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Certain components of the phosphoinositol (PI) system are pre-
sent in the unicellular Tetrahymena. Treatment of Tetrahymena with
insulin did not alter the relative proportions of the examined six
phospholipid components (PIP,, PIP, phosphatidylcholine,phosphati-
dylethanolamine, PI, PA), bu% the primary interaction (imprinting)
with insulin accounted for an about 75% decrease in the PIP, - le-
vel and an about 20% incrase in the phosphatidylethanolaming le-
vel. The experimental results strongly suggest that hormonal im-
printing accounted for adjustment of the second messenger systems
of Tetrahymena to an energy saving level.  ©1930 academic Press, Inc.

In higher organisms the primary interaction of a signal (hor-
mone) molecule with the target cell induces , in the genetically
encoded, yet prenatally still plastic cellular binding structure
(receptor), a hormonal imprinting, which accounts for maturation
of the receptor and for establishment of the cellular response
characteristic of adulthood (1,2). The same mechanism of hormonal
imprinting can also take place in unicellular organisms(3), ex-
cept that instead of the genetically encoded hormone binding site
a non-specific membrane structure, which is able to bind the hor-
mone and to alter, as a resuli, the binding capacity and response
of the cell, is amplified by the hormonal influence. Since unicel-
lulars are short-lived, the change induced by hormonal imprinting
can be assessed only in the daughter cells, in which the "memory"
of primary interaction may persist over as many as 600 generations
(4). Depending on the nature of the hormone, the mechanism of im-
printing inveolves different second messenger systems, which are
also present in Protozoa, such as the cyclic AMP-adenylate cycla-
se, cyclase GMP-guanylate cyclase and Ca-calmodulin systems (5-
10). Inositol-phospholipids, too, act as second messengers in the
mediation of extracellular signals to the cytoplasmic structures
and they also collaborate in processes regulated by other second
messengers.
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It is known that eukaryotic unicellulars possess a phosphoinosi-
tol (PI) system. The green alga Dunaliella salina averts the adver-
se effects of environmental osmotic changes by processes controlled
by rapid PI degradation (11). Inositol-glycerolipids cover about
10% of the total phospholipid content of the unicellular Paramecium
(12). It bas been suggested that the transmembranecus signals acting
on Paramecium stimulate inositol-lipid-specific phospholipase A2
activity, which gives rise to release of arachidic acid and in turn
to an increase in prostaglandin synthesis (13). Prostaglandin ele-
vation precipitates a cascade-like series of reactions,which eli-
cit several physiological responses. Earlier observations on inhibi-
tion of hormonal imprinting in Tetrahymena by neomycin (1l4),a known
inhibitor of PI turnover (15), indicated involvement of the PI sys-
tem in hormonal imprinting. With these facts in mind, we examined
whether the extent of inositol-phospholipid degradation differed
between Tetrahymena populations imprinted and not imprinted with

hormone (insulin).

MATERIALS AND METHODS

Tetrahymena pyriformis GL cells, cultured in 0.1 per cent yeast
extract containing 1.0 per cent Bacto Tryptone medium (Difco,Michi-
gan, U:S.A.) at 28°C, were used in the logarithmic phase of growth.

Part of the mass cultures were not trggted, to serve as control,
part were pretreated (imprinted) with 10 °M insulin (Insulin Semi-
lente MC, Novo, Copenhagen, Denmark) for 1 h, after which they we-
re washed in plain medium and returned to plain mediug for 24 h.
Subsequently 150 ml sampl§§ of culture suspension (10° cells/ml)
were treated with 0.1 ml P (sodium orthophosphate) sglution of
400 MBq/ml activity (Izinta,Budapest) for 90 min at 28°C, were was-
hed in four changes of plain medium, and were assigned to two gro-
ups, of which one was ngz treated (control group), whereas the ot-
her was treated with 10 "M insulin.

The treated and not treated cultures were equally sampled at the
beginning of insulin exposure (0 time), and at 30 sec, 60 sec, 10
min and 30 min after it. Five ml sample was combined with S ml 10%
agueous solHtion of 47°C trichloracetic acid, and was incubated for
20 min at 4°C. After incubation the samples were centrifuged and

the sediment was extracted with 2 ml acid chloroform-methanol solu-
tion (chloroform: methanol:HC1l = 10:20:1) at room temperature for

15 min. The extract was partitioned by addition of 0.66 ml chloro-
form and 0.66 ml water (12), and the aqueous phase was dried in
N-flow.

