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INTRODUCTION (G '":RAL)

Ever since the recognition of mitosisl as the mechanism of
nuclear division, its importance in biological development, whether
normal growtn and reproduction or pathological production of tumours and
cancers, has led to a great deal of inquiry into its nature. The manner
oI treatment at any period was determined, to a large extent, by the
available techniques of investigation and, to a lesser but still important
degree, by the facility with which known and utilizable material lent
itself to a given type of approach. Accordingly, early research workers
concentrated their attack upon the morphology of mitosis, a study which
now provides a very detailed and tfairly complete description of the micro-
scopically visible structural characteristics of cell and nucleus aduring
their c¢ycle oi division. Recent research has, in a sense, leap-frogged
to the more ultimate constituents ot the cell, namely the protein molecules
and their allied substances, and has by means of techniques adapted Irom
those of physics and chemistry investigated molecular structure and
orientation in protoplasmic constituents, and analyzed the chemical com-
ponents of nucleus and cytoplasm. The gap between these mutually remote
techniques is one that has to be rilled by a study of the cell 1in vivo®,
that is, by means of physiological data. Not that such knowledge is
entirely lacking,out as a bridge between the other two approacnes it 1is
still highly inadequate.

It is clear, even from casual observation, that the scope ol

the study ot mitosis is very broad. A complete resolution oI its mecinanism

depends not only upon a full knowledge oif protoplasmic structure, which by

1 Phe term mitosis® is used in its broadest sense, namely, as the all-

inclusive expression Tor tue division oT nucleus and cell, #Meiosis" is taere-
iore regarded as a special case oi mitosis winereby the daughter cells posscss

half the chromosome numoer of the parent one.
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itself may be regarded,’as an ultiméte in biological research, but also
upon a knowleage'of metabolic gradients as related to the chemical com-
ponents and strﬁctural cngracteristics O+ i(he nucleus and cell. rae
‘latter concept, i.e., the.necessity of 1ntegrating iunction with structure,
was poinced out by Scarth (19Y27) who, 1n demonstrating the presence oI
structure in the opticalliy homogeneous nucleus, stated that fpanysically
speaking, Iunction cannot be separated from structure. Some mateiial
conriguration must be assumed oOr else an agent immaterial?. The resolution
ol the mitotic mechanism fﬁrther requires wnat is unique in biological

?
relationships, namely, the conformity otf all such data with tnose ol geneiics
on the transmission of néreditary factors. The deductions maae from post=-
mortem studies 01 cell structure and cell components are ol inesvimable
value in the resolucion of céll—division, but it is clear that such deductions
will be less tenuous when interpolation of data from the behaviour oi the
cell "in vivo" is possible. In fact, such crucial phenomena as the dissolution
and formation of membranes, both nuclear and chromosomal, and tne movement
oI chromosomes, cannot be adequately understood without a kmowledge oi tne
physiological properties of the cell.

The discrepancy between the mass of morphological data and the
accunulating body of physical and chemical'data on the one hand, and the
paucity oI physiological data on the other, is obviously large. Past
research has stressed tne structural kinetics ot cell-division, an emphasis

which stems no doubt from the relative ease with which data on the morpao-
logical patterns ol the cell at any stage of mitosis can be obtained. The
tairly simple techniques of post—ﬁortem staihing have given rise to an exceed-
ingly large body oI information and have consequently made chromosome morphology

the focal point o1 cytogenetic research even to the present day. Tne empnasis
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of present studies has shifted somewhat to the physics and chaemistry of

the nucleoproteins where the advanced techniques oz biochemisﬁry have

made rapid progress possible. Physiological research, however, has been

to a large extent. neglected in the erftorts to resolve the mitotic mechanism.
It is true, or course, that the subtler conditions oi investigation involved
in physiological studies do constitute a barrier to treauvments as elaborate
as those afforded by the other approaches. Yet, it is clear that a knowledge
ol the physiological behaviour of the mitotic cell is indispensable to a
complete understanding o: cell-division.

There is, in a sense, a reciprocity of limitation whicnh one branch
of research imposes upon tasc ovner. The advances in chromosome morphology
are halted by the restrictions of sub-microscopic analysis and the latter,
in turn, could not have achieved their present degree of progress without
having obtained data rrom microscopic studies. Both these approaches are
limited by, and in turn limit, the progress made possible through chemical
studies of the nucleus which again is associated with and dependent upon a
physiological understanding of cell behaviour. \it tollows therefore that no
single technique ot investigation can aione provide the data necessary 1or
a complete resolution of mitosis. It is clear, too, tnat the studies
reported here were not intended as the sole materials for a theory of mitosis,

but rather as an aid in interpreting the mitotic mechanism.



RAVIEW OF THE LITERATURE

The literature available on the study of mitosis is large
indeed, and it would be far bevond the scope of this thesis to attempt
any comprehensive review. The morpnological investigations which are
by far the most complete, in so rar as any single phase of the problem
can be complete, will not be dealt with in this section, partly because
of the many reviews published on the subject (the best critical review
on chromosome morphology is to the writer's knowledge that written by
Huskins (1942); the most comprehensive one, that of Schrader (1944) )
and partly because a detailed account of such work would have little
direct bearing on tne research reported. What will be undertaken are &

brier summary of some of the data on the chemical aspects of division,

and as complete an account as possible of the rhysiology of mitosis.
Chemi sty

Several reviews have been published on the chemical constitution
of the nucleus (Shulman 19Y%%, Gulick 1941). Essentially, all the analytical
techniques (ulvra-violet absorption spectra, (Caspersson 1938); enzyme
digestion, (Mazia and Jaeger 1959); salt extractions, (Mirsky and Pollister
1944)) agree on the presence ot thymonucleic acid, or some close isomer,
along with a basic protein,chiefly histone, or in the case oi some Iish
sperm, protamine, in the chromatic portion oI the nucleus. Apart from the
data of Bensley and his co-workers (see Lazarow 1945) who claimed to have
isolatea Irom a 10% MaCl extract a cytoplasmic constituent called "plasmosin"
containing a desoxyribose nucleate, there is a further agreement among otiner
workers that thymo-nucleates are found exclusively in chromatic portions of

the nucleus. The nature of the protein substrate, though accepted generally



...5_

as a histone or protamine, has been challenged by Stedman and Stedman
(194%) who isolated what they considered tne chief protein component o
the chromosomes, #chromosomin". Unlike tne histones, this is an acid
protein, iso-electric point between three and five, the acid property
being due largely to the presence of glutamic acid. It diifers furthermore
in that it has a large tryptophane content in contrast with the nucleo-
proteins descrioed by Mirsky and Pollister (lvy4%), which have noae.
Stedman and Stedman (lY45), though agreeing on the presence oi histone in
the nuclei, consider it to constitute a less significant fraction of thnse
votal protein.

The conception of various locales of metabolic activity within
the cell has been put forward by several authors. Moyer (1y42) pointed
to the difterent pH regions of the cytoplasm as evidence for difrerent
local situations. Claude (1943) fractionating cell extracts by centri-
fugation, isolated granules ("“secretory granules®) which he demonstrated
to be capable or d-amino oxidase activity. Ile also isolated a smaller
particle which had about twice the lipoidal content of the first though
he had not found it to be associated with any speciric metabolic activity.
In all particles he detected the presence of ribose‘nucleic acid. Ballentine
(1940) found that by centrifuging Arbacia eggs into two halves he could
locate dehydrogenase activity in the granular portion of the cell. The
distribution of such respiratory activities in the cytoplasm is paralleled
by a pavtern of localized metabolic activities within the nucleus. The
distripution of the two nucleic acids, namely, desoxyribose and pentose
nucleic has been studied by several workers. Schultz (1941) pointed out
that the neterochromatic regions of the chromosome,which ne considered
nearly void of thymonucleate, divided more slowly than the euchromatic ones

which he believed contained a relatively large amount of the substance.
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Accordingly he speculated that the desoxyribose nucleic acids were respon-
sible for synthesis of tibrous protein within the chromosomes. Dufrenoy
(1943) reviewing the data of several investigators upheld the evidence ior
& higher content of desoxyribose nucleic acid in the euchromatic portions
ol the chromosomes. The type of enzymatic activity ascribed to the nucleic
acids by Schultz (1Y4l) has, to the writer!'s knowledge, not yet oeen con-
Iirmed by other workers.,

There is also an emphasis on certain chemical substances as activa-
tors or promoters of cell-division., The substances concerned fall mainly
into two categories; the SH compounds and the nucleic acids., Not tnat the
two groups are necessarily unrelated, even though contemporary hypotacses
have dealv exclusively with either one or the other. Maver and Voegtlin
(1955), tor example, showed that SH compounds such as glutatnione and
cysteine innibited action ot tumour nuclease, the nuclease being, oi course,
a hydrolyzer of nucleic acids. Similarly, Waldschmidt-Leitz et al (1953)
showed that though sulfhydryl compounds activatea enzymes such as cathepsin
and papain,they inhibited the hydrolysis of thymo-nucleic acid by phosPnatases.
The observation, however, that SH groups affect the growti process was made
prior to any studies on the behaviour of the nucleic acids. Hammett (1950)
suggested that the simple law of Mass Action was involved in growth, the
chemical reaction being from the reducea SH groups to the fully oxidized
forms. In an extensive series of experiments (e.g., see Hammett, L9rs)
he demonstrated a quantitative correlation between concentration of suli-
hydaryl groups and cellular proliteration. Voegtlin ana Chalkley (1955)
gxtending Hammett!s studies to include the respiratory activities or
aiviaing cells, examined the innibitory ertects of HoS and HCN and the

intluence ot CO on cell-division,and concluded tnat the metabolic

functions of mitosis were inaependent or respiration. It was Rapkine



...7...

(L9351, 1957, 1958) who integrated these 1indings along with his own into
a chemical theory of mitosis. l!issentially the theory (see Neednam 1953)
maintained that the original source or reaction was the =1 groups .hich
on being exposed by a uenaturation or the proteins lowered the oxidation-
reduction potential or the cell. This resulted in a partial anaerooiosis,
that is, a glycolysis which accumulated lactic acid, the lactic acid being
reduced in the course of division. The hypothesis ot SH action is not
accepted by all investigators. Morgulis and Green (193%2) eriticized
Hammet's work on regeneration as lacking in accuracy; so did 21lis (1Y3%5)
maintain tnat SH groups are not involved in cell-division. Heilbrunnt's
(LY57) rejection of Rapkine's theory seems unjustified since he does so
on tne basis ot evidence that mitosis is independent of respiration, an
argument which in no way contradicts the theory since it is precisely
what Rapkine demonstrated and emphasized.

Thne associatvion of desoxyribose nucleic acid with cell-uivision
was originally demonstrated by Caspersson (1938) in his ultra~vioilet absorp-
tion studies, and though he founa an increase in nucleic acid content be-
tore cell-division and a decrease following it, there has been little
evidence to support a more precise definition of relationship between
nucleic acid and chromosome reproduction (see criticism of Husxins, 1y42).
The possibility of increasing proliteration by means of nucleic acids has
been shown by Stern (1943) who promoted growth of chicken embryo tissue
®in vitro" by addition of these compounds. Histone, which is considered
as, in some ways, a ractor in the synthesis of nucleates (Dufrenoy, 1943%)
has been suggested by Stedman and Stedman (ly4») as a regulator of mitosis,
the protein acting by combining with nucleic acid to prevent the syntnesis

ot "chromosomin'.

A complete discription of the chemistry of mitosis is at present
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impossible. There is both a lack of data on thz constituents of cytoplasm
and nucleus as well as a lack or understanding of the mechanisms involved
in enzymatic behaviour. TFrom the genetic viewpoint, Wadaington (1939), in
considering the physico-chemical nature of the gene, maintained that genic
interaction was more than an interaction between protein side-chains ‘and
extended for much longer distances. That is really a more abstract way of
saying what Trefters (l944) demonstrated in his review of the immunological
behaviour or the proteins, namely, that the specifity oi such biological
reactions depends not only upon the parcviculas combination of active or
prosthetic group with protein substrate, but also upon the configuration of
the active group itself. Thus even a single change in steroid property of
the non-protein component, say reversing the order ot glycine and leucine,
is sufficient to inactivate the entire complex. Considering such intricacies
of chemical behaviour, it is easy to see that a complete understanding of
the chemistry of gene, chromosome, and cytoplasmic reproduction is oeyond

the reach oi contemporary knowledge.
Physiology

There have been several reviews of the physiology of cell-division.
Daleq (1928) dealt chiefly with membrane rormation, sol-gel transformations,
and to some extent, permeability; Wasserman (1929) reviewed cell growth
and proliteration in much greater detail; Gray (1Y31) emphasized tne
physical aspects of mitosis and cleavage; Heilbrunn (195(), though briefer,
was more critical and comprehensive in considering the various approaches
to cell-division; and Bujard (1941) discussed, both critically and compre-

nensively, the recent as well as earlier paysiological studies of mitosis.

(a) Hydration

Degree of hydration and changes in hydrational property have been
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considered by many worxers as an important factor in promoting nuclzar
division. Whether the emphasis is due to the ease with which morpnolozical
changes are effected by osmotic difrerences and various adsorbates or to

the obviousness ol nydraticnal changes is not clzar since both are inter-
related. There is nevertheless a vast amount ot literature dealing with

the topic of morpholosy as related to nydration; some of these are mentioncd
here. Lawson (lvil) consiaered osmotic forces responsible tfor ditf'tusion of
karyolymph irom nucleus to cytoplasm causing a contraction o1 tae nucleus and
an eventual breakdown ol the nuclear memorane. Sinke (1Y%y) produced many
reiractive cnanges in nuclei and chromosomes by treating tnem with salts

and acids in hyper- and nypotonic solutions. He interpreted all such ecizects
‘as duc uu hyaration or dehydration. _luwada and MNakamura (ly34+), observing

mitosis in living staminate nair cells of Tradescentia reilexa, concluded

that vital detectvion o1l spiralization and coiling or the chromonemata was
dependent upon the degree oi nydration. The disappearance of coilinz was
tnerefore due to chromonemava swelling during mitosis, tine swellel condicion

persisting until telopnase. Frelirer (Ly5%), studied Tradescantia celis

#in vivo!" by observing intra-cellular changes during division under constant
extra-cellular conditions. -e distinguisned various degrees oi protorlasmic
rerractivity auring mitosis, a sligat lowering of the refractive inudex be-
tore prophase, a zraded increase durinsg prophase, and a return to tne re-
rractive index of the resting stage berore or wita entry into telophase.
From these observations he concluded tnat a cycle ol hydrational cnange was
associated wita nuclear aivision. Pfeifrer (lysb), also made some accurate
msasurements of rstractive indices of mitotic and resting nuclei. From cae
results obtained he reasoned, rather vaguely, that such changes wers <us to

some transformacions in the physical structure of the cell.
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The evideance for association or sub-ricrosconic structural
changes wit. hydrational factors durinz nuclear division is supporica by
more direct work on mitosis. Wada (1Y35), 1or examyle, usinz rilcriar-ical
tecuruiques found tae spindle to ne of a fluid nature. e also observed
that tae spindle became increasingly visible uron dehydration of wns cell.
It is not clear, however, that the increased refractivity of the spindle
during division is due to an over-sll deaydration of tne cell., Gilzs (Ly5-),

studying microsporogenesis in Tradescantia, claimed that deaydration sup-

pressed spindle formation. "'he divergence, however, is more apparent than
real, The microspores were dehydrated by sealing off entire shoots and a
number of abnormalities resulted suggesting, therefore, that the absence

oI a spindle miznt have been due to any number of causes, .Lloreover, in
aetermining tae efrects o1 dehydration, the degree of deaydration must oe
taken into account otherwise there is no standard ol comparison. ilence,
wnile a limited removal or water may be involved in spindle rormation or
at least, in its visual identification, drastic removal ol water may equally
suppress it. Sigenaga (1937), in fact, had made similar observations on
the effects ot dehydration. He noted that with a sufficient degree of
dehydration there was not only a suppression of spindle and wall formation
(as corroborated by Giles) but also a failure of the chromosomes to uncoil,
thereby completely innibiting nitosis. Wada (19%b), in contrast, obtained
an unravelling or tne chromonemata by dehydrating the staminal hair cells

of Tradescantia reflexa in sealed chambers through wiich dried air was blown.

He produced the same effect by plasmolyzing tae cells, a shrinkage or the
chromosomes preceding the unravelling or the chromonemata. There have been,
in ract, various experimental technigues used 1o cause a despiralization of
the chromosomes by, presumably, the mechanism of hydration and dehydration

(Kuwada (1937), Kuwada, Sinke, and Nakazawa (1Y39)).



- 11 -

The large body or data on tae hydrational properties oI tue
nucleus has led to the formulation or theories associating the division
of the nucleus with the state or protoplasmic hydration. Belar (1y29)
and Mollendortf (1yY%7) both suggesuved taat denydration oif the interior of
the nucleus was a precondition of chromosome condensation. Kuwada (1v37)
claimed that the telopnase unravelling of chromosomes was due to the
hydration of the nucleus at that stage. Gustaffson (193Y) proposed an even
more generalized tineory for the interrelation of mitosis and meiosis. He
considered the mitotic nucleus to be hydrated in the resting stage and the
meiotic nucleus to be hydrated after prophase., He further speculated that
chromosome reproduction would not take place until a certain degree of
nuclear hydration had occurred.

The data accumulated by the many experiments on nuclear nydration
does point, as one would expect, to the importance of water, molecular and
micellar, in controlling many mitotic processes. The value, however, of
such data alone in explaining mitotic phenomena is questionable. There is
first of all a doubt as to the validity of some or the results. Becker
(1y58), in reviewing the more recent work on cell-division, questioned the
conclusions o:i Japanese workers on the swelling of chromosomes based on dark
t+ield illumination. He pointed out that cellular organs might appear equally
dark after contracting or swelling when viewed in a dark field. Also,
Strohmeyer (19%») claimed to have demonstrated the swelling ol chromosomes
during celli plasmolysis, a condition which Wada believed to promote dehydra-
tion and hence, contraction. There is, moreover, a ifundamental objection
to resolving mitosis in terms of degree ol nydration. It is true that in
arying intensities of dehydration anemalous cffects

sub jecting cells to v

are obtained. It would be very surprising indeed if that were not tne case

gince water is soO important and universal a constituent of protoplasm.,
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When, nowever, hydration is suggested as a mechanism of mitosis, it

Tollows that a causal relationship exists between tne degree oi anydration

and the morphological pattern of the cell at any given period in its

mitotic history. Such a condition is acceptable it considered simply as

an expression of tihe equilibrium existing between water, tree, chemically
bound, or adsorbed, aud vne substrate. It is douwotful as a aynamic mechanism
since 1T 1s much more likely that the moiecular changes involved in mitosis
(e.g., denaturation, proportions ot H-ion and OH-ion, concentrations of
soluble metabolites) are to a large extent responsible tor changes in
hyarational property. Hydrational di:iierences are likelier to be associative
than causal, and the data available is of greater use as an indication or
ultra-structural change than as the exclusive supject matter oi taeories of
division. The induction of various morphological patterns (e.g., despiralized
chromosomes, spindle abnormalities) by altering the degres oi celiular
hydration does point to the importance ol anydrational factors in the
equiliorium o1t cell activity, but the problem which arises out of the
accumulated evidence is the nature of the ractors themselves, that is,

inasmuch as thcy reveal any regularity or behaviour in the cycle of mitosis.

(b) Physical Properties

Tvidence 10r a cyecle of change in the oehaviour oi colloidally

active substances is indicated by the results of viscosity studies on
aiviaing cells. Heiiobrunn (1v57) snowed an over-all decrease in cytoplasmic
viscosity prior to prophase and an increase to telorhase, Similar results
were obtained by Fry and Parks (lys4#). Kostorr (1950) examining floral

puds of tobacco plants 1ound the lowest viscosity values at tne resting

staze and at metaphase. The criticism applicable to any such over-all

measurement ol viscosity as determined by the centrifuge has been discussed

by Searth (1927). Moreover, it would appear that mitosis involves, more taan
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otaer types o cellular activity, a high degree or localization in consis-
tency. Certainly chromosome, spindle, cytoplasmic matrix, and cortex, are

not all represented by a single curve of viscosity change. In Tact, a nwuoer
Of investigators have demonstrated and stressed the zonation of protoplasmic
structure (Scarth 1942; Chambers 1924, 1,5%) so that there is no satistactory
basis upon which to evaluate the above results. Their relevance too, in
resolving mitotic mechanisms is not very arparent.

