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BIKER, s .jouRNAi, I, 50-60 (1958)

11. Effect of Amino Acids on fhe Growth of Candida o1bicans

Sfudies

SHIRO MiYASHiTA, To SHIO MiwATANi AND TsuNESABURO FullNo

Department of Baclerio!ogy, Refe@76h Justit"te for Microbial Direase$, Onek@ Uni"erri4y

SUMMARY

While studying the effect of amino acids on the growth of Candida a!btta, rs, six amino
acids, that is, aspartic acid, glutamic acid, arginine, proline, senne and or-alanine, were found to
have a biotin-sparing effect. Thus, even in the presence of suboptimal amounts of biotin, the
growth of this organism was marked Iy increased by the addition of these amino acids to a basal
medium. Although aspartic acid, glutamic acid and arginine were found to be utilized as a sole
source of both carbon and nitrogen for growth, the growth enhancing effect of proline, ,I-alanine
and senne was observed only in the presence of glucose. Kinetic studies have further revealed
that a typical diauxie growth of the organism takes place in a medium containing glucose,
ammonium salts and either senne or tt-alanine. The significance of these observations is discussed
in terms of the mechanism involved in the effect of these two amino acids.

on the Nutrition of Candida

(Recei"ed for AUMt"ti0", 06!obey 28, 1958)

INTRODUCTION

it was shown previously (Miyashita at a/., 1958) that Candida a/bicai!J was one
of six species of Offrichd" which are able to grow in Glucose-Simmons medium con-
taming biotin for which the organisms are exacting. Thus no exogenous su I
of any amino acids is required by Candida a/bica"s for errowth, indicating that all
amino acids can be synthesized by this organism in the presence of biotin, a
substance known to be involved as a co- factor in the metabolism of some amino

acids. we have recently shown in preliminary experiments that, when the basal
medium is supplemented by a vitamin-free casein hydrolysate, the growth of
Candido a/bird?15 is markedIy enhanced. This occurs even in the presence of small
amounts of blotin \\, hich merely supports the poor growth of this particular
organism in the basal medium. A series of studies on this phenomenon have fur-
ther revealed that six out of the eighteen amino acids tested have a so-called
"blotin-sparing effect" (Koser, at a/., 1942). Characteristic patterns of growth of
this organism are seen in a medium containing glucose and one of the amino
acids having this effect.

In this paper these results are described and some of the mechanism involv-
ed in the effect of these amino acids on patterns of the growth of Candid" a!bicanr
are discussed.

Maleriu/r and Me!hoof3

O, g"thin .. Candida a!bica"$ FTA-1010 CRTMD), originally isolated from the
sputum of a case of pulmonary tuberculosis, was used. For each experiment, a
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NUTRITIONAL REQUIREMENT OF CANDIDA 11.

24 hour culture of this organism on Sabouraud glucose aoar medium was washed
twice with sterile saline and the washed cell suspension used as a inoculum.

Medium : The medium used was Glucose-Simmons media to which appro-

priate amounts of blotin were added. The amino acids tested in this experiment
were glycine, dl-or-alanine, dl-serine, I-cystine, dl-threonine, I-methionine, dl-vanne,
I-Ieucine, dl-ISOleucine, dl-phenylalanine, I-tyrosine, I-tryptophane, I-histidine,
I-arginine, I-glutamic acid, I-aspartic acid and I-proline.

Guitarrrrl prunedtire : A) Still culture. The cell suspension \\, as inoculated into
7 inI or medium in each specially designed test tube and then incubated at 37'C.
B) Shaking culture. The cell suspension was in DCulated either in 100 inI of
medium dispensed in a 500 inI shaking flask or into 10 in I of medium in a T-shaped
shaking tube which was incubated at 35'C o1T a reciprocating shaker adjusted to
approximate 1003-inches strokes per min.

EJ!jinulion of glow!h : CTo\\, th was measured by the optical density at 550 in/" in
a Goleman junior-type spectrophotometer.

And!71ico! me!hoofJ : An allquot of culture super natant was employed for the
quantitative determination of amino acids, ammonia and glucose as follows :
Free amino acids in the super natant were determined by colonmetric analysis
using the ninhydrin reagent according to the method of Moore and Stein modified
by Troll and Cannan (1953), ammonia, by the Conway method (1950) and
Glucose, by the colonmetric method of Somogyi (1945).

Gorye!ajion beltt:ee!! bioli?! and Joine amino acidJ ill Ihe gr0, o1/1 of C""dida albicaiiJ.
Preliminary cxperiments have shown that the growth of Grrridida albicunJ is

marked Iy enhanced when a vitamin-free casein hydrolysate is added to Glucose-
Simmons medium containig sumcient blotin. Such a growth enhancing effect of
the casein hydrolysate \\, as also observable when the concentration of blotin was
reduced so that there was only very poor growth, Indicating that the casein
hydrolysate has the biotin-sparing effect for certain amino acids in the hydrolysate.
To study this, the effect eighteen individual amino acids was examined.

