with

the aim of avoiding toxicity and osmolar effects ofyoprotectants. However,
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vitrification of the medium was not achieved, arterefore cryoprotectants were
considered to be necessary for such prolonged @ionetimes as are needed (Calvi
and Maisse, 1999, Kusudhal., 2002), but results were also very poor. Finallyd as

a novel strategy, the requirement of cryoprotectanitacellular permeation was
obviated, ensuring only the extracellular mediurtrification. The promising results
obtained in this final preliminary assay led to theesent work to test the survival
efficiency reached with the most frequent cryopetatets used in fish embryos and
blastomere cryopreservation (Harvey, 1983; Hagedbah.,, 1997a; Janikt al., 2000;
Liu et al., 1998; Roblest al., 2005). The aim was to establish a definite aridient
vitrification procedure in microvolumes for zebsdfi blastomeres from blastula stage

embryos.

MATERIALS AND METHODS

Animal care and obtaining of blastoderm

Wild zebrafish Danio rerio) dechorionated embryos from 1000-cell stage to
Oblong stage (3-4 hours post-fertilisation at 28)5riever, 1998) were used. They
were collected by siphoning from adults kept in fportion (females/males).
Granular food was supplemented with recently défbsen egg yolk and shrimp meat
in replacement for live food D@phnia or Artemia nauplius), which is usually
recommended for egg production (Westerfield, 2000).

After washing with conventional tap water on a mylmesh, embryos were
selected under microscope and washed again witlvédgr. The embryos in a suitable
development stage and perfectly clean were kepystem water (Westerfield, 2000).
No bleaching treatment was applied, but sterildpditions of media and pipettes after
dechorionation were strict.

Dechorionation was carried out by pronase treatnfgért mg/ml in Hanks’
10%) followed by immersion twice in Hanks” buffergalt solution diluted 10% (v/v) in
distilled water (H10; 35 mOsm). Partially or toyallamaged embryos (by lysis or
blastoderm-yolk disconnection) due to previous malaition were removed and finally
only intact embryos were included in the experirment

The yolk was removed using two sterile hypoderngedies. First, the yolk was

punctured, then the embryo was taken to the liquidace in which the yolk was
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removed immediately from the embryo due to theasm@ftension. Intact blastoderms
obtained were placed in Hanks” buffered salt sotuplus 20% Fetal Bovine Serum
(FBS).

Physical support and container

The cryopreservation support consisted of a filananfishing line (0.15mm
diameter; Boomerang 2000, super co-polyamide) Bfct length. This filament was
glued with cyanoacrylate by its ends to one hala &.25 ml freezing straw, forming a
loop. The container to hold physical supports wasoaventional screw cap plastic
container of 30 ml (25 x 90mm). The cap and comstabody were drilled to facilitate
the entry of liquid nitrogen. Every container k@@ physical supports without risk of

losing microdrops (with blastomeres).

Vitrification solutions (VS

Cryoprotectants initially chosen were ethylene gly&TOH), propylene glycol
(PROH), dimethyl sulphoxide (DMSO), glycerol (GL#hd methanol (MET), because
they are the most common cryoprotectants used sh &mbryo and blastomere
preservation (Harvey, 1983; Hagedetral., 1997a; Janilet al., 2000; Liuet al., 1998;
Robleset al., 2005). All were prepared in Hanks™ buffered salution plus 20% FBS
to obtain the vitrification solutions (VS), and weassayed individually.

Initial vitrification assays with each cryoprotectawere carried out in
microdrops (without blastomeres) to establish theimum concentration required for
vitrification, assessed by ocular inspection of nmatop transparency (Liet al., 1998).
After establishing this minimum concentration (ETOK60 M; PROH: 3.86 M;
DMSO: 4.25 M; GLY: 4.80 M; MET: 10.20 M), the vification solutions (VS-ETOH,
VS-PROH, VS-DMSO and VS-GLY) were all standardisecs M in order to ensure
the successful vitrification of the microdrops whemntaining blastomeres. Methanol
was not included in the final assay because oke#tuessive concentration required for
vitrification. In fact, 15 M methanol microdropsrdaining blastomeres did not vitrify
and this concentration of methanol also negatiadflgcted the blastomere morphology

and appearance.
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Thawing medium

Microdrops held on nylon filaments as physical sarppvere directly thawed in
Hanks™ buffered salt solution plus 20% FBS. Wherdeel, Hanks” buffered salt
solution without C& and Md" (Sigma) was used with the aim of avoiding cellular
aggregations (Calvi and Maisse, 1998; Calvi andsk&i 1999) which would make all
subsequent assessments difficult.

Microdrop volume estimation

A microcapillary pipette (10 ml; Sigma P6804) wased to estimate the
microdrop volume. Four measurements were carridd laueach one, 8 microdrops
were absorbed and, constantly, 2 ml was the ragultvolume every time.

Consequently, the volume of each microdrop wasnegéd at 0.25 ml.

VITRIFICATION AND THAWING PROCEDURES

Vitrification

Each blastoderm was taken with the minimum posséteount of Hanks’
buffered salt solution plus 20% FBS by means ofregdolished Pasteur pipette and
transferred to an embryological plate with VS. histplate, the blastoderm was
disaggregated into its blastomeres by using a ¢dled fire-polished Pasteur pipette,
which had approximately 1/5 inner diameter size tbé zebrafish blastoderm.
Immediately, all blastomeres were loaded into t@es pulled pipette. Then, VS plus
blastomeres were placed as microdrops on the rijfjdoment (each 2 mm apart) of the
physical support. Finally, the physical support vepsckly immersed in LN2. The
vitrification procedure spent a maximum of 25 s@arf the first contact of blastomeres
with VS to immersion in LN2. This procedure wasrieat out under stereo microscope
(90 x magnification). All physical supports werergd in LN2 for 3 days minimum

before thawing.

Thawing

Direct thawing was performed in Hanks” buffered salution without Ca++
and Mg++ at 25°C. A one ml volume of this mediunsveatablished as the minimum
required for thawing by this procedure. After thagyi 30min elapsed until any

assessment, with the aim of counting only intacnftysed) blastomeres (dead or
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alive). It must be emphasised that a high speeditigais required to achieve high

survival rates, so the physical support must b&esinguickly while thawing.

EVALUATION CRITERIA

Number of total intact blastomeres after thawing

These results are presented in Table 1 as “N%affittact blastomeres”.

Every physical support was thawed in an embryobigitate containing 3ml of
Hanks™ buffered salt solution without Ca++ and Mg¥here, all the intact blastomeres
from a physical support were counted.

The number of intact blastomeres (from each blasta)l before vitrification
was required to evaluate the lysis rate deriveduskeely from the vitrification effect.
Unfortunately, this lysis rate was impossible teess because blastomeres remained in
SV for a longer time than in vitrification proce@uand the alteration of results in all
attempts became obvious.

Blastomere survival rate after thawing.

These results are presented in Table 1 as “Blaseosw@vival rate”. Physical
supports were individually thawed in 1 ml of Hanksffered salt solution without Ca
and Mdg". After 30 min, a sample of 20 ml with the largestmber of blastomere
possible was taken and mounted on a slide. Blasomevival rate was established as
the number of live blastomeres from intact blast@s€live plus dead) recovered, by
using 0.4% trypan blue (1:1 v/v). All blastomerdsad and alive, were counted in eight
random fields (100 x magnification) for each phgsisupport. All considered fields
contained at least one blastomere (dead or alivehinimum of ten repetitions were

carried out on each VS assayed.

Count of number of blastomeres from used embryos

A Thoma counting chamber was used. A pulled pipsttelar to that described
in the Vitrification procedure was used to isolate cells from one kdasin. Fourteen
repetitions were carried out. The estimated meambeu of blastomeres from one
zebrafish embryo was 2285.7 + 309.3.
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Satistical analysis
Data were analysed by a one-way analysis of vagidnamber of blastomeres)
and by Chi-squared analysis (survival rates). Wioele degree of freedom was

involved, Yates’ correction for continuity was dat out.

RESULTS

Results are presented in Table 1. It may be higtéddy that VS-DMSO
significantly increased the number of total inthtdstomeres recovered after thawing
(471.8 = 70.2), fourfold in relation to every othetrification solution assayed (which
were not statistically different among themselvés)addition, the blastomere survival
rate is high with all cryoprotectants, especialljthwVS-DMSO (93.4%,P<0.05).
Blastomere survival rate evaluated on number o$tbtaeres per embryo at blastula
stage reached 20%<0.05) when VS-DMSO was used.

DISCUSSION

As indicated in Introduction, several attempts igification of blastoderms and
isolated blastomeres were carried out in our laboyafollowing (with modifications)
typical vitrification procedures in 0.25 ml stravigitially developed in mammals
(Cervera and Garcia-Ximénez, 2003; Leibo and Mazr8; Silvestrest al., 2003;
Vatja et al.,, 1996). The results obtained were discouragings Tact brought up
vitrification in microvolumes as a feasible altetime.

Several supports for cryopreserving in microvolurh@se been described in
mammals (Lanet al., 1999; Matsumotet al., 2001), the cryoloop being one of the
most widespread in use on intact embryos. In oge,cdue to the high number of
blastomeres from each donor embryo, the cryoloop mat included in experiments
because of its limited loading capacity. As anraléve, a new support was designed.
This new support provided some advantages. Firsthgall-sized drops could be
reduced in volume as low as needed to contributevitidfication efficiency (by
modifying the nylon filament diameter of the suppand the inner bore of the
disaggregation pipette used to deposit the micpslaver the support). Moreover, all
required microdrops which contained all blastomédresn each blastula embryo could

be loaded at the same time on a unique nylon stippor
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Harvey (1983) detected a scale-up effect in refatio isolated blastomeres,
clumps and blastoderms, which affected the cryegtant permeation and thus
cryopreservation success. Because of this, eamierovolume vitrification assays
carried out with the described novel cryopreseorasupport were initially performed
reaching the maximum level of embryo disaggregatwith all cells isolated as ideal)
and spent prolonged permeation times (30 min), asynauthors recommend (Jarak
al., 2000; Roblet al., 2004). Unfortunately, results obtained were unsasful. From
this moment, and as a real innovative strategy, régpiirement of cryoprotectant
intracellular permeation was obviated. Two (notejpendent) arguments supported this
innovation; firstly, in vitrification procedures éhcryoprotectant concentration can be
progressively reduced if cooling speed rate isdased (Mukaidat al.,2003); secondly,
the small-sized drops (0.25 ml) and the low massytdn filament required made their
very quick cooling at -196°C possible, achievingcassful vitrification.

This strategy required a quick blastoderm disaggieg in VS, so the complete
isolation of blastomeres could not be achieved. foushis, a relatively high number of
clumps of blastomeres (usually 20 to 30 blastomarebs occasionally more than 50)
appeared. Surprisingly, most of them were almatsicinand with most of their cells
alive after thawing. These results are in disagednwith the scale-up problem
proposed by Harvey in cryopreservation of zebrafistbryo blastomeres, possibly due
to the non-requirement of cryoprotectant cell pextios.

It may be pointed out that blastomere survival sssent was confirmed after
observing lobopodia on blastomeres evaluated as &l trypan blue. The lobopodia
movement has already been proposed as a sign lafityian embryo blastomeres at
blastula and half epiboly stages (Calvi and Maigf98; Calvi and Maisse, 1999;
Edashigest al., 2006).

As indicated previously, methanol was not includedhe final assay because
VS-MET did not vitrify at 10.20M or even at 15M whélastomeres were added.
Methanol is frequently used as a cryoprotectaritsimembryo cryopreservation (Chen
and Tian, 2005, Hagedomt al., 1997a, Roblest al., 2005). In fact, Liuet al. (1998)
used methanol to vitrify zebrafish embryos in mi@ioimes. In that work, zebrafish
embryos at half epiboly stage were used (a relgtiiater stage than embryos used in
the present work). A 2-step procedure was perfor(B8dmin at 2 M and 10 min at 10
M methanol), then the embryos (with chorion) weitified onto a gold electron

microscope grid. Within 20 min after thawing, thellapse of blastomere plasma
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membrane and rupture of the embryo yolks were obdgerPerhaps our successful
blastomere vitrification was achieved as a resuttoonbining some factors, such as the
short exposure time of the blastomeres to cryoptates (25 sec), the very small
volume to be vitrified (0.25 ml), no presence olkyand a relatively high (but not

complete) disaggregation of the blastoderm.

Our results indicate that VS-DMSO achieves the Eiwlgsis and highest
survival (on intact blastomeres) rates of all cngbectants tested. With the proposed
vitrification procedure, combined with VS-DMSO, 208t living blastomeres from a
zebrafish embryo at blastula stage can be recowtedthawing.

Survival rates after cryopreservation by equilibrigprocedures reported by
different authors at MBT (or nearly) embryo stages wide ranging. Strissmann et al.
(Strissmanret al., 1999) reported 20% to 67% survival rates fronstameres at the
128 to 1024 cell stage in warm water fish specigBiting, medaka and pejerrey).
Kusuda et al. cryopreserved chum salmon (Kustidh, 2002) and goldfish (Kusuds
al., 2004) blastomeres at blastula stage, obtainin@%9and 55% survival rates
respectively. Harvey (1983) found as high as 85%vigal rate in zebrafish embryo
blastomeres at half epiboly stage. Calvi & Maissgpreserved trout blastomeres at
6A, 6B, and 6C stages of Ballard’s classificati@al¢i and Maisse, 1998) and goldfish
blastomeres at blastula stage (Calvi and Maiss@9)1@chieving 95% of survival rate
in trout and 94% to 96% in goldfish. These widefnging survival rates are in
consequence with different cryopreservation prooesiused and with particularities of
each fish species. However, high survival ratesewaso achieved (in a vitrification
procedure) in this work (from 73.9% to 93.4%) imqgzarison with the reported results
from these authors. Unfortunately, to our knowleduge data on survival regarding the
initial number of blastomeres from donor fish endsare available in the works cited.
In our case, 20% (400 blastomeres) of the estintatatinumber of blastomeres from a
zebrafish blastula embryo can be recovered aftavitig when VS-DMSO is used. This
number seems to be enough to assay germ-line chemag.in et al., 1992; Nakagawa
et al., 2002), which would rescue the genetic endowmésuoh embryos (Kusudet
al., 2004). Because of this, germ-line chimaerismcigfficy will be tested by using

thawed blastomeres from zebrafish blastula emhbryassubsequent work.
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Table 1: Effect of four vitrification solutions on the nuoer of intact blastomeres and
blastomere survival rates after thawing
VS-ETOH VS-PROH VS-DMSO VS-GLY

Ne of total intact 102.0:19.3° 114.224.7° 471.870.22 117.5%24.7°
blastomeres

Blastomere 82.8%" 87.7%" 93.4%"° 73.9%°
survival rate (183/221) (272/310) (1291/1382) (150/203)
Blastomere 3.7%" 4.4%" 19.3%* 3.8%"
survival/

embryo

Rows with different superscripts are statisticdlifferent (p<0.05)
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STUDY 3. Can vitrified zebrafish blastomeres be usk to obtain germ-line

chimaeras?

Abstract

Blastomere cryopreservation plays an important molmaintaining the genetic
diversity for valuable fish species. Recently, @iginal procedure for blastomere
vitrification in zebrafish Danio rerio) was developed in our lab. In the present work,
blastomeres from thewild strain embryos, previously vitrified-thawed by sthi
procedure, were injected into embryos from tokd strain in order to assess their
ability to colonise the germ-line of recipient emds.

The blastomere survival rate at thawing (highent@@ %) as well as the whole
number of recovered blastomeres per donor embmpurd 20 %), were in the ranges
previously reported for this vitrification technigu Despite this, only 2 adult chimaeric
specimens were finally obtained from a total of idjected embryos. Signals of
chimaerism were not detected at any stage of denedat of the chimaeric embryos
(somatic chimaerism) or in adulthood (somatic aedrgline chimaerism). In relation
to this, difficulties during blastomere insertiome @ahought to be responsible for the poor
results obtained, their aspects being discusseddatail in this work. More
improvements to overcome such technical difficslti@re needed and, until then,

blastomere vitrification may only be of interest germplasm cryobanking.

Keywords: blastomere, vitrification, germ-line chimaerismaproductive techniques,

zebrafish.

" This paper has been published in the jour@al8Letters’ with the following reference: Cardona-
Costa J, Francisco-Simdo M and Garcia-Ximénez GBO9R Can vitrified zebrafish blastomeres be

used to obtain germ-line chimaeras? Cryol etter(6)3@22-428.
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INTRODUCTION

Due to the difficulty of fish embryo cryopresenati (Chen and Tian, 2005;
Edashigeet al., 2006; Martinez-Paramet al., 2009), the cryopreservation of embryo
blastomeres constitutes a technical alternativhénestablishment of a gene bank to
maintain genetic diversity (Calvi and Maisse, 1998) valuable fish species.
Blastomere cryopreservation by equilibrium procedunas been achieved in zebrafish
(Huanget al., 2003; Linet al., 2009) and many other fish species (Calvi and Bais
1998; Kusudaet al., 2002; Strissmangt al., 1999), but their use in the laboratory
becomes time-consuming, requiring complex and esipenequipment, and in some
cases other cryopreservation techniques suchrégaiion are more cost-effective. To
our knowledge, only one vitrification procedure fabrafish Danio rerio) blastomeres
has been developed, which proposed vitrificationmitrovolumes (se€udy 2).
Throughout its development, this technique ledewovery after thawing of 20 % of
total blastomeres from each donor embryo, withraigal rate of 93.4 %. However, it
is necessary to validate the possibilities of thtsfication procedure as an integral
biodiversity conservation strategy, which supposggscombination with topical and
available reproductive techniques (also for zebhgfsuch as nuclear transplant (Huang
et al., 2003; se&udy 10) or chimaerism (Liret al., 1992). Moreover, and in relation
with chimaerism, there are strategies capable afmising and even cancelling the cell
participation of fish recipient embryos in develagm such as ionising radiations (Joly
et al., 1999). More recently, UV radiation (s&dy 8) is also of interest because its
combination with an embryo manipulation medium @&03mOsm in chimaerism
reaches germ-line chimaerism as high as 50%. réHdiation source is also cheaper and
easier to use, as no special installations aranestjtor its use. In this sense, the ability
of previously vitrified-thawed blastomeres to cakenthe germinal ridge lineage of
penalised recipient embryos by chimaerism in zéthvafas tested in the present work.
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MATERIALS AND METHODS

Animal care and obtaining of embryos

Wild (blastomere donor) and gold (recipient embrgtmains of zebrafistDanio
rerio, embryos were used. These two strain populatiere maintained separately in
20 L aquariums at a 2:1 female:male ratio undendstad conditions (Westerfield,
2007). Granular food was supplemented with regeefrosted chicken egg yolk and
shrimp meat as recommended for egg production mafish in substitution of live
food (Simaoet al., 2007). Both wild and gold embryos were obtaibgdiphoning as
described by Siméao et al. (Siméioal., 2007) or byin vitro fecundation (Westerfield,
2007).

Dechorionation was carried out when embryos deeglmear to the mid-blastula
transition stage (MBT; 16), by pronase treatmerit.6fmg/ml in H10 (Hanks’ buffered
salt solution diluted 10% (v/v) in distilled wat&) mOsm) followed by washing twice
in H10.

Vitrification and thawing of wild-type (donor) blastomeres

Blastomeres from wild dechorionated zebrafish gmbrat MBT were vitrified
and thawed as described by Cardona-Costa and Géménez (see€sudy 2). The
cryoprotectant was 5 M dimethyl sulphoxide (DMS@rgpared in Hanks” buffered salt
solution plus 20% FBS (H-FBS), resulting in theifitation solution (VS). Briefly, for
vitrification, each blastoderm was taken with thmimum volume possible of H-FBS
and transferred to an embryological plate with VI&. this plate, the blastoderm was
disaggregated into its blastomeres by using a ¢udled fire-polished Pasteur pipette,
which was approximately 1/5 of the inner diametee ©f the zebrafish blastoderm.
Immediately, all blastomeres were loaded into @r@es pulled pipette. Then, VS plus
blastomeres were placed as microdrops (the estimatieime of each microdrop was
0.25 pl) on the nylon filament (the physical suppogach 2 mm apart. Finally, the
physical support was quickly immersed in N The vitrification procedure took a
maximum of 25 sec from the first contact of blastoes with VS to immersion in LN

This procedure was carried out under stereo miopes€¢90x magnification).
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All loops (vitrification supports) were stored imNk for 3 days minimum before
thawing.

Direct thawing was performed in Hanks’ bufferett salution without C&" and
Mg (H-Free) at 25°C to avoid re-aggregation processeb substrate attachment
during micromanipulation. It must be emphasiseat tligh speed thawing is required
to achieve high survival rates, so the physicalpsupmust be shaken quickly while
thawing. Then, it was kept for 30 min before attyeo manipulation in order to ensure
that only intact (non-lysed) blastomeres (deadaivet) were present (4).

UV irradiation of gold-type (recipient) embryos.

According to previous results obtained in our (sdeSudy 8) related to
improving the colonisation of transplanted cellsidg chimaeric embryo development,
gold-type embryos were treated with UV radiati@riefly, embryos irradiation was
carried out almost to MBT stage without dechori@rat They were held in 35 mm-
Petri dishes (corning) as containers with systertem@o water level was finally
standardised due their scant ability to absorb Bidfation; se&udy 2). A vortex
(MS1-IKA) at 200 rpm was used with the aim of horoiging the radiation area
during UV exposure. A UV germicide lamp (Generbddiic, 30W)was used.

Irradiation was carried out at 62 cm of focus-obistance. The radiation dose
applied was 0.529 mW/chand was measured by a USB 4000 (Miniature FibéicOp
Spectrometer; Ocean Optics Inc. First In PhotoruA).

After irradiation, embryos were kept at room tenapere for 30 min and then

they were dechorionated (s&edy 2).

Cdll transplantation and assessment of chimaera development ability

Gold embryos partially damaged (lower developnlespaed or different visual
appearance in developing to that of normal zelbradismbryos; Westerfield, 2007) or
totally damaged (arrested development, lysis, bthsim-yolk disconnection; Pérez-
Camps and Garcia-Ximénez) due to previous manipuakt(including UV radiation)
were removed and finally only intact embryos wemeluded in the experiment as
recipients.

In each experimental chimaerism session, the medunumber of loops were
thawed, depending on the initial number of recipiembryos to manipulate. The
viability of donor thawed blastomeres was asse$sedrypan blue dye (segudy 2)
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before each chimaerism session, to assure thatittifecation-thawing procedure was
correct. After ending each session, survival aseesat of donor blastomeres was again
carried out taking the blastomeres remaining froenrhicromanipulation plate.

Additionally, another blastomere survival evalaativas performed, 2000 to 3000
of thawed blastomeres were grouped in hanging to@ h in some sessions. Then,
they were cultured in L-15 medium plus 20% FBS twmlagate their ability of
holoblastic morula formation (Calvi and Maisse, 8p9

As an initial step for blastomere transplantatiovy specific and separate culture
media drops of the same osmolarity (H-Free and Blaskline; 300 mOsm), for
blastomeres and embryos respectively, were deposite a 9 cm Petri dish
(micromanipulation plate) and covered with mineral Then,wild thawed blastomeres
were transferred to the H-Free medium drop whi@pient embryos remained in the
Hanks’ saline drop. Micromanipulation was carr@d using an inverted microscope
(Nikon Eclipse TE200) equipped with Leitz micromauiators. The outer diameter of
the injection micropipette was 60-70 um (adjustectlasely as possible to the donor
cell size, but without compromising their survidility; seeStudy 7). Due to the high
survival rates of thawed blastomeres (90 %) andrder not to exceed the embryo
manipulation time, no more than the recommendedbeunof cells (around 50-100
blastomeres) were injected per recipient embrya (& al., 1992), under visual
inspection at 200x magnification into the lowertpairthe blastoderm (Nakagawa and
Ueno, 2003). Finally, manipulated embryos werelldated in H10 medium at 28.5 °C.
At day 5 after manipulation, well developed chiniaéarvae were transferred to a 50 L
aquarium under standard conditions (Westerfield720nvhere they were grown to
adulthood.

A total of 12 chimaerism sessions were carried out

The survival and normal development ability ofnaheras were assessed at 1 h,
24 h, 48 h and 5 d post-chimaerism. Somatic amch-¢j@e chimaerism were assessed
in adult chimaeras and by the presenceitd-type pigmentation in F1 larvae at 48 h of
development (Liret al., 1992). Skin pigmentation of chimaeras at 48h-phsnaerism
was not assessed because of the impossibility @fralmg partial pigmentation marks
at this developmental stage in this species.

This experiment only attempted to obtain germ-thanaeric fry from previously
vitrified-thawed blastomeres. In our laboratorgrm-line chimaeras are routinely

obtained with an efficacy of 50 % with fresh blastres (se&udy 8), using the same
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protocol as outlined here. In this case, chimasuiwival rates are: 80 % at 48 h post-
chimaerism, 92 % at day 5, 31 % global survivalat 5 and 7 % to adult stage. These
data constituted the benchmark to compare thetsesuigerm-line chimaerism obtained

in this work.

RESULTS

Survival assessments of thawed blastomeres

The survival rates of recovered blastomeres afi@wing, both before and after
each chimaerism session, were in the normal surv@vege previously established and
reported for this vitrification technique (highdrah 90%; se&udy 2). Similar results
were observed in the whole number of recovereddnasres per donor embryo (around
20%).

It was again confirmed that blastomeres were dliveughout the chimaerism
session. In addition, the observation of lobopatdgs frequent in thawed blastomeres
(Fig.1) as well as high blastomere re-aggregatetes; but not holoblastic morulae
formation after their culture in hanging drop (Bipg.

Fig. 1. Two phenomena prove the viability of
previously vitrified-thawed zebrafish blastomeres.
(A) and (B) show the time evolution (5 min. time-
lapse) of lobopodia in two vitrified-thawed zebsdfi
blastomeres. (C) and (D) show the re-aggregation

process time evolution when thawed blastomeres are

Z

held in hanging drop.

Chimaera survival and germtline chimaerism

Chimaera survival and development ability resulespaesented in Table 1.

Results show a high number of abnormal larvaectedefrom 24 h to 48 h.
However, the number of abnormal larvae observedBah did not increase in further
assessments. Another aspect to take into accoasitlive high mortality rate at 24 h

(survival rate of 69 %). Moreover, in this assesstmonly 9 larvae from the 25 alive
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were evaluated as normal. The final consequentas @ccompanied this double
phenomenon were the poor survival assessed on @ayérmal survivor larvae of 47
injected embryos) and the low number of adult cleraa finally obtained (2 non-
pigmented fish out of 47 injected survival embryoS)nce it is possible to obtain germ-
line chimaerism without the presence of associpigohentation (Farmt al., 2004; Ma

et al., 2001), the 2 non-pigmented adult chimaeras obth{tht male and 1 female) were
mated. After 2 months of mating period, a totall@® F1 embryos were obtained.

None of them finally presented|d pigmentation.

DISCUSSION

Technical difficulties that arose during this worere the major reason for the
poor results obtained.

Firstly, it was difficult to regroup the thawed btameres in a reduced media
volume for use in chimaerism, because centrifugatias not used to avoid any
excessive mechanical damage, so the blastomeresegouped in a watch glass.

In each session, before chimaerism was performednaease in cell volume
was observed in many thawed blastomeres and, iseqoience, major bore sized
micropipettes (60-70 um outer diameter) were usedontrast with the most usual
pipette size (50 um) for zebrafish chimaerism usenur lab (se&udy 8). Stlissmann
and colleagues (1999) detected similar volume merds in fish blastomeres after
thawing and suggested they were caused as a camaegaf cryoinjuries, but survival
tests and observations (Trypan blue dye, lobopagiare-aggregation in hanging drop,
substrate attachment) indicated in our case thastdineres were alive at the
micromanipulation step. Another explanation (whabes not exclude the previous)
may be based on the fact that DMSO induces annmemein cell size by acting on the
cytoskeleton (Ashwood-Smith, 1985).

In relation with the re-aggregation process in agglrop, it did not result in
Oholoblastic morula formation, probably as a consege of using an earlier
developmental stage (MBT), and the fact that theyewalso cryopreserved, as Calvi
and Maisse pointed out in Rainbow trout (3).

The observation of continuous and irremediabletbiasre attachment to the
micromanipulation plate substrate (despite theaidd-Free medium), was probably a

consequence of the ionic (Caand Md™") and proteic cell components from lysed
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blastomeres at the thawing step. Under these tonsgl difficulties in blastomere
capture with the increased size micropipette ined)vn general, a greater volume of
medium load accompanying blastomeres through tleopipette.

Thus, the combination of major bore sized pipe(@&370 um) required for
volume increased blastomeres and the greater énjeablume of media due to the
blastomere attachment could suppose greater imtédis@ders in the recipient embryo
affecting development and would explain the highaal rates of chimaeric larval
development observed at 24 h and 48 h post-chisradgee Tablel).

As results show, both the global survival and géma-chimaerism rates
obtained in this work (11 % and 0 % respectivelgrevlow when compared with the
survival efficiencies (also at 5 days of live) agdrm-line contribution achieved
routinely in our lab (31 % global survival and 50¢gérm-line; see&udy 8) when the
same procedure is used but with non-vitrified lnastres as previously described.

In general, the results obtained here are poor wtwmmpared with those
provided by other authors. Also, in many casesdtaithors reported problems related
to technical effects when cryopreserved or freststbineres were used. For example,
in goldfish, Kusudaet al. (2004) proposed that the low survival rates obthine
chimaerism using cryopreserved blastomeres probalslyited from the contamination
of cell suspension with dead cells and DMSO remairtee medium. In that case, the
survival rates achieved to adulthood varied from%QGo 50 %, in contrast with the
lower results obtained in the present work (4 %Jith an analogous result, Sawaant
al. (2004) obtained 3 % of well developed larvae & oronth of life after performing
intraspecies embryonic chimaerism by injecting Rdsyb donor fresh cells into
zebrafish recipient embryos. On the other handetliehi and colleagues (2001)
reported a germ-line participation of 32% in raimbdrout by fresh blastomere
transplantation, but to accomplish this they desiba special transplant micropipette to
achieve more control during cell injection. Despihis, the percentage of hatched
larvae (12 %) was similar to our results (11 %).

The appearance of problems in chimaerism expergnbas been described
regardless of whether isolated fresh blastomerakgiIchiet al., 2001), cryopreserved
blastomeres (Kusudet al., 2004) or ESCs (Béjaat al., 2002) were used. Therefore,
the final chimaera survival to adulthood is prolyabmited to a great extent by
mechanical damage associated with manipulatiomduwhimaerism and not so much

by the possible donor cell injuries previously ated, although they do exist. In this
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sense, Kusudat al. (2004) also detected a lower survival rate in @enc embryos
transplanted with cryopreserved blastomeres (41).éh%omparison with their control
group (57.1 %).

Cryopreserved blastomeres are able to colonise rtiasiye types after being
transplanted into recipient embryos (Kususfaal.,, 2004). However, in our hands,
neither somatic nor germ-line chimaerism was detkedafter using vitrified-thawed
blastomeres as donor cells in the much reduced euoftsurviving adult specimens.

