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INTRODUCTION (G^TiiRAL) 

Ever since the recognition of mitosis1 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 

or 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 fairly complete description of the micro­

scopically visible structural characteristics of cell and nucleus during 

their cycle of division. Recent research has, in a sense, leap-frogged 

to the more ultimate constituents or the cell, namely the protein molecules 

and their allied substances, and has by means of techniques adapted from 

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 filled by a study of the cell -'in vivo", 

that is, by means of physiological data. Not that such knowledge is 

entirely lacking,but as a bridge between the other two approacnes it is 

still highly inadequate. 

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

the study of mitosis is very broad. A complete resolution or its mechanism 

depends not only upon a full knowledge of protoplasmic structure, vmich by 

1. The term "mitosis31 is used in its broadest sense, namely, as the all-
inclusive expression for tne division of nucleus and cell. "Meiosis" is there­
fore regarded as a special case oi mitosis whereby the daughter cells possess 

half the chromosome numoer of the parent one. 
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itself may be regarded, as an ultimate in biological research, but also 

upon a knowledge'of metabolic gradients as related to the chemical com­

ponents and structural characteristics or the nucleus and cell, rne 

latter concept, i.e., the necessity of integrating lunction with structure, 

was pointed out by Scarth (ly^7) wno, m demonstrating the presence or 

structure in the optically homogeneous nucleus, stated that "pnysically 

speaking, function cannot be separated from structure. Some material 

conriguration must be assumed or else an agent immaterial''. The resolution 

of the mitotic mechanism further requires wnat is unique in biological 

relationships, namely, the conformity of all such data with those of genetics 

on the transmission of hereditary factors. The deductions maae from post­

mortem studies or cell structure and cell components are of inestimable 

value in the resolution of cell-division, but it is clear that such deductions 

will be less tenuous when interpolation of data from the behaviour or the 

cell "in vivo" is possible. In fact, such crucial phenomena as the dissolution 
« 

and formation of membranes, both nuclear and chromosomal, and the movement 

or chromosomes, cannot be adequately understood without a knowledge 01 tne 

physiological properties of the cell. 

The discrepancy between the mass of morphological data and the 

accumulating body of physical and chemical data on the one hand, and the 

paucity or physiological data on the other, is obviously large. Past 

research has stressed tne structural kinetics or cell-division, an emphasis 

which stems no doubt from the relative ease with which data on the morpno-

logical patterns of the cell at any stage or mitosis can be obtained. The 

fairly simple techniques of post-mortem staining have given rise to an exceed­

ingly large body or information and have consequently made chromosome morphology 

the focal point or cytogenetic research even to the present day. The emphasis 
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of present studies has shifted somewhat to the physics and chemistry of 

the nucleoproteins where the advanced techniques oi biochemistry have 

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

to a large extent, neglected in the efforts to resolve the mitotic mechanism. 

It is true, of course, that the subtler conditions oi investigation involved 

in physiological studies do constitute a barrier to treatments as elaborate 

as those afforded by the other approaches. Yet, it is clear that a knowledge 

of the physiological behaviour of the mitotic cell is indispensable to a 

complete understanding oi cell-division. 

There is, in a sense, a reciprocity of limitation which one branch 

of research imposes upon the otner. 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 from 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 follows therefore that no 

single technique of investigation can alone provide the data necessary for 

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. 



REVIEW OF THE LITERATURE 

The literature available on the study of mitosis is large 

indeed, and it would be far beyond the scope of this thesis to attempt 

any comprehensive review. The morphological investigations which are 

by far the most complete, in so far 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 the research reported. What will be undertaken are a 

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

and as complete an account as possible of the physiology of mitosis. 

Chemistry 

Several reviews have been published on the chemical constitution 

of the nucleus (Shulman 19j>6, Gulick 1941). Essentially, all the analytical 

techniques (ultra-violet absorption spectra, (Caspersson 19J8); enzyme 

digestion, (Mazia and Jaeger 1939); salt extractions, (Mirsky and Pollister 

194^)) agree on the presence of thymonucleic acid, or some close isomer, 

along with a basic protein, chiefly histone, or in the case oi some fish 

sperm, protamine, in the chromatic portion of the nucleus. Apart from the 

data of Bensley and his co-workers (see Lazarow 194j>) who claimed to have 

isolated from a 10^ NaCl extract a cytoplasmic constituent called "plasmosin" 

containing a desoxyribose nucleate, there is a further agreement among other 

workers that thymo-nucleates are found exclusively in chromatic portions of 

the nucleus. The nature of the protein substrate, though accepted generally 
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as a. histone or protamine, has been challenged by Stedman and Stedman 

(1943) who isolated what they considered the chief protein component of 

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 (1^43), which have none. 

Stedman and Stedman (I94j>), though agreeing on the presence or histone in 

the nuclei, consider it to constitute a less significant fraction of the 

total protein. 

The conception of various locales of metabolic activity within 

the cell has been put forward by several authors. Moyer (1942) pointed 

to the different pH regions of the cytoplasm as evidence for different 

local situations. Claude (19^3) fractionating cell extracts by centri-

fugation, isolated granules ("secretory granules1') which he demonstrated 

to be capable of d-amino oxidase activity. He 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 specific 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 pattern of localized metabolic activities within the nucleus. The 

distribution 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 he considered 

nearly void or 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 fibrous protein within the chromosomes. Dufrenoy 

(I943) reviewing the data of several investigators upheld the evidence for 

a higher content of desoxyribose nucleic acid in the euchromatic portions 

of the chromosomes. The type of enzymatic activity ascribed to the nucleic 

acids by Schultz (19^1) has, to the writer's knowledge, not yet oeen con­

firmed 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 hypotheses 

have dealt exclusively with either one or the other. Maver. and Voegtlin 

(193^), ror example, showed that SH compounds such as glutathione and 

cysteine inhibited action or tumour nuclease, the nuclease being, of course, 

a hydrolyzer of nucleic acids. Similarly, Waldschmidt-Leitz et al (19^3) 

showed that though sulfhydryl compounds activatea enzymes such as cathepsin 

and papain,-they inhibited the hydrolysis of thymo-nucleic acid by phosphatases. 

The observation, hov/ever, that SH groups affect the growth process was made 

prior to any studies on the behaviour of the nucleic acids. Hammett (19^0) 

suggested that the simple law of Mass Action was involved in growth, the 

chemical reaction being from the reduced SH groups to the fully oxidized 

forms. In an extensive series of experiments (e.g., see Hammett, 1^6} 

he demonstrated a quantitative correlation between concentration of sulf­

hydryl groups and cellular proliferation. Voegtlin and Chalkley (1935) 

extending Hammett«s studies to include the respiratory activities or 

aividing cells, examined the inhibitory effects of H2S and HCN and the 

influence of CO on cell-division, and concluded tnat the metabolic 

functions of mitosis were independent or respiration. It was Rapkine 



- 7 -

U931> 1937* 193^) who integrated these rindings along with his own into 

a chemical theory of mitosis. Essentially the theory (see Needham 1?33) 

maintained that the original source or reaction was the oil groups ^nich 

on being exposed by a aenaturation or the proteins lowered the oxidation-

reduction potential of 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 of SH action is not 

accepted by all investigators. Morgulis and Green (1932) criticized 

Hammetfs work on regeneration as lacking in accuracy; so did illlis (1^33) 

maintain tnat SH groups are not involved in cell-division. Heilbrunn's 

(1937) rejection of Rapkine's theory seems unjustified since he does so 

on the basis or evidence that mitosis is independent or respiration, an 

argument which in no way contradicts the theory since it is precisely 

what RapKlne demonstrated and emphasized. 

The association of desoxyribose nucleic acid with cell-aivision 

was originally demonstrated by Caspersson (193^) in his ultra-violet absorp­

tion studies, and though he found an increase in nucleic acid content be-

rore 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 Hus^ins, 1^42). 

The possibility of increasing proliferation by means of nucleic acids has 

been shown by Stern (1943) who promoted growth of chicken embryo tissue 

ttin vitro" by addition oi" these compounds. Histone, which is considered 

as, in some ways, a factor in the synthesis of nucleates (Dufrenoy, I943) 

has been suggested by Stedman and Stedman (I943) as a regulator of mitosis, 

the protein acting by combining with nucleic acid to prevent the synthesis 

of "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 the constituents of cytoplasm 

and nucleus as well as a lack or understanding of the mechanisms involved 

in enzymatic behaviour. From the genetic viewpoint, Wadaington (I939), in 

considering the physico-chemical nature of the gene, maintained that genie 

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 Treffers (1944) demonstrated in his review of the immunological 

behaviour or the proteins, namely, that the specifity of such biological 

reactions depends not only upon the particular 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 of 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 beyond 

the reach of contemporary knowledge. 

Physiology 

There have been several reviews of the physiology of cell-division. 

Dalcq (1928) dealt chiefly with membrane formation, sol-gel transformations, 

and to some extent, permeability; Wasserman (1929) reviewed cell growth 

and proliferation in much greater detail; Gray (1931) emphasized tne 

physical aspects of mitosis and cleavage; Heilbrunn (193/") > though briefer, 

was more critical and comprehensive in considering the various approaches 

to cell-division; and Bujard (19^1) discussed, both critically and compre­

hensively, the recent as well as earlier physiological studies of mitosis. 

(a) Hydration 

Degree of hydration and changes in hydrational property have been 
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considered by many workers as an important factor in promoting nuclear 

division. Whether the emphasis is due to the ease with which morphological 

changes are effected by osmotic differences and various adsorbates or to 

the obviousness of hydrational changes is not clsar since both are inter­

related. There is nevertheless a vast amount of literature dealing with 

the topic of morphology as related to hydration; some of these are mentioned 

here. Lawson (1911) considered osmotic forces responsible for diffusion of 

karyolymph from nucleus to cytoplasm causing a contraction 01 tne nucleus ana 

an eventual breakdown of the nuclear membrane. Sinke (193^) produced many 

refractive changes in nuclei and chromosomes by treating tnem with salts 

and acids in hyper- and hypotonic solutions. Ee interpreted all such effects 

x as due tu hyaration or dehydration, lluwada and Nakamura (1934), observing 

mitosis in living staminate hair cells or Tradescantia reflexa, concluded 

that vital detection or spiralization and coiling of the chromonemata was 

dependent upon the degree of hydration. The disappearance of coiling uras 

therefore due to chromonemata swelling during mitosis, tne swelled condition 

persisting until telophase. Ffeiffer (1^34), studied Tradescantia cells 

"in vivo" by observing intra-cellular changes during division under constant 

extra-celiular conditions. :-ie distinguished various degrees or protoplasmic 

refractivity during mitosis, a slight lowering or the refractive inaex be­

fore prophase, a graded increase during prophase, and a return to the re­

fractive index or the resting stage bei'ore or witn entry into telophase. 

From these observations he concluded that a cycle of hyaracional change was 

associated with, nuclear division. Pfeiffer (193b), also made some accurate 

-^asurements of refractive indices of mitotic and resting nuclei. From the 

results obtained he reasoned, rather vaguely, that such changes were due to 

some transformations in the physical structure of the cell. 
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The evidence for association or sub-microscopic structural 

changes wita hydrational factors during nuclear division is supportea by 

more direct work on mitosis. Wad a (1935), "for example, using .Micrur^icai 

techniques found the spindle to oe of a fluid nature. He also observed 

that tne spindle became increasingly visible upon dehydration of one cell. 

It is not clear, however, that the increased refractivity of the spindle 

during division is due to an over-all dehydration of tne cell. Gil^s (1^3?), 

studying microsporogenesis in Tradescantia, claimed that dehydration sup­

pressed spindle formation. The 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 

of a spindle might have been due to any number of causes. Lloreover, in 

determining tne effects of dehydration, the degree of dehydration must oe 

taken into account otherwise there is no standard of comparison. Hence, 

while a limited removal of water may be involved in spindle formation or 

at least, in its visual identification, drastic removal of water may equalljr 

suppress it. Sigenaga (1937), in fact, had made similar observations on 

the effects of 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 inhibiting nitosis. Wada (193b), in contrast, obtained 

an unravelling of the chromonemata by dehydrating the staminal hair cells 

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

He produced the same effect by plasmolyzing tne cells, a shrinkage of the 

chromosomes preceding the unravelling or the chromonemata. There have been, 

in ract various experimental techniques used to cause a despiralization of 

the chromosomes by, presumably, the mechanism of hydration and dehydration 

(Kuwada (1937), Kuwada, Sinke, and Nakagawa (1939)). 
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The large body of data on the hydrational properties of tne 

nucleus has led to the formulation of theories associating the division 

of the nucleus with, the state of protoplasmic hydration. Belar (I929) 

and Mollendorff (I937) both suggested that dehydration of the interior of 

the nucleus was a precondition of chromosome condensation. Kuwada (1937) 

claimed that the telophase unravelling of chromosomes was due to the 

hydration of the nucleus at that stage. Gustaffson (1939) proposed an even 

more generalized theory 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 hydration 

does point, as one would expect, to the importance of water, molecular and 

miceliar, 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 of the results. Becker 

(1938), in reviewing the more recent work on cell-division, questioned the 

conclusions oi Japanese workers on the swelling of chromosomes based on dark 

field illumination. He pointed out that cellular organs might appear equally 

dark after contracting or swelling when viewed in a dark field. Also, 

Strohmeyer (193^) claimed to have demonstrated the swelling 01 chromosomes 

during cell plasmolysis, a condition which Wada believed to promote dehydra­

tion and hence, contraction. There is, moreover, a fundamental objection 

to resolving mitosis in terms of degree of hydration. It is true that in 

subjecting cells to varying intensities of dehydration anomalous effects 

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

since water is so important and universal a constituent of protoplasm. 
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When, however, hydration is suggested as a mechanism of mitosis, it 

follows that a causal relationship exists between tne degree or hydration 

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

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

an expression of the equilibrium existing between water, free, chemically 

bound, or adsorbed, and the substrate. It is douotfui as a uynamic mechanism 

since it is much more likely that the molecular changes involved in mitosis 

(e.g., denaturation, proportions of H-ion and OH-ion, concentrations of 

soluoie metabolites) are to a large extent responsible ror changes in 

hyarational property. Hydrational diiierences 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 suDject matter of theories of 

division. The induction of various morphological patterns (e.g., despiralized 

chromosomes, spindle abnormalities) by altering the degree of cellular 

hydration does point to the importance or hydrational factors in the 

equilibrium or cell activity, but the problem which arises out of the 

accumulated evidence is the nature of the factors themselves, that is, 

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

(b) Physical Properties 

Evidence xor a cycle of change in the oehaviour of colloidally 

active substances is indicated by the results of viscosity studies on 

dividing cells. Heilbrunn U937) showed an over-all decrease in cytoplasmic 

viscosity prior to prophase and an increase to telophase. Similar results 

were obtained by Fry and Parks (193^). Kostoff (1930) examining floral 

buds of tobacco plants lound the lowest viscosity values at the resting 

sta-^e and at metaphase. The criticism applicable to any such over-all 

measurement of viscosity as determined by the centrifuge has been discussed 

by Scarth (1927). Moreover, it would appear that mitosis involves, more tnan 
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other types of 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 fact, a nuaioer 

of investigators have demonstrated and stressed the zonation of protoplasmic 

structure (Scarth 1942; Chambers 1924, l^j) so that tnere is no satisfactory 

basis upon which to evaluate the above results. Their relevance too, in 

resolving mitotic mechanisms is not very apparent. 

Localized changes in the cytoplasm, particularly those involving 

sol-gel transformations have been studied by many investigators. Chambers 

(.19.58) observed a sol-gel change at the equator of the echinoderm egg which 

he attributed to an inwara rlow of. sub-cortical cytoplasm from the poles to 

the equator of the cell. Using micrurgical techniques he demonstrated the 

inhibiting effects of upsetting this sol-gel change on cleavage oi the egg. 

Scnechtman (1937) likewise believed that cleavage was due to a process 

similar to pseudopod formation in which solated cytoplasm moved into a gel 

region producing a constriction on gelation. Marsiand (1939)? extending 

these studies, decreased the efficiency of division by simply applying 

hydrostatic pressure to dividing egg cells. He was able to show that such 

treatment resulted in a liquifaction of the cortical gel region. That 

differences in consistency exist not only within the cytoplasm but between 

the cellular organs as well has been shown by the techniques of micro­

manipulation. Chambers and Sands (1923) in studying the pollen mother-

ceils or Tradescantia virginica round the cytoplasm to be a jelly-li&e 

mass though the chromosomes were of greater viscosity. The spindle, how­

ever, was round to be more liquid than the cytoplasm. Chambers (1924) also 

studied the structural properties of the nuclei of Dissosteria spermagonial 

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

caused a condensation of the chromosomes as well as a contraction of the 
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nucleus. Wada (19j>3) in microdissecting the chromosomes of Tradescantia 

reflexa found that they would undergo a reversible coagulation, their 

structure being visible only in the gel state. Bucke and Boche (1936) 

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 being reabsorbed when the chromosomes regained their 

original volume. Scarth (1927) showed that even optically homogeneous 

nuclei possessed a coherent physical structure. 

(c) Electrolytes 

The intimate association of such diverse physical aggregates 

suggests, apart from the many other factors, known and unknown, the effective­

ness of ions in maintaining the characteristic heterogeneity of the cell. 

The importance of salts and H-ion concentration in the solution or precip­

itation of proteins .and the changes in viscosity and hydration of 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 is presented as typical a cross-section as possible, 

selective only to tne degree that it is relevant to the present treatment. 

Sakamura (1926) showed that the refractivity of chromosomes could 

be increased or decreased by appropriate adjustments of the pH of the medium. 

Yamaha (1935) using Brom-Cresol Green as indicator determined the aiiierent 

H values of the cytoplasm and nucleus during the meiosis of pollen mother-

cells. Yamaha (1937) also reported different electrophoretic properties 

m-r 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 (1^7) using a 

cataphoretic cell round the nucleus electro-positive and the chromosomes 

electro-negative, tne induction of a current causing, as in the observations 

of Yamaha (1937)> an increased rerractivity. Strohmeyer (1935) decreased 

the viscosity of the fcaryoplasm by treatment with Ca(N0-z)2.
 He further 

maintained that the gel-sol transformation caused by the salt was indicative 

of death. The inference that the sol state of aggregation is necessarily 

associated with moribundity is, however, questionable since several invest­

igators (Chambers 1925, Scarth 1927) have found many animal and plant 

nuclei to be highly fluid. The importance of the calcium ion has been 

stressed by Heilbrunn (l93f) wno claimed that it is always released upon 

cellular injury. Llazia (1937) emphasized the release of calcium during 

lertilization of Arbacia eggs, showing that bound calcium decreased by 

I9-6 though the total calcium remained constant. He speculated that the 

change in bound calcium might be due to a change in the protein and incident­

ally suggested tnat tne release 01 calcium ions was responsible for an 

increase in cytoplasmic viscosity. Sorokin and Somner (1940) investigated 

the effects of calcium deficiency on roots of Pi sum sativum. They xound 

tnat mitoses were generally disturbed, cells forming with polyploid or 

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

decreased tne degree of injury. Churney (1940) studied osmotic and salt 

effects on mitotic elongation. He showed that magnesium and potassium 

increased elongation wnile calcium inhibited it. On the other hand, he round 

that calcium was essential for furrow formation in egg cleavage. Bancner 

(1^3o) in treating nuclei with salts, concluded that the physical structures 

of the nucleus was affected by tne electrolytic properties of the salt rather 

than the osmotic ones. He also found that the treatment caused a gelation 
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of the nucleoplasm which became fluid only after continued micro-manipulation. 

He reasoned as did Scrohmeyer (1935) that tne nucleus was normally a gel 

and not a scl. Sigenaga (1940) used salts such as ITaCl and KLTO^ to r.roduce 
3 

an unravelling of chromonema spirals. Kuwada, Shinke, and Oura (i93#) 

obtained the same result with alkaline solutions. 

The biological effects of ions is apparent not only morphologically, 

but also in the chemical behaviour 01 the cell. McDonald and Kuntz (1941) 

for example, showed how efrective calcium and other ions are in the formation 

of an enzyme such as trypsin. Similarly, the results of Burk (l?4j;) demon­

strate the influence of various ions in promoting or inhibiting protein 

denaturation. Tnat such dual effects of electrolytes can be demonstrated 
» 

emphasizes one of the previous criticisms, namely that the property of 

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

as an adequate cause of mitosis. 

