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Stimulation Plasmolysis on Marine Algae

By

Silvestr Prat (Prague — Praha)

The contraction of the protoplast and its consequent sepa-
ration from the cell wall is the primary meaning of the term
plasmolysis. This phenomenon can be observed to occur under
different conditions and is brought about by different causes:

1. Plasmolysis, osmotic plasmolysis, »Reaktionsplasmolyse«
(Schitt 44, p. 110). »This is a well-known plenoménon
of contraction of the protoplast from the cell wall when
the cell is immersed in a solution of higher osmotic con-
centration than the cell sap.« (Stiles 47, p. 65). A false
osmotic plamolysis which occurs after the death of the

cell is described by Schneider (43).

2. »Schrumpfung. Die Plasmolyse ist eine Reaktionswirkung
der lebenden Zelle, davon principiell zu tunterscheiden ist
die Schrumpfung, die der todte Zellkorper oder einzelene
Theile desselben als Reaktionswirkung sehr leicht erleiden.
Besonders leicht schrumpft der Kern.« (Schiitt 44, p.
111.) »Gerinnung des protoplasmatischen - Wandbelags —
alle Schidlichkeiten« is described alredy by Hofmei-
ster (12, p. 10). Many unfavourable changes are followed
by pseudoplasmolysis (= false plasmolysis).

3. »Werden lebenskriftige Zellen gequetscht, so sieht man
hernach hiufig den Schlauch von der Membran zuriick-
gezogen, ganz oder stellenweise freilegen. Ich machte diese
Beobachtung vorziiglich an Stisswasseralgen« (N'aigel“i
3%, . 2. Cit. P, 24 3. ‘

4. »Endlich 16st sich der Schlauch zuweilen in Folge des
normalen Lebensprozesses von der Membran los. Dies
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geschieht wohl nur dann, wenn er zur Schwirmzelle wird
und heraustritt (Taf. I. 6. 13), oder wenn er eine ruhende
Spore bildet (Oedogonium, Ausnahmsfille bei Spirogyra,
Zygnema etc.)«. (Ndgeli 31, p. 2., »Entwicklungs-
plasmolyse«, Schiitt 43, p. 109, Pfeffer 35, p. 450.)

5. Since the cohesion between the water in the hydrated cell
walls and the water in the protoplast can be broken only
by a force greater than 250 atmospheres, the cell wall
normally follows the course of the contraction of the
protoplast during the dessication of cells. Only in rare
cases is a state of plasmolysis to be observed in dried up

cells (Ndgeli 31).

6. Stimulation-plasmolysis, »Reizplasmolyse«. »In der dus-
seren  Erscheinung der normalen Plasmolyse durchaus
dhnlich, unterscheidet sich von dieser scharf dadurch, dass
nicht nach physikalischen Gesetzen durch L&sungen, die
unter hoherem osmotischen Druck als der Zellsaft stehen,
das Abheben des plasmatichen Wandbeleges erfolgt,
sondern vielmehr durch alle mdglichen Reize ausgeldst
werden kann.« Benecke 1, p. §554.)

The older books can only be obtained with great difficulty
and therefore extensive quotations from them are made here.

Cells can be stimulated to »plasmolyse« mechanically as by
presure, or by chemical action or light. The first description of this
»stimulus plasmolysis« ist given by Ndgeli (31) who on pages 11
and 12 gives a detailed description of chloroplast contraction in
Spirogyra. This phenomenon has recently been carefully studied
by Gicklhorn (8) and also by Sakamura (40).

