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Abstract 

Investigation of the Role of Wee2 in the Zebrafish Midblastula 
Transition 

by 
Gregory Cody 

Zebrafish embryonic development begins with a series of rapid and 

synchronous cell divisions that quickly partition the zygote into a set of small 

blastomeres. The minimal cell division cycle during this period consists only 

of genomic replication followed by segregation of the genomic copies into 

new daughter cells. Following this period of rapid division is the midblastula 

transition (MBT), when the rate of cell division slows and becomes 

asynchronous. In several key model organisms the slowing of cell division is 

dependent upon phosphoinhibition of the key cell cycle regulatory protein 

Cdkl. In zebrafish, mRNA of the putative Cdkl inhibitor wee 2 is maternally 

provided. We used morpholino oligonucleotide meditated blocking of 

maternal wee2 translation to investigate its potential role in cell cycle 

regulation at the MBT. We found that wee2 is required for proper mitotic 

activity, initiation of morphogenetic movements and possibly activation of the 

zygotic genome shortly after the MBT. 
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Introduction 

The process of replicating the genome and partitioning the copies into two 

new daughter cells is called the cell division cycle. Successful execution of 

the cell division cycle is the most fundamental task that all living organisms 

must accomplish for continued survival. For single-celled organisms such as 

yeast or bacteria, the decision to either proceed in the cell division cycle or not 

is somewhat simplified. The cell must simply be able to assess whether or not 

the environment is favorable for replication. However, in a multicellular 

context the situation is a bit more complicated. In a fully developed organism, 

cell division must be tightly regulated. Disruption of cell cycle regulation can 

lead to disease and cancer in animals. As such, research into the mechanisms 

of cell cycle regulation has been intensely pursued over the past fifty years. 

Much of our understanding of the eukaryotic cell cycle comes from the study 

of yeast. The use of single celled organisms to further our understanding of 

the cell cycle has been invaluable; however, for our understanding of the cell 

cycle to be maximized it must be studied in a multicellular context. The 

zebrafish embryo model provides an ideal system to examine the cell cycle. 

Proper embryogenesis requires the production of sufficient number of cells, 

the placement of the cells in the proper location, and the assignment of the 

proper identity within the embryo. The cell cycle during development 

significantly differs from the canonical cell cycle investigated in yeast. Many 

characteristics of the cell cycle during development resemble those seen in 
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tumor cells, and thus provide an excellent context to learn about possible cell 

cycle dynamics in cancer. 

The Canonical Eukaryotic Cell Cycle 

At the most fundamental level the cell division cycle consists of two basic 

processes: the duplication on the cells genomic DNA and the segregation of 

the DNA into two separate daughter cells. Based on observations of 

chromosomal dynamics the cell division cycle is further divided into four 

phases. An initial gap phase (Gl) between the completion of the previous cell 

division and the onset of genomic duplication (S-phase). There is a second 

gap phase (G2) between the completion of genomic duplication and the 

initiation nuclear breakdown and chromosomal segregation i.e. mitosis or M-

phase {see figure 1). Cells in Gl can either enter a resting state called GO or 

commit to another round of DNA replication. 

M 
(mitosis) 

G2 
(Gap 

X \ G1 
2) / / \ \ (Gap 1) 

S phase 
(DNA s y n t h » i v 

Figure 1. Schematic of the Stages of the Eukaryotic Cell Cycle. 
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The controls behind these observable cell cycle dynamics remained a black 

box for many years. The first insight into the regulation of cell division came 

from genetic screens of the budding yeast S. cerevisiae and the fission yeast S. 

pombe. Temperature sensitive mutations in cell division cycle or cdc genes 

disrupted cell division at specific points in the cycle and for the first time 

provided insights into the mechanism regulating cell division. One of the first 

genes to be identified as an important cell cycle regulator in yeast is 

cdc2/cdc28 (Hartwell et al., 1974; Nurse et al., 1976). 

The cdc2 and cdc28 genes discovered in the mutagenic screens of S. pombe 

and S. cerevisiae respectively have since been identified as functionally 

homologous archetype members of a family of proteins know as cyclin 

dependent kinases (Beach et al., 1982). Cyclin dependent kinases (or Cdks) 

are a family or serine/threonine kinases that are the key regulatory proteins 

that drive the cell cycle. Different Cdks are activated at specific phases of the 

cell cycle and phosphorylate target proteins that drive progression through a 

given phase (for review see Morgan 1997). 

The level of Cdk protein remains relatively stable throughout the cell cycle. 

The activity level of Cdks depends greatly on the availability of their obligate 

protein partners, cyclins. Cyclins were first discovered as proteins that were 

cyclically degraded and synthesized with each cell division during early sea 

urchin development (Evans et al., 1983). The availability of specific cyclins 

controls the ability of Cdks to drive progression through a specific phase of 
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the cell division cycle (Table 1). These two families of proteins are the 

primary cog of the engine that regulates the cell cycle in all eukaryotes. 

