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Abstract During the life cycle of Physarum poly- isms and is one of a family of type Il myosin geneR.in
cephalum uninucleate amoebae develop into multinuclpelycephalum Our results indicate that many maes

ate syncytial plasmodia. These two cell types differ greaggnes remain to be identified, some of which may play
in cellular organisation, behaviour and gene expressikay roles in controlling plasmodium formation.

Classical genetic analysis has identified the mating-type

gene,matA as the key gene controlling the initiation oKey words Slime moulds Physarum polycephalum
plasmodium development, but nothing is known about tReasmodium development - Differential gene expression -
molecular events controlled byatA In order to identify Myosin - Calcium-binding protein

genes involved in regulating plasmodium formation, we

constructed a subtracted cDNA library from cells undekbbreviations LIA Liver infusion agar -

going development. Three genes that have their higheBtM Semi-defined mediumDSDM Dilute SDM -

levels of expression during plasmodium development wedSPBDSDM with phosphate buffer -

identified: redA, redB (regulated in_évelopment) and SCPSarcoplasmic calcium-binding protein

mynD (myosin). BothredAandredB are single-copy genes
and are not members of gene families. AlthoregtA has
no significant sequence similarities to known gered3 Introduction

has sequence similarity to invertebrate sarcoplasmic cal-

cium-binding proteins. ThemynDgene is closely relatedThe development of uninucleate, haploid amoebae into
to type Il myosin heavy-chain genes from many orgamultinucleate, syncytial plasmodia in the acellular slime
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mould (MyxomycetePhysarum polycephaluprovides a
useful system in which to study changes in gene expres-
sion during the development of individual cells. As a re-
sult of differences in gene expression, amoebae and plas-
modia differ greatly in many aspects of behaviour and cel-
QBlar organisation, including locomotion and mitosis. Com-
parisons of stage-specific cDNA libraries have demon-
strated that approximately 5% of genes are expressed in
amoebae but not in plasmodia, and a further 5% show plas-
modium-specific expression (Pallotta et al. 1986; Sweeney
et al. 1987). As a first step towards understanding the con-
trol of development and identifying potential regulatory
genes, we sought genes expressed primarily during the
development of amoebae into plasmodia and showing lit-
tle or no expression in the vegetative cell types.

In natural populations, development of amoebae into
plasmodia is sexual and under the control of three poly-
morphic mating-type loci. Two locmatB and matC,in-
fluence the frequency of fusion between haploid amoebae
but have no effect on the events that follow (Youngman et
al. 1979, 1981; Kawano et al. 1987). The third mating-
type locusmatA has no influence over amoebal fusion,
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but it controls the development of fusion cells into diploid first detected at this time (Solnica-Krezel et al. 1990,
plasmodia and therefore is the key gene controlling deve®91). However, some uninucleate developing cells do
opment (Dee 1987). If the fusing amoebae carry differamit expres{32-tubulin even though changes in micro-
alleles ofmatA cell fusion is followed by nuclear fusiontubule organisation are seen (Solnica-Krezel et al. 1990,
and the resulting diploid zygote undergoes rounds of syi®91). These observations suggest that changes in tubulin
chronous mitoses without cytokinesis to form a diploidotype composition alone do not bring about the reorgan-
multinucleate plasmodium (Dee 1987; Bailey et al. 199®ation of the microtubular structures during development.
When plasmodia starve in the light, they form sporangia; Since the cytological evidence indicates that the acti-
meiosis occurs inside the spores that hatch to releaagon of plasmodium-specific genes is not sufficient to
amoebae, thus completing the life cycle. Strains carryibdng about the observed changes in cellular organisation
gadA mutations, which are genetically inseparable froemd behaviour, other genes must be involved in regulating
matA are able to develop apogamically; single haplo@hd controlling development. It has been suggested that
amoebae develop directly into haploid plasmodia (Baildyese genes would probably have peak levels of expres-
et al. 1987, 1992; Anderson et al. 1989). sion during plasmodium development (Bailey 1995,
Time-lapse cinematographic analyses show that 1f197). The cDNA libraries previously constructed from
apogamic development, the developing haploid amoetraoebae and plasmodia (Pallotta et al. 1986; Sweeney et
enters an extended cell cycle more than twice as long as$. a1987) were not designed to isolate such genes. We
vegetative cell cycle, during which it continues to grotherefore constructed a cDNA library from cultures of
and becomes irreversibly committed to plasmodium fapogamically developing cells. From this library, we iden-
mation (Bailey et al. 1987). THe polycephaluntell cy- tified clones for genes showing peak levels of expression
cle does not normally possess a G1 phase, and it has lbeeing development. In addition, we developed methods
demonstrated that the extension of the cell cycle is dugadoovercome the asynchrony of development in mating
a lengthening of the G2 phase (Bailey et al. 1987). Duriagltures so that gene expression during sexual develop-
the extended cell cycle, the developing cell acquires soment can also be investigated.
aspects of plasmodial behaviour (e.g. the ability to ingest
amoebae and fuse with genetically identical plasmodia)
and loses amoebal characteristics such as the abilityititerials and methods
transform into a flagellated cell. In addition, some of the
alterations in gene expression that accompany develGpHs and culture conditions for apogamic development

ment are initiated during this cell cycle (Sweeney et al, gamic development is temperature-sensitive; plasmodia form
1987; T'Jampens et al'_1997)' At the end of the 9Xten ultures at 26 °C, but development is inhibited’at 30°C. Amoe-
cell cycle, the large uninucleate cell becomes binuclegig stocks of the apogamic strain CL (Cooke and Dee 1974) were
by mitosis without cytokinesis. A haploid multinucleateaintained at 30°C. To obtain proliferating amoebae, LIA plates
plasmodium arises by further rounds of synchronous rliver mfusgoln agf;lr; Blllnd(t) it all- 1]?8?) v;erta IQOCtula_teld with 3

; ; ; ; amoebal cysts plus 0.1 ml of standard bacterial suspension
to_sgf ungccompanledh_by CytIOKmeSI? (Ba”ely et all' 19 é jndt et al. 1986) and were incubated at 26 °C for 24 h to allow
Similar cinematographic analyses of sexual developmgRdysiment, followed by 48 h at 30°C. To obtain cultures of de-
indicate that following cell and nuclear fusion, all zygotegloping cells, DSDM plates (Dilute Semi-Defined Medium; Dee
undergo an extended period of growth before becomgtg!. 1997) were inoculated withxBL0° amoebal cysts plus 0.1 ml

binucleate by mitosis without cytokinesis (Bailey et A7 standard bacterial suspension and were incubated at 26 °C. Mi-
.croplasmodia were cultured in axenic shaken culture at 30°C in

1_990)' _Comm't_ment to plasmodium deV?IOpment COlgpy (Semi-Defined Medium; Dee et al. 1997). To produce
cides with the time of cell and nuclear fusion. In other IRracroplasmodia, 100 of dense microplasmodial suspension was
spects, the changes in cell cycle lengths and cellular dsppped onto Oxoid Nuflow filters (placed on metal grids over
ganisation follow a similar pattern in both types of devePM in petri dishes), and the cells were allowed to fuse together
opment. These analyses demonstrate that an extended 2§70V Prior to harvesting 16-30 h later.
cycle is a characteristic feature of plasmodium formation.

