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I N T R O D U C T I O N 

In 1901 LINIÏJER described a h i ther to unknown yeast species to 
which he gave the name of Torula pulcherrima. The specif ic name 
chosen for t h i s yeast was d i rec t ly connected with the fact that 
on examination of microscopical preparations of the organism sone-
times very beaut i ful p i c tu r e s were encountered. Under c e r t a i n 
conditions the whole field of the microscope was f i l l ed with large 
s t r i c t l y spher ica l c e l l s of quite uniform s ize , each containing 
a highly refract ive globule. LINDNER characterizes these globules 
correctly as consisting of "ein Amalgam von Pett und Plasma". 

The f i r s t invest igator a f te r LINDNER to study t h i s yeast was 
BEIJERINCK (1912) who describes tha t he could i so la t e the orga
nism - to which he gives the name Saccharomyces pulcherrimus — 
quite regularly from the stomach of bees and bumble-bees. He made 
some observations on the i n s t a b i l i t y of the globular ce l l forms, 
and i s i nc l ined to consider the change of these forms in to a 
generation of budding ce l l s of much smaller dimensions as a case 
of mutation. BEIJERINCK i s much impressed by the large s i ze of 
the o i l drops occurring in the globular generation, and introduces 
the indicat ion 'fat yeast ' for the organism. In 1916 BEIJERINCK 
emphasizes t h i s point of view, and discusses the p o s s i b i l i t y of 
applying the organism for indus t r ia l fat production. He f ina l ly 
re jec t s t h i s idea on ground of the pronounced mutabil i ty of the 
organism leading to the formation of the smaller ce l l type which 
does not produce fa t and for which he in t roduces the name of 
Saccharomyces pulcherrimus secundarius. 

In 1918 ffilJERINCK draws the a t tent ion to quite another pro
perty of h i s 'fat y e a s t ' , viz. i t s ab i l i t y to produce a dark red 
pigment on media containing some soluble iron s a l t . BEIJERINCK 
gives convincing evidence tha t t h i s pigment i s quite d i f fe ren t 
from that of the common red yeasts - the "Ttosahef en" of the German 
bacter iological l i t e r a t u r e - where the pigments are known to be 
typica l lipochromes. The nature of "the pulcherrimus-pigment i s , 
however, not elucidated, although BEIJERINCK suggests a re la t ion
ship with the anthocyanins. Final ly i t i s worth s t r e s s ing tha t 
according to BEIJERINCK also the property of pigment production 
i s not uniformly d i s t r i bu t ed over a l l c e l l s . Many of the c e l l s 
form perfectly colourless colonies also on iron-containing media, 
and BEIJERINCK concludes tha t the pigmented colonies are derived 
from a mutant form which, however, i s not a t a l l Ident ica l with 
the Saccharomyces pulcherrimus secundarius referred to above. A 
fur ther complication i s t ha t the pigmented mutant i s far from 
s t ab l e : i t eas i ly r eve r t s to the colour less main form. Final ly 
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somewhat older cu l tures of the mutant in question have a strong 
tendency of dying off. 

The preceding mâ r suf f ice to e s t ab l i sh the conviction tha t 
LINDNER'S Torula pulcherrima - which in accordance witf' the modern 
views on yeast taxonomy wil l henceforth be named Candida pul
cherrima - i s a yeast which i s fully en t i t l ed to be the subject 
of fu r the r study. In the f i r s t p lace the re i s the a b i l i t y to 
form under ce r t a in condi t ions la rge quan t i t i e s of some l i p i d : 
according to BEIJERINCK not seldom from 60-80% of the cel l volume 
i s occupied by t h i s substance. Secondly there i s the pronounced 
mutabili ty of the organism which may lead e i ther to BEIJERINCK's 
secundarius mutant, or to a qui te d i f f e ren t pigment-producing 
mutant. Finally there i s the dependency of the pigment formation 
on the presence of iron, at f i r s t sight suggesting that the pig
ment i t s e l f contains iron. At the time of BEIJERINCK's invest igat
ions the important ro le which haemln compounds play also in ve
getable c e l l s had not ye t been discovered, and, the re fo re , no 
a t t en t ion had been given to the p o s s i b i l i t y that the red ' i ron-
yeas ts ' might owe the i r colour to the presence of some "vegetable 
blood pigment' . 

All t h i s seems to jus t i fy a renewed investigation of the yeast 
in question, and of i t s remarkable pigment. 

I t i s t rue , tha t since BEIJERINCK Candida pulcherrima has been 
s tud ied by var ious o ther i n v e s t i g a t o r s . As such the names of 
PUNKARI and HENRICI (1.933. 1935), '.VINDISCH (1938, 1940), PORCHET 
(1938), CASTELLI (1940) and ROBERTS (1946a, 1946b) should be men
t ioned here. However, with due acknowledgement to the valuable 
contributions made by several of these authors, i t cannot be said 
t ha t they have succeeded in giving a c l ea r p i c tu re of Candida 
pulcherrima in i t s manifold manifestations. To the contrary, as 
wil l be se t forth a t various s tages in t h i s t h e s i s , several of 
t h e i r conclusions have in various respects enhanced the already 
ex i s t ing confusion. 

Since, moreover, in these l a t e r s tudies the nature of the red 
pigment has p r a c t i c a l l y been l e f t out of cons idera t ion , there 
seemed to be a l l reason to make another a t tack on the various 
mysteries which s t i l l enshroud Candida pulcherrima. 
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C h a p t e r I 

EARLIER OBSERVATIONS ON THE MORPHOLOGY OF 

CANDIDA PULCHERRIMA 

In this chapter a brief survey will be given of the work done 
by earlier investigators regarding the main morphological and 
cultural properties of the yeast presently known as Candida pul
cherrima. 

It should, however, be remarked that all observations dealing 
with the question of pigment production will be practically left 
out of consideration here. This particular point will be more 
acaply discussed in chapter IV. 

LINDNER'S original description of the yeast in question - «tiich 
appeared in 1901 - is very brief. He first states that he has 
encountered the yeast both in overripe plums, and in the excrem
ents of larvae found in apples. He then reports that the yeast 
formed in beer wort normal ellipsoidal, budding cells, but that 
after the fermentation was over, and under conditions of suffi
cient air supply, the cells increased in size, rounded off, wtiilst 
after some time large highly refractive globules were formed in 
the interior of the cells. If these cells were allowed to germ
inate in fresh wort, they were seen to throw off their outer 
membrane, and a new generation of small cells was formed. No 
ascpspore formation was observed by LINDNER. 

As has already incidentally been mentioned in the Introduction 
BEIJERINCK's views on the yeast in question differ rather marked
ly from those of its discoverer. Here a summary will be given of 
his observations, as reported in the three papers in which he 
refers to the organism (BEIJERINCK, 1912, 1916, 1918). Apparent
ly BEIJERINCK is more or less fascinated by those forms in which 
the fat globules give a characteristic aspect to the yeast, hence 
his Indication of the organism as the fat yeast'. BEIJERINCK re
ports that he regularly found the organism in the stomach of bees 
and bumble-bees, but he also isolated it from polishings of barley, 
from grapes and from the nectar of flowers, especially from those 
of Lamium species. There can scarcely be any doubt that the early 
recognition of the yeast in these materials was mainly based on 
the observation of the typical 'fat cells', usually indicated by 
him as 'pulc/ierrima-cells'. BEIJERINCK also observed that in
oculation of these cells in suitable fermentation media led to the 
formation of a yeast generation consisting of much smaller, 
ellipsoidal cells which did not contain.any fat. BEIJERINCK is 



inc l ined to consider t h i s change as a typical mutation, and he 
introduces the name secundarius mutant for t h i s new, in h i s eyes 
re jec tab le , form. 

This at f i r s t sight rather surprising conclusion must primari
ly be explained by the fact that BEIJERLINCK's f i r s t observations 
on the yeast were made at a time when he had centered his at tention 
on the wide occurence of the mutation phenomenon in the microbe 
world. Apparently BEIJERINCK ignored the p o s s i b i l i t y , already 
c lear ly indicated by the drawings In LINEWER's publication, that 
t h e pulcherrima-cells are merely l a t e n t forms ("Dauerzellen") 
which on being t r a n s f e r r e d in to fresh media j u s t lead to the 
'normal' c e l l s by germination. However, BEIJERINCK made a second 

observation which at leas t gives some further clue to his 'vision. 
He found, namely, that on d i rec t ly p la t ing the organism on sol id 
media, l ike wort ge la t in or agar - with probably very high sugar 
content - not a l l co lonies consis ted of the small e l l i p s o i d a l 
c e l l s , but that sometimes some of the colonies appeared to con
s i s t of la rge fa t -conta in ing c e l l s . Apparently these had been 
formed out of the pulcherrima-cells in the inoculant by budding, 
immediately followed by fat formation in the buds. 

Seen in t h i s l i gh t - the occurrence of two types of colonies 
af ter s treaking a pure cul ture on one and the same medium - the 
idea of mutation, or a t l eas t of ' d i s soc ia t ion ' , as t h i s pheno
menon has been called by l a t e r Invest igators , seems, indeed more 
or l ess jus t i f ied . However, the use of the name 'secundarius' for 
the form by far prevai l ing in a l l normal fermentation media does 
not seem for tunate , and only finds i t s explanation in the fact 
that BEIJERINCK was chiefly in te res ted in the ' fat c e l l s ' . 

Final ly i t should be remarked that BEIJERINCK s t a t e s c lear ly 
tha t h i s secundarius-form under c e r t a i n condi t ions not seldom 
rever ts to the pulcherrima-cells, and also that i t i s not a t a l l 
easy to maintain the l a t t e r form. 

The next authors who studied Candida pulcherrima were PUNKARI 
and HENRICI (1933) whose paper throws a c lear light on the great 
va r i ab i l i t y of the organism, as manifested by sector formation in 
giant colonies. Since in t h i s study - and also in a second paper 
(1935) - the question of pigment formation plays a preponderant 
r31e, these publications will not be discussed here in any de t a i l . 
However, i t should be mentioned that they also found a dissociat ion 
into a smooth and a rough form, the l a t t e r characterized by the 
formation of a pr imit ive mycelium. 

In her monograph on the anascorporogenous yeasts LODDER (1934) 
also gives a c lear descr ip t ion of the organism - c l a s s i f i e d by 
her as Torulopsis pulcherrima - in which, however, no personal 
observations on the occurrence of the typical pulcherrima-cells 
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are given. Some of the s t r a in s investigated showed a marked varia
b i l i t y ; these were brought to a new var ie ty : T.pulcherrima var. 
variabiI is. 

The next study i s that of PC«CHET (1938). The author isolated 
ten s t ra ins from various f ru i t s grown in Switzerland. She reports 
tha t s ix of these s t r a i n s conformed very well to LODDER's des
c r i p t i o n . The four other s t r a i n s showed, however, a markedly 
d i f f e r en t behaviour. In the f i r s t place a well d i f f e r e n t i a t e d 
pseudomycelium was formed. Secondly PORCHET describes - and gives 
photomicrographs of - round c e l l s formed at the end of elongated 
c e l l s . These terminal c e l l s she c a l l s conidia, and even casually 
compares them to basidiospores. Finally these four s t r a i n s were 
charac te r i zed by a typ ica l d i s soc i a t i on phenomenon leading to 
pigmented colonies with large round c e l l s containing o i l drops, 
Some other cor re la t ing differences in the proper t ies of the two 
forms are mentioned. Each of these forms may revert to the other. 

In 1938 V/INDISCH published a note which tended to revolutionize 
the then exis t ing views on the morphology and the taxonomie po
s i t i on of the organism. A yeast s t r a i n i so la ted by him had been 
i d e n t i f i e d by the Yeast Divis ion of the "Centraalbureau voor 
Schimmelcultures* a t Delft as Torulopsis pulcherrima. WINDISCH 
then showed in the f i r s t place tha t the organism could produce a 
profuse and typical pseudomycelium which banned i t from the genus 
Torulopsis. Much more s t a r t l i ng , however, was '.ÏINDISCH's claim of 
having observed ascospore formation. His description of t h i s phe
nomenon can be summarized as follows. 

In aged cu l tu res , in and on various media, the occurrence of 
l a r g e round c e l l s , cons t an t ly con ta in ing l a rge o i l g lobules , 
often occupying up to four-f i f ths of the ce l l volume, were noted, 
To many of these "Riesenzellen", the remnants of what he con
sidered to be ruptured asc i , were s t i l l a t tached. Often these 
' a sc i ' s t i l l contained a body which V/INDISCH regarded as asco

spore. Accompanying these giant cells were numerous representat ives 
of a smaller type, differ ing from the former by the i r a b i l i t y of 
rapid mult ipl icat ion by bud formation. On a s l ide cul ture made of 
the small -cel led generation which inc identa l ly was contaminated 
with a Penicillium-species he claimed to have witnessed copulation 
which was preceded by the formation of conjugation tubes. Through 
these tubes, migration of the nucleus of one of the c e l l s of a 
copula t ing p a i r might have taken p lace , leading to a nuclear 
fusion in the second c e l l . This c e l l functions as "Askogon" and 
by rounding off and increase In s i ze becomes a "Karpogon". In 
t h i s transformation also the included o i l globule increases in 
s i ze , whilst a s tout membrane i s formed. After eight days, the 
thick-walled "TCarpogon" formed a thin-walled attachment, or fragi le 
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ascus in which four ascospores developed. The thin-walled ascus 
was clearly separated from the "Karpogon" by the thick membrane 
of the latter. 

The ascus ruptured at the seat of attachment and liberated the 
ripe spores which, however, were reported to be irregular in shape. 
The spores increased in size and then sprouted. The author could 
not repeat these observations in slide cultures in the absence 
of the Penicillium contaminant. On SABOURAUD-agar, however, si
milar structures were noted. 

CASTELLI (1940) published a study on twenty three strains of 
Candida pulcherrima freshly isolated by him from musts, especially 
of the Chianti type. Of these strains twenty one answered quite 
satisfactorily to the standard description given by tODDER in 
1934. The two remaining strains differed amongst other by the more 
elongated cell form in malt extract, a more rapid gelatin lique
faction, and a stronger pigment production, CASTELLI was unable 
to obtain ascospore formation by any of his strains, and express
es doubt regarding V/INDISCH's results in this respect. 

Soon after this VrtNDISCH (1940) reported extensively on a con
tinuation of his studies. 

The two types primarily distinguished by PORCHET were consider
ed by WINDISCH to be successive phases in a lifê-cyclé. 

He found one type of colony to give weak concentric rings on 
the agar, at the periphery of which pseudomycelium occurred in 
abundance. The cells in these cases were elongate ovals and cor
responded to the description given by LODDER (1934). The second 
type distinguished itself in that the cells were predominantly 
spheroid. The colonies of this type, granular in appearance, were 
slow in development, and measured only a fraction of a millimetre. 
In aged colonies, giant cells with oil drops occurred. Attached 
to these cells remnants of membranes were often found. The oc
currence of these structures was always correlated with the pre
sence of small cells. Subcultures of these small cells on SABOURAUD-
agar displayed a tendency towards lipid formation, usually one 
globule per cell. The oil globule assumed an elongated form, and 
after some time, exerted a pressure on the cell wall. Under this 
strain the wall produced a protrusion which ensnared the one half 
of the oil drop. The protrusion was then partitioned from the 
mother cell. Due to the highly refractive oil globule, WINDISCH 
found it impossible to witness the actual 'spore formation', until 
the 'ascus' ruptured at the seat of attachment, and liberated the 
'gores' and protoplasmic debris. Intact 'asci' were only rarely 
observed. The author sought to explain all this by the supposition 
that the 'ascus' membrane was exceedingly fragile and sensitive. 
The "EPiplasma" surrounding the 'spores' was supposed to have a 
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tendency to swell, and the a t t rac t ion of water would then lead to 
a rupture of the fragile membrane, / ^a r t from th i s , the so-called 
' a s c i ' ripened with an astounding r ap id i t y , and consequently 
remained in tac t only for a short while. The ruptured 'asci ' rem
nants remained attached to the 'ascus mother c e l l s ' . I t should be 
remarked by the way tha t WINDISCH makes the s t a r t l i n g statement 
that these 'ascus mother c e l l s ' at the same time bear the character 
of "chlamydosporen" or "Gemmen", 

The 'ascus mother cell ' was also capable of bud formation, even 
whi ls t the 'ascus' was s t i l l a t tached. The daughter c e l l s de
tached themselves and normally multiplied by budding. Remarkably 
they could also develop into ' a s c i ' , the author reports to have 
noted s ingle c e l l s with v i s i b l e spore te t rades . 

A fusion of representat ives of haploid ce l l s derived from the 
ascospores, without the formation of conjugation tubes, was also 
claimed to have been seen. After fusion the l a rger of the two 
copulants sprouted, the d ip lo id bud detaching i t s e l f from the 
husks of the copulants . 

WINDISCH final ly proposed the following l i f e cycle: The 'asco
spores' give r i s e to a small-celled generation. Copulation then 
follows and the vegeta t ive form i s obtained, charac ter ized by 
c e l l s of normal dimensions and for which the pseudomycelium i s 
also r ep resen ta t ive . The vegeta t ive form gives r i s e to 'asci ' 
which again produce the smal l -ce l l ed haplophase. 

WINDISCH attempts to support his scheme by claiming that nuclear 
staining according to the WINGE-FEULGEN technique revealed a b i -
nucleate condition of the vegetative form. 

The German author extended his observations to Candida tro-
picalis Berkhout, and s t a t e s to have established the same pheno
mena for t h i s organism. 

As for the taxonomy of Candida pulcherrima, WINDISCH concludes 
in the f i r s t place that already the formation of abundant pseu
domycelium under certain conditions makes i t Impossible to retain 
the yeast in the genus Torulopsis, and he t r ans fe r s i t to the 
genus Candida Berkhout. Since t h i s generic name has also been 
accepted by l a t e r authors the co r r ec t s c i e n t i f i c name of the 
organism i s at present Candida pulcherrima (Lindner) Windisch. 

However, i t should be real ized that at the same time WINDISCH 
gives a new generic def ini t ion of Candida, quite different from 
that of Candida Berkhout as redefined by DIDDENS and LODDER (1939). 

On ground of his revolutionary observations the genus Candida 
amend. Windisch is an ascosporogenous genus. In t h i s respec t 
WINDISCH also refers to the early observations on Candida albicans 
made by VUILLEMIN and by OKABE who-in contrast to numerous other 
inves t iga tors - report to have observed ascospore formation for 
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t h i s organism. 'VINDISCH goes s t i l l further by denying tha t tlie 
family of the Candidaceae, to which the genus Candida i s brought, 
should belong to the Saccharomycetes. According to V'INDISCH the 
"Candidae^' differ from the l a t t e r amongst other by their mode of 
ascus formation, the occurrence of special 'ascus mother c e l l s ' , 
the presence of 'Tlpiplasma" in the asci , and the budding of the 
ascus-mother c e l l s . He i s inclined to accept a re la t ionship be
tween the "Candideae" and the Exoascaceae, amongst which he es
pec ia l ly mentions the genus Taphrina. 

In 1942 DIDDENS and LODDER published the second par t of the 
book "Die anaskosporogenen Hefen". In th i s book they maintained 
the genus Candida in the sense as proposed by them in 1939. On 
the other hand they agreed with WINDISCH'S view tha t , indeed, 
LODDER's acceptance in 1934 of the name Torulopsis pulcherrima 
(Berlese) Saccardo could not be maintained. '';ith a view to the 
pseudomycelium formation a t ransfer of the yeast to t he i r genus 
Candida was c lear ly indicated. 

ROBERTS in 1946 reported on a study made to check a possible 
r e l a t i o n s h i p between the Taphrinales and the t rue yeas t s . She 
pointed out that the haploid saprophytic phase of Taphrina deform
ans could be c lass i f ied as belonging to the genus Torulopsis, i f 
the c lass i f ica t ion of LODDER (1934) was employed. FSie then refers 
to WINDISCH'S claims that Torulopsis pulcherrima was capable of 
sporulation and heterogamous copulation, and that i t could occur 
in a binucleate s t a te . 

For her comparative study she chose Taphrina deformans as re 
presen ta t ive of the Taphrinales, and Torulopsis pulcherrima as 
representa t ive of the t rue yeas t s . 

ROBERTS found similar s t ructures in her cul tures , as were des
cr ibed by WINDISCH, but she was unable to observe the actual 
discharge of the ascospores from the 'asci ' , and the germination 
of the so-called ' spores ' . Although only s l igh t indicat ions for 
copulation could be found, the occurrence of conjugation tubes is 
claimed to have been noted. Thick-walled c e l l s , with pap i l l a t e 
prot rus ions , were a lso encountered in cu l tu res of Taphrina de
formans, and were regarded by the author also to be ascogenous 
s t ruc tu re s . Microscopical examination revealed tha t 90% of the 
pigmented cultures of Torulopsis pulcherrima contained the typical 
large thick-walled c e l l s ; in 65% of the cul tures daughter c e l l s 
were found to be attached to them. Of the non-pigmented cultures 
only 7% contained these pulcherrima-cells, whi ls t only 2% had 
daughter ce l l s attached. No such corre la t ions , however, could be 
found for Taphrina deformans. Contrary to WINDISCH, ROBERTS could 
not demonstrate the binucleate condition in ToruZopsis pulcherrima, 

ROBERTS granted a superf icial re la t ionship between Torulopsis 
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pulcherrima and the Taphrinales Imsed on cu l tu ra l s i m i l a r i t i e s , 
and on the phenomena regarded by her and WINDISCH as ascospore 
formation, but not on grounds of nuclear data. 

She thus concluded tha t WINDISCH's assumption of a natural 
re la t ionship between the mentioned organisms was incorrect. How
ever, she subscribed to WINDISCH'S claims regarding the ascospore 
formation for Torulopsis pulcherrima, thus just i fying i t s removal 
from the fungi imperfect!. Correctly ROBERTS maintained that a l 
ready the presence of pseudomycelium necessitated i t s removal from 
the Torulopsidoideae as formulated in 1934 by LODDER. At tha t time 
ROBERTS was unaware tha t a transfer of the species into the genus 
Candida had already been accepted in 1942 by DIDDENS and LOM)ER. 

Final ly i t should be added that LANGERON and LUTERAAN (1947) 
in the i r study on the application of staining techniques in yeast 
invest igations incidentally subject WINDISCH'S concepts to a severe 
c r i t i c i sm. For these authors the so-cal led asci are merely ce l l 
wall-remnants of puZc/jerrimo-cells which have died off. 

The above review wil l suffice to give the impression tha t the 
l a t e r s tudies on the l i f e -cyc le of Cjandida pulcherrima have led 
to a rather confused picture which contains several elements con
f l i c t ing with the observations of the ea r l i e r invest igators . 
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C h a p t e r II 

PERSONAL INVESTIGATIONS ON THE MORPHOLOGY OF 
CANDIDA PULCHERRIMA 

§ 1 Introductory remarks 
The main object of the present study has been an investigation 

of the remarkable pigment produced by Candida pulcherrima, and of 
the conditions determining i t s production. In consequence hereof 
the f i r s t step made has been a comparative t es t of al l s t r a ins of 
Candida pulcherrima present in the Delft col lect ion of the "Cen
t raa lbureau voor Schimmelcultures" on t h e i r pigment producing 
a b i l i t y . 

For de ta i l s regarding the way in which th is invest igat ion has 
been carr ied out the reader is referred to Chapter IV § 2. Here 
i t may suffice to s t a te that of the 12 s t r a i n s tes ted strain.Na 
35.2.8 was characterized by i t s exceptionally strong production 
of pigment. Hence t h i s s t r a in has been selected for further study, 
and a l l observations reported in t h i s thes i s refer to t h i s par
t i c u l a r s t r a i n , unless otherwise s ta ted. 

The s t r a i n had been received by the ^ent raa lbureau" in 1929 
from Dr K. RENEDEK of Leipzig, labeled as Cryptococcus interdigi-
talis Po l lacc i et Nannizzi. In 1926 the last-mentioned authors 
described th i s yeast species which they iso la ted from an in te r -
d i g i t a l affect ion of the hand of an I t a l i a n workman engaged in 
the wine industry . LODDER (1934) on studying the organism has 
i d e n t i f i e d i t with Torulopsis pulcherrima, whils t DIDDENS and 
LODDER (1942) confirmed th i s ident i f ica t ion, and brought the or
ganism to the species Cxindida pulcherrima (Lindner) Windisch. 

Whilst the problems connected with the pigment production will 
be discussed in the following chapters, a perusal of the ea r l i e r 
work on the morphological and c u l t u r a l c h a r a c t e r i s t i c s of the 
species - as reported in chapter I - made i t inevi table also to 
c o l l e c t some personal experience regarding t h i s aspect of the 
organism. 

In the following sections the observations made, and the con
clusions which can be derived from these, will be reported. Since 
the observations have been mainly r e s t r i c t e d to one p a r t i c u l a r 
s t ra in , i t is not claimed that they have led to a final descript
ion of the life-qycleof the species in i t s ful les t extent. 

16 



§ Z Cultural and morphological observations 
I t was indicated to submit the organism in question in the first 

place to the various t e s t s adopted by LODDER, and by DIMJENS and 
LOEDER, for t he i r standard descript ion. 

Thus,the cu l tu re was f i r s t inoculated in malt ex t rac t . Good 
growth, accompanied by a weak fermentation, occurred. After 36 
hours by far the majority of the c e l l s were ovoid, th i s being in 
agreement with LODDER's desc r ip t ion to which we refer for a l l 
further detaüs . Some ce l l s were united in a chain-like formation, 
suggesting a primitive pseudomycelium. In older cultures formation 
of a thin p e l l i c l e had occurred, whilst along the surface of the 
medium a ring had developed. Microscopical examination revealed, 
besides the normal c e l l s , a few giant c e l l s , 

In pla t ing the culture on malt agar a uniform type of colonies 
developed; white to cream-coloured, smooth, moist and glistening, 
Cells were more elongated ovals; in the vacuoles not seldom "Tanz-
körperchen" could be observed, 

Some of the c e l l s had at tained considerable larger dimensions, 
however, no round puicherr ima-cel ls of the type f i r s t described 
by LINDNER were encountered. In malt agar cu l tu res 4 to 5 days 
old there was unmistakable evidence of the presence of a rudiment
ary pseudomycelium. Noteworthy too were s t r u c t u r e s showing a 
s t r i k i n g s imi lar i ty with those described by PORCHET as "formes 
conidlennes" (See Pla te I Fig, 1). As has already been set forth 
by DIDDENS and LODDER (1942) the re i s , however, no reason to 
consider these oval c e l l s a t the top of one or more s t rongly 
elongated ce l l s to be conidia; i t seems much more logical to accept 
these s t ructures as a primitive beginning of a pseudomycelium. 

In order to t e s t the ab i l i t y to form pseudomycelium under more 
favourable conditions the current technique of s l ide-cu l tu res on 
potato agar was applied. Although a f te r 7 days pseudomycelium 
formation was only scanty, a ra ther c h a r a c t e r i s t i c growth had 
developed. As i s shown in P la te I Fig, 2 several large ovoid to 
round c e l l s were present which a l l contained one or two strongly 
ref rac t ive bodies which proved to consist of fat , or at l eas t of 
some material r ich in l i p id s . Here for the f i r s t time ce l l s were 
encountered reminiscent of LINDNER' s pulc/ ierr ima-cel ls , and of 
BEIJERINCK's ' fa t y e a s t ' . Yet i t must be acknowledged that they 
differed from these by the fact that the c e l l s were not perfectly 
sphe r i ca l , whi ls t the ' l i p i d globules ' were much smaller than 
those in the ce l l s pictured by these authors. 

In view of the reports by WINDISCH (1938, 1940) and by ROBERTS 
(1946a) on the occurrence of asci in Candida pulcherrima i t seemed 
most desirable to test the s t ra in under investigation also on those 
media which are recommended for ascospore formation in yeasts . 
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In the f i r s t place use was made of the gypsum block technique; 
a f t e r 14 days asci could not be found. Cells approximating the 
puZc/ierrima-type containing large o i l drops were abundant. 

A p repa i e t i on made from a 14 days old cu l tu re on a c a r r o t 
wedge offered a similar p ic ture , with the exception that several 
pseudomycelium uni ts were encountered, Asci again were absent, 

A 14 days old s l an t cul ture on V8-agar s imilarly contained a 
fa i r number of c e l l s reminiscent of the pulcherrima-type, whilst 
pseudomycelium was rather well,developed. 

On QOROEKOWA-agar the normal ce l l type dominated, again no asci 
were encountered. 

On summarizing the foregoing i t s t r i k e s tha t the four media 
most currently in use for inducing ascospore formation fa i led to 
reveal any i n d i c a t i o n s of the occurrence of s t r u c t u r e s which 
could be considered as asc i . 

Yet another attempt was made to bring about ascospore formation 
by t e s t i n g the acetate-medium as recent ly recommended for t h i s 
purpose by ADAMS (1949) in the case of bakers' yeast. This medium 
consis ts of 0.04% glucose, 0.14% anhydrous sodium acetate and 2% 
agar. The organism i s f i r s t c u l t i v a t e d in tomato j u i c e for 24 
hours at 30°C,, and the c e l l s collected by centrlfugation. After 
two washings with s t e r i l e water the sediment is evenly dis t r ibuted 
over a slant of the acetate medium and maintained at 25°C. for at 
leas t 7 days. On examining the cul ture af ter t h i s period i t app
eared that only very moderate development had taken place; no asci 
could be found in the microscopical preparation. 

Re-examination some two weeks l a t e r , however, revealed the 
presence of numerous large thick-walled ce l l s containing well-
developed oil globules. Most s t r ik ing was the fact that many cases 
were to be seen in which the l a rge c e l l s appeared in var ious 
s tages of the process of discarding t h e i r outer membranes. Not 
seldom ce l l s were found where t h i s membrane only remained attach
ed to the ce l l s ^t one spot. Also present were typical stalagmoid 
cel l forms which contained o i l globules. 

Since the demonstration of the occurrence of the t rue pulcher
rima-cells had not been successful - often large ce l l s with quite 
no t iceable fat contents were encountered, but they missed the 
regular shape so charac te r i s t i c for LINDNER's pic ture - i t seemed 
tenpting to bring the organism also on a medium especially s u i t 
able for fat formation. As such the medium which SIARKEY (1946) 
had used for t h i s purpose in h i s study on the yeast , at present 
known as Lipomyces starkeyi, was chosen. This medium contains 3% 
glucose, 0.01% yeast extract and 2% agar (pH=7), and therefore i s 
very poor in nitrogenous nut r ien ts . 

