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Abstract

The fission yeast Schizosaccharomyces pombe was used to identify genes from tobacco BY-2 cells that may play roles in

cell cycle regulation. A cDNA encoding a protein homologous to the yeast CDC48 was isolated and the gene was designated as NeCDC48 .

The cDNA contains an open reading frame coding for a predicted protein of 808 amino acids which comprises of two typical ATPase mod-
ules (aa 245—374 and aa 518—646). Overexpression of NtCDC48 in tobacco BY-2 cells led to an increase in the mitotic index as well as
to the formation of diffused mitotic spindles. NtCDC48-GFP fusion proteins are distributed ubiquitously through G1 to M phases, yet their

subcellular localization varied regularly along with the cell cycle progression. These results indicate that NtCDC48 may play an important

role in the regulation of cell cycle in BY-2 cells.
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CDC48/p97 is a family of proteins that exist u-
biquitously in eukaryotic cells and play important roles
in various cellular processes. The CDC48/p97 pro-
teins contain one or two typical ATPase modules, one
substrate/ receptor binding site and belong to the cate-
gory of AAA-ATPase that is associated with diverse
physiological activities. In mammalian and yeast
cells, CDC48/p97 proteins have been shown to par-
ticipate in the cellular processes including spindle as-
sembly or disassembly, endoplasmic reticulum-associ-
ated degradation and membrane fusiont ™. To date,
very few plant CDC48 homologues have been identi-
fied and little is known about their functions® 7).
Moreover, although CDC48 homologues from animal,
yeast and plant share a high sequence homology, their
functions appeared divergent. For example, Vlosin-
containing protein ( VCP), a porcine CDC48 homo-
logue, could not complement Saccharomyces cerevisi-
ae CDC48 mutants'® .
tion and characterization of plant ¢dc48 genes are re-
quired in order to gain more insights into the in vivo

Therefore, continuous isola-

functions of their gene products.

Tobacco BY-2 suspension cells are in witro culti-
vated cell line. BY-2 cells have unique characteristics
such as high growth rate (only 13 hours are needed to

complete the entire cell cycle), high homogeneity and
readily transformation via Agrobacterium tumefa-
ctens. More importantly, these cells can be synchro-
nized to a relatively high degree. All these features
make BY-2 cells an ideal model system to study plant
cell division.

Present study reports the isolation of N:CDC48
¢cDNA from BY-2 cells and expression pattern of
NtCDC48 in different phases of the cell cycle. The
functional analysis of NtCDC48 in cell cycle regula-
tion was also investigated and the results suggest that
NtCDC48 may play a critical role in the process of
spindle dissociation in BY-2 cells.

1 Materials and methods
1.1 Yeast strain and growth

The f{fission yeast Schizosaccharomyces pombe
(leul-32, h-) was grown and manipulated according
to the methods described by Moreno et al. 17,

1.2 Cell culture and synchronization

Tobacco BY-2 cells were maintained as described
by Nagata et al. (91 The culture was kept at 27C in
darkness and shaked at 130 r/min in LS medium (pH
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5.8). The synchronization protocol was based on the

1.1 The stationary culture

method of Nagata et a
was transferred to the fresh medium (1:10) contain-
ing 5 mg* L ™! aphidicolin. After 24 h of incubation,
cells were washed extensively with fresh medium to
remove aphidicolin completely. For determination of
cell mitotic index, samples of wild type and trans-
genic cells were taken at 1 h interval after the cell
synchronization and stained with DAPI to determine

the mitotic index.

1.3 BY-2 cDNA library construction and transfor-
mation

Total RNA was extracted from lag, log and sta-
tionary phases of BY-2 cells and reversely transcripted
to ¢cDNA. The BY-2 ¢DNAs were constructed in
pREPSN (a S. pombe/Escherichia coli shuttle vec-
tor) under the control of a thiamine repressible pro-
moter nmt-1. The cDNA library was transformed in-
to S. pombe cells by electroporation and the screen-
ing of the transformants showing aberrant cell divi-

sion was based on the method described by Xia et
[11]
al. .