A small amount or washed cells \\, as resuspended into a basal media contain-
ing 0,0,001,0.01,0.1 and I in/tg/inI of crystalline blotin respectively with or
without I ing/inI of various I-amino acids <0r 2 ing/inI of d!-amino acids).
These suspensions were then each dispensed in 7 in I in specially designed test
tubes an incubated at 37'C and the growth was measured after 48 hours in-
cubation at an optical density of 550 in/" in the Golemai\ junior-type spectro-
photometer. In the basal medium the biotin content is critical for growth of
Candida albica?!r. Growth increased with increasing quantities of blotin to a maxi-
mum at a concentration of 0.1 inng/inI. Out of eighteen amino acids tested,
only six, that is, aspartic acid, glutamic acid, arginine, proline, senne and tt-
alanine were found to have a " biotin-sparing effect". The results with aspartic
acid and with histidine are presented in Fig. I . (The results \\, ith other amino
acids which had a similar effect are omitted from this figure. ) The growth
enhancing effect of aspartic acid was striking. As is shown in the figure, even in
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Fig. I. Comparison of effects of aspartic acid and of histidine on the growth of Candid0 o1bicons F1A-1010
in relation to the concentration of biofin. The organism was grown of 37'C for 48 hours in 51ill culture.
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in aspartic acid containing medium is more than the maximal growth obtained
in the basal medium supplemented by a. sufficient amount of biotin. with
histidine, one of the amino acids with no blotin-spann. effect, no significant
difference in growth was seen in its presence and absence. These results show
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that the growth enhancing effect of aspartic acid is displayed at a suboptimal con-
centration of blotin better than in the presence of optimal amounts of this par-
ticular vitamin. Further experiments showed that growth at a suboptimal con-
centration of blotin increases as a function of the concentration of aspartic acid
in the medium. As is seen in Fig. 2, growth markedIy increases with increasing
aspartic acid concentration reaching a lnaxiinum at a concentration of 100 Itg/in I.
No such effect is observable with histidine even at a concentration of 2000 11g/inI.

These results suggest that biotin is closely associated with the metabolism of
the particular amino acids with blotin-sparing effects and has an important role
of these amino acids in the growth of Candidn alhicanJ. Although these amino
acids have a common feature in having a biotin-sparing effect, they are quite
different from each other in terms of their effects on the growth of the organism.
Thus the effect or these amino acids on the growth was observed, in the presence
of suboptimal amount of blotin, in the three diffcrent media prepared by omit-
ting rrlucose, aminoniuin salt or both from the basal medium.

As is seen in Table I, in the presencc of glucose, all amino acids tested ap-
pear to be utilized as a sole source or nitrogen, while the amount of growth ob-
tamed with these six amino acids is much greater than that with amino acids
that show n0 1,101in-sparing effect. 01 these six amino acids, however, only three,
that is, aspartic acid, glutamic acid and arginine, \\ ere round to enhance growth
in the absence of glucose. It is, thercforc, considered that. thcse three amino acids
ai. c utilized as sole sources of both carbon and nitrogen in the growth of the
organism. No significant effect of ammonium salt on the growth of the organism
was observed when the media was supplemented by certain available amino acids.
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Table I. Effect of amino acids on the growth of Candida o1bicans F1A-1010
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Growth of Candid" albico"$ and ifJ 78/01ion to amino acidJ in Ihe media
From the preceding results, it is considered that the six amino acids with

biotin-sparing effects can be divided into two groups, that is, I) the amino acids
which are utilized as a source of both nitrogen and carbon <aspartic acid, gluta-
inic acid and arginine), and 2) the amino acids utilized only as a source of
nitrogen in the presence of glucose. Thus, when the organism is grown in a
medium containing no ammonium salt but sufficient amounts of amino acids
belonging to the second group, the growth increases with the concentration of
glucose in the medium. With pro}me, there appears to be a lag time which is
lengthened with decreasing amounts of glucose (Fig. 3). However, no change in
lag time is seen when two amino acids, senne and or-alanine, are used as the sole
sources of nitrogen.
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Fig. 3. Effect of glucose content on the pattern of growth of Candid0 o1hicans in C-medium
supplemented by proline.
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presented in Fig. 4. Amino acids can thereiore be devided into two further
groups in terms or their effect on growth. Thus, there is about a six hours a
lag with both tt-alanine and serine, while no Iao is secn with the other four
amino acids.
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Fig. 4. Effect of amino acids on the growth of Candid0 o1hicons

Candid0 o16icons was grown of 35'C with shaking approximately at 1003-inches strokes per min.