Studies of cellular organisation and gene expressiosils and culture conditions for sexual development
have confirmed the importance of the extended cel CyCIgxual development is not temperature-sensitive, but to ensure
In plasmOdlum o_|eve|opment. .The alterations 'r.] micr omparability t?etween experimerF:ts, all matings Wére carried out
tubule organisation and tubulin gene expression hayegec. amoebal stocks were maintained at 26°C on DSPB
been well-studied [reviewed in Burland et al. (1993)jlates (DSDM with phosphate buffer; Dee et al. 1997) with stan-
Amoebae possess an extensive microtubule network, _gﬂrdl bacterial suspension and were harvested from these for RNA

mitosis is accompanied by breakdown of the nuclear Lﬁ}é}_lation. For two-strain matings, strains LU648 (Cooke and Dee

. 75) and CH508 (Youngman et al. 1979) were used; these strains
velope (Havercroft et al. 1981; Havercroft and GUlf,ss efficiently since they carry different alleles at the mating-

1983). Plasmodia, in contrast, have few microtubulestjfe loci (see Table 2). The amoebae were harvested in water and

interphase (Salles-Passador et al. 1991), and mitosisadiissted to 6< 10° cells mtt. Equal volumes of the two strains

curs inside the intact nuclear membrane (Havercroft g@e mixed together and combined with 2 vol. of concentrated
a

et . cteria (Youngman et al. 1981). The mixed suspension was inoc-
Gull 1983). The reorganisation of the microtubule N€lr;icq as 14 spots (60 per plate) on SM-2 agar plates (Kawano

work begins during the extended cell cycle, and in the m@-al. 1987) and were incubated at 26°C. Microplasmodia and
jority of cells the plasmodium-specifig2-tubulin isotype macroplasmodia were cultured in the same way as CL plasmodia.
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Table 1 Strains used to generate sexually developing cultures Construction of the ML8 cDNA library

Strain Genotype Reference PolyA" RNA was isolated using an oligo(dT) column (Sambrook
et al. 1989). Multiple first-strand synthesis reactions were set up

CH508 matA2 matB3  Youngman et al. (1979)  with each containing fig polyA* RNA in 50 ul. Reverse tran-
DP14 matA7 matB7 Collins (1975) scription used RNase-HWoloney murine leukaemia virus reverse
DP15 matA8 matB8 Collins (1975) transcriptase \_Nith oIi_go(dRpoﬂ primers (P_romega). Sec_ond-
DP74 matAl2 matB5  Kirouac-Brunet et al. (1981) Strand synthesis reazctlons were carried out in#@@umes with
DP75 matAll matB6  Kirouac-Brunet et al. (1981) & small amount of?P-0-dCTP in addition toEscherichia coli

. DNA ligase, DNA polymerase and RNaseH. The cDNAs were
DP89 matAl5 matB12 Kirouac-Brunet et al. (1981) pnosphorylated by T4 kinase, blunt-ended by T4 DNA poly-
DP90 matA16 matB13 Kirouac-Brunet et al. (1981) merase, and then precipitated.
LU648 matAl matB1 Cooke and Dee (1975) The radioactive cDNA molecules were fractionated over
Ppll1.17-100 matA5 matB10  Collins (1975) Sepharose CL-4B (Sambrook et al. 1989), and fractions containing

molecules over 500 nucleotides were pooled. NectRl adapters
(Promega) were attached with T4 DNA ligase. The cDNAs were
treated with T4 kinase and digested witlotl. ExcessEcoRI
adapters andNotl-cut cDNA ends were removed with spin

For ten-strain matings (Table 1), amoebal cysts were harveﬁ%ﬁjmns (Sambrook et al. 1989). The resulting CDNA molecules
g

Ppll1.17-80 matA6 matB11l  Collins (1975)

. ) e ligated intoEcoRI/Notli-digested and phosphatased pBlue-
in 5 mli }lotmdephosp[rate btufffer (tPH 6,tGorrTflan1e; al. 19%:) a8Eript I KS and were transformed iné. coli XLI-Blue by elec-
were pelleted by gentle centrifugation at 40§ for 1.5 min. The 555 a1i0n. After outgrowth at 37°C for 1 h, glycerol was added

cells were resuspended in 2 ml buffer and placed on a recipro 0 ; _ane ; ;
ing shaker at 120 strokes per minute at 26 °C until the majoritylfgfra?fwzgdd?;d%b;,?ég Kﬂvi;stored at—80°C. This primary cDNA

cysts had hatched into flagellates. The cell density in each suspen-
sion was adjusted to % 1C° cells mt%, and an equal volume of
each of the ten strains was mixed together. The amoebae were gghjification and subtraction of the ML8 library
mixed with an equal volume of concentrated bacteria and plated as

described for two-strain matings. Approximately 30% of ML8 was amplified to give ML8A by

growth overnight at 30 °C on LB plates containing tetracycline and
ampicillin; the bacteria were harvested in LB plus 10% glycerol
and were frozen. To obtain single-stranded phagemid DNA for

Two assay methods were used to determine the proportions of Gélfgraction, 2 ml of ML8A was shaken at 37 °C in 2T contain-

iff f | ; | h for RN ampicillin. After 20 min, helper phage (M13KO07; Vieira and
%to?alltig:ﬁm stages of development in cultures harvested for essing 1987) and kanamycin were added. After 6 h, the bacteria

were pelleted and the supernatant collected. To each 30 ml of su-
1. Phase-contrast microscopy was used to determine the propernatant, 7.5 ml 2.5 M NaCl and 20% PEG solution were added.
tions of different cell types by counting the number of nuclei pafter 24 h at 4 °C, the phagemids were pelleted, resuspended in 1.5
cell in a sample of 500-1,000 cells. ml TE per aliquot, and spun at 250,000 for 18 h in a CsCl gra-

2. Replating assays were used to determine the proportion ofﬁ% The phagemid band was harvested and dialysed against TE

Assays for developing cells in apogamic development

: _h. The dialysed phage were broken open by addition of 200
committed to development. These assays are based on the as /
tion that cells committed to development at the time of harvest &) AB [5ml 1 M Tris (pH 7.5), 5 ml 0.5 M EDTA (pH 8), and
grow into plasmodia on the assay plates, while noncommitted ¢ mg_cetyltrimethylammoniumbromide]. The released DNA
continue to proliferate as amoebae. A sample of the harvested Q48 ethanol-precipitated, cleaned by phen91I/chIoroform extrac-
was plated on DSDM assay plates (Blindt et al. 1986), and the pi3l: @nd resuspended at approximatelyL@il—". .
portions of plasmodia and amoebal colonies on these assay plates° €nrich for CONAs representing genes of interest, the single-
were determined after 4—7 days of incubation. stranded phagemid DNA was hybridised against an excess of bi-

otinylated polyA RNA from amoebae and plasmodia (Sive and
St. John 1988). The nonhybridised phagemids were purified using
Assays for developing cells in sexual development streptavidin and phenol/chloroform washes (Sive and St. John
1988), resuspended in water, and electroporated HEntaoli

