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INTRODUCTION.

The recent demonstration of endopolyploidy in yeasts (Subramaniam, 1947a)
makes it possible to give a rational explanation of the technique of handling yeasts
for cytological investigations. It would be admitted that cells should be in active
vegetative division in order that mitotic stages may be studied by various methods
of fixation and staining. Therefore, a clear distinction should be made between
(1) the handling of cultures of yeasts for cytological investigations and (2) the methods
of fixation and staining employed to demonstrate the mitotic stages. The im-
portance of the above distinction can only be appreciated when it is realised that an
aerobically growing culture would gradually change into a fermenting one with
the gradual depletion of the dissolved oxygen in the medium. Fermenting cells
are like gland cells and if culture conditions are not standardised, preparations from
such cultures would present a baffling array of pictures. The use of a variety of
methods of fixation and staining as done by Nagel (1946) cannot improve matters.
A careful perusal of the literature shows that none of the previous investigalors either
tried to standardise the methods of handling yeasts for cytological investigations or
attempted a correlation of the changes in the cytological behaviour of yeasts under varying
physiological conditions.

It was emphasised in a previous publication (Subramaniam, 1946) that if cyto-
logical investigations are carried out on rapidly growing cultures, the nuclear phases
in yeasts could be demonstrated with ordinary staining procedures. From a preli-
minary investigation of the behaviour of the chromosomes in Neurospora crassa,
McClintock (1945) remarks: ‘No distinctively unique features of chromosomal
organisation were recognised.’
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Since yeasts are considered to be the products of degenerative evolution from
higher Fungi (Guilliermond, 1940), there appears to be no valid reason why the
cytology of yeasts should be different from that of higher Fungi.

A Critical. EVALUATION OF SOME RECENT PUBLICATIONS.

Nagel (1946) in a recent publication makes the amazing statement: ‘The body
most frequently referred to as the nucleus (Guilliermond, 1910; Badian, 1937;
Beams, Zell and Sulkin, 1940) is called the centriole by another school (Lindegren,
1945) and the nucleolus by a third (Wager and Peniston, 1910)’, and arrives at the
conclusion that ‘after one hundred years of cytological work, the organisation of the
yeast nucleus is still a matter for debate among authorities, even as to the elementary
points’. There appears tqbe very little justification for such pessimism, for idéenti-
fication of the organelles in a cell are based on established criteria. A careful
perusal of the Glossary in Darlington’s Recent Advances in Cytology (1937) would
show that there can be no confusion in the identification of a nucleus from a nucleolus
and a centriole from both! Without trying to identify the various cell organelles
in yeast based on the above established criteria, Nagel unnecessarily complicates
issues by coining new terms.

From the tabulated statement given by her (p. 268), it would be evident that
while Janssens and Leblanc (1898), Guilliermond (1903, 1910 and 1920), Kohl
(1908), Henneberg (1916), Kater (1927), Badian (1937), Brandt (1941) and Subra-
maniam and Ranganathan (1945, 1946a, b) identify the same cell entity as the
nucleus, it is only Wager and Peniston (1910) and Lindegren (1945) who try to identify
the nucleus of other workers as the nucleolus and centriole respectively. The
‘vacuole’ of other workers, on the other hand, is identified by Wager and Peniston
and Lindegren as the nucleus.

Nagel (1946) definitely states that the cell entity identified by the majority of
workers as the nucleus is Feulgen positive, while the ‘vacuole’ is Feulgen negative.
Greenstein in his review on nucleoproteins (1944) states: ‘At the start of the mitotic
cycle (prophase) there is an accumulation of nucleic acid in the chromosome which
reaches a high value in the metaphase and largely disappears at the telophagse. This
nucleic acid is of the desoxyribose type, for it yields a positive Feulgen reaction; in
no other place, other than the chromosomes, is this type of nucleic acid found’
(p. 274). If this is the established location of desoxyribose nucleoproteins in organ-
isms, the identification of a Feulgen positive body in the yeast ag the ‘nucleolus’
or the ‘centriole’ is unwarranted. The centrioles and nucleoli are Feulgen negative
and Nagel admits this is so (p. 266).