Table 1. The Major Cdks and Cyclins in Vertebrates 
Cell Cycle Phase Cdk Cyclin Partner 
Gl Cdk 4,6 Cyclin D1,D2, D3 
Gl/S transition Cdk 2 Cyclin E 
S Cdk 2 Cyclin A 
G2/M transition Cdk 1 Cyclin A 
M Cdk 1 Cyclin B 

In addition to cyclin binding, Cdk activity is also controlled by 

phosphorylation on key conserved residues. The Cdk/cyclin complex requires 

phosphorylation on threonine 160 by Cdk activating kinase (CAK) for full 

activity (Fisher and Morgan, 1994). Entry into mitosis is regulated by the 

Cdk 1 /cyclin B complex. The Weel kinase inactivates the Cdk/cyclin B 

complex by phosphorylating tyrosine 15 which then prevents initiation of 

mitosis. The Cdc25 phosphatase opposes the activity of Weel by removing 

the inhibitory phosphate and thus promotes entry into mitosis (Lew and 

Kornbluth, 1996) (Figure 2). 
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Figure 2. Post-Translational Regulation of Cdkl. The phosphorylation status 
of the Cdkl Cyclin B complex controls entry into mitosis. Replicated with 
permission from Mary Ellen Lane. 

The availability of specific cyclins is the most fundamental level of cdk, (and 

thus cell cycle) regulation, it is by no means the only means of regulation. A 

cdk-cyclin complex can be bound by a diverse family of proteins known as 

cdk inhibitors, or CKI (Fisher and Morgan, 1994). Additionally there are 

several phosphorylation events that regulate Cdk activity. Phosphorylation at 

a conserved threonine residue (T161 in yeast) by a Cdk activating kinase 

(CAK) is needed for Cdk activity (Fisher and Morgan, 1994). 

The transition from G2 to M phase also has another level of regulation. The 

cdkl-cyclinB complex promotes the transition from G2 to M. In addition to 

the required activating phosphorylation by CAK this complex is also 

inactivated by inhibitory phosphorylation at T14 and Y15 mediated by the 

wee kinase (Den Haese et al., 1995). These inhibitory phosphorylations are 

removed by the activity of the cdc25 phosphatase (Gautier et al., 1991). 
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The Cell Cycle during Development 

The generation of a complex multicellular organism from a single fertilized 

egg requires the production of sufficient number of cells, the placement of the 

cells in the proper location, and the assignment of the proper identity within 

the organism. A specialized cell division cycle program is a prominent feature 

of early embryogenesis in many metazoans. Early development commonly 

begins with a series of very rapid and synchronous cell divisions consisting of 

only an S phase followed immediately by an M phase, with no detectable gap 

phases in between (Edgar et al., 1986). The so called early cleavage divisions 

are rapid and synchronous, usually with no growth between divisions. The 

cleavage divisions quickly partition the zygote into a set of much smaller 

blastomeres. 

During the cleavage stage there is little, if any, transcription from the zygotic 

genome. All biological processes are powered by maternal mRNA and protein 

deposited in the egg during oogenesis (Newport and Kirschner, 1982). After a 

specific number of cleavage divisions (which is variable among species) the 

embryo reaches a critical nucleo-cytoplasmic ratio that triggers the mid-

blastula transition or MBT (Newport and Kirschner, 1982). The MBT is 

marked by three major events: (1) the activation of the zygotic genome, (2) 

the onset of morphogenetic movements, and (3) loss of synchrony and 
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lengthening of cell division cycles. The timing of the onset of MBT is 

presumably triggered by the diminishing maternal factors (Newport and 

Kirschner, 1982; Edgar et al., 1986). 

How the cell cycle is modulated during development and specifically at the 

MBT to accommodate embryonic requirements is not fully understood. The 

time between cell divisions lengthens at the MBT but the exact nature of the 

lengthening, in terms of the cell cycle, is not completely recognized. How and 

when gap phases are introduced; how the cellular requirements of division are 

coordinated with morphogenetic movements; and how are these processes 

dependant on zygotic transcription are all questions that are beginning to be 

solved, but many answers are still elusive. 

Drosophila melanogaster 

Early development in Drosophila occurs somewhat differently from the 

previous generalized description. The first 13 rounds of synthesis and mitosis 

occur in the absence of cellular division producing a syncytium. These 

'cleavage' cycles are meta-synchronous and after the 9th mitosis, both S-phase 

and M-phase begin to lengthen. The 14th cycle marks the Drosophila MBT. 

