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PRELIMINARY REPORT

CONTROL OF F1, AGETJ, UM FORKIATION IN A1HfiGLl, R/, I GRUBER/

SHUNZO OKUBO and SHOZO INOKl

Department of Protozoology, Rescarcl\ institute for Nilcrobial Discascs, Osaka Univcrsit\.,
Yamada-kami, SLiita, OSnk, I

(Received July 6,1973)

Naeg/errh grt, her, , a group of soil-water amoe-
bae, is capable of transforming from ai\ amoe-
boid form to a temporary flagellate form, when
suspended lit dilute aqueous soilition. Shtistei'
(1963) and Dinglc and nthon (1966) .I, -
scrvccl by electroit 1111ci'DSCopy that the Ragel-
jar apparatus, consisting of Ragella, their nasal
bodies (centi'iolc-Iikc structui'CS) anti 111iz(I-
PIasts, ai'c newly formcc! during amoebo-Ragel-
late transformation. They could not find

centriole-like structure or Its precursorany
in amoebae or even in initotic amoebae. The

origin of the centriole-like basal bodies during
transformation ITas not been clarified. A, Tany
biologists have suggested that ccntrioles are
' ' self-replicating organelles " containing DNA,
but the idea that the centriole-like structure of

basal bodies arises de 7,000 in Naeg/er, ', I has been
g. nor"11y 0000pt"d (Fult. n, 1971). Thus, th,
amoebo-flagellate transformation of Naeg/aid
provides a most attractive system for studies
on cellular differentiation and regulation at the
organella level.

Several factors which influence the formation

of flagella have been reported. Factors such
as a high ionic concentration, deoxycorticos-
terone, progesterone, pentamethonium, yeast
extract and bacteria as a food are all potent
agents in keeping Aidegler!'a as an amoeba
and preventing the change to the flagellate
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pha^" (Perkin^ and I, hn, 1970; \\, illme", 1970;
Fulton, 1970). However ITo definite mecha-
nism triggering off the ti. ansformation has yet
been found. ActinomyciiT D anti cyclohexa-
inIdc also inhibit the foimatioit of Ragella
(Fulton, 1970). Amoebae possessing Inciteces-
satry gciTctic information seciTT to lie able to
rcsponcl to certain changes in tileii' ciTViron-
merit 11y producing the flagellai apparatus.
This communication reports the effects of cyclic
ad, n. ^in. -3', 5'-ph, ^phat, (. AMP) and tom-
perature on the transformation. N. grt4beri,
AB-2 was isolated by LIS from soil. AJIethods
for Its cultivation and for measurement of the

percentage of flagellates and of Ragella pel
flagellate were as described by Fulton and
Ding1. (1967).

I. ryect qf c, MP o, I allioebo-/lage//ate tram-
for"Intto"

Recent studies ha\, e shown that CANIP acts

as a regulatory agent at the level of transcrip-
tion and translation, and also at the post-
translation al level in unicellular organisms

(Robison, Butcher and Sutherland, 1971 ;
Riedel at a1. , 1973). \\!e examined the effect
of CANIP on the induction of flagella forma-
tion in N. g, '"bell. Fig. I shows results on the
effects of adding CANIP at various times during
incubation. CANIP completely inhibited the
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FIGURE I. Effect of CHIP/P o1t n 11'mist o1'11, ,',!g PDA, /"-
All, Oeb"e g, 'ore, , o11 a lintri', lit rigm plate colth1,011

Afrobnctei nei oge, Ies at 33 C Duer, !I^. ht reel e 5113pe, Ided
111 0002 XI Tii's-(fry, /10NyJ, lei/Ij, /) '11/11/10, ,Ifihn, Ie-HC/
biff, , 111 jin 7. I, funshr, / '11/110$!11',, of H, I obiic/"I b\,
flit'ei eiiii'ul ctiiiiITUgni, 'o11 all, / 1,311spei, ,/rt/ 111 Till' hid'-
lei' at n 1111n/ colic, ! of rippJ'oXI'Inni, b, 2 : 10' c#//s I, ,,
ill/. 1101/11/1es of 21111 by Ih, sjisp, ,1310/1 ref, , hill 111 I'Si
111b, $ ,,, Id $11nk, ,I in 28 C. Cj, cfic flip/P tons ,,,/,/,,/
fir " fill"/ collcJ! of I Inki till, ,' 1'11ciib, 111'0, I Ibi O, If tint/
30 INJ',!. T/,, Flog, 'ess of litJii$101'111,111'01i tons run/,, tiffd
by coll, ,t!', Ig tile pel centnge qj 71ttge//tit"s (cells colih
fage//d) I'll saint/es/Ixed at 15 7/1/'11 1'111, ,wn/s I'll L!I'D/'s
rod, ,IC
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as nticrotubular protein calT be phosphory-
lated I'M rill o by CANTP-dependent protein
kinase (Goodman at a1. , 1970). The amoebo-
flagellate transformation is not affected by
CGIVIP at a concn of I in\. I. At present no
conclusions can be drawn on the inhibitory
mechanism of CANTP on the amoeboftagellate
transfoi. mation, but in further studies the in-
ITihitoi. y actions of the vai. jous factors listed
above might be sho\\, n to he due to that of