Localized cnanges in the cytoplasm, rarticularly those involving
sol-gel transformations have been studied bv many invsstigators. Chambers
(1958) observed a sol-gel change at the equator of the echinoderm egz which
he attributed to an inwara tlow or.sub-cortical cytoplasm trom the poles to
the equator of the cell. Using micrurgical techniques he demonstrated tie
inhibiting efrects of upsetting this sol-gel change on cleavage oi the egg.
Schechtman (19%7) likewise believed that cleavage was due to a process
similar to pseudopod formation in which solated cytoplasm moved into a gel
rezion producing a constriction on gelation. Marsland (1959), extending
these studies, decreased the etfiriciency of division by simrly applying
nydrostatic pressure to dividing egg cells. He was able to show that such
treatment resulted in a liquifaction of the cortical gel region. That
ditterences in consistency exist not only within the cytoplasm but betwsen
the cellular organs as well has been shown by the techniques oI micro-
manipulation. Chambers and Sands (1925) in studying the pollen mother-

cells or Tradescanvis virginica tound the cytoplasm to be a jelly-like

mass thougn the chromosomes wers of greater viscosity. The spindle, now-
ever, was tound to be more liquid thaen the cytorlasm. Cheambers (1924) also

studied the structural properties of the nuclei oi Dissosteria spermagonial

cells. Among other things he showed that localized injury to the nucleus

caused a condensation oi the chromosomes as well as a contraction of the
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nucleus. Wada (1ly55) in microdissecting the chromosomes of Tradescantia

reflexa found tnat they would undergo a reversible coazulation, taeir
structure being visible only in the gel state. Bucke and Boche (Ly%8)
suggested the presence of a fluid substance within the chromosomes, Their
results were obtained by asphyxiating larvae and observing the exudation

of fluid from the chromosomes into the cytoplasm, an apparently reversible
process, tne fluid beinz reabsorbed when the chromosomes regained tacir
original volume., Searth (1¥27) snowed that even optically homogzeneous

nuclei possessed a coherent physical structure,

(¢) RElectrolytes

The intimate association of such diverse physical aggregates
suggests, apart from the many other factors, known and unknown, the effective-
ness o1 ions in maintaining the characteristic heterogeneity of the cell,

The importance oI salts and H-ion concentration in the solution or precip-
itation ot proteins and the changes in viscosity and hydration otf colloids
produced by treatment with ionic substances are well known. It is no wonder
then that the mitotic cell should show characteristic ionic properties as
well as a marked reactivity to the introduction of electrolytes. It is
probably the latter reason, more than any other, that has stirred so much
physiological study of ionic effects. Some of these studies are listed
here; to report all would be far too elaborate a task, so that as in the
previous sections there ;s presented & typical a cross-section as possible,
selective only to tne degree that it is relevant to the present treatment.
sakamura (1426) showed that the refractivity of chromosomss could
be increased or decreased by approrriate ad justments of the pH of the msdium,
Yamaha (1y%5) using Brom-Cresol Green as indicator determined the aiiierent

pH values or the cytorlasm and nucleus during the meiosis of pollien mother-

cells, Yamaha (1957) elso reported ditrerent electrophoretic properties

ror nucleus and cytoplasm; thus, while the introduction of an electric
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current caused tne cytoplasm to swell it caused the nucleus to contract
slightly and move towards tne anode. Churney and Klein (1y57) using a
cataphoretic cell round the nucleus electro-positive and the chromosouics
electro-negavive, tae induction of a current causing, as iu the observations
or Yamaha (1957), an 1ncieased reiractivity. Strohmeyer (195hH) decreased
the viscosily ol the karyoplasm by treatment with Ca(NOB)Q. He further
maintained that tne gel-sol transiormation caused by the salt was indicative
of death., The inrerence that the sol state of aggregation is necessarily
associated witn moribundity is, however, questionable since several invest-
igators (Champers 1925, Scarth 1927) have found many animal and plant
nuclei to be nignhly fluid. The importance ot the calcium ion has been
stressed by Heilbrunn (1vy%() who claimed that it is always released upon
cellular injury. llazia (ly37) emphasized the release ot calcium during
tertilization of Arbacia eggs, showing that bouna calcium decreased by

1~»% thougn the total calcium remained constant. He speculated that the
change in bound calcium might be due to 2 change in the protein and incident-
ally suggested taat tae release o1 calcium ions was responsible tor an
inerease in cytoplasmic viscosity. Sorokin and Somner (1940) investigated

the ertects of calcium deficiency on roots oi Fisum sativum. They .ound

tnat mitoses were generally disturbed, cells rorming with polyploid or

constricted nuclei. Increases in the amount of calcium fed to the plants

decreased tne degree or injury. Churney (1940) studied osmotic and saltv

eifects on mitotic elongation. Ie showed that magnesium and potassium

increased elongatvion wnile calcium inhibited it. On tne other hand, he found

that calcium was essential for rurrow tormation in egg cleavage. Bancuer

(17jé) in treatinz nuclei with salts, concluded that tne physical sctructures
, 3

of the nucieus was artected by tne electrolytic prorerties o1 the salt racher

than the osmotic ones. Te also found that the treatment caused a zelacion
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of the nucleoplasm which became rluid only arter continued micro-manirulation.
He reasoned as dia Sctrohmeyer (1955) taat tane nucleus was normally a =el
and not a scl. Sigenaga (1940) used salts such as aCl and KﬂOB to troduce
an unravelling of chromonema spirals. Xuwada, Sainke, and Oura (lyY3%)
obtained the same result with alkaline solutions.

The biological efiects of ions is apparent not only morpaologzically,
but also in the caemical behaviour oi the cell. McDonald and Kuntz (L941)
for example, showed nhow efrective calcium and other ions are in tae iormation
oif an enzyme such as trypsin. Similarly, the resqlts of Burk (lvy4,) demon-
strate the inrluence of various ions in promoting or inhibiting protein
denaturation. Tnat such dual effects of electrolytes can be demonstrated

: '

empnasizes one ot the previous criticisms, namely tinat the property of

hydration, or,for that matter, viscosity, cannot be satistactorily accepted

as an adequate cause of mitosis.

(d) Pnysiological Cycles

The description of mitosis in terms ot a morphological cycle
naturally leads to & search for its physiological counterpart. It 1is .rom
this viewpoint tnat our knowledge of its nature, as has vpeen suggssted
earlier, is most igadequate. The data reported in the preceding paragrar.s
chierly concern morphological changes produced either by application oT
various substances directly to the living cell or by subjecting tane plant
to dirferent temperacure and hygroscopic conditions. As contributions to 2

knowledge of protoplasmic structure they are, o. course, airectly rcigvant
and important. The bearing oi such auata in tormulating a panysiolozical cycle
of mitosis is, however, less apparent. Oif the three paramount paysiolozical
properties of the cell, structural consistency, osmotic pressure, and

membrane permeability, only the first has been resolved to any degree., Ihe
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remainder of the data would; if integration were attempted, rorm a network
SO tenuous as to be of doubtful value. And it is precisely that integravion
of dirrerences in physiological property into a systematic and consistent
cycle of change that is necessary. The cyclical pattern followed in the
cell's morrnology must have its counterpart in the sphere of physiology, the
alternative is, to repeat, "an azent immaterial. This alternative is
unnecessary. To the extent that any attempts are made or have been mads
in revealing the physiological dynamics of the cel., they constitute a very
important basis for turther studies. For while Strassburger provided an
adequate description of the chromosomes as early as 1875, and thus laid a
pattern wnich subsequent morphological research had merely to broaden by
increased and more refined observation, the physiology of cellular division
lacks such a pattern even to-day. There is fortunately some iniormation
suggestive ot such a cyclical pattern. Because of the direct bearing of
the data on the sexperiments performed, they will be treated in conjunction
with the experimental observations, rather than with the more general review,
The manner of reporting tﬁe literature has in a way anticipated
the results of the present investigation. As suca, there are both intentional
and unintentional omissions, though in the writer's opinion, their insertion
would in no way alter the gemeral picture or the problem. As comprehensive
a treatment of mitosis as that of Schrader  (1Y44) concludes "Not any one
0oi the many hypotheses broached has in it the definite promise of a Iinal
solution « « o it is almost impossible to atiect a given structurs or pro-
cess of the mitotic mechanism, be it by operation or pnysico-chemical means,
without simultaneously affecting several others'. There have been, ior
example, omissions in reporting some micrurgical studies of the nucleus
(Sands 1925, Duryee ly3o, Cohen 1937, narris 1939) and ocuer physioclosical

experiments (Lillie, 1931, 19354, Becker 1955, rzolitzer 1Ys+, Schrader - 1y,
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Sinnot and Bloch 1940, Brumfield 1942), Yet, in absence of any deiinite
frame of reference it is difficult to discriminate between the relevant
and irrelevant, for what arr€ars ay present to be of oniy distant relavion-
ship to the physiology of mitosis, may be or extreme importance for its
analysis in the future. References to the literature have, therefore, not
been grouped according to any graded scale of importance apart 1rom those
results suggestive oi puysiological cyclz. The merits, oif course, in
stressing pnysiolozical cycle will be determined by future researcn.

It follows that tne ressarch to be reported nas been limited to
searcning for tas iramework ot & physiolozical cycle, tnat is, inasnmuch
as so dirfuse an objective can be said to impose a limitation. But it is
precisely the very nature of the problem, its lack of detinition, tast has
mads the worx exploratory and in a sense, both crude and elementary. 3till,
that is no drawback in light of the main objective. If the outlines of
some methodical behaviour can be revealed, then what tollows is simply the
task ot correcting, refining, and igcreasing the amount of data on the
subject until a clearer resolution is possible. That is. the best formulation
of the scope and nature of this investigation. For the sake of acaieving
some outline, albeit dim, of physiological changestmuch has been overlooked
or consciously sacrificed in the way of refinement of technique. It is

hoped that future worg will serve both to correct and amplify.
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MATERTALS AND METHCDS

The experiments described in this paper are bassd cuiefly on

the pollen mother-cells of Trillium ersctum (L). The long meiotic period

oi these cells and their large size make them very suitable for micrurgical
investigation. Puysiological caanges, which, occurring in rapid succession,
are diriicult to detect in the mitosis of most vegetative cells or in the
meiosis ot many spermagonial cells because of their short duration, are

more readily observed in the relatively long meiotic phases of the pollen
mother-cells of Trillium. Though this advantage is limited by the netsro-
geneity of stages wnich is present in a single anther during ths later

phases of division, it has peen possible to discover a cycle of paysiological
changes associated with meiosis.,

Flants oi Trillium erectum were collected in tane early 1rall of

each year in the vicinity ot the Island of lontreal. Taey were planted in

flats containing an ordinary soil mixture and stored in a refrigerator at

A}

2 c. Single corms were transferred periodically to small crocks so that
they could be removed ror examination. No plant was exposed to room
temperature for more than eight hours at a time; in most cases the period
was considerablv less. To check the possibility of temperature eirects,
however, several experiments were repeated at the end or the day.

Four properties of the pollen motaer-cells were studied: tae

physical structure o: the cells, their plasmolytic beaaviour in diirerent

concentrations of sucrose, the stability ol their cytoplasm and nucleus,

and the changes occurring in their plasma-membrane. Physical structure

was deterained chiefly by microdissection. The other propertiss were

observed by immersing the cells in solutions of sucrose, which is taie most

suitable physiological medium. Isotonic concentrations of salts, either

as nure solutions or as palanced ones, are not satisfactory because tiney
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cause intracellular changes which are mainly of an irreversible nature.
miiects of ions, where such were investigated, were determined by adding
the desired concentration to a sucrose solution.

Buds were opened by a single longitudinal slit and a glass vial
was inverted over each bud to prevent desiccation. Cne half antaer was
removed at a time and cut into taree or four pieces each of which was
floated in a small preparstion dish containing the sucrose soluvion. .ien
cells were required ror microdissection the contents oi the anther iragment
were squeezed into a drop ot paraftfin oil mounted on a cover-slip. The
mixture ot solution and anthral sap is dispersed in the oil as little
droplets, the oii preventing both evaporation of tane soiuticn and abrupt
movements oi the pme such as occur when microdissection of pmc’s is attempted
in pure sucrose solutions., Ilasmolytic tests were made in moist caanber
slides. The chamber consisted oi a ring, 25 mm. in diameter and b mm. asehd,
iastensd to a microscopic slide by DeKhotinsky cement. A cover-slip sus;end-
ing a drop ot solution was sealed to the ring with petroleum jelly and a
litsle orf the solution was placed at the bottom or the chamber to rzduce
evaporation trom tne hanginjg droplet. To test for exosmosis of solutes
some preparations were perfused before being sealed into a moist ciamber,
This was cone by placins the cover-slip on & microscoric sliaée and drawing
a steady stream of solution past the cells. Tas technique, however, was
only applicable to carly mrorp:asse when the pme's are embedded in a gel
matrix and are not draim Off with the current of solution; in later stages
the anther ilragment was lumersed in a large volume of solution Ior a ziven
weriod of time so as to permit an outward diffusion of solute and then
sealed into the moist-chamber slide.

several precautions were observea in the tecaniques employed.

To avoid injury, extremely tine needles were used in microdissection.
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Needle shaits of diameters greaster than 1 1/ microns were discarded.,
Those needles waich taypered abruptly into short bHut very fine sas:ts were
most satisfactory as‘they possessed a rigidity necessavy for easy manipu-
lation. To remove traces ot salts and other impurities cover-slips and
slides were rinsca in boiling distilled water and dried between layvers of
clean filter paper. All stock solusions were sﬁerilized in the autoclave
and their containers were attached to sterile burettes. Cover-slips and
moist-chambers were made as aseptic as possible to avoid fungal or bacterial
growth in prolonzed experiments, It was found impracticable, nowever, to
work under completely aseptic conditions, so that in most cases bacterial
growth appeared in the moist crambers after 48 hours.

lieiotic stazes wers detemnined by Tixinz the preparations at the
end of each experimsnt and then staininz with aceto-carmine. In many
instances, however, degeneration was so great that this procedure was of
little value. IFixation or an untreated anther Iragment was satisfactory
in prophase stazzs, but of little value in later stages becaus:c of the
variability in different portions of a single anther. In order to simplify
the sxrression for degree ol mitotic development a method of calculation
has been employed basca on the assignment or numerical values to the
diirerent morphological stages. The magnitude of the values is a function
of the time inverval of a particular stage since it 1s assumed thav with
all other conditions constant meiosis is a function oI time. The computacion
of stages is, however, oI secondary importance to the results reportad,

and a detailed aescription or tne wethod has been deferred to Ap.endix I.
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LA SN0 AL RESULDS

I. Structure: Aprcaraice ang Consistency

In view of the relation between the appearance of tae pnc
and tie nature or its external medium, it has been necessary, in order
TO racilitate the investiration of other phaysiological properties, to
aetermine: (1)} the normal appesrauce of pme's;  (2) the type of medium
promoting such normality; and (3) the physical pattern corresponding
to a given optical pattern of the cell. {nile much work has oeen done
on the structural properties of dividing cells (.Jilson (192H), Caramvers
(1y24), Wada (1,55}), it will be seen that the maintenance or normal
pnysiological environment is of extreme importance in micrurgical studies
of Trillium pmec's, a condition not emphasized by other investizators.

The résolution of physical structure has an additional advantage
by way of physiolongical studies. The determination of normal gaysical
texture and its corresponding optical pattern makes it possible to use the
appearance oI the cells as an index of internal physico-chemical cianzs.
Czmans3s in appeerance may serve as an assay ror the activity of foreign
substances or, ziven a constant environment, as a sensitive indicator o1
intra~cellular cnange. In anticipation of subseguent investizations,
much of the study reported here deals with the relation between mediun

and physical texture, and between physical texture and appearance.

Appearance

T 3 1 1 1 Y b Lad
T:cts suspended in a sucrose solution may be optically homo

s

’

geneous or heterogeneous, completely zranular, or irreversibly coagulated.
Tne particular morphological pattern depends upon the concentration of
sucrose, the stage of meiosis, and, i other factors are included, the

pd or the medium as well as the presence or absence of dilute concsatra-
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tions oI ions. Rerrecentative iorms of tne Cells are saovn in Piste I,
Figs. 1, 2, 5, %, B, and for simplicity of referernce they are classiried
as A, B, C, ana D.

Type A, which is optically homogsensous except Ior a narrow
granular periraeral zone, and type 3B, in which both nucleus and cvtoplasm
are reiractive, are the uninjured or completely viable forms. Taeir
existence as such in the anther is strongly indicated by suspending a
portion of its cont:rts in a. oil drop witain which the rme's rzsanain
surrounded by their own antaral sap. Under such conditions only tyuss
A snd 3 are seen,

Tvye C is 2 highly granular cell. It has been obser7ea only
in late propnase to metaphase and is probably related to certain piCuasiar
properties ot the cytorlasm at one or all or tnese stages. Though the
granules aprszar like swollen chromonemata when viewed through the micro-
scope, tasy are not actually so, as can be shown by‘staining c1e cells
with aceto-caraine. Finally, type D is an irreversibly coagulacceu type,
waich often sarinks on coazulation so tnat it arnpears lixe a plusnclyzed
cell. 3Suach cells do not deplasmolyze however, and are clearly moribund
forms. The gradations, in fact, betveen tyres B and D are numerous, out

t-eir relation to viability will be discussed in a later section.

Av-earence vs. sxternal ..edium:

At a pervicular stage of meiosis the appearance of tas puc
depends upon the concentration oI sucrose in the medium. In toe earlier
~hases of division tne relation between solute concentration and orcical
pattern is fairly well derined. In pre-lcptotene cells, ior example,
type A cells are rarsly tound in solutions below 0.5, thus suggesting a

eritical concentration ror the production of a type A pattern. The vilue
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drops during the prophase stages and type A cells are taen found evan
in O0.2M solutions, though oiten not for any exvended period of tine.
(Irziersion in such concentrations may be accomanied by dezeneraticn)

at diakenesis and metapasse the relation between appearance and mediunm

is complicatsa by major rhysiological cihanges which will be discussed
later. An increased refractivity is apparent at relatively hizh sucrose
concentrations, and in some, though not all metaphase cells, mesaia of
0.2l or less produce tyre A patterns. (Thz dual behaviour of metayiese
cells will be treaved more thoroughly in succeeding sections.)

The navare or the rslation vet.een solute concentration and
appearance is of particular intersst anere. Contrary to the usual pe-
haviour of ;lant cells, (se= Sainke 1Y,v) there is no increase in call
refractivity wita incressed concentration of iisdiwn. Though normeally,
hypertonic solutions in producing a plasmolysis cezuse an increase in
rerractive iniex by rsrtial dehydration of the protorlasm, pme'!s irnuierssa
in suecn solutions show neither plasmolysis nor nigh index of reiraction.
Fre-lcptotene cells retain tneir ty- e A pattern evsu in £.,0.. sucrns:
concentration. Dilution or tne medium is parallelea LY a dscrzase racaesr
tnan an increfes in rerracuivity. Taus, ocyres A and 2 may be roversioly
interchanged at tuis stage by lowerinz thne sucrose concentration to
obtain 2 and raisin- it to obtain A. Taie gradual acdaivion of distilled
water to a susrension of imc'!s causes an increase in cell rafractivity
and ultimately, upon sufficient dilution, a coagutation oi tias protoriasts.

—ie criticel baLauce of factors associatea wits thne optical
retractivity or c¢3lls is illustrated by a tew slide experiments wita

pmets of Tralescantia rerlexa., lnen CaClyp is present in a 0.2 sucrocs

susrension oi pric's tne nomogensous interior becomes refractive ana toe
& -

chromatin strahds are visible. Only a very low concentration is
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necessary to produce this change, and, tioourh it is diziicult to
determine toe precise minimum concentration, two limits zre set cetascen
wnich the minimum probably lics. 3clow is listed the thrssnola veluss

for various cations.

lon Lolarity Ion pjolarity

Ba SO0H = ,0025 La .000062 - .0000%
Sr 00125 - 0002 Al .0000H = .0u002H
Ca soou2h - ,000125

The reactions are reversible t.uour tne conditions governing
the reversibility are not clearly defined. [:us often, the CaCl2 effect
is reversed wita time vrarticularly it the salt is present in low con-
centrations, and cells wiich have been rsrractive become homozensous
once more. ~CIS also causss reversals, the reaction proceeding best
in the presence of an alkalil putfer. Extruded prophase nuclei demon-
strate the paenotenon clearly. Tns 1ueclei are refractive in the
rresence of .0002: CaCly. Addition of ZC7S and alkali cause a reversal
to the homogencous state which is similar morphologically to tne nuclei
describea by Chamvers and Black (19Y4l) as MWriantom nucleiv. 7ae pre-
cordition oTf plasmolysis claimed by these authors does not apply to the
pmc. Since they Jere dealing with vegetative cells it is prooable, as
nat the deplasmolysis increased the permsability

they themselves suggest, t©

of the cells. The pfoPerty of low permeability is not present in umets,

and so the membrane oftfers no barrier to the renetration or ions. ‘nese

results are again in agreement wita the evicence of Scarth (1927), taat

the refractivity of the nucleus could be changed reversibly by altering

such factors as the pl of the medium.
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Appearance vs. Stage of lLeiosis:

It is possible to trace tne changes in optical property
during meiosis by comparing the appearance of tme's at aiilerent stages
in similer sucrose meaia. The type A pattern found in pre-leptotenec
cells suggests a comparatively low refractive index. The drop in the
critical sucrose concentration necessary to produce type A during early
rrophase indicates, though not too clearly, a lowering of the reiractive
iucex durinz ttis pnasc of division. The change 1rom optical aomogeneity
to heterozeneity at diakenesis and metaphase points to an aporsciable
increase in inasx of rerractvion. The relatively high value does nov
persist throush the remainder or division since the tetraa stazs is
cnaracterized by low refractivity at nigher sucrose concentrations.
The changes in optical property during meiosis may also oe stated in
terms of cell type. The prophase is generally characterized by type A.
In the course of division this homogeneous pattern is replaced by tyne B
which is most pronounced at metaphase. Subsequently, there is a reversion
to the A pattern. It is probable, however, that the above descriptions
represent only the average trend, for experimental evidence indicated
the possibility of an oscillating rather than of a steady change in
values. It is interesting to note tnat tine inrerred cycle ol caangss
in reiractive index corresponds closely to tne results of Irteiffer (19sb),

who made quantitacive detsmiinations of the phenomenon in mitotic cells.

consistency (micrurgical exots. )

It is clear irom the above taet the type of physical strucvure

which may be revealed by microdissection will derend partly on the

medium in which the pmec's are suspended. Actually, the existencs of

sol or goi, and the localization ol the dirferent physicel agzrc:ates



- 27 -

within the cell are determined to a large degres by the concentration

of sucrose in which the cells are manipulatza. Conclusions reached oA

the physical structure o1 the pme without regard to the dissection meaium
are raulty. 'Jnv so sensitive a relationship shoulud exist betwesn the
cell interior and the environment will be better understood from tae
later consideration of other physiolozical rroperties. The results
obtained at dirferent stages ol meiosis are as tollows:

The Fre-Leptotene Cell: Tne pre-leptotene pme is structurally
ditrerentiated into three zones corresponding to its ortical diirerentiation.
In the A type cell, whic. is present in suspensions of 0O.oll and 1.0k
sucrose, micromanirulation is essy, the only barrier to penetration ot Tic
nesulz: being the elastic jelly-like cell-wall. .aea a asedle is rressed
against it, taec wall dents at the point of contact but recovers its
original shape 1miedistely uron penetration of the needle, tne cytoplasm
oitrering no resistance to tne movement or vhe shait. The iiquid character
of tihe homozeusouus 1nterior is clearly demonstratea DY Tuc €dse with
whalcn a needle is moved about without causing any visipie uisvursance
in the aajacent parts of the cell. The Tluidiiy 1s oy no means a ue-
generative eifect oi continued maniiulation as found by Chamoers and

Sands (192>) in taeir microdissection of Tradsscantia pme's, tue sol-

lixe aggregation is cvidént at tie moment oI penetration and is the
* o0

same in any nuwiber of cells. Gel texture is aprarent only in degenerate

preparations, Wil€re coagulation of cytoplasm ihas occurrsd.