In these experiments, as before, a washed pre-culture in tomato 
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juice was used; the c e l l s again being evenly dis t r ibuted over the 
surface of the s lant . The cul tures were incubated at 25°C. After 
14 days growth was r a t h e r moderate. Microscopical examination, 
however, revealed a most pleasing p ic ture , which i s reproduced 
as frontispiece. Lipid formation had occurred in great abundance, 
and l a rge , round, th ick-wal led c e l l s of r a the r uniform shape, 
almost completely f i l l e d with o i l , were present in profusion, 

Most s t r ik ing was that many of these thick-walled ce l l s again 
showed the phenomenon of c a s t i n g off the outer membrane. All 
s t ages , from those in which the l a t t e r had j u s t commenced i t s 
detachment to the f ina l s tage in which the enveloping membrane 
remained attached only a t one point to the l iberated ce l l s , were 
to be seen, 

Appearing next to the thick-walled c e l l s containing the large 
l ip id bodies were smaller ce l l s of normal and even subnormal d i 
mensions, These c e l l s were more or l ess ovoid in shape. In teres t 
ing was that i t not infrequently appeared that these smaller ce l l s 
were ensnared by the empty husks \*ich had been shed by the giant 
c e l l s . Cases could regular ly be found where the discarded sacs 
contained one to two small c e l l s , especia l ly , if on making the 
microscopical preparation the ce l l mass was thoroughly suspended 
in the water drop. Less frequent were the cases where three to 
four - and even five - c e l l s were trapped in these membranous 
pouches. These s t ructures often showed a most s t r ik ing s imilar i ty 
to those described by V/INDISCH, and also by POJBERTS, as asc i . 
This i s i l l u s t r a t e d by P la te I f ig . 3 and 4, in which respect
ively two and three small c e l l s are shown to be entrapped, 

Several arguments can now be forwarded agains t the i n t e r 
p re ta t ion of the said s t ruc tu re s as asc i . In the f i r s t place i t 
was notable tha t nowhere in the preparation s t ruc tu res could be 
found which could be i n t e rp r e t ed as asci in an early stage of 
formation. Nowhere giant c e l l s were found which showed a budding, 
possibly leading to the formation of an ascus. To the contrary 
all s t ructures resembling asci had more or less the same dimensions 
as those of the ce l l s described by lÏÏNDISCH as 'ascus-mother ce l l ' 
("Karpogon"). Moreover, in none of these cases the cel l -wal l of 
the alleged asci was in tac t . I t i s c lear tha t t h i s s i tua t ion i s 
in perfect harmony with the view that t h i s ' ce l l ' i s nothing but 
a discarded outer membrane of the giant c e l l , and t h i s view was 
fully corroborated by the fact that in the preparations a l l grades 
of loosening of the outer membrane were encountered. 

All these observations favour the assumption that we have to 
regard the thick-walled giant c e l l s as res t ing stages in the de
velopment of the yeast, rest ing stages as have been found to occur 
in very diverse types of fungi, and which are generally indicated 
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as chlamydospores. Ftor t h i s type of c e l l s the process of cast ing 
off the outher membrane has often been described. Plate I f ig. 5 
gives for instance the reproduction of a wall tableau drawn by 
BEIJERINCK in 1387 in which the process in question i s c l ea r ly 
pictured as occurring in Mucor racemosas. P la te I fig. 6 shows a 
personal observation regarding the great s imi l a r i t y in the be
haviour of a chlamydospore of t h i s fungus with the phenomenon 
observed in Candida pulcherrima. 

However, in degrading the alleged' ascus s t ruc tures to chlamy
dospores to which a shedded e l a s t i c outer membrane has remained 
localJly attached, the necessity a r i ses to explain the presence of 
the small c e l l s within the open sacs. Tt then s t r i k e s t ha t the 
c e l l s in question do not at a l l resemble ascospores; there i s a 
lack in uniformity, and moreover they s t r i k i n g l y resemble the 
very numerous oval yeas t c e l l s which occur a l l over the p r e 
para t ion. Under these conditions i t seems quite acceptable t ha t 
the a l leged ascospores are j u s t normal vege ta t ive c e l l s i n c i 
dentally trapped in the open sacs with the i r e l a s t i c membranes. 

However, as set forth in chapter I, "/INDISCH has not flinched 
from «.dvancing the theory that the yeast in question i s charact
erized by two different types of 'ascus'-formation. According to 
t h i s .author the large c e l l s may also give r i s e to fat-containing 
daughter ce l l s which may be d i r ec t l y transformed into an ascus. 
I t i s t rue t ha t WINDISCH must have recourse to the remarkable 
hypothesis that next to the ascospores the c e l l s remain f i l l e d 
with .a "Epiplasma" and the large o i l drop. This drop in te r fe res 
with .the observation of the ascospores, but at a ce r ta in moment 
these c e l l s burst open, and WINDISCH describes how he observed 
ascospores in the discharging mixture of l ip id and "Epiplasma", 

I t has been carefully t r i ed to repeat these observations, but 
without success. I t was found that sometimes a s l ight pressure on 
the cover glass led to the rupture of the ce l l wall of a chlamy
dospore, allowing the protoplasmic debr i s and o i l globules to 
stream out of the rupture , as p ic tured by WINDISCH for h i s asci 
of the second type. In such cases the l iberated oi l globules were 
s tainable with Sudan I I I , but no spores were ever observed. 

•VINDISCH r e p o r t s t ha t most of h i s observat ions on which he 
based h i s theory of ascus formation were made in c u l t u r e s on 
SABOURAND-agar, I t seemed, therefore, desirable to study the or
ganism also on t h i s medium. Moreover, i t was decided to include 
also the par t i cu la r s t ra in used by '"INDISCH in the investigation. 

I t was, indeed, found that t)Oth s t r a ins formed also CKI.SABOURAUD-

agar chlaraydospores in great abundance, although always the major
i ty oü the ce l l s in the preparations was of the normal yeast type. 
Also 4n "ilNDISCH's s t r a in i t could easi ly be established that the 
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chlamydospores often shed the i r outer membranes, in Plate II fig. 
1 and 2 one can observe some early stages in th i s process. 

I t seems probable t h a t the shedding of the ou te r membrane 
should be considered as the first step in the resumption of active 
life by the chlamydospore. The l iberated cell will under favourable 
condi t ions show bud formation, herewith giving r i s e to another-
generation of normal vegeta t ive c e l l s , 

However, t h i s i s not the only way in which a chlamydospore 
returns to active l i f e ; in other cases a process may occur which 
can be described as germination. 

Remarkably i t was found tha t in a l a t e r stage of the cu l ture 
of the main s t r a in on SABOURAUD-agar several chlamydospores had 
spontaneously ended the i r period of dormancy by germination. This 
i s c lear ly to be seen in Pig, 3 and 4 of Plate I I , 

In P la te I I fig. 3 the outer membrane of the chlamydospore has 
a t one place been pierced by the ce l l which remains surrounded by 
the inner pa r t of the membrane. In t h i s pa r t i cu la r ce l l the pierced 
outer membrane i s s t i l l c lear ly v i s ib le adhering to the back par t 
of the c e l l . Here a typical dactylate ce l l form has resul ted which 
by some of the ea r l i e r authors may well have been interpreted as 
a conjugation tube. However, any indicat ion tha t conjugation ac
tual ly occurs was lacking in the preparat ions. 

P la te I I f ig . 4 gives very much the same pic ture , 
P la te I I f ig . 5 and 6 show fur ther stages of the germination 

process . Here the ce l l has a l ready grown out, and p r a c t i c a l l y 
lef t the outer membrane which i s s t i l l c lear ly to be seen at the 
pole opposite to the s i t e where germination s tar ted . 

I t i s obvious that the germinated chlamydospore soon s t a r t s to 
p ro l i f e r a t e by bud formation. This i s amply demonstrated by Pig. 
8, 9 and 11 of P l a t e I I which p e r t a i n to germinating chlamydo
spores which were observed in a two months old p la te culture on a 
b iot in deficient medium used in connection with the invest igation 
by CUTTS and RAINBOW (1950), for which the reader i s referred to 
Chapter IX. 

P la t e I I f ig . 7 i s in so far remarkable as i t provides docu
mentation for the germination of a chlajnydospore of the red mutant 
of the yeast . P la te I I f ig. 8 and 9 show tha t bud formation may 
already occur in very ear ly phases of the germination process. 
P l a t e IT f ig . 10 and 11 show tha t the empty outer membrane may 
remain a t tached to the germinating chlamydospore even in the 
stage tha t the l a t t e r has already at ta ined the normal yeast form. 

§ 3 Discussion 
On summarizing the foregoing observations and considerations, 

the conclusion seems warranted, t ha t the theory put forward by 
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'VINDISCH (1938, 1940), and supported by ROBERTS (1946a), accord
ing to which Candida pulcherrima should be considered to be an 
ascomycete, has to be re jec ted . 

In s tead hereof the following desc r ip t ion of morphological 
changes, as pictured in the diagram reproduced in Fig. 1, may be 
t en t a t i ve ly proposed. 

Fig. I. The proposed life cycle for Candida pulch.errima 

The oval to round vegeta t ive c e l l s as present in young cul
tures in well-balanced media containing a sui table sugar and the 
necessary nitrogenous compounds - protein building stones - occur 
e i the r singly or in pseudomycelial formations. These c e l l s mul
t ip ly by a normal budding process as long as the nu t r i t iona l con
d i t i o n s remain favourable. As soon as ce r t a in n u t r i e n t s become 
de f i c i en t , or metabolic products accumulate in the medium, the 
budding process slackens. Under aerobic condit ions, and i f car
bohydrates are not yet completely exhausted, there i s a tendency 
for the ce l l population to assume a more spherical shape, whilst 
l i p id s are formed in abundance in the ce l l s . Both these c e l l s and 
the l i p i d globules increase in s i z e , thus giving r i s e to the 
typical pu/cherrima-celIs of LINOMER and BEIJERINCK. Under cer tain 
conditions a thickening of the ce l l wall takes place, ult imately 
leading to the formation of the typical chlamydospores. Usually 
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a period of dormancy se ts in, during which the chlamydospores 
apparently may maintain themselves a t the expense of the high 
energy reserve nu t r i en t : the l i p i d drop. When condit ions again 
become favourable for active growth the r ipe chlamydospores either 
shed the i r outer membranes, and multiply by budding, or a process 
of germination se t s in, in which the cell p ierces the outer mem
brane, sometimes forming dactylated s t ruc tures , irtiich ul t imately 
also give r i s e to the normal vegetat ive forms by budding. These 
b las tospores may remain uni ted in c h a i n - l i k e s t r u c t u r e s , thus 
forming a pseudomycelium. 

However, the general p i c t u r e as given above, i s c l e a r l y in 
want of some supplementation. I t seems apt to remind here of the 
observat ions made by BEIJERINCK, as re fer red to in chapter I , 
I t wil l be c lea r tha t the form indicated by t h i s author as the 
secundarius mutant i s considered in the foregoing as the main 
normal form of the organism in question. However, i t i s not per
missible to neglect ffilJERINCK's primary observation tha t on one 
and the same p la te of malt agar or malt gela t in he obtained both 
colonies of h i s secundarius type and of irtiat he ca l l s pulcherrima 
c e l l s , which in the foregoing have been considered as the p re 
curso r s of the chlanordospores. Although with the s t r a i n under 
inves t iga t ion i t has never been poss ible to repeat these obser
va t ions , one cannot escape the conclusion tha t in BEIJERINCK's 
case there must have been some dissocia t ion between colonies in 
which the normal c e l l s maintained themselves, and o thers which 
were charac te r ized by a predominant formation of pulcherrima-
cells, Moreover, s ince BEIJERINCK repor t s tha t he was able to 
maintain a t l e a s t t o a c e r t a i n extent t h i s puic/ierriroa-gener-
a t l o n - h e admits that reversion to h i s secundarius type frequently 
occurs - one i s more or l e s s compelled to conclude tha t there 
must a lso be conditions under which puic/ierrima-cells show pro
l i f e r a t i on by budding, leading to young c e l l s also characterized 
by the presence of large o i l globules which gradually increase in 
size, thus giving r i s e to new pulc/ierrima-cells. 
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C h a p t e r III 

S«ME REMARKS ON THE OCCURENCE OF 

CHLAMYDOSPORES IN YEASTS 

§ 1 Introductory remarks 
As appears from the previous chapter typ ica l chlamydospores 

are not seldom encountered in Candida pulcherrima. In t h i s res 
pect i t should be reminded tha t even WINDISCH does not re f ra in 
from occasional ly ind ica t ing h i s 'ascus-mother c e l l s ' by t h i s 
name. The occurrence of chlamydospores in the yeast in question 
has also been clear ly recognized by LANGERON and LUTERAAN (1947, 
1949). 

I t should be added a t once that more or less casual references 
t o the occurrence of chlamydospores in other yeast species are 
frequently found In l i t e r a t u r e . 

Already in 1899 DAIREUVA gave a c lear description of chlamydo
spores in Candida albicans, and t h i s observation was confirmed in 
the same year by VUILLEMIN. Since then several other.authors have 
made the same observation, so for instance LANGERON and TALICE in 
1932. 

For Candida mortifera, a yeas t l a t e r i den t i f i ed as Candida 
pseudotropicalis, REDAELLI (1925) r e p o r t s the occurrence of 
chlamydospores. CARNEVALE-RICCI (1926) did the same for Toruiopsis 
tonsillae (Candida pelliculosa). Analogous reports were made by 
POLLACCI and NANNIZZI (1928) for Monilia fioccoi (Candida parap-
silosis), and by REDAELLI and CIFERRI (1934) for Biastodendrion 
flareri (Candida intermedia). 

Outside the genus Candida, MOORE (1935) described chlamydo
spores in the yeast Uemispora coremiformis ( Trichosporon cuta-
neum). 

In view of these references the question a r i s e s whether the 
a b i l i t y to form chlamydospores i s a general property of la rge , 
more or l e s s well-defined, groups of yeas t s , and if so, whether 
the occurrence of t h i s c h a r a c t e r i s t i c c e l l form has any s i gn i 
ficance from a taxonomie standpoint . 

The f i r s t par t of the question cannot be answered on the basis 
of the avai lable data. However, i t seems cer ta in tha t i t i s im
permiss ib le to conclude to the absence of a chlamydospore pro
ducing a b i l i t y in cer ta in species, merely because un t i l now such 
spores have not yet been encountered. 

I t should be rea l ized that a systematic invest igat ion in t h i s 
direct ion has never been made, simply because the conditions which 
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determine chlamydospore formation in fungi, and more par t icu lar ly 
in yeasts , are not at a l l , or only very imperfectly known, 

This leads to the question whether an attempt to col lec t these 
data may be deemed worth-while. 

In t h i s respect the statement of DIDDENS and LODDER (1942, p. 
241); "Jedenfa l l s kann der Chlamydosporenbildung kein grosser 
systematischer 'flert beigelegt werden" i s ce r t a in ly not encour
aging. 

Now i t must be acknowledged tha t t h i s statement i s in so far 
quite j u s t i f i e d tha t the occurrence of chlaraydospores may under 
present conditions not be considered to be specif ic for the genus 
Candida. For the said authors have incontestably establ ished the 
occurrence of chlamydospores a lso in an ascosporeforming yeast , 
namely Saccharomyces fragilis, the p e r f e c t s tage of Candida 
pseudotropicalis. 

On the other hand, however, LANGERON and LUTERAAN have in two 
ra ther recent papers (1947, 1949) again drawn a t t en t ion to the 
chlamydospores as a c h a r a c t e r i s t i c worthy of cons idera t ion in 
yeas t d e s c r i p t i o n . They po in t out t h a t the chlamydospore has 
par t i cu la r a f f i n i t i e s for cer ta in dyes. This i s c lear ly evidenced 
by the fact t ha t the chlamydospore - in cont ras t to the normal 
vegetative yeast cel l - shows a marked degree of acid-fastness on 
staining, a property which remarkably i s shared by the ascospores, 
This even leads the French authors t o the statement t h a t asco
spores can be considered as functional chlamydospores. 

Such a dictum throws, of course, a new l igh t on the poss ible 
b io logica l s t a t u s of the chlamydospores, and i t i s tempting to 
conclude tha t a further inves t iga t ion of the condit ions deter
mining the formation of chlamydospores, toge ther with a more 
systematic search for these s t ruc tu res in the yeast domain, may 
well y ie ld In te res t ing r e s u l t s . 

§ Z Personal observat ions on the occurrence of chlamydospores 
In the previous chapter i t has been s t ressed that pa r t i cu l a r 

SFARKEY' s medium for fat production was very favourable for the 
induction of chlamydospore formation in Candida pulcherrima, an 
observation which was repeadtedly confirmed. 

I t was then decided to check on these spores LANGERON and 
LUTERAAN's statement tha t chlamydospores are character ized by a 
high degree of ac id- fas tness . 

Flame-fixed prepara t ions were steamed for f ive minutes with 
ZIEHL-NEELSEN carbol fuchsin, and then decolorized for th ree to 
five minutes with acid alcohol (97% alcohol, 3% cone. HCl). The 
chlamydospores contrasted beaut i ful ly by t h e i r red to red-black 
colour with the colourless vegetative c e l l s (Fig. 12 of Plate I I ) . 
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The next step was to t e s t the s u i t a b i l i t y of STARKEY's medium 
for chlamydospore formation in some other yeast species belonging 
to divergent genera. 

Candida rvukaufii, Torulopsis diffluens and Debaryomyces han-
senii were chosen as such. These organisms were cu l t iva ted for 
24 hours in tomato ju ice . Growth was collected by centrlfugation, 
washed twice with s t e r i l e water and t r ans f e r r ed to s l a n t s of 
STARKEY medium. These cu l tu res were maintained at 25°C. for two 
weeks. 

Microscopical examination of the culture of Torulopsis difflu
ens revealed many thick-walled c e l l s . Some of these, as i s shown 
in P la t e I I I f ig. 1, had detached t h e i r outer membranes to form 
husks similar to those observed for Candida pulcherrima under the 
same circumstances. Other cases were noted in which germination 
of a chlamydospore was evident, as i s shown in P la te I I I f ig. 2, 
Flame fixed prepara t ions were s ta ined with carbol fuchsin, and 
subsequently t rea ted with alcohol containing 3% HCl, The chlamy-
d o ^ o r e s retained the dye quite convincingly, 

The c u l t u r e of Candida reukaufii gave a r a t h e r d i f f e r e n t 
microscopical p i c tu re . Typical was the marked tendency to form 
pseudomycelium with la rge , terminal or in t e rca la r , thick-walled 
c e l l s of spherical or stalagmoid form (cf, P la te I I I figs, 3 and 4). 
These th ick-wal led c e l l s r ead i ly s p l i t t h e i r outer membranes 
allowing the encysted c e l l s to emerge from the remnants. Typical 
for these large c e l l s again was the i r marked degree of acid-fast
ness, 

In the case of Debaryomyces hansenii microscopical examination 
revealed a tendency towards fat production in most c e l l s . Further 
present were numerous larger thick-walled ce l l s (Plate I I I fig, 5\ 
several of which had again detached the i r outer membraned (Plate 
I I I f ig, 6) , Acid-fast s t ruc tures were readi ly demonstrated ac
cording to the ZIEHL-NEELSEN technique (Pla te I I I f ig . 7 ) . No 
t rue asci were encountered in e i the r v i t a l or s ta ined prepara
t ions . 

The demonstration of chlamydospore production in the three 
organisms mentioned - more or l e s s selected at random - offers 
t ang ib le support for the need of a de ta i l ed inves t iga t ion into 
the occurrence of, and the condit ions most favourable for, the 
formation of these spores. 

The supe r f i c i a l survey of the l i t e r a t u r e , as given in § 1, 
indicates that these s t ruc tures have in the past most frequently 
been encountered in the genus Candida. The fac t , however, tha t 
chlamydospore formation could be demonstrated in the ease of 
Torulopsis diffluens c rea tes the Impression tha t these s t ructures 
may be encountered in the cases of many other asporogenous yeasts . 
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The demonstration of chlamydospores in the case of Debaryomyces 
hansenii, and the fact that DIDDENS and LODDER (1942) encountered 
chlamydospores in a c u l t u r e of Saccharomyces fragilis o f f e r s 
suff icient evidence that - contrary to what LANGERON and LUTERAAN 
(1949) presumed-chlamydospore formation may also occur in sporo-
genous yeas ts . 

A f i r s t condition for a thorough inves t igat ion into the d i s 
t r i b u t i o n of chlamydospores in yeas t s , i s , of course, the e la 
boration of methods suitable for the induction and demonstration 
of these s t r u c t u r e s . Media such as BENHAM' s corn meal agar and 
pota to infusion or po ta to agar have been recommended for t h i s 
purpose, espec ia l ly in the case of Candida albicans. The medium 
of STARKEY used in t h i s study has the advantage of having given 
reproducible resu l t s for four divergent yeast species, and there
fore recommends i t s e l f for further application. 

We find here a confirmation of LANGERON and LUTERAAN's conclu
sion tha t condit ions which favour l i p i d production also seem to 
be su i tab le for the induction of chlamydospore formation. I t has 
t o be admitted t ha t at present methods for t h i s induction are 
mainly empirical, but the same also holds for the methods gener
a l ly in use for ascospore formation. 

The marked degree of ac id- fas tness and the thick ce l l walls, 
the outer pa r t of which under c e r t a i n condi t ions may be shed, 
offer easi ly recognizable characters for the establishment of the 
occurrence of chlamydospores. 

Altogether the conclusion seems warranted t ha t the chlamydo
spore i s not merely an old vege ta t ive c e l l charac te r ized by a 
thickened c e l l wal l , but a well devised r e s t i n g s tage in the 
l i f e - cyc le of the organism. 

§ 3 Suggested s ign i f i cance of chlamydospores for the patho
genic i ty of yeas t s 

Candida albicans i s the first yeast species in which the occur
rence of chlamydospores was es tab l i shed with ce r t a in ty . I t i s , 
curiously enough, also the yeast which is most frequently encoun
tered as an in fec t ive agent in af fec t ions of the mouth, lungs, 
vagina, skin and n a i l s and a l so in systemic " m o n i l i a s i s " . As 
appears amongst o ther from Chapter I I Candida pulcherrima can 
a l so occur in such i n f e c t i o n s . 

Other members of t h i s genus, however, such as Candida krusei, 
Candida tropicalis, Candida pseudotropicalis, Candida guillermon-
dii, Candida pelliculosa and Candida parapsilosis have also been 
isola ted from pathological conditions of the lung. The remarkable 
feature i s t h a t for many of these yeas t s also the occurrence of 
chlamydospores has been proved, and for the others such an occur-
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rence must be deemed very probable. 
It is of topical interest that in recent years as a result of 

treatment of human patients with the more recently discovered 
antibiotics, cases of "bronchomoniliasis" and of "moniliasis" of 
other organs have become much more frequent, and here again as a 
rule Candida albicans is found. 

All this suggests a connection between pathogenicity of yeasts 
and their ability to form chlamydospores. The production of chla
mydospores might provide the invading yeasts with a natural de
fence against the forces of the "milieu interieur" of the invaded 
host. 

The following considerations seem to have a bea,ring on the 
subject. CASTELLANI (1905, 1910) was the first to make a thorough 
study of "bronchomoniliasis" and other bronchomycoses, and it 
cannot be denied that in some of his cases, especially the more 
serious ones, the clinical picture showed a great resemblance to 
pulmonary tuberculosis. Later on, PIJPER (1916, 1924) in rather 
extensive studies on "bronchomoniliasis" and A/oniiia-fungi in 
sputum gave photomicrographs of sputum which inter alia show 
structural elements, now identifiable with chlamydospores. 

The question thus arises whether it is merely fortuitous that 
the two types of micro-organisms which cause similar pulmonary 
affections, Mycobacterium tuberculosis and the various Candida 
species from lungs, have one remarkable and rather rare property 
in common, namely the formation of acid-fast elements. 

It happens frequently that yeasts, either alone, or in combin
ation with acid-fast bacteria, are isolated from patients suffer
ing from or suspected of pulmonary tuberculosis. This had led 
REFWSTIERNA (1912) to his original and bold idea that the acid-
fast bacilli of KOCH are "merely fragments or evolutionary forms 
of lower, probably quite common place, in nature occurring fungi, 
which at one time far back in the past entered and at times still 
enter the human organism " (REENSTIERNA, 1936). 

This idea has found supporters in Sweden. HOLLSTRÖM in 1943 
presented a report of a detailed study in which he claims to prove 
the correctness of the earlier views of REENSTTF31NA, and also those 
of GULLBERfi of 1938. The main argument of HOLLSTRÖM is the find
ing of acid-fast cells in pure cultures of Monilia pinoyi (pro
bably Candida albicans), which yeast he had isolated from patients 
suffering from or suspected of pulmonary tuberculosis. It must be 
pointed out that HOLLSTRÖM also observed the presence of double-
contoured cells in stained sections of the brains of experiment
ally infected animals. This finding, in combination with the re
cognized acid-fast nature of these elements strongly suggests 
that the cells obsei-ved were merely the chlamydospores so often 
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present in in vitro cultures of Candida albicans. 
There is therefore every reason to reject the views of the 

Swedish authors about heterogenesis from a yeast to a tubercle 
bacillus. But it seems worth while to consider whether the higher 
degree of natural resistance which might well go with acid-fast
ness has not something to do with the prolonged existence and in-
fectiveness of both yeasts and tubercle bacilli in lungs. It is 
their one common characteristic and both microbes are found under 
similar pathological conditions, either separately or together. 
It must be left to further investigations to provide an answer to 
this question. 



c h a p t e r IV 

THE ISOLATION AND MAINTENANCE OF A RED MUTANT 

§ 1 Survey of e a r l i e r i n v e s t i g a t i o n s 
In Chapter I a survey has been given of the e a r l i e r obser

vations on the morphology of Candida pulcherrima. In th i s survey 
no mention has been made of one of the proper t ies which i s r e s 
ponsible for a great par t of the i n t e r e s t which t h i s yeast has 
aroused in l a t e r years . Herewith reference i s made to the fact 
that under ce r ta in conditions c e l l s can be encountered which are 
characterized by the production of a red pigment, and which may 
ultimately lead to a deep red coloration of the yeast colony. 

The f i r s t author who mentions the faculty of Candida pulcher
rima to produce a red pigment i s LINHVER who in 1915 - fourteen 
years after h is f i r s t description of the yeast - casually remarks 
that "rot l ich gefSrbte Koloniën" may occur. 

In the same year GROSBffSCH (1915) made a ser ies of observations 
on the pigment production by a yeast named by him Torula rubifa-
ciens, but which has been ident i f ied by l a t e r authors with Can
dida pulcherrima. GROSBÜSCH noted t ha t h i s i s o l a t e s , obtained 
from apple rinds, produced a red to maroon seemingly water soluble 
pigment on various l iquid and solid media. He used many divergent 
media, part ly of a very complex nature. To a medium consisting of 
sugar, ammonium phosphate and some t a r t a r i c acid he added apple 
must and malt ex t rac t . But also yeast water glucose, wort, milk 
and grape- and apple musts were used. Solid media were prepared 
by the addition of gelat in to the above, while potato- and apple 
wedges were also used. In l iqu id cul ture the pigment was e i the r 
retained in the sediment or in the pe l l i c l e , but i t could also be 
dispersed in the medium. On solid media the pigment was similarly 
e i t h e r re ta ined in the colonies , or diffused in to the ge la t in . 
As far as l iquid media were concerned, i t was found that pigment
ation was more s t r i k i n g in complex semi-synthetic media than in 
yeas t water glucose. Further observat ions led him to conclude 
that pigmentation was dependent on four factors . (fflOSBU'sCH con
sidered the nature of the carbohydrate source to be of primary 
irrportance. '.Vith arabinose, raff inose, maltose, lactose and ga
lac tose be t t e r pigmentation was obtained than with saccharose, 
which on i t s turn was preferable to glucose or fructose. Secondly, 
an increase in sugar concentration above 2.5% depressed pigment
ation progressively in the case of saccharose. The th i rd factor, 
according to GROSBÜSCH, was the s t e r i l i z a t i o n time, which was 
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inversely proportional to the intensity of pigmentation. Lastly 
he mentions the degree of acidity. He found that the addition of 
tartaric acid - except in very small quantities - was unfavourable 
for pigmentation. 

(HOSHJSCH offers the following partial explanation of his ob
servations. Sugars which can not be fermented afforded the best 
pigmentation. Sterilization invariably leads to hydrolysis, and 
the ensuing formation of fermentable sugar leads to the production 
of large quantities of carbon dioxide and ethanol which depress 
pigmentation. Light was without any influende on the production of 
pigment. Whether or not the presence of oxygen was essential for 
pigmentation he was unable to give a definite opinion on. 

BEIJERINCK's classical study in 1918 of Caruiida pulcherrima 
revealed a quite new aspect of the problem of pigment production. 
He established that Candida pulcherrima owed its pigment to the 
presence of iron salts in the medium. Moreover, he found that the 
dependency of pigment production on iron was shared, although to 
a much smaller degree, by various other yeasts normally occurring 
in milk and cheese. BEIJERINCK then developed a medium facilitat
ing the identification of his Saccharomyces pulcherrimus by adding 
a sufficient amount of an iron salt to a 2% glucose malt agar. Oa 
this medium not seldom typically pigmented colonies developed. 
Since the organism was an avid monose fermenter, it could readily 
be distinguished from the vulgar non-fermentative red yeasts 
which owe their colour to the presence of lipochrome pigments. 

BEIJERINCK still made a second important observation. He cul
tivated the yeast on an agar medium to which no extra iron add
ition had been made, and after colourless growth had occurred he 
made some soluble ferric salt diffuse into the medium. In the 
diffusion zone not only the colonies turned red, but pigment was 
also produced in the agar medium at some distance from the colo
nies, BEIJERINCK concluded from this observation that the yeast 
secreted some colourless precursor ("chromogène Incolore") which 
reacts with iron to give the pigment. However, BEIJERINCK also 
noted that, if the plate was partially covered by a cover slip, 
no pigment was produced under the cover slip. He interprets this 
result by accepting that besides the precursor and the iron also 
free oxygen is indispensable for pigment production. 