Spirogyra orthospira shows stimulus plasmolysis in the follo-
wing way: »Durch den Druck werden zuerst die diosmotischen
Verhiltnisse der Zellen veridndert, wie man das deutlich aus der
allmihligen Abnahme der Turgeszenz sicht (ich verweise noch auf
den folgenden Artikel iiber die Diosmose der Pflanzenzelle). Die
Zellflissigkeit wird durch den vermehrten Austausch dem Wasser
dhnlicher. Die Wirkung des Wassers auf das Protoplasma besteht
immer darin, dass das letztere das Bestreben zeigt, eine der Kugel-
form sich nihernde Gestalt anzunehmen. Daher ' sieht mann die
Binder spiter sich verkiirzen und verdicken, und zuletzt in Kugeln
sich verwandeln. Das eindringende Wasser wird zuerst auf die
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Plasmafiden einwirken und dieselben verkiirzen. Da sie mit dem
einem Ende an den Kern, mit dem andern an die Binder ange-
heftet sind, so bewirken sie die Lostrennung der letzteren, welche
ohnehin den Schlauch nur mit den Rindern beriihren und ebenfalls
schon die Einwirkung des Wassers erfahren haben. Die Einbiegung
der Binder geht so lange fort, bis dieselben den Kern beinahe oder
ganz beriihren; und sie wirkt ihrerseits natiirlich wieder wesentlich
zur vollstindigen Lostrennung der Binder selbst mit. Wenn die
Zellflisigkeit durch die Diosmose dem umgebenden Wasser gleich
geworden ist und der Grund fiir die Ausspannung des Primordial-
schlauches wegfilt, so erfahrt auch dieser, den verdichtenden Ein-
fluss des Wassers, und trennt sich von der Membran los. Es geschieht
dies aber langsam, weil er den Druck der eingeschlossenen Fliissig-
keit zu iiberwinden hat, d. h. weil eine entsprechende Menge dieser
letzteren heraustreten muss«. (Ndgeli 31, p. 13.)

»Verletzung oder Quetschung lebender. Zellen bewirkt eben-
falls eine Zusammenziehung des Inhalts. Es geniigt, eine jiingere
Zelle von Nitella mit der Spitze einer stumpfen Nadel leicht zu
driicken, so leicht, dass die Zellhaut keine Knickung und keinen
bleibenden Eindruck erhilt, um sofortigen und raschen Riickzug des
protoplasmatischen Wandbelegs von der Zellhaut zu veranlassen.
Knickung der Gliederzellen von Fiden von grosseren Spirogyren
und Oedogonien hat die nimliche Wirkung«. Hofmeister, 12,
p.- 10.) On page 303. Hofmeister (12) describes only the
behaviour of cut cells of Nitella and not. stimulus plasmolysis and
as is often the case the citations quoted are mot correct.

The reversible decrease of turgescence after a mechanical sti-
mulus is described by Janse for Caulerpa (Janse 16, p. 215).

Schiitt (44, p. 110) mentions stimulation plasmolysis in
Exuviaella marina Cien k.: »Reizplasmolyse. Dass iiberhaupt Plas-
molyse, wenn auch mit anderen Mitteln, erreicht werden kann,
kann ich jedoch bestittigen, denn abgesehen von den entwicklungs-
geschichtlichen Verinderungen bei der. Sporenbildung habe ich
mehrfach Plasmolyse als Folge eines noch unaufgeklirten Reiz-
zustandes beobachtet. Tafel I, Fig. 1, 5 zeigt als Beispiel eine Zelle
in freiwilliger Plasmolyse, unmittelbar nachdem sie auf den Objekt-
triger gebracht war. Durch Zusatz von Siisswasser wurde die Plas-
molyse sofort aufgehoben, der Zellinhalt fiillte den Panzer wieder
vollstindig aus, starb aber dann sofort ab.. Die mechanische
Erkldrung dieses Vorganges steht noch aus. Konzentrationssteigerung
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des umgebenden Mediums, die sie hitte veranlassen konnen, war
ausgeschlossen, sie ist also wohl als Reizwirkung aufzufassen. Das
Eintreten 'von Plasmolyse in Folge noch unbekannter Reizwirkung
steht jedoch nicht vereinzelt da, auch bei andern einzelligen Algen
habe ich sie beobachtet, und zwar so hiufig, dass mir die Plankton-
pflanzen ganz allgemein eine gewisse Neigung zur Reizplasmolyse
zu besitzen scheinen. Sehr schon habe ich die Reizplasmolyse bei
Diatomeen beobachten konnen. Auch bei Dinodendron sah ich
dieselbe.« (Schiitt 44, p. 111.)