1.4 Construction of 35S: NiCDC48 and
NtCDC48 . GFP

The NtCDC48 c¢DNA was inserted into
pPZP111 vector under the control of 35S promoter.
To construct the NtCDC48 : GFP expression vector,
a pair of primers (sense: 5° GGATTCACGTAT-
CAACTTCTGCAAAAATC 3';  antisense: 5
CCGCGGCCACTATACAGGTCATCTTCATC  37)
were used to amplify the coding sequence of
NtCDC48 . The obtained PCR product was inserted
into pPZP-GFP vector to express the NtCDC48-GFP
fusion protein. All constructs were transformed into
BY-2 cells by Agrobacterium-mediated transforma-
tion.

1.5 RNA extraction and reverse transcriptase-poly-
merase chain reaction

Total RNA was isolated from BY-2 cells using
TRI Reagent (Invitrogen, Carlsbad, USA) following
the manufacturer’ s protocol. Single-stranded cDNA
was synthesized from 5 pg total RNA. Actin7 was
used to normalize each reaction. Primers to detect
NtCDC48 were: 5" GTIGTATGTTTACCTGCTTGC
3 ( forward ) and 5 AACTCGAACC-
TAGTCTAACAG 3’ (reverse). Primers to amplify

actin? were: 5 TGGAATGGTGAAGGCTGGTTT
3" (forward) and 5" CTGTTGGAAGGTGCTGAGG-
GA 3’ (reverse).

1.6 Cell staining and observation

Equal volumes of tobacco BY-2 cells expressing
NtCDC48-GFP and a solution containing 2.0 mol/L
SYTO64, 100 mmol/L Pipes, 0.1% DMSO, 0.4
mol/L mannitol were mixed, 10 min later, cells were
placed onto a slide and immediately examined using a
Lecia TCS SP2 confocal laser microscope.

Microtubules localization in NtCDC48 overex-

pressing cells was examined as described by Haseza-
[12]
wa' !,

2 Results

2.1 Isolation and characterization of NtCDC48 cD-
NA

A cDNA library was constructed using the total
RNA extracted from lag, log and stationary phase to-
bacco BY-2 cells and transformed into S. pombe cells
by electroporation. After induction of the plant ¢D-
NAs by removing thiamine (VB1) from the medium,
colonies showing severe morphological changes com-
pared to the regular shape of the control cells were se-
lected for further studies. To confirm that the mor-
phological changes were resulted from the expression
of the plant cDNAs, plasmids were isolated from the
selected clones and retransformed into original S.
pombe cells. Around 120 colonies were obtained and
the sequences of the plant cDNAs were determined.