Replating assays (see above) and microscopy analysis were usBiHfaxMCR. This subtracted cDNA library was designated ML8S.
determine the proportions of different cell types in cultures under-
going sexual development. Four cell types were distinguished by ) )
phase-contrast microscopy: (1) amoebae, (2) fusion cells with tRi@paration of subtracted probes for screening ML8S
haploid nuclei, (3) zygotes with one diploid nucleus, and (4) mult- ] )
inucleate cells with two or more diploid nuclei. The total numbdiree subtracted probes were synthesised, one each using polyA
of developing cells was calculated from the replating assays &¥A isolated from amoebae, plasmodia, and the library source
also by summing the numbers of cells in categories 2—4; the t6tdfure. The first cDNA strand of the probes was synthesised as

numbers of developing cells calculated from these two measi@#eove with the inclusion of gl 32P3-dCTP. After cDNA synthe-
ments were very similar (data not shown). sis, the RNA was denatured, and unincorporated nucleotides were

removed on a Sephadex G-50 column (Sambrook et al. 1989). The
probes were precipitated and subtracted against the relevant bi-
RNA isolation otinylated polyA RNA (Sive and St. John 1988). Finally, the sec-

) ond strand of the cDNA was synthesised and the whole was used
Amoebae and developing cells were harvested from agar plai€% probe.

with ice-cold water, pelleted at 4069 for 1.5 min, and then

washed twice with ice-cold water. Microplasmodia from 50-ml

cultures inoculated the previous day with 5 ml of dense micropl&ereening ML8S

modial suspension were pelleted and washed as above. Macroplas-

modia were scraped directly into the lysis medium. Total RN&pproximately 3x 10* colonies from ML8S were plated out onto

was isolated using the method of Chomczynski and Sacchi (1980 9-cm Hybond-N filters placed on LB plates containing ampi-
with modifications by Puissant and Houdebine (1990). cillin. Following overnight incubation at 37 °C, three replica filters



367

were prepared from each master plate (Sambrook et al. 1989). Table 2 Distribution of cell types in cultures of the apogamic
filter from each set was hybridised with each of the subtracistrain CL used for RNA isolation. The values for uninucleate cells
probes. Colonies that hybridised to only one or two of the th.were determined from replating assays; the values for multinucle-
probes were transferred to LB plus ampicillin and grown overnicate cells were determined by microscopic analysis. The percentage
at 37 °C before storage at —80°C. To identify individual bacterof uninucleate developing cells equals the total percentage of de-
colonies containing cDNA inserts, the frozen stocks were plaiveloping cells minus the total percentage of multinucleate devel-
out at low density and rescreened using subtracted probes. Indioping cells

ual colonies hybridising to only one or two of the probes we - -
picked, and plasmid DNA was isolated using Qiagen kits. TSample Amoebae Uninucleate Multinucleate  Total devel-

cDNA inserts were digested from the vector, purified, and used (%) developing developing oping cells
probes. cells (%) cells (%) (%)
1% 98.9 1.1 0 1.1
Northern and Southern blotting 4% 95.9 3.4 0.7 4.1
) 10% 90.4 9.3 0.3 9.6
Northern blots were run with 3y of total RNA in 1.1% agarose 11, 89.3 10.4 0.3 10.7

gels using the method of Murray et al. (1994) and Promega R

size markers. Genomic DNA was isolated from CL microplazzz/o 779 21.2 0.9 22.1
modia using the method of T"Jampens et al. (1997). The DNA w23% 77.3 18.8 3.9 22.7
digested to completion with an excess of enzyme and el38% 62.3 32.5 5.2 37.7
trophoresed in 0.8% agarose gels witHindlll and ®X174- 39% 61.0 34.7 4.3 39.0
Haedlll size markers. Transfer to Hybond-N membrane followeggoy, 44.0 46.1 9.9 56.0

the method of Sambrook et al. (1989), and the nucleic acid v
fixed to the membranes by exposure to UV irradiation prior to -

bridisation. Radio-labelled DNA probes were synthesised by 1

method of Feinberg and Vogelstein (1983). High-stringency ex- . . )

periments were carried out at 65°C using the method of Chufedbtractive hybridisation against polyARNA from

and Gilbert (1984); post-hybridisation washes were in 0.2-0.04avhoebae and plasmodia removed plasmids containing

tNhazlzipo4 (th 7.5) Withdl% SIZc)jSt. Zozr I(c;w-s(tjringeﬂcy experi_m%n;?amoeba—specific, plasmodium-specific, and constitutively
e temperature was dropped to 52°C and washes were in 0.2 : PP
M Na,HPG,. All filters were exposed at —80°C with an intensii‘yeg)(ﬁTessed genes. After subtraction, the nonhybridised

ing screen. phagemids were used to transfoEmcoli DH5aMCR to
give the MLS8S library. Since plasmids without cDNA in-
serts are not removed by hybridisation against RNA, they
form a higher proportion of the subtracted library (ML8S)
Both strands of all clones were sequenced using a Sequenase @0 Of the primary library (85% vs 5%).
sion 2.0 Kit (Amersham). All primer design and sequence analysisPart of the ML8S library was plated out, and after
was carried out with the University of Wisconsin GCG softwavernight growth three replica plates were made from
program (Devereux et al. 1984). Databases were searched usifigh original. Each set of three replica plates was
the TFASTA and BLAST programs. screened with the following probes: (1) amoebal probe
synthesised using RNA from amoebae and subtracted
against RNA from amoebae to reduce the frequency of
messages for constitutively expressed and amoeba-spe-
cific genes, (2) plasmodial probe synthesised using RNA
Constructing and screening the subtracted cDNA librarffrom microplasmodia and subtracted against RNA from
microplasmodia, and (3) developing cell probe synthe-
By manipulating culture conditions, apogamic culturessed using RNA from the library source culture and sub-
containing a high proportion of uninucleate developirigacted against RNA from amoebae and plasmodia. A first
cells were obtained, although these also contained anmsmeen yielded approximately 150 colonies that hybridised
bae and multinucleate cells. To identify genes expressdéth only one or two of the probes; colonies that hy-
primarily in developing cells, we constructed a cDNA lbridised to all three probes were discarded since they rep-
brary from a developing culture of the apogamic strain @ésented constitutively expressed genes. Following a sec-
(Cooke and Dee 1974) and enriched it for the genes ofand screening of approximately 20 of the 150 colonies,
terest using cDNA subtraction (Sive and St. John 1988ight colonies were chosen for analysis. More of the 150
The culture contained 46% uninucleate cells committeddwlonies were screened subsequently, and further cDNA
development, 10% multinucleate developing cells, anlbnes were analysed (see below).
44% amoebae (Table 2: 56% developing cells). This pri-
mary library, designated ML8, contained approximately
1 x 107 phagemid-carrying bacteria. Analysis of a rando@ene expression during apogamic development
sample indicated that 95% of the phagemids contained in-
serts ranging in size from 500 to 2,000 bp, averaging dp- examine gene expression by Northern blotting, total
proximately 900 bp; smaller cDNAs were removed durir®gNA was isolated from (1) amoebae from the apogamic
construction. Part of ML8 was amplified (to give ML8A)strain CL growing on bacteria at 30 °C (the nonpermissive
and single-stranded phagemids in which the sequenceeaiperature for apogamic development); (2) nonapogamic
the inserts was complementary to mRNA were producédll353 amoebae (Dee et al. 1989) growing under the

