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INTRODUCTION,

Correlation between the chromosomal constitution of vegetative yeast cells
and giant colony characteristics, if possible, would simplify not only studies on the
stability of the various strains, but would also enable those engaged in industry to
check from time to time the purity of the particular strains employed by them.

Owing to lack of an easily reproducible technique for the demonstration and
study of chromosomal behaviour in yeasts—and the resultant confusion—there
are no previous records of such attempts. The demonstration that a brewery
yeast has only two chromosomes (Subramaniam, 1946) and the isolation of a tetra-
ploid (Subramaniam, 1945) and a mutant (Subramaniam and Ranganathan, 1946)
by treatment of actively dividing cells of the above strain with acenaphthene has
placed us in a better position. Now such a correlation could be attempted for the
first time.

LITERATURE.

Giant colonies have been used extensively for studies on segregation (Winge
and Laustsen, 1937, 1939b; Ditlevsen, 1944), hybridization (Winge and Laustsen,
1938, 1939a) and mutation (Winge, 1944 ; Skovsted, 1943). A variety of agencies
are capable of inducing polyploidy in higher plants and if correlation between
chromosome constitution and giant colony characteristics is possible—something
like stomata measurements in higher plants—then, it may even be possible to

* This paper was read before the Fourth International Congress for Microbiology held at
Copenhagen in July 1947.
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predict the probable chromosomal constitution of new strains based on the above
characteristics. There appears to be some justification for the above hope since
Skovsted (1943) mentions that it is ‘a characteristic of the types shown in the diagram
that all of them produce their particular categories of mutants’ (p. 448). In
Saccharomycodes Ludwigii, Winge and Laustsen (19395) found that lobed growth
was dominant to the smooth type (p. 362). However, they mention in a previous
paper (Winge and Laustsen, 1939a, p. 350) that the morphology of the giant colonies
may be governed by several factors. Lindegren (1945) also suggests that several
genes may be responsible for the characteristics of the giant colonies.

MATERIAL AND METHODS,

Mutations were induced in a bottom fermenting brewery yeast, Sc. 9 (N.C.T.C.
3,007) by treatment with acenaphthene and low temperatures (Subramaniam, 1945 ;
Subramaniam and Ranganathan, 1946, 1947).

CONTROL. (Sc. 9).

BY 1.
|
Acenaphthene Low Temperature
l !
I | | |
BY 2. (Mutant) BY 3. (Tetraploid) BY 5. BY 6.
Top Bottom Top Bottom.

The chromosome constitution of strains BY 2 and BY 3 isolated from cultures
treated for 90 days with acenaphthene are known. The cytology of strains BY 5
and BY 6 isolated from cultures of the control kept at low temperatures for 90 days
(Subramaniam and Ranganathan, 1947) has not been investigated. The strains
BY 3 and BY 6 are bottom fermenting types, while BY 2 and BY 5 are top ones.
The usual method of giant colony production is to cultivate the yeast in a medium
composed of 8%, wort and 109, gelatin. The method of sterilisation appears to be
to keep the medium at 100°C. for 20 minutes on successive days. Since even after
this some of our plates got contaminated we have used in our experiments wort-agar.
Two grams of agar were added to every 100 c.c. of wort of S.G. 1-048 and pH 6-8
and was sterilised at 10 Ibs. pressure for half an hour. Small petri dishes of 7 cms.
diameter were used and only a single colony was grown in each plate at room tem-
perature (22-24°C.).

OBSERVATIONS.

Photographs 1 and 4 show the giant colonies of the two chromosome diploid
control in two different samples of wort-agar at intervals of two months. While
Photo 1 is that of the giant colony made along with those of strains BY 2 and BY 3,
Photo 4 is that of the same strain inoculated at the same time as strains BY 5 and
BY 6 two months later. It was thought desirable to compare the characteristics of
the giant colonies grown on the same sample of wort-agar simultaneously and after
an identical period of growth. The descriptions and photographs illustrate the
appearances observed on the 12th day, as by that time the colonies assume their
characteristic shapes and contour. The giant colony of the diploid control has a
lobed margin and its surface is folded. Faint concentric striations near the margin
could be seen only in Photo 4. With further growth these striations as well as the
indentation of the margin become accentuated. The tetraploid colony (Photo 2)
is thick with indistinct radial striations and a faintly wavy margin. No accentua-
tion of these characteristics was observed on further growth of the colony. The
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giant colony of the mutant (Photo 3) is thin, glistening and smooth and exhibits a
circular furrow near the margin. The appearance of this furrow indicates the
limit of growth of the colony. The only change in the colony after the 12th day is
a slight broadening of this marginal furrow.

For comparison, the giant colonies of known and unknown chromosomal
constitution are shown side by side. Photos 5 and 6 show the giant colonies of
BY 6 and BY 5 respectively, and it would be seen how similar these are to the giant
colonies illustrated in Photos 2 and 3.