BEIJERINCK supports his theory of pigment formation by the de
monstration that on media with a low iron concentration the pre
cursor is formed in excess to the iron available in the immediate 
vicinity of the cells, so that pigment production only occurs in 
the medium surrounding the colonies. If more iron is available in 
the medium, the conversion of the precursor into the pigment al-
reatty takes place in the cells themselves. 
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3EIJERINCK stresses the instability of the property of pigment 
production: upon plating a pigmented colony on a malt medium with 
a suitable iron content, besides colonies which are more or less 
strongly pigmented, always also perfectly white colonies will de
velop. BEIJERINCK considered the pigmented type to be a mutant, 
since it was by far the less stable of the two, and it could only 
be maintained by frequent subculturing. Thus when an aged red 
culture was plated on an agar medium containing sufficient iron, 
the majority of the colonies pj-oved to be white. BEIJERINCK was 
inclined to explain this reversion to the stable non-pigmented 
form, by the assumption that strongly pigmented cells soon became 
non-viable due to the fact that during pigmentation lethal iron 
concentrations had accumulated in these cells. 

He states explicitly that the mutation into the red type was 
not at all linked with the earlier described differentiation into 
the fat-forming and his so-called securuiarius-type. Both types 
were able to yield red forms. 

Fifteen years later, in 1933 PUNKARI and HETJRICI again took up 
the study of the colour variations occurring in cultures of Can
dida pulcherrima. For their investigations they chose a subculture 
of GROSWJsai's original strain of Torula rubifaciens which they 
found to be identical with Torula pulcherrima. They were of the 
opinion that the variations in Torula pulcherrima were of the same 
nature as those exhibited by many bacteria. Like BEIJERINCK, they 
considered the organism particularly favourable for the study of 
microbic variation due to the fact that single cell-cultures were 
easily obtainable, the colour variations striking and sexual re
production excluded. Their choice in media fell on a 5% glucose 
peptone agar, to which they did not add iron, despite the fact 
that they were acquainted with ffilJERINCK's paper. 

Four single-cell isolates were made and these cultivated into 
four giant colonies. Tliese giant colonies gave rise to the occurr
ence of red mutants. Partly these appeared at irregular spots or 
in rings in the colonies, sometimes typical red sectors or lobes 
were formed. A second generation was cultivated by making fresh 
single cell cultures from different areas of the four giant colo
nies of the first generation. This process was repeated until four 
generations had been obtained, the investigators having studied 
the individual characteristics of three-score giant colonies. From 
their observations they conclude that neither sexual reproduction, 
nor life-cycles were responsible for the observed variations. Bi 
short they were unable to state for fundamental cause for the 
transformations. 

The dissociative variations could be split into two types, i.e. 
red and white, next to rough and smooth. These four characterist-
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i c s could occur independently of one another. Red-smooth, red-
rough and white-smooth occurred frequently, but in no case was 
white-rough encountered. The rough-red forms were always associ
ated with the tendency to form rudimentary mycelium. The authors 
ascribe the i r fa i lure to es tabl i sh the cause for these at random 
occurring transformations to two fac ts , viz., to the a r t i f i c i a l 
select ion which had been pract ised during the en t i re duration of 
the i r invest igat ion, and secondly to the fact that the degree of 
mutability of the giant colonies increased with age. 

Two years after the i r f i r s t publication PUNKARI and HENRICI in 
1935 gave a second account of the spontaneous var ia t ions of Torula 
pulcherrima. They had continued t h e i r observa t ions through a 
further six generations, although the paper deal t only with the 
progeny of one of the co lonies from the fourth generat ion of 
t h e i r f i r s t study. Having abandoned the s ingle ce l l technique, 
they now resor ted to mass t r a n s f e r s , while for the r e s t , the 
technique remained e s s e n t i a l l y the same. Their study was in
s t ruc t ive in so fas as tha t they discovered what they concluded 
to be the fourth variant , i.e., ^ i t e - rough , and further that the 
transformations of white into red occurred in the young c e l l s at 
the periphery of the colony, while the reverse took place in aged 
ce l l s towards the centre of the colony. Like BEIJERINCK they found 
tha t the red form was the l e s s s t ab le of the two, and they ex
pressed t h e i r d i s b e l i e f tha t the red form could be s t a b i l i z e d 
indef in i te ly . 

PORCHET in 1938 in a comparative study of ten s t r a i n s of To
rulopsis pulcherrimus, i so l a t ed from Swiss f ru i t , applied p ig
mentation as one of the charac te r i s t i c propert ies . The media used 
consisted of f r u i t ju ices , f ru i t j u i ce -ge l a t i n with and without 
addition of peptone, yeast water with various sugars, and GOROD-
KOWA-agar. On f ru i t j u i c e - g e l a t i n and GORODKOWA-agar red, rose-
white and bi-coloured colonies having mat or gl is tening surfaces, 
were noted. In l iquid cu l tures , a p e l l i c l e was formed and l a t e r 
a sediment. In some cases the p e l l i c l e was fragi le and colourless, 
while in o thers i t assumed a rose-coloured, slimy, smooth or 
wrinkled appearance. In the case of pigmented pe l l i c l e s , the c e l l s 
were elongate and l a t e ra l bud formation occurred. Pseudomycelium 
was thus only encountered in pigmented forms. Pigmentation was 
capricious. She considered the pigment to be d i s t inc t ly different 
from the lipochrome pigments occurr ing in the Rhodotorula and 
Sporobolomyces species, since the pigment of Candida pulcherrima 
could, in contrast to the carotenoid pigments, diffuse into both 
liquid and solid media. PORCHET, aware of the fact that BEIJERINCK 
connected pigmentation with the presence of i ron s a l t s , made 
additions of ferrous sulphate or f e r r i c chloride to her media, but 
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found that pigmentation was not particularly enhanced. From this, 
she concluded that iron played no role, and that pigmentation was 
to be attributed to some internal and yet unknown factor. She 
was inclined tj ascribe the dissociation noted to changes in the 
chromosome structure or in their distribution. 

It is clear that PORCHET bore no knowledge of the investigations 
of PUNKARI and HENRICI (1933, 1935). 

CASTELLI (1940) opposed the opinion of PORCHET that iron play
ed no rOle in the pigmentation of.Candida pulcherrima. He isolated 
twenty-three strains of this organism from musts, especially of 
the chianti type. He investigated the pigmentation of his strains 
on grape juice-agar, malt agar and peptone-saccharose agar, with 
or without additions of iron. His findings led him to subscribe 
fully to the claims of BEIJERINCK (1918). 

As already set forth in Chapter II, ROBERTS in 1946 published 
a report on an investigation in which she sought to establish 
relationship between the Taphrinales and the yeasts. For her 
conparative study she chose Taphrina deformans as representative 
of the former and Candida pulcherrima of the latter. Her cultures 
were maintained on a mixed vegetable agar and on a potato glucose 
agar. On solid media both organisms displayed pigmentation, the 
pigment of Candida pulcherrima differing from that of Taphrina 
deformans in that the former could diffuse into the agar. An 
analysis was made of no less than approximately three hundred and 
fifty single cell isolates of Candida pulcherrima. It was found 
that isolates from non-pigmented colonies and from «tiite sectors 
of bicoloured colonies usually gave rise to white colonies. Iso
lates from red sectors, as a rule gave rise to bicoloured colonies, 

Ttie stability of the white variant and the instiability of the 
pigmented areas were found constantly in 90% of her isolates. In 
the remaining 10% three different cases could be distinguished. 
Firstly, single cell isolates from the marginal areas of pigment
ed sectors gave rise to entirely pigmented colonies which failed 
to show reversion to white. The second exception was the occurrence 
of brown sectors in a red portion of a bicoloured colony. Single 
cell isolates from these brown sectors again gave rise to normal 
red colonies. Lastly was the comparatively rare variation where 
pigmented colonies arose from single cell cultures from either 
white colonies or from white sectors of bicoloured colonies, 
ROBERTS unable to account for the variations observed in the pig
mentation phenomenon tentatively suggested that the predominant 
unidirectional mutation from white to red may be regarded as a 
type of dual phenomenon, in irtiich she considered the stable white 
form as the homo-type. She is inclined to connect the variations 
with the alleged sporulation as descrilaed byWINDISCH (1938, 1940) 
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and which she thought to have confirmed. She tiased th i s conclusion 
on the fact tha t in about 65% of her pigmented cu l tu res th ick-
walled ce l l s with attached daughter ce l l s , i . e . ascogenous ce l l s , 
were encountered, while only 2% of the non-pigmented cu l t u r e s 
contained these s t r u c t u r e s . 

In a second paper in the same year ROBERTS gave an account of 
a study made on the effect of iron and other factors influencing 
pigmentation of Torulopsis pulcherrima. Potato-dextrose agar was 
chosen as medium for t h i s investigation. In the f i r s t instance i t 
was found that pigmentation was closely correlated with the amount 
of nutr i t ional substance at the disposal of the organism. Maximum 
production of pigment occurred where i so la ted colonies grew on 
suf f i c ien t amounts of subs t ra te . 

The r61e of oxygen was then investigated and the author proved 
beyond a l l dispute that molecular oxygen was a decisive factor, 
in the absence of which no pigmentation could occur. 

Light was without influence. Temperature had no effect on the 
production of pigment, but temperatures below 19°C. seemed to 
favour the re tent ion of the pigment in the colonies. The author 
then set out to verify BEIJERINCK's statement that pigmentation 
was dependent on the presence of i ron. I n i t i a l l y addi t ions of 
fer r ic ammonium sulphate and ferrous ammonium sulphate were made, 
and i t was found that an increase of the iron content of the me
dium up to 0.1% progressively enhanced pigmentation. Higher con
centra t ions were Inhibitory to growth. Concentrations of 0.0001% 
to 0.001% gave an increase of diffusion of the pigment in the 
agar. At 0.01% diffusion of the pigment was great ly inhibi ted, 
and a t higher concent ra t ions the pigment was re ta ined in the 
colonies. Since iron s a l t s are subjected to a high degree of hy
drolysis above pH 5, fe r r ic ammonium c i t r a t e , as or iginal ly pro
posed by BEIJERINCK, was employed by her to determine at what 
concent ra t ion of t h i s s a l t d i f fus ion was inh ib i t ed . This was 
found to vary for the different i so l a t e s . The hydrogen ion con
cent ra t ion was found to influence pigmentation too. Batches of 
media, to which no addi t ional iron was added, were made up to 
different pH values. I t was then found tha t as the pH increased 
and accordingly the ionic iron concentration f e l l , pigmentation 
decreased. Prom some observations ROBERTS i s inclined to conclude 
that the presence of iron st imulates the synthesis of the chro-
mogen postula ted by BEIJERINCK. An equal number of s ingle ce l l 
i so la tes of pigmented and hyaline ce l l s were made from a pigment
ed colony growing on potato-dextrose, 0.1% fer r ic ammonium c i t r a t e 
agar. Analysis showed that 70% of the hyaline c e l l s proved to be 
v iab le , while a l l pigmented c e l l s were found to be incapale of 
budding. This may be deemed to be an experimental proof of BEIJE-
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RINCK's pos tu la te tha t pigmented c e l l s are poisoned by the re 
tention of such high concentrations of iron. She l inks t h i s with 
her observation that growth i s barely supported by a medium con
taining 1% fe r r i c ammonium c i t r a t e , 

§ 2 The i s o l a t i o n of a red mutant of s t r a i n 35.2,8 
As already stated, the chief aim of the present study has been 

an inves t iga t ion of the remarkable pigment produced by Candida 
pulcherrima, and the factors determining i t s production. POT t h i s 
purpose i t was necessary to obtain a s t ra in which under favourable 
conditions gave maximum pigmentation, and in which th i s property 
could be well maintained. 

Previous workers \*o had incidentally studied the pigmentation 
of Caruiida pulcherrima in the 'Laboratorium voor Microbiologie" 
a t Delft, had paid some a t t en t ion to these aspects . Their ob
servations indicated tha t two s t r a ins , present in the collect ion 
namely No 35.2,8Cryptococcus interdigitalis (POLLACCI et NANNIZZI) 
and No 35,2,1. Torula spec. No 44 (Melliger), were the most su i t 
able for the production of the pigment. The general experience 
was that by p la t ing the s t r a ins on a peptone, 4% saccharose agar 
medium, as o r i g i n a l l y prescr ibed by BEIJERINCK and to which a 
t race of f e r r i c chlor ide, or preferably of fe r r i c ammonium c i 
t r a t e , was added, a mixture of red and white colonies was obtain
ed, By the subsequent p la t ing of a single well- isolated pigmented 
colony, p l a t e s were obtained on which only red colonies had de
veloped, Similarly these e a r l i e r workers found that cu l t iva t ion 
a t 30°C. gave most abundant growth and most profuse pigmentation, 

The twelve s t r a in s of Candida pulcherrima present in the col
l e c t i o n of the Yeast Division of the Centraalbureau were a l l 
tes ted on the i r a b i l i t y to elaborate the charac te r i s t i c red p ig
ment in the presence of iron s a l t s under su i t ab l e n u t r i t i o n a l 
conditions. By subculturing these s t ra ins from the as a rule quite 
co lour less malt agar cu l tu re s on agar s l a n t s of the following 
composition: 2% saccharose, 1% cornsteep l iquor , 0.05% f e r r i c 
ammonium c i t r a t e , 2% agar, ï)H 6 in a l l cases a pronouncedly pig
mented growth developed. The property of pigment production may, 
therefore, be regarded as charac te r i s t ic for the species, 

Since in accordance with the experiences of the ea r l i e r workers 
s t r a in 35.2.8 proved to be the best pigment producer, th i s s t ra in 
was selected for the further Investigations. 

A cu l t u r e from malt agar was p l a t ed on the following agar 
medium: 4 g saccharose, 2 g Bacto-peptone, 0.2 g KH2PO4, 0.05 g 
MgS04.7 H2O, 1 ml yeast autolysate, 2 g agar, 0.05 g fe r r i c am
monium c i t r a t e , 100 ml tap water. The p l a t e s were incubated a t 
30°C. This medium i s e s sen t i a l ly the same as that prescribed by 
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BEIJERINCK, and wil l be henceforth be refer red to as Modified 
BEIJERINCK Medium, abbreviated by M. B. M. 

After seven days two colony types could be distinguished: large, 
white and siHboth in appearance - some of which had commenced with 
sl ight , pigmentation a t the centre - next to a smaller maroon to 
bordeaux red type, generally rough in appearance. 

Qy subculturing a well isolated rough maroon colony on a p la te 
of the same composition the sat isfactory resul t was obtained that 
only pigmented colonies developed. 

On examining a young well-pigmented colony microscopically the 
occurrence of pigmented c e l l s was a t once noticed. Two types of 
coloured c e l l s could be distinguished, i . e . , the exopigmented and 
the endopigmented c e l l s . The former are by far the most s t r ik ing . 
In these exopigmented ce l l s , generally ovoid and measuring on the 
average (5.8x8,0) \i, evidently the pigment i s fully localized at 
the outer surface of the cells wall, where i t i s deposited as a 
deep red somewhat wrinkled membrane enclosing the c e l l . In the 
case of the endopigmented c e l l the occurrence of the pigment i s 
l imited to a pink to red vacuole. 

Associated with the pigmented phase is the occurrence of fat or 
o i l g lobules in the c e l l s , which globules read i ly s t a i n with 
Sudan I I I , Not uncommon too i s the occurrence of pigmented and 
hyaline filamentous s t ructures which can be regarded as a primitive 
pseudomycelium, 

In the young colony the exo- and endopigmented ce l l s averaged 
from 10 to 20% of the t o t a l . Since, however, on plat ing a suspens
ion of t h i s colony one may obtain 100% red colonies, i t should be 
concluded that also the c e l l s which do not show any pigmentation 
when observed under the microscope are never the less po t en t i a l 
pigment producers. 

From one colony of the p l a t e in question a subculture on a 
s lant of M. B. M. was made. This subculture gave r i s e to an appar
ently homogeneous red growth. 

Experience has shown tha t i t was poss ib le to maintain sub
cul tures from t h i s cu l ture in the same s t a t e , and these subcul
tu res have been the s t a r t i n g - p o i n t for a l l further experiments 
reported in t h i s t h e s i s . 

Although t h i s has proved to be quite sat isfactory from a pract
i ca l poin t of view, the r e s u l t s communicated in the following 
sect ion should be taken in to account. 

§ 3 The maintenance of the red mutant and i t s reversion to 
the non-pignented form 

As has already been remarked at the end of the preceding sect
ion, i t has been found possible to maintain the red mutant in an 
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apparently pure state for almost three years. 
However, from time to time some complications have been en

countered. These complications proved to be of a twofold nature. 
Partly they were due to the fact that at first sight negligible 
changes in the medium proved to injure the pigment production. 

But secondly it has been found that, despite the apparent ho-
mogenity of the culture, it always contains cells which have re
verted to the non-pigmented form and which produce white colonies 
also under conditions optimal for pigment production, 

In the following a survey will be given of the said ejqieriences. 
In the first place it was then found that sometimes fresh batch

es of M.B.M. failed to produce a suitable red culture. It is true 
that in these cases pigmentation invariably occurred in the agar, 
but the actual cell mass remained white or only became very poor
ly pigmented, despite the fact that the same additions of iron 
had been made as in the earlier experiments. The disturbing factor 
was traced to be present in the peptone as is clear from the foll
owing experiments, 

A comparison was made of the following nitrogen sources: Difco 
Bacto-peptone, Difco casamino acids (technical), G.B. casein hy-
drolysate (enzymatic) and a batch of Organon peptone which had 
given the unsatisfactory pigmentation. These preparations were on 
turn substituted as nitrogen source in M.3.M.; a high grade agar 
(Difco Bacto agar) was used in all cases. The media were prepared 
in the usual manner with the addition of 0.05% ferric ammonium 
citrate. Plates were made and Inoculated from a suspension of a 
young culture of the red mutant and incubated at 30°C. for four 
days. 

Growth on all the plates was satisfactory, perhaps with the 
exception of the plate in which the Difco Casamino acids were 
used, where growth was less abundant. Pigmentation, however, 
showed greater variations. 

Where Bacto-peptone served as nitrogen source fine deep maroon 
colonies were obtained with no pigment formation in the agar. 
Pigmentation on the plates containing Bacto casamino acids (tech
nical) as nitrogen source was less intense than on the plates 
containing Bacto-peptone. On the plates where the enzymatic casein 
liydrolysate served as nitrogen source, pigmentation of the growth 
was poor, pigment was neither present in the substrate. In the 
case of plates containing Organon peptone the colonies were rose 
tinted, with a profuse pigment formation in the agar. It seems 
probably that this particular batch of peptone is rich in chel
ating compounds, so that the free iron content in this medium will 
be extremely low. 

On ground of these experiments later Bacto-peptone has always 
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been applied for the preparation of M.B.M. used for the stock 
cultures. 

A second eĵ jerience proved to be of a quite different nature. 
If subculturing was done every seven to ten days results always 
were quite satisfactory. However, it was found that on subcultur
ing older cultures not seldom white growth zones developed in the 
young cultures. 

In agreement herewith it was observed that also on aged plates 
pigmented colonies not infrequently reverted to non-pigmented 
secondary growth, which when plated again gave rise to both red 
and white colonies. Similarly it was found that colonies which 
initially were white slowly turned red on aging. 

In this respect it is interesting to refer to the statement of 
PUNKARI and HENRICI (1933) "that the degree of variation observ
able in a giant colony progresses steadily with the age of the 
culture", 

On the other hand it would not be justified to conclude from 
the benlficiary result of frequent subculturing on the maintenance 
of uniformly pigmented cultures that the young cultures do not 
contain cells able to revert to the non-pigmented form. 

In this connection it seems of interest to report here some 
observations which were made incidentally, namely In a series of 
experiments which were made to answer the question, whether com
plex organic nitrogen containing compounds were essential for 
pigment formation. 

To this purpose a five days old well-pigmented culture of the 
red mutant grown on M.B.M. was plated on a synthetic medium in 
which ammonium sulphate was the sole source of nitrogen. 

The medium had the following composition: 

10 g saccharose, 5.0 g (NH4)2S04, 1.0 g KH2PO4, 0.16 g K2HPO4, 
0.1 g MgS04,7H20, 0.5 g NaCl and 20 g Bacto-agar, which had been 
washed fifteen times with destilled water and once with redistill
ed ethanol, were dissolved in 990 ml distilled water. To this was 
added 1 ml of a trace element solution containing 400 y -"̂  ^^ 
ZnSO^. 7H2O, 1150 Y Pe as FeS04. (NH4) 2SO4. 6H2O, and 25 y Cu as 
CUSO4, 5H2O. The medium was further supplemented with 1 ml of a 
vitamin solution containing 200 y thiamine, 200 y pyridoxine, 200 
Y nicotinic acid, 200 y calcium pantothenate and 2 y biotin. 
Batches of 99 ml were autoclaved at lio'-'c. for 15 minutes. 

All chemicals used were of analytical purity. 
To each of these batches 1 ml of a sterile 5% solution of 

ferric ammonium citrate was added. 

The plate was incubated at 30°C. 

After 48 hours white colonies had appeared on the plate. 

After 72 hours the colonies had commenced with pigment form-
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ation. The majority was, however, still colourless; pigmentation 
commenced either at the periphery or more or less in the centre, 
and then expanded throughout the whole colony. On viewing the 
plate from *;he reverse side, it was noted that the cores of the 
pigmented colonies were still white. 

After 96 hours had elapsed, a great number of smooth and glist
ening colonies characterized by a deep maroon to bordeaux-red 
colour was present. However, next to these there were several 
colonies which were devoid of any pigment whatsoever, as is shown 
on Plate IV fig, 1, 

The plate was left for another seven days at room temperature, 
The colonies were now entirely pigmented with the exception of a 
few colonies which had remained perfectly colourless. Pigmented 
colonies were a deep maroon with either smooth glistening or rough 
Tiat surfaces (see Plate IV fig. 2). 

In the first place these observations leave no doubt that pig
ment production can occur in the complete absence of an organic 
nitrogen source in the medium. 

The main result, however, is a convincing demonstration that 
also in a young apparently homogeneous culture of the red mutant 
cells occur which also under conditions suitable for pigment pro
duction give rise to colonies which remain completely colourless. 

Finally a series of experiments has been made in order to test 
in how far the stability of both the white and the red form would 
be influenced by continued subculturing on media with a low and a 
high iron concentration respectively. In this respect it should 
be remembered that ROBERTS (1946b) is inclined to conclude that 
iron is not only a reactant in the final step of pigment formation, 
but also acts as a stimulant in the production of the precursor. 
This might imply that a continued cultivation on an iron-poor 
medium might favour the stabilisation of the white form, whilst 
an iron-rich medium might promote the predominance of the red 
mutant. In order to test this the following experiments were 
made. 5 g peptone, 10 g saccharose, 0.5 g KH2PO4, 0.01 g MgS04. 
7H2O and 2. 5 ml yeast autolysate were dissolved in 250 ml water 
contained in a litre flask and shaken for 30 hours together with 
50 ml of a 0.1% solution of 8-hydroxyquinoline In redistilled 
chloroform. The nutrient solution was shaken with a second portion 
of the 0.1% 8-liydroxyquinoline for a further twenty hours, and 
then shaken with several fresh portions of pure chloroform to 
remove possible traces of the quinoline. Quantitative removal of 
iron was not aimed at, nor could this be expected, since peptone 
normally contains chelating agents such as a-amino acids and a-
hydroxy acids which will compete with oxine. 

To batches of 99 ml of the nutrient solution, containing 0.1 ml 
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trace elements solution, was added 2 g Bacto agar, and the medium 
then autoclaved at 110°C. for 15 minutes. To one batch of the 
sterile agar sol 1 ml 5% ferric ammonium citrate solution was 
added and slants were prepared. Similarly a set of slants was 
made to which no additional iron was added. 

From a four days old culture on M.B.M. on which both pigmented 
and non-pigmented colonies were present, two colonies were select
ed, the one being well pigmented and rough, while the second was 
smooth and white. Of both colonies subcultures were made on agar 
slants of high and low iron concentration, and the slants incubat
ed at 30 °C. 

After three days the cultures were examined. Subcultures of the 
wtiite colony were luxuriant, smooth and spreading. The growth on 
the tubes of low iron concentration was entirely white with no 
tendency to produce any pigment. The growth on the tube with the 
higher iron concentration was almost white with a very faint pink 
tint, 

On the slants with the subcultured pigmented rough colony 
strong pigment production had occurred. In the case of the lower 
iron concentration growth was almost white, but had assumed a 
warted yet glistening appearance, whilst a red zone in the agar 
was manifest. In the tube with the higher iron concentration the 
culture had continued to grow in the typical rough form, while 
all pigment was retained in the cell mass, 

Of each of the four tubes a subculture was made on a second 
tube of the same iron concentration as the first. The second se
ries was incubated at 30°r while the first series was placed at 
4°C. for eventual comparison. Examination of the second series 
after three days incubation presented the same pictures as the 
first series. After subcultures were made, the second series was 
similarly stored at 4°C. 

After elapse of another three days at 30°C. the third series 
was examined and gave the same impression as the foregoing two. 
The third series was then also stored at 4°C. together with the 
first and the second, 

Nine days later the three series were then mutually compared. 
All the successive transfers of one and the same type were 

identical, all presented the same picture as the first series. 
In the three cultures of the progeny of the white colony on the 
medium with high iron concentrations the pale pink tint originally 
present had now deepened to a red-maroon. Nevertheless the intens
ity was not yet quite comparable to that of the progeny of the 
rough red colony on the same iron concentration. In the subcul
tures of the white colony grown on the lower iron concentration 
during the storage at 4°C. weakly coloured zones had developed in 
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the substrate , these being less intense, however, than the zones 
produced by the subcultures of the pigmented colony on media with 
the same iron concentration. 

I t i s c löa r t ha t these r e s u l t s do not permit to draw far -
reaching conclusions regarding the influence of the composition 
of the medium on the s t a b i l i t y of the two forms. The fact tha t 
the successive cultures of one and the same type were fully iden
t i ca l seems to contradict the existence of such an influence. 

I t should be realized that ti^e considerable reduction in colour 
of the ce l l mass of the red mutant on the iron-poor medium, as 
compared with that observed on the iron-rich medium, will only be 
due to the fact that in the f i r s t medium the low iron content has 
become a l imit ing factor in the pigment production. 
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C h a p t e r V 

FACTORS DETERMINING THE PIGMENT PRODUCTION DY 

THE RED MUTANT 

§ 1 Introductory remarks 
With a view to the u l t imate aim of producing the pigment of 

Candida pulcherrima on a somewhat larger scale i t seemed indicat
ed to inves t iga te in further de t a i l the factors which determine 
the production of the pigment by the red mutant described in the 
preceding chapter. 

BEIJERINCK's pioneer study (1918) leaves no doubt tha t both 
iron and oxygen are indispensable, but regarding the nut r i t iona l 
conditions of the organism optimal for pigment production on the 
data present in the l i t e r a t u r e are only fragmentary and pa r t ly 
contradictory. 

I t was, therefore, indicated to make some experiments regard
ing the influence of va r ia t ions in the carbon source and in hy
drogen ion concentration on the pigment production, 

As for the nitrogen source suff icient insight had already been 
obtained through the experiments reported in Chapter IV § 3 which 
had shown that even with ammonium nitrogen both sat isfactory growth 
and pigment formation occur, but tha t cer ta in organic ni trogen 
preparations l ike Bacto-peptone s t i l l were more favourable. 

As regards iron there seemed to be reason to make a quant i ta t 
ive i nves t iga t ion of the influence of t h i s metal, s ince i t i s 
c lear from the Inves t iga t ions of BEIJERINCK and ROBERTS (1946b) 
that the amount of iron i s decisive for the mode of formation of 
the pigment, e i ther in the ce l l s , or in the medium. 

Because ROBERTS (1946b), as well as GROSBÜSCH (1915), s t a t e s 
quite defini tely that l igh t does not influence pigment production, 
no further a t tent ion has been given to t h i s point, 

§ Z The influence of the nature of the carbon source 
As had been reported in Chapter IV § 1 (ïlOSBÜSCH has concluded 

from his experiments that the nature of the carbon source offered 
to the organism in so far effected pigmentation that non-ferment
able disaccharides gave a markedly be t te r pigmentation than was 
the case with the fermentable hexoses. His observations were made 
in l iqu id cul tures , and no a t t en t ion was given to the essen t ia l 
role of iron in pigmentation. 

In order to obtain a bet ter insight into the problem i t seemed 
desirable to inves t iga te f i r s t which carbon compoxmds are assim-
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i l a t e d by the yeast under aerobic condi t ions. This was done in 
l iquid media according to the technique recommended by WICKERHAM 
(1948). In t h i s method the carbon compound to be investigated i s 
introduced in a l iquid synthet ic medium containing (NH4)2SO4 as 
nitrogen source next to the necessary nutrient s a l t s and vitamins. 
After inocula t ion the tubes were incubated at 25°C. for th ree 
weeks, when the density of growth was recorded. 

In addit ions the fermentabil i ty of the various compounds was 
checked in the usual way with the aid of EINHORN tubes, using a 
2% solution of the compound in yeast water. 

The following r e su l t s were obtained: 
Compound Assimilation Fermentation 
Glycerol + -
Sodium lac ta te - -
Glucose + + 
Fructose + + 
Mannose + + 
Galactose + + or (-) 
Sorbose + -
m-Inositol - -
Saccharose + -
Lactose - . -
Maltose + -
raffinose - -
Melizitose + 

I t was Indicated to t e s t the s u i t a b i l i t y of the ass imilable 
carbon conpounds for pigment production under the conditions which 
had already been found favourable in the case of saccharose. To 
t h i s purpose 1 g of the compound to be tes ted was dissolved in 
49.5 ml yeas t water pH 6.5, together with 1 g Bacto-agar, and 
s t e r i l i z e d at 110°C. for 15 minutes. After s t e r i l i z a t i o n 0.5 ml 
of a s t e r i l e 5% solu t ion of f e r r i c ammonium c i t r a t e was added, 
and p l a t e s made. These were inoculated with a suspension of a 
young well-pigmented cul ture . The p la tes were Incubated at 30°C. 
for three days, and then kept at room temperature for four days. 