(d) Physiological Cycles 

The description of mitosis in terms of a morphological cycle 

naturally leads to a search for its physiological counterpart. It is ±rom 

this viewpoint that our knowledge of its nature, as has been suggested 

earlier, is most inadequate. The data reported in the preceding paragraphs 

chiefly concern morphological changes produced either by application of 

various substances directly to the living cell or by subjecting the plant 

to different temperature and hygroscopic conditions. As contributions to a 

knowledge of protoplasmic structure they are, 01 course, directly relevant 

and important. The bearing or such uata in formulating a physiological cycle 

of mitosis is, however, less apparent. Of the three paramount physiological 

properties of the cell, structural consistency, osmotic pressure, and 

membrane permeability, only the first has been resolved to any degree. The 
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remainder of the data would, if integration were attempted, form a network 

so tenuous as to be of doubtful value. And it is precisely that integration 

of dirrerences in physiological property into a systematic and consistent 

cycle of change that is necessary. The cyclical pattern followed in the 

cellts morphology must have its counterpart in the sphere of physiology, the 

alternative is, to repeat, "an agent immaterial". This alternative is 

unnecessary. To the extent that any attempts are made or have been made 

in revealing the physiological dynamics of the cel±, they constitute a very 

important basis for further studies. For while Strassburger provided an 

adequate description of the chromosomes as early as 1875, and thus laid a 

pattern which 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 information 

suggestive or such a cyclical pattern. Because of the direct bearing of 

the data on the experiments performed, they will be treated in conjunction 

with the experimental observations, rather than with the more general review. 

The manner of reporting the literature has in a way anticipated 

the results of the present investigation. As sucn, there are both intentional 

and unintentional omissions, though in the writer's opinion, their insertion 

would in no way alter the general picture of the problem. As comprehensive 

a treatment of mitosis as that of Schroder (1944) concludes "Not any one 

of the many hypotheses broached has in it the definite promise of a final 

solution ... it is almost impossible to affect a given structure or pro­

cess of the mitotic mechanism, be it by operation or physico-chemical means, 

without simultaneously affecting several others51. There have been, for 

example, omissions in reporting some micrurgical studies of the nucleus 

(Sands 1925, Duryee 1^36, Cohen 1937> Harris 1939) and ooaer physiological 

experiments (Lillie, 1931, 193^» Becker 1933, lolitzer 1934, Schrader 19^4-, 
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Sinnot and Bloch 1940, Brumfield 1942). Yet, in absence of any definite 

frame of reference it is difficult to discriminate between the relevant 

and irrelevant, for what appears at present to be of omy distant relation­

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 from those 

results suggestive or pnybiological cycle. The merits, of course, in 

stressing physiological cycle will be determined by future research. 

It follows that tne research to be reported has been limited to 

searching for the iramework of a physiological cycle, that is, inasmuch 

as so diffuse an objective can be said to impose a limitation. But it is 

precisely the very nature of the problem, its lack of definition, tnat has 

made the won exploratory and in a sense, both crude and elementary. Still, 

that is no drawback in light of the main objective. If the outlines of 

some methodical behaviour can be revealed, then what follows is simply the 

task of correcting, refining, and increasing 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 achieving 

some outline, albeit dim, of physiological changes, much has been overlooked 

or consciously sacrificed in the way of refinement of technique. It is 

hoped that future work will serve both to correct and amplify. 
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MATERIALS AND METHODS 

The experiments described in this paper are based chiefly on 

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

of these ceils and their large size make them very suitable for micrurgical 

investigation. Physiological changes, which, occurring in rapid succession, 

are difficult to detect in the mitosis of most vegetative cells or in the 

meiosis of 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 hetero­

geneity of stages which is present in a single anther during the later 

phases of division, it has oeen possible to discover a cycle of physiological 

changes associated with meiosis. 

Plants or Trillium erectum were collected in tne early fall of 

each year in the vicinity of the Island of Montreal. Taey were planted in 

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

2° C. Single conns were transferred periodically to small crocks so that 

they could be removed for examination. No plant was exposed to room 

temperature for more than eight hours at a time; in most cases the period 

was considerably less. To check the possibility of temperature effects, 

however, several experiments were repeated at the end of the day. 

Four properties of the pollen mother-cells were studied: tne 

physical structure ox the cells, their plasmolytic behaviour in different 

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

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

was determined chiefly by microdissection. The other properties were 

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

suitable physiological medium. Isotonic concentrations of salts, either 

as T>ure solutions or as balanced ones, are not satisfactory because they 
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cause intracellular changes which are mainly of an irreversible nature. 

Effects 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. One half anther was 

removed at a time and cut into three or four pieces each of which was 

floated in a small preparation dish containing the sucrose solution. .Vhen 

cells were required for microdissection the contents of the anther rragment 

were squeezed into a drop or paraffin oil mounted on a cover-slip. Tlae 

mixture of solution and anthral sap is dispersed in the oil as little 

droplets, the oil preventing both evaporation of trie solution and abrupt 

movements of the pmc such as occur when microdissection of pmcfe is attempted 

in pure sucrose solutions, i'iasmolytic tests were made in moist chamber 

slides. The chamber consisted of a ring, ^5 mr^ in diameter and b mm. aeep, 

fastened to a microscopic slide by DeKhotinsky cement. A cover-slip suspend­

ing a drop or solution was sealed to the ring with petroleum jelly and a 

little of the solution was placed at tne bottom or the chamber to reduce 

evaporation from the hanging droplet. To test for exosmosis of solutes 

some ^reparations were perfused before being sealed into a moist cnamber. 

This was done by placing the cover-slip on a microscopic sliae and drawing 

a steady stream of solution past the cells. The technique, however, was 

only applicable to early prophase when the pmc's are embedded in a gel 

matrix and are not drawn off with the current of solution; in later stages 

the anther rragment was immersed in a large volume of solution for a given 

period of time so as to permit an outward diffusion of solute and then 

sealed into the moist-chamber slide. 

Several precautions were observed in the techniques employed. 

To avoid injury, extremely fine needles were used in microdissection. 
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Needle shafts of diameters greater than 1 1/* microns were discarded. 

Those needles which tapered abruptly into short but very fine sna.rts were 

most satisfactory as'they possessed a rigidity necessary for easy manipu­

lation. To remove traces of salts and other impurities cover-slips and 

slides were rinsea in boiling distilled water and dried between layers of 

clean filter paper. All stock solutions were sterilized 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 prolonged experiments. It was found impracticable, however, to 

work under completely aseptic conditions, so that in most cases bacterial 

growth appeared in the moist chambers after 43 hours. 

Lieiotic stages were determined by fixing the preparations at the 

end of each experiment and then staining with aceto-carmine. In many 

instances, however, degeneration was so great that this procedure was of 

little value. Fixation of an untreated anther fragment was satisfactory 

in prophase stages, but oi little value in later stages because of the 

variability in different portions of a single anther. In order to simplify 

the expression for degree or mitotic development a method of calculation 

has oeen employed basea on the assignment of numerical values to the 

different morphological stages. The magnitude of the values is a function 

of the time interval of a particular stage since it is assumed that with 

all other conditions constant meiosis is a function of time. The computation 

of stages is, however, of secondary importance to the results reported, 

and a detailed description of the method has been deferred to Appendix I. 



~ 22 -

ĴQr̂itlLIi-J.-.il'AL RESULTS 

I» Structure: Appearance and Consistency 

In view of the relation between the appearance of tne pmc 

and the nature of its external medium, it has been necessary, in order 

to facilitate the investigation of other physiological properties, to 

determine: (1) the normal appearance of pmc*s; (2) the type of medium 

promoting such normality; and (3) the physical pattern corresponding 

to a given optical pattern of the cell. ':Jhile much work has been done 

on the structural properties of dividing cells ("Jilson (192^;, Chambers 

(1924), 7/ada (I933)), it will be seen that the maintenance of normal 

physiological environment is of extreme importance in micrurgical studies 

of Trillium pmc's, a condition not emphasized by other investigators. 

The resolution of physical structure has an additional advantage 

by way of physiological studies. The determination of normal physical 

texture and its corresponding optical pattern makes it possible to use the 

appearance of the cells as an index of internal physico-chemical change. 

Changes in appearance may serve as an assay for the activity of foreign 

substances or, given a constant environment, as a sensitive indicator of 

intra-cellular change. In anticipation of subsequent investigations, 

much of the study reported here deals with the relation between medium 

and physical texture, and between physical texture and appearance. 

Appearance 

IPIC»S suspended in a sucrose solution may be optically homo-

geneous or heterogeneous, completely granular, or irreversibly coagulated. 

The particular morphological pattern depends upon the concentration of 

sucrose, the stage of meiosis, and, if other factors are included, the 

pH of the medium as well as the presence or absence of dilute concentra-
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tions of ions. Representative xorms of trie ceils are snown in P^ate I, 

Figs. 1, 2, 3, 4, 5, and for simplicity of reference they are classified 

as A, B, C, and D. 

Type A, which is optically homogeneous except for a. narrow 

granular peripheral zone, and type 3, in which both nucleus and cytoplasm 

are refractive, are the uninjured or completely viable forms. Their 

existence as such in the anther is strongly indicated by suspending a 

portion of its contents in an oil drop within which the pmc's remain 

surrounded by their own anthral sap. Under such conditions only types 

A and 3 are seen. 

Tvpe C is a highly granular cell. It has been observea only 

in late propna.se to metapnase and is probably related to certain pjcuxiar 

properties of the cytoplasm at one or all or tnese stages. Though the 

granules appear like swollen chromonemata when viewed through the micro­

scope, they are not actually so, as can be shown by staining one cells 

with aceto-caraine. Finally, type D is an irreversibly coagulated type, 

which often shrinks on coagulation so tnat it appears lii-ce a pl^smclyzed 

cell. Such cells do not deplasmoiyze however, and are clearly moribund 

forms. The gradations, in fact, between types B and D are numerous, but 

their relation to viability will be discussed in a later section. 

Appearance vs. External medium: 

At a particular stage of meiosis the appearance of the pmc 

der-ends upon the concentration of sucrose in the medium. In tne earlier 

chases of division the relation between solute concentration and optical 

pattern is fairly well defined. In pre-loptotene cells, for example, 

type A cells are rarely found in solutions below 0.511, thus suggesting a 

critical concentration for the production of a type A pattern. The value 

http://propna.se
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drops during the prophase stages and type A cells are then found eve: 

in 0.2M solutions, though oiten not for any extended period of time. 

(Inversion in such concentrations may be accompanied by degeneration) 

At diakenesis and metapaase the relation between appearance and medium 

is complicated by major physiological changes which will be discussed 

later. An increased refractivity is apparent at relatively high sucrose 

concentrations, and in some, though not all metaphase cells, meaia of 

0.21.: or less produce type A patterns. (Ths dual behaviour of metaphase 

cells will be treated more thoroughly in succeeding sections.) 

The nature of the relation between solute concentration and 

appearance is of particular interest here. Contrary to the usual be­

haviour of plant cells, (see Shi nice 19pp') there is no increase in cell 

refractivity with increased concentration of medium. Though normally, 

hypertonic solutions in producing a plasmolysis cause an increase in 

refractive index oy gartial dehydration of the protoplasm, pmc's immersed 

in such solutions shov/ neither plasmolysis nor high index of rerraction. 

pre-leptotene cells retain tneir ty.e A pattern even in 2.0,. sucrose 

concentration. Dilution of tne medium is paralleled by a decrease rainier 

than an increaoe in rerracoivity. Tnua, o/pes A and B may be reversioly 

interchanged at tais stage by lowering tne sucrose concentration to 

obtain B and raising it to obtain A. Tie gradual audition of distilled 

water to a suspension of pmc»s causes an increase in cell refractivity 

and ultimately, upon sufficient dilution, a coagulation oi the protoplasts. 

Tne critic?! balance of factors associated with the optical 

refractivity of cells is illustrated by a few slide experiments with 

pmc*s of Tradescantia rerlexa. 7/hen CaCl^ is present in a 0.21. sucrose 

suspension oi pmc's tne homogeneous interior becomes refractive and the 

chromatin strands are visible. Only a very low concentration is 
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necessary to produce this change, and, though it is diilicult to 

determine the precise minimum concentration, two limits are set between 

which tne minimum probably lies. 3elow is listed the threshold values 

for various cations. 

Ion Molarity Ion molarity 

Ba .005 - .0025 La .000062 - .00003 

Sr .00125 - .0062 Al .00005 - .Gn002o 

Ca .Ouu25 - .000125 

The reactions are reversible though tne conditions governing 

the reversibility are not clearly defined. T.nus often, the CaCl2 effect 

is reversed with time particularly if the salt is present in low con­

centrations, and cells which have been refractive become homogeneous 

once more. ?:C!!3 also causes reversals, the reaction proceeding best 

in the presence of an alkali buffer. Extruded prophase nuclei demon­

strate the pnenonenon clearly. The nuclei are refractive in the 

presence of .000ai CaCl2. Addition of K3CNS and alkali cause a reversal 

to the homogeneous state which is similar morphologically to the nuclei 

described by Chambers and Black (1941) as "pnantom nuclei". Tne pre­

condition of plasmolysis claimed by these authors does not apply to the 

pmc. Since they were dealing with vegetative cells it is probable, as 

they themselves suggest, that the deplasmolysis increased the permeability 

of the cells. The property of low permeability is not present in pmds, 

and so the membrane offers no barrier to the penetration of ions, -nese 

results are again in agreement with the evidence of Scarth (1927), tnat 

the refractivity of the nucleus could be changed reversibly by altering 

such factors as the pH of the medium. 
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Appearance vs. Stage of Meiosis: 

It is possible to trace tne changes in optical property 

during meiosis by comparing the appearance of pmc's at aiiierent stages 

in similar sucrose media. The type A pattern found in pre-leptotene 

cells suggests a comparatively low refractive index. The drop in the 

critical sucrose concentration necessary to produce type A during early 

prophase indicates, though not too clearly, a lowering of the refractive 

incex during this pnase of division. The change irom optical homogeneity 

to heterogeneity at diakenesis and metaphase points to an appreciable 

increase in index of refraction. The relatively high value does not 

persist through the remainder or division since the tetraa stage is 

characterized by low refractivity at higher 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 type 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 tne inferred cycle or changes 

in refractive index corresponds closely to trie results of Ifeiffer (1936), 

who made quantitative determinations or the phenomenon in mitotic cells. 

Consistency (micrurgical expts.) 

It is clear from the above tnat the type of physical structure 

which may be revealed by microdissection will depend partly on the 

medium in which the pmc's are suspended. Actually, the existence of 

sol or gel, and the localization of the different physical aggregates 
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within the cell are determined to a large degree by the concentration 

of sucrose in which the cells are manipulated. Conclusions reached on 

the physical structure 01 the pmc without regard to the dissection medium 

are faulty. Thy so sensitive a relationship should exist between the 

cell interior and the environment will be better understood from tne 

later consideration of other physiological properties. The results 

obtained at different stages or meiosis are as follows: 

The Pre-Leptotene Cell: Tne pre-leptotene pine is structurally 

differentiated into three zones corresponding to its optical difrerentiation. 

In the A type cell, which is present in suspensions of O.ol.I and 1.0L1 

sucrose, micromanipulation is easy, the only barrier to penetration of tne 

neeale being the elastic jelly-like cell-wall, ./hen a needle is pressed 

against it, tne wail dents at the point of contact but recovers its 

original shape immediately upon penetration of the needle, tne cytoplasm 

orrering no resistance to trie movement or the shait. The liquid character 

or the homogeneuus interior is clearly demonstrated by tne ease with 

whien a needle is moved about without causing any visible uisouroanee 

in the aajacent parts of the cell. The fluidity is oy no means a de­

generative eifect oi continued manipulation as found by Cnamoers and 

Sands (192;?) in their microdissection of Tradescantia pmc»£,tne sol­

like aggregation is evident at the moment of penetration and is the 

same in any number of cells. Gel texture is apparent only in degenerate 

preparations, wnere coagulation of cytoplasm has occurred. 

The internal zone of protoplasm is, or course, tne nuoiear 

zone. Its coherence despite IDS xiuidity is demonstrated by rupturing 

the cellular membrane and wall. VJhile the outer regions or the cell are 

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

flows out through the rupture and rounds up, though not to complete 
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sphericity, in the surrounding solution. Iwien stretched by two micro­

needles it snows no rigid elastic properties but resumes its original 

shape slowly behaving as though it were a fluid enclosed in some 

viscous membrane. Of all the zones it is least affected in its physical 

consistency by Changes in sucrose concentration, and in all type A 

cells studied its behaviour was more nearly the same even though sucrose 

concentrations differed. 

The wnole cell, however, is not entirely of a fluid consistency. 

There is an outer gel layer of variable thickness which borders on the 

periphery of the narrow granular region. Its presence c^n be demonstrated 

by various methods. Ir a needle which has penetrated tne cell is pushed 

across it, the tip contacts the inner margin of the gel layer and strands 

may be drawn from it into the interior of the cell (see Fig. 1). The 

strands are very thin, because of the diameter of the needle shaft, 

and the presence of granules can be detected only at their very base. 

Tne gel-like strands of cytoplasm are distinctly elastic and snap back 

completely on detaching themselves from the micro-needle. Tne presence 

of an outer gel zone may also be demonstrated by pinching a cell with 

two blunter needles so that the opposite walls are almost in contact. 

In presence of an entirely fluid cytoplasm one would expect a complete 

flow of protoplasm out of the pinched region. On examination of the 

"isthmus" however, a thin layer of granular cytoplasm is seen between 

the walls, thus suggesting a gel-layer. Physically, this region is 

very responsive to changes in sucrose concentration so that upon 

immersing pre-leptotene cells in 0.21;! sucrose, the diameter of the zone 

increases as judgea by the distance from whicn it is possible to draw 

out strands into the cen interior. The increasing gelirication of tne 
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outer region of the pre-leptotene pmc is, in fact, paralleled by tne 

increasing lethality of diluter solutions. 

Fig* 1. Microdissection of pmc of Trillium 
in sucrose solution. 

1: demonstration of peripheral gel zone 
in pre-lejjtotene pmc, the fluid 
interior may also be inferred; 

2: the fluidity of the outer granular 
zone shown by rupture of the membrane 

The granular region is not entirely gel. Though its true 

condition has been difficult to determine, it is clear that it often 

behaves as a fluid. Thus, upon tearing of the cellular membrane, tne 

granular cytoplasm invariably flows out and disperses in the medium, 

leaving no semolance of any structure. Often, upon injuring tne cell 

at a single point, currents of granular cytoplasm riow rrom various 

directions across the cell through the narrow rupture dispersing in 

the medium as soon as they reach it. It is signiricant to point out 

thai, in an observed cases oi cenuiar injury where any disintegration 

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

while the cytoplasm dispersed in the solution. 
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The Late Iropnase of Meiosis (Leptotene to Diakenesis): 

At this stage even if the cells are immersed in 0.^, sucrose solution, 

there is a markedly lower viscosity of the cytoplasm than in the pre­

vious stage. Apart rrom microdissection, the lower consistency is 

indicated by tne rapidity of Brownian movement in the cortical region. 

There is often no cell-wall and tne cell behaves as a naked protoplast. 

It is much more susceptible to mechanical injury tnan in tne pre-

leptotene stage, tne slightest rupture in the cell membrane causing a 

complete dispersal or the contents of the outer cytoplasmic zones. 

In many instances only tne nucleus remains. This fluid property or 

the cytoplasm is significant in the anomalous behaviour of some pmc 

preparations at this stage, particularly in cellular fusions, a 

phenomenon which will be discussed later in relation to membrane 

properties of the meiotic cell. 