A cDNA clone encoding for the yeast CDC48 ho-
mologue was selected for more detailed analysis. The
cDNA was 2729 bp in length containing a 74 bp 5’
untranslated region (UTR), a 2427 bp open reading
frame (ORF) and a 228 bp 3° UTR. The ORF en-
codes for a peptide of 808 amino acids (Fig. 1). Blast
analysis indicates that the predicated protein shares a
high sequence homology with CDC48 from many oth-
er organisms and is 92% identical to AtCDC48 of
Arabidopsis. In addition, the protein contains an N-
terminal domain (aa: 27—113) and two ATPase
modules (aa: 245—374 and aa: 518—646), each
containing perfect Walker A and B motifs (Fig.2).
These structural features suggest that the putative
protein belongs to AAA ATPase family ( ATPase as-
sociated with a variety of cellular activities). Thus,
we designate the gene as N:CDC48 .
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TTTGGCCTCGAGGT CGACCCACGCGT CCGCAAAAT CAGAAACT CTTCAGAGACG TAT CAACTTCTGCAARAATCATGACTAACAAAGCTG
M T N K A
AATCCTCCGAT TCGAARAGGGACAAAGCGGGACTATAGT ACGGCGATATT GGAGAGGAAGAAGTCGCCGAATCGGCTTG T TGT TGATGAGS
E S SD S KGTI KU RDY ST ATITULERIKIE K SZ PNZ RTILVYVVYVTUDE
CAATCAACGATGACAACTCTGT TGTTGCTCT TCACCCT GATACTATGGAGRAGC T TCAGCT TTT TCGTGGTGACACTATCT TGAT CARGS
A°'I NDDNUSVVALHZPDTMEZ KT LU QLT FRTGTDTTITUIL I K
GTARGAAGAGAAARAGATACAATCTGCATAGCTCTTGCT GATGACACC TGTGATGAGCCGAAGATCAGGATGAACAAGG T TGTCAGAAATA
G KK RIKDTTICI AL ADTDTTCDTEZ PI KTII RMNIUEKIV YVURN
ACCTAAGGGT TCGACT TGGTGATGT TGTCTCTGTGCAT CAGTGTCCT GATGTCAAGT ATGGCAAACGTGTACACATTC TTCCCATTGATG
N L RV RULGDV YV SV HQCUPIDV XY G K RV HI L UPTI D
ATACCAT TGAAGGGGT CACTGGGAATCTCTT TGATGCT TACTTAAAACCCTATT TCCTTGAAGCAT ACAGACCGGTGAGGAAGGGTGATC
b T I EGV T GNILTFUDA AYTULI KU®PY FLUE ATYIRUPVIRIEKGD
TTTTCTTGGTAAGGGGAGGGATGAGAAGTGTAGAGTTCAAGGT TAT TGAAACTGATCCTCC TGAATACTGTGT TG TAGCCCC TGATACGS
L F L VRGGMHRSVETZFI KV Y IETUDU&PUZPEYTCV VAUPTUDT
AGATATT T TGTGAGGGTGAACCTGTGAGTAGGGAAGACCAGAATAGGCTAGATGARAA TCGGTTATGATGATGT TGGGGGCGTGCGTAAAC
E I F ¢ E GE PV SR EDENU RTILDETIGYDUDV GG V R K
AAATGGCTCARATACGGGAGCTTGT T GAGCT TCCACTAAGGCACCCACAACTCT TCAARATC TAT TGGTGTCAAACCTCCTAAAGGAA TTC
Q M A Q I R EL V ETLPULI RHPOQULT FIKSI GV KUZPUPIKGI
TGTTGTATGGACCT CCTGGATCAGGAAAGACT TTAATAGCCCGAGCAGT TGCARATGAGACTGGTGCGT TCT TCT TCT GTAT TAATGGTC
L LYG?P PGS G KTULTIARAYVANETGA AT FT FUFCTI N G
CAGAGATCATGTCAAAATT GGCTGGAGAAAGTGAAAGCAAT CT TAGGAAGGCAT T TGAGGAAGC TGARARGAATGCACCATCAATCATTT
P EI M S KL AGES S ESNUILIRI KA ATFETZ EA ATEI KN AU®PS I I
TTATCGATGAAATTGACTCAATAGCTCCTAAACGT GAGAAGACACAT GGAGAGGT TGAGAGGAGGAT IGTCTCCCAGC TTT TGACAT TGA
