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Tetrahymena p85 is localized to the presumptive di-
ision plane before division furrow formation; its mo-
ecular weight in SDS–polyacrylamide gel electropho-
esis differs in wild-type and temperature-sensitive
ell-division-arrest mutant cdaA1 cells. At the restric-
ive temperature, p85 localization and division furrow
ormation are not observed in cdaA1 cells. In this
tudy, we purified p85 and cloned a wild-type p85
DNA. The deduced amino acid sequence of p85 was
omposed mainly of two kinds of repeat sequences.
ne of these contained regions homologous to a
almodulin-binding site and a part of actin, and the
ther contained a region homologous to a part of a
dc2 kinase homologue. Moreover, we cloned a cDNA
ncoding the cdaA1 p85. There was no difference in
he predicted amino acid sequences of wild-type and
daA1 p85, suggesting that the difference in molecular
eight between p85 in wild-type and mutant cells is

aused by a disorder of posttranslational-modification
echanisms of p85 in the cdaA1 cell. © 1999 Academic Press

Cytokinesis, which is the final stage of the cell cycle,
ssures the equal distribution of segregated daughter
hromosomes and cytoplasm into the two daughter
ells. In the cytokinesis of animal cells, first, a division
lane is determined at a cellular equator and then an
ctomyosin-based contractile ring appears at the divi-
ion plane. The contractile ring constricts, generates a
ivision furrow, and divides the cell (1, 2). In addition
o actin and myosin, a number of actin-modulating
roteins, for example a-actinin (3), cofilin (4), profilin
5), and 71-kDa F-actin-binding protein (6), are local-
zed in the division furrow. These findings provide use-
ul information on the structure and the dynamic
rganization of the contractile ring. However, the mo-

1 Address correspondence and reprint requests to Osamu Numata,
nstitute of Biological Sciences, University of Tsukuba, Tsukuba,
baraki 305-8572, Japan. Fax: 181-298-53-6648. E-mail: numata@
akura.cc.tsukuba.ac.jp.
112006-291X/99 $30.00
opyright © 1999 by Academic Press
ll rights of reproduction in any form reserved.
ecular mechanisms of the division plane determina-
ion and the contractile ring formation are not well
nderstood.
To elucidate the mechanisms of cytokinesis, the em-

loyment of mutants affecting cytokinesis is a poten-
ially powerful approach. In Tetrahymena, tempera-
ure-sensitive cell-division-arrest mutants (cda loci)
ave been isolated and partially characterized. One of
he cda mutants, cdaA1, has been shown to have a
efect in the formation of the division furrow (7, 8). In
ur previous study, we identified a single protein (Mr 5
5 kDa, pI 5 4.7, designated as p85) which differed
lightly in mobility in two-dimensional SDS-polyacryl-
mide gel electrophoresis (2D SDS-PAGE) between
ild type and cdaA1 cell extracts (9). In the analysis of
D SDS-PAGE, the molecular weight of cdaA1 p85 was
9 kDa, whereas its isoelectric point was the same as
hat of wild type p85. At the permissive temperature,
he p85 appeared at the presumptive division plane
efore the formation of the division furrow, and then
as localized in the division furrow during cytokinesis

n both wild type and cdaA1 cells (9, 10). In addition,
he contractile ring was formed along the localization
f p85 to the presumptive division plane (11). On the
ther hand, in cdaA1 cells at the restrictive tempera-
ure, localization of p85 and formation of a division
urrow were not observed (9). These results suggest
hat p85 plays a key role in the mechanisms of division
lane determination and contractile ring formation.
herefore, clarifying the primary structure and the

unction of p85 should help to solve the molecular
echanisms of Tetrahymena cytokinesis.
In this study, we purified p85 from Tetrahymena cell

xtracts and cloned a wild type p85 cDNA. The deduced
mino acid sequence of wild type p85 was mainly com-
osed of two kinds of 150-amino acid repeat sequences.
-terminal repeat sequences show homologies to a cal-
odulin (CaM)-binding site of Ca21/calmodulin depen-