Whatever the case, the technical success of chisnaes still limited to date
and more efforts related to the technical aspetsd bere, as well as those addressed by
other authors, must be made to use this intereséipgpductive technique efficiently.
Until then, blastomere vitrification can only beinferest for germplasm cryobanking.
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Tablel. Chimaeric embryo survival and normal developrakerdtes from mid-blastula

transition stage to adulthood.

Initial injected 47
survivor embryos
At1h 36 36/47 (77%)
At 24 h Normal 9 9/25 (36%)
Abnormal 16
Total 25 25/36 (69%)
At 48 h ** Normal 5 5/20 (25%)
Abnormal 15
Total 20 20/25 (80%)
At5d ** Normal* 5 5/20 (25%)
Global survival 5 5/47 (11%)
at5d**
Adult chimaeras ** 2 2147 (4%)

* Growth to adulthood.
** Routine survival results (segudy 8) after performing chimaerism with fresh blastonsere
using the same protocol as outlined here are: 8948 h, 92 % at day 5, 31 % global survival at

day 5 and 7 % of adult chimaeras obtaining.
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STUDY 4. Effects on cell viability of three zebrafsh testicular cell or tissue

cryopreservation methods.

Abstract

In this work, three cryopreservation proceduresawested in order to obtain
efficiently viable testicular cells after cryopresation. Testicular cells dMld type
zebrafish males were frozen using an equilibriuotqarol and testicular tissue
fragments were cryopreserved with equilibrium fregzand vitrification procedures.
Results showed that vitrification was significanthpre efficient than freezing in terms
of final cell survival (cell freezing: 14.4%, tiss@reezing: 77.4%-85.5%, tissue
vitrification: 94%). It must be noted that, in lieells, the presence of pseudopodia was
frequently observed, which indicated their spermateal nature.

Based on these results, the authors suggest thatation, with the subsequent
elimination of connective tissue after warmingeofthe best combination to rescue

live testicular cells as a genetic conservatiort@dure in zebrafish.

Keywords: cryopreservation, vitrification, testicular tisstesticular cell, zebrafish.

" This paper has been published in the jouri@iy6Letters’ with the following reference: Bono-
Mestre C, Cardona-Costa J and Garcia-Ximénez P9j2&ffects on cell viability of three zebrafish

testicular cell or tissue cryopreservation meth@tgolLetters 30(2): 148-152.
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INTRODUCTION

In fish, testicular cell transplantation is donelarvae because their
immunologic system is still immature, so donor €etn colonize, proliferate and
differentiate in recipient testes without immunatorejection (Takeuchet al. 2003,
Okutsuet al. 2006a, 2006b and 2007). Pioneer works in fish gigesmploying this
technique had essentially focusedsalmonidae family (Okutsuet al. 2006a y 2007).
Furthermore, Sakai (2002 and 2006) achieved zatwiafvitro co-culture of Sertoli
cells with spermatogonia fon vitro spermatozoa production. This goal was also
developed in medaka (Homrgal. 2004).

In this context, the availability of an efficiemyopreservation technique is an
interesting tool, with the aim of rescuing live ppotent cells from testicular tissue (i.e.
spermatogonial stem cells). Several groups hawe eryepreservation in different
species, both spermatogonia freezing (Izadyal. 2002, Frederickx et al. 2004) and
testicular tissue freezing (Milazabal. 2008, Song and Silversides 2007).
Nevertheless, we did not find any reference inliteeature to the possibility of using
vitrification as a cryopreservation method. Sahe present work we compare the
efficiencies of a vitrification technique and ma@nventional equilibrium procedures

in testicular cell cryopreservation.

MATERIALS AND METHODS

Preparation of testicular cells and tissue

Preparation of testicular cells was based on theqguture described in other
speciesgalmonidae family: Takeuchiet al. 2003, Okutsiet al. 2006a), although for
zebrafish adaptation we also followed Sakai (2@0D6).

Wild type zebrafish males were completely anaesthesisdceuthanized in
clove oil solution (20Qul/l). Later, testicles were removed, cut into tesgueces and
placed in Hanks’ balanced salt solution withoutiath and magnesium (Sigma). After
initial centrifugation (5 min, 2000 rpm), the tigspieces were incubated with trypsin-
EDTA for 2 hours and blocked with 1 ml of foetamMome serum (FBS). Then, cells
were separated from connective tissue, with thp bktwo sterile hypodermic needles.

Finally, a second centrifugation was done (8 mdQ®rpm) to recover cells.
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The procedure for testicular tissue obtaining wasied out as described above,
with trypsin-EDTA treatment only being performedeafthawing or warming
(equilibrium freezing or vitrification). In additig two variants were tested for each

tissue cryopreservation method: with or withoutré@oval of connective tissue.

Cdll freezing

Freezing medium (13.33% dimethyl sulphoxide in Harskipplemented with
13.33% FBS) with testicular cells was loaded invaattional plastic straws (0.25 ml)
which were frozen in a programmable rate-freezm@ Kryo 10 series Il) at a rate of
-1°C/min since -70°C. At this temperature, stravesenplunged directly in liquid
nitrogen. Thawing was done in 37° C water batheAdts, straw content with cell

suspension was poured into a plate with Ca++ anté#Mgee Hanks’ solution.

Testicular tissue freezing

Non-trypsinized tissue pieces (1 mm maximum lemgitiiesponding to the
inner diameter of 0.25 ml straws) were frozen leygsame procedure as described for
cell freezing (see above). In this case, freeziegiom was 20% dimethyl sulphoxide
(DMSO) in Hanks’ with 20% FBS.

Thawing was done in 37°C water bath for 6 s. Crgtgmtant dilution medium
was Hanks’ with 20% FBS (1.5 ml per straw). Aftemb in this solution, tissue
fragments were washed twice in Hanks’ without ecaftind magnesium to remove the

cryoprotectant.

Testicular tissue vitrification

The vitrification procedure assayed was previodslyeloped in our laboratory
for tissue and cells from skin and it has provery efficient in different mammalian
species (Silvestret al. 2002, 2004) and more recently also in zebrafishhid@@a-Costa
et al. 2006).

Non-trypsinized small tissue pieces were plungedtiification solution.

The vitrification solution contained 20% DMSO, 2@hylene glycol (EG) and
60% Hanks’ balanced salt solution plus 20% FBS widmycine.

For vitrification, 3-5 small tissue pieces were sigbged in 1.0 ml VS and

immediately loaded into 0.25 ml plastic strawsa®® were sealed with modelling clay
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and plunged vertically into liquid nitrogen. Strévading took less than 30 s. Straws
were stored in liquid nitrogen for 3 days minimugfdre warming.

For warming, every straw was held horizontally itnagen vapour for 10s (15
cm over liquid nitrogen surface) and then warmedhtoyersion in a 25°C water bath
for 5s. The straw content was expelled into a wgtabs. Recovered tissue samples
were rinsed for 5 minutes in 1.0 ml 0.125M sucrosdC-F (Hanks’ balanced salt
solution plus 20% FBS)to remove cryoprotectantd, then, for a further 5 min, 1.5 ml
of HC-F was added in order to reduce the sucroseertration progressively. Finally,
the pieces were transferred to HC-F without sucfos min and then to Hanks’

without calcium and magnesium (Cardona-Cetstl., 2006)

Cdll survival assessment after warming

9 straws were thawed in 3 different sessions @hstiper session) for each
group (fresh cell control, cell freezing, tissuedzing and tissue vitrification). Thawing
and warming was performed for each cryopreservationedure as previously
indicated. Cell survival assessment was perfornsetdeacribed by Cardona-Costa and
Garcia-Ximénez (2007). Briefly, a sample of 20 thathe largest number of cells
possible was taken and mounted on a slide. Cellvalirate was established as the
number of live cells from the whole amount of irteells (live plus dead) recovered, by
using 0.4% trypan blue (1:1 v/v). All cells, deadlalive, were counted in eight
random fields (200 x magnification) and this praoedwas repeated at least twice for

each sample. All considered fields contained atleae cell (dead or alive).

Satistical analysis
Results were analysed by a Chi-square analysisn\@tsingle degree of

freedom was involved, the Yates’ correction fortoaunty was carried out.

RESULTS AND DISCUSSION

Cell freezing was the first cryopreservation pragedassayed in this work. This
strategy meant that cells were exposed to theifrgeffects after trypsin treatment and,
in our case, resulted in a high level of cell miastgTable 1). These results obtained in
zebrafish cannot be extrapolated to other speltidact, Okutsiet al. (2007) achieved

a spermatogonial survival rate of 45.4 % after thagvin rainbow trout. One reason
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could be the removal of connective tissue by filira Furthermore, these authors used
a similar cryopreservation procedure (-1°C/min deap freezer to -80°C), but with the
use of ethylene glycol as cryoprotectant in contnath dimethyl sulphoxide (DMSO)
used in the present work.

In the case of testicular tissue cryopreservaggujlibrium freezing and
vitrification procedures were tested. The tisswex@s were not trypsinized prior to
cryopreservation. Thus, it avoided the negativeat$f both of trypsin treatment and the
mechanical isolation on the cells before being prgeerved. In this way, cell survival
rates in freezing and vitrification were compared #he subsequent possibility of
connective tissue removal was also taken into ado@iable 2).

The connective tissue retained a significant patti@ cells, making cell recovery
difficult. This fact was of special importance, hunfortunately no references that compared
this effect were found. Whatever the case, the vaiaf connective tissue did not
significantly affect cell survival rates when eithrification or freezing procedures were
used. However, the subsequent elimination of canreetissue after warming made easier
the cell handling. Vitrification was significantiyore efficient than freezing in terms of
final cell survival. Cell survival rates obtaineftiea vitrification of testicular tissue samples
were higher than results obtained by other autiwiitsconventional freezing in fish
(Okutsuet al. 2007) and mammal species (Mouse: Frederétlat. 2004; Calves: Izadyar
et al. 2002).

Moreover, when cell viability was evaluated, pseamtba were frequently observed
in many live cells, which indicated their spermatoigl condition (Ulvik 1983, Hill and
Dobrinski 2006, Okutsu 2006a) and again confirntedr tviability. However, the final test
which assures the obtaining of spermatogonia agid plosterior viability is germline
chimaerism.

In conclusion, the availability of an efficient tesilar tissue cryopreservation
procedure will assure the conservation of sampdaniging to different specimens and will
make subsequein vitro culture or testicular cell transplantation possike the basis of
these results, the authors suggest that vitriboatiith the subsequent elimination of
connective tissue after warming offers the bestlmoation to rescue live testicular cells as

a genetic conservation procedure in zebrafish.
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Table 1. CELL FREEZING. Cell survival before and after fzeey-thawing procedure

Pre-freezing Post-thawing Total
Dead cells 88 487 575
Live cells 143 82 225

Cell Survival rate 143/231 (62%)  82/569 (14.4%)

Percentages with different superscripts are stilft different (p<0.05).

Table 2. TESTICULAR TISSUE FREEZING AND VITRIFICATION. Cekurvival

after thawing or warming tissue samples.

VITRIFICATION FREEZING
Without Removing Without Removing
removing connective removing connective
connective tissue tissue connective tissue
tissue
Dead cells 18 16 30 16
Live cells 293 247 103 94
Cell survival 293/311 247/263 103/133 94/110
rate (94%}* (94%} (77.4%¥ (85.5%

Percentages with different superscripts show thhtes are statistically different (p<0.05).
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EXPERIMENT 5. Testicular cell transplantation into newly hatched larvae in

zebrafish.

Abstract

In mammals, the genetic modification and transpldon of SSCs
(spermatogonial stem cells) to obtain germ lineng@ras constitutes a reliable strategy
to obtain viable transgenic specimens for one wers¢ predefined genes that can be
stably inherited by their progeny. In order tat s possibility in fish, in this work a
zebrafish testicular cell transplantation methods weveloped which permits the
insertion of vitrified-warmed testicular cells froagult wild specimens near the genital
ridge of newly hatched (48-72 byld embryos previously penalised by UV radiation at
the MBT stage. Injected surviving larvae (176) ser@ed low abnormality and
mortality rates, however germ-line participation sarviving adults from previously
vitrified-warmed testicular donor cells was not ebh®d. Reasons for these results are
discussed, but the effect of some degree of asgnghbetween the germ line
colonisation ability with transplanted testiculalls and receptivity of the genital ridge
timings are proposed as the most plausible cause.

Keywords: vitrification, testicular cell, transplantatiorelzrafish.

" This manuscript has been submitted to the jout@ajoLetters’ with the following reference:
Bono-Mestre C, Cardona-Costa J and Garcia-Ximéng2(09). Testicular cell transplantation into

newly hatched larvae in zebrafish. CryoLettersb(sitted).
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INTRODUCTION

Nowadays, it is possible to obtain viable transgespecimens of one or various
predefined genes that can be stably inherited &y grogeny (Brunettgt al., 2008). In
order to achieve this goal, cells must be cultuard transfecteth vitro. Then, they
must participate in the germ line of viable speaime To this end, three types of
transplantation techniques have been developedhagrism with embryo stem cells
(ESCs) (Stillwell et al. 2009) or induced pluripotent stem cells (iPS) @sk and
Yamanaka 2006, 2007), somatic cell nuclear tran&gestonest al. 1999, Indoet al.
2009) and the culture and further transplantatiospermatogonial stem cells (SSCs) or
primordial germ cells (PGCs) (Takeuahial. 2003, 2004; Okutset al. 2007).

The SSC transplantation technique was performedhirfirst time in 1994 in
mice (Brinster and Zimmermann 1994) and has sieen lextended to different species
such as hamsters (Dobrinskt al. 1999), goats (Honaramoo& al. 2003), rats
(Kanatsu-Shinoharet al. 2006), sheep (Rodriguez-Sagal. 2006) and fish (Yanet
al. 2008).

Spermatogonia transplantation is the introductibthese cells into the testicle
of a recipient animal to achieve the spermatogeneisiransplanted cells in this new
host (Honaramoozt al. 2002) producing functional sperm (Houdebine 20G8),
proven byin vivo andin vitro fertilisation assays in mammals and fish (Hill and
Dobrinski, 2006; Sakai, 2002).

SSCs obtained from adults can be transplanted audolt recipients and
prepuberal specimens. To date, adult testiculirt@splantation in fish has been
performed on early larvae because their immunoddgsystem is still immature, so
donor cells can colonise, proliferate and diffeiaet in recipient testes without
immunological rejection (Takeuclkt al. 2003, Okutstet al. 2006a, 2006b and 2007).
Furthermore, in transplanted recipient fish spearad or oocytes can be obtained
depending on the recipient sex due to spermatogeaiaal plasticity (Okutset al.
2006a).

In this technique, the germ line contribution ohdo cells can be increased by
penalising treatments that diminish or annul thebiity of recipient primordial germ
cells (Honaranooet al. 2005, Trefil 2006, I1zadyaat al. 2003), or by the use of triploid
sterile fish (Okutswt al. 2007).
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Pioneer works in fish species employing this teghaihad essentially focused
on salmonidae family (Okutsu et al. 2006a and 2007) and raisedartant questions
related to economical aspects (Takeuehi al., 2004, Okutsuet al. 2006b).
Additionally, the use of cryopreserved spermatogas donor cells in fish (Avarbock
et al. 1996) may constitute an interesting strategy fa fhreservation of genetic
resources in teleost fish.

In a previous work, our laboratory developed arsde# in zebrafish a testicular
tissue vitrification technique that allowed higHlcirvival rates. As a continuation of
that study, the present work assesses the possibtgation of vitrified spermatogonial

cells in the germ line of zebrafish larvae.

MATERIALS AND METHODS

DONOR CELLS
Preparation of testicular tissue and cells

Adult wild- type specimens were used as testicular tissuaerslon

Preparation of testicular tissue was based on tbeedure described in other
species galmonidae family: Takeuchiet al. 2003, Okutswet al. 2006a), although for
zebrafish adaptation we also followed Sakai (2@)6). In this way, males were
completely anaesthetised and euthanised in cldwohition (200ul/l). Later, testicles
were removed, cut into tissue pieces and placetianks’ balanced salt solution
without calcium and magnesium (Sigma). Then, smpiaites of testicular tissue were

vitrified as described below.

Vitrification-warming procedure

The vitrification procedure assayed was previouldyeloped in our laboratory
for testicular tissue (Bono-Mesteeal. 2009). The vitrification solution (VS) contained
20% dimethyl sulphoxide (DMSO), 20% ethylene glyd®@G) and 60% Hanks’
balanced salt solution plus 20% FBS (HC-F) andoatics.

For vitrification, 3-5 small testicular tissue pésc (non-trypsinised) were
submerged in 1.0 ml VS and immediately loaded &b ml plastic straws. Straws
were sealed with modelling clay and plunged veltiicanto liquid nitrogen. Straw
loading took less than 30 s. Straws were storedNp for 3 days minimum before

warming.
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For warming, every straw was held horizontallynitrogen vapour for 10s (15
cm over the liquid nitrogen surface) and then waltrbg immersion in a 25°C water
bath for 5s. The straw content was expelled inteatch glass. The recovered tissue
samples were rinsed for 5 minutes in Hanks’ baldrsedt solution plus 20 % FBS (HC-
F) with 0.125M sucrose to remove cryoprotectamns, then, for a further 5 min, 1.5 ml
of HC-F was added in order to reduce the sucroseerdration progressively. Finally,
the testicular tissue pieces were transferred teFH@Gthout sucrose for 5 min and then

to Hanks’ without calcium and magnesium (Cardonat@&ei al., 2006).

Cedll survival assessment after warming

The warmed tissue pieces were incubated with myR&ITA for 2 hours and
the enzymatic action was blocked with 1 ml of foéi@vine serum (FBS). Then, cells
were separated from connective tissue, with thegido sterile hypodermic needles.

Cell survival assessment was performed as desciilye@ardona-Costa and
Garcia-Ximénez (2007). Briefly, a sample of 20with the largest number of cells
possible was taken and mounted on a slide. Celival rate was established as the
number of live cells from the whole amount of irtteells (live plus dead) recovered, by
using 0.4% trypan blue (1:1 v/v). All cells, deadd alive, were counted in eight
random fields (200 x magnification) and this praoedwas repeated at least twice for

each sample. All considered fields containedadtlene cell (dead or alive).

RECIPIENT LARVAE
UV irradiation

In accordance with previous results obtained inlali{Francisco-Simaet al.,
2009),gold-type (recipient) embryos at MBT stage were treatgld UV radiation
(General Electric 30W, germicide lamp) for 30 seoider to improve the colonisation
of transplanted cells during chimaeric embryo depelent. The focus-object distance
was standardised at 62 cm and the radiation dos@%29 mW/crhmeasured with a
USB 4000 spectrometer (Ocean Optics, USA). Thenalised embryos were cultured

at 28.5 °C for 2-3 days until they hatched and wsel as testicular cell recipients.
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TESTICULAR CELL TRANSPLANTATION
Immobilisation of recipient larvae

The larvae immobilisation procedure used was basedhat proposed by
Nusslein-Volhard and Dahm (2002) for the observatb larval structuresn vivo in
zebrafish.

Our immobilisation method must consider severalirggnents. At the moment
of transplant, the immobilisation medium must bansparent and allow the larvae
respiration for almost 30 minutes (required time tlee manipulation of each larvae
batch); the immobilisation medium must be isosm@@0 MmOsm kgwith the donor
cells to transplant and finally; this medium mudibw the transplantation pipette
penetration. These requirements were achievedhdyse of 15% agarose in Hanks’
balanced salt solution.

To reduce the larval motility, they were previousboled at 4 °C for 10 minutes
in a fridge before the seeding of larvae on thdédmotof a embryologic plate covered
with agarose-based immobilisation medium and cotalylecovered with agarose

medium.

Cdll transplantation procedure

Warmed wild-type donor cells were transplanted manually withb@ pm
diameter glass micropipetteThe micropipette tip was bevelled for easier pextien
into the peritoneal cavity where the genital criestound. Due to the small size of
larvae (3.5 mm), the pipette penetration must becipe to avoid damaging vital
structures.

This procedure was carried out under stereo miopes¢90 x magnification).
The number of transplanted cells was higher thaper3arva.

When transplantation was finished, the manipulajdate was flooded with
dechlorinated and decalcified tap water (systemeryato facilitate the escaping
movements of larvae and larvae were released figamoae with the aid of a stretched
and fire polished pipette. Then, larvae were iated at 28.5 °C in a plate with system
water. Finally, 5 day-old larvae were grown to l#ltood in a 50 | tank under standard
conditions (Westerfield, 2000).

Germ line chimaerism was assessed in mature spesimgéhey were mated in
groups to test the presence of specimens in theeddsnts with the skin pigmentation
pattern of thewild donor strain (Liret al, 1992).
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RESULTS

Testicular cells from 12 males were vitrified artdred until transplantation.
These cells were injected into 176 larvae duringra@splant sessions (table 1).

From 122 injected normal larvae that would grovadlulthood, 12 females and
15 males finally reached the mature stage. As exaected, none of them presented
somatic skin pigmentation. To assess germ linmahlrism, resultant adult males and
females were grouped in 4 mating group&/@3, 22/53, 42133, 42/43) as they
reached sexual maturity. From a total of 486 Ifseiil eggs, 284 survived at 48 hours.
However, the skin melanocyte presence of the lacameesponded to that of tlyeld
strain zebrafish (from recipient own cells), that they had fewer melanophore-
producing cells than normally presentwmd-type zebrafish donor cells (Saiéb al.
2008). These larvae were grown until adulthootetssess their pigmentation pattern.

Finally, 85 adults survived and all hgdld pigmentation.

DISCUSSION

In this work, a methodology for zebrafish testicutell transplantation was
developed. This procedure was efficient from &méxal point of view, which supposes
larvae inclusion in agarose and manual injectiothwihe use of reduced diameter
micropipettes (5Qum). In this respect, the low abnormality and mldstaates in 12
transplant sessions (176 injected larvae) shoulibibed.

Newly hatched larvae used in this work as recigidrgve also been employed
previously in salmonids (Okutsa al., 2007; Takeuchet al., 2004), but Saito (2008)
suggested that it is quite likely that the methsthklished in salmonid fish cannot be
applied to all other fish species, especially thtis® have small eggs and larvae
compared with salmonids, as is the case of zebrafis fact, to our knowledge adult
testicular cell transplantation in newly hatchedraéish embryos has never been
performed.

In the present work, no germ line chimaerism waseoled fromwild donor
testicular cells. This fact could be due to théehmgeneity of transplanted testicular
cells, although Okutset al. (2006a) obtained almost 25 % colonisation efficiem
rainbow trout transplantation with unsorted teséicwcells containing somatic cells,

spermatogonia and other testicular germ cells.
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Another reason for the negative testicular coldiosamight be the cell death
caused in the vitrification-warming procedure. Bekieless, it must be noted that, as
observed by Bono-Mestre et al. (2009), the presefigeseudopodia was frequently
observed in living cells, both before vitrificatiand after warming, which indicated
their spermatogonial nature (Ulvik 1983, Hill an@inski 2006, Okutsu 2006a), and
again confirmed their viability and the possibil@fygonadal tropism (Okutsu 2006a).

Gonad development in zebrafish begins during engegyesis (von Hofsten J
and Olsson PE 2005) and it may be that the devedapratage used was too late
because the testicular organogenesis had alreadhdd and because of this, the cell
cannot be inserted into testicles. Perhaps tmspfant stage (2-3 day larvae) was not
the best and earlier embryos might be better regtpi

Another plausible reason that may explain the megaesults obtained here
could be that the transplanted spermatogonia dichage enough time to colonise the
recipient testicular tissue and remairgadopically as a consequence of the rapid larvae
development in zebrafish. This is because thentsdtion procedure is not immediate,
whereaszebrafish gonad development takes place quicklycould explain why in
slowly developing species, such as trout, the gahealonisation of transplanted cells
is efficient. Perhaps a slower development by &napire reduction (Francisco-Siméao
et al. 2007) could facilitate the required synchrony eébwafish.

In conclusion, the methodology employed here piisseseful technical aspects,
but more studies are necessary in order to achgaren line participation from

previously vitrified-warmed testicular cells in zabsh.
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Table 1. Survival ability of injected (UV radiated) larvaeth (vitrified-warmed)

testicular cells 1 h after manipulation.

Session Injected Recovered Dead Abnormal Normal

number larvae larvae larvae larvae larvae
1 5 5 (100 %) 1 0 4 (80%)
2 12 12 (100 %) 1 0 11 (92%)
3 17 17 (100 %) 0 0 17 (100%)
4 8 8 (100 %) 1 1 6 (75%)
5 16 16 (100 %) 2 9 5 (31%)
6 14 14 (100 %) 9 0 5 (36%)
7 13 13 (100 %) 0 0 13 (100%)
8 12 12 (100 %) 4 4 4 (33%)
9 11 11 (100 %) 2 5 4 (36%)
10 23 23 (100 %) 2 4 17 (74%)
11 26 26 (100 %) 5 2 19 (73%)
12 19 19 (100 %) 1 1 17 (89%)

Total 176 176 (100%) 28 (16%) 26 (15%) 122 (69%)
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I11.2. Chimaerism in zebrafish.

Throughout last years, different chimaerism teghas have been developed for
all cellular types used in our lab (blastomerestitalar cells, blastema), with the
exception of epithelial fibroblasts (where the o$&NT is required, and also developed
in our lab). With respect to chimaerism using ldasd cells (Pérez-Camps M.
Francisco-Simdo M, Cardona-Costa J and Garcia-Xémén Short communication.
Evaluation of presumptive caudal fin blastema cafisandidate donors in intraspecies
zebrafish Danio rerio) chimaeras. Spanish Journal of Agricultural Rede#&(4): 610-
614 (2008)), the doctorandus did not participata special relevance. For this reason,
its inclusion in this thesis was obviated. Otheeyishe doctorandus did actively
participate in another three works in order to diggyen easy, save and efficient germ-

line chimaerism technique for blastomere transplaon.

In the previous part, it was described the chimsaertechnique for blastomere
and testicular cell transplantation after theirogmeservation. So, in this section there
are presented the set of works which lead to aciefit chimaerism technique for germ-
line contribution at MBT stage of embryo developmeén this sense, a first step was
the establishment of an ultraviolet radiation (U\dpse for recipient embryo
penalization, aimed to cancelling their primordigerm cell participation in
development and in their further gamete production.

Despite the UV penalization protocol was laborjoume interesting
observations were recorded (ie: the different Zedlrastrains tolerance to UV radiation)
and discussed in the manuscriplittaviolet radiation dose to be applied in recipiat
zebrafish embryos for germ-line chimaerism is strai dependent. Results obtained
were: the establishment of a radiation dose (Or®@cnf of 60s and 30s fowild or
gold MBT embryos respectively) to be applied on MBTip&nt embryos.

Other interesting and unexpected aspects regardimgnaerism were also
detected, particularly those related to osmolaeat$f on donor cells and recipient
embryo survivals when chimaerism was performed ighdr or lower osmolar
conditions (300 vs 30 mOsm/kg). As known, ideal okm conditions for zebrafish
intact embryos (30 mOsm/kg) and isolated blastommdoem MBT embryos (300
mOsm/kg) are different. Aimed to looking for the ncdiation of both osmolar

requirements, there were assayed a series of exgr&s covered in the manuscript
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“Micromanipulation medium osmolarity compromises zelpafish embryo and cell
survival in chimaerism”. Relevant results were obtained, for example biedter
survival rates when chimaerism is performed in 300@sm/kg, the fact that too
stretched micropipettes excessively damage dorits; o no osmolar negative effects
on donor cells during transplantation.

The establishment of a reliable germ-line chinsmaritechnique was finally
accomplished in the third work entitletlltraviolet radiation and osmolarity media
affect germ-line chimaerism success in zebrafish pgriments’, in which all previous
main findings were tested together. As result,aswbserved that recipient embryo UV
radiation and their further manipulation in 300 m@llsg medium, achieved as high as
50 % germ-line participation (and 13% somatic clénsam). Although, an interesting
question was not solved: why sexual imbalance téesndid appear? Perhaps, the
answer is more related to the system and factogshehotypic sex determination in

zebrafish than those related to the chimaerisnmigabe.
» In these three works, the doctorandus contributedlli experimental works (UV

radiation, embryo micromanipulation, somatic andrnmgéne chimaerism

assessment) as well as in the manuscript preparatio
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STUDY 6. Ultraviolet radiation dose to be appliedm recipient zebrafish embryos

for germ-line chimaerism is strain dependent.

Abstract

Germ-line chimaerism is a powerful technique thas proven to be useful to
produce viable gametes when transplanted blastemelenise the germinal ridges in
recipient embryos and obtaining offspring from streimsplanted cells. In fish, ionising
radiations were commonly used for embryo penabratio cancelling the cell
participation of recipient embryos in developmemnid an gamete production. The
ultraviolet radiation when compared with other edidin types is cheaper, easier and no
special installations are required for its use.tB8e,aim of this work was to establish the
optimal ultraviolet radiation dose to be appliedzebrafish embryos at mid blastula
transition stage of development, in order to usgntlas penalised recipient embryos in
futures chimaerism assays. An ultraviolet germidadapwas used as radiation source
(0.529mW/Cm). Four exposure levels and three exposure timestraiviolet radiation
were tested. The survival rates obtained with tH2 (don dechorionated embryos
without lid) group suggested that it could be tipéiroal exposure level to achieve the
objective proposed. With the obtained results, veactuded that this ultraviolet
radiation dose for 60s and 30s are optimal parasétepenalise recipient wild and
gold strain zebrafish embryos respectively in clansn assays but without involving

their survival and apparently normal development.

Keywords: UV radiation, chimaerism, strain, embryo penal@at zebrafish

" This paper has been accepted for publication fhil#ie 09 in the journaReproduction in Domestic
Animals’ with the following reference: Francisco-Siméao ®ardona-Costa J, Pérez-Camps M and
Garcia-Ximénez F. (2009). Ultraviolet radiation eds be applied in recipient zebrafish embryos for
germ-line chimaerism is strain dependent. Reprooh Bmim. (in press) (doi;: 10.1111/j.1439-
0531.2009.01501.x).
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INTRODUCTION

Germ-line chimaerism is a technique that has praeebe useful to produce
viable gametes when transplanted cells colonise géeninal ridges in recipient
embryos and, in a final step, to obtain offspriragri such transplanted cells.

This technique has been applied in mammals (Rosgaalt, 1982), poultry
(Naito et al., 1994) and fish (Nilsson and Cloud, 1992; Wakamatsal, 1993; Luo and
Li, 2003; Sawant et al, 2004), but the successsrate still quite limited, and many
efforts have been made to improve them. Strataggeslly employed to accomplish
this aim have focused on minimising and even céingethe cell participation of
recipient embryos in development and, particularygamete production (Naite al.,
1994) to increase the contribution of transplantadls in embryo development,
especially in establishing the germ line (Carsiesteal, 1993). This end can be
achieved by chemical treatments such as culturesghere, media toxicity by the
addition of substances such as ethanol or bus(eown et al., 1979; Swartz, 1980),
by physical treatment (Aige-Gil and Simkiss, 19®trahle and Jesuthasan, 1993;
Ikegami et al, 1997; Lét al., 2001) or by ploidy manipulation (Luo and Li, 2003

In fish and poultry, ionising radiations were comiyo used for embryo
penalization (Jolyet al., 1999; Li et al., 2002). Gamma, X and laser radiations were
also used to inactivate the oocyte and spermatgeoame to obtain androgenetic or
gynogenetic development in fish embryos (Mims ar@Kyhnell, 1971; Graharet al.,
1996; Bhise and Khan, 2002). However, the securé@guirements of facilities,
expensive equipment and difficult handling make tis® of this type of radiation
awkward and dangerous. In contrast, the use ddratidiation types, such as ultra
violet (UV), could be of interest because it isaper, easier and no special installations
are required for its use.

