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'INTRODUGTION

Early Work with Colchicine and 1t51significance:'~

; Several years ago it was dlscovered that by treatlng .
‘ ;the 1eaves and stems or seeds -of some plants with a solution
  ‘of the alkaloid colchiclne, artificlal mutatlons could be
iinduced,k This was 8- tremendausly important discovery from the
E p01nt of view of the- geneteclst who could now speed up the R
»}precesses of evolution more or less at will., It was also
important to the plant breeder who could now produce new and

improved economlcally important species,g But it was especlally

Lf'~1mportant perhaps from the peint of view of the blochemlst for

‘ 1t is p0581ble thet the appllcatlon of the colchlclne technique :
7‘to,a~study,offcell div1sion mlghtfgive an«in51ght into the~ k
‘chemistry of that process.. It is with thls 1atter possibility

‘that the present ‘work 1s concerned. ;

"Occurrence of Golchicine:

The alka101d was flrst noted by Pelletier and

V‘Caventou (1 ) as occurnmg in all parts of the plant Colchicum

";autumnale or’the autumn crocus.’ Colchicine also oeccurs in the,

 'follﬁwihg;%colchiéumralpinum,'cgvarenarlum,G.fmonatum, |

L:Gibriosa superba, Ah@rocyﬁbium gramineum, and,Mendefa bulbOQ‘
- codium, o N
5 | kFarr and Wright (,2)jfound‘that‘the elkaloid content

:  ?§f:different‘samp1es of seeds (C. autumnale) may very between



| ;54'end QVQ% L. P Liptak. (5 ) reports that colchicine oceurs
/[in highest concentrations in the inner layer of the seed coat.

E. C. Davies (4 ) reports that the seeds of C. autumnale yield 5

~.75% and the corms .38% of the alkaloid,k F. Chemitus (5 )

claims that the rips seeds of C. eutumnale contain from - o4 S
’:.9% of the alkaloid° Androcymbium gramineum Mac Bridge is a

: colchlcine containing plant of the Southern Sahara. The yield
\j”ffrom the seeds is .57%. The bulbs yield .29%. Mendera bulbo-

geodium Eam contains 19% of eolchicine 1n the dry finely

k"powdered corm,

. EXtraetion of Golchicine:

| ~ The alkaloid may be extracted from the - seeds or corms
k'of Colehicum autumnale as the commonest source, by several |
:_different methods. Reeommended are . the procedures employed by

. E. C. Davies and J. Greir (6) and Beilstein { 7) Fortunately

ya‘the alkaloid may be obtained pure from several different supply’
':;houses.r,The eolchicine used in this investigation,was obtained

r‘from Mellinckrodt U;S,P. Amorphous‘alkaloid5 ehleroforméfree.

{Strueture and‘GhemicelvProperties of Golchieine:” o

The alkaloid is a derivetive of phenanthrene. The

'structure as first suggested by Windaus and Scheele (8 ) is:




kThe structure was furtner 1nvestigated by K. Bursian ( 9)
fACCOPdlng to thls author the structure of the "C" rlng is still

o uncertaln, and is probably

CHolme
kWhen colchlclne is heated with acldlfled water 1t loses methyl

alcohol and yields colchiceine,

Etherlfluatlon ofocolchlcelne w1th mpuhyl alcohol
fylelds colch1c1ne, e : ,yk"‘ ; |
k Pure colchicine forms néarly cdlobleﬁs or pale yellow
i inqdorous’plates of7no‘shapp melting point. Dried over con-
éentraped Sulﬁhuricfacid it softensVét 14206 and melts at 1479C,
It is iaevorotary. Gbl@hicine is soluble in waterktOLthe extent
Of'4;54%'at 20°C and is very soluble in alcohol and chloroform.
It is fairly soluble\in benzene and only slightly soluble in
~dry ether. ,Whén‘onefpart 6f the alkaloid is dissolved in three
fpartsfof ﬁater (with heat) the solution dep051ts after some
f;tlme 1arge glltterlng yellow1sh rhombic crystals having the
'compos;tlon,022H25N06-1,5 Hs0. Anhydrous colchicine is
qamorphous."There'are two crystalline'compoﬁnds of the alkaloid

~with chloroform C22H25N06?CH013 colorless glittering needles



;
| which lose CHClz at 100°C and (022H25N06)2°CH015, fine needles
parranged in rosettes.

[ o It is precipitated by phosphotungstlc acid and
‘\1silicotungstlc acid in hydrochloric acid solution ( 10).
fiBeilstein states that colchicine gives a bright yellow color in
fconcentrated HGl and a violet color in concentrated HN03.~ An
1coholic solution of colchicine gives a garnet color with
7,'F3013. Boyland and. Huntsman (11) describe a quantitative

sf determinatlon of colchiceine 1n the- presence of colchicine by
“,a colorimetric method based on the green color given by
“colchiceine and F3013 in chloroform,;.Under,the same conditions

~colchicine gives no color@

2

"”Ph‘zsiologica‘l properties of Col.chiciriet: i

| It is with the phy51ological properties of colchicine‘
that we are most 1nterested, )

‘ It was noticed by the Bulgarian botanist Dontcho
ffKostov (12) that sometimes after spraying plants with nicotine
‘sulphate sports or mutants developed. He was 1ed to study the

qpeffects of other alkaloids on cell division in the production of

"~mutants, and found that among other substances colchlclne was

f the most effective. Alpha;naphthyl acetic acidfis probably
ipnext most effective, He Stated that‘acenaphthene produces less

;‘severe changes in cell division than does colchicine (12 13, 14 )e
‘Simonet and Guinochet (15) report that alpha chloro-, and alpha

p bromo-naphthalene have a. colchicine like action on the caryo-'

i,ﬁin651s of plants,



S Colchicine has “the speelfic property of inhlbitlng\;
~the formation;of the spindle in somatic m1t051s. Perhaps it |
iiwould not be out of place to review the general phenomena of

~1m1tosis. In this regard a,dlagram,ls probably most helpful.

| Metghese T “L&.ﬂ\.gs;k | Tteghere e L Rl S =
‘ Concernlng m1t051s Sharp says "The outstandlng and,

slgnlflcant feature of somatlc mthSls is thls. each chromo»,os

"lsome is accurately dlvlded into two exactly equal longltudlnal

;fhalves whlch are distrlbuted to the two daughter nuoleJ.° The
two daughter nuclei thus receive exactly s1mllar halves of the
X chromatln of the mother cell. " (,16) B ’
| . Colchiclne by inhibiting the formation of the mltotlc
:isplndle at the metaphase creates conoltions for chromosome
-edoubling ( 15 , 14 17 18,19 202D that is the chromosomes split
mlongitudinally first in readlness for ultimate dlvision of the
pcell then, when the spindle does not appear they split once
s”more. When finally the process of cell division is resumed as
~7when the colchlcine is removed the daughter cells receive |
; ,doubled chromosomes. The original papers outllne in detail the
?1jprocedures followed with plants and the results obtained. It
% is enough to note here that sterile hybrids may become fertlle

‘as a result of ohromosome;doubling,for d;fferentlatlon~of the



cell into male and female‘gametes becomes possible‘whem the o
'.ghﬁomoSOmeVSets‘are completed;‘ Incnease in size of pollen
Q;‘graiﬁs‘is uSed°es:ah indicatioh'of polyploidy;"ln general‘the
y'jslze of the cells,’and correspondingly of the plants is much
’t:increased,e Experiments w1th animals have falled to. produce
';livingfpolyploids. It is true that the chromosomes of the
:ffertilized ova of rabbits have ‘been doubled but the embryos
~ have never developed°~
Employing chlck embryo heart fibroblasts and chlck
‘;iiris epithellum, growing 1n vitro Gavrilov, Dina, and Bistram |
¢ 22) showed that even in dilutions of 1: 25 000, 000 colchicine
- arrested and distorted development of the cells. The authors ‘
emphasized the fact that colchicine even in very weak solutionsk
: 1s‘a cell p01son¢ Verne and Vllter (23) corroborated these
'findings, but report a higher dilution of the alkaloid required
‘to check dlYlSlon of the-f‘ibroblastsa 'Theywreported that
:colchicine 1 l,OOO OOO checked the cell le1510n in twenty
minutes 1n v1tro.', o |
| Colchicine is very toxic to the anlmal organlem.~yE;
?iMaurel (24) found that 0.005 gm/kgm of body weight is /
’,sufflclent to kill a rabblt whether administered hypodermlcally

' or by stomach, o
., ~ Colehicine is'mildly carcinogenic;"which is not sur-.
o prising in that it is related to phenanthrene’ 'It‘is capable

of cauging the production of tumours in plants and animals (25 %
In addition to being able to cause tumours in plants, colchicine
dkin hlgher concentrations can check the growth of tumours, This

l effect is probably related to the 1nh1b1tory saction on cell



division.' By painting tumours sﬁbh as those caused Ey
Baclllus tumefaclens on geranium and castor seed plants w1th

- 0.5% colchlclne in 1anolln the growth of the tumour can be
checked. (26,27) Brushing the surfaces of indolacetic acid
‘tumours with 2% colchicine solutions'inhibits furtherkgréwth
in many instances, Under certain conditions the plant tumour
can be*completely killed by colchicihe preparations; ‘Inr
animals_(rats) the injecﬁion of colechicine solutionskintO»
spontaneous mammary tumours renders fhe Tumours more sensitive

to the action of X-rays ( 28 ).