ent protein kinase Type II (CaM II kinase) and a part
f actin, whereas C-terminal repeat sequences show
omology to a part of a cdc2 kinase homologue. More-
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ver, a cdaA1 p85 cDNA was cloned and sequenced.
he predicted amino acid sequence of cdaA1 p85 was

dentical to that of wild type p85. Therefore, we suggest
hat the difference of molecular weight in SDS-PAGE
etween cdaA1 and wild type p85 is caused by the
isorder of posttranslational-modification mechanisms
f p85 in cdaA1 cells.

ATERIALS AND METHODS

Cell culture. The Tetrahymena thermophila wild type strain and
daA1 mutant strains used in this study were kindly provided by Dr.
. Frankel, University of Iowa. Cultivation of Tetrahymena ther-
ophila was performed as described previously (12).

Antibodies. A guinea pig anti-p85 antiserum (p85GP1) was pre-
ared and characterized in our previous study (9). A rabbit anti-p85
ntiserum (p85R1) was prepared by the method of Ohba (9).

Immunoprecipitation. The wild type cells were lysed in 10 mM
epes buffer (pH 7.2) containing 30 mM KCl, 1 mM phenylmethyl-

ulfonyl fluoride (PMSF), 3.6 mM pepstatin A, 540 mM Na-p-tosyl-L-
ysine chloromethyl ketone (TLCK), and 60 mM n-heptyl-b-D-
hioglucoside, by sonication with a cell distributor (Ultrasonics Inst.,
omy Seiko, Japan), and then centrifuged at 15,0003g for 10 min.
he soluble supernatant was mixed with p85R1-bound or preim-
une serum-bound protein A-Sepharose (PIERCE, USA), and incu-

ated for 2 h at 4°C. The mixture was centrifuged at 2503g for 1 min
nd then the precipitates were washed with 10 mM Hepes buffer (pH
.2) containing 150 mM KCl, 1 mM PMSF, and 3.6 mM pepstatin A.
fter being washed, the p85 protein was eluted from immunocom-
lexes by incubating with 100 mM glycine-HCl (pH 2.5) and then
eutralized with 2 M Tris-HCl (pH 9.0). The samples were sepa-
ated by 8% SDS-PAGE and analyzed by silver staining and
mmunoblotting.

Purification of p85. The wild type cells were suspended in 20 mM
ris-HCl (pH 7.5), 100 mM KCl, 1 mM ATP, 0.5 mM DTT, 10%
ucrose, 1% casein, 1 mM PMSF, and 0.5 M KI. The cells were
onicated using a cell distributor (Ultrasonics Inst., Tomy Seiko,
apan), and then ultracentrifuged at 250,0003g for 1 h. From the
oluble supernatant, the fraction including p85 was purified through
mmonium sulfate fractionation, a DEAE TYOPEARL PAK column
TOSOH, Japan), and a butyl TYOPEARL PAK column (TOSOH,
apan) based on monitoring of immunoblotting using the p85R1. The
artially purified p85 fraction was separated by 2D SDS-PAGE and
hen the p85 spot was excised from the gel. The purified p85 was
igested with V8 protease according to the methods of Cleaveland
13). The N-terminal amino acid sequence of the purified p85 and
hat of its fragment digested by V8 protease were determined by
utomated Edman degradation with an Applied Biosystem gas-
hase sequencer (Foster City, CA, USA).