U

A SImila^ difference Letween thcsc two 910uFs of amino acids has also been
shown when they are added to a medium containing limited amount or glucose
but sufficient ammonium salts. Fig. 5 sho\\, this diffcrence. will\ proline,
aspartic acid, glutamic acid and of at gininc, the gi. owlh of the organism pro-
ceeded almost linearly as a function or the incuhatioiT time. Howcver, with
or-alanine and senne, the organism gre\v almost linearly during about 4 hours in-
cubanon and then growth gradually slowed down and finally, after about 1.5
hours lag time, the organism again continued to gro\\, at a linear rate. No second
phase or growtlT was observable in the basal medium with or \\, ithout the amino
acids having no blotin-sparing effect.

Considering the findings reported by Monod 61 a1. (1942), the diauxie
growth curve thus obtained with tt-alanine and senne indicates that, in the
second phase or growth, these amino acids must be utilized as a sole source of
energy, by the organism suggesting the formation of adaptive enzymes which are
responsible for decomposing these amino acids. Quantitative determinations of
the growth of the organism in varying concentrations of glucose and amino acids
have further revealed that this may be in the case.
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In these experiments, the total concentration of tt-alanine and glucose was
maintained at 2 ing per milliliter of basal medium and the relative concentra-
tions of glucose and or-alanine was varied in the following order : <A) 3 : I; (B)
2 : 2; (C) I : 3. Fig. 6 shows that growth in the first phase of the diauxie growth
curve was equivalent to the glucose concentration in the culture media, while in
the second phase it was equivalent to the a-alanine concentration. It is there-
fore suggested that, in the first phase of the diauxie growth curve, glucose is
utilized, but in the second phase, or-alanine serves as the sole source of energy.
To substantiate this speculation, further quantitative experiments were performed.
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Fig. 6. Diouxie growth of Candida o1bicons and its relofion to the relative concentration of

glucose and a-o10nine.
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q. lulli!alite delei'ini"ajio!! of gli!core, ammonia alld diniiio acid ill '11/11u'e Inedii{in
chinng dial!xie ginrulh

A culture \\, as grown in a 500 inI shaking flask containing 100 inI of Glucose
<400 I, g/inI)-SImmons medium supplemented by oralanine (600 I, g/'in I) and
blotin <10 in/tg/inI). At one hour intervals, 6 inI of the culture were harvested
from the shaking flask and ccntrifuged at 4,000 rpm for 15 minutes. The super-
natant thus obtained was employed for quantitative determination of glucose,
amino acids and ammonia. Free amino adds in the super natant werc determined
by colonmetric analysis using the ninhydrin reagent. Results are sho\\, n in Fig.
7. Glucose \\, as completely utilized by the end of the first phase of the diauxie
growth of the organism. Free amino acids decreased markedIy in concentration
in the culture super natant during the inter phase of the growth cycle. The
amount of ammonia \\, as found to gradually decrease in the first phase of the
growth and increase reciprocally with decrease in free amino acid content.
These results indicate that in the second phase of the diauxie growth of Ca?!dida
a!birdiiJ o1-alanine is utilized as the sole exogenous source of carbon and energy
rather than of nitrogen and suggests that the enzymes which are responsible for
the utilization of this amino acid, must be synthesized adaptiveIy during the
inter phase of the growth.
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Fig. 7. Changes in concentration of free amino acids, ammonia and of glucose in the cultural
supernatant of Candida o1hicons during diuuxie growth.

The culture was grown in a one liter shaking Rusk containing 100 inI medium and were incubated
of 35'C with shaking of 1003-inches strokes per min. Right Ordinale : Itg/in I

DISCUSSION

In 1951, BTOquist at a!. showcd that, when the aspartic acid content \\, as
raised to 50-100 Ag/'inI. the requirement of biotin by L"CIObdcilh!J was markedIy
reduced. The phenomenon had been described as the so-called " blotin-sparing
effect " of the particular amino acid by S. A. Koser, at a1. (1942). Our previously
described nutritional studies (Miyashita 21 u1. , 1958) demonstrated that Grindidtt

Glucose-Simmons medium unless some biotin weredlbicm!J did not gro\\, In

added to the basal medium. Thus C. a!bicaiiJ is exacting only for blotin and no
amino acid was found to be required by the organism for. normal growth. The
observations obtained in the present study, however, have shown that certain
amino acids have ail additive effect in enhancing the growth of the organism
only in the presence of blotin. Furthermore, \\, hen these amino acids were added
to the IJasal medium, the amount of biotin <0.1 inng/inn required to support
maximal growth of C. a/birdii. I was marked Iy decreased to sucl} a degree that, at
a concentration of 0001 in/tg/inI. only poor growth could take place without
these amino acids. Although this phenomenon was considered similar to that des-
cribed by BTOquist at "I. , there were found to be at least six amino acids having
so-called " blotin-sparing effect " on the growth of C. albica?!$,. glutamic acid, as-
partic acid, arginine, proline, serine and or-alanine.