Karsten describes a plasmolysis which is howerer perhaps
not comparable with the stimulation plasmolysis we are considering:
»Ob der iiberaus geringe Ueberschuss iiber die Concentration des
Kulturwassers von ©.22 aeq., der bei Nitzschia longissima zur
Reaktion geniigte, den Schluss auf Plasmolyse zulisst, mdchte ich
unentschieden lassen. Ausser den Angaben Miillers iiber die
grosse Reizempflindlichkeit der Diatomeen kommen hier vielleicht
Beobachtungen in Betracht, wie sie unter anderen frither von
Hofmeister gemacht sind... Noch eine weitere Beobachtung,
die ich hier gemacht habe, ist dabei zu erwdhnen. Wenn man nimlich
von den zur Beobachtung fertigen Nitzschia longissima Individuen
durch Fliesspapierstreifen Wasser der urspriinglichen Concetration
absaugen liess, so war nach einiger Zeit der Punkt erreicht, dass kein
iiberschiissiges Wasser mehr auf dem Objekttriger sich befand.
Wurde der Fliesspapierstreifen aber noch nicht gleich entfernt, so
musste durch weiteres Wasserentziehen das Deckglisschen fester
auf den Objekttriger gedriickt werden, also auf daruntér liegende
Zellen einen gelinden Druck ausiiben. Und auch in diesem Falle
war ein allgemeines Zuriicktreten des Plasma’s von der Wand in
den Nitzschia-Zellen wahrzunehmen. Sowie ein geringer Wasser-
zusatz dieses festere Andriicken aufhob, war nichts mehr von dem
abgehobenem Plasma zu sehen, es hatte sich momentan- wieder der
Wand angelegt.« (Karsten 20, p. 154, [138].)

The most detailed description of »Reizplasmolyse« or stimu-
lationplasmolysis is given by Benecke (1) on pages- §54—555.
It is, I believe, the only case on record of full recovery of proto-
plasm induced to undergo stimulation plasmolysis by *the - action
of light. , ‘

A. W. Greeléy exposed »Spirogyra filaments to lowering
of -the temperature (from 20° C to 1 or 2°). The filaments were
kept at this temperature for about three hours, and then removed



to that of the room. Examination showed that plasmolysis in these
filaments had been as perfect as in the others. Regular oval spore
like bodies were formed in the centre of each cell (see Fig. 7). Upon
removal to the room temperature, the cell gradually took up water,
the chromatophores expanded, and the cells resumed their normal
appearancz... Summary: 4. In Spirogyra, a typical plasmolysis
can be produced by a reduction of the temperature. 5. This fact
makes it probable that a reduction of the temperature and a loss
of water have similar effects because the cell loses water when the
temperature is lowered, as well as when the concentration of the
surrounding medium is raised.« (Greeley 9, p. 127, 128.)

Pfeffer mentions the observations by Schiitt, Be-
necke, Ndageli, Hofmeister and states: »Ob in diesen
Fillen Reizwirkungen oder mechanische Verletzungen vorlagen,
muss durch fernere Untersuchungen entschieden werden. Ebenso
bediirfen die Beobachtungen Schiitt’s und Benecke’s einer
kritischen Nachpriifung.« (Pfeffer 35, p. 450.)

The observation made by Prowazek may possibily refer
to a stimulation plasmolysis in Bryopsis: »Auf stirkere Reize, wie
Erschiitterungen oder vielfachen, ausgebreiteten Druck zerfallt
manchesmal das Cytoplasma in den Bryopsis-Zellfiden in mehrere
Tropfen, in denen oft grosse Vakuolen auftreten, gleichzeitig bildet
sich an der Peripherie eine Niederschlagmembran aus, von der sich
der Protoplast, abermals unter Fadenbildungen und Fadenaus-
spinnungen zuriickziehen kann, um wieder eine neue derartige
Membran zu bilden.« (Prowazek 38, p. 740.)

A contraction of the protoplast has often been described in
cut cells of Siphonales, and in some cases the process resembles
plasmolysis contraction.For example in Vaucheria, »das unzer-
storte Protoplasma zieht sich augenblicklich zusammen« (Han-
steimn 11). The contraction, recovery, plasma streaming and move-
ments of chloroplasts in cut Vaucheria, Bryopsis etc. thalli is des-
cribed by Hanstein (11, p. 48; with the aid of coloured figures,
Klemm 23, Winkler 49, Prowazek 37, p. 388, Pro-
wazek 38, p. 739, Oltmanns 32, III, p. 78. n, Jost 19,
Kister 26). The literature about woundreactions and regene-
ration in Siphonales ist reviewed also by Haberlandt (10). The
»Fensterbildung« (Jost 19, Hofler 14), is characteristic of
contractions induced both by osmotic and irritant phenomena.



O. Richter (39) was unable to find any plasmolysis in
the cells of Nitzschia putrida Benecke induced by light or
mechanical or chemical stimulation. He did not state ‘whether this
difference from the statements of Karsten and Benecke on
Nitzschia longissima and N. leucosigma was on account of the
difference in the species or some special physiological conditions.