F I DETI DS I AP KU REI KTHGEVEIRIBRTIUVS QL L T L
TIGGATGGACTCARATCACGTGCCCATGTAAT TGTTATGGGTGCCACTAATCGCCCCAACAGCAT TGACCCTGCCCTARGAAGGT T TGGTA
M D G L K SR AHVYV I VMGATNIRUPNSTIDPATLT RIRE G
GATTTGATAGGGAAATAGACAT TGGTGI TCCAGATGAAGT GGGGCGT CTCGAGGTGC TTCGTATCCATACGAAGAACATGAAGCT TGCTG
R F DRETIDIGV PDUEFV GRULIEV L RIHTUHKNMMEKTL A
AAGAAGT TGAT TTAGAAAGAAT TGGCAAGGACACACAT GGTTATGTCGGTGCTGATT TAGCAGCTT TGTGTACCGAGGCTGCTCT TCAAT
E EV DL ERTIGE K DTHGYV GGGADILAATLTCTUEAATL Q
GCATCAGAGAGAAGAT GGACGI GATTGAT TTGGAGGAT GAGACCAT TGATGCAGAGATACT GAACT CTATGGC TGTGACAAATGAGCACT
¢ I R EKWMDV I DL E?DU ETTIUDAETITULNIGSMAVWVTNE H
TCCAAACTGCTCTTGGARCGAGCAATCCCTCTGCCTTGCGTGAAACTGT TGT TGAAGTTCCCAATGT I TCCTGGGAGGATAT TGGAGGCT
F ¢ T AL 6T S NP S AULWU RETVV EVYV PNV S WETDTIGSG
TTGAGAATGTCAAGCGTGAGCTCCAAGAGACTGT TCAATATCCAGTGGAACATCCTGAGAAAT TCGAGAAGT TTGGTATGTCTCCGT CAA
L ENV KREULQETV QY PV EHZPUEI KT FEZKU F GM S P 8
AGGGAGTCCTGTTCTACGGCCCACCTGGATGTGGGARAACT TTGCTCGCGAAGGCCAT TGCAAATGAATGCCAGGCCAACTTCAT CAGTG
K G V. FYGPUPGCUGI XKTILILAI KA ATILIM ANET CGQANT FTI S
TTAAGGGTCCAGAATTGCT CACCATGTGGTT TGGAGAGAGT GAAGCCAATGT TAGAGAAATAT T TGACAAGGCTCGACAGTCTGCTCCAT
vV XK 6 P ELL T MWV F GE S EANVRETIUZFDI KA AROQSATP
GTGTCCTATTCTTTGATGAACTGGAT TCCAT CGCCACACAGAGAGGAAGTAGTGTGGGAGATGC TGGGGGAGC TGCTGATAGGGTAT TGA
c v L FFDETULTDSTIA ATWOQIRGS SV GGDAGTGA AA ADT RV L
ATCAACTCCTTACTGAAAT GGATGGAATGAATGCTARGAAGACTGTATTCATTAT TGGTGCAACCAACAGGCC TGACAT TATTGATCCTG
N g L L T EMUDGMNA AI KI KTV FTIIGATNU RU®PUDTITIDFP
CACTTCTACGGCCTGGTCGTCTTGATCAATTGATT TATAT TCCTCTCCCTGATGAAGACTC TCGTCACCARAT TT TCAAGGCGTGTCTAC
A L L R PGR L DL I ¥I PLPDEUDSURHQTIU FKATCL
GAAAGTCACCCCTCTCTAAGGATATCGAT TTAAGAGCT CTAGCGAAGTACACACAGGGCT T CAGTGGAGCTGACATTACAGARAT CTGTIC
R X 8 P L 8 K DI DL RBAMLAIKYTOQEGUPF S5 GADITTETIC
AACGTGCTTGCAAATACGC TATCAGAGAAAACAT TGAGRAAGACAT T GAGAGGGAGAAAAGGAGRAGCGAGAA TCCTGAGGCCAT GGAGG
Q RACKYAIIRENTIUEI KT DTIZ EREI K RRSENUPEAME
AAGACGT TGATGAT GAGGT AGCCGAGATCAAGCCT GCT CATTT TGAGGAATCART GAAGTATGCTAGGAGGAGTGT TAGTGACGCAGATA
E DV DDEV A F I KPAHT FEZESMIEKYA ARZ RSV S DATD
TTCGCAAGTACCAGGCTTT TGCTCAGACGTT GCAGCAGICTAGAGGT ITTGGTACTGAAT TCCGAT TCTCAGAGACAAGCACGGCAGGAG
I R XK YQ A FAQTUL QQSRGF GTEZFURUFSETSTAG
GGACAACTGGAACTGCTGACCCCTTCGCARCT TCAGC T GGTGGAGCAGATGAAGATGACCTGTATAGT TAGCT TGTCAGAGATTAAT TTT
G T T G TAD P FATSAGS GATDET DU DTLY 35 *
CTTGTCT TACATTGCAACCCTGTAAAATGGACTAATTACT CGGCTCGAAATCCCTCCTTTGCTGTCAGTTTATAATTTATAT TTGGATCT
TCTATAGCTAT TAATTATAAGAT TTATT TTGTTCTATTAT TCTCTATATATGGCT ITGATGGGGTAAGT TTCCTCCTITGTGGGGAGC TCT
GATACCTGCTGCTGATAAATGAT TAAGCCARAAAAAAAARAARAAAAANARARAARAARAAARAADAANA