The syncytial nuclei cellularize, zygotic transcription begins, and the cell 

cycle is arrested for approximately 45 minutes (Edgar et al., 1986). 
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Phosphoregulation of Cdkl appears to be the key for cell cycle regulation at 

the MBT. During cycle 14, maternal Cdc25 phosphatase is degraded 

establishing an extended G2 phase due to inhibitory phosphorylation of Cdkl 

(Edgar et al., 1994). Expression of zygotic cdc25 is required to relieve Cdkl 

inhibition and cell cycle progression (Edgar and O'Farrell, 1990; Edgar et al., 

1994). Further mitotic rounds are anticipated by waves of zygotic cdc25 

expression (Edgar and O'Farrell, 1990). Maternal Weel is required for 

mitotic timing of the syncytial blastoderm cycles by inhibitory 

phosphorylation of Cdkl (Stumpff et al., 2004). Mutants of weel have a 

shorter interphase (S-phase) beginning at cycle 11 and beginning with cycle 

12 the mutants display mitotic spindle defects, and mitotic catastrophe by 

cycle 13 (Stumpff et al., 2004). These data suggest that phospho-regulation of 

Cdkl is crucial for cell cycle control at the MBT likely by regulating G2. 

The morphogenetic movements of gastrulation must also be coordinated with 

the changing cell cycle program at the MBT. Both of these processes rely 

heavily on cytoskeletal elements. One of the first major morphogenetic 

movements of the Drosophila embryo is the formation of the ventral furrow. 

This movement brings the presumptive mesoderm to the interior of the 

embryo. The beginning of gastrulation is also when cell cycle progression 

resumes. Patterned zygotic expression of cdc25 preceeds mitotic entry only 

after the cells of the ventral furrow have been internalized (Grosshans and 

Wieschaus, 2000; Mata et al., 2000). Even two-fold over expression of cdc25 
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is enough to remove the mitotic delay and disrupt ventral furrow formation, 

illustrating the delicate balance required between cell movement and cell 

proliferation (Grosshans and Wieschaus, 2000). 

Xenopus laevis 

Following fertilization, the first cell cycle in Xenopus is unique in that it has 

two atypical gap phases and an extended G2 that lasts approximately 90 

minutes with high levels Tyrl5 phosphorylated Cdkl (Ferrel et al., 1991; Kim 

et al., 1999). This extended cell cycle is thought to be necessary for the 

unique events of cortical rotation (which establishes the dorsal/vental axis) 

and fusion of the sperm and egg nuclei (Kirshner et al., 1981). Cycles 2-12 

are typical rapid cleavage divisions (-26 minutes/division) consisting 

exclusively of S and M phases with very little Tyrl5 phosphorylated Cdkl 

(Hartley et al., 1996). The Xenopus MBT begins at cycle 13, characterized by 

new zygotic transcription, longer cell cycles with gap phases and the 

beginning of morphogenetic movements (Newport and Kirschner, 1982). 

Phosphoregulators of Cdkl are variably expressed and degraded during early 

Xenopus development. Maternal Cdc25A isoform is synthesized beginning at 

cycle 2 and degraded after the MBT (Kim et al., 1999). The maternal Weel 

protein is present from fertilization until well into gastrulation (Leise and 

Mueller, 2002). A zygotic isoform of wee (wee2) is expressed at 

approximately the same time that Weel is degraded (Leise and Mueller, 2002; 



Okamoto et al., 2002). The balance between the activities of the Weel kinase 

and the Cdc25 phosphatase (along with the synthesis and degradation of 

Cyclin B) regulates Cdkl activity and consequently mitosis during early 

development. 

The maternal Weel is necessary for the extended G2 following mitosis, but its 

continued presence throughout gastrulation suggests additional roles. 

Maternal Weel is also necessary for proper morphogenesis in Xenopus 

embryos. Gastrulation and convergence and extension movements are 

defective in embryos when Weel is knocked down (Murakami et al, 2004). 

This situation again demonstrates the need for the coordination of 

proliferation with morphogenesis. 

Danio rerio (zebrafish) 

Over the past 20 years the zebrafish (Danio rerio) has emerged as a powerful 

model organism for developmental genetics. Zebrafish embryos develop 

externally and are large and optically transparent. These features greatly 

facilitate the tractability of cells and tissues. A single cross can produce as 

many as several hundred embryos, an aspect which greatly enhances 

experimental duplications. Zebrafish embryos also develop very rapidly, 

reaching the pharyngula stage in less than 24 hours. The zebrafish is also 

amenable to genetic manipulations. A wide variety of zebrafish mutant lines 

have been developed through a variety of mutagenesis techniques and many 
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successful techniques have been developed for the generation of transgenic 

zebrafish lines as well. Reverse genetics through morpholino based gene 

knock down is widely employed and highly effective for revealing gene 

functions (more information on zebrafish mutants, transgenics and 

morpholinos can be found at the zebrafish information network, zfin.org). 

