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Abstract

Tubulin dynamics, 1.e., the interchange of polymenc and soluble
forms in zebrafish oogenesis and embryogenesis, is important for
microtubule (MT) cellular functions. The majority of a-tubulin in
zebrafish oocytes was present in the soluble and not the polymer
pool. Using differential centrifugation, gel chromatography and
DM 1A probed western blot, soluble a-tubulin was found to be
associated with large molecular weight complexes (=2MDa) which
were reduced by the blastula stage, with a eoncomitant decrease in
soluble tubulin amount. Complexes (< 2MDa) then increased in the
gastrula with an increase in soluble c-tubulin. Unhke MT
fragments, the tubulin complexes were freeze-thaw resistant and
stable in high salt. Two different anti-y-tubulin monoclonal
antibodies, GTU 88 and TU 30, revealed the existence of y-tubulin
in both zebrafish cocytes and embryos, which also decreased by the
blastula stage and increased in the gastrula stage. Soluble a-tubulin
and y-tubulin of zebrafish ovaries, cocytes and embryos were co-
localized in fractions from three different columns: Sephacryl-200,
DEAE and Superose-6b. Ovarian soluble a-tubulin was co-
immunoprecipitated with y-tubulin, Immunofluorescence
microscopy revealed discreet y-tubulin foci in centrosomes and
diffuse labeling in blastomere cytoplasm in early embryos. In 2-16
cell embryos, clusters of centrosomes were seen, sometimes
forming linear arrays. Imjection of anti-sense oligos to y-tubulin
resulted in A-P axis defects. In situ hybridization with y-tubulin
oligo revealed diffuse label in oocytes, with a marked localization
to the blastodise upon maturation. Ovary and eggs showed similar
patterns of tubulin gene product expression while differing from
day 4 larva using mucroarray. These findings, together with recent
work on y-tubulin ring complexes in other species, suggest that y-
tubulin protein complexes may be involved in regulating tubulin
dynamics duning aebrafish oogenesis and embryogenesis

Introduction

Zebrafish (Damio reric), a small tropical freshwater teleost, has emerged as o
miodel for cell and developmental biclogy because of 1ts high fecundity, short
generabon time and rapid development of the extermally fertilized and
translucent embryos (Drever @f al., 1994), Microtubules (MMTs) amnd tubulin
dynamics, i.e., the interchange of polymenc and soluble forms, are important in o
vanety of cell functions dunng cogenesis and embrvogenesis in zebrafish,
Besides their well-known role in mitosis, MTs are required for epiboly (Solnica-
Erezel and Driever, 1994, Strahle and Jesuthasan, 1993), furrow forimaton
(Pelegr er af , 1999, and the cohesion of post-cytokinesis blastomeres in
zebrafish (Jesuthasan, 1998). As transport ines for regulatory substances and
maternal mBEMNAs, MTs are also required for transportation of dorsal
determinants, axas determination and establishment of embryonic polanty in
zebrafish (Jesuthasan and Strahle, 1997 Therefore, BT dymamics and
ofgarizat on st be regulated both temporally and spatially (Bechker and Gard,
Ll iy

The classic paradigm for tubulin dynamics is based on “dynamic equilibmum™
between polyviner and soluble heterodimer tubulin pools. Thus, as soluble tubualin
increases in conceniration, polymer sssembly should ensue. However,
prelindnary stisdies revealed that the majonty of o-tubulin in zebrafish oocyvies
was present in the soluble and not in the polymer pool (Liv and Lessman, 20013,
this predominance of scluble tubulin was also found in Xenopus (Pestell, 1975),
DProzapiiila (Raff ef af., 1973%), Sea urchin (Raff and Kaumeyer, 1973) and Rana
Piplens oocytes (Wang and Lessmman, 1997). This finding is unusual becasme in
most other cell tvpes, the majonity of o-tubulin is in MTs form (polyvmer). Whey
does this soluble tubulin persist without spontanecus assembly into MTsT Does
thas soluble tubulin still dominate in zebmfish embrvos? We hnpothesized that
scduble tubulin was accurmuilated and stored inan “oligomeric™ form that was
composed of large molecular weight complexes and did not readily assemble into
MTs duning zebrafish cogenesis. It is further hypothesized that these large tubulin
complexes, especially in fully-grown cocytes, would be sub-divided into many
srsller complexes and incorporated into embryonie MTs networks in fture
embryvogenesis.