Janse (17, 18) observed that after mechanical stimulus
(rubbing) fluid (cellsap) enters into the intercellular spaces of
young roots. The movements of irritable organs in connection with
cell contractions were studied by Biinning (5).

Many experimental results obtained in recent years can be
explained as wound plasmolysis. (Cfr. § 3, p. 1. and Siphonales
p. 5). »Scheinplasmolyse etwa Wundplasmolyse« is described by
Hofler (13, p. 158—159, Sep. 60, 61). E. Kemmer describes
a »plasmolysis« in the isolated epidermis-tissue of Rhoeo discolor:
»In pH §.0 — 4.5 zeigte nach 16 — 20 Stunden die Mehrzahl der
Zellen deutliche Grenzplasmolyse, die in manchen Zellen bis zu
vollkommener allseitiger Ablosung des Protoplasten von der Zell-
wand fithrte. Vielleicht lag eine durch die Siure verursachte
»Reizplasmolyse« vor.« Kemmer mentions no recovery and
states: »Mit steigender Sdure bzw. Alkaleszenz nahm die Lebens-
dauer rach ab, z. B. bei pH 4.6 knapp 24 Stunden.« (Kemmer
22, p. 20.) Therefore it seems probable that there was pseudo-
plasmolysis rather than stimulation plasmolysis. Different cases of
protoplasmic contraction after wouding are described by Kiister
and »systolische und diastolische Verinderungen des Vakuole« by
R. Keil (21). »Neuerdings hat Kiister (1929) mit Beobachtungen
an hoheren Pflanzen neue Beitrige zu derselben Frage gebracht.
Nach Verwundung mancher Pflanzengewebe tritt spontan Plasmo-
lyse ein (Epidermen von Rhoeo discolor, Sinningia u. a.) zumal,
wenn mechanische Reizung auf die Zellen gewirkt hat (Rbhoeo). Das
Perigon von Scilla sibirica zeigt in allen Zellen der abgezogenen
Epidermen kriftige Plasmolysen.« (Kiister 26, p. 28, Kiister
25, p. 165—166.)

Plasmolysis of the cells of Polygonatum immersed in diluted
cell sap is described by Weber. »Der ganze Erscheinungskomplex
der Plasmolyse der Fruchtfleischzellen von Polygonatum scheint
(also) keineswegs eine einzige, einheitliche Ursache zu haben und
bedarf in jeder Hinsicht weiterer Aufklirung.« (Weber 48,

p- 439.)
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According E. G. Pringsheim (36) the appearance of the
cells of Micrasterias rotata and M. denticulata in old cultures
resembles the »Reizplasmolyse«, »wobei sich Teile des Protoplasten
mit Chromatophorenstiicken zusammenballen.« The first stages are
reversible under good cultural conditions.

V. S. Iljin (unpublished experiments) observed very pro-
nounced plasmolysis in cooled cells of Tradescentia zebrina and
Brassica oleracea capitata rubra (red cabbage).

Striatella.

In the spring of 1931 (March and April) the very abundant
and varied vegegation of marine algac on the island Rab
(Jugoslavija) was investigated. In preparations of algae, espe-
cially of Callithamnion, from the haven (»luka«) in Rab many
specimens of the diatom Stria- ——
tella occured. The cells were |
often observed to contain
contracted protoplasts, re-
sembling an early stage of
plasmolysis. The protoplasts
were separated from the cell
walls and they contracted
as they would in hyper- :
tonic solutions such as cane Fig I- Striatella. Recovery from stlmulatlon

4 ’ plasmolysis. Pressure (stimulation) 10 h 10"
sugar dissolved in sea water a) 10 h 15, b) 11 h 30
or concetrated sea water.
In normal sea water which is of course hypotonic to the cells, true
osmotic plasmolysis could not occur, and therefore the possibility
that the behaviour was an »irritation« or »stimulation« plasmo-
lysis was considered. In July 1933 in Split only occasional cells of
Striatella were observed in the litoral formation near the Oceano-
graphic Institute. Nevertheless the reaction was frequently seen
in these cells and was very marked. Detailed investigations proved
that this contraction of the protoplast and apparent plasmolysis
is a response to a stimulus of mechanical or chemical nature. When
pressure was applied to the coverglass with a needle the protoplast
contracted and in from 5 to 3o seconds the cells showed a very
considerable degree of apparent plasmolysis.