The phospholipid components of the samples were separated by
one-dimensional two-step thin-layer chromatography,as proposed by
Medh and Weigel and the chromatogram was covered with an X-ray
film (Medifort RP, FORTE, Vdc, Hungary), which was developed after
exposure for 36 h, to detect the phospholipid spots. These were,
after identification,scraped into scintillation cuvettes and were,
after addition of Turnmer’s scintillation cocktail, assayed for ra-
dioactivity in a Beckmann LS 9000 scintillation counter.

PIP2 (L-0O-phosphatidylininositol-4,5 diphoshpate, triammunium
salt) and PIP (L-D-phosphatidylinositol-4-monophasphate, diammoni-
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um salt) (Calbiochem, Luzern, Switzerland) were used as reference
preparations for identification of the chromatographically separa-
ted phospholipids.

In every case, three replica assays were performed, and the va-
lues shown in the Figures represent means of these. The quantity
of eq h detected lipid was expressed in per cents related to to-
tal P-incorporation. Six lipids were detected and analysed for
guantitative relations, such as 1) phosphatidic acid (PA): 2)pho-
sphatidylinositol (PI): 3) PIP: &4) PIP, 5) phaspatidylcholine
(PC) and 6) phospatidylethanolamine (PE).

RESULTS

Control cultures: At O time, PE was present at the highest con-
centration (48% of total activity), and PIP2 (19.5%), PI, PC (13.8%
each), PIP (3.8) and PA (2.8%) followed in the falling sequence. In-
sulin treatment accounted for an appreciable decrease in the PIP2
level at 30 sec, and for a significant increase in the levels of PE
and PIP, at 30 min (Fig.l, 2).

Insulin-imprinted cultures: At O-time (i.e.24 h after imprinting)
the level of PIP2 decreased considerably (from 19.5 to 4.8%) rela-
tive to the coentrol, whereas the PE-level increased considerably ao-

ver the control (from 48 to 60.5%). Reexposure of the imprinted
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Fig. 1. PIP2 , PIP and phosphatidylcholine levels in control (not pretreated,

not treated) and insulin treated (not pretreated) Tetrahymena.
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Fig. 2. Phosphatidic acid (PA), phophatidylinositol (PI) and phosphatidyl-
ethanolamine (PE) levels in control (nmot pretreated,not treated) and
insulin treated (not pretreated) Tetrahymena.

cells to insulin caused no significant change in the phospholipid
values assessed after imprinting (Fig. 3,4).

DISCUSSICN

The unicellular Tetrahymena is a suitable model for the experi-
mental study of receptor phylogenesis, and for investigations into
the mechanism of hormonal imprinting as well.Indirect evidence was

obtained that interference with certain elements of the hypotheti-
cal signal transduction system of Tetrahymena also affected the

mechanism of hormonal imprinting. This supported the implication
that the PI-system, too, was involved in hormonal imprinting,to
judge from inhibitability of the latter by neomycin treatment(14).
Hormonal imprinting can durably alter the quantitative relati-
ons and activity of the second messenger systems in Tetrahymena.
We speculated that if inositolphospholipids also played a role in
hormonal imprinting, they would respond to it by a change in in-
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Fig. 3. PIPZ, PIP and phosphatidylcholine levels in pretreated (imprinted)
and pretreated and insulin treated Tetrahymena.

tracellular level and/or degradation rate, and evidence of such
changes would substantiate the involvement of the PI system in
the mechanism of hormonal imprinting.

The receptor-mediated stimulation of cellular functions - which
can be elicited by several hormones, neurctransmitters and growth
factors - involves among others an increase in the metabolic rate
of phosphatidyl-inositol compounds (16). PIPZ, which arises by lin-
kage of membrane-associated PA with inositol, becomes rapidly deg-
raded to inositol tris phosphate (IP3) or diacyglycerol (DG),which
initiate as second messengers several important cellular responses
(17). Changes in the quantitative relations of these components un-
der the given conditions of experiment presented evidence that the
components of the PI-system also occur, and take action, in Tetra-
hymena.

Pretreatment (primary interaction) with insulin had no appreciab-
le impact on the intracellular levels of the PI components.It fol-
lows that the direct effect of the primary interaction with insulin
was unrelated to the PI-system not only in hicher organisms, but al-
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Fig. 4. Phosphatidic acid (PA), phosphatidylinositol (PI) and phosphatidyl-

ethanolamine (PE) levels in pretreated (imprinted)and pretreated
and insulin treated Tetrahymena.