4The”Possible'RelatiOn of Colchicine to the Cancer Problem:

’\It is interest%mgrto\note that the most highlj carci-
nogenie cbmpounds are alSo inhibitors of cell division but ‘are
very much less effectlve in this respect than colchicine (29)a
It is quite deflnltely a fact that the most highly carcinogenic
agents are the least inhibitory of»cell division, and the least
carcinogenic are the most highly inhibitofy of éell»division.
On the basis of the work of other authors; the investigator has
been led to speculaté that tumour genesis depends on the bro»k
duction of s mutant. Since colchicine is carcinogenic, and
ksince it produces mutants in both plants and animals, it is
reasonable to suppose that other carcinogenic substances act in
a similar way. We are thus led to associate carcinogenicity
very closely with inhibition of cell division. It would be

expected that substances which -are highly inhibitive of cell

division would be required in very small concentration to

produce tbe Temporary inhibition of cell-division with




subsequent resumption of the process reguired to produce a
mutant, Similarly, relatively large quantities cf highly
carcinogenié';gents (low inhibitory power of cell division)
would be required to produce this effect, Further, we would
expect that the small guantity of the first substance would be
eliminatéd rather rapidly from the animal organiém, certainly
more rapidly than the large quantity of the latter substance.
Consider the casés of colechicine énd'methylcholanthrene as -
'exampiés. ~The relatively small quanﬁity of colehicine |
required to @roduce an inhibition of cell‘division’would not
lremgin localized for long due to elimination or’detoxification
of the alkaloid. The relatively large quantity of methyl-
cholanthrene requiredvtoﬂproduce alsimilar effect on division
of the cell Would certainly take a longer time to be eliminated.
'It therefore seems very probab%ﬁ;that there is more chance of |
producing a mutant in vivo using methyicholanthrene than there
is of producing é~mutant with colchicine.y That is to say, on
the basis of the above hypothesis methylcholanthrene¢wou1d be
more carcindgenicyth&n colchiéine, whiéh it is., There is
ample evidende to support the view that cancer is a mutant (30).
The hypothesis also may be made'to explain susceptibility
‘veriations in different tissues and strains of énimals. Dif-
férent tissues for example are effected differently by a fixed
concentration of colchicine, This variétion in susceptibility
manifests itself even in the Aspergilli (31). |

We may briefly review the facts and the hypothesis:

(1) Colechiecine is highly inhibitive of cell division

through prevention of the formation of the mitotic spindle in




somatic mitesis,

(2) Colchicine is weakly carcinogenic in vivo.

(3); Methylcholanthrene is weakly inhibitive of cell-
division, ' ’

(4) Methylcholanthrené is highly ecearcinogenic in
vivo,’

| It isksuggested that the property of inhibition of
cell-division is a relatively constant characteristic of the
compound used Tor any one tissue. Iﬁ is suggested further
that the carcinogenicity of this substance for the same tissue
var;es accprding to whether the produétion of a mutant takes
place in vivo or in vitro. It ié known that methycholanthrene
has never been able to produce a tumour in vitro, but in
animals, methyleholanthrene is highly carcinogenic. A factor
of elimination present in vivo, but not in vitro is probably
involved, as'explained in more detail: above,

It wouid be predicted on the basis of the above
hypothesis that |

(1) Colchicine should be more carcinogenic in vitro
than in vivo. kSince the factor of elimination is not present,
a very small concentration (as little as 1:25,000,000) may be
sufficient to cause the production of a mutant.

(2) Methylcholanthrene should be less carcinogenic
in vitro than in vivo., A relatively large guantity of the
substance should be reguired to produce a muﬁant. We have,
then, the possibility that colchicine in vitro is more carcino=
genic than methylcholanthrene. The obvious test of this hypo-

thesis 1s to submit an in vitro culture of normal tissue to
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the action of colchicine: to wash the tissue free of the
alkaloid'using Ringer's solution, say, and to transfer the
tissue into an animal to see whether or not a tumorous tissue
has been produced “Lacking the facilities to carry out tlssue
culture methods however, it was decided to employ unlcellular
organlsms to study the effect of solchlclne.

Only Very recently has any success been secured with

~the application of the colchicine.technique to a study of uni-

cellular organisms,k Steinberg and Thom (31) have reported the
production of mutants in certain members of the genus
Asperglllus employing the alkaloid¢ They found %too that they
could secure a reversion of the mutants to the normal by
including d-lysine in the media in which the organlsms were
growing. They found it necessary to 1nclude solid excess
Caleium carbonate in thekmedla to prevent hydrolys1s of the
:colchicineé‘eThey suggest that the production of a colchicine
mutant, at least in this genus is connected with the destruction
of free amino groups on the protein molecules comprising the

nuclear material., This claim is based on the idea that free

-amino groups in protein molecules are concerned with the

presence in the molecule of lysine.

The Effect of Colchicine on Yeasts

It must be admitted that the original idea behind the
study of the effect ef colchicine on the yeasts was notkas
elaborate as that put forward above. 0. W. Richards (32)
working with Saccharomyces cerevisiae (strain 4360 A.T.C.)

found that inclusion of colchicine in the medium over a range
of 1:10,000,000 to 4.5:100 had no inhibitory effect on the




10
:formation of the'yéast bud. The original idea was then to
try to answey'the question "Why is one cell affected by
colchicine whiﬁe another 1s not?" Why for example, is the
budding yeast not affected by colchicine even in 4,5% concen;
tration when the chick embryo fibroblast is affected by
1:256,000,0007
The obvious answer is of course that if colchicine is
absolutely specific for inhibiting mitosis then all cells could
be grouped as
(1) Those responding to colchicine i.e. exhibiting'
mitosis, |
(2) Those failing to respond to colehicine, i.e,
exhibiting amitosis. |
The chick embryo fibroblast mey, therefore, be
regarded as belonging to group one, and the yeast to group two.,
However, there is evidence to show that sporulation in the
'yeast is mitotic, and the pOSSiblllty ex1sts therefore, of an
organlsm existing in both groups.
- Before going on to the next step in the development
of the hypothesis it will be necessary to consider the

physiology of the yeasts in more detail.

Qytology of Yeasts.

The yeasts are unicellular fungil classed among the
Ascomycetes. They are generally found living in the isolated
state, but may under rare circumstances produce rudimentary

mycelia,

The usual method of multiplication is by budding, but




11
there are a few species which multiply by transverse'fission.
To be mbrezexplicit, budding consists of the sppearance of a
small prominesce on the yeast cell which is~separated from the
mother cell by a narrow col1ar. The bud appears to be made’up
of very dense material Whlch has emlgrated from the mother cell.
When the bud has reached a certain size the nucleus of the |
mother cell beginS'to divide. The nucleus does not éhange its
position even if 81tuated at the opp051te end of the cell from
the bud.. It elongates and assumes the appearance of a dumbell,
One head of the dumbell enters the bud, the other remains in
the,mother’cell,rand the two are then separated by a.c0nstrica
tion of the narrow collar attaching’the bud to the mother cell.
Guillisrmond (33) states,thétA"The nuclear division dcés'not

offer the characteristics of karyokinesis, contrary to the -

. opinion of other authors (Swellengrebel and Fuhrmann) It

seems to consist 51mply of direct division."
| It sometimes happens when a yeast 1s growing rapidly,
asrwhen uhder optimum conditions, that‘ths mother=cell produces
several buds, and ths buds themselves may begin to multiply
: before separating. ~The genus SchizOsaocharomycés is the only
genus of yeasts whlch does not divide by budding. This group
of organlsms divides by transverse fission which consists simply
of the formation of a wall in the middle of the cell which
divides the cell into two daughter cells.‘ k

If the yeast is cultivated under favorable conditions
for growth, it divides actively until the conditions become

unfavourable either through accumulation of waste products. or

from lack of food. It then ceases to divide and produces forms
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which allow the organism to perpetuate itself over unfavorable

condition’so The cells may develop thick walls, and 1arge stores
of glycogen and Tats may appear. These are the durable cells
of Will and Casagrandi. The usual method of perpetuation ofk
the species employed by the true yeasts~is that of sporulation.
4 certain number of internsl or endospores are formed in the
interior of each cell the cell thus belng transformed into a
sporanglum called an ase. In certain species the ascospores
Jare formed’by a sexual process whicﬁ may be elther iso- or
heterogamic; The asc resultS'from'the fusion of two cells.k
Concerning the sexual process Guilliermond states (33)

VﬁTwQ cells identical in eharacteristics and lying
ad jacent to each other in the same colony are joined by'means
of a copulation canal formed by the fusion of two little pro-
“jections put out by each cell, The middle wall which separates
the two ceiis is rather quickly disselved and the nuclei,
transformed thus into gametes pass down the copulatlon canal
- where they fuse to form an egg or zygospore. FPFormed in this
manner by isogamic conjugation the egg soon germinates, It
‘increases in volume While its nucleus undergoes two successive
‘divisions, sometimes three which gives four or eight nuclei.
Then these become distributed about the zygospore, and supr-
rounding themselves with a zone of protoplasm form four or
eight ascosporés. kThé'zygospore is~then transformed intq an
asc." The commonest groups of yeasts to form spores in this
~way are the Schizosaccharomyces and the Zygosaccharomyces.
In the case of heterogamy observed in the case of Zygosaccharo-

myces chevalieri copulation is carried out by two cells of
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different dimensions. One is very small and represents the
'g'male‘gémete.‘ It is young, while the other “the female gamete,

is~larger and‘much older. The two cells unite by a copulation
canal and the contents Qf the male gamete pass into the femaie
gamete in Which’the protoplasmic and nuclear fusion takes place.
After-this has taken place the female gamete separates itself
by means of a wall and produces from one to four ascosporés.