Examination showed that on a l l p l a t e s good growth had occurred. 
Moreover, there were no not iceable differences in pigmentation 
which in a l l cases was profuse. 

All compounds which can serve as carbon source are thus equally 
su i table for pigment production. I t should be par t icular ly s t r e s s 
ed t h a t , if o ther condi t ions for pigmentation are favourable, 
fermentable hexoses can serve as well as non-fermentable d i - and 
t r l - sacchar ides . 

I t seems probable that the differences in s u i t a b i l i t y of the 
various carbon sources, as observed by GROSHJSCH, will have at 
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leas t part ly been due to different amounts of iron present as im
pur i t i e s in the compounds tested. 

§ 3 The influence of the hydrogen ion concentration 
ROBERTS (,1946 b) has already paid some at tent ion to th i s factor. 

She conducted her experiments with a potato glucose agar, to «Aiich -
no further additions of iron had been made. 

On varying the pH of t h i s medium from 4.0 to 6.2, she noted 
t ha t formation of the pigment took place progress ively in the 
agar. At pH 4.0 a l l the pigment was re ta ined in the colonies , 
while at pH 6.2 the growth was co lour less , and the pigment was 
formed in the agar. She gave a very acceptable e}q)lanation on the 
basis that iron s a l t s are subject to increasing hydrolysis as the 
hydrogen ion concentration f a l l s . This lowers the concentration 
of ava i lab le i ron below the c r i t i c a l value for pigmentation to 
occur within the ce l l mass. 

The ques t ion a rose as to what e f f e c t pH v a r i a t i o n s would 
produce, if the iron concentration was constantly maintained above 
t h i s l e v e l . In order to answer t h i s question i t was decided to 
grow the yeast over a range of pH values between 4.5 and 8.0, 
with increments of 0.5 pH u n i t s . The use of f e r r i c ammonium c i 
t r a t e seemed su i tab le , since t h i s compound i s a re la t ive ly t igh t 
chelate . 

The same medium was used as in the foregoing sect ion the pH 
being adjusted to the required values. Slants were p r ^ a r e d , in
oculated with a 3 days old rough cu l ture of the red mutant, and 
Incubated at 30°C. for 3 days. 

Examination revealed t ha t pH had no s i g n i f i c a n t influence. 
Pigmentation had in a l l cases occurred within the ce l l mass, no 
pigment was present in the agar. 

At pH values below 6 the growth had a decis ive mat surface, 
while the colour had a somewhat brown t i n t . On viewing the growth 
under low magnification secondary mycelium was v i s ib l e . 

The colour of growth in the tubes with pH values above 6 was 
bordeaux-red with a meta l l ic sheen. In a l l the tubes growth had 
continueid in the rough form. The deeper colour of the growth in 
t h i s case was probably due to a somewhat increased pigment pro
duction. 

These r e su l t s may be considered as a confirmation of ROffiRTS' 
assumption tha t the ra ther marked effect which the liydrogen ion 
concentration had in her experiments on the d i s t r ibu t ion of the 
pigment in the cul ture should be ascribed to the influence of t h i s 
concentration on the hydrolysis of the fe r r ic s a l t present in her 
medium. I t should be understood that in these e3?)eriments ROBERTS 
did not add any ex t r a i ron, and, therefore , pigment production 
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depended on the t races of iron introduced with the potato decoct
ion. 

In the present experiments t h i s secondary action of the pH has 
been eliminated. Under these conditions the influence of the pH 
on pigment production i s not marked, although there was some in
dication for a s l igh t favourable effect of pH values above 6.0. 

§ 4. Tlie Inf luence of i ron concen t ra t ion 
All observations on the role of iron in the pigment production 

of Candida pulcherrima p r i o r to those of ROBERTS were of a qua
l i t a t i v e nature . Despite the merit of the study of t h i s author 
her experimental work suffers from some imperfections. The iron 
content of her basal pota to glucose medium was unknown, being 
based on a t h e o r e t i c a l f igure for the iron content of po ta to 
tubers . The presence of iron in the agar and water used for the 
media was neglected. Moreover, the source of iron used by her for 
making addit ions, f e r r i c ammonium c i t r a t e , i s a compound l i a b l e 
to decomposition. For t h i s reason on using such a preparation i t s 
iron content should be determined analyt ica l ly , and t h i s was not 
done by ROBERTS. 

For a more accurate inves t iga t ion i t was imperative to work 
with a medium of known iron content. 

OLSON and JOHNSON (1949) devised a method for the quanti tat ive 
removal of iron from synthetic media for yeast cu l t iva t ion with 
the aid of 8-hydroxyquinollne. I t seemed possible to p ro f i t from 
the i r experiences. 

In order to obtain media of varying iron concentrat ions the 
following procedure was adopted. 

10 g of saccharose together with 1 g KH2PO4 and 0.25 g MgS04. 
7H2O were dissolved in 500 ml d i s t i l l e d water contained in a 2 
l i t r e flask. The pHofthe solution was adjusted to 5.0, and 10 ml 
of a 0. 1% solut ion of 8-hydroxyquinoline in r e d i s t i l l e d chloro
form was added. The f lask with con ten t s was then placed in a 
mechanical ag i ta to r and shaken for twenty hours. The l i qu id was 
than transferred to a separating funnel and the greenish chloro
form layer withdrawn, while the aqueous layer was repeatedly ex
t rac ted with fresh r e d i s t i l l e d chloroform, un t i l the l a s t t r aces 
of colour had disappeared. After t h i s s t i l l five more extract ions 
were conducted. The pH of the solut ion was then adjusted to 6.0 
with the aid of r e d i s t i l l e d aqueous ammonia. 

Samples of Nobel Bacto-agar and Bacto-peptone were analysed 
for i ron. Weighed samples were inc inera ted , and the inorganic 
res idue t r e a t e d with 2N HCl and a t r a c e of bromine. The iron 
content was then determined colorometrically with potassium th io -
cyanate. Analysis gave the iron content of the specif ic batches 
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of agar and peptone as 0.014% and 0.0048% respectively. 
To 450 ml of the purified basal solution contained in a litre 

flask, 10 g of Nobel Bacto-agar and 5 g Bacto-peptone were added 
together with 0.5 ml of trace element solution, containing 400 y 
zinc as ZnS04. THsO and 25 y copper as CUSO4. 5H2O per ml, as well 
as 0.5 ml of a vitamin solution containing 200 y thiamine, 200 y 
pyridoxine, 200 y nicotinic acid, 200 y calcium pantothenate and 
2 y biotin per ml. The flask with contents was heated au bain-
marie until the agar and peptone were dissolved. The contents were 
then transferred to a measuring cylinder, the flask rinsed with 
basal medium, the washings added to the rest, and the volume made 
up to 500 ml with basal medium. Batches of 49 ml of the agar sol 
were then transferred to 100 ml flasks and autoclaved at 110°C. 
for 15 minutes. The iron content of this medium was 0.00032% w/v. 

Immediately after autoclaving 1 ml of a sterile ferric ammonium 
citrate solution of the desired concentration was aseptically 
added to each batch. Thus a series of flasks was obtained in *iiich 
the iron concentrations ranged from 0.00032% to 0.015% w/v with 
a fair degree of accuracy. From these media slants were made. 

Ferric ammonium citrate was selected as source for supplement
ing iron, since inorganic iron salt are firstly subject tojjydrol-
ysis leading to the precipitation of basic salts and insoluble 
hydroxides, and are secondly liable to double decomposition with 
phosphates. Such reactions will lead to the presence of unavail
able iron conpounds in the medium. 

The ferric ammonium citrate used in tills case was a preparation 
of MERCK'S ferri ammonium citricum fuse, in lamellis. Samples of 
this preparation were analysed, and found to contain 27.9% Fe. 

Slants with the following iron coitcentrations (w/v)% 0.00032, 
0.0005, 0.001, 0.005, 0,01 and 0.015 were incoculated in tri
plicate from a 3 days old culture of the red mutant. The slants 
were incubated at 30°C. 

The cultures were first examined after 24 hours. In all tubes 
growth had occurred, that of the first two sets being somewhat 
less then in the remaining four. At the 0.00032% Fe level, no 
pigmentation had taken place, while in the series of 0.0005 and 
0.001% Fe a definite red zone had established itself, darker in 
the case of the higher concentration. In the case of 0.005% Fe the 
zone was much narrower, being restricted to the area immediately 
under the streak. The colour was markedly deeper than in the pre
ceding cases. Growth itself at 0.00032, 0.0005 and 0.001 as well 
as at 0.005% Fe was white. At the 0.01 and 0.015% Fe levels no 
pigment formation had occurred in the substrate, all pigment be
ing retained in the cell masses, giving the streaks a fine maroon 
appearance, 
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After a further 24 hours at 30°C., the cultures were again 
examined. Growth in the first two sets was still less abundant 
than in the rest. The first set now too displayed a faint colour
ed zone, while in the second and third set the colour intensities 
of the zones had increased, the whole showing an increase in the 
colour intensity as the iron concentrations increased from0.00032 
to 0.001%. The depth of the zones in these cases was approximately 
the same for all three series, circa 6 mm. 

In the case of the 0.005% Fe, at the most 3 mm deep, and then 
again restricted to the area immediately surrounding the growth, 
while colour Intensity of the zone was much deeper than in the 
preceding cases. Growth itself had now assumed a pale rose colour, 
indicating that part of the pigment had been retained in the cell 
mass. 

In the case of 0.01% Fe the zone was completely absent. All 
pigment was retained in the cell mass giving the growth a fine 
bordeaux-red ^pearance. 

In the last set, in yihich the iron amounted to 0.015%Fe, growth 
had assumed a magniflcient dark maroon colour, even deeper than 
was the case in the 0.01% Fe set. 

From the above there remains no doubt that the pigment pro
duction of Candida pulcherrima is directly bound to the presence 
of available iron in its environment. Below a definite iron level, 
pigmentation does not occur within the cell mass, but is formed 
in the substrate, while the colour strength of the zones is pro
portional to the iron concentration. At the value 0.005% Fe pig
mentation occurs in the cell mass as well as in the substrate. 
Above this transitional value the pigmentation process occurs 
solely in the cell mass, and a minimum iron concentration of 0.01% 
seems recommendable, if pigment production within the cells is 
aimed at. 

It will be superfluous to remark that all these observations 
are in perfect harmony with BEIJERINCK's idea regarding the pro
duction by the yeast of a colourless precursor which only in con
tact with iron is converted into the pigment. 

§ 5 The Indispensability of molecular oxygen 
GROSBÜSCH was unable to give a decisive opinion whether or 

not, the presence of oxygen affected pigmentation. That this is, 
indeed, the case, was first noted by BEIJERINCK, He found that 
aerobic cultures grown on media of low iron content, failed to 
develop a red colour on addition of an iron salt, if a coverslip 
had been placed on the colonies, so that air was excluded. He con
cluded that "le pigment est forme par un chromogène incolore qui 
produit le pigment, aussi bien dans la cellule qu'au dehors en 
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presence de sel de fer e t d'air'\ 
ROBERTS (1946b) was able to confirm BEIJERINCK's observation 

regarding the indispensabi l i ty of oxygen for pigment production. 
In her experiments she grew p la te cul tures in an atmosphere which 
was made anaerobic with the aid of a lka l ine pyrogal la te . After 
nine days the fully colourless growth was considerably l e s s than 
in the aerobic controls , v*ere pigmentation had occurred. 

At f i r s t s ight there seem to be two p o s s i b i l i t i e s to account 
for the absence of colour in the anaerobic cul tures . Either under 
anaerobic conditions BEIJERINCK's chromogen had not been formed, 
o r the chromogen was already there only wait ing for oxygen to 
manifest i t s presence by pigment formation. 

ROBERTS concludes to the correctness of the l a t t e r assunptlon, 
since af ter admitting a i r to the nine days old anaerobic cul tures 
within 18 hours the e n t i r e surface of the colonies had become 
d i s t i n c t l y red. I t should be remarked tha t t h i s demonstration 
i s not ye t qu i te conclus ive , because in the per iod mentioned 
growth under aerobic condit ions had c lea r ly occurred, so tha t a 
production of chromogen during the said 18 hours remains possible. 

However, in a second se r ies of experiments, in which she used 
two days old anaerobic cul tures on a medium containing 0.1% fer r ic 
ajnnonlum c i t r a t e , she noted the development of pigment within ^ 
hours a f t e r the r e s to ra t i on of aerobic condi t ions. This seems, 
Indeed, to prove her claim. 

Nevertheless, i t seemed worth-while to co l l ec t some personal 
experience regarding t h i s question. 

To t h i s purpose four heavily seeded p l a t e cul tures were made 
of the red mutant on M. B. M., to irtiich, however, no extra iron had 
been added. After seven days the p l a t e s were covered by a ra ther 
even white growth. Now c i r cu l a r d i scs of agar were removed from 
the p l a t e s , and the cav i t i e s f i l l ed with a 4% solution of fe r r ic 
ch lo r ide . Two p l a t e s were l e f t exposed to atmospheric oxygen, 
while the remaining two were maintained in an atmosphere of car
bon dioxide. 

In the case of the p la te s exposed to atmospheric oxygen, pig
mentation occurred within 24 hours. Ptost remarkable was the fact 
that pigmentation only developed as a concentric pigmented band 
around the cavity (see Plate V fig. 1). In t h i s band the colonies 
had become reddish, whi ls t beneath the colonies a red zone in 
the agar could be observed. St r ik ing was the fact that t h i s pig
mented zone was preceded by a zone in which the colonies had 
remained c o l o u r l e s s . 

In contrast hereto the p l a t e s which had been maintained under 
carbon dioxide fai led to show any pigment. 

After 24 hours one anaerobic p l a t e was removed from the carbon 
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dioxide atmosphere, and exposed to atmospheric oxygen. Only after a 
further 24 hours a pigmented zone appeared, quite similar to that 
noted in the case of the aerobic plates after 24 hours. The plate 
which had remained under anaerobic conditions still failed to 
display any pigmentation. 

In the case of the aerobic plates the pigmentation bands had 
increased in both width and intensity. 

On leaving the plates exposed to the atmosphere for a further 
week, pigmentation spread to all colonies except to those which 
were located in 5 mm wide zone imme'̂ .iately surrounding the cavity 
in which the ferric chloride solution had been brought. 

It remains another question how these results should be inter
preted. The fact that pigmentation did not occur instantaneously 
on admittance of air to the ferric chloride treated plates pre
viously kept in carbon dioxide can only difficulty be reconciled 
with BEIJERINCK' s view that the pigment owes its origin to a di
rect action of oxygen on some oxidizable chromogen. 

The long period which elapses after the admittance of air to 
the yeast colonies already exposed to ferric ions before pigment 
formation occurs seems to suggest that this formation is ultima
tely due to metabolic activities of the yeast cells in which free 
oxygen plays some rOle. This assumption is, of course, also strong
ly supported by ROBERT' s experiments dealing with the behaviour 
of anaerobic cultures on an iron-containing medium after admittance 
of air. 

If, however, aerobic metabolism of Candida pulcherrima would 
in all cases lead to a production of a precursor which would only 
need iron to be converted into pigment one should observe that 
pigment formation would occur instantaneously if ferric ions were 
added to yeast colonies grown on an iron-poor medium, and this 
independent of the presence of living yeast cells. 

In order to test this hypothesis the following experiments were 
made. 

Another set of four heavily seeded plate cultures on M.B.M. 
from which iron salts were omitted was made. After 7 days culti
vation at 30°C., two plates were exposed to chloroform vapours 
for 24 hours, while the remainding two were left at room tempera
ture. Hereupon both series of plates were flooded with 0. 5% FeClg 
solution for 30 seconds and the fluid decanted. After 17 minutes 
the viable plate cultures showed the first signs of a red colora
tion, while the nonviable plate failed to show pigmentation even 
after seven days. In the first place these experiments show clear
ly that living cells are indispensable for pigment formation, 

The whole of the experimental evidence available indicates, 
however, that neither aerobic metabolism leads to some precursor 
which produces pigment on iron addition, nor does anaerobic meta
bolism In the presence of iron lead to some chromogen which pro
duces pigment by autoxidation. 

In view of all this the only possible conclusion seems to be 
that pigment formation is due to aerobic metabolic activities of 
the yeast cells, but only in so far as metabolism is under the 
influence of a suitable concentration of ferric ions. 

In other words pigment production m Candida pulcherrima only 
occurs in the living cells under the condition that both free oxy
gen and iron act concomitantly. 
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C h a p t e r VI 

THE PREPARATION OF THE PIGMENT OF 
CANDIDA PULCHERRIMA 

§ 1 Introductory remarks 
I t again was BEIJERINCK vrtio was the f i r s t to pay a t tent ion to 

the nature of the pigment of Candida pulcherrima. He concluded to 
an acidic character of the pigment, since i t was readily dissolved 
by caust ic a lka l i , from which solution i t could again be p rec ip i t 
ated - in apparently unchanged s t a t e - by addition of a suff icient 
amount of acid. The pigment was remarkably s table , and even r e 
sis ted boil ing with d i lu te sulphuric acid, 

ffilJERINCK repor ts further that the pigment was somewhat so l 
uble in water, however, insoluble in alcohol, ether, carbon d i -
sulphide. chloroform, carbon te t rach lor ide , or benzene. 

The so lubi l i ty of the pigment in a lka l i together with the fact 
that pigmentation only took place in the pres3nce of iron presum
ably induced BEIJERINCK to think of a polyphenolic nature of the 
pigment, and t h i s made him suggest that i t might belong to the 
group of the widely occurring natural pigments, the anthocyanines, 
However, BEIJERINCK himself forwards the objection that the l a t t e r 
pigments do not contain iron. 

§ 2 Preliminary or ientat ion regarding the properties of the 
pigment 

The first problem to be solved in the preparation of the pigment 
was apparently the e laborat ion of a su i t ab le method for the ex
t r a c t i o n of the pigment from a deeply coloured c e l l mass. It^ 
seemed Indicated to t ry f i r s t l y the extraction of the dried c e l l s 
with organic solvents. 

The following were subjected to a t e s t : 
Hydrocarbon^: Petroleum ether f ract ions of b.p. 40°-60°C. and of 
b.p. 60°-80°C., benzene, toluene. 
Halogen derivative^: Chloroform, carbon te t rach lor ide , ethylene 
d lchlor ide . butyl chloride. 
Alcohols: (in the presence and absence of 5% HCl): Methanol. 
ethanol, propanol. isopropanol, butanol, isobutanol, n-pentanol. 
Acidi: Formic acid, g lac ia l ace t i c acid, monochloroacetic acid, 
t r i ch lo roace t i c acid, propionic acid, butyric acid, acet ic acid 
anhydride. 
Esters: Methyl ace ta t e , methyl benzoate, methyl butyrate , ethyl 
acetate, ethyl butyrate. amyl formate, arayl acetate, amyl butyrate. 
Ethers: diethyl ether, dloxane. 
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Polyalcohols: Ethylene glycol, butylene glycol, glycerol, trime-
thylene glycol, dlpropylene glycol. 
Ketones: Acetona. 
Phenols: Phenol, p-cresol . 
N-containing compounds: Pormamlde. acetamide. pyridine, col l id ine, 
piperidine, nitrobenzene, concentrated ammonium-hydroxide. 

None of these solvents, however, did elute the pigment from the 
yeast ce l l s , neither at room temperature nor at 100°C. (or at the 
boiling points of the solvents, if these were below 100°C.). 

As for the su i t ab i l i t y of water as a solvent, i t should be re
marked tha t , indeed, a s l igh t ly coloured solution was obtained; 
the greater par t of the pigment, however, was retained by the c e l l s . 

Under these conditions there remained very l i t t l e else, but to 
resor t for the extract ion to the use of e i ther sodium, potassium 
or barium hydroxide solutions. In these l iquids the pigment read
i ly dissolved to give a deep yellow solution. After removing the 
undissolved ce l l residues by centrlfugation, and acidif icat ion of 
the c lear supernatant, with acet ic or d i lu te hydrochloric acid, 
the pigment was precipi ta ted as amorphous red flakes. The pigment 
thus l iberated from the cel l mass was again tested for so lubi l i ty 
in organic solvents, since the poss ib i l i t y did not seem excluded 
that in the c e l l s i t would have been linked to some protein, and 
for this reason would have failed to dissolve in organic solvents. 

However, the l iberated pigment s t i l l retained i t s inso lubi l i ty 
in a l l solvents except a lka l i . 

The dissolved and reprecipitated pigment was then subjected to 
the action of pancreatin. This was done par t ly in order to elimin
ate pro te ins which might be present as contaminating compounds, 
par t ly because i t seemed possible that during the preceding oper
at ions the pigment had remained attached to a ca r r i e r of protein 
nature. 

A washed sample of the pigment was suspended in a phosphate 
buffer at pH 8 together with an act ive pancreatin preparation in 
the presence of toluene at 37°C. After 5 days the pigment was 
collected, washed and again tested for so lubi l i ty in a great num
ber of solvents, but also th is time resu l t s were negative. 

Since the pigment seemed only to dissolve at r e l a t ive ly high 
hydroxyl ion concentra t ions , the minimum pH for s o l u b i l i t y was 
determined, making use of S0RENSEN's (^g lyc ine + -^ NaCl) + -^ 
NaCM buffers. 

To 10 ml of the buffers contained in rubber stoppered tubes 0.05 
ml of a well-washed suspension of the crude pigment was added, the 
tubes were thouroughly shaken and l e f t for several hours. After 
agitating once more, the pigment suspension was then viewed through 
the en t i re length of the column of the liquid, 
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At pH values below 11.9 the pigment failed to dissolve, so that 
the liquid remained red. Between pH 11.9 and 12.2 there obviously 
was a t rans i t ion stage. At pH 11.9 the colour was s t i l l predomin
antly red, at pH 12.2 i t was predominantly yellow. Only at pH 12.5 
and higher the pigment dissolved to give a d i s t inc t yellow solut
ion. This o f fe r s an explanation why concentrated ammonium hy
droxide with a pH of approximately 11.6 fa i led to dissolve the 
pigment, 

Due to the fai lure to obtain a good dispersion of the pigment 
in water, and i t s Insolubi l i ty in a l l organic solvents, attempts 
to purify the pigment by absorption met with no success. The pig
ment was readi ly absorbed by shaking an aqueous suspension with 
MERCK'S Ultra carbon, BROCKMAN's aluminium oxide and s i l i c a . How
ever, e lut ion with organic solvents failed, as was also the case 
with concentrated ammonium hydroxide, even in the presence of 
de te rgents . 

Attempts to obtain soluble acetyl der iva t ives of the pigment 
e i ther in pyridine or in alkali were also unsuccessful. The pig
ment readily dissolved in a lka l i , but on addition of acetyl chlo
r ide the r e su l t an t lowering of the pH of the system at once led 
to a repreclpi ta t lon of the pigment as insoluble amorphous flakes. 
There thus remained for a more or l ess quanti tat ive extraction of 
the pigment nothing but the use of a lka l i . 

Since proteins also readily dissolve in aqueous a lka l i i t was 
deemed favourable to use methyl alcohol as a solvent for the 
potassium hydroxide. Yet by th i s treatment only a pa r t i a l recovery 
of the pigment on subsequent ac id i f ica t ion proved to be possible. 
This d i f f icul ty could, however, be overcome by an addition of some 
fer r ic chloride. 

§ 3. Finally adopted procedure 
The following procedure was eventually adopted for the pre

paration of the pigment. Large quant i t ies of yeast were grown in 
KOLLE flasks. These flasks were preferred to PETRI dishes in view 
of airborne mold infect ions. The harvested yeast was washed with 
methyl alcohol, and subsequently extracted with 5% KOH in methyl 
alcohol. The l iqu id phase was c l a r i f i e d by cent r l fugat ion, and 
the c lear deep yellow to brown supernatant f lu id neutral ized by 
addition of 10% HCl, the pH being f ina l ly adjusted to 2.5 to 3. 
A 5% FeClg solut ion was then added dropwise in order to ensure 
complete prec ip i ta t ion . The l iquid was once more centrifuged, and 
the p r e c i p i t a t e washed with 0.001 N HCl. The pigment was than 
suspended in d i s t i l l e d water and dialysed, f i r s t agains t runn
ing tap water and then against d i s t i l l e d water, un t i l the wash
ings gave no react ion for chloride or sulphate. The pigment was 
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again col lec ted by centr l fugat ion. In order to remove possibly 
present pro te in the pigment was repeatedly extracted with 90% 
phenol, as recommended by PALMER and GERLOUGH (1940) for the 
preparation of protein-free antigen for the removal of proteins, 
After extraction the phenol was removed by extractions with ether 
and the pigment dried in vacuo. 

A more detai led description of the various steps in the prepa
ration i s now given, 

For the large scale cu l t i va t ion of the yeast , the following 
medium was selected. 
Saccharose 40.0 g, peptone 20.0 g, KH2PO4 2.0 g, MgS04.7H20 0.5g, 
yeas t au to lysa te 10 ml, agar 20 g, tap water 1000 ml. The in
gredients were heated au bain-marie unt i l the agar dissolved. 

Portions of 150 ml of the above medium were introduced into 20 
plugged, s t e r i l e KOLLE flasks of 18.5 cm diameter, and autoclaved 
a t 110°C. To the s t e r i l e agar sol 1.5 ml of a s t e r i l e 5% fe r r i c 
amnonium c i t r a t e solution was added under aseptic conditions, and 
the medium allowed to se t . Each flask was inoculated with a sus
pension of a s l a n t culture of the red mutant, obtained by suspend
ing an en t i re s lant cul ture in approximatily 5 ml s t e r i l e water. 
The Inoculation took place by flooding the ent i re surface of the 
p l a t e by t i l t i n g . The f lasks were then placed in a hor izonta l 
pos i t ion at 30°C. for 7 days. 

After incubation, the deep maroon to bordeaux-red c e l l s mass, 
which had a typical e s t e r l i k e odour, was harvested with the aid 
of a s tout ERIGALSKI-spatula, and the growth was suspended in 1 
l i t r e methyl alcohol, contained in a 2 l i t r e beaker. After harvest
ing the increase in weight of the beaker with contents gave the 
yie ld of moist yeast . Prom 20 f lasks with an effect ive cu l ture 
surface of approximately 2.5 square meters, 206 g moist yeas t 
were obtained, 

The yeast suspension was f i l t e r ed through a coarse glass-wool 
mat to remove pa r t i c l e s of agar. The f i l te red suspension was then 
transferred to four centrifuge flasks, and the yeast mass col lect 
ed by centr l fugat ion a t 3000 r,p,m. The somewhat yellow super
natant l iquid was discarded, and 1000 ml of a 5% KOH solution in 
methyl alcohol dis t r ibuted over the four flasks. The compact yeast 
mass was then thoroughly agi tated and homogeneously emulsified, 
A deep yellow-brown suspension was thus formed, while the maroon 
yeast mass lost i t s red colour. The alkaline alcoholic suspension 
was again centrifuged at 3000 r.p.m., and the clear deep yellow-
brown supernatant f luid carefu l ly decanted and f i l t e r e d . The 
c lea r l iqu id was then neut ra l ized with 10% HCl, and the pH ad
justed to 2.5 to 3.0. On acidi f icat ion the colour changed to red 
brown with par t ia l precipi ta t ion of the pigment. A 5% ferr ic chlo-
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r ide so lu t ion was then ca re fu l ly added dropwise, under rapid 
s t i r r i ng , un t i l no further precipi ta t ion of the voluminous maroon 
red flakes occurred. The p r e c i p i t a t e was then allowed to s e t t l e 
overnight at 4°C, The par t ly decolorized yeast mass was then once 
more extracted with a further 500 ml methyl alcohol and t rea ted 
similarly and the f inal preparation added to the f i r s t port ion, 
After sedimentation, as much as possible of the clear supernatant 
l iquid was withdrawn, and the p rec ip i t a t e compacted by centr l fu
gation, The pigment was subsequently washed with two portions of 
250 ml 0.001 N HCl, The washed pigment p rec ip i t a t e was then sus
pended in 250 ml d i s t i l l e d water, t ransferred to collodion sacks 
and dlalyzed aga ins t running tap water for 48 hours. This was 
followed by d ia lys i s against d i s t i l l e d water, un t i l the washings 
gave no reaction for sulphate or chloride. 

The supernatant l iqu id was withdrawn from the sacks and the 
pigment col lec ted by cent r l fugat ion . The compact mass was then 
thoroughly emulsified with 50 ml 90% phenol, and l e f t overnight. 
The l i q u i d phase was then removed by cen t r l fuga t ion , and the 
pigment subjected to a further two phenol extractions. The phenol 
ex t rac ts were separated from the undissolved pigment. Since the 
phenol phase was s t i l l somewhat coloured i t was l e f t for several 
days, a f te r which some finely dispersed pigment s e t t l ed out and 
could be worked up again. 

After the third phenol extraction the pigment was collected on 
a fine glass f i l t e r 3 G 4, and repeatedly washed with r e - d i s t i l l e d 
ether , u n t i l free from a l l t r aces of phenol. The f inal product 
was then dr ied in vacuo over calcium chlor ide . Yield: 1.04 g. 
This means approximately 0.5% of the moist yeas t , or 2% of the 
dry yeas t . 

The p roper t i e s of the product f ina l ly obtained can be summar
ized as follows. 

The caked pigment can readily be disintegrated to an amorphous 
d e ^ maroon to bordeaux-red powder, which i s insoluble in organic 
solvents, but again readily dissolves in a lka l i . 

I t possesses no melting poin t , but gradually decomposes on 
heating. 

In the course of time several batches of yeast have been worked 
up according to t h i s procedure: Altogether about 3 .7gof pigment 
have been isolated. 

I t i s fully acknowledged tha t the procedure applied suffers 
from ser ious shortcomings as regards pur i f i ca t ion , and unusual 
appl icat ion of strong a lka l i for the separation of a biological 
substance. In view of the embarrassing proper t ies of the pigment 
no bet ter method could be devised. 
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C h a p t e r VII 

INVESTIGATIONS ON THE CHEMICAL NATURE OF 
THE PIGMENT OF CANDIDA PULCHERRIMA 

§ 1 Elementary analys is 
A sample of the most pur i f ied preparat ion of the pigment was 

subnitted to elementary analysis. By the kind courtesy of Profes
sor Dr P. E. VERKADE t h i s analysis was performed by Mr M.VAN LEEUWEN 
of the Department of Organic Chemistry of the Technical University, 
for whose able asslstence the author' s thanks are due. 