Lindegren tried to argue that ‘the desoxyribose nucleoprotein nature (Feulgen
positive} of nuclei of higher organisms does not necessarily indicate its universality
in the chromatin of simpler organisms’ (Nagel, 1946, p. 266). There appears to be
no justification for the above, since Avery, MacLeod and McCarty (1944) extracted
not only a desoxyribose nucleic acid from Pneumococei but also showed that such
an extract from cells of the encapsulated Type III induced the R variants of Type 11
to become encapsulated. ‘Inheritable morphological, serological and chemical
alterations in a living organism are thus induced by a specific chemical substance,
in this case a polymerised desoxypentose nucleic acid’ (Greenstein, 1946, p. 280).

Realising probably the untenable position taken up by him, Lindegren (1947)
suggests that in view of Rafalko’s (1946) work, ‘the yeast chromosomes contain
desoxyribose nucleic acid and are apparently conventional in this regard’ (p. 63).
The bodies identified by him as the ‘chromosomes’ in the ‘vacuole’ and claimed by
him as composed of ‘volutin’ are now considered to be of the conventional type.
Nagel (1946) is sure that the ‘ vacuole’ and its contents are Feulgen negative and that
granules are lacking in the vacuole. From her Table V (p. 259) it is apparent that
only 149, of the cells showed any granules in the vacuole and of these only 2%,
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showed any pairing. Tt is from this negligible percentage (29,) that Lindegren
identified these bodies as ‘chromosomes’ based on ‘their structure and behaviour’.
Nagel says: ‘If the magnicorp (vacuole) is nuclear, the variability of the number
of particulate units is suspiciously great’ (p. 267). Lindegren does not offer any
proof that the homologies of the structures described by him are identical with
those described by Rafalko. It appears that Rafalko himself is doubtful of his
identifications of the stained bodies in Feulgen preparations as the centriole and the
nucleolus, since these terms are used within inverted commas. The confusion is,
therefore, not due to want of established criteria but appears merely to be a question of
personal predilection. Thus having tried to identify a Feulgen positive body as a
‘centriole’ instead of a nucleus, Lindegren suggests in his recent contribution that
‘the desoxyribose nucleoprotein in the centriole is the equivalent of the heterochro-
matin in cells of higher organisms’ (1947, p. 64). Caspersson and Brandt (1941)
considered the volutin grains in the cytoplasm composed of ribonucleic acid as the
equivalent of the heterochromatin and nucleolus of higher organisms. The body
identified by Lindegren in yeasts as the ‘centriole’ is not only Feulgen positive but
does not form a spindle during mitosis and even though lying outside the nucleus is
yet considered to be heterochromatin. Centrioles of the conventional type with
centrospheres have already been demonstrated (Ranganathan and Subramaniam,
1947). Further, in Parts IT and V of these studies (Subramaniam, 1947; Ranga-
nathan and Subramaniam, 1948) criteria are discussed for the identification of
heterochromatin and based on these certain parts of chromosomes have been identi-
fied in yeasts as the heterochromatin.

In view of the above confusion a restatement of the criteria for the identification
of chromosomes has become necessary.

CRITERIA AND DEFINITIONS.

Investigators of the cytology of higher plants are never worried over criteria
for the identification of chromosomes. Those engaged in the study of the nuclear
apparatus of yeasts and bacteria are forced to consider these criteria for a correct
appreciation of the problems facing them. To define criteria for the identification
of a chromosome, one has to fall back on two different sources of evidence. These
are: (1) physiological and (2) chemical. To do this one has to start with the de-
finition of the nucleus. Darlington (1937) defines a nucleus as a ‘cell body which
arises or reproduces by mitosis’ (p. 51). Now, what is mitosis? Mitosis is the
‘separation of identical halves of the split chromosomes into two. identical groups
from which two daughter nuclei are reconstituted’ (p. 22). This takes us to a defi-
nition of the chromosomes, for chromosomes are ‘the bodies into which the nucleus
resolves itself at the beginning of mitosis and from which it is derived at the end of
mitosis’ (p. 574). The crucial test for a claim of mitosis is, therefore, the demon-
stration of the anaphase, which is defined as ‘the stage at which daughter chromo-
somes move apart in a nuclear division’ (p. 572).