so in Tetrahymena. However, 24 h after primary interaction, i.e. in
the 6 th to Bth offspring generation of the cells directly involved
in hormonal (insulin) imprinting, the intracellular PIP2 concentra-
tion was decreased to 25% of the baseline (control value), and per-
sisted at that level throughout the period of the study. Second ex-
posure to insulin had no impact either on the PIPZ-level.vaiously,
not so much the insulin treatment in itself, as the process of im-
printing had accounted for the quantitative reduction of the se-
cond messenger (PI) components to one quarter of the baseline.In
earlier studies we observed a similar adjustment to "pilot light"
of another second messenger, the guanylate-cyclase-regulated Ca-
calmodulin system, in the conditions of hormonal imprinting(9).
Comparison of that finding with the present observations sug-

gests that although imprinting accounted for diminution of the
second messenger synthesis, the reduced quantity of second mes-
sengers was sufficient for induction of a normal, or even grea-

ter cellular response, apparently under an "economy programme"
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of the cell. There is reason to postulate that the two “energy
saving" second messenger systems were interdependent, because
evidence of the association of guanylate-caclase activation with
phosphoinositol turnover and Caz+ -mobilisation was already obta-
ined in experimental conditions (18).

The present experimental cobservations cannot resolve the praob-
lem whether the Tetrahymena cells directly involved in primary in-
teraction with insulin were responsible for the changes observed,
or transmission of imprinting to several progeny generations acco-
unted for a greater cellular response at lesser investment of energy
The fact nevertheless remains that the properties of the mother
cell were reproduced in the daughter cells.

Another conspicuous difference between the imprinted and not
imprinted cell populations was the difference between their PE
levels, which changed similar to PIP2, but with an opposite charac-
ter. While insulin had little effect, if any, at the first treat-
ment, a marked PE-elevation followed 24 h later in the offspring
generations, which was not appreciably altered by the second
insulin exposure. The physiaological role of this phenomenon is obs-
cure for the time being. Tetrahymena, although it definitely rep-
resents a low level of phylogenesis, is an eukaryotic cell.While
the relative proportion of PE is very high (70%) in the phospholipid
fraction of bacteria (19), it is comparatively low in mammalian
cells (e.g.only 7% in the liver cells). PE was the largest phospho-
lipid fraction also in Tetrahymena,and it showed a further incre-
ase under the influence of imprinting.Since the role of PE in mem-
brane viscosity changes is still obscure in many respects, it re-
mains a hypothetical conclusion that it probably accounts for the
membrane fluidity required for receptor formation.The fact nevert-
heless remains that none of the six phospholipid fractions studied chan-
ged appreciably immediately after insulin exposure, whereas later PIP2 and PE
equally showed a concentration change, although with an opposite character,as
a result of imprinting.

REFERENCES

Csaba, G. (1980) Biol.Rev. 55, 47-63.

Csaba, G. (1986) Experientia 42, 754-759.

Csaba,G. (1985) Int.Rev.Cytol.35, 327-377.

Csaba,G.,Németh,G.,Varga,P. (1982) Expl.Cell.Bionl.291-294.

Kuno,T.,Yoshida,N.,and Tanaka,C. (1979) Acta Histochem.Cytochem.
12, 563.

. Schultz,J.E.,Schonfeld,U.and Klumpp,S. (1983) Eur.J.Biochem.137, 89-94.
. Nakaoka,Y.and Doi,H.(1985) J.Cell Sci. 77, 185-196.
. Nagao,S.,Kudo,S.and Nozawa,Y. (1981) Biochem.Pharmacol.30, 2709-2712.

(I VN S N

(o2 BN e N

125



Vol. 170, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

. Kovécs, P.,Csaba,G.,Nagao,5. and Nozawa,Y.(1989) Microbios 59, 123-128.
.Kovéacs, P.and Csaba,G. (1987) Histochemistry 87,619-622.

. Einspahr,K.J.,Peeler,T.C.and Thompson,G.A.Jr.(1988)J.Biol.Chem.263.5775-5779.
.Suchard,5.J.,Rhoads,D.E.and Kaneshiro,E.5.(1989) J.Protozool. 36, 185-190.
.Andrivon,C. ,Brugerolle,G.and Delachambre,D.(1983) Bicl.Cell.47, 351-364.
.Kovdcs,P.Nozawa,Y.and Csaba,G.(1988) Microbios.Lett. 39, 67-70.
.Darney,D.H.,Scott,D.L.,Gordon,E.A. ,and LaBelle,E.(1985) Cell 479-488.
.Hokin,L.E.(1985) Ann.Rev.Biochem.54, 205-235.

.Berridge, M.J.(1987) Ann.Rev.Biochem.56, 159-193.

. Berridge,M.J.(1980) TIBS 1, 419-424.
.Alberts,B.,Bray,D.,Lewis,J.,Raff ,M. ,Roberts,K.and Watson,J.D.(1989) Molecular

Biology of the Cell p. 291. Garland.Inc.New York-London.

126



