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CHANGES IN THE CELLULAR MORPHOLOG?Y OF BRYOPSIS PLUMOSA
(BRYOPSIDOPHYCEAE) UNDER H}CH HYDROSTATIC PRESSURE AND
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Materials and Methods

Bryopsis plumosa (Huds.) C.A. Agardh was collected from the siony ledge
near light house at Kieler Forde, western Baltic Sea, and was cultured as described
elsewhere (Shameel, 1977). After keeping the algae for 2 weeks’ adaptation to 5°C.
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non-reproductive, free {rom epiphytes and uninjured thalli were selected and placed
together with culture medium in plastic tubes of 25 ml capacity. Three such tubes
could be placed in each of the cylindrical chambers (C. fig. 1). The pressure appara-
tus used for this study was different as devised for previous studies (Shameel. 1973a).
It has the advantage that during pressure treatment the control specimens can also be
placed in a chamber (C ). which is exactly similar with the pressure chamber (C5), and
the position of the chambers may be changed during pressure action due 1o the use of a
connecting thin and spiral wire (W). The apparatus was constructed for the laboratory
of Prof. H. Theede, who kindly aliowed me to use it for this investigation.

Fig. |, Hydrostatio pressure apparatus (B=big winoh for opening the chambers, Cr-=contro! chamber,
. Ty =pressure o;»hmnbem H = nandle for the pump, M manometer, P=hydraulic pump,
R =veservoir for hydraulic fuid. Te=rabber tubing, V==needle valve, W= hollow wire),

The pressure apparatus consists of a hyd raulic hand pump (P, fig. 1), which is
connected on one hand with a tap-water reservoir (R} through a rubber tubing (T)
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and on the other side with a manometer (M) and via a three way simple needle valve
(V) of Messels 'Aminco (USA) with a pressure chamber (C ) through pressure resis-
tant, spiral and hollow wire (W). The pressure chamber may or may not be con-
nected with the control chamber (Cl) The chambers are stainless steel cylinders, 38
cm high, 7.6 cm in diameter, 2 cm in wall thxckness have about 300 ml inner vo!ume
and were filled with tap water, which acted jas hyd'rduhc fluid. During experimenta-
tion the whole apparatus was kept in'the c nstant temperature room. A reference
may be made 1o Theede (1972) for techntical details of the apparatus and the technigues
employed during pressu.re,treatmenr .
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determining viscosity of the cytoplasm. The significance of drostatic pressure
at the structural level of cytoplasmic.organisation, however, may not be overestimated
regarding adaptation to the deepssea. ‘

be highly sensitive to
examme-d undet mlcroscope lmmedmtely after
a /Vdrlety of changes produced in its ce]lular mor-

i

VVVV gted after an
expo%ure 1o the pressures blghez thcm 200 atm {fig. 2) However after subjection to
200 atm uo visible change in the cell morphology was produced and it also showed no
after-effect even upto 3 weeks after pressure treatment. This is probably the low st
physiological limit of tolerance for the alga. The other algae studied previously
behaved differently. When subjected to 400 atm for 5 hours for example, there was
no observable change in the cytoplasm and cell walls of the filaments of C al[thCll?/Illl()l/I
corymbosum, Cladophora glomeraia, Polysiphonia nigrescens and P. urceolata
{Shameel, 1973 b, ¢, 1974 b). The lower physiological limit of tolerance, therefore,
appears io be variable in different algae. B. plumosa has a very low value for
that and secems 1o be an extreme barophobe among all of the seaweeds studied
so far.
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Pig. 2. Parts of Bryoepsis plumosa thalli aller subjection to 400 atm hydrostatic pressure for 5 hours at
5°C {a & b=young branchlets, ¢ & d=-older main axes),

The protoplasm morphology of B. plumosa was found to be insreasingly affected
by pressure levels ranging from 300 to 800 atm (Table ). The pressure action is
composed of 2 components. one ol them depends on the product of pressure level and
the duration of pressure action, and the other one is determined mainly by the quaniity
of pressure applied and causes a reversible injury to the cell morphology of the fila-
ments.  The pressure levels of 300 and 400 atm produced a change in the cellular mor-
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phology which was reversible. but the higher pressure levels caused an mreversible
change depending on the temperature. This appears to indicate the upper physio-
logical Timu of 1olerance of the alga. which s alse temperature dependent and is
much lower than those of other algae. Ulva lactuca died wihin a few days after an
exposure 10 806 atm {or an hour (Fontaine, 1929}, whereas the changes prodyced in the
cytoplasm of Cladophora glomerara after a pressure exposure of 800 aun for 5 bours
were reversible (Shameel, 1973b).  Hence the upper lunn also varies in the case of
different scaweeds.

Table 1. Changes produced in the cell morphology of Brivpsis plumose due to
hydiostatic pressure applied for 5 hours at different temperatures as observed bmme-
diarels after pressure relesse (— ==no change, + =25° changes + 1 - 509, changes.
A =78 changes and - + | = 100" changes).