'Z!he micromanipulation of the nucleus, now large ana reiracti/a, 

is even more instructive structurally. The operation is difficult 

because it is hard to manipulate a needle witnin such a nucleus without 

causing either a contraction and subsequent gelation of the nucleus or 

a disappearance of tne chromatid strands so that the structural 

differentiation is no longer visible. If, however, a very line needle 

(it must have a very fine shaft of fairly constant diameter or mechanical 

injuries cause changes instantaneously) is manipulated into the nucleus, 

the fluid character of the nucleus is apparent. Movements of the needle 

cause displacements only of the adjacent chromonemata, tne local dis­

turbance demonstrating clearly the low consistency of the organ. Scarth 

(1927), showed tnat optical homogeneity and fluid consistency was no 

indication oi a lack of structural identity in the resting nuclei of 

plant cells. The identification of a fluid consistency combined with 
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an optically differentiated structure is a reciprocal demonstration of 

that same phenomenon. The sol-like character is also demonstrable in 

non-reiractive nuclei whose outlines are discernible unliKe the com­

pletely non-refractive ones in the type A cell. The operation is aided 

by the presence of a refractive nucleolus. Manipulation of a needle 

within the nucleus produces no corresponding displacement of the 

nucleolus unless tne needle is brought up close to it. Such conditions 

of movement are possible, or course, only in the presence of both a 

structural frame-work and a low consistency. It is suggested here that 

the structure visible m the type B cell persists in the non-refractive 

types as well. Moreover, it confirms a point of view previously expressed 

that the changes in visible structural pattern of the cell are not 

necessarily related to osmosis and gelation. That tne refractivity does 

increase with more drastic physical change such as gelation has already 

been indicated. More evidence is provided by refractive though con­

tracted nuclei wnich have a gel-like consistency; movement of an 

inserted needle here results in a movement of the entire nucleus about the 

cell. 

Metaphase and anaphase: The fluidity of the cytoplasm is 

similar to that of the previous stages though the existence of a more 

coherent internal structure is evident. Abrupt movements of the micro­

needle cause corresponding movements of the chromosomes, though it is 

possible with careful manipulation to make small movements in tne cyto­

plasm without affecting their position. Micro-dissection of the chromo­

somes was not attempted because or the difriculties involved in the 

Deration. Refractive chromosomes tend to gelate completely so that 

careful analysis of their structure becomes impossible, while or ten, 

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 other single factor or cell behaviour, to the importance 

of ion and solute molecule in maintaining the characteristic hetero­

geneity of cell protoplasm. Furthermore, the fact that intra-celluiar 

reactions must produce an unequal distribution or metabolic products 

and thereby cause a selective and localized concentration or cnemijally 

and colloidally active substances within the protoplasm suggests, 

with equal emphasis, the interdependence of the various cell organs in 

preserving their structure. In view of the importance of such extra-

and intra-cellular conditions in affecting the structural pattern of the 

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 the 

intact cell ratner tnan as freely suspended aggregates in an artificial 

environment. 

Tne degree to which the nature of the external medium affects 

the internal character of the cell depends, of course, both on its 

permeability and on its intrinsic degree of stability. Spirogyra, for 

example, may be exposed to tap water for several hours without causing 

any detectable deterioration in its structure. Pollen mother-cells of 

Trillium, on the other hand, when subjected to similar conditions, 

aesenerate and coagulate instantaneously. Even dilute concentrations 

of sucrose, producing morphological types characterized as intermediate 

between !|Bn and jlDJI, cause an increased gelation or the cytoplasm. 

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

or lesser degree in their physical texture according to the sucrose 
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concentration or tne medium. vThether this condition alone accounts 

for Chambers and Sanns (192^) finding tne cytoplasm of TraaescanGia 

pmc»s to be a jeily-like mass is not clear, since only I'lillium pmc's 

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

normally greater than that of Trillium. Tne results Buck (1942) 

obtained on the elasticity of tne salivary gland chromosomes of 

Chironomus are, however, open to mucn criticism since he treated them 

with 2/a Osmic acid ror 16 - 24 hours at 50 C (he himself suggests tnat 

the chromosomes are not normal). Similarly, ?;ada»s (I9j>3) . stretching 

01 meiotic chromosomes in a solution of sucrose and IJCI is iar from 

being a reliable indicator of chromosome texture. Metaphase chromosomes 

of Trillium pmc!s, made optically refractive by the addition of some 

salt to a sucrose solution, fuse easily when manipulated within the 

intact cell. In fact, by staining with Brilliant Cresyl Blue the 

partial fusions are readily seen. Chromosomes, however, which are .7itn-

drawn from the cell gelate with time and retain their morphological 

identity exhioitinr properties similar to tnose described by Wada (l?o;) 

The inference is oovious. Any deductions made concerning tne physical 

properties of protoplasm as revealed by microdissection in mechanically 

injured cells, or even in partially injurious media, require serious 

scrutiny since such conditions generally promote changes in property 

markedly different from that of the normal cell. 

The effect of upsetting the intra-cellular equilibrium is 

illustrated by puncturing tne prophase nucleus with a micro-needle. 

Unless performed delicately, as described in tne experimental section, 

there is an immediate contraction of the organ accompanied by a rapid 

/?el»tion. -Thetner this phenomenon is due to a sudden collapse of 

structure resulting from mechanical agitation, a behaviour obser/ed in 
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some uni-cellular organisms (Seifriz 1942), or to the rupture of a 

semi-permeable membrane is not as evident, though, one difference in 

colloidal and solubility properties between tne two zones is readily 

inferred. The production of a clear hyaline area upon contraction of 

the nucleus indicates, at least, the presence of a mobile fluid com­

ponent whicn is released on injuring the organ. It is not necessary, 

however, to injure the membrane mechanically in order to produce this 

phenomenon; injurious solutions of salts and sugars behave in similar 

fashion. (Fig. 2b). It would appear that the unequal accumulation of 

cellular substances, as revealed by tne changing volume of the nucleus, 

depend either partially or completely on the presence of a selectively 

permeable nuclear membrane and/or a differential swelling power of the 

nuclear proteins. The rapid shrinking of tne nucleus on slight mechanical 

rupture of the membrane suggests the former as the more lively factor. 

So too does tne rapid outflow of cytoplasm on injury of tne plasma 

membrane, indicating as it were, some internal pressure within the cell. 

Such pressure may well be due to an osmotic gradient between nucleus 

and cytoplasm resulting from tne differential permeability of tne 

nuclear membrane and the unequal distribution or soiuoie products. 

The difference in physical property between nucleus and 

cytoplasm may also be related to the Kinetics of division. ".Jhile it 

is clear that 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 

relevant. The cnromosome strands disentangling themselves from tne 

matrical framework in the course of contraction, would, by decreasing 

the intricacy of mi cellar association, decrease its consistency. The 

matrix, now being statistically of a different chemical constitution, 
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may well snow a physical homogeneity HJ the cytoplasm especially 

upon dissolution of the nuclear membrane. 

• •• 

(a) Co) 

Fig. 2. (a) ] c or Trillium in .9M sucrose. e 01 the nuclei has 
contracted and the clear nyaline area is readily seen. 

(b) Muclear fragment in sucrose solution. One nucleus may 
break up into many sucn fragments. 

Tne difference in physico-chemical property on either sine 

or the nuclear membrane is apparent on examining reactions to tne im Lersion 

medium. mgh both regions are of fluid consistency, the nucleus and 

cytoplasm show different degrees of solubility and dispersabiiity. 

Cytoplasm disperses completely when in contact with a sucrose solution. 

The nucleus, on the other hand, snows no such tendency even when it 

disintegrates into a number oi fragments, for even these fragments 

retain their identity (Fig. 2b). 

Not only the solubility, but also the sensitivity of tne 

respective components to the colloidal activity or tne ions is significant. 

In Tradescantia pmc's, very dilute concentration or ions is sufficient 

to effect a refractive change in the nucleus without visibly altering 

any other character of the ceil. sue 1 selective adsorbabilities 
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should exist is of course to be explained oy tne chemical or colloidal 

properties of the cell. Where a aifierence in ionization of protein 

exists between cytoplasm and nucleus, it is feasible that an unequal 

distribution of mobile ions snouiu result. Ir FH is any indication of 

such differences then the measurement u± Cnamoers and Pollack (1^2/) 

showing the nucleus GO oe more alkaline than tne cytoplasm is further 

evidence or the situation. So too are tne dinerent solubilities 

demonstrated in the fractionation or cenuiar proteins (MirsKy and 

Pollister 1?43; Lazarow, 1943). 

ir, the structural ciiaracter of tne living cell is to a large 

degree dependent upon the maintenance of a gradient or solute concen­

tration, it follows that the micrurgical investigation oi organs removed 

rrom the cell is not indicative of a normal condition. This consideration 

applies particularly to the manipulation of chromosomes removed from the 

cell. Moreover, the condensation or metaphase chromosomes involves more 

than a contraction of elongated polypeptide chains since the presence of 

sucn bodies indicates, at least, a newly formed interface between chromo­

some and substrate. The fusion of chromosomes in micromanipulation is 

evidence of the activity of the surface layer and it is prooable that 

the intervening cytoplasmic matrix is responsible for maintaining tne 

identity of these bodies. Probably the synapses observed in meiosis are 

products of such surface fusions. 

The physical differentiation of the pollen motier-cell re­

sembles closely the pattern of protoplasmic differentiation described 

by Scarth (1942), apart from the absence of a vacuole. Tne point of 

departure, however, in assessing the physical properties or the non-

dividing and tne mitotic cell lies in the relative stability of each. 

Whereas the structural pattern of the non-dividing cell remains relatively 
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constant, that of tne pmc is in continual flux. Changes in consistency, 

sol-gel transformations, condensation and redispersion of chromosomes 

and membranes, all point to the relative instability, or more correctly, 

sensitivity, of the various protoplasmic aggregates to physical change. 

The different morphological types described are, in fact, 

indicators of fundamental physical changes in the protoplasmic proteins. 

In the absence of more refined physico-cnemical techniques for the 

determination of colloidal or chemical properties of the pmc protoplasm, 

it is possible, by the use of structural criteria, to identify some of 

the more radical intra-cellular transfori.iations occurring during meiosis. 

The mechanism of refractive changes of proteins is not entirely clear. 

Craig ana Schmidt (,1932) have made some proposals in that direction. 

The reactions recorded here can be explained in their terms of hydration, 

and, particularly, ionization. But, apart from the actual mechanisms 

involved, the over-all morphological changes occurring in the cells are 

used as indicators of cytoplasmic stability. The stability of the 

cytoplasm, which is in itself a result of an aggregate of factors, 

will be considered in the next section. 



II. Stability 

One of the cnaracterisoic properties of Trillium pmc»s is 

their extraordinary sensitivity to various solutions. .Tula most pi ant 

cells can be immersed" in many different media containing sucn solutes 

as CaCl2 or other salts, balanced and unbalanced, or merely in tap-

water, attempts to do so with the meiotic cells of Trillium were con­

sistently abortive. Their rapid coagulation in such media, which 

itself is indicative of singular protoplasmic instability, is relate! 

not only to the composition or the medium, but also to cycles of other 

physiological changes associated with meiotic division. Thus,, these 

peculiarities or behaviour, though at first regarded mainly as technical 

problems, are of much greater interest as indicators of intra-proto-

plasmic transformations occurring throughout the entire cycle of nuclear 

division. From this standpoint, the work reported is merely preliminary 

to a more fundamental and thorough study of the mechanism or staoiiity 

change. 

Criteria of Viability: 

Cells which have been distorted by coagulation or destroyed 

by degeneration are ecsily distinguished optically and are readily 

classified in terms 01 viability. It is more difficult, however, to 

classify the many grades of viability which lie along tne gradient 

between healthy normality and death. The only consistent indicator 

of viability, which nevertheless involves some subjective interpretation, 

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

almost general rule that as the moribundity of a cell increases so does 

its refractivity. Preparations containing highly refractive pmcts 

survive for a much shorter period of time than those containing non-
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refractive or B type cells. Yet, though this is used as a general 

criterion of classification, there are exceptions to tne rile. 

Occasionally cells are killed completely without any evidence or mgn 

refractivity. T-.us occurs often in alkaline media; it is generally 

the case when injury results from an outflow of protoplasm, as in tne 

formation or hyaline vesicles; it may occur in sucrose solutions or 

very hign concentrations. Taking such exceptions into account, how­

ever, the use of degree of refractivity and of protoplasmic distortion 

as criteria of viability is the most satisfactory method. 

Since there is a continuous gradient of refractivity, it 

roilows, assuraing an interrelationship oi the two properties, that there 

is a parallel gradient or degree or viability. It is, however, impossioie 

to measure one refractive indices of the cells in a single suspension, 

so tnat in evaluating a preparation a rough but simpler method of 

categorizing the cells is used, riealthy normality and irreversiole 

coagulation are assigned values of lOOfo and 0% respectively. Highly 

refractive (iIR) ceils v/hich may lie anywhere along tne gradient oetween 

the two extremes are considered ^0^ viable. Thus, in determining the 

viability of preparations, cells are classified as »*Non" (non-injured), 

,lrIR» (highly refractive), and «D»(dead). The classification obviously 

involves a considerable margin of error. Since degree of refractivity 

is not expressed quantitatively, preparations wnien are assigned 

similar percentages of MR cells 01 ten dirfer in their average refractivity. 

This is particularly true when various concentrations or sucrose are 

used for similar preparations of pmc»s, the diluter concentrations 

generally possessing & higher degree or refractivity, though the per­

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

Solutions of sucrose are the most suitable physiological 

media ror pmc's or Trillium. Though better media are probaoly obtain­

able by addition or various salt mixtures and by adjustments or M-ion 

concentration, pmc's suspended in pure sucrose solutions remained aliv-

ror as long as thirty days. In ract, cells in the early prophase of 

meiosis are quite stable in solutions of pure sucrose, fne concen­

tration may be varied from 2.0M to O.^IL without appreciably affecting 

the viability of the cells. It is when the cen enters into the more 

rapidly changing morphological phases 01 division that diiierences in 

viability are apparent and solutions of pure sucrose are inadequate. 

Prior to the latter stages, the only differences m oehaviour are 

those related to the range of optimum sugar concentrations. G-enerally, 

preparations mane from anthers or the same plant several weeK:s apart 

show that the later preparations are more viable tnan the earlier ones 

in relatively low concentrations or sucrose. Such advanced prophase 

cells may be kept in O.^M anu 0.2M sucrose ror many nays and even 

weuics, providing no oacterial infection occurs. In most preparations 

which are icept for such extended per±oue of time the cen wall dis­

solves and the cells gradually oreaK away from the aggregate mass to 

which tney aahered (see Plate II, Fig. 1.). 

In view of the complete viability of pre-leptotene pme's in 

solutions of pure sucrose, the use or such media to trace the presence 

of changes in cell viability has been of great advantage. By maintain-

in^ a constant environment it has been possible to limit the variables 

to the cell itself. Thus, while later stages of meiosis are very 

unstable in sucrose suspensions, their behaviour is nevertheless 

indicative of intra-cellular changes related to meiosis. '.Tnat follows 
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is therefore a study of the variations in protoplasmic stability 

associated with nuclear division as observed in pmc's suspended in 

sucrose media. 

Cycle of Viability Changes (Stability): 

The staoiiity oi Trillium pmc's varies markedly according to 

the stage of meiosis. The differences in percentage of viable ceils 

found in a series of preparations are nardly random but follow a 

definite pattern of change pointing strongly to a close relationship 

between meiotic stage and degree of stability. The results supporting 

this conclusion are based on cell counts of preparations made from one 

to three hours after immersion. (It v/ill be shown later that differences 

between one and three hours immersion do not affect the trend.) All 

the individual values are plotted as dots in the graphs of Figure 3. 

The average results for the different stages are tabulated in Table I. 

(a). Limitations. 1. The lack of uniformity in meiotic 

stage of individual preparations has been unavoidable. The variation 

in degree of meiotic development and the impossibility of determining 

stage until after having made cell counts are both contributing factors. 

Tne points are therefore scattered unevenly along the curves so tnat 

in some places interpolation has oeen necessary. 

2. In the early prophase of meiosis 

the pmc's are embedded in a stiff gel matrix. The characteristic 

condition of the anthral sap at this stage interferes with the pene­

tration of tne surrounding medium so that changes resulting from tne 

activity of a solution appear first only at the periphery of the pmc 

mass, and later, occasionally much later, in the interior. This is 

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

pmc's; the resulting change in colour or refractivity spreads gradually 
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through the .ass, the order of change being from tne outer edge to tne 

interior. 

3. For reasons of technique, there is an 

absence of completely aseptic conditions in moist charter Treparations. 

The growth of bacteria in preparations after 48 hours, and occasionally 

after 24 nours, maKeathe values of viability where such growth occurred 

unreliable indicators of the effects of the medium. 

(b) General Observations. Examination of either curves or 

tabulated results reveals a pattern of fluctuating viability values 

ranging from 0 to 100^. 'The amplitude of these fluctuations leaves 

little doubt as to the reality of the observed differences, and points, 

without the aid of further analysis, to tne existence of a cycle of 

variation in protoplasmic stability simultaneous with the morphological 

division of the cell. In view of the presence of a constant external 

environment, whatever the nature of stability, it is clear that the 

factors promoting variation are intra-cellular, the extra-cellular factors 

being equal at all stages of meiosis. Tne curves drawn in heavy oro^en 

lines join the midpoints between the extremes of viability, thus repre­

senting tne over-all trend in division. Their slopes show clearly the 

tendency for stability to decrease as division proceeds, the principal 

deviation from this downward trend being a rise in values during Ivleiosis II 

An interesting aspect of pmc behaviour in individual preparations 

is the appearance of 1st and 2nd division cells depending on their propor­

tions in the suspension. Generally, though not always, where there is a 

relatively large number of 1st division cells and few 2nd, almost ail tne 

aiads are healthy. VJhen the proportions are reversed, however, so is the 

situation, such that the diads are nealthy and the 1st division cells 

moribund. f-nis phenomenon, though actually implicit in tne graphs, is 
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described because of its vivid demonstration of the Changing properties 

of tne pmc. Tne extremes m behaviour of cells removed from a single 

anther and contained in the same suspension strongly suggest that the 

reactions ooserved are by no means the products of some generalized 

pathological eihect, out are clearly the resultants of a given physio­

logical condition. 

(c) The First Leiotic Division. The pre-leptotene of meiosis 

is stable in sucrose solution. Apart from dilutions below 0.081.1, the 

cells are completely viable from one to three hours immersion. At this 

stage it is difficult to assess, however, tne viaoility of the suspensions, 

since the presence of the gel matrix previously described interferes with 

the diffusion of solutes, although as will be shown later, there is no 

significant degeneration even after twenty-four hours. 

At sta^e **40rf a viability of bOfo has been recorded. Unfortunately, 

there has been only one preparation at this stage so that it is difficult 

to make any generalizations. Fixation of the cells showed 4//J at leptotene-

pachytene, 41f0 at dialcenesis, and 12$ at metaphase. From unrecorded obser­

vations such a pre-metaphase drop is considerea probable, although more 

evidence is required to establish it. There is a nigh viability from ^3-

48 followed by a drop which has been observed at several concentrations 

and in at least eight preparations. The low values ranging from 00-09% 

are found between stages 30 and bO. Tnat this interval represents c.iiefly 

tne metaphase or its adjacent stages is evident from examination of fixed 

preparations (where such were possible). Association of the metaphase 

stage alone with poor stability is incorrect however, since observation 

of single preparations reveals rather a duality of behaviour. Some 

metaphase cells remain stable for very long periods of time, others 

degenerate almost immediately. Thus, the apparent inconsistency is 
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indicative of a fundamental relation between the morphologically ooservaole 

and the physiologically detectible changes, namely, that what appears as a 

single stage morphologically may imply the co-existence of more than one 

phase or physiological property. The relationship vail be seen to nold 

equally true for permeaoiiity behaviour. '.Thatever the time of change, 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 

of the first division cycle. Hear the border-line the stability is well 

defined. Again, just prior to completion, at stage 75, one preparation 

shows a viabilitj^ of jC%. If it were valid to draw an exact parallel 

between 1st and 2nd division, the presence of the drop would be sub­

stantiated. Unfortunately, the conditions under which the 1st and 2nd 

phases terminate differ markedly in their morphological aspects, so 

that it is inadvisable to presume an identity of physiological behaviour. 

(d) The Second Meiotic Division. The trend of stability 

values in the second meiotic division is essentially, though not com­

pletely, similar to tnat in the first. Chiefly, meiosis II is more rapid 

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

division of meiosis is characterized morphologically by very little 

interruption of activity. The common resting nucleus is not found at 

the time of diad formation, in fact, no nuclear membrane is formed. 