Construction of a cDNA library of cdaA1 cells. The poly(A)1 RNA
rom cdaA1 cells was prepared with Isogen (Nippon Gene, Japan)
nd OligotexTM-dT30 Super (TAKARA, Japan). The cDNA was syn-
hesized from the poly(A)1 RNA using SuperScriptTM Choice Sys-
em for cDNA Synthesis (GIBCO BRL, USA). The resulting cDNA
as cloned into the EcoRI site of lambda gt10 (Amersham Pharmacia
iotech, UK) and packaged in vitro by Gigapack II Gold Packaging
xtract (STRATAGENE, USA). The recombinant phage was trans-
uced into E. coli strain NM514 and maintained as liquid stock at
°C. The cDNA library of wild type cells prepared in our previous
tudy (14) was used.

Cloning of wild type and cdaA1 p85 cDNA. To prepare the probe
or cloning the wild type p85 cDNA, a reverse transcription-
olymerase chain reaction (RT-PCR) was carried out. With this
ethod, the reverse transcription reaction was performed using the

oly(A)1 RNA and oligo(dT) primer (TAKARA, Japan). Two mixed
113
ere designed based on the 22-amino acid sequence of p85 (Fig.
B-2), and then used to generate 62-bp nucleotides by PCR.
To clone the p85 cDNA of the wild type and that of cdaA1, recom-

inant phage plaques from cDNA libraries of the wild type and
daA1 cells were screened by plaque hybridization with the 32P-
abeled RT-PCR product probe and the 32P-labeled wild type p85
DNA probe, respectively, under the same conditions described pre-
iously (15). The EcoRI inserts of positive phages from wild type and
daA1 cDNA libraries were subcloned into the EcoRI site of pBlue-
cript II (KS1) plasmids (TOYOBO, Japan) and puc18 plasmids
TAKARA, Japan), respectively. Dual-directional deletion of these
nserts was done using exonuclease III (TAKARA, Japan) and mung
een nuclease (TAKARA, Japan), and the nucleotide sequence anal-
ses were carried out according to the ABI 373A DNA sequencing
ystem protocol.
Moreover, to clone the 59 untranslated regions of wild type and

daA1 p85 cDNA, a rapid amplification of cDNA 59-end (59 RACE)
as performed with 59 RACE System version 2.0 (GIBCO BRL,
SA). In this system, the reverse transcription reaction was carried

ut with poly(A)1 RNA and the gene specific primer 59-TTG-
TATCCTTGAGG-39 shown in Fig. 5. The PCR was done using the
ene specific primer 59-GATTTTGAGCGATGGAAGCTCC-39 shown
n Fig. 5 and the 59 RACE Abridged Anchor Primer of this system.
fter 30 cycles using the wild type and the cdaA1 cells, a single
50-bp band was observed. These PCR products of ten independent
eactions were subcloned into pT7Blue T-Vector (Novagen, USA),
nd sequenced according to the ABI 377 DNA sequencing system
rotocol.

Southern and northern blot analyses. The genomic DNAs were
repared from the wild type cells by the method of Gorovsky (16).
he poly(A)1 RNA preparations of wild type and cdaA1 cells were
erformed by the methods described above. Southern and Northern
ybridization analyses were carried out under the conditions de-
cribed previously (15).

Other procedures. 2D SDS-PAGE and SDS-PAGE were per-
ormed by the methods of Hirabayashi (17) and Laemmli (18), re-
pectively. Immunoblot analysis was carried out according to the
ethod of Towbin (19), using alkaline phosphatase-conjugated sec-

ndary antibodies.

ESULTS

haracterization of Anti-p85 Antisera

To clarify the primary structure and the function of
85, we attempted to purify it by monitoring immuno-
lotting with an anti-p85 antiserum. Since the amount
f guinea pig anti-p85 antiserum (p85GP1) available
as very low, we newly prepared rabbit anti-p85 anti-

erum (p85R1), and then investigated its properties.
85R1 specifically reacted to p85 in whole cell extracts,
nd also recognized the difference of molecular weight
n SDS-PAGE between wild type and cdaA1 p85 (Fig.
A), just as p85GP1 did (9). Only p85 was isolated from
he wild type cell extracts by immunoprecipitation as-
ay using p85R1 (Fig. 1B, a) and immunoblotted with
oth antisera (Fig. 1B, b, c). These results indicate that
85GP1 reacted to the p85 immunoprecipitated with
85R1 (Fig. 1B, c). Both p85R1 and p85GP1 specifically
ecognize the p85 in Tetrahymena whole cell extracts.
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urification of p85