As occurred with other ionising radiation types,emspatozoa and oocyte
genomic inactivation in fish, but without involvinipe loss of oocyte activation and
subsequent embryo development ability, was alsteaett by UV radiation (ljiri and
Egami, 1980)

Despite this, no references related to improvedmgare chimaerism
efficiencies in fish by embryo penalization with U¥diation were found. So, the aim

of this work was to establish the optimal UV radiatdose to be applied in zebrafish
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embryos at mid blastula transition stage (MBT; Wdgld, 2000), in order to use them

as penalised recipient embryos in chimaerism assays
MATERIALS AND METHODS

Animal care and embryo obtainingdult zebrafish Danio rerio) from two
different strains Wild and gold-types) were maintained separately in 20 L aquariums
and kept in 6:3 proportion (females/males) per eéqoa Both populations were fed
with granular food supplemented with recently dstied hen egg yolk and shrimp meat
(Francisco Simacet al., 2007). Embryos obtained by siphoning were washet
conventional tap water on a nylon mesh and seleatet®r a stereo microscope and
washed again with tap water. Only well developed perfectly clean embryos (intact
embryos without detritus adhered to the chorionyewkept in dechlorinated and
decalcificated tap water (system water) (Westatfi2l000). No bleaching treatment
was applied, but sterilised media and materialewsed and aseptic conditions were
established. All chemical products and culture mediere from Sigma-Aldrich
(Madrid, Spain)

Dechorionation:

Dechorionation was carried out at MBT stage of gmbdevelopment by
pronase treatment (1.5 mg thlin Hanks” buffered salt solution, CH, diluted 1086
volume in distilled water, H10) followed by immeysi twice in H10. Embryos that
were mechanically damaged (blastoderm-yolk discotimres, yolk injuries, etc.) were

discarded and finally only intact embryos were uigeld in the experiments.

Ultraviolet radiation treatment:

Embryos irradiation was carried out nearly to MBage. A UV germicide lamp
(General Electric, 30Wvas used. Irradiation was carried out at 62 crfoodis-object
distance. The radiation dose applied was 0.529 emfVand was measured by a USB
4000 (Miniature Fiber Optic Spectrometer; Oceani€dgdnc. First In Photonics, USA).

As containers, 35 mm-Petri dishes (corning) withstepn water for non
dechorionated embryos or H10 medium for dechorexhambryos were used. The

level of media column was standardised at 6 mmtduge ability of water to absorb
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UV radiation. A vortex (MS1-IKA) at 200 rpm wassed with the aim of
homogenising the radiation area during UV exposAfter irradiation, embryos were
kept at room temperature for 30 min and then theaming groups with chorion were
dechorionated and finally damaged embryos frongadlps were discarded. So, the
initial number of embryos was defined as the whalenber of non-lysed embryos 30

min after UV treatment and dechorionation.

Chimaerism technique:

Donor blastomeres (non radiated cells) framhd specimens were obtained by
blastoderm disaggregation in CH medium without'@ad Md™. Briefly, the yolk was
removed using two sterile hypodermic needles, &ed the embryo was taken to the
liquid surface in which the yolk was removed imnageiy from the embryo due to the
surface tension (seudy 2).

The chimaerism was performed using a Nikon invertedroscope equipped
with two Leitz micromanipulators. During the mami@tion process, the embryos were
held with a 260 um outer diameter holding pipettel @he cells were picked and
injected into the embryos by means of a 50 um imli@meter microinjection pipette.
Two separated drops were deposited in a Petri{8&mm) and covered by mineral oil.
One of them contained the isolated blastomeres osatpby CH medium without Ca
and Mdg®. The other drop was the handling drop, which raethie place where the
chimaerism was performed and it was composed bynt#@ium (Pérez-Camps and
Garcia-Ximénez, 2008). The number of injected qadlisrecipient embryo ranged from
50 to 100 cells and they were deposited into themalnpole as was described by len
al. (1992). Finally, embryos were cultured in 35 meoell culture dishes (corning,
Sigma) at 28.5°C for 6 days in H10 (35 mOsm/Kgk#ory out the monitoring and
assessments during the experiments.

Embryo viability rates were assessed at 24, 487ahH post-chimaerism. The
initial number of manipulated embryos was establistas the whole number of

micromanipulated embryos after performing the clarsm.
Experimental design.

In order to define the most favourable level of tAdiation, four different and

sequential experiments were carried out. Expers&n2 and 3 were performed using
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wild-type embryos because it is the standard typehisrdpecies. Finally, the fourth
experiment was realised wigold-type embryos (see Fig. 1.).

Reciprocal crossing between the two lines usedisstudy has proven thatld
type is dominant ovegold type in terms of body pigmentation (Nagakaatval., 2002).

Experiment 1.

The aim of the first experiment was to define thé fddiation treatment which
involves the highest survival rate at 100% epitstfge, but the lowest rate at 24 hours,
which meant an irreversible damage of endogencastdheres but an increase in the
capacity of the injected blastomeres (non radiatedyolonise recipient (radiated)
embryo. Chorionated and dechorionated embryos weedled as previously
described. To this end, four exposure levels of tidiation were tested: non
dechorionated embryos without Petri dish lid (NDy avith lid (ND-L), dechorionated
embryos without lid (D) and with lid (D-L). Thresxposure times were tested in all
exposure levels of UV radiation: 2, 4 and 6 mirmlEyo survival rate was evaluated at
100% epiboly stage and at 24 h post-fertilisation.

Experiment 2.

The UV radiation level which caused the highesvisal rate at 100% epiboly
stage but the lowest at 24 h from experiment 1 sedsected for experiment 2. This
exposure level was the ND (see results). The dirthe second experiment was to
value the survival rates and normal embryo devetypn(at 24 h, 48 h and 72 h) of the
ND embryos when they were used as recipients mabiism experiences. In this case,
the embryos were only radiated for 6 or 2 min (Bd B2 respectively) and chimaerism
assays witlwild blastomeres were carried out. Two control graefpsdiated but non
micromanipulated embryos were established: Contro(6 min of UV radiation
exposure) and Control 2 (2 min of UV radiation expp@).

Experiment 3.

Taking into account the results from experimens@e(results), the irradiation
time in the ND group was reduced to only 60 s (ER)e chimaerism and its evaluation
were carried out as described in experiment 2jrbtitis case three control groups were

established: radiated for 60 s but non micromaaigal (Control 3), non radiated but
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micromanipulated (Control 4) and non radiated amwth mnanipulated (Control 5).

Experiment 4.

Wild cells were injected intogold-type embryos used as recipients in
chimaerism. To prevent a possible difference insg®ity betweengold and wild
embryos,gold embryos close to MBT stage were exposed to thatiadifor 60 s and
also for 30 s (E4 and E5 respectively). As a adntron radiated gold embryos were

also used as recipients in chimaerism (Control 6).

Statistical analysis
At least three replicates were done in all expenit@egroups. Results were
analysed using the Chi-square test. When a sueggee of freedom was involved,

Yates’ correction for continuity was performed.

RESULTS

Experiment 1.

According to the obtained results, the combinatdrtimes and the different
exposure levels (chorion and Petri lid) from the -NCand the D-L groups were
discarded due to the high rates of larval survarad the D groups due to the excessive
damage at 100% epiboly stage (Table 1). The sairviates obtained with the ND
groups suggested that it could be the optimal coatlnin to achieve the objective
proposed because the survivals at 100% of epibehgwigh but the larval rates (at 24
h post-fertilisation) were low (Table 1). It is portant to point out that
morphologically abnormal larvae appeared in ND Brgroups at 24 h post-fertilisation
(body deformity, curly tail, heart dilation, bifiteart, absence of eyes).

Due to no differences were observed in the ND graughe second experiment
only the ND group was considered for testing byma®rism but testing the two

extremes of time (6 and 2 min) of UV radiation esye.
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Experiments 2 and 3.

Regarding the second experiment, no embryo fronNfDbegroup developed as
normal (Table 2), either when the time of exposuas 6 min or when it was reduced to
2 min. The survival rate was almost null, even mkigey were not micromanipulated
(Table 2). This result means that the transplaféed non radiated) blastomeres did
not reduce the damage caused in the recipient esbyy the UV radiation. For this
reason, the UV radiation exposure time was reduoe@O s in the third experiment
(Table 3). In this case, the survival rates waghdr than before (Table 2) in both
radiated groups (E3 and Control 3), but they wagrificantly lower than the two non
radiated groups (Control 4 and Control 5).

Experiment 4.

The differences observed in the survival rate betwthe groups exposed at UV
radiation for 60 or 30 s reached significant le\al24 h post-fertilisation. However, the
group radiated for 30 s did not differ significantfom the control group (Control 6) in
which the embryos were not exposed to the UV ramiaglthough the survival rate of
radiated gold embryos was progressively higherf &g & post-fertilisation (Table 4).

Surprisingly, a strong difference was detectedhia survival rate between the
wild and gold strain embryos subjected to 60 s &f tddiation (Tables 3 and 4),
because no normal gold embryo survived 60 s of &ifation, in contrast to the 40% of
radiated wild embryos that developed as normalraadhed the larval stage (72 h post-
fertilisation) (Tables 3 and 4).

DISCUSSION

Harmful effects produced by UV radiation on embrigathevelopment of teleost
fish and other species have been studied for dedecades (ljiri and Egami, 1976;
Williams and Smith, 1984). In this way, such eféewere employed to establish the
most suitable penalization level in zebrafish erobrywith the aim of increasing the
transplanted germ cell colonisation in future chenem works.

In the first experiment, in accordance with the swemg equipment, it was
possible to prove that the Petri lid absorbed 1@3%V radiation. This fact was in

concordance with groups radiated with lid (ND-L abdL), which showed high
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survival rates (Tablel). In contrast to theseltesthe groups without lid (ND and D),
showed evidence of damage due to the UV radiateatrhent, such as paralysation of
embryo development and even embryo lysis. Resblimned were not affected by the
system water or the H-10 medium that covered thbrgms, due to the low level of
radiation absorbed by the water column (4,8 mm dher embryos; embryo outer
diameter: 1,2 mm). In ND and D groups, the lowsal rates showed abnormalities
in embryo development at 24h of developmental stagéhese phenomena were
probably manifested as a consequence of UV radiadi® occurred in other fish species
(Loach,Oryzas latipes) (Bass and Sistrun, 1997; Fujimaioal., 2007). The measuring
equipment could not assess the possible proteeffegt of the embryo chorion, but an
immediate protective effect by the chorion was deid in the 100% epiboly stage
assessment in ND group. This difference was saaifly higher than the
dechorionated group (D), although this differentaplpeared at 24h post-fertilisation.
Although the ND group was finally selected as cdatk for Experiment 2 assays, no
embryo developed as normal when 2 or 6 min of W/atgon were tested. Akimotet

al. (2003) and other authors (Lessetral., 2001; Bates, 2004) detected intracellular and
embryological changes in other species (UrcHirongylocentrotus droebachiensis,
Ambystoma maculatum, Molgula pacifica) due to txédative damages in different
organic compounds (DNA, lipids, proteins, etc.Jaasonsequence of UV radiation. In
fact, Xuet al. (2006) observed that UV radiation induced apoptasin vitro cultured
ESCs. These damages could be part of the reagoogr dad results, because no
improvement was achieved, even when non radiatdd were injected into these
treated embryos.

The low and non-significant differences observetveen E3 and Control 3 and
also between Control 4 and Control 5 (both non atedi), could be attributed to
mechanical handling damage in chimaerism assaygpriSingly, a great difference
related to the sensitivity to UV radiation betweeidd and gold strain embryos was
detected when data from Table 3 and 4 were comparétley showed a clear
disadvantage in gold strain embryo developmentesé&tresults were in agreement with
Hyodo-Taguchi (1983), who detected significant efiéinces in several embryo strains
of Oryzas latipes when they were exposed to UV radiation. Unfortahatfew studies
have been reported in fish.

In this way, the significant differences in UV ration sensitivity between these

two zebrafish strains used as recipients are efagice, because it would condition the
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efficiency of germ line chimaerism. This sensitidifference takes on more
importance when chimaerism technique is perforntedetover endangered species
from a limited source (Nagakavetal., 2002; Nagakawa and Ueno, 2003).

It is known that, in addition to the above mentidndifferent sensitivity levels to
radiation among cells in a same embryo were predantjuet (2004) observed in mouse
that precursor cells of PGCs would be more seiisitie gamma radiation than others,
being a fact of importance in the context of geirme thimaerism.

Taking into account the results obtained from sk, we conclude that an UV
radiation dose of 0.529mW/Cnfor 30s are optimal parameters to penalise reuipie
gold strain zebrafish embryos in chimaerism assaysvithout involving their survival
and their normal development.

Nevertheless, the issue of whether the paramestablshed in this work may
finally improve the germ line contribution of trgslanted cells remains to be confirmed

in a subsequent work.
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Table: 1. Wild zebrafish embryos survival after differeninés of UV radiation

exposure. ND-L: non dechorionated embryos with iHety ND: non dechorionated
embryos without lid; D-L: dechorionated embryoshaiifp; D: dechorionated embryos
without lid.

. Number of
Time of Number of initial Number of embryos b t 24h
embryos a
exposure to UV 01 embryos at 100% of epiboly ’

radiation (min) post-fertilisation

2 38 36(95% 30(83%)"
ND-L 4 37 36(97%¥ 30(83%
6 44 40(91%¥ 31(78%¥
2 38 38(100%% 7(18%Y
ND 4 36 35(97%} 7(20%Y
6 45 45(100%$ 2(4%Y
2 23 20(87%¥ 17(85%
D-L 4 12 10(83%5° 9(90%}
6 11 10(91%} 9(90%}
2 20 11(55%75°° 1(9%)Y
D 4 27 14(52%5° 4(29%Y
6 26 9(35%) 0(0%Y

Rows with different superscripts are statisticdiiyerent (P<0.05)
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Table 2 Wild zebrafish embryos survival of ND group (NBon dechorionated wild

embryos without lid) after 6 or 2 min of UV radiai exposure. Non radiated

blastomeres were injected in both experimental ggo(E1 and E2). Neither of the

control groups (Controls 1 and 2) was subjectdaldastomere injection.

6 min of UV radiation

2 min of UV radiation

exposure exposure
El Control 1 E2 Control 2
Initial whole embryos
39 20 43 43
Whole embryos
Normal 0/39 (0%) 0/20 (0%) 0/43 (0%) 0/43 (0%)
at 24h post-
chimaerism
Abnormal 2 - 7 11
Whole embryos
at 48h post- Normal ) ) ) )
chimaerism
Abnormal - - 6 9
Whole embryos
Normal - - - -
at 72h post-
chimaerism
Abnormal - - - 2

Columns are not statistically different{®05)
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Table 3. Wild zebrafish embryos survival of ND group (ND:mdechorionated wild
embryos without lid) after 60s of UV radiation espoe. Non radiated blastomeres
were injected in the experimental group (E3) anthencontrol group 4. Control groups

3 and 5 were not subjected to cell injection.

60s of UV radiation _
Non radiated embryos

exposure
E3 Control 3 Control 4 Control 5
Initial whole embryos
57 43 48 21
29/57 29/43 42/48 20/21
normal b
Embryos at 24} (51%)? (67%)? (88%) (95%)
post-chimaerism
15 9 7 1
abnormal
42/24
Embryos at 48h normal | 25/29 (86%) 28/29 (97%) (100%) 20/20(100%)
0
post-chimaerism 1
abnorma 14 6 1
23/25 25/28 41/42 19/20
normal
Embryos at 72h (92%) (89%) (98%) (95%)
post-chimaerism
abnorma 14 9 0 1
_ 23/57 25/43 41/48 19/21
Global survival . .
(40%}) (58%) (85%) (90%)

Columns with different superscripts are statistjcdifferent (P<0.05).
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Table 4. Gold zebrafish embryos survival after 60s (E4) 0s BE5) of UV radiation

exposure. The control group (control 6) was ndijexted to UV radiation. Wild
blastomeres were injected in all three groups.

Radiated embryos Non radiated embryos
E4 (60 s) E5 (30 s) Control 6
Initial whole embryos 37 83 31
0/32(0% 57/66(86%) 19/26(73%)
Embryos at 24h| normal
post-chimaerism
4 2 0
abnormal
- 55/57(96%) 19/19(100%)
Embryos at 48h|  normal
post-chimaerism
2 3 0
abnormal
- 55/55(100%) 19/19(100%)
Embryos at 72h|  normal
post-chimaerism
0 3 0
abnormal
Global survival 0/37(098) 55/83(66%) 19/31(61%)

Columns with different superscripts are statislycdifferent (P<0.05).
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Fig. 1. Diagram representing the experimental design.

Experiment -1
ND-L (Wild) ND({Wild) D-L(Wild) D(Wild)

%- WS (2.4.6minUV)

ExEEfiI‘I‘IEI‘It -2 \
ND{Wild- 2, € min UV)
(With cell transplantation) . + control 1 and control 2

EXEETiI‘I‘IEI‘It -3
ND{Wild- 60 s UV)

_ _ + control 3, control 4 and control 5
(With cell transplantation) '

EXEETiI‘I‘IEI‘It -4
ND{Gold- 60 5 UV)

(With cell transplantation) -~

+ control 6

ND{Gold- 30 5 UV)

(With cell transplantation) .-

Legend: ND-L, nondechorionated embryos covered with Pdish lid; ND, non-
dechorionated embryos without Petri dish lid; Ddechorionated embryos covered
with Petri dish lid; D, dechorionated embryos wailt Petri dish lid. Experiment 1: The
four groups were divided into three exposure tifgs4 and 6 min) to UV radiation.
Survival rates are shown in Table 1. ExperimenTiZatment selected (ND) at 24 h.
ND group was divided into two exposure times (2 &ndin) to UV radiation, prior to
wild donor cells transplantation. Survival rateg ashown in Table 2. Experiment 3:
Exposure time of ND group was reduced to 60 s ptorwild donor cells
transplantation. Survival rates are shown in T&lExperiment 4. Gold embryos were
used in ND group and were divided in two exposures$ (60 s gold) and (30 s gold)
prior to wild donor cells transplantation in botiises. Survival rates are shown in Table
4.

83



[1l.2. Chimaerism in zebrafish: Study 7.

STUDY 7. Micromanipulation Medium Osmolarity Compromises Zebrafish

(Danio rerio) Embryo and Cell Survival in Chimaerism Experiments.

Abstract

In zebrafish chimaerism experiments, the cell agen can involve intra-
embryonic cell lyses by osmolar effects. Moreowke donor cells can be injured
during manipulation due to osmolar changes intotithesplant pipette. So, the present
study aimed to assess the effects of the manipulatiedia osmolarity on embryonic
survival and donor cell viability.

In Experiment-1, 0.1ul to 0.15ul approximately arfi isosmolar solution (300
mOsm) were injected into recipient embryos, whigrevkept at 300 (E1) or 30 mOsm
(E2). Survival at day 1 was significantly higherd@ group than in E1 (E1: 68 % vs E2:
81%, p<0.05) but at 5 days embryo survival of Ebugr was slightly higher. In
Experiment-Il, donor cells from zebrafish embryosrevexposed (or not) to a possible
osmolarity change (inner pipette medium: 300 mOsexternal medium: 30 or 300
mOsm) using two different micropipette outer diaengt 40-50 and 60-70m. Cell
mechanical damages were detected in the 40rBQipette (p<0.05), but not by the
handling medium osmolarity. Results recommend geeaf a 300 mOsm manipulation

medium and bore sized pipettes adjusted as clasgbpssible to the donor cell size.

Keywords. chimaerism, osmolarity, blastomere, embryo, Zietra

" This paper has been accepted for publicationtini@ly 09 in the journalZygote” with the following
reference: Cardona-Costa Brancisco-Simao Rl Pérez-Camps M and Garcia-Ximénez F. (2009).
Micromanipulation medium osmolarity compromisesragish embryo and cell survival in chimaerism.
Zygote. (in press).

8 Both authors contributed equally to this work.
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INTRODUCTION

In zebrafish, fertilization and subsequent embrgoaetopment take place in a
hyposmolar environment with respect to the embrternal osmolarity. The inner
osmolarity of a zebrafish embryo is around 300 mQOsimilar to that required for
isolated somatic cells or blastomeres in culturhilevthe suitable osmolarity for an
intact embryo is 30 mOsm (Westerfield, 2000). Thmolarity difference between that
of the media required by embryos and for isolatetbrgonic cell culture should be
taken into account in chimaerism experiments inrafedh, where it is necessary to
reconcile the osmolar requirements of both celld ambryos. In this way, for
chimaerism, common practice involves the employn@ntwo media drops during
manipulation, one for donor cells and the otherclvhtontains the recipient embryos
and where the cell injection is done (Hong etE98; Ma et al., 2001). However, the
use of a single medium is also carried out whemabrism is performed by aspirating
cells directly from a donor embryo and introducithgm into the recipient embryo.
Whatever the case, the cell injection is usuallgedon a low osmolarity environment
(30mOsm) according to the requirements of the tnwmbryos (Lin et al.,, 1992;
Nakagawa and Ueno, 2003). However, in this caseattention is paid to the external
osmotic barrier breakdown in recipient embryos hg transplant pipette, and its
interaction with the low osmolarity of the manipiis@m medium, which could
temporally modify osmolar characteristics of emisrygdong the pipette entry channel,
causing intra-embryonic cell lyses. Moreover, figa could appear in intermediate
steps in which donor cells are loaded into thesjpéant pipette and injected into the
embryo, due the osmolar changes produced by iohagges between the inside
(300mOsm) and outside (30mOsm) of the pipette ogeni

In a previous work, we tested that the survival aurther development were not
affected by the culture of embryos at mid blasttransition state (MBT) in an
isosmolar medium (300 mOsm) for 1 hour (Pérez-Caamubk Garcia-Ximénez, 2008)
and, no references related to these manipulatioticplarities in chimaerism were
found in the reviewed literature. So, the aim luk tstudy was to assess donor cell
viability and chimaeric embryo survival when dif@at manipulation media

osmolarities are used in chimaerism assays.
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MATERIALS AND METHODS

Care of zebrafish specimer3anio rerio, and embryo collection were carried
out as described by Francisco-Siméo et al. (200Enbryos near the mid blastula
transition stage (MBT) were dechorionated by pren@ds5 mg mL-1 in H10), being
H10 Hanks’ buffered salt solution (HBSS) diluted?d0n distilled water, v/v. Then,
dechorionated embryos were washed twice in H1Omdged embryos were discarded
and only intact embryos were used in the experiment

All chemicals and culture media were from Sigmasidd (Madrid, Spain).
Experimental design and procedures:

Experiment |. Effect of handling medium osmolarity on injected embryo viability

In order to assess embryo viability after chimamriswo experimental groups
were established depending on the medium osmolarishich recipient embryos were
manipulated (E1: HBSS, 300 mOsm; E2: H10, 30 mOgdsmolarity was measured
using a cryoscopic osmometer (Osmomat 030; GonBrtin, Germany).

Micromanipulation was carried out using an invertadcroscope (Nikon
ECLIPSE TE200) equipped with Leitz micromanipulatoEmbryos were placed in the
different manipulation mediums described and cavdrg mineral oil. Embryos were
held with a 26Qum outer diameter holding pipette. The outer di@mef the injection
pipette was set between 50-66. Embryo manipulation consisted of the injectain
cell medium (around 0.1 to 0.5 pl of HBSS, 300 mpdmuat not cells, into the marginal
zone of the recipient embryo blastoderm (15 embpgodatch).

After manipulation, embryos from the two groups evércubated at 28.5°C in
H10. Two control groups were established, compagedon-injected embryos from
each batch of E1 and E2 experimental groups. Té@ined in the same manipulation
medium (C1: 300 mOsm; C2: 30 mOsm) for as longhadgnjection process took, and
then were incubated at 28.5°C in H10.

At least 125 embryos were injected in both expentalegroups, in different
sessions.

Embryo survival rate was assessed after 1h pasttion and at larval stage (5

days). Only embryos with no malformations werestdered well developed embryos.
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Results were analysed using the Chi-square testenVd single degree of freedom was

involved, Yates’ correction for continuity was parhed.

Experiment Il. Evaluation of a possible osmolar chage effect on the donor cells in

chimaerism experiments.

Donor blastomeres were obtained from 5-10 embrpes batch) at the MBT
stage as described by Cardona-Costa and GarciarEm@eeStudy 2). They were
kept in HBSS without G4 and Md" (cell medium, 300 mOsm).

With the aim of simulating the chimaerism procddastomeres were exposed
(A) or not (B) to an osmolar change, using in egobup two different micropipette
outer diameters, 40-50m (I) and 60-70um (ll), so four experimental groups were
established (A-1, A-ll, B-1 and B-Il).

In the A group, around 50-100 blastomeres wereasgoi with a micropipette (I
and 1l) from the cell medium and were held neartrtfieropipette opening. Then, the
micropipette was immersed for 10 seconds in H10iumed30 mOsm) and blastomeres
were finally transferred to HBSS (300 mOsm). Theg®®up was not exposed to a
possible osmolarity change, so the blastomeres aspaated with a micropipette (I
and II) from the cell medium (300 mOsm) and dingdthnsferred to HBSS medium
(300 mOsm).

After each batch, a sample ofi2Grom HBSS medium containing the largest
number of cells possible was immediately takenrandnted onto a slide. Cell survival
rate was established as the number of live cetisfintact cells (live plus dead)
recovered, using 0.4% trypan blue dye (1:1 v/ivnfddunately, it was impossible, in
our experimental conditions, to identify and quignthe immediate cell lyses because
they disappeared rapidly as ghosts. Only intalt$ ceuld be assessed at the end of the
process. In this way, dead and alive intact ogse counted in eight random fields
(100 x magnification) as Cardona-Costa and GaraiaeXez (se&udy 2) described.

For control, a sample of cells that remained thele/time in the initial medium,
cell medium, were directly recovered with a Pasfepette at the end of each batch.
Results were analysed by the Chi-square analydiben a single degree of freedom

was involved, Yates’ correction for continuity waerformed.
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RESULTS AND DISCUSSION

I. Handling medium osmolarity in chimaerism experimens affects embryonic

survival

Results are presented in Table 1.

In the first assessment (1 h post-injection), emlayrvival was significantly lower
in E1 group, manipulated in the higher osmolaritgdimm (E1: 68 % vs E2: 81%;
p<0.05). This low percentage could be attributed momentary harmful effect due to
a sharp osmolar change (E1 group was transfermed fi10 to HBSS medium for
manipulation and to H10 again for incubation). Brer, the survival differences at 1
h between the control groups (C1 and C2) suppahisdoossibility because significant
differences in survival rates were also detectedrgrthem in favour of H10 medium
(C1: 72% vs C2: 91%; p<0.05). In addition, mechahdamage during manipulation
would enhance this effect. In fact, after injegti®.1pl to 0.15 pl approximately of
HBSS (300 mOsm) into the basal area of the blastodthe immediate survival (1
hour) was reduced both in the E1 and E2 experirhagrzups, when they were
compared with the respective control groups notdlegh (E1: 68% vs C1: 72%; E2:
81% vs C2: 91%), although these differences dideath levels of significance.

At 5 days post-injection, differences between Hieand E2 experimental groups
did not reach significance levels. Despite thig survival rate of the first group was
slightly higher (E1: 78% vs E2: 69%). This factpimes the possibility that, when
embryos are micromanipulated at low osmolarity (B2, mOsm), additional damage
could be sustained as consequence of the extesmadtc barrier breakdown during the
injection process and affect them until their ralsg. This would permit the osmolar
interchange between the internal (300 mOsm) anerexit (30 mMOsm) media, causing
intra-embryonic cell lyses. In this case, andemilts suggested, these effects are not
immediate but presented in later stages of devetopm

In terms of percentage, the survival rate in thegkdup increased at 5 days post
injection (HBSS-1h: 68% vs HBSS-5days: 78%), intcast with embryos from E2
group, where the survival rate even decreased (Hil(B1% vs. H10-5days: 69%).
These results suggest that the final survival nateases when chimaerism is
performed in HBSS medium (E1, 300 mOsm) if compamgti H10 medium (E2, 30
mOsm). Moreover, the fact of keeping the embryos HBSS only during
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micromanipulation and transferring them to H10 roedifor incubation (with the
consequent sharp osmolarity change), did not ptewsnbryos continuing their
development without any delay (Pérez-Camps andi&3inénez, 2008). So, these

results are of interest to take into account infeichimaerism works.

[I.  Handling medium osmolarity in chimaerism experimens does not affect
viability of transplanted cells

In fish, to achieve germ-line chimaerism succdss,final number of living cells
to be inserted into the recipient embryo is an irtgpad aspect (Faet al., 2004; Honget
al., 1998; Maet al.,, 2001). Therefore, to assess the osmolar effactells in
chimaerism, two different transplant pipette outiameters were used in this
Experiment Il. Results are presented in Table 2.

After assessing the number of live versus intatls ¢hat survived the passage
from the cell medium (HBSS without €aand Md") to the two different handling
mediums (HBSS or H10), results obtained did nowsHidferences in terms of the use
of different handling osmolarities (A: H10, 30 mQsB HBSS, 300 mOsm). In fact,
differences related with the possible osmolar daragfween the use of two different
pipette bore sizes, presumably greater as diamat¥eased, were not detected.
However, cell survival differences between A-l1 ad groups (both with 40-5@m
outer diameter), showed levels of significance (p5Pwhen compared with respective
control groups. It seems that these cell moréaljtoccurring during transfer by pipette,
iIs a consequence of the mechanical damage incdwedg aspiration and when cells
are expelled through the pipette opening. Thusy thcreased when the pipette bore
size decreased, favouring in our case the A-lIl & groups (60-70um outer
diameter, without significant differences compamth to their control groups). So,
higher diameters avoid mechanical damages on doglts during their manipulation
but, at the same time, they can produce higher amecal embryo disorganization and
perhaps osmolar effects into recipient embryos.

In conclusion, the use of a 300 mMOsm manipulaticediom and bore sized
pipettes adjusted as closely as possible to therdoell size may be recommended as

the best combination for chimaerism assays.
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Table 1 Embryo survival rates after being injected withd to 0.15 pl approximately
of Hanks’ saline (300 mOsm) in two different handlimedia (E1: 300 mOsm; E2: 30
mOsm). Control groups (C1: 300 mOsm; C2: 30 mOsmevparallel carried out to

their respective experimental groups.