DNA sequence analysis

Results
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same conditions; (3) CL microplasmodia from shaken ¢
enic culture, each containing a few hundred nuclei t
with no clear vein network; and (4) CL macroplasmod
grown axenically on a surface and containing a netwc
of veins through which protoplasmic streaming was ¢
curring. In addition, total RNA was isolated from sever
developing cultures of the apogamic strain CL, each c«
taining a different proportion of cells committed t

apogamic development (in the range of 1-56%). The p
portion of uninucleate committed cells was calculated proA . -
subtracting the percent multinucleate cells, determined "

microscopic analysis, from the total percent committs
developing cells, determined by replating assay (Table
In all cases, the majority of committed cells were unin  prop g . ' . . ‘“
cleate and were therefore traversing the long cell cyc
Although it was possible to obtain cultures with more thi

60% committed cells, many of the developing cells  ,e44 ....”. .

A (LU353)

such cultures were multinucleate, making them unsuita
for our purposes.

We planned to identify developmentally regulated gen  yeqp = . ‘M
by their pattern of expression rather than by sequel - i :
similarity to known genes. In order to be sure we cot
clearly distinguish these genes from previously identifit :
classes, we examined expression during apogamic p sl ."...m..
modium development of known constitutive, amoeba-sg

cific, and plasmodium-specific genes. Although the eFig.-1 Gene expression during apogamic development. The re-

; ; sults shown come from two separate blots. Blot 1 was probed for
pression patterns of these genes in amoebae and [the following mRNAs: actinypper, 1,400 nucleotidesproA (600

modia were already known, their expression patterns tang 500 nucleotides) anproP (520 nucleotides). Blot 2 was
ing development had not been examined. All experimeprobed for actirflower), redA (800 nucleotides) ane:dB (800 nu-
were repeated several times, and the data shown are cleotides). The RNA samples used wéxgU353) RNA from
resentative of the results obtained. The constitutive g(éfsﬁq%c?g;)?aesbniggi(g%ﬁyﬁ f}r?ol\TchilljorimgeLb?nd;/l(;roRp’\llag rfrzgg;a_
studied was acnn (Hame“n e_t al. 1988). This mRNA W1_569%RNA sampleé from developing cultures (see Table 2). The
used to monitor RNA integrity; all the samples contacL amoebal lane in thewer actin blotappears to carry less actin
easily detected actin signal, and the RNA is not degradmRNA than in theupper actin blotpossibly as a result of incom-
The expression patterns of the amoeba-spegifiwdA) Plete transfer to the membrane
and plasmodium-specifi¢proP) isoforms of the actin-
binding protein profilin were also examined. ThmwA represented eight different genes. Six of the mRNA
gene gives rise to two major transcripts that differ only épecies were present at low levels in all samples, and
the length of their ‘3untranslated regions (Binette et athese constitutively expressed genes were not studied fur-
1990). TheproA mRNA was present in all cultures conther. The remaining two cDNA clones hybridised to dif-
taining amoebae (Fig. 1), but no transcripts from this gdieeent 800-nucleotide mMRNAs with a novel expression
were detected in RNA samples from either microplasattern; these new genes were designegdd andredB
modia or macroplasmodia. The relative abundance of {hegulated in_@velopment; Fig. 1). No transcripts from ei-
two proA transcripts was the same in all samples, with thieer gene were detected in RNA from amoebae, indicating
larger mMRNA being more abundant at all times. pie®® that these clones did not represent constitutively ex-
mRNA was present in trace amounts in cultures contapressed or amoeba-specific genes. Trace amounts of sig-
ing as few as 4% developing cells, and transcript levals were observed in cultures containing as few as 4% de-
increased as the percent of developing cells increasetlpping cells, and the levels of mMRNA increased as the
with maximum levels in microplasmodia and macroplagercent of developing cells increased (Fig.1). The maxi-
modia (Fig.1). In agreement with previous results (Birum levels of transcripts from both genes were in cul-
nette et al. 1990), we could not detpcoP mMRNA in tures containing 39% and 56% developing cells, with lower
RNA from amoebae. The expression patterrpmfP is levels of expression in microplasmodia, and still lower lev-
similar to that previously observed for two other plasmoels in macroplasmodia. This expression pattern was clearly
ium-specific genesf2-tubulin and fragminP (Solnica-different from the patterns described above (Fig. 1), indi-
Krezel et al. 1988; T'Jampens et al. 1997). cating that these cDNAs represented a new group of genes
Once the patterns of expression of these three gewéh maximum levels of expression in developing cells.
had been established, the expression patterns of the eigdy screening the amplified library (ML8A), we esti-
cDNA inserts identified above was examined. Each hyated that approximately 0.1% of the clones in MLBA
bridised to a different mMRNA species, indicating that theyere redA clones, whileredB was more abundant at
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0.25%. Theed mRNAs are, therefore, of low abundanc¢Table 3 Distribution of cell types in cultures of sexually develop-

but since the library source culture contained several ¢ cells used for RNA isolation. The total for developing cells
P : : equals the total for fusion cells, zygotes, and multinucleate cells as

ferent _ce_II types, it is not possible to estimate express giermined by microscopic analysis

levels in individual cells rather than in the population as

whole. Northern blotting demonstrated that both mRN/Sample  Amoebae Fusion Zygotes Multinu- Total devel-

were approximately 800 nucleotides in length, indicatit (%) Coe”s (%) cleate de- OOping cells
that the cDNA clones for both genes were missing ¢ (%) \Clgllgp('é}g (%)
proximately 150 nucleotides since they were both appre
imately 650 nucleotides in length. Based on data frc 2%  97.7 0.8 15 0 2.3
otherP. polycephalungenes (Hamelin et al. 1988; Binettc 4%  95.7 2.1 2.2 Y 4.3
et al. 1990), we predicted that the potytail represented 17%¢  82.8 3.7 135 0 17.2
40-50 of these missing nucleotides and therfrans- 24%¢ 76 1.2 144 84 24.0
lated region another 40, leaving approximately 70 ba38% 62 4.1 25.7 82 38

