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Abstract

The efficiency of somatic cell nuclear transfer has been improved slightly with the use of
Demecolcine as a chemical enucleant. While the reasons for this improved efficiency
remain unclear, it has been hypothesized that the Baloiiee assisted enucleation
procedure is less exigent to vital cell processes within the oocyte including the Anaphase
Promoting Complex (APC) dependent ubiquitination of proteins. In order to test the
effect of Demecolcine on the APC, the spatial l@zlons of Apcll, the catalytic core

of the complex, and Cdc20, a main activator of the complex, were studied in developing
mouse oocytes. In control oocytes, a high concentration of Apcl1 protein was observed
surrounding the meiotic spindle, but thisippindular localization was not observed in
oocytes treated with Demecolcine. Similarly, oocytes stained for Cdc20 also
demonstrated cytoplasmic localization in control oocytes with a variation consistent with
previous studies in total protein at diffetestages of development. However, in oocytes
treated with Demecolcine, this developmental variation was not observed. These data
suggest that since both Apcll1 and Cdc20 localization are affected by an incubation in
Demecolcine, the activity of the APC wid also be affected. In order to test this theory,
Rec8, a meiotic specific member of the cohesion complex, was localized in developing
mouse embryos. Since the destruction of Rec8 is a downstream consequence of the
ubiquitination pathway, Rec8 localizan serves as an indirect indicator of APC activity.
The data indicate Rec8 localization was only subtly influenced by Demecolcine, thus the

magnitude of the drugods ef(49%o0ds) APC activity
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Introduction

The efficiency of Somatic Cell Nuclear Trans(&CNT) or animal cloning is
extremely low. Tpically, healthy progenwre producedrom only 22% of
reconstructed embryos (Kagb al, 1998). This low efficiency may be due in part to the
enucleation methods used in the cloning procedure. In traditional SCNT, oocytes
arrested ametaphase of meiosis(MIl) are stained with Hoechs8342 and eposed to
UV irradiation to cause the fluorescetbé chromatin Under constant UV gosure, the
oocyte is puncturednd its chromosomes are manuadiynoved with a fine bore glass
pipetcreating an enucleated egg or cytoplast. The cytopldlsén injectedvith DNA or
fused to a somaticell. The reconstructedrdryois then stimulated to continue
development into an embryo and beyond. This process is technically difficult, requiring
expensive equipment and significant micromanipulatiamiing. Additionally, not only
is this a very labor intensive process, it is widely believed that, due to the invasiveness of
this method, the eggay be irreversiblglamaged beyond the point where healthy
development can be sustained.

There are two maiobservationgn support of this notion Firstly, exposure to
UV light has been shown to negatively affect oocyte competence in several species
(Smith, 1993Velilla et al,, 2003 by disturbing membrane processes, intracellular
elements, and mitrochondtichromatin. Secondly, the manual removal of the M|
chromosomes is imprecise. During this process, the meiotic spindle, the surrounding
cytoplasm, and any other cellular components associated with the meiotic spindle like the
anaphasg@romoting compleXAPC) are als removed from the egdJnfortunately,
many of these cytoplasmic components are crucial to the developmental competence of
the enuteated oocyte and their removal has been demonstratedtd uce t he cyt opl
ability to support later devepbment.

In order to increase the efficiency of SCNT, Baguisi and Overstrom (2000)
reported the use @emecolcinea derivative of colchicine, to aid in the enucleation
procedure. The MIl oocytes were incubate®amecolcingo depolymerizethe meiotc

spindle and the oocytassibsequently activatedt was observed thatocytes extruded the



chromatin in the second polar body with a high efficiendging this method, it was
suggested that tHearyoplast couldhen be renoved more easilyDemecolcineassisted
enucleation has since been effective in several species including mice (Baguisi &
Overstrom, 2000), sheep (Heual, 2006), and cows (Russalal, 2005).

The APC is a multimeric protein complex that ligates ubiquitin chains to several
protan substrates; thereby marking them for destruction by the 26S proteasome
(reviewed by Castret al.,, 2005) and driving both the mitotic and meiotic cell through
the cell cycle (reviewed by Zachariae & Nasmyth, 1999 and many ottg&rsgrevisiae
mutans lacking various subunits of the APC have been shown to arrest in metaphase
(Hartwell et al, 1970). Additionally, the APC was required for the initiation of anaphase
in C. elegangFurutaet al, 2000), yeast (Salah & Nasmyth, 2000), and mouse (Tetrret
al., 2003). Since unsuccessful cloning attempts often fail to initiate anaphase (Overstrom
Laboratory unpublished results), it is believable that the APC is somehow affected by the
enucleation procedurg&herefore, the purpose of this project was t@deine the effects
of Demecolcinenduced microtubule depolymerization on the spatial localization of the
anaphase@romoting complex (APC) and other markers of APC activity.



Literature Review

Animal Cloning Techniques

Animal cloning or somatic cell nugr transfer (SCNT) is the process by which
an oocyte is enucleated, reconstructed with the DNA of another donor cell, and then
stimulated to develop into a live organism. The overall goal of this process is to produce
offspring with specific gnotypic galities identicato that of donor cefl from a founder
animal SCNT has been successfully employed to produce a variety of organisms
including sheep (Wilmugt al, 1997), cows (Katet al, 1998), goatsRaguisiet al,
1999; Lanet al, 2006) and seval others. However, nearly a decade after Wiletul
(1997) reported the birth of Dolly the sheep, the first live mammal cloned from an adult
cell, the efficiency of this techniquemains exceedingly low2{5%) despite the variety
of cloning methodsraployed (reviewed by Katet al, 1999; Campbekt al, 2005).

Creation of a Cytoplast

There are three major steps in the production of a live mammalian clone: the
generation of a cytoplast, the reconstruction of an embryo, and activation/ subsequent
development of the clone. The first step is the generation of a cytoplast capable of
epigenetically reprogrammingsamatic cell genomi® support the fildevelopment of a
cloned offspring To create a cytoplast, the nucleus of an oasytemoved While
oocytes can be gathered from slaughterhouses and matured in vitro (reviewed by
Campbellet al,, 2005), such a procedure often leads to cytoplasts of reduced
developmental competence (Wedlsal, 1997). Therefore, mature oocytes are most
often harvest& from hormonally primed individuals at the stage where the cell is
naturally arrested at metaphase of the second meiotic division (MIl). At Mil, the DNA is
tightly compacted along the metaphase plate at the center of the meiotic spindle, a
microtubule conplex that assists in the proper alignment and segregation of sister
chromatids. To remove the DNA from the cell, &g ispuncturel with a finely pulled
needle and the entire meiotic spindl@spiratedlong withvariable amounts dhe