Fig. 1. NtCDC48 cDNA and deduced amino acid sequence.
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ATPase module comparison in the peptide sequences of NtCDC48, Arabidopsis thaliana CDC48 (NP_ 187595), S. pombe

CDC48 (P25694) and mouse VCP (NP_035529). The ATPase modules are shown in black box. Walker A and B motifs are marked with

x*x and # # #, respectively. Same amino acid sequences are indicated as ---

Overexpression of NtCDC48 in yeast resulted in
the formation of abnormal cells. As shown in Fig. 3,
when VBl was depleted from the medium, S.
pombe cells harboring pREP5SN-NtCDC48 became e-
longated and the nuclei appeared enlarged compared
with those cells containing the empty pREP5N vec-
tor, indicating that cell division was affected in the
transgenic yeast cells!*31,
2.2 Effects of NtCDC48 overexpression on tobacco
BY-2 cell cycle

In order to test the effect of NtCDC48 overex-
pression on tobacco BY-2 cell cycle, N:CDC48 ¢DNA
was cloned into plant expression vector pPZP111 in
the sense orientation and transformed into tobacco
BY-2 cells. Several homozygous transgenic lines were
generated and expression of the transgene was ana-
lyzed by RT-PCR (Fig. 4). Three independent lines
(N1, N3, N4) which showed relatively high levels of
NiCDC48 transcripts were chosen for further detailed
analysis.

+VBI1

-VBI

. GenBank accession number of NtCDC48: DQ515925.

Fig. 3.

Effects of NrCDC48 overexpression on S. pombe mor-

phology. (a) Morphology of S. pombe cells harboring pREP5N
cultured for 18 h in medium with VB1; (h) morphology of S.
pombe cells harboring pREP5SN cultured for 18 h in medium with-
out VB1; (c) morphology of S. pombe cells harboring pREPSN-
NtCDC48 cultured for 18 h in medium with VB1; (d) morphology
of S. pombe cells harboring pREPSN-N1CDC48 cultured for 18 h
in medium without VB1.
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NICDC48

actin7

Fig. 4. RT-PCR analysis of NtCDC48 expression in the trans-
genic cells. 1, Wild type cells; 2—8, transgenic cell lines ( NI,
N2, N3, N4, N5, N6 and N7).

As revealed in Fig. 5, the wild type cells showed
a peak mitotic index of 15% 9 h after aphidicolin re-
leasing, while the transgenic cells had a peak mitotic
index of 20% 10 h after aphidicolin releasing. Al-
though the time span taken for transgenic cells to
reach peak value was slightly different from that of
wild type, the M phase duration was similar {about
4 h). These results indicated that NtCDC48 overex-

pression could accelerate cell division.