It is well known that blotin is closely related to nitrogen metabolisms, es-
pecially, to that of some amino acids in microorganisms. For example, \. Vinzler
at at. (1944) demonstrated that washed cells of blotin-deficient yeast CSttccharomycer
rerunJine) could not assimilate ammonia unless biotin was added. It is therefore
assumed that the vitamin plays an essential part in the metabolic sequences which
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are responsible for. amino acid synthesis from ammonia. Also, from the InvestIga-
tions of Lichstein and Urnbreit (1947) and Lichstein and Christ man (1948), it
was suggested that blotin might be a part of the structure of the prosthetic
group of aspartasc, senne and threonine deaminase. Although the intrinsic part
played by biotin in the metabolism of glutamic acid, arginine, proline and
c"-alaninc is not yet clear, the present results clearly suggest that blotin must be
involved ill some way in the metabolic sequences of these amino acids in C.
a!him?!J, as ill that of serinc and aspartic acid in the deamination of which blotin
has in othei. organisms been proved to act as a cofactor.

Thc fact that C. nthitni!. I is exacting only for blotin indicates tl}at all amino
acids ai. e synthcsizcd from ammonium salts and glucose in the presencc of the vita-

In other \\'ords, the vitalnill must be involvcd in the synthesis of some amino
acids I>y the organism. Therefore, one \\, ay of explaining the blotin-sparing
effect " of these six amino acids during the growth of C. nibi, ajiJ, is that blotin is
closely associated with the cnzymatic synthesis of these amino acids. Addition of
these ready-made amino acids could thus result in decrease in the amount of
blotin necessary for their synthesis. Ho\\, ever, since C. aruicd?if can not gro\\, In
the absence of blotin even \\, hen these amino acids are added to the I>asal medium,
Ihc effect of these amino acids in the organism may also be partially due to
another mode of action of blotin such as that has been described by several in-
vestigators <0choa 81 a/., 1947 ; Shive and Rogers, 1947 ; Lardy at at. , 1949 etc. )
in other organism. Although these SIX amino acids all sho\\, the biotin-sparing
effect", their. nutritional role in the growth of C. albzcttnJ appears to differ as
indicated by growth experiments using CS medium with or without the added
glucose and ammonium salts. Thus, \\, hile all these amino acids can be utilized
as the sole source of nitrogen in the presence or glucose and blotin, three including
glutamic acid, aspartic acid and arginine \\. ere found to be utilized as the sole
source of both nitrogen and carbon.

Kinetic studies on the effect of these amino acids on patterns of growth or
the organism Ilave shown that diauxie growth takes place in a medium contain a
sufficient amount of ammonium salt but limited glucose \\, hen the medium Is
supplemented by o1-alanine or serinc. in this case, these amino acids appear to
be utilized as a source of carbon and energy rather than as a source or nitrogen.

The growth in the first phase of the diauxie growth was always equivalent
to the quantity of glucose, while that in the second phase to the amount or
or-alanine or senne.

The suggestion drawil from these observations is that both d-alanine and
serine may serve as the sole source of energy in the second phase of growth. This
suggestion \\, as justified from a quantitative estimation of the glucose, ammonia
and amino acid content during the whole growth cycle.

Diauxie g"owth was first desc"Ibed by Monod (1942) in the growth of Badl!",
511bti!if in the medium containing a limited amount of various carbohydrates. More
recently, Kiwi0 (1955) has reported that a similar phenomenon occurs in the
growth of Aeiobdc!ei' deloge?IeJ and Vibrio JP. when the medium is supplemented by
different amino acids and also suggested that the amino acids in the second phase

min.
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must be utilized adaptiveIy as a source of nitrogen. The present observation with
C. a/tican$ clearly indicates that both the amino acids, or-alanine and senne,
dissimilated in the second phase of diauxie growth of the organism, serving as the
sole source of energy.

Since a significant decrease in the concentration of these amino acids in the
culture medium only begins after the complete exhaustion of glucose by the
organism it is suggested that the enzymes which are responsible for the dissimilation
of these amino acids, must be synthesized adaptiveIy, resulting in the appearance
of a inter phase before the second growth cycle occurs. Although the intrinsic
relationship between blotin and these amino acids in the growth of C. a!bicttnJ is
still uncertain, the present study clearly demonstrates that the amino acids, which
have a blotin-sparing effect, appear to behave differently in terms of their effects
on the growth of C. a/bicttnJ. The true interpretation of these effect, however,
must await further blochemical studies on the role of blotin in the metabolism of

these amino acids in the organism. It may be that these amino acids are involved
in the biosynthesis of blotin in the organism.
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