surrounding gtoplasm. Because the spindle compledificult to visualizeunder



standardright field conditions, the DNA isypically localized bystairing with a
Hoechst dye and visualizéy fluorescence microscopyJnfortunatelyUV exposure
can damageiitochandriaandseveral other membrane processanith, 1993Velilla et
al., 2003. Additional compéxities ofthis technique includ#he requirement of
specializedechnical training on relatively expensive equipment (i.e. micromanipulator,
inverted fluoresence microscope).
One alternative to the micromanipulation procedure is a technique developed by
Vajita et al (2001) called Ahandmadeo cloning.
micromanipulators has been circumvented bypiteparation anéusing of two h#
cytoplasts.Two oocytesvere bisectedndthe portions with the nuclevere discarded
The remaining two halves wetieenfused with nuclei from a donor cell, creating a fully
reconstructed embryo. While this isienplealternative taconventionaktloning, the low
success rates still prevent this method from becoming economically viable.
Alternatively, Baguisi and Overstrom (@@) reported a method by which
Demecolcinga microtubule destabilizing agent, can aid in the enucleation prddiss.
stage @gs were activateahd subsequently incubated in vargoagents affecting
microtubule confirmation 54% of eggs incubated Demecolcinedlemonstrated induced
enucleation, whetsy the nuclar chromatin was extruded in the second meiotic polar
body. Bauisi and Overstrom (2000) were then able to produce live healthy offspring
from the generated cytoplasts, demonstrating the potential effectivertkescbemically

assisted enucleation approach.

Embryo Reconstruction

The second step in the creatinan animal clone is the reconstruction of an
embryo. To reconstruct an embryo, the DNA fribra nucleus o& donor cell
(karyoplast) must be stably incorporated within the new generated cytoplast. This is
accomplished in one of several ways. The nsostmon method is by electrofusion
(reviewed by Ramos & Teissie, 2000). In this process, an electric field is applied to both
the cytoplast and donor cell. Under specific electric conditions, the cell membrane of
both fAcell so wi | |oughtensotclase cohtdctaveh oaeramother,vihie e n

two membranes will merge. Thus, a newly reconstructed embryo is created with the



genetic material of the donor cell and the cytoplasm of an enucleated oocyte capable of
epigenetic reprogramming.

In some spcies (like mice) where electrofusion is le$ective embryo
reconstruction is accomplished by piezo injection (Gétead.,, 2004). According to
EXFO, the maker of the PiezoDriljgh-frequencyimpulsesareproduced by a motor
within the drill thattravel longitudinally alonganinjection pipet. These impulses allow a
glass pipeto pass though the zona pellucida and into the cyplasm of the oocyte without
destroying the cell membrane. The donor gettleuscan then be injectedirectly into
the cytopast creating a reconstructed embryo.

Another alternative to electrofusion is to use a-tarch laser to open a hole in
the zona. The laser softens the membrane of the cell allowing for a blunt pipet (instead of
asharpened pipet) to be used for reaibinjection of chromatin. While no live
offspring have yet been reported using this technology, advantages (as reported by
Hamilton Thorne Biosciencethe maker of the XYClone Laser) include an increased
speed and efficiency over traditional microing@s and a resultant reduction in the
trauma of the oocyte€henet al, 2004;reviewed by Campbedét al, 2009.

Activation and Development

Following the reconstruction of the embryo, it is necessary to stimulate the egg to
continue to grow and divideNaturally, developing oocytes arrest at Mll where they
awdt an oscillating calcium signahused by an invadingerm (reviewed by Jones,
2005). The calcium signal activates calmoddépendent protein kinase Il which then
activates the anaphase promgtcomplex to initiate the destruction of cyclintBe
regulatory element of Maturation Promoting Factor (MRRY securinan enzyme that
prevents the premature cleavage of cohesion complégwes allowing the cell to
progress from meiosis into miisgJones, 2005). This calcium signal can be mimicked
artificially in many ways both chemically and electrically. In mice, the standard
parthenogenetic activation stimulus is SrCrhe strontium causes repetitive calcium
transients to occur asganele stores are releasedo the cytoplasm (lbanes al.,

2005). Ethanol has also besmownto activate mouseocytes by causintipe formation
of inositol 1,4,5triphosphate at the membrane and a concomitant influx of-eelisar

1C



calcium (Ibanezt al, 2005). lonomycin, a calcium ionophore, has also often been used
in mice, sheep, and cows. Other reported parthenogenetic activation protocols include
electroporation in media containing CaGft a microinjection of CaGlinto the

cytoplasm (Machatgtal., 1996).

Following activatiorand cleavageembryosaretransferedinto surrogate mothers
for developmento term While in some species, embryos can be immediately
transferred into the host carrier, in most cases the embryos are developedto vitro
blastocyst stagprior to transfer This allowsfor the morphologic selection of embryos
before tragplantation(Campbellet al., 2005).
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Anaphase Promoting Complex Background

APC in somatic cells

The Anaphase Promoting Complex (APC) is dtiraubunt protein that is crucial
in the regulation of the cell cycle (Peters, 2002) with subunit APC11 serving as the
catalytic core (reviewed by Castebal, 2005). In somatic cells, the main function of the
APC is the ubiquitination of cyclins (specificaltyclin B) and securin. Ubiquitin &
76aa molecul¢hat acts as a signal that causedaingetprotein to be transported to a
proteasome for degradation (Chetwal, 1989). The destruction of cyclin B leads to the
inactivation of Cdk1, a cyclhidepenént kinase that initiates M phase in eukaryotic cells
(Zachariae & Nasmyth, 1999). The inactivation of Cdk1 during anaphase and telophase
is necessary for both the formation of prereplicative complexes and chromosome
decondensation (Peters, 2002). Hettwe APC indirectly leads to the inactivation of
Cdk1 by marking cyclin B for destruction.