The internal zone of protoplasm is, OI coOursec, Lae uuciedr

zone ItS coierence aespite 1Us ttuidiivy is demonstrated by rupturing

the cellular membrane and wall. "hile the outer regions oi the cell are

dispersed in the medium the internal zone remains a coherent mass wiich

flows out through the rupture and rounds up, taough not to complete



- 28 -

sphericity, in the surrounding solution. ifien stretcheq by two aicro-
nsedles 1t snows no ricid elastic properties but resumes its orizinal
shape slowly behavinz as thoush it were a fluid enclosed in some
viscous membrane. Of all the zones it is least affected in its physical
consistency by caanges in sucrose concentration, and in all type a
cells studied its benaviour was more nearly the seme even though sucrose
concentrations difrered,

The wnole cell, however, is not eatirely of a fluid consistency.
There is an outer gel layer of variable thickness which boraers on the
periphery of the narrow granular region. Its presence c»n be demonstrated
by various methods. Ir a needle which has penetrated tie cell is pushed
across it, the tip contacts the inner margin of the gel layer and st.iauds
may be drawn rrom it into the interior of the cell (see Fig., 1). The
strands are very thin, because of the diameter or the needle shatt,
and the presesnce of granules can be detected only at taelr very base.
Tane zel-like strands of cytoplasm are distinctly elastic and snap back
completely on detachins themselves from the micro-needle. Tne prasence
of an outer gel zone may also be demonstrated by pincﬁing a cell with
two blunter needles so that the opposite walls are almost in contzct.
In presence ol an entirely fluid cytoplasm one would expect a complete
flow ot protoplasm out of the pinched region. On examination of the
1isthmus" however, & thin layer of granular cytorlasm is seen between

the walls, thus suggesting a zel-layer. Thysically, this region is

very responsive to changes in sucrose concentration SO that upon

jmmersing pre-leptotene cells in 0.2 sucrose, the diameter of the zone

jnereases as judgea by the distance from whica it is possible to draw

out strands into tis cell 1nterior. The increasing gelirication of tne
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outer region of tne pre-leptotene pmc is, in fact, paralleled by tae

increasing lethalisy of diluter solutions,

Fiz. 1. Llicrodissection of pmec of Trillium
in sucrose solution.

l: demonstrstion ot perinheral gel zone
in pre-~leptotene pme, the fluid
interior may also be inferred,

2: the 1luiaity oi the outer granular
zone shown by rurture ot the membrane.

The greanular region is not entirely cel. ‘[hough its true
condition has been difficult to determine, it is clear that it often
behaves as a rluid. Thus, upon tearing of the cellular memorane, tne
zranular cytoplasm invariably flows out and disperses in the .iedium,
leaving no ssmolance of any structure. Often, upron injurin: tuae cell
at a singie point, currents of granular cytoplasm I'lovw Iron various
directions across the cell tanrough taé narrow rurture disyersiaz in
tne medium as soon as they reach it. It is siguiricant to poinc out
tra. in all observed cases Ol Culluldar injury where any disintezration

did take place (see Flate I, Fig. b), the nuclei remained coherent

while tne cytoplasm dispersed in the solution.
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The Late Irornase or Leiosis (Leptotene to Diskenesis):

At this stage even if the cells are immersed in 0,9 sucrose soluvion,
there 1s a marxkedly lower Viscosity oi the cytoplasm than in the pre-
vious stage. Apart rrom microdissection, the Lower consistency is
iraicated by cne raridity of Brownian moverent in the cortical region.
“hers is oftzn no cell-wall and vne cell behaves as a uaxed protoplast.
It is riuch more susceptible to mec-anical injury tnan in vae pre-
lepvotene staze, tie sli-ntest rupture in the cell membrais causin: a
complete dispersal or the contsnts of the outer cytorlasmic zones.

In many instances only t-.e¢ nucieus remains. This Tluid property or
the cytoplasm is significant in the anomalous behaviour of some pme
preparations at this stage, perticularly in cellular fusions, a
phenomenon waich will be discussea later in relation to membrane
proprerties of the meiotic cell.

Tne micromanipulation of the nucleus, now lzrze amna reiracoive,
1$ even more ianstructive structural.iv. The operation is difficult
because it is hara to manipulate a needle witnin such a nuclsus vitaout
causing eivier a contraction and subsequent gelation ot the nucleus or
a disappearance ot tne chromatid straunds so that the structural
difrerentiation is no longer visible. If, however, a very rins needle
(it must have a very fine shatt of fairly constant diameter or mechanical
injuries cause ciraences instantaneously) is manipulated into the nucleus,
the Tluid character of the nucleus is apparent. lovements or the ne=dale
cause displacements only of the adjacent chromonemata, tae local ais-
turbance demonstrating clearly the low consistency of the organ. 3Sczrth
(1927), showsd tnab optical nomogeneity and fluid consistency was no
indication ot a lack of structural identity in the resting nuclei of

plant cells. The ideatitication of a fluid consistency combined with
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an optically dirrerentiated structure is a reciprocal demonstration of
that same phenomenon. The sol-like character is also demonstrasie in
non-reiractive nuclei wiose outlines are discernible unlike the cor-
rletely non-refractive ones in the type A cell. The operation is aided
by the prese.ce of a refractive nucleolus. Lanipulation of a needls
within the nucleus produces no corresponding aisplacement of the
nucleolus unless tans nesdle is brouzht up close to it. 3uch conaitions
Oor movement are possible, or course, only in the presence of both a
structural Irame-work and a low consistency. It is suggested here taat
th2 structure visible in the type B cell persists in the non-refractive
types as well. lioreover, it confirms a point or view previously exrressed
that tne cnan<ces in visible structural patiern ol the cell are not
necessarily related to osmosis and gelation. Thaiu tne rerractivity does
increase with more drastic physical change such as gelation has already
peen indicateu. 1lore evidence is providea by rerfractive though con-
tracoea nuclei wanicn have a gel-like consistency; movement oI an
inserted neeule here results in a movement of the entire nucleus about tne
cell.

i.etaphase and anaphase: The fluidity of the cytoplasm is
similsr to tanat of the previous stages though the existence of a more
cohercnt internal structure 1is evident., Abrupt movements of the micro-
needale cause corresponding movements ot the chromosomes, thougn it is
possible with careful manipulation to make small movements in the cyto-
plasm without afrecting their position. Liicro-dissection of the chromo-
omes was not attempted because o1 the difriculties involved in the

]

operation. Refractive chromosomes tend to gelate completely so tuat

careful analysis of their structure becomes impossible, while oiten,

where such coagulation does not take place, manipulation promotes a

fusion.
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Discussion

The structural diversity of the living cell points, more
clearly than any otner single tactor or cell behaviour, to the imvortance
of ion ana solute molecule in maintaining the caharacteristic hetero-
geneity of cell protorlasm. Furthermore, the tact that intra-cellular
reactions rust rroduce an unequal distribution of metabolie products
and thereby cause a selsctive and localized concentration ot caeni cally
and colloidally active substances within the protoplasm suggests,
with equal empnasis, the interdependence of the various cell organs in
preservinz their structure. In view of the importance of such extra-
and intra-cellular conditions in afiecting tae structural pattern of tae
living cell, it follows that the determination of physical texture by
means of micromanipulation requires not only a control of the immersion
medium, but equally, an investigation of individual organs within tae
intact cell rataer tnan as freely suspended aggregatses in an artificial
environnent,

Tie dezree to which the nature of the external medium ariects
tne internal character of the cell depends, of course, both on its

permeability and on its intrinsic degree or stapnility. Spirogyra, tor

example, may pbe exposed to tap water for several nours without causing
any detectable deterioration in its structure. Follen mctiher-cells or
Trillium, on the other hand, when subjected to similar conditions,
degenerate and coagulate instantaneously. Even dilute concentrations
of sucrose, producing morphological types characterized as intermediate
between "BW and 'DU, cause an increased gelatior oi the cytoplasm,

In ract, all forms described in the preceding section vary to a zreater

or lesser degree in their thysical texture according to tihe sucrose
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concentration o1 the medium. “anether tais conaition alone accounts

ror Chambers and saunis (1y25) finding tne cytoplasm of Trasescancia

' . s . . .
pmc's to be a jerly-like mess is not clear, since only !rillium jpnc's

were examined and possibly, tne viscosity of Tradescantia pmc's is

normally greater than that of rillium. The results Buck (1y42)
obtained on tae zl=sticity of tne salivary gland chromosomes of

Chironomus are, however, open t0 mucn criticism since he tresced them

with 25 Osuic acid 1or l¢ - 24 hours at 5° C (he himself sugzssts taat
tag chromosonss are not normal). Similarly, Jada's (1Y53) stretcaing
01 meiotic chromosomes in a solution of sucrose and (Ll is 1zr from
being a reliable indicator oi chromosome texture. !.etaphase chromoso.ilus

of Trillium pme's, made optically retrractive by the addition of some

salt to a sucrose solution, fuse easily when menipulated withia the
intact cell. In tact, by staining wita Brilliant Cresyl Blue the
partiel rusions are reacily seen. Chromosomes, however, waich are Jitn-

rawn irom the cell gelate with time and retain their morrhological
identity exhioitine properties similar to taose descrived by Wada (lyo.).
The inference is oovious. Any deductions mede concerning tiae paysical
properties oi protoplesm as revealed by microdissection in mecnanically
injured cells, or even in partially injurious media, require serious
scrutiny since such conditions generally promote cnanges iua properiy
markealy ditierent from tn&t ol the normal cell.

The effect of ursetting tne intra-cellular equilibriun is
jllustraced by puncturing the prophase nucleus witn a micro-needle.
Unless periormed delicately, as described in tane experimental section,
there is an immediate contraction of tie organ accompanied by a rapid

seletion. Jnetuer tois phenomenon is due to a sudden collarpse of

structure resulting from mechanical asitation, a benaviour obsersed in
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some uni-cellular organisms (Seifriz 1y42), or to the rupture oi a
semi-permeable membrane is not as svident, thouzh :he difrerence in
colloidal and solubility properties between tne two zones is readily
interred. The production of a clear hyaline area upon contraction of
the nucleus indicates, at least, the presence of a mobiile fluid com-
ponent whicn is released on injurinz the brgan. It is not necsssary,
however, to injure the membrane mechanically in order to produce this
paenomenon; injurious solutions of salts and sugars behave in similar
tashion. (Fiz. 25). It would appear that the unequal accumulation of
cellular substanccs, as revealed by tne chanzing volume oif the nucleus,
depend either partially or completely on the presence ol a selectively
permeable nuclear membrane and/or a differential swelling power of tae
nuclear proteins. The rapid shrinking of tae nucleus on sliznt mechanical
rupture of the membrane suggests the former as the more likely 1actor.
So too does tae rapid outflow of cytoplasm on injury of the plasma
membranz, indicating as 1t were, some internal pressure witnin the cell.
S1ch pressure may well be due to an osmotic gradient between nucleus
and cytoriasm resulting irom the aiiterential permeability of tae
nuclear memprane and the unequal distribution or sorupble products.

The dirterence in piaysical prorerty between nucleus and
o be related to the xinetics of division. .ile it

cytoplasm may als

is clear théL contraction of the chromosomes would hardly be possible

in a gelated nucleus such as is produced on injurying the nuclear

membrane, the structural effects of chromosome condensation are equally
’

T T iy is disentangling themselves from tae
relevant. Ta2 €Arom0SOme strands disentangling

matrical rramework in the course of contraction, would, by decrsasing

the invricacy of mi-~llar association, decrease its consistency. The

matrix, now being statistically ot a different chemical constitution,
’
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may well show a panysical nomogenelty with the ceytoplasm especially

upon dissolution of the nuclear membrane

L ailc,

i
|
(a) (b)
Fig. 2 La\ Pme orf Trillium in .HM sucrose One of the nuclei he
g . / L i 11 «Dil o€ . I1€ I Tide nuciel Nas

contracted and the clear hyaline area is readily seen.

(b) DNuclear fragment in sucrose solution. One nucleus may
breaX up into many such Iragments.

The difrerence in pnysico-chemical property on either sias
oI the nuclear membrane is apparent on examining reactions to the immersion
medium. Though both regions are of 1rluid consistency, the nucleus and
cytoplasm show dif'ferent degrees oI solubility and dispersability.
Cytoplasn disperses completely when in contact with a sucrose solution.
The nucleus, on the other hand, shows no such tendency even when it
disintegrates into a number of fragments, lor even these Iragments
retain their identity (Fig. 2b).

Not only the solubility, but also the sensitivity oi the

respective components to the colloidal activity o1 the ions is significant.

In Tradescantia puc'!s, very dilute concentration ol ions is sufficient

to effect a reiractive change in the nucleus without visibly altering

any other characuier of the cell. Why suca selective adsorbabilities



should exist is of course to be explained by tae chemical or coliuidai
propervies of the cell. Waere a ailierence in lonizavion of protein
exists between cytoplasm and nucleus, it is teasible that an unsquadl
distribution of mobile ions shoutu result. Ir Th is any indication or
such differences then the measurement o. Cnampers and Poliack (lyz{()
showing the aucleus ¢o os more alkaline than tone cytoplasm 1is iurther
evidence oI tne situaticui. S0 too are the ailrerent SoLubilicics
demonstratzd in vhe rfactionation OI celiular proveins (L.iirsky and
Pollister 1y45; Lazarow, 1943).

Ir, the structural character of tne living celi is to a larze
degree dependent_upon the maintenance of a gradient o1 solute concen-
tration, it follows that the micrurgical investization oi organs removed
Trrom the c¢21ll is not indicative of a normal condition. This consideration
aprlies particularly to the manipulation of chromosomes removed rrom thae
cell., lioreover, the condensation oI metapnase chromosomes involves more
than a contraction of elongated polypeptide chains since the presencs of
sucn bodies indicates, at least, a newly formed interiace between chromo-
some and substrate. The fusion of chromosomes in micromanipulation is
evidence of the activity of the surtace layer and it is prooable that
the intervening cytoplasmic matrix is responsible for maintaininz tus
identity of these bodies. Frobably the synapses observed in meiosis are
products of such surrace fusions.

The pavsical ditrferentiation oI the polien mot:er-c:zll re-
sembles closely the pattern of protoplasmic dirferenti=ztion describzd
by Scarth (1942), apart from the absance or a vacuole. Tie point of
departure, however, in assessing the physical properties oi the non-
aividing and tae mitotic cell lies in the releative stability of =sca.

“Thereas the structural nattern oOf the non-dividing cell remains relatively
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constant, that ol tn® pme is in continual flux. Changes in consistency,
sol-gel transrormations, condensation and redispersion of ¢iT0.1050.38
ana membranes, all point to the relative instability, or more corrsctly,
sensitivity, of the verions protoplasmic agzrezetes to paysical chsncze.
The dirferent morpaoiogical tynes described are, in fact,
inaicators of fundamental physical chanses in the yrotoplasmic proteins.
In the absence of more retined physico-cnemical techniques tor the
determination of colloidal or chemical properties or the pmec ' rotonlasm,
it is possiblzs, by the use of structural criteria, to identify some of
the more radical intra-cellular transforiations occurring durinz meiosis.
The mechanism of refractive changes of proteins is not entirely clear.
Craig ana Schmidt (L9Y%2) have made some proposals in that direction.
The reactions recorded here can be explained in.their terms ot hydration,
and, particularly, ionization. 3ut, apart from the actual mescaanisms
involved, the over-all morpholozical changes occurring in the cells ars
used as indicators of cytoplasmic stability. The stability of the
cytoplasm, whica is in itsclf a result of an agzregate oi factors,

will be considered in the next section.
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II. Stability

One ol the characterisvic promerties of Triliium pmel!s is

O

their extraorainary s=nsitivity to verious solutions. .iils :5st clzut
cells can be inwerssd in many diffsreant media containing sucn solutszs

as Ca012 or ovaer salts, balanced and unbalanced, or ..erely in tag-
water, attempts to du 50 with the meiovic cells or Trillium were con-
sistentiy abortive. Tacir rapid coagulation in such media, waica
itself is inaicative of singul=r protoplasmic instability, is r3lateld
not only to the couwmrosition or the medium, but =zlso to cyecles of otaer
paysiological chanes associated with meiotice division. 7Taus, tiese
peculiarities or behaviour, thougn at rirst recaraed mainly as tecanical
problems, are oif much greatver interest as indicators ot intra-:.roto-
plasmic transforsiztions occurrinz throughout the entire cycle oi nuclear
division. Frow this standpoint, the work reported is merely preliminarcy
to a more fundamental and thorouzh stuur of the mechanism or staoiiity
change.

Criteria of Viability:

Cells which have been distorted by coegulation or destroyed
by degeneration are ecsily distinguishea optically and are readily

classitiea in terms o1 viability. It 1s more difficult, however, to

classify the many grades of viability which lie along tne radient

betwesn healthy normality and deatn. The only consistent indicator

of viability, which nevertheless involves some subjective interpretation,

is the degree of refractivity ot the cell and its contents. It is an

almost general rule that as the moribundity or a cell increasss so does
ol

e 2 i ntaini i ralv refractive mets
its refractivity. Freparations containing hi zai: c

survive for a much shorter reriod of time than those containinz non-
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refractive or B tyre cells. 7et, taoueh tais is used as a Fzeneril
criterion or classirication, tihere are cXcervions to tne rule.
Occasionally ce’ls are kiiled completely witnout any evidence or nizn
refractivity. T .1s occurs otten in alkaline msoiaj; it is zenerally
the case when injury results from an outtlow of protoplasm, as in tae
Iormatvion ot hyaline vesicles; it riay occur in sucrose solutions or
very higc: concentrations. Taiking such excertions into account, now-
ever, the use of uegree of retfractivity and or Lrotoplasmic aistortion
as criteria of viability is the most ;atisfactory rniethod.,

Since t.uere is a continuous graaient of retractivity it
rollows, assuming an interrelationship ot the two propertiss, that tihere
is a parallel grezuient or degree or viability. It is, howsver, impossiole
To measure vns refractive indices of the cells in a single suspension,
SO tnat in evaluatinz a preparation a rough but simpler method of
categorizing the cells is used. DAealthy normality and irrsversiole
coagulation are assigned values of 100% and 0% respectively. lighly
refractive (:IR) czLls waicn may lie anywhere along tae gradient oetween
the two extremes are considered H0% viable. Thus, in determining the
viapility of preparations, cells are classified as "Non" (non-injurea),
WER® (highly refractive), and "DW(dead). The classirication obviously
involves a considerable marzin of error. Siace degree of rerractivity
is not expressed quantitatively, jreparations wiicn aré assilznea
similar cercentagss ot IR cells oiten dirfer in their averaze reirractivity.
‘his is particuiarly true when verious concentrations 01 sucross 4ars
used 1or similar preparations of pme's, tas diluter concentrations
generally possessing @ higher degree ot reiractivity, though tae per-

centage of HR cells in the two preparations is nearly the same.



Suspension edia:

Soluvions of sucrose are the :ost suitable ravsiological
medaia ror pme's or Trillium. Though better media are probanly ootain-
able by addition or various salt mixtures and Dy aajustments oi I-ion
concentration, pme's suspendea in pure sucrose solutions reriainea aliv-
for as long as thirty days. In Tact, cells in the early nropaase ot
meiosis are quite stable in solutions of pure sucrose. ‘fiae concen-
tration may be varied from 2.0 to O.hl. without appreciably arti:cting
the viability of the cells. It is when the cell enters into the morsc
rapidly changing morpnological phases ol division that diirersnces in
viability are apparent and solutions of pure sucrose are inadequave.
Frior to the latter sta:es, the only difrferences in nehaviour are
those reslated to the range of optimum sugar concentrations. Generally,
preparations made r1rom anthers oxr the.same rlant several weeks apart
show tnat tie later rreparations are wmors viable tnan the earlier ones
in relaivively low concentravions OI sucrose. Such advanced pror-aase
cells may be kept 1n U.hil ana 0.2l sucrose I0r many days and evea
WesKs, proviaing no vacterial inlfection occurs. I[u most rreparations
which are kept ror such exuvended perioOus 01 time the ceii wall dis-
solves and the cells gradually uvredakK daway Irom the aggregate mass to
wnich they aanered (see Flate II, ¥Fig. l.).

In visw of the complete viabiliuvy of pre-leptotene pmc's in
solutions of pure sucrose, the use or such media to trace tae presence
of cnanges in cell viability has been of great advantage. 3y maintain-
constant environment it has been rossible to limit the variabples

ing 2

to the cell itselr. Taus, wnile later stages ot meiosis are very

unstable in sucrose suspensions, their benaviour is nevertheless

indicative oi intra-cellular changes related to meiosis. /nat follows
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is therefore a study of the variotions in protorlacnic stability
associated with nuclear aivision as observed in pme's susienccea in
sucrose media.

Cycite of Tiability Chenges (Stvability):

The stsuility oi Trillium pme's varies marcealy accoriing to

the stage of meiosis. The aifferences in percentags or viable csils
Tound in a series of preparations are nardly random but follow a
derinite pattern oi change pointing strongly to a close relationship
between meiotic stage and dezree of stability. The results supporting
this conclusion are based on cell counts of 1rererations made from one
to three hours after immersion. (It will beshovm later that difrerences
between one and three hours inmersion do not afrect the trend.) All
the individual values are plotted as dots in the graphs of ¥Figure j.
The average results for the different stages are tsbulated in Table I,

(a). Limitations. 1. Tae leck of unirormity in meiotic
stage of individual preparations has peen unavoidable. The variation
in degree of meiotic development and the impossibility ot determining
staze until atter naving made cell counts are both contributing ractors,
Tue poinus are tnerefore scattered unevenly glong the curves so tnat
in some places interpolation has peen necessarye.