Thus it is not surprising to find a drop, in stability at the very be­

ginning of 2nd division (66-^9). It is interesting to note, too, that 

the degeneration is intensified, viability now ranging from 15-5^, a 

set of values much lower than that found in 1st division. The interval 

(L^PO^) following the next period of high stability (^0-^3) is less 

sharply defined. The average indicates a drop in stability, and except 
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for one preparation showing a value of V0n, all the others are below J0iJ. 

Apart rrom a more precise evaluation, the trend to increased 

stability in the latter part of meiosis II is indicated by the nigh 

values of stages 107-110. The latter period is just before tetrad form­

ation and leaves no doubt as to the drop in value associated with tne 

beginning of tetrad development (Ill-lib) where values range irom 05-bO^. 

Though there is an interval (117) of nigh stability in tetrad 

cells,, this stage of meiosis is generally characterized by a very definite 

and large degree of instability. Extreme distortion of the cytoplasm is 

common, pointing strongly to the poor viability 01 tne cells. Hoc only 

does the internal zone of cytoplasm show a high sensitivity to cnauge, 

but also the membrane. Formation of hyaline vesicfes occurs frequently 

at the surface resulting in injury and subsequent death 01 the cell. 

This phenomenon (to be treated in detail in a later section) is most 

irequent at the time of tetrad separation (12^-131) into individual 

pollen cells (135). The latter are generally stable and will not be 

considered in any let ail. 

Tne tetrau stage is clearly an endpoint in meiotic division. 

The nuclei of tetrads are optically identical with those of other 

normal non-dividing cells. THUS, the differences in stability between 

the end of 1st division and that of 2nd division are understandable 

in light of the dissimilarity in morphological patterns. Tne high degree 

of instability as well as the peculiar surface activity of the tetrad 

stage point to intra-cellular changes v/hich are, at least, intensified 

at the completion of division. But though such intensification of 

changes exists, the similarity of cycles in 1st and 2nd division is by 

no means obscured; the extended period of nigh stability at pre-

leptotene is paralleled by a short period after diad formation, aid tne 
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brief interval of low viability at tne ena of 1st division is paralleled 

by a longer interval following tetrad formation. 

Staoiiity vs. Time: 

The differences in percentage of viable cells present after one 

hour and after three hours immersion in solution is not large enough to 

warrant any special consideration. The results of counts made at inter­

vals of one or two hours revealed no significant changes after the first 

hour of immersion. The change, however, is of appreciable magnitude 

wnen preparations are examined about twenty hours after the original 

count. Generally, there is a decrease in percentage viable. The less 

stable preparations, however, snow a greater increase in moribundity 

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

stages of meiosis and between concentrations of solute are accentu-ted. 

Unfortunately, many greparations were infected by bacterial or fungal 

growth after such time and their results are not included, leaving, 

therefore, a smaller number of samples for analysis. 

The dots in Fig. 4 represent individual values, tne avenges 

for tne v-rious stages being tabulated in Table II. It is significant 

that the trend of staoiiity after twenty-four hours inversion is similar 

to that found after three. Both mid-first and 2nd division drops in 

viability are clearly indicated. Stages {pi-^?, for example, possess 

values ranging from 0-t?h> and the- transition from 1st to 2nd division 

(03-07; So-,0) is characterized by 0 viability except iur one preparation 

<Sta--e 40) in i.2m sucrose concentration. Tne persistence of such diiier­

ences emphasizes the significance of stability properties m relation to 

meiosis. 3y prolonged immersion tne eri-cts due to differences in per­

meability are reduced to a minimum, suggesting Thereby, onat tne observed 

fluctuations in viability are more nearly, apart from all otner lectors 

mvolved, a function of tne in.ra-prooopla.mic changes associated with the 
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EARLY P(«OPMA«C DIVISION X. avi<WN X. TCTWAO 
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Figure 4. Viability of pmc's of Trillium in solutions of 
sucrose after twenty-four hours immersion. 

Shadea areas represent viable cells. 

meiotic process. 

Factors in PmC Stability: 
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any sta;e. l-i- e^ 0^ 
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cellular granulation, there being an inverse relationship between 

refractivity and sucrose concentration, at least v/itnin the range of 

molarities investigated. That this relation is not a simple function 

of osmotic factors is clear irom the absence of plasmolysis in prophase 

cells immersed in hypertonic solutions, and irom the higher viability 

of plasmolyzeci tetracs over non-plasnoiyzed ones. 

(b) lixosmosis 01 Solutes. Because of tne aggregation of gre-

leptotene pmc»s into one gelatinous mass, it is possible to perfuse sucn 

cells without tieir being washed away. This condition w*s taken advantage 

of in investigating the factors governing stability. 3y perfusing a mass 

of cells for a sufficient length of time (see Materials and l.letnods:' for 

account of technique, p. £?0) the exosmosed cellular products are removed 

and the eifects of thoir removal can be observed. Ire-leptotene and 

prooably leptotene pmc's are completely viable when immersed in sucrose 

solutions of molarities ranging from 1.0 to 0.^. If, however, they are 

first perfused with these solutions and then suspended in the correspond­

ing medium, disoinct morphological changes occur. The rapidity o^' such 

Changes is governed chiefly by the concentration of sucrose employed, 

molarities of ress than 0.1 having an almost instantaneous effect. Con­

centrations betv/een 0.|>1 and 1.0L! do not produce any appreciable changes 

until two hours after perfusion, but for longer periods of time tne cells 

invariably show progressive changes irom the A type through B to J. 

Complete mortality is reached witnin twenty hours. 

The removal of intra-cellular salutes v;nich have migrated into 

the medium is suggested by the behaviour of tne gelatinous mass. In all 

cases the cells at the periphery of tne mass react first. These cnange 

from type A to B and finally to D. Moreover, cells nearost "one source 

of the perfusion current react before those located distantly from it. 



2 75 . 

0 

< 
> zs 

,J-~, 5. 

i.. 

~ 02 -

NON PEBFUSEO 
.. PEBFUSEO 

5 IO 20 iO 40 SO 
TIME [HOURS] 

TT1--

pire 5. Viability of pmc's oi Trillium in periused 
and non-periusea sucrose media. All cells 
are in pre-leptotene stage. 

TABUS III 
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The effects of the treatment proceed moand with time until, eventually, 

all pmcts are similarly affected. Simultaneous reaction of tne entire 

mass occurs only where effects 01 tne meaium are drastic, sucn as those 

of very dilute sucrose solutions. 

Hae results (Fig. 5 Taoie III) indicate, furthermore, the 

importance of solutes other than sucrose in maintaining cellular staoiiity. 

Since the experiments penormed are based mainly on the behaviour 01 r>mc«s 

in media of pure sucrose, it is clear Gnat this procedure can be used to 

study only a limit JO number of aspects of physiological behaviour. The 

effects of various ions and ph» s are undoubtedly of importance, out only 

a brief survey 01 tneir behaviour has been possible. 

(c) Salts. Solutions of pure salts are definitely injurious 

to tne pmcfs. (See Table IV) In presence oi sucrose, addition o'i salts 

in concentrations of .1M or less, to tne medium produces no visible 

degeneration. //nether there is an increased viability, nas not oeen 

determined. Certainly balanced solutions of ions snoulu nave a staoifizing 

effect. 

(d) pH. The eliects of pli were studied in late diads and 

tetrads. Since ooth tnese stages are unstable in pure sucrose solutions 

they were very suitable for purposes of this investigation. Vuantitative 

estimations of viability in acid media were not made inasmuch as pre­

liminary experiments snowea all low pti's to exert a deteriorative influence 

on the viability or pmc's. Tnis *as first made apparent in some explor­

atory worK on the metapnase I cells of Trillium grandifJorum. Survival 

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

of acid to neutral solution increased the degree of coagulation. A 

similar behaviour was found to occur in some experiments (unreported) 

on the culture of anthers "in vitro". Examination of antners retained 
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for four weeks in artificial media showed that tn* more alkaline cultures 

permitted the most rapid division as veil as fa? least injury. 

Similar to its eriect on other plant cells (See Scarth ana Lloyd, 

lij0), the presence of alseli decreases the refractivity of the Jnliium 

pmc. Since there is no break in the tendency towards optical no^.en^ity 

with increasing al'xxi concentration, it is occasionally difficult to 

differentiate injured from non-wjur.o cells at n^ner normalities. ?,.* 

use of Neutral K-.a ,as therefore nelpful, as the cytoplasm of daad e*xis 

„„„ r,at nf livi-i- ones aoes not. 2ae dye, nowever, 
stains de^-ly .mereas tnat of xi i-^ «« 

was not used universally, since being an ionizable solute, it too atiects 
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protoplasmic stability, it was Therefore used to check co mts, and 

fortunately, the results both with and without neutral Red corres: onaea. 

The results tabulated in Teoie V ana illustrated in 7i2. o 

show clearly tne influence of aliali on cellular vaibility. me efrects 

of other factors already discussed, sucn as concentration of sucrose and 

stape or development, are also demonstrated in the data obtain 3d. In 

similar solutions or al^aii ana sucrose the viability of diads is con­

sistently greater than that or tetrads. A parallel situation exists 

where tne alkali concentration is Kept constant, for here O.pL sucrose 

is clearly more stabilizing than 0.11,1. The latter is vividly demonstrated 

by comparing individual cells in different preparations. Vhian several 

suspensions are made of one antner, the plasmolyzed tetrads found in the 

higner concentrations or sucrose are more stable than the non-plasmolyzed 

ones at lower concentrations, showing, ac least, the absence of direct 

relation between internal vs external osmotic pressure and celluiar 

stability. 

The pl£ 01 tne suspensions were not tnose of identical ITaOn 

concentrations in distilled water. They were, in fact, considerably 

lower as revealed by occasional measurements with indicators. It id 

clear, however, tnct alkaline pjJs are responsible ior increase in ceilaier 

viability. The curves in Fig. b suggest, at least, a rapid rise in 

viability above a certain pil. '//ere the experiments more extensive it 

woula have oeen possible to trace a more accurate relationship between 

tnu tv;o factors. Io is signiricant, tnough, for tne present, to poi^t 

to tne ei recti/eness or alkaline media in promoting stability. 
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Figure o. Viability of pmc»s of Trillium in alnalu ho 
eaia alter one nour immersion. 

Discussion 

Although under the conditions of the experiments the pro* 

studied in this section is, in fact, the apparent viability (or recip­

rocally, moribunaity) or tne cells, tne idea oi stability is ..rred 

to viability for several reasons. Cells left in their normal environ-

ient are perfect! viable and tne association miosis with a cycle 

or changing^viabilities is strictly speaking, incorrect, sine 

natural conditions no such change occurs. Furthermore, s of tie 

•imentally induced abnornialities used in cL ying the ceils 

nave been reversible ir the cells could have been re 3d t~> their 

normal environment. Hence, while such abnorra ^s -were considered as 

indicators of a decreased cellular staoiiity, tne potential viability of 

the cells was in no ;ey altered . -3 term viability, though used i 

^eably with staoiiity in r p the experiments, is 

too inadeq.ua- its meaning to represent the phenomenon observed. 

http://inadeq.ua
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The argument tor the conception or general stability is tnat 

with tne progress or tne meiotic cycle there is a parallel variation in 

resistance to a diversity or abnormal conditions, both chemical and 

physical. Sucn resistance stems, no doubt, rrom the peculiar structural 

associations, molecular and micellar, witnin tne living ceil. Yet, mas-

much as present tecnniques exclude the possibility or limiting intra­

cellular variaoies to a single ractor, the characterization or the 

resistance described must be limited to some general descriptive term, 

nameiy, stability. This does not, of course, exclude speculation as to 

the nature or tne intra-cellular change basea on analogies witn "in vitro" 

data. The results, in ract, point to imown mecnamsms and will tnereiore 

be discussed m tne latter part or this section. Meanwniie, stability, 

as used in tms discussion, means the resistance or tne cell to change 

unaer any set or abnormal conditions. 

That tne stability of dividing ceils is lower tnan tnao or 

non-dividing ones is suggested by tne results or various workers. Kuhn 

(1937) found tnat pollen celis burst in solution irrespective or tne 

osmotic pressure of the medium, pointing thererore, to conditions or 

stability difrerent rrom that round in normal non-dividing cells. 

Shimaicura (1937) observed that the pmc's or Trillium Kamtscnaticum were 

abnormal when immersea in sucrose media. Slcer (193/), Sax ana Swanson 

(19*1), as well as many otners, round tnat dividing ceils were more 

susceptible to the action of x-rays tnan resting ones. Steimtz (19**), 

in studying tne effect or low oxygen tension on pmc meiosis, conciuaea 

that meiotic cells were more sensitive to oxygen aeiiciency than mitotic 

ones, ana that tne latter were more sensitive tnan resting cells. 

Wnetner it is tne cytoplasm or nucleus whicn is tne less staole 

mtt10<?lS cannot be deduced rrom the data obtained. Certainly, tne 
during meiosis OCIIIIL̂ W 
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effect seems general. Although the disintegration oi the cytoplasm 

proceeds more rapidly than tnat of the nucleus when eitner is exposed 

directly to a sucrose solution, tne immediate gelation of the nucleus 

upon slight mechanical aisturoance, or its sensitivity to dilute con­

centrations of salt (Sao Section I), suggests an equivalent instability 

or both zones. It is more liKely tnan not, however, tnat changes in one 

region of the cell, particularly degenerative ones, affect tne viability 

of the other, so that isolation or unstable zones is not amays possible. 

The nature of conditions under which instability is identified 

will of course partly determine the type of cycle observed. In view of 

tne diversity of external factors employed - x-rays, heat and cold, 

oxygen tensions, non-physiological media - deviations irom tne cycle 

reported nere are to be expected. Also, tne criteria used to characterize 

instability are or importance. The biological effects of x-rays, for 

example, deal chiefly with the problem of mutation. Tnus, Sax and Swanson 

(19*1) classinea induced changes as eitner "primari^1 or !fsecondary•«, 

the secondary grouping including ail chromosomal aberrations, and the 

primary, which they did not stuay, all the other aspects or protoplasmic 

change. The use oi particular cellular organs or regions as means of 

identifying change introduces, therefore, an additional source of 

variation. 

Altnon-ii variations in type ana decree 01 instaoility are 

probable in view or the differences in external 1 actors, it is instructive 

to compare tne results obtained here with data from other workers. rHne 

conception of cyclical cnange was, to tne autnor»s knowledge, first 

forwarded by Lyons (1902) who claimed the presence of a cycle of suscept­

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 
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salts. Less direct evidence is obtainable from the worK of 5i ,,, 

liy^O. In attempting to ;romote division 01 Tradescantia XmctS in 

artificial media, ne louna that only those cells which hau airway 

reached tne metapnas. stage and plas^iyzea in solution would mvid.. 

Cells m earner stages were lound injured. Sucn results suggest, or 

course, a period or low staoiiity extending until, or partially into, 

the metaphase stage. The ror-: of Gregory U>+0) points to similar ex­

clusions, in that only those Lilium anthers excises at or beyond the di-

plotene would permit a normal division of the pme's in artificial culture 

media. (Unliice Shimarcura, Gregory placed the entire anther in tne culture 

solution.) Steinitz (1944), using cmerly chromosome abnormalities as 

indicators of pmc sensitivity to lack of oxygen, suggests the prophase 

to be the most sensitive of all mitotic or meiotic stages. 

Sax and Swanson (1941) find tnat the sensitivity of ceiis to 

chromosome oreads reacnes a maximum ht mid-p-ropnase. l^arsnaK (1935) 

found the maximum number of chromosome abnormalities at pachytene. 

uniting (19^9) suggests tnat condensed chromosomes are more sensitive to 

x-rays tnan diffuse ones. Sker (1937)> in a -hore comprenensive study of 

the male germ cells 01 tne grasshopper Tacnycines asynamorus, points to 

various degrees or sensitivity, he considers the anaphase sta^e to DJ 

nighly resistant to raciation, wmle late prophase and metaphase co oe 

most sensitive. His results are in accord with other investigations 

that tne resting stage is tne least sensitive. Both hker (1937) and Stone 

(1933) s.uow tnat x-rays exercise a "crocking effect11 on the gen cells in 

tne resting stage. Stone suggests that a ''physiological reaction-1 is 

set ur' whicn is lmiioitory. hiker, after more caretui investigation, 

shows tnat sucn a .eriod is followed by one of abnormally rapid division. 

In view of "tne sources of variation, tne similarity of results 
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obtained in this investigation witn those or other workers stron-iv 

support tne thesis of a staoiiity cycle. ?Ae suggestion or a raia-pro-

pnase arop in stability is maintained by much oi the x-ray data, as vrall 

as the metabolic data of Steinitz (±944). Tne instaoility or t.i9 sta.e 

at or about metaphase is evident iron: tne results of 3-iimakura (1^4) 

and those of '.^er (1^7). The peculiarities 01 tstrad behaviour are 

supported by the data of Lewis (1942). Clearly, the changing stability 

of the pmc is a real physiological characteristic of meiosis. Hae 

nature of the change will be considered briefly below. 

The data accumulated on tne behaviour of pmc»s in suspensions 

of sucrose or other solutes point to the presence of denatured crotein 

as tne principal cause of cellular instability. It is, of course, 

difficult to assign a specific cause to so broad a phenomenon as cell 

stability, even more so since denaturation itself is a very comprehensive 

term including any one or more of several known characteristic changes. 

Tne *}in vitro'' evidence for decreased solubility and increased suscept­

ibility to electrolytic action along wita other physico-chemical properties 

of tne denatured protein suggest, in view of the similar Changes found 

within the cell, tnat a denaturation of the jrotein substrate is associated 

with the observed drop in cell stability. 

(1) It has been shown by means of perfusion tnat tne arop in 

cellular viability can be partly accounted for oy the exosmosis of cell 

solutes. Such a mecnanism, nowever, cannot account lor the diiierences 

in viability maer tne conditions or observation. Tne changes, for 

example, in percentage viability aiter the cells had oeen immersed for 

twenty-four nours in sucrose solution are hardly due to differences in 

permeability, sines the effects of sucn differences wouic. be nearly 
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equalized after so long a period of time onover, the coincidence ox-

high permeability with high viability in the pre-lentotene 01 miosis 

rules out any positiv, correlation oewe.n low stability and solute 

exosmosis. It is apparent, therefore, that the changes in pmc staoiiity 

are due, not to the entry or exit of solute by virtue of wnicn coagulation 

of the protein might occur, but to the changes witnin the Protain moloclue 

itself which has rendered it less soluble and tnsreiore less stable. Tris 

conclusion is emphasized by the rapid coagulation of the pmc in tap or 

distilled ".rater and in pure or mixed solutions of salts. 

(2) Tno parallel behaviour of pmc and protein extracts in 

sucrose solutions suggests, as in the previous case, protein solubility 

to be a factor determining the viability of tne cells. Though the 

literature on sugaa?-protein relationship is by no means extensive, there 

is sufficient data to establish the more obvious effects of tne sucrose 

molecule. Lidforss (1907), Tor example, shoveed that precipitation of 

egg albumin wnen frozen in salt solution could be prevented by addition 

of 10$ sugar. Similarly, llewton and 3ronn ^l/pl) found that sucrose 

acted as a protective agent against precipitation of proteins from iress-

juice of leaves. To the writerTs knowledge tnere is no adequate explan­

ation of the mechanism. Ilortheim (1940), in discussing the effects of 

sucrose of Spirogyra, suggested that it acts on the secondary linkages 

of the proteins, but such a view is purely speculative. It is apparent, 

however, that the presence of sucrose does inhibit protain precipitation. 

This in fact, is the most lively factor determining tne increased 

stability of the pmc when immersed in high sucrose concentrations. 

Osmotic -oressure or internal solute concentration, as _ns been mentioned 

earlier is hardly possible as an explanation, since nyperoonic solutions 

of sucrose where such wen possible to determine, sneweo. greater staoiiity 
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than iso- or hypotonic ones. 