: In the great majority of the yeasts one does not find
‘any trace of sexuality. In this casé éScospores arise‘by par-
kthencgenesis. The common beer yeast, Saccharomyces cerevisiae
is an example of this type. The sexual process has probably
been 1ost;through long adaptation to. certain conditions, and
this yeast usually forms §pores'to the number of four by two
successive'divisions of the nucleus in the single cell.

o Germlnatlon of the asoospores in the preceding case
"1nv01ves a swelllng of the spores w1th1n the ascus with a sub-
'sequent burstlng of tneksurroundlng membrane. The spores are
: thus'releésed and begin to bud as single célls in the normal
rfaShion.‘ In yet other yeasts, the asc is formed by partheno~
'gen51s, but the ascospores conjugate two by two 1mmed1ately
prior to germlnatlon,x Such a yeast is Sacoharomyces Ludwigil.

Concernlng the later work of Guilliermond (34) he
“definitely proposes a chromosomal basis for sporulation.,
Quilliermond suggests that the following ﬁypes of yeaSt must be
:,recognized: | '

(1) The haplobiontic yeasts: wherein iso-or hetero-
gamicuconjugation precedes ascus formation (Schizosaccharomyces;

Zygosaccharomyces, Zygopichia, Debaromyces, Nadsonia,,Nematospora).
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(2)~ The diplobioﬁtic yeasts: ‘wherein conjugatlon
'?f’lS postponed untll later in the cycle ultlmately to occur‘
between ascospores about to germlnate. (S Ludw1g11, Hansenula
”1Saturnus ~and numerous ‘other spec1es of Saccharomyces)
| i"Haploblontlc" is a term applied to any plant where
&meeiosis or reduction lelSlOD takes place as soon as the

1zygote‘germ1nates the dlplOld phase belng restrlcted to the
~fczygote. The term "dlplobiontlc refers to any plant where
‘meiosis 1mmed1ately precedes gamete formatlon the haplophase‘,

“being, therefore, restricted to the gametes." Illustrated

5x'pgraphlcally. |

G S e @bxﬁ
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Haploblontlc R o Dlploblontlcemf””

a. haplophase
fbl'dlplophase
¢c. melosis
d. mitosis
"~ e. germination of ascospores
f. buddlng phase

4

Guilliermond states further that certaln aspects of

| tthe formation of ascospores seem to 1ndlcate that the nucleus~

‘1Jd1v1des by karyoklne51s kor~indirect d1v1sion. ~Cells which are
3prepar1ng to sporulate assume a very complex structure. Two
fsorts of alveoll or foam structures appear 1n the cytoplasm.'

5tSome are Tilled w1th metachromatlc granules, other w1th

“’glycogen. ‘The corpusoles in the former alveoli lncrease in
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ihumber and diminish in'volume untii they are quite diffuse
sthreughoutsthe;alveoli. ,During this,time~the nucleus undergoes
its Tirst diviSions. “The actual mechanism is difficult to
'~observe, accordlng te Gullllermond, noone has yet been able to see
tchromosomes in a yeast nucleus, but one is able to see two
ismall-nuclel'closely related to each other. Each small nucleus
emigrates one to eachmpole:of,the cell. & thin'thread of plasma’
unites them still,'and’the thread has been 1ikened,to:the
1a¢hrometic spindleQ The thread soonidisappears;and each
enucleus undergoés another division., The condensed cytoplasm‘or
Ispofoplasm as‘it is termed,; surrounds each nucleus with the
result thet’four‘spofes are formed. In,Schizesaecharomyces
octosporus the,cytologice; phenOmena of sporulation are

‘1espeeie11y'easy te Observe. Guilliermond has shown that a

fr'karyoklnesls s1m11ar to that ex1st1ng in the Ascomycetes exists

in thls yeast at the stage of sporulation,
To sum up then and relate this brlef review of the
,cytology of the yeasts to the hypothesis, 1t seems thet certain

’at least of the yeasts are organlsms which' should be ideal to

©work with in studylng the effect of colchicine on- cell division.

. In Schlzosaccharomyces octosoporus we have an orgenlsm which

‘;;apparently eXhlbltS amitosis durlng transverse division, and

. mit081s during sporulation., In the Zygosaccharomyces and in
‘the other haplqbiontic species, and indeed in the Saccharomyces
| toe, we have similar phenomena., In other words, we have
“_organlsms which apparently fall into both groups one and two on
. the basis of mitosis and am1t051s, and might possibly fall into

both groups on ‘the basis of reaction‘te’colchicine treatment.
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We are now in a position %o proceed to the next step
in the hypoth951s.'
Suppose that colchicine is without effect on budding,
iae we mlght expect it to be, and as Richards has apparently
eproved but 1nterferes in some way with the phenomena of sporua
:latlon. What may we: expect as a result of thls 1nterfevence?
: In the case of the haplobiontlc specles we might expect to flnd
fconjugatlon w1th the production of g zygospore, but 81nce me1051s
and mitosis are 1nh1b1ted, we would not expect to find ascospores.
'In the case of diplobiontic species we mlght expect an inhibi-
tlon of melosis with the result that no gametes would be. formed
. and consequently no spores would be produced. “In the case of
parthenogen81s witheut parthenogamy we mlght expect 1nh1b1t10n
of sporulation, » | ;
' It appears thereforeﬂ that the haplobiontic specles
’prov1de a'good test group as it should be comparatively easy to

study the effect of colchlclne on. the number of spores produced.

'~pIn the case of the dlploblontlc specues9 non specific. inhibition

pof sporulatlon, if 1t existed would provide confusing evidence.‘
Finélly, let us suppose that we have‘found that

- colchicine does not affect budding, but prevents formation of
 paeoospores in the haplobiontiec species. Why does colchicine.
fail to act on the one hand and cause an effect on the other?
Perhaps there is some fundementalﬁchemical or physical basis
,‘for oell diVision. Perhaps’there is some (and this is highly
especulative) hormOné»like subetance Which regulates the pheno-
:kmena of division in such a way that its presence or absence

- spells the difference between mitosis and amitosis. Since the
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ﬂ vljphenomena of cell division are closely ‘Trelated to those of

gelation and solution, perhaps the effect of colechicine is only
’sof a physzcal nature, but it is probably safe to say that if
the actlon of colehicine is physical, then we should not expect

ilkto find arrested development of chick embryo flbroblasts in '
'isuch a small ooncentration as 1:25,000 OOO Bhaduri suggests
t?that”colohlcine*appears to catalyze chemical reactions which
dylncrease the fluldlty of the oytoplasm -and nuolear material
”thus 1nh1b1t1ng spindle formation,( 135' )

‘The advantages of working with the yeasts now become

-

;]‘2obvious.‘ The ease of manipulation of these organisms and the

dlvastiamount ofklitefature*pertaining,to‘themfare two advantéges.

k~unt‘for,the purposes of this investigation, and it is;hoted,
,kfuturefinvestigations, the'mostfimportant property of the

_ yedsts is that they divide by two methods. If the cell-
ldivisiOh,regulating'substance existS'then we might expect to

ql'flnd it present at one stage and not at another, or perhaps
’~present in smaller concentration at this latter stag If

‘dcolchlclne 1nterferes with cell d1v1s1on through reactlng in

‘\«some phys1cal or chemical way with this substance, then it is

l”?very llkely that fractlonation of the yeast at the two stages,

“sand comparison of 51m11ar fractions in their reaction toward

’colchlclne would show in what fraction thistsubstance exists.
It is,suggested thet if this substance exists it would pro-
;,fbebly be found in the yeast at the sporulating stage, or immed -
'~fiately‘prior to this stage.