In amimal cells, microtubules are nucleated by the centrosome, which consists
of a centricle pair surrounded by pericentriolar matenal (PCM). The centrosomsal
protein p-tubulin seems to be a key factor in microbule mucleation { Pereira and
Schiebal, 1997, Wiese and Zheng, 19997 So far it is known to function &4 &
multi-protemn complex, called the y-tubulin ring complex (yTuRC), which
composes the microtubule-organizing center (MTOC). The data to date indicate
that soluble p-tubuilin exiats as lange protein compleses with o- and B-tubaolin in X
laevis, sheep (Wiede and Zheng, 1999 and R aeg pipierns | Lessroan and Kim,
20601 ). The above resalis showed that the MDa tubulin compleses contain a-, -
and y-tubulin as well as other proteins. Besides its important role in nucleating
microtubules, y-tubulin is also necessary in many other cellular functions. The
present study was undertaken to provide basic biochemical, molecular and
ploysiological data on tubulins, including y-obaling, in zebrafish oocvies and
embryos, And to provide a foundation for fuhee work on the tubulin eyvtoskeleton
in this important model omganism,

Model for cycling of gamma tubulin
complexes during zebrafish ::I--T:g-
L
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Figure 1: Comparison of immuno-dot blots (probed with DM1A) of supernatant
preparations of different developmental stages of cogenesis and embryogenesis

run on an 5-200 Sephacryl column.

Tap pamel: Oy, profile of ebrafish protein from oocyte or smbryo supemstants ehted from s 5-200 Sephacryl
column. The stendards Diextmn blue and BSA eluted ot fhe 21% frocton (2 MDa) mmd 37" fmction (66 KDm), respectively.
Lewer pane Comparon of enmuno-dot blois {probed with DMLA) of colemn fractions of mpematani from different
divelopmental stages of cogenesiz and embryagenesis eluted from one 5-200 Sephecry] column. The moelecubar weight
standerds used o cnlibrate the colmn are mdented shove Odd nombered fractions {100p]) were spotied, while sven
numbered frnchwons were used for Westen blots
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Figure 2: Western blot of zebrafish oocyte or embrvo extracts at the indicated

developmental stages probed by anti y-tubulin antibodies (GTU 88 or TLU 30).

Paned A: ofgingl 40 10600g supernstant probed by TU 30 Pand B onginal 40u1000g supsrastan probed by OTU 28 Panel O
ariginal 40x1000g pellel prabed by TU 30, Panel D: original 4021000 pellet probed by OT1 88

Lane 1) flly-grown oocyte 25 D-d cell, 5) 864 cell, 4 S4-128 cell, 5y mad-blastuln (= 1000 cells), &) gastrula, 7} pharyngula
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Figure 3: Comparison of immuno-dot blots
(probed with GTL 88) of 16210008 supernatan

preparatsons of different developmental stages of cogenesis mnd

et by agen enis run on 6 5-200 Sephacryl column. Odd numbered
fracteons (100l ) were spotied, while sven numbered frachions were
used for Westemn bilots (lower panel, probed by DM LA and OTL 88
The standards Dextran blue and BEA ehied of the 2 1™ froction (2

B Dim} mmed 3 70 frmction (&6 K D), respectively.

Lewer pamel W estern blot nunly s (probed with DRBILA and GTU 285
of supematani preparations of different developmental stages of
angenesis ed embiyoegenesis o on en 5200 Sephecy] colism

BAT: Bovine bram tubulm standard. 1651000 5-200 column fraction:
ifrom 128 to 28)are mdscated above ench lnne

Figure 4: Western blots analysis (probed
with DM1A and GTL 88) of column fractions of

mpernannt extractions from sebrafish ovarses, fully -grown

{ et b and meheee oocytes after Lol g centrafigstion
and elution from either DEAE or Supefose-6b colimn
Zobrafish bramn 162 1000g supematant extract was vied to be
sinnderd {sd) Armows indicsied the co-ehion of a-fubolm
mnd p-tubulm from esch colomn

DEAE . Three different NoCLl-50mM Triz buffer (0.1 5451

0. 30 and 060, pH 7 4) which sloted the avarian sopernsani
extrnctions wers mdicated abave each pooled and
concentraed peak fractions