(p) The effects of alkali on tne viaoility of pmc»s is eoually, 

if not more instructive. Not only are the higher pl:»s associated with a 

larger percentage or viable cells but the stage of meiosis is an important 

limiting factor. 1'Jhile the prop rase cells are stable in purs sucrose 

solution, tetrads are generally unstable so that the presence of alkali 

at tne end of division is much more effective. A comparison of tne 

viability of diads and tetrads in Fig. 5 indicates the same trend. Since 

alicali acts to prevent a coagulation of the protoplasm which is rendered 

less stable in the course of meiosis, the significance of alKali activity 

may be sought in studies of protein extracts. hrsKy and Anson (l>3>b) 

claimed denaturation to be reversed by means of alKali, thougn Meurath 

et al (1944) questioned the completeness of the process. However, the 

increase of iso-electrie point in denatured protein is accepted univer­

sally, so tiia-c vuere the pll of a solute is on the al.<aline side or its 

ISZy addition of a base would prevent its precipitation, fuis, in fact, 

is suggested as t.i3 principal effect or aiitali when aacted to a pmc 

suspension. 

It is difficult, to obtain any unqualified proof for the 

presence oi denatu^. pvotein. C^tly, because donaturation itsalf 

provic.es so :;iany alterative c.ianges taat a fixed characterization is 

impossible. ^e essential feature of cnance in molecular shape is of 

no direct value since such cuan^s vary in -na-itude (so aoes denaturation) 

and detection of tha spatial pattern is only possible by means of x-ray 

analysis, a tecunioue iiaraxy applicable to living cells. The importance, 

however, of reviving the intramolecular cnan.as in biological systems 

cannot be over-estimated. Extraction tec.niio.ues alone, or even •'•in situ-

cheuical tests, will nor iur,isn tne complex answer. For v.ere living 

http://provic.es
http://tec.niio.ues
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cells are no loiwer in a physiological environment it can be assumed 

that deteriorative changes, however small, have already tanen place. 

And while it is difficult to resolve tne nature of such cnar.res under 

physiological conditions, it is at least possible to detect tnem with 

greater accuracy. This has been the approach in the reported experiments. 

The suggestion of denaturation as the cause of tne observed behaviour came 

only from analogies with the more controlled »Jin vitro" systems. 

Txxe role oi denaturation may also be extended to the process 

of cen-division. Tne existence of a protein substrate in the chromonema 

to which are attached various reactant or prosthetic groups, particularly 

nucleic acids, is accepted universally, irrm.. a molecular viewpoint, tie 

somewhat clumsy structure of tne long polypeptide chains and the inter­

action of at h ic forces roduce configurations as yet incompletely resolved 

It has, however, been su^ested (T7rinc'i 193b; uhilic^ 193°) that T°ly-

pertide chains, in order to duplicate themselves, must assume l^n-ti-

udinally extended configurations even if ; artial. Such stretching of the 

molecule is associated with denaturation (Bull 1938, '"irs'pr 194-1) a 

ph-nomnncr which has both caemie&l and physical implications. Chemically, 

the exposure of the 51 groups has been considered by Rapkine (1931) to 

be an important metabolic factor in call-division. Physically, the 

changes in viscosity and hydrational prorerty (Sc\ni*t, 193*$) W be re­

sponsible for the microscopically visible alterations in chromosome 

mor holoo-. The increase, for examrle, in chromonema length and the 

suggested spiralization within a pellicle (Huskins 1942) points, anion3 

other things, to hydration as a lively factor. Thus, it is not incon­

ceivable that denaturation is the hub of widely divergent phases of 

mitosis. 
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Both the physiological significance and tho mechsciis:! of pr.e 

instability leave several alternative possibilities. The IO-.T vianiitv 

of the cells immersed in artificial media sug-ast the -ora detailed 

problem of associating a particular ro-ion with a particular a3Sro3 of 

susceptibility. Or, and this is the more likaly situation, or ciaract3-

izing a certain staje of meiosis by sensitivity of a certain or;an ana 

correlating these localized sensitivities with the entire mitotic process. 

The general deterioration observed is hardl^ convincing evidence for 

universal instability. Mechanical injury at any joint in the surface is 

sufficient to destroy the whole cell. 3o are the formation of hyaline 

vesicles. (Surface changes will be treated later). The high passive 

permeability to polar solutes is also effective in d creasing cellular 

viability. Ther^ are, indeed, many sources of cnange :.hiich can affect 

the stability of. the pmc. And, there is little doubt that all such 

mechanisms are active at one time or anot ier in the course of meiosis. 

The organization of the C3ll suggests limiting but not single factors 

of operation. Tie pattern of metabolic activity is hardly a function 

of a single phase system. The long polypeptide chains folding into 

characteristic configurations, and ox; osing now some metav:olically active 

groups, now others; altering sterio'd patterns to conform with changing 

requirements or primer^ and secondary linkage resonances, while simultan­

eously attracting or repelling water molecules and ionic com lexes; 

releasing polar groups and associating with anolar ones, thfcs acquiring 

new surface properties and creating new interfactial conditions; 

strengthening or weakening the tertiary linkages binning one protein complex 

with another, and thereby withdrawing from or associating with the dif"eiw> t 

colloidal phases; all these point, indeed, to the simultaneous operation 

of cianv factors. Changes in stability re; resent only one characterization, 
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and at that, a composite one. The significance of cellular equilibrium 

in relation to mitosis will become clearer only as the many component 

changes are more fully resolved. 
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III. PERMEABILITY 

Tne importance or permeaoility in Diologicai pnenomena is 

suggested by the increased permeability or cells in resisting frost, 

drought, ana infection by rusts (ScartJH 19;>?, lyw). Recent metabolic 

studies have indicated tnat it is also associated witn actively growing 

tissues (Prevot ana Steward 1?>D, Steward 19^) and witn tissues subjected 

to anaerooic conditions ^Brauder, Brauner, and Hanson l?w). in view or 

tne metabolic and structural changes involved in mitosis it is not sur­

prising, tnerei'ore, to rind tnat distinct diiierences in permeaoility 

are also associated with division. Lyons (l^o^J) originally suggested 

an increase in tne permeability or lertilized marine eggs. McGlendon 

(lyi^j, investigating tne outward difrusion or ions, claimed a rise in 

tne permeability or rrog's eggs eitner alter fertilization or alter 

electrical stimulation. Heriant (iyiiO), in a more extensive study, point«a 

to an increased permeability in the eggs or tne sea-urchin to salts ana 

other substances. He also suggested a cycle or change consisting or an 

interval or high permeability at prophase, roliowed by one 01 low per­

meability extending ror tne remainder or division and interrupted only 

oy a brier interval or nign permeaoility at telopnase. Liliie U9-J-&, 

lylf, 1916) suggested an increase in water permeaoility arter normal or 

artmciai activation or sea-urcnm eggs. He estimated, in ract, tne 

water permeability or rertilized eggs to oe roup times as great as tnat 

or unrertilizea ones. Faure- tfremiet U9*5) discussed the aoove results 

more rully, though in his own investigations or Sabellaria eggs he was 

unable to demonstrate permeability changes as distinct as those round 

oy Heriant. SpeK (1916, 19*0) demonstrated an increased permeaoility 

to botH water ana salts in Nereis eggs roliowing fertilization. Stewart 
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ana Jacobs (19^) round rertilized eggs or Arbacia to be mora permeable 

to etnylene glycol than unfertilized ones, though they could detect no 

corresponding diirerence in Astenas eggs. Shapiro (1941) examined tne 

Chaetopterus egg and round an increased water permeability alter lertil-

ization. 

Despite tne above data, the extent to which permeability has 

been considered as an important aspect of division may be judged rrom 

more recent criticisms. Heiiorunn (I9j>f) dismisses permeability as an 

activating ractor, a judgement which is probably valid, but in reviewing 

tne entire subject or division he does not rerer to permeability in any 

otner capacity. Schrader ^1944), though considering pnysiological lactors 

such as hydration and viscosity in nis very thorouga review or mitosis, 

does not include permeability in the discussion or mitotic mecnanisms. 

To the writer's knowleage, the only recent treatment or permeability in 

relation to division has been by Bujard (1941). Why so important a 

pnysiological property should be neglected may be aue to the lacK or 

surricient evidence. The rapidity or the mitotic process in most cells 

does limit the possibilities or physiological study. Tne cnoice or 

Trillium pmc's is tnererore very rortunate, since tne period or division 

is exceptionally long and the physiological cnanges are mucn easier to 

observe. 

A. General 

More tnan any or tne otner physiological properties or mitosis, 

tne piasmoiytic cnanges in pmc's of Trillium are the most outstanding ana, 

probably, tne most unique in the behaviour of plant cells, at least as rar 

as records Known to the writer reveal. The aosence or any plasmolysis in 

pre-leptotene cells immersed in sucrose solutions or concentrations as 

Aign as l^M by volume, the equivalent of bb atmospneres of pressure, is 
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in itseir indicative or the very unique plasmolytic properties at 

meiosis. That tnis phenomenon is due largely to tne hign passive per­

meability or the cells rather than to osmotic ractors, emphasizes even 

more the distinctive physiological characteristics or nuclear division. 

The eviaence lor the possession of so high a degree oi permeability 

is broad, and ean be found in the peculiar behaviour of a variety or solutes. 

Traces or salts (AlClj, Caclg - - See Section I) which penetrate normal 

non-dividing cells slowly, ir at all, diiruse speedily tnrough tne pmc 

membrane. Their rapid penetration is easily veririea in Tradescantia 

pmc's wnere tne salts produce uistinct retractive cnanges. JSven the large 

organic molecules or the suli'onthalein dyes, ordinarily impermeable 

(Coilanaer ana Holmstron 1J5()9 ana usually applied to tne cell interior 

by micro-injection (Chambers and PollacK 19*7), penetrate readily into 

tne pmc*s or eitner Traaescantia or Trillium. The nigh passive permeability 

or tne meiotic cells is aemonstrated by adding a drop or tne indicator 

(Brom Cresol Green, Brom uresol Purple, Cresol Red, Methyl Red) to a 

sucrose suspension. Ii, in ract, tne drop is applied at tne cover-slip 

eage, tne aavancing wave or dye is seen to be rollowed by a rapid staining 

or tne protoplasts. The presence or tne indicator in tne cell interior 

may be rurtner verified by altering tne pH or tne medium, the cell colour 

changing as tne electrolyte airruses tnrough the solution. The passage 

or solute tnrough the membrane is not restricted, however, to an mwara 

migration, for there is an outward one as well. The deterioration in 

viability or cells suspenaea in a Plowing rather tnan a static medium 

(See section I) indicates clearly tne absence or a strong oarrier to 

solute escape. 

Parenthetically, it is interesting to record tne behaviour ol­

io's in presence or Neutral Red, a vital stain which orumariiy accum-
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ulates in cell vacuoles. Upon penetrating the pmc it stains the cyto­

plasm ligntly ana accumulates, under conditions not rully resolved, on 

tne chromosomes. The phenomenon is complicated, tnougn, by the gradual 

aisappearance or the aye. Within rive minutes, the chromosomes or some 

metapnase ceils have been seen to stain gradually with increasing 

intensity, reach a maximum, and then rade until the chromosomes became 

invisible. No detailed study or the phenomenon has been attempted, 

although it is a ratner vivid illustration, not only or tne rree passage 

or solutes through the membrane, but also or the peculiar surrace prop­

erties or the meiooic cell. 

Permeability vs. Osmotic Pressure. 

Since there are two cellular variables determining plasmolytic 

benaviour, a resolution or these two components, namely permeability and 

internal osmotic pressure, is necessary. In presence or a hign passive 

permeability, however, the osmotic ractor is elusive and cannot ce 

determined Dy ordinary plasmometric or incipient plasmolysis tecnniques. 

So rapid, in ract, is tne penetration or the sucrose molecule into pre-

leptotene pmc«s, that no contraction or tne protoplast occurs even in 

osmotic pressures or oO atmospheres. Only in tne later phases or aivision 

are piasmolyses observed, and even here, apart rrom poiien-cell mitosis, 

determination or tne intra-cellular solute concentration is aepenaent 

upon tne resolution or so many associative lactors tnat its value is 

questionable. 

The considerations or osmotic cnanges in meiosis are, tnererore, 

essentially tneoretical. Clearly, in view or tne high permeability or 

tne cells, large riuctuations in intra-cellular osmotic pressure would 

require parallel riuctuations in tne antnral sap, ana' such extremes are 
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most unliKeiy. Again, were rapid changes in sap concentration a aeter-

mmant ractor, then tne variation in plasmolytic behaviour witnin a single 

preparation wouia not occur. Although a gradual increase or decrease in 

concentration or cell-sap is possible, ana even HKeiy, it is naraly prooable 

ror large riuctuations to occur. It is suggestea, tnererore, tnat tne 

plasmolytic changes in meiotic cells are very largely aue to parallel cnanges 

in tneir membrane permeability. Thus, the evidence accumulated on degrees 

or plasmolysis are actually expressions or permeability property. This, in 

ract, is rurtner supported by tne aata on pollen-cell behaviour wnere 

deplasmoiysis time can be determined. 

Meiosis vs. Mitosis: 

While hypertonic solutions induce a plasmolysis or pollen-cells 

at almost all stages or mitosis, meiotic pmc's plasmolyze only at certain 

stages or division. The dirrerence is hardly due to external ractors since 

in botn cases sucrose is used as suspension medium and molarities are tne 

same, though a wider range or concentrations has been usea in meiosis. More­

over, wniie tne pollen-cells deplasmolyze witnin three hours arter immersion, 

no sucn aepiasmolysis has been observed in tne plasmoiyzea meiotic cells. 

Obviously, there are distinct differences in degree or permeability between 

tne meiotic ana mitotic cells. Their benaviour, however, requires clarifi­

cation. 

The aegree or semi-permeability* rather tnan or permeability may 

be saia to aetermine the plasmolytic benaviour or tne aiviaing cells. 

Actually tne property studied is not tne membrane permeability to tne single 

substance sucrose, but is tne aurerence in rates or penetration, inwara 

* Semi-permeability is prererrea to airrerential or selective permeaoility 
because: (1) It commonly rerers to tne penetrability or one substance, 
water ana tne selectivity or the pmc membrane to water nas ueen tne cnier 
ractor in plasmolysis. (2) As tne airrerence in rates or penetration 
increase, tne cell approaches a conaition or truer semi-permeability. 
Increase'in degree or semi-permeability rerers to decrease in solute/ 
water penetration. It parallels tnererore a aecrease in permeability 

or tne membrane. 
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and outward, between two substances, namely, sucrose and water. It would 

appear that this dirrerence is almost negligible in meiotic ce_^s. In 

mitotic ceils, however, the differences in penetration rates of sucrose 

ana water is appreciable, so that an initial plasmolysis does occur 

followed by a deplasmolysis m tne same hypertonic medium. Sucn behaviour 

suggests, chierly, a higher degree or permeability m meiotic tnan mitotic 

cells. The conclusion is further supported, tnough indirectly, by the 

fact that tne high instability characteristic of meiosis is not repeated 

in poiien-cell division. 

Why pollen-cells should deplasmolyze consistently and tne fraction 

or plasmolyzed pmc's should not, is due to tne operation or an additional 

intra-cellular ractor. It is presumed that the osmotically active ceil 

solutes are predominantjy sugars, and compared with water, are so similar to 

sucrose that they may be regarded as such from an osmotic standpoint. In 

presence or a high degree or permeability the diffusion or solutes tnrough 

the membrane would be nearly equal in eitner direction, limited only by the 

concentration gradient between cell interior and exterior. Apparently, this is 

or no significance in tne early stages or meiosis. It is obvious, however, 

tnat there is no exosmosis of solute equivalent to the inward movement of 

sucrose in mitotic pollen-cells, or else no deplasmolysis would occur. The 

absence or deplasmolysis in pmc!s is related to tne exchange or solutes be­

tween interior and exterior. That such cells can be depiasmoiyzed is clearly 

snown by adding distilled water to a suspension; the reaction is immediate. 

Even tne presence of pure water at the bottom or a moist chamber will 

occasionally, though not always, produce a deplasmolysis. In absence or a 

more complete body or data it is suggested tnat, though the difference in 

rates of water and sucrose penetration is large enough to cause a plasmolysis, 

tne inward and outward dirrusion of osmotically active solutes are nearly 

eaual so tnat no deplasmolysis or tne cell occurs. 
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Witn tnese more general characteristics or tne dividing ceil 

in mina, it is appropriate to consider tne detailed cnanges ooservea 

m degree or property. 

B. Meiosis 

Limitations: 

(a) Time. As in tne estimations or viability (Section II), 
* 

tne oime intervals or examination were not constant. Viability and 

plasmolytic counts were, in ract, made simultaneously. Periods or im­

mersion prior to counting ranged from 10 minutes to 4 hours (the time 

intervals are all recorded in Table VI.). The differences, nowever, 

are not as significant as they might appear to be. In view of the 

peculiar plasmolytic benaviour of meiotic cells, in most cases there is 

no appreciable change in the percentage or cells plasmolyzed arter several 

hours immersion. Thus, while a greater accuracy might have been obtained 

by rigialy maintaining constant conaitions, the latter was sacrnicea to 

what was consiaered to be the more important demands or extensive inquiry. 

Certainly, the general features of a permeability cycle are clearly 

discernible. 

(b) Degree of Plasmolysis. Measurement of the diameters of 

ceils ana protoplasts would have been userul in establishing the osmotic 

pressure of the cells. The variations, nowever, in size and shape of 

both cell and protoplast were so great that such measurements were 

impracticable. It was prererable to count the number of plasmolyzed ana 

non-piasmoiyzea cells so that examination of a preparation couia be 

accomplished within a reasonable period of time. 

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

of 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 although non-plasmolyzed HR cells indicate, at least, a lack 

or plasmolysis, tne presence of plasmolyzed HR cells does not always 

indicate a low permeability. A shrinking or tne cytoplasm often occurs 

in a moribund cell (See Plate I Fig. 4) and this is demonstrable oy tne 

raiiure or deplasmolysis upon dilution of the medium. When a large 

numoer or "plasmolyzed" HR cells were present, deplasmolysis tests were 

made, and ir no deplasmolysis occurrea, the cells were not incluaed in 

tne calculations. Fortunately tnere were not many such cases so tnat 

tneir exclusion or inclusion would nave had no major influence on tne 

trend or tne results. The percentages or plasmolyzed and non-plasmolyzed 

are relative, as dead cells are excluded rrom all calculations. Whetner 

the numoer or dead cells is related to tne degree of permeability or to 

tne osmotic pressure or tne cell cannot be ascertained. That some 

relationship does exist has already been suggested, but lack or any 

mathematical rormulation or such a relationship makes their inclusion 

in tne plasmolytic calculations inadvisable. 

The Permeability Cycle: 

The results oi plasmolytic tests are contained in Table VI 

ana illustrated in Figure 7 (a, b, c, d, e, i). Average values ror 

stages grouped according to degree or plasmolysis are listen in Table 

VII. In view or the variables associatea witn tne experiments, pre-

rixes nave been usea in Table VI to inaicate conditions otner tnan tnose 

generally present. 