The work of Richards has been mentloned He found

'that colchicine when weighed out and added to the medium for
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8, Cerevisiae (Williams medium) over a considerable range of
concentrations was without inhibitory effect on the formation

- of the yeas; guda He deseribes the occurrence of two cycles

in the growth of this yeast in Williams mediuﬁy which he '
explains by saying that when the concentration of the unfavor-
able products'of’metabolism reach a certain limit, or when the

' conéentration of the food falls off to a certain value, there
results a selective killing of the larger buds. The addition
of food just before the end of the first.cycle,prevents the
retarded growth, and the'populatibn grows directly to a

max imum crop. Further, since he found that.the addition of
’colchicine also eliminates the period 6f retarded growth, he
states that colchicine must act either as a food or as a buffer
-in ieésening the increasingly adverse conditions existing inf
the medium. He did not investigate the action of colchicine on
the sporulationxof his yeast as he iSaihterested only in

" normal growth. (32)



e L S RN S

19

EXPERIMENTAL

Test Organisms

Three attempts were made to obtain cultures of
Schlzosaccharomjces octosporus. Twice cultures arrived from,,
the American Type Culture Collection, but both times they were

dead on arrival. An unsuccessful attempt was made to obtain a

‘culture of this organism from Lochead and Farrell of the

Central Experimental Farm at Ottawa, but their culture had died
out. They prov1ded two other yeasts however, their cultures
138 and 58, Zygosaccharomyces priorianus, and Zygosaccharomyces
barkeri respectively. (36) |

Meanwhile a sample of fermenting honey was obtalned

'through Dr.,Eagles who in turn obtalned it through Mr. J. Dick.

Employing aseptic precautlons throughout, dilutions of

1010 1 100 1:1000, and 1;10,000 ¢f the honey in water were

‘ mades

1.0 cec of each of the above dilutions was inoculated
into Petri plates by the poured plate culture method, to
obtain isolated colonies of the organisms causing fermentation.

The medium used was that employed by Lochead and Farrell (36 ).

- The plates were incubated at 280°C and were examined after three

days. Smears were made from isolated colonies, and were
stained with erystal violet for examination under the oil
immersion lens of the microscope. The organisms were rather

large oval budding yeasts,
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| Accordingfto Lochead and Farrell, of all the yeasts
kwhicn ‘they 1solated from fermentlng honeys the majority were
V;of the genus Zygosaccharomyces.
| A yeast was 1solated from the fermentlng honey Wthh

jiflacklng a complete classiflcation of the organism has been

 ealled Zygosaccharomyces X. The cells are mostly oval in

young culture, The size is 2.5 x 3.15 micfons. In older
'cultures the cells may be 1arger and irregularly round. The
,actlvely growing cells multlply by buddlng. The yeast grows
 i;rap1d1y in 307 glucose broth with a fine even turbidity. A

'Surface rlng is almost never formed

| The yeast forms ascospores ?ery slowly on Plaster of
Paris blocks, and not at all in Gorodovska's med ium., Ascos-
ieporeskare, however, readily formed on 30%:g1ucose‘agar~by both
'oxisogamy;and,parthenogenesis; eThe'number of spores formed by |

 isogamy,varies‘fPom twoeto four with dt least one spore in each

k;enlarged portion of the asc. Parthenogenetic asci regularly L

~econtain four ascospores, Conjugation between exactly similar

: cells mekes its appearance on the agar'ih 36 hours at. 300°C and

‘,aSCOSpOPeS may usually be observed after 48 hours under these
same conditlons. The_spores are oval and very smooth, They
‘»average’about 1.6 x 2.4 microns in size.

| The giant~colony on 30% glucose agar is‘vefy cherac-

~teristic. It may be observed by placing a 1oopfu1 of inoculum

on ‘the surface of the agar 1n a Petrl plate and incubating at

; room- temperature for four or five weeks, The colony is at first
Smooth white andfround, convex raised With an entire edge. I%t

: later-becomes roughened about thefedge, and finally treeélike
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growths‘appear all around the edge of the colony. The center

portion iS;Ye?Y smooth. The organism ferments the following
sugars,‘dextrése, galactose, fructosse, sucrose, maltose,
‘Paffinpse. It ferments l-arabinose and mannitol only feebly;
and does not ferment xylose,’dulcitol, lactose, salicin,
inulin, or dextrin,

The organism‘grows rapidly in 30% glucose broth with
the productlon of a fine even turbldlty. No agglomeration of
cells oceurs, that is, the cells remgln quite separate and the
organism is 1dea1 for a study of rates ofkgrowth by visual
,COunting méthodslusing an haemocytometer, and by turbidometriec
methods using a modified Fisher Electrophotometer. The |
organlsm forms spores rapidly on 30% glucose agar. Thisryeast

therefore a good one to study. The other Zygosaccharomyces
, whlch were obtalned are not suitable for study for several
- reasons. #138 forms a surface ring, and forms Spores very
'slowly on all media tried. #58 grows slowly in broth with a
‘granularbgrowth. It forms sSperes more raﬁidly than #138,
however. Another yeast called Zygosaccharomyces Y also

 iso1ated from fermenting honey produces a surfaceyringa

The Effect of Colchicine on the Budding Yeast.

If co1chi¢ine interferes in some manner with the
formation éf yeast buds then of course, the rate of growth of
'the veast under defined conditions snoqu be affected. If the
1prOCess of budding is mitotiec, we wduld,expect to find a
decrease in the growth rate, and an increase in the size of

‘the cell. Richards has reported thet colchicine stimulation of
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yeast growth fails to reveal mitosis. While this may be true

for Saccharomyces verevisiae, it is not necessarily true for a
member of the;Zygosaecharomyceskuntil we have proved it so.

The first step in the Experimental was, theréfore;
to see what'efféct if any colchicine hed on the budding
Zygosaccharomycete. Richards employed three different methods
in his work on rates of growth; that is, direct count using the
haechytometer, centrifugation of the cells into graduated
centrifuge tubes, and = phototurbidoﬁetric method. During
this inveStigation, only two methods have been used, that is,

‘the haem.ocytometer‘method5 and phototurbidometric measurementse

The Medium,

The medium used for allkexperimental work was based

on'a similar medium employed by Lochead and Farrell in their

work on.the osmophiliec yeasts (36), @hey used peptone as the
.sburce of nitrogen. In an attempt to approach a synthetic medium

and to.eliminate the color which might be’due to the peptone,

asparagine was used.

- dextrose 300, grams B.D;H.AnalaR
asparagine 0.5 Difeco
KoHPOy - ; 1.0 Bakers' C.P.
MgS0y4+ TH2O -~ 1.0 Bakers'! G.P.
NHgtartrate 0.5 B.D.H.

-NaCl 0.1 Bakers® C.P.
CaClg.2Ho0 0.1 Bakers® C.P.
Yeast extract 1.0 S. Orla-Jensen
Water 1 1litre distilled

- For solid media 2% of agar (B.D.H.) was included and
~the mixture was sterilized by autoclaving at 15 1bs. steam
pressure Tor one~half hour.

For liquid media the above medium (minus the agar of
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k“fcourse) ‘was sterlllzed by Seitz filtration (E.X. filter) The

kmedlum was kept 1n 250 cc lots in sterile 500 cc Erlenmeyer

m',‘flasks, and the flasks were sealed with Parafllm untll used,

“fprhe various lots of media were checked. for sterllity by in-

E”Cubating at 28°C for 48 hours prlor to belng stored. Any
flask whlch showed contamlnatlon was- dlscarded ‘The~medinm
!resultspln,aka of\698, It 1s almost colorless. ‘It,Supports
"the‘éroﬁthVOf‘the Zyg05accharomyoes very well, especlally
~Zygosaccharomyoes X whlch gives a flne -even turbldlty in 20 :

hours at 280G,

eThe‘Incﬁbatora

:ITwO~incubators .were used, j The flPSt was an alr

r’;incubator;‘ The temperature of a large asbestos lined box was

"kept constant by the use of 8. sensitlve mercury expan81on

*ﬁvtthermostat and relay. Heating was. by a carbon filament lamp.

The other incubator was g constant temperature water
bath, Heatlng was by a. 125 watt knlfe heater. The temperature
:was controlled by an easily constructed thermostat, and a relay

",‘was used Detalls of the. constructlon of the thermostat appear

“ hbelow; ERRT +¥JA'"“T sy
M 4w This apparatus controlled
(R ; the temperature of the water
: : bath to within 0.05°C of the
‘required temperature,v~ ,
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'P:eparation of the Colchicine Solutions.

Colchlclne was dlssolved in water or sallne as’ the
case might be. The solutions were sterilized by filtration
“through a. Seltz E K filter. The filters were always washed

w1th a large volume of the solvent before sterlllzation.

TheIHaemocytometer Method.