In the year 1879 Flemming introduced the word chromatin to refer to the ‘deeply
staining substance of the nuclear network and of the chromosomes, consisting of
nuclein’ (Wilson, 1904, p. 439). Usages of particular terms have changed with the
rapid advances in our knowledge, but even today, the term chromatin is used to
refer to ‘the part of the chromosome that stains deeply during mitosis as opposed
to the achromatic part’ (Darlington, 1937, p. 574). Thus having obtained a clear
idea of the physiological criteria for the identification of chromosomes let us turn
to the chemist’s idea of chromatin, Mirsky and Pollister (1943) state: ‘From the
above we may conclude tentatively that chromatin is almost entirely made up of a
fibrous nucleoprotein, soluble in strong saline and precipitable by dilution. This
substance is a complex of desoxyribose nucleic acid with a protein. It has long been
generally accepted that nucleic acid bulks large in the composition of chromatin;
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and since the development and widespread application of the Feulgen nucleal reac-
tion, it has become equally clear that the nucleic acid contains as its sugar component,
the desoxypentose, d-ribo-desose. All this our analyses of chromatin confirm’
(p. 258). The chromatin isolated from leukaemic blood cells by Claude and Potter
(1943) gave a positive Feulgen reaction and was shown to contain 409, desoxyribose
nucleic acid.

SPECIFICITY OF THE FEULGEN REACTION.

The recent discovery of the acidic protein ‘chromosomin’ by Stedman and Sted-
man (1943) led to a controversy whether the Feulgen reaction stains the ‘chromo-
somin’ or the desoxyribose nucleic acid. Stedman and Stedman were of the opinion
that desoxyribose nucleic acid occurs not in the chromosomes but in the nuclear sap,
and that it is the new compound formed as a result of the interaction of the above
with the fuchsin.sulphurous acid that stains the chromosomes. On the basis of the
above argument, Choudhuri (1943) developed the colour in leuco-basic-fuchsin by
addition of an aldehyde and using this claimed that it stained the chromosomes in
an identical way as Feulgen’s technique. Carr (1945) claims (1) that by changing
the pH, the colour of basic fuchsin could be changed, (2) that the specific staining
of the nucleus is the result of the destruction of the cytoplasmic structures, and
(3) that the staining of the chromosomes is a mere adsorption phenomenon. How-
ever, the above arguments have been contested and proof has been adduced that
desoxyribose nucleic acid occurs in the chromosomes and not in the nuclear sap.
Stowell and Albers (1943) showed by spectrophotometric analyses that basic fuchsin
differed from leuco-basic-fuchsin to which a trace of formaldehyde had been added,
and stained nuclei in thymus gland from both. The nucleic acid in the chromosomes
were digested with the desoxyribose nuclease by Mazia and Jaeger (1939), Serra
(1943), Dodson (1946), Stowell (1946) and Brachet (1946), and it was shown that the
proteid cores of the chromosomes left after such digestion do not stain by the
Feulgen technique. It appears that after hydrolysis for one and a half hours (Stowell,
1946), when fuchsin-sulphurous acid fails to stain any nuclei, the developed nucleal
stain still stained the nuclei diffusely. Sections stained by basic fuchsin, developed
nucleal stain and by Feulgen technique also differed in the rate of fading when
exposed to a carbon arc (Stowell, 1945). The Feulgen stained preparations were
found to be more resistant than the others. Though the colour of the structures
stained by basic fuchsin could be altered by washing with hydrochloric acid, the
resultant colour is different from that seen after Feulgen staining. Hydrolysis may
destroy the mitochondria but does not appreciably change the dry weight of the
tissues (Dodson, 1946), but later staining of the various cytoplasmic structures
depends on the type of fixative used. But even after hydrolysis, some cytoplasmic
structures and the nucleolus which do not stain with the Feulgen reagent could be
stained by the routine stains (Stowell, 1945). Staining of the chromosomes has also
been shown not to be a mere adsorption phenomenon, since attempts to induce
nuclei, which were made Feulgen negative by prolonged hydrolysis, to adsorb
thymonucleic acid, proved a failure (Stowell, 1946). It has thus been emphasised
(Dodson, 1946; Brachet, 1946 ; Stowell, 1945, 1946) that in the present state of our
knowledge, the Feulgen technique offers a specific test Yor the location of thymo-
nucleic acid in tissues.