The other main function of the APC in somatic cells is to label and destroy
securin. Since securin bindad inhibitsseparase, its destruction indirectly adtegthe
protease. Smrase works to clea®CC1 (Rec8 in meiotic cells), a subunit of the
cohesion processes that hold sister chromatids together from metaphase until anaphase
(Peters, 2002). Additionally, since Cdk1 initiatorily phosphorylates sepanas&PC
affects separase activity in two ways; by the reduction of cyclin B concentrations and the

destuctionof securin(SeeFigurel).
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Figure 1 - Initiation of Anaphase by the APC (Peters, 2002)

The APC is activated at different parts of the cell cycle by the binding of Cdc20
and Cdh1. Early in mitosis when cdk activity is high, theCAfnds Cdc20 and actively
bindsproteins with a destruction box {Bbx), the aa sequenre&-x-L-x-x-x-x-N/D/E
common to all the substrates of ABE (Harperet al, 2002). APE***degrades Aype
cyclins during prometaphase and B type cyclins and securins during the beginning of
metaphase @ers, 2002)Alternatively, since Cdhl is inhibited by cdk activityetAPC
binds Cdh1 during G1, where cdk activity is low (5égure2). Similar to APC?°
APC™"also bindproteins with a specific sequence. That sequence, known as a KEN
box (k-E-N-x-xx-D/N) is common to alsubstrates of APE including Cdc20 (Peters,
2002). Accordingly, since APtis responsible for the destruction of Cdc20, it helps
regulate the activity timing of AP€?° (Harperet al, 2002). Since APE“?°and
APC"have different substratesiet APC has the ability to remain activeaghout the

changing conditions of the cell cycle.
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Figure 2 - APC activity (Zacharaie et al, 1999)

APC in M2 eggs

In normal vertebrate egg development, an egg will proceed thedughthe
steps of meiosis until it reaches a final step in which the cell can no longer advance
without an external stimulus. This pause in development is known as the metaphase II
(M2) arrest. This arrest is partially caused by cytostatic factor (@Bi€j inhibits the
APC from degrading cyclin B. By maintaining high cyclin8lc2 levels, theells will
remain at this arrest until fertilization. Upon fertilization, a series 6f €lgnals initiate a
cascade that ends in the destruction of cyclim@the next cellular division (Nixoet
al., 2002). Experiments with cyclin B mutants without thebdx domairhave shown
that, if cyclin B is not degraded, no pronuclei will form and the cell will not exit meiosis
after fertilization(Magdwicket al, 2004).

Hysopet al (2004) propose a model for mammalian eggs in which thé Ca
signal affects the activity of the APC during a metaphase arrest and not the 26S
proteasome as earlier characterized in lower organiShibd etal., 1999. Hysopet al
propose that the Gasignal stimulates the loss of an APC inhibitor. One potential
inhibitor Hysopet al. mentioned was Emil because of a potential phosphorylation site by
CaMKII, the known C& transducer at fertilization (Markoulgi2003). However,
Ohsum et al (2004) has reported that thephase arrest stimulated by Emil is separate
from a CSF arrest in frogXénopus If Emil is not the APC inhibitor, it is also possible
that CSF may be a novel €alependent inhibitor of the APC (Hysepal, 2004

14



During metaphase, securin maintaihne inactivity ofseparase, an anaphasecsjpe
proteaseuntil all the chromosomes are properly aligned or the initiation of anaphase
(Wirth et al, 2006). At the onset of anaphase, the destruction of seciguigied by
APC ubiquitination) allows separase to cleave the SCC1 subunB (Reteiotic cells)

of cohesionthus allowing sister chromatids to separate.
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APC Subunits

Apcll/Apc?2 as the catalytic core

The cullinRING subunitsApc2 and Apclbf the APCare believed to be the
catalytic core of the complex (Gmadadilal, 2000; Leversort al,. 2000; Tancet al
2001). Although Apcll is among the smallest of the APC subunits discovered (Passmore
et al, 2005) Gmachet al, (2000) have shown that recomant human Apcll and only
Apcll (not any of the other known subunits of the APC) is sufficient for the synthesis of
multiubiquitin chaingn vitro in the presence of an E1 enzyme, Ubc4 and an ATP
regenerating system. This synthesis occurred in both teerpre and absence of
substrates. However, these chains werespatific as a Bbox mutant of securin was
ubiquitinated as well as the wild type securin. Additionally, Teing. (2001) coinfected
Hi5 insect cells with viruses containing 10 APC subun@®@mbined, the multiple
baculoviruses conveyed ubiquitin ligase activity. This activity was lost if only Apc2 or
Apcll were removed. Furthermore, Tat@l(2001) showed that the Apc2/11 complex
is sufficient for the ubiquitination of securin with UbBi&s the E2 enzyme. Taagal
(2001) then showed that while Ubc4 can interact directly with the RING of Apcl1,
UbH10 binds Apc?2 strongly and ApcWdeakly.

Structure of Apcll RING finger

TheE3 ubiquitin ligase activity of th&PC is conveyed by two Z7i ionsbinding
within the RING domain of Apc11 and perhaps partially a thirtf Botside of the RING
motif (Tanget al, 2001). When coordinating with these?Zions, a stable tertiary
RING structure is formed. This RING structure is necessary farhifggiitination of
APC substrates as mutants with disrupted ring structures show significantly reduced to no
ubiquitin ligasecapability (reviewed by Peterg002). Although Tangt al, (2001)
demonstrated that high levels of?Z@mlone can catalyze minahlevels of a

ubiquitination reaction in the presence of an E2, it is not yet known whethreiNieg
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structure of the APC directly catalyzes the ligase reaction through the Zn ions or whether

it allows for a stable proximity reaction to occua@8more &arford,2004).

Structure of Apc2
As the second largest protein of the APC (Jorgeasah, 2001), Apc2 is a

protein with a cullin @erminal homology region that binds strongly to ApcTar(get

al., 2001).All cullin proteins form a rigid scaffoldig-like structure by binding the RING
with their Gterminal domain while the fierminal region is thought to actively recruit
the E2 enzymesédviewed by Petroski & Deshai€)05). The structure of Apc2 has
been inferred from its homology to Cull, anatbellin protein in the SCF E3 ligase
(Zhenget al, 2002). This inference is further supported by the fact that, while the
sequence homology of the two proteins is mainly restricted to-teen@nal cullin

domain (Passmor@004), a crystal structure tife Gterminal 78 aa (well outside die
cullin region) forms aimgedhelix that can be superimposed over the same Cull region
(Zhenget al, 2002). Along the @erminus, Cull forms a-ghaped groove that binds
Rbx1, a RING finger protein comparableApcll (Zhenget al, 2002).

Along its Nterminus, Cull caiains several helical repedbst are arranged to allow for
the binding of Skpl, a linker protein that binds substrates of the SCF containing an F

box.

Apcl0 (Docl)

Apcl0 is required for E3 l@pse activity on certain substrates and plays a specific
role in substrate recognition (Passmetal, 2003). Apcl0 interacts directly with
Apcll, the catalytic core of the APC (Tagigal, 2001). Mutants of both fission and
budding yeast lacking Apcl€how an arrest at metaphase and the accumulation of
mitotic cyclins (Kominamet al, 1998). Apc10 is the first member described in the Doc
homology family, a group of proteins that hdeendetected in other E3 ligases
unrelated to the APC (reviewed Bxassmore, 2004). Although its specific role is still
undefined, Passmogt al (2003) proposed that, since Apc10 mutants have a diminished

ability to bind substrates, it functions as a regulator of substrate recognition. An
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additional report by Carro& Morgon (2002) shows that Apc10 increases processivity,
the addition of multiple ubiquitin molecules in a single binding event, by reducing

substrate disassociation.