observatioiTsCANIP. Election microscopic
revealed that ITo centriole-like structure Is

formed in the presence of CANTP. Recently,
Rubin and F11ne" (1973) rep. ,t. d that .AMP
innuenccs both HagelIa ftinction and flagella
regeneratioi\ (CIOngation) in GIIlniiiydoiiio, in*
lei'"hind/!'11. Howcvcr, they did not study the
it 11000 formation of basal bodies.
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appearance of HagelIa when added at the be-
ginning of incubation. \\;hen added after 30
min incubation, however, Its inhibitory effect
was no longer observed. CAN^P seems to act
on the early step of transformation. The in-
hibitory action of CANIP is reversible. Re-
in oval of CAI\ip from the cell suspension in-
duces Hagella formation \\, ith the normal
latent period. when actinomycin D is added
at the time of removal of CAI\ip, the transforma-
tion remains completely inhibited. This result
could be interpreted to mean that CANIP acts
at the transcription al level. However, an
alternative explanation is that CAMP acts di-
rectly on a precussor of the flageljar appal atus,
such as microtubules and prevents the ap-
pearance of Bagella and their basal bodies,
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2. 145'ec/ of lei, theiri/Mir o11 Ih, 1111/11b, I. of
nilgc//rr

Flagellates of N. .41'11bcii' lisually ITave two
flagella. Dingle (1970) described the PTOduc-
1101t of multiple nasal 1.0dies alit! Ragella
(average numbei' 4.5 per cell) o11 exposing
armocboid cells of A1. gillbei'I NB-I to the sub-
lethal temperature of 38-39 C for the first 50
min of incubation of the transformation PTO-
cedure. \\'e repeated this temperature-shock
experiment on strain AB-2, but could not con-
firm their finding eveiT at 38-39 C or at 42 C.
Incubation of amoebae at 45 C caused ITrever-

SIble rounding of cells. Strain AB-2 could
grow at 40 C on nutrient agar with ,erobacter
deroge"es for food, \\, hereas strain NB-I used
by Dinglc could not. So, we tried to isolate
temperature-sensitive (ts) mutants of AB-2
which do not grow at 40 C. The method for
isolation of these ts mutants was as follows.

of approximatelyAmoebae at a concn

2x 10'jml in 0002 M Tris-HCl buffer at pH
7.4 \\, eTe ITradiated \\, xi\ about 2500 ergsjmm2
of ultraviolet Iiglit which resulted in I-5y,
cell survival. The surviving cells were plated
on nutrient agar \\, it IT enough bacteria to form
a confiuent lawn. \\!hen the amoebae had

cleared the bacterial lawn, they \\, ere SIIspended
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TABLE I

Strain

E.ffec/ of leii!pe?'nil!I'e shock on 711,111bei' of linge/10 pel 11nge//ale

AB-2

AB-2

Is-I

I"-I

I, -2

Is-2

28 C for 120 min

40 C for 60 min, and then 28 C for 60 min

28 C for 120 min

+O C for 60 min, and then 28 C for 60 min

28 C for 120 min

40 C for 6011tin, and then 28 C for. 60 111in

incubation

in Tris-HCl buffer, appropriateIy diluted and
again spread o1T nLitrient agar plates to give
about 20 " PIaqucs " per plate. These plates
werc inclibatcd at 28 C for 2 clays, and thcn
replica-plated \\, itI\ " \, elvctccn " onto plates
spread witlT bacteria. The replicated platcs
were incubated overnight at 40 C. Then they
wei'c crimpai. ecl witll Ihc original plates to
localc litissing platqiies till the I'eplicas. In
tliis \\'a\, \\. e ITave SII fall Isolate 11 seven is 11/11-
IUTtS.

As snown ill Table I, one of tllose I*' 11TLi-
tants, Is-2, tindcrwent temperaturc SITUck as
describecl by Dinglc (1970) and produced nTorc
than two flagelIa (average 3.3) \\, hen incubated
at 40 C for. the first 60 min during the trans-

n=I

Number of cells having n flagella

11

8

10

12

3

2

187

188

190

188

187

57
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