F= Preparation rixed in aceto-carmine. Meiotic value or 

preparation derived from frequencies or individual stages. Result com­

pared witn value calculated from the "rougher categories". (See Appendix 
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TABLE VM 

PLASMOLYSIS OF IMC'S IN SUCROSE SOLUTION 

CONC. • l.cM (4|>4 ATM) 

Time Rel Time Rel 
Suae n Value Hrs. Mins. <f, Non $> Non Sliae fr Value Hrs. Mins. fy Non $ Non 

H-.^f.iC ^i.{ 1 10 b/ b6 $.y.dC 104.y 12 6o 6f 

^.^O.iC F>4o 1 15 92 95 b.9.*C loo.o 4 25 91 y2 

4.*0.1C 

>*0.1C 

O.ilO.lC 

>*5.lC 

>^.1C 

Fj>9.6 

F(4>0) 

F44.U 

7^.9 

900 

2 

5 

1 

2 

2 

2> 

00 

5° 

55 

55 

57 

71 

00 

15 

0 

85 

a 
bl 

4b 

0 

.J.25.1C 

5*9*^C 

b.9*2C 

4.*5,1C 

2.if.26 

11J>.4 

115*5 

lloO 

(119*5) 

(1^4.5) 

2 

4 

;> 

55 

12 

25 

15 

15 

0 

: » 

71 

0 

0 

J>J> 

f2 

U 

50 

CONC. = l.OM (;)4»b ATM) 

6.20.1C F(4j).0) 15 bb &9 W*.*5.1C F5b.* 1 00 44 /p 

W4.^2.1C ^-5.^" 2 05 8b 93 W2.*/.1C 60.4 1 UO 60 y$ 
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Time Rel Time Rel 
Slid© jf Value Hrs. Mins. % Non % Non Slide f Value Hrs. Mins. <fa Non fy Non 

f.^O.iC F43. ( 

Z.22.LC 44.* 

l.Zf.iC F44.b 

l.*0.1C 

>*/.lC 

$0.2 

5L5 

AV 

2.*f.lC 

2.*0.lC 

>0.*C 

90. { 

9b.1 

^•9^C I09.6 

w 5.11.12B 111.5 

5*5*2C 

6.9.*C 

11*.4 

20 

35 

10 

50 

55 

f.ll.l^B 54.|p 1 30 

1.2f.lC F88.1 10 

AV 
f.ll.l*B 88.6 1 >3 

00 

9L3 2 55 

*5 

6.9.2C 108.5 1 30 

AV 
30 

*5 

*5 

08 

85 

S3 

84 

41 

51 

95 

*5 

fi 

97 

b9 

b5 

0 

lib.3 1 30 

95 

02 

69 

90 

84 

92 

82 

59 

93 

pO 

100 

100 

65 

93 

0 

95 

65 

2.20.1C b2.^ 

b.?.12B 71.4 

5.5»*C 78-5 

w< 2.*2.iC 89.5 

/.20.1C 8^.3 

1.20.1C 6/0 

AV 
(.y.2C 11^.9 

9.11.12B ±19.ii 

4.13.1C 121.y 

4.1>1C 129.4 

35 

00 

*5 

55 

20 

50 

30 

49 

40 

p.l^.lC 122.0 2 l|p 

13.10.2C 12^.7 2 30 

40 

5.13.1C 150.1 2 15 

13.14.1C (154.5) 2^ 

14.14.10 (I54.p) 40 

95 

70 

85 

56 

05 

59 

2 

o 

if 

100 

100 

95 

91 

5* 

/* 

b2 

2 

12 

O 

89 

y 

*K) 

bj 

^ 

•W 

i?b 

6( 

£>tt 



CONC. = 0.8M (25.5 AM) 

Time Rel Time Rel 
Suae ft Value Hrs. Mins. <f> Non «Jb Won Slide ft Value Hrs. Mins. ft Non ft won 

9.*f.iC 

TAT 

o.^f.lC 

1*.1?.±C 

1.0.^0 

p.^r.io 

W2.10.2C 

11.10.2C 

i.9.*c 

91.6 

5**5 

04.1 

AV 
(9.1 

88.0 

lOb.o 1 

lll.p 2 

AV 
112.0 

15 

25 

50 

20 

15 

0 

0 

20 

81 

6b 

61 

bb 

*5 

51 

0 

82 

64 

97 

95 

9* 

80 

91 

O 

68 

b.*f.lO 

12.19.1C 

W2.p.*C 

1.5.20 

y.10.20 

W*.9.2C 

9.10.20 

W*.10.*G 

11.1U.2C 

1*.14.1C 

66.1 

9L9 

AV95.i 

AV 
94.0 

IO7.2 

AV 

H0.9 

llf.o 

11^.0 

(15**5) 

1 

1 

1 

1 

1 

2 

25 

30 

0 

20 

0 

0 

0 

0 

0 

20 

100 

51 

90 

81 

89 

(b 

58 

49 

5 

^8 

100 

91 

99 

95 

6y 

100 

00 

H 

2( 

100 

CONG. = 0.9M (14.3 ATM) 

(.2(.1G Jw55*7 3^ 95 .97 5.15-lC 9*.o 1 o 16 3? 

W8.*7.1C F5D.0 50 92 91* 2.13.10 iy.O 39 10 40 
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Time Rel Time Rel 
Sliae # Value Hrs. Mins. ft Non ft Non Sliae # Value Hrs. Mins ft Non ft Non 

8.1?.l*B (3o.O) 5 50 

o.l9.1^B (30.0) 3 50 

0.19.12B (30.0) 4 30 

3.11.12B 91.O 1 49 01 91 

89 

96 

100 

95 

100 

100 

wb.10.2C 

9.10.2C 

7.10.2C 

99.9 

10f.9 

110.2 

1 

1 

10 

40 

0 

90 

90 

100 

100 

?6 

100 

9.19.1c 

3.11.12B 

9.19.1c 

w 
6.10.*C 

(03.8) 

86.0 

(91.7) 

116.0 

1 

1 

10 

49 

10 

10 

99 

15 

99 

90 

99 

100 

i'i 

100 

5.11.12B 

9.10.2C 

1.13.1C 

(.10.20 

9.IH-.IC 

111.8 

II0.9 

H7.9 

118.O 

(15*.5) 

1 

1 

49 

40 

*0 

0 

55 

15 

93 

0 

59 

100 

100 

99 

0 

90 

100 

CONC. - Q.*M (5.3 ATM) 

15.*flC Ft,50.o) 

w 

w io.*7-lC F(30.9) 1 

30 

09 

09 

20 

95 

9* 

97 

100 

100 

100 

100 

100 

11.*/.1C 

1.11.1*B 

2.1*.10 

3.i*.ic 

86.y 

95.0 

98.1 

96.1 

20 /9 100 

LZ.d(.L0 F(50.0) 1 09 9* 100 1.11.1*B ?3.0 49 00 100 

40 34 6? 

l.*6.1*B (55.0) 20 100 100 3.12.1c 96.1 1 0 4^ 6? 



Time Kel 
Sliae $ Value Hrs. Mins. ft Non ft Non 

fi.25.12B 33.O 30 IOO 100 

4.26.12B (59.0) 3O 100 100 

3.*6.1*B (55.0) 5 15 82 100 

*.11.1*B 46.2 3 30 90 100 

11.*(.1C 5^.8 20 66 100 

1.11.12B 

*.1*.1C 

59.o 

8*.o 

*5 

40 

59 

100 

100 

100 

^ -

Time Rel 
Slide ft Value Hrs. Mins. ft Non ft Non 

4.12.1C 96.9 1 30 2( 60 

1.1*.1C IO9.I *9 44 100 

1.11.12B H3.O 49 0 O 

1.1*.1C 119.7 29 11 2? 

1.10.3c (13^.5) 15 f5 100 

7.19.IC (15^.5) 1 50 99 100 

http://fi.25.12B


Fig. 7. PERMEABILITY CHANGES IN PMC'S OF TRILLIUM 
(PURE SUCROSE MEDIA) 
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TABLE VII 

PLASMOLYSIS OF B&C'S IN SUCROSE SOLUTION (AVERAGE VALUES) 

ft NON-PLASMOLYSED (RELATIVE) 

Cone. 
Stage 

0-50 

50-55 

34-43 

F 4>l-^4 

I 
R 44.1-35 
S 
T 5^-55 

90-97 

99-04 

(+-10 

/W9 

85-80 
S 
E 8/-8/.4 

C 
0 8^.9-90.1 
N 
D 9t>.5-99 

100-110 

111-111.9 

111.8-112 

T 11*.4-110 

E 
T 110.5-118 
R 
A 115-119 
D 
119-15^ 

1.2M 

100 

08 

85 

01 

-

-

-

-

4b 

-

-

-

0 

90 

-

-

lb 

72 

-

0 

l.OM 

100 

-

6b 

t>y 

67 

59 

75 

97 

-

» 

91 

!?8 

S3 

mm 

6b 

0 

•» 

95 

62 

-

30 

0.8M 

100 

-

-

-

90 

-

-

95 

-

9* 

-

92 

•• 

90 

0 

88 

100 

bS 

-

27 

O.5M 

100 

-

97 

-

91 

-

-

99 

-

-

-

99 

^5 

99 

— 

100 

-

50 

9S 

-

0.2M 

100 

100 

#«• 

-

-

100 

-

100 

•»-

mm 

-

100 

88 

100 

» • • 

• • 

15 

— 

— 

29 
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AV= Birriculty in distinguishing between 1st division cells 

and diads (occurred occasionally c5«™r*oi ~~ 
•Lonaxxy'* several counts were tnererore made and 

tne results averaged. 

() = Only 1st division cells present but rixed slide so poor 

tnat only a rough estimation or stage was possible. 

w= Pure water and not solution present at bottom or moist 

cnamber. Tne reason ror tnis departure irom tne usual procedure nas 

already been discussed. 

A cursory examination or the da-ca mignt suggest tnat an almost 

random variation in the degrees or permeability is associated witn 

meiosis. Tne numerous riuctuations are, nowever, more regular tnan tney 

rirst appear to be, and tneir reality may be judged rrom two particular 

conditions: (1) That tne diiierences in degree or plasmolysis are 

distinct. Tnougn many preparations show intermediate values the more 

homogeneous ones, such as pre-leptotene or late tetrad cells, show 

nearly 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 fact, strongly supports the 

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

most crucial problem in resolving permeability is a more rigid control 

or meiotic stage which would permit a clearer correlation between 

morpnological and pnysiological behaviour. 

(a) General. The heavy broicen lines in Fig. ( join the mid­

points between the extreme permeability values and so represent tne over­

all trend in meiosis. The trend is signiricant to tne extent tnat it 

indicates the decreasing degree or permeability witn tne progress or 

meiosis, a benaviour paralleled in 1st and 2nd division, tnougn it is 
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obvious that the riuctuations observed are not included in tne over-ail 

trend. Sucn riuctuations are, or course, important in determining wnat 

degree or property is associated witn a given morpnoiogicai stage. It 

can oe seen, moreover, that their amplitude increases witn tne progress 

or meiosis, a pnenomenon signiricant in indicating the changing pnysio­

logical properties or tne dividing cell. What empnasizes even more the 

significance or tne variations m permeability is tne parallel benaviour 

ox pmc»s m dirrerent concentrations or sucrose, the only dirrerence 

being that or an average decrease in degree or plasmolysis witn increasing 

dilution or tne medium. 

(b) Meiosis I. In tracing the cycle or permeability, evidence 

is available rrom observation or rixea preparations wnicn is neiprul in 

correlating morpnoiogicai stage with degree or physiological property. 

It nas been mentioned earlier tnat the determination or stage by rixation 

was not always reliable since, orten, cytoplasmic distortion was extreme 

leaving lew cells witn recognizable stages. There nave Deen, nevertne-

less, a suiricient number or preparations to indicate tne prodaDie 

relation between meiotic development and permeability value. 

The rirst observed decrease in permeability occurs Deyona tne 

pre-leptotene or meiosis (30-53). 52ft or tne cells are plasmolyzed and 

tne preparation (4.2/MC) contains lift diaJcenesis, 9ft metapnase, 84ft 

leptotene-pacnytene. Whetner there is an early drop in permeability is 

diilicult to judge rrom tne single preparation available. There is, 

however, a rar more derinite change between stages 43 and 44. Here 

several slides have been examined to indicate tne trend. Preparation 

O.20.1C (1.2M) contains 39ft plasmolyzed cells, snowing 30ft diasenesis 

and 49ft metapnase. A suspension in asligntiy earner phase or meiotic 

development (5.20.iC - 41ft hi agenesis, *5ft metapnase) contains only 
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*lft plasmolyzed cells. Bacfs immersed in l.OM sucrose benave similarly. 

Where 4*ft or the cells are in diaKensis, 30ft in metapnase, and /ft diads, 

51ft or tne 1st division cells are plasmolyzed. The decrease beyond tms 

point in tne number or cells plasmolyzed (loft) is indicated by slide 

1.*/.1C. Here, (fft of the preparation is in 1st division, and or tms 

category 17ft is dialcenesis and bbft metapnase. The distribution or stages 

in the above preparations points to a pronounced cnange m degree or 

permeability somewnere between dialcenesis and metapnase. Moreover, it 

is clear tnat tne metapnase stage is not associated with one particular 

pnysiological property but witn, at least, two degrees or tne same 

property. This phenomenon, in ract, is empnasizea by observation or 

individual preparations wnere some metaphase cells are plasmolyzed wniie 

otners are not. An even more vivid demonstration is possible by using 

Neutral Red, thougn in tnis instance, lactors or viability are also 

involved. Some metaphase cells remain nearly wnite in a solution to 

wnicn Neutral Red has been added, the whiteness being accentuated as 

the concentration or Neutral Red is increased. 

The increased degree or permeability persists until stages 94-

99 wnere 4lft or the cells are plasmolyzed. No rixation or tnese prepar­

ations was possible so tnat tne only indication or actual stage is 

obtainable rrom a suspension or pmc's in a later phase or meiotic 

development (90.2-*.25.1C, l.OM) with 29ft of tne cells piasmolyzea. 

0*ft or tne 1st division ceils are in anapnase, 24ft in metaphase, the 

remainder in Diakenesis-ieptotene. It is probable, tnererore, tnat a 

cnange occurs somewhere between metapnase and anapnase. The only otner 

observed drop in permeability prior to completion or tne 1st division 

cycle is at stages 7W5 (5.25-1C - !.*>. w*ere ^ of the cells are 

plasmolyzed. There are no data, however, ror a more precise correlation. 
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There are at least three (possibly roup) points or cnange in 

degree or permeability during the 1st division or meiosis. The degrees 

or plasmolysis at tnese points (43-w, 34-39, (**-&) snow an increasing 

intensity rrom 51-59ft plasmolyzed to 41ft, and iinaiiy to 94ft. Wnne one 

cnange is most certainly located between diaicenesis and metapnase, tne 

others may be less clearly assigned to tne metapnase-anapnase stage and 

tne rinai pnase or the cycle. 

(c) Meiosis II. It is more diilicult to i'ollow the permeability 

cycle in diads than in 1st division cells. This results partly rrom tne 

snorter duration or stages, and partly rrom the increased instability 

making reading or rixed slides nearly impossible. Tnougn rixation alter 

a rew nours or immersion may nave yielded better results, all preparations, 

it will be recalled, were Kept ror at least twenty-rour nours berore being 

discarded. Thus, it was necessary to base all estimations or meiotic 

development on tne rrequency or categories present (1st aiv., diads, 

tetrads). No attempt is maue, tnererore, to associate tne cycle witn 

morpnoiogically denned stages. 

It is apparent tnat tne behaviour or diaas parallels somewnat 

tnat or 1st division cells. A decreased permeability occurs just beyond 

diad rormation (6J-6/.4) wnere 42ft or tne cells are plasmolyzed. Tms 

cnange is comparable to tne aiaKenesis-metapnase one in 1st division, in 

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

pronounced drop in permeability is located at stages ?o-99, wnere pmc's 

in 0.2M sucrose snow a 12ft plasmolysis. It is probably valid to draw a 

parallel between this and tne metapnase-anapnase or 1st division. As in 

Meiosis I, tne greatest drop in permeability occurs just berore completion 

or tne cycle. In concentrations or eitner 0.5M or O.3M tne plasmolysis 

or pmc's at this stage (lli-m.5) is iOUft. 
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The rormation or tetrads cannot be properly compared to any 

stage in tne 1st division cycle since, as nas already been noted, tnere 

is no completion or division between tne 1st and 2nd pnases or meiosis. 

Thus, tne low permeability cnaracterizing tetrads may be regarded as a 

reature oi tne termination or active division. Jnere are exceptions to 

tnis property in some tetrad preparations, but it is dirricult to draw 

conclusions rrom early pnases or tetrad development since only a rew 

tetrads are present. Furtnermore, tne low viability or tetrads (Section 

II) complicates sucn counts even more. Generally, it may be said tnat 

tne tetrad stage is one or low permeability, a condition in marked con­

trast to tne pre-ieptotene or meiosis wnere osmotic pressures greater 

tnan oO atmospneres produced no plasmolysis at all. The separation or 

tetrads into individual pollen-cells (I3M-.9+) will not be considerea, 

since tne plasmolytic properties or tne pollen ceil were not studied 

extensively. Investigation 01 tne interval between meiosis and mitosis 

is limited to tne period preceding active mitotic aivision wnen pnysio­

logical cnanges are apparent. 

0. Mitosis 

Pre-mitotic poiien-celis are rainy unirorm in benaviour wnen 

suspended in sucrose solutions. Generally, tney are not unstable and 

little or no degeneration is visible even arter several nours immersion. 

In ract, the high instability characteristic or meiosis is not round at 

*. rnr. -t-hfl -neriod of transition rrom grouped 
any stage or mitosis, except tor the period 01 ox<ux 
^.•o whAn nvaiine vesicle rormation is common. 
tetrads to single pollen-cells when nyaiine v« 
. ^t«Tnnration in a suspension raciiitates tne study 
Tne absence or rapid deterioration in a * y 

or «,. poxl.a-o.ll W>« pla»o.etn« „.asur»^ .~7. T«» oily 

http://poxl.a-o.ll
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limitations are, as m meiosis, stage heterogeneity ana unequal cell-

size during active division, so that upon initiation or propnase tne 

plasmometnc tecnnique is no longer applicable. 

Osmotic Pressure: 

The more extreme changes m osmotic pressure occur during tne 

pre-mitotic period. Tnougn it is dirricult to trace tne increase in con­

centration or cell sap in association witn mitotic development because or 

tne absence or morpnoiogicai change, an alternative metnod is possible. 

The osmotic pressure or pollen-cells in individual antners can be measured 

at dirrerent time intervals, and, ir comparisons are restricted to antners 

removed rrom the same plant, it is valid to draw certain conclusions. 

Tnat this metnod is by no means witnout possibilities or error is eviuent 

rrom tne variation in degree or development between anthers or tne same 

plant. In plant 5 (Table VIII), ror example, tne pollen-cell diameter 

is smaller in the antner removed rour days later. Aitnougn cell size 

is not rigidly correlated with degree or development, tne neterogeneity 

even in a single riower is obvious. 

Calculation or osmotic pressure in inter&inetic ceils is simple. 

The cells are rairly unirorm, and measurements or a relatively small number 

or cells is necessary, the number depending on tne degree or variation 

within the preparation. The maximum dirrerence between tne two extremes 

in any one preparation was one unit. Thus, by measuring tne internal 

diameter or tne cell (dB) and tne diameter oi the protoplast (dA) tne 

osmotic pressure or tne cell (0PC) may be calculated, since tne osmotic 

pressure or tne solution (0PS) 

OP = 
c 

is known. 

OP 
s 



- 86 

TABLE VIII 

OSMOTIC PRfiSSURK CHANGES DURING PRE-MITOTIC PERIOD 

OF POLLEN-CELL DIVISION 

Time or 
t No. Examination dA dB d\ ibP OP (a 

2 24/3 1*.9 19.* #^02 1^.** 

* ^9/5 15.0 15.^ .0*3^ 21.04 

9 20/9 11.0 19.0 .30OI 12.49 

9 3O/5 14.0 I9.29 . f6l9 ^7-05 

7 

8 

8 

^b/5 

*/4 

^0/5 

2/4 

11.0 15.9 

I9.O 17*5 

12.9 17.0 

19.0 17.0 

•5575 

.0519 

• 59 75 

.0809 

1*.30 

15-75 

2}*{b 
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Tne initiation or active division is accompanied oy several 

ractors making tne plasmometric tecnnique undesirable. Permeaoility 

increases so tnat the diameter or the protoplast cnanges as tne ceil 

depiasmolyzes. Since measurement or individual ceils requires an 

appreciable period or time, tne metnod is not applicable. Moreover, 

tne increasing diversity m cell-size adds to tne dirricuity or tne 

technique. In view or tnese ractors, incipient or near-incipient prasme-

lysis was studied. That is, observation or degree or plasmolysis was 

made immediately upon immersion or the cells in solution. Tnougn sub­

ject to error, this appears to be tne most reliable metnod. 

Tne increase in osmotic pressure preceding active mitosis 

is clearly snown in Table VIII. The dirrerence is very marKed so tnat 

even an increased permeability in tne latter phases or intericinesis 

would nardly account ror tne cnange. That tne internal osmotic pressure 

at tne end or tne resting stage is about 23-54 atmospheres is supported 

by incipient plasmolysis tests carried out on actively dividing cells. 