Apcl (Tsg24)

Apcl is the largest subunit of the APC (reviewed by Catted, 2005)and
transiently localizes to the centromeres of mammalian chromosomes (Jorgeakon
1998) during mitosis in CHO cells and throughout the cell cycle in murine cells. Its
homologues include BimE fromspergillus nidulangnd Cut4 from
Schizosaccharomys@ombdreviewed by Castret al, 2005). The predicted 3D
structure contains Rpnl and Rpn2, repetitive motifs that form a horsidehst&ucture
(Jorgensemt al, 2001). While the exact function of this repetitive sequence is unknown,
it has been mdicted that this horseshoe might play a role in binding unfolded proteins or
as a scaffold for the rest of the APC (Lugasl, 1997).

Tetratricopeptide TPR repeats (Apc3, Apc6, Apc7, Apc8)

The TPR sequence maoitif is found in proteins with varioash®mical activities
and is thought to mediate proteanotein interactions (Castet al, 2005). TPR
sequences arrange themselves intogantallela-helices that combine to form a right
handed super helix (D&s al, 1988). With specific aa residues the outside and an
extended grove inside the superhelix, the structure of multiple TPR sequences allows for
the assembly of mujtrotein complexes and the binding ofamelix in the center.
Specifically, Vodermaieet al (2003) showed that Apc3 arvghc7 bind to the ¢erminal
isoleucinearginine (IR) region of both Cdc20 and Cdh1, key activators of the APC.
Since all these TPR subunits are phosphorylated during mitosis and that phosphorylation
is necessary for the activation of the APC, it is pmesai that this phosphorylation event
increases the binding ability of the APC to Cdc20 (Ke&afal, 2003; reviewed by Castro
et al, 2005).Interestingly, Apc10 also contains an IR tail signifying that Apc10
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association is also mediated by the TPR subuApc7 has only been described in

vertebrates.

Apc4, ApcS

Less is known about these subunits. It is hypothesized that these subunits along
with Apcl connect Apc2 and Apcll to the TPR subunits (Voderratidr, 2003).

Apc9, Cdc26

Little is knownabout these two subunits other than the fact that they are required
for overall structure of the APC. Apc3 concentration is reduced in Apc9 and Cdc26
mutants while Apc6 and Apc9 are reduced in Cdc26 mutants. So far, Apc9 has only been

described in yeast.

Apcl3(Swml), Apcl4, Apcl4(Mnd2)

Apcl3, Apcl4, and Apcl5 are subunits that have only been described in yeast.
While the biochemical function of these subunits is still unclear, it is hypothesized that
they help maintain the structure of the APC. Bseahe gene for Apcl3 and Apcl5
were originally identified in meiotic screendfanoet al, 1999;Rabitschet al, 200), a

role for Apc13 and Apcl5 in meiosis has been predicted.

Cdc20 (Fizzy)

Cdc20 binds to the APC during mitosis. Once bound, A€ Aecomes activated
to ubiquitinate substrates containing @8, a short aa sequence that promotes APC
recognition. The degradation of these substrates including securin, Xkid, and several

cyclins drives the cell through the mitotic cycle.

18



APC loca lization and activity

Previously, mitotic APC localization has been observed in vitro (Tugendgkich
al., 1995; Kraftet al., 2003; Acquiviveet al, 2004). The staining of apc6 and apc3
appears primarily on the centrosome at all cell cycle stagesoaipted with the spindle
following nuclear envelope breakdown (Tugendregthl, 1995). During interphase,
Apc3 staining localized mainly to the nucleus and bound to the kinetochores in prophase.
At pro-metaphase, the staining appeared on the spinolies(pnd fibers) and on the
centromeres of chromatids that had yettaigned on the metaphase plate (Acquiveta
al., 2004). Acquiviveet al (2004) went on to show thapc3 localization could be
eliminated in mutant cells without an active spindieakpoint.

It is widely believed that ApcB®calization is necessary for the function of the
APC (reviewed by Pines & Lindon, 2005). One proposed mechanism of the RING E3
ubiquitin ligases (including the APC) is that of a molecular scaffold. As thsri€3
both the E2 enzyme (ubiquitin conjugating enzyme) and the substrate, it brings specific
lysine residues on the substrate into close proximity with an activated ubiquitin molecule
(reviewed by Passmore & Barford, 2004). Additionally, Clute & Pin899}1
demonstrated that cyclB1 degradation occuet the sameéocation as APC localization

in HelLa cells.
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Cytoskeleton Affecters

The cytoskeleton is composed of three types of protein filaments: actin filaments,

microtubules, and intermediate filants (IFs).

Intermediate Filaments

Intermediate Filaments (If$lave adiameter of ~10nm with an amifterminal
head, a central rod domain, and an carbexsninal tal. These nospolarized filaments
typically play structural or tension bearing rolesha cell. The 4 types of IFs are keratin
filaments (acidic and basic), vimenialated filaments, and neurofilaments. While most
IFs form apolar tetramers of amarallel dimers, lamins combine to form the 2D lattice
of the nuclear lamina. These lamare broken down by cell cycle kinases upon entry
into M-phasgLodishet al, 1999.

Microfilaments

Microfilaments (actin filaments) are composed of actin monomesac(i®) that
bind ATP and link together in a he&attail manner to form long polamzl filaments with
a diameter typically between 5 and 9 nm (Lodishl, 1999. These long filaments {F
actin) have a negative and a positive end. At the positive end, monomer addition occurs
quickly while very little polymerization occurs at the negatend. Once the filament
reaches a steaebate length, ADFhound monomers will separate from the miendat
the same rate as ATP bound monomers are added to the positive end. This process is

called treadmilling.