TECHNIQUE.

(a) Preparation of Wort and Wort-agar.—The usual method of preparation of
wort in this laboratory differs in some details from the method suggested by Stelling-
Dekker (Henrici, 1941). Fifty grams of barley malt with 250 c.c. of water and a
layer of toluene in a 500 c.c. flask are incubated at 55°C. overnight. It is filtered
through a Buchner funnel and while the filtrate is kept soparate, the residue is mixed
with 100 c.c. of water and cooked for 30 minutes at 10 1b. pressure. After cooling,
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the filtrate from the first digestion is added and the flask and its contents again
incubated overnight at the same temperature. The contents are then filtered. The
specific gravity is adjusted to 1-020 and the pH to 4.5-5-0. Roughly every 50 gm.
of malt gives about 350 c.c. of wort, This is sterilised at 10 Ib. pressure for 30
minutes, and if a precipitate appears on standing it is again filtered and sterilised.
This wort is used for experiments only after standing for a few days.

For preparation of wort-agar, 2 gm. of agar are added to every 100 c.c. of wort
of specific gravity 1-:020 and a pH of 6-8, autoclaved at the above pressure for the
same duration, filtered through glass wool while hot, tubed and again sterilised
before the preparation of slants.

(b) Methods of Seeding and Smearing.—Material from a 24-hour growth on an
agar slant is inoculated into a test tube containing about 5 c.c. of wort. After the
lapse of 24 hours, the contents of the test tube are well shaken and discarded and
an equal volume of wort added to the tube. The tube is again well shaken and a
loop from the above, which would contain some 30 to 50 cells, is inoculated into
100 c.c. conical flasks containing about 5 c.c. of wort forming a layer, a few milli-
metres in thickness, at the bottom. The final inoculation is carried out inside a
sterile chamber and the flasks are left inside the chamber for 24 hours. Richards
(1928) mentions that the same amount of seeding in an identical quantity of the
medium produces almost the same amount of growth whether cultured in test tubes
or in petri dishes, in spite of the differences in the area exposed to air. Our observa--
tions indicate that growth is better when grown in thin layers of wort in conical
flasks. Growing in flasks simplifies handling and also shows less number of dead
cells,

The few cells seeded utilise most of the sugar for growth and ferment the rest.
Hence, after the lapse of 24 hours, the flasks show a layer of resting cells with a very
small percentage of budding ones. The spent medium in the flasks is carefully poured
out without disturbing the layer of yeast, and replaced with three times its volume
of fresh wort and well shaken in order to ensure a uniform distribution of cells, A
stop watch is started at the time of changing the medium. The cells begin to settle
at the bottom of the flask 15 to 20 minutes after the addition of fresh medium and at
the stipulated interval the wort is carefully poured out and the layer of cells left
at the bottom utilised for making smears.

It was found that to smear and transfer a slide to the fixing bath would take
30 seconds. Thus, if the smearing of the contents of a flask is done in an orderly
fashion, progressive stages separated by half-minute intervals could be obtained.
The contents of each flask are used for making only 10 slides. For example, if the
smearing is done of the contents of a flask containing a 30-minute growth, the first
slide would give the picture at the 30th minute while the tenth would be that of 34
minutes and 30 seconds. Thus, 10 slidés each are made from the contents of flasks
30, 35, 40, 45, 50, 55 and 60 minutes after changing the medium. These seventy
slides give one a glimpse of the cytological changes taking place during these 35
minutes (30 to 65 minutes) at regular intervals of about 30 seconds.