The specimen agreed very well in the structure of the valvae
with the sample in Herbario Musei Nationalis Pragae (Praha)

a b



No 64/1: Striatella unipunctata A g, Cherbourg, M. Jolis, Stria-
tella X ii t z, Oc. Atl. Syn. Achnanthes unipunctatus G r e v. Diatoma
arcuatum H of fm., Fragilaria wunipunctata Lyngb., Tessela
arcuata Erhenb. A matter which is not yet decided is the number
of plastids in Striatella unipunctata — cfr. partly the contradictory
remarks and figures of Kiitzing (27, Taf. 18, V. 1—4., Taf. 24,
VI. 3 ab), Liiders (29), Schmitz (42, p. 19, Taf. fig. 26),
Schimper (41, p. 218, 219, Taf. V. Fig. 5, 6), Mitro-
phanow (30, p. 300), Karsten (20), Senn (45, p. 18, Anm.
1, Taf. IV. Fig. 7, 8), Senn (46), Oltmanns (32, L. p. 152,
158), Hustedt: Striatella unipunctata (Lyngbye) Agardh
(15 p. 31—33).

All the cells which I was able to observe both in Rab and in
Split contained numerous plastids and their shape and position
varied according to the physiological stage of cell. The comb
or star - like shape of the »unic« protoplast in Striatellz seems to
be an artefact.

As early as 1862 Liiders (29) observed the movements of
the chloroplasts in the cells of Striatella unipunctata and Rhbipidio-
phora (Licmophora) elongata. Later investigations have been made
by Schmitz, Schimper, Mitrophanow, Karsten
and especially by Senn. Senn describes in detail the movements,
grouping and different form of the chromatophores in Striatella
but he does not mention the contraction of the protoplast. (Senn
45, 46.)

My observations both in Rab and in Split lead me to consider
Striatella as a very suitable subject with which to study the phe-
nomenon of stimulation

& "y plasmolysis. The contrac-
{ \/ N/ tion was easily observed
/ \ / \ but difficulties arose when

the reversibility of the

* R4S b K1Y < 1230’

1 contraction was questio-
Fig. 2. Striatella. Recovery from stimulation plasmo- : :
lysis. Pressure (stimulation) 11 h 30" a) 11 h 45, ned. Observation of sin

b) 12 h 15, ¢) (complete recovery) 12 h 30", gle individuals throught
the precesses of contraction and recovery was necessary before any
conclusions could be drawn. It is a difficult matter to prevent
increase in the concentration of the sea water during protracted
observation of such a preparation. It was found best to select
individuals of the diatom growing on pieces of Callithamnion and
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draw their form and the position so that they might be found again.
Between the observations the
preparations were placed in
moist chambers and the sea
water was reneved beneath
the coverslip from time to
time by the irrigation method.
By this means the two pro-
cesses of contraction nad reco-
very could be observed suc-

cessxvely mn Smgle individuals. Fig. 3. Striatella. Recovery from stimulation

When the contraction was Plasmolysis. Pressure (stimulation) 11h a) 11h
15°, b) 13 h 35"

N

a b

not pronounced complete re-
covery was made in 45 to
60 minutes. In protoplasts
showing a greater degree
of contraction the recovery
or apparent deplasmolysis
took longer. In cells very
strongly »plasmolysed« only
a partial recovery took place
and was followed by a se-
cond contraction or the cell
contents coagulated without
recovering. The chromoplast
became disk shaped or sphe-
rical and green and the
plasma disintegrated.

It is a very remar-
kable fact that these reac-
tions are very irregular; fre-
quently two adjacent cells
behave very differently. In
the extreme case some indi-
viduals show no contraction
while the protoplasts in
neighbouring cells are very
Considerably contracted. The Fig- 4. Striatella. Recovery from  stimulation

plasmolysis. At 11h 30 the second stimulus was

position of the plastlds 1S given by pressing on the cover glass and after pro-
also variable; and in some nounced stimulation plasmolysis death occurred.

13h 14h30°

cases systrophe of plastids followed, while in others it preceded the



I0

contraction. Often the plastids remained elongated and scattered in
the cell. Generally speaking, the cells with apparently normal and
scattered elongated plastids were in good condition and recovered
rapidly. The cells with balled plastids in systrophe recovered very
slowly and indeed often died while still contracted.

No contraction of the protoplast was observed when the cells
of Striatella were shaken in a drop of water in a test tube. It
appears that chemical stimulation of the cells of Striatella causes
a contraction similar to that of mechanical stimulus; for instance,
»plasmolysis« is induced after 3 seconds over a jar containing
ammonia and after 3—j seconds exposure to ether vapour.