; 'It»was early realized that one factor which would
have to be. ellmlnated was that of the hydrolysis of colchlclne.
If colchlclne is 1nc1uded in the medlum in which the yeasts are
~growing,; - there 1s certain to be some hydrolysis of the alkaloid
Boyland and Huntsman ( 11 ) state that colchicine is 20%
,hydrolyzed in 24 hours at 379 in 1/50 N HC1l. We might expect,
that Rlchards’ results were affected to some degree at least

by the above fact, since the pH of the medlum fell off to

o about 3.D or thereabouts. The effective/concentratlon of

colchlcine,waS‘thus redueed.> However, he shouldicertainly

have found an effect over thekrange employed,,hadvsuch an
,effect existed, In an attempt to get around the difficulty
outlined abeve it was decided to determine a normalfraﬁe of
',growth in the medlum then remove the cells after finishing

a run and s0ak them in 1% colchiclne in an isotonlc saline
solution for about one generation time of the organism, A
control culture would be treated similarly except that the eells
would beesuspended in saline only. ‘The rates of growth would
then be eompared., It would be expected that if the yeast bud

forms by mitosis thenethe inhibition of budding during treatment
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With*colchicine~with subsequent reinoculation into the medium
should produce a mutant, and the rate of growth should be
dlfferent The determination of normal rate of growth would

serve as an additlonal control.

Details of the Method,

Since the errors of the haemocytometer method are
' ‘many, its use must be made the subject of careful control and
standardlzatlon of procedure, To.minlmize,errors,ln sampling
20 cc of medium was used in 125‘¢c Erlenmeyer flasks. This
provided fofueasy and thorough shaking_to euspend all the
grewth evenly throughout the culture, and to break up any small
colonies of cells. It is very necessary to have a uniferm
,suspen51on of 81ng1e organlsms as it is. extremely difficult to
count a colony of cells. ’

' : The medlum was inoculated with 0.2 c¢c of a 36 hour
Eroth eulture of Zygosaccharomyces X. The organism had pre-
| v1ously been plated out S0 as to secure a pure cu;tureﬁ
Several test runs had shown that the best time to inoculate was
1”kon the afternoon of the day preceding that on which the counting
‘was to be done. Nineteen to twenty-three hours was considered
mostksatisfactery.V The orlglnal population of the cu?ture
after 1noculat10n was usually about 100 OOO organisms per cc,
as shown by direct_count°

The next day thekcounts were starteda BEvery hour

: dver'a period of 6 hours the~f1esk was removed from~the

: 1ncubator, and the eontents were well shaken, care being taken

| not to wet the cotton plug. A small‘samplekwas withdrawn with
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a Pasteur pipette and the cells were counted at 600X using the

haemocytometer under the microscope. The flask was placed gt

280C again immedlately after sampllng. The time and count were

frecorded each time, and ecurves were drawn with populations as

ordinates, and times as'abscissae.

~The Qonfrol and treated‘rates of growth were
obtained as féllows: 10 ce of a 36 hour broth culture of the
yeast were thrown down by centrifugation. The supernatant was
removed and the cells were washed tﬁree times by suspending in

isctonic saline and recentrifuging. The cells were then

‘suspended for 1% hours in 1% colchicine (Richards found that 1%

cdlchicine gave the'most stimulatory effect when included in

.the medium with S. cerévisiaé)° For the control the cells were

-merely soaked in isotonic sallne for the same length of twme.

The cells were then freed of colchicine by three washings in-

sallnefas before. The cells were finally suspended in saline

Vand were inoculated 1nto 20 cc of medium as in the determination

of normal rates of growth., All times were carefully~recorded

~and an attempt was made to carry out the controls in as closely

‘similar a way as possible to the tests,

The results of a typical series ‘appear below.

1. Normal Growth Rate:

Time : Count ‘
(cells per cc.)

Inoculeted. 0: 375,000
19 hrs., 6 min: 7 880 ,000 -

1l hr. 8 min: 12,470 000

1 hr, 35 min: 21,047 ,000

1 hr. 16 min: 28,525 OOO
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2. Times taken for treatment of Test ang Control.

Procedure Test Control
Intervals in Minutes.

( Saline : 0.0 : 0.0
First ( Centrifuge started : 2,0 : 2.0
Wash. ( stopped : 6.0 : 6.0
( Saline removed : 1.0 : 1.0
* { Saline added E 2.0 : 2.0
Second ( Centrifuge started : 1.0 : 1.0
Wash ( : stopped : 5.0 : 5.0
( Saline removed : 1.0 : 1.0
( Saline plus colchicine : 2.0 :
( added ( Test) : ' :
Treat- ( Saline added ( Control) : : 1.0
ment ( Centrifuge started : 58,0 : 60.0
( ' stopped . : 5.0 : 4,0
( Saline plus colchicine : 2.0 :
( removed ( Test ) 2 :
( Saline removed ( Gontrol ) N : 2.0
‘ ( Saline added : 1.0 : 1.0
Third ( Centrifuge started : 1.0 : 1.0
Wash ( stopped : 6.0 : 6.0
‘ ( saline removed : 1.0 : 1.0
( saline added 5 : 1.0 : 1.0
Fourth ( Centrifuge started : 2.0 : 2.0
Wash  ( stopped : 6,0 : 6.0
- ( Saline removed : 6,0 : 6.0
Total 109.0 109.0
%, Treated Growth Rate
Time Count (Cells per cec)
0 12.48 x 106
22 min 12,89 .
38 min 10.1
25 min 11.1
35 min 19.9
42 min 22,69

66 min 27.64
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4. Control Growth Rate

Time Count
(cells per cc)

0 6.0 x 106
42 min., 8,75
40 min, T.T5
60 min., 10.686
53 min, 11.45

62 min. 16.14

The generation time of Zygosaecharomyces‘x in the medium was
determined from trial runs. This time is that taken for any
given Qount to be doubled, and should remain relativeiy con-
 stant over the phase of 1ogarithmic growth. For Zygo X in the
30% glucose medium at 28°C under the defined conditions out-
lined above, it is about two hours. It will be observed that
’the‘time of treatment in each, of the test and the control, was
about one-half the generation time of the yeast.

| - It seemed necessary that the saline used should have
the same osmotic pressure as the medium to eliminate any
effects which might be due to chénges in osmotic pressure. By
calculation the concentration of sodium chloride required was
4,0%. That this concentration of sodium chloride is isotonic
was proven by washing the cells in the saline soiution, and
leaving them suspended for twenty-four hours. Microscopic’

examination showed no exploded cells.

Discussion of Results

kThe'results would indicate that colchicine %treatment
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of the cells in this fashion was without effect. It is very
likely that multlpllcatlon ceases as soon as the cells are

removed from the medlum. It might be expected, therefore,

: that colchicine would be Without effect, It is diffieult to

suggest an elternative method, however for treatlng the yeast
at the buddlng stage in a neutral medium., - It was thought that

by adding excess solld calcwum carbonate to the medlum cona

taining colehicine that the pH might be kept near the neutral

point. Thisktechnique was found to be worthless in this case,

however, as the particles of calcium carbonate made a visual

count of the yeastlpopulation very difficult,

| It might now be profitable to consider the difficul-
ties,of”the haemocytometer count method, and rates of growth
measureﬁenﬁs ih general, | " |

It is obvious that.growth rates are affected by many

factors. It might be surmlsed that the rate of growth of a
defined organlsm in a defined medium at a defined temperature
over a deflnlte population range. would be constant, In the
case of facultative anaerobes such as the yeasts, howevef
additionai factors come into play. The quantlty of med ium
employed the type of medium, and the size and shape of the
container all affect the growth rate. The yeasts grow faster
in the presence of oXygen'thanfthey do in‘its absence, that is,
the growth rate of yeast is affected by the oxygen tension in
the medium, The oxygen tension in turn varies directly as the
surface‘area exposed, and indirectly as the depth of the
medium. Here 1ies‘the explanation of the importance of fixing

the quantity of medium to be employed, and the shape and size
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~of the container. It is well known that growth rates of micro-
_organisms 1ncrease with increased amounts of inoculum in a
synthetlc medlum, This effect is-probably due to the fact that
organisms such as the yeasts require certain accessory factors
for growth for eéxample, the so-called Bios fractlons. The yeasts
are able to manufacture these,substances since the various Bios
fractions may Be extracted from their cells,Vbut'apparently
they do notksynthesize énoughkto meet their requirements. If
no bio-activator fractions are included in the medlum therefore,
the growth of the ecells is slow._ As soon as some of the older
cells die and autolyze, their contents are released to the
medium and the growth rate becomes faster. This explains why
the growth rate is faster when a 1arge 1nocu1um is used We
‘mlght suppose therefo;e _that a more constant rate of growth
could be~obualned if the actlvator fractions could be included
in the medium. This is the reason for the addition of yeast
extract to the medium, The»yeast extract was prepared some

' yearsoago by S. Orlanensen and was obtained from:Df.fEaglés.
-The necessity of ineluding the preparation in the’medium.was
;kppoven'as follows. | ;

| A sample of medium containing no yeast extract, and
another semple with the addition of yeast extract (as in the
complete.medium on page(22) were inoculated with Zygosaccharo-
myces X. Visible growth occurred in nineteen hours in the
medium plus yeast extract. No growth appeared in the medium
minus yeast extract in two weeks., Identical amounts of
inoculum were used. | |

A complete series, i.e. one normal rate of growth,
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one treated rate of growth, and one control rate of growth

required 51x days to comp1etee The method is laborlous but
the counts are quite accurate as compared to one another, One

square was counted tw1ce with the following results:

Number of ecells Number of cells

65 64
67 68
90 92
92 89
89 83
61 : 58
77 77
84 86
Average 78,1 Average 77.1
Count +x78.1x106 Count £x77.1x106
2 19.5 x 106 2 ¢ 19.3 x 106

In the hands 6f a practiced person the method. gives
reproducible results, but the personal error is nevertheless
large. No two persons would be likely to arrive at the same
count on the same sample. The rangé\of population covered
without making dilutions is Small. If dilutions are made, new
erroré are introduced. The method has so many disadvantages

that it was decided to discard it.