(¢) Methods of Fization.—The yeast is removed from the flasks with a pippette,
and a small quantity is placed on a slide coated lightly with Mayer’s albumin. It is
smeared carefully to give a uniform layer, one cell thick. The smear is then exposed
to ammonia vapour for a few seconds and carefully transferred to troughs containing
either Carnoy’s alcohol-acetic-chloroform mixture or Bouin’s fluid. If the cells
show a tendency to get dislodged from the slides, which happens when the yeast
emulsion is a bit thin, the slides are kept inverted over a trough of Carnoy’s fluid for
two minutes and then transferred to the fixatives.

As a preliminary to staining by the Feulgen technique the smears without pre-
treatment with ammonia are fixed in osmic vapour for 30 minutes. One c.c. of a
2%, osmic acid solution is introduced into a staining trough with grooved sides
intended to hold ten slides, and the smears are kept above the layer of osmic acid by
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placing two glass rods at the bottom. It was found that to get a uniform fixation,
the slides should be reversed at the end.of 15 minutes.

From experiments, it appears that fixation for one hour in Carnoy’s or Bouin’s
fluids gives the best pictures. Bouin slides are washed in 70%, alcohol and stored
in the same, while Carnoy slides are first washed in rectified spirit and stored in
709, alcohol after being passed through 90%, alcohol.

Slides fixed in osmic vapour for 30 minutes are first dried and then transferred
to 709, alcohol.

(d) Methods of Staining.—The slides are washed in water and mordanted for
24 hours in a 49, solution of iron alum. They are then washed in running water
for half an hour and stained in well-ripened 0-59/, haematoxylin for 48 to 72 hours.
This long treatment with the mordant and the stain enables one to control the
differentiation which is carried out with a 49, solution of iron alum. Correct
differentiation is a rather tricky affair and considerable experience is necessary to
get beautifully stained preparations. The differentiated cells are washed for 30
minutes in running water, exposed to ammonia vapour for a few seconds, taken
through ascending grades of alcohol to xylol and mounted in Canada balsam. Well-
differentiated slides do not require any counterstaining.

Staining by the Feulgen technique is comparatively easier. If the smears are
hydrolysed after a short wash in 709, alcohol, the staining is not very satisfactory.
The best preparations are obtained from slides kept for 24 hours in 70%, alcohol.
The correct time of hydrolysis is found to be 7 minutes and the slides are kept
overnight in leuco-basic-fuchsin. Gurr’s basic fuchsin was employed throughout
and the leuco-basic-fuchsin freshly prepared for each batch of experiments is shaken
with Norite and filtered before use.

The smears on removal from the fuchsin-sulphurous acid reagent are washed in
three changes of SO,-water, and then counterstained lightly with light green,
On comparison, light green is found to be more suitable than fast green. After a
wash in distilled water, the slides are quickly dehydrated and mounted in Canada
balsam. Even after the lapse of fifteen months the slides show no signs of fading.

THE PRINCIPLES ON WHICH THE TECHNIQUE OF HANDLING YEASTS FOR CYTOLOGICAL
INVESTIGATIONS WERE DEVISED.

One of the stumbling blocks for advances in our knowledge of the cytology of
yeasts was the non-availability of an easily reproducible technique for handling
yeasts for cytological investigations. Kater (1940) remarks about his own previous
work (1927): ‘The value of the method rests upon the fact that in the presence of
picric acid, the nucleus will stain before the cytoplasmic granules, but the required
balance of dye and acid appears to be quite delicate so that duplication of results
is difficult. Although the clear-cut cells on the slides were very convincing to an
actual observer, it can hardly legitimately be the basis for a general acceptance of
the conclusion by all workers in the field until others manage to duplicate the
results.’