2. In the early prophase of meiosis

the pme's are embedded in a stiff gel matrix. The characteristic
condition of the anthral sar at this stage interreres witn the penc-
tration ot tae surrounding meaium so that changes resulting from tue
ty of a solution appear iirst only at the periphery of the rmc

activi

mass, and later, occasionally mueh later, in the interior. This 1is
H

easily demonstrated by adding a stain or a salt to a suspension of

pmcts; the resultin: change in colour or refractivity spreads gradually
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tarouzh the .ass, the order of chanze being from tne outer edzs t5 tru

inverior,

b5« For reasons of technique, tiere is an

absence or completely aseptic conditions in moist cieroer yreparzsvions.,
The growtih of bacteria in preparations after 43 hours, and occasionally
atter 24 nours, makesthe values ot viability where such growth occurred
unreliable inaicators of the erfects or tne medium.

(b} General Observations. Zxaminstion of eitier curves or
tabulated results reveals a pattern of fluctuating viability valuss
ranging from O to 100,.. The amplitude of these fluctuations leaves
little doubt as to the reality of the observed difrerences, and points,
without the aid of further analysis, t» the existence of a cycle of
variation in protoplasmic stability simultaneous witn the morpaoliogical
division of the cell. In view of the presence of a constant external
eavironment, wictever tine nature of stability, it is clear that the
factors promoting variation are intra-cellular, the extra-cellular Iactors
being equal at all stazes of meiosis. Tne curves drawn in aeavy dro<en
lines join the midpoints between the extremes of wviability, thus rerre-
senting tae over-all trend in division. Their slopes show clearly the
tendency for stability to decrease as division proceeds, the princiral
deviation from tais downward trend being a rise in values durin; l.eiosis II.

An 1ntercsting aspect of imc behaviour in individual preiarations
is the appearance of lst and 2nd division ceslls aepending on tasir pro_or—-
tions 1n the susrension. senerally, though not always, where tnere is a
relatively large number of 1st division cells and tew 2nd, almost ail tae
“hen the proportions are reversed, however, so is tae

diads are nealt:y.

situation, such t12t the diads are nealthy and the 1st division csius
b

moribund. wuis jusnomenon, though actuslly inrliclt in the zrapas, 1s
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aescrived because ol its vivid demonstraiion or the ciansine oropertiss
of the pmc. [ae extremes in behaviour oi cells removed from a sia;le

anther and contained in the sane Suspeusion strongly suggest taiat tie
Teactlons ovserved die by no means the products of some generalized
pathological eiisct, out are clearly the resultants of a ziven raysio-
logical condition.

(¢) The First lleiotic Division. The rre-leptotene of meiosis
is stable in sucrose solution. Apart from dilutions below C.06.1, the
cells are completely viable from one to three hours immersion. At tais
stage it is difficult to assess, however, tane viaoility of the suspensions,
since the pres:snce or the gel matrix previously described interferss with
the diffusion of soluces, although as will be shown later, t.2rz is no
signiticant degeneration even after twenty-four hours,

At sta.e MMO" a viability of 60% has been recordeua. Unrortunavely,
there has been only one preparation at this stage so that it 1s ditzicult
to make any generalizations. ZTixation of the cells showed 4/, at ;eptotcne—
pacnytene, %1% at diakenesis, and 12% at metaphase. ¥rom unrecorded osser-
vations such a pre-metaphase dror is considerec probable, altnouza more

i

re is @ nigh viabiiity rrom -

@

evidencs is rejuireu to establisa it.
48 tollowed by a dropr which has besn observed at several concentrations

and in at least eizat preparations. The low values ranging rrom Hu-o9)il

are tound between stazes H0O and o0O. Tnat this interval represents chicily

tne metaphass or its adjacent stages 1s eviaent from examination of fixea
preparations (where such were possible). Association of the metaphase

stage alone with poor stability is incorrect however, since obscrvation

of single preparations reveals rather a duality oI behaviour. 3ome

metaphase cells remain stable for very long reriods of time, ot .srs

degenerate almost inunediately. Thus, the aprarent inconsistency is



indicative of a fundamental relation between the morpnologically oossrvaole
and the physiolozically detectible cnanges, namely, tnat whac aniel@rs as a
single stage morpnologically may imply the co-existence of moze taan one
phase o1t physiolo:ical property. The relationsnip will be seen to aold
equally true for perueaciiity behaviour. Thstever the time o1 changszs, it
is clear that there are marked variations in Stability associated with
the metaphase and its adjacent stages.
There is a rise in stability as the cells approach completion
ot the tirst division cyecle. 1Tear the border-line the stability is well
defined. Again, just prior to completion, at staze 75, one preparation
shows a viability or >C%. If it were valia to draw an exact parallel
between lst and 2nd division, the presence of the drop would be sub-
stantiated. Unrortunately, the conditions under which the lst and 2nd
phases terminate differ markedly in their morphological aspects, so
that ic is inadvisable to presume an identity of rhysiological benaviour.
(4) The Second Meiotic Division. Ths trend of stapility
values in the second meiotic division is essentially, taousn not com-
pletely, similar to tnat in the first, Chiefly, meiosis II is nmors rapid

and involves rTewer stages. The interval between the first and second

division of meiosis is characterized morphologically by very little

interrunrtion of activity. The common resting nucleus is not tound at

the time ot diad formetion, in fact, no nuclear membrané is formed.
miys it is not surprising to find a drop in stability at the very be-
ginning of 2nd division (¢6-89). It is interesting to note, too, tnas
the aegeneration is intensified; viapility now ranzing from 15-55%, a

set of wvalues much lower than that found in lst division. The ianterval

(y4—105) tollowin~ the next period ot high stability (50-93%) is lsss

sharply defined. The average indicates a dror in stability, and excepv
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ror one preparation showing a value of %0, all the others ars o:Llow 7.
Apart irom a more rrecise evaluation, the trend to increzssa
stability in the latter part of meiosis II is indica-ed by the aizh
values of sta:es 107-110. The latter period is just berore tetrad form-
ation and leav:es no doubt as to the drop in value associated with tas
beginning of tetrad development (11ll-1lo) where values ras e 1rom 55-607%.
Thouys tiere is an interval (117) of aigh stapility in tetrad
cells, tnis stase oi wmelosis 1s generally characterized by a very aerinite
and large degrec of instability. Ixtreme aistorction or tae cyvtorlasa is
common, pointing strongly to the poor viability oif tae cells. Ilo. only
does the internal zone of cytoplasm show a hizh sensitivity to cuaau e,
but 2lso the membrane. Formation or hyaline vesicics occurs fregucntly
at the surface resuiting in injury and subsequent aeath o1 the cell.
This phenomenon (to be trested in detail in a later section) is most
iregquent at the time of tetrad separation (l:z-131) into individual
pollen cells (155). Tne latter are generally stavle and will not be
considered in any zetz2il.
TuLe tetrau staze is clearly an endpoint in meiotic division,
The nuclei of tetrads are optically identicel with taose or otaer
normal non-dividing cells. Tnus, the differences in stapility ostiecn
the end of lst division and that of 2nd division are understaadaole
in lizat ol the dissimilarity in morphological patterns. Tne nizh degree

or instability as vwell as the peculiar surface activity of th= tetrad
stage point to intra-cellular changes whicn are, at least, intensiried
o

at the completion of 4ivision. But taough such intensiiication oI

changes exists, the similarity of cycles in lst and 2nd division is oy

no means obscured; the extended period of aigh stapbility at ».re-

leptotene is paralleled by a short period arter diad formation, =:d tae
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brief inverval of low viabllity at tane enu or 1lst division is poralleled
by a longer interval following tetrad tormation.

Stapility vs. Tine:

The aifTerences in rercentase of viable cells Tresent after cne

hour and after taree hours im'srsion in solution is not large enou-: to

warrant any special consideratinn. The results of counts mad: at 1nter-
vals of one or two ours revealed no significant chanzss after the tirst
hour of immersion. Tune change, however, is of agrrseciable maznitude
wien preparations are examined about twenty nours after the orizinal
count. Generally, there is a decrease in percentage viaple. Ths less
stable prep2rations, however, show a greater increase in moribunaity

than the more stable ones, and conseguently, the differences both between

.

sta-es of meiosis and between concentrations ot solute are accentu-ted.
Unfortunctely, many rreparstvions were inrected by bacterial or rungsl
growth after such time and their results are not included, leaving,
therefore, a smaller numoer ot samplssfr analysis.

"he dots in Fig. 4 represent incividual values,
for trne v-rious staces being tabulated in Teble II. It is sizniticant
that the trena of stanility after twenty-iour aours upcersion is similar
to that found after tnree, DBoth mid-tirst and 2nd division drons ia

visbility are clearly inaicated. Stages bl-oh, TOT eXenrie, poss=ss

vajlies rancing trom O-4+5%h and the transition from 1lst to Znd division
i = -~ '

. . . Y e eASTAC igbility SxXcemt 1Lulr Oone oz orzilon
(85=0(3 %0=+0) 1s cnaracisrizea by O viabl y e k

) i . Su ‘ 3 . fme roisistenc® 01 suca allier-
(Sta-e Y0) in L.2s SUCTOSE concentiiuvion ne ool 1

e siziiiicance of stapility Trorerties 1n relavicin TO

i
-

ences empnaslzes '

eios1s 3y prolonzed jmersion tie siiocts das to airfrereices in rer-
meiosis. o7 & e

meability are ranicea to a minimum, Suz esting v.ereby, tuslt TAS ObSsusved
3 v

fluctuscions in vianility are more nearly, apart from all otuei 1actors
v i

1nvolved, a function OL tue incin-protoplasmic changes associated wita tne
LY 3
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sucruse after tweaty-four hours iiumersicn.
Snhsdeli areas repyresent vieble cells.

meiotic process.

Fgetors in Tw.C 3vabrlity:

(a) Sucrcose. Cne fegture OI IMC beiaviour 1n Sucrose media
is tne reietion of viability to the coancentravion of solute e.~lo7=d.
It is apparsnt on examination of Fi¢. 4 or ‘rable II that the dirfferences

assoclaved with staze of division are superimposed on dirrerences

associated witn snerose concentration. ITne ulzuer concantrations of

sucTose are clearlit more eftective in neintaininz cellular vianility.

In fact, at 1oW concentrations there 13 relatively livtle viability at

any sta:e. T2 efrectiveness OT nisn melzaritvies of siacrose is evito.t

not only in ©:7? arerezate counts put also in tne lesser de:irce of
] st ot
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cellular granuiation, there being an inverse relavionship between
refractivity and sucrose concentration, at least viitain the ran:e of
molarities investizated. That tnis relation is not a simple fuactcion
of osmotic ractors is clear iroa the absence of rlagnolysis in »rorhase
cells immersed in hypertonic solutions, ana irom the higher viability
of plasmolyzed tetracs over non-plas.iolyzed ones.

(b) Ixosmosis o1 Solutes. Because of vae ag-regation of ;re-
leptotene pme's into one gelatinous mass, it is possible to ~ertuse suci
cells withour tieir veiny washed awary. Tais condition w»s taken aavaitaze
or 1in investicaving the factors governing stability. By periusing 2 mnass
or cells ror a suriicient length of time (see ‘ilaterials and letnodsi for
account of tocinique, p. 20) the exosmosed cellular products are reroved
and the cifects o1 their removal can be observed. Ire-leptotene and
prorvably leptotene mmec's are completely viabls when immerseq 1n sucrose
solutions of molarities ranging from 1.0 to O.h. If, however, ticy are
tirst yerrused with these solutions and then susyenied 1n the corres;oai-
ing medium, disovinct worphological chanses occur. The raridity o. such
caanges is zoverasd chietly by the concentrstion ot sucrose enloyed,
molarities ot iess then 0.1 having an almost instantaneous efrectv. Con-
centrations between 0.5 and 1.0 dc not produce any appreciabls cnangzes
until two hours atter perfusion, but tor lonzer pe-iods of time tae cells
invariably show procressive chanzes from the A tyre throuci 3 to U,
Complete mortalivy is reacied witain twenty hours.

The rsimoval or int.a-cellular solutes which have mizrated iato
the medium is suzzested by the peaaviour of tae zelatinous mass., In all
cases the cells at the veriohery ol tihc mass react iirst. [icse caanze
trom type A to B and iinaliy to D. Xoreoyer, cells neam2gt vae source

of the periusion current react betore those located distantly from it.
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are in pre-leptotene stage.

TABLE III

Viability of pme's or Trillium in perrused

All cells

Behaviour of Ferfused and Non-Perfused FIC in Sucrose

Solution. (Fre-leptotene; %0/9Y - - 19/10).
Sucrose

Conc. Treatment Prep, No. Viability
Hours. 0 0.25 « 0,50 2 20
0.bM Pert. 15 100 100 100 v 0
i Non-Pert'. - 100 === e 100 75
O.8M Pert. 14 10Q¢" 100 &9 75 0
" Non-Perf, o) 100  —=- —— 100 60
1.0l Pert. 8 100 100 100 > 0
1 Non-Fert. 10 o R - re 7
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The ericcts of the treztment yrocecu inssra wioa tiue until, eventuzlly,
all pme's are similarly atrectea. Oicaltansous resgction of tn=s 3ntire
mass occurs only waere eitects oL tas meaiw are arascic, suca as ©wilosc
of very dilute sucrese solutions.,

Tne resuits (Fig. 5 Taole III) indicate, Lartagroore, the
importance o1 solutes other than sucro=e in maintaining cellular staoility.
Since the experincuts reriormed are based msinly on tae behaviour or une's
in media of pure sucrose, it is clzar cuat tais procedure can ne ussd to

study only a limiv.a number of aspects of jaysiolozical behaviour. Lae

b

eriects oI various 1ons and p.i's are undoubteaiv of imporvance, out only

Lo

a briet survey oi taeir behaviour has been possible.

(c) Salts. Soluvions or pure salts are actinitely injurious
to tne pme's. (See Table IV) In presence oi sucrose, addition ov salts
in concentrations of .1lM or less, to tne medium proauces no visiple
degeneration. Jaetner there is an increased viapbility, nas not osen
determined. Certainly balanced solutions of ions sacula nave a stzolliizing
errect.

(d) t©H. The eriects or pd were studied in late dizas ana
tetrads. Since both tnese stages are unstable in pure sucrose soiutions
they were very suitable ior purioses of this investigation. Juantitative
esvimations of viahilits in acia media were not made inasanch as pre-
liminary experi.=nts scovwea all low pi's to exert a deteriorative influzics

on the viability or pme's. 'rais was Iirst made apprarent in sonae eXpior-

e , C Trilili . i1 S :
atory work on the astapnase I cells or Trillium grandiflorum. Survival

in sucrose solution was only possible by addition cf alkali; addition

of acid to neucrel solution increzsed the dsgree of cosgulation. a
bl - 3 ~ 3 - BNl v ? \
similar pbehaviour was found to occur in some experiments (Uare 0rteq)

on the culture of anthers "in vitro". Examirstion of antuers rsteired
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CARTE IV

LTFECTS OF CaClo 0D NaCl/CaCl., Qi TIASLLI 'V CF 1.013.

\Pre-leptotene)
Sucrose conc. C:Clo Conc. Viability
Lours 0 2 10 20 45
- O.h. 0
0.t 0.4 - U
Q. 0L 0. 11 100 - 0
0.8% 0.01:: 100 10C 100 100  lceo

TaCl/CaClo (9:1)

0,61 0.005% 100 -- -- (22—
3 0.0 100 -- -- (6 11
n 0.1M 100 ~-- -- 9 &5

0.7 0.1 100 95 -- 9L &4

for tour weeks in artificisl media showed that the more alialine culturss
permittea the most rarid division as ..211 as tae least injury.
Similar to its eriect on other plant cells (See 3carth and Lloyd,

1950), the preseace of alwali decreases Hhs refractivity of thae Jrillium

pme. Since there is no break in tie tendency towards optical nomnrenzity

[y

with increasinz 8l.fcll concentration, it is occasionally difticult to

(%

difierentiacs injured from non-injurcs cells &L AL ner normalities. .

L it herefors 1ptf as the cyvoplasm of dsad c=Lls
use of INeutral xsa was therefors nelpful, as t ytop

N B s s A ar . o
stains des:ly wnereas taat of l17iug ones aoes not. ae dye, AdWever,

was not used universally, since being @n ionizable soiate, 1t To00 &liects
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protoplasmic stability. It wses tviherefore used to check coiats, and
Irortunately, tne results both wita ang witnout @ cutrai Red COTres: onied.
The results tabulated in Tasvle V auc illustratea in Fiz. o
show clearly the influence of 2l-=1i on cellular vaibilizy. Tns errsets
oT other Tactors alre-dyv discussed, swucu as concenurstion of sucrose and
Sta.<s o1 development, are also de:cnstrated in ths data obtainza. In
similar solutions of 2l<ali ana sucrose the viability of diads is cou-
sistently greater thsn that ot tetrads. L parallel situation exists
where tae alkali concentration is xept constsnt, for iere O.oi. suacros2
is clearly mors stabilizing than 0..1.. The latter is vividly aenonstraved
by comparing individual cells in different praperstions. wnen several
susrensions are made of one anther, the plasmolyzed tetrsds roand in the
higner concentrations or sucrose =re more sﬁable than tiae non-plasiolvzed
ones at lower concentraticns, showing, at least, the absence of iirect
relation bstreen internel vs external osmotic pi2ssurs and celluiar
stajsility.
Ms ¢ oi tie suspensions were noT tuose ot idaatical Talz
concentranions in distilled water. They were, in fact, consineraoly
lower as r=vealed by occasional rnicasursrents wito indicetors. It is
cLear, however, tinct al<aiine p.l's ars resyonsldie 1or 1ncrease in collalar
viability. T3 curves ir Fig. b suzzest, at least, a rarid rise in
viebility above a cervain pt.  ‘lere the sxperiTienus more exovensive it
woula n=ve oeen possisle to trace a nors accurate relationsiipy betwesn
tae two iactoss. Iu is signiricant, tnough, Ior ths jresent, 1o pol.t

1o tne eliectiveness ol al<aline media in procedtinz stability.
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Figure 6. Viability of pmets of Trillium in alkaline
media after one hour immersion.

Discussion

Although under the conditions of the experiments the propertcy
studied in this section is, in Tact, the apparent viapility (or recip-
rocally, moribundity) of the cells, the idea of stability is preferred
to viability for several reasons, Cells left in their normal auvi;on—
ment are periectly viable and tne association of meiosis with a eycle
oL cnanglngNV1aoilicies is strictly speaking, incorrect, since unader
natural conditions no such change occurs. Furthermore, some of the
experimentally jinduced abnormalities used in classifying the cells mizht
have been reversible il the cells could nave been returned to their
normal environment. Hence, while such abnormalties were considerea as

indicators ol a decreased cellular stability, the potential viability of

the cells was in no way altered. The term viability, though used inter-

shangeably with stability in reporting the experiments, is actually
e A D

too inadequate in its meaning to represent tne phenomenon observed.
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'he argument ror the conception or general stability 1s that
with the progress ol the meiotic cycle there is a paraliel variation in
resistance TO & diversity ol abnormal conaitions, both chemical ana
physical. Sucn resistance stems, no doubt, rrom the peculiar structural
associations, molecular and micellar, within the tiving ceil. Yet, 1nas-
much as present tecnnigues excilude the possibility or Limiting intra-
cellular variaoles to a single ractor, the characterization or the
resistance describea musi be iimited to some general descriptive term,
namely, stability. This does not, ot course, exclude speculation as tToO
whe nature or the intra-ceilular change basea on analogies witn "in vitro'
data. The resuits, i1in ract, point O Known mecnanisms and wil!l tnersiore
be discusseda 1n the lavter part or this section. Meanwhile, stapbility,
as used 1n tnls discussion. means the resistance or the cell to change
undaer any set oI apnormal conaitions.

That the stability of diviaing cells 1s lower than that ol
non-dividing ones 1s suggested by the results Or various workers. Kuhn
(1LY47) tound that pollen cells burst in solution irrespective oI tne
osmotic pressure ol the medium, pointing thererore, to conditions of
stapility ditrerent Irom that found 1n normal non-dividing cells.

Shimakura (1957) observed that the pmc's of Triliium Kemtschaticum were

apnormel when immersea in sucrose media. Eker (195(), Sax and Swanson

(1741), as well as many otners, Iound tnat aivialng ceils were more

susceptibile 1O The action of x-rays than resving ones. Steinitz (LYy4+),

in studying the etrect oI LOwW oxygen tension on pmc meiosis, concluaed

tnage meiotlic cells were more sSensivive 10 oxygen aeilciency than mitotic

: : ensitive tnan resting celis
ones, and that the latter were more sensitl g .

wnether it 13 the ¢ytopiasm or nucleus whicn 13 the Less svaole

aquring meiosls cannot be deducea rrom the datva obtained. Certainly, the
(&=
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efi'ect seems general. Altnougn tne disintesrevion o:r the cytolasm
proceeds more rapidly than that of the nucleus when eitaer is exuoss
directly to a sucrose solution, tne immediate gelation or the nucleus
upon slight mechanical aisturoance, or 1ts Sensitivity to dilute con-
centrations ol salt (Ss= Section I), sugzests an equivalent instavility
oI both zones. It is nore likely tnan not, however, vialu caanziss in one
region of the cell, particularly ds:snerstive ones, arfece tae Viavility
of the otner, so that isolation or unstable z0nes 1s not al.ays passible,
The nature ot condivions under which instabiiity is id=nciti:u
will of courss partly aetermine the type of cycle ohszrved. n View of
tie diversity ol external tactors employed - X-rays, heat and cold,
oxygen tensions, non-puysiological media - acvistions ifrow tne cycle
reported ners are to be expected. Also, tae criteria used to characterize
instability ars or importancs. The biolosical ettects ot x-rays, for
example, deal chiefly with the problem or nmutation. nus, Sax and Swanson
(ly#Ll) classiiiea induced changes as eicuer "primary"% or "secondary:,
the secondary grounin® including ail caromosomal aberrations, and tis
primary, whicih taney did not stuay, all the other aspects or protorlasuic

The use oi pearticular cellular organs or regions as means or

change.,

identirying change introauces, therefore, an adaitional source of

Variatloli.