In the f i r s t place a qua l i t a t ive analysis showed the presence 
of carbon, hydrogen, nitrogen and iron, whilst sulphur, phosphorus 
and halogens were found to be absent. 

A quan t i t a t ive nitrogen determination according to the DUMAS 
method yielded the following r e su l t : 

7.000 mg pigment gave 0.521 ml nitrogen gas at 17°C. and 761 mm 
Hg. hence 8.61% N. 

A q u a n t i t a t i v e ni t rogen determinat ion according to the TER 
MEULEN method y ie lded the following r e s u l t : 

15.95 mg pigment gave ammonia, equivalent to 5.46 ml 0.0182 N 
HCl, hence 8.7% N. 

On combustion 40.05 mg pigment yielded 23.4 mg H2O. 71.4 mg 
CO2 and 6.2 mg ash (apparently pure FejOs). 

From these f igures one a r r i v e s a t the following percentage 
composition: 

6.5% H; 48.6% C; 8.6% N; 10.8% Fe. 
It seemed desirable to check the latter value by a direct 

determination of iron in the ash. 
100 mg pigment were combusted, and the residue taken up in hy

drochloric acid. After subsequent treatment with bromine for com
plete oxidation, the iron was determined colorlmetrically with the 
aid of the thiocyanate method, using a BECKMAN spectrophotometer 
D.U. The determination was made at 495 m |i, slit width 0.995 mm. 

Tlie iron content of the pigment was thus established to be 
10.7%, in satisfactory agreement with the earlier obtained value. 

Summarizing the foregoing percentage composition of the pig
ment results: 

C = 48,6% 0 = 25.6% Fe = 10,7% 
H = 6.5% N = 8.6% 
Accepting one atom of iron to be present per molecule comput

ation leads to the following elementary composition: 

• ^ 2 1 , 1 ^ 3 3 ^ 7 0 8 . 3 N 3 . 2 ^• 
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This resu l t i s , of course, unsat isfactory, and one cannot es
cape the conclusion tha t , notwithstanding the se r ious e f fo r t s 
made, a complete pu r i f i c a t i on of the amorphous pigment has not 
been achieved. 

Allowing for the presence of small amounts of Impuri t ies in 
the pigment preparation, i t i s evidently possible to suggest some 
compounds whlrh in t h e i r elementary composition do not deviate 
considerably from the data actually found, 

This i s demonstrated by the following: 
% C %H %0 %N %Pe 

Actually found: 48.6 6,5 25,6 8.6 10.7 
Calculated for 
CjjHj^OgNjFe: 49.2 6.7 25.0 8.2 10.9 
calculated for 
Cj^Hj^OgNjFe: 48.0 6.8 25.6 8.4 11.2 

§ 2 Acid hydrolysis of the pigment 
I t seemed indicated to subject the pigment to an acid hydroly

s i s , in the hope that t h i s procedure would lead to the formation 
of some ident i f iable compounds. 

As has already been remarked, at room ten5)erature the pigment 
i s apparent ly qui te r e s i s t a n t to the act ion of s t rong mineral 
acids. For th i s reason i t was decided to attempt an acid hydrol
y s i s at a higher temperature. To 5 mg of the pigment 2 ml con
cen t r a t ed hydrochlor ic ac id (sp.w. 1.19) was added, and a f t e r 
sea l ing the mixture in a thickwalled g lass tube, the tube wó,s 
maintained for 24 hours at 100°C. 

At the end of the opera t ion the l iqu id had assumed a deep 
yellow colour, while a dark sol id mass had remained undissolved. 
The c lear supernatant l iquid gave react ions for fe r r i c ions. 

The l iquid was further analyzed for the presence of amino acids 
by using the two dimensional paper p a r t i t i o n chromatography ac
cording to DEJn (1948), After appl icat ion of the hydrolysate on 
the paper the excess acid was neutral ized with ammonia vapour. 

The iron then prec ip i ta ted as brown iron hydroxide. Phenol in 
the presence of ammonia, and col l id ine in the presence of die thyl-
amine were chosed as the successive l iquid phases, 

The appl ica t ion of the ninhydrin reagent yielded only three 
spots, two of which were very fa in t , while the t h i r d was quite 
spectacular. One of the spots could not be identif ied with any of 
the usual amino acids , and on ground of i t s loca t ion suggested 
some peptide. The second faint spot could be ident i f ied with some 
cer ta inty as aspart ic acid, which then must have only been present 
in t races . 

As for the prominent spot t h i s strongly suggested to be leucine. 
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Since, however, a paper chromatographic separation of leucine. 
isoleucine and norleucine is not so easily attained, it seemed 
important to repeat the analysis with a second portion of hydroly
sate, this time giving special attention to the three mentioned 
amino acids. To this purpose an onedimensional chromatographic ana
lysis was applied on six paper strips. On each of the first three 
an authenlc sample of one of the three amino acids was brought, 
whilst on the next three the hydrolysate together with one of the 
three amino acids was applied. This time butanol in the presence 
of ammonia in the gas phase was used as an elutant. After develop
ment of the strips with ninhydrin the presence of norleucine in 
the hydrolysate could with certainty be excluded. The results were 
fully in favour of the idea that the amino acid present in the 
hydrolysate was, indeed, leucine. It must be admitted, however, 
that the presence of isoleucine too could not be quite certainly 
excluded. 

As most important result of the investigation the absence of 
other amino acids next to the leucine (resp. isoleucine) should 
be stressed. For this brings definite proof that the pulcherrima 
pigment is devoid of a protein moiety. 

§ 3 Pyrolysis of the pigment 
As has already been remarked in Chapter VI the pigment has no 

melting point; on heating a sample a gradual decomposition takes 
place., starting at about 150°C. 

Nevertheless, a careful examination of this pyrolytic process 
led to some noteworthy observations. In the first place it was 
found that at the colder part of the tube in which pyrolysis was 
carried out a crystalline compound accumulated. Moreover, pungent 
vapours evolved which gave a red coloration when brought into 
contact with a paper strip dipped in EHRLICH*s reagent for pyrrole 
derivatives (p- aminodimethylbenzaldehyde in acid solution), A 
pine splinter dipped in concentrated hydrochloric acid also turned 
red. Addition of a 5% solution of mercuric chloride to the aqueous 
leachings of the condensed vapours gave a white precipitate. All 
this gives a strong indication for the precense of some hetero
cyclic derivative amongst the products of pyrolysis. 

It seemed, of course, important to give full attention to the 
crystalline product which accumulated during the pyrolysis. In 
order to obtain a somewhat larger quantity of this product 2.8 g 
of the pure pigment preparation was brought in a porcelain boat, 
heated electrically at300°C. in a hard glass tube of 60 cm length 
under passage of a slow current of nitrogen. The pigment decomp
osed with copious evolution of yellow vapours which condensed 
together with the urtiite crystalline product in the cooler regions 
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of the tube. As soon as no fu r ther separa t ion of degradat ion 
products occurred, the tube and contents were allowed to cool. 
The tube was cut in two and the e n t i r e contents quan t i t a t ive ly 
washed with r e d i s t i l l e d e the r i n to the g l a s s conta iner of a " 
SOXHLETT ^ p a r a t u s . The contents were then thoroughly extracted 
with e the r . The c r y s t a l l i n e product proved to be insoluble in 
e ther , while the other products were readi ly extracted to give 
a deep brown solution. Extraction of the mass was continued un t i l 
the ether washings were colourless. The dark coloured ether solut
ion was set aside. The c rys t a l l i ne mass together with the charred 
residue was subsequently extracted with 250 ml r ed i s t i l l ed metha
nol which dissolved the c r y s t a l s . However, owing to i t s l imited 
so lub i l i t y in t h i s solvent, the c r y s t a l s again separated out in 
the brown coloured methanol ex t rac t in the flask. 

After complete extraction of the c rys ta l l ine mass, the methanol 
ext rac t was allowed to cool and l e f t overnight at 4°C, The se
parated sol id was quan t i t a t ive ly col lec ted by centrlfugation and 
r e e r y s t a l l i z e d from 75 ml methanol, from which i t separated as 
fine, colourless needles. The product was redissolved in a minimal 
quantity of boil ing methanol, t reated with a t race of ultracarbon 
and recrys ta l l ized . A l igh t , feathery, white c rys ta l l ine mass was 
obtained. Yield: 41 mg. 

The substance proved to be very soluble in pyridine, showed a 
limited so lub i l i ty in methanol, less in ethanol and was insoluble 
in water. The substance showed no definite melting point . However, 
sublimation occurred which commenced at approximately 220°C. In a 
sealed capi l la ry the compound melted with decomposition at 285°-
287°C (uncorrected). 
Micro-elementary analysis *): 

4.704 mg substance yielded 3.48 mg H2O and 11.23 mg CO2 
%H = 8. 28 %C = 65.15% 
4.128 mg substance yielded 0,465 ml nitrogen at 25°C. and 754 
mm Hg. 
%N = 12.8. 
Pound: 65.15%C 8,28%H 12.8%N 
Calculated for CeHeNO: 64. 86%C 8.17%H 12. 6%r̂ . 

No molecular weight could be determined according to RAST, 
since the substance proved to be Insoluble in camphor. Methoxy 
groups were found to be absent, 

*) Tlie author wishes to express here his most sincere thanks to Profes
sor Dr J.P,WIBAUT, of the University of Amsterdam for the valuable 
advice and i n t e r e s t shown in connection with the ana lys i s of the 
compound in ouestion. The micro-elementary analysis was carried out 
by Mr. P.J.HUBERS of the Department of Organic Chemistry of the 
l i i ivers i ty of Amsterdam. 
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The determination of carbon bound methyl groups according to 
the procedure of KUHN-ROTH: 

5.445 mg substance = 2,78 ml 0.01 N NaOH 
% CHg = 7,68. 

This resul t seems to indicate the presence of one methyl group 
on a molecular formule Ci2HieN2Q2i thus doubling the empirical 
formula CQHQNO, 
Chemical properties. 

The compound Ci2HieN202 gave no colour reaction with EHRLICH's 
reagent , ne i t he r at room temperature, nor at 100°C, Alkaline 
KMn04 was not decolorized. No colour react ion was obtained with 
i s a t in and sulphuric acid, nor with a solution of f e r r i c chloride. 
Diazotized su lphani l ic acid yielded no azo-dye. 

Acetyla t ion with e i t h e r acetyl chloride in pyr id ine , or in 
acetic acid anhydride with a trace of concentrated sulphuric acid 
yielded a t a r which could not be purified by crys ta l l iza t ion . 

The u l t rav io le t absorption of the compound, dissolved in etha
nol, was recorded with a BECKMAN spectrophotometer Model D.U. 

Fig.II • Ultraviolet absorption 
spectrum óf an ethanolic solut
ion of crys ta l l ine p y r o l i s i s 
product of pulcherrimin 

240 260 260 300 320 
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As appears from Fig. II the compound gave a marked absorption 
in the untraviolet region, with a clear maximum at 280m p.. 

The foregoing data are clearly insufficient to give any idea 
of the nature of the crystalline product of pyrolysis. It happen
ed, however, that attention was drawn to the studies of DUTCHER 
(1947a, b) on the structure of aspergillic acid. This author ob
tained from the mother liquors of bromoaspergilllc acid, a co
lourless neutral product of high melting point. It possessed the 
formula C1.2H18N2O2. gave no reaction with FeClg and gave a strong 
absorption in the ultraviolet with a maximum at 285 m \i. DUTCHER 
established that this product could be catalytically reduced to a 
diketopiperazlne. He proposed a pyrazinedione formula as the most 
likely structure of the unknown compound: 

N 

0=C C-R 
I I 

R-C C=0 

V 
RrQjHg 

Formula I 

The equality of the molecular formulae, the ultraviolet ab
sorption, the sublimation and high melting point, the inability 
to give a colour reaction with FeClg. and the fact that no acetyl 
derivatives could be obtained, together suggest a close relation
ship between the Ci2HieN202 product obtained by DUTCHER and the 
product C12H18N2O2 obtained by pyrolysis of the pigment produced 
by Candida pulcherrima. 

On the ground of these similarities one is inclined to attrib
ute also to the product obtained from the pigment a pyrazinedione 
nucleus C4N2O2. Subtraction of these elements from the molecular 
formula leaves the aliphatic residue CgHig. 

The fact that leucine was demonstrated to be present in the 
pigment molecule suggests that the compound of pyrolysis is formed 
by the degradation of the diketopiperazlne of leucine. This would 
then imply that formula I would also hold for the structure of 
the product of pyrolysis. although there may be structural differ
ences in the side-chains R. 
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§ 4 Spectroscopical observations on the pigment and on some 
other iron complexes 

I t has to be. acknowledged that the data obtained in the fore
going chemical inves t iga t ions of the pigment are of a too frag
mentary character to permit a clear insight into the nature of the 
pigment. An explanation of t h i s unsa t i s fac to ry s i t u a t i o n must 
p a r t i a l l y be sought in the l imited amount of pigment avai lable . 
and p a r t i a l l y in the embarassing proper t ies of th i s complex iron 
conpound with greatly impeded chemical manipulation. 

I t seemed, however, possible that aspectroscopical examination 
of the pigment might open some new prospect for the establishment 
of the class of compounds to which the pigment should be reckoned. 

A spectroscopical analysis of the purif ied pigment preparation 
met. however, with the d i f f i c u l t y of the i n s o l u b i l i t y of t h i s 
preparation in a l l solvents, except a lka l i , in which case, however, 
the red colour i s discharged. In the meantime the observation had 
been made that on suspending a well pigmented' cul ture of the red 
mutant in des t i l l ed water, af ter s e t t l i ng of the yeast ce l l s , the 
r e l a t i ve ly c lear supernatant maintained a red colour, apparently 
because par t of the pigment remained in a col loidal solut ion. I t 
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Fig. III. Absorption spectrum of: A, pulcherrimin; B, ferric 
complex of aspergillic acid 
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was, therefore, decided to use this solution, after removing the 
solid particles by centrlfugation, for the spectroscopical examin
ation. A preliminary test had shown that on filtration of the 
aqueous phase through a SEITZ clarifying filter the pigment was 
retained by the filter, indicating that in the solution the pig
ment was only present in a dispersed state. 

The absorption spectrum of the colloidal solution was determ
ined against distilled water with the aid of a BECKMAN spectro
photometer. Measurements were made in corex glass cells of 1.000 
cm and at minimum slit width. 

As will be seen from curve A in Fig. Ill maxima of absorption 
are present in the vicinity of 390 m [i and 490 m |i. 

Even a superficial examination of the spectrum suffices to 
show that the pigment fundamentally differs from those of the 
haemln type. 

In § 3 it has been reported that the study of the pyrolysis 
product of the pigment had led to the postulation of its identity 
with some byproduct isolated by DUTCHER in the preparation of 
some derivative of aspergillic acid. 

On reading DUTCHER's publication it struck the author that in 
contrast to the said byproduct - which did not give a coloration 
with iron, no more than the pyrolysis product - aspergillic acid 
Itself gives a beautiful red colour on addition of ferric ions. 

This made it especially attractive to study also the absorption 
spectrum of the iron complex of aspergillic acid. At the request 
of Professor KLUYVER. Dr JAMES a DurOER of the Squibb Institute 
for medical Research at New-Brunswick (N.J.) had the great kind
ness to put a preparation of aspergillic acid at our disposal, 

To 5 ml of a solution of aspergillic acid in methanol, contain
ing 2. Smgper ml, 1 mg ferric chloride and a few drops of concen
trated hydrochloric acid were added (pH =» 1,7). A beautiful bor
deaux-red colour developed quite comparable to that of the pigment. 
This solution was diluted to give a suitable colour intensity for 
the determination. Measurements were made against a solution of 
aspergillic acid in methanol, the solution having the same con
centration as in the experiment in which ferric chloride was pre
sent. Also some hydrochloric acid was added. 

The spectrum of the iron conplex thus obtained is recorded in 
curve B Fig. III. 

It will be seen that the agreement between the ^ectrum of the 
pigment and that of the iron complex of aspergillic acid is most 
striking. The two maxima in absorption coincide in an almost per
fect way. 

In this connection it is important to dwell for a moment on 
the constitution of aspergillic acid, and on what is known re
garding the nature of its red iron conplex. 
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Owing to the investigations of DUTCHER, supplemented by some 
observations of DUNN et al. (1949), it is now practically certain 
that aspergillic acid has the following constitution: 

N CHo 

H - C C-CH2-C-H 

I II I CHQ 

CH3-CH2-C-C c = o *̂  

O 
H 

Formula I I 

The formation of the red iron conplex i s now generally accepted 
to be connected with the hydroxamic grouping occurring in the mo
lecule . Is i s a well-known fact that several a l iphat ic hydronamic 
acids also yield intensively red iron complexes in which one atom 
of iron i s linked with three ident ica l l lgands. From the s tudies 
of CHANTRFĴ NE (1948) i t has, moreover, appeared that the iron com
plexes of a l l a l ipha t ic hydroxamic acids examined by him also gave 
a maximum of absorption in the v ic in i ty of 500 m jJ, 

I t was deemed desirable to check t h i s observation, and th i s led 
to the determination of the absorption spectrum of the iron com
plex of butyrohydroxamic acid which i s reproduced in curve A of 
Fig, IV. Here again the absorption maximum i s , indeed, s i tua ted 
between 490-'500 m [U 

At f i r s t s igh t i t was, of course, very tempting to conclude 
from these spectroscopical observations tha t the pigment would 
a lso contain some hydroxamic grouping r e^ons ib l e for the format
ion of the iron complex, 

I t seemed, however, prudent to t e s t the s p e c i f i c i t y of t h i s 
absorpt ion maximum for the hydroxamic grouping, s ince so many 
divergent compounds are known to give a red coloration with ferr ic 
ions. For t h i s reason also the spectra of fe r r i c thiocyanate, and 
of the reac t ion product of f e r r i c ch lor ide and koj ic acid were 
determined. As is seen from the curves B and C of Fig. IV which 
represent the said spectra , the r e s u l t i s quite disappointing in 
as far as here too maxima of absorption at 490-500 m ^ occur. 

I t i s . therefore, c lear that i t would be premature to conclude 
from the s i tua t ion of the absorption maxima to the presence of a 
hydroxamic grouping in the molecule. On the other hand the possi 
b i l i t y hereof i s ne i the r excluded, and i t was. therefore , most 
de s i r ab l e to make an attempt a t a d i r e c t demonstration of the 
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Fig. IV. Absorption spectrum of ferric complexes of: A, butyro
hydroxamic acid; B, thiocyanate; C. kojic acid. 

occurrence of the sa id grouping in the molecule. The more so. 
since such a demonstration would give a d i rec t l ink with the py
razinedione ring postulated to occur in the product of pyrolysis . 

FEIGL (1947) s t a t e s tha t hydroxylamine i s generated from hy
droxamic acids when these acids are subjected to the action of 
strong hydrochloric acid. The presence of hydroxylamine i s readily 
demonstrated by e i the r oxidation to n i t rous acid, and subsequent 
diazotation and coupling of sulphanil ic acid with a-napthylamine, 
or with diacetylmonoxlme in the presence of nickel ions. 

Hence 500 mg pigment was suspended in 5 ml concentrated liy-
drochloric acid, and evaporated to dryness on a water bath. The 
mass was leached with 2 ml d i s t i l l e d water, n e u t r a l i z e d with 
ammonium hydroxide, and f i l t e red . The f i l t r a t e was once more neu
t ra l i zed with hydrochloric acid and again f i l t e r ed . In the final 
f i l t r a t e hydroxylamine was readily demonstrated by both procedures 
mentioned above. 
a. Two drops of the t e s t solution were mixed on a spot p la te with 
a few mg sodium ace ta te . 2 drops of sulphani l ic acid in 75% ace
t i c acid and 1 drop of 0 .1 N iodine in glacia l acet ic acid. The 
mixture i s l e f t for 3 minutes. The excess iodine i s removed by 
the addition of 0 .1 N sodium thiosulphate solution, and one drop 
of a-napthylamine i s added. A deep cherry red colour developed 
giving a posi t ive reaction for hydroxylamine. 
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b. A few drops of the test solution were transferred to a hollow 
ground object glass and neutralized with ammonia vapour. An equal 
volume of the diacetylmonoxime-nickelchloride reagent was added. 
After several minutes the characteristic red crystals of nickel 
dimethylglyoxime were to be seen under low magnification, indicat
ing the presence of hydroxylamine in the test liquid. 

These successful demonstrations of hydroxylamine amongst the 
products of acid hydrolysis of the pigment, together with the 
close agreement between the spectrum of the pigment and that of 
the iron conplexes of hydroxamic acids, make the occurrence of a 
hydroxamic group in the pigment extremely probably. 

§ 5 Discussion of results 

In this section an attempt shall be made to coordinate the ex
perimental results reported in the preceding sections, and to 
arrive at a sober picture of our limited knowledge of the chemical 
nature of the pigment. 

On ground of all experiences there is all reason to conclude 
that the pigment of Candida pulcherrima is a chemical entity, and 
the name pulcherrimin seems to be indicated. Then it should be at 
once stressed that especially amongst the vegetable pigments pul
cherrimin takes a special place for two reasons. 

In the first instance pigments with iron contents as high as 
10.7% are very rare, as follows from the fact that the iron con
tent of the blood pigment haemln and of the haemln moiety of pig
ments like cytochrome are in the neighbourhood of 8.5%. 

In the second place it is a quite unusual feature of a natural 
pigment to te insoluble in all solvents with the exception of 
rather strong alkali, and to resist the action of this solvent so 
that it is recovered apparently unchanged after acidification. 

It will be understood that when the high iron content of pul
cherrimin had been established at once the suspicion arose that 
this pigment would be a new representative of the group of haemln 
conpounds. However, both the absorption spectrum of pulcherrimin. 
and the ratio N/Fe in the pigment leave no doubt that it does not 
belong to the haemins. 

Now it may be remarked that outside the haemln field natural 
pigments containing iron are rare. An iron content has been claim
ed for aspergill in. the black pigment isolated by LINOSSIER (1891) 
from the conidia of Aspergillus niger. The investigation made by 
QUILICO and DI CAPUA (1933) has yielded a qualitative confirmation 
of this claim, but the pure pigment only contained 0. 26% iron, so 
that it certainly belongs to a class of compounds different from 
pulcherrimin, 

Next mention should be made of the brown pigment occurring in 
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the spleen, bone marrow and liver and which has first been obtain
ed in a crystalline state by LAUPBERGER (1937). This compound 
which has been named ferritin, has the surprisingly high iron 
content of alx)ut 20%. However, as was first shown by GRANTCK and 
MICHAELIS (1943) the iron can be removed from ferritin leaving a 
typical, colourless, iron-free protein, the so-called apoferritin, 
of a molecular weight of 460.000. Both in the hydrolysates of 
ferritin and apoferritin GABRIO and TISHKOFF (1950) demonstrated 
with the aid of paper chromatography the presence of at least 14 
different amino acids. It will be clear from these data that pul
cherrimin does neither show any relationship with ferritin. 

With a view to the above the conclusion seems to be warranted 
that pulcherrimin must be considered to be a representative of a 
hitherto unknown class of pigments. 

The question then arises what can be said regarding the chemi
cal nature of pulcherrimin. 

Then it seems appropriate to dwell first for some moments on 
the fact that hydroxylamine has been shown to occur amongst the 
products of hydrolysis of pulcherrimin. 

Until recently the occurrence of a liydroxamic grouping in na
tural products had not been proved with certainty. It is true that 
the occurrence of free hydroxylamine has often been postulated as 
an intermediate product in the processes of nitritication, deni-
trification and biological nitrogen fixation. Especially for the 
latter process VIRTANEN and collaborators (cf. VIRTANEN, 1948) 
have given experimental proof that under certain conditions small 
amounts of oxime nitrogen are formed. In this case the hydroxyl
amine apparently originates from an inconplete oxidation of mo
lecular nitrogen. 

In the case of Candida pulcherrima we are at first sight more 
or less obliged to accept that hydroxylamine will arise from an 
oxidation of the ammonium ion. this being in most experiments the 
only nitrogen source made available to the organism. This oxidat
ion may occur either directly, or after the ammonia has been con
verted into some amide group, or in a peptide bond. But in any 
case we must ascribe to Candida pulcherrima the ability to pro
duce a metabolic compound containing a trivalent hydroxylated 
nitrogen atom. 

That a hydroxamic grouping can occur in a natural compound was 
first definitely shown by DUTCHER for the case of aspergillic 
acid and was recently demonstrated to be also the case for the 
new antibiotic nocardamin by Stoll et al, (1951), 

In addition it seems of importance to point out that in recent 
years several authors have studied the formation of hydroxamic 
acids out of hydroxylamine under the influence of enzymes. Thus 
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WAELSCH et al, (1950) and GROSSOWICZ (1950) have demonstrated 
that ce l l - f ree extracts of Proteus vulgaris catalyze the following 
reactions, provided that ATP i s added to the system: 
Glutamine + NHjOH — glutamohydroxamic acid + NHg 
Asparagine + NH2OH -. aspartohydroxamic acid + NH3 

VIRTANRN and BERG (1951) similarly demonstrated the synthesis 
of benzohydroxamic acid from benzoic acid or benzamide and hy
droxylamine, with the aid of enzymes obtained e i ther from sheep 
l i v e r , or from bakers 'yeast . ATP'dist inctly act ivated t h i s syn
thes i s in the case of benzoic acid. Similarly benzohydroxamic acid 
could be hydrolyzed by the respect ive enzymes into benzoic acid 
and NH2OH. 

The foregoing may suff ice to s t r e s s tha t the occurrence of 
hydroxylamine amongst the hydrolytic products of pulcherrimin i s 
a rather noteworthy fact , and moreover tha t t h i s phenomenon may 
well be due to the occurrence of a hydroxamic acid grouping in 
the pulcherrimin molecule. 

Now returning to the fact that the same holds for a spe rg i l l i c 
acid, as has been shown by DUTCHER, the s t r i k ing s imi l a r i t y be
tween the absorption spectrum of pulcherrimin and tha t of the 
fe r r i c complex of asperg i l l i c acid gains increased importance. I t 
strongly suggests that also in pulcherrimin the ferr ic iron bind
ing ligands contain ahydroxamic group present in some ring system. 

That t h i s r ing system may well be c lose ly r e l a t e d to t ha t 
occurring i s a spe rg i l l i c acid i s probable on ground of the fo l l 
owing considerations. In the f i r s t Instance i t i s cer tainly a r e 
markable coincidence tha t the c r y s t a l l i n e compound obtained in 
the pyrolys is of pulcherrimin had exactly the same composition: 
C12H18O2N2 as a byproduct obtained by DUTCHER in the preparation 
of bromodesoxyaspergillic acid. 

Also in various other respects the s imi la r i ty between the two 
compounds i s s t r i k i n g . For the said product DUTCHER has proved 
the presence of apyrazinedione ring which implies a dehydrogenat-
ion of the pyrazine hydroxamic acid s t ruc tu re as present in as 
p e r g i l l i c acid. 

I t seems not a t a l l excluded tha t a lso in the py ro lys i s of 
pulcherrimin a similar dehydrogenation of the pigment takes place, 
which would mean that as in a s p e r g i l l i c acid also in l igands of 
pulcherrimin apyrazine hydroxamic acid s t ruc ture would be present. 
Such a conclusich i s in grat i fying harmony with the observation 
regarding the i d e n t i t y of the absorpt ion spec t ra of the i ron 
conplex of asperg i l l i c acid and of pulcherrimin. 

In further support of th i s postulation the following should be 
pointed out, DUTCHER has shown tha t on hydrogenation of bromo
a s p e r g i l l l c acid and of bromodesoxyasperg i l l ic acid a compound 
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i s formed which contains a d ike topiperaz iner lng . Hydrolysis of 
t h i s compound yielded according to the inves t igat ions of DUNN et 
al. (1948, 1949 a, b) a mixture of leucine and isoleucine. 

Now i t seems another remarkable coincidence that amongst the 
products of the hyd ro lys i s of pulcherr imin the only compound 
which with ce r t a in ty could be Iden t i f i ed was leuc ine , possibly 
accompanied by isoleucine *, 

In summarizing the author i s inclined to conclude that proba
b i l i t y i s in favour of the view that the iron binding property of 
the ligands in pulcherrimin will be connected with the occurrence 
of a pyrazine hydroxamic acid nucleus in these moieties. 

Further i nves t iga t ions should bring de f in i t e proof for t h i s 
hypothesis, and should reconcile t h i s view with the data for the 
empirical composition of the pigment, which data apparently are 
in want of some correction. 

' ) Tliese observations were made long before any re l a t ionsh ip l>etween 
the pigment and a s p e r g i l l i c acid had been surmized. 
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C h a p t e r VIII 

ON THE POSSIBILITY OF SUBSTITUTING IRON 

BY OTHER METALLIC ELEMENTS IN THE PIGMENT 

OF CANDIDA PULCHERRIMA 

§ 1 Some remarks on the b io logica l s ignif icance of chelation 
After i t had been found t h a t i ron in the f e r r i c s t a t e was 

present in pulcherrimin as a co-ordinated atom i t seemed worth
while to investigate whether Candida pulcherrima would be able to 
produce analogous chelates with metall ic elements other than iron. 

In l a t e r years i t has become increasingly evident that chelated 
conpounds carrying different metals are not at a l l rare in l iving 
nature. An excellent review of our present knowledge in t h i s field 
has been given by HUNTER, PROVASOLI. SCHATZ and HASKINS (1950). 

To t h i s c lass of chelated compounds belong the a l l - important 
prosthet ic groups of many enzymes and further several biologically 
ac t ive compounds. Thus iron presents I t s e l f in the v i t a l l y im
portant haeme complexes of the resp i ra tory enzymes, such as cy
tochromes, catalases and other hydroperoxidases. A similar haeme-
conplex, leghaemoglobln, has in recent years been demonstrated by 
VIRTANEN and associates (1947 a, b) to fu l f i l a fundamental, role 
in the ^mbiot ic nitrogen fixation in the leguminous root nodules. 