The values are listed in Table IX, and it can be seen rrom an examin­

ation or tne data tnat little cnange occurs in tne osmotic pressure or 

tne cens during division. The trend alters only at tne conclusion or 

division wnere tnere is a drop rrom *3.9 to *1.9. The extent to wnicn 

tms trend continues has not been cnec&ed by rurtner experiments. 

Permeability 

The pnysiological activity or pre-miootic pollen-cells is 

demonstrated not only by tne cnanges in internal osmotic concentration 

but by tne increase in permeability as well. In early mterKinetic 

pnases deplasmolysis was not observed in hypertonic sugar solutions, 

altnougn both urea and glycerol dirrused through tne memorane. Deplasm­

olysis time in 1M urea solution ranged rrom 20 minutes to 0, tne 



TABLE IX 

OSMOTIC VARIATIONS DURING THE MITOTIC CYCLiii 

(Medium - 0.6M Sucrose) 

Plant No. 

l?A 

16 

15 

16 

18 

Plasmolytic 
state 

ps 

?s 

Ps 

p 

p 

Propnase 

lo. ( 

36.4 

31.0 

19.9 

b.2 

Stage 
Metaphase 

2.4 

0.4 

3*5 

*.95 

1.38 

Bi-nucieate 

70.2 

17.0 

17.* 

f5.5 

91.8 

Mitotic 
value 

.6354 

.26iO 

.9220 

.6900 

• 9002 

Approx. 
Isotonic 

cone. 

0.f9M sue. 

0./9M sue. 

0./9M sue. 

u.7M sue. 

0.(M sue. 

Approx. 
u.P. in 
atm. 

*3.4H-

*3.44 

*5.44 

21.4? 

21.4? 

PQ = slignt plasmolysis 

derinite plasmolysis 
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increase OP or tne eexis W M B M B i 7 D e i n S a ractor. A, a ^ p _ 

*a. cexxs fceco.e perueaoxe to gxucose so „», MplaB)Jyil8 ^ caQ DQ ' 

cxearxy measurea. At tttis pom*, nowever, lt was M,,«,ih,„ 
» v^x, iu was possible to ma&e a 

more precise stuuy or permeability m reiarmn r„ 
uy i n rela^ion to morpnoiogicai develop­

ment • 

Tne results obtained on the deplasmolysis time or polian-eeiis 

are listed m Table X and illustrated m Figure 6. In view or tne netero-

geneity or the cells, it was round advisable to measure *Hl(X* deplasmo­

lysis time ratner tnan 90ft, for at some stages nearly nalr tne ceils 

aepiasmolyzed immediately. The complications as to stability or cyto­

plasm do not occur nere as they did in meiosis, since no deplasmolysis 

exceeded six hours, and that, in ract, was inrrequent. 

l.*9M glucose was used along with its osmotic equivalent l.OM 

sucrose. The results obtained rrom a comparison of the behaviour or tne 

two solutes support the hypotnesis previously made, tnat tne size or solute 

molecule is an important ractor determining the aifreront patterns or 

plasmolytic behaviour between meiosis and mitosis. 

As in meiosis, there is a nign increase in permeability during 

prophase. Thougn the nigh permeability appears mucn later in mitosis 

tnan in meiosis, it is interesting to observe tnat the sharpest cnange 

in property occurs just berore or at the metaphase stage. Tnis, in ract, 

nas been the stage (Dialcenesis-Metaphase) at wnich the pronounced 

variations were observed in the meiotic cycle. 



TABLE X 

Plant No. 

lOB 
loB 
1/A 
17A 

1 

17C 
17B 
IfB 

13 
18 
17B 
— 1 

1/B 
18 
1/B 

1 

l^A 
l^A 

1/A 
17C 
17B 

5 
18 
17B 
1/B 

19 
18 

lOB 
lOB 

1/A 

17C 
1/B 

PEI 

Plasmolyzing 
solution 

l.OM i 
ti 

n 
11 

t! 

\\ 

ft 

ft 
ti 

n 
It 

tf 

11 

II 

11 

1.5M 
11 

tl 

11 

M 

n 
H 

11 

11 

Sucrose 
H 

W 

11 

11 

11 

11 

H 

tl 

11 

11 

11 

It 

11 

ft 

Sucrose 
ti 

11 

n 
11 

11 

11 

n 
11 

1.25M Glucose 
11 it 

11 11 

it 

ti 

it 

n 

MEABILITY CI 

Prophase 

0 
0 
0 
0 
0 
1 
1 

15.2 
4/.2 
bb.O 
bb.5 
51.4 
4b.0 
4.0 
2.42 

0 
0 
1 
1.1 
51.0 
/b.2 
54.0 
3.5b 
1.7 

0 
0 
0 

0 

76.2 

IANGES DURING THE 

Stages ($) 
Metapnase 

0 
0 
0 
0 
0 
0 
0 
21. b 

5-5 
1.03 

7.7 
18.0 
20.4 

1.22 

0 
0 
0 
b.O 
b.25 
2.b 

15*3 
2.14 

S.5 

0 
0 
0 

0 
2.b 

MITOTIC CYCLE 

Bi-nucleate 

0 
0 
0 
0 
0 
0 
0 
j>.6 
2.8 

18.0 
25.0 
yo.o 
90.9 

0 
0 
0 

*.95 
14.2 
5.2 
15.5 
90.0 
88.2 

0 
0 
0 

0 

5.2 

Stage 

1 

& • 

w, 
4b, 
to> 

to.. 

92, 

9«< 

< 

10. 
50, 
51. 
59. 

n* 90, 

51 

value 

0 
0 
0 
0 
0 

.6 

.0 
•29 
• 5 
.4 
.1 
• 2 

.0 
• 4 

• 9 

0 

0 
• 0 

.9 

.* 

.0 

.9 
• 5 
.0 

0 
0 
u 

0 

.0 

Time ror 100^ 

deplasmolysis 

0*0 

940 

^/5 
2o0 
200 
160 
180 
155 
90 
85 

immediate (1-10 min 
11 11 

n ti 
120 

00 

000 

530 
295 
200 
229 
85 

immediate 
180 
120 

420 

wo 
153 

100 

20 
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60 90 tOO 

Fig. 8. Changes in permeability or Trillium pollen-
cells during Mitosis 

Discussion 

The unique runction or semi-permeability in limiting the 

passage or substances eitner into or out or tne protoplast poses, or 

course, the question as to wnat role tne considerable loss or tnis 

property plays in division. Obviously, it is dirricult to assign 

some universal runction to a property wnicn occurs unuer a diversity 

or conditions. The organic environment or tne anther in which pmc 

meiosis proceeds is not strictly comparable to tne inorganic environ­

ment or rresh- or sea-water wnere algal rilaments or marine eggs 

divide. To extend the nign passive permeability cnaracteristic or 

Trillium pmcts to tne mitotic cells or otner biological rorms would 

be, unless qualified, a dubious association. To deny sucn association, 

however, would be equally invalid, in view or tne evidence obtained 

botn nere and in tne results or otner workers. 

In resolving tne runction or an increased permeaoility, tne 



- 94 -

principal question arising is whetner the pnenomenon acts as a causal 

ractor or wnetner it is simply a by-product or mitosis. Heiiorunn 

(195/) believes, at least, that a hrgner degree or permeability in no 

way stimulates division. The lacK or stimulating errect does not rule 

out, nowever, tne possibility tnat increased permeability does contribute 

to tne mitotic process by permitting a more rapid penetration or met­

abolites, organic and inorganic. Such a runction is very probable in 

view or tne evidence previously reported that increased metabolism is 

associated with a higher permeability, and tnat tne division or a cell 

involves a higner degree or metabolic activity. Division necessary 

substances - a very general term including most any constituent or 

living matter - are clearly not limited to organic materials. The 

calcium ion, as shown by SoroKin and Sommer (I94O), is necessary ror 

normal mitosis. It is also important in tne rormation or enzymes 

(McDonald and Kuntz 1941). If tnen, cell-division does require an in­

creased rate or solute penetration, it is equally applicable to all 

roxms., marine or land. The runction, tnererore, or permeability in 

cells developing in an organic environment is paralleled by cells exposed 

to an environment such as sea-water. What distinguisnes tne dirrerent 

ceils is tne duration and degree or permeability, ratner than tne more 

general property or an increase in permeability. 

A few examples may be drawn rrom the literature to illustrate 

tne presence or a nigner pemeability in dividing cells. ShimaKura 

U954) found tnat ,# or metapnase I Tradescantia pmc's did not piasmoiyze 

in hypertonic saccharose solution. He also observed that a deplasmolysis 

^ • « vflt he interpreted tne behaviour as patno-
occurred in glucose media. Yet, ne im>eipi«u 
+ 4-HO T^mnRabiiitv resulted rrom an injury or 
logical, suggesting tnat the permeability 

h rhfl qllcP0Se Apart rrom wnat seems to tne writer to be 
the membrane by the sucrose. Apiw 
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an error or interpretation, the peculiar sensitivity postulated should 

nave merited some special consideration. Unfortunately no such analysis 

was mane. (The reason ror division or only plasmolyzed cells has already 

been suggested - Section II.) The results or Kuhn (1^3/) also point to 

tne mecnanism or permeability. He concluded that tne rallure or poiien-

cell division, eitner in solution or even on thick layers or gelatin, was 

due to tne loss or "division necessary" substances. Since the latter 

term mignt include anytning tnat would arrect tne viability or tne ceil, 

it is sale to presume that the increase in cell-permeability was the 

cnier reason ror loss or substance. The very same reasoning is applicable 

to Shimakura's (193/) observation that pmc's or Trillium Kamtscnaticum 

were somewnat abnormal when immersed in sucrose solution. 

Though the relation between permeability and stability is 

deierred to the more general discussion, it is important to remark on 

tne time-ractor in permeability. It is clear that, apart from other 

factors, the amount or solute diffusing througn the membrane is a runction 

or time as well as degree of permeability. Thus, even where degrees or 

permeability are nearly equal, the inward or outward passage or solute 

will oe very small if the interval of high permeability is or short 

duration. The differences in stability between Tradescantia and 

Trillium pmcts are explicable on that basis, since tne meiosis or the 

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

injury in mitosis can be interpreted as partly due to tne snorter 

interval of high permeability. While the time-ractor in no way necessitates 

a ^interpretation of the permeability phenomenon, it does explain the 

lack of uniformity in tne behaviour of different mitotic cells, in view 

or tne variation in duration of mitoses. 

From the accumulated data it is difficult to make any derinite 
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generalizations concerning the physiological dirrerences between 

meiosis and mitosis. Ir a comparison or pmc's and pollen-cells is at 

all representative, it can be said tnat meiosis involves a higner degree 

of permeability tnan mitosis, and that, probably, tne rise in permeaoil­

ity occurs earlier in the meiotic cycle. Insofar as degree or property 

is concerned, it is probable that it is generally greater in meiosis, 

tnougn tne writer has round little in the literature to corroborate 

tnat view. As to the relation between the pnysiological and morpno­

iogicai cycle, associations are less apparent because or the dirrerences 

in time and rorm or tne divisions. The mitotic cycle proposed agrees 

largely with Heriant«s (1920) observations on marine eggs, suggesting 

a decrease in permeability arter prophase and a rise witn teiopnase, 

tnougn tne data obtained rrom studies or Trillium pollen-cells point to 

a mid-mitotic increase earlier than tnat snown by Heriant. 
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IV. SURFACE ACTIVITY 

The experiments reported nere deal brierly witn two types or 

abnormal behaviour which have been observed in Trillium pmc»s suspended 

in sucrose media. These are the rormation or nyaime vesicles and or 

multi-nucleated pmc's. Though generally, neitner or tnese pnenomena 

occur under natural conditions, apart rrom the presence or certain 

genie or extreme environmental ractors, their production in artificial 

media is or* interest in the physiology or meiosis. For tneir occurrence 

suggests a marked surrace activity in association with nuclear division 

and, in view or their restriction to certain stages of tne meiotic cycle, 

suggests, more specifically, a change in the surrace energy or tne ceil. 

Hyaline vesicles are simply protoplasmic extrusions wnicn 

become completely spherical, detach themselves rrom the protoplast, and 

rioat about in solution. A detailed study or tneir rormation in Parameeia 

has been mane oy Bungenberg De Jong and Hartkamp (193^) • A parallel 

pnenomenon nas been round to occur in cells undergoing mitosis. Lewis 

(I942) summarizes the evidence ror tne rormation or «blebs« in ribro-

blasts ana sarcoma cells in the anapnase and telopnase stages. Tnougn 

unlike nyaline vesicles in tneir errects on cell viabiiity,-tne rormation 

or vesicles results in a killing or tne cell - they are very similar in 

tneir development. The cnier dirrerence is, of course, tne extrusion or 

f ftf t n p -nrotoniast: tne mecnanical separation or proto-
tne vesicle out oi tne protopia&^j ^ 

piast and bleb does not occur. 

The rormation of polynucleate pmc's nas genetic as wen as 

• , • H.otinTis A study or tne phenomenon yields, therefore, 
cytological implications, -a &mu.y v 

™ tnp rtfivsiology or meiosis, but also on conditions, 
not only information on tne pnysioiogy 

* ~«i T-eq-nonsiDle for the production of polyploid 
artificial or natural, responsiox* * * 
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progeny. The cytogenetic interest m tne ^ h . 
^st in the problem is suggested cy tne 

work or many investigators. De Mohl (1Q^\ *•„ 
0 n i u ^ 9 ) , lor example, made a com-

prenensive study or meiosis in the t»M^ a^ 
m° tullp> am concluded tnat tne roimation 
or diploid and tetrapioid noiien ^a^o « 

v OIQ pollen grains was due to tne raiiure or wall 
rormation. Reeves (lsPa) T.flw^ort « «• ^ , 

«» U9^8j reported a similar condition m some pnc's 
or Zea Mays. Beadle (1^">*) t^o^n r*^ * 

- £_ J- K±yw traced tne pnenomenon in Zea to a recessive 

gene whicn caused a raiiure or cytokinesis wnen nomozygous. Lebederr 

(1940) was able to reproduce the errect by neat treatments. A dirrerent 

explanation was advanced by Levan (1941) wno believed tnat tne rormaoion 

of poiynucleaten pmCs m Pheium pretense was due to cell rusion ratner 

tnan to a raiiure or wall rormation. 

Hyaline Vesicles: 

(a) Period or Formation. Vesicle formation occurs most 

abundantly in tne tetrad stage. Witnin tnis stage it is restricted 

cnierly to tne penoa or transition rrom grouped tetrads to individual 

poiien-celis. It nas also been observed, tnougn ratner mrrequentiy, 

in diads. It would seem, tnererore, tnat tne production or hyaline 

vesicles is associated witn the termination or tne division cycle, 

tnougn it may also occur at the end or meiosis I. 

(b) Conditions or Formation. No particular treatment is 

required ror the production of vesicles apart rrom tne immersion or 

cells in sucrose media. Addition or salts or alkali do not innibit 

tneir rormation, tnough, unlike tne errects or tne solutes on Paramecia 

^Bungenberg jje Jong and HartKamp I955), tney no not promote vesicle 

rormation at stages otner tnan tnose listed. The process is rapid and 

is complete several minutes arter immersion or tne cell in tne medium. 

Because or its rapidity, it is dirricult to trace tne events preceding 
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tne rormation. In some cases protoplasmic currents nave been observed 

converging at a point wnere tne vesicle rorms. These currents are 

very similar to the "lesion currents" described by De Jong and Hartkamp 

(I955). Such observations have been too rew, however, to justiry any 

general conclusions. 

(c) The Nature or tne Vesicle. The vesicles are rormea out­

side tne cell-wall which is fairly thick at tne tetrad stage. They are 

clearly tne products or an exudation or protoplasmic rluid since any 

flpincning-oriw process is hardly possible, and where observation was 

made, tne spherules could be seen to grow in dimension. Detacnment or 

tne vesicies may occur without use or any external agent, but tney are 

readily removed by tne aid or micro-needles. Their fluidity is easily 

demonstrated by micro-manipulation, and if some granules are present, 

by vigorous Brownian movement. 

It is not certain tnat the fluid forming the vesicle is 

cytoplasmic in origin. The disintegration or tne cytoplasm in pre-

leptotereand propnase pmc's suggests tne alternative of nuclear origin 

(See Plate I, Fig. o). Moreover, unstable pmc's, wnen injured by aceto-

carmine, exnibit a nuclear rather tnan a cytoplasmic rlow (Plate I, 

Eigs. f,5, and 9). Further, tnougn limited, evidence is obtainable 

rrom tne deep staining of some vesicles in aceto-carmine. ̂  However, 

tne lack of identity between 1st division ceils and tetrads, and tne 

very rew observations or vesicle staining, pronibit any conclusions 

as to zone or origin. 

Polynucieate PMC'S: 

(a) Period or Formation. Altnougn formation or multi­

nucleate cells nas been observed only rrom pre-leptotene to agenesis, 
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it is dirricult to determine tne stages to wnicn tne process is re­

stricted in view or tne increasing instability or tne pmc witn tne 

development or meiosis. it can be said, nowever, tnat tne rormation 

or sucn multi-nucleatea ceils aoes occur from pre-ieptotene to diaKenesis. 

Wnetner otner stages possess similar tendencies cannot De determined 

rrom the data obtained. 

(b) Conditions or Formation - External. JMC'S suspended in 

pure sucrose media orten lose tneir walls arter a period or time varying 

rrom twelve hours to several days. The removal or the external can-

wall is more pronounced in pre-leptotene cells since tnere is generally 

little cell-wall at later stages, ir again, the cells are aggregated 

in a mass, as they are in the pre-ieptotene of meiosis, tney graauaiiy 

loosen tnemseives from it, assume a completely spherical shape, and 

rioat about in solution (Plate II Fig. 1). The concentration or sucrose 

employed seems to nave no particular inriuence, polynucieate cells 

rorming in media ranging from 0.3M to 1.3M. Addition or CaCl2 Nad, 

and NaGH, or mixtures of these, in no way inhibits the process, ir 

anything, tne salts promote it. The latter conclusion, nowever, would 

require a much more detailed study. 

(c) Conditions or Formation - Internal. The production or 

muiti-nucleated pmc's is due to rusion or the cells in sucrose solution. 

Since tne process is ratner slow it nas been observed and photograpnea 

in sucrose media (Plate II Figs. ^,5>*> ana 0) • T n e number or rusions 

possible appears to be unlimited tnougn, actually, cells have not been 

observed witn more tnan about 32 nuclei. The resulting giant cells are 

completely spherical and tneir volumes are rougnly proportional to tne 

numoer or nuclei present. For example, in one preparation the diameter 

or a uni-nucleate cell measured 20.3, and that or a bi-nucleate cen 
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measured 2b. The ratio or their cubes is 6013/17,5/0, whicn rougnly 

represents a volumetric ratio of 1:2. The relation is general. 

Apart rrom tne absence or an external cell-wall, a fluidity 

of tne cytoplasm appears to be essential in view or the completeness 

or the rusions and the sphericity or the products. The cytoplasmic 

nuidity at tnese stages has already been demonstrated by micro-mani-

puiation (Section I). The primary reaction, however, occurs between 

tne membranes or tne rusing ceils. This is strongly suggested cy tne 

dispersion or the cytoplasm where any rupture occurs in tne memorane. 

Where destruction or tne membrane takes place, as in some poorly viable 

preparations, only the nuclei remain coherent (Plate I Fig. 0), so that 

tne rusion or cells by membrane rupture appears unlikely. What particular 

property or tne membrane is responsible ror the reaction is not evident 

rrom the results obtained. 

DISCUSSION 

In a very general way, tne tendency or early meiotic ceils 

toward rusion, tnat is, to decrease surrace area, and tne tendency or 

tetrad ceils toward hyaline vesicle rormation, tnat is, to increase 

surrace area, point to an over-all decrease in tne surrace energy or tne 

cell. The cnanges in surrace energy, orten local ratner tnan general, 

nave been discussed by Faure Fremiet (19*5)- He stresses tne very 

obvious airriculty or measuring actual surrace tension or a ceil, since 

among other things, protoplasmic cohesion is a ractor. There is an 

agreement among some workers, however, tnat tne average surrace tension 

or the cell does decrease with tne development or tne division cycle 

(See Faure Fremiet 1925). Tms conclusion is doubted by Faure fremiet 
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who believes that the question is or a theoretical rather than or a 

practical nature in view or the techniques or measurement. The obser­

vations recoruea nere, nevertheless, support the conclusion of decreasing 

surrace energy, although the evidence ror it is negative and hence, 

United. The rusion or cells wou.d be expected wherever naked protoplasts 

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

tnererore, requires no assumption or increased surrace energy. So tnat, 

tne remaining point of rererence is the production or hyaline vesicles 

oniy at the telophase, a phenomenon probably, though not necessarily, 

implying a decreased surrace tension. The relation of the change to 

otner physiological ractors will be discussed later. 