AlGouousy VESLATIOAS 14 Uyee and dezlsc OL 1nStavlllity ars
probable in view OI the dirferences in external 1actors, it is instructive
to compare tine results obtained here with aata Irom other workers. The
conception of cyclical chanje was, TO Tae autuoor's knowledge, iirst
torwarded by Lyons (1902) wno claimed the presence of a cycle of susceio-
ibility to heat and cold in the fertilized eggs of the sea-urchin,

Herlant (1920) discovered a similar cycle in relation to the action of



salts. Less direct ovide.ce is obtainable from the WOrk or 2.1 ooy

\19o+). In atuempting to ;rowote division ou Traaescantia jme's in

artiricial media, he iouna that only trose cells which aaa aLray
reacusd tiwe metapinese stace and Plasuolyzea in solution wouln wlVido,
Celis 1n eariisr stages were i1ound injured. Suci results Suss38t, or
course, a pe-iod oi Ltow staoility extending until, or partially into,
the metaphase stsze. Thc vorc oF arezzory (15+0) points to similar co..-

clusions, in tiat only thnosz Liliw: anthers exciseu at or beyvond ths di-

plotene would r=rmiit a normal aivision ot the jme's in artificial culture
meaia. (Unlixs Shinsgura, Gregory placed the ennire antier in trs cuiture
solution.) 3teiaitz (1944), using ceaierly chromosome abno;nalities as
luacicators of pme sensitivity to lack of oxygen, sngoests the prouizsa
to be the most sensitive or all mitotic or mziotic suases,

Sax and Swanson (1941l) find tnat thz sensitivity o1 cslis to
chromosome preaks r2acr8s a maximum =T mid-prornase. wmarsiag (lyjbj
Tound the maximum numoer of chromosome abnormalities at racayteue.
Wniting (1959Y) suz:ests trat condensed chromoco1€s are more sensivive to
X-rays tosn dirruse ouvses. Eker (1Ys7), in a mors cuuprenensive study ot

the male germ cells oi the grasshopper Toc.ycines asynariorus, roluaits oo

various degrsss oi sensitivity. L& considers the ananaase stasze to oo

uighly resisvant to reciation, waile late prepitase and metariszss co ne

most sencicive. ifis resulcs are in accord with other investizations

o . _ o N o~ PR 1 ,_:—.‘ - /»: > - - Iy -
that one resting steze is tae least ssasitive. Both “xer (1$57) and Stone

(1955) s1ovi that xX-rays exercise a “oLlocking etf'trect! on the zer.i cells in

3t s tha by s 21 ) ioni i
tie resting staze. Store suggests that a riysiological reactioni! is

set un whien is i1nnioitory. uKer, after more careful investization,

shows tnat suci a -eriod is rollowza by one ol abnormally rapid divisio.i,

In view of “tiiec sources of variation, tia€ Siwlizrlty Ol resilts



obtained in this investization wita those ov otaer WOTKSrs Stroazly

(s

L

support tne thesis of a staoility ecycls. 7 suggestion ot a mia-pro-
pnase arop in stability is maintained by much or the Z=-ray dava, as wall
as the me:abolic dava of Steinitz (L944). Tae instabiliiy ot tas sta_e
at or'about metaphase is evident ircm tae results of 3iimakura (Ly24)
and tnos§ ot Zxer (1957). The réculiarities o1 tetrad benaviour are
supported by the data of Lewis (1942). Clearly, the changing stability

of the rmc is a real pnysiological casracueristic of meiosis. Tae

nature of the chanze will be considered briefly ovelow.

The data accumulatea on tane hehaviour of pmc!'s in susicusions
of sucrose or otier solutes _oint to the rresence ot ucuitursa crotein
as tne principal cause of celluler instahility. It is, of course,
difricult to assign a speciiic cause ToO SO broad a jinendmenon as cell
Stability, even more so since denaturation itselt is a very comirs.ensive
term inciudinz any one or more oI several known characteristic caarziss.
The #in vitro! evidsnce tor decreased solubility and increasca sisceit-
ibility to elecnrolytic action along witn ovuier piysico-cismical propgsrties
ot tae aenaturza rrotelin sugzest, in view of toe similar cuanzes round
within the cell, tnat a denaturation of the yrotein substrate is associaved
Witn the observed drop in cell stability.

(1) It has beczn shown by means ol perfusion tnat tae urop in
cellular viability cen be partly accounted for oy tiae exosiosis of cell
Sueh a mecuasism, aowever, cannot account 1or tiac dilrerencss

solutes.

, for

n

1n viapillTy duael Cae conaitions ol observation. ..ie change

example, in perczntege viability 2iter the cells had veen immersza for
, ~—

twenty-four dours in sucrose solution are hardly due to differencss in

permeability, sincs the etffects of suca differsnces woull be nearly
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eGualized after so lonz a period ot tiue. ~0r:0ver, the coincidsnce or

high permeability witi hiszh viabilitv in the pre-lertotene oi mziosis
rules out any positivs correlation netilesit low stability and solussz
gexosmosis., It is aprarent, taer:fore, that the cilanzes in :nc stanility
are due, not to the entrv or exit of solute by viriue of waich coariulacvion
of the protein mi:zht occur, but to the cnances witiin the protzin mol:zclue
1tself which has rendered it less solubls and casreiore less stzhle., Jiis
conclusion is enynssized by the rarid coagulation of tas 1me in tar or
distillea water and in pure or mixea solutions of salts,

(2) Tac rersllsl behaviour or :Nc and protein »xtracts in
sucrose solutions sug’ests, as in the ‘previous c=co, rrovein solupility
to be a tactor determining the viapility of tne cells. Taouzu thae
literature on suge®-protein relationsaip is by no nisens extensive, taere
1s sufricient data to esteblisn ths more obvious effects of ©Tiac suCTOSE
molecule. Lidforss (Ly07), for example, siowad thazt preci:itation or
egg albumin wnen frozen in salt solution could be preventea by aidditin
ot 10% suzar. Sinilarly, Tewton and Srown (Ly51l) founa that sucrose
acted as 2 protective azsnt agsinst preciritetion of »roteins from jruss—

juice of lsaves. To the writer'!s noiledze t.ere is no adequacs 3xylsa-

s

ation ofr ths mecharisn. Korchekp (1940), in discussing the sifects of

sucrose or Spirogyra, sug:ested that it acts on the secondary linke:es

ot the rnrcteins, but such a view is rurely sreculative. It is aiparz.t,
however, that the presence ol sucrose does inilnit protein rrsci, itation.
This, in fact, is the most lix<ely factor determining tae increased
stability of th= .mc when imisrsad 11 hlza Sucros: concentrations,
Osmotic pressure or internal solute concentr:tinn, as .as been mentiousa
earlier, is hardly rossible as an explanation, since 1yrerconic soiutions

ol sucrose, Wiere such wers possibie to deter..ine, saicwao gre2ter stadl lity



than iso- or hypotonic ones.

(») Thae efrects of alkali on tae vizoility of mme's is enually,

- %

if not more instructive. ot only are the hi-lier pils associatsd with a

larger percentage oi viuble cells but thz staze of meiosis 1s an 1mpors=.t

limiting ractor. uile the 1rovuase cells are steble in Turs sucrose

solution, tetrads are generally unstable so tuat ths rresence or alxali

at tne ena or division is much more effective. A comparison of tae
viability of disds and tetrads in Fiz. H indicaces the sam= trend. 3iuce
algeli acts to prsvent a coagulation of the protoulasm wihica is roniar:d

less stable in the course of meiosis, the significance o1i alkali activity

¥

may be sought in studies of protein extracts. .irsky and Anson (193b)

>

claimed denaturation to be reversed by mezns of alkali, thougn ‘‘curath
et al (1944) questiciizd the completeness ot the rrocess. However, tie
increase of iso-electric point in aenatured protein is acceptea univer-
gally, so taat wacre the pii of a soluve is on tae al<zline side o1 1its

T

IZE addition of a vese would prevent 1ts preciritation. Inis, in facwu,

is sugzoestea as tai® princijal errect of alkali when aaaed to a pmc

suspension,

It is aifricult, to ovLtain any ungualified proof for tae

presznce o1 denatuttu wrotein. Coiotly, b3causs denaturation 1ts:21f

provices so nany altern: tive caianges taiat a iixed cuneracverization is

i i T ' ! ’ ce i egcular snare is of
impossible. e egssential featurc of cnanse 1n molec ”

. . AT .S s in marmitude | d enatv tio
no direct valas since Suci cianges vary in masnitude (so does denatura n)

and detection of ©hs spatial pattern is onlv possible by means of x-ray
analysis, a tecipitue paraLy applicable to living cells. The importance,
H —tdedol

nowever, of rescolving the intre-nolecular cnen Ss in biolozical systzns
, .

cannot be over-estimated. “xtraction tecanigues alone, or even +in situd
heriical tests, will nor ;araish thne cowplsve answer. For vusre liviag
cnernilc ’
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cells are no lou er in a rarysiolorical enviromwicnt it can be assumed
that deteriorative changes, nowever small, have alrcady ta<en place.
And wiile it is difiicult to resolve tae naturs of such cnuncss unner
ruysiological conditions, it is at least possible t5 detect tasa with
greatsr accuracy. Jils h3ss been the arziroach in the rejorted sxiorinzits,
The sugzestion Ol aenaturztion as the causs of tae observed bchaviour C4ic
only trom analozizs with the mors controlled idin vitro" systzus.

Tue rolc oI denaturation may also bs extended to the process
ot ceil-division. Tae existence of a prciein substrate in tis caronone.us
to which are attachied various reactant or jprosthetic isroups, parvicularly
nucleic acids, is accepted universally. Iror a molecular viewpoint, oie
somewhat clumsy structure of taz long polyrcrtide chains and the inter-
action of at v ie Iorczs roducs cohnisurstions as vet incomrlet:ly risolved.
Tt hes, however, bhzen sucgssted (Trine: 193b; Zulic~ 1939) tiat roly-
pertiie cheins, in order to durlicate thevwselves, must assume l-n-ti-

udinally exterded confi-ureti-ns even if -srtial. Sueh strateting of %

]
molecule is associated rith denaturation (Bull 1938, “irsizcr 1941) a

napen 1om whiel hag both cheniesl and chvsical imvlications. Chemiczally,

&

the exrosurs of the S crours has been considore? by Rarkine (1931) to

be an im-ortant metsholic tactor in c2ll-division. Favsically, the

changes in viscosi-y and hydrational rrorerty (Setmidt, 193%8) mav be re-

swongible for tae miernscorically visible al zrctions in chroinsome

mor “olazw. The ivcr ese, for cxamrle, in chroionsra length and the

LA 3 T—T 1," r 3 Ty
sus-ested sviralization witiin a nellicle (JFuskins 1942) roints, amon:

1y factor. Thus, it is not ine:ou-

&

other thin:';:s’ to 11f,rdration as a lixe

2 1. : 3 bt 3 AT oes N : a
ceivable taat denaturation is the hub of widelw diver~ent rhasas of

mitosis.
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Both ‘the thrsioclosical slrnificance and th2 mechzi sy of me
instability leavs several alternative rossibilities. The Io7 viasrilis—
ot the cells immersed in artificial media sug-2st thie 2ors detailed
rroblem of associating a particular recion with a rarticuler dzcors: of
susceptibilitr. Or, and t-is is t1e more lik:1v situation, 6r ciaract:o-
izing a certain stase of =ziosis by sensitivity of a certain orzan ana

correlating these locelized sensitivities wit: the entire mitotiec procsss.
[ ]

The general deteriorati.n observed is harilv convincinc evidence for
universal instanility. Mechanicel injurv at any roint in the surface is
sufficient to destro: the whole cell. 3o are thz formetion of hraline
vesicles, (Surface chenres will be trsated later). Th3 hich passive
permeapility to rtolar solutes is also ettectivs in 4 .creasing c2llular
viability. Th:sr. are, indeed, many sourcss of caange -aich can alfuct
the stability ot. the rne. And, thers is little doubt that all such
mechanisms are active at one time or anot:2r in the course of meiosis,
The organization of the c¢211 suggests limiting but not singls factors

of operation. T2 rettern of metabolic setivity is hardly a function

of a sin=ls rhase system. T3 long yolrrartide chains I'clding into

characteristic conificurations, and °x»osinz noi some netatolically zchive

ving

; ; inz o4 erns to conform with cheany
groups, now o%hers; alterinz steriod pattern
recnirensnts or prirerc and szcondary linxage resonances, while si::zltan-
eously attracting ot repelling water molecules and ionic com-lexes;
~rours and associatinjg with avolar onzs, tims ac iiring

relzasins polsr

. - 13 'Q.! . - .
new surfece properties and cresting nsv interfactial conditions;

strenethening or wezkening th= tertiary linkages bi:iiin. ome trotein co.rlax
=5 RS .

ith another, and Liersby ~rithdrawin~® from or associating with the dif“srcert
w1 I ’ Y- i

olloidal phases; all these point, indeed, to tae sinultancous o' erzcidn
COL X S ] -

ot menv tactors. {12n28S jn stability re r=csent only one characterization,
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and at that, a composite one. The siznificsnce of cellular sr1ilivrium
in relation to mitosis will bscome clearer -nl- as the many coriponent

chanses are more tully resolved.,
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I1I. PERMEABILITY

The importance or permeapillty in piological paenomena is
Suggested by the increased permeapbility of ceils in resisting rrost,
drought, ana inrection by rusts (Scarth 1y5y, 1y44). Recent metabolic
studies have 1indicated that it is also associated wita actively growing
tissuss (Prevot ana Steward Ly%, Steward 1Y%() aagd with tissues sub jecuea
TO anaeroolc conditions (Brauder, Brauner, and Hanson ly4u). 1In view oI
tne metabolic and strucvural changes invoived in mitosis it is not sur-
prising, theretore, to Iind that distinct dirlerences in permeapniliuvy
are also associatea with division. Lyons (1Y02) originally suggested
an increase in tne permeabillty or 1ertvilized merine eggs. mcClendon
(lyih), investigating tne outward ditfrusion of ioms, claimed a rise in
the permeability or 1rrog's eggs either after fertilization Or artver
eilectrical stimulation. Heriant (1ly20), in a more extensive sStudy, polntea
TO an increased periucanlllity 1n the eggs oI tae sea-urchin to salts ana
otner substances. He also suggested a cycle o1l change consisting Ol an
interval or nign permeapliity at prophase, Irollowed Dy one 01 LOW por-
meapility extending for tae remainder ol division and interrupted only
by a orier inverval oI nigh permeapility at telopnase. Lillie (lylo,
1yl(, lylv) suggesied an 1ncrease 1 water permeapility arter norumal or

arpililcial activation ol Sea-urcnln eggs. e estimated, 1n Iacv, tae

water permeapllity Ol Iervillzed eggs to D6 rour times as greay as tnav

or uniertiiizead ones. Faure- Fremiet (192H) discussed the apove results

more Iully, though in his own investigations of Sabellaria eggs he was
?

unable to demonstrate permeability changes &s distinct as those 1ound

by Herlant., Spek (1918, 1920) demonstrated an increased permeability

to both water ana salts in Nereis eggs roliowing tertilization., Stewary
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ana Jacoos (l1lYys2) tound tervilized eggs of Arbacia to be more permeaole
to etayiene glycol cthan untertilized ones, though they could deteci no
corresponding dirierence in Asterias eggs. Shapiro (1941) examined tae

Chaetopterus egg and found an increased water permeability arver rervil-

izavion.

Despite tne above data, the extent to which permeapility has
peen consiaered &s an important aspect or division may be judged rrom
more recent criticisms. Heilorunn (1Y%() dismisses permeapility as an
acvivating ractor, a Juagément which is prooably valid, buc in reviewing
the entire subject ol division he does not rerer to permeability in any
otner capacity. Schraaser (ly44), thougn considering paysiological 1actors
such as hydration and viscosity in ais very thorouga review oi mitosis,
does not include permeapility in the discussion of mitotic mecnanisus.
To the writer's knowleage, the only recent treatment ol permeability in
rejation to division has been by Bujara (194l1). Way so important a
paysiological property sinould be negiected may be aue to the lack ot
sutricient evidence. The rapidity of the mitotic process in wost cells
does Limit the possibilities or physiological study. Tne cnoice oI
Trillium pmc's is thererore very rorvunate, since une period oif division

is exceptionally long and the physiological changes are muca easier 10

opbserve,

A. General

More tnan any Ol the otner physioiogical properties ol mitosis,

the plasmolytic cnanges in pmec's or Trillium are the most outstanaing ana,

prooanly the most unique in the behaviour oi plant cells, at least as 1ar
9

as records known to the writer reveal. The apsence ol any plasmolysis in

pre-leptotene cells immersed in sucrose solutions of concentrations as

nigh as 1l.HM by volume, the equivalent of bb atmospneres ol pressure, 1S
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ln 1tselr inuicative ol the very unique plasmolytic propertvies at

meiosis. That tnis phenomenon is due largely to tne hign passive per-
meapility ol the cells racther than to osmotic Tactors, emphasizes even
more the distinctive physiological characteristics ot nuclear division.

The eviaence ror the possession of so high a degree o1 permeapility
1s pbroad, and can be Iound in the peculiar benaviour ot a variety or soiutes.
Traces or salus (AlCl3, Caul2 - - See Section I) which penetrate normal
non-aividing cells slowly, it at all, dirtuse speedily tnrough thne pme

memorane, Their rapid penetration is easily veririea in Tradescantia

pmc's where tane salts produce uistinct refractive cnanges. Lven the large
organic moliecules oI the sultonthalein dyes, ordinarily impermeable
(Collanaer ana Hoimstron 19%(), ana usualiy applied to the cell interior
by micro-injection (Chamoers ana Pollack 1YZ2(), penetrate reaaily into

tne pmc's or eituer Tradescantia or Triilium. The nigh passive permeapility

Ol tne meiotic cells is demonstrated by adding a drop oi the indicator
(Brom Cresol Green, Brom ¢resol Purpie, CresolL Red, Metnyl Red) to a
sucrose suspension, II, in ract, the drop is applied at the cover=siip
edge, the advancing wave ol dye is seen 10 be rollowed by a rapid stalning
oI the protoplasts. The presence ol the indicator in the cell inverior
may be turtaner veriried by altering the pH ot the medium, the celi colour
cnanging as thne electrolyte airtuses tarougn the solution. The passage
oI solute tarough the membrane is not restricted, however, to an inward
migration, 1or there 1s an outward one as well. The aeterioration in
viapility or cells suspended 1n a Ilowing rather than a static medium

(See secvion I) indicaves clearly tae apsence of & strong oarrier To

soilute escape.

pParenthetically, it is interesting to record the behaviour ol

' ' ] in woica oruinarily accum-
pmc's in presence oI Neutral Red, & vital stain wnic y
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ulaves in cell vacuoles. Upon penevrating the pme it stains vae cyto-
plasm ligntly anu dccumulates, under conditions not Iuily resolved, on
tae charomosomes. The phenomenon is complicated, vhougn, by the graaual
dlsappearance ol the dye. Within rive minutes, the caoromosomes OI Some
metapnase cells have been seen to svain gradually with increasing
intensity, reacua a maximum, and then rade tntil the caromosomes opecame
invisible. NO detailed study or the paoenomenon has oeen attempted,
although it 1s a ravner vivid illustration, not only or tane rrese passage
OI soluves tarough the membrane, but also of the peculiar suriace prop-

ercvies oi the meiovic cell,

Permeabiiity vs. Osmotic Pressure.

Since there are two cellular variables aetermining plasmolytic
bepnaviour, a resolution oI Ttanese LWO components, namely permeanility and
invernal osmotic pressure, is necessary. In presence ol a hign passive
permeanility, nowever, the osmotic ractor is elusive and cannouv pe
determined oy ordinary plasmometric or incipient plasmolyslis tecaniques,
So rapid, in ract, is tne penetration Ol tie sucrose molecuie 1nLo pre=
leptotene puc's, that no contraction Oi the protoplast occurs even in
osmotic pressures or o0 atmospheres. Only in tne iater phases ol aivision
are pilasmolyses observed, and even here, apart lrom polien-cell mitosis,
determination o1 the intra-cellular soluté concentration is aepsenaenc
upon tane resolution ol SO many associative ractors tuuat 1vs value is
questionaole.

he considerations oI OSmotic cnanges 1in melosSis are, taereiore,
essentially tneorevical. Clearly, in view oI the high perme&apiliity of

cae cells, Large Iiuctuations in intra-cellular osmotic pressure would

require parallel Iluctuations in tae antaral sap, and such extremes are
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most untixkely. Again, were rapid changes in 8ap concentratction a qeter-
minant ractor, thnen the variation in plasmolytic behaviour witnin a single
preparation would not occur. Although a gradual increase or aecrease in
concentravion or cell-sap is possiole, and even likely, 1t is aardaly prooaple
Ior iarge Irilucvuations to occur. It is Suggestea, thererore, that the
plasmolytic changes in meiotic cellis are very largely due to parallel cnanges
1n their membrane permeability. Thus, the evidence accumulated on degrees
o1 plasmolysis are actually expressions or prermeability property. This, in
Tact, 1s rurtner supported by the data on pollen-cell behaviour waere
deplasmolysis time can be determined.,

Meiosis vs., Mitosis:

While hypertonic solutions induce a piasmolysis ol pollen-cells
av almost all stages of mitosis, meiotic pmc's plasmolyze only atv cervain
stages ol aivision. The dilrerence 1s hardly due to external ractors since
in bota cases sucrose is used a4s suspension medium and moiaritises are the
same, though & wider range oI concentrations has been usea in meiosis. More-
over, wniie the polien-cells deplasmolyze within three hours arter immersion,
no such aepiLasmolLysis has been observea in the plasmolyzed meiotic cells,
Obviously, there are distinct dilferences in degree Ol DPErmeanility between
the meiovlic and mivotic cells, Their benaviour, however, requires clariri-
catvion.