Hydrostatic pressure in atm

o

200

300
400 o

500 bkt :
600 I B A N

700 B b =
800 Rl o ok e B

The pressure levels of 500 atm and above appeared (o be lethal and the affected
algae died within a few weeks or days depending on the pressure intensity and
temperature (table 2). The algae subjected to 800 atm for example were found
dead immediately after pressure release at 5°C or died after 1-3 days at 107- 15°C.
Their death was confirmed by their zero rate of respiration. The lethality is due io a
disruption in the inner and outer plasma membranes. Pressure application can
affect regulatory function ot the plasma membranes (Murakami, [963), and it can
also cause a disruption of the plastid membrane in certain seaweeds {(Shameel &
Onhno. 1972; Vidaver, 1972). High hydrostatic pressure could cause a solation of
the cytoplasmic membrane and in these circumsiances the cell viability becomes
doubtful. Sustained application of high hydrosiatic pressure thus appears 1o be
lethal for algal filamesnts.
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Table 2. Changes left in the cellular morphology of Bryopsis plumosa after subjection
to hydrestatic pressures applied for 5 hours at different temperatures (..==dead,
further description same as in table 1).

Tempe- Hydrostatic Days after subjection to pressure
rature  pressure in — -
in*C atm 0 1 3 5 7 14 21
5 300 -+ 4 - r - -
400 T S T -
500 e T T R S I S
600 T
700 et ..
800
10 300 + + - - — — -
400 -+ + + - - -
500 “++ + = + 4 ot + -
600 ot e ol b e S B B
700 o e aie L
800 b
15 400 -+ + -
500 + -+ t 1 -
600 -+ - =t ot P : : -
700 E b bt P Cot A
800 T e nte SN S S

The observations on the cell morphology and lethality of the filaments demon-
strate that the pressure effects are strongly dependent on the testing temperature
(tables | & 2). Increasing temperature appears to decrease the pressure effects. The
pressure level of 500 atm was lethal at 5°C ard the subjected algae died in 2 weeks,
but at higher temperatures the same pressure level simply produced reversible effects
and the algae became normal after 3 weeks when subjected to pressure at [0° C or |
week only when treated at 15°C. It seems that the increasing temperature also moves
the upper physiological limit of tolerance still upwards. At 5°C the algae died after
a pressure treatment of 500 atm or above, at 16°C they died after 600 atm or above and
at 15°C only the levels of 700 atm and above were lethal.  Even the period required for
the removal of pressure effects was temperature dependent.  The effects produced in
the cellular morphology of the filaments after subjection to 400 atm were removed
after 2 weeks when the experimental temperature was 5°C. 1 week when the tempera-
ture was 10°C and only 3 days at a temperature of 15°C. It is probably due to sal-gel
equilibrium which stabilizes at higher temperatures and therefore counteracts the
deleterious effects of hydrostatic pressure.
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A cell obtains mechanical energy when its gel structures contract and gives up
metabolic energy in the formation of gels (Marsland, 1970). In the course of contrac-
tion gel structures revert towards the sol condition, therefore sustaining the source of
mechanical energy involves gel rebuilding. The gelations are progressively weakened
by increasing hydrostatic pressure and strengthened by increasing temperature, which
acts antagonistically to the effects of pressure. Similar observations have also been
made in the case of rates of respiration, photosynthesis, growth of young leaflets and
activity of alkaline phosphates in different seaweeds (Shameel, 1973a, 1975a, ¢, 1977},
The pressure uncouples the mechanically active units in cytoplasm during the dissocia-
tion of gel structures {Macdonald, 1975). The direct effect of pressure on more dis-
tani energy providing and regulating processes may also be taken into consideration.
The use of high pressure research in the laboratory. therefore, provides us a clue for the
understanding of certain physiological and biochemical problems not only at the
cellular but also at the sub-cellular level just like other physical parameters affecting
our biotope.

it is interesting to mention that under these sets of experiments no such change
was observed in the cell wall of Brvopsis plumosa as have been studied in the case of
Callithamnion corymbosum, Polvsiphonia nigrescens and P. urceolara (Shameel, 1973c¢,
1974b). It is not at all surprising because the last 3 mentioned algae belong 1o Rho-
dophyceae and differ in the constituent polymers and the arrangement of polysac-
charide microfibrills in  their cell walls than B. plumosa. The cell wall of
Rhodophyceae usually contains cellulose. chitin, gulose and polygalaciose sulphate
esters, while 8. plumosa belongs to Bryopsidophyceae ard apart {rom cellulose also
contains B 1, 3-linked xylan in its cell wall (Shameel, 1975b). For a real picture we
have to ncrease our knowledge about the pressure effects on the biological polymers.
Agar-agar. cellulose. chitin and starches are the mosi common pelymers produced in
the marine environment by different groups of seaweeds. In our present state of
knowledge the study of pressure effects on the properties of cell membranes would be
of great interest. [t is one of the most difficult areas of barobiology to be investigated.
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