Treatment El E2 Ci Cc2
Initial embryos 142 126 69 79
At 1h 96 (68%) 102 (81%3" 50 (72%)° 72 (91%5
At 5d 75 (78%)° 70 (69%) 41 (82%° 60 (83%f

Between columns, data with different superscripgsstatistically different (p<0.05)

Table 2 Cell survival in the cell Control groups (cellsaimtained in the initial drop of
Hanks’ saline without C& and Md") and Experimental groups, cells picked up from
the initial drop and manipulated on two handlingdimg/A: 30 mOsm; B: 300 mOsm)
and with different bore diameters of transplant ropépettes (I: 40-5Qum; II: 60-70

um).

Living cells/Intact cells

(Handling medium/bore size)Experimental groups Control groups

A-1 (30 /40-50) 93 % (294/318) 98 % (1512/1543)
A-Il (30 /60-70) 98 % (1162/1186) 97 % (1886/1943)
B-1 (300/40-50) 92 % (322/349) 96 % (1700/1762)
B-1I (300/60-70) 97 % (651/673) 97 % (1488/1530)

Between columns, data with different superscripgsstatistically different (p<0.05)
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STUDY 8. Ultraviolet radiation and handling medium osmolarity affect

chimaerism success in zebrafish.

Abstract

The effects of a predefined ultraviolet radiatiorse (0.529 mW/ctfor 30s)
together with two different micromanipulation medismolarity (30 mOsm/kg vs 300
mOsm/kg) were tested on embryo survival at diffedEvelopmental stages and on the
somatic (skin) and germ-line chimaerism rates.

Somatic (13 %, 6/47 adults) and germ-line chimaer{50 % pigmented F1
larvae) were detected only in the UV treated rexipembryos micromanipulated in a
300 mOsm/kg medium. From the results obtainedcarmecluded that the conditions
cited above were the most suitable to improve smnagid germ-line chimaerism rates
in zebrafish.

Keywords: germ-line chimaerism, embryo, osmolarity, zebrafish

" This manuscript has been submitted to the jourdajote” with the following reference: Francisco-
Siméo M, Cardona-Costa J, Pérez-Camps M and GarcianémE. (2009). Ultraviolet radiation and

handling medium osmolarity affect chimaerism susdeszebrafish Zygote (submitted).
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INTRODUCTION

The chimaerism technique has proven useful to olfispring in which a part
of the gametes comes from embryonic cells or embtgm cells (Mat al., 2001; Fan
et al., 2004).

The colonisation of transplanted cells in the pmastve chimaera, both at
somatic and germ-line levels, depends on the pagyance of transplanted cells over
the recipient cells. To facilitate colonisationffelent treatments can be applied with
the aim of penalising the recipient embryo or s@pecific structures, as occurs with
PGCs precursors (Carscieneeal., 1993). To this end, chemical products (Swartz,
1980) or ionising radiations (Joly et al., 1999;dtial., 2002) have commonly been
used. The use of ultraviolet (UV) radiation isinferest because it is cheaper, easier
and less dangerous than other kinds of radiatiow, @0 special installations are
required for its use. In our lab, a UV radiatiarsd to penalise recipient embryos was
defined specifically fowild andgold zebrafish strains (se€gudy 6). On the other hand,
in another work, it was observed that the micromalaition medium osmolarity (30 vs
300 mOsm/kg) could affect recipient embryo surviyalssibly due to the rupture of the
osmolarity barrier when the microinjection pipgttenctured the outer embryonic layer
(seeStudy 7).

In this context, the aim of the present work wastdet the effect of the
previously defined radiation dose (0.529 mWcror 30s) together with the
micromanipulation medium osmolarity (300 or 30 mdsyh on the germ-line

chimaerism efficiency in zebrafish.
MATERIAL AND METHODS

Embryos at the early blastula stage from two dsiférstrains Wild: donors;
gold: recipients) were used. All chemical products anlure media were from Sigma-
Aldrich (Madrid, Spain)

UV irradiation of gold (recipient) embryos
According to previous results obtained in our laee(Sudy 6), gold-type
embryos were treated with UV radiation to improhe tolonisation of transplanted

cells during chimaeric embryo development. Brie#iynbryo irradiation was carried
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out almost to mid blastula transition (MBT) stagghwut dechorionation. They were
held in 35 mm-Petri dishes (corning) as containgtls system water. A vortex (MS1-
IKA) at 200 rpm was used with the aim of homogergsihe radiation area during UV
exposure. A UV germicide lamp (General Electri@\\ was used. Irradiation was
carried out at 62 cm of focus-object distance. Tdmation dose applied was 0.529
mW/cnf and was measured by a USB 4000 (Miniature FibeticOPpectrometer;

Ocean Optics Inc. First In Photonics, USA). Afteadiation, embryos were kept at

room temperature for 30 min and then dechorionated.

Chimaerism technique

Donor MBT blastomeres (non radiated cells) frartd specimens were obtained
by blastoderm disaggregation, in modified Hanksffdned salt solution (HBSS)
medium free of Cd and Md " (seeStudy 2).

The chimaerism was performed using a Nikon invemedroscope (Nikon
Europe B.V, Badhoevedorp, Netherlands) equippetl Wi Leitz micromanipulators
(Leica, Wetzlar, Germany). Two separated medipsimere placed in a Petri-dish (90
mm) and covered by mineral oil. One of them conmegosf HBSS (300 mOsm/kg)
medium free of Cd and Md "™ contained the isolated blastomeres and the otlenas
the handling medium in which the chimaerism wagquared, composed of HBSS (300
mOsm/kg) or HBSS-10% (30 mOsm/kg) medium (Pérez{i3aand Garcia-Ximénez,
2008) depending on the experimental group carried oDuring the manipulation
process, the cells were picked with a microinjecfgette of 50 um inner diameter and
injected into the embryos held with a 260 um outemeter holding pipette. The
number of injected cells per recipient embryo rahifyem 50 to 100 cells and they were
deposited into the animal pole as described byetial. (1992); specifically, into the
lower part of the blastoderm (Nakagawa and Uen6320 Manipulated embryos were
placed in 35 mm cell culture dishes at 28.5°C fdags in HBSS-10% (30 mOsm/kg).

Surviving embryos at 30-60 minutes were considaethe initial number. The
further survival rates were assessed at 24h, 48hard 5 days post-chimaerism. Then,
surviving embryos were raised to adulthood whera gigmentation from adult

chimaera and their F1 progeny was registered.
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Experimental design

Four experimental groups were established by coimdpiembryo recipient UV
radiation (30s UV vs non radiated) and the micromaation medium osmolarity (30
vs 300 mOsm/kg). Differences among groups in safwiates of different stages were

tested. Somatic and germ-line chimaerism wereuetadl in adults.

Overall germ-line chimaerismrate estimation

In this work, the parameter used to compare theotasity media and UV effect
on germ-line chimaerism rates assumed that alathdt specimens obtained (male and
female) in each experimental group provided a singhermaphrodite and
simultaneous” gonad. In this way, depending on ttkatment applied, the relative
frequency of gametes produced (whether sperm @)dggn donor cellswild) or from
recipient gold) could be estimated by melanocyte presence idattval skin, because
the marker fromwild specimens (pigmentation) is dominant ogeld specimens, so
only offspring fromgold-gold gametes pairing will be non pigmented. To this,end
embryos from the four experimental groups wereectdld for 8 weeks and their skin
pigmentation \fild or gold) was evaluated at 48 h developmental stage étial.,
1992).

At least three replicates were done in all expent@legroups. Results were
analysed using the Chi-square test. When a suoeggee of freedom was involved,

Yates’ correction for continuity was performed.

RESULT AND DISCUSSION

Results from experiment | are shown in Table I. the irradiated groups,
significant differences were observed in the swalvixate at 24h between the two
handling media osmolarity (300 mOsm/kg: 50% andn30sm/kg: 36%; p<0.05).
However, this difference gradually disappeared ftbm48h to 5 days stage, and even
in the global survival (cumulative survival). Moreer, in the non radiated groups,
micromanipulation media osmolarity did not affeanteyo survival rates at any
developmental stage. These results could indittae the osmotic shock produced
when chimaerism is performed in 30mOsm/kg micromaiation medium osmolarity

does not apparently affect long term survival ireevant manner (segudy 7). As
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was expected, global survival (cumulative survivales in the irradiated groups were
significantly lower than in non-irradiated (s8edy 2).

It may be noted that the number of males was highan females in all
experimental groups. No interpretation of thiseslation could be made because the
system and factors of phenotypic sex determinaienunknown in zebrafish (Saiéb
al., 2007).

Only 6 (4 males and 2 females) from the 47 totalltadshowedwild skin
pigmentation and all of them belonged to the 300m@8s UV experimental group
(Table 2). Moreover, it should be emphasised ligh rates ofwild offspring (50%)
were also only observed in the 300mOsm-30sUV gi@@gble 3). This fact confirms
that the presence of pigmentation acts as an extedlgn of germ-line chimaerism in
zebrafish (Lin et al., 1992). In medaka fish, ¢fa@nma irradiation of recipient embryos
also favoured the appearance of large pigmentaignals from donor cells and, in
parallel, a significant increase in germ-line chemsm (Joly et al., 1999).

According to the results obtained, the penalizatbmecipient embryo with a
radiation dose of 0.529 mW/érfor 30s together with the manipulation in 300mQsm/
handling medium osmolarity was the combination thiatiained the best somatic and

germ-line chimaerism rates.

Funding
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project was denied by the CICYT of the Spanish Gavent Ministry of Science and
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Table 1 Survival rates of transplanted embryos. Embryase irradiated or not

(controls) and manipulated in different osmolarntgdia (30 and 300 mOsm/kg).

30s of UV Non radiated
300 30 300 30
mOsm/kg mOsm/kg mOsm/kg mOsm/kg
Initial number of

embryos 188 232 54 108
Normal embryos at 24h 93/188 82/232 37/54 59/108
(50%) (36%) (69%) (55%)°

(abnormal) (30) (38) (6) (16)
Normal embryos at 48h 74/93 69/82 35/37 55/59
(80%) (84%)® (95%)° (93%Y

(abnormal) (22) (31) 4) 9)
Normal embryos at 72h 64/74 62/69 28/35 53/55
(87%) (90%) (80%) (96%)

(abnormal) (22) (24) 3) 5)
Normal embryos at 5 59/64 54/62 26/28 48/53
days (92%) (87%) (93%) (91%)

(abnormal) (12) (23) (5) 3)
_ (31%}Y (23%]Y (48%) (44%)

Global survival at 5 days

59/188 54/232 26/54 48/108

Columns with different superscripts are statislycdifferent (p<0.05)
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Table 2 Sex distribution and pigmented marks in adulspreptive chimaeras.

N° of final adults fishes N° of adults with pignted
marks

Experimental groups Total Male Female Total Male  mE&ke

30 mOsm - Non UV 13 13 0 0 0 0

30 mOsm - 30s UV 11 7 4 0 0 0

300 mOsm - Non UV 9 7 2 0 0 0
300 mOsm - 30s UV 14 8 6 6 4 2

Total 74% 26% 13% 67% 33%

47 35/47 12/47 6/47 4/6 2/6

Table 3: Wild skin pigmentation rates in F1 larvae assessed hat 48

_ Total Gold pigmented Wild pigmented embryos
Experimental groups
embryos embryos
30 mOsm — Non
105 105 0(09%)
UV(*)
30 mOsm — 30s UV o5 24 1(4%)
300 mOsm — Non
36 36 0(0%)
uv
300mOsm =30s UV 9, 254 240(5098)

Data in rows with different superscripts are statiddly different (P< 0.05)

(*) As all were males, gold females were introdut@dnake the germ-line chimaerism
assessment feasible.
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[11.3. Nuclear transplant in zebrafish.

This is certainly the most complex part.

The nuclear transplant (NT) technique in zebraféstiery difficult and need of
solving several technical barriers throughout itsvelopment. Moreover, other
complementary techniques are also required. Thewaey in difficulty level from the
mere obtaining of non-activated sperm and eggsfuaiderin vitro fertilization (IVF),
or more sophisticated and original techniques asagiplication of complementary egg
activation stimuli by electric pulses, in which timprovement of the NT technique is
pursued.

This part is the current working area of the LARB.this context, the NT
technique has also opened a new research frontush rexpected importance: the
possibility of egg “fertilization” with a donor nieus coming from a primary cell
culture of parthenogenetic haploid larvae. To tleispect, and because of the major
complexity of this part 3, their following descrigm is presented in four differenced
sub-sections: firstly, the study of gametes aging teir importance in NT; secondly,
the definition of NT techniques. The third sub-parreferred to egg electroactivation
stimuli and their possible coupling to NT technigué&inally, in the fourth sub-part,
there are presented all preliminary results of Ning cell cultures of parthenogenetic

haploid larvae as nuclei donors.

First:

Throughout initial assays of IVF in our lab, thevere observed that temporal
limitations in the use of zebrafish gametes afteirtextraction were very different than
those usually recommended in the zebrafish labgrajaides. In order to cover this
controversy, there was defined a medium to preseggs from activation (Hanks’
buffered salt solution plus 1.5g BSA and 0.1g CIi820 mOsm, pH 7.4, storage
temperature of 8 °C) which also served for speorage. Results suggested us that the
information given in zebrafish guides must be rakeated in each laboratory as well as
the possible strain difference in the fertilizatimsponse. Under our storage conditions,
technical results obtained were the efficient ggeraf sperm at 8 °C for up to 24 h and
the observation of a rapid egg aging (even less thh). The methodology employed
and results obtained are described in the manuasétffect of gametes aging on their

activation and fertilizability in zebrafish (Danio rerio)”. However, it has recently
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observed that Chinook salmon ovarian fluid alloiws éfficient egg storage for up to 5
h at room temperature [Siripattarapravat K, Busta %3teibel JP, Cibelli J.
Characterization and in vitro control of MPF adiMn zebrafish eggs (2009). Zebrafish
6(1):97-105]. Unfortunately, this medium is onlyadable to few researchers because it

is not commercialized.

» The doctorandus did participate in the developnwneégg and sperm obtaining,
sperm motility assessment and IVF. Moreover, havelgt participated in all

experimental phases, as well as in the manusampigpation

Second:

Recent advances in medaka fishryfias latipes) NT in contrast with the
disappointing results given in current zebrafish Bifned us to set a double strategy for
the zebrafish NT studies to carry out in our lam the one hand, the enucleation
requirement was obviated because the di- or tetichlor mixoploid) condition of
reconstructed embryos in medaka fish was favourablkeir further development, and
also fertility, that is not the case of triploiddso, some authors pointed out that female
pronucleus could degenerate some cleavages afjeaotigation. On the other hand, the
assessment of different NT procedures where th@rdoucleus was inserted before,
during or after egg activation was of great interés our case, it was firstly followed
the strategy of injecting the donor nucleus inte ¢tentral region of non-activated eggs
(due their interest in reprogramming studies). Weuaed that injected nucleus would
carry together with intracytoplasmic flows (proddcthroughout egg fertilization or
activation) and oriented to animal pole (the dekitarget of deposition place). It is
important to remark that obtained results highkeghthat premise, regardless of whether
pre- or post-fertilized, or solely activated eggs Water stimulus, obtained embryo
developments. The other two NT procedures werewdstul under a technical point of
view because they did not require the micropiledbn, which it is the unique referent
in non-activated zebrafish eggs, for further megaghll plate (female pronucleus)
destruction.

The definition of these different NT techniquesdisscribed in detail in the
manuscript Definition of three somatic cell nuclear transplant methods in
zebrafish ([Danio rerio): before, during and after egg activation by sperm

fertilization ”. Further, another work was performed and preskme Transplant of
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adult fibroblast nuclei into the central region of metaphase Il eggs resulted in mid
blastula transition (MBT) embryos”. Among all NT combinations assayed or
developed before, only nuclear transplanted eggshex adult stage when fertilization
with (non UV radiated) sperm was used. In this woesults showed that it was passed
the lower developmental limit (of similar result # parthenogenetic activation by
water), reaching as high as 20% rates to MBT stesgeg water as the only activating
stimulus. Also, it was observed that a limited exggeing (2h) penalization did not
improve the activation process in zebrafish NT.

If the recent work of Siripattarapravat and cajlees related to nuclear transfer
in zebrafish [Siripattarapravat K, Pinmee B, VeRth Chang CC, Cibelli J. Somatic
cell nuclear transfer in zebrafish (2009). Nat Mekh 6(10):733-735], they only
obtained adult clones with employing highly sopbetied techniques (as destruction of
metaphase Il eggs by laser-ablation technique)wsmly embryonic cells as nuclear

donors, so results obtained in our lab encouragés deepen this findings.

» The participation level of doctorandus regardldss tworks related to the NT
techniques development, has not only relation &xi§jg aspects (sperm obtaining
and in vitro fertilization) but also in preparing the manustgipunder equal

conditions with the rest of team members.

Third:

As occur in mammals, the limited developmentaésabf nuclear transplanted
eggs in zebrafish are (in part) consequence otawvadion deficit stimulus of eggs. The
group of Cibelli [Siripattarapravat K, Pinmee B,nt& PJ, Chang CC, Cibelli J. (2009).
Somatic cell nuclear transfer in zebrafish. Nat Ies 6(10):733-735] obtained a
complete embryo development to adulthood in zetmafvith the only activating
stimulus of system water. In our case and othdrs, unique activating stimulus
whereby it is observed a complete development & gromoted by sperm (either
genetically inactivated or not). However, spermmsius is solely applicable to non
activated eggs and only one time. The electric wdtisy overcomes this limitation,
therefore acquiring special interest. In our caséhe manuscriptElectroactivation of
zebrafish (Danio rerio) eggs$ it is shown the strategy followed for the defiait of an
egg electroactivation stimulus: on the one hand, uke of ionic pulsing medium,

system water, due it was the optimal medium ofvatéd eggs and embryos. On the
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other hand, we tried to extend the electric stittuloughout the zygotic stage until the
first cleavage.

The obtained results showed that the establistesdrie stimulus sequence (1
electrical DC pulse of 5.4V and 20us duration at@, 20 min post- egg activation in
water) was efficient in terms of egg activation atml begin parthenogenetic
development, reaching some cleavages apparenttgaton first instance, although no
normal development was finally achieved. This eiedteatment was proposed as the
most suitable for non-micromanipulated eggs. Howewlen it was applied to nuclear
transplanted eggs, produced high lysis rates (@e200 %) and thus forcing us to the
future re-definition of electric pulses to speafly apply them together with NT
techniques. It is no doubt that the intensity reéiduncof the applied stimulus is needed.

The different procedures tested and their obtamesdlts are discussed in detail
in the manuscriptComparison of different activation stimuli efficiency in zebrafish
nuclear transplant’. Moreover, that work reported other useful obs¢ions, for
example the obtaining of intermediate embryonicellgyments with radiated sperm
between those reached by non-radiated sperm, awnde ttobserved by the

parthenogenetic activation exclusively induced layex stimulus.

» The procedure of an egg electroactivation technggmee from the development of
a doctorandus idea. Throughout its developmentiticéorandus did participate in a
major extent. Regarding the participation leveldofctorandus in the subsequent
work, related to different activation stimuli efeoicy in NT, has not only relation to
specific aspects (sperm obtaining anditro fertilization) but also in preparing the

manuscripts with the rest of team members in a&lesgent.

Fourth:

As said before, a newly research front has beeentlycopened in our lab: the
use of primary cell cultures from haploid parthegrogtic larvae as donor nuclei in NT.

Preliminary results are presented in the manusenftled“Reconstruction of
heteroparental gynogenetic diploid condition by nulear transplant in zebrafish:
preliminary results” . In this work, it is carefully described how haplesomatic cells
from primary cultures derived from gynogenetic gvat 24h stage were obtained.

Then, their nuclear transplantation into non-eratelé metaphase Il oocytes and early
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zygotes, aimed the study of the reconstructiontgpih zebrafish, of the heteroparental
gynogenetic diploid condition.

As important preliminary results, to highlight tt#t% of reconstructed embryos
reached the 100% epiboly stage when early zygotes used as recipients. From them,
2 embryos developed to 24h and 1 survived to 5,ddisough it showed morphologic
abnormalities. These preliminary results obtainkolWwasuggesting the zebrafish as a
model system for imprinting studies.

» This original and interesting idea was initiallyoposed by the doctorandus,
although its following development also require@ gharticipation of the whole
research team. In this sense, the development métigally inactivation sperm
technique to obtain gynogenetic haploid embryosjrtfurther identification by
morphologic indicators at 24 h, the obtaining oihary cell cultures from these
haploid embryos and the NT technique, were reduthe® whole collaboration of
LARB members.
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STUDY 9. Effect of gametes aging on their activatio and fertilizability in

febrafish (Danio rerio).’

Abstract

The zebrafish represents an important model orgafis biological research.
In this context, in vitro collection and fertilizah of zebrafish gametes are basic and
widely used techniques for many topical researchksvo In this work, the fertilization
ability and normal embryo development of gold-tygedrafish sperm and eggs were re-
evaluated after being stored for different times8%® in a modified medium (Hanks’
saline supplemented with 1.5 g BSA and 0.1 g CB2& mOsm, pH 7.4).

Results obtained indicated that the temporal #misually recommended for
zebrafish sperm to fertilize fresh eggs (2 h) cenelstended for up to 24 h without
significant differences compared with fresh sperm.contrast with this, the rapid egg
aging observed (even less than 1 h) recommendsnizing as far as possible the egg
storage time prior to fertilization. These resultggest a possible strain difference in

the fertilization response.

Keywords: IVF, aging, gametes, zebrafish.

" This paper has been published in the jour@ebrafish” with the following reference: Cardona-Costa J,
Pérez-Camps M, Garcia-Ximénez F and Espinds FO9j2&ffect of Gametes Aging on their Activation
and Fertilizability in Zebrafish[¥anio rerio). Zebrafish 6(1): 93-95.
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INTRODUCTION

In vitro collection and fertilization of zebrafigfametes are basic techniques for
many topical research works. Main zebrafish latmoyaguides recommend time limits
to use gametes efficiently in the laboratory. Ehaging limits are 90 min (Westerfield,
2007) or 2 h (Nusslein-Volhard and Dahm, 2002)dperm stored in Hanks’ buffered
salt solution on ice, and 2 h (Sakai, 1997) forsegfgred in a modified medium at room
temperature.

Our lab is focused on the development of cell nucteansplant methods (NT)
in zebrafish before, during and after egg activaty sperm fertilization and, for this
reason, we followed the recommendations of Sak8®{l Hank’'s saline plus 0.5%
BSA, 23 °C, to the required egg activation delajlowever, in our hands, the
continuous detection of many spontaneous egg a&cimgthroughout each NT session
at the temperature (23 °C) recommended by Sakaided establish new egg storage
conditions. In preliminary assays (results notlishled), we established the storage
conditions that supposed, in our hands, the besiltse achieved in terms of rate
reduction of spontaneous egg activation (Hank’megdlus 1.5% BSA and 0.1 g CINa
and temperature storage of 8 °C). Under thesagearonditions, it was also observed
that sperm remained in optimal conservation stateughout each NT session, and thus
facilitated the gamete mixing, manipulation andrspeise as an egg activating agent
(by fertilization).

A casual observation in our lab showed that, orotiehand, both sperm and eggs from
zebrafish gold strain remained in a non-activatiaesand showed normal activation
signals after 24 h of storage at 8°C. On the dthead, we also observed a normal rate
of well developed embryos when fresh eggs wereitio Vertilized with 24 h aged
sperm. In contrast with this, when 24 h aged eggse fertilized with fresh sperm,
initial activation signs followed by some abortigleavages were also observed, but no
further developments were finally achieved in aagec These observations indicated
that the temporal limits usually recommended cquadhaps be extended over some
specific conditions. So, the aim pursued in thkwvas to re-evaluate the temporal
limitations in zebrafish gametes for experimentaé ccommonly established in this
species (Ransom and Zon, 1999; Sakai, 1997; Nisglhard and Dahm, 2002;
Westerfield, 2007) particularly in NT protocols.
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MATERIALS AND METHODS

Animal care and obtaining of gametes

Zebrafish (Daniagerio) specimens from the gold strain were maintaine20n.
aquariums under standard conditions (Westerfiela)72 and taking into account
temperature and light photoperiod. The female:mat® was established at 2:1 per
aquarium. Granular food was supplemented withntdgelefrosted chicken egg yolk
and shrimp meat as recommended for egg produatiaebrafish in substitution of live
food (Simacet al., 2007).

At the same artificial “dawn” time, those aquariumgere fish showed
reproductive behaviour were selected. Males anthlies were immediately separated
to avoid natural breeding and were simultaneouseathetized with clove oil solution
of 100 ul/l (Grushet al., 2004; Mylonast al., 2005) in dechlorinated and decalcified
tap water (system water; Westerfield, 2007). Adleatic procedures and sterile
instruments were used in subsequent steps. Spefraggs were in vivo extracted and
in vitro fertilized taking into account the recommdations of Westerfield (2007) and
Nusslein-Volhard and Dahm (2002n this way, sperm from at least 3 males (for each
session) was recovered individually with glass ltapes (1 x 90 mm, Narishige
Scientific Instrument Lab.), and immediately pounetb a 1ml volume Eppendorf and
diluted with 0.1 to 0.5 ml of modified Hanks” buféel salt solution medium (100 ml of
Hanks” supplemented with 1.5 g BSA and 0.1 g CB2& mOsm, pH 7.4; and designed
as CH), depending on initial whole sperm volumeonder to make a “cloudy”
suspension (Westerfield, 2007), sperm concentratias adjusted to around 8.5 x®10
spz/ml, measured with a Thoma counting chamberth/&t time, good quality eggs
(translucent and yellowish appearance) recoveregebyle extrusion of the ovary were
maintained in CH. Then, eggs and sperm solutiore wamediately stored at 8°C until
use.

Before each fertilization assay, sperm motility vaasessed by visual inspection
at 200x magnification after adding water. Only themples that showed optimal
motility (80-100%) were used. Antibiotics were ramtded to sperm solution and eggs.
Fertilization was performed in a 35mm Petri-disbr(eng) after carefully mixing 15-20
eggs/plate and 50l of the sperm solution in a minimum volume of CHhen, 3 to 5

system water drops were added to fertilize eggsrfsgoncentration was around 2.8 x
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10 at the fertilization stage). Finally, the platasifilled with system water after 5 min.
Egg activation was assessed by the observatiorhafian swelling and animal pole
segregation (Leet al., 1999). Larval culture was carried out in 9 cniriRdish (15
larvae/plate) at 28.5°C until the fifth day.

All chemical products and culture media were froign&-Aldrich.

Experimental design

Experiment 1 pursued the evaluation of fertilizépibf fresh sperm (TO: control
group) and after being stored at 8°C for 24 h (T28)h (T48), 72 h (T72) and 96 h
(T96). Fresh eggs were used in all cases.

Experiment 2 aimed to assess the fertilizabilityresh eggs (TO: control group)
and after being stored at 8°C for 1 h (T1), 2 h)(B2h (T3) and 4 h (T4). Sperm was
also stored at 8°C for the same time as the ooayteach experimental group (from O
to 4 h).

In these two experiments, egg and sperm fertillagbiembryo and larval
development were assessed at mid-blastula tramgX®BT) stage, 24 h and 5 d post-

fertilization.

Satistical analysis
At least three replicates were done in all expenit@egroups. Results were
analysed using the Chi-square test. When a suoheggee of freedom was involved,

Yates’ correction for continuity was performed.

RESULTS AND DISCUSSION

In relation with sperm fertilizability, results im0 Experiment 1 are presented in
Table 1.

With respect to sperm characteristics, an optimalility was observed in TO
group (control group; 80-100% of motility) and walso observed at 24 h, at 48 h and
even, in many cases at 72 h. At 96 h, lower spaotility was observed in samples
(50-70% motility) as well as an obvious more linditduration of motility after being
activated. Interestingly, sperm remained motilereat 120 h in some samples (about

10-20% maotility), but with a clearly poor qualitiyett made its evaluation irrelevant.
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No significant differences in normal larval develognt at 5 d were observed
between fresh (TO) and 24 h aged sperm (T24).adh the only significant difference
observed at MBT stage in favour of TO group disappé at 24h post-fertilization.
Surprisingly, despite the high motility rates of A&ged sperm, a lower fertilization rate
was observed, with only 4.8% of initial eggs reaghthe larval stage (5 d). Similar
results occurred with the use of 72 h aged sperchwled to development of 11% of
embryos to MBT stage, but no subsequent larval Idpugent was observed. In T96
group, sperm completely lost its fertilization #igiland was even unable to induce a
parthenogenic-gynogenic haploid development in eélygs, which is possible when
ultraviolet radiated sperm is used (Nusslein-Vailhand Dahm, 2002).

In Experiment 2, in relation with egg obtaining, $tefield (2007) pointed out
that to ensure getting good eggs, they must bedatelll during the first 90 min after
“dawn”, but in our case, when the recovery timeesded 30 min after dawn, eggs
obtained were systematically of worse quality aedemherated in many cases.

In order to arrest zebrafish eggs from the wildistin a non-activated state, Sakai
(1997) used 0.5% BSA in Hanks’ buffered salt soluti However, Sakai detected
statistical differences between the group of 0.08AEcontrol group) and the group of
0.5% BSA, but not among all other groups with déf@ BSA concentrations (from
0.01% to 4.0% of BSA). In our case, as our lalfosused on NT techniques, the
percentage of BSA added to the CH medium to kegs @wpctivated was 1.5%, as
Huang et al. (2003) recommended.

In relation to the storage temperature, in our caggs manifested spontaneous
activation signs in CH when the storage temperaias higher than 8°C, in contrast
with results obtained by Sakai (1997), which wdrke do maintain zebrafish eggs from

the wild strain at room temperature without spoatars activation.

Results obtained in relation with fertilizabilityf aged eggs are presented in
Table 2.

Results obtained showed that in TO group (contmaupg) all eggs manifested
activation signs, even when they were not fertilizbut the number of non-activated
eggs increased during storage time (T1: 3/18931272; T3: 4/49; T4: 9/18; results not
shown in Table 2). The low fertilization rates abed in this and previous experiment

(Control group: 20%) were probably as a consequardcthe season (summer) and
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laboratory temperature daily variations (even higliean 30°C at night) that
uncontrollably occurred in our lab during the expemntal period. In fact, at that time,
the natural fertilization rates in our zebrafishotry (evaluated in embryos collected by
aquarium siphoning) were similar to those obtaineditro (results not published).
This was also indicated by other authors, wheratgrariations were present between
groups and collection days related with fertilinatirates in zebrafish (Huareg al.,
2003).

In the case of T1 group, the rate of embryos thathed the MBT stage reduced to
half when compared to the TO group, and theserdiffges increased gradually at 24 h
and 5 d. With respect to T2 group, only very fanbeyos (1.8%) finally developed to
MBT stage. In the case of T3 and T4 groups, norgmdevelopment was detected.
Although the efficient fertilization time limit ppwsed by Sakai (1997) was 1 h in wild
zebrafish, the fertilization rate reached in thespnt work for the gold strain was lower.

Perhaps a strain effect may explain such differeslts.