A regular contraction of the protoplasts can be observed
with ease in the process of vital staining. The contraction of the
protoplast appears and increases if the vacuole first appears
coloured or a littel later. If the cells are kept in the staining solution
the degree of contraction of the protoplast increases and contraction
of the vacuole takes place, the phenomenon of »Entmischung« of
the vacuole, that is, the secretion of deeply coloured drops into
the vacuole occurs and the cells die. If slightly stained cells are
transferred into pure sea water, recovery may take place: at first
(in 30 — 120 minutes) the contents re-expand and then the dye
disappears from the vacuole (neutral red, brillantcresysblue, methy-
lenblue).

When a drop of tap water was added to the preparation
under a cover slip no contraction occured, only vacuolisation of
the protoplast was observed, the plastids became »balled« and
united together and the cells quickly died.

A contraction of the protoplast similar to that in the cells
of Striatella was observed to result from pressure on the coverglass
over preparations of Licmophora sp. In these cases however the
reaction was less marked. Complete recovery was never observed,
when the protoplasts had regained their former volume the cells
underwent vacuolisation and died.

In Rbipidiophora stimulation plasmolysis was observed to
occur in sea water containing a trace of ferric chloride (Split).

Bryopsis and Pseudobryopsis.

When a branch of Bryopsis is cut off the protoplasm and
plastids instantly contract to a marked degree and protoplasm
streams from the wound towards the apex. The contents of the
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vacuole however flow to the wound and the cell sap is exuded
through the wound into the surrounding water. In a few seconds

Fig. 5. Bryopsis plumosa. At 9 h 30" the branch was cut off. Different stages in
the contraction of the protoplast. a) 9 h 32, b) 9 h 37', ¢) 9 h 48, d) 10 h 15"

the apical protoplasm and plastids contract and a slow proto-
plasmic streaming can be observed directed from the apex to the

base, but no streaming can be
observed in the middle region
of the branch. The apparence
of the apical. portion is the
same as in either partial or
complete plasmolysis and the
protoplast may separate enti-
rely from the cell wall as in
plasmolysis or may remain
attached by thick threads
to the cell wall. Later on
the protoplast in the sub-
apical regions also contracts
and separates from both api-
cal and longitudinal cell walls.
After the maximum concen-
tration a very slow recovery
(dilatation) occurs. When
the contraction is not pro-
nounced recovery is com-
pleted in one hour. When

h

Fig. 6. Bryopsis plumosa, contraction of the

protoplast in a cuf branch. The two short arrows

indicate the streaming of the protoplasm, one

long arrow the streaming of the cell sap. The

lenghts indicate the relative velocities. (Cfr Pro-
wazek 38, fig. 2., p. 739.).
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the stimulus to »plasmolysis« in strong, the:maximum contraction
occupies about an hour and dilatation and complete recovery requires
some 24 hours. The intensity of the reaction (the degree of contraction)
depends on the distance between the wound and the apex, and also
on the physiological state of the plants. In many experiments it
was noticed that Bryopsis is extrémely sensitive to changes in
external condition. Growth, regeneration, vital staining, the shape
and movements of the chloroplasts, and behaviour under plasmo-
lysis are variable within wide limits, and the behaviour of plants
brought in freshly contrasts markedly with that of plants cultivated
in the laboratory. It is to be noted that lateral branches connected
with the main stem react in the same manner as the apex while
the branches separated from the main stém by a cell wall do not
react at all. When the stimulus is very strong there may be an
incomplete recovery succeeded by a second and stronger contraction
before full recovery occurs. When recovery is not complete, i. e.
when the re-expanded protoplast does not reach to the apex normal
regenaration takes place. - ‘

The description »der plasmolytischen Kontraktionen, die sich
an den Thallusspitzen von Bryopsis, zumal an den Spitzen der
, kleinen Fiederistchen, unter
é ' d‘: dem Einfluss mechanischen
Druckes abspiclen« is given