301
—o— Wild type
251
= —m— Transgenic
& 20
5
_'g 15
.2
B 10
= 5
0 2 4 6 8 10 12 14 16
Time after aphicidolin release (h)
Fig. 5. Mitotic index of the wild-type and transgenic By-2 cells.

2.3 NtCDC48 overexpression altered spindle orga-
nization

During mitosis, spindle microtubule arrays are
responsible for chromosomes segregation. However,
spindles failed to disassemble properly in CDC48 mu-
tants and inhibited cell division in yeastm. To see if
NtCDCA8 expression had an impact on the spindle
structure in BY-2 cells, microtubule localization in
NtCDC48 transgenic cell lines was examined through
indirect immunofluorescence staining. As shown in
Fig 6, specific immunofluorescence signals concen-
trated on the spindle microtubule arrays in metaphase
wild type cells, and a dark zone appeared in the equa-
torial region where the chromosomes aligned. Com-
pared with wild type cells, microtubule arrays of
metaphase transgenic cells were not able to form a
typical spindle structure. The two poles were not evi-
dent and the polar microtubules appeared dispersed.
In addition, the distance between the poles was
shorter. These results imply that NtCDC48 may play

20 um

Fig. 6.

(a) Control cell, showing spindle microtubule arrays with focused

Effects of NtCDC48 overexpression on spindle siructure.

poles; (b) transgenic cell, showing spindle microtubule arrays with
diffused poles.

a key role in spindle organization.

2.4  Subcellular localization of NtCDC48-GFP dur-
ing M phase

To investigate the subcellular localization of
NtCDC48-GFP during M phase, the recombinant
plasmid pPZP111-NtCDC48-GFP was transformed
Three stable

transgenic lines which exhibited relatively high levels

into tobacco BY-2 suspension cells.

of fluorescence were selected for visualizing distribu-
tion of the fusion proteins. SYTO64, a cell-pervasive
nuclear acids marker, was applied to indicate different
cell cycle phases. When the nuclear membrane was
broken-down in prophase, NtCDC48-GFP was dis-
tributed throughout the nucleus and cytoplasm (Fig.
7(a)). In metaphase cells, the chromosomes aligned
orderly at the equatorial region, while NtCDC48-GFP

(a)

{b)

(©)

20 pm

Fig. 7. NtCDC48-GFP localization in M phase. 1, NtCDC48-
GFP; 2, SYTO labeled nuclei; 3, co-localization. (a) Prophase:
NtCDC48-GFP mainly distributed around the nucleus and in the cy-
toplasm; (b) metaphase; [luorescent dots appeared in the cytoplasm
far away from the metaphase plate; (c) telophase; NtCDC48-GFP
restricted mainly to the two sides of division plane (arrow head indi-

cates the cell plate).
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distribution pattern changed. No green fluorescence
was detected at the equatorial region, whereas fluo-
rescent dots were detected in the cytoplasm far away
from the equatorial plate. These regions were specu-
lated to be the sites where the spindle poles would e-
merge (Fig. 7(b)). In cells undergoing cytokinesis,
NtCDC48-GFP restricted mainly to the two sides of
division plane where the phragmoplast resided (Fig.
7(c)). It has been established that phragmoplast ar-
rays were organized following spindle arrays disassem-
bly. Hence, these results suggest that NtCDCA48, like
CDC48 homologues in mammals, may function in
regulating spindle disassembly!'*).

In the control cells transformed with pPZP-GFP
vector, green fluorescence was found in the whole cell
without obvious phase specificity (data not shown).

3 Discussion

NtCDC48 ¢DNA was cloned from tobacco BY-2
cells whose overexpression gave rise to a clear mor-
phological change to S. pombe cells. Amino acid
analysis of NtCDC48 indicates that it shares high ho-
mology with Arabidopsis AtCDC48 and yeast
CDC48. All these CDC48 homologues contain two
ATPase domains, each including the Walker A and
Walker B motifs. This structural feature is the typical
characteristics of AAA-ATPase family, implying that
NtCDC48 is a member of this super family.