The aegree oI semi~-permeability* rather than OI permeapiilliy may
be said vo determine the plasmoiytic benaviour or the diviaing cells.
Actually the property studied is not tae membrane permeanility to tne single

supbscance sucrose, but is the dilrersnce in rates or penetratvion, inwara

* Semi-permeability 1s prererred toO airrerentvial Qr‘selective permeaonility
pecause: (1) It commoniy rerers TO the penetrability ol one supstancs,
waver, and the selectivity ol the pmc membrane.to water nas veen tne cniel
ractor in piasmolysis. (2) As the airrerence in rates ot penetration
increase, tne cell approacnes a condaition ot truer semi-permeaoiliivy.
Increase 1in daegree ol seml-permeapility rerers 1O aecrease 1n solutve)

water penevravion. It parallels tNererore a AecreAse 1n permeapility

o1 the membrane,
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ana outwara, between two substances, namely, sucrose ana water. It would
appear that this ditrerence is almost negligible in meiotic ce..s. In
mitotic cells, however, the dirterences in penetration rates or sucrose
ana water is appreciabie, so that an initial plesmolysis does occur
followed by a deplasmolysis in the same hypertonic medium. Such behaviour
suggests, chierly, a higher degree or permeability 1n meiotic tnan mitotic
cells. The conclusion is further supported, tnough inairectly, by the
Tact that the high instability characteristic of meiosis is not repeated
in poliien-cell division.

Why pollen-cells should deplasmoliyze consistently and tne rraction
OI plasmolyzed pmc's should not, is due to the operation or an additional
intra-cellular tactor. It is presumed that the osmotically active ceil
solutes are predominantly sugars, and compared with water, are so similar to
sucrose that tney may be regerded as such from an osmotic standpoint. In
presence oI a high degree or permeabillity the adirtusion ol solutes tarough
the memprane would be nearly equal 1in eitaer direction, limited onliy by the
concentration gradient between cell interior and exterior. Apparently, this 1is
or no signiticance in the earlLy stages or meiosis. It is obvious, however,
that there is no exosmosis of soliute equivalent to theée i1nward movement o
sucrose 1n mitotic polien-celis, or else no deplasmolysis would occur. The

apsence oI ueplasmolysis in pmc's 1s reiated to the exchange oOr soluves be-

tween interior ana exterior. That such cells can be deplasmoiyzed 1s clearly

spown by adding daistillea wager to a suspension; the reaction 1s immediate,
Even the presence of pure waver at the bottom ol & moist chamber will
occasionaily, though not always, produce a deplasmolysis. In absence o1 a
more complete body ol daata 1t is suggestea tnat, though the dirrerence in
rates ot water and sucrose penetration is large enough to cause a plasmolysis,

the inward and outward ditrtusion of osmotically active solutes are nearly

equal 80 tnat no deplasmolysis oI tne cell occurs.



With tnese more general characteristics or the a1viding cell
in mind, 1t 1S appropriate to consiaer tne detailed cnanges ooservea

ln aegree o1 propervy.

B. Mejosis

Limitations:

(a) Time. As in vae estimavions or viapility (Section II),

tae cime intervals 0£ examination were not constant. Viabiliuvy and
piasmolytic counts were, in ract, made Simulitaneously. Periods or im-
mersion prior To counting ranged from L0 minutes to 4 hours (the timse
invervals are all recorded in Table VI.). The difrerences, nowever,

are not as signiricant as they might appear to oe. In view of the
peculiar plasmolytic behaviour of meiotic cells, in most cases there is

no appreciable change in the percentage ol cells plasmolyzed atrver several
bours immersion. Thus, while a greater accuracy might have been obtainea
by rigidly maintvaining constant conditions, the lLatter was sacciliiced to
what was considered to be the more important demands Ol extensive inquiry.

Certainly, the general reatures of a permeability cycle are clearly

discernioie,

(o) Degree ot Plasmolysis. Measurement oI the diameters ot

cells ana protoplasts would have been userul in establishing the osmotic

pressure ot vhe cells. The variations, howsver, in size anda shape of

both cell ana protoplast were so great that such measurements were

impracticable. It was preferable to count the number of plasmolyzed and

non—plasmoiyzea cells so that examination oi a preparation could be

accomplished within a reasonaoie period of time.

(¢) Plasmolytic Values. In estimating the "plasmolytic value"

ot preparations cells were classiiiea not only into categories of plasmolyzed
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and non-plasmolyzed, but also into sub-categories of "HR", "Non®, and
"D (See Section II). The HR cells were included in almost'all>calcula-
tions. For altnough non-plasmolyzed HR cells indicate, at least, a liack
ol plasmolysis, the presence ot plasmolyzed HR cells does not always
indicate a Low permeapility. A shrinking or the cytoplasm otften occurs
in a moribund cell (See Plate I Fig. #) anda this is demonstrable oy tne
railure ol déplasmolysis upon dilution ot the medium. When a Large
number or Mplasmolyzed" HR cells were present, deplLasmolysis tests were
made, and il no deplasmolysis occurred, the cells were not incliuded in
the calculations., Fortunately tnere were not many such cases sO tnat
taeir exclusion or inclusion would nave had no major inrluence on the
trena or tne results. The percentages ol plasmolyzed and non-plasmolyzed
are reilative, as dead cells are exciuded trom all calculations., Whetasr
the number or daead cells is related to the degree OI permeability or to
the osmotic pressure or the cell cannot be ascervained. Thatv some

relavionsnip does exist has already been suggesied, but lack ot any

mathematical rormulation or such & relationship makes their inclusion

in tne plasmoliytic celculations inadvisable.

The Permeapility Cycle:

The results OI plasmolytic testis are convained in Table VI

and iliustraved in Figure 7 (a, b, ¢, d, ©, I). Average values 1or

stages grouped accoraing to degree ol plasmolysis are listea in Tabie

VII. In view oI the variables associated witn Tue experimentvs, pre-
L]

rixes nave been used 1n Taple VI to inaicate conditions ovner tnan tnose

generally present.

F= Preparation rixed 1n aceto-carmine. Meiotic valus or

preparation gerived from trequencies o1 individual stages. Resulit com-

pared with value cagculated trom the "rougher categories". (See Appendix I).
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TABLE VI

PLASMOLYSIS OF PMC'S IN SUCROSE SOLUTION

Time Rel Time Rel

Siiue j; Value Hrs, Mins, % Non % Non Sliae 7 Value Hrs, Mins. % Non % Non
Weec(olC TFoley 1 10 bf 68 HeYe2C  LOHeY 12 80 5 (
De20.LC FH4+eH i 1hH 92 YhH 0.Y.2C 100.0 4 2h 94 Y2

4.20.1C  TFiry.8 2 50 h1 8h
He2Ue1C F(45.0) 5 00 (L (Y 9e2hedlC L2, 2 5 0 0
0.20.1C  F44,0 1 50 o0 oL DeYecl lin.h 12 5% Py
9e2he L0 .9 2 Hh 1h %o DeYeC 1i0.bH 4 25 71 (2
5ezbelC Yous 2 Hp 0 O 4ahidC (LL9eD) 5 b 0 0
2el(e26 (L5%eH) 1h 2 0
O = = = = = % & m e e e e e .=
CONC. = 1.0M (5.0 ATM)

6.20.1C F(45.0) ) bb 09 Wee2holC  Fho.2 1 00 o (o

W 0,10 Hok 2 05 86 93 Wo,2(.1C 604 L 00U 80 954



Time Rel Time Rel
Siiae 7 Value Hrs, Mins, % Non % Non Slide # Value Hrs, Mins, % Non % Non
{+20.1C Fus, ( 20 08 oY 2.20.1C 0245 2 H 995 100
2.22.1C Yoty 2 49 8h 90 0eYelZB (L4 5 W (5 10U
l.2(.4C T4t 0 10 83 54 9eHeC 8.5 4h (O 95
L420.1C H0.2 HO &t Y2 Wo,c2.16  89.h 5 & m
9e2 (410 hied L 95 Y4y 82 (+20.C  B(e% 2u b H&
(etro1eB Aouin 1 50 ol 09 Le20.1C 8(en o0 ob [+
Le2(.1C  Fos.1 10 95 93 (ove26 i1y 50 Y o2
(+1Ll.12B AVSS.& L 20 45 50 Dellel2B LiY.Z 4 1 2
2e2(+1C Y. L W (L 100 4,13.,1C 121,y 1L 40 2 12
2.20.1C Yleds 2 59 9( 10U Hel%edC L1220 2  1p 0 v
9eDeC Yo.1 45 09 oh 13,1020 129.7 2 %0 L 89
BeYeC 108.5 L 50 05 (9
(9.6 Vioy.s 50 5 95 4e15.1C  129.4 L 40 v L
wg..u...L2B L1llsh 4h 0 0 Hel5.1C  150.1 2 1h 40 hy
L3.14.4C  (154%.9) 2hH (1) &(
5ehe2C Liz.4 “45 9 95 Lol dC (Lo#e0) 40 (5 58
5.9e2C  llbes L 50 02 65



Time Rel Time Rel
Siiae # Value Hrs. Mins. % Non % Non Sliae # Value  Hrs. uMins, % Non % Non

Ned(eiC JLeO ih o1 54 wb.Z(.LG d8.1 2h 100 100
Youz(.10 e 4 2n 86 9( 12.19.1C 91.9 40 hi Y1
L2 191G ot L 50 1 9 Yo.nee  AVysa 0 0 99
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L.D.c¢C (Fed 20 oo Y4
, AV .
Lohe2U Y44V 20 81 9%
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Sliae # Value Hrs. mins. % Non % Non Sliae # Value Hdrs. Mins % Non % Non
8.19.128 (30.0) 5 %0 8y Yn WoelUe2C 9949 10 Y0 10U
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% NOWN PLASMOLYZED

Fig. 7.

PERMEABILITY CHANGES IN PMC'S OF TRILLIUM

(PURE SUCROSE MEDIA)
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TABLE VvII

FLASMOLYSIS OF FMC'S IN SUCROSE SOLUTION (AVERAGE VALUES)

% NON-PLASMOLYSED (RELATIVE)

Conc.
Stage L.2M 1.0M 0.8M 04hM 0 M
0~-50 100 100 100 100 100
50-55 08 - - _ 100
S5 89 86 - 97 -
F 45.L1-44 ol 6Y - - _
II{ e d=55 - 87 90 91 -
3 =20 - Y - - 10V
no=5{( - 75 - - -
Do - 9 9 99 100
(4= (D “+0 - - - -
(6= {7 - 93 94 - -
8he=80 - 9L - - -
S
E 8(-&(.% - h8 - - -
g 8(eH=Y0eL - 83 92 99 100
g 90. =99 0 - - 44 8%
100-110 Y0 8b 90 99 100
1ii-1i1.p - 0 0 - -
111.86-112 - - ee 100 -
T ll2.4=110 16 95 100 - 15
? lio.h=-118 72 62 08 50 -
i 118=11Y - - - 98 -
P 0 50 2( - 29

119=-1 44
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AV= Dirriculty in d1stinguishing between Lst division ceLls

ana diads (occurred occasionally). Several councs were thererors mads ang

the results averaged.

()= Only lst division cells present but rixea siiae so poor
tnat only a rough estimation ot Stage was possible,

w= Pure water and not solution present at pottom OI mo1St
cnamber. Tne reason ror this departure trom the usual proceaure nas

alreadqy been aiscusseaq.,

A cursory examination or the dava mignt suggest that an aimost
random variavion in the degrees oI permeabiiity is associated with
meiosis. The numerous rluctuations are, however, more regulLar than tney
I'irst appear to be, and tneir reality may be juaged Irom two parviculiar
conaitions: (1) Thav the ditterences in degree oI plLasmolysis are
distincet. Toough many preparations show intermediate values the more
nomogensous ones, such as pre-leptotene or late tetraa cells, show
neariy all or none reactions. (2) That the presence or several meiotic
stages witnin a single suspension would be expected tO promote dirrerent

degrees or plasmolysis. Such behaviour, in ract, strongly supports the

conclusion or a permeability cycle. What appears to une writer as tne

most crucial probiem in resoiving permeability is a more rigid control

oI meiotic stage which would permit a clearer correliation between

morpnoiogical ana physiological benaviour,
(a) General. The heavy broken lines in Fig. ( join the mia-
points between the extreme permeability values and SO represent taue over-

all trend in meiosis. The trend 1s signiricant to the extent thatv 1t

inuicates the decreasing degree Ol permeapbility with the progress oI

meiosis, a benaviour paralieled in ist and 2nd division, thouga 1U 1S



-85

oObvious that the fiuctuations observea are DOC included in tne over-all
trena. Such riuctuations are, or course, important 1n Aevermining waav
aegree Ol pProperty is associated with a glven morpnoiogical stage. It
can oe sSeen, moreover, that their amplitude i1ncreases witn tane progress
Ol meiosis, a paenomenon signiricant in lndicaving the changing paysio-
logical properties o1 the aividing celt, What empnasizes even more the
signiricance oi the variations 1in permeapility is tne parallel benaviour
oI pmc's 1n dirierent concentrations or sucrose, the only difrerence
being vhat oI an average decrease in degree or plasmolysis with increasing
ditution or tane medium,

(b) Meiosis I. In tracing the cycle oI permeability, eviaence
1S availabie ITom Oobservation OI I1I1Xed preparations winica is neiprul in
correlating morpnological stage with degree ol physiologlical property.

It nas peen mentioned earllier that the determination oI stage by Iixation
was not always rellaole since, oitemn, cytoplasmic distortion was extreme
leaving 1rew cells with recognizaple stages. There nave oeen, nevertae-

i8ss, a suiricientv number oI preparacions TO 1ndicate the prooaole

relation between mei1ovic development &ana permeabllity value.
The Iirst observea decrease in permeaollilty occurs oeyona tae

pre-Leptovene or meiosis (30=5)). 52% ol the cells are plasmolyzea ana

tne preparavion (4.2(.lC) contains Ll% diakenesis, h% metapnase, &4%
leptotene-pacnyvene. Whetner there is an early drop in peérmeapility is
dirricult to judge 1rom the single preparation available. There 1is,
nowever, a rar more derinite change between stages 4% and 44, Here
several slides have been examined to inaicate the trenda. Preparation

0.20.1C (1.2M) contains 39% plasmolyzed cells, snowing H0% diaksenesis

and 4Y% metapnasse. A suspension in aslightly eariler phase ol meiotic

development (5.20..C = 41% diakenesis, 5% metaphase) contains only
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¢l% plasmolyzea cells. Pmc's immersed in L.OM sucrose benave simiiarly

Where #2% of the cells are in diakensis, 30% in mevapnase, ana (% diaas,
5% or tne Lst aivision cells are plasmolyzed. The decrease peyond tais
Po1nt 1n Ta® numder o1 cells plasmoiyzea (lo%) is inaicated by sliae
l.2(.1C. Herse, {(% of the preparation is in lst division, and o1 tnis
category L{% is diakenesis ana o6% metaphase, The aistribution d% stages
in the above preparations poinvts to a pronounced caange i1n aegres or
perme&anillty somewnere between diakenesis and metapnase. Moreover, it
is clear that the metvaphase stage is not associated with one particular
paysioiogical property but with, at lLeast, two degrees oI tae same
property. This phenomenon, in tact, is emphasizea by observatvion or
individual preparations where some metaphase cells are plasmolyzed wnile
otaers are not., An even more vivid demonstration is possible by using
Neutral Red, though in tnis instance, ractors Ol viabililty are also
involved. Some metaphase cells remain nearliy white i1n & solution to
whican Neutral Red has been added, the whiteness being accentuated as
the concencration or Neutral Red is increased.

The increased degree Ol permeapility persists untll sStages Hi-
hhH waere 41% of the cells are plasmolyzed. No rixation Ol these prepar-
ations was possible so tnat tne only indication or actual stage is

obtainable rrom a suspension ol pmc's in a latver phase ot meiotic

deveilopment (Ho.2-2.25.1C, 1.0M) with 2h% of thne cells plasmolyzed.

oz% of the Lst division cells are in anapnase, 24% in metaphase, the

remainder in Diakenesis-leptotens. It is probapble, thererore, tnatv a

change occurs gomewhere between metapaase and anaphase. The only otaer

observea drop in permeability prior to completion or tae LSt division

cycle is at stages T4=75 (5.2H.1C = 1.2M), waere H4+% of the cellis are

plasmolyzed There are no data, nowever, 1or & more precise correlavion,
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There are at least three (possibly rour) points or change 1n
aegree ol permeabilitly during the ist division or meiosis. The aegrees
OI plasmolysis &t tuese pornts (4i=44+, hi=hh, (4-(») snow an increasing
1ntensity rrom 3L-5Y%h plasmoiyzed to %1%, ana 1inally to »+%. Wanile one
change 1s mOSUL certainly located between diaxkenesis and metapnase, tae
others may be less clearly assigned to the metaphase-anapnase stage and
tne rinal phase ol the cycle,

(c) Meiosis IT. It is more diiricult to rollow the permeability
cycle 1n aiads than in 1lst aivision cells. This resuits partiy Irom tane
sgorver duration of stages, and partly 1Irom the increased instapbiiltivy
maxKing reading ol Iixed slides nearly impossible, Thougn rixation arver
a Iew hours OI 1mmerslon may nave yielded petter results, all preparacions,
it will be recalled, were Kept Ior at least twenty-itour aours nerore oeing
aiscaraed. Thus, it was necessary to base all estimations oI meiotic
development on the Irrequency OI categories present (Lst aiv., araas,
tevrads). No attempt is maue, thersiore, to associate tane cyclie witn
morphoiogically derined stages.

It is apparent that the behaviour oI diaas parallels somewnav
tnat ol LSt aivision cells. A decreased permeapilliy occurs Jusv beyond

diaa rormation (&(-&(.4) woere 42% or the cells are plasmoiyzed. This

cnange 18 comparapbie tTO Tae aiakenesis-metapnase one 1n 1St division, 11

view oI tne apsence or interkinesis between the two cycles. An even more

pronounced drop in permeaoility is located at stages Yo-yY, waere pmc's

in V.M sucrosc SLOW a 12% plasmolysis. It 1s probaply valid to araw a

paraliel between this and the metaphase-anaphase Ol LST division. As 1n

Meiosis I, tne greatest drop in permeapility occurs just DOIOIe complecion
’

or the cycle. In concenvrations or eitner 0.8M or O.HM taoe plasmolysis

oI pmc's at this stage (lli-1il.p) is 100%.
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The rormation or tetrads cannot be properly compareda Lo any
Stage 1n tne 1Sy division cycle since, as nas alreaay been notead, tnerse
1s no completion Oi1 division between the LSt and na phases 01 me1osis.
Thus, tne LOW permeabiliuvy characterizing vetrads may De regaraed as a
leature oI Tne ternination Ol acuvive division. Thnere are exceptions TO
TNlS property 1n some tetraa preparations, but 1t is diiricult o araw
conclusions Irom €arly poases Ol tetraa aevelopment since only a I1ew
tevrads are present. Furthermore, the Low viapbility ol tetraas (Section
II) eompiicates sucn counts even mors, Generally, 1T may D0e sdid tnat
the tetraa stage 1s one oI lOW permeanility, & condition 1n marKea con-
trast o tae pre-ieptotene oI mMeiosls wWhere osmotlc pressures greatver
than o0 atmospaeres produced no plasmolysis av all. The separation oI
teuvraas 1nuvo 1naiviaual pollien-cells (L54.o*) will not pe considerea,
since the plasmolytlc properties oI the pollen cell were not studaied
extensively. Investigation Ol The 1nterval oetween meiosis anda mitosis

18 limlited ©TOo tne periou precedlng active mitovlc Qlvision waen pnysio-

logical cnanges are apparent.

C. Mitosis

Pre-m1toTlCc poLlen-cells are rairly unilorm 1l penaviour winen

suspenaed 1n Sucrose solutions. Generally, tney are not unstadble and

little or no daegeneration 1S visipble even arver several hours immersion.

In racv, the high instabllity characteristic ol meiosis is not round av

any stage ol mitosis, except Ior the period of transition rrom grouped

tetraas to single pollen-cells when hyaline vesicle tormation 1S common.

The absence ol rapid deterioration in & suspension racilitates tne stuay

or plasmolytic cnanges.Uf equal value js the spnericity and thick wall

ol the poilen-cell making plasmometrio measurement €asye. Tne only
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limivavions are, as in meiosis, stage heterogeneity ana unequal cell-

S126 auring active division, so tnat upon initiation or propnase the

pilasmometric techanique is no longer applicable.

Osmotic Pressure:

The more extreme changes in osmotic pressure oceur during toe
pre-mitotic period. Though it is dirricult to trace tne increase in con-
ceniration or cell sap in association with mitotic deveiopment because Ol
tné absence ol morphological change, an alternative method is possioie,.
The osmotic pressure oI pollen-cells 1n individual anthers can be measured
at airrerent time invervals, and, 1l comparisons are restricted tO ancners
removed Irom the same plant, it is valid to draw cervain conclusions.

Tnat this mevhod 1S by no means witaoout possibilities oI error is eviaent
Irom tpe variation i1n degree or deveiopment between anthers oI the same
piant. In piant H (Table VIII), tor exampie, thne pollen-cell diameter
is smalier in the anther removed I1our days later. Altanougn cell size

is not rigialy correlated with degree or deveiopment, tne heterogeneitvy
even 1n a single triower 1is ObvVioOus,

Calculation or osmotic pressure 1n interkinetic ceills 1S simple.
The cells are tairly unilorm,and measurecments or a relatively small numoer

oI cells is necessary, the number depending on the degree ol variation

within the preparation. The maximum difterence between tne two extremes
in any one preparation was one unit. Thus, by measuring the internal

i ‘ o
aiamever ot the cell (aB) ana the diameter ot theé protoplast (QA) th

osmovlc pressure ol the cell (OPc) may be calculated, since tae OSmotlc

pressure or the soluvion (OPg) is known.

