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Microtubule-based motor proteins assemble and reorganize acentrosomal mitotic
and meiotic spindles in animal cells. The functions of motor proteins in
acentrosomal plant spindles are unknown. The cellulosic cell wall and relative
small size of most plant cells precludes accurate detection of the spatial distribution
of motors in mitosis. Large cell size and absence of a cellulosic cell wall in
Haemanthuendosperm make these cells ideally suited for studies of the spatial
distribution of motor proteins during cell division. Immunolocalization of a
kinesin-like calmodulin-binding protein (KCBP) itHaemanthusendosperm
revealed its mitotic distribution. KCBP appears first in association with the
prophase spindle. Highly concentrated within the cores of individual kinetochore
fibers, KCBP decorates microtubules of kinetochore-fibers through metaphase. By
mid-anaphase (when a barrel-shaped spindle becomes convergent), the protein
redistributes and accumulates at the spindle polar regions. In telophase, KCBP
relocates toward the phragmoplast and cell plate. These data suggest a role for
KCBP in anaphase spindle microtubule convergence, which assures coherence of
kinetochore-fibers within each sister chromosome group. Increasing coherence of
kinetochore-fibers prevents splitting within each sister chromosome group and
formation of multinucleated cells. Cell Motil. Cytoskeleton 41:271-280,
1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION Prevalent concepts of the organization and function
The basic task of mitosis is the fail-proof equipartipf the spindle pole_s are bas_ed on animal sqmatic tissue
. . . ells or eggs of marine organisms. The organization of the
tion of c_hromos_omes to opposite spindle DOIeS'_ Ea_r indle poles in these cells is dominated by centrosomes,
observations [Wilson, 1928] showed that the organizati ich are major microtubule (MT) organizing centers

of polar areas in different organisms is variable. Rece(WITOCs). The centrosome is composed of centrioles
studies on the function, organization, and composition f,rounded by pericentriolar material. The latter func-

different types of spindle poles demonstrate their ultimajgyns as MTOC, nucleating and organizing MT arrays.
function in chromosome segregation [reviewed in Merdes

and Cleveland, 1997; Waters and Salmon, 1997]. Oneé)f o . o
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their organization, is that they focus chromosomes during
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micronuclei, an aberration that would forfeit the very
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Variously developed asters emanate from the centrosotitmn of MT arrays is the basic mechanism directing
and focus spindle fibers toward the center of the polgpindle assembly in the absence of a centrosome/MTOC
However, some meiotic and early embryonic cells ladBajer and MoleBajer, 1986; reviewed in Smirnova and
typical centrosomes. Mouse oocytes have pericentrioBajer, 1992]. However, direct evidence on the role of
material but lack centrioles [reviewed in Balczon, 1996jnotor proteins in angiosperm spindle assembly and
Furthermore, it has been shown tizxbsophilacocytes reorganization is lacking [reviewed in Asada and
do not have a centrosome in any form [Matthies et alGollings, 1997].
1996]. However, in prophase, these cells form spindles Recently a novel member (KCBP, kinesin-like
with convergent poles and spontaneous mitotic aberega/modulin binding protein) of the kinesin family was
tions are virtually non-existent. However, aberrations iisolated fromArabidopsis potato and tobacco [Reddy et
spindle morphogenesis and loss of chromosomes ate 1996a,b; Wang et al., 1996]. This protein is unique
common in oocytes oDrosophila mutants lacking a among kinesin-like proteins (KLPs) in having a calmod-
minus-end MT motor [Hatsumi and Endow, 1992a,iylin-binding domain adjacent to its motor domain. KCBP
Endow et al., 1994]. Thus, even in the absence ofi®ia minus end-directed motor, and the motor domain of
centrosome at the spindle poles, proper chromosofR€BP, like other KLPs, binds to MTs and tubulin
segregation is related to the convergence of spindle MJgbunits in an ATP-dependent manner [Song et al., 1997,
and is precisely controlled. Narasimhulu et al., 1997; Narasimhulu and Reddy, 1998;
The majority of angiosperms have a clearly differDeavours et al., 1998]. Furthermore, the binding of
ent spindle organization. They do not have a localizd§CBP to either MTs or tubulin subunits is regulated
organelle that is structurally and functionally equivalerity calcium/calmodulin [Narasimhulu et al., 1997,
to a typical centrosome at any stage of their grOWﬂNarasimhqu and Reddy, 1998; Deavours et al., 1998].
[reviewed in Smirnova and Bajer, 1992; Vaughn andine N-terminal tail of KCBP contains a second MT
Harper, 1998]. Furthermore, polar regions of the spindRnding domain that is insensitive to ATP [Narasimhulu
undergo a profound transformation during mitosis. 1and Reddy, 1998]. KCBP has recently been colocalized
Haemanthusendosperm, the metaphase spindle is préith the MTs of the spindle and phragmoplast in
dominantly barrel-shaped, but usually becomes convéyabidopsisells and tobacco suspension culture [Bowser
gent in anaphase [Smirnova and Bajer, 1994]. The char@jed Reddy, 1997]. These studies allowed general localiza-
of spindle shape in anaphase is an important featuret§in of KCBP, but cell size and inherent light microscopy
mitosis, preventing formation of multinucleated cells. Iimitations associated with diffuse immunoreactive mate-
other plant cells, such as maize microsporocytes, gl did not permit detailed analysis of the spatial
convergent spindle is formed earlier, during the prophas@stribution of KCBP. Cells oHaemanthusendosperm
metaphase transition. Maize mutants, defective in gerl@gk ceéllulosic cell walls and have mitotic spindles 4-6
responsible for focusing of the spindle poles, displdymes larger than those of other angiosperms. Addition-
various abnormalities [Staiger and Cande, 1990, 199§y, kinetochore fibers (K-fibers) of the spindle are
Thus, an increasing convergence of the spindle pol@ganized as highly autonomous structural units, MT
plays an important role in preventing mitotic aberration§0nverging centers (MTCCs) [Smirnova and Bajer, 1994].
However, it is still unknown how the angiosperm spindiénese combined features make thaemanthuspindle
becomes convergent in the absence of a focusing strifgiquely suited for comprehensive analysis of MT conver-
ture (centrosome). gence and localization of KCBP during mitosis. Our