by Kiister (26. p. 27).
; \ True stimulation plasmo-
ﬁ lysis, was not observed in
Bryopsis plumosa when stu-
Fig. 7. Pseudobryopsis centrifugated 10 after died in Villefranche and in
pronounced stimulation plasmolysis. Rab. The reaction was very
marked, however in Pseudobryopsis myura (J. Ag.) Berthold in
Split. The material was collected according to the directions of dr. A.
Ercegovié on rocks immediately below the »Biolosko-okeanografski
Institut«. The reaction was very pronounced in most cases and
recovery was observed after 6 — 8 hours. The reaction in young
shoots was more definite than in older branches. It is interesting
to note that Pseudobryopsis can be stimulated to »plasmolysis« by
centrifuging: plants were centrifuged for 20 minutes (electrial
centrifuge Ecco, 2000 revolutions per minute) and no contraction
was observed immediately after but in 2 to § minutes a stimulation
plasmolysis took place, and the protoplasts contracted, remained
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unchanged for about an hour and than slowly recovered. A very
slow streaming of the protoplasm accompanied by movement of the
plastids towards the apex could be observed. When the plants were
centrifuged while in this state of »plasmolysis« the reversibility
of the contraction was lost. The fluid in the cavity between the
contracted protoplast and “the apical wall was not forced out by
the centrifugal presure and differently inflated apices resulted, as
shown in diagram 7. Tt must'be emphasised that the reaction of
stimulation plasmolysis and indeed any other reaction depends on
the physiological state of algae, but to determine its stage is very
difficult. For example, the material collected at different times at
the same place during one week exhibited very variable behavior.

Fig. 8. Pseudobryopsis. Sélit. 27—._‘ VIL 1933. Centrifuged 10 ‘
minutes in pronounced stimulation plasmolysis. Than culture
in sea water, 7. VIIL fixation with formaldehyd.

Codiuwm, o ; A Ty
. . . The structure of Codium could.be considered as very suitable
for similar contractions as, observed in Bryopsis, but only occasio-
nally in young coenocytes of Codium bursa does cutting off the
filaments cause regular contraction of the protoplasts (Bruns 4,
p. 171, fig. 5, 6. Kiister 24, p."185). It is supposed that in'the
tallus the cell wall is distended and that when the filaments are
cut the tension ceases, the cell wall shrinks and contraction of the
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protoplasts and the cell wall proceeds simultaneously. The apex
of the cell walls in Codium bursa is differentiated into special
»cap« and in the contraction of the cell wall, as in plasmolysis, the
differentiation can be seen very clearly (s50., §1.).

Rhodophyceae.

The trichomes of Gastroclonium kaliforme (G. et W.) Ar-
diss. (Chylocladia kaliformis Hook) are very sensitive organs
and in abnormal conditions are the first organs to die and fall from

Fig. 9. Gastroclonium. Stages- in the contraction and coagulation of the pro-
toplast in the trichomes.

the »stems«. When mechanically stimulated, the trichomes show
swelling of protoplasm and cell wall resembling pseudoplasmolysis.
Normally the apex of the trichome is filled with more or less
homogeneous protoplasm with a few bright drops or granules near
the vacuole. (Berthold 2, p. 676.) The meniscus of the plasma
is perfectly concave while the meniscus of the vacuole is convex.
The reaction is most easily observed in the trichomes in the middle
region of the thallus; the young trichomes are short and their
reaction is not distinct, while the older trichomes die in too short a
time. The swelling of the protoplast can be induced by applying
pressure to the coverslip and it passes through three phases:

1) The concave meniscus of the protoplast slowly flattens
and in some seconds becomes convex.

2) The plasma explosively streams from the apex downwards
and at the same time separation of the contents from the apical and



IS

the longitudinal cell walls becomes visible. The inner layers of the
walls of the cell apex swell.

3) The meniscus of the protoplast becomes concave and the
cell undergoes vacuolisation and dies.

Many variations in the details of the reaction occur but
cannot be described here. A reaction similar to that in the trichomes
of Gastroclonium was observed in the trichomes of Corallina and
in the apical trichomes of Red Alga Nemalion. The incrusted thalli
of Corallina however, are very hard, and the thalli of Nemalion
very mucilaginous, so that investigation of the reaction of these
algae is extremely difficult.

Discusion.

The explanation of the phenomenon of stimulation plasmo-
lysis is not easy. The only thing about which all the authors agree
is the irregularity of the reaction. This irregularity may indicate
that intracellular conditions rather than the externally applied
stimulus control the phenomenon.

»Es sei noch hizugefiigt, das die Reizplasmolyse nicht immer
erzielt werden kann, sondern offenbar cine, wahrscheinlich durch
dussere Umstinde bedingte Disposition der Zelle fiir ihr Zu-
standenkommen Bedingung ist« (Benecke 1, p. §55).