There are several drugs and prasdimat affect microfilament characteristics. The
Cytochalasins are a group of fungal molecules that bind to the positive erattn Aand
prevent further addition of @ctin. However, depolyermization at the minus end can still

occur, thus leading tdvé overall depolyermization of the filament (Fementek fact sheet
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on Cytochalsin [http://cytochalasin.4mg.com/]). Since Cytochalsin D, produced by
Zygosporium mansoninasbeen known to affeanly the microfilament system and not
the glucose transport dge, it has become widely used in cellular manipulation
techniques. The concentration required for-nadiximal inhbition with Cytochalsin D is
20® M (Brown & Spudich 1979) CytochalasirD is soluble in methanoltfeanol, and
DMSO and require20°C for long-term storage. While bothy@chalasinD and
CytochalasirB inhibit actin function, @tochalasirD is about 1€fold more potent than
CytochalasirB (Brown and Spudiclfigures 1&2,1979). Other Cytochalasins include
CytochalasimA,B,C, and E. @tochalasinA, isolated fromDrechslera dematoideacts
as an inhibitor of glucose transpattin polymerizationand microtubule formation.
Cytochalasin Balso isolatedrom Drechslera dematoideanhibits microfilament
formation at 1 microgram/ml but dtigher concentrationslout 5 g/mlit begins to
inhibit glucose transpo(Fementek fact sheet on Cytochalsin
[http://cytochalasin.4mg.con)/] Cytochalasin C, isolatddbm Meterrhizium anisopliae
acs as a potent inhibitor of actin filament and cawtile microfilaments. Cytochalasin E
isolated fromAspergillus clavatugmhibits angiogenesis and tumor growdit inhibiting

F-actin formation in blood platelets

Phallotoxins areanembers ofjroup of bicyclic heptapeptides isolated frtme
mushroomAmanita phalloidegCooper, 1987).n particular,Phalloidinbinds along the
sides of the microfilaments and preventsrafitaments from depolymerizing, thereby
lowering the Gactin concentration needed foEtin to form (Cooper, 1987).
Phalloidin suppied as a dried residues bestdissolvedto a concentration @¥.1 mg/ml
in methano(Smallet al, 1999). Depending on its conjugation,dan bestored at20°C
for severamonths A ratio of onePhalloidinmolecule to every 1.7 actin promoters has
been shown to be adequate for maximal depolymerization protection, with a
disassociation constant of 85nM (reviewed by Cooper, 198dprescently tagged
Phalloidin(AlexaFluor 488 Conjugate available onlirtp://www.cambrex.conly has
also been used tabel Factin. Using taggedPhalloidinin excess to the binding sites
allows for a quantitative measurement of the total amountaatii in a cell (Cooper,
1987).
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Jasplakinolid€[http://www.emdbiosciences.copisolated from the sea sponge
Japis phstoni,induces actin polymerization in vitro and competitively inhiBitelloidin
binding (Bubbet al, 1994)with a disassociation constant of 15nWhis drug can be
purchased as a powder or in a 1mM solution of DMSO from EMD or Molecular Probes
(Eugene,OR) and must be stored-26°C to be stable for-& months.In their actin
binding studies, Bubbt al. (2000) determined that Jasplakinolide not only has the ability
to bind Factin faster than they were able to mix their samples, but also redunéitae
concentration of actin in a dose response mannfaidGlecrease at 0.15uM

Jasplakinolide and 2fold decrease at 0.3uM Jasplakinolide).

Dolastatin 11, isolated fromme mollusk Dolabella auricularig also helps to
stabilize Factin in vitro(Odaet al, 2003) For research use, this protein must be isolated
or synthesized in house (Beatial, 2001). This protein binds actin at a different cite than
Phalloidinand Jasplakinolide. When comparing the effects of Dolastativithlthoseof
Jaspakinolide, minor microfilament destabilization occurred with both drugs atiB0
andextensive destabilization occurred byr6th (Baiet al, 2001). In a study comparing
the effects of several drugs oadtin in vitro, Baiet al (2001) observed cleatimulatory
effects at 10uM with Dolastatin Hihd Jasplakinolide, and modest stimulation with
Phalloidin

Gelsolinis a protein found in many eukaryotic organisms including plants, lower
eukaryotes, and vertebrates (for review see McGetigh, 2003). In the presence of
calcium, Gelsolircan cut an actin filament and capit the plus (barbed) end
preventing the addition of-@ctin. This severing effect is inhibited Bhalloidin(Way
et al, 1992). Without the addition of-@ctin to the plus enthe minus end of the
microfilament can slowly depolymerize. Additionally, Gelsolin has the ability to
nucleate Gactin and begin the process of polymerization irtctn if the concentration
of G-actin is above critical concentration. Either human lmovine lyophilized gelsolin
([http:/Avww.sigmaaldrich.conj) should be stored a2(°C. Once dissolved in water,

the solution is stable af@ for 1 week.
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By binding to the sides of-&ctin, Cofilinfamily members, including actin
depolyermization fetor (ADF),can cause the actin filament to twirsiproperly,
disrupting thePhalloidinbinding site. Often this twisting breaks tilament and
prevens further lengtheningf¢r review see Bamburg, 1999Below pH 7, Cofilin
increased the unassemblexdim pool while cesedimenting with Factin. Depending on
the pH, Cofilin can depolymerize filaments at different rates. Although Cofilin has been
shown to increase the growth rate at the plus end, it increases the off rate at the minus end
much more sigificantly (10 fold vs. 2040 fold). The critical concentration of human
Cofilin to increase the @ctin concentration has been shown to be <2uM (Hagtlah
1993). Recombinant chicken Cofilin (purchased frotpf//www.sigmaaldrich.cony
can only le stored at % for a few days but lyophilized Cofilin (befobeingdissolved in
dH,0) can be stored a2(°C for 6 months.

Microtubules

Microtubules are long tublke structures made up of repeating heteromers of
alpha and beta tubulin. The wallstbése microtubules are ~5nm wide while the entire
diameter of the structure is around 25nm wide (Lodisdl, 1999. Like
microfilaments, these structures are also j#awith a fast growing, positive end and a
slower negative end. Often the mirergd isanchoredo the centrosome in animal cells.
Microtubules comprise the mitotic spindle which is well known for its appearance and
disappearance during the cell cycle. This polymerization/depolymerization cycle is
cl osely rel at dittyts bind éneé utilee GTE.bAS morenGIB is a
converted to GDP, the bonds of polymerization grow weaker, so the micregeliber
grow slowly at the positive end or quickly degrade (John2003). Similar to
microfilaments, microtublins have also béemwn to undergo treadmilling (Wilsaat
al., 1999). While modifications to microtubules like acetylation help stabilize the protein
complex, the foremost regulators of microtubule stability are proteins called Micrctubule
Associated Proteins (MAPS) incling MAP-1, MAP-2 and tau, which can either

promote the degradation of tubulin complexes or helpaintain the polymerized state
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Colchicine,Demeolcine (@lcemid™

), and Nocadazolell prevent microtubule
polymerization by binding to tubulin at theuglend and not permitting further addition of

protofilaments (Wilsoret al., 1999; [http://cellbio.utmb.edu/]).