Similarly copper has been realized to be a v i t a l trace element, 
although i t s 'locus of action' i s as yet incompletely understood. 
Copper i s not known to occur as an i n t e g r a l p a r t of smal ler 
prosthet ic groups, as i s the case with iron in the haeme-complexes. 
but r a the r appears to be p a r t of la rge p ro t e in molecules with 
some respiratory function. The respiratory pigment of molluscs and 
arthropods has been shown to be a copper-protein, haemocyanin, 
the prototype of the copper prote ins . Spectroscopic observations 
seem to indicate tha t copper in t h i s compound i s present in the 
te t raco-ord ina ted condi t ion. Furthermore copper has been shown 
to be present in the tyrosinase and ascorbic acid oxidases. 

The role of cobalt, long recognized in nut r i t ion , blazed into 
the lime l igh t with the discovery of vitamin B12. now known to be 
required not only by ver tebra tes , but also by several micro-or
ganisms, I t i s at present known tha t the cobalt atom in vitamin 
B12 occurs in a co-ordinate condition, BRINK, KUEHL and F0LKE31S 
(1950) found that the vitamin contains one cyano group which i s 
bound co~ordinatively to the cobalt atom, 

For the other meta l l ic elements known to be involved in ce l 
l u l a r a c t i v i t i e s , such as magnesium, zinc, manganese and molyb-
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denum. even less i s known regarding the i r mode of action. 
Apart from the essential role which many chelates play in ce l 

lu la r metabolism there i s s t i l l another side to the great biolo
gical s ign i f icance of che la t ion . I t i s a well-known fact t ha t 
several metallic ions, i f the i r concentration surpasses a cer tain 
lower level, have a d i s t i nc t toxic effect on various l iving ce l l s . 
I t i s . therefore, more or l e s s selfevident that chelation can be 
an important factor in counteracting t h i s toxic effect . 

So i t i s a common experience in bacteriology that cer ta in me
t a l l i c ions exert a harmful influence on the growth of many micro
organisms in a synthetic medium, # i i l s t th i s effect i s not observ
ed. i f complex substances l ike peptone are added to the medium. 
Since peptone contains several chelat ing compounds, such as a-
amino acids and O-hydroxy acids, the metall ic ions added will be 
for a large proportion stored in re la t ive ly non-toxic chelates. 

I t seems very probable tha t nature will not have neglected th i s 
pos s ib i l i t y of protect ing l i f e against harmful influences, or in 
other words many ce l l s may well have acquired the ab i l i ty to pro
duce chelate-forming compounds in order to ward off metallic ions. 
I t is even tempting to see the pigment production by the red mutant 
of Candida pulcherrima in t h i s l igh t . 

In t h i s trend of thought one might expect t ha t the che la te -
forming ac t i v i t y of the yeast would not be r e s t r i c t e d to f e r r i c 
ions, but would a l so manifest i t s e l f in the presence of other 
metall ic ions, thus leading to the formation of new pigments ana
logous to, but different from pulcherrimin. This point has. there
fore. t)een submitted to an experimental t e s t . 

I t seemed appropriate to give specia l a t t en t ion to the e l e 
ments copper, coba l t and n i cke l , s ince these metals have not 
seldom been encountered in biological mater ia ls , whilst they are 
known to form often surprisingly stable organic complexes. 

§ 2 Formation of a copper-containing pigment by Candida pul
cherrima 

In the invest igat ion on the behaviour of Candida pulcherrima 
towards copper ions, as well as in the experiments dealing with 
the other metals, always M.B.M., in which the iron had been sub
s t i t u t e d by the metal under i nves t i ga t i on , has been used. The 
medium thus contained: 
2,Og Bacto-peptone, 4 g saccharose. 0. 2 g KH2PO4, 0,05 g MgS04, 
7H2O, 1ml yeast autolysate. 2.0 g Bacto-agar and 100 ml d i s t i l l e d 
water. After adjusting the pH to 6.0 and s t e r i l i z a t i o n at 110°C. 
for 15 minutes, the metal in question was added in such a quantity 
that the final concentration amounted to approximately 10"^M. The 
metal was introduced as sulphate in a molar so lu t ion . To these 
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solutions ammonium sulphate, also in molar concentration, had 
been added in order to counteract hydrolysis during sterilization 
at 110°C. To 100 ml agar sol, 0,1 ml of the solution was added and 
plates prepared, 

The plates were then inoculated with a suspension of a young 
vigorous culture of the red mutant of Candida pulcherrima and 
incubated at 30°C. for 4 days, 

On a plate to which copper sulphate had been added good growth 
occurred. The colonies has assumed a rou^i form-cf, Plate V fig. 
2 - and were lemon yellor in colour. No reversion to a "non-pig
mented' growth form had occurred. Microscopical examination re
vealed, next to normal cells, a larger type of cells which dis
played a yellow granular outer layer. These cells were somewhat 
similar to the typical puZcherrima-cells, since lipids were pre
sent although not as marked as in the true puZc^ierrima-cells. See 
Plate V fig. 3. The cultures were quite viable, and subcultures 
could readily be maintained on the same medium. Nevertheless, the 
presence of copper was easily demonstrated in the ash of the cells, 
by fusion with a borax bead. Staining of live cultures with a 
dilute aqueous solution of methylene blue, however, revealed the 
occurrence of many non-viable cells, generally of the "pigmented' 
type. That copper had been removed from the agar medium was readily 
demonstrated by flooding a plate from which growth had been rins
ed, with ammonium sulphide. While a faint black coloration due 
to the formation of cupric sulphide developed in the upper layer 
of the agar, clear zones occurred at those spots where growth had 
previously manifested itself, 

There can be no doubt on ground of the preceding observations 
that Candida pulcherrima has succeeded in incorporating the cupric 
ion into a greenish yellow pigment complex. Like the pulcherrimin 
the pigment proved to be dissolved by caustic alkali yielding a 
bile-green solution, but on acidification of the solution the pig
ment could not be recovered: only a brown precipitate resulted, 

The formation of the copper pigment is more or less in accord
ance with expectation, in as far as it is well-known that hydrox
amic acids easily form insoluble copper conplexes, 

In order to test the stability of the copper complex the foll
owing experiment was made. 

In a copper containing plate an annular cavity was cut and 
filled with 4% ferric chloride solution. After 18 hours the ferric 
chloride had partly diffused into the agar causing a brown color
ation. The yellow colonies, even beyond the brown area of the agar 
assumed a distinct red colour, typical for Candida pulcherrima, 
when growth on iron containing media. 

It must, therefore, be concluded that ferric ion easily expels 
the copper out of the copper pigment. 
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§ 3 Formation of a cobalt-containing pigment by Candida pul
cherrima 

On a similar cobalt-containing agar also good growth occurred, 
In contrast to what held for the growth on the copper-containing 
medium, the colonies were entirely smooth and deep yellow in co
lour, However, a fair degree of dissociation into non-pigmented 
colonies had occurred; these colonies were cream-white in colour. 
Microscopical examination of the yellow colonies revealed cells 
of normal dimensions. Cases were again encountered where 'pig
mented' cells were coated with a yellow granular outer layer. 
Staining of the cells with dilute aqueous methylene blue again 
showed the "pigmented* cells to be non-viable. Contrary to ex-
ceptations and to findings of NICKERSON and VAN RIJ (1949) fila
mentous forms were not encountered. Cobalt was readily demonstrat
ed in the ash of the cells by fusion with a borax bead. Treatment 
of the plates with ammonium sulphide readily demonstrated the re
moval of cobalt from the medium. Treatment with ferric chloride 
solution as described for the case of growth on the copper con
taining medium, gave-as is shown in Plate V fig. 4-red colonies 
only where pigmentation had occurred, i.e. with the yellow colon
ies. Here again the affinity of iron for the ligands surpasses 
that of cobalt, so that the latter metal is expelled. 

Subcultures could readily be maintained on the cobalt contain
ing medium, but were always accompanied by reversion to the non-
pigmented form, 

The recent development of our insight into the role of cobalt 
in nutrition suggested the possibility that Candida pulcherrima, 
under the influence of the cobalt ion, could elaborate a compound 
or compounds which could show vitamin Bi2-activity. A preliminary 
survey of the organisms known to produce this physiologically ac
tive compound was not encouraging for this hypothesis, since 
PEELER et al. (1949) only found very slight activity in the yeasts 
examined by them. 

For the purpose of testing Candida pulcherrima on its B12-
producing ability, the following medium was compounded of reagents 
of analytical purity. Saccharose 10 g. KH2PO4 1.0 g. K2HPO4 0.16 
g, 12.5 ml vitamin-free casein hydrolysate ("•3 g casein), MgS04. 
7H2O 0.7 g. NaCl 0.5 g, Ca(N03) 2 0.4 g, 1 ml trace element sol
ution, 200 Y thiamine hydrochloride. 200 y pyridoxine hydrochlori
de, 200 Y nicotinic acid. 200 y Ca-pantothenate. 2 y biotin, 1000 
ml distilled water. Two portions of 150 ml of the above medium 
were introduced into KCftiLE flasks of 18.5 cm diameter and auto
claved at 110°C. for 15 minutes. After sterilizing 0, 15 ml of a 
sterile solution containing M C0SO4 and M (NH4)2S04 was added to 
the agar medium, and the medium allowed to set. The plates were 
inoculated with thick suspensions of a 5 days old culture of 
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Candida pulcherrima grown on s lan t s of the same conposition. The 
cultures were incubated at 30°C. for 7 days. Growth again exhibited 
a fine b r i l l i a n t yellow hue. The growth was harvested in two port
ions of 10 ml d i s t i l l e d water, the c e l l s were col lected by cen
t r l fugat ion , and the supernatant was put aside. From two p l a t e s 
2.4 g moist yeast was obtained. The supernatant was adjusted to 
pH 4.5 by addition of sui table amounts of sodium acetate and ace
t i c acid. In th i s l iquid the c e l l s were once more suspended, after 
which 0.2 ml toluene was added to the suspension. The suspension 
was transferred to a rubber stoppered flask and the ce l l s autolysed 
a t 50°C. for three days. The mass was autoclaved at 120"C., and 
the sediment removed by f i l t r a t i o n through a s intered glass bac
t e r i a l f i l t e r . The solution was again adjusted to pH = 5, and the 
clear extract autoclaved at 110°C. for 15 minutes. 

The ex t rac t was then assayed for vitamin Bi2 a c t i v i t y with 
Lactobacillus leichmanni A.T.C.C. 9830 (313) according to the 
method of HOFFMAN and STOKSTAD (1949), as well as with Euglena 
gracilis according to the procedure of HUTNER et al. (1949). Both 
assays failed, however, to indicate any Bi2-activity whatsoever? 

§ 4 Formation of a nickel-containing pigment by Candida pul
cherrima 

Growth on a nickel containing agar was very similar to that on 
the cobalt containing medium. Thus rough colonies were not noted. 
while the colour of the pigmented colonies was a rich yellow. Mi
croscopical examination revealed pigmented ce l l s , ^ i c h as in the 
cases of copper and cobal t proved generally to be non-viable , 
since they readily stained with d i lu te aqueous methylene blue as 
in the case of cobalt there was a marked tendency to give non-
pigmented colonies. 

Subcultures could be carr ied on, but these frequently reverted 
to the non-pigmented phase. Nickel could be demonstrated in the 
ash of the pigmented growth, and treatment of the yellow colonies 
with 4% FeClg so lu t ion again gave a t ransformat ion of colour 
quite analogous to what happened in the cases of copper and nickel. 

§ 5 Formation of a titanium-containing pigment by Candida pul
cherrima 

I t seemed in teres t ing to t e s t a lso another t r i va l en t metal l ic 
ion, and as such titanium was chosen. 

To 100 ml s t e r i l e agar sol as used in the previous cases 0.12 
ml 12% TiClg so lu t ion was added, so tha t a Ti concentrat ion of 
approximately 10" M was obtained. Titanous chloride being strong
l y subject to hydrolys is gave a p r e c i p i t a t e of basic compounds 
which consequently decreased the effective Ti concentration to 
a value lower than that calculated. 
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Growth was somewhat slower in developing, but a f t e r a week 
smooth pigmented co lon ies had developed which when viewed by 
transmitted l igh t were deep orange. I t was noteworthy tha t the 
pigment was par t ly present in the medium, as happened on media in 
which the iron concentration was below the value necessary for 
pigmentation to occur in the ce l l mass. Microscopical examination 
revealed pigmented c e l l s , which were orange-brown in colour, and 
which as a rule were non-viable. Treatment with 4% PeClg solution 
again expelled the titanium out of the pigment, thus leading to 
bordeaux-red colonies. 

§ 6 Discussion 
The r e s u l t s reported in the preceding sections throw some new 

l ight on the general phenomenon of pigment production by Candida 
pulcherrima. Whilst un t i l now the pigment production seemed to be 
a spec i f i c r eac t ion of the mutant c e l l s on the occurrence of 
f e r r i c ions in the medium, i t has now been shown tha t several 
other meta l l ic ions l ikewise induce these c e l l s to produce some 
organic compound with marked chelat ing proper t i es . 

All these chelates are characterized by colours which depend 
on the nature of the metal responsible for the induction of the 
chelating compound. 

The fact that in a l l cases the action of fer r ic chloride on the 
pigments led to the formation of the normal iron-pigment, pu l 
cherrimin, proves in the first instance that a l l the metals tested 
are less strongly bound to the ligands then holds for iron. I t i s 
even more Important that herewith proof i s given that under the 
inf luence of a l l metals the same che la t ing compound has been 
formed. 

Although no attempts have been made to I s o l a t e the che la tes 
containing the various metals, i t seems quite safe to conclude to 
t h e i r occurrence, f i r s t l y because of the di f ferent colours d i s 
played by the c e l l s , but secondly because chemical analysis in 
dicates that the metals occur in the l iv ing c e l l s in amounts which 
could scarcely be tolerated, if these metals occurred in the ionic 
s t a te . 
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C h a p t e r IX 

SIMILAR PIGMENTS PRODUCED BY OTHER MICRO-ORGANISMS 

§ 1 The behaviour of o ther yeas t species on the medium optimal 
for pigmentation in Candida pulcherrima 

During h i s study of Candida- pulcherrima BEIJERINCK (1918) 
noted that th i s yeast had the property to produce a red pigment. 
when c u l t i v a t e d in the presence of iron s a l t s , in common with 
"diverses levures du lactose" . He came to t h i s conclusion by the 
fact that many lactose fermenting yeasts , when grown on whey-agar 
assumed a reddish t i n t . Since then i t has become common knowledge 
that cer ta in s t ra ins of Saccharomyces lactis i r regular ly give r i s e 
to pigmented growth on cer ta in sol id media. SACCHETTI thus in 1938 
descr ibed a l a c t o s e fermenting yeas t , which he designated as 
Zygosaccharomyces versicolor, and which apparently was c lose ly 
re la ted to Zy gosaccharomyces lactis (Saccharomyces lactis). The 
new i s o l a t e d i f fe red from h i s s t r a i n s of Saccharomyces lactis 
only in the a b i l i t y to produce a red pigment, when grown on 
saccharose yeas t water agar. SACCHETTI, aware of BEIJERINCK' s 
study (1918) on the pigmentation of Coniiida pulcherrima, consider
ed the presence of l a c t i c acid, rather than iron, as being deter
minative for pigment production. A subculture of Zygosaccharomyces 
versicolor was forwarded to the "Centraalbureau voor Schimmelcul
t u r e s " . where i t was found to be i d e n t i c a l with Saccharomyces 
lactis, A specific separation of the new yeast from Saccharomyces 
lactis was not accepted, since a cer ta in amount of pigmentation 
was long known to occur in genuine s t r a ins of Saccharomyces lactis 
maintained in the collect ion. 

Similarly a pigmented yeast was i so la ted from a ro t t ing s i s a l 
p lant by AaiBY, and described by OORDRO'CH in 1937 who named i t 
Zygosaccharomyces ashbyi for i t s i so la tor . Giant colonies produc
ed reddl sh brown sectors , similar to Saccharomyces lactis, OORDRO* CM 
f e l t t ha t Zygosaccharomyces ashbyi was closely a l l i e d to Zygo
saccharomyces marxianus (Saccharomyces marxianus). Zygosaccharo
myces ashbyi was incapable of fermenting l a c t o s e , but r ead i ly 
assimilated th is disaccharide. 

In view of the above i t seemed quite possible that the pigment 
so c h a r a c t e r i s t i c for Candida pulcherrima could a lso occur in 
other yeasts , provided that the requis i te conditions were conform
ed to . Lack of other per t inent data, however, suggested that pig
mentation for other yeasts could hardly be as s t r ik ing as was the 
case for Candida pulcherrima. 
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A selection of both lactose- and non-lactose fermenting yeasts 
were consecut ively grown on the following media which a l l r e 
ceived suff icient iron additions. 

i) 99 ml whey + 2 g agar, pH 6.0 and autoclaved at 110°C. for 
15 minutes. After s t e r i l i z i n g 1 ml of a s t e r i l e 5% solution 
of fer r ic ammonium c i t r a t e was added. 

i i ) M. B.M. containing 0.05% ferr ic ammonium c i t r a t e pH 6.0. 
i l l ) Malt agar, pH 6.0 with 0.05% fer r ic ammonium c i t r a t e . 
iv) 1 g cornsteep l iquor + 2 g saccharose + 2 g of agar + 99 

ml tapwater pH 6.0 and autoclaved at 110°C. for 15 minutes. 
After s t e r i l i z i n g 1 ml of a s t e r i l e 5% f e r r i c ammonium 
c i t r a t e solution was added. 

V) 2 g of molasses + 0.1 g (NH4)2SO4 + 2 g agar + 99 ml 
tapwater pH 6.0 and autoclaved a t 110°C. for 15 minutes. 
After s t e r i l i z i n g 1 ml of a s t e r i l e 5% f e r r i c ammonium 
c i t r a t e solution was added. 

vi) 99 ml yeast water + 2 g saccharose + 2 g agar pH 6.0 was 
autoclaved at 110°C. for 15 minutes and 1 ml of a s t e r i l e 
5% fer r ic ammonium c i t r a t e solution was added. 

v i i ) READER-medium to which was added 2% agar. After s t e r i l i z 
ing 0.05% fer r ic ammonium c i t r a t e was introduced. 

Cultivation was done on s lant cul tures , except in the case of 
v i i where giant colonies were grown to save time and mater ia l . 
The cu l tu res were Incubated a t 30°C. for 3 to 4 days, and then 
kept at room temperature. The r e s u l t s are given in the table on 
page 78, followed by some d e t a i l s regarding the cases in which 
pigmentation occurred. 

We may conclude from the table pigmentation that occurs in both 
lactose fermenting and non-lactose fermenting groups. 

However, in no instance was pigmentation found to be as s t r i k 
ing as in the case of Candida pulcherrima. On the contrary great 
d i f f i cu l ty was often enough experienced, in deciding def in i t e ly 
whether or not growth t ru ly had a reddish t i n t especial ly , when 
the cul tures had to be examined in a r t i f i c i a l l igh t . Growth often 
assumed a brown colour which could en t i re ly mask any suggestions 
of red. 

For Saccharomyces marxianus ( s t ra in ashbyi) the dependency of 
pigmentation on iron was c lear ly shown by growing the organism on 
M,B,M, with varying iron concentrations. For Candida pulcherrima 
pigment formation in the agar was completely Inhib i ted a t 0.05 
mg/ml, while for Saccharomyces marxianus t h i s occurred already a t 
0.01 mg/ml. Saccharomyces marxianus assumed a deep red colour at 
optimal iron concentrations, but pigmentation was never so intense 
and so s t r ik ing as that of Candida pulcherrima. 
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The pigmentation of var ious lac tose and non-lactose fermenting 
yeasts on media su i tab le for pigmentation of Candida pulcherrima 

Organism 

1 i i 

Medium 

H i i v V v i Vi i 

Saccharomyces lactis, s t r a in : 
2 .5 .1 . - ± - - - + + 
2.5.2 D -
2.5.3 
2.5.4 - -
U L 4 3 
U L 7 2 
"easel" _ _ - _ _ _ _ 
"Versicolor" _ _ _ _ _ + + 

Saccharomyces fragilis, s t r a in : 
8.12v 1 
8.12.2 
8.12.3 
8.12.4 
8.12.5 
8.12.6 
8.12.7 
8.12.8 
8.12.9 
8.12.10 
8.12.11 

-
. 
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

-
. 
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-

-
D 
D 
-
-
-
-
-
-

D 
-

+ 
-
-
+ 
+ 
+ 
+ 
-
-
-
-

Saccharomyces -marxianus, s t ra in : 
2.7.1 + 
2.7.2 
""macedoniensis" 1 _ _ _ _ - - _ 

• f 

•» 

• f 

»* 
w 

M 

•ff 
"ashbyi" 

2 
3 
4 
5 
6 
7 
8 

Saccharomyces cerevisiae 
8.1.67 

Candida pseudotropicalis, s t r a in : 
35.6.1 D + 
35.6.2 D -
35.6.3 
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Organism 

1 

Candida pseudotropicalis, Strain: 
35.6.4 
35.6.5 

11 

-

Medium 

lil iv 

-

V 

-

vi 

D 

vii 

-

Candida pseudotropicalis 
var, lac tos a, strain: 

35.6A. 1 

35.6A.2 
35. 6A. 3 

Candida macedoniensis 
strain: 35.12.1 

35.12.2 
35.12.3 

Brettanomyces 
claussenii 
Torulopsis sphaerica, 
Candida pulcherrima, 

35.2.8 

J 

strain: 

strain: 

-
-
-

-
-

++ 

-
-
+ 

-
-

+++ 

-
-
+ 

-
-

+++ 

-
-
-

-
-

+++ 

-
-
-

-
-

++ 

-
-
-

-
-

+++ 

-
-
+ 

-
-

+++ 

+++ : deep maroon 
++ : deep red 
+ : pink 
i : cream pink 
D : red diffusion in substrate 

The effect of iron was not so readily demonstrated for Saccha
romyces lactis. SACCHETTI (1938) reports that addit ions of iron 
did not improve pigmentation of Zygosaccharomyces versicolor. 
However, he contends that the addition of 1% l a c t i c acid affords 
be t te r pigmentation. Nevertheless, i t was f e l t that the pigment
a t ion of Saccharomyces lactis was r e l a t e d to t ha t of Candida 
pulcherrima, and the experiments of SACCHETTI were repeated. The 
pH of a yeast agar, 2% saccharose, 1% l ac t i c acid was found to be 
4.7. As control a batch of yeast water, 2% saccharose agar was 
prepared, the pH being adjusted to 4.7 with concentrated HCl. 
Analysis showed the yeas t water to contain only 0.007% lac t ic 
acid. No additional iron was added to e i ther batch. Slant cultures 
were made of Saccharomyces lactis s t r a in 2.5.1 and s t ra in versi
color and incubated at 30°C. Within 16 hours pigmentation had 
commenced on both media in equal In tens i ty , After eight days on 
both media pigmentation had occurred in the ce l l mass, no notice
able difference in in tens i ty could be observed. Evidently for the 
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pigmentation of 5acc/iaromyces lactis to occur in the ce l l mass no 
r e l a t i v e l y high i ron concentra t ion was necessary, as has been 
shown to be the case for Candida pulcherrima and Saccharomyces 
marxianus. 

A fur ther i n d i c a t i o n t h a t the pigmentat ion in the case of 
Saccharomyces lactis and Saccharomyces marxianus i s very s imilar 
t o t ha t of Candida pulcherrima was obtained by growing these or
ganisms on READER agar which was allowed to solidify in ve r t i ca l 
cu l tu re tubes. No addit ion of iron was made. The tubes were in
cubated for three weeks a t 30°C, During incubation red pigmented 
zones originated in the agar. These zones were comparable in colour 
as well as in intensi ty to that of Candida pulcherrima, when grown 
under the same conditions, 

§ 2 Pigmentation In yeasts In consequence of biotin deficiency 
As has been shown in Chapter IV § 2 Candida pulcherrima grew 

well and showed excellent pigmentation on media devised to s a t i s 
fy the vitamin requirements of normal yeas ts . I t was, therefore, 
somewhat s t a r t l i n g when CUTTS and RAINBOW in December 1950 report
ed that in the course of the i r s tudies on the biot in requirements 
of various fermentative yeasts , they had observed a red pigment
at ion when these yeas t s were grown on sub-optimal b iot in l eve l s 
in the presence of methionine. Most of t h e i r observations were 
conducted with a brewery top yeast . A pink colour developed in the 
ce l l mass, when the D-biotin concentration was maintained between 
0.003 to 0.04 Y per l i t r e . Pigmentation fa i l ed t o develop when 
1) methionine was replaced by another amino acid, 11) the biot in 
level was r a i sed to 0.08 y per l i t r e , or when i l l ) the b i o t i n 
concentrat ion was maintained a t optimal values and calcium pan
to thena te , p-aminobenzoic acid or meso- inosi to l were added in 
sub-optimal quant i t ies . Where p-aminobenzoic acid was replaced -by 
adenine, and methionine by h i s t id ine , no pigment was formed. The 
addit ion of 25 mg adenine chloride per l i t r e to a medium, other
wise conforming to the requirements for pigment product ion , 
greatly suppressed pigmentation. I t should be s t ressed in t h i s 
connection tha t the yeast in question was not adenine-dependent. 
The same observatioiis regarding the appearance of a pink colour 
were also made for s t r a i n s of Schizosaccharomyces pombe, Saccha-
romycodes ludwigii, Saccharomyces carlsbergensis and Saccharo
myces cerevisiae. In the cases of these yeasts pigmentation also 
occurred without the addition of methionine. The authors suggest
ed tha t a precursor of adenine was possibly responsible for the 
pigmentation encountered, and they fur ther thought i t poss ib le 
that t h i s type of pigmentation might be related to that encounter
ed by LINDEGREN and LINEEGREN (1947) in the i r studies of 'adenine-
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dependent haploid mutants of Saccharomyces cerevisiae. In t h i s 
case an in terac t ion of the adenine precursor with methionine was 
held to be responsible for pigmentation. 

'.Ihatever the case may be, i t seemed worth-while to repeat and 
to extend the observations of CUTTS and RAINBOW by tes t ing a large 
number of yeas ts species on t h e i r a b i l i t y to form a red pigment 
under the conditions as prescr ibed by these authors. 

I t was decided to include in t h i s Invest igat ion in the f i r s t 
place a l l forty-four s t r a i n s which in § 1 of t h i s chapter had been 
t e s t e d - although with genera l ly negat ive r e s u l t s - on t h e i r 
ab i l i t y to form a red pigment on the iron-containing media which 
had been found more or l e s s optimal for pigment production by 
Candida pulcherrima. With a view to the yeast species invest igat
ed in the study of CUTTS and RAINBOW i t seemed, however, desirable 
to include also these species in the investigation. For th i s reason 
four s t r a in s of Sac charomycodes ludwigii, ten s t r a in s of Schizo
saccharomyces pombe and ten s t r a i n s of Saccharomyces carlsbergen
sis were also examined. 

For these additional s t r a in s the behaviour on the iron-contain
ing M.B.M. was f i r s t established. On t h i s medium only four of the 
s t r a ins of Schizosaccharomyces pombe gave a fa in t ly pink growth, 
suggesting that here a pigment had been formed of the type of tha t 
of Candida pulcherrima. 

Next a l l 68 s t r a i n s were p la ted on the medium of CUTTS and 
RAINBOW to which 2% Nobel Bacto Agar was added. 

The medium used by CUTTS and RAINBOW contains: 
10 g glucose, 4 g (NH4)2HP04, 2.0 g KH2PO4, 1.0 g MgS04.7H2O, 
0.25 g CaCl2, 3 ml l a c t i c acid, 12 ml potassium lac ta te , 500 mg L-
methionine, 10,000 y Inos i to l , 1000 y Ca-D-pantothenate, 1000 y 
aneurin, 1000 ypyridoxine, 1000 yn ico t in ic acid, 50 y riboflavin, 
10 ypara-aminobenzoic acid, 100 y KI, d i s t i l l e d water 1000 ml and 
1 ml t race element solut ion. To t h i s medium 0.01 y D-blotin and 
20 g Nobel Bacto agar were added. The medium was then s t e r i l i z e d 
a t 110°C, for 15 minutes. The p la tes were incubated at 30°C, for 
two days, and then kept at room temperature for three days before 
examination took place, 

The resu l t s are recorded below. 
Saccharomyces lactis. Six of the seven s t r a i n s gave a great 

number of pink to red colonies . St ra in 2. 5. 1 was exceptional ly 
fine, in t h i s case a l l colonies were a deep red. See Plate V fig. a 
Such intense pigmentation had never been observed in the e a r l i e r 
experiments with t h i s s t r a in . Deeply pigmented c e l l s closely re 
sembling those observed in Candida pulcherrima, when grown on 
a i ron-conta in ing medium, were noted in profusion (cf. P l a t e V 
f ig . 6) . 
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Saccliaromyces fragiles. Five of the eleven s t ra ins gave a fa i r 
number of pink colonies. Stra ins 8.12.5 and 8,12.7 gave the most 
pronounced pigmentation. 

Saccharomyces marxiarms. Of the eight s t r a ins investigated six 
gave pink to rose coloured colonies in fa i r number. Strain 8.12.7 
was found to give the strongest pigmentation. 

Saccharomyces cerevisiae. Strain 1.8.67 give fine pink to red 
colonies. Here microscopical examination revealed that the pigment 
was generally only present in the vacuoles. 

Caruiida pseudotropicalis. Only s t r a in 35.6.3 gave one red col
ony. Diff icul ty was experienced in discerning the colour, since 
growth in general had the tendency to turn brown, thus masking 
any possible pink. 

Caruiida pseudotropicalis var. lactosa. Strain 35.6A.2 gave one 
def ini te ly pink colony. The same di f f icul ty was encountered as in 
the case of Candida pseudotropicalis. 

Torulopsis sphaerica. No coloured colonies were encountered. 
Candida macedoniensis. On the low biot in concentration the or

ganism fai led to grow. 
Brettanomyces claussenii. This organism grew very poor and 

co lon ies soon turned brown. 
Schizosaccharomyces pombe. All eleven s t r a i n s inves t iga ted 

gave pigmented colonies . Brown shades were encountered in some 
cases. Strain 1.1.10 seemed to give the best pigmentation. 

Sac charomycodes ludwigii. All four s t r a ins only assumed a more 
brown t i n t . 

^Saccharomyces car Is6ergensis. No pink or red colonies were noted, 
since a l l s t r a ins readily turned brown. 