It has been proposed that formation of the spindle f8&or finding is that KCBP, colocalizing with the pro-
an expression of self-assembly/organization of the MAN@s€ and metaphase MT spindle, concentrates at the

cytoskeleton, regulated by MT motor proteins [MitchisorsPindle poles during mid-anaphase-early telophase. In
1992; Hyman and Karsenti, 1996]. This concept jid telophase, it relocates to the phragmoplast and _the
supported by numerous in vitro and in vivo observationS€!l Plate. Our data suggest that KCBP may play a major
Under certain conditions, MT arrays form convergent ¢P'€ during anaphase spindle reorganization by focusing
radial (astral) arrays in the absence of the centrosonfsPad polar regions into convergent ones.

MTOC [Matthies et al., 1996; Merdes et al., 1996; Gaglio

et al., 1996, 1997; Heald et al., 1996, 1997; Endow a

Komma, 1997; Nddec et al., 1997; Rodionov ander'A‘TE_RIAL AND METHODS

Borisy, 1997]. It appears that MT motor proteins play alflaterials

essential role in this process [reviewed in Merdes and Haemanthus katherina®ak. (Scadoxus multiflorus
Cleveland, 1997; Compton, 1998]. Observation of M$sp. katherinaejvas used as material. The procedure for
reorganization in anucleated cytoplasmic fragments frohandling endosperm is described elsewhere [Bajer and
endosperm oHaemanthussuggests that self-organiza-Molé-Bajer, 1986].
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Electrophoresis and Western Blotting [Bowser and Reddy, 1997]. As shown in Figure 1, a
Extraction of proteins from endosperm cells waBrotein of about 140 kDa was detected with anti-KCBP

previously described [Smirnova et al., 1995]. ProteifdtiPodies. The size of the protein on Western blot is
were separated by 7.5% SDS-PAGE, transferred to nitgMilar to those of KCBP inArabidopsisand tobacco
cellulose membranes and probed with pre-immune serdfiPser and Reddy, 1997]. In addition to a 140 kDa

and affinity purified anti-KCBP antibodies. Antibodies td°@nd, @ 75 kDa polypeptide was also detected. The
a synthetic peptide corresponding to a region in tHgtensity of the second band varied in different samples.