The Phototurbidometric Method.

A Fisher Electrophotometer No. 7-089 was modified
for use in phototurbidometric measurements of growth rates.
The instrument contains a lamp and photocell. The efm.f.
developed by the photocell varies directly as the intensity of
the light falling on it. The instrument employs the potentio-
metric priﬁciple, that is, the esm.f, developed by the photo-

cell is balanced by a graduated slide-wire using a very
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sensitive,gelvanometer. The instrument is made for use with

glass cells as receptacles for the standards and unknowns. In
the pit for the gleass boxes & space 5% em by 53 cm was
avallable so a block of wood was cut 54 em on an edge., A 5/8"
hole was drllled through it so that the light beam from the
lamp would pass throUgh the hole on to the center of the photo-
cell. Anothef‘SIB" hole was-drilled‘perpendicular to the first
in another face of the block, but not extending through the
block. This hole was to hold the culture tubes. The block was
'palnted black.
 The instrument was standardized by inserting a tube

~of dlstllled water in the perpendlcular hole in the wood- block.
A black cardboard cover with a hole to coinclde w1th that in
the wooden block wes placed over the pit. Since the readings
~Wlth the instrumentkwere to be relative values only, it was
easy tO'eliminate errors- which mightferiSe from using ordinary
culture tubes., A merk‘wes put en,the tube and another was
; pleced-on the cardboard ceﬁer,' When the twokmarks were placed
to eoincide, then for conSeeutiverreedings on the same tube the
errors due to lrregularities and defects in the glass caucelled
each other. It was only hecessary to plot time against scale
readings to obtain'growth curves, '

| Trlel runs had shown that the best quantity of medium
to use in the tubes (each of which was ~carefully selected for
size and freedom from flaws) was 5 ce¢. The best time for in-
oculation was about thirteen hours before counting. The
cultures were incubated at 28°C in the water bath.

It was decided to run a series of growth rate
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determinations of Zygosaccharomyces X in the medium plus ‘

colehicine, 'A run of 30 tubes was set up as fellowso

Test 1 - 10 © ¢c medium plus 0.52 cc 1% :
' : colchicine, i.e., a dilution of
1:1000 ,

Test 11 20 5 cc medium plus 1.04 cc 1%

colchicine, “i.e. a dilution of
1:500
Control 1 - 5 5 c¢ medium plus 0.52 cc 4% saline

Gontrol 6 - 10 5 cc medium plus 1.04 ce 4% saline

The above tubes were inoculated with two loopfule‘of
a two day'bld pure culture Qf Zygosaccharomyeces. at 7:45kP,Mo of
the day preceding that on which the beadings were to be taken.
The cultures were 1ncubated at 2800 in the water baths To aid
in 1dent1fy1ng the tubes each was numbered with a wax pencil,
and the tubes Were:arranged in three rows of ten each. The
plugs of the tubes in the first bow'@erepainted red, those in
the second row, blue, abd the third wefe leftkwhite° The next
morning the measurements were started and were repeated on all
’thlrty tubes every two hours for twenty four hours. The
instrument wasecallbrated against the tube of distilled water
by adjusting the scale and gaIVanbmeter readings to zere. ;The
culture tube was theb removed from the ‘incubator, the outside
of the tube was wiped clean and dry using a clean sof't cloth,
and the contents of the tube were shaken vigorously, care belng
ktaken not to wet the plug. The tube was then inserted in the
instrument and’theknea scale reading was determined. The
calibration was then checked again before returning the culture

to the incubator,



Colchicine Tests.

Cy, C?’ ete.
1T refers to

"R" refers to

- see page 33

refer to Test 1, Test 2, etc.

Time in hours as in ships' time.

Instrument reading.

iv

C1 Ce 3 Cs

T R T R T R- T R T R

915 9.0 916 9.5 9197 ‘8.9 918 11.2 919 8.6
1107 9.3 1107% 9.6 1108 10,0 1108% 12.7 1109% 10.1
1312 11,1 13133 10,0 1315 11.1 13155 12.3 1316  10.7
1548  16.1 1551 14.5 1552% 14.9 15541 14.8 15553 14.8
1824 19.6 1826 16.4 18275 18.8 1828  17.0 1829 17.0
2024 24.4 2026 20.1 202635 24,1 20275 23.4 2028 20.9
221l  29.2 22113 24.0 2212 27.9 2212% £6.3 2213 26.7
2406 34.5 2407z 28.9 2410 33.2 2410% 29.7 2411 32.1
1513  40.2 152% 33,0 153 38.7 154 34.2 1b4%f 38,7
330 45.7 332 38.0 333 43,5 334 39.7 334% 43,0
500 51.2 501 44,1 502% 49.1 503% 45,5 504 49.6
833 7.6 834 b52.5 835 58,0 835% 58,0 836% 58,6

Cg Cq Cq C10

T R T 'R T R T R T R

921 8.1 9213 7.0 925% 8.5 926 8.2 928 6.1
1110 . 8.5 1112 8.0 ' 11133 9.0 1114% 9.0 1115 6.1
1317 - 8.9 1319 8.5 1324 9.8 1325 9.5 1326 6.4
16563 14.1 1557 11.4 1600 12.7 1601 12.5 1602 8.0
1831 17.0 1833 16,8 1834 14.3 18345 13.9 1835 9.9
2029 21,9 2030 22.7 2033 19.5 2034 17.5 2037 16.6
2213% 26.9 22163 24.2 2217 23.4 2217F 21.2 2218 15.1
c4llz 32.5 2415 28,1 2416% 26.5 2417 24.5 2418 19.0
15560 37.7 1583 33.5 159 30.7  200.0 29.4 2004 22.8
835 44,3 338 . 38.4 3384 35.9 339% 34.7 341 27.5
505 49,5 507% 44.9 508 41,0 509 39.9 509% 32.3
838 58,0 8407 54,8 841 52.2 842 53,8 44,3

g4l

Al



€11 €13

T R T T R T T
930 4,6 931 933 7.7 934 93431
1116 5.4 ,1117% 11192 7.3 1123 11232
1328 6.1 13204 1332 7.8 1334 1534§
1606 9.1 1607 1609  10.0 1811 16113
1836 11.8  1836% 1839 12,7 1840 1840%
2038 12,4 2039 . 2040 20.3 2043 . 2044
2218% 18.5 ~ 2219 2223+ 18,5 2225 22263
2419 23,0 2420 2423 23,5 2424 2425
.201f 36,4 202 205 28.5 2063 207
341y 42.3 342t 345 34,6 346% 347
510 47.5 B11 513? 39.3 514 515
843% 57.1 844 8465 49,1 847 848

16 Ci7 C18

T R T T R T T
935 8.5 936 038% 7.2 945 946
1124 9.5 1125 1126 8.0 1128 . 1130
1336 10,7 13373 1338 8.6 1341 134331
1812 12,6 1613 1614 12.0 1614% 1618
18414 14.8 1842% 1843 15,9 1845% 1847
2045 17,5 2048 20495 18.7 20254 2054
2227 21.2 2228 2229 24,1 2232 22323
2426 26,3 24264 2427 28,9 2430% 2431
208 31.1 209 210 34,7 212 213
348 35,7 348% 349 39,5 351% 352
5158 41.2 516 517 44,3 519 520
849 54.0 8503 851 57.6 855 855%




Controls -

Ky, Ky, etc.

see p

age 33

refer to Control 1, Control 2, ete,

vi

Kl Kg K4 Kg
T R T R T R T R T R
947 8,0 948 12,7 949 9.5 950 7.6 950% 8.3
1131 8,1 1131% 12.7 1132 10.3 1133 9.1 1134% 9.0
1347 9.7 1348 14,6 1348% 11.5 1349 11.4 1353 11.3
1620 12.5 16204 18.1 1621 15.2 1622 14.4 1623 15,1
1848 16.0 1849 22,4 1850% 19.0 1852 18.5 1856 20.3
2065 20.5 2055¢ 27.6 2056 24.5 2057 23.5 2100 26,1
2283 24,0 2234 31,3 2235 27.5 2236 27.5 9238 31.9
2432  29.6 2433 38,0 2433% 33.4 2434 34.0 9437 37.9
214 35.2 215 43,1 216 39.6 2165 38.6 219 = 42.5
353 41.5 353% 49.2 354 45,5 355 47.5 357 49,8
521 45,7 521 52.6 522 49.5 5225 49,3 525 52.3
856% 55,4 857 62.5 858 58.4 859 59.3 903 60,6
Kq Kq Kg K K10
T R T R T R T R T R
9514 8.5 952 4,7 954 5.5 957 8.5 959 4,2
1136 8.3 1137 4,7 1139 6.0 1140 9.0 1141 4.5
1356 10,3 1358 6.1 1400 6.7 1402 10.9 1404% 6.1
1626 13.3 1626 8.0 1627 9.0 1628 14,0 1629 7.8
1858 17,0 1858  10.6 1900 12.1 1901 18.8 19013 12.4
2101 22,0 2102  12.8 2103 15.2 2104 22.5 2105  16.5
2239 26.7 2240 16,0 2241 18,5 22411 27.1 2242 19.5
2437% 31.7 2438% 21.0 2439 24,0 9440 32.4 2440% 24.3
2204 35,1 221 28,1 222 25,9 223 38.1 225% 29.5
358 41,6 359 34,0  359% 30.7 400 43.1 4003 35,7
5254 46,6 528 36,1 526z 38.4 527 46,9 528 41,1
904 54,9 9043 47,8 905 51.1 906 56.8 906% 51,2
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Discussion of the Results and the Method