Sup-fb: Fraction numbers {from 19-25) indicated ench
concenfraied fraction for both immature mnd mstare oocyte
seclions
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Figure 5: fn viftre stability assay of zebrafish ovarian extracts after three cveles of freeze-thaw.,

Tap paned Comparson of snmunc-dal blots (probed with DM1A) of fresh or freeze-thavwed 16x1000g supernatant preparaions from Zebealizh
avErES ren on an 5-200 Sephacry] colimn. Each fracton nember (from 24 to 48) indieated comesponding individual fraction

Lewer punel: Western blots analysis (probed wath DEI1A) of microdubube i vitno assembly nzsay nided by tmxol (T with fresh or freeze-thaved
16x1000p supematant preparations rom zebrafish ovenes Zebrafizh brain extracts was used sz standerd (sd) “on’™ memns fresh orgmal zebrafich
16x 1000 supemntant. DRSO (D) was used ns o vehscle control “'ns"” menns supematont aftfer assembhy. “up™ means pelled after nssembly

Takle 1

Companson of different gaomoma-twbulin-antisense vrgection e Mects on enrly

rebmflash embryos usng ratios of the namber of abnormal (asaal defects) embryvos 1o the

total live embryos imected after 24 s, * indicates signaficant defference in each oligo-

naclectide uy ection group campared (o vehicle contrel (PP = 002 uwsing z-test proporison

TN O IS Y

Treatment Albmormmal! total alive Percent (%)
Control 6/182 3.3
Oligo 1
125 pginl 1179 e
500 pg/nl 10w 2 4
Oligo 1°
125 pginl 33/253 13+
500 pginl D68 13+
Oligo 2
125 pgnl 13105 12=
500 pg/nl 416 25+
Oligo 2°
125 pg/nl 13122 12*
504 pg/nl 13 0=
Table 2: AMicroarray data for wild-ty pe zebrafish ovary, mature egg

and 4 doy larval tubuling and related mEMN A Presented as relavive

abundance,
day 4 oo anmon
larm afig ovary  Targal Dascrplion pioba FiLiElsar
LT a3 BS euling, paEwme 1 Dy 11209 1 g BCD4nAEE 1
129 7o 4473 gam ma-lubadin comglas prolass 2 Dr. 3637 1 gb BGIZTES
g - ubalin e nmc g oo
G20 41  f{ysad SPCH homolog) Dr15107.1  gh:BAMIEZ344
goiz sbeuling, adpha 1 Dr 113101 gh:BODAZN15.1
a0 371 Fr0 inssuling, alpha 1 Or . 11310.2 g AFDZE250.1
2056 514 1328 msbulin, alpha 1 Cr 113102 gbhAFDZE250 1
GE3L isbsuilir, alphua 1 Dr 113103 ghBEIMEEL2
ZE talsLilin, adpiua 1 Dro 113103 gh'BGIEZ2
1d-4 50 207 FAN0 @l - Ak alens Dr 113104 g BOG 15090
6BTEL 3531 4407 ruling, aiplha B lika Dr 20010.2 gl AW 115602
10 TalLilir, adpdum B lika 3 D 202041  ghAITSATOR
214 15701 1F510  hmebulin, aiphs 4 ke Dr 234361 gh BODMGAEES 1
307 196 i78 fubauden, aslpha 2 moform 1 Dr 2545681 gh -BIGT3IETE
1556 1440 Tubulin alpha-1 chain, boaen-speecific Dr 25680.1 ghALTI6&150
1HGE habulin, alpha & O 263811 gh BIBGE29H
2200 13743 1116 hebulin, sipha § like 4 Dir G4 1 b BRS04 T 1
DEAD {(Asp-GEk-Ala-Aap) b palypapkeda
A 68 3913 4 B Dv GGd 7 b AR GRS 1
41077 3018 ZHRT  hubeulin, adples 1 Cir B0 3 ab BIAZE4 10
#4253 142 196 habulin, aipie B lika 2 D F&O06E 1 gk BEDT Fe52
1230 10364 GEES  Tubulin bels-5 chasn Or 247581 gb BOOTHL4 2
TEAT Tubulin bals-5 chan Dr 24758 2 gh BGQO7H442
355 Fis| G4 Tubulin bels-2 chEn Dr 249071 ghALT1TI50
1687 324 100G elsuilin, bala 5 Dir 4416 1 gb AF%SZE0GE 1
1188 10441 TG0 hdsulin, bala, F Dy BEO0% 1 g AIISTI0H
14653 11366 HBOTE  ebulin, bela, ¥ Cr 5605 2 b BRT4 1612
1438 5227 GOGS  ebeulin bela mBRA O SEOS. 3 ab AT T242
135003  S424 AEGT  ebulin bela D 56053 ab AT T4 2
1410 431 554 hebulin balta Dir SEO0S 4 ab BO2EIG T
4 i 135 #2  bala-hbulin Dr G173 1 gb AW O T Fa4 4
2445 1578 1513 bubn cofaclor a Oy 11631 b BODGOT2
bata-sbulin cofactor C
A 55 1652 1873 nmibulin-spacaic chaparons © Dr 16ETE. 1  gh BIEOZAS
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Figure 6: Western blots analysis (probed with DNM1A) of sability sssay