Fixation and staining play only a minor réle in the technique of handling
yeasts for cytological investigations. As pointed out by Subramaniam (1946)
‘the demonstration of anaphase stages is the crucial test for any claim of mitosis
in yeasts and the very fact that these could be demonstrated in material fixed and
stained in the ordinary way shows that failure of the earlier workers to obtain the
mitotic stages was more due to the inherent difficulties in the handling of material
for cytological investigations than in the lack of availability of a suitable technique
for demonstration’. Thus the emphasis is shifted from the methods of fixation and
staining to the handling of cultures in such a way that not only would it be possible
to get at specified intervals larger percentages of cells at identical stages of division,
but would also enable one to follow the course of cell division in an orderly manner.
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Since cells of no two yeast strains divide at identical intervals, any technique
should be based on principles applying which one should be able to investigate the
cytology of any strain. Blind repetition of a technique without any grasp of the
variable factors requiring control would, instead of clarifying issues, only enhance
the confusion. A clear logical presentation of the principles appears therefore
necessary.

In 1861 Pasteur demonstrated that in well-aerated media the yeast is aerobic,
completely decomposes sugar into carbon dioxide and water, and resembles other
plants in its respiration as well as multiplication. While during fermentation
100 gm. of sugar is split up roughly into 51 parts of alcohol and 49 parts of carbon
dipxide, the same quantity of sugar is used up during aerobic growth to form about
190 gm. of yeast, since no alcohol is produced. From a recent review (Neuberg,
1946), it appears that the biochemistry of respiration in yeasts yet awaits elucidation.

Clark (1922) observed logarithmic growth for 15 hours and Richards (1928)
unlimited growth, if the medium was changed once in three hours. The increase
in the number and volume of cells was considerably more when the spent medium
was replaced with an equal volume of fresh medium than when added to the spent
medium.

While Clark (1922) found that the logarithmic phase ends at 15 hours, Richards
(1932), in two separate studies, found it terminating at 30 and 35 hours after inocula-
tion. Such variations have been attributed to different concentrations of certain
substances in the media which accelerate growth. Though the age of the cells used
for seeding was found by Richards to have ‘no appreciable effect on the crop’, he
found that the quantity used for seeding ‘determines the rate with which the events
of the growth cycles are completed’. An equilibrium in the number of cells persists
for some hours after the logarithmic growth phase. Thus, the variable factors like
control of the quantity to be seeded and hence the time of termination of the logarith-
mic phase,the composition of wort, the age of material used for seeding, and tem-
perature are possible within limits.

1t is true that even during the phase of equilibrium, a small percentage of cells
would be budding. In such a population, however, fermenting cells would be few,
since the amount of sugar in the medium at this stage appears to be negligible, and
because it is presumed (Richards, 1932) that it is the glycogen stored in the cells
which is utilised for the second fermentation.

Thus in the technique employed, the cells would be in a phase of equilibrium at
the end of 24 hours and replacement of the spent wort with fresh medium induces
multiplication of all the resting cells which grow at almost the same rate. It was
possible, therefore, to study the mitotic stages in a regular sequence from a series of
preparations made at regular intervals without the necessity of trying to fit in the
various stages in their proper sequence as in a jig-saw puzzle,

SUMMARY.

1. The need for a clear distinction between (a) the handling of cultures of yeasts for cyto-
logical investigations and (b) the methods of fixation and staining employed to demonstrate the
mitotic stages is emphasised.

2. A critical evaluation of some recent publications is made and it is shown that the confused
state of our knowledge of the cytology of yeasts is not due to want of established criteria to
identify the various cell organelles.

3. Criteria for the identification of nuclei and chromosomes are restated and the question
of the specificity of the Feulgen reaction is reviewed.

4, Details are given of the preparation of wort and wort-agar, the methods of seeding and
smearing, and the methods of fixation and staining.

6. A rational explanation is offered of the principles on which the technique of handling
yeasts for cytological investigations were devised.

6. Tt is pointed out that if material is handled in the manner indicated, the mitotic stages
could be studied in a regular sequence without the necessity of trying to fit in the various stages
in their proper sequence as in a jig-saw puzzle,
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