419 59 4.9 291 7.0 41

of the coding region to be identified.
Extensive Southern blot analysis at both high and laThese samples were isolated from matings involving two strains,

stringency indicated thaedA andredB are both single- LU648 and CH508

copy genes (data not shown) with no closely related ge°These samples were isolated from matings involving ten strains;

present in th@. polycephalungenome. see Table 1 for list of strains used

Gene expression during sexual development developing cultures; this result is in contrast to those from
apogamic development, in whigfroP mRNA was de-
Although cellular studies have indicated that, followinggcted in cultures containing as few as 4% developing
commitment, a similar sequence of events occurs in segHs. Although low levels of theed gene transcripts were
ual and apogamic development (Bailey et al. 1990), theletectable in the 24% developing cells and in microplas-
have been no studies of gene expression during sexuahdedial samples after long exposures (data not shown), it
velopment. We therefore extended our analysis to includas not possible to determine the levels ofrdtegene
sexual development. RNA was isolated from amoebaeeapression in the different cultures.
strains LU648 and CH508 (Table 1), from microplas- We also wished to examine gene expression in sexu-
modia and macroplasmodia formed by crossing these talky developing cultures containing higher numbers of fu-
strains, and from cultures containing different numberssén cells and zygotes. Although we achieved good mix-
developing cells. For comparison with uninucleate corimg of the amoebae, mating occurred with poor synchrony,
mitted cells in apogamic development, we were particse that in cultures containing more than approximately
larly interested in fusion cells and zygotes since these 2586 developing cells, most of the developing cells were
the stages undergoing the extended cell cycle (Baileymatltinucleate and were not of interest. The rate-limiting
al. 1990). Microscopic analysis was used to determine faetor in sexual development is the frequency with which
distribution of the different cell types in each developirgpmpatible amoebae meet and fuse within the cultures. In
sample (Table 3), and replating assays were used to dékter-case of mixtures of two strains, only half of the possi-
mine the proportion of committed cells in these culturbfe meetings between pairs of amoebae involve compati-
(data not shown). The proportion of developing cells cdlle cells. In order to increase the proportion of meetings
culated from the replating assays was very close to thatween compatible amoebae, we increased the number of
calculated by totaling the number of fusion cells, zygotestfains mixed to ten, each of which carried a different al-
and multinucleate developing cells (Table 3). lele of matAandmatB(Table 1); in this case, 90% of ran-
Northern blotting was carried out using the RNA samlom pairwise meetings would be between compatible
ples described above and the control genes used in aupebae. Cinematographic analyses indicated that amoe-
analysis of apogamic development; the data shown in Fige in ten-strain mixtures normally fused in pairs just as
2a are representative of the results obtained. Actin sigimakwo-strain mixtures (Barber 1998). Using these ten-
was detected in all lanes, and the mRNA was not sign#firain mixtures, cultures containing a much higher propor-
cantly degraded. Both transcripts from theA gene tion of developing cells were obtained, the majority of
were present in LU648 and CH508 amoebae, and Weich were fusion cells and zygotes (Table 3).
amount ofproA mRNA and the relative levels of the two Northern blot analysis (Fig.2b) was then carried out
transcripts remained approximately constant in culturésing RNA isolated from the ten-strain mixtures (38%
containing amoebae, just as in apogamic developmend 41% developing cells) together with several of the
(compare Figs.1 and 2a). NooA mRNA was detected two-strain samples; the experiments were repeated several
in microplasmodia or macroplasmodia. TiveP mRNA times, and the data shown are representative of the results
was abundant in microplasmodia and macroplasmodlatained. Although the levels of actin mRNA do vary
(Fig.2a), and trace amounts were detected in cultusesnewhat, there is clearly a signal in all lanes. The ex-
containing 24% developing cells after a long exposugggession pattern gitoAwas as expected; both transcripts
but we could not detegroP mRNA in any of the other were detected in all samples containing amoebae, but not
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Fig.2a, b Gene expression

during sexual development.

a Gene expression in two-

strain mixturesb Gene expres-

sion in ten-strain mixtures. The a
following mRNAs were stud-

ied: actin,proA, proP, frgP

(1,200 nucleotidesyedA and Actin
redB. The RNA samples used
were:A(LU648)RNA from

LU648 amoebaei(CH508)

RNA from CH508 amoebae,

Mi RNA from crossed micro-

plasmodia of genotype CH5068 proA
LU648, andMa RNA from

crossed macroplasmodia of the

same genotype—24%RNA

samples from developing cul-

tures made by mating CH508 proP
and LU648 (see Table 3);

38—41%RNA samples from

ten-strain mixtures (see Tables

1 and 3) frgP

A (CH508)

A (LU648)

A (CH508)
$ A(LU64)

17%

24%

41%

Ma

’

.

. 38%
-

"

2%
4%
17 %
24%
Mi
Ma
=

Actin

:
:

proA

»
-

proP

redA

" -

in the plasmodial sample (Fig.2b). ExpressionpafP Y18123). UsingTad-digested CL genomic DNA, a 900-
was maximal in the macroplasmodial samples, but sigrify genomic fragment (EMBL accession no. Y18122) was
icant levels of expression were observed in the 38% amdplified by inverse PCR (Ochman et al. 1990) using the
41% samples from ten-strain matings. Low levels of sifpllowing primers: (1) 5CAAATGCCACCTTCAC-
nal were also seen in the 17% and 24% two-strain matfAr G-3' and (2) 5>TATTGACAAGAAACCAGGC-3.
cultures, but expression was not detected in the other s@wmparison of the cDNA and genomic sequences reveals
ples. The expression pattern of the plasmodium-spectfiat the first 297 bases of the genomic clone do not over-
fragmin genefrgP (T'Jampens et al. 1997), was the samap with the cDNA clone. This 297-base region contains
as that observed fqroP. several ATG start codons, only one of which is in the
Expression ofredA and redB was clearly detected insame reading frame as the cDNA, is in the correct posi-
the RNA from the ten-strain cultures. For batld genes, tion to give an mRNA of the observed length, and is not
the maximum level of expression was observed in the téollowed immediately by a stop codon. Assuming this
strain samples (38% and 41%), with trace amounts of 84-G is the start of theedA coding region, the first 237
pression in the 24% sample and no detectable signabases of the genomic clone represent promoter sequences,
cultures containing fewer developing cells (Fig.2b). Ongnd the next 60 nucleotides represent the sectioedéf
low levels of expression were observed in the macroplagen reading frame not present in the cDNA clone. The
modial sample after long exposure (data not shown). A&bmplete amino acid sequencee@fAwas deduced from
though the basic pattern of expression of all the genestive- combined cDNA and genomic sequences. The RedA
amined was similar in apogamic and sexual developmenbtein has a predicted molecular weight of approxi-
gene expression was detected in apogamic cultures guately 24 kDa and contains 223 amino acids. Sequence
taining as few as 4% developing cells, while in sexual dmalysis did not reveal any conserved domains or motifs,
velopment no signal was detected in cultures containismgd comparisons with the sequences in the databases re-

1 3
~

less than 24% developing cells. vealed no significant similarity to any listed proteins.
Therefore,redA is a novel gene of currently unknown
function.