Although many model organisms share some of the above mentioned features, 

none share all the features that make the zebrafish an ideal system for 

developmental biology. 

Despite all of the tremendous work done on developmental biology with 

zebrafish, relatively little work has been done on zebrafish developmental cell 

cycle regulation. Zebrafish development begins with 9 rapid and synchronous 

15 minutes) cleavage divisions. Zebrafish cleavage is meroblastic which 

produces a cellularized blastoderm at the animal pole that is positioned on top 

of a single large yolk body on the vegetal pole. The zebrafish midblastula 

transition begins at cycle 9 marked by cell cycle lengthening and loss of 

synchrony (Kane and Kimmel, 1993). The zygotic genome first becomes 

transcriptionally active after the 9th division and epiboly (the first 

morphogenetic movement) begins approximately 1.5 hours after the initial cell 

cycle changes and zygotic transcription (Kane and Kimmel, 1993). How 

these events are coordinated in zebrafish embryos and to what level they are 

interdependent remains unknown. 
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The mean cell cycle lengthens from less than 15 minutes to over 30 minutes 

between cycle 9 and 12, and in this time three distinct mitotic domains emerge 

(Kane et al., 1992). The majority of cells within the blastoderm constitute the 

deep layer and they experience the most dramatic slowing of the cell cycle 

(Kane et al., 1992). An epithelial-like monolayer called the enveloping layer 

(EVL) surrounds the deep layer composes the second domain. The nuclei at 

the blastoderm-yolk margin are deposited into the yolk to create a yolk 

syncytial layer (YSL). The YSL nuclei continue to replicate most rapidly of 

the three mitotic domains (Kane et al., 1992). 

The exact nature and the molecular players of the zebrafish cell cycle 

remodeling and the MBT are beginning to be revealed. There is evidence 

based on flow cytometry of a brief G1 phase established shortly after the 

MBT that is dependent upon new zygotic transcription (Zamir et al., 1997). 

However, the apparent G1 is too short to be a major contributor to overall cell 

cycle lengthening at the MBT. Mitotic pileup experiments indicate that a 15-

30 minute transcription independent G2 phase is established by the 12th cell 

cycle (Dalle Nogare et al., 2009). Bypass of the G2 phase either by cdc25a 

overexpression or overexpression of constitutively active cdklAF (but not 

cdk2AF) eliminates detectable cell cycle lengthening after the MBT (Dalle 

Nogare et al., 2009). All of these data suggest that establishment of G2, and 

not Gl, is primarily responsible for post-MBT cell cycle lengthening, and that 

the G2 is established through phosphoinhibition of Cdkl. 
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Because cdc25a overexpression maintains the pre-MBT rate of cell division 

through a G2 bypass, it is reasonable to imagine that a Wee kinase is required 

for G2 establishment and post-MBT cell cycle lengthening. Indeed there is 

maternal mRNA of two wee genes present in zebrafish embryos, weel and 

wee2. The evolutionary relationship between the wee homologues is unclear; 

they do share a conserved kinase domain, although they do not appear to be 

functional paralogues (Dalle Nogare, unpublished data). 

Weel ; 

Wee 2 

100 aa Kinase domain 

Figure 3. Representation of Weel and Wee2 from zebrafish. The dark gray 
region represent the kinase domain as defined by pfam. Adapted from Dalle 
Nogare. 

The developmental role of the wee genes in zebrafish is not well ascertained. 

Zygotic expression of weel is associated with post-mitotic tissues as early as 

30% epiboly and possible endoreduplication cycles in the polster and YSL 

(Dalle Nogare, unpublished data). A weel mutant was isolated from an 

insertional mutagenesis screen (Amsterdam et al., 2004) and homozygous 

weelH12479 embryos display defects with convergence and extension 

movements shortly after completing gastrulation (Dalle Nogare and Amin, 

unpublished data). However, the role of maternal wee gene products, prior to 

this work, had yet to be investigated. It is the goal of this thesis to initiate 

investigation into the role of maternal wee2 in cell cycle remodeling at the 



MBT and determine the interdependence of the cell cycle program with the 

other major events of the MBT. 

Materials and Methods 

Fish Husbandry 

Adult zebrafish {Danio rerio) were maintained in the Aquatic Habitats 

(AHAB) ™ multi-rack system. The fish and embryos were maintained at 

28.5°C as described in Westerfield (2000). Embryos were obtained by natural 

crosses in false bottom containers and cultured in E3 embryo media (5 mM 

NaCl, 0.17 mM KC1, 0.33 mM CaC12-2H20, 0.33 mM MgS04). All embryo 

staging was done according to (Kimmel et al., 1995). The DZ wild-type strain 

was used for all experiments. 