C-terminus of Arabidopsis KCBP were prepared andT_hiS is Iikerto_beadegraded |_oroduct of_KCBP sinc_e it _is
purified as described [Bowser and Reddy, 1997]. Protdjighly susceptible to proteolysis. Extraction of proteins in
blots were incubated with anti-KCBP antibodies (1:408'€ @bsence of protease inhibitors or delay in preparing
dilution). Cross-reacting proteins were detected with QJOtS resulted only in a smaller band with increased
secondary antibody conjugated to alkaline phosphatas&€nsity, suggesting that full-length 140 kDa protein
degrades into a 75 kDa protein. Similar results were
Immunolocalization obtained with extracts made from other plants [Bowser

Cells were fixed using two different protocols: (Lp"d Reddy, 1997] (Bowser and Reddy, unpublished data).
the cells were fixed in either methanol for 24 hours d¢ntl now, KCBP has been reported only in dicot species
methanol containing 15 mM of EGTA for 1 hour, atReddy et al., 1996a,b; Wang et al., 1996; Bowser and
-20°C. Then the cells were either processed for immunB&ddy, 1997; Song et al., 1997]. Detection of KCBP in
staining or extracted for 1 hour in 1% BSA and 104€lls of the monocdt-la.emanthusugg_ests thg ublqmtou§
Nonidet P-40 in 10 mM TBS, pH 7.4, containing 5 mnpPresence of KCBPs in phylogenetically diverse angio-
EGTA. (2) Cells were permeabilized in PHEM buffesPerms.

(60 mM PIPES, 25 mM HEPES, 10 mM EGTA, 2 mM o
MgCl,, pH 6.8) and 0.5% Triton X-100 for 3 min, then/MMmunolocalization
fixed in 3.7% paraformaldehyde (30 min) or methanol at  Antibody raised against KCBP was applied to cells
-20° for 24 hours. Protease inhibitors, as described Hfixed in methanol and permeabilized prior to fixation.
Bowser and Reddy [1997] were added to those solutiomdethanol fixation resulted in prominent staining of
Cells were double stained with monoclonal antibodyitotic MT arrays coupled with background staining of
againsg3-tubulin (Amersham, Arlington Heights, IL) andthe cytoplasm (Fig. 2A). No signal was detected if
affinity-purified anti-KCBP antibodies. Secondary antibocantibody was replaced by pre-immune serum (Fig. 2B).
ies were goat antimouse conjugated to FITC and donk&us, labeling of MT arrays and cytoplasm was due to
antirabbit conjugated to Texas Red (Amersham). Ascaoss-reaction with anti-KCBP antibody. Permeabiliza-
control, cells were also incubated with preimmune serution of cells prior to fixation considerably reduced the
and Texas Red conjugated antirabbit antibody. level of background staining and provided better resolu-
) ) tion of KCBP localization within the metaphase spindle
Microscopy and Micrographs and phragmoplast.

Preparations were analyzed and photographed on KCBP association with mitotic MT arrays was
Tri-X film (Kodak, Rochester, NY) and Ektachrome Elitedetected in mid-late prophase. Independent of prophase
200, using a Zeiss microscope with double fluorescensgindle morphology [Smirnova and Bajer, 1998] and type
and 63x Plan-Apo filter sets. 1.4 N.A. Zeiss objectiveof fixation, antibody diffusely stained the area occupied
Slides and b/w prints were scanned with Polaroid Spriby the spindle. Double labeling against tubulin and KCBP
Scan 35, minimally processed with slight contrast enhancevealed nearly identical patterns of stain (Fig. 3A, B).
ment in Adobe PhotoShop and printed on a Tektronix  During prometaphase, variably shaped prophase
Phaser 440 Dye-sublimation printer. spindles transformed into barrel-shaped, laterally ex-
panded metaphase spindles composed of distinct K-fiber
complexes. Typically, polar areas of metaphase spindles
were broad and undefined [Bajer and M&ajer, 1986].