CDCA48 homologues are found ubiquitously in eu-
karyotic cells and have been shown to participate in
various cellular processes. During recent years, in-
creasing evidence demonstrated that CDC48 and its
homologue VCP/97 functioned in various cellular ac-
tivities through binding to different anchor proteins.
Rabouille et al. reported that p97—p47 could mediate
cisternal regrowth through interacting with t- SNARE
and Syntaxin5'"*!; Cao et al. showed that CDC48
participated in endoplasmic reticulum-associated pro-
tein degradation, nuclear membrane assembly and
spindle disassembly via forming Cdc48-Ufd1-Npl4
complex[“' 1]

The correct assembly and disassembly of spindle
is one of the key steps during cell cycle transition.
Many proteins are involved in this complex process,
including microtubule associating proteins ( MAPs),
kinesins and protein kinases!!”'®. In mammalian
cells, it has been shown that MAPs like TPX2, Nu-
MA and XMAP215 play an important role in spindle

assembly“g_n], and p97-Ufd1-Npl4 complex could

regulate the spindle disassembly at the end of mitosis
by associating with XMAP215 and TPX2M" . Com-
pared to the mammalian cells, microtubules in plant
cells appear more dynamic. During cytokinesis, disas-
sembly of spindle gives rise to construction of phrag-
moplast where cell plate will form, thus completing
the cell cycle. These findings suggest that spindle dis-
assembly in plant cells may have unique features.
Several microtubules related proteins have been iden-
tified from plant cells and some of them are shown to
be co-localizing with spindlem’m. Yet, the mecha-
nisms of spindle disassembly remain unclear. The
present study showed that overexpression of
NtCDC48 in BY-2 cells could enhance the diffusion
of the polar spindle microtubules, implying that the
function of NtCDC48 was related to spindle disassem-
bly. As the process of spindle disassembly is a com-
plex procedure and requires many coordinate proteins,
turther study of the role played by NtCDC48 in this

process is needed.

Imamura et al. cloned a CDC48 homologue from
zebrafish and found that overexpression of this gene in
cultured embryonic cells of the fish could promote cell
proliferation under cold conditions. They considered
that the accumulation of CDC48 proteins in cold accli-
mated cells could compensate for the defect of mem-
brane fusion function at M phase of the cell cycle!?*].
In plant cells, Rancour et al. found that PUXI1
( plant regulated
AtCDCAS activity through promoting the disassembly
of hexameric AtCDC48 and regarded PUX1 as the
negative regulator of AtCDC48. They further showed
that puxl mutant plants had more cells in the root
division zone!®’. In this study, we observed that
overexpression of NzCDC48 in BY-2 cells could in-
crease the mitotic index and interfere the structure of
spindle. Based on these results and the subcellular lo-
calization of NtCDC48, we make two speculations on
the cellular roles of NtCDC48: (1) Cell division re-
quires the spindle disassembly and high expression
level of NtCDC48 may accelerate this process; (2)
NtCDC48 proteins change their subcellular localiza-
tion regularly and may bind to different proteins at
different cell cycle phases to regulate the cell division.
In contrast to their function in BY-2 cells, overex-
pression of NtCDC48 in S. pombe resulted in the in-
terruption of M-G1 progression and in the formation
of elongated cells containing a larger and diffused nu-
cleus. This may be caused by an inhibition effect of

UBX-containing protein 1 )
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NtCDC48 on spindle disassembly in yeast cells. The
above results indicate that NtCDC48 functions differ-
ently in BY-2 and fission yeast cells, further suggest-
ing that the mitotic regulation mechanisms may be
different between plant and yeast cells.

In summary, how NtCDC48 functions in BY-2
cells deserves further investigation. In the future, we
will focus our work on identifying proteins interacting
with NtCDC48 and meanwhile extend the research on
this gene’s application in plant cell engineering.
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