The production of polyploid pollen, eitner by physical or 

genetic agents, is, in some cases, certainly due to a rusion of the cells. 

Although Levan (1941) found the muiti-nucleated protoplasts to appear 

like piasmodial masses when observed in rixed preparations, there is no 

doubt tnat tne loss or sphericity was due to rixation. Cells with ten 

or more nuclei are extremely large, and are very liable to mechanical 

injury. Such cells invariably lose their spherical structure on 

staining with aceto-carmme and appear, as Levan had round, nice multi­

nucleated piasmodial masses. In solution, however, che polynucieated 

cells are perrectly spherical and show no form of mtra-celiuiar injury. 

It is probable, tnat raiiure or cytokinesis is an alternative 

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

(Leceden 194O), and oxygen starvation (Steinitz 1944), suggest a 

aestabilization of tne membrane and a decrease m consistency wnicn 

seem to oe a precondition of fusion. Clearly, tne low stability of 

<vh Qftn^itivitv 01 the cells to external agents. 
pmc*s would result in a nigh sensitivity ux 
~~+ 1-HA conclusions ol De Mol (19^9)* 
This in fact, would partly support tne conclusion 
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ttWhat we suppose is this: by certain treatment, chemical or physical, 

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

of the origination of diploid and tetraploid pollen grains at a certain 

temperature during meiosis". The correction to be applied to De Moi's 

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

sensitiveness already exists by virtue or the intra-cellular changes 

associated with meiosis. 
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DISCUSSION (GENERAL) 

The most striking pnysiological characteristic of mitotic 

phenomena is the cyclical pattern or property change, m no other 

aspect is there so close a parallel obtained as between the corres­

ponding stages'in morphological and physiological development or the 

dividing cell. Though the degree of permeability and the peculiarities 

or stability point, in contrast with non-dividing cells, to the unique 

pnysiological properties of mitosis, the pattern of fluctuations in 

stability and permeability is by rar the most important reature or 

cen-Qivision. Upon identification or the various cycles or change-

morphological, physiological, chemical- and their integration, depends 

tne ultimate resolution or the mitotic process. That physiological 

cycles can be shown to exist simplifies the problem or division. 

If, as has been suggested, the greater stability of the pre-

ieptotene cell compared to tne other stages or division is due to a 

corresponding lack or denatured protein, then, among otner changes, 

an increased hydration or tne protoplasmic proteins is to be expected. 

Notonly are native proteins generally more nynrated (Schmidt 1935), but 

the increased stability alone suggests a greater hydration or tne 

labile protein rraction, in view or tne benaviour or colloids in rela­

tion to hydration. Sucn a condition is, in fact, suggested by tne 

woric or Gustarrson (1959) who believed hydration to be necessary ror 

chromosome reproduction. The rerractive inaex studies or Pfeiner 

U95% 1950) point to a similar conclusion, since his proposed cycle 

01 rerractive cnanges includes a slight lowering or tne rerractive 

index in early prophase rollowed by a graded increase until tne meta­

phase. A low rerractive index clearly involves an increased sorption 
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or water. The low rerractivity or pre-meiotic or early propnase cells 

ot Trillium immersed in sucrose media points to the same conclusion. 

Thus, within tne limits or division - a comparison witn the resting cells 

not having been made - it can ce said that the early pnases or meiosis 

are the more hydrated, a condition consistent witn the data obtained nere 

on tne stability or the cells. Why there is no continuous rise in 

stability corresponding to the steady drop in rerractive index roilowing 

metaphase as round by Pfeiffer (1934, 1950), cannot be explained at 

present. In meiosis, at least, the return to greater stability occurs 

alter tetrad rormation. 

Assuming that the increased hydration or the protoplasm 

extends to the protoplasmic surrace, a very useful parallel may be drawn 

witn plant cells which have been hardened to injury by rrost. Scartn, 

Levitt, and Simmovitch (1940) point to an increased hydration of tne 

membrane as, at least, partly responsible ror tne increased permeability 

to water and polar solutes. The situation is quite similar in tne 

nydraten pre-ieptotene pine's where tne permeability or the membrane is 

probably greater than at any otner stage in the lire history or tne ceil. 

It is possible, tnererore, to integrate the more general reatures or 

pmc physiology. The higher stability or tne prophase can be associated 

witn the greater degree of hydration rererred to in tne literature and 

in tne experiments reported nere. The latter condition^can, in turn, ce 

integrated with the property or high permeability. What makes tne 

parallel witn rrost resistance even more interesting is tnat tne narny 

plant cell would be expected to possess a greater stability than tne non-

hardy one, so that the two main reatures or the dividing cell, permea­

bility and stability, obtain the same relationship between early and 

late meiosis as between the hardy and non-hardy states. It is clear, 
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or course, tnat the parallel cannot be extended uniimitediy. The 

resting ceil is certainly more stable tnan the pre-mitotic one, tnougn 

tne lormer is the less permeable. It is important, however, to consider 

tne special metabolic conditions or division which would clearly justiry 

tne special properties round. 

The identity in protoplasmic properties between hardy and non-

nardy plant cells and certain pnases in meiosis is rurther supported by 

tne unpublished work or Siminovitcn (Scarth 1^44) who round a much larger 

proportion or soluble protein in hardy than in unnarny ceils. It has 

already been suggested that tne higher stability of the pre-ieptotene 

stage is associated witn a greater solubility 01 tne labile protein 

components. Thus, it is possible to associate a pnysico-chemical change 

with cnanges in physiological properties. To what extent 

and in what manner tnese diverse ractors are related is hardly obvious, 

and its resolution is certainly beyond the scope of this work. It would 

appear, howevor, that an intimate association does exist between protein 

solubility on tne one hand, and permeability and stability on the otner. 

The cnanges that occur in the various physiological properties 

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

decrease in stability points to a drop in the solubility of the protein 

components. A lower solubility nas already been noted to oe associated 

with a lower permeability, both in frost hardened cells and in pmc 

meiosis. It also involves a decrease in hydration, a condition demon­

strated by tne increase in refractive index and suggested by the probability 

of the presence of denatured protein. The conditions responsioie lor 

changes in surface energy are less obvious. The formation of hyaline 

vesicles at the termination of division points to a lowering of surface 

tension. Apart rrom tnat, however, there is no evidence beyond tne 
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probability or a decreased hydration oi the membrane. 

The evidence accumulated points, tnererore, to a cnaracteristic 

pattern or physiological changes m association with cell-division. It 

is believed, furthermore, that this pattern of physiological cycles is 

essentially, at least, applicable to all dividing cells, though detect-

ability of the pattern may be severely limited by specific conditions, 

sucn as duration or stage, cen size, and tne like. There is little to 

suppose tnat similar conditions do not exist in organisms otner tnan 

Trillium erectum. Where rererences to the literature nave been possible, 

tne data, in ract, uphold the conclusions set rorth. 

Finally, it is emphasized tnat no rigid physiological character­

ization can be mane or any artiricially derined morphological stage. 

There is no rixed stage of division except as a rererence to development 

in point or time. In view or tne continuity or change underlying the 

divisional process, tne physiological properties or tne cell would be 

expected to vary according to degree or development, but hardly, not to 

vary witnin tne limits or morphological stage. Thus, parallel to tne 

cycie or structural cnanges there occurs a cycle or pnysiological changes, 

both cycles being characteristic of tne divisional process ana cotn being 

essential to an understanding or it. 



- 105 -

SUlvlMARY 

I. Appearance and Consistency. 

(a) At any particular stage of meiosis the optical and 

physical patterns or the pmc are dependent on the nature of 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 dilute salt 

solutions applied to the pmc in presence or sucrose. 

(b) The appearance in terms or refractive index changes with 

stage or meiosis. There is an increase rrom a relatively low rerractive 

inaex at pre-ieptotene to a relatively high one at metaphase, at which 

point it is probably at its maximum value. 

(c) The pmc is structurally difrerentiatea into three zones 

corresponding to its optical differentiation; an outer gel layer of 

variable thickness, and inner peripheral layer which is rluid in con­

sistency and granular in appearance, a clear hyaline area or similar 

consistency and the internal nuclear zone. 

(d) Tne large refractive nucleus examined at stages between 

leptotene and diakenesis is of fluid texture, even when rerractive. 

Mechanical injury, however slight, causes a rapid contraction and 

gelation. 

(e) There is a decrease in cytoplasmic consistency rrom 

leptotene to metaphase. 

(f) At the metapnase stage mechanical disturbance or tne 

cnromosomes within the cell promotes a rusion. Withdrawal ox the 

chromosomes into tne meaium causes tneir gelation. 

(g) Tearing or tne memhrane results in a dispersal or tne 

cytoplasm in tne medium. Only the nuclei remain coherent. This is 
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interpreted in terms or dirrerences in physical property between nucleus 

and cytoplasm. 

II. Physiological Cycles. 

Paralleling the cycle of morpnoiogicai changes is a cycle or 

cnanges m tne permeability and stability of tne dividing ceil. 

A. Stability 

(a) There is an over-all drop in protoplasmic stability rrom 

tne pre-ieptotene to the tetrad stage or meiosis. Actually, the cycle 

Observed in Meiosis I is essentially repeated in Meiosis II. 

(b) The pre-ieptotene is the most stable stage. There are 

marked drops in stability at diakenesis-metaphase, metapnase-anapnase, 

tne beginning or 2nd, mid-2nd, and tne tetrad stage. The degree or 

instability at these points increases with the development or tne 

meiotic cycle. 

(c) The pattern or riuctuations does not alter ir based on 

ceils immersed ror 24 hours. 

(d) The rollowmg factors nave been round to be associated 

with decreasing viability or a preparation: 

(1) Exosmosis or ceil solutes 

(2) A decrease or sucrose concentration in tne external 

medium. Increased sucrose concentration is associated 

with increased viability. 

(5) A low pH. Alkaline pH»s increase viability. 

(4) High concentrations or ^alts. 

+ ^« **Tmtu-ration is the ractor responsible ror 
It is suggested tnat protein denaturation J.© 

tne intra-celluiar changes observed during division. 
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B. Permeability 

(a) The riuctuations m degree or permeability are similar 

to those or stability. The pre-ieptotene or meiosis is characterized 

by a very nigh degree or passive permeability to polar solutes. With 

initiation or active division there is a drop in value wnicn, thougn 

riuctuating, continues tnat trend until tne termination or division. 

(b) The points or change in permeability property are pre­

sumed to occur at diakenesis-metapnase, metapnase-anapnase, and at tne 

end or tne cycle. A similar trend occurs in Meiosis II. Generally tne 

tetrads snow a low degree or permeability. 

(c) A cycle or permeability change has also been round in 

poiien-cell mitosis. The riuctuations - ir there are such - nave not 

been traced. The permeability increases until the pre-metapnase stage, 

at which point it is at its highest value, and arter which, there is a 

decrease to telophase. 

C. Osmotic Pressure. 

(a) Studies or O.P. changes in pollen-cells indicated a rise 

in O.P. preceding division, a rairly constant O.P. during division, tne 

value dropping orr toward telophase. 

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

occurs in pmc meiosis. 

III. Surrace Phenomena 

(a) Fusion or 1st division cells when immersed in media or pure 

sucrose or or salt-sugar mixtures in stages ranging rrom leptotene to 

diakenesis nas been observed. Among the factors responsible ror tne rusion 

are tne absence or any external cell-wall (generally lost wniie tne poets 
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are suspended in sucrose) and tne riuidity or the cytoplasm. In view 

or tne physiological ractors associated with pmc development, tnis is 

suggested as a mechanism of polyploid poiien rormation. 

(b) Hyaline vesicle rormation is common at the time or tetrad 

separation into pollen-cells. Among other things, it is considerea as 

probably indicative or a decreased surrace energy. 
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APPENDIX I 

DETERMINATION OF THE DEGREE OF MEIOTIC AND MITOTIC DEVELOPMENT 

It may be assumed a priori tnat the morphological changes 

occurring in tne pmc's are associated with changes in its physiology. 

But the identirication or a certain morphological stage in meiosis with 

a particular degree or a physiological property is somewhat amDiguous 

since, as will be shown later, any one microscopically aistinguisuable 

stage or meiosis may possess witnin itself different degrees or a 

pnysiological property, sucn as nigh and low permeability or hign and low 

osmotic pressure. It is ideal, tnererore, to characterize the stage or 

each preparation quantitatively in terns or a graduated scale or meiotic 

development. This is theoretically possible since with constant external 

ractors, meiotic development may be considered as a runction or time. 

And given the time intervals or each grossly derined morphological stage . 

the "meiotic value" or a preparation may be determined by appropriate 

calculation. To tne writer's Knowledge, nowever, no accurate determin­

ations nave been made or tne time intervals or meiotic stages in 

T. erectum. Neither has it been possible, due to the tremendous 

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

course or this research. Consequently, a cruder method or evaluation 

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

scale or change. 

It would nave been ideal, or course, to study nomogeneous 

preparations. Since there is a marKed diversity or development witnin 

a single anther, this nas been impossible. To express tne pnysiological 

data as runctions or morpnoiogicai development it has been necessary to 

integrate tne several mitotic stages into one single expression. It is 



strongly emphasized, nowever, that the arithmetic calculations employed 

nere are not intended as a means or derinmg more clearly a stage or 

development, but solely as a method or simplifying the expression ror the 

several stages round in a single preparation. 

The limitations in identifying the exact stage or a preparation 

nave already been mentioned. It is recognized tnat such limitations are 

simply ones or procedure and could be overcome. For tne present research, 

nowever, at least tne following categories have been ciearly identinen 

in ail preparations: early prophase, 1st division, 2nd division, tetraas, 

and tne mitotic stages or the pollen-cells. Since one or more or tnese 

categories occur in a single preparation, a method or determining 

approximately the degree or development within each category is possible. 

That is, it can be stated in a ratner arbitrary rasnion whetner each or 

tne categories present is in an early or late pnase or its development. 

The assumption involved, whicn is partially justined by tne data obtained, 

is tnat tne various stages in a single preparation are interdependent so 

tnat a nigh frequency or cells in an advanced category is indicative or 

a race pnase or development in tne preceding one. 

This reiationsnip may De expressed matnematically oy eitner 

assigning arbitrary values to each or tne categories, or by, wnat is 

considered more instructive, assigning values roughly proportional to 

tne time intervals oi tnese categories in meiosis. In tms way tne 

relative rates or tne dirrerent stages is ta*en into account. For, no 

^ ~ Woin« rnav he there are more instructive as 
matter how approximate the values may oe, tuexc 

,̂ 1̂-so fipveionment than an aroitrary designation 
indicators or meiotic and mitotic development 

A liqt or values, equal to the mean value or the 
or numerical values. A list 01 vcu-û o, * 

«i ~r pfl̂ n category is listed in Table I. 
approximated time interval oi each category 



It is necessary, tnererore, to designate the degree to wnicn 

tne presence or one category or stage indicates an increase or decrease 

in the median value or another category. For example, given 53^ 1st 

and 195& 2nd, tne amount by which the 13$ of the 2nd division increases 

the mean value of tne 1st and that by which the 83$ or the 1st decreases 

tne mean value or the 2nd must be round. This is done by introducing 

a set or "determinants", and multiplying the percentage rrequency or tne 

2nd division by its determinant and adding the product algebraically to 

the mean value or the 1st division. The values or the "determinants" 

are derived on purely mathematical grounds. If meiotic development is 

represented by a straight line, then the determinant or a category is 

equal to tne distance between its own midpoint and tne boundary or tne 

adjacent category. Theoretically tnererore, as tne rrequency or the 

adjacent category approaches 100$>, the value or the rirst category approaches 

tnat or tne boundary. Thus, where 30^ or the cells are 1st division and 

^0, 2nd division, the mean value or the 1st division cells is not 4*.p, 

but 4*.3+ (.3 x 4*.3) which equals 64, a point nair-way between tne mid­

point or 1st division and the beginning or the 2nd. Where, nowever, the 

determinant or a category relates to a non-adjacent one, it must oe in­

creased or decreased by some ractor. In the absence or any Knowledge or 

the mathematical relations between such categories, the determinant was 

increased by a percentage equal in value to the determinant or tne adjacent 

category as shown in Table I. Thus in slide ^.1C 2^ is 1st div.; 00* 

2nddiv.; and # tetrad. The 1st division value is ^0*0 x .00) • 

(48.3 * .09, - Ml <ne value or tne 2nd division is ,*.3+i50 (-0, -

i o nr tne tetrad stage is H9.5-I8.5 x •^, " U° X 

#*3) s 90.5; the value oi the tex»xau ova© 
~r .niien ceils tne procedure is mucn simpler. 
00) =115.5- *n ^e case or P ° i x e n 

,.tidied by its percentage rrequency in tne preparation 
Each stage value is multiplied Dy 1 ^ v 
„„n nrnmirrr totalled to give tne mitotic value. 



TABLE I 

MEIOTIC AND MITOTIC VALUES 

IMC 

Median 
value 

D 1st 
E 
T 
E 
R 2nd 
M 
I 
N Tet 
A 
N 
T P.C. 

Mitotic 
value 

1st Div. 2nd Div. 

4*.3 ^6.5 

-13.3 

+42.3 

I ̂ - 3 ) 
+48.3(+42.5 x 15.5) +15-5 

+14.3 

Pollen-Cell Mitosis 

Prophase Metaphase - Anaphase 

O.o 0.6 

Tetrads 

11?.3 

- S.3 

- fo 

+ 7-3 

Bi--Nucl 

1.0 

Pollen 
Cells 

154.5 

- 5.3 

- ^3 

eate 

The median or meanvalue is least in 1st division and nignest in 

poiien-ceiis. Thus, tne more advanced a preparation the greater is its 

total value. Sucn a total is arrived at by considering tne percentage or 

eacn stage present in the preparation. The greater tne percentage or tne 

more advanced stages, the greater tne total value or tne preparation. 

Anotner corrective ractor is also possible. It is clear tnat wnere a 

m-n ftYarrmle in 2nd division that tne 
large rraction or the cells are, ror example, in * 
~ -,^-r.o MK-ftiv than not to be more 
remainder or those in 1st division are more lively than n 
.•o™, rtisns In otner words, the mean value or 
advanced than ii there were lew diads. in o m 

lc. division is alterable, tne change being 
a single category, say 1st division, i» 

proportional to the rrequency or otner stages present. 
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PLATE I 

Fig. 1- BUC or Trillium erectum. "A" type or cell in U.2M sucrose. 

Fig. 2. Trillium B1C in 2nd division. "A" type or cell in 0.2M sucrose. 

Fig. 5. Same cell as in Fig. 2, but alter some periusion nas become «B« 

type. 

Fig. 4, "HR" ceil or Trillium - 24 hours in 0.3&I solution. ItdtLa not 

deplasmolyze when treated witn hypotonic solutions. 

Eig. 3. Type nD» cell in I.5M sucrose 

Fig. o. Spherical rragments or nuclei and completely disintegrated 

cytoplasm in 0.3M sucrose. 

Figs. /,6,9. Fixation or unstable cells. No pressure was appnea to 

tne cover-slip on rixation. The 1lowing or tne nuclei results 

rrom an injury rather tnan mechanical pressure. 
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PLATE II 

XV 
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Formation of muiti-nucleate cells: 

Fig. 1: PMC after 6 days in O.SM sucrose. The cells are of the «B" 
type and are spherical; the walls, if present are loosed 
from the protoplasts. 

Figs. 2,3: Fusion of cells in I.5M sucrose. 
Fig. 4: Multi-nucleate cells at pachytene-diplotene stage showing 

single aggregation of chromosomes: cells are in 0.5M 
sucrose, the cell in the center of the photograph being 
uni-nucleate. 

Fig. 5: Fixed multi-nucleate cell stained with aceto-carmine in 
0.3M sucrose + .01M CaClg. 