It is very difficult to express quantitatively the stimulus for
this type of plasmolysis: it can as yet only be said that if the
stimulus is too weak the reaction fails and if it is too strong the
reaction goes too far and is not reversible and the cell dies within
a short time. It cannot be doubted that not only water but also the
solution of the cell sap is filtered out through the protoplast;
i. e. that there is an increase in permeability.

In the year 1913 W. J. V. Osterhout (33) described some
very Interesting cases of protoplasmic contraction resembling
plasmolysis which are caused by pure distilled water (root hair cells
of Zostera, hairs of Polysiphonia wviolacea): »The cause of these
effects lies in an increase in the permeability of the plasma mem-
brane (and likewise of internal cell membranes), as the result of
which some or all of the substances which maintain the osmotic
pressure of the cell diffuse out; the protoplasm then shrinks as the
result of loss of water from the vacuoles, which in consequence
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become smaller (as is shown in figs. 3 — §). This is often followed
by an apparent »coagulation« of the protoplasm, which is some-
times evidenced by the assumption of irregular outline.«

The increase of permeability which is indicated appears to
confirmed the conclusions of Janse and of Biinning: »Wird
also bei der Reizung ein Teil des Zellsaftes ausgestossen, so kann
dieses nur geschoben, wenn die Vakuolenwand ihre Eigenschaft
der Semipermeabilitdt verliert und also fiir alle Substanzen perme-
abel geworden ist.« (Janse 18, p. 19.) »Infolge seismischer Rei-
zung entsteht eine Permeabilitdtserh6hung. Erst wenn die Perme-
abilititserhhung einen bestimmten Grad erreicht hat, wird durch
den Wandruck Zellsaft (nicht reines Wasser) ausgepresst.« »Die
Reizrezeption besteht nicht in einer Thixotropie. Manche Griinde
sprechen dafiir, dass die Rezeption in einer Zerreissung der semi-
permeablen Membran besteht und dass die Erregung (also die zum
Verlust der Semipermeabilitdt fiihrende Permeabilititserhohung)
entsteht, weil das Plasma nach der Zerreissung der semipermeablen
Membran mit den Zellsaft in Berithrung kommt. Die Permeabildts-
erh6hung nach mechanischer Reizung wird nicht durch einen
Quellungsvorgang bedingt, wahrscheindlich aber durch eine Koagu-
lation der semipermeablen Membran.« (Biinning 5, p. 82.)

The »Aggreation« (Ch. Darwin) shows clearly, that the
chemical (or mechanical ?) stimulus induces sudden changes in the
protoplasm and contraction of the vacuole and also coagulation
(»aggregated masses«, Darvin, »Ballung der Protoplasmas«;
Bokorny 3).

Coagulation induced by mechanical stimulus (Rithren) is
described by H. Freundlich and H. Kroch (6). »Mecha-
nische Koagulation« of the protoplasm of Bryopsis is described
by Lepeschkin (29). In the cells of Nitella a coagulation of
protoplast is described in microdissection (T. Petérfi u. G
Yamaha 34).

The contraction of the protoplast during vital staining shows
what a great influence some substances can have on the protoplasm
even when they are not accumulated in the protoplasm; only the
cell sap became coloured, no staining was apparent in the cytoplasm.

‘The writer wishes to express his thanks to Prof. dr. B.
Némec for helpfull advice during all the work, to Prof. dr. V.
V ouk, Direktor of the BioloSko-okeanografski Institut in Split
for the kind hospitability be was granted with as well as for the
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supply of materials and comodities necessary for the performance
of the work. He must thank Mr. A. Machat for his kindly
making it possible for him to stay and work in Rab.

Summary.

1. The bibliography of stimulation plasmolysis (»Reizplasmo-
lyse«) is summarised.

2. Stimulation plasmolysis in the cells of Striatella uni-
punctata, Rhipidiophora, Bryopsis, Pseudobryopsis is described.

3. The best method of inducing chemical stimulation of
Striatella for this type of »plasmolysis« is vital stainig. The proto-
plasm reacts although the vacuole alone appears to take up the dye.

4. Wound plasmolysis and some similar phenomena of coa-
gulation of the protoplast in the trichomes of marine algae are
described.

s. Stimulation plasmolysis of intact cells must be distin-
guished from wound plasmolysis of cut cells.

6. As a possible explanation of the contraction of the proto-
plast in stimulation plasmolysis a sudden increase in permeability is
suggested.
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