I t i s c lear that the foregoing observations give a ful l con
f i rmation of the claims of CUTTS and RAINBOW tha t b io t in def i 
ciency induces many yeast species to the production of a pink to 
red pigment. 

In how far t h i s pigment i s in any way r e l a t e d to the i ron-
induced pigment of Candida pulcherrima remains to be seen. In any 
case i t seemed worth-while to t e s t also whether biotin-deflciency 
would in any way influence pigment production in Candida pul
cherrima. 

Cultures were made from a young cul ture of the red mutant on 
t h e medium of CUTTS and RAINBOW. The p l a t e s were incubated a t 
30°C. 

Growth was slow in developing, and i n i t i a l l y colourless . Pig
mentation was f i r s t noted a f te r the t h i r d day. After four days 
the p la tes were placed at room temperature. As could be expected, 
the amount of pigment formed was not large , s ince the iron con
centra t ion was low. Remarkably th i s time a l l pigment was retained 
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in the colonies giving a m.ore or l e s s pink colour. This was in 
contras t to the e a r l i e r observations according to which at such 
low iron concentrations and in the presence of s u f f i c i e n t b i o t i n 
for maximum growth, pigmentation, inevitably occurred in the agar. 
Low bio t in concentra t ions thus seem to favour the re tent ion of 
the pigment in the ce l l mass. 

Subsequently two batches of the medium containing 2 and 0.01 y 
b io t in respect ively, were prepared and p l a t e cul tures made. The 
p la tes were Incubated at 30°C. and examined af te r 48 hours. Growth 
on the medium containing 2 y biot in was rapid in development, and 
pigmentation had already commenced. On these p l a t e s the pigment 
was dispersed in the agar, while on the p l a t e containing 0.01 y 
b i o t i n , where growth was poor and pigmentation was scant , no 
pigment in the agar was noted. The colonies on p l a t e s with the 
higher biot in concentrations were generally colourless, while on 
the p l a t e with the lower concentration several pink colonies had 
developed. After five days the p l a t e s were removed to room temp
erature . 

After a further five days the p la te s were again examined. The 
colonies on the p l a t e s containing 2 y b io t in per l i t r e , had es 
tab l i shed intense colour zones, whils t the colonies themselves 
were generally cream-coloured. Colonies on the p la tes containing 
0,01 y biot in , had now assumed a red colour, without pigment in 
the agar, 

I t seems very l ike ly tha t the explanation for t h i s absence of 
the pigment in the agar must be sought in the amount of precursor 
produced. On 2 y b io t in per l i t r e , the yeast could carry on i t s 
'normal' functions. The chromogen produced readily diffused into 
the agar, producing the typ ica l bordeaux-red zones. On 0.01 y 
b iot in , growth was s l i g h t , and in consequence the production of 
chromogen poor. In t h i s case i ron diffused in to the colonies , 
giving them t h e i r typ ica l colour. 

These r e s u l t s bring a t l eas t a f i r s t indicat ion that there i s 
some close re la t ionship between the iron-induced pigmentation of 
Candida pulcherrima and the pigmentation Induced in a great num
ber of yeast species by biotin deficiency. 

§ 3 Itie production of a pink pigment in haploid yeast mutants 
and their hybrids 

As has a l ready been casua l ly remarked in § 2 LINDEGREN and 
LINDEGREN (1947) in t h e i r s tudies on the mutation of haploid se-
gregants of •Saccharomyces cerevisiae encountered a red mutant which 
was characterized by a beautiful pink colorat ion (cf. LINDEGREN, 
1949 fig. 15.1). 

The particular mutant had been obtained by TATUM and REAUME by 
subjecting a haplophase segregant of Saccharomyces cerevisiae to 
mustard gas treatment. 

83 



LINDEGREN and LINDEGREN established the in teres t ing fact that 
the mutant in question differed from the original form in that i t 
was incapable of growing in a medium which was deficient in ade
nine. TATUM and "REAUME had also discovered a methionine-dependent 
mutant likewise produced by mustard gas treatment. By crossing, 
LINDEGREN and LINDEGREN then produced hybrids heterozygous for 
adenine- and methionine-dependence. A genet ic ana lys is of t h i s 
hybrid then revealed tha t a l l cu l tu res which were both adenine-
and methione-dependent were whita, whils t the adenine-dependent 
forms which were methionine-independent developed the pink-colour. 
Apparently methionine i s indispensable for the pigment production, 
and t h i s was fur ther corroborated by the observation tha t a l so 
some white adenine-dependent and mentionine-dependent cu l tu res 
produced the pink pigment, when they were grown on peptone agar 
to which an excess of methionine had been added. 

EPHRUSSI, HOTTINGUER and TAVLITZKI (1949) report on the i so l 
at ion of a mutant of a haploid form of Saccharomyces cerevisiae 
("Yeast Foam") which was charac te r ized by the production of a 
pink pigment. In t h i s mutant ("grande rouge") several mutants 
appeared, pa r t l y spontaneously, p a r t l y by treatment with a c r i -
f lavine, which although they contained a gene for pigment pro
duction formed white colonies . The remarkable point i s tha t the 
or ig ina l pink culture was again characterized by i t s inab i l i ty to 
grow in the absence of adenine which, however, could be replaced 
by hypoxanthine. 

Also WINGE and ROBERTS (1950) obtained an adenine-dependant, 
recessive, red-coloured, haploid mutant which had arisen through 
the ef fec ts of-RONTGEN i r rad ia t ion . % crossing th i s mutant with a 
normal white type and by subsequent inbreeding, a sporu la t ing 
homozygotic red yeast was produced. WINGE and ROBERTS considered 
the adenine-dependant mutant to be ident ica l with tha t of TATUM 
and REAUME. 

I t i s indeed remarkable t h a t the pink haploid mutants of 
Saccharomyces cerevisiae obtained in three independent se r ies of 
invest igat ions have the property of adenine-dependency in common. 

For the p resen t study these observa t ions are p a r t i c u l a r l y 
importsmt, because EPHRUSSI and LEDERER have made an attempt to 
e luc ida t e the chemical nature of the pigment in quest ion. The 
pigment proved to be more or less soluble in water, insoluble in 
organic so lven t s , but r ead i ly so luble in caus t i c a l k a l i . From 
•this so lu t ion i t was again p r e c i p i t a t e d as deep red amorphous 
f lakes by addi t ion of acid. Apparently the pigment had an acid 
nature. The colour was readi ly discharged by SO, and H2S at room 
temperature. Hydrolysis of t h e i r most pur i f ied preparat ion with 
6 N HCl for 24 hours at 100°C, yielded a complex mixture of com
pounds. By paper chromatography glumatlc acid, glycine, se r ine . 
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val ine , leucine, a spa r t i c acid and pro l ine were ident i f ied . On 
the evidence a t t h e i r disposal the authors concluded tha t the 
pigment was composed of a polypeptide ent i ty with a quinoid pros
the t ic group. The authors gave the following elementary analysis: 
%C 33.1-38.7, %H 6.1-7.6, %N 8.4-9.1, %P 1.4-3.4, %ash 0.39-0.71. 
The pigment showed an absorption band in the v ic in i ty of 525 m [x 

On considering the above data, i t f i r s t s t r ikes that the pig
ment s t rd led by the French authors in one respect shows a great 
s imi lar i ty with pulcherrimin, viz. in i t s behaviour towards va
rious solvents. Here again, we meet with a compound which i s in
soluble in a l l organic solvents, but which readi ly dissolves in 
caustic alkali, and which can be reprecipi tated from th i s solution 
by acidi f ica t ion. 

However, the analy t ica l figures do not show much resemblance 
to those obtained for pulcherrimin. Although the %H and %N are in 
fa i r agreement with those of pulcherrimin, the analytical figures 
for the carbon are almost 10% lower than those for pulcherrimin, 
Further pulcherrimin does not contain any P, and i t s ash content 
of 15. 5% i s in strong contrast to the low ash content 0.39-0.71%, 
reported by EPHRUSSI and LEDERER for the i r pigment. 

The most s t r i k i n g point of difference i s , however, tha t the 
French authors do not refer at a l l to any iron content of t h e i r 
pigment. 

Then there i s the great variety of amino acids which was obtain
ed in the hydrolysis of the pigment which also presents a marked 
difference with pulcherrimin. 

EPHRUSSI and LEDERER, however, point out that the said amino 
acids may well have the i r or igin in prote ins or peptides present 
as impuri t ies in t he i r pigment preparat ion. Once accepting t h i s 
to be the case, i t i s c lear tha t nei ther much value can be attach
ed to the i r analyt ical figures. 

The author' s experience with the group of the pink adenine de
pendent mutants of, Saccharomyces cerevisiae has been r e s t r i c t e d 
to a superficial study of the homozygous liybrid obtained by V/INGE 
and ROBERTS (1950). These authors forwarded the cul ture to the 
Yeast Division of the "Centraalbureau" in Delft in June 1948, 
where i t was included in the co l l e c t i on as No 8.1.72. 

Ety p l a t i n g the cu l tu re on ordinary malt agar or saccharose 
peptone agar, and on subsequent incubation at 30°C.; two types of 
colonies could be dist inguished a f te r 3 to 4 days. Next to the 
white colonies a second pale pink type appeared. As these colon
ies aged the colour deepened to a very pronounced pink which, how
ever, markedly differed from the maroon to bordeaux-red, so typical 
for the red mutant of Candida palcherrima. Frequently pigmentation 
was l imited to the surface of the colonies, which suggests tha t 
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atmospheric oxygen may be involved in the pigmentation phenomenon. 
The cu l t iva t ion on media of r e l a t i ve ly high iron concentrations 
such as M.B.M. in no way enhanced pigmentation. 

On aging o f the p l a t e s i t was not seldom noted tha t non-pig
mented secondary growth arose, probably as a resu l t of back mut
ation. In contrast to what holds for Candida pulcherrima pigment
ed colonies eventually fade after several weeks and turn brown, a 
phenomenon never noticed in cul tures of the red mutant of Caruiida 
pulcherrima even af ter 6 to 7 months. 

I t was found t h a t the pigment of the red adenine-dependent 
mutant of Saccharomyces cerevisiae No 8.1.72, s imilar ly to what 
was shown to hold for the pigment of the red adenine-dependent 
mutant of Saccharomyces cerevisiae s tud ied by EPHRUSSI and 
LELERER, could be extracted by a lka l i , and reprecipitated amorph
ously by subsequent ac id i f i ca t i on . This opened the p o s s i b i l i t y 
for a spectroscopical examination of the pigment, as reported in 
§ 5. 

On summarizing the foregoing i t can be said t ha t on the one 
hand the p rope r t i e s of the adenine-dependent pink yeas t s show 
some resemblance to those of pulcherrimin, but that on the other 
hand there are several strong arguments which speak against the 
iden t i ty of the two types of pigments. 

§ 4 On the formation of a red pigment by aerobic i^orefoniilng 
b a c t e r i a 

Incidental ly the author came across a cul ture of some aerobic 
sporeforming bacterium which was characterized by the formation 
of a red zone in a medium which consisted of p la in peptone agar. 
I t drew the a t t e n t i o n t ha t the general p i c t u r e of the cu l t u r e 
showed a great s imi lar i ty to that obtained by cul t ivat ing Candida 
pulcherrima on media with low iron concentration. 

This stimulated a closer invest igation of th i s par t i cu la r type 
of Imcterial pigmentation. 

With the aid of the monographic study by SMITH et al. (1946) 
on the genus Bacillus i t was not d i f f i c u l t to identify the orga
nism as some var iant of Bacillus subtilis. 

Now i t i s well-known tha t 'red' representa t ives of the group 
of aerobic sporeforming bac te r ia are frequently encountered. As 
long ago as 1888, GLOBIG isolated and descrilaed such an organism. 
t o which he gave the name of Bacillus mesentericus ruber. Since 
then several, although mostly casual, references to the occurrence 
of such bacter ia have appeared in the l i t e r a t u r e . 

In h i s handbook of sys temat ic bac te r io logy MIGULA (1897) 
accepted GLOBIG's Bacillus as a new species for which he i n t ro 
duced the name Bacillus globigii. In more recent systematic sur-
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veys the organism is no longer recognized as a separate species, 
and is usually included into the species Bacillus subtilis. 

There is, therefore, all reason to conclude that the culture 
of the author was identical with or at least closely related to 
GLCBIG' s bacterium. 

The author' s curiosity once being aroused, it was tempting to 
test whether also in this case pigment production would be sti
mulated by an addition of iron to the medium, as holds for Candida 
pulcherrima. 

In order to check this the bacterium was streaked on two slants: 
one consisting of common peptone agar, the second of the same 
medium to which 0,05% ferric ammonium citrate had l)een added. It 
was now most satisfactory that, indeed, on the second medium a 
striking increase in pigment production could be observed. How
ever, in this case a coloured zone was almost absent; the pigment 
was practically completely retained by the bacterial growth. 

This demonstration also seemed to offer an explanation for the 
more or less capricious character of pigment production by strains 
of this type, to which often reference is made in literature. This 
ml^t well be connected with changes in 'free' iron content of 
the media employed. 

Taking this into account it seemed worthwhile to ascertain 
whether on media with a special addition of iron the capacity to 
form pigment might not be quite widely distributed within the 
genus Bacillus. 

To this purpose 60 strains were selected, representing the 28 
species of the genus Bacillus present in the collection of the 
"Laboratorium voor Microbiologie" at Delft. 

All strains were cultivated directly on peptone agar with 
0.05% ferric ammonium citrate and incubated at 30°C. for 3 days. 
Only the thermophilic strain Bacillus kaustophilus was incubated 
at 45°C. 

Results: 

Bacillus strain Production of red pigment 
Bacillus subtilis 

1.3.1 
1, 3.2 
1, 3. 3 
1, 3. 4 
1,3,5 
1,3.6 
1.3.7 
1.3.8 
1.3.9 

+ 
+ 
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Bad 
Bad 

Bad 

Bad 

Bad 

Bad 

llus 
llus 

1.3. 
1.3. 
1,3. 
1.3, 
1.3. 
1.3. 
1.3. 
1.3. 
1.3. 
1,3. 

llus 
1,2. 
1.2. 
1.2. 

llus 

strain 
subtilis 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

mesentericus 
1 
2 
3 

licheniformis 
1.55.1 
1.55.2 

llus 

1.4. 
1.4. 
1.4. 

.llus 

mycoides 

3 

6 
7 

cereus 
1.11.4 

Bad I lus 

Baci 

Bac\ 

wviulatus 

l . l l . i 
1.11.3 

iZ Zus 
1.5, 
1.5, 
1.5, 

illus 
1.9, 
1.9 
1.9, 

Bacillus 

Bac, 

megaterium 
,2 
.10 
.11 

past earii 
. 1 
. 2 
. 3 

nitroxus 

1.21.1 

illus leubii 
1.10.1 

Production of red pigment 

+++ 

black pigment 
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Bacillus strain 
Bacillus firmus 

1.65.1 

Bacillus brevis 
1. 58,1 

Bacillus funicularis 
1,17,1 

Bacillus sphaericus 
1.61.1 
1.61.2 
1.61.3 

Bacillus multivorans 
1.15.1 

1.15. 2 

Bacillus agri 
1.12. 1 

Bacillus kaustophilus 
1.19.1 

Bacillus amarus 
1.13.1 

Bacillus palustris 
1. 23.1 

Bacillus pimulus 
1.62.1 

Bacillus guttulatus 
1.20.1 

1. 20. 2 

Bacillus paradoxus 
1.7,1 

Bacillus fastidiosus 
1.18.1 

Bacillus circulans 
1.8.2 

BaciI lus laterosporus 
1.64.1 

Bacil lus aminovorans 
1.16.1 

BaciI lus aIvei 
1.63.2 

Bacillus lentus 
1.66.1 

Production of red pigment 

black pigment 



The number of + in the above l i s t indica tes the in tens i ty of 
pigmentation of the bac te r ia l growth. I t was again s t r ik ing tha t 
the iron addition to the medium had almost suppressed the form
ation of pigmented zones in the agar. 

As i s evident from the above, the typical iron dependent pig
mentation i s r e s t r i c t e d s t r i c t l y to the s t r a i n s belonging to the 
species BaciZZus. suhtiZis and BaciZZus licheniformis. Furthermore 
i t appears tha t t i l l s property i s rather capricious, in so far that 
there are both qua l i t a t i ve and quant i ta t ive differences between 
s t r a i n s belonging to one and the same species. 

I t was l a t e r found tha t a pa r t i cu l a r l y fine demonstration of 
pigment formation in the agar could be obtained by cu l t iva t ing a 
su i t ab le s t r a i n on a high layer of an agar medium containing 1% 
peptone, 2% saccharose, 0.05% K2HPO4, 0.01% MgS04.7H2O. 

Observations were made a f t e r nine days. Due to the low i ron 
concentration of t h i s medium the pigmented zones were very pro
nounced, and quite conparable to those obtained with Candida pul
cherrima under comparable conditions. 

The foregoing experiments strongly suggest tha t there wil l be 
a close r e l a t ionsh ip between the bac t e r i a l pigment and tha t of 
Candida pulcherrima. 

§ 5. Spectroscopical analysis of the various pigments referred 
to in the preceding sect ions 

Lack of time preventing a thorough investigation of the various 
red pigments produced by the micro-organisms discussed in the 
preceding s e c t i o n s , i t seemed neve r the l e s s most de s i r ab l e to 
check a poss ible iden t i ty of the various pigments with the aid 
of a super f i c ia l spectroscopical ana lys i s . 

I t was indicated to give f i r s t a t ten t ion to the pigments pro
duced by the s e l ec t ed s t r a i n s of Saccharomyces lactis and of 
Saccharomyces marxianus, since in these cases the iron-dependency 
of pigment formation had been duly demonstrated. 

The yeast crop obtained from one p la te culture of Saccharomyces 
lax:tis on the b io t in def ic ient medium as specified by CUTTS and 
RAINBOW was suspended in 5 ml N KOH. The pigment was readily ex
t rac ted from the yeast mass to give a yellow solution, «hich was 
separated from the yeast by centrlfugation. On acidi f icat ion and 
suljsequent addition of a trace of FeClg the red pigment was again 
precipi ta ted . After s e t t l i n g the supernatant s t i l l had a d i s t inc t 
red colour, apparently due to the fact tha t a small pa r t of the 
pigment remained dissolved in the co l lo ida l s t a t e . The solut ion 
was diluted to a sui table concentration with d i s t i l l e d water, and 
the absorption spectrum of the red l iquid recorded with the BEICK-
MAN spectrophotometer. Measurements were conducted with minimum 
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slit width, using a blank sample of neutralized alkali containing 
the same quantity of iron. 

The results of the measurements have been plotted in Fig. V as 
curve B, For the sake of comparison also the earlier determined 
spectrum of pulcherrimin has been included in Fig. V as Curve A. 
It strikes at once that both curves show an almost coinciding 
maximum in the vicinity of 390 m n. The maximum of pulcherrimin 
in the vicinity of 490 m |i is in .the spectrum of Saccharomyces 
lactis less pronounced, but nevertheless clearly indicated. 

QlOO -

340 380 4ZO 460 5O0 540 580 

WAVELENGTH IN mn 

Fig.V. Absorption spectrum of: A, pigment of Candida pulcherrima; 
B, Saccharomyces lactis; C, Saccharomyces cerevisiae; red 
hybrid and D, Bacillus subtilis 

Altogether there i s sufficient reason to conclude, if not to the 
iden t i ty of, then at l e a s t to a very close re la t ionship between 
the two pigments. 

Difficulty was encountered in the case of Saccharomyces marxi
anus s t r a i n ashbyi as the pigment immediately p r e c i p i t a t e d as 
coarse flakes making spectroscopic measurements inpossible. 

Here the conclusion regarding the ident i ty of t h i s pigment and 
pulcherrimin - or a t l e a s t t h e i r close re la t ionsh ip - must r e s t 
for the time being on the ident i ty of the factors determining the 
mode of pigment formation in the two cases. 

As has already been remarked in § 3 the only representative of 
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the red adenine-dependent mutants access ible to the author was 
the homozygous s t r a i n of Saccharomyces cerevisiae described by 
WINGE and ROBERTS (1950). 

Since with t h i s type of pink y e a s t s pigment product ion i s 
neither dependent on the presence of excess iron, nor on the use 
of a medium with a sub-optimal b io t i n l eve l , the organism was 
cu l t i va t ed on p l a i n malt agar. 

The growth from one p l a t e was suspended in 5 ml N KOH. This 
again led to an ex t r ac t ion of the pigment. The yeas t mass was 
separated from the l iquid by centrlfugation. The clear supernatant 
l iqu id was withdrawn. On a c i d i f i c a t i o n of t h i s l iqu id the red 
colour was res tored with the concomitant p r ec ip i t a t i on of deep 
red amorphous f lakes. The res idual l iqu id remained somewhat co
loured and af ter a sui table d i lu t ion the absorption spectrum was 
determined. Measurements were again carr ied out with minimum s l i t 
width, using N KOH neutralized with acet ic acid as blank. 

The r e s u l t s are recorded as curve C in Fig. V. I t s t r i k e s at 
once that the general appearance of t h i s curve i s strongly diver
gent from tha t of the curves A and B. There i s not the s l i ^ i t e s t 
i nd ica t ion for a maximum in the v i c i n i t y of 390 m \i. Nor i s a 
maximum near 490 m |i indicated. At most i t i s worthy of not ice 
t h a t the ext inct ion coeff ic ient between 525 and 520 m li remains 
constant. In th i s cormection i t should be mentioned that EPHRUSSI 
and LEDERER report for the pigment of the i r red adenine-dependent 
mutant an absorption band in the v ic in i ty of 525 m p, 

The spect roscopica l i nves t iga t ion , therefore , l eads to the 
conclusion tha t the pigment of the adenine-dependent mutant i s 
d iss imi lar to tha t of Candida pulcherrima and Saccharomyces lac
tis. This resu l t i s in harmony with the fact that the conditions 
determining the pigmentation of the adenine-dependent mutants are 
so d i f f e r en t from those which determine the formation of pul
cherrimin. Nevertheless, i t cannot be denied that some of the che
mical p roper t i e s of both yeast pigments, to wit the s o l u b i l i t y 
in and res i s tance against strong a l k a l i , and the p o s s i b i l i t y of 
recovery by ac id i f ica t ion of the said solution, are so s t r ik ing
ly s imilar , tha t one may expect tha t further invest igat ion wil l 
reveal a ce r t a in degree of r e la t ionsh ip . 

Finally a t tent ion has been given to the absorption spectrum pro
duced ty some s t r a in s of BaciZZus subtilis. For t h i s investigation 
s t r a i n Nr 1.3.18 was selected, and the organism was grown as a 
surface cul ture on peptone water containing 0.05% ferr ic ammonium 
c i t r a t e . The organism formed a rose coloured p e l l i c l e on the 
medium, A seven days old cu l ture was as usually extracted with 
a l k a l i . The bac te r i a l c e l l s were removed by centrlfugation, and 
the residual yellow supernatant again neutralized with simultane-
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ous addition of a trace of iron. Again a red precipitate was form
ed; some colour remained in the solution which was used for the 
determination of the absorption spectrum. The result is recorded 
as curve D in Fig. V. Here again the two absorption maxima of 
pulcherrimin are at least clearly indicated, which strongly suggests 
the remarkable identity of the yeast and the bacterial pigments. 

It is clear that all observations reported in this section 
only bear a provisional character. 

A more detailed study of the four pigments investigated is 
evidently required for complete verification. Before concluding 
the author wishes to state explicitly that he is not at all con
vinced that further investigation will show that the pigments of 
Candida pulcherrima, Saccharomyces lactis and Bacillus subtilis 
are identical. But, most probably, they will belong to the same 
group of compounds. 

It should be realized that there are numerous examples showing 
that a number of structurally related natural pigments are found 
in various organisms, sometimes closely related, sometimes widely 
dlg)ersed in the kingdom of life, 
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C h a p t e r X 

SOME REMARKS ON THE MECHANISM OF 
PULCHERRIMIN PRODUCTION 

In this final chapter some remarks will be made regarding the 
- it is true very restricted-insight obtained into the mechanism 
of pulcherrimin production, 

Thi.s survey should start with a tribute to BEIJERINCK who was 
the first investigator to indicate clearly the factors which 
determine the production of the said pigment by Cxiruiida pulcher-
r ima. 

BEIJERINCK stresses in his paper that the pigment production 
is not a common property of all cells belonging to this species, 
He clearly showed that many cells developed fully colourless col
onies under conditions which were optimal for pigment production 
by other cells. This implies that the first condition for pigment 
production is a genetic change in part of the individual cells. 
Cells showing this chsmge have been referred to in this publicat
ion as 'the red mutant' BEIJERINCK secondly discovered that the 
presence of iron in the medium was an essential condition for pig
ment formation, and he convincingly demonstrated that an increase 
of the iron concentration of the medium led to an enhanced pigment 
production. 

The fact that it was possible to obtain pigment formation by 
adding iron after the development of the yeast had already prac
tically come to an end, made BEIJERINCK rightly conclude that in 
the presence of a suboptimal iron level some compound had been 
fonned which only after addition of the iron was converted into 
the pigment. 

BEIJERINCK proved, however, that this pigment formation was 
not merely a chemical reaction between his precursor (""chromogène 
incolore") and the ferric ion, since he established that pigment 
was only formed, if free oxygen had access to the system. 

Notwithstanding the fact that several authors have denied the 
essential role of iron in the formation of the pigment, the cor
rectness of BEIJERINCK's views have been fully corroborated by 
the investigation of ROBERTS (1946b), whilst also the author has 
arrived at the same result (cf. Chapter V). 

Moreover, BEIJERINCK has pointed out that his concept also 
yields a full explanation of the fact that on media with a high 
iron level the occurrence of the pigment is restricted to the 
colonies, whilst in case of a relatively low iron content of the 
medium the colourless precursor diffuses into the surrounding 
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solid medium, and in doing so leads to a diffuse pigment precipit
ation in a wide zone around the colony. 

Now it should be remarked that these fundamentally important 
observations on the essential role of iron in the formation of the 
red pigment of Caruiida pulcherrima do not bring a definite proof 
that this pigment should be iron-containing. In the first place 
there is the example of etiolation of green leaves in consequence 
of iron-deficiency, showing the indispensability of iron for the 
production of the iron-free pigment chlorophyll. In addition 
BEIJERINCK' s observation regarding the indispendability of oxygen 
for pigment production opens the possibility that the role of 
iron might be restricted to a catalytical action on the oxidation 
of the precursor. 

The investigations reported in this thesis regarding the che
mical nature of pulcherrimin are the first to prove definitely 
that this pigment is, indeed, an organic compound containing iron. 

Another aspect of the process underlying pigment production 
has come to the fore by the spectroscopical demonstration of the 
identity of pulcherrimin and the pigment produced by several yeast 
species when grown on a suboptimal biotin level, as discovered by 
CUTTS and RAINBOW. This tends to show that in these yeast species 
biotin-deflciency leads to a derailment of some normally occurring 
metabolic process in such a way that the pulcherrimin-precursor 
is formed. 

This justifies the conclusion that in some yeasts, like the red 
mutant of Candida pulcherrima, such a derailment will for some 
reason happen independently of the presence of biotin, whilst in 
other yeasts biotin-deflciency is indispensable for this course 
of affairs. 

In this respect it is now worthy to stress that on considering 
various yeast species there seems to be a gradual transition in 
the degree to which biotin-deficiency is essential for pigment 
production. , . , . . 

Starting with the red mutant of Candida pulcherrima It Is cer
tain that this organism can elaborate pigment on media with biotin 
levels optimal for growth, and even surpassing this value. This 
holds not only for the strain 35.2.8 used throughout this invest
igation, but as well for 11 other strains tested for this property. 

The same has been shown to be the case for strain ashbyi of 
Saccharomyces marxianus, but seven other strains of this species 
did not respond to iron addition to the media by pigment product
ion, However, on cultivating these strains on a medium relatively 
deficient in biotin, six of the seven strains gave convincing 
proof that they too were able to produce the pigment. 

An analogous situation was encountered in Saccharomyces lactis. 
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Here the reaction on iron addition was still less marked than in 
Saccharomyces marxianus. Only strain 2.5.1 and strain versicolor 
gave a noticeable pigmentation on some of the media suitable for 
pigment production by Candida pulcherrima. On five other media 
which were equally suitable for the latter organism, pigmentation 
failed to develop. Yet on media containing a sub-optimal biotin 
level six of the seven strains of the species all gave splendid 
pigmentation. 

Next comes a considerable number of yeast species for which no 
strains have been encountered which ever give any pigment product
ion on media containing normal biotin levels. But in agreement 
with the original observations made by CUTTS and RAINBOW it has 
been found to be possible to induce pigment production by a relat
ive biotin-deficiency in certain strains of the species Saccharo
myces cerevisiae and Schizosaccharomyces pombe. Moreover, the same 
behaviour was observed for Saccharomyces fragilis, Candida pseudo
tropicalis and its variety lactosa. 

It is exactly this gradual transition in the degree of necessi
ty of felative biotin-deficiency for the phenomenon of pigment 
production which makes it so highly probable that the pigment 
observed in the cases discussed above will Indeed be nothing but 
pulcherrimin. 

This leads to the interesting conclusion that piénent product
ion by Candida pulcherrima is not the more or less strictly spe
cific prerogative of this yeast, but has to be considered as an 
excessive manifestation of some metabolic derailment which under 
certain conditions may occur as well in other yeast species, and 
- as the case of Bacillus subtilis shows - evenlnso far distanc
ed micro-organisms as bacteria. 

Taking into consideration all this, the following tentative 
scheme of the reactions ultimately leading to the production of 
pulcherrimin may be given. 

Under aerobic conditions a nutrilite A is converted into some 
normal cell component N. In the chain of reactions leading from A 
to N biotin acts as the prosthetic group of some enzyme system 
catalyzing one of the elementary reactions. It is difficult to 
say which type of reaction this will be, since biotin has success
ively been made responsible for a catalytic action on deamination 
(LICSISTEIN and UMBREIT, 1947), on carbon dioxide fixation (LICH-
STEIN 1950), and on succinate oxidation (AJL et aZ,, 1950) etc, 

How this may be, it seems logical to accept that biotin-de
ficiency prevents the normal reaction chain A -* N to proceed. 
with the result that some intermediate metabolite L accumulates, 

In order to take account of the indispensability of living 
cells and oxygen for pigment production one might assume that the 
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cell oxidizes the accumulated L to some precursor - apo-pulcherr-
imin - which in the presence of a suitable concentration of fcrrk; 
ions is at once converted into pulcherrimin, but which otherwise 
diffuses into the medium and then is only gradually precipitated 
as pigment. 