The sequence gédA

The longestredA cDNA clone identified contained 674
nucleotides from the estimated 800 (EMBL accession no.
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a Residue No. 12 3 4 5 6 7 8 9 10 11 12 13
Consensus D x N x D G x ¥ 8 x x E E
RedB 1 D KNZ XKDG GZKUYS L P E E
RedB 2 D ANGDGETIIT L D E W

b 1
RedB KERE _TSEHAGRDTSRHSM}\TRMJ\SSSLRTAICAEN
D. melanogaster ~~~~MIDNRVDFVVRYMYDIDNNGFLDQNDFLCMAVRAC
Penaeus sp. ~AYSWDNRVDFVVRYMYDIDDDGFLDKNDFECHAVRNT

100

RedB UASFNA DIJNK DG KV SHAIE Fifl A @V IWNGK KY EEMPE]
D. melanogaster I SAIES]D DESRATEIN OBk DA VEJAT c VIS4 @3] Fid0
Penaeus sp. IAELEWFRESIGENITVIDRIK MA VD ofo]c K K YEJE j3P [}

e

101 150

RedB Fannaonr Sy pNHE\PEREIF Vv A[QJHRFR
D. melanogaster AMBIAF IPJSNFKLL VAIDDITPIDKEGJETLL
Penaeus sp. AEKVFIANQMIFKAI sAFEAEVKEIIDDENY DKL E

151 189
RedB Ec KLDLKKHGITW'I‘SgKGPVPDLEILFPFKRwa
D. melanogaster NDEDRKRGGIMS LDRPKELYGQFLGNTADNHPAVNLFGPL
Penaeus sp. HWEBpRkAGGHT LERMOD LYAQFI SNPNEscSACEHLFGPL
Fig.3a, b The structure of RedBa Comparison of the calcium- o
binding domains in the deduced RedB sequence to the conse SRR SRS S S S
sequence. Thanderlined residueare identical to the consensus a. oSS aRRagsE s

sequence, whiletalics designate permitted alternative residue
and X shows where many different residues can occur; those [
sent are on the permitted listComparison of the deduced RedE
amino acid sequence with the sequences of the sarcoplasmic
cium-binding proteins frorPenaeusp. (shrimp; Takagi and Kon-
ishi 1984) androsophila melanogastgiKelly et al. 1997). The
black boxesndicate amino acids in RedB that are shared with
least one of the other proteins (27%), while similar amino acids mynD aTE L
shaded(12%). The calcium-binding domains are indicated. Or

gap(dot) was inserted for the best fit

proP

-

Acti
The sequence oédB cin RN T

Sequencing of the partis¢ddB cDNA clone (EMBL ac-
cession no. Y18124) indicated that there is only one p
sible open reading frame giving rise to 187 amino aci
before the stop codon. Sequencing of a partial genotl
clone (EMBL accession no. Y18125) indicated tteaiB
contains at least three short introns. This pattern of st

A (CH508)
A (LU648)

exons and introns is similar to that seen in othgoly- s M RE
cephalumgenes includingredA (Binette et al. 1990). b. e s aEs

Amino acid sequence analysis indicates that the Re

protein contains two calcium-binding domains. Calciun ;

binding domains generally occur in pairs, and there i mynD - -~ ,

consensus sequence for 13 amino acids in the most in\ .

ant region (Moncrief et al. 1990; Nakayama et al. 199:

these are compared to the RedB domains in Fig.3a. Ci

parisons with sequences in the databases indicated Actin m““"'ﬁ.

RedB has significant identity with sarcoplasmic calciun

b'”‘?"”g proteins (_SCPS) from myertebrates S_UCh Fig.4a, b Expression omynDduring plasmodium development.

shrimp andDrosophila melanogastdFig. 3b; Takagi and For explanations of the RNA samples used, see legends to Figs. 1

Konishi 1984; Kelly et al. 1997). and 2. These experiments were repeated several times, and the re-
sults shown are representative of the results obtam@&tie ex-

pression ofmynD, actin andoroP during apogamic development.
b Expression ofnynDand actin during sexual development
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1 185
mynD waccn sc mynD N \WR KKAEAD)g:DA] b REN
D. discoideum KDTKYK DE D. discoideum s D 8 LBiIDALTa DA QldA EN
0. cuniculus L.&EEKNISSXYADE DR 0. cuniculus LAAA RLGLK.LEL ADSAIYGHE
A. castellanii ADDVRNELDVT A. castellanii Flk EEEdN AL DEVvA QL TA DDA, D
C. elegans LELTQGGSAAI xz KL n C. elegans KaK‘RVEGELKG.QETI DE Llanu..
213
mynD s NL anau IKQML mynD KLER KENe] 0 ¥elslk D L OERIS#NAD AE K LRE
D. discoideum -z‘ IG] r_- nznsxgq QAKATOQ D. discoideum QQ IKPN|IKRIETELJ4EY RKKF GESPEIT KT
0. cuniculus a AE REK TKALSARAEEALEAE 0. cuniculus EAIKQLLKL AOMFRELERASED
A. castellanii LPJKTKKS ELAQTRAQEBEKSGA A. castellanii SGAQQRREKLNTRISEsELENEPET GG
C. elegans LNSARQEVEKSLNDANDRIASEHEEEKNAD C. elegans ETDASLEkKEAD IHAMGVRIEFEQAEAN
21 241
mynD L'I‘ I hRQR.N mynD Iss xueﬂnl:szn R
D. discoideum ADESK 'I' G-E«IDH:L GEKIKMR D. discoideum KE?L\FV by RAKKEAAD
0. cuniculus b9 E R T RIK ML [EY LVESKDDVGENVHE 0. cuniculus EIFA'!.'AKEN KK A SL!.D QLQEDL.\
A. castellanii A8 SKAJdo GQ A SE?DSLKSKLEA A. castellanii A SSEEVERLIJGELERLEEE LTAQE A
C. elegans IHEcHARKAQOEVENLEKSs IHAVDGNLAK C. elegans BLTROSKENAQRIIEIEDE EHERQ
101 269
mynD P.ENELEDLR EQ 1'?1 $40)1] mynD thhnNEAELDVTFYx ega@
D. discoideum ng ALpGIRAE R RATE EAjdD S K S E D. discoideum TV nL HhBBISLLK‘DAIDKLQRDHD
0. cuniculus LEJ{s K ALTQu'ux-r E E[ED E LE]A 0. cuniculus RkRDLBKELABELASSLSGRN
A. castellanii PEf{s LK TExDoN REEADEANLEDERTVRAN A. castellanii KNLD[EWLELERLEQEADDAARDND
C. elegans sLEEm\J\xQIHSQDguNSQDIGK C. elegans K DRARAELQR!LDLNERLDEQNKQLE
297
mynD L s'g RL EVELEE AR 435N EnR mynD 1'R"AE}A AHEDINENMATs LLfg1 TG
D. discoideum Aofs' [EME L EFIAR SR IDE D. discoideum TxRxL ASKIEM RKIADFFG FK
0. cuniculus TipA anasnnvqu nnqn 0. cuniculus .u.m:xxp.n:.znnlnc e EQdN ME
A. castellanii VDKOQAK A} n KTEILEDOQVTA. LD'GQKN A. castellanii [u vk r[3 LEADZDEARI QEBEQDAKS
C. elegans INKERSK LIBE NNROLV DD LQ A . BRK QA C. elegans IQQDNNKIKD SERI KF RRDMDEKNMANE
130 157 298 315
mynD AAE}S oR IFERIAA B REIK s D mynD GAARAKAGERRTRGDD@E*
D. discoideum IES)D msn::. 34T VA KGRL E| D. discoideum A+
0. cuniculus QNJHE K Rnﬁnu YETELED KQ A 0. cuniculus AMEDRVRKEEJQQAEQL SN
A. castellanii [NAAQAKTLKTQV DEIT KRRLEFAEASAA A. castellanii HPADSSSRRLLAEIEEL[EK
C. elegans QNRLGxnfoTD MEEAVERER RERA C. elegans DOQMAMIRRKNNDQISALT