Since the specificity of p85R1 was confirmed, based
n monitoring of immunoblotting using the p85R1, the
raction containing p85 was purified through ammo-
ium sulfate fractionation, hydrophobic chromatogra-
hy (Butyl TYOPEARL PAK column), and anion ex-
hange chromatography (DEAE TYOPEARL PAK
olumn) (Fig. 2A, a). The purified protein was partially
egraded, and its molecular weight in SDS-PAGE was
3 kDa. The fraction after the DEAE TYOPEARL PAK
olumn eluate was separated by 2D SDS-PAGE, and
e then excised the p85 spot from the gel (Fig. 2A, b).
he N-terminal amino acid sequence of the purified
rotein (Fig. 2B-1) and that of its fragment digested by
8 protease (Fig. 2B-2) were determined. Based on the

atter sequence, two mixed primers were designed (Fig.
B-2) and used to generate 62-bp nucleotides by RT-
CR. The predicted amino acid sequence of this PCR
roduct was identical to the amino acid sequence
hown in Fig. 2B-2. Using this PCR product as a
robe, we screened the wild type T. thermophila cDNA
ibrary.

loning and Sequencing of Wild Type p85

As the result of screening, we isolated a cDNA clone
hat contained 2,595-nucleotides. Considering that

FIG. 1. Properties of anti-p85 antisera, p85GP1, and p85R1. (A)
85R1 recognizes the difference of molecular weight between wild
ype and cdaA1 p85. The same numbers of wild type and cdaA1 cells
ere lysed with guanidine HCl. The proteins were separated by 8%
DS-PAGE and analyzed by immunoblotting using p85R1. (W) and

M) lanes represent the wild type and the cdaA1 cell extracts, re-
pectively. (B) The specificity of p85R1 is identical to that of p85GP1.
he wild type p85 was isolated from cell extracts by immunoprecipi-
ation assay using a preimmune serum and p85R1, and then ana-
yzed by (a) silver staining and immunoblotting with (b) p85R1 and
c) p85GP1. (P) and (I) lanes represent immunoprecipitates with the
reimmune serum and p85R1, respectively. Arrowheads indicate
85. Other bands observed in both (P) and (I) lanes are derived from
n immunoglobulin utilized for the immunoprecipitation assay (a, b)
nd caused by Alkaline phosphatase-conjugated goat anti-guinea pig
gG (CHEMICON, USA) (c).
114
etrahymena transcribes universal stop codons, TAA
nd TAG, as glutamine codons (14, 20), we determined
ne open reading frame of this cDNA which encoded an
03-amino acid polypeptide with a predicted relative
olecular mass of 86,036 (Fig. 3A). The deduced amino

cid sequence of wild type p85 contained interesting
otifs. The p85 was mainly composed of two kinds of

epeat sequences, which were designated as Repeats I,
I, and III and Repeats A and B (Fig. 3A, B). Repeats I,
I, and III consisted of 154, 154 and 149 amino acids,
espectively. These repeat sequences showed more
han 95% identity to one another. Repeats A and B
onsisted of 151 and 152 amino acids, respectively;