KCBP is a novel minus-end MT motor proteinFixation types and processing regimes affected KCBP
found only in plants. Antibodies to a synthetic peptidocalization within the metaphase spindle. Thus, after
(23 amino acid residues) corresponding to a calmodulimethanol fixation, whole K-fibers were labeled by anti-
binding region unique to KCBP were used to test for theody (Fig. 3C, D). Permeabilization before fixation
presence of KCBP inlaemanthugndosperm. It has beenresulted in distinct punctate staining, confined to the
previously shown that anti-KCBP antibodies against theentral part of K-fibers, adjacent to the kinetochore
synthetic peptide are highly specific and do not crosfig. 4A, B). Occasionally, however, the core of K-fibers
react with other KLPs or calmodulin-binding proteinsvas stained along its entire length (Fig. 4B).

RESULTS
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A B C
200 —

97 _ Fig. 2. Methanol fixed cells were incubated with)(affinity-purified

anti-KCBP antibodies andB| pre-immune serum as primary antibod-
ies. Telophase cell shown in A had accumulation of KCBP-positive
material at the polar areas of the spindle. KCBP also stained MTs of the
phragmoplast. Cell in B was at the same stage of mitosis, and had no
detectable staining. Bar 10 pm.

Conspicuous staining of polar areas persisted until
mid-telophase. However, in early telophase, diffuse
KCBP-immunoreactive material was also detected in the
region between sister chromosome groups. Double label-
ing for tubulin and KCBP revealed localization of the
motor in the area occupied by the phragmoplast. Addition-
ally, KCBP predominantly accumulated within the exter-
nal (facing the chromosomes) part of the phragmoplast
(Fig. 5C,D). In mid-late telophase, KCBP was detected in
association with MTs of the phragmoplast and the
nucleus. At this stage, phragmoplast staining was very
intense and uniform (Fig. 5E,F). Permeabilization of cells
prior to fixation reduced the intensity of phragmoplast

labeling, and facilitated visualization of KCBP within the
Fig. 1. Immunodetection of KCBP with antibody raised to a syntheti&e” plate (Fig. 4G,H).

peptide corresponding to a unique C-terminal regiorAmabidopsis

KCBP. Proteins fromHaemanthusendosperm were separated by

SDS-PAGE and stained with Coomassie blleng A), immunode- pISCUSSION
tected using preimmune serum diluted 1:408né B), or affinity

purified anti-KCBP diluted 1:400igne C). Arrow indicates 140 kDa The centrosome is a major MTOC of eukaryotic
protein corresponding to KCBP. animal cells. It nucleates and organizes MT arrays, thus
determining their polarity and contributing to the stability
During early-mid anaphase, when the spindle ref MT arrays by holding MT minus ends together. These
mained barrel-shaped and poles unfocussed, anti-KCBfportant features assure coherence of MT arrays at the
antibody stained shortened K-fibers and, concurrently, thelar region and thus prevent formation of micronuclei. A
MTs of the interzone (Fig. 4C, D). In mid-late anaphasg¢ypical centrosome is composed of centrioles surrounded
chromosome movement toward polar areas was oftby pericentriolar material, which functions as MTOC.
accompanied by focusing of K-fibers and compacting @entrosomes lacking centrioles retain MT organization
broad polar areas into convergent poles. Double stainifighction [Balczon, 1996].
demonstrated that independent of the type of fixation, Since most angiosperms lack typical centrosomes,
KCBP predominantly accumulated at the convergeitthas been proposed that they have either a universal
spindle poles (Figs.3E,F, 4E,F, 5A,B), whereas MTs dfiffuse centrosome [Mazia, 1987] or multiple specialized
the interzone and the developing phragmoplast wekéTOCs [Lambert and Lloyd, 1994]. However, neither
faintly stained. In most cells, the intensity of staining ipermanent diffuse centrosomes nor specialized MTOCs
the interzone was similar to other cellular areas. Yet imave been detected at spindle poles of higher plants. This
methanol fixed cells (Figs. 3 E,F, 5A,B), diffuse backhas led to the notion that their mitotic spindle is formed in
ground staining of the cytoplasm did not obscure pr@a centrosome/MTOC-independent manner via self-
nounced labeling of the convergent spindle poles. organization of MTs [Smirnova and Bajer, 1992]. This

