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REGULATION OF RNA SYNTHESIS THROUGH CELL CONTACT IN SPONGE CELLS
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ABSTRACT

Evidence of cell contact regulating RNA synthesis in sponge cells has been recorded.
A steady mcrease in RNA synthesis was observable during aggregation of these cells, but in cells
which were artificially maintained nonadhering in a dilute solution of methyl cellulose, the in-
corporation of SH-uracil into TCA precipitate was extensively enhanced. When the non-contacting
celly were made to contact by washing away mathyl ccllulose, a suppression of this magnified
synthesis was brought in. This depicts a morphogenetic peculiarity of sponge cells. The cells
appear to have dual individuality, viz., as single entitics and as components of a cooperative

multicellular system.

INTRODUCTION

COMPLEX ts the process of pattern formation where

cach of the cells involved has to recognise its posi-
tion and takhe upon the path of ultimate differentiation.
The role of cell surface as a mediator of cell inter-
action and i transmtting the signals to the interior
of the cell has clearly been enunciated {Nicolson).
Thus it is clear that communication between cclls
mitigates some control in regulation of growth, decve-
lopment and mamntenance of stcady state of shape of
an organism. Cell communication scems to consti-
tute both long range and short range interactions, the
short rang: inte€raciions requiring direct contact between
cells (Gilula?). The control of one cell on another’s
metabolic state is well exemplified by contact inhibition
of prolifcration in culturc cclls (Stocker and Rubin3)
and cooperation of cclls by transfer of molecules has
been depicted in many instances (Suback-Sharpe er al. 4
Cox el als).

Dissociated sponge cells which aggregate to reform
the original pattcrn (Wilsonf) can be an ideal material
for studying the charactersstics of cooperation and
communication during morphogencsis. Here the
ability of contact and adhesion are innate morpho-
genelic parametcers special to cach cell and without
the specific cell to ccll recognition, the identity of the
restituted sponge will not be feasible. This situation
has been taken as a criterion for understanding the
process of cell communication in controlling the
cellular syctbctic processes through contact. We
report here some of the characteristics of isolated
cells in situations where they were engineered in such
a way as not to have direct communication after
experimental dissociation, The present experiment
outlines how in such an aliered situation, where cells
are mechanically prevented from forming cell contacts
and establishing a consolidated cellular pattern, the
spectrum of RNA synthesis becomes altered.

MATERIALS AND METHODS

Fresh water sponge Spongilla carteri was collected
from a local pond and kept in running water. Tbe
¢issue within two days of collection was always used.

Pieces of sponges were freed from small stones and
cut into 1 cm3 pieces. The tissue was washed in
millipore filiered pond water and the pieces placed in
between the folds of fine silk were squeezed to a
beaker containing tle medium, Other procedurcs
for ccll separation and culture were as described
previously (Kartha and Mookerice?). The aggre-
galcs could undergo differenfiation and reform minia-
ture sponges in about 48 hours.

In order to keep the cells separate and noncontacting,
a tochnique has been evolved using a mesh of methyl
ccllulose, a long polymer in which the cells were kept
nonmoving and noncontacting. A 1-5% sclution of
recrystallized methyl cellulose (Blenkinsop and Co..
London) was layered in 10 cm diameter petri dishes
and 3 ml each of cell susponsion was carzfully poured
over the methyl cellulose layer. The aggregating cells
were incubated in 4 em diameter petri dishes and as the
cells were self-aggregating the use of a shaker was
not necessary.

RNA synthesis in aggregating and non-aggre-
gating cells was msasured by the incorporation of
3H-uracil (1 pCi/ml) BARC, Bombay, Sp. act.
49-3 mCi/mmole) into the matcrial precipitable by
trichloroacetic acid (TCA). After 1 hour of labelling
as indicated below the cells and aggregates were
washed off methy! cellulose, homogtnized in the cold
and the rucleic acids wer¢ precipitated by 5% TCA.
The precipitate retained on miilipore filters (Millipore
Corporation, U.S.A.) was washed scveral times with
cold 5% TCA and once with absolute ethanol-cther
(3 :1). The filters were dried and radioactivity was
determined in a Packard Tricarlb Scintillation counter-

meter using toluene based scintillant with PPO aad
POPOP.

RESULTS

Figure 1 shows that the incorporation of uracil
maintains a steady state of increase when the cells
were aggregating.  The cclls were pulse Jabelled for
1 hour at 0, 1,3 and § hours after dissociation and
TCA precipitate was extracted consecutively.



Vol. 48, No. 6
Mach 20, 1979

1200

OO

1000

CPM/3x10°cells
[ & s ]
£
o

700
600
500
400
i .
{ e K 4 5 &
Time ih)
F1G. 1. Synthesis of RNA in contacting and non-

contacting cells. Sml of cell suspension containing
2 X 105/ml cells were cultured with or without methyl-
cellulose and pulse labelled with 1-5 p Ci/ml of H3-
uracil. @ ——@ contacting cells, (O——¢ non-
contacting single cells.