In conclusion, in nuclear transplant experimerits,éxtension of time for up to 24 h
in the use of sperm as an activating or fertilizaggent is possible without significant
reduction in activation or fertilization rate, btthe rapid egg aging recommends
minimizing as far as possible the egg storage fmar to fertilization or/and nuclear
transplant, to even less than 1 hour and so, feem@ation given in guides must be re-
evaluated in each laboratory. In this respect,etffect of the zebrafish strain used in

experiments must be also taken into account.
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TABLE 1: Fertilization ability of sperm stored at 8°C fthifferent times (0 h, 24 h, 48
h, 72 h and 96 h) and further normal embryo devala, using freshly obtained eggs.

TO T24 T48 T72 T96
Initial 267 298 62 26 272
MBT 131/267 120/298 7162 3/26 0/272
(49.1%)F  (40.3%)" (11.3%)° (11.5%)° (0%)1
Larvae 24h  89/267 88/298 3/62 0/26 0/272
(33.3%)°  (29.5%)  (4.8%)" (0%)"° (0%)°
Larvae 5d  55/267 81/298 3/62 0/26 0/272
(20.6%)  (27.2%)  (4.8%)" (0%)"° (0%)°

Columns with different superscripts are statishcdifferent (p<0.05)

TABLE 2: Fertilization ability and embryo development usingth eggs and sperm

stored at 8°C for different times (O h, 1 h, 2 In,&d 4 h).

TO T1 T2 T3 T4
Initial 267 189 272 49 18
MBT 131/267 44/189 5/272 0/49 0/18
(49.1%F  (23.3%)" (1.8%)° (0%)° (0%)°
Larvae 24h  89/267 18/189 21272 0/49 0/18
(33.3%)°  (9.5%)° (0.7%)° (0%)° (0%)°
Larvae5d  55/267 11/189 21272 0/49 0/18
(20.6%)°  (5.8%)° (0.7%¥ (0%)P° (0%)P°

Columns with different superscripts are statishcdifferent (p<0.05)
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STUDY 10. Definition of three somatic adult cell nalear transplant methods in
zebrafish ([Danio rerio): before, during and after egg activation by sperm

fertilization. ~

Abstract

Zebrafish somatic nuclear transplant has only lzgtampted using pre-activated
eggs. In this work three methods to carry out thelear transplant using adult cells
before, during and after the egg activation/fezdition were developed in zebrafish with
the aim to be used in reprogramming studies. Thedaoaucleus from somatic adult
cells was inserted: (method A) in the central regaf the egg and subsequently
fertilized; (method B) in the incipient animal pad¢ the same time that the egg was
fertilized and; (method C) in the completely detirenimal pole after the fertilization.
Larval and adult specimens were obtained usingttree methods. Technical aspects
related to temperature conditions, media requiregg activation/fertilization,
postovulatory time of the transplant, egg agingcelof the donor nucleus injection in
each methodology are presented. In conclusiortetttenical approach developed in this

work can be used in reprogramming studies

Keywords: Nuclear Transplant, Microinjection, Egg activatiéirtilization, Zebrafish.
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during and after egg activation by sperm fertiliaat Zygote. (in press).
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INTRODUCTION

After 1952, when Briggs and King obtained normakchad tadpoles by
blastomere nuclear transfer, nuclear transplant) gd@hnology began to be developed
for reprogramming studies (Kikyet al., 2000, Wade and Kikyo, 2002; Li, 2002,
Giraldo et al., 2008). Mammalian cloning by nuclear transfer basn successfully
achieved in several species (Wilnatital., 1997, Wakayamet al., 1998, Byrneet al.,
2007, Frenchet al., 2008) with varied somatic cell types as donorani@bellet al.,
1996; Wilmutet al., 1997, Wakayamet al., 1998, Shigat al., 1999).

Although fish cloning is less developed, severakernd works in medaka have
been reported, in which both blastomeres (Bubernistieh et al., 2005) and somatic
larval and adult cells (Bubenshchikoeh al., 2005, Bubenshchikovat al., 2007,
Kaftanovskayat al., 2007) were used as donors, and non enucleatedciindted eggs
were used as recipients in all cases. In thisispeembryonic nuclear transplants using
functionally enucleated and non activated eggs hbeen achieved only with
blastomeres as nuclei donors (Wakamatsl., 2001).

On the contrary, in zebrafish, the first succesgimbryonic (10-15 somites)
somatic cloning by nuclear transplant with mechalhjcenucleated and previously
activated eggs was described by Huang in 2003 ceStimis work and to date, to our
knowledge, no additional improvement in nucleansgdant techniques in zebrafish has
been published by these or any other authors.

To date, due to technical (NUsslein-Volhard and da2002) or biological
(Westerfield, 2000) limitations, fish somatic nwald@ransplant in these two laboratory
species with somatic embryonic (10-15 somites; Iduah al., 2003) or adult cells
(Bubenshchikoveet al., 2007) has only been attempted using pre-activatggs as
recipients. These limitations have hindered thelysiof the reprogramming effects of
cytoplasmic factors characteristic of the metaphbstatus in the oocyte, the effects of
the synchrony degree between activation and nudlaaisplant, egg aging, or the
previous donor cell reprogramming treatments. T&igot the case in mammals, in
which these reprogramming factors have been studgsduse somatic adult nuclear
transplant has been more easily carried out betdréh)e same time and after oocyte
activation (Cambelét al., 1996; Wilmutet al., 1997).

Taking into account that zebrafish is a powerfuhejee and developmental

model system whose genome has already been sequémeaim of this work was to
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develop three methods to enable nuclear transpbabe carried out using adult cells
prior, simultaneously or posterior to the egg aton/fertilization in zebrafish to be

used in reprogramming studies.

MATERIAL AND METHODS

Care and maintenance of zebrafish colony.

Two zebrafishDanio rerio) colonies Wild andgold strains) were established in
our laboratory from specimens purchased in a sjssiaestablishment and kept in
closed reproduction for five years. Adult zebrafigere kept in 20 L tanks in a 2:1 ratio
(females/males) and fed on granular food suppleadewith recently defrosted hen egg
yolk and shrimp meat (Simaet al., 2007). The light cycle was regulated at 14h
light/10h dark.

Non activated eggs and sperm collection.

Eggs were collected after evaluating the sexualber of both gold strain
males and females at dawn. Only females that mstedl this behavior were
anesthetized in an oil clove solution (100 pL in diLdechlorinated and decalcified
water: system water) for a few minutes and the egg® obtained by gentle extrusion
of the ovary. It is important to prevent eggs aogninto contact with fresh water,
because they activate immediately. Only good €geifow and translucent color) were
kept in Hanks’ buffered salt solution supplementetth 1.5% (v/v) of BSA and 0.1 g of
NaCl/100 cc of Hanks’ medium (egg medium; ph: ;6gmolarity: 310-320 mOsm) at
8°C of temperature until their use (1h and 30 n@gats maximum time).

The gold zebrafish males that showed reproductive behavierewalso
anesthetized as described before. The abdomigainrevas gently pressed while the
sperm was being recovered from the genital poiiedividually glass microcapillaries
(1x90 mm Narishige Scientific Instrument Lab.).p#ol from 2-3 different males (0.5-
2 pL/male) was diluted in 200 puL of egg medium, ebhcan also keep the sperm in a

non activated status and then, the dilution wadtat 8°C until use.

In vitro fertilization.
In zebrafish, the eggs quickly lose their postatary ability to be fertilized (90
min). Moreover, the time between the complete &gjgvation and in vivo fertilization
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is extremely short (seconds) in zebrafish (NussWthard and Dahm, 2002). Non
activated eggs and sperm were mixed in egg mediach stored at 8°C until
fertilization, whatever the nuclear transplant noeti{see experimental design). To
activate both gametes, 1 mL of system water at reonperature was added to the egg-
sperm mixture. After 2-3 min, time required foetfertilization in zebrafish, the 35-
mm Petri-dish was full filled with water system fachieving well developing embryos.

Further culture was done at 28 °C.

Primary culture and somatic cell collection.

Somatic cells used as nuclei donor came fwatd zebrafish caudal fin primary
cultures. The tissue was obtained by caudal fipwation of adult specimens after
being anesthetized in oil clove solution. Theugssvas cleaned with a 0.2% bleach
solution for 2 min, then washed twice in 10% Hantsffered salt solution (H10) and
then each tissue fragments were plated individuallp 35 mm Petri-dish (corning).
Next, the tissue was incubated in Leibovitz medisupplemented with 20% of FBS
and 0.036 g/L of glutamine (L15-FBS) at 28.5°C (Wdgeld, 2000).

Before use, donor cells were incubated in Hank&eled salt solution without
cd* and Md* at room temperature for 30 minutes before perfogmihe nuclear
transplant. No additional detachment treatment i@abzed. Once the cells had come
off the substrate, L15-FBS was added and the ¢l \@as preserved at 5°C throughout
the daily experimental session.

Somatic cell nuclear transplant equipment.

The nuclear transplant was performed using a Nikorerted microscope
equipped with two Leitz micromanipulators. Duritig manipulation process, the non-
dechorionated eggs were held with a 260 um outaneltier holding pipette and the
cells were picked, lysed and injected into the eggsmeans of a 10-12 pm inner
diameter microinjection pipette. The microinjectipipette was fire polished, beveled
and sharpened.

To perform the nuclear transplant, two separategsiwere deposited in a Petri-
dish (90 mm) and covered by mineral oil. One @nthcontained the donor somatic
cells and was composed by L-15-FBS medium (300 mOshhe other drop was the

handling drop, which means the place where theeandransplant was performed, so
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the medium was the correspondent depending onutlear transplant method tested in
each case (see below).

The donor cell was picked up and lysed by aspmatiath the injection
micropipette before injection. The exact place mehthe cellular content is to be
deposited was dependent on the nuclear transplattiooh tested in each case (see
below).

Nuclear transplant was performed at different tejpees depending on the

nuclear transplant method (see below).

Nuclear transplant methods.

In order to carry out the NT whatever the statuthe egg activation, three NT
methods were developed in which the somatic nudteassplant was performed prior,
simultaneous or posterior to the egg activatiorth®y spermatozoa. Since the aim of
this work was to establish these methods technicatid they were independently
performed, no comparison of their technical efficies was made.

Method A: nuclear transplant prior to the egg activation/fertilization.

The somatic cell nucleus was inserted in the cemégion of the egg. To
prevent egg activation, the transplant was perfdrinea handling drop composed of
egg medium and the micromanipulation area was doalewn to 8 °C. This
temperature around the handling zone was reachedirbgooled with M. Then,
transplanted eggs were individually in vitro fer#ld and cultured at 28.5°C in system
water (Westerfield, 2000).

Method B: nuclear transplant simultaneously to the egg activation/fertilization.

In this case, previously mixed non activated egys sperm were kept at 8°C
and individually deposited in the handling drop teemng system water so that gametes
were activated and fertilized. The micromanipwalatiarea was not cooled (room
temperature). The donor nucleus was injected enirthipient animal pole, just where
zygote nucleus was being constituted (Wolenski dad, 1987). The reconstructed
embryos were incubated under the same describeliticos.

Method C: nuclear transplant posterior to the egg activation/fertilization

In order to carry out the NT after fertilizatiorggs and sperm were previously
mixed and activated, then fertilized at room terapge as described in the second
technique but, in this case, the NT was realizéshaminutes after fertilization, just the

time required for visualizing the completely definanimal pole. After injecting the
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donor nucleus in the animal pole, reconstructedrgasbwere incubated at the same
above described conditions.

Experimental design.

The three techniques tested (A, B and C) werecanied out simultaneously,
but were developed and assessed independenthe ihiree cases, in order to evaluate
how post-ovulatory aging affects reconstructed gnmisurvival, two batches consisting
of 3-5 eggs each were transplanted sequentiallycangpared in each session (Al, A2;
B1, B2; C1, C2). Overall, the length of each expental session did not exceed up 90
min in any case, the maximum time for efficient égdilization (Nusslein-Volhard and
Dahm, 2002). In this way, Al, B1 and C1 were malafed during the first 45 min and
A2, B2 and C2 during the last 45 min. A non-maitaped control group was fertilized
at the end of each experimental session, at 90(6@¥y CB and CC) to test the egg
ability to be fertilized at this time.

Given that the aim of the present work was maielghnical, only the embryo
and larval survival rates of reconstructed embifyos the three techniques (A, B and
C) were evaluated at different developmental stagemid blastula transition (MBT)
stage (2h after NT), at 50% epiboly stage (7h &€y, at 24h post-NT, at 48h post-NT
and at larval stage (5 days after NT) (Westerfig)0). Moreover, at 24h, 48h and at
5 days post-NT, normal and abnormal development reggstered. In the non-
manipulated control group, only the fertilizaticate was evaluated by the survival rate
at MBT stage.

At least three replicates were done in all expenit@egroups. Results were
analyzed using the Chi-square test. When a sidetgee of freedom was involved,

Yates’ correction for continuity was performed.

RESULTS AND DISCUSSION

Three methodologies for zebrafish somatic nucleaansplant prior,
simultaneously and posterior to the egg activatastilization in their technical aspects
have been established in our laboratory. All thweee developed and evaluated using
non irradiated eggs activated/fertilized by nomadiated spermatozoa. In this way, the
effects on survival and further embryo and larvavelopment can be attributed

exclusively to the transplant methodology employeztause the background noise due
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to the exigency of the spermatozoa for egg actvat zebrafish (Leet al., 1999) and
the developmental limitations caused by a hapladddion (NUsslein-Volhard and
Dahm, 2002) would not exist in this case. On thigject, it has to taken into account
that in these fish species, the tri-or tetraplosshdition, which could occasionally be
derived from the addition of a somatic nucleush®resident zygote pronuclei, does not
affect the embryonic, and even larval, developnreatrelevant way (Diter et al., 1988;
Peruzzi and Chatain, 2003).

As a first general comment regarding the efficiemdythe in vivo artificial
collection of ovarian oocytes, the sexual behasgimchrony showed by the separate
fish colonies must be pointed out, in such a way thlarge number of eggs could be
collected in some sessions whereas no eggs mighubtaened in others. Another
relevant consideration concerns the fact that MRBiClear transplant embryos were
obtained in the great majority of the daily expesntal sessions, whatever the
transplant method used.

A technical advantage common to the three methgiedodeveloped in our
laboratory was the avoidance of previous de-chation. In fish nuclear transplant,
when the oocyte is activated but not enucleatexidtinor nucleus is usually inserted in
the perinuclear region of the oocyte, the closegiagssible to the female nucleus, which
is located in the cytoplasm subjacent to the plasmeanbrane under the micropyle
(Amance and lyengar, 1990). In various teleostigge such as medaka, catfish or
tilapia, the animal pole position can easily beedd in pre-activated oocytes because
the micropyle can be visualized at this stage palgi, unfortunately, this is not the case
in zebrafish (Poleet al., 2001).

One possible way to obviate such biological difiguin zebrafish was
attempted in method A, in which the somatic celtlaus was inserted in the central
region of the egg. This point of transplant wassan because, in terms of probability,
the central region will be closer to the female laus, whatever its real localization.
So, the donor nucleus will be more likely to migréd the microvillae cluster in animal
pole, the place where the fertilization occurs (&ski and Hart, 1987), through the
cytoplasmic flows together with the pronuclei a thme of the activation.

The earliest manipulated group (Al) reached sigaifi higher survival rates
compared with the most aged group (A2) both at @piland 24h stage (Table 1).

However, in more advanced stages (48h and lartede} the observed

differences did not reach significant levels, ptadalue to the low number of embryos
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that developed to these stages. The egg conwapdiCA) fertilized at the end of each
experimental session showed MBT rates equal orenighan the two experimental
timing groups, indicating the maintenance of thg fgtilization ability until the end of

the transplant session. Anyway, the larval sutwate was 7% (Al1:6 larvae from 82
manipulated) in the first group and 5% (6 larvaenfr132 manipulated) taking into
account the overall two groups.

It must be underlined that to cool down to 8°C tieenperature of the
micromanipulation area was decisive to maintainethg in a non activated state during
transplant.

This initial strategy permits the impregnation dfetdonor nucleus in the
reprogramming factors present in the egg at metspbiage, and in further experiments
the effect of different times of donor nucleus iegmation before the activation will be
tested.

In method B, the nuclear transplant and fertilimatwere performed at the same
time, which meant transplanting the donor nuclebfesthe egg was activating. Egg
activation and fertilization are both marked byvalgon of the chorion and a dramatic
reorganization of the yolk cytoplasm. In this wtye animal pole is segregated through
the place where the female nucleus will be loc§®dlenski and Hart, 1987). So, this
enabled detection of the incipient animal pole &pakit the somatic nucleus in the
female perinuclear region.

The survival rate differences between the first)(Bdd second group (B2) did
not reach significant levels in any assessmentweyer, it must be pointed out that
these differences decreased over time and thevslinates were finally similar at 48 h
stage (B1: 19% vs B2: 20%). In this case, thalifeation rate of the final control group
(CB) was lower than the Total B, even than the\Bi2ich involved an obvious effect of
the egg aging and a very slightly negative effecthe assayed nuclear transplant
technique.

When the NT was performed posterior to the egglitetion, method C, the
variability in the time required for showing therpvételline space as an activation signal
should be pointed out. This represented a cripoait due to the technical difficulty in
fixing the egg with the holding pipette becausedlyg rotated inside the chorion while
this space was increasing. With the activatiom thicropyle can be more easier
detected but, a few seconds after the fertilizatitre chorion hardened and the

micropyle sealed (Poleet al., 2001). This made it very difficult to insert tl@nor
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nucleus through this point even if the microinjentpipette was fire polished, beveled
and sharpened, as in our case. A possibility toade this difficulty could be to de-

chorionate the egg after fertilization but, thisheique is time-consuming and the first
cleavage is very early (minutes) in zebrafish. &bmer, the reduction of the

temperature to arrest development before the MBifestinvolves embryo lethality

(Francisco-Simaet al., 2007).

Regarding the survival differences between bottdhag groups (C1 and C2), it
should be emphasized that, as in the techniquieeB]ifferences observed did not reach
significant levels in any case. However, theséetdhces were relevant, ranged from a
differential of 10% at MBT stage to up 15 pointstlaé¢ larval stage. The explanation
for not reaching significance level could be the lsumber of surviving embryos that
developed to this stage owing to the aforementideetnical difficulty. The survival
rate of the control group (CC), compared with tHedhd C2 groups, showed again a
considerable egg aging effect, which means thattithe for performing the NT in
zebrafish must be shorter in order to avoid (orimire) such a pronounced negative
effect.

Adult specimens showegbld phenotype. This fact does not discard a possible
mosaicism or that the reconstructed embryos wighdibnor nucleus incorporated more
efficiently did not reach adult stages. Howevehas to be into account that the nuclear
fate of the transplanted nuclei was not analyzemhlise, as mentioned previously, the
main aim of this work was to establish three nudlemsplant protocols in zebrafish by
a technical approach. By this way, after the esthblent of these three techniques
presented, the nuclear fate will be studied, a$ agelts integration degree and form in
the specimens.

So, the reasonable technical efficiencies achiévede present work make the
use of these three methods interesting for futemggragramming studies by nuclear
transplant in this species.
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Tablel. Method A: survival rates of nuclear transplant oprito the egg

activation/fertilization.

Al A2 Total A CA

N° of transplanted eggs 82 50 132 301
N° of embryos at MBT stage 23 (28%)F 6 (12%)* 29 (22%) 90 (30%)
N° of embryos at epiboly stage 18 (22%)  3(6%)° 21 (16%) -

normal 12 (15%) 1 (2%)° 13 (10%) -
N° of embryos at 24h post-

abnormal 2 1 3 -
transplant

14

total 2 16 -

normal 8 (10% 1(2%)* 9 (7%) -
N° of embryos at 48h post-

abnormal | 3 1 4 -
transplant

total 11 2 13 -
Ne of survival larvae 6 (7%) 0 (0%)* 6 (5%) -

Columns with different superscripts are statishjcdifferent (p<0.05).

121



[11.3. Nuclear Transplant in zebrafish: Study 10.

Table 2. Method B: survival rates of nuclear transplant dtameously to the egg

activation/fertilization.

Bl B2 Total B CB
N° of transplanted eggs 59 54 113 53
N° of embryos at MBT stage 32 (54%§ 19 (35%) 51 (45%) 15
N° of embryos at epiboly 22 (37%) 15 (28%)F 37 (33%) (28%)
stage -
normal 14 (24%} 11 (20%)f 25 (22%) -
N° of embryos at 24h post-
abnormal 6 14 10 -
transplant
20
total 15 35 -
normal 12 (20%} 11 (22%) 23 (20%) -
N° of embryos at 48h post-
abnormal 5 1 6 -
transplant
total 17 12 29 -
Ne of survival larvae 11 (199%) 11 (20%) 22 (19%) -

Columns with different superscripts are statishjcdifferent (P<0.05).
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Table3. Method C: survival

activation/fertilization.

rates of

nuclear transplant eost to the egg

C1 C2 Total C CC

N° of transplanted eggs 49 22 71 374
N° of embryos at MBT stage 26 (53%)F 9 (41%)* 35 (49%) 147(39
N° of embryos at epiboly stage 21 (43%) 7 (32%)* 28 (39%) %)

normal 16 (33%} 4 (18%)° 20 (28%) -
N° of embryos at 24h postabnormal 5 1 6 -
transplant

total 21 5 26 -

normal 14 (29%} 3 (14%)* 17 (24%) -
N° of embryos at 48h postabnormal 3 1 4 -
transplant

total 17 4 21 -
Ne of survival larvae 14 (29%) 3 (14%)° 17 (24%) -

Columns with different superscripts are statishjcdifferent (P<0.05).
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STUDY 11. Transplant of adult fibroblast nuclei into the central region of

metaphase Il eggs resulted in mid blastula transitin (MBT) embryos.

Abstract

Recently, a novel technical method to perform samaticlear transplant in
zebrafish using non activated eggs as recipierttsowi the need to detect the micropyle
was developed in our lab. However, the use of spgymoa as activating agent
prevented to know if the inserted nucleus condédtrembryonic and early larval
developmental ability. The aim of the present wwds to test the developmental ability
of the embryos reconstructed by transplanting afilfoblast nuclei into the central
region of the metaphase Il egg but subsequentiyadet by only water. In addition,
since oocyte ageing facilitates the activation iammalian oocytes and also leads to
metaphasic plate disorganization, this work alsosyed to test whether limited aged
eggs used as recipients improve the activationimmmve some functional enucleation
in zebrafish. The adult somatic nucleus locatetthéncentral region of the non activated
egg resulted in the 12% of mid blastula transitembryosvs the 20% when the
transplant is in the animal polex(205). This fact suggests that the central regidhe
non activated metaphase Il eggs can be a suitédate for nucleus deposition in nuclear
transplant in zebrafish. These results reinforoge plssibility to use non activated
metaphase Il eggs in subsequent reprogrammingestuoly adult somatic nuclear
transplant in zebrafish. Unfortunately, in conttastmammals, a limited egg ageing (2h)
penalized did not improve the activation processzebrafish nuclear transplant,
moreover the hypothesis about a possible functienatleation was also ruled out.

Keywords: nuclear transplant, activation, oocyte, reprograngnzebrafish.

" This manuscript has been submitted to the jouiBebrafish” with the following reference: Pérez-
Camps M, Cardona-Costa J, and Garcia-Ximénez B9j2Transplant of adult fibroblast nuclei into the
central region of metaphase Il eggs resulted inbtadtula transition (MBT) embryos. Zebrafish.
(submitted).
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INTRODUCTION

In the few nuclear transplant (NT) studies repottedate in zebrafish (Li et al.,
2000; Hu et al., 2002; Lee et al., 2002; Luo et 2009), the location of the donor
nucleus injection place, the animal pole, requpessious oocyte activation because of
the micropyle cannot be easily detected in thisigsgPoleo et al., 2001).

Recently, a novel method developed in our lab madechnically possible to
perform the somatic nuclear transplant in zebrafislng mature non activated eggs
without the need to dechorionate or localize therapyle (se€udy 10). In this study,
non enucleated oocytes were activated by spermization after the nuclear transplant.
Such strategy was based on the fact that diplaldegys have been shown as suitable
recipients for nuclear transplant in medaka dugnéomore stable ploidy status, among
other aspects (Bubenshchikostaal., 2007). But, the activation by sperm fertilizatio
prevented to know if the donor nucleus conditioremdbryonic and early larval
developmental ability.

In fish somatic cloning, as in mammals, it is asedrthat the nuclear transplant
have to do using enucleated oocytes. However, linafish, the resident pronucleus in
non enucleated and non fertilized egg receptorsmisde degenerate after the nuclear
transplant during the first cleavages (Li et a0Q@, Li et al., 2003). This particularity in
zebrafish, not showed in other species as meda&eh lor amphibious (Hu et al., 2002),
could avoid the need to use whatever enucleatiothade(mechanical, ionizing and
ultraviolet radiations, etc.) including laser.

Since oocyte ageing facilitates the activation iammalian oocytes, but also
leads to metaphasic plate disorganization in thecies (Kim et a., 1996), it can be
hypothesized that a limited ageing in zebrafishsegguld improve the activation
response and, perhaps, induce some type of “afmgtional enucleation.

Our lab is focused on developing in zebrafish ditieht somatic cell nuclear
transplant technique to be used for reprogramminglies using non activated
metaphase Il eggs as recipients. The aim of theseptework was to test the
developmental ability of the embryos reconstrudtgdransplanting the adult fibroblast
into the central region of the metaphase 1l eggeqgbently activated by only water. In
addition, this work pursued to test whether limigggbd eggs used as recipients improve

the activation and involve some functional enudberin zebrafish.
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MATERIAL AND METHODS

Non activated eggs and sperm collection

Eggs and sperm were collected after evaluatingstheial behaviour of both
gold strain males and females at dawn. Eggs werer@utdiy gentle extrusion of the
ovary and sperm was recovered from the genital poreindividual glass
microcapillaries (se&udy 10). Then, non activated gametes were kept in egtjune
(Hanks’ buffered salt solution supplemented witb%. (v/v) of BSA and 0.1 g of
NaCl/100 cc of Hanks’ medium; ph: 7.4 ; osmolarigl0-320 mOsm) at 8°C (see
Sudy 9).

In vitro fertilization

Non activated eggs and sperm were mixed in a 35atni-dish and both
gametes activated by the addition of a 1 mL ofaystvater. After 2-3 min, the dish
was filled with system water to achieve well deyéhg embryos. Further culture was
done at 28.5 °C (s&udy 9).

Donor cells culture.

Adult somatic cells used as nuclei donors came fwold zebrafish caudal fin
primary cultures. Tissue was obtained and treaseBérez-Campet al. (seeStudy 10)
described and cultured in Leibovitz medium supplet®e with 20% of FBS and 0.036
g/L of glutamine (L15-FBS) at 28.5°C (s@&edy 9).

Somatic cell nuclear transplant.
Somatic cell nuclear transplant technique, methars equipment employed
was described by Pérez-Camgsal. (seeStudy 10). Briefly:

Method A-Nuclear transplant prior to egg activation/fertilization.
To prevent egg activation, eggs were kept in egdiame at 8°C until the nuclear
transplant, which was performed in a handling dsbpgg medium in a petri dish under

mineral oil and the micromanipulation area was edolo 8 °C. The somatic cell

nucleus was inserted in the central region of tietaphase Il egg. Then, transplanted
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eggs were individually either activated by only eradr fertilized by sperm and cultured
at 28.5°C in water (se&gudy 10).

Method B-Nuclear transplant simultaneous with egg activation/fertilization

When performing the NT during the activation only Wwater, eggs were also
kept in egg medium at 8°C until NT. They were widlially deposited in the handling
drop containing the water so that oocytes werevaietd at the moment of transplant.
When performing the NT simultaneously with the ifextion, non activated eggs and
sperm were previously mixed and kept at 8°C anteésre, individually deposited and
transplanted in the handling drop. Donor nuclerem@jected in the incipient animal
pole in both cases, just where either the femateymrieus or the zygote (male and

female) pronuclei were being constituted (Wolerssid Hart, 1987).

Experimental design

With the aim of testing the developmental abibifyembryos reconstructed by
transplanting the somatic nucleus into the cemtrgion of the non activated egg, the
NT were carried out before (method A) and simultarsty (method B) to the egg
activation both by sperm and only water as actigpstimulus. All nuclear transplants
were realized in different sessions immediatelgratite ovarian egg extraction (0Oh). In
the Oh NT groups, although the literature indicdtest eggs can be fertilized until 90
min after their ovarian extraction (Westerfield,0ZQ Nusslein-Volhard and Dahm,
2002), our results in a previous work indicated,tiva our hands, development ability
drops when NT is performed after the first 45 notidwing extraction (se&udy 10).
So, we established that the Oh experimental sessiiolhnot exceed 45 min in any case.
The nuclear transplants with 2h aged eggs wereopeed in the same daily session
with eggs from the same laying. In this way, todgtuhe egg aging effect on the
activation response, results from the 2h NT groapsvated only by water were
compared with the Oh NT groups activated by water t

An initial fertilizability control group was donanmediately when eggs were
extracted to test the egg quality, whatever the tand method of transplant. Nuclear
transplant sessions were considered only whemthal ifertility rates were higher than
70%. Activations with water were carried out inrgkel to check a possible

parthenogenetic development beyond some abortivesiails. Moreover, in all
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experimental sessions, some oocytes were puncturgmut nuclear transplant to
evaluate the activation efficiency of the micrompg puncture (control groups of
activation).

Reconstructed embryos were considered as the g¢évglembryo only when
the number of embryonic cells was more than 4 @test., 1999). In all experiments,
survival rates from early embryonic cleavages (#ice larvae (5 days) were
evaluated.

At least three replicates were done in all experital groups. Results were
analysed using the Chi-square test. When a suoheggee of freedom was involved,

Yates’ correction for continuity was performed.

RESULTS

Central nuclear injection in non activated eggs resulted in embryonic devel opment.

Embryo survival rate differences between the twolear transplant methods
(transplant before or simultaneously to egg adtivatactivated by sperm fertilization
or by water as the only stimulus were compared leF'dp. Results showed that there
were no significant differences in survival ratestween the two nuclear transplant
methods when the oocytes were activated by spetifer&@nhces in the embryo survival
rates between the two nuclear transplant methods wbcytes were activated by only
the water stimulus were not found either.

On the other hand, as was expected, embryonic v&lrvates differences
between reconstructed embryos activated by spettitizigtion and by only water were
significant, wherever the nucleus deposition toolace (Table 1). Moreover,
reconstructed embryos activated only by water regcht maximum, the MBT stage.

It has to be noted that eggs activated but nonsplanted did not show
embryonic development. In fact, only very few eggsained, at most, at the two cell
stage. Moreover, no development signs were obddan/@unctured non transplanted

metaphase Il eggs.