Colchicine,isolated from thesaffron plantColchicum autumnales an alkaloid
thathas the ability to stabilize the plus ends of microtabgreatly reducing the
percentage of catastraplcollapsgWilson et al, 1999). The binding event of
Colchicine to tubulin is a twstep process. First, a pequilibrium complex forms
between the two proteins. This step represents a reversiblaffiaity binding event.

After this precomplex forms, the proteins undergo a slow period of distinct
conformational changes until they form the final TC complex. In this form, the binding
of Colchicine and tubulin is nearly irreversible. Once bountiéeenhd of microtubules,

the TC complex inhibits growth of that microtubule. This does not mean, however, that
the microtubule ends are no longer competent to grow, as TC complexes can still attach
to the plus ends of the microtubule (Wilsetral, 1999).The effects of Colchicine can
occur at low concentrations, with only2lmolecules of Colchicine per microtubule
reducing the rate of tubulin addition by 50%. Additionadtyconcentrations of 0-1

pg/ml, Colchicine can causthie mitotic arrest of diviegig cells(Sigma product sheet
available online [http://www.sigma.com/]). Colchicine is soluble in water, chloroform,
benzene and can be autoclaved in solution for sterilizatiarante stored in the dark

for up to 6 months.

DemecolcingColcemid™) is the methylated derivatvof Colchicine that has
been sbwn to arrest cells in metaphase (Sigma product sheet available online
[http://lwww.sigma.com/]). It produces this effect because it depolymerizes microtubules
and inhibits microtubule formatiothus inactivating the spindkerestingchromosomes
at the metaphase plate (Calibochem product sheet available online
[http:/mvww.emdbiosciences.cdin Because the cell cycle will continue normally once
Demecolcinas removedDemecolcinas readily reersible It is soluble in ethanol,

chloroform, and DMSO to 10mg/mDemecolcinas stable as a powder at room

25



temperature foB years. When reconstitutddemecolcineshould be stored frozen -at
20°C for 6 months.

Nocodazolerrests mitotic cells dhe G/M transition bydepolymerimg
microtubules in interphase and mitotic cells which arrests the cells. Although
Nocodazolas a competitive inhibitor of the binding between Colchicing @ulin
(Jordonet al, 1998), unlike Colchicinghe effectoof Nocodazoleare rapidly reversible
(Vasqiezet al, 1997). Nocodazolencreases the GTPase activity of tubulin by nearly
five-fold. This heightened activity increases the concentration of tubulin dimers in
solution and thereby increases the rate ditamh of these tubulin dimers to the
microtubule. The nature of the adjacent nucleotide bound at next to the tubulin dimer
then determines whether the microtubule continues to grow (more slowly then before),
pauses, or collapses (Vasqual, 1997). The solubility ofNocodazoldgs 10mg/ml in
DMSO (Sigma product information sheet). When stored@tt2e powder is stable for
two years. When reconstituted in mediincodazoles stable for 1 weekAlso,
Nocodazolénas been demonstrated to act muckefatan other microtubule

depolymerizing agents likeemecolcine

Isolated from tk periwnkle plantCatharanthus rosey¥inblastine s a vica
related drg that does not compete for the Colchicine site on tubulin (Jatdaln 1998).
Despite this fat, Vinblastine, atow concentrations (<uMhpffects microtubule dynamics
in a manner similato Cholchicine. At a concentration of on21Vinblastine molecules
per microtubule, Vinblastine inhibits polymerization at the plus end by 50% (Wétson
al., 1999) without significantly depolymerizing the microtubule. Additionally, by binding
tubulin, Vinblastine changes the confirmation of the tubulin molecule. This
conformational change causes an aggregation of tubulin that, like Colchicine, reduces the
catastrophe frequency and increases the rescue frequency of the microtubule étVilson
al. 1999). At a higher concentration (>5uM), Vinblastine will depolymerize the
microtubules by removing tubulin monomers from both the plus and minus ends. At an
even hidper concentration (>100uM), paracrystalline arrays of bound drug and tubulin

form both in vitro and in vivo. Vinblastine Sulfate salt (purchased form Sigma) is
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soluble to 20mg/ml in methanol and will remain stable at room temperature for two

years. Fluoescently tagged Vinblastine (Invitrogen) can be useful for labelitgBlin.

Paclitaxel (akd axol), isolated from the needled Taxus brevifoliastabilizes
microtubules in vitro. In the presence of Paclitaxelnoiubules becomeesistant to the
depolyermization effects of calcium, cold, dilution, and many destabilizing drugs (fact
sheet available 5/15/0%ttp://probes.invitrogen.cof)/ By binding the inside of
microtubules (via pores in the surface), Paclitaxel stimulates microtubule polytoariza
Paclitaxel also has the ability to promote nucleation of microtubules and reduce the
critical concentration of tubulin to nearly zero at equilibrium (Wilsbal, 1999). Cells
incubated with Paclitaxel are halted in the G2 or M phase of theyoddl (fact sheet
available 5/15/05Http://probes.invitrogen.coi)/ Unlike Demecolcinethe effects of
the drug persist well after the removal of the agent from the syfReuiitaxel is soluble
in DMSO, MeOH, and EtOH and should be stored&tC praected from light for no
more than a month. Invitrogen offers several Paclitaxel conjugates that will fluoresce in
either the green, red, or orange rangetygcal working concentration of unlabeled

Paclitaxel is 0.1uM and 1uM for labeled Paclitaxel.
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Materials and Methods

All animals were handled under the strict guidelines dictated by the Institutional

Animal Care and Use Committee (IACUC) of Worcester Polytechnic Institute.

Oocyte collection

In order to induce superovulation in donor mice, fenGdtel mice (Charles River
Laboratories) of breeding age were injected with Pregnant Mare Serum Gonadotropin
(PMSG, Calbiochemand Human Chorionic Gonadotropin (hCG, Calbiochem). For both
hormones, 5IU was administered per mouse via intraperitionealiamed®MSG was
injected 64 hours before collection and@as given 48 hours later. @wicts were
dissectedrom mice euthanizedy CQ, asphyxiatiorandplaced inFHM media
(Chemicon, see APENDIX for composition) at 3%C. Oocytes were separated from
surounding cumulus cells bylaief exposure to bovinkyaluronidas€HA, Sigma,
150unis/ml,<10 minutes). Oocytes wigoormorphology (lysed, igmented, dark
pigmentatiof were discardedOocytes were washed three times in FHM media and
randomly sord into treatment groups. Some oocytes were immediately (feed

below)at metaphase of meiosis Il (MIl).

Oocyte activation

Oocytes were activated with either a 5 minute incubatia® ethanol or a
continuous exposure to 10mM strontium chlori8eX(,, Sigma) and fixed at specific
points in development.