In the case of the red mutant of Candida pulcherrima in which 
biotin deficiency plays no role, it must then be accepted that L 
accumulates for some other still unknown reason, inherent in the 
mutation. Moreover, the presence of ferric ions leading to the 
conversion of the apo-pulcherrimin into the insoluble pigment 
should also promote the conversion of L into apo-pulcherrimin, 

biocatalytical 
oxidation 

with OQ 

biotin 
cataly
zed 

apo-pulche rrlm1n 

chelation 
with 

pulcherrimin 

Barrier in case of biotin-
deficiency 

-fM 

As for the pink pigment of the adenine dependent mutants of 
LINIKGREN. of EPHRUSSI and of WINGE, in view of the similarity 
between the general chemical properties of this pigment and pul
cherrimin, it seems probable that also in this case we are deal
ing with some metabolic derailment possibly starting from some 
other spot in the reaction chain and thus leading to some analo
gous, though different pigment. 

Evidently all these considerations are in want of further in
vestigations, before they can be accepted as a representation of 
what really goes on in the pigmentation of the yeasts in question. 
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S U M M A R Y 

In Chapter I a survey is given of the earlier observations on 
the morphological and cultural characteristics of the yeast Can
dida pulcherrima (Lindner) Windisch. Special attention was paid 
to the studies of LINDNER, BEIJERINCK, WINDISCH and ROBERTS. It 
was stressed that many points regarding the morphology and the 
taxonomie position of the organism are still controversial, part
icularly because the two last-mentioned authors claim to have 
witnessed ascospore formation, whilst all earlier workers have 
concluded to the asporogenous character of the yeast. 

In Chapter II an account is given of the author' s personal 
investigations on the life-cycle of Candida pulcherrima. It was 
shown that the structures interpreted by WINDISCH and by ROBERTS 
to be asci are nothing but open sacs which are formed when chlam
ydospores in the process of germination shed their outer membrane. 
These sacs may partly remain attached to the chlamydospores. In 
these elastic membranes not seldom small yeast cells become ensnar
ed, and these cells have then been wrongly interpreted as asco
spores by WINDISCH and by ROBERTS. The claims of these authors 
regarding the ascosporogenous nature of the yeast are, therefore, 
rejected. On testing various media on their suitability to induce 
the formation of chlamydospores, it appeared that those media 
which promote lipid production in yeasts were also favourable for 
the development of chlamydospores. Remarkably in a later stage of 
these cultures the chlamydospores sometimes spontaneously ended 
their period of dormancy, and gave rise to another generation of 
budding yeast cells. In this germination process the outer mem
brane is not always shed, but it may also be pierced by the emerg
ing cell. i'̂ ''' 

In Chapter III some attention is given to the general question 
of the occurrence of chlamydospores in yeasts. It is emphasized 
that a better insight into the conditions which determine the 
formation of chlamydospores is most desirable, and a method is 
given which yielded satisfactory results in the case of four rather 
divergent yeast species. It is suggested that more attention should 
be given to the fact that chlamydospores are well-devised resting 
stages in many organisms, as is manifested amongst other by the 
acid-fastness of these structural elements. The question is rais
ed, in how far the formation of chlamydospores by various Caruiida 
species may be connected with their pathogenic î ropert.ies in cases 
of broncho-moniliasis. ;.:,-w , ̂  s i : ,;, !.:,-•! 

Chapter IV deals with the isolation and maintenance of the red 
mutant of Caruiida pulcherrima. In the first place the earlier 
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publications on the appearance of red-pigmented forms in the yeast 
are reviewed. Hereupon the twelve strains of Candida pulcherrima 
present in the collection of the Yeast Division of the "Centraal
bureau voor Schimmelcultures" were screened on their pigment pro
ducing ability, the strain once described by POLLACCI and NANNIZZI 
as Cryptococcus interdigitalis being finally selected as the most 
profuse pigment producer. On a medium closely resembling the me
dium recommended by BEIJERINCK for pigment production both smooth 
white and red-pigmented colonies developed, the latter being usu
ally rough in appearance. In agreement with the observations of 
earlier investigators it was found that either of these forms 
will under certain conditions revert to the other. However, on 
cultivation of the rell form under conditions favourable for pig
ment production - i.e. on media with a relatively high iron con
tent - and by regular* transference within short intervals, it 
proved possible to maintain the red mutant in a state which for 
all practical purposes could be considered to be pure. 

In Chapter V an inquiry is made into the factors which determ
ine the pigment production by the red mutant. In contrast to the 
claims of GROSBÜSCH the nature of the carbon source used proved 
to be immaterial, provided that the compound in question did 
sustain normal growth. Also the influence of pH was found to be 
only of secondary importance, at least in as far as an iron che
late. like ferric ammonium citrate, was used as source of iron. 

In agreement with the original observations of BEIJERINCK iron 
was found to be indispensable for pigment formation. It was clear
ly established that the concentration of the iron decided whether 
the pigment was formed and deposited in the cells, or originated 
in the agar zones in the immediate vicinity of the colonies. 
BEIJERINCK's conclusion that free oxygen is essential for the 
production of pigment could fully be corroborated. 

In Chapter VI a report is given about manifold attempts to 
extract the pigment from cell masses of the red mutant. The only 
feasible procedure appeared to be the extraction of the cells 
with caustic alkali followed by repreclpitatlon of the pigment by 
acidification of the alkaline solution. A detailed description is 
given of the procedure adopted for the mass cultivation of well-
pigmented yeast, and of the methods applied for the isolation and 
purification of the pigment. 

Chapter VII reports on an attempt made to obtain some insight 
into the chemical nature of the pigment, for which the name pul
cherrimin is proposed. Analyses showed the pigment to contain 
carbon, hydrogen, oxygen, nitrogen and iron, whilst sulphur, 
phosphorus and halogens were found to be absent. The most remark
able outcome is the high iron content (10.7%) of the pigment. 
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Whilst at room temperature the pigment is remarkably resistant 
against the action of strong acids, a prolonged acid hydrolysis at 
100°C. led to a decomposition. Amongst the hydrolytic products 
initially only leucine could be identified with certainty; more
over, indications for the simultaneous presence of isoleucine were 
obtained. On pyrolysis of the pigment small quantities of a white 
crystalline product, having the molecular formula C12H18N2O2, were 
obtained. The properties of this compound closely resemble those 
of a compound of exactly the same molecular constitution isolated 
by DUTCHER as a derivative of aspergillic acid. This suggests the 
presence of apyrazinedione nucleus in the said pyrolytic product. 
A second indication for some relationship between pulcherrimin 
and aspergillic acid was obtained, when it was found that the 
absorption spectrum of the pigment practically coincided with that 
of the Iron complex of aspergillic acid. Since the latter complex 
is generally accepted to be connected with the presence of a hy
droxamic grouping in the molecule, the establishment of hydroxyl
amine amongst the hydrolytic products of pulcherrimin may be con
sidered as a further support for the postulated relationship be
tween the two compounds in question. Also the identification of 
leucine (and isoleucine?) amongst the hydrolytic products of pul
cherrimin is in favour of this supposition. 

In Chapter VIII it is shown that Candida pulcherrima forms 
various other pigments, if the iron in the medium is substituted 
by other metallic compounds, such as copper, cobalt, nickel and 
titanium. Under these conditions apparently chelates are formed 
analogous to pulcherrimin, but in which the iron is substituted 
by the metal in question. Investigation showed that the yeast 
grown on a cobalt-containing medium, and which obviously contain
ed a deep yellow cobalt-chelate, did not have any Bi2-activity. 

Chapter IX reports on investigations regarding the production 
of red, non-carotenoid pigments by yeast species other than Can-
dida pulcherrima. By testing a large number of yeasts under the 
conditions of optimal pulcherrimin production, only some strains 
of Saccharomyces lactis and of Saccharomyces marxiarms were found 
to be capable of a pigment production somewhat comparable to that 
characteristic for Caruiida pulcherrima. 

In the meantime a short publication by CUTTS and RAINBOW had 
appeared in which it was shown that several common yeast species 
produce a red pigment, if cultivated on a medium deficient in 
biotin. This observation was checked for 68 yeast strains belong
ing to various species, and for several of these the said observ
ation could be confirmed. A preliminary spectroscopical analysis 
tends to show the identity of this pigment with pulcherrimin, and 
this is supported by the fact that also pulcherrimin production 
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by Caruiida pulcherrima is influenced by biotin-deficiency. 
In contrast hereto the pink pigment produced by adenine-depen

dent haploid mutants of Saccharomyces cerevisiae and their hybrids 
- as studied by LINDEGREN, by EPHRUSSI and by WINGE - seems to 
differ from pulcherrimin as judged by the spectroscopical data. 
Nevertheless, some relation between the chemical natures of these 
two types of pigment seems likely. 

Lastly it has appeared very probably that under certain con
ditions pulcherrimin can also be formed outside the yeast domain, 
namely by certain strains of Bacillus subtilis and Bacillus li
cheniformis. 

In the final Chapter X a brief discussion is given of our very 
restricted insight into the metabolic processes leading to the 
formation of pulcherrimin. In this connection it is stressed 
that the ability to form pulcherrimin is apparently a property 
ooninon to a great number of yeast species, and that there seems 
to be amongst these species a gradual transition in the degree of 
necessity of relative biotin-deficiency for the production of the 
pigment. 
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S A M E N V A T T I N G 

In Hoofdstuk I wordt een overzicht gegeven van de eerdere on
derzoekingen betreffende de morphologische eigenschappen van de 
g i s t Candida pulcherrima (Lindner) Windisch. In het bi jzonder 
werd aandacht geschonken aan de onderzoekingen van LINDNER, 
BEIJERINCK, WINDISCH en ROBERTS. Er wordt de nadruk op gelegd, 
dat aangaande vele punten van de-morphologie en taxonomie van het 
organisme geen overeenstemming Is bereikt . In het bijzonder t r e f t 
het, dat de beide laatstgenoemde schr i jvers aangeven ascospore
forming te hebben waargenomen, te rva j l a l l e voorgaande onderzoe
kers to t een asporogeen karakter van de g i s t hadden besloten. 

In Hoofdstuk II wordt een verslag gegeven van de eigen onder
zoekingen over de levenscyclus van Caruiida pulcherrima. Deze l e i 
den t o t de conclusie , dat de s t ruc turen welke door WINDISCH en 
ROBERTS a l s asci worden opgevat, n i e t s anders zi jn dan open zak-
vormige elementen, welke ontstaan doordat chlamydosporen t i jdens 
he t kiemingsproces somtijds de bui tens te celwand afwerpen. Deze 
membranen kunnen gedeel te l i jk aan de chlamydosporen gehecht b l i j 
ven. Niet zelden geraken nu kleine g i s tce l len in deze e las t i sche 
membranen v e r s t r i k t . Het z i jn nu deze cel len, welke door WINDISCH 
en door ROBERTS ten onrechte a l s ascosporen zi jn geïnterpreteerd. 
De beweringen van deze s c h r i j v e r s betreffende de ascosporogene 
natuur van de g i s t worden daarom verworpen. Bij het onderzoek van 
verschillende media op hun geschiktheid om chlamydosporen te doen 
ontstaan, bleek het, dat media die vetvorming in gisten bevorderen, 
ook gunstig zi jn voor de ontwikkeling van chlamydosporen. He.t was 
opmerkelijk, dat in een l a t e r stadium van deze cultures de chlamy
dosporen soms spontaan hun rustperiode beëindigen en een nieuwe 
generatie van knopvormende g is tce l len deden ontstaan, In d i t kiem
proces werpen de sporen n ie t a l t i j d de buitenste celwand af, som
t i j d s wordt deze p l a a t s e l i j k doorboord door de zich ontwikkelen
de ce l , 

In Hoofdstuk I I I wordt enige aandacht gegeven aan de algemene 
vraag betreffende het voorkomen van chlamydosporen in gis ten. De 
wenselijkheid wordt beplei t van een nader onderzoek naar de voor
waarden, welke de vorming van chlamydosporen bepalen. Een methode 
wordt beschreven, waarmede in bedoeld opzicht bevredigende resul
ta ten werden verkregen bij v ier zeer uiteenlopende g is t soor ten . 
Tenslot te wordt betoogd, dat er aanleiding bestaat om meer aan
dacht te schenken aan he t f e i t , dat chlamydosporen voor vele 
micro-organismen na tuur l i jke r u s t - s t a d i a z i jn , zoals o.a. in de 
opmerkelijke zuurvastheid van deze structuren to t u i t ing komt. De 
vraag wordt voorts opgeworpen in hoeverre de vorming van chlamy-
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dosporen door verschillende (̂ ancZicZa-soorten mogelijk samenhangt 
met hun pathogene eigenschappen in gevallen van broncho-moniliasis, 

In Hoofdstuk IV wordt de isolatie en het aanhouden van de rode 
mutant van Candida pulcherrima besproken, In de eerste plaats 
wordt een overzicht gegeven van de eerdere publicaties betreffende 
het optreden van een rood pigment vormende stanmen van deze gist. 
De twaalf stammen van Caruiida pulcherrima, welke aanwezig zijn in 
de verzameling van de Gist-Afdeling van het „Centraalbureau voor 
Schimmelcultures", werden aan een vergelijkend onderzoek onder
worpen wat betreft hun vermogen tot pigmentvorming; de eens door 
POLLACCI en NANNIZZI als Cryptococcus interdigitalis beschreven 
stam werd tenslotte uitgekozen als zijnde de beste pigmentvormer, 
Op een medium, dat t,o,v, het door BEIJERINCK aanbevolen medium 
voor pigmentproductie slechts op een enkel punt was gewijzigd, 
ontwikkelden zich zowel gladde witte als geplooide rode koloniën. 
In overeenstemming met de waarnemingen van oudere onderzoekers 
werd vastgesteld, dat beide vormen onder bepaalde voorwaarden in 
elkaar over kunnen gaan. Indien evenwel de rode vorm werd gekweekt 
onder voorwaarden, welke optimaal waren voor pigmentvorming, dus 
op media met een relatief hoog ijzergehalte,en tevens voor regel
matig overenten binnen korte tijdsperioden werd gezorgd, kon de 
rode mutant in een vorm worden aangehouden, welke voor alle prac-
tische doeleinden als rein kon worden beschouwd. 

In Hoofdstuk V wordt verslag uitgebracht over een onderzoek 
aangaande de factoren, welke de pigmentvorming door de rode mu
tant bepalen. In tegenstelling tot de opinie van GROSBÜSCH bleek 
de geaardheid van de koolstofbron van geen belang te zijn, althans 
in zoverre als de betreffende verbinding een normale groei van 
het organisme mogelijk maakt. Ook bleek het, dat de invloed van 
de pH slechts van een secundaire betekenis is. mits als bron voor 
het ijzer een ijzercomplex, zoals ferri ammonium citraat, werd 
gebruikt, In overeenstemming met de oorspronkelijke waarnemingen 
van BEIJERINCK werd gevonden, dat ijzer onmisbaar is voor pigment
vorming, Er werd voorts vastgesteld, dat de ijzerconcentratie 
bepaalde of het pigment in de cellen werd afgescheiden, dan wel 
in de agar zone in de onmiddellijke omgeving van de koloniën op
trad, De gevolgtrekking van BEIJERINCK, dat aanwezigheid van 
vrije zuurstof noodzakelijk is voor de productie van pigment kon 
volledig worden bevestigd. 

In Hoofdstuk VI wordt een overzicht gegeven van talrijke po
gingen om het pigment uit de cellen van de rode mutant te extra
heren. De enige bruikbare werkwijze bleek te zijn een extractie 
van de cellen met loog, gevolgd door een herprecipitatie van het 
pigment door aanzuren van de alkalische oplossing. De gevolgde 
werkwijze voor het cultiveren van een sterk gekleurde gist op wat 
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groter schaal, alsmede de methoden gebruikt voor de isolatie en 
zuivering van het pigment worden beschreven. 

Hoofdstuk VII vermeldt de pogingen, welke zijn verricht om tot 
enig inzicht te komen in de chemische aard van het pigment, waar
voor de naam pulcherrimine wordt voorgesteld. De analysen leerden, 
dat het pigment koolstof, waterstof, zuurstof, stikstof en ijzer 
bevatte, doch dat zwavel, phosphor en halogenen afwezig waren. 
Het meest opmerkelijke resultaat is het hoge ijzergehalte (10.7%) 
van het pigment. Terwijl het pigment bij kamertemperatuur merk
waardig resistent is tegen de inwerking van sterke zuren, treedt 
bij langdurige hydrolyse met zuur bij 100°C. ontleding op. Onder 
de producten der hydrolyse kon aanvankelijk alleen leucine met 
zekerheid worden geïdentificeerd; bovendien werden aanwijzingen 
verkregen voor de gelijktijdige aanwezigheid van isoleucine. Door 
pyrolyse van het pigment werden kleine hoeveelheden van een wit 
kristallijn product, met de moleculaire formule C12H18N2O2 ver
kregen. De eigenschappen van deze stof bleken zeer veel te gelij
ken op die van een verbinding met geheel dezelfde moleculaire 
samenstelling, welke door DUTCHER als een derivaat van aspergil-
luszuur was verkregen. Dit doet de' aanwezigheid van een pyrazine-
dion-kem in het bewuste pyrolyseproduct vermoeden. Een tweede aan
wijzing voor een verwantschap tussen pulcherrimine en aspergillus-
zuur werd verkregen, toen werd gevonden, dat het absorptiespec-
trum van het pigment practisch overeenkomt met dat van het ijzer
complex van aspergilluszuur. Aangezien algemeen wordt aangenomen, 
dat dit laatstgenoemde complex zijn ontstaan dankt aan de aan
wezigheid van een hydroxaamgroepering in het molecuul, mag het 
aantonen van hydroxylamine onder de hydrolytische producten van 
pulcherrimine als een verdere steun voor de aangenomen verwant
schap tussen de twee besproken stoffen worden beschouwd. Ook 
spreekt de identificatie van leucine (en isoleucine?) onder de 
producten van de hydrolyse van pulcherrimine ten gunste van deze 
veronderstelling. 

In Hoofdstuk VIII wordt aangetoond, dat Candida pulcherrima 
verschillende andere pigmenten vormt, als in het medium het ijzer 
wordt vervangen door andere metalen, zoals koper, cobalt, nikkel 
en titaan. Onder deze voorwaarden worden blijkbaar verbindingen 
gevormd overeenkomend met pulcherrimine, maar waarin het ijzer is 
vervangen door één van deze metalen. Indien de gist groeit op een 
cobalt-houdend medium, wordt een helder geel cobaltcomplex ge
vormd; een onderzoek leerde, dat de gist geen vitamine Bij-acti-
viteit bezat. 

Hoofdstuk TX heeft betrekking op onderzoekingen aangaande de 
productie van rode-, niet-lipochrome, pigmenten door andere gist
soorten dan Candida pulcherrima. Door een groot aantal gisten on-
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der voorwaarden voor optimale productie van pulcherrimine te cul
t iveren, werden voor enkele stammen van Saccharomyces lactis en 
Saccharomyces marxianus vastgesteld , dat z i j in s t aa t waren een 
pigment te vormen, dat grote overeenkomst vertoonde met dat van 
Candida pulcherrima. Inmiddels was een korte publicat ie van CUTTS 
en RAINBOW verschenen, waarin werd aangetoond, dat verschillende 
gewone g i s t soor ten een rood pigment vormen, a l s z i j worden ge
kweekt op een medium, waarin biotine in sub-optimale hoeveelheid 
aanwezig i s . Deze waarneming werd gecontroleerd voor 68 g i s t -
stammen, welke t o t zeer versch i l l ende soorten behoorden. Voor 
verschi l lende van de onderzochte stammen kon het r e su l t a a t der 
Engelse onderzoekers worden bevestigd. Een voorlopig spec t ro 
scopisch onderzoek gaf aanwijzingen, dat er overeenkomst bestaat 
tussen het onder deze omstandigheden gevormde pigment en pu l 
cherrimine. Deze zienswijze werd gesteund door het fe i t , dat ook 
de pulcherrimine-productie door Caruiida pulcherrima door een t e -
koii; aan biotine wordt beïnvloed. In tegenstel l ing hiermede schijnt 
het rose pigment, dat wordt gevormd door adenlne-behoeftige haplo-
ide mutanten van Saccharomyces cerevisiae en hun hydriden, welke 
door LINDEGREN, EPHRUSSI en WINGE zijn bestudeerd, in spectrosco
pisch opzicht van pulcherrimine te verschil len. Desniettemin lijkt 
enige verwantschap in de chemische aard van de beide soorten pig
ment aannemelijk. Voorts bleek met grote waarschijnlijkheid, dat 
pulcherrimine onder bepaalde omstandigheden ook buiten het r i j k 
der gis ten kan worden gevormd, n . 1 . door sommige stammen van Ba
cillus subtilis en Bacil lus licheniformis. 

Tenslot te i s in Hoofdstuk X een korte bespreking gewijd aan 
het zeer beperkte inzicht , dat i s verkregen in de stofwisselings
processen, welke to t de vorming van pulcherrimine leiden. In d i t 
verband is naar voren gebracht, dat het vermogen om pulcherrimine 
te vormen bli jkbaar aan een groot aantal gistsoorten eigen i s en 
dat er bl i jkbaar bi j deze soorten een gele idel i jke overgang be
s taa t . wat betreft de noodzakelijkheid van een tekort aan biotine 
voor de productie van het pigment. 
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Plate I* 

Fig.i Caruiida pulcherrima on malt agar. "Forms co
nidlennes". Mag. lOOOx 

Fig.2 Candida pulcherrima from a s l ide culture, 
Note l ipid globules. Mag, lOOOx 

Fig.3 and 4 Caruiida pulcherrima from a 14 days old 
culture on STARKEY's medium. Note the small 
ce l l s trapped within the hasks of the germ
inating chlamydospore. Mag, ll50x. 

f i g . 5 A wall-tableau drawn by BEIJERINCK in 1887, 
i l l u s t r a t i n g the desquamation of ce l l s in 
an anaerobic culture of Mucor racemosus (Re
produced by the courtesy of Prof. Dr. A. J. 
Kluyver). 

Fig.6 An anaerobic culture of Mucor racemosus, 
showing a ce l l shedding i t s outer membrane. 
Mag. lOOOx 

* TTie author's thanks iare due to Mr:J.A.Schuur and to 
Mr.H.R.Veenhoff for taking the photomicrographs and 
photographs, respectively. 



Plate II 

Figs.l and 2 Chlamydospore of Caruiida pulcherrima 
s t ra in No 35.2.6 shedding the i r outer mem
branes. Culture on SABOURAUD-agar, 14 days 
old, Mag, lOOOx 

Figs.3,^,5 and 6 Chlamydospores of CMndida pul
cherrima s t r a in No 35.2.8 shedding the i r 
outer membranes. Culture on SABOURAUD-agar, 
14 days old. Mag. lOOOx 

Figs.7,8,9,10 and 11 Germinating chlamydospores of 
Candida pulcherrima on a b io t in -def ic ien t 
medium, 2 months old. Mag. lOOOx 

Fig.12 Chlamydospores of Candida pulcherrima s t a in 
ed according to the ZIEHL-NEELSEN technique. 
Weakly counter-stained with aqueous methyl-
eneblue for contra-st. Mag. lOOOx 
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Plate III 

Figi^l and 2 Chlamydospores of Torulopsis diff-
, . luens. Culture on STARKEY's medium, 14 days 

old. Mag. 1150X 
Figs.3 arui 4 Chlamydospores of Candida reukaufii, 

Culture on STARKEY's medium, 14 days old. 
Mag. 1150X. 

Figs.5 and 6 Chlamydospores of Debaryomyces han
senii. Culture on STARKEY's medium, 14 days 
old. Mag. lOOOx 

Fig.7 Chlamydospores of Debaryomyces hansenii on 
STARKEY's medium. 14 days old. Stained ac
cording to the ZIEHL-NEELSEN technique. 
Sl ight ly counter-stained with aqueous meth-
ylene-blue for contras t . Mag. lOOOx 



Plate IV 

F ig . i Plate cul ture of Caruiida pulcherrima on 
synthet ic medium containing 0.05% fe r r ic 
amnonium c i t r a t e , 4 days old. Mag. 6x 

Fig.2 Same as F i g . i . Culture 11 days old. Mag. 6x 



PLATE IV 

I 

0 
• 

i 

« 

^ • • . « ^ 

0 • 
9 

IT-

1 ^ 

' 

• 

1 1 

ff« 

.J 



PLATE V 



Plate V 

Fig.i Plate culture of Caruiida pulcherrima, de
monstrating the pigmented zone after t r e a t 
ment with fe r r ic chloride solution. Mag. 
7/9X 

Fig.2 Plate cul ture of Caruiida pulcherrima on 
copper-containing medium. Mag. 6x 

Fig.3 Candida pulcherrima on copper-containing 
medium. Mag. lOOOx 

Fig.i Plate culture of Candida pulcherrima on 
cobalt-containing agar af ter treatment with 
4% FeClg solution. Mag. 4x 

Fig .5 Plate cul ture of Saccharomyces lactis (s t rain 
2.5.1) on biot in-def icient medium. Mag. 6x 

Fig.6 Saccharomyces lactis on b io t in -de f i c i en t 
medium. Mag. lOOOx 



S T E L L I N G E N 

I 
De productie van een rode kleurstof door Candida pulcherrima 

is niet een specifieke eigenschap van deze gistsoort, doch moet 
worden beschouwd als een excessieve uiting van een stofwisselings-
anomaliteit, welke onder bepaalde omstandigheden ook in andere 
gistsoorten optreedt., 

II 
Torulopsis minor (Poll. et Nann.) Lodder mag worden beschouwd 

als een mutant van Rhodotorula rubra (Demme)Lodder, welke het 
vermogen tot vorming van carotenoide kleurstoffen heeft verloren. 

III 
Ten onrechte wordt ook nog in vele recente studieboeken de 

indruk gewekt, dat Penicillium glaucum niet in staat is het l(-) 
wijnsteenzuur aan te tasten. 

IV 
In tegenstelling tot de zienswijze van KNIGHT en PROOM moet het 

door SMITH, GC81D0N en CLARK als diagnostisch hulpmiddel gebruik
te kenmerk van de groei van aerobe sporevormende bacteriën op 
glucose-nitraat agar als belangrijk worden beschouwd. 

B.C.J.G.KNIGHT and H.PROOM, J.gen.Microbiol. 4, 508. 1950. 

V 

Een uitbreiding van de fraaie .^onkerveW-studiën van PIJPER 
over de verschillende agglutinatie-typen van Salmonella typhosa 
tot vertegenwoordigers van andere bacteriën-geslachten kan er in 
belangrijke mate toe bijdragen om de bestaande onzekerheid inza
ke de betekenis van de bacteriën-flagellen op te heffen. 

A.PIJPER, J . P a t h . B a c t . 47, 1. 1938. 
A,PI'JPER, J . B ö c t . 57. 111. 1949. 

VI 
De uitspraak van MANIL, dat er een correlatie bestaat tussen 

het vporkomen van de antigenen H en O en het uiterlijk der kolo
niën ("rough" of "smooth") is onjuist, 

P.MANIL, Microbes e t a c t i ons inicrobiennes. Liege, 1945. 

VII 
De veranderingen in de polyphenolen, welke optreden gedurende 

de fermentering van thee en cacao en welke resp. leiden tot de 
vorming van thee-aroma en de "precursor" voor het cacao-aroma, 
zijn van essentieel verschillende aard. 

W.G.C.FORSYTH and J.E.ROMBOUTS, Report Cocoa Conference. 
London, 1951. 



VIII 
Van de verschillende soorten algen voorkomende langs de kusten 

van Zuid-Afrika biedt Ecklonia maxima de grootste mogelijkheid 
voor industriële verwerking. 

R.A.SHUTTLEWORTTl, S.African Ind.Chemist. V, 115, 1951. 

IX 

De conclusie van SERPONTEIN inzake de groei van een tyrosine-
behoeftige mutant van Bacterium coli, dat„wanneer 'n substituent 
aan die aminogroep in tirosien is, kan die verbindings blykbaar 
glad nie of bale sleg deur die organisme benut word", is niet in 
overeenstemming met de door deze auteur zelf verkregen resultaten. 

W.J,SERPONTEIN, 'n Bydrae tot die kennis van enkele aspekte 
van die eiwitchemie. Proefschrift, Leiden 1952. 

X 

De mening van RAMART-LUCAS, dat naast p-nitrosophenol en ben-
zochinonmonoxim nog een derde zgn, p -s tn ic tuur voorkomt, welke 
n ie t een ion der eerstgenoemde verbindingen i s , i s onjuist . 

P.RAMART-LUCAS, Buil. soc.chira. 12, 477, 1945; 
Ibid. 15, 571, 1948; 16, 53, 1949. 
E.HAVINGA and A,SCHORS, Ree.trav.chim. 69, 457, 1950. 

XI 

De door KOLTHOFF aangegeven modificatie van de volumetrische 
bepaling van ferri-ijzer met titanochloride en kaliunfrhodahide 
levert onbetrouwbare uitkomsten. 

I.H.KOLTHOFF und H.MENZEL, Die Massanalyse. Berlin, 1931. 
F.P.DWYER and N.J.GIBSON, Analyst 76, 548, 1951. 

XII 

Het is niet waarschijnlijk, dat bij de polymerisatie van lijn
olie intramoleculalre reacties in de eerste phase van het proces 
een essentiële rol spelen. 

H.E.ADAMS and P.O.POWERS, Ind.Eng.Chera. 36, 1124, 1944. 
E.SCHAUENSTEIN. Oesterr.CJiem.Ztg. 50. 2, 1949. 

XI I I 
Ten onrechte menen PICON en PLAHAUT, dat koolstof in tegenwoor

digheid van manganosulfide aan een destillatieproces onderhevig 
is. 

M.Picas et J.FLAHAUT, Buil .soc.chim. 17, 1070, 1950. 

XIV 
De sleutel tot een gezonde, economische en politieke ontwikke

ling van de Unie van Zuid-Afrika is gelegen in een doelbewuste 
bevordering van de landbouw in dit land. 