The ranges in size of the cells of the five strains are shown in the Table.

TABLE.
BY 1.

Lengthing .. 594 660 660 660 660 660 7-26 792 792 7.92
Widthin g .. 3:96 5-28 528 594 594  6-60 35-94 660 660 6-60
BY 3.

Length in p 5:28 5-94 6-6u 6-60 660 6-60 7-92 7-92 7-92 7-92
Width in y 5-28 328 6:60 6-60 660 6-60 6-60 7-26 726 7-92
BY 6.

Lengthinpu .. 5-28 65-60 7-26 7-92 7-92 7-92 7-92 924
Widthinp .. 4-62 6-60 6-60 6-60 7-26 7-92 92 7-92
BY 2.

Lengthinu .. 3:30 3-30 3-96 328 660 7-26 7-92  10-36  13-2 13-2
Widthing .. 1-98 2-64 2-64 2-64 264 2-64 1-98 2-64 2-64 2-64
BY 3.

Lengthinpg .. 2-64 3-30 1462 6-60 792 9-24 1128 13-20 1452 135-34
Widthinpg .. 1-98 2-64 3-96 2-64 2-64 2-64 2-64 2:64 2-64 2.4

Cells from the control, tetraploid and mutant are illustrated in Figs. 1, 2 and 3
respectively, while the cells of the strains BY 6 and BY 5 are shown in Figs. 4 and
5. The cells of BY 6 (Fig. 4) are bigger than that of the tetraploid (BY 3, Fig. 2),
while in BY 5 the percentage of long cells are fewer than in BY 2 (Fig. 3). It appears
that both acenaphthene and low temperatures produce also changes other than the
duplication of chromosomes. Cold shock has been known to produce gene mutations
(Kerkis, 1939), and Dermen (1940) mentions that polyploidy may or may not have
any effect on the sizes of the cells.

Only a cytological investigation would show whether the chromosome constitu-
tion of BY 5 and BY 6 are identical with that of BY 2 and BY 3.

DISCUSSION.

Our extended observations indicate that under constant conditions the slight
individual variations which occur in giant colonies could be ignored if emphasis is
restricted to the major characteristics. The characters of the giant colonies appear
to be controlled by a variety of factors. The sample of gelatine or agar, and malt
used in making the medium (Skovsted, 1943), the S.G. and pH of the wort and even
the quantity inoculated (Winge and Laustsen, 1939a) all seem to affect the appearance
of certain minor characteristics. Naturally, comparisons should be confined to
colonies grown for the same length of time. Haploid colonies differ from diploid
ones and polyploid ones from both. Winge and Laustsen (1937) had observed
changes in the appearance of the 8lony not only as a result of changes in environ-
mental conditions but also at different periods of growth in some cases. Winge
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(1944), however, emphasises ‘that under the same conditions the characteristic
appearance of the giant colonies of each type remain constant’ and presents only
photographs of single colonies. From observations on ‘several hundred different
clones of rough colonied yeasts’ Lindegren (1945) arrives at the conclusion that no
duplicates occur even though each strain gave rise to colonies having distinctive
characteristics and capable of identification on transplantation.

A perusal of the photographs would leave no doubt that changes in
chromosome constitution do produce changes in the characteristics of the giant
colonies. It is possible to identify particular strains by their characteristic giant
colonies. The resemblance thus is not confined to their top or bottom fermenting
character alone. The similarity between colonies of known and unknown chromeo-
somal constitution is striking and hence shold be of considerable significance
since the same chromosomal mutation could be induced by diverse agencies.
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SuMMARY.

1. An attempt was made to correlate the chromosomal constitution of parti-
cular strains with the characteristics of their giant colonies.

2. Changes in chromosomal constitution do produce changes in giant colony
characteristics. .

3. The similarity between the colonies of strains of known and unknown
chromosomal constitution is striking and hence should be of considerable significance
since the same chromosomal mutation could be induced by diverse agencies.
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DESCRIPTION OF ILLUSTRATIONS,

Photographs are of colonies taken on the twelfth day after inoculation. The photos were
taken at different magnifications and hence measurements of the longest diameter of the colonies

alone are given.

Photo. 1. Control—Diploid. Diameter 2:4 cms.
Photo. 2. Tetraploid—BY 3. Diameter 2-1 cms.
Photo. 3. Mutant—BY 2. Diameter 2-2 cms.
Photo. 4. Control—Duplicate. Diameter 2:3 cms.
Photo. 5. BY 6. Diometer 19 cms.

Photo. 6. BY 5. Diameter 1-7 cms.

Colls from Giant Colonies.

F1e. 1. Control.

Fi1G. 2. Tetraploid—DBY 3.
F1a.3. Mutant—BY 2.
Fi1a. 4. BY 6.

Fi1e. 6. BY 5.
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