The cells of the sponge aggregate almost imme-
diately after ths act of dissociation. The behaviour
of the cells in relation to RINA synthesis was followed
in order to trace the relationship between adhecion
and macromolecular synthesis, A mesthod has been
devised to maintain the cells in separate and non-
contacting state, but viable, In which the polymer
mathyl cellulose was used as the microbarrier between
the cells, which were kept apart in the mesh. The
cells were layered over a 1-0% solution of methyl
cellulose and the incorporation of 3H-uracil was
noted for a period of 6 hours. In these noncontacting
cells, the pattern of synthesis of RNA showed a sepa-
rate turn where the rate of incorporation is acclerated
(Fig. 1) deviating from the pattern in the aggrcgating
cells.

In order to exclude the possibilities of differential
uptake, a pool of uracil was maintained in tho tissue
before dissociation and ths suspension was set up for
the experimnnt without the addition of 3H-uraci! later.
The cells of aggrapating and nonaggragating culture
were derived from the same tissue in which the RNA
precursor pool size was identical. Tt is evident from
Fig. 2 that from this poo! of precursors, the mode of
RNA synthesis was different for the colls in different
conditions, viz., contacting and moncontacting,
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FiG. 2. Incorporation of 3H-uracil in‘o TCA
precipitable material in contacting and norcontacting
cells. The intact tissue was labelled for | hr with
SH-uracl! (1°5 p Ci/ml) and after dissociation the
cells for aggregating (O ——Q ) and nonaggregating
(@—@) set ups were cultured in isotope-free
medivm.

I the stimulated synthesis was because of lack of
contact, the iniiation or reestablishment of the
contact between the cells should affect inversely the
synthesis of RNA, To test this assumption, a dilute-
suspension of noncontacting cells in methyl cellu.
lose was brought together by removing the mechanical
molecular barrier. The cells in methyl cellulose
were washed and cul‘ured in normal mediumy where
itne cells immeodiaicly display the property of aggre-
gation. The stimulated synthosis as shown in their
noncontacting disposition could no more be obscried
and the total RNA synthesis showed a declining trend
towards that of the normally aggregating cells (Fig. 3).
The variations in all these experimental results were
found to be less than 59,.

IDISCUSSION

The c¢xperiments have clearly shown that cell
contact cxerts a kind of signal in regulating cellular
synihetic processes, especially RNA turnover, During
the dissociation and aggregation, when the original
tissue pattern 18 decapacitated, the cells begin the
synthesis of informative moleculeg, the regulation
being the communication between cells.  But when
the colls are discrete and remain separate, this system
of rcgulation is kept in abeyance and the individual
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cells, in the absence of apt comnvinication with other
cells hamis the synthosis of RNA in an ¢laboratc
way. On:e the contact is mechanically rostablished,
a kind of suppression of RNA synthetic machinery

tak¢s place.
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Fig. 3. Inlubttion of RNA syrthesis when non-

contacting cnils were brought togather and made to
agzregate. @——@ agercgating cells, O—QO
non-aggrogating cells, O-——( noncontacting cclls
made to agearegate.

In othsr developmantal systems, the programme of
matabolic patiern is found to be dependent on proper
organisation of cclls. In dissociated sea urchin gastrula
colls, which have beon kept noncontacting, the synthesis
of RNA is slackenad (Giudice etal®) along with a
decrease in thn activitics of cnzymas like DNA poly-
meras?, thymidine kinase, ctc. (D¢ Putroccllis and
Vittor:lli®). Similarly, only aggregating cells of
X:nopus (Abe er al 1) and chick neural retina (Morris
and Mosconall) have a higher alkaline phosphatase
activity or glutam.ne synthctase induction respectively.
Although the mechanisms of thesn ccll contacts which
are depandent on regulatory systcm are not clear, indi-
cations are thare that the direct interaction of surface
mombrane moacules arc involved in these reactions.
Miller etall2 could find from thoir experiments on
miring sponge Geodia that the introduction of puri-
fic1 aggregation factor to the cells which wrre washed
off this faclor from the cell surface could enhance the
synthniis of DNA, RNA and protein along with the
jaitiation of mitosis. Levine eralld showed that the
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addition of the purifiad surface msambrane to the
cultur:d cells could bring in cessation of polyribosome
synthusis asociated with contact inhibition of proli-

fcration. It is also sugg:stive that the physical contact
butween  surface memoranes rath:sr than  diffusable

factors may relay the information for such control.

The data obtained in the prosent ¢xperiment depict
a peculiar morphogunstic speciality  bulonging to
sponze culls., Sponge tissuc has buen doscribed as
a «;lular reoublic, assigning special mdividuality to
cach of the ccll types. The capability for dual oxjs-
tuacs has been indicatid in the transformative steps
of sponz: culls (Kartha and Mookurjstd, Mookerjee
and Makhja!s), Whena the ¢lls are scparate and
noncortacting, thay are prons to bohave as single cclls
and synthssise the necessary macromolecu’es for their
saparate  coxwstencs.  Herc  the  archaic protozoan
characters may be displayed. Experimentally, it has
been shown that some of the dissociated sponge cells
have a froe state of cxistenze (Mookearjee e al 19),
But whon they are in ensemble, this isolated Juxury
is not callnd for as it is a coopcrative sysicm of co-
existencoe of cells.
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