I
o
av/

OPc = s
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TABLE VIII

OSMOTIC PRUSSURE CHANGES DUKING PRE-MITOYIC FERIOD

OF POLLEN=-CELL DIVISION

Time or 3 5
Plant No. Examination dA dB 47y 75 op, (atm.)
2 24/ 5 l2.n  1h.2 «HH2 Ly 24
2 29/ 4% 14,0 1h.2 L02h( 2L. 04
H 20/ 5 11.0  1n.b ¢ 5001 12,49
) /5 14,0 1h.2hH . (8LH 2(.05%
( 20/ 5 11.0  Lhen LYk) 12,450
( 2/4 1.0 L{e) «0HLY 22499
8 20/ % 12,5 1(.0 59 (5 15.(»
8 2/4 1.0 L1(.0 <0809 29 (b




The initiation or active a1vision is accompaniea Dy several
Iactors making the pilasmometric tecnnique unaesiraple. Permeaoiliivy
lncreases so tnatv the diameter or the Protoplast cnanges as the cell
deplasmolyzes. Since measurement or inaividual cells requires an
appreciaole period or time, the method 1s not applicaoie. Moreover,
the increasing diversity in cell-size 2dds to the dllriculty or the
techbnique. In view or thnese Tactors, incipient or near-incipient plasme-
lysis was studiea., That 1S, obDservatvion oI degree or PlLasmolysis was
made immediateLy upon immersion or the cells in solution. Though sup-
jeét U0 error, this appears to be the most reiilable metnod,

The increase in osmotic pressure preceding active mitosis
1s clearly snown in Table VIII. The ailrerence 1s very marked SO thac
éven an increased permeapllility 1in tne latter phases or interkKinesis
woula paraly account Ior the change. That the internal Osmotlc pressure
8y tne end oI the resting stage is about 2544 atmospheres 1s supporved
Dy 1ncipient plasmolysis tests carried out om actively diviaing cells,
The values are listed in Table IX, and 1t can be seen irom an examin-
ation Ol the data that Littile change occurs in the OsSmoulC pressure or
tne c¢ells auring aivision. The trend alters only at tne conciusion o1

aivision wnere there 1s & drop Irom 5.5 o zl.H. The extent to wanicn

TAls trena continues has not been checked by rurther experiments.

Perpeability

The paysiolLogical actlvily OI pre=micotlc poilen=cells 1s

daemonstrated not only by the changes 1in internal osmotic concenivration

but oy tane 1ncrease 1in permeability as welli. In early interKinetvlc

phases aeplasmolysis was not opservea 1n hypertonic sugar soiutions,

althougn both urea and glycerol diirused through tne memorane. Deplasm-

olysis time in IM urea solution ranged rrom 20 minutves to O, tne



TABLE IX

OSMOTIC VARIALTONS DURING TH# MITOTIC CYCLZ

(Medium - 0.8M Sucrose)

P

P

S

slignt plasmolysis

= deliniie plasmolysis

Approx.  Approx.
Pilasmolytic Stage Mitotic Isotonic U.P. in
Plant No. state Propnase Metaphase  Bi-nucleate value conc, atm,
1A Py lo.{ 2.4 (0.2 o 895 Ue (DM sUC. ZI9.44
18 Py 284 oot L(.0 e 2510 O. (DM suc. z5.44
18 Ps hi.0 HeH (.2 e D220 Os (KM SuC. ZHe4t
L5 P 1h.y 4.9H (DeH « 5900 U. M suc, 2l .4y
18 P b.2 L.3% 9l.86 « 9002 O. (M suc. 2l .4y
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Av a later paasc,
Lase cells become permeabie to glucose so thag deéplasmolysis time can ope

ciearly measureda. At this poin, Qowever, 1t was possible to make a

I'ne resuivs oobtained on the deplasmolysis time or polien-cells
are liistea in Tablie X and lllustratea in Figure &. In View oI the netero-
geneity or the celis, it was round aavisaonie to measure $U=-100% deplasmo-
lysis time rather than H0%, for at some stages neariy nalt the cells
deplasmolyzed lmmediately. The complications &8s to Stability or cyto-
Plasm do not occur here as they did in meiosis, since no aeplasmolysis
éxceedea six hours, and that, in ract, was inirequent,

l.2HM glucesse was used along with its osmotie equivalent 1.6M
Sucrose. The resuits obtained trrom a comparison of' the behaviour ot tae
LWO soiutes support the hypothesis previously made, that the size ol solute
moilecule 1s an important ractor determining the aifrterent patterns or
plasmolytic behaviour between meiosis and mitosis.

As in meiosis, there is a hign increase in permeability auring
prophase. Though the high permeability appears much later in mitosis
than in meiosis, it is interesting to observe that the sharpest change
in property occurs Jjust betore or at the metaphase stage. Tnis, in ract,

has peen the stage (Diakenesis-Metaphase) at wnich the pronounced

variations were observea in the meiotic cycle.



TABLE X

PERMEABILITY CHANGES DURING THE MITOTIC CYCLE

Plasmolyzing Stages (%) Time ror LOU%
Plant No. solution Prophase Metarhase Bi-nucleate Stage value depiasmoliysis
loB 1,0M Sucrose 0 0 0 0 bcV
loB n " 0 o 0 0 H40
l1(A n " 0 0 0 0 2(b
l(A " n 0 0 0 0 200
L(C n " 0 0 0 0 200
1(B n n 1 0 0 .6 180
1(B " " L 0 0 .0 180
ih " " L1442 21.6 5.8 29 159
18 " n 4(.2 Hhebh 2.8 95D 90
1(B " " 6.0 1.03% 40,4 8h
1B " " bbeH Tl ko.a immediate (L=~LO min,)
18 " " AL .4 18.0 1.0 05.2 n "
1(B n " 46.0 20.4 25.0 0(.0 " "
1YA n " 4,0 0.0 Y2.4 120
1YA " n 2.42 1,22 Y0.H 98.Y 00
1{A 1.oM Sucrose 0 0 0 0 o0V
1(C " " 0 0 0 v 5H0
1(B n " 1l 0 0 o0 2bh
) " a 1.1 b.b 4o9H 10.Y 200
18 " " hl.o b.2H 14,2 HhO.2 22h
1(B " " (6s2 2.0 Hel Hhl.0 &hH
L(B " n h4.0 1he5 1he5 H9.Y immeaiate
1y " " 3.Hb 2.14 90.0 Y%.H 150
L& " " 1.7 8.5 88.2 90.0 120
10B 1.20M Glucose 0 0 0 0 420
1oB n " 0 0 0 0 4Q0
L(A n " 0 o 0] VU 155
17C " " 0 0 0 0 100
1B " " 6.2 2.6 502 51.0 20
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Fig. &. Changes in permeapility of Trilillium pollen-
cells during Mitosis

Discussion

The unigque runcvion or semi-permeability in limiting the
passage ol supstances either into or out ot thne protoplast poses, oIl
course, the question as t0 what role the considerapie 10sSs OI ©Tnls
property piays in division. Obviousiy, 1T 1s diITicult to assign
some universal function t0 a property waicn occurs under a aiversity
oI conditions. The organlc environment oI tae anther in which pme
meiosis proceeds is not strictly comparable to tae 1norganic environ=
ment o Iresh- or sSea-water waere algal Illaments Or marine ©ggs
divide., To extend the high passive permeabillty characteristic or
Triilium pme's TO tne mitotlic cells oI Otaer biological Torms woula

be, unless qualified, & dubious association. To deny sucn assoclation,
however, would be equally invalid, in view Ol tae eviaence obtained

botn here and in the results oI otasr workKers.

In resolving the runction oI an increased permeapility, tne
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principal question arising 1s whether the pnenomenon acts as a causal

ractor or Wnenngr it 1is simply a by-product or mitosis. Heilorunn

(L95() believes, at least, that a higner aegree or permeapbility in no

way stimulaves division. The lack or stimulating errect aoes not ruie

out, however, theé possibility tnat increasgsea permeaoillty aoes contribute
TO Tiae mitotic process by permitving a more rapid penetration or met-
apolites, organic and inorganic. Such a runction is very probaplie in
view Ol the evidence praviously reported that increased metabolism 1s
associated with a higher perme=bili.ty, and that the division ol a cell
involves a higher degree or metabolic activity. Division necessary
substances - a very general term including most any constituent or
1iving matvter - are ciearly not limited to organic materials., The
calcium i1on, as shown by Sorokin and Sommer (1y40), is necessary ror
normel mitosis. It is also important in the rormation OI €nzymes
(Mcbonald and Kuntz ly4l). If tnen, céli-aivision does require an in-
creased rave oI solute penetration, it is equally applicable to ali
torms, marine or lLand. The runction, thererore, ol permeability in
cells aeveloping in an organic environment is paralielea by cells exposed
to an environment such as sea-waier. What daistinguishes the airrerent

cells is the duravion and aegree ol permeabiliity, rataer than the more

general property or an increase in permeability.

A tew examples may be darawn Irom the literature to 1llustrate

tne presence 0oi a nigher permeability 1n dividing celis. Shimaxura

(Lys4) round that (Y% OI metapnase I Tradescanvia pme's dia nov plasmolyze

in hypertonic saccharose soiution. He also ooserved that 2a depLasmolysis

occurred 1n glucose media. Yet, he interprevea the pehaviour as patno-

logical, suggesting tnat the permeability resulted rrom an injury or

the memorane by the sucrose. Apart 1rom what seems tO the writer to D®
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an error or interpretation, the peculiar Sensitivity postulavea shoulia

have meritea some special consideration. Unfortunavely no such analysis

was maae. (The reason ror division or only plasmoiyzed cells has aireaay
béen suggestea - Section II.) The results or Kuhn (Ly45() also point to
tne mecnanism OI permeability. He concluded that tne railure or poilen-
cell division,either in solution or even on thick layers or geiatin, was
due to tne loss o1l M"aivision necessary" substances. Since the lLatter
term might 1nciude anytning tnat would atrect the vianiiity ot tne celi,
1t 1s sare o presume that the increase i1n celli-permeability was the
canler reason 10r 1loss or substance., The very same reasoning is applicable

to Shimakura's (193() observation that pme!s or Trillium Kamtscnaticum

were somewhat sbnormal when immersed in sucrose solution.

Though the relation between permeapbility and stability 1s
dererrea to the more general discussion, it 1s important to remark on
tne time-ractor in permeability. It is clear that, apart from other
ractors, the amount or solute ditrusing through the membrane is a tunction
or time as well as degree of permeability. Thus, even where degrees o1
permeability are nearly equal, the inwara or outwara passage oI solute
will pe very small if the interval ol high permeability is ol shortv

aurevion. The aifrerences in stability between Tradescantia and

Tritiium pme's are explicable on that basis, since the meiosis OI the

rormer is much more rapida., To a lesser degree the lack or extreme

injury in mitosis can be interpreted as partly due vo tne shorter

interval ot high permeability. While the time-fractor 1n no way necessivates

a reinterpretation of the permeability phenomenon, 1t does explain the

lack of unitormity in thé behaviour of ditrerent mitotic cells, in view

or the variation 1n duration or mitoses.

From the accumulated aata it is difricult to make any derinite



- Y0 -

generalizations concerning the physiological dirrerences between

meiosis and mitosis. I a comparison of pme's and poilen-celis is at

all representatvive, 1t can be said that meiosis involves a higner aegree

of permeability tnan mitosis, ana that, probably, the rise in permeaoil-

ity occurs eariier in the meiotic cycle. Insorar as degree Ol property

is concernea, it is probabie that it is generally greaver 1n meiosis,
tnough the writer has tound Little in the literature 10 COITobLOrate
tnat view. As to the relation between the physiological and morpno-
logical cycie, assoclations are less apparent because 0of the dilrrersnces
in time and rorm ol the divisions. The mitotic cycle proposed agrees
largely with Herlantu's (1920) observations on marine eggs, suggesting

a decrease in permeapility artver propnase ana a r1se wita telopaase,
tnougn the data obtained Irom studies or Triliium polien-cells point tO

a mia-mitotic increase earlier than taat snown by Herlant.
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IV. SURFACE ACTIVITY

The experiments reportea here daeal brierly witn two types oI
aonormal behaviour which have been observed in Triilium pmc's suspenaea
in sucrose meaia. These are the rormation of nyaline vesiclies and oI
muiti-nucleatved pmc!s. Though generally, neither or these pnenomena
occur under natural conaitions, apart trom the presence o1r certain
genic or extreme environmental fractors, their proauctvion in artiricial
media 1s Ol 1nterest in the physiology or meiosis. For tasir occurrence
suggests a markea surrace activity in association with nuclear division
and, in view or their restriction to certain stages o1 the meiotic cycle,
suggests, more speciricalliy, a change in the surrace energy ol the cell.

Hyaline vesicles are simply protopilasmic extrusions wiich
become compietely spherical, detach themseilves Irom the protoplast, and

rloat about in solution. A devailea study of their rormation in Paramecia

has been made by Bungenberg De Jong and Hartkamp (LY38). A parallel
phenomenon has been round t0 occur in cells unaergoing mitosis. Lewis
(1y4+2) summarizes the evidence 1o. the rormation oI fnpleps® in rioro-

blasts anu sarcoma celis in the anapnase ana telopnase stages. Toough

unlike nyaline vesiclées 1n thelir errects on cell viapility,-the rormation

oI vesicles results in a Killlng oI the cellL - they are very similar in

their development. The cniei ditrerence is, Ol course, the extrusion OT

tne vesiclie out o1 tneé protoplast; toe mechanical separation OI protvo-

plast anda bleb does not occurls.

The rormation of polynucleate pmc'!s nas genetic as weil as

cyvological implications. A study oI the phenomenon yields, thereiore,

not only intormation on the physiology OI meiosis, but also on conditioms,

artiricial or natural, responsiole tor the proauction or polyploid
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Progeny. The cytogenetic interest in the problem is suggestea oy tne

WOT Of menmy investigators. De lonl (1929), ror exampie, made a com-

prenensive stuay ot meiosis in tne tulip, and concliudeq that tne rormavion
O daiploid ana tetraploid polien grains was due to tne laillure oi wadtl
lormavion. Reeves (1y2s) Teportea a similar condition 1n some pne's

oI Zea Mays. Beadle (1v52) tracea tne phenomenon 1n Zea to a recessive
gene which causea a rajijure or cytokinesis when nomozygous. Lebederr
(ly40) was avie to réproduce the errect by heat treatments. A diIrerent
éxplanation was advanced by Levan (1941) wno believea tnat tne Iormavion

OI poliynucleated pme's in Pheium pratense was due to cell rusion ratner

than to a railure ot wall rormation.

Hyaline Vesicies:

(a) Period ot Formation. Vesicle I0Irmation OCcurs most
abundantliy 1n the tetvrad étage. Withnin this stage 1t is restricteq
chierly to tne perioa oOf transition rrom grouped tetraas to individual
pollen~celis., It nas also been observed, tnough ratner intrequently,
1n aiaas. It would seem, theretore, tnat tne proauctlon or hyaline
vesicles 1s associated with the termination or the division cycle,
taough 1t may also occur at the end oI meiosis I.

(b) Conaitions or Kormation. NoO particular treatment 1S

required 1I0or the production or vesicles apart Irom the 1mmersion oI

ceils 1in sucrose meaia. Addition or salts or alkali do not 1nnibiv

taelr rormation, though, unlike tne errects ol tne soiutes on Paramecia

(Bungenverg ve Jong ana Hartkamp lys%), they 40 nOt promote vesicle

Iormation at stages otner tnan those lListed. The process 1s rapid ana

1s complete several minutes arter immersion o1 tne cell 1n tne meaium,

Because oI 1ts repidity, 1t 1s dlITicull TO trace the evenis precceaing



—99_

the 1ormatvion. In someé cases provopilasmic currents nave been observed
converging at & point where the vesicle torms. Tahese currents are
very similar to the "lesion currents" describea by De Jong and Hartkemp
(1955). Such observations have been too tew, however, to justily any
general conciusions.,

(¢) The Nature ot the Vesicle. The vesicles are tormea out-
siae tne cell-wall which is fairly thick at tne tetraad stage. They are
clearly the products of an exudation or protoplasmic tluid since any
fpinching-orr® process is hardly possible, ana where observation was
made, the spherules could be seen to grow in dimension. Detacament OI
the vesiclies may occur without use ol any external agent, but they are
readily removed by tne aid or micro-needles. Their rluidity is easily
demonstratea by micro-manipulation, and it someé granules are present,
by vigorous Brownian movement.

It is not cervain that the tluid torming the vesicle is
cytoplasmic in origin. The disintegration or the cytoplasm 1n pre=
leptotere and prophase pme's suggests the alternative of nuclear origin
(See Plate I,Fig. o). Mofeover, unstable pme's, wnen injured by aceto-
carmine, exnibit a nuclear rather than a cyvoplasmic IlowW (Plate I,
Figs. (,8, ana Y). Further, though limitea, evidence is obtainaole
taining ot some vesicles in acevo-carmine. However,

n lst division cells and tetrads, and tne

trom the deep S
the ilack of identity betwee
very Iew observations ot vesicle staining, prohibit any conclusions

as Lo zone Of origin.

Polynucleate PMC!'S:

(a) Period or Formation. Altnough tormation of multi-

nucleate cells has pbeen observed oniy rrom pre-leptotene TO dirakKenesis,
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it 1s airticult to determine the Stages to which the process 1s re-

SLTiCted Ln VieW oI the increasing instability of the pme witn tae

development oI meiosis. It can be sald, however, tnat thne rormation
Ol such multi-nucleated cells does occur Irom pre-leptotene to diakenesis,
Whether other stages poSsess similar tendencies cannot pe determinea

I'rom the aata obtained.,

(b) Conditions ot Formation - External. FMC'S suspended in
pure sucrose media otten lLose their walls arter a period oI time varying
Irom twelve hours to several days., The removal Ol the external cell-
wall is more pronounced in pre-ieptotene cells since tnere is generally
little celi-wall at later stages. It again, the cells sre aggregatea
in a mass, as they are in the pre-leptotene of meiosis, they graaually
loosen themseives from it, assume a completely spherical shape, and
Iioat aboutv in solution (Plate II Fig. 1). The concentration Of SUCrose
employed seems to have no particular iniluence, polynucleate ceLis
Torming in media ranging from O.HM to L.»HM. Addition or CaCl, NaCl,
and NaOH, or mixtures oI these, in no way inhibits the process, ir

anything, the salts promote it. The latter conciusion, however, would

require a much more detailea study.

(¢) Conaitions or Formation - Internal. The production or

multi-nucleated pme'!s is due to Iusion or the cells in sucrose solution.

Since the process is rather slow it has been observed and paotozrapnea

' ‘ o1 1usions
in sucrose media (Plate II Figs. Z,5,4, and n). The number

e
possible appears to be unlimited though, actually, cells have not been

i : a
observed with more than about )< nuclel. The resuitinz giant cells are

completely spherical and their volumes are roughly proportional to tae

.moer oI nuclei present. For example, in one preparation the diameter
n’v

: ' = eLl
of & uni-nucleate cell measured 20,9, &nd that or a bi-nucleave ¢
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measured 2b. The ratio or their cubes is golb/17,5 (o, whien rougaly

represents a volumeiric ratio or L:2. The relation 1s generadl,

Apart rrom the absence oI an external cell-wall, a riuiaity
OI the cytoplasm appears to be essential in view Ol tne completeness
OI the Tusions and the sphericity ofr the products. The cytoplasmic
liluldity at tnese svages has already been demonstrated by micro-mani-
putavion (Section I). The primary reaction, however, occurs between
the mémbranes oI tne rusing cells. This 1s strongly suggested oy the
aispersion Ol the cytoplasm where any rupture occurs in tae memorane.
Where destruction ol the membrane takes piace, as in some poorly viaole
preparations, only the nuclei remain coherent (Plate I Fig. o), so that
the Iusion OI cells by membrane rupture appears unlikely, What particular

property or the membrane is responsible 1Ior the reaction 1S nOt eviaent

from the results obtained,

DISCUSSION

In a very general way, the tendency Ol early melotlc cells
towarda Iusion, that is, UTO aecrease surrace area, and the tenaency or
tetrad cells towara hyaline vesicle rormation, that 1S, TO 1ncrease
surrace area, point to an over-all decrease in the suriace energy Ol tne

cell. The changes in surrace energy, orven local ratner taan general,

nave peen alscussea by Faure Fremiet (lygh). He stresses the very

obVious d1ITlculty oI measuring actual surrace tension ol & ceLl, since

among other things, protoplasmic conesion 1s & lactor. There is an

agreement among some workers, however, that the average suriace tension

or the cell qoes decrease Witn tne development OI Ta® division cycle

(See Faure Fremiet 1yz2h). Tnis conclusion 1S doubted by Faure rremiet
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who believes that the question is or a theoretical ratner than or a
practical nature in View or the techniques ot measurement. The obser—

vations recorusa nere, nevertheless, support the conclusion of decreasing

suriace energy, although thi evidence for it is negative ana hence
’

linited., The 1usion or cells wou.d be expected wherever naked pProtopiasts

exist without a peripheral gel layer., The argument basea on rusion
’

thereiore, requires no assumptlon Or increased surtace energy. So tna,
the remaining point Or rererence is the production or hyaline vesicles
onlLy at the tvelophase, a pnenomenon propably, though not necessarily,
implying a aecreesed surrace tension. The relation oi the change to
other physiological ractors will be aiscussed later,

The production of polynloid pollen, either by physical or
genetic agents, is, 1n some cases, cervainly due To & Irusion of the cells,
Although Leven (ly4l) touna the multi-nuclieated protoplasts to appear
li1ke plasmodial masses when observed 1n IiXed preparations, there 1S no
doubt vhatv the loss ot sphericity was due to rixation. Celis with ten
or more nuclei are extremely lLarge, and are very iiaole to mechanical
injury. Such cells invariapbly lose their spherical structure on
staining with aceto-carmine and appear, as Levan nad round, L1Ke multvi-
nucleated piasmodial masses. In solution, however, the polynucleatvea
cells are perrectly spherical and show no Iorm ot intra-celiular injury.

It 1s probable, that railure of cytokinesis is an alternatcive

mechanism to rusion. Physical agents, however, such as temperature

(Lebeaer: L4+0), and oxygen starvation (Steinmivz 1y44), suggest a

aestapillzation of the membrane and a aecrease 1n consistency wnich

seem to pe a precondition ot tusion. Clearly, uthe LOW svapility or

pme's would result in a nigh sensitivity ol the cells To external agenus.

This 1n ract, would partly support the conclusions ot Ds Mol (Lyey):
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"What we suppose is this: by certvain treatment, chemical or physical,

changes may happen which can creave a sensitiveness such as to be sure

ot the origination ot diploid and tetraploid pollen grains at i certain

temperature during meiosis". The correction to be appliea to De Mol's

conclusion as suggested by the results obtained would be, that a

sensitiveness already exists by vairtue or the intra-cellular changes

associated with meiosis.