43 —
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Fig. 3. Immunolocalization of tubulin (A, C, E) and KCBP (B, D, F) inK-fibers. KCBP colocalizes with MTs of K-fiberss,F: Spindle in
methanol fixed cellsA,B: Bipolar prophase spindle has pronouncednid-late anaphase is composed of interzonal and polar MTs. KCBP
convergent poles. KCBP uniformly stains the spindle in a diffusaccumulates at the focused polar areas, while interzone is depleted of
manner.C,D: Barrel-shaped metaphase spindle consists of distinstain. Bar= 10 um.

assumption was primarily based on observations of MWotors have been implicated in various functions, includ-
reorganization in spontaneously formed cytoplasts ofg MT polarity sorting and focusing of MTs at the
Haemanthusendosperm [Bajer and MolBajer, 1986]. spindle poles [Mitchison, 1992; Hyman and Karsenti,
Recent experimental data show that spindle-like MI996]. Precise regulation of MT focusing is crucial for
arrays can be formed in the absence of MTOCs and motmlls lacking a centrosome at the spindle pole [Compton,
proteins are instrumental in this process [Matthies et al998]. Otherwise, there would be a very high probability
1996; Merdes et al., 1996; Gaglio et al., 1996, 1999f irregular chromosome segregation during anaphase
Heald et al., 1996, 1997; Méec et al., 1997]. MT [Clark, 1940; Staiger and Cande 1991].



Fig. 4. Immunolocalization of tubulin (A, C, E) and KCBP (B, D, F) inKCBP. E,F: In late anaphase, KCBP accumulates at the convergent
cells permeabilized prior to fixatios,B: In metaphase spindle, KCBP spindle poles, and slightly decorates MTs, tracing the chromosome
decorates the core of K-fibers in punctate man@D: In early arms.G,H: In telophase, KCBP decorates MTs of the phragmoplast
anaphase, the spindle retains its barrel-like shape. KCBP decoraiad the cell plate. Bar 10 pm.

K-fibers and MTs of the interzone. Broad polar areas are not labeled by
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Fig. 5. Immunolocalization of tubulin (A, C, E) and KCBP (B, D, F) inconcentrates at the spindle pole areas, the nuclei ,and at the area of the
methanol fixed cellsA,B: In late anaphase, distal parts of K-fibersnuclei adjacent to the interzone. Proximal to the cell plate area of the
converge and form focused poles. KCBP accumulates at the popdaragmoplast is devoid of stai,F: Cell in late telophase has matured
areas, whereas the interzone is depleted of KOB®: In early phragmoplast, which is narrower than shown in C. KCBP uniformly
telophase the cell has a well-developed phragmoplast. KCBP stainahgcorates MTs of the phragmoplast (F). BaL0 pm.