Partial egg ageing did not improve the activation.
Because the NT in aged eggs were carried out irsdnge daily session with
eggs from the same female than in the groups pueliodescribed at Oh, data

corresponding to the freshly eggs were the sanmsepted in the table 1. Differences in
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the survival rates at early cleavages (> 4 cellsjewelevant, although they did not
reach significance levels, when young and aged eggs compared, whatever the NT
method, in favour of young eggs (12% vs 3% in NTolke activation; 23% vs 7% in
NT during activation; p>0.05). Differences wersabbserved at MBT stage but, in
this case, significant levels were reached (1299%sin NT before activation; 20% vs
0% in NT during activation). It must be emphasitie@t none of reconstructed embryos
reached the MBT stage when aged eggs (2h) were uBeglse results suggest that, in
contrast to mammals, egg ageing does not involve improvement in the
parthenogenetic development progression or in aucleansplant efficiency in
zebrafish.

The results obtained in this experiment also altbwes to test the possible
functional enucleation by ageing. The null sur/rades obtained in the 2h transplants

ruled out considering a functional enucleationtnra®ed eggs.

DISCUSSION

In a previous work, we demonstrated that the raucteansplant in zebrafish
before activation of metaphase Il eggs was techinipassible (sexudy 10) but, in
such work, the use of spermatozoa as activatingtagede it difficult the study, the
possible integration of the donor nucleus in theonstructed embryo. In zebrafish
eggs, the mere contact with water causes choripareston and cytoplasm segregation,
but they either remain at the one cell stage ospme cases, eggs may develop to some
abortive cleavages. In this way, a fertilized eyohis considered as developing when it
passes from 2 to 4 well organized cells (letal., 1999). In the present work, we
obtained MBT reconstructed embryos by the transpddradult somatic nuclei in the
centre of the non activated eggs, subsequentlywadet with water as the only
activating stimulus. Moreover, there was no disedage at all for the central injection
of the nucleus with respect to the nucleus injectiothe incipient animal pole.

of the egg with the micropipette during the trdasp In medaka, unfertilized
eggs are activated by pricking with a fine glassdhe, but most eggs cannot develop
further and remain at the one cell stage (Yamam@®}4). No data on this
phenomenon were found in the reviewed literatureeiorafish. In fact, the only way in
which gynogenetic zebrafish embryos have been mddaivas by using genetically

inactivated sperm by radiation as activating adevesterfield, 2007). Moreover, the
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results here obtained from the puncture of nonvatd eggs plus water activation
(control group of activation) indicate that the ymhechanical action of injecting the
nucleus does not stimulate by themselves the dictivarocess. So, it can be proposed
that, in our case, when no sperm was used as tetjvatimulus, the nucleus
transplanted exerted an activating effect on theeawn transplant embryo, participating
in the development, at least, until MBT stage.

As we hypothesized in method A (central nucleusndplant before the
activation), the results obtained suggest thantleeus transplanted in the centre of the
metaphase Il egg migrates to the animal pole, neayhvough the cytoplasmic flows at
the time of activation (Wolenski and Hart, 1987hisl result opens the possibility of
exposing the donor nucleus to an metaphase Il soptaenvironment for longer and
controlled periods of time before activation, auiegment that has proven effective for
reprogramming improvement in mammals (Wilnaital., 1997). Unfortunatelly, the
egg culture medium used in the present work is ablg to preserve the non activated
eggs in good conditions for 1 hour (s&edy 9). A recent study has detected that the
Chinook salmon ovarian fluid (CSOF) can preserve mactivated eggs for longer
periods of time (Siripattarapravet al., 2009a), but they commercial availability is, at
this time, practically null.

Although karyotyping analysis have not realized doethe difficulty in this
specie (Huwet al., 2002), the fact that in zebrafish, when nucleangplant is performed
into non enucleated eggs involves the degenerafidhe female pronucleus (l al.
2000; Liet al. 2003), would lead to generate diploid reconstaigebryos, and not
triploid, as occurs in other species (Hu et al.020 Such phenomenon of ploidy
correction is not innusual. In this sense, in megddkere also seem to be mechanisms
that operate in the rearrangement of the chromosbates after the NT (Kaftanovskaya
et al., 2007; Bubenshchikovat al., 2007). Mechanisms of this type working in
different ways have also been described in mamifmaiman: Tesarik and Mendoza,
2003; pig: Somfaet al., 2008).

To date, in zebrafish, nuclei from embryonic céhtu et al., 2002), from 5-
somite embryos (Leet al., 2002) and from kidney cells of adult male (Lei@l., 2009)
have been transplanted into enucleated pre-adfiveggs. In our knowledge, in the
present work, fibroblasts from primary cultures aised for the first time as donor
nuclei in zebrafish nuclear transplant without zation by sperm fertilization. The

percentages of reconstructed embryos achievedsiaiiar to those obtained by Lat
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al. (2009), being even higher when water activatiors weevious to the NT (20%).
However, as Lot al. (2009) the survival rates dropped drasticallyrafeaching the

blastula stage.

P.S: During the elaboration of the present manuscrgptnew zebrafish nuclear
transplant study was published by Cibelli and @glees (Siripattarapravat et al.,
2009b), in which adult specimens were obtained ftaraal cells but not from adult

cells.
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Table 1. Survival rates of somatic cell nuclear transplants non enucleated freshly

eggs activated by sperm or by water.

Method A
NT before the activation

Method B
NT during the activation

Activated by Activated by Activated by Activated by
sperm only water sperm only water
fertilization fertilization

Eggs transplanted20 34 20 30

MBT embryos 9 (45%) 4 (12%)° 8 (40%)? 6 (20%)™

1day embryos 7 (35%) 0 (0%)"® 4 (20%)* 0 (0%)°

5 days larvae 4 (2098) 0 (0%)° 3 (15%)* 0 (0%)°

Between columns, data with different superscripgsstatistically different (p<0.05).

Table 2. Survival rates of somatic cell nuclear transplamts non enucleated fresh and

2h-aged eggs activated by water. Data of freshiyaeg the same that in table 1.

Freshly eggs 2h-aged eggs
Method A Method B Method A Method B
NT before NT during NT before NT during
the the the the
activation activation  activation activation
Eggs transplanted 34 30 34 30
Embryos with more than4 (12%)*® 7 (23%) 1 (3%)° 2 (7%)*
4 well orientated cells
MBT embryos 4 (129%™ 6 (20%)* 0 (0%)° 0 (0%)°°

Between columns, data with different superscripgsstatistically different (p<0.05).
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STUDY 12. Electroactivation of zebrafish Danio rerio) eggs.

Abstract

In zebrafish, initial egg activation by water afteeing discharged from the
ovarian stroma is followed by normal cleavages amlynseminated eggs. When sperm
(inactivated or not) is not used as activating ageebrafish cloning (and other NT
techniques) is very inefficient.

In this work, three experiments were performedthia first, 6 treatments were
compared (Voltage x Pulses: 2.76x1; 2.76x2; 2.76x3 5.40x1; 5.40x2; 5.40x3). The
group 5.4x3 showed the best results (32% activatéd}he second experiment, 1 or 3
consecutive electric pulses of 20 us each werdeapptpeatedly at 0 min, 10 min and
after 20 min post-activation. Two voltage levels/g V and 5.4 V) were assayed. The
number of pulses negatively affected the ratesaohabed and lysed eggs. Moreover,
only the B2 ([2.76 x 3] x 3; activated eggs: 43%Qup showed significant differences
with Control B non manipulated group (18% activagg)s). In the third experiment,
negative effects of egg ageing were observed.

The best treatment established here was able ttoatec 66% of eggs, but

without accomplishing normal parthenogenetic emiglgeelopment.

Keywords: activation, egg, partenogenetic, zebrafish.

" This manuscript has been submitted to the jouiBebrafish” with the following reference: Cardona-
Costa J, Pérez-Camps M, and Garcia-Ximénez F. j2808ctroactivation of zebrafisibanio rerio)

eggs. Zebrafish. (submitted).
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INTRODUCTION

In zebrafish, egg activation takes place after tlaeg discharged from the
ovarian stroma and come into contact with the spagvimedium (Sakai, 1997),
inducing an intracellular calcium wave discharged]et al., 1999). In consequence,
activated eggs (oogenesis stage V and thus capabkang fertilized; Howley and Ho,
2000) undergo a programmed series of biologicahevieriefly described by Leet al.,
(1999): contraction of the egg surface, initial 8nsaparation of the chorion from the
plasma membrane, cortical granule reaction, choredavation and ooplasmic
segregation. These steps are followed by nornedvelges when a spermatozoon,
either genetically inactivated or not, has feréitizthe egg (Leest al., 1999; Nusslein-
Volhard and Dahm, 2002). If sperm is not presentthie spawning medium, an
incomplete parthenogenetic activation takes plandergoing some abortive cleavages
in the best of cases, but without reaching furtterelopment (seg&udy 9), or even the
configuration of four well organized cells (Lestal., 1999).

In mammals, oocyte activation is routinely induagdreinforced by electrical
pulses (and/or chemicals) after performing son@tning by nuclear transplant, SCNT
(Okahara-Naritagt al., 2007; Onishiet al., 2000), intracytoplasmic sperm injection,
ICSI (Mansourgt al., 2009; Zhanget al., 1997) or in the obtaining of parthenogenetic
haploid/diploid embryos (Elsheiklgt al., 1995; Escriba and Garcia-Ximénez, 2000).
Despite this, little attention has been paid to whanefit could be provided by an
artificial activation procedure by electric pulses zebrafish. More recently, NT
techniques before, during and after zebrafish egigadion by sperm fertilization have
been developed in our lab (s&udy 10). However, when no sperm is used as
activating agent, zebrafish cloning is very inaéfit (Huang,et al., 2003), as also
occurs with other techniques such as ICSI (Paeal., 2001). So, the development of
these and other reproductive techniques in thisiepdi.e. round spermatid injection,
ROSI; round spermatid nuclear injection, ROSNIpeateds mainly of the availability of
an efficient procedure for artificial egg activati(Bubenshchikoveet al., 2007; Huang,
et al., 2003; setudy 10). Moreover, electroactivation as an alternatigg activation
method to the use of irradiated sperm in zebrafishld also permit the experimental
evaluation and study of egg activation abilitiesotlghout their egg ageing process,

even exceeding the limits of egg fertilizability.

134



[11.3. Nuclear Transplant in zebrafish: Study 12.

In fact, to our knowledge this methodology has dmben attempted in fish for
egg activation in NT experiments on medaka fish b@wshchikovaet al., 2007;
Wakamatsu, 2008). In this contexhe aim of the present work was to establish
electrical parameters for the activation of zelstaintact (hon micromanipulated) eggs
as well as their activation response throughouir thgeing process, but without

involving the sperm-mediated stimulus.

MATERIAL AND METHODS

Animal care

Zebrafish Danio rerio) specimens from the gold strain were maintaine2in.
aquariums under standard conditions (WesterfieldD72  Granular food was
supplemented with recently defrosted chicken egdk yand shrimp meat as
recommended for egg production in zebrafish in swit®n of live food as reported by
Simao,et al., (2007).

Obtaining of gametes and fertilization

The procedure carried out was described in deyaC&rdona-Costat al., (see
Sudy 9). Briefly, gametes were extracted at the samgcaat “dawn” time from those
aquariums where fish displayed reproductive behavidoth males and females were
simultaneously anaesthetized with clove oil solutad 100 pl/l (Grush et al., 2004;
Mylonas, et al., 2005) in dechlorinated and decalcified tap watgystem water;
Westerfield, 2007). All aseptic procedures andilstenstruments were used in
subsequent steps. Sperm and eggs were in vivactxdk and maintained inactivated
until use at 8 °C in a modified Hanks ‘solution igaed as CH (100 ml of Hanks”
supplemented with 1.5 g BSA and 0.1 g CINa; 320 mQOsH 7.4). The motility of
selected sperm was 80-100% and eggs were of gaadygliranslucent, granular and
yellowish appearance; Westerfield, 2007).

Control groups of fertilized eggs were formed a beginning of experiments.
To this end, those sessions where the fertilizationtrol was lower than 70 % were
discarded. The fertilization procedure was dona Bb mm Petri dish (Corning) after
carefully mixing 15-20 eggs and sperm solution.ed,8 to 5 system water drops were

added to fertilize eggs (sperm concentration itiliation was around 2.8 x $@pz/ml,
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measured with a Thoma counting chamber). Fin#ilg,plate was filled with system
water after 5 min.

Control groups activated only by water stimulus eveansferred by the same
procedure to a Petri dish (Corning) with systemewathere they were activated only
by the water stimulus.

All chemical products and culture media were froign&-Aldrich.

Electroactivation

The electroactivation equipment consisted of acteb Cell Manipulator (ECM
2001; BTX) complemented with a digital oscilloscofpem Tektronix. The pulsing
chamber used was model 453 from ECM.

The first step of this procedure consisted of theeful selection of 5 to 20
inactivated eggs (per batch) contained in CH mediinith the aid of a Pasteur pipette,
previously stretched and fire polished, a parthefse eggs (per experimental group)
were held in the pulsing chamber, containing syste&ter as electroactivation medium.
Immediately, the predefined electric pulse (dimatrent, DC) was applied. This pulse
was systematically checked through the oscilloscodénally, treated eggs were
transferred to Petri dishes (Corning) with systeatewand incubated at 28.5 °C.

Control groups (see experimental design) came tlwrest of the same batch
of eggs.

Assessments related to damage/lysis, activationdavelopmental signs took
place immediately after each pulse and at 1 h ahdp®st-activation (after the first
contact with system water).

Eggs were considered “activated eggs” when theyvetaoat least one mitotic
cleavage apart from the normal activation signseéaly described in the introduction;
Lee,etal., 1999).

Experimental design
Preliminary assays
As an initial approach, the electrical conditioeparted by Wakamatsu (2008)

for medaka egg activation (a double electrical @uw$ 8.0 V/cm for 20 us, voltage

applied with our employed fusion chamber: 2.76 \érevtested. In addition, different
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voltages were also tested (2.76 V, 5.4 V, 8.3 V4 and 13.8 V; corresponding to
2.76 (x1), 2.76 (x2), 2.76 (x3), 2.76 (x4) and 2(X5)).

Experiment A

In line with results obtained in the preliminarysags, the following electrical
parameters were finally tested: 1, 2 or 3 conseeupulses of 20 pus each at room
temperature, in system water as electroactivationiq) medium. Electric field
intensity was established at two levels €8 V/cm vs k = 16 V/cm; voltages with the
fusion chamber employed were 2.76 V and 5.40 Veesgely). In this way, a total of
6 experimental groups were established in thig fegperiment (Voltage x Pulses:
2.76x1; 2.76x2; 2.76x3 and 5.40x1; 5.40x2; 5.40X8%gs were manipulated during the
first 30 min after ovarian extraction. A generahtrol group (Control A) of activated
eggs in system water, but without pulsing, was bdistaed in parallel with the

experimental groups.

Experiment B

Siripattarapravat and colleagues (2009) establisimeglapsed time of 30 min (at
28 °C culture) between egg activation and the finstiotic cleavage in zebrafish.
Experiment B pursued the maintaining of the redud&F levels, due to the activation
stimulus, but which rise after 10 min of such aation stimulus when this activation
process is only promoted by the water stimulusofimglete parthenogenetic activation).
In this way, an electric treatment extended to 2@ mvas tested, where 1 or 3
consecutive electric pulses of 20 us each weraeappt 0 min, 10 min and after 20 min
of their initial activation in water (pulsing medn). Two voltage levels (2.76 V and
5.4 V) were used ([Voltage x Pulses] x 3 sequenBés: [2.76x1] x3; B2=[2.76x3] x3
and B3= [5.4x1] x3; B4= [5.4x3] x3).

Eggs were manipulated during the first 30 min affeir ovarian extraction. A
general control group (Control B) of activated edgssystem water, but without

pulsing, was established in parallel with the ekpental groups.
Experiment C

Because zebrafish egg ageing is incompatible veithridation but still tolerates

(for longer) the activation stimulus, this thirdpeximent pursued the assessment of the
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better/worse response of egg activation in aged @ggviously stored at 8°C in CH
medium (non activating medium, s8edy 9) for different times.

In accordance with results obtained from Experinfeiaind B (see results), two
combinations from among all the experimental graegted were selected for their best
and similar egg activation rates by electric puld@3= [2.76x3] x3 and B3= [5.4x1]
x3).

The experimental groups were carried out as atresjbining the different egg
ageing times tested (0 h, 1h and 2h post- ovanémacetion) and the two best electric
treatments (B2 and B3 as cited). In addition, éhrzentrol groups of eggs activated in
system water at O h, 1h and 2 h after their ovagiraction, but without pulsing, were

established in parallel with their respective ekpental groups.

Satistical analysis

In all experimental groups from each Experiment BAor C), a minimum of
three replicates were done in alternative sessi®esults were analysed using the Chi-
square test. When a single degree of freedom waslvied, Yates' correction for

continuity was performed.

RESULTS
From preliminary assays

Results showed that voltages of 8.3 V and higherewaot suitable for
electroactivation assays. The reason was thedeghee of internal damage caused in
eggs, observed as a non-clear delimited region detwthe animal and vegetal egg
poles, once the ooplasmic segregation ended. Mergfsom 11.4 V onwards, lysis of
egg plasma membrane was also observed (8.3 V: ¢ dgymaged from 8; 11.4 V: 5
eggs lysed from 9; 13.8 V: 2 eggs lysed from 3ultenot shown in tables).

From Experiment A

Results are presented in Table 1. As shown, tifereinces in the percentage of
activated eggs only raised levels of significanegwieen the 5.4x3 group when
compared with Control A (only activated in systemter) and the 2.76x1 group.
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From Experiment B

In this experiment, the electrical treatment wateleaed to a sequence of three
pulse stimuli distributed equally for 20 min (onelge every 10 min) to maintain the
MPF levels low until completion of the zygotic stag The stimuli applied were
adjusted to the two most extreme combinations tge and number of pulses (2.76x1
vs 5.4x3) established in experiment A (Table 2iystFit was observed that the number
of pulses applied negatively affected the percentafj damaged and lysed eggs
significantly. In this sense, the combination oftage and number of pulses in the B4
group produced a multiplicative effect that damagelysed all treated eggs.

In another sense, and in relation to egg activatades, the B2 group was the
only one that showed positive and significant défeces with Control B, reaching a
percentage of 43 % activated eggs. On the othett,lggoups B1 and B3 did not differ
significantly from the control, although differerscevere relevant in the case of group
B3 due to the high percentage reached (36 %, Tgble

From Experiment C

Results are presented in Table 3.

In this experiment, with respect to the damageddysggs, differences were not
observed among the three control groups of difteegg ageing times, as well as
among their activation rates.

The activation efficacy of B2 and B3 treatments Voager as egg age increased.
Despite this, group B3 maintained the activatiotesan 1 h aged eggs but declined

significantly at 2 h.

DISCUSSION

The definition of an egg electroactivation procedunvolves the combination of
several and different electrical parameters andditions, mainly the electric field
intensity and the number of pulses applied.

Whatever the case, all of them pursue a ratiomailaiity with the sperm-
activating stimuli aimed at achieving a better \&tion response in eggs. In this
respect, the selection of an appropriate activati@uium is important. In mammals,
the use of non-ionic media in electroactivationgesses is common (Chang, al.,
1992) although the ionic media are also efficidislieikh,et al., 1995; Rickords and
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White, 1992). In contrast with this, to our knodde the only information available in
fish refers to Bubenshchikova and colleagues (2@@d) Wakamatsu (2008). In those
cases, an ionic medium was used (a balanced daltioso medium designed for
medaka) for the electroactivation of medaka fislyseg Unfortunately, no further
bibliography was found. So, initially, we also dsan ionic medium (system water in
our case) as the starting point of our electroatiow assays in zebrafish eggs.

Recent studies by Siripattarapravait,al., (2009) reported that no significant
differences were found in the initial dropping ofPM activity in zebrafish eggs
activated by either fertilization or water. Nevatess, they observed that MPF levels
from 10 min to 30 min post-fertilization/activatiowere different between both
activation procedures. Indeed, MPF values in eggwaded parthenogenetically by
water increased slightly from 10 min post-activagiovhich coincided with the
extrusion of second polar body, and showed a $jigheater peak difference at 20 min
post-activation, in contrast with those eggs atéidaby fertilization. It is known in
mammals that egg MPF activity can be maintaineldwatlevels by the application of
electrical pulses at different time intervals afteeir first artificial activation, as
normally occurs after normal egg activation by ifiedtion (Escriba and Garcia-
Ximénez, 1999). The treatment tested in the se@xpadriment pursued an artificial
maintenance of MPF activity at low levels by meafghe temporal distribution of
electric pulses throughout the post-fertilizaticaripd up to the corresponding time of
the first mitotic cleavage. Results obtained he second experiment indicated the
general improvement upon the activation rates &elien the first experiment. Here,
the B2: (2.76x3)x3 and B3 (5.4x1)x3 treatments vestablished as the most efficient.

The third experiment evaluated the activation gbdf eggs stored (aged) for up
to 2 h. Under our storage conditions (Sagly 9), this was the maximum time in which
eggs were still able to be fertilized.

The results obtained in this last experiment showedear advantage in the
activation capability of fresh eggs compared witbse partially aged (2 h). This result
is contrary to that observed in mammals, where t@oageing improves their activation
rates, whether normal or parthenogenetic, and daaed as a greater feasibility of
aged oocytes to maintain reduced their MPF levBElscriba and Garcia-Ximénez,
1999). However, in this case the subsequent emiyelopment can also be penalized
(Collas and Robl, 1990; Kaufman, 1981; Stice anBIRtO88; Tanaka and Kanagawa,
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1997). It is possible that the degree of ageirgjete in present experiment was
somewhat excessive.

In general, in this work we observed a positivaatieh in the use of either
higher voltage or number of pulses (higher stimoiadegree) and the percentage of
activated eggs. So, it can be proposed that teedmtivation treatment for intact (non
manipulated) zebrafish eggs concerns sequencerB8leatrical pulse sequence of 20
min, where 1 pulse of 20 us of 5.4 V was applie® ain post-activation in system
water, at 10 min and finally at 20 min (3 pulsedatal). This treatment was able to
activate 66 % of fresh and aged (for 1 h) eggs.

None of the activation stimuli proposed here inducparthenogenetic
development of eggs until the second mitotic clgayavith four well organized cells
(Lee, et al., 1999). This fact represents a notable differesmapared with mammals
(Elsheikh,et al., 1995; Escriba and Garcia-Ximénez, 2000), althanghis species the
intensity and duration of electrical stimuli ares@lessential for the oocyte activation
and parthenogenetic developmental rates. Until ,nowzebrafish, these events
(parthenogenetic development) have only been pessila genetically inactivated
sperm (Nusslein-Volhard and Dahm, 2002). Howether ,activation stimulus proposed
here could serve for improving the embryo developaerates in procedures which
involve nuclear injection techniques in zebrafisitls as NT (se&udy 10) or ICSI
(Poleo,et al., 2001) as occurs in mammals (Machéaty, 2006). Mageoin fish, the
electrical (and/or chemical) stimuli would be th@yoones available in these procedures
once the egg has already been activated by water.
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Table 1. Percentage of activated eggs under 1, 2 or 3ecotise electric pulses
stimulus at two voltage levels (2.76 V and 5.4 VIn Control A, eggs were only

activated in system water.

Voltage x  Control A 2.76x1  2.76x2  2.76x3 5.4x1 5.4x2 5.4x3

Pulses

Initial 65 81 80 63 92 96 60
Activated 149 1096 179%° 199%°  2198° 199" 3294
9) (8) (14) (12) (19) (18) (19)

Between columns, data with different superscripgsstatistically different (p<0.05).

Table 2. Percentage of activated eggs and damage-lysis &at result of applying an
electrical treatment of 20 min duration, consistifiga sequence of three equal electrical
stimuli (of 1 or 3 pulses) at two voltage levels7f@V and 5.4 V). In Control B, eggs
were only activated by system water.

(Voltage x Control B Bl B2 B3 B4
Pulses) x 3 (2.76x1)x  (2.76x3)x  (5.4x1)x3  (5.4x3)x3
sequences 3 3
Initial 62 44 58 44 30
Damaged/lysed 0% 0% 179% 296 10096
(0) (0) (10) 1) (30)
Activated 18% 18%¢° 43% 36%° 0%
(11) (8) (25) (16) (0)

Between columns, data with different superscripgsstatistically different (p<0.05).
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Table 3. Percentage of activated eggs and damage-lysis iraeggs previously aged for different times,(@ h and 2 h) as a result of applying
two different electrical treatments of 20 min disatand consisting of a sequence of three equatradal stimuli at two voltage levels (B2:

2.76V x 3Pulses; B3: 5.4V x 1Pulse). In Contrelygs were stored in CH medium at 8 °C and activiatsgstem water.

Egg ageing time Oh 1h 2h
Exp. Groups and Control groups Control C— B2 B3 Control C — B2 B3 Control C — B2 B3
Oh 1h 2h
Initial 76 92 57 101 110 62 142 132 66
_ 92% 40% 23% 88% 70% 27% 91% 86% 47%
Non activated
(70) (37) (13) (89) (77) a7) (129) (113) (31)
0%*° 4% 9% 2062 396 TP 0% 29%°° 350
Damaged/lysed
(0) (4) ®) 2) 3) (4) (0) 3) (23)
_ 8% 56%  68% 1098 2799 669 906* 12%* 189"
Activated
(6) (51) (39) (10) (30) (41) (13) (16) (12)

Between columns, data with different superscripgsstatistically different (p<0.05).
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STUDY 13. Comparison of different activating stimul efficiency in zebrafish

nuclear transplant.”

Abstract

The oocyte activation is one of the most importdap for the nuclear transplant
(NT) technique outcome. In previous works, we uspdrm fertilization and water as
activating agent and established an activationnigcie by electric pulses using non
manipulated eggs. To day, the only way by whichldidplarvae can be obtained is
using radiated sperm as activating agent. Firgtlythe present work, we adapted the
UV radiation dose to be applied ¢gold sperm for using it as activating agent in NT
experiments. Secondly, we compared the embryo\alrvates and the developmental
degree derived from the transplant of adult fibasblnuclei before or during egg
activation associated to four activating stimuliregh sperm, radiated sperm,
electroactivation and water). Unfortunately thectfgactivation technique established
for non manipulated eggs lysed all eggs when it agsociated to the NT. Results from
the other three stimuli together with the two NT thogls showed higher embryo
survival rates when the activation was by sperni (2dvae: fresh sperm 31% and 17%;
radiated sperm 20% and 11%; water 0% in both). Riegg the developmental degree,
embryos activated by fresh sperm reached the temge 5 days), those activated by
radiated sperm the 24h stage and embryos activstedlater only reached the MBT

stage wherever the NT method.

Keywords: Activation, Haploid development, Nuclear transpj&perm, Zebrafish.

" Manuscript in preparation.
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INTRODUCTION

The oocyte activation is a critical step for theécome of the nuclear transfer
(NT) technique, both in mammals and in fishes.

In fishes, the stimulus of the spermatozoa is meguito obtain a complete
activation, although the initial contact with freshater initiates the process. In
zebrafish, Pérez-Camps et al. (sBweidy 10) developed a technical method for
performing the NT using metaphase Il eggs. In ssicidy, fresh sperm was used as
activating agent both after and simultaneous torthelear transplant. The sperm as
activating agent in NT into non enucleated egggesed an initial tetraploid condition
that favours a better chromosomic status for likees obtaining, as occurs by
diploidising eggs in medaka (Bubenshchikova et28lQ7). However, the sperm used as
activation agent prevented to know if the insertadleus in the conditioned embryonic
and early larval developmental ability.

However, the water as the only activating agentltesd less efficient than the
sperm stimulus, obtaining only embryos at mid hiksstransition stage (s&tudy 11).

If radiated sperm, the only way to activate parggametically zebrafish eggs to
date (Westerfield, 2007), is used as activatiomuhiis of non enucleated metaphase Il
eggs after the NT or during the transplant, theigpation of the spermatozoa nucleus
would not exist so, a hypothetic triploid conditimould be generated when non
enucleated eggs were transplanted. This conditippats an embryo development in a
lot of fish species. However, in zebrafish, as feenale pronucleous seems to
degenerate in the first cleavages after the transgLi et al., 2000; Li et al., 2003), it
may be possible to obtain a high activating stirmwlithout the participation neither the
receptor nor spermatozoa nuclei.

As a possible alternative to the use of inactivagpdrm, an electroactivation
method recently developed in our laboratory whiaprioved the activation response of
non manipulated zebrafish eggs (Saady 12) can be proposed to be associated to the
NT. This fact would also allow a reinforcement tii@r primary stimuli, as the water, in
the NT experiments whatever the egg status.

So, the aim of the present work is to compare theiencies of activation and
embryo development reached when the four activagtonulus (fresh water, radiated
sperm, non radiated sperm and electric pulsesdsseciated to two methods of nuclear

transplantion, before or simultaneously to actvati
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MATERIAL AND METHODS

Care and maintenance of zebrafish colony

Adult zebrafish were kept in 20 L tanks in a 2:fiaéfemales/males) and fed on
granular food supplemented with recently defrodted egg yolk and shrimp meat
(Simaoet al., 2007). The light cycle was regulated at 14htlitOh dark.

Non activated eggs and sperm collection.

Eggs and sperm were collected after evaluatingéxeal behavior of both gold
strain males and females at dawn. Eggs were @atdig gentle extrusion of the ovary
and sperm was recovered from the genital pore dividually glass microcapillaries
(Westerfield, 2007). Then, non activated gamete® Wwept in egg medium at 8°C (see
Sudy 9).

Nuclel donor cells.

Somatic cells used as nuclei donor came fwahd zebrafish caudal fin primary
cultures. The tissue was obtained and treatedéaszfCamps et al. (seégudy 10)
described and cultured in Leibovitz medium supplet®e with 20% of FBS and 0.036
g/L of glutamine (L15-FBS) at 28.5°C (Westerfie2®07).

Somatic cell nuclear transplant

The two somatic cell nuclear transplant techniqasswell as the equipment
employed were described by Pérez-Camps et al. §sely 10). Method A: nuclear
transplant prior to the egg activation: The somatdl nucleus was inserted in the
central region of the egg. To prevent egg activatthe transplant was performed in a
handling drop composed of egg medium and the miarppulation area was cooled
down to 8 °C. Method B: nuclear transplant simétausly to the egg activation: the
donor nucleus was injected in the incipient anip@ek, just where zygote nucleus was
being constituted. The handling drop was composedrdsh water so that the eggs
became the activation and the micromanipulationa avgas not cooled (room

temperature).
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Activation by sperm fertilization.

The activation was carried out as Pérez-Camps. ¢se¢Sudy 10) described.
When the method A was used, non activated transguawere individually in vitro
fertilized and cultured at 28.5°C in fresh watertie case of using the method B, non
activated eggs and sperm were previously mixed kemt at 8°C, next they were
individually deposited in the handling drop contagsystem water so that gametes

were activated and fertilized.

Activation by fresh water.

The nuclear transplant before or during egg ciowratoy only fresh water was
described by Pérez-Camps et al. (Seely 10). Non activated eggs were activated by
fresh water after the NT when the method A was uRegjarding the method B, eggs
were already activated in the transplant handliegliom (see above).

Activation by UV radiated sperm.