It appears. that colchlclne in dllutlons of 1:1000 and
1:500 is without effect on the budding of ‘yeast. The obvious
procedure was to follow up thls work:withincreased concentratlons‘
: of colechicine. It was decided, however not to continue along
thls line as 1t is very doubtful ‘whether the results obtained
are of any real signlflcance in view of the fact of hydrolysis
of the alka101d in the medium.

That this method of measurlng rates of growth is an-
excellent one is evident from an examination of the curves
'obtalned; The method is easy to carry out, is quite accurate
and iS\vePy rapid.,-To carry out a5simi1ar series by the
haemocytometer method would have taken six months, The
instrument is very: sen51t1ve, and personal error is almost
‘completelyrellminated.’ As with other methods of course a
‘rigid control of all procedures musﬁ'be exercised, The ‘method
~of shaking for. example must be repeated in the same way for
each tube° The method is appllcable,over a wide range of
populations. That range used in the above experiments is most
satisfactory, however, 51nce it 1ncludes only that portlon of
the curve from the end of the lag phase and beginning of the
1ogarithmlc to~the'p01nt~ofksaturation of the medium with
carbon dioxide, The bubbles of carbon d10x1de which appear

above this point 1nterfere with the meesurements.

Summary'of the;work on the Budding of Yeast.

It appears that colchicine does not interfere with

the formetion of the yeast bud, but this statement is msde with
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;reservations; In the first method, in an attempt to eliminate
the hydroly81s of colchiclne, perhaps no real test of the effect
of the alka101d was made, It is. certainly a faect that no
method tried has eliminated the factor of hydroly51s and it-is
almost impossible to conceive a quantitative method which is.
likely to get around this difflculty._ Every qualitative
procedure employed in these. investigatlons has however,
indicated that colchicine is without inhibitory effect on the
type of cell div151on characterized by budding. This will
become evident as further experimental work is outlined It is;
suggested that any stimulatory effecteon,celledivision as
recorded by Richards is connected with a secondary effect on
cell metabolism. Richards (32.) states that the alcohol pro-
duction in;culbures-of Saccharomyces cerevisiae increases to a
- maximum of §ix times the oontrol culture conCentration in l%
 colchicine. This faect cannot be explalned on the basis of
hydrolysis of colchicine alone i.e. productlon of methyl
aleohol, even assuming;complete hydrolysis of the alkaloid.,
'Experiments suggest that colchicine activates some enzyme in: the
: chain.of fermentative reactions responsible for Garbohydrate
metabolism. It is Obvioos that an increased rate of metabolism
of carbohydrate would result in an increased rate of liberation
of energy. Pasteur produced evidence to show that theyrate of
growth of yeasts was inereased under conditions of increased

liberation of energy. (53)

The Effect of Colchicine on Sporulation of the Yeast

1t has been stated that Zygosaccharomyees does not



36
form spores in ligquid media, forms them only very slowly on
Plaster of Paris blocks, and forms them quickly and easily on
agar plates. The effect offcolchicine on the sporulation of
Zygosaccharomyces priorianus, Zygosaccharomyces barkeri, and
Zygosaccharomyces X was investigated.

| Broth cultures of the above yeasts were made, After
a sufflclent tlme had elepsed to allow the cells to build up
glycogen and fat stores (aetermlneq by microscopic examination)
the cells were removed from the cultures by Ceﬁtrifugation
were washed with sallne, and were thence transferred to Plaster
of Paris blocks. . Aseptlc precautlons were used throughout
Test blocks were soqked in 17 colchicine in 4% sallnea
Control blocks were soaked in 4% saline,
The'plates were ihcubated at 289C for three weeks dr more.

Frequent mlCPGSGOplC examinations, and frequent subcultures

‘were made lntorllquid'media. Evideﬁbe was obtained that

sporulation was inhibited in the case of. Zygosaccharomyces

kbarkeri for after three days the colchicine bloeks containing

thls~organlsm were sterile whereas the control blocks were not.

In more deteail, the results were these; two subcultures were

'taken from the control bloek and two from the test blocks into

- broth and then after several days spread plates were made from

the broth. The two test broths showed no growth. The control
showed heavy growth. The spread plates from the test blocks
Were/sterile - the plate from the control was not. This
observation may be explained as follows. The yeast, being
deprived of food must form spores to perpetuate itself or die.

Since colchicine inhibits mitosis and the formation of
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ascospores seems to be mitotice, then we should expect sporu-
lation to be inhibited and the yeast would die. Some evidence
was also obtained for Zygosaccharomyeces priorianus, but the

results were not conclusive. They may be tabulated as follows:

Time of subeulture Control - Test
: in broth in broth
1 week growth growth
2 weeks growth no growth
3 weeks 1 growth 1. growth

2 no growth 2. sl. growth

After this time the control block was found to‘be contaminatéd.

with a molq@ It seems 1ikely, therefore, that chance might

have been a factor in obtaining an inoculum from the blocks.
Because it wés desired to work with Zygosaccharomyces

X it was thought necessary to study the effect of colchicine

on the sporulation of this yeast, Mgre or less by chance it

was discovered that Zygosaccharomyces X forms spores in two to

three.days on the 30% glucose amgar at 28°G, It was decided to

include colchicine in the medium over a consideﬁable range of
concentrations. Granted that hydrolysis of the colehicine was
not eliminated, it should have been possible by varying the

concentration from 1:2000 to saturation to cover the range of

possible effect of the alkaloid if sporulation could be induced

to occur quickly and at a fairly low temperature.

| A ﬁest series was run employing a range of 1:2000 to
1:200 using the three Zygosaccharomyces on the agar, Sporu-
lation was not inhibited. Colchicine was made up in water

solution in 2% concentration and sterilized by filtration
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The yeasts on Calecium carbonate-agar. ( se
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through a Seitz EK filter. The next several series were run
on the same agar to which three grams of solid calcium

carbonate had been added in an attempt to minimize the

“hydrolysis of the alkaloid. A4 typical series was set up as

follows

~Colechicine 2% Resulting dilution
in water ~Agar of colechicine
0.25 ¢ce 9,756 ce : 1:2000
0.5 ecc - 8.5 e¢c - 1:1000
1,0 co 9.0 ‘ce 1:500
2,0 e¢c 8.0 cec 1:250

Water control :
2.0 ¢cec 8.0 cec L meemee

Each plate was divided into three segments (see print) and was
inoculated with Zygosaccharomyces,x, 138, and 58. Growth of the
cells was not inhibited which is an added indication that
colchicine is without inhibitory effect on the budding of yeasts.
The calcium carbonate which coﬁtribﬁted a certain opacity to the
medium was found to héve been dissolved around‘each colony (see
print), The zone around X was larger than that around 138 and
68 because X grows faster than 138 or 58. It was postulated
that the calcium carbonate had been dissolved by an acid
diffusing from the colony as a product of metabolism. This was
proven by growing the organisms on agar containing (a) litmus,
and (b) bromthymolblue. The presence of a red zone around the
colony on the litmus agar plate, and a broad yellow zone on
the bromthymol blue agar plate indiecated the production of an
acid. Sporulation was not inhibited in any case above,

In pouring the plates the following procedure was

employed: The required amount of colchicine solution was put in



the platé and the melted agar (at about 4000) was pipetted in.
The colch101ne solution and the melted agar were well mixed by
rotatlng the Plate, and the mixture was codled qulckly° Since
the pH of the agar 1s very close to seven when calclum carbonate
is added and since the temperature of the agar falls rapidly
when admitted to the cold plate, hydrolysis of the colechicine
should be almost nil. |

It was now decided to ihyestigate the effect of a
~concentrated solution of‘thevalkaloid on sporuiation. 0.5 gm
of solid,colchicine was added to 10 cc'of the melted CaC0g - 30%
glucose agar at 40°C in a plate and‘the‘COlchicine waé disSolved
at least to the saturation point by rotating the plate in the
usual fashion. Some of the alkaloid remalned undissolved after
the agar had solidified. The plate was 1noculated with Zygo-
saccharomyces X and was incubated at 28°C. Buddingfwas not ”
inhibited, but spérulation was almost completely stopped.,
Parthenogenetic asci dld not make their .appearance in four days
whereas in the control cultures spores appeared formed by
parthenogenesis in two days. Only a few spores formed by
isogamy made their appearance, and the number of spores was

such as to suggest zygotes and not asci were formed., It is

o

true that the colchicine added in thls test was not sterile.
Four molds made thelr appearance after five days but the yeast
had by this time shown the desired affect A method of
pbreparing a sterile saturated solution of colchicine was
devised. 'It'was desired to eliminate Seitz filtration‘if
possible as Tiltration always ihtroduces the possibility of

change in concentration due to absorption by the filter pad.
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Colchicine was dissolved in 704 ethyl aleohol in = sterile

flask. The alcohol sterilized the colchicine and was
evaporated offkin'vaouo. Experiménts are still proceeding
émploying this technique to prepare concentrated sterile
solutions of the alkaloid and thelr subsequent use to deter-
mine the smallest concentratlon of colchicine just sufficient
to 1nh1b1t sporulation.