FIG. 2. Purification of wild type p85 and two amino acid se-
uences determined from p85. (A) The partially purified p85 fraction.
a) The wild type cell extract was fractionated, using ammonium
ulfate fractionation, a butyl TYOPEARL PAK column, and a DEAE
YOPEARL PAK column. Lane 1, Tetrahymena cell extract. Lanes 2
nd 3, 0.01–0.16 M (KH4)2SO4-eluted fraction from the butyl TYO-
EARL PAK column. Lanes 4 and 5, 0.23–0.3 M KCl-eluted fraction

rom the DEAE TYOPEARL PAK column. Lanes 1, 2, and 4 show
oomassie brilliant blue (CBB) staining. Lanes 3 and 5 show immu-
oblotting using p85R1. An arrowhead indicates p85. (b) The par-
ially purified fraction after the DEAE TYOPEARL PAK column
luate was separated by 2D SDS-PAGE and then stained with CBB.
n arrowhead indicates the p85 spot. The spot was excised from the
el and its amino acid sequence determined. (B) N-terminal amino
cid sequences of purified p85 (1) and its fragment digested by V8
rotease (2). Arrows show the sites of primers utilized for RT-PCR.
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hey showed more than 99% sequence identity to each
ther. However, there was no similarity between Re-
eats I-III and Repeats A and B.
A search of the most recent databases failed to detect

ny significant sequence homology over the full length
f p85, but revealed sequence homologies to parts of
everal proteins (Fig. 3B, C). Repeats I, II and III
ontained sequences similar to a CaM-binding site of
east CaM II kinase (21) and a part of Tetrahymena
ctin (22). In addition, Repeats A and B contained
equences similar to a part of human Ser/Thr protein
inase PCTAIRE-1, a cdc2 kinase homologue (23).

outhern and Northern Hybridization Analyses

Genomic Southern hybridization was performed to
scertain how many p85 gene copies exist in the ma-
ronucleus of T. thermophila. When the full-length
DNA of wild type p85 was used as a probe, four bands
n HindIII-digested genomic DNA were detected (Fig.

FIG. 3. Amino acid sequence of wild type p85 and comparison wi
he one letter amino acid code is used throughout. The 803-amino-ac
olid and broken lines, respectively. A broken underline indicates
ndicate that of its fragment digested by V8 protease. These data are

schematic drawing of the predicted primary structure of p85. The
nd Repeats A and B. Regions homologous to parts of other proteins
n T. thermophila; and 3: PCTAIRE-1 kinase in human. GenBank/EM
CTAIRE-1, X66363. (C) Sequence alignments between the wild ty
hown in (B). I, II, and III and A and B show the Repeats I, II, and
nd dots indicate similarity.
115
A). This result coincided with the patterns deduced
rom the restriction map of wild type p85 cDNA (Fig.
C). These results show that T. thermophila possesses
nly a single copy of the p85 gene.
Northern hybridization using the full-length cDNA

f wild type p85 as a probe detected a 2.6-kb transcript
or p85 as a single band in wild type and cdaA1 cells
Fig. 4B). Thus, p85 gene is actively transcribed as a
ingle type transcript, in both types of cells.

loning and Sequencing of cdaA1 p85 cDNA

SDS-PAGE revealed that p85 from wild type and
daA1 cells differed in molecular weight (Fig. 1A). If
he p85 gene of cdaA1 cells is mutated, surely the
utation region can be detected, because T. ther-
ophila possessed only a single copy of p85 gene and

he gene was actively transcribed as a single type tran-
cript (Fig. 4A–C). To examine the cause of the differ-
nce, we synthesized a cDNA library from cdaA1 cells,

ther proteins. (A) A predicted amino acid sequence of wild type p85.
rotein contains two kinds of repeat sequences that are enclosed with
N-terminal amino acid sequence of purified p85, and underlines

ilable from GenBank/EMBL/DDBJ under Accession No. D84491. (B)
o kinds of repeat sequences are designated as Repeats I, II, and III
underlined with numbers, 1: CaM II kinase in S. cerevisiae; 2: actin

L/DDBJ accession numbers: CaM II kinase, X56961; actin, M13939;
85 and parts of other proteins. 1, 2, and 3 are equivalent to those
and the Repeats A and B, respectively. Asterisks indicate identity,
th o
id p
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loned the cDNA encoding the cdaA1 p85, and se-
uenced it. The cdaA1 p85 cDNA contained one open
eading frame and its deduced amino acid sequence,
daA1 p85, was completely identical to that of wild
ype p85 (Fig. 5). On the other hand, there were some
ifferences in the nucleotide sequence of the 39 un-
ranslated region (39 UTR) between wild type and
daA1 p85 cDNA (Fig. 5).