We were looking for the optimal UV radiation dosegold fresh sperm to be
used as activation stimulus in NT, since a efféti\d radiation was proven to be strain
dependent in zebrafish. Once determined this tiheetwo NT methods (A and B) were
carried out in a similar way than the activationnon radiated sperm (see above).

A sample of 10@um of the sperm diluted in Hanks' balanced solusseStudy
9) was radiated using a UV 85 germicide lamp (GdrggeElectric, 30W). Irradiation
was carried out at 62 cm of focus-object distafite radiation dose applied was 0.529
mW/cm2 87 and was measured by a USB 4000 (Mini&8reiber Optic Spectrometer;
Ocean Optics Inc. First In Photonics, USA). A var{#1S1-92 IKA, Wilmington, CA,
USA) at 200 rpm was used with the aim of homogengishe radiation area during UV
93 exposure.

Preliminary assays determined the maximum timepefra radiation by which
non activation signals (motility) were observed.isTime was established in 18
minutes. So, 4 groups were irradiated (2, 5, 10J&nchin) from 15 min, as a maximum
time, to the 2 min, the time used by other auth@iesterfield, 2007) for the
partenogenetic haploids production withd sperm.

The survival rates were evaluated at MBT stageh 24d 5 days were, as well
as the abnorlamity and degeneration rates at 2#hodnality was evaluated by the

haploid syndrome. Haploid embryos have a charatiersyndrome. The body is
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shorter and thicker than a diploid; the brain isslelearly sculptured; the ears are
variable in number; and the heart beats in a swalkricardial cavity. Haploid cells are
smaller than diploid cells and there are problenith wrganogenesis (Westerfield,
2007).

Electroactivation.

The electroactivation equipment consisted of arctideCell Manipulator (ECM
2001; BTX) complemented with a digital oscilloscofpem Tektronix. The pulsing
chamber used was the model 453 from ECM. With tite e a Pasteur pipette,
previously stretched and fire polished, eggs wéamecty transferred from the NT plate
to the the pulsing chamber, containing system waterelectroactivation medium.
Immediately, the electric pulse predefined by Caed@osta et al. (s€kudy 12) in non
manipilated eggs was applied. This pulse, whichvaigd the 66% of the non
manipulated eggs, consisted in 20 pus of 5.4 V rteptilses in a sequence of 20 min (0
min post-NT, at 10 min and finally at 20 min). Thelse was systematically verified

through the oscilloscope.

Embryo culture.
Transplanted and activated eggs were incubateysters water at 28.5 °C (see
Sudy 10).

Statistical analysis.
At least three replicates were done in all expenit@egroups. Results were
analysed using the Chi-square test. When a sugggee of freedom was involved,

Yates’ correction for continuity was performed.

RESULTS AND DISCUSSION

Electroactivation of NT eggs

The electric pulse applied on transplanted eggs westablished on non
manipulated oocytes in a previous work (s8mdy 12). Unfortunately, this
electroactivation treatment resulted in the lygialbeggs previously transplanted. Most
of the eggs were lysed even before the second puaseapplied. Such results led us, in

a following assay, to test the minimum electricsguhssayed in our previous work. This
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lower electrical stimuli pulse consisted in a 20puése of 2.7 V applied 10 min post-
activation in fresh water. This second assay redulh the lysis of 15 from 17
transplanted eggs and the 2 surviving eggs shovmdyl abortive cleavages. These
results indicate that the electric parameters presly defined to activate non
manipulated eggs were not useful for the electroaodbn of transplanted eggs. So, the
experimental electroactivation group initially poged to be compared with the other
was ruled out. Moreover, the results obtained énabsays of electroactivation forces us
to develop, in future work, an activation treatmespecific for zebrafish NT
experiments. However, the definition of an electpulse associated to the NT in
zebrafish exceeded the objective of the presenk.wor

UV radiation of gold spermfor egg activation in NT

Although, it is widely established the parthenogeambtaining by sperm or egg
radiation inwild zebrafish (Nusslein-Volhard and Dahm, 2002; Wésielr 2007), the
use of UV radiatedjold sperm to activatgold eggs after or simultaneously to the NT
has not reported to date. After finding sensibildifferences to the UV radiation
betweenwild and gold embryos (se€sudy 6) the aim of this experiment was to
establish the optimal UV radiation fgold sperm to achieve the higher fecundation
ability but the lower embryo development and thghhabnormality and degeneration
rates. Fresigold sperm was radiated for 2, 5, 10 and 15 minutes.

Significant differences were observed among the fgnoups in the embryo
survival at MBT stage. The number of embryos teaiched this stage was decreasing
when the radiation times was increasing (2 min: §3%min: 45%; 10 min: 18%; 15
min: 4%; p<0.05). Differences between survival sateere significant neither at 24h
nor at 5 days post-fertilization. This result, thge with the high degeneration and
abnormal rates at 24h in the group of embryosliset with sperm radiated for 2 min,
led us to establish in 2 min the optimal radiattone of gold sperm to be used as

activation stimulus in NT.

Comparison between activation stimuli

In the present work, three activation stimuli hagsted in reconstructed eggs
obtained by two NT methods in zebrafish, NT befareluring egg activation (Table 2).
Related to the two NT methods, no significant défeces were observed when the three

activation stimulus (fresh sperm, radiated sperrresh water) were compared at MBT
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stage, epiboly stage, 24h and 5 days. RegardinyTheerformed before the activation
(method A), it has to point out that the methodadifvation based in sperm, radiated or
not, were in general more efficient than the atibraby only fresh water. When the NT
was carried out during the egg activation (methgdr® differences in the survival
rates were observed between the three activationlsts neither at MBT stage nor at
24h. However, these results must be taken cauyiausb account due to the low
number of embryos that reached at these stages.

There are different degrees of oocytes responsendépy on the activating
stimulus. Viable larva were only obtained when #uotivation were performed using
fresh sperm as stimulus with rates of 15% for tiethod A (NT before activation) and
13% for the method B (NT during activation), valudggt were not significantly
different (Table 2). By using radiated sperm, tkeonstructed embryos by the two
methods of NT reached the 24h stage but they coold continue their further
development.

When non inactivated sperm fertilizes the recipientytes and participates in
the embryo and larval development, zygotic nuclerivied may help the somatic
nucleus integration through a nuclear helper rélewlett et al., 1987; Eakin and
Hadjantonakis, 2006 ) and they may form diploidnzderas (Bubenshchikova et al.,
2007). On the other hand, when the sperm nucleumdiivated, there is not a nuclear
helper role, but there are sperm derived factonghvare responsible for triggering the
calcium transient in the activation of a lot of sigs from sea urchin and ascidian
oocytes (Daleet al., 1985; Dale, 1988) to human (Tesadkal., 1994, Daleet al.,
1996). However, zebrafish egg activation does neblve the need of any sperm-
derived factors (Swann, 1993) since when eggs doroentact with water they activate
(Hart and Yu, 1980; Hart and Fluck, 1995; Sakaalkt 1997), even in absence of
sperm, they undergo some abortive cleavages (Lak,e1996). In the present work,
parthenogenetic development was not observed,araiging non motile radiated sperm
(with derived-factors) as activating agent (resufttst shown) nor applying an
electroactivation protocol to non activated egge &udy 12). In fact, to date, the only
way to activate zebrafish eggs to accomplish falitipenogenetic development is by
radiated but motile sperm. So, it can be propobkatiin NT experiments, the sperm-
oocyte interaction, rather than the sperm factmidiices the activating response. The

limited embryo and larval development using waterawiated spermatozoa could be
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ascribed to the inability to maintain embryo depehent by the scarcely
reprogramming of transplanted somatic nucleus.

The major problem when radiated sperm is useceisnithetermination regarding
the sperm nucleus inactivation or not. It has ndteat haploid larvae can be easily
detected by the presence of haploid syndrome deaistacs (Westerfield, 2007), but it
is obvious that, when the NT is associated, themsitucted embryo lacks these
characteristics.

To date, only one reference of egg activation legtelc pulses associated to the
NT has found in medaka (Bubenshchikova et al., RaR&cently, Cibelli and collegues
(Siripattarapravat et al. 2009) in a NT method tved in zebrafish refer to an
activation protocol, but the fact is that they wate reconstructed eggs by only “egg

water” (60pg mif sea salt), equivalent to the usual system watetared.
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Table 1. Embryo survival rates aften vitro fecundation ofgold eggs bygold sperm
radiated for 2, 5 10 or 15 min. (Radiation dos20.mW/cm?2)

Developmental 2 min 5 min 10 min 15 min
stages

MBT/initial 92/138 73/163 18/102 3/74
67%" 459 1896 4%

24h/MBT 27/92 32/73 8/18 2/3
29% 44% 44% 67%

5days/MBT 27/92 28/73 6/18 2/3
29% 38% 33% 67%

Abnormal and 22/27 22/32 4/8 2/2
degenerated/24h 81% 69% 50% 100%

Between columns, data with different superscripgsstatistically different (p<0.05).

Table 2. Survival rates of reconstructed embryos derivenfmuclear transplants,
before (method A) or during (method B) egg actmatby fresh sperm, radiated sperm

or water as activating agents.

Transplant before egg activation Transplant during activation
(Method A) (Method B)

Activation Activation Activation Activation Activation Activation

by fresh by by water by fresh by by water
sperm radiated sperm radiated
sperm sperm
Initial number 26 20 25 23 19 25
11/26 8/20 3 8/23 9/19 5/25
MBT/initial 4296 4096"0° 1294° 35065°° 479 2006°°
8/26 6/20 0 4123 7/19 0/20
Epiboly/initial ~ 31%* 3096 0% 17%%° 379% 0%’
8/26 4/20 0 4123 2/19 0/20
24h/initial 31%° 2006°° 0% 17%%°  11960° 0%’
4126 0 0 3 0 0/20
5days/initial 15% 0% 0% 13% 0% 0%

Between columns, data with different superscripgsstatistically different (p<0.05).
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STUDY 14. Reconstruction of heteroparental gynogetie diploid condition by

nuclear transplant in zebrafish: preliminary results.

Abstract

The gametic imprinting has commonly studied in mahiowever, the limited
parthenogenetic development reached by these specake difficult the use of
partenogenetic embryonic cells as donor nucleiudlgar transplant experiments. The
parthenogenetic developmental ability in zebraéilbws obtaining haploid embryonic
cells as well as haploid somatic cells. So, the @ithis work was the reconstruction, in
zebrafish, of the heteroparental gynogenetic diptmndition by nuclear transplant of
haploid somatic nuclei into metaphase Il oocyted aarly zygotes. Haploid somatic
cells from primary cultures derived from gynogenéiovae at 24h stage were obtained.
The 27% of the reconstructed embryos reached tl8o61€piboly stage when early
zygotes were used as recipient. From them, 2 emsligoeloped to 24h and 1 survived
to 5 days, although it showed morphologic abnortiesali The preliminary results
obtained from this work allow suggesting the zebhafas a model system for

imprinting studies.

Keywords: parthenogenetic, gametic imprinting, hemiclonirgprafish.

" Manuscript in preparation.
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INTRODUCTION

Since the 1940’s, an incipient interest for studyithe parthenogenetic
development in diverse species, especially in masymeas observed (Surani and
Barton, 1983; Fundele et al., 1989). Associatethi® type of development, a specific
pattern of genetic expression in the germ lineledal‘gametic imprinting” was
observed, which conditioned the development depgndn the paternal or maternal
embryonic cells origin (Norris et al., 1990; Surat®91). Gametic imprinting is a form
of epigenetic gene regulation that results in esgige from a single allele in a parent-
of-origin dependent manner. In addition, imprintgenes undergo to wide de-
methylation that involves the erasure of the epéjermarks in the early embryo, and
the novo acquisition of imprints in both male aethfle gametes.

The imprinting phenomenon has been commonly studiedouse (Howlett et
al., 1989; Surani et al., 1990; Ferguson-Smith &odani, 2001). However, some
limitations exists in it use due to the low hapleichbryo developmental ability (only
few cells), both in androgenote and gynogenote ga#hrthat does not reach
preimplantation stage. This fact made difficulttlns specie, the heteroparental diploid
reconstruction from parthenogenetic nuclei tranggld in into partially enucleated
zygotes.

In our lab, rabbit parthenogenetic embryo develagmeitil more advanced
stages (32-64 cells) were achieved, so these lthptis were suitable nuclei donors to
reconstruct the heteroparental diploid conditiorelsctrofusion with a hemienucleated
zygote, resulting even in alive and normal offsgrifEscriba and Garcia-Ximénez,
2001).

In zebrafish, haploid parthenogenetic larvae (eBeday stage) can be easy
obtained (Nusslein-Volard and Dahm, 2002). So, afetir points to be a good model
for evolution studies of gametic imprinting.

There are routine techniques for androgenetic ambgenetic haploid zygotes (thus

haploid larvae) based on inactivating eggs andnspespectively.

Nuclear zebrafish transplant (NT) techniques hasenbrecently developed in
our lab, using somatic cells (adult fibroblastshaslei donors. The NT technique opens
the possibility to reconstruct the heteropareniggliotd condition using nuclei from cells

derived from zebrafish haploid somatic cells. Irs tbontext, the development of this
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technique will therefore allow studying: (i) allmbinations between resident and donor
nucleus (gynogenote recipients-gynogenote donampggnote recipients-androgenote
donor; androgenote recipients-gynogenote donorrogethote recipients-androgenote
donor); (ii) the different epigenetic status of ttenors nuclei imprinting in the different
developmental stages, from embryonic stage to S dakaploid development.

There seems to be indications about the gametiainthpy phenomenon
throughout the zebrafish development which concern®levant genes expression as
specifically occurs in mammals among other spefidsGowan and Martin, 1997;
Hahn et al., 2005; Tsalavouta et al., 2009).

The availability of this methodology will allow deening in the imprinting
mechanisms in this species. To this end, this wansued the reconstruction of the
heteroparental gynogenetic diploid condition byleactransplant in zebrafish, as a first
methodological step, using mature metaphase Iltescgs recipients and nuclei from
primary cell cultures derived from haploid gynogien&arvae as donors.

MATERIAL AND METHODS

Recipient eggs.

Eggs were collected after evaluating the sexuabweh of both gold strain
males and females at dawn. Eggs were obtainedebylegextrusion of the ovary
(Westerfield, 2007). Then, non activated eggs weet in egg medium at 8°C (see
Sudy 9).

Haploid somatic cells.

Gold male sperm was recovered from the genital porendividually glass
microcapillaries (Westerfield, 2007). Then, noniated gametes were kept in egg
medium at 8°C (se&udy 9).

A sample of 10Qum of thegold sperm diluted in Hanks' balanced solution (see
Sudy 9) was radiated using a UV 85 germicide lamp (Gdn86aElectric, 30W).
Irradiation was carried out at 62 cm of focus-obglistance. The radiation dose applied
was 0.529 mW/cm2 87 and was measured by a USB @b0ature 88 Fiber Optic
Spectrometer; Ocean Optics Inc. First In Photoni¢SA). A vortex (MS1-92 IKA,
Wilmington, CA, USA) at 200 rpm was used with thinaof homogenising the

radiation area during UV 93 exposure. The timepeafrs radiation was 1 min.
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In vitro fertilization was carried out as Westeldie(2007) describes. Non
activated eggs and sperm were mixed in a 35-mni-éislr and both gametes activated
by the addition of a 1 mL of system water. AfteB 2nin, the dish was filled with
system water to achieve well developing embryasithiér culture was done at 28.5 °C.

Larvas at 24 h that showed the “haploid syndronwegterfield, 2007) were
selected forn vitro culture.

Somatic cells used as nuclei donor came primaryu@d ofgold zebrafish
gynogenetic larvae at 24h stage. The tissue wiétsired in Leibovitz medium
supplemented with 20% of FBS and 0.036 g/L of ghitee (L15-FBS) at 28.5°C
(Westerfield, 2007).

Somatic cell nuclear transplant.

The two somatic cell nuclear transplant technig@sswell as the equipment
employed were described by Pérez-Camps et al. §sely 11). Method A: nuclear
transplant prior to the egg activation: The somattl nucleus was inserted in the
central region of the egg. To prevent egg activatthe transplant was performed in a
handling drop composed of egg medium and the miarppulation area was cooled
down to 8 °C. Non activated eggs were activatettédsh water after the NT Method B:
nuclear transplant simultaneously to the egg attimathe donor nucleus was injected
in the incipient animal pole, just where zygote laus was being constituted. The
handling drop was composed by fresh water so Heaeggs became the activation and
the micromanipulation area was not cooled (roomptnature). Eggs were activated in
the transplant handling medium by the water drop.

Two experimental groups were established, transmainaploid somatic cells
into the central region of the metaphase Il eggstfidd A) and transplant of haploid
somatic cells into the animal pole during the egiivation (Method B).

An initial fertilizability control group was donenimediately when eggs were
extracted to test the egg quality, whatever theetand method of transplant. Nuclear
transplant sessions were considered only whemthal ifertility rates were higher than
70%. Survival rates were evaluated at MBT stagh,&® 5 days.

At least three replicates were done in all expent@legroups. Results were
analysed using the Chi-square test. When a sugggee of freedom was involved,

Yates’ correction for continuity was performed.
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RESULTS AND DISCUSSION

Regarding the MBT stage developmental rates, sogmif differences (p<0.1)
were observed in favour the NT performed simultaisgoto egg activation (Table 1).
This differences were more evident (p<0.05) at 106@tboly stage. The 27% of
embryos transplanted simultaneously the activateached the 100% epiboly stage,
however, embryos transplanted before activatioppd their development at MBT
stage (Table 1). Two of the surviving embryos & ¥ epiboly continued developing
to 24 h and only one survived until 5 days. In ttase, the larva showed morphologic
anomalies, although it presented heartbeat.

To this respect, it is important to point that @ngetic imprinting certainly exists,
the embryonic condition derived from coupling twaploid female nuclei would not be
the most favourable to propiciate further embryateeelopment. The objective of this
work was the methodologic establishment of hetewpgal diploid condition by
nuclear transplant in zebrafish. So it was chosgmogenetic receptor-gynogenetic
donor condition, due to its intermediate situatioglated to the difficulty of
parthenogenetic larvae obtaining between those ymbderived from gynogenetic
receptor-androgenetic donor and androgenetic receptdrogenetic donor couplings.

It has be noted that, in previous work (sgedy 11), in which diploid adult
somatic cells were used as nuclei donors, recaristtuembryos only reached MBT
stage. Several reasons can be proposed for thikssrebtained in the present work: (i)
The first more plausible explanation is the usdaofal and not adult cells. In fact, in
NT experiments in fish, as in mammals, the develaal rates are higher with early
developmental stages donors (Lee et al., 2002;aKaftskaya et al., 2007; Luo et al.,
2009; Siripattarapravat et al., 2009b; (ii) Othesgible explanation comes from the
differences in the reconstructed embryo ploidyfitat instance, the diploid nucleus
transplantation into a non enucleated oocyte shoesdlt in a triploid condition,
although some authors indicate that resident pilensc degenerate after scarce
cleavages (Li et al., 2000; Li et al., 2003). Ifm&a phenomenon occurs with the
transplantation of an haploid nucleus, a worst gmlolevelopment should be expected.
However, this is not observed after comparing #gsults from the present work with
those obtained in the transplant of diploid adolnatic nuclei (se&udy 11). In the
case of transplanting haploid nucleus, we sugtestthe pronucleous resident does not

degenerate.
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The developmental stage differences between the NMw¥o methodologies
assayed here (previous or simultaneously to egga#éicn) using haploid nuclei as
donors, are not according with previous resultsaioled when diploid nuclei donors

were used (se®udy 11). At this moment, any plausible explanation camyiven.
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Table 1. Survival rates of reconstructed embryos derivechfthe transplant of haploid

somatic nuclei into metaphase Il eggs or early Bgm zebrafish.

NT before egg activation NT during egg activation

MBT" 14 % 36 %

5/36 8/22

100 % EPIBOLY 0% 27 %
0/36 6/22

Between columns, data with different superscripgsstatistically different (p<0.05).
* These data statistically differ at 10 % (p<0.1)
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[11.4. Zygotic Electrofusion in P. oyster.

From the beginning of doctorandus collaborationthe LARB, there were
proposed some embryological and micromanipulatiechrtiques to develop in
zebrafish and P. oyster. They were expected tsolety serve for biomedical research
areas (ie: biomedicine, developmental biology, gelbrogramming), but also for
aquaculture. Unfortunately, events succeed furtharided their possible testing for
aquacultural implications. Only the case of tewapt induction by electrofusion
technology was finally carried out. The reasonegiwere many, being the financial
support denial by the CICYT (from Ministerio de @a#a e Innovacion del Gobierno de
Espafa) the most severe.

So, this part 4 can be defined as aborted withe@go the initial aims expected.

Despite this short-haul proposal, there have lmemcessfully achieved some
interesting results.

Firstly, it is presented the manuscripSeasonal evolution of gonadal
maturation, gametes quality and fertilizability of Pacific oyster Crassostrea gigas)
in the west coast of Mediterranean Sea”where the reproductive seasonality of
Crassostrea gigas was studied throughout October'07 to NovemberiDghe west coast
of Mediterranean Sea (Burriana, Spain). In thiskmee mainly pursued the gonad
maturation degree and sex evaluation for the feteasailability of viable gametes
(both sperm and eggs) along the year to perforfmtdogic assays (as electrofusion).
Results obtained showed that the percentage ofsntadeeased from January-February
(1%) to July-August (62%) and females presentedstnme tendency, reaching the
maximum values also in July-August (32%). Also,batales and females showed
significantly maximum gonad maturation degree ity-August. The obtaining of both
gametes could only be achieved from March to Octotn@y observing normal larvae
from July to October. These results indicated thaters from different origins and
maintained in natural conditions were an alterrmatov perform either laboratory studies
or assays, but only during few months: from Julptdober.

The conclusions obtained in this work allowed ausléfine the period in which
the second work from this experimental part (IIngs then carried out. This work is
entitled ‘Definition of fusion medium and electric parametersfor efficient zygote
electrofusion in the Pacific oyster (Crassostrea gas). In this work, we pursued the

establishment of fusion medium and electric paramein the electrofusion of Pacific
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oyster zygotes (prior to the completion of thetfirstotic division) as a novel approach
to obtain tetraploid oyster by electrofusion. Iistivay, the fusion medium (ionic vs
non ionic) together with combinations of electriargmeters: electric field intensity
(400 or 600 V/cm) and number of electric pulsesliadp(1l to 3 square DC pulses for
50 us each at 26°C) were defined and tested.

Original results were obtained in relation withe thossibility of tetraploidy
obtaining, despite further assays for their pladdgessment must be done; and also, the
unexpected conditions in which aggressive procedaseit is cell electrofusion can be
performed in molluscs. For example: the better gmlresponse to electric stimuli
when an ionic fusion medium (seawater) is usedirtrast with non ionic fusion media
(commonly used), transcending expected biologiattkepns in its use and thus allowing
the use of highly ionic media as the seawater (Ih83m/Kg); the obtaining of a high
percentage of fusion rates (up to 79 %), as wethasither embryo survivals achieved

or their normal morphology to D-larval stage (ardyd %).
> The experimental development of this fourth pas haen exclusively carried out

by the doctorandus. In relation to the manuscrgpéparation, the collaboration of

the other two authors has been essential.
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STUDY 15. Seasonal evolution of gonadal maturationgametes quality and
fertilizability of Pacific oyster (Crassostrea gigas) in the west coast of

Mediterranean Sea.

Abstract

Reproductive seasonality oCrassostrea gigas was studied throughout
October’07 to November’08 in the west coast of Mexdanean Sea (Burriana, Spain).
The gonad maturation degree and sex were ass&¥bet. both gametes were present
fertilization assays were performed.

The percentage of males increased from Januamu&gb(1%) to July-August
(62%). Females presented the same tendency, rgattienmaximum values also in
July-August (32%). Both males and females showedifszantly maximum gonad
maturation degree in July-August. The obtaining bofth gametes could only be
achieved from March to October, only observing rarlarvae from July to October.

Breeding periods established in this work coindidéth those reported by other
authors in different coastal regions of the Meditean and Atlantic seas. These results
indicated that oysters from different origins andimiained in natural conditions are an
alternative to perform either laboratory studiesassays, but only during few months:

from July to October.

Keywords: Crassostrea gigas, seasonality, sex ratio, fetiity, gonadal maturation.

" This manuscript has been submitted to the jouriarine and Freshwater Behaviour and Physiology”

with the following reference: Cardona-Costa J, @GaXiménez F and Espinds FJ (2009). Seasonal
evolution of gonadal maturation, gametes quality fmtilizability of Pacific oysterCrassostrea gigas)

in the west coast of Mediterranean Sea. (submitted)
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INTRODUCTION

Development of reproductive technologies in Paafjster Crassostrea gigas),
require the gametes availability, but the reprodecseasonality of this species (Utting
and Millican, 1997) limits their obtaining. Suchoptem can be avoided by subjecting
oysters to an artificial conditioning in a contedl area. This option brings the
opportunity to obtain gametes regularly along (adththe year (Chavez-Villalbet al.,
2002), but the oyster conditioning requires botghhy water volumes and renovation
rates (Helm and Bourne, 2004; Utting and Millical®97), being the seawater
availability/proximity and its quality another imgant limitation. Also, the artificial
feeding of oysters along their conditioning perioelcomes one of the major costs
(Helm and Bourne, 2004).

An option to assure both gametic and embryonicenatregularly throughout
the year is the gametes (both sperm and oocytesemiryo cryobanking, as it has
been proposed many times (Adastsl. 2004, Smithet al. 2001, Tervitet al. 2005).

Whatever the case, under the perspective of fawig the study and
development of laboratory techniques that requaeiffe oyster gametes, the study of
the natural period of the complete gonad developrnsezssential.

According with this, the study of availability argphality of gametes obtained
from animals throughout the year in the west Methigean Sea climatic conditions
constituted the objective of present work, becawss®ur knwoledge, only a work
studied the gonadal maturation evoluti©rassostrea gigas in the Mediterranean Sea,
Tunisia (Dridiet al., 2007).

MATERIALS AND METHODS

Oyster source

The experiment was carried out from OctoberORitwember'08.

Two-three year old Pacific oyster€r@ssostrea gigas) were provided weekly
from a commercial long-line culture (ACUIMA S.L)pdated in Burriana, Comunidad
Valenciana, Spain with an annual temperature ramgdOm deep of 11.2 °C in
December to 26 °C reached between July-Augustr &feeoyster collection, they were
transported to our lab, located at 60 Km from thmpany, where they were carefully

cleaned and stored “dry” in a fridge at 4-5 °C luihigir gonadal evaluation.
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Gonad matur ation assessments

Theapparent gonad maturation degree was assessed by visual inspection after
removing the flatter shell valve. Each oyster gowad ascribed to one of the five
maturation degrees established and describedlaw$l'NO”: empty gonad; “EA”:
early gonad activity, there are white ramificatiomshe gonad; “BF”: gonad begins to
fill, the digestive glandule is perfectly seen; “PBonad poorly developed, the
digestive glandule is partially seen; “D”: gonadrel®ped, it covers perfectly the
digestive gland; “TD”: gonad totally developedsiands voluminously. These gametic
developmental stadiums are a modification of thwseiously described by Marteil in
1976.

Gonads from all oysters except those classifiethN&¥" were biopsied with a
sterile hypodermic needle and gametes were remloyexerting gentle suction with a
sterile Pasteur pipette inserted beneath the amgrlgonad epithelium (Helm and
Bourne, 2004). After this, the sex recognition wassessed by the presence of

spermatozoa or oocytes under a 100x magnificaticnogcope (Davenel al. 2006).

Fertilization assays

Fertilization assays were only realized when bgtlerm and oocytes were
obtained in the same session and were replicatddethThey were carried out
independently of thempparent gonad maturation degree.

Males were only selected when sperm had a miniati#0 % motility with a
high degree of lineal motility. Motility was estinea visually at 200x magnification
and was expressed as the percent of spermatozoeelyaanoving in a forward
direction. Sperm vibrating in place were not coastd to be motile (Dongt al.,
2005a). On the other hand, in the selected femahes viable oocytes (defined as
fertilizable oocytes) were around 30-60 um diamét@engo-Reynoset al. 2000) and
rounded out completely some minutes after theist ficontact in seawater, thus
observing the germinal vesicle breakdown at 100gnif@ation (Donget al., 2005a,
Eudeline et al., 2000a; Eudelinest al., 2000b). In both males and females, the
cleanliness of samples obtained was also a quaitgrion.

Recovered sperm was diluted with microfilteredvegar (0.22 pm Millex GP
Filter Unit; Millipor Express) in order to make aléudy suspension” (Helm and
Bourne, 2004). The procedure carried out to cleacytes consisted of introducing

them into a 20 ml sterile vial with microfiltere@awater (0.22 um Millex GP Filter
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Unit; Millipore Express) and replacing the supeamatwith microfiltered seawater once
the oocytes dropped to the recipient bottom (aralManin). After 2-3 washes by this
procedure, oocytes looked clean and well roundéd ou
Fertilization took place in 3.5 cm Petri dishesor(ing, Sigma) with

microfiltered seawater at room temperature. In eplette, around 50 oocytes were
deposited and sperm was added, achieving a finaterdration of 1-10 spz/oocyte
(Cadoret, 1992; Chaet al. 1997). After the ¥ and 2% PBs expulsion, the plates were
incubated at 28C (Chaoet al. 1997; Linet al. 1999) for 24 h. Then, it was noted the

presence or not of D-larvae (either normal or almady in plates.

Experimental design

Obtained data were grouped and presented bimonthlgvoid an excessive data
dispersion, therefore 6 temporal periods were éstedul: January-February, March-
April, May-June, July-August, September-Octobery&ober-December.

The effect of these different annual periods waalysed separately in both
males and females on the following aspects: Thebaurof both identified males and
females from the total, the number of both maled &males showing maximum
apparent gonad maturation degree (D+TD) from the total number of both recognised
males and females; the number of selected malds mitre than 70% motile sperm
with high lineal motility and the number of seletteemales with fertilizable oocytes.

Finally, and in relation to the gametes avail&pilo perform fertilization assays,
there were recorded these sessions where only smeig oocytes or both gametes
were obtained, as well as their temporal unavditglthroughout the year. Also, when
both gametes were present there were carried dilizégion assays, and was registered
the number of those assays where the either ndibashaped larvae after 24h culture)
or abnormal larvae were obtained. Also, the effeictapparent gonad maturation

degree on males and females rates with viable gametesaisasstudied.

Results were analysed with the Chi-square test.\éh&ngle degree of freedom

was involved, Yates’ correction for continuity waerformed.

RESULTS AND DISCUSSION
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In relation with the effect “annual period”, resubbtained are shown in Table
1A. In the percentage of sampled specimens idedtds males throughout the different
annual periods, it was shown an increasing progmesfom the lowest values
registered in January-February (1%) until the maximvalues, corresponding to the
period of July-August, reaching a 62% of total spemns recognised as males (Table
1A).

In relation with the percentage of sampled spensnédentified as females, it
was observed the same tendency as in males, rgathen maximum values of
recognised females also in July-August (32%); altfiotheir registered values were
substantially lower than in males for all annuatiga#s assessed. These imbalanced
values in favour to males could be explained aseguence that many bivalves will
mature in their first year of life as males; furthan increasing percentage may switch

sex and become females (protandric hermaphroditisgim and bourne, 2004).