DISCUSSION (GENERAL)

The most striking paysiological characteristic of mitotic
phenomena is the cyclical pattern ot property change. In no other
aspect is there so close g parallel obtained as between the corres-
pondaing stages’in morphological and physiological development or the
aiviaing cell. Though the degree of permeability and the peculiarities
oI stability point, in contrast with non-dividing cells, to the unique
paysiological properties of mitosis, the pattern ot trluctuations in
stabillty ana permeability is by rar the most important reacure ot
celLl-aivision. Upon identitication or the various cycles of change-
morphological, physiological, echemical- and their integration, depends
the ultimate resolution ot the mitotic process, That physiological
cycles can be shown to exist simplities the probiem oI aivision.

Ir, as has been suggested, the greater stability or the pre-
leptotene cell compared to the other stages or division is due vo a
corresponalng lack o1l denatured protein, then, among other changes,
an increased hydration ol the protoplasmic proteins 1s to be expecteq,
Notonly are native proteins gemnerally more nyarated (Scamidt lyj&L but
the 1ncreasea stability alone suggests a greater ahydration oI tne
lapile protein Iraction, 1n View Ol ULhe bepaviour o1 collolds 1n reia-
tion to nyaration. Such & comdition is, 1n fact, suggested by tae

work or Gusvarison (lys9) who peillieved hydration TO b€ necessary Ior

caromosome reproduction. The rerractive inaex studies o1 Preirrier

(Lys+, 1yso0) point to & similar conclusion, Since hls proposea cycle
oI reiractlve cnanges inciuaes a sSlight lowering OI tne rerractive
inaex 1n early prophase roilowed by a graded increase untll the meta-

pnase. A low rerractive inaex clearly invoilves an increased sorption
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o1 water. The low rerractivity or pre-meiotic or early prophase celiis
of Triltium immersed in sucrose media points to the same conciusion.
Thus, within thne limits or division - a comparison with vhe resting cells
not having been maae - it can pbe s81d vhat the €arly phases oI meiosis
are tne more nydrated, a condition consistent witn the data obtainea here
on the stability or uvhe cells. Why there 1s no continuous rise in
Stabllity corresponding to the steady drop in rerractive index roilowing
metvaphase as round by Pteitrer (1934, 1Y50), cannot be explained at
present. In meiosis, at lLeast, the return to greater svability occurs
arter tetrad Iormation.

Assuming that the increased nydration ol the protopiasm
extends vo the protoplasmic surrace, a very useiul parallel may be drawn
with piant cellis which have been nardened to injury by irost. Scarua,
Levitt, and Siminovitch (1940) point to an increasea aydration of the
memorane as, at least, partly responsible 1or the increased permeapillity
to water ana polar solutes. The situation is quite simidar in the
hydratea pre-ieptotene pmc's where the permeapbillty OI the memorane 1S
prooaply greater than at aﬁy otner stage in the LiIe history or tne cell,
It 1s possibie, tnererore, to integrave the more general Ireavures ol
The higher stability o1 the prophase can b€ associated

pme physiology.

with vhe greater aegree of hydration rererred to in the literature and

in the experiments reported here. The latter condition can, in turn, 0©

integrated with the propervy or hign permeapbiiity. What makes tne

parallel with 1TrOoSt resistance even more interesting is that tne naray

plant cell woulid be expected TO DPOSSESS a greater stabllity than tné non=

haray one, SO that the two main leatures orf the dividing celli, permea-
?

bility and stability, obtain the same relationship between early and

late meiosis as between the hardy anda non-hardy states. It is clear,
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OI course, that the parallel cannot be extended uniimitealy. The
resting cell is certainly more stavle than the pré-mitotvic one, taougn
the 1ormer is the less permeable. It is important, however, to consiqer
tne special metabolic conditions of aivision which would clearly justirty
the special properties found.

The identity in protoplasmic properties between hardy and non-
parday plant cells and certain phases in meiosis is turther supportea by
the unpubilisihea work ot Siminovitea (Scarta LY44+) who round a much Larger
proportion o1 soiuble protein in hardy than in unnaray ceils. It nas
alreaay pbeen suggested that tne higher stability ol the pre-ieptotene
Stage 1is associatga with a greater solubllity o1 tne Lapiie proteln
components. Thus, it is possibie to associate a pnysico-chemical change
with changes 1n physiological properties. To wnat extent
and in what manner tnese diverse ractors are relateda is nardly obvious,
and its resolution is certainiy beyond the scope ot this work. It would
appear, however, that an intimate association does exist between protein
solubility on the one hand, and permeability and stability on the otaer.

The cnanges that occur in the various physiological propertiss

during the development of meiosis may all be interrelated as above. The

decrease 1n stability points to a drop in the solubility oI the protein

components. A lower solubility has already been noted to pe associatsd

with a lower permeabiiity, both in 1Trost hardeneda cells and 1n pmc

meiosis. It also involves a decrease 1n hyaration, a condition demon-

strated by tne increase 1in retrractive index and suggestea by the probabiilty

or the presence ot denatured protein. The conditions responsic.ie 10T

changes in surtace energy are less obvious. The rormation ot hyaline

vesicles at the termination oI division points to a lowering oI surlacse

tension. Apart rrom tnat, however, there is no evidence beyona tne
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prooapnility or a decreased hydaration of the membrane

Th . .
€ evidence accumulatea points, thererore, to a canaracteristic

pattern or physiological changes 1n association with cell-division. It

1s pelieved, rurtnermore, that this pattern or physiological cycles 1s
essentially, at least, applicable to all dividing cells, though detect-

abrlity or the pattern may be severely limitea by specilic conditions
?

such as auration oI stage, celi size, and the like., There 1s Little TO

suppose that similar conditions do not exist in organisms other than

Triilium erectum. Where rererences to the licerature nave been possible,

the aata, 1n ract, uphoid the conciusions set rorth,.

Finally, it is emphasized tnat no rigid physiological character-
ization can be maae o1 any artiricially derined morphological stage.
There 1S no 1rixed stage ol division except as a rererence to development
in point ot time. In Vview o1l the continuity ot change unaeriying the
aivisional process, tne physiological properties or the cell woula be
expected to vary according to degree or aevelopment, but haraly, not to
vary within tne Limits ol morphological stage. Thus, paralliel tO tne
cycile oI structural changes thaere occurs a cycle or physiological changes,
both cycles being characteristic ot the aivisional process ana ootn being

essential to an understanding or it.
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SUMMARY

I. Appearance ana Consistency.

(a) At any particular stage ot meiosis the optical ana
physical patterns oI the pmc are dependaent on the nature ot the meaium
employed. In Sucrose suspensions it has been shown that the relation
between appearance and solute concentration is not a runction or osmotic
pressure. The critical balance or ractors associated with appearance
has been demonstrated by the erfectiveness or extremely diiute salt
solutions applied to the pmc in presence oI sucrose,

(b) The appearance in terms or retractive index changes with
stage ol meiosis., There is an increase irom a relatively low retractive
inaex at pre-ieptotene to a relatively high one at metaphase, at which
point it 1s probably at its maximum value,

(¢) The pmc 1s structurally dirrerentiatea into three zones
corresponding to its optical dirrerentiation; an outer gel lLayer or
variapie thickness, and inner peripheral iayer which is rluid in con-
sistency ana granular in appearance, a clear hyaline area oI similar
consistency and the internal nuclear zone.

(a) Tne large retractive nucleus examined at stages between
leptotene ana aiakenesis 1s of riuld tvexsvure, evel when rerractive.
Mechanical injury, however slignt, causes a rapid contracuvion 2nd

gelation.

(e) There is a decrease in cyvoplasmic consistency Irom

leptotene to metaphase.

(f) At the metaphase stage mechanical disturbance or the

i 1 the
chromosomes within the cell promotes a tusion. Witharawal o

chromosomes into the medlium causes their gelatl

(g) Tearing ot tne membrane results in & dispersal or the

cytoplasm in the meaium. Only the nuclei remain coherent. This is



interpretea in teIMS O dilferences in pnysical property between nucleus

and cytoplasm.

II. Physiological Cycles.

Paralleling the cycle of morpnological changes 1s a cycle or
cnanges 1n the permeabllity anda stapbility oI tne dividing celd.

A. Stapbility

(a) There is an over-ali drop in protoplasmic stability irom
the pre-Lteptotene to the tetrad stage or meiosis., Actually, the cycle
ooservea in Meiosis I is essentially repeated in Meiosis II.

(b) The pre-leptotene is the most stable stage. There are
markea drops in stability at diakenesis-metaphase, metaphase-anapnase,
the peginning or 2nd, mid-Znd, and the tetraa stage. The aegree or
instability at these points increases with the aevelopment oI the
meiovic cycle,

(¢c) The pattern or rluctuations does not alver il basea on
ceLls immersed Ior 24 hours.

(d) The troilowing ractors nave been rohna 1o be associated
with decreasing viability or a preparation:

(1) Exosmosis of cell soiutes
(2) A decrease ol sucrose concentration 1n the external

medium. Increased Sucrose concentravion is associatea

with increasea viapility.
(3) A low pH. Alkaline pH's increase viap1ility.

(+) Hignh concentrations Ol salts.

It 1s suggested that protein denaturation is the ractor responsib.e 10r

tne invra-cellular changes observed auring division.
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B. Permeability

(a) The riuctuations 1n aegree ol permeability are similar
t0 those o1 stabiliity. The pre-~leptotene or meiosis 1is characterizea
by & very nigh aegree ol passive permeability to polar soiutves. With
iniviavion oI active daivision there is a drop in value which, tvhough
riuctuating, continues that trend until the termination or division.

(b) The points of change in permeapility property are pre-
sumea TO occur at diakeneslis-metapnase, metapnase-anapnase, and ac toe
end oI tne cycle. A similar trend occurs in Meiosis II. Generally thae
tetrads ShOW a LOW degree OI permeabpility.

(e) A cycle or permeability change has ailso been Iound 1n
poiien-cell mitosis. The tluctuations - il there are such - nave not
been tracea. The permeability increases until the pre-metapnase suvage,
av which point it is at its highest value, and arter which, there 1is a

aecrease to telLophase,

C. Osmotie Pressure.

(a) Stuaies o1 0.P., changes 1n pollen-cells inaicated a rise
in 0.P. preceaing division, & rairly constant 0.P. during aivision, the

value aropping OII toward telopnase.

(b) From indirect evidence 1t is presumed that a similar cycle

occurs 1n pmc meiosis.

III. Suriace Phenomena

(a) Fusion or lst aivision cells when immersea 1n meaia Ol pure

sucrose or of salt-sugar mixtures in stages ranging rrom Leptotene to

diakeneslis nas been observed. Among the ractors I‘GSPODSiD.LG Ior the 1usion

. . 1
are the apsence ol any external celi-wall (generally 1osSt while the puc's
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are suspendeu 1n SucCrose) and the riuldity or the cyvoplasm. In view

oI the physiological ractors associated wWith pme development, thls 18
suggested as & mechanism Ol polyploid poliien rormation.

(b) Hyaline vesicle rormatvion is common atv the time oI tetrad
separation 1nto pollen-celis. Among other things, it is consiaerea as

prooably inaicative 01 a decreased surrace energy.
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APPENDIX I

DETERMINATION OF THE DEGREE OF MEIOTIC AND MITOTIC DEVELOPMENT

It may be assumea a priori that the morphological changes
occurring in the pmc's are associaved with changes 1in its paysiology.
But the iaentirication OI a certain morphological stage in me10Sis with
a partlcuiar aegree oI a physiological property is somewhat ampiguous
since, as will be shown later, any one microscopically aistinguisnaple
stage Ol mei1oSisS may possess within 1tseltl diitrerent degrees o1 a
pnysiological property, such &s high ana LOW permeapility Or hign anda Low
osmotic pressure. It is ideal, thererore, to characterize the stage oI
each preparation quantitatively in terms ol a graduated scale oI meiotlc
aeveiopment. This is theoretically possible since with constant external
Tactors, meiotic development may be considered as a runction oI time,

And given the ¢ime intervals or each grossly derined morpanoiogical stage.
the Mmeiotic value' or a preparation may be determined by appropriate
calculation. To the writer's knowleage, nowever, no accurate determin-
atlons have been made of the time intervals ol melotic sStages 1in

T. erectum. Neither has it peen possible, due tO TAe TIremendaous

variations within this species, to make any such determinations in the

course of this researcn. Consequently, & cruder method ol evaluation

has been used which, though not accurate, does give an approximaive

scale ot change.

It would have been ideal, oI course, to sStudy nhomogensous

preparations. Since there is a marked diversity or aevelopment witain

a
a single anther, tnis has peen 1mpossiole. To express tae pays1oiloglc 1

_ - essary to
data as runctions oI morpnOLOgical development it has peen neces y

. i : ] It 1s
integrate the several mitotic stages into one single expression.



strongly empnasized, however, that the aritametic calculations empLoyea

here are not intended as a means oI derining more clearliy a stage or
aevelopment, out solely as a method of Simplirying the eéxpression ror the
several stages round in a single preparation.

The limitations in identitying the exact Stage OI a preparation
nave already been mentioned. It is recognized that such 11m1tatlions are
S1mply ones Ol procedure and couid be overcome. For tae present research,
however, at least tne tollowing categories have been ciearly identitiea
in all preparations: early prophase, LSt division, Zn@ division, tevraas,
anda the mitotlic stages O the pollen-celils. Since one or more or tnese
categories occur in a single preparation, & method OI determining
approximately the degree ol aevelopment within eacn category 1s possible.
That 1s, 1t can be stated in a rataner arbitrary lrashion whetner each or
tne categories present 1S 1n an early or late pnase OI 1tS aevelopment.
The assumption 1nvoived, whicn 1s partially justiIieda Oy tne data obtainead,
1S thnat the various Stages 1n a single preparation are 1nterdaependent SO

that a nigh trequency Oor cells 1n an advanced category is 1naicative oI

a lace punase oI development 1n the preceaing one.
This relLavtlonsnlp may De expressed mavaematlcally by e1tner

assigning arpoitrary values to eacn of tpne categories, or by, wnav 1s

consiaered more iNSLructive, assigning values roughly proportional to

tne time intervals ol tnese categories in mei1osis. In tnis way une

rejatvlive rates ol tne dirtrerent stages is taken into account. For, no

matter how approximate the values may be, there are more instructive as

1ndlcators ol meiotic and mitotic development than an aroitrary designation

" the
of numerical values. A list ot values, equal tO the mean value oI th

approximatea time interval of eacn category 1S listea in Table I.



It is necessary, tnererore, to designate the degree to waicn
the presence ol oneé Category Oor stage inaicates an increase or decrease
in che median value ol anouvner category. For exampie, given sv% lst
ana 1b% Znd, the amount by which the LH% of the 2nd division inereases
the mean value or the Lst and that by which the &% ot the Lsc‘aecreases
tne mean value ol the 2Znd must be round. This is done by introducing
a set or "aeterminants®, and multiplying the percentage rrequency oI tne
Z2nd aivision by its aeterminant and adding the product algebraically to
the mean vailue 01 the Ist aivision. The values or the "determinants"
are aerivea on purely mathematical grounds. If meiotic development is
.representea by a straignt line, then the determinant ol & category is
equal to tne distance between 1ts Own midpolint and tae ooundary oI tae
ad jacent category. Theoretvically tanererore, as the Irequency or the
aajacent category approaches LUU%, the value ol the Ii1rst cavegory approaches
tnav ol the boundary. Thus, where HU% or the cells are LSy dlvision and
0%, 2nd division, the mean value OI the 1lst d1vision cells is not 4z.n,

but 42.5+(.H X 42.H) wnich equals b4, a point nalr-way DeTwWeen Tae mid-

point or 1st division ana the peginning Ol the snd. Where, nowever, the

adaeterminant OI a category relates 1O &a non=-aa jacent onse, it must oe 1n-

creased or decreased by some ractor. In the absence oI any knowliedge ol

] T was
the mataematical relations between such categories, the aeterminan

) acent
increased by a percentage equal in value to tae determinant ol tne aa)

category as shown in Taole I. Thus in slide %.29.1C 2H% is 1St a1V.; oo

. ‘ .
ona a1v.; and Y% tetraa. The 18T aivision value 18 tzon+(H2.H X +00)
°

(#5.5 x .UY) = (4.y; tne value oI Ta® ona division is y8.o*1s.0 (09 -

i - o - . X
2h) = Yo.)H; ‘the value or the tetrad stage is 11Y.D (8sH X +2D) )

) simpleTe.
oo) = 1lH.H Tn the case of polien ceils the procedure 1S mucn simp

ta ‘Trequen n tn reparation
E tage value is multipiiea by 1ts percen ge 1req cy 1 e prep
acn s v

—wrre—vae—o2odUCLS tOtalled TO g1Ve tne mitotic valiue.



TABLE 1

MEIOTIC AND MITOTIC VALUES

. Pollen
PIc 1stv Div. 2ned Div. Tetraas Cells
Median
value H2.h Y8.H 119 L %45
E
T
E
R 2Zna +42,h - (9D - %.h
M
I [ 42.p )
N Tet +48.h(+42,H5 X 15.H) +19.h - (-H
A
N
T P.C. +14,.h + Toh

Pollen-Cell Mitosis
Prophase Metaphase - Anaphase Bi-Nucleatve
Mitotic
value 0.0 0.6 1.0

The median or meanvalue is least in lst division and nignest 1n

polien-ceils., Thus, ths more aavanced a preparation the greater is 1ts

total value. Such a total is arrived at by considering thnse percentage Ol

eacn svage present in the preparation. The greater the percentage oI the

more advanced stages, the greater the toval value or the preparation.

] ere a
Another corrective tactor is also possible. It is clear that wner

1 at tne
large rraction o1 the cells are, ror example, in 2nd division that

: ) ] o be more
remainder ol those in 1st division are more likely than notv t

] value or
advanced than 1i there were Iew diads. In otner wordas, the mean

i e
a single category, say lst divisiom, is alterable, the change belng

proportional to the frequency Ol OUNEr stages present.



APPENDIX 1II

Slide j . % Frequency ot Stages
ist Div, 2nd Div, Tetr, Polien-Cells
o-Y=-1B 52 (o3 0 0
Ll-11-12B 65 1n 22 0
Y=1l=1B 61 11 & 0
4=11-128 87 1L 2 0
Nell.12B 0 4 Yo 0
[«LleLZB o 45 0 0
DelYe LB 100 0 0 0
belYe LB 100 0 0 0
Le25412B 100 0 Y 0
2e20.12B 100 0 Y 0
Hed5e LEB 100 0 0 0
4,280 LB 100 0 0 0
lelZelC 0 54 4y Y
Z.1241C o 91 5 0
9eL2.1C 5 bl 0 0
4elZeLC 0 100 Y 0
1,1%.1C 0 2l (9 v
2e1%5.1C 0 J0 “ Y
9el544C 0 99 1 0
4.19.1C 0 Y 08 Je
Del%elC 0 0 DY “l
NeltelC 0 v v 100
Lzelit, IC 0 0 0 100
15¢1%41C 0 0 0 100
14.14,1C 0 0 0 100
[e1941C 0 0 0 100
Yely,1C 50 H0 0 0
12419.1C 4%y Hi 0 0
le20,1C &2 18 0 0
202041C H5 4 ( 0 0
5420, 1C 9( b 0 0
4,20, LC 90 4 0 0
He20.1C 100 0 0 0
0420.1C 99 1 0 0
[e20.1C 85 1 0 0
Se20.1C 100 0 0 0
24224 1C 96 4 0 0
4422,1C 98 2 0 0
2e2D4 10 98 2 0 0
50254 1C 25 oo Y 0
4429 LC 0 v 10V O
Lo2[+1C % “ 0 0
Ze2 (LG h8 42 0 0
9e2(elC 100 0 v v
4e2(olC 100 0 0 0
Ne2(elC 78 22 0 0
De2(+LC (1 25 0 v
(e2(+1C 98 2 0 v
Se(« 10 100 0 0 0
LLeZ(eLC 71 29 0 0



AF-gnDia IXI (Cont'd)

Sliae j; % Frequency or Stages
Lst Div, 2na Div., Tetr, Polien~-Cells

12e2(e1C 9y 1 0 0
1n.2(.1C 9y 1 0 0
lo.2(.1C 98 2 0 0
LehHe2C 15 1e 15 0
2ehHe2C 1 &7 12 0
| 5000 2C 16 80 4 0
HeYe2C 0 h4 47 0
(+9.2C 0 15 &5 0
84¢4.2C 0 42 ”8 0
2.10.2C 0 25 5 0
Hel0.2C 0 26 T+ 0
{.10.2C 0 13 a7 v
©.410.2C 0 12 88 0
Y.10.2C 0 5H oh 0
11.10.2C 0 i 96 0
15.10.,2C 0 17 85 0
2.L1.2C 0 0 0 100
1.,10.5C 0 0 0 100



Fig.
Fig.

Fig.

Fig.

Fig.

Figs.

PLATE I

i. PMC of Trillium erectum. MA" type ol cell 1n 0.2 sucrose.

2.

j.

De

O.

Tritlium FAC in 2ra aivision. MAM type or cell 1n V.2 sucrose.
Same cell as in Fig. 2, but arter some periusion nhas become nga
type.

m"HRY cetl or Trillium - 24 hours in O.HM solution. Itdia not
aeplasmolyze when treated witn hypotonic solutions.

Tvpe "DW cell in 1.HM sucrose

Sphnerical rragments Or nucliei and compietely disintegratvea

cyvoplasm in O.HM sucrose,

(6,9 Fixation ot unstable cells. No pressure was appilea to

the cover-slip on trixation. The 1lowing o1 tne nuclei results

Irom an injury rather than mecnsnicel nressure,



PLATE 1




Formation of multi-nuecleate éells:

Fig. 1:

Figs. 2,3:
Fig. 4:

Fig. 5H:

PC after 6 days in 0.8M sucrose. The cells are of the WBW
type and are spherical; the walls, if present are loosed
from the protoplasts.

Fusion of cells in 1.HM sucrose.

Multi-nucleate cells at pachytene-diplotene stage showing
single aggregation of chromosomes: cells are in 0.5l
sucrose, the cell in the center of the photograph being

uni-nucleates.
Fixed multi-nucleate cell stained with aceto-carmine in

0.8M sucrose + ,OlM CaCl,.