Fig.5 Amino acid sequence of MynD as compared to that of otheo restriction sites within the cDNA, two bands were de-
Q!@i#geﬁﬁagéf}?%i}ncﬁe”;%”c?%?no(fvvm?k Ve“tma‘cl t{%it‘g;ycm tected, suggesting that there were introns in the section of
tolagus cuniculug(rabbit) smooth-muscle myosin (Nagai et aIthe gene covered by the cDNA clone; this observation
1988), Acanthamoeba castellaniayosin 1| (Hammer et al. 1987) Was Nnot surprising given our experiences wetA and
andCaenorhabditis elegansiyosin Il (Dibb et al. 1989). Amino redB. When Southern blotting was carried out at low
acids are arranged into 28-residue repeats. In a few places, g@fgency with the same enzymes, two or three bands

(dots) were inserted for the best fit. ThHe#ack boxesindicate _
amino acids in MynD that are shared with at least one of the ere detected in addition to those expected from the high

teins shown, whilshaded boxeimdicate similar amino acids  stfingency results (data not shown). This suggests that this
new gene is a member of a gene family with three or pos-

sibly four members.
Identification ofmynD The entire 1,000-nucleotide cDNA clone was se-
guenced (EMBL accession no. AJ133501) and compared

From the second batch of clones screened, we identifiedsequences in the databases. A high degree of identity
several more candidated genes, one of which is de-was observed between our clone and the tail region of
scribed here. A 1,000-nucleotide cDNA that cross-hgryosin type Il heavy-chain genes from many organisms;
bridised to a 6,500-nucleotide mMRNA was identified. limerefore, we named this geng/nD (myosin Develop-
apogamic development, the new gene was not expressedtal). There is little similarity with the previously iden-
in cultures containing less than 4% developing cells, hified P. polycephalunmyosin-like proteinA, MIpA (data
expression levels increased as the proportion of develnpt shown). The MIpA protein is encoded by a constitu-
ing cells in the cultures increased and declined in plaéisely expressed 2,400-nucleotide mRNA (Murray et al.
modia (Fig.4a). As expected from our previous result994). The amino acid sequence of MynD is 32% identi-
actin expression was detected in all samples,moB cal and a further 23% similar to thgictyostelium dis-
showed maximum levels of expression in plasmodia (F@ideumlarge myosin heavy-chain protein (Fig.5; War-
4a). Northern blot analysis of sexual development indiek et al. 1986). In total, over 50% of the amino acids in
cated that this new gene is expressed at maximum lewgD are shared with at least one of the myosin proteins
in developing cultures, at very low levels in plasmodiahown (Fig.5).
and not at all in amoebae (Fig.4b); actin expression wasSecondary structure calculations (data not shown) indi-
detected in all samples. Thus, the expression patterrcate that MynD will adopt a virtually uninterruptaehe-
this new gene is similar to those redA andredB, sug- lix coiled-coil formation indicative of the tail region of
gesting that it represents anothed gene. type Il myosins. Although thenynD cDNA clone does