For ethanol activation, all procedures were accomplished’@t 3%enuded
oocytes were washed 3 times in FHM and transferred to FHM containing 7% absolute
ethanol. After 5 minutes, oocytes we&vashed 4 times with FHM, 3 times in KSOM
(+aa, Chemicon, see APPENDIX for composition), and incubated in KSOM@ti137
5% CQ. After 10 minutes, some oocytes were transferred to FHM containing 0.4ug/ml

DemecolcingSigma).
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For SrC} activation, the dnuded oocytes were washed 3 times in FHM, 3 to 4
times in KSOM (without C¥, Chemicon, see APPENDIX for composition) equilibrated
to 37°C in 5% CQ, and then incubated in KSOM containing 10mM strontium chlatde
37°C with 5% CQ. After 15 minutes, somoocytes, depending on experimenigsign
weretransferred to KSOM containing both S§C10mM) andDemecolcing0.4ug/ml)
and incubated at 3C with 5% CQ.

Oocyte fixation

Depending on experimental requirements, oocytes were either fixed at metaphas
of meiosis Il (MIl) immediately following the FHM wash or activated and fixed at t=25
minutes, t=125 minutes, t=245 minutes for anaphase II, telophase Il, and interphase
respectively. The initial exposure to EtOH or SMas consideredol’ For compason
purposes, oocytes were fixed in either gébaformaldehyde (PFA) soluti@ontaining
0.1% Triton X100 or Microtubule Stabilization BuffeExtraction Fixative (MTSBXF,
see APPENDIX for composition; (Mattset al, 1990). Oocytes remained in fix
solution fora minimum of30 minutes at 3€ andthentransferred to Blocking Buffer
(block, Allworth & Albertini, 1993;see APPENDIX for composition) for storage €4

Oocyte staining and imaging

To localize Apcl1l, a polyclonal antibody raised in litbhgainst Nlerminal
amino acids of human APC11 (Santa Cwap used as a primary antibodocytes
were then washed 3 times with Phosphate Buffered Salineiriogt.1%
Polyvinylpyrrolidone(PBS/PVP, Sigmaat room temperaturand blocked with Blodkg
Buffer (blocK) for at least 30 minutes at room temperature. Apcll was then probed with
a goat antrabbit IgG antibody labeledithh Alexa fluor 488 (S5ug/ml in Bcking Buffer,
green, Molecular Probeahd extensively washedth PBS/PVP. Microtubulewere
localized using 1:1 mixture oprimarymonoclonal antibodies raised agaiastubulin
andb tubulin (Sigma, 1:1000 dilution in Blocking Buffesee APPENDIX washed 3
times with PBS/PVP, blocked for at least 30 minutes with Blocking Buffer, and

visualized with a goat arthouse IgGsecondary antibodpbeled with Alexa fluor 594
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(5ug/ml inBlocking Buffer, red, Molecular Probes). Oocytes wsobsequentlywashed
with PBS/PVP and chromatin was visualizsdexposure téloechst 22358 (10ug/ml in
block, blue, Molecular Probes). Oocytes were mounted on gjidesin 25ul nounting
solution (50% glycerol, 50% PBS, 25mg/ml sodium azide), covered with cover glass
(22x22mm, #1, Fisher Scientific), and sealed with clear nail polish (New York Color
Inc.). Imaging was accomplished on a Zeiss Axiovert 200M inverted fluorescence
microscopecoupled taa Roper CoolSnapFx camehaough a 63x oil emersion objesti
and 10x eyepiece/camera leridetamorph and Axiovision image processing software
was used to déect micrographs.

To visualize Cdc20, the protocol was similar to the visualization of Apc11 with
different antibodies. The antdc20 antibody (Santa Cruz) was raised in rabbits against
amino acids mapping to thetdrminal of human p55 (CDC20). Tkecondary was a
goat antirabbit 1gG labeled witiAlexa fluor594 (5ug/ml in Blocking Bufferred,
Molecular Probes). Sineaered Alexa 594 secondary was used to label cdb2Qubulin
secondary was switched to goat anbuse IgG labeled withAlexa fluor 488 (5ug/ml in
Blocking Buffer, green, Molecular Probes).

For Rec8 staining, a similar procedure was follovldte polyclonal antRec8
was raised in goats against amino acids mapping to-tieenNnus of human Rec8 (Santa
CruzBiotech., sel5159. The secondary was a donkey agat IgG labeled with Alexa
594 (5ug/ml, red, Molecular Probes). Tubulin visualization was accomplistiegl
Alexa fluor 488 (5ug/ml, green, Molecular Probas)a secondaryTo reduce tubulin
staining, thea b tubulin cacktail was used at a 1:2000 dilution throughout the Rec8
staining protocol. In order to avoid ngpecific binding, the blocking solution used
throughout Rec8 staining contained no goat serum (see APPENDIX for complete
composition).

A minimum of 10 eggsvere imaged for every treatment with each antibody.
Unless otherwise stated, all images presented were representative of the group with little

egg to egg variation.
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Antibody optimization

Because the thrggimaryantibodies have not been welaracérizedin mouse
oocytes, it was first necessary to optimize the staining protocol. The same optimizing
protocol was followed for each antibody.

Hela cell culture

The first step in the optimization process was to determine the localization pattern
in Hela cells. The Hela cell culture was grown according to ATCC biosafety level 2
regulations in Minimum Essential Media, Eagle Salts (EMEM) with 10% Fetal Bovine
Serum and penicillin/streptomycin at®87under 5% CQ@ When cells were at or above
85% conflence, cultures were split 1:8. Cells were seeded on glass slides at 25%
confluence, synchronized with a Thymidine/ Hydroxyurea protocol accordifakita et
al. (2003),and fixed inMTSB-XF for 1 hour at room temperature. Detailed split and
synchronizéon protocols can be found in the APPENDIX. Fixed cells were stored in
Blocking Buffer at 4C.

Synchronized and unsynchronized cells were stained for the presence and
localization of Apcll, Cdc20, or Rec8. Initially, cells were incubated in varying
coneentrations of eacprimary antibody (1:1000, 1:500, 1:200) for 1 hour at room
temperature. The cells were washed 2 times with PBS/PVP and incubated in the
corresponding secondary antibody tagged with Alexa fluor 594 (Sugibaking
Buffer) for 1 hourat room temperature. The cells were then washed again and subjected
to a brief (~15 minutes) incubation in Hoechst 22@B8&)/ml) to stainDNA. As
negative controls, some cells were incubated in PBS in lieu of either primary or

secondary antibody.