Morpholino Injection 

Antisense morpholino oligonucleotides against wee2 were designed and 

synthesized by Gene Tool LLC. The sequence for the wee2 translational 

block morpholino was 5' -GCGTTGCATTCACAGAGGCCATTTC-3' and 

aligns at six bases downstream from the AUG start codon. The control 

morpholino sequence has five mismatched bases indicated by lower case letter 

5'-GCcTTcCATTCAgAGAGGCgATaTC-3'. The morpholinos (MO) were 

resuspended in MES-buffered saline (MBS) and mixed 1:1 with 0.5% phenol 

red prior to injection to allow visualization of the injection bolus. Embryos 



were injected at the one cell stage into the yolk at the blastoderm margin. 

Prior to data collection, serial concentrations (15, 12, 9, 6, and 3 ng) of both 

the wee2 MO and control MO were injected to assess possible MO toxicity 

and to determine the lowest effective dose. For all further experiments 9 ng of 

wee2 and control MO was injected per embryo. 

Phosphohistone-H3 Immunofluorescence 

Embryos were collected at indicated stage and fixed in 4% paraformaldehyde 

(PFA) solution overnight at 4°C on a rocking platform. Fixed embryos were 

manually dechorionated with forceps in PBT (0.1% v/v Tween 20 in PBS). 

Dechorionated embryos were permeabilized in 2% (v/v) Triton-XlOO in PBS 

for 1 h at room temperature followed by overnight incubation at 4°C in 

immunofluorescence blocking solution (lOmg/mL BSA, 10% fetal bovine 

serum, 0.1% Tween-20, 1% DMSO and IX PBS). Embryos were incubated 

with the phosphohistone-H3 antibody #9713 (Cell Signaling Technology) at 

1:200 with shaking for either four hours at room temperature or overnight at 

4°C. Embryos were then washed four times for 15 minutes in 0.5% Triton-

PBS followed by a minimum of two hours immunofluorescence block. 

Embryos were then incubated with Alexa Fluor 594 goat anti-rabbit IgG 

secondary antibody (Invitrogen A-11037) for two hours at room temperature 

with rocking. To visualize nuclei, embryos were counter-stained with 

Hoechst at 1:2000 for 1 hour with rocking. 



The embryos were washed in increasing concentrations of glycerol (50%, 

70% and 90%) and the yolk was separated from the blastoderm manually with 

eyelash tools and mounted in vectashield onto a microscope slide. Images 

were acquired with a Zeiss LSM 510 confocal microscope. 

Semi-Quantitative RT-PCR 

RNA Extraction 

Following MO injection, 20 embryos at the proper stage were removed from 

the E3 media and placed into 100 (J.L trizol in a microfuge tube. The embryos 

were thoroughly homogenized with a pestle and 400 jj,L of trizol was added. 

The samples were then centrifuged at 12,000 g for 10 minutes. The 

supernatant was removed to a new tube and 1/5 volume (100 |j,L) chloroform 

was added. The samples were then vortexed and incubated at room 

temperature for 5-10 minutes followed by centrifugation for 10 minutes at 

12,000 g. The upper aqueous layer was removed to a new tube and 125 nL of 

isopropanol was added and incubated at room temperature for 10 minutes to 

precipitate the RNA. The sample was centrifuged at 12,000 g for 10 minutes 

to pellet the RNA. The supernatant was removed and the pellet was washed 

with 75% ethanol (from DEPC treated water) followed by another 

centrifugation. The ethanol was removed and the pellet was allowed to dry 

for 10 minutes at 37°C, then the RNA was resuspended in 25 |oL of DEPC 

treated water. The extraction of the RNA was verified by running 1 (iL on a 

1% agarose gel to visualize 18S and 28S ribosomal RNA bands. The RNA 
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concentration was determined by measuring the O.D. at 260 nm; typically 

approximately 8 jxg RNA was recovered from 20 embryos. 

cDNA Synthesis 

Extracted RNA was converted to cDNA using the Invitrogen Superscript™ III 

First-Strand System for RT-PCR. RNA primer mixture was made in a 

microfuge tube by combining 1 jag RNA with 50 ng (1 (J.L) random hexamer 

primers and brought the volume to 10 (j,L with DEPC-treated water. The 

RNA primer mixture was incubated for 5 minutes at 65 °C and place on ice for 

a minimum of one minute. A mixture for cDNA synthesis was made in a 

second micro fuge tube consisting of 2 |j.L of 1 OX RT buffer, 4 (iL 25mM 

MgCl2, 2 jxL 0.1 M DTT, 1 [iL RNaseOUT™ (40 U/ \iL) and 1 ^L 

SuperScript™ III reverse transcriptase (200 U/ (iL). 

The cDNA synthesis mix (10 jiL) was added to the RNA primer mix pipetted 

gently to mix and incubated at 25°C for 10 minutes, followed by 50 minutes at 

50°C, the reactions were then terminated at 85 °C for 5 minutes then chilled on 

ice. To remove the residual RNA, 1 jiL of RNaseH was added to the tube and 

incubated for 20 minutes at 37°C. 