Results from Southern blot analysis at high stringenagt contain the full myosin tail sequence, structural analy-
(data not shown) showed that for some enzymes that badindicates that, as in the case of other myosin tails,
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mynD contains repeating 28-amino-acid-residue zon&spresent in the microtubules of uninucleate committed
each made of four heptad repeats; these repeats are cefis (Solnica-Krezel et al. 1990, 1991), given the similar-
mon in proteins that form a coiled-coil structure. Hyty in expression pattern @2-tubulin andproP, it seems
drophobic residues are concentrated at positions “a” dikély that the ProP protein will also be present in uninu-
“d” within these heptad repeats, presumably helping ¢teate committed cells.
stabilise the coiled-coil structure (data not shown). The type Il myosin found in amoebae and plasmodia
has many functional and structural similarities to skeletal
muscle myosin and colocalises with actin in a microfila-
Discussion ment network (Taniguchi et al. 1978; Ohl and Stockem
1995). In amoebae, microfilaments are concentrated
By screening a subtracted cDNA library made fromithin the pseudopodia, although there also appears to be
apogamically developing cells, we identified three genascortical network under the cell membrane (Uyeda and
showing a novel pattern of expression. All had their highuruya 1985). In axenically cultured microplasmodia (the
est levels of expression in developing cultures, with lowegll type labelled “Mi” in our RNA samples) there is a
levels of expression in microplasmodia and macropla®rtical microfilament system under the cell membrane
modia; no expression was detected in amoebae. These, in some cases, a few cytoplasmic fibrils. In macro-
genes were identified by detailed screening of less th@asmodia (the cell type labelled “Ma” in our RNA sam-
1% of the subtracted cDNA library ML8S, suggesting thples), in addition to the cortical layer there is an extensive
many morered genes remain to be identified. network of cytoplasmic fibrils in frontal regions and bun-
Even at their maximum levels of expressimgAand dles of filaments surrounding the veins (Ohl and Stockem
redBmRNASs never represented more than 0.5% of the 1®95).
tal mMRNA present in the cultures, suggesting that we Kohama and colleagues (Kohama et al. 1986; Uyeda
might have had to screen 200 colonies from a nonsabd Kohama 1987) have purified myosin from amoebae
tracted cDNA library to identify just one of these geneand plasmodia and have demonstrated that antibodies
The fact thatredA and redB were identified from only raised against amoebal myosin do not detect myosin from
eight colonies indicates that the enrichment technique vgéesmodia in Western blots and vice versa. Immunofluo-
successful. Our success rate of one in four was similaréscence microscopy on cells from developing apogamic
that reported by Wan et al. (1996; 1 in 5.6) in a study coaultures indicate that amoebal myosin is present in uninu-
paring commonly used methods of identifying differercleate committed cells and amoebae, whereas plasmodial
tially expressed genes. myosin is detected in uninucleate developing cells and
The RedB protein had significant sequence similaripjasmodia but not in amoebae (Uyeda and Kohama 1987).
to sarcoplasmic calcium-binding proteins from inverté: has been suggested, therefore, that amoebae and plas-
brates. The first members of this family of proteins wemsodia express different myosin heavy-chain genes and
identified from invertebrate muscle, where it has be#mt the plasmodial gene is activated during the extended
proposed that they act as calcium buffers (Wnuk et edll cycle, while the amoebal gene is switched off at a
1982). However, recent findings indicate that SCPs aimilar stage of development (Uyeda and Kohama 1987).
expressed in some nerve cells (Kelly et al. 1997), indicat-Although amoeba-specific and plasmodium-specific
ing that their role is more complex than originally sugnyosins have been identified biochemicathynDis the
gested and that their exact functions are unclear. Furtfiet P. polycephaluntype Il myosin heavy-chain gene to
studies on RedB function are planned and may helpbtcloned. Since it is not expressed in amoebaenyh®
elucidate the roles of SCPs in invertebrates. gene cannot code for the amoebal myosin. Plasmodial
Amoebae and plasmodia differ greatly in actin orgamityosin is normally isolated from macroplasmodia since it
sation (Uyeda and Furuya 1985; Stockem and Brix 199¢)more abundant in these cells than in microplasmodia
but express the same actin genes (Hamelin et al. 1988hl and Stockem 1995). We predict, therefore, that the
These two cell types express different isoforms of sevegahe for plasmodial myosin will have an expression pat-
actin-binding proteins including profilin and fragmin (Bitern similar to that of other plasmodium-specific, actin-
nette et al. 1990; T'Jampens et al. 1997), suggesting thiatling proteins such as profilinP (this work) and frag-
changes in actin-binding proteins may be responsible fioinP (T'Jampens et al. 1997). AlthoughynD is ex-
the differences in actin organisation. Prior to this stugyressed in macroplasmodia, its expression level is low in
nothing was known about the timing of the switch frommese cells as compared to thapafP (Fig. 4), suggesting
one profilin isotype to the other during plasmodium fothat it does not code for the major plasmodial myosin but
mation. Our results showed that in apogamic develdpstead represents a thibdpolycephalurmyosin isoform
ment, theproP mRNA was first detected in cultures conthat is most abundant during plasmodium formation.
taining as few as 4% developing cells, most of which Our data from low-stringency Southern blotting sug-
were uninucleate, and gradually increased to its maximgest that thé. polycephaluntype Il myosin heavy-chain
levels in plasmodia. The expression patterrp@® is gene family has three or four members. These would pre-
very similar to that previously observed for the plasmosimably include the biochemically identified amoeba-
ium-specific2-tubulin gene (Solnica-Krezel et al. 1988%pecific and plasmodium-specific myosins in addition to
Since cytological studies indicate tHi#-tubulin protein mynD However, thanynD clone covers a region of the
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gene that is not well-conserved since as long agfe- malities have been first observed during the extended cell
lical coiled-coil structure is maintained, there is greaycle, confirming that this is an important period in plas-
flexibility in sequence. It is possible, therefore, thamodium development. Although it is not possible to clone
Southern blotting with our partial clone did not identiffhe genes identified, it seems likely that some ofnibie
all members of this gene family. In order to determimggenes will also be shown to bed genes.
conclusively how many type Il myosin heavy-chain genes It has been postulated thaatAacts as a transcription
are present in the. polycephalungenome and when theyfactor and activates a cascade of gene action ending with
are expressed, we plan to clone the remainder ahffmt® the activation of plasmodium-specific genes and the re-
gene and use this to probe Southern and Northern blofstession of amoeba-specific genes (Bailey 1995, 1997). If
Our studies suggest there may be a difference betwtes is the case, then some of tad genes may be a part
apogamic and sexual development in the timing of activa-such a cascade. Although all three genes show similar
tion of thered and the plasmodium-specific genes. Ipatterns of expression during development, this does not
apogamic development, these classes of genes wereiraply that they play similar roles in the amoebal-plas-
pressed in cultures containing less than 10% committaddial transition. In order to understand their precise
cells, whereas in sexual development, expression wasfunctions during development, we are undertaking further
detected until 17-24% cells committed to developmertllular and molecular studies including immunofluores-
were present. Commitment is defined operationally by tbence microscopy using specific antibodies and gene dis-
ability of a developing cell to grow into a plasmodiumuption using methods similar to those of Burland and
when washed off the culture plate and replated onto Rallotta (1995). By combining the results from several
assay plate (Blindt et al. 1986). In sexual plasmodiuwtifferent techniques, we hope to elucidate the functions of
formation, commitment is acquired close to the time tife red genes during plasmodium development and to
amoebal fusion (Shipley and Holt 1982). In apogamic dearn more about the control and regulation of plasmod-
velopment, uninucleate cells become committed to devielm development.
opment approximately halfway through the extended cell

cycle (Bailey et al. 1987). The relationship between : : ; :
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suggest that.the difference in ex_pre§sion levels is not ®Réferences

to the induction of gene expression in microplasmodia by

growth in shaken culture since trexl genes are not ex-Anderson RW, Hutchins G, Gray A, Price J, Anderson SE (1989)

; _ W Regulation of development by thmatA complex locus in
pressed in CLd-AXE amoebae growing in shaken culturePhysarum polycephalund Gen Microbiol 135:1347-1359

under identical conditions (data not shown). As noted egfjley J (1995) Plasmodium development in the myxomycete
lier, macroplasmodia and microplasmodia differ in their Physarum polycephalungenetic control and cellular events.
cytoskeletal organisation, and it is possible that these mayMicrobiology 141:2355-2365

be related to differences ied gene expression, particu-Ba”ey J (1997) Building a plasmodium: development in the acel-
larly in the case ofnynD lular slime mouldPhysarum polycephalunBioessays 19:985—
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The ultimate aim of this project is to identify genes imBailey J, Anderson RW, Dee J (1987) Growth and development in
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