Concentration study

Once an ideal concentration was determined in Hela taisinformation was
used tooptimize thestainhg protocol fomouseoocytes All optimization studies were
conducted with oocytes arrested at MIl and randomly assorted into treatment groups.
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The same optimization procedure was followed for Apcll, Cdc20, and Rec8. Oocytes
were incubated in one oégeral concentrations of primary antibody (1:100, 1:200, 1:500,
1:1000, 1:2000, 1:4000 in Blocking Bufjdyefore being imaged. Additionally, the
incubation time and temperature was varied (1 hour at room temperature, 138, at
overnight ad°C). Asnegative controls, Blocking Buffer was substituted for either

primary or secondary antibody for some oocytes. Following the incubations, the oocytes
were imaged and the optimal protocol was determined (listed previously in Materials and
Methods).

Following the concentration study, it was determined that an incubation in a
1:2000 dilution of antApc11 overnight at % was optimal for Apc11 localization. For
Cdc20, a 1 hour incubation at room temperature in 1:250 was ideal. For Rec8, a 1:100
dilution of primary antibody in Blocking Buffer was used.
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Results

Part I: Antibody validation

Since the localization of the Anaphase Promoting Complex, specifically subunits
Apcll and Cdc2thas not been well studiednmouseoocytesjt was first necessary to
validate the antibodies in a well characterized system like HeLa cells. Cells fixed in
MTSB-XF were stained for either Apcl11 or Cdc28d) and counterstained with Hoechst
22358. As a negative control, some cells underwent an identical staining procedure
substituting blocking solution fahe secondaryantibody(Figure3A-C) or primary
antibody Figure3D). Cells in negative control experiments appeared as dul, non

distinctred hazesKigure3).

Figure 3 - Negative control images of Hela cells

Unsynchronized Hela cells were imageithout secondary or primary antibodies in the staining protocol:
Apcllalone(A), Cdc20alone(B), Rec8alone(C), or Alexa594 Goat arfiRabbitlgG alone(D). DIC
images (left) are shown with 5ms exposuReq fluorescence imagésght) are shown with a 100 ms
exposure. Single cells are circled with a white dash. The background has been set to black.

In nontdividing (&) cells, Apcll appeared both cytoplasmically and in the
nucleus Figure 4A). However, the staining pattern was quite different undiing cells.

Apclicolocalized withthe kinetochoreduring prophaséorange arrowspandthe
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mitotic spindle during metaphaggellow arrow) Thisresultis consistent witlthe report

of Acquavivaet al. (2004), who demonstrated a similar localization for Affegure5).

Figure 4 - Localization of APC subunits inunsynchronized HelLa cells.

Apcll (A) and Cdc20 (B) are shown in red. Hoechst 22358 (Chromatin) is shown in blue. Evidence of
colocalization is purple. ells show a cytoplasmic distributi@f APC subunits while cells undergoing
cellular replication show evidence of colocalization around the chromatin. Orange arrows point to the
kinetochores in prophase cells. Yellarrows point ta cell in metaphaseRed fluorescence is imaged
with a 100 ms exposure.
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For Cdc20, the localization pattern is very simikig@re 4B). In nondividing
(Gy) cells, dim cytoplasmic and nuclear staining is detected. Once the cells enter mitosis,
the antiCdc20 is significantly mordetectable around the dividing sister chromatids
though not directly on the spindle fibers as in the Apcl1 sta{yeltpw arrow3. This is

also consistent with previous work (Clute & Pines, 1999).

Figure 5 - Publishedimages ofAPC3 localization (Acquaviva et al.2004)

APC3(left panel,green waslocalized in synchronized Hela cell&€REST staining of centromeres is
shown in the middle panels. The right panel is the merge of theAtyorophase (A)APC3staining is
detected at the kinetochores while at metaphase (B), staining is detetttednitotic spindle.

The antiRec8 antibody was also initially validated with HeLa cells. Rec8 has
been known to be a highly regulated protein (reviewed by Watatate2005). It has
been previously demonstrated that, while at metaphase Rec8 is highly associated with the
chromosomes, Rec8 is soon cleaved and disperses throughout the cytoplasm. This is
similar to the localization pattern seerHigure6. Hela cells were grown on coverglass
to 75% confluence and fixed in 2% PFA with TritiorRR0. Cells were stained for Rec8
(red) and chromatinlue). Nontreplicative cells appear show a Rdistinct cytoplasmic
Rec8staining. However, the cedt metaphase/éllow arrow) shows brighRec8

staining around the chromosomes.
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Figure 6 - Localization of Rec8 in unsynchronized HelLa cells.

Anti-Rec8 is stained in reddoechst 22358 (Chromatin) is stained in blue. AtapbaseRec8 (ed) is
highly expressed around the chromosonidéisg| aligned around the metaphase platdlow arrow). In
non-dividing cells, Rec8 staining is ledsstinct in the cytoplasm. Red fluorescence is imaged with a 100
ms exposure.

Part Il: Optimization

Dilution study
Once the antibodies were validated, it was then necessary to optimize the staining

protocol in a mouseocytesystem. In order to determine the ideal experimental
conditions, staining variables such as primary antibody coratenmt, incubation
temperature, and duration all needed to be addressed. In brief, a series of experiments
was designed such that primary concentration, incubation time, and termpearate
individually varied. A similar process was completed for theimpzation of Apcll
(Figure8), Cdc20 () and Rec&l&ta not shown The detailed experimental design is
provided in the Methods and Materials section.

Figure7 shows representative results of negatiwatrol experimentsTo
generate these images, oocytes were subjected to the same staining protocol listed in the
Materials and Methods sectignthout the addition of secondary antibodiygure 7B-D).

Figure7A shows an egg stained with neitlpgimary nor secondary antibodieln all
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oocytes, low levels of nadistinct staining cold be detectedlt was this base level of
fluorescence to which all subsequent images were compared.

The pictures irFigure8 are representative of the optimization study for Apcl1.
Oocytes were fixed at metaphase of meiosis Il in 2% PFA with Tritd0X Apcll
appears in green. Chromatin stained with Hoechst 22358 appears blue. {rubigliic
spindlg is stained red. In samples incubated in high concentrations d&@aettil (every
dilution tested below 1:100@data not show)) the staining pattern wahat of complete
saturation. Camera saturation occurs when pixel values exceed teefang carara

and are assigned as white.
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Figure 7 - Negative control images of oocytes

Oocytes were imaged without the addition of secondary and/or primary a@esibodhe staining protocol:
neither primary nor secondary antibody (Apcl1alone (B, Cdc20alone (G, or Rec8alone(D without
the addition of secondary antibodRIC images (left) are shown with 5ms expostigrescence images
(right) are shown wh a 1% ms exposure. The background has been set to black.

38