The spindle ofHaemanthusendosperm undergoeschromosomes approach the polar regions, spindle poles
profound transformations during mitosis. In prophase, tlegain their convergence. Thus, spindle reorganization
spindle may be apolar, bipolar, or multipolar [Smirnovaccurs during prometaphase, when the prophase spindle
and Bajer, 1998], and polar regions, if present, are usualtgnsforms from multiform to bipolar, and in anaphase,
convergent. During prometaphase, the spindle beconveisen the spindle converges. Our present data draw
bipolar, and K-fibers terminate at the broad and illattention to a possible regulatory mechanism of MT
defined polar regions. However, in anaphase, wheonnvergence in anaphase.
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The exceptionally large spindle size and lack aind Reddy, 1997]. The significance of those differences
rigid cellulosic cell walls in endosperm cells allowedemains to be understood.
detailed analysis of the spatial distribution of KCBP It appears that distribution of KCBP within the
during mitosis. Immunodetection of KCBP on blotdHHaemanthusspindle changes during metaphase-telo-
revealed two bands corresponding to 140 and 75 kpaase (Fig. 6). This was not noticeable in several plant
proteins. We believe that the smaller polypeptide is suspension culture cells [Bowser and Reddy, 1997]. A
degraded form of KCBP. The KCBP is highly susceptibliew factors may account for this difference. One of them
to proteolysis [Bowser and Reddy, 1997] and this featuneay be the size of the mitotic spindles and intrinsic
seems to be common for other plant kinesin-like proteifinitation of the light microscope resolution. The spindles
[Liu and Palevitz, 1996]. Contamination of endospermaf Haemanthugendosperm are 2—3 times larger than the
extracts with cells damaged during extrusion from yourgpindles of cells in suspension culture. Thus, the fluores-
seeds is unavoidable, due to preparatory techniques. Tleat signal in the latter is weaker and more difficult to
content of the young seed is under internal pressure attetect. The other factor may be the differences in
mere opening of the ovule results in abrupt pressudevelopment/differentiation of the spindle in endosperm
release, which deforms majority of the cells. Endosperand the other higher plant cells. Endosperm cells lack
samples used for biochemical analysis, contain cells frgpneprophase bands, displaying a variety of multiform MT
at least 20 different fruits [see also Smirnova et al., 199%jonfigurations around the nucleus in prophase, yet they
The number of damaged cells varies and, therefomways form flawless bipolar metaphase spindles
overall assessment of the degree of contamination[&mirnova and Bajer, 1998]. Moreover, in anaphase-
impossible. It is expected, however, that the amount tdlophase, endosperm cells often assemble aster-like
degraded protein in endosperm extracts would be highgglar MT arrays [Bajer and Mol8ajer, 1986], which
than in other plant cell types. Does our preparatotyave not been reported in any other plant cells. Although
technique affect immunostained cells? Preparations foolar accumulation of KCBP was observed in cells with
immunostain were made from a single ovule, and thoaad without such “asters,” it is conceivable that KCBP
that contained a large number of damaged cells warey be instrumental in enhanced “gathering” of MTs at
always discarded. We argue also that our fixation amide anaphase spindle poles.
processing regimes did not cause degradation or redistri- We did not detect any major differences in the
bution of KCBP within the cell as reported by Melan anghattern of early phragmoplast staining lteemanthus
Sluder [1992]. The absence of cellulosic cell walls angFig. 5C, D) and BY-2 suspension culture cells, reported
the nature of endosperm membrane, facilitate rapiy Boswer and Reddy [1997] (Fig. 3 J-1). Heemanthus
penetration of fixative into living cells [Bajer et al.,however, in late telophase, KCBP is localized predomi-
1986]. Furthermore, no basic differences in KCBP distrirantly in the central region of the phragmoplast. Addition-
bution between methanol fixed and pre-permeabilizedly, permeabilization oHaemanthusells prior to fixa-
cells were detected, and addition of protease inhibitaien revealed uniform staining of phragmoplast MTs,
did not change the pattern of the staining. Permeabilizaccompanied by distinct staining of the cell plate, the site
tion of cells prior to fixation, howevedecreased back- of MT plus ends [Eutenauer et al., 1982]. It is noteworthy,
ground staining of the cytoplasm and enhanced visualizzsewever, that KCBP appears within the phragmoplast in
tion of KCBP within dense MT arrays (K-fibers andmid-late telophase when the phragmoplast differentiates
phragmoplast). We conclude, therefore, that labeling ahd expands laterally. This coincides with an increase in
the cells is related to specific cross-reaction of antibodibsefringence in the center and then at the edges of the
with KCBP but not its degraded product. phragmoplast, suggesting nucleation and sideways growth

The pattern of KCBP redistribution durifggeman- of new MTs [Inode and Bajer, 1961]. Thus, KCBP
thus mitosis is different from KLPs reported for otheraccumulation in the phragmoplast in the later stages of its
plant cells. TheArabidopsisKLP encoded by the KatA development may be related to these processes and the
gene was detected within the metaphase spindle, in tistinctive features of phragmoplast differentiation in
interzone in anaphase and in the phragmoplast [Liu et @ndosperm (Bajer and Smirnova, unpublished data). It
1996]. A similar distribution was reported for the tobaccshould be noted, however, that regulatory mechanisms of
kinesin-related polypeptide of 125 kDa, involved irphragmoplast formation and differentiation during endo-
translocation of MTs, elongation of the spindle duringperm development are not clearly understood [Brown
anaphase B and formation of phragmoplast MT arragsid Lemmon, 1997]. Various patterns of KCBP localiza-
[Asada et al., 1997]. However, the distribution of KCBRion may reflect differences in phragmoplast morphogen-
in Arabidopsisand tobacco cell cultures differs betweemrsis between plant tissues with cellulosic cell walls
both types of cells and from that of other KLPs [Bows€iStaehelin and Hepler, 1996] and coenocytic endosperm.
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Fig. 6. Redistribution of KCBP within the spindle and phragmoplastistributes around the nuclei and at the phragmoplast dedn
during mitosis inHaemanthusndospermA: In metaphase, KCBP mid-late telophase, KCBP localizes within the phragmoplast, cell plate,
colocalizes to MTs of the spindleB: In late anaphase, the motorand nuclear surface. Chromosomes and nuclei are gray; sites of KCBP
accumulates at the convergent polar ar€adn early telophase, KCBP localization are dashed black.