Semi-Quantitative PCR of zygotically expressed genes 

Candidate genes were chosen based on suppressive subtractive hybridization 

screen that specifically identified genes that are not maternally contributed, 

but are expressed robustly shortly after the midblastula transition (O'Boyle et 
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al, 2007). The genes chosen were mtx2, vox, lecithin retinal acetyl-

transferase (Ira) and as a positive control ornithine decarboxylase (ode). All 

primers used for gene amplification were designed to amplify across an intron 

to control for genomic DNA contamination. 

mtx2: 5' -CTGCATTGCTCAAGATGGAA 
5' -GTGTGCTGTAGTCGCTTGGA 
Product size - 407 bp 

vox: 5' -GACTGGCTTGCTCAGAGCTT 
5' -GGCCGCTTCACTCTCATACC 
Product size - 271 bp 

Ira: 5' -GGCAGCACTGCAAAATGTTA 
5' -GGCCGCTTCACTCTCATACC 
Product size - 513 bp 

ode: 5' -CAGCATTGCACAAGATGCAA 
5' -GCGTACTGTAGTCGCTTGGA 

Initially all genes including control were PCR amplified over a wide range of 

cycles (from 19 to 31) to determine optimal linear range of amplification for 

quantitation. Amplifying 22, 25, and 28 cycle was found to be the optimal 

linear range and used on all further experiments. Semi-quantitative RT-PCR 

experiments were performed in duplicated from the MO injections forward to 

further validate the results. 
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Results 

Knockdown of wee2 results in morphological arrest at sphere stage 

Unlike Drosophila ox Xenopus embryos, which each have one maternal wee 

gene product present during early development (Stumpff et al., 2004; Walter 

et al., 2000), zebrafish embryos have two homologues of the wee gene that are 

maternally contributed. To help elucidate what role maternal wee2 plays in 

zebrafish development we designed an antisense morpholino oligonucleotide 

that targets just downstream of the wee2 mRNA AUG start site to block wee2 

translation. Microinjection of 9 ng of wee2 MO at the one to two cell stage 

resulted in morphological arrest at the sphere stage (figure 4) in over 80% of 

the injected embryos consistently with numerous repeated injections. 

Beginning approximately 2-3 hours after sphere arrest the blastoderm of the 

wee2 MO injected embryos would begin to distend, followed by complete 

lysis within 24 hours (data not shown). 
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Figure 4. Morphology of wee2 MO injected embryos. Injection of the wee2 
MO arrested morphological development at the sphere stage for several hours 
while the control MO injected successfully completed epiboly in 
approximately 9 hours. 

To account for the possibility that any observed wee2 knockdown phenotypes 

were due to non-specific off target effects of the weel MO, we designed a 

control morpholino with five mismatched bases. Injection of 9 ng of the 

control MO at the one to two cell stage resulted in normal development 

through 24 hours with no visible defects and served as the control for all 

subsequent MO experiments. 
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Knockdown of wee2 disrupts mitosis only after the MBT 

Wee kinases prevent entry into mitosis by phosphorylating Cdkl. To 

investigate the effect of wee2 knock down on overall mitotic profile of 

zebrafish embryos we stained wee2 MO and control MO injected embryos at 

several stages both pre and post-MBT with fluorescent antibodies against the 

mitotic marker phosphohistone-H3. Prior to the MBT no difference could be 

detected concerning the quality or quantity of mitotic nuclei between the wee2 

knock down and control embryos. Beginning approximately 30 minutes after 

the onset of the MBT irregular mitotic figures resembling chromatin bridging 

could be observed in the wee2 knock down embryos (figure 5). By sphere 

stage the mitotic nuclei irregularities become more severe and within one hour 

after sphere the nuclei are fragmented and no recognizable mitotic figures can 

be identified (figure 5). This strongly resembles the results from cdc25a 

overexpression, which indicates that failure to inhibit Cdkl activity leads to 

mitotic catastrophe shortly after the MBT and establishment of G2 through 

phosphoinhibition of Cdkl is crucial for proper post-MBT cell cycles. 
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After observing that wee2 activity appears necessary for both morphogenetic 

movements and proper cell cycle regulation after the MBT, we wanted to see 



if maternal wee2 was also necessary for the activation of the zygotic genome. 