59 UTRs of wild type and cdaA1 p85 cDNA isolated
rom the cDNA libraries were short. Therefore, it is
ossible that the translational initiation codon, AUG,
ewly appeared in the 59 UTR of cdaA1 p85 mRNA by
oint mutation, and that this induces the difference of
olecular weight between wild type and cdaA1 p85. To

nalyze the 59 UTR of each cDNA, the 59 UTR of p85
DNAs for both cells were cloned by the 59 RACE
ethod and sequenced. Although a difference in nucle-

tide sequences between wild type and cdaA1 cells
xisted (Fig. 5), the possibility that AUG newly ap-
eared in the 59 UTR of cdaA1 p85 mRNA by point
utation was not demonstrated. These results show

hat there is no difference in the predicted amino acid
equences between wild type and cdaA1 p85. Thus, we
uppose that the difference in molecular weight be-
ween cdaA1 and wild type p85 was caused by a disor-

FIG. 4. Hybridization analyses using the wild type p85 cDNA as
probe. (A) Southern hybridization analysis of the p85 gene. Wild

ype genomic DNA (10 mg) was digested with HindIII, electropho-
esed, and then blotted for the hybridization. The DNA size markers,
etermined from HindIII-digested lambda DNA, are shown at the
eft. (B) Northern hybridization analysis of the p85 transcript.
oly(A)1 RNA (5 mg) was prepared from the wild type and the cdaA1
ells, electrophoresed, and then blotted for the hybridization. (W)
nd (M) lanes represent wild type and cdaA1 poly(A)1 RNA, respec-
ively. The approximately 2.6-kb bands indicated with an arrow
epresent the transcripts for wild type and cdaA1 p85. The kilobase-
arkers are at the left, determined with RNA marker fragments

GIBCO BRL, USA). (C) Restriction maps of the wild type p85 cDNA.
rotein coding regions are indicated by open boxes.
116
er of posttranslational-modification mechanisms of
85 in cdaA1 cells.

ISCUSSION

To clarify the primary structure and function of p85,
hich is concerned with the molecular mechanisms of
etrahymena division plane determination and con-

ractile ring formation, we partially purified p85 from
etrahymena wild type cell extracts (Fig. 2A) and
loned wild type p85 cDNA (Fig. 3A). The deduced
mino acid sequence was mainly composed of two types
f repeat sequences, Repeats I, II, and III, and Repeats

and B (Fig. 3A, B). A search of the most recent
atabases found that the Repeats I, II, and III showed
omology to the CaM-binding site of yeast CaM II
inase (Fig. 3B, C). In another recent study, we found
hat p85 directly interacted with Tetrahymena CaM in
Ca21-dependent manner and that both proteins colo-

alized in the division furrow during cytokinesis (see
ther submitted paper). In addition, the Ca21/CaM in-
ibitor N-(6-Aminohexyl)-5-chloro-1-naphthalenesul-
onamide HCl inhibited the direct interaction between
85 and Ca21/CaM and then also the localization of p85
o the presumptive division plane and formation of the
ontractile ring (see other submitted paper). Therefore,
e think that the interaction between p85 and Ca21/
aM may regulate the division plane determination,

he contractile ring formation and progression of the
ivision furrow. The function of p85 speculated from its
rimary structure provides useful insights into the
unction of p85 in Tetrahymena cytokinesis. We further
peculate the following two functions of p85 from its
equence motifs.
Repeats I, II, and III also showed homology to a part

f Tetrahymena actin (Fig. 3B, C). The three homolo-
ous regions between p85 and actin corresponded to
he surface region in the three-dimensional structure
f the actin molecule (24). Although these homologous
egions are not self-association sites of actin (24), p85
ay bind directly to actin at these homologous regions.