The percentage of males with the maximapparent gonad maturation degree
(D+TD) from the total of identified males was sifigantly higher in July-August
(Table 1B). The same statement is given in the ohsemales with maximum (D+TD)

apparent gonad maturation degree.

The rate of selected males (with a minimum of 70%tile sperm) did not
significantly vary throughout all annual periodsafle 1C). Although in the case of
females, there existed significant differences he tate of selected females (with
fertilizable oocytes) in favour to the whole periodm May-October.

In the reviewed bibliography, only one work wasrid in relation with the
gametogenic cycle d. gigas in the Mediterranean area, concretely in TuniBiad| et
al., 2007). In this work, the phase of gonad inagtieibincided with such here reported
(November-February, Table 1A) as well as the cafemece in months related to the
major or minor frequency in the detection of a petage of sexually active specimens.
Seems to be that not strictly identical climatioditions do not affect in a determinant
way the reproductive phases in this species. ) Bxadi et al.(2007) proposed the food
availability and the energy and protein intake igbdf oysters, as one of main factors
in the seasonal variations of reproductive activitiiis argument would explain that
breeding periods established in this work, andamadence with those reported by
Dridi et al. (2007), coincided also with those described ferFnench atlantic coasts by
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Chévez-Villalba (2002). Other authors (EnriquezzZDdaal., 2007) agreed on the food
availability as an important effect on tli& gigas breeding periods, but they also
detected that breeding periods also both signifigaand directly depended on the

variations of climatic conditions.

The percentage of selected males (with a minimém0®& motile sperm) did
not show significant differences depending on d@bparent gonad maturation degree
(Table 2), varying from 45-50 % in groups EA and ®Fthe 63-66 % in the groups
classified as PD, D, TD. In the case of femalegamding to fertilizable oocytes, there
were detected significant differences among gro{ifable 2). However, a coherent
pattern was not established, probably becauseother Inumber of sampled specimens
in some groups. Despite this, the major values rddga these fertilizable oocytes
seemed to be finally ascribed to the group TD, dailso of importance the fact that a
minimum of 50% females from each group showedlizable oocytes.

Many technologic assays of interest require bptrra and oocytes availability.
For example: cryopreservation of sperm, oocyteseambryos (Chaet al., 1997; Dong
et al., 2005; Tervitet al., 2005), embryo/larvae obtaining for toxicologicsags (da
Cruz et al., 2007; Stachowski-Haberkoret al., 2008) or embryo electrofusion,
transfection and poliploidy induction studies (Baonhnet al., 2001; Cadorett al.,
1992; Guoet al., 1993; Guo and Allen, 1994) among others. To taépect, in Table 3
the obtaining of both gametes could only be achieweonly 16 sessions from 29.
Moreover, in only 11 sessions from the 16 menticihnede were obtained normal larvae
(D-shaped larvae at 24 h) while the other 5 remagisiessions, the obtained larvae were
abnormal. Abnormal larvae were detected essentialliylarch-June and all normal
larvae were obtained from July to October. Thisultesvould reinforce previous
observations reported by Massapitaal. (1999), which stated that oocytes quality
determines also the quality of obtained larvae.aBse of the reduced number of data
from each annual period, statistical analysis wasperformed. So their significance on
the gametes availability from each session or endhtaining of normal larvae when
both sperm and oocytes were available could ngiven.

The methodology of assessment proposed hereasl lrasheapparent gonad
maturation degree, the gametes presence or not in the gonad andctiesiacteristics

regarding to sperm movement and oocytes abilitptmding out after their contact
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with seawater. Also, it was assessed their featilim and further normal development
to D-stage. All these parameters are of minor teeahicomplexity in contrast with other
methodologies (histological: Chavez-Villalbal., 2002; Dridiet al., 2007; Enriquez-
Diazet al., 2009; Lango-Reynosa al., 2000; Massapinet al., 1999; biochemical:
Dridi et al., 2007; Lubet, 1959; Massapigial., 1999; Magnetic resonance imaging,
MRI: Davenelaet al., 2006; Toussairdt al., 2005). Moreover, the evaluation
methodology do not impede the comparison of botiagalevelopmental degree and
presence of gametes with their final quality assess by IVF and their further
obtaining of normal larvae in vitro.

Given results supported the possibility to assgssr foreseeing the either
gametes or embryos availability for other typetofiges, where the relevant objective is
not the gametogenic evolution but the real gamatedability. In this sense, they also
indicated that oysters from commercial cultures amealternative to perform either
laboratory studies or assays, but only during feantins: from July to October. These
results and methodologies could be of interesalvs lwhich do not dispose of adequate
installations or insuficient seawater of qualityadability for the conditioning and
maintaining ofC. gigas (Chavez-Villalbaet al., 2002; Utting and Millican, 1997),
although it is still indispensable the gametes prgeervation if the gametes availability

is required along the year.
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Table 1A. Effect of annual period on the percentage of remssghmales and females

from all specimens assessed.

Annual period
J-F M-A M-J J-A S-0 N-D
N° males from 1% 14%° 43% 62% 179% 7%
total specimens 1/127 20/146 61/141 68/110 44/254 8/109
N° females from 09%¢ 129% 13% 32% 6% 0%
total specimens 0/127 17/146 18/141 35/110 16/254 0/109

Between columns, data with different superscriffferdstatistically (p<0.05).

Table 1B. Effect of annual period on the percentage of mafesfemales that showed
maximum ‘apparent gonad maturation degree’” from the total number of either

recognised males or females, respectively.

Annual period
J-F M-A M-J J-A S-O N-D
N° males fully mature 099%™ 35%° 439% 88% 14% 0%"
(D+TD) from total males 0/1 7/20 26/61 60/68 6/44 0/8
Ne females fully mature - 479 509 929% 449% -
(D+TD) from total females  0/0 8/17 9/18 35/38 7/16 0/0

Between columns, data with different superscriffferdstatistically (p<0.05).
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Table 1C. Effect of annual period on the percentage of setentales and females with

guality gametes from the total number of eitherogeised males or females,

respectively.

Annual period
J-F M-A M-J J-A S-O N-D

Selected males/ 100% 70% 62% 53 % 64% 25%
Total males 1/1 14/20 38/61 36/68 28/44 2/8
729% 929% 100 % -

Selected females/ - 6 %
Total females 0/0 1/17 13/18 35/38 16/16 0/0

Between columns, data with different superscriffferdstatistically (p<0.05).

Table 2. Effect of apparent gonad maturation degree on the obtaining of both males
and females with quality gametes from the total benof either recognised males or

females, respectviely.

Apparent gonad maturation degree

F MP PD D TD
Selectedmales/ 45% 50% 63% 66% 63%
Total males 18/40 11/22 26/41 35/53 29/46
Selected females/ 60 %6° 83 %° 479% 63% 97 %
Total females 3/5 5/6 9/19 17/27 31/32

Between columns, data with different superscriffferdstatistically (p<0.05).
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Table 3. Effect of annual period on the gametes availabflibom each session and in
the obtaining of normal D-shaped larvae by IVF whweth sperm and oocytes were

obtained.
Annual period
JF M-A M-J J-A S-O N-D TOTAL
Gametes Both 04 1/4 4/6 5/5 6/10 0/4 16/29
availability per gametes
session Only 0/4  0/4 o/6 0/5 0/20 0/4 0/29
oocytes
Only 1/4  2/4 206 0/5 4/10 2/4 10/29
sperm

None 314 1/4 06 0/5 0/10 2/4 3/29

Larvae (normal and NOR 0o/0 01 0/4 5/5 6/6 0/0 11/16
abnormal)
obtaining from
fertilisation assays
(0,1)

ANOR 00 11 4/4  0/5 0/6 0/0 5/16
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STUDY 16. Definition of fusion medium and electricparameters for efficient

zygote electrofusion in the Pacific oysterGrassostrea gigas).”

Abstract

Cell electrofusion has been widely used in the atidn of tetraploidy in
mammals, but little attention has been paid in osaé. This work pursued the
establishment of fusion medium (ionic vs non-ionég)d electric parameters in the
electrofusion of Pacific oyster zygotes (prior twe tcompletion of the first mitotic
division), minimizing all deleterious effects pdssi to D-larval stage. The tested
combinations of electric field intensity (Véhand number of square DC pulses applied
(for 50 us each) were (Voltage x N° pulses): 400%10)x2, 400x3 and 600x1, 600x2,
600x3.

When pulses were applied for first time, there wWatected that an ionic fusion
medium (microfiltered seawater) offered better ebods than the non ionic fusion
media previously used (0.6 M sucrose or 0.6 M ntaf)niegarding embryo survival
and lysis rates. In this fusion medium, two diffdreombinations of electric parameters
(3 square DC pulses of 400 Vérfor 50 ps each at 26°C and 1 square DC pulse®f 60
Vem™ for 50 ps at 26°C) offered the best technical ltesaf fusion (57 and 79 %
respectively) and survival until D-larva (44 and%lrespectively). In conclusion, these
electric parameters could be established, usingatea as electrofusion medium, for

further approaches to evaluate individual ploidg aarvival beyond spat.

Keywords: Cell electrofusion, Zygote, Embryo, Pacific oystérassostrea gigas.

" This manuscript has been submitted to the jourTadriogenology” with the following reference:
Cardona-Costa J, Garcia-Ximénez F and Espin62809]. Definition of fusion medium and electric

parameters for efficient zygote electrofusion ia Bacific oyster@rassostrea gigas). (submitted).
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INTRODUCTION

Triploid oysters are useful for aquaculture beeaat reduced gamete output
(functional reproductive sterility) and improved amejuality and growth (Dongt al.,
2005). To accomplish this objective, different mrdares have been assayed with low
and variable efficiencies: Cytochalasin B treatradmave been perfected over time so
that success rate in producing triploids was al8f%, but it has been concern of
repercussions from the public (Garcia-Ximéeeal., 1994) because this product is not
only expensive but carcinogenic (Okumuataal., 2007). Other procedures commonly
used are thermal and pressure shocks but theynpr@isadvantages in equipments and
handling (Okumuraet al., 2007). To date, the only available method thdtieaes
efficacies of 100% triploid production is matingrégloid and diploid oysters (Helm
and Bourne, 2004). Therefore, the obtaining ofapdbid oysters has an evident
commercial interest for triploid seed productioru@2004; Nell, 2002), and different
approaches to tetraploidy induction have been n{abl et al., 1998), being the
inhibition of polar body 1 in eggs from triploideet most effective option (Guo and
Allen, 1994).

In mammals, the obtaining of tetraploid embryosl®ctrofusion of the two first
blastomeres has been widely used (Elsheildi., 1995; Garcia-Ximéneat al., 1994,
Ozil and Modlinski, 1986; Rickords and White, 199Phis method reaches high fusion
rates (90%, Ozil and Modlinski, 1986) and thus Ipees the established method of
tetraploid obtaining more efficient in mammals. frthese observed results, the major
vantage of electrofusion in Oyster would be thedtiobtaining of tetraploid specimens
from diploids unlike other processes which supposge previous steps as it is the
obtaining of triploids or the required use of cheahs as cytochalasin B (Guo and
Allen, 1994). However, the extrapolation to mollsidtas been only assayed in some
detail by Cadoret (1992) in oyster and mussel. odahately, results obtained from that
work did not clearly validate their electrofusioechnique in relation with the
parameters and conditions employed. To this respeet of difficulties arose was the
definition of a non ionic electrofusion medium with compatible osmolarity with
embryo survival. This medium should also avoid embfloatage in the fusion
chamber. Moreover, that work did not raise the jbigy of using ionic media, which
are successfully used in mammalian fusion experisnéRickords and White, 1992).

However, non conductor media are the most habipeahaps it is because they permit
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dielectrophoresis while ionic media cause electdoblysis and warming phenomena
(Changet al., 1992).

It can be taken into account that in mollusc embrgbdifferent developmental
stages from zygotes (prior to completion of thetfrell division) to even 4-cell stage
could be present at the same moment after ingi@iridation of high number of eggs,
making it impossible to monitor at which developitarstages the embryos were
pulsed. The reasons for this were their cleavagedin the first cell cleavages, as well
as the embryo asynchrony in fertilization (Let al., 1999; Parket al., 1989).
Moreover, at 26 °C, after the immediate observatibthe 2-cell embryo, the second
mitotic division was already taking place. Thissen forced us to apply the electric
fusion pulse few moments before the cytokinesisgetion of the first mitotic division
(Cadoret, 1992).

Based on this, the present work aimed to evaldiffierent media and electrical
parameters for two nuclei zygote electrofusion.thiis way, the oyster embryos were
used prior to their completion of the first celealage and results were assessed by

monitoring the percentage of fused embryos and shevival until the D-larval stage.

MATERIALS AND METHODS

Oyster source

The experiments were carried out in the middlehef breeding period (from
June to September) of the oyst¥rassostrea gigas in our climatic area.

Oysters were provided weekly by ACUIMA S.L. (Bama, Comunidad
Valenciana, Spain). They were transported to abr located at 60 Km from the
company, where they were carefully cleaned ancdttary” in a fridge at 4-5 °C until
use. Oysters remained refrigerated for a maximubndays.

Obtaining of gametes

Gametes were obtained as recommended by the FA&{n(&hd Bourne, 2004).
Briefly, oysters were opened by removing the flatkell valve and after validating
adequate gonad maturation (Marteil, 1976), the domas biopsied with two sterile

hypodermic needles. Gametes were removed by Bgeggntle suction with a sterile
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Pasteur pipette inserted beneath the overlying d@@mithelium under the maximum
possible sterility conditions.

Males were only selected when sperm had a minirati#0 % motility with a
high degree of lineal motility. Motility was estinea visually at 200x magnification
and was expressed as the percent of cells actiwelyng in a forward direction. Sperm
vibrating in place were not considered to be mdideng et al., 2005). On the other
hand, the selected females had viable eggs (arutd um diameter; Lango-Reynoso
et al., 2000) and rounded out (activated) completely sormites after the first contact
in seawater, thus observing the germinal vesickakmown at 100x magnification
(Donget al., 2005; Eudelinet al., 2000a; Eudelinet al., 2000b). In both males and
females, the cleanliness of samples obtained vgasaaelection criterion.

For each daily experimental session, the lower bammof oysters used to
minimize individual variability was two males anda females (Donget al., 2005;
Tervitet al., 2005).

Recovered sperm was diluted with microfilteredvwsgar (0.22 um Millex GP
Filter Unit; Millipore Express) in order to make “aloudy suspension” (Helm and
Bourne, 2004). The procedure carried out to cksggs consisted of introducing them
into a 20 ml sterile vial with microfiltered seawat(0.22 um Millex GP Filter Unit;
Millipore Express) and replacing the supernatarthwmicrofiltered seawater once the
eggs dropped to the recipient bottom (after ab@utin). After 2-3 washes by this
procedure, eggs looked clean and well rounded out.

Both sperm and eggs were stored separately &CGieédong each session (Dong
et al., 2005; Tervitet al., 2005). The storage time did not spend more thanhours in

any case, and no gamete quality alteration wastbetéresults not published).

Obtaining zygotes for electrofusion

Fertilization took place in 3.5 cm Petri dishesor(eng, Sigma) with
microfiltered seawater at room temperature. Irhgaate, around 1000 to 2000 eggs
were deposited and sperm was added, achievingahdomcentration of 1-10 spz/egg
(Cadoret, 1992). Fertilization success was evetlialy the observation of thé' and
2" PBs expulsion. So, only gametes that showedtitifation rate higher than 70 - 80
% after mixing them were used for experiments. olighout each daily session, several
fertilization groups (plates) were established sedgally to achieve a sufficient and

continuous number of zygotes.
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In all experiments, the embryos selected for edégsion were zygotes
conformed after the®land 2° PBs expulsion (30 min post-fecundation at 26 °@) b
previous to the completion of the first mitotic @ion (45-50 min post-fecundation at
26 °C). Embryos at 2-4 cell stage or higher waseused in any case. The control
group was composed of a part of the same zygates élach batch that would serve for
electrofusion, but without treating them.

Electrofusion

The electrofusion equipment consisted of an Ebe&ell Manipulator (ECM
2001; BTX) complemented with a digital oscilloscdpem Tektronix. The chamber
fusion used was model 450 from ECM.

The first step of this procedure consisted of theeful selection of 2 to 7
zygotes (for each fusion batch) which had alreatyns the expulsion ofsiand 2°
PBs (30 min post-fecundation at 26°C) but in a joteyv stage to the completion of the
first mitotic division (45-50 min post-fecundati@i 26°C). With the aid of a Pasteur
pipette, previously stretched and fire polishedgatgs were pre-equilibrated in the
electrofusion medium prior to transfer to the fusichamber (sucrose, mannitol or
seawater; see experimental design). Then, zygoées carefully held in the fusion
chamber. They were perpendicularly oriented to d@lextrodes with the aid of an
alternate current (AC) pulse (dielectrophoresis)non conductive fusion media or
manually, in ionic medium, depending on the assayied out. Then, the electric
fusion pulse (see experimental design) was appli@tiis pulse was systematically
verified through the oscilloscope. Finally, trehteygotes were transferred to Petri
dishes (corning, Sigma) with microfiltered seawaseroom temperature where they
were cultured until D-larval stage at a densityesk than 5 larvae per ml.

In all cases, fusion success and lysis were as$dsg monitoring the zygote
changes produced after applying the electric pul$bese changes were seen under
microscope at 200x magnification as soon as a fawtes after applying the pulse as
Cadoret described: Briefly, the resulting 1-cetibeyos (fused embryos) first became
oval and then almost completely rounded out (Cadag92).

The survival assessments took place at 10-15 wst-ulse, at 1 h and at 24 h

post-fecundation (D-larva).
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Experimental Design
Three experiments were performed sequentially:

Experiment |

In the first experiment, conditions and electrafmsiparameters proposed by
Cadoret (1992) were tested. In addition, an adiera fusion medium, based on the use
of mannitol instead of sucrose, and a previousiytaldshed AC pulse
(dielectrophoresis: 6 V for 5 s) were also incogted, in order to achieve a proper
alignment of zygotes with the fusion chamber etst#s prior to the electric fusion
pulse (DC).

The fusion media 0.6 M sucrose and 0.6 M mannitah lprepared in Milli-Q
water. The fusion pulse consisted in all cases srjuare DC pulse of 600 Vénfor 50
us at 26 °C. The voltage applied with the fusioancber employed was 30 V.

Experimental groups (zygotes pulsed in sucros@a amannitol) were compared
together and also with those control non-pulseduggo(zygotes 5 min in mannitol;
zygotes 5 min in sucrose; zygotes in seawater).slLylsion rates and further

developmental rates at 1 h and at 24 h (D-larvasg wvaluated.

Experiment I1

Results obtained in Experiment | proved, in our dsgnthat experimental
conditions proposed by Cadoret (1992) and othenaasitcited in his work were not
suitable for oyster (Crassostrea gigas) zygotesie fusion medium composed of
sucrose (or mannitol) penalized embryo survivalaahigh level. In consequence,
sterilized seawater by microfiltration (0.22 um M{ GP Filter Unit; Millipore
Express) with an osmolarity of 1130 mOsmKdmeasured with a Cryoscopic
Osmometer, Osmomat 030) was tested as ionic fusedium. In accordance with this,
the parameters of the electric treatment employethis experiment were as follows:
The fusion pulse consisted of 1, 2 or 3 consecigiyeare DC pulses of 600 Venor
400 Vem® for 50 us at 26 °C. The voltage applied with finon chamber employed
was 30 V vs 20 V. In this way, a total of 6 expeital groups were established in this
experiment (Voltage x Pulses: 20x1, 20x2, 20x330wxll, 30x2, 30x3).
Developmental rates of pulsed (fused or not) zygaietil D-larva (24 h) were

compared with developmental rates of not pulsedtaggroup.
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Experiment 111

[1-a

Fusion rates and timings of the first mitotic elages of pulsed and non-pulsed
synchronous zygotes were evaluated. Applied puisgs those established as the more
suitable in Exp. Il. Cleavage timings were assedsedach group by counting the
number of embryos with four or more counted cdliswa 15-20 min after applying the
pulse.

Development until D-larvae was compared betweemmdsed control groups

and zygote pulsed following the 30x1 and 20x3 patsguences.

I1-b

With the aim of achieving more accuracy in ternisthte possible treatment
effect on cell division dynamics, this experimentyocompared the cleavage timings of
the control (not pulsed) with those embryos thaadyy and completely rounded out
(fused) after pulsing them. Cleavage timings wesgeased in each group by counting
the number of embryos with four or more countedscatbout 15-20 min after applying
the pulse.

Given its complementary condition with experimétita, the survival rates

were not assessed in this case.

Satistical analysis

In all experimental groups from each experimeniaimum of three replicates
were done. In each experiment, the rates of zyfysi®n and/or zygote lysis and/or
embryo development were compared between experangraups by the Chi-square
test. When a single degree of freedom was involWedes’ correction for continuity

was performed.

RESULTS
From Experiment I:

The two fusion media used in this first experimé@dté M sucrose, 750

mOsmKg"; 0.6 M mannitol, 650 mOsmKY were hyposmolar with seawater (1130
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mOsmKg'). However, due to their high density, the embrfloated in both fusion
media, thus making difficult their handling (CadorE992).

Results are presented in Table 1. Significantedifices in the lysis rate post-
pulse were not observed between sucrose and matmiton the cell-fusion rate was in
favour of sucrose. As was observed, the media l@sityoconditioned the embryo
survival, even after short exposures (5 min). alct,fthe scarce difference in osmolarity
between 0.6 M sucrose (750 mOsniand 0.6 M mannitol (650 mOsmKpinvolved
significant differences in normal developmentaksaat 1 h between them and when
compared with the fresh seawater control group.

Based in the results obtained in this experimentyvas concluded that the
conditions and fusion medium proposed by Cadoreewet at all appropriate. In his
work, Cadoret assured that survivals of 90 % ohéigcould be achieved with 0.6 M
sucrose. However, in our hands the use of thisunedor 0.6 M mannitol) involved a
total failure, so microfiltered seawater was prambas an ionic fusion medium (despite
the fact that it is a conductor medium) becauseaintained isosmolar conditions with

the embryo culture medium, the seawater.

From Experiment II:

The final fusion medium used (microfiltered seawafel130 mOsmKd) ruled
out the use of dielectrophoresis (by AC) to achi@werrect alignment of embryos with
the fusion chamber electrodes. The reason wagxpscted, the generation of an
instantaneous warming effect of the fusion mediume tb its ionic (and thus current
conductor) properties and favouring subsequent dartaembryos. On the other hand,
the generation of electrohydrolysis with this fusimedium should be assumed in the
rest of experiments.

Different sequences were tested with this fusiediom (1, 2 and 3 square DC
pulses of 20 V or 30 V for 50 us). The results @resented in Table 2. The fusion
treatments of 2 and 3 square DC pulses of 30 V wWs@arded because they generated
an excessive electrohydrolysis phenomenon in el@es of the fusion chamber with
their subsequent liberation of oxygen into the dasmedium. The 20x1, 20x2 and
20x3 experimental groups presented similar resat®ng them and with the non-
pulsed control group. Because the fusion rates at&feare higher when the electric
stimuli increase (Changt al., 1992), the 20x3 and 30x1 groups were selectedhtor

subsequent assays.
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It is important to point out that in all experintehgroups assayed with this
conductor medium, a chorion detachment was obsarvegposite embryo poles after
applying the pulses (zygotes were manually orieqigbendicularly to the electrodes
of the fusion chamber). Another relevant asped thea low lysis rate detected when
results of this experiment were compared with thals&xp. | (only 3 embryos from
368 lysed; results not shown in tables).

From Experiment I11

[1-a

The rate of fused embryos was significantly faatle to the sequence 30x1
(30X1: 79 %; 33/42 vs 20X3: 57 %; 25/44. p<0.05)hé&wise, as shown in Table 3,
when the cleavage timings were assessed simultalyeou pulsed (fused and non-
fused) and in control (non-pulsed zygotes), noicant differences were detected with
neither the 30x1 sequence nor the case of 20x38equ

The observed differences in the percentage of gutygotes that reached D-
larva stage at the same time compared with thepestive controls (non-pulsed

zygotes) did not reach levels of significance.

11-b

Likewise, in this last assay no statistical difieces were observed between
fusion rates of the 30x1 (79 %, 34/43) and 20x3 ¥8430/47) experimental groups,
although these differences were in favour of thel3Qroup, according to the results
observed in thelll-a experiment in which given differences reached evef
significance.

When the cell-division timings were compared bemvedused zygotes and
control (non-pulsed) groups at the same given tinee significant differences were
detected neither in the 30x1 group nor the 20x8@rén fact, these results reinforce the
comments in experimeniti-a, where the application of electric pulses do neblve an

alteration in the cell-division ability of fused ényos.
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DISCUSSION

This work pursued the establishment of conditi@ml parameters in the
electrofusion of oyster zygotes, minimizing all eterious effects possible to D-larval
stage.

As described, the pulses finally applied and wipobvided the best results were
done in an ionic fusion medium: microfiltered setawva This innovation was
introduced after observing the lethal effects omresd by the use of non-ionic fusion
media (sucrose and mannitol) in contrast with tlesults obtained by Cadoret.
Although the application of electric pulses in @mic media is possible it is not the
usual method (Changt al., 1992). In this respect, ionic media have beeedus
successfully for cell electrofusion in mouse emiryobtaining similar results to non-
ionic media (Elsheikret al., 1995; Rickords and White, 1992). Certainly, thain
drawback of the ionic fusion medium was relatedhwibhe impossibility of using
dielectrophoresis (AC), requiring the manual aligmtnof embryos.

It is important to point out that the present waskoided the strategy of large-
scale pulses followed by Cadoret. The cleavagedspethe first cell divisions as well
as the embryo asynchrony in fertilization madempaossible to take control of the
different developmental stages where embryos walged and so, assessment on the
ploidy condition at an individualized level was nmssible. Therefore, these treated
embryos could present mixoploidy with diploid, tag and tetraploid cells.

It is known that the cell fate in molluscs is Higlspecified, even from earlier
embryonic stages (Lambert, 2008) and so, the fusfothe two first cells (with the
subsequent 1-cell embryo formation) could affectbem morphology and its
immediate or subsequent survival. However, inghesent work, the fused embryos

obtained were of good morphology, at least at tHarizal stage.

Conclusions

Once the fusion medium and electric parametersgratide, in principle, the
best technical results (both 20x3 and 30x1 gronmeawater as fusion medium) for the
electrofusion of oyster zygotes were defined irs thork, it is important to assess in
future steps the survival ability to adult stage fofed embryos or, at least, the
percentage that overcome the metamorphosis stdgeslitbe evaluation of their ploidy

condition, evaluated individually.
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Tablel. Experiment 1. Survival and normal developmentéégaf treated embryos,

using two different non-ionic fusion media.

10 min 1h 24 h (D-larva)
Fusion Lysed Fused Norm Abnorm Norm Abnorm
Medium
Pulsed in 2796 159 0%"
mannitol (7126) (4/26) (0/4) (2/4) 0) (0)
Pulsed in 2496 3196 319%
sucrose (10/42) (13/42) (4/13) (8/13) (0)) (3)
5'in - - 2896
mannitol (20/71) (27/71) (0) (3)
5’ in sucrose - - 69%
(24/35) (11/35) (0)] (2)
Seawater - - 97% 49%

(76/78)  (2/78)  (38/78)  (3/78)

Values in rows with different superscripts areistaally different (p<0.05).

Table 2. Experiment 2. Survival of (fused and not fused)bgyas obtained after
pulsing zygotes under different electric fusion gmaeters (Voltage x Pulses), using
microfiltered seawater as ionic fusion medium.

No pulse  Experimental groups: Pulse parameters (Voltage puies)
(Control)

20x1 20x2 20x3 30x1 30x2 30x3
Survival 57% 5804*° 47989  4496°  4198°%° 330099 19049
at24 h (76/133) (32/55) (34/72) (22/50) (26/64) (21/63) (12/64)

Values in columns with different superscripts agdistically different (p<0.05).
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Table 3. Effects of electrofusion 30x1 and 20x3 pulse saqas on cleavage timings of
pulsed (fused and non-fused) and control (non-pilseygotes, as well as the
percentage of D-larval stage achieved. Cleavagagsnwere assessed in each group by
counting the number of embryos with four or morarded cells about 15-20 min after

applying the pulse.

Cell division timings D-larva stage
Exp. groups Pulsed Non-pulsed Pulsed Non-pulsed
(fused or not) (fused or not)
30x1 41% 44% 29% 51%
17/42 18/41 12/42 21/41
20x3 25% 42% 39% 51%
11/44 19/45 17/44 23/45

For each parameter, statistical analysis was peddr between values in columns. No statistical

differences were observed>05).

Table 4. Effects of electrofusion 30x1 and 20x3 pulse sagas on cleavage timings.
Cleavage timings were assessed in each group tioguhe number of embryos with
four or more counted cells about 15-20 min aftgrlypg the pulse.

Cell division timings

. Pulsed
Experimental groups non-pulsed (control)
(only fused)

38% 38%

30x1
13/34 11/29
20% 27%

20x3
6/30 9/33

Values in columns did not differ statistically>(05).
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CONCLUSIONS.

Conclusions.

Céll Cryopreservation in zebrafish:

o

The vitrification of caudal fin explants allows thereservation and further
establishment of primary cell cultures of fibrolitas

It is possible to vitrify blastomeres from MBT zabsh embryos, although their
larger size after thawing make difficult to perfogarm-line chimaerism.

The vitrification of testicular tissue pieces is nacfficient than isolated cells
cryopreservation. Despite this, their further imgggn in germ-line hosts was

not achieved.

Chimaerismin zebrafish:

o

o

The both embryo penalization by ultraviolet radiatand the handling medium
osmolarity of 300mOsm/kg during micromanipulatiore aleterminant for a
50% germ-line chimaerism obtaining.

A strain effect was detected regarding UV sengjtibethween the two strains

used (ild or gold) in experiments.

Nuclear transplant in zebr afish:

o

The previously reported ageing patterns in both segmd sperm are
inappropriate. They are excessive in the case g¢ egd lower in the case of
sperm.

There have been developed three cell nuclear tiamsgtrategies: before,
during and after egg activation.

The most efficient egg activating stimulus is pdad by non-genetically
inactivated sperm. It is followed by inactivatecesp and the lower activating
stimulus is provided by the only water contact.

The egg electroactivation is possible in ionic medi although when eggs are
previously micromanipulated; this electroactivatiosatment induces their total
lysis.

The reconstruction of heteroparental gynogenetntoatl condition by haploid

cell nuclear transplant into non enucleated egfgsaisible.
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CONCLUSIONS.

Zygotic electrofusion in Pacific oyster:

o

The normal larvae obtaining byn vitro fertilization of gametes from
commercially cultured oysters can only be achiewedhe period comprised
from July to October.

It has been developed an efficient zygotic eleasimin technique in highly ionic

medium (seawater), and achieving both high fusiwh larval survival rates to
D-stage.
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