Prevention of zygotic transcription through a-amanitin (an RNA pol II 

inhibitor) leads to a very similar sphere arrest phenotype as that seen from 

wee2 knock down (Dalle Nogare et al., 2008). So we wanted to investigate if 

wee2 mediated delay of mitotic entry was necessary for new zygotic 

transcription. To answer this question we used the results of a suppressive 

subtractive hybridization screen (O'Boyle et al., 2007) that identified genes 

that were exclusively expressed from the zygotic genome shortly after the 

MBT. We performed semi-quantitative RT-PCR on the candidate genes both 

before and after the MBT in wee2 MO injected embryos and control embryos 

to determine if wee2 was needed for zygotic transcription. The candidate 

genes we chose were vox (which is needed for organizer formation) and 

lecithin retinal acetyl-transferase (Ira) based upon robust expression after the 

MBT and virtually no detectable expression prior. We also chose the mtx2 

gene because it is a homeobox transcription factor necessary for proper 

epiboly (Bruce et al., 2005; Wilkens et al., 2007). Our data suggests that 

Wee2 activity may be necessary for accumulation of zygotic transcripts 

following the MBT (figure 6). 
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Pre-MBT 128 cells 

ode mtx2 vox Ira 

control injection M B 
wee 2 
knockdown 

Cycle #: 22 25 28 22 25 28 22 25 28 22 25 28 

Post-MBT sphere , , _ , ode mfx2 vox Ira 

control 

wee 2 
knockdown 

Cycle 22 25 28 22 25 28 22 25 28 22 25 28 

Figure 6. Semi-Quantitative PCR of zygotically expressed genes. Ornithine 
decarboxylase is used for a control because if should be equally expressed 
both before and after the MBT. Post-MBT expression of zygotic genes 
appears to be greatly reduced in the wee2 MO injected embryos. 

The lack of zygotic transcripts at the sphere stage could be more a result of 

loss of nuclear integrity at this stage more so than due to a specific 

requirement of Wee2 for zygotic transcription. Zygotic transcription could 

have been initiated shortly after the MBT, but failed to accumulate due to 

eminent cell death. We attempted to perform the RT-PCR quantization of 

zygotic expression closer to the MBT when the cells still appear relatively 

healthy, but failed to get a consistent result to provide a meaningful resolution 

to the problem. 
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Discussion 

In this thesis we present the first analysis of the functional role of maternal 

•weel during zebrafish development. Activity of weel appears to be required 

for successful progression through the midblastula transition. The three most 

notable features of the MBT are cell cycle remodeling, the initiation of 

morphogenetic movements and large scale initiation of zygotic transcription 

(Newport and Kirschner, 1982). Morpholino mediated knock down of weel 

translation interferes with all three of the MBT hallmarks to various degrees. 

The only reported activity of Wee kinases is dual inhibitory phosphorylations 

of Cdkl (Den Haese et al., 1995). As such, the evidence suggests that 

phosphoinhibition of Cdkl to delay mitotic entry is required to execute the 

changes at the MBT successfully, based on maternal weel knock down and 

cdclSa over expression. 

The requirement for weel activity for the execution of morphogenetic 

movements is not entirely surprising. There are multiple reports in both 

Drosophila and Xenopus that indicate that phosphoinhibition of Cdkl is 

needed for normal morphogenetic movements (Grosshans and Wieschaus, 

2000; Mata et al., 2000; Murakami et al., 2004; Leise and Muller, 2004). 

Specifically in Xenopus, maternal weel is required for proper involution and 

convergence and extension movements following the MBT (Murakami et al., 

2004). Cell division and cell movements both require a large amount of 

cytoskeletal elements. Mitosis requires assembly of intricate network of 
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microtubules to accurately segregate chromosomes and rearrangement of the 

actin network. Morphogenetic movements also require large scale 

cytoskeletal rearrangements for adhesion and coordinated cell movements. 

The large cytoskeletal requirement for both of these processes appears to 

make them mutually exclusive and thus need precise coordination. 

The requirement for weel activity (or at minimum phosphoinhibition of Cdkl) 

for correct mitotic activity shortly following the MBT is apparent. Knock 

down of weel translation leads to global mitotic catastrophe within two hours 

of the MBT. However, unlike other model organisms studied, there are two 

maternal wee gene products in zebrafish embryos. This situation makes it 

more difficult to determine the precise nature of the required weel activity 

from our experimental data. More experiments are required to determine what, 

if any, are the differences between the roles of weel and wee2 during the 

MBT. 

Inhibition of zygotic transcription through a-amanitin in zebrafish leads to 

morphological arrest at the sphere stage, suggesting that new expression of 

specific genes is required for morphogenetic movements. The sphere arrest 

phenotype is from weel knock down is morphologically identical to that of a-

amanitin injection, leading to the likelihood that weel activity is required for 

zygotic transcription and thus morphogenetic movements. In our hands, weel 

knock down results in greatly reduced zygotic transcription at the sphere stage. 

The transcription of new mRNA and the translation of the mRNA into 
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functional new proteins take a considerable amount of time, so the 

requirement for a weel induced G2 phase to meet these requirements seems 

reasonable. However, based on previous phosphohistone-H3 staining 

experiments, I also had to consider the condition of the cells at the sphere 

stage in the wee2 knockdown embryos. At the sphere stage, the weel 

knockdown embryos are beginning to lose nuclear integrity and the lack of 

accumulation of zygotic transcripts could be the result more of cell death than 

a specific requirement for weel. 