zebrmfich evarimn extracts trested with different concentration of NaCl or pH and ren on an 5-
20Hr Sephacryl column Zebrafizh bramn extracts were waed a3 a tubulm standasd (5D). Fraction
numbers (from 20 io 34) are indicated ai ihe top of panel Differeni ireatments are listed bo the lofl
of emch panel
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Figure 7: Co-immunoprecipitation assay of a-tubulin and
v-tubulin from 16x100MMg zebralish ovarian extracts using

DM1IA or GTU 88-conjugated protein G beads. Western blsts
probed (lab el of leit) for o-tubalim (DA 1A) ar y-inbulin (GTU-88) Tallawed hy
Tro-Elst HEF-goai antl-monse (detects native [gG) with clhem iuminescent
deteatism,

control

oligo 1_ oligo 1°

2 ©

GTU-88 epilope H-ierminal
aligos

1 ¥ etCanGegGlggetcceg 5°
1" 3" ctCaaacggigacitcCG 5

2 ¥ smtGgtAcgCeggligigee 5
2" 3" aTGicgcggoggigigCA 5
4 phosphothloated base (Caps)

Figure 8. Representative phenotypes of anterior-posterior axis
defects 24hr post-injection with y-tubulin antisense oligonucleotides.

Oligonuclectides 1 & 2 were designed from human y-tubulin gene sequence, while 1' &
2 were designed from the zebrafish gene. Control recelved vehicle only. Injectate
volume = 2 nl, 2 - 8 cell stage
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Figure % In situ hyvbridization (probed with FITC -oligo y-probe) of different stages of zebrafish
oocyles and embryos. The top panels are “with probe™ treatments and the lower panels are “without probe®™
treatmenis. Anti-FITC 2™ antibody conjugated to alkaline phosphatase and DAB wmed to develop color.

Figure 10: Immunofluorescence assayv: embryos probed with DAPI (red) and GTU 88 (green).
Arrows indicate nuclel in 2 - 8 cell ambryos (eft & midde panels). Lower laft. 8 call embryo with iinear armay of centrosomes,
A right. gastrula has more numames and smalkr centrosomes.,

Conclusions

i. Soluble o-bulin was found o be associated with large molecular weight complexes (=2, Da)

which were reduced by the blasiula stage, with a concomitant decrease in soluble tubulin

amount. Complexes (<= 2MDa) then increased in the gastrula with an increase in soluble o-

tubulin

Both soluble and poelymerized y-tubulin existed in zebrafish ococytes amd embryos, which also

decreased by the blashula stage and increased in the gastrula stage.

Unlike 3T fagments, the tubulin complexes were freeze-thaw resistant and stable in high salt.

Saoluble a=-tubulin and y=-tubulin of zebrafish ovanes, cocytes and embryos were co-localized

in fractions from three different columns: Sephacryl-200, DEAE and Superose-6b. Cvanan

soluble o-ubulin was co-immunoprecipitated with y-tubulin

5, Injection of anti-sense oligos to p-tubulin resulted in A-P axis defects.

G, In sitm hvbridization with y-tubulin oligo revealed diffuse label in oocytes, with a marked
localization to the blastodisc upon maturation

7 Immmunofluorescence microscopy revealed discreet y=tubulin foci in centrosomes and di ffese
labeling in astomere cytoplasm in early embryos.

8. Cryary and eggs showed similar patterns of tubulin gene product expression while differing
from day 4 larva using s croarray.
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