Two other methods of applicétion of the alkaloid %o
a study of sporulation were investigated. The first of these
procedures was carried out as follows: kagosaccharomyces X
was inoculatéd on'to 30% glucosébagar and mass inocula were
removed from the colonles at 24 and 48 hours to be transferred
to water agar (27 agar in water), and to 1:25Q colchicine in
water agar. The plates were incubated at 2890, Sborulation did
not appeaf on either plate in 26 days.

The second method involveérthe following: =a large
inoculum of a two day old;agar'cﬁlture of Zygosaccharomyces X
was removed from the plate as ébove and Was washed twice in 49
saline, The cellskwere finélly suspehded in 4% saline in the
controls, and 4% saline plus 1% colchicine in the tests. The .
suspenSions were incubated at 28OGe ‘Sporulation did not occur

in a month.

Summary of the Work on Sporulation of Zygosaccharomyces X.

It seems that colchicine is without effect on sporul-
ation of Zygosaccharomyces X over a range of coneentration of
the alkaloid from 1:2000 to 1:250. The evidence is however for

an inhibition of sporulation in concentrations of 1:100 to 4.5%



41

and this would seem to indicate that the phenomenon of
formationgof ascospores in this yeast is mitotic. It is noted
that a very great difference exists between the‘concentrations
of the alkaloid required to arrest the development of chick
embryo fibroblasts (1:25,000,000) and that required to check
the formation of spores in the Qeasts (1:100 to 4.58). It is
'alsd obvious that the yeast cell is a relatively uhdifferentiated
protoplasm compared to the chick embryo cell, The yeast scems
to be intermediate between those CeliS'which divide by true
amitosis, and those which divide by mitosis, Perhaps the
Zygosaccharomyces are not the best organisms to study in
respéctvtd the application of colehicine to a study of cecellular

chemistry.

Further Experimental with Suggestions for Future Work.

'In the light of the obser%ations of Steinberg and
kThom on the Aspergilli ( 31 ) and those of the above investigation
oh the Zygosaccharomyceo, it seems likely that other fungl might
~ have been better studied. In fact yeasts other than Zygosac-
charomyces X might have been studied to better advantage since
it is possible that the yeasts exhibit the variation in sus-
ceptibility to colchicine treamtment as did the Aspergilli studied
by Steinberg and Thom. A yeast which should provide an
interesting study would be Schizosaccharomyces 0ctosporus°

The physiological conditions for sporulation of Zygo-
saccharomyces X should be studied in more detail in an effort
to find condition where hydrolysis of colchicine would be

 minimal. Other compounds such as alpha;naphthyl—acetic acid



42
should be studied and their effect compafed to those~of
colchicine.k |

Richards (32) has reported that the alcohol con-
centratlons 1n Williams medium plus 1% colchicine rose to a
meximum six times the econtrol value. It is true that his
alcohol determinations did not allow for hydrolysis of the
alkaloid, but, as stated before, this high.eoncentration of
colehicine alone, The production of alcohol according to his

graphs starts before much sugar 1is used up, indicating the

~hydrolysis of colchicine with the appearance of methyl alcohol

in the medium. It Seems very likely that colchicine activates

one of the enzymes of the zymase_complex, and since a chain of

‘reactions can only go as fast as the slowest link, colchlcine

probably actlvates onie of the slowest enzyme reactions. At
1east it 1s logical to suppose that an 1nvest1gation of these
systems would be most profitable, Evidence was obtained from

a series of eyperlments that eolchicine has an effect‘on the
enzyme systems of yeast, 01d cultures of yeasts'Which had long
since stopped fermenting may be broughf back to actlve fer-
mentatlon ‘as evidenced by gas production through the 1nm®duction
of small quantities-of colchicine, It is obvious that excess
carbohydrate per31sts in the medium used (30% gluCOSe broth),
That the effect of colchicine is not merely due to a bossible

function as a Nltrogen source was proved by introducing known

excellent Nltrogen sources into o0ld cultures of the yeasts,

The N-sources used were ammonium sulphate, and ammonium tartrate,

~No effect was observed in either case. A series of experiments



was set up to try to learn more of‘the effect of colchicine
on fermen@:ation° It was proved that colchidine had no effect
on a sterile filtrate of an old'culture of'Zygosaccharomyces X,
Likewise it had no effect on a sterile filtrate plus old
washed dead cells (chloroform kllled) but ges was produced in
cases where sterile filtrate and washed 1live cells were used,
It appears that the method of killing the yeasts had something
to do with the observed affect. Chloroform treatment,altered
the permeability of the cell wall. |

| 'Since a yeastfgrowing>in a shallow liquid medium is
obtainlng oxygen both by respiration (molecular oxygen) end
fermentatlon (anaeroblc metabolism of carbohydrate) it was
decided to try to trace the effect of the alkaloid still
furtheb. Time did not‘allow‘a continuation of this work beyond
outlining a.methdd of attack and carrying out a few preliminary
ekperiments. Vit ie suggested however that tﬁese.experiments
mlght well be contlnued It was decided to 1nh1b1t fermentation
'w1th 1odoacet1c 801d and to study the effect of colchicine on
‘respiration in the'flrst instance, and to inhibit respiration
by growing the yeasts anaerobically to study fermentation alone
- in the second instanee. An apparatus,wes devised for a study
of alcohol production in the presence of colchicine under both
respiration and fermentation. Provision was made for passing
sterile air through the cultures in the presence of iodoacetic
ecid. Any alcohol produced was refluxed by a small condenser
run at 0°C to return to the culture. After ihcubation for
several days the'mixture was distilled using a small condenser.

One ce¢ of the distillate was collected and two ce of
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concentrated sulphuric acid were added. Then 0.1 N potassium
dichromatg was added until a permanent color was obtained. A
green color due to reduction of the dichromate showed the
presence of reducing substances. Trial experiments showed that
the test is sensitive to 1:5000 of ethyl alcohol in water. It
was found that 1:200,000 of iodoacetic acid was sufficient to
inhibit formation of volatile reducing substances under
conditions of aeration and in. the apparatus mentioned above.
This meant that less than 1:5000 of ethyl alcohol was produced
in the culture. The culture showed very heavy growth undef
ﬁhese conditions. The method of testing for reducing substances
is a modification of the quantitative procedure outlined by
Matiu Popesco ,and Popa.(37 ) for a micro determination of ethyl
and methyl aleohols iﬁ mixtures of the two. The gqualitative
Test was devised as a measure of the applicability of the
quantitative method to anykparticular determination. It is
~suggested that in a mixture containing golchicine;where the
effect of the alkaloid on the production of alcohol by TeS°‘
piration or by fermentation is being measured ,that the best
procedure would be to precipitate the colchicine with phos-
photungstic or phosphomolybdic acids. .After filtration the
filtrate would be distilled and an aliquot part of the distil-
late would be taken for analysis by the above procedure. 1In
this way the amount of ethyl aleohol produced by thevdesired
reaction could be determined separate from the methyl

alecohol resulting from hydrolysis of the colchicine.
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CONCLUSIONS

The work of Richards concerning the effect of
colchicine on the formation of the veast bud haﬁ been corro-
borated at least in parﬁ‘ Budding seems to be amitotic. Some
doubt is to be given to results obtained by the application of
the colchicine technique to the fungi in the light of the fact
of partial hydrolysis of the alkaloid.

An accurate method of obtaining rates of growth of
unicellular organisms by phototurbidometric methods has been
deﬁised° |

Evidence has been produced that colechicine in one
to 4.5% concentration has an inhibitory effect on sporulation
of certain members of the genus Zygosaccharonmyces.

A possible connecetion of the problem with the Cancer
Probiem has béen suggested and a mechanism of tumour genesis
has béen postulated. It is suggested that the production of a
tumour in situ by carcihogenic agents depends on the production
of a mutant in an exactly similar manner to the production of
a mutant by colchicine. Various lines of approach to the

problem are outlined,
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