When zebrafish are treated with an apoptosis inducing agent such as 

hydroxyurea or camptothecin in the cleavage to early blastula stage, embryo 

death occurs at late gastrula stage (Ikegami et al., 1999). The timing of 

embryo death coincides with the onset of low level apoptosis in control 

embryos suggesting the general acquisition of the ability to execute apoptosis 

at this time. Embryos treated with camptothecin at the blastula stage died at 

the same time as those treated during cleavage, but the nuclear phenotype 

differs. When embryos were treated with camptothecin at cleavage all the 

nuclei quickly accumulate lethal damage which prevents further nuclear 

division (Ikegami et al., 1999). However, when the embryos were treated 

with camptotheci at the blastula stage many defective mitotic figures were 

observed. The mitotic figures micronuclei and dumbbell like connections 

between nuclei (Ikegami et al., 1999). 



The mitotic phenotype of the blastula camptothecin treated embryos strongly 

resembles the mitotic phenotype of the wee2 knockdown embryos at an 

equivalent stage. Thus it seems possible that Wee2 activity is not need until 

blastula stage and prior to this point Wee2 is negatively regulated at some 

level. This data also suggests that the cells of wee2 knockdown embryos 

begin to acquire nuclear damage at the midblastula stage, but are unable to 

execute the apoptotic program until one hour post-sphere, at which point the 

observed nuclear fragmentation consistent with apoptosis is first observed. 

A maternal-effect mutagenic screen identified a mutation that results in 

morphological arrest that sphere named screeching half'8ad (srh) (Wagner et 

al., 2004). At 512 cells approximately half of the srh nuclei were connected 

and this state deteriorates until the sphere stage at which time fragmented 

chromatin and strings of nuclear material was observed (Wagner et al., 2004). 

Zygotic transcription was also disrupted in the srh mutants. The genes 

dharma, tbx6, and sonic hedgehog failed to express at all and several zygotic 

genes that were expresses lacked normal restriction domains (Wagner et al., 

2004). 

Similar maternal-effect mutant phenotypes in Drosophila, grapes and mei-41, 

have been identified as Chkl and ATR kinase respectively which are involved 

with DNA replication checkpoint (Sibon et al., 1997; 1999). Although the 

phenotype of srh is not exactly the same as wee2 knockdown, the similarities 
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suggest they could be involved in a similar process required to slow mitotic 

entry around the time of the MBT. From this data it can be hypothesized that 

wee2 is required at the MBT to prevent premature mitotic entry in response to 

an acquired DNA replication checkpoint at this time. 

Continued work is necessary to determine the precise role and 

requirement for weel at the MBT 

To determine the precise role of wee2 we must first determine its activity. It 

is presumed, based on the evidence, that wee2 is required for inhibitory 

phosphorylation of Cdkl. However, weel is also present at the MBT which 

makes the required activity of weel somewhat ambiguous. To test the 

hypothesis that weel is required at the MBT to inhibit Cdkl activity I need to 

perform western blots of the phosphoinhibited form of Cdkl (p-Cdkl) at 

several time point before and after the MBT. In zebrafish, levels of p-Cdkl 

incrementally increase following the MBT (Mullins, unpublished data). If the 

hypothesis is correct weel, then knock down should diminish the levels of p-

Cdkl after the MBT. 

The effects of weel knock down on cell cycle lengthening and the 

introduction of a G2 phase should also be examined. Knocking down weel 

leads to mitotic catastrophe, but I do not know if weel is required for the 

establishment of G2 and cell cycle lengthening. Time lapse microscopy and 
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even mitotic pileup assays could be used to determine if wee2 is required for 

G2. 

Perhaps the most interesting question that remains to be answered is the 

functional relationship between weel and wee2 at the MBT. To address this 

question a combination of double knock down and knock 

down/overexpression experiments can be used to determine the functional 

relationship. From these experiments it could be determined if weel activity 

can compensate for wee2 and vise versa, and if weel or wee2 might have 

undiscovered targets during the MBT. 

Phosphoregulation of Cdkl at the MBT 

Numerous reports have demonstrated that phosphoregulation of Cdkl is 

required for the midblastula transition, and our data is consistent with that 

premise. The balance between the activities of Cdc25 phosphatases and Wee 

kinases is critical to regulate mitotic entry at the MBT. Prior to the MBT 

mitosis is initiated immediately following the completion of S-phase. Cdkl 

mediated introduction of a G2 phase appears to be the first crucial cell cycle 

regulatory event that coordinates the developmental cell cycle program with 

the other major events at the midblastula transition. 
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