Relocation of KCBP toward polar areas in anaphasemments and Jerry Gleason (Bio-Optics lab, University
is consistent with the established MT polarity of thef Oregon) for image processing. This work was sup-
Haemanthusspindle [Eutenauer et al., 1982; Vantard giorted by grants from the National Science Foundation
al., 1990] and localization of dynein in mammalian tissugMilCB-9312672 to ASB and MCB-9630782 to ASNR).
culture cells [Pfarr et al., 1990; Steuer et al., 1990]. The
time of relocation coincides with the transformation of a
barrel-shaped spindle into a focused one. We belie\/%',z':ERE'\'CES
therefore, that inHaemanthus,KCBP is involved in Asada, T., and Collings, D. (1997): Molecular motors in higher plants.
focusing of spindle poles during anaphase. The proposed Trends Plant Sci. 2:29-37.
role of KCBP in converging MTs is consistent with itg?$2da T. Kuriyama, R., and Shibaoka, H. (1997): TKRP125, a
biochemical and motility properties. KCBP is a minus- k|ne5|_r1-rglated protein |nyolyed in the cer)trosome-lnde_pendent

- . organization of the cytokinetic apparatus in tobacco BY-2 cells.
end directed motor [Song et al., 1997] and contains two  j. Cell Sci. 110:179—189.
distinct MT binding sites: one in the N-terminal tailBajer, A. S., and MoleBajer, J. (1986): Reorganization of microtubules
region and a second one in the C-terminal motor domain 'S endostﬁerm _Ce"SJ acndn ;t?”l flfggfgggtsz ;{ the higher plant

H H H aemantnus vivo. J. Ce 101. . —. .
[Narasimhulu and Reddy, .1998].' Such properties mlgEgjer, A. S., Sato, H., and MolBajer, J. (1986): Video microscopy of
allow the KCBP to Cros_s'“nk adjacent MTs, translocate colloidal gold particles and immuno-gold labeled microtubules
them toward the MT minus-ends, and thereby converge in improved rectified DIC and epi-illumination. Cell Struct.
MT arrays. These data [Song et al., 1997; Narasimhulu et Funct. 11:317-330.
al., 1997; Narasimhulu and Reddy, 1998; Deavours et @ﬁ'czoﬁégél(;;sg;;n? ;ﬁgt;z‘;ftnfe:g alfrl]'tmsg\cleg; %leiéz _f;QCtsignm
e Invovement o s motor i focan of anaphact "1 2452001 A5, 199 Levlater o o ks e
MT arrays. Since the spindle is composed of distinct  topacco. Plant J. 12:1429-1437.
K-fibers, which are modified MTCCs, KCBP may also b&rown, R. C., and Lemmon, B.E. (1997): Transition from mitotic
involved in assembly of those structural units. Proposed aFParatUSht_?j leytOtkinletiC apfg;aigsgg pollen mitosis of the

H H H slipper orcnid. Protoplasma. 4o—oZ.

gxplanatlons are consistent with the pre_zsent underStagga_rk, F.p\?. (1940): Cytoggnetic studies of divergent mitotic spindle
ing of the role of KCBP. Further studies are needed, ™ {; ation inzea maysam. J. Bot. 27:547-559.
however, to correlate conspicuous increase of anaph@sgpton, D.A. (1998): Focusing on spindle poles. J. Cell Sci.
spindle convergence and KCBP redistribution at the  111:1477-1481.
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