n addition, if these homologous regions are targeting
ites of an actin-binding protein, it is also presumed
hat p85 may interact with actin indirectly through
ross-linking to the actin-binding protein. In Tetrahy-
ena, the contractile ring microfilaments composed of

ctin are formed along the localization of p85 to the
resumptive division plane (11). From the analyses of
rimary structure and localization of p85, we speculate
hat p85 interacts directly or indirectly with actin in
he presumptive division plane, and that these inter-
ctions serve as a polymerization center of actin in the
ormation of the contractile ring.

A computer search showed that Repeats A and B
ontained sequences similar to a cdc2 kinase homo-
ogue, PCTAIRE-1 kinase (Fig. 3B, C). The two homol-
gous regions between p85 and PCTAIRE-1 kinase cor-
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esponded to a part of the catalytic core region of this
inase (23, 25), suggesting that p85 may possess ki-
ase activity. In unfertilized sea urchin eggs, Calyculin
, a protein phosphatase inhibitor, induced the forma-

ion of a contractile ring-like apparatus (26). This sug-

FIG. 5. Comparison of cdaA1 and wild type p85 cDNA. The nucl
ype p85 cDNA are shown in a single letter code. Arrows indicate the
equences found by 59 RACE methods. Asterisks represent the nucl
117
ests that the phosphorylation process acts as a trigger
f contractile ring formation. Therefore, we suppose
hat the p85 functions in contractile ring formation, as

kinase. Resolving how p85 and Ca21/CaM interact
ith actin and investigating whether or not p85 really

de sequences and deduced amino acid sequences of cdaA1 and wild
e of primers utilized for 59 RACE methods. Boldface type shows the
de differences between cdaA1 and wild type p85 cDNA.
eoti
sit

eoti
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ossesses kinase activity may facilitate understanding
f the mechanisms of contractile ring formation.
cdaA1 p85 is larger than the wild type p85 (Fig. 1A),

ut has the same isoelectric point. To examine the
ause of the difference in molecular weight, we cloned
nd sequenced the cdaA1 p85 cDNA. Although there
ere differences in the nucleotide sequences of the 59
nd 39 UTRs between the wild type and cdaA1 p85
DNAs, the deduced amino acid sequence of cdaA1 p85
as identical to that of wild type p85 (Fig. 5). We
xpect that the differences in 59 and 39 UTRs do not
ffect the transcription and translation of the p85 gene,
ecause the amounts of transcribed mRNA and trans-
ated protein of cdaA1 p85 were equivalent to those of
ild type p85 (Figs. 1A, 4B). These results suggest that

he posttranslational-modification mechanisms of p85
re disordered in cdaA1 cells and that this disorder
ay result in the difference of molecular weight be-

ween wild type and cdaA1 p85. The disorder may
nhibit the localization of cdaA1 p85 to the presump-
ive division plane at the restrictive temperature, and
ecause of this, cdaA1 cells fail in the subsequent for-
ation of a division furrow. Therefore, we speculate

hat the posttranslational modification of p85 is requi-
ite for the division plane determination in Tetrahy-
ena. It is well known that phosphorylation and gly-

osylation affect the mobility of proteins in SDS-PAGE.
e treated the wild type p85 and the cdaA1 p85 puri-

ed by immunoprecipitation with phosphatase and gly-
osidase. However, these treatments did not affect the
olecular weight of wild type p85 and cdaA1 p85 in
DS-PAGE (data not shown), suggesting some other
odification is involved in the posttranslational modi-
cation of p85. Clarifying the posttranslational modi-
cation of p85 in detail and then elucidating the rela-
ion between this modification and the interaction of
85 and Ca21/CaM in the division plane determination
s an interesting subject for future study.
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