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BIKEN's JouRN*L I, 45-49 (1958)

I. Vitamin Requirements of Strain of Candida

SHIRO MiYASHiTA, To SHIO MiwATANi AND TsuNESABURO FullNo

Department of Bacteriology, ReJea"/I Institute for Microbih! DimaseJ, Qinka UnirerJi4y

(R, "itd I, , pulli, "lion, 0, t, b, , 28, 1958)

Studies

SUMMARY

Using 10 \, itamins, 17 amino acids and 5 purine pyrimidine bases and Glucose-Simmons' as
the basal medium, the nutritional requirements or 65 strains in 11 species of Candid" were studied
Although no strain tested required any amino acids or purine pyrimidine bases, most of strains
were found to be quite exacting for certain kinds of vitamins. Thus, of all strains of 8 species
eleven required particular vitamins. While Candid" k, "Jet, Candid" utilis and Candida party$ilosiJ
("0, . 41ec. 65) did not require \, namins for growth, CandiV" a!bic@"5, C. Ironicali$, C. g, ,ill^^, mondii, C
PMlcherrima and C. runabiliJ were definitely exacting for biolin, Candida rugo$", for both biotin and
Ihiamine, Candida pre"chimpic"/iJ, for biotin, pantothenic acid and niacin and Candida parekr!, xi,
for biolin, thiamine, pyridoxine and niacin. In the presence or indispensable vitamins, three
vitamins, Ihiamine, pyridoxine and pantothenic acid, had an additive effect, enhancing the growth
of strains of Candida RMIt@"$, C. iyopita!if and C. gut!!termo"ati respectively. Replacement o1' biotin
by pimelic acid was observed only in a strain of Ca, adjda parekr"Jet. The significance of vitamin
requirements or Can atof" is discussed in relation to the possibility of identifying strains of C",, did" by
this method

on the Nutrition of Candida

INTRODUCTION

it is knowil that most strains of Cdi!dida will not grow in a glucose-ammonia-
inorganic salts medium unless it is supplemented by a minute amount or yeast
extract, indicating that these strains are exacting for. some growth factors (vitamins)
present in the exti. act. However, there are only a few papers on the nutrition of
Candidd and there is little knowledge or vitamin requirements.

In 1953, Fujino at a! in our laboratory described a Inethod for identifyintr
strains of Candida and suergested that further analysis of the vitamin requirements
would favour the identification of this organism.

In the present paper are described the results of studies on the vitamin require-
merits of 65 strains in 11 species of Candida and is discussed SIonificance of the results
in the identification of the organism.

Molei'iaiJ and Me!froth

OrganiJmJ. Strains used in this study were as follows : Grind^^a albica?!J. . 40
strains (RIA, ID*), C. 11'011icalJ .' 9 strains <RIMD), C. knifei .. 2 strains (Nl* LFO*),
C. lardkrttJei. . 4 strains (RIMD), C. I'llgoru. I strain (RIMD>, C. gifi/liermondii. . 3
st"ams <1FO, Nl, MTU*), C. Iul, /!,,, i, "".. 2 st"ams (Nl, IFO), C. pyrop, font. . I
* Abbreviation

RIMD : Research Institute for. Microbial Diseases, Osaka University
Nl : Nagao institute
IFO : Institute for Fermentation, Osaka
MTU Kyoto University Medical School
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st"am (RIMD), C. animbilis. . I st"am <Nl), C. with. . I strain (RIMD), and C.
Ifei{doll'Dpica!if. . I strain <1FO). ,. ,

Media. The basal medium employed in the study was mainly Glucose-Siminons
<CS) mediu, n with a formula as follows : NaC1, 5g; MgSO4.7H20,0.4 g ;
KgHP04,1.0 g; <NH*)2HP04,1.0 g; glucose, 5.0 g; aq. dist. , 1,000 inI and pH 6.8.
CS medium supplemented with yeast extract <YG medium) \\, as sometimes used.

VitaminJ 115ed. The following vitamins were tested for their effect on the gro\\, t
of these organisms: blotin 10 rung/inI, thiainine 100 inng/inI, pantothenic aci
100 lit/zg/inI, niacin 500 un/!g/inI, pyridoxine 100 rung/InI, ribofiavin 100 inng/In ,
vitamin BJ2 10 rung/inI, lainino benzoic acid 100 rung/inI, folic acid 100 In/!g/in
and illosit01500 in/!g/lnl. , in CS Inediuin. The yeast extract used in this study \\, as
the product of the Daigo Eiyokagaku Ltd. Co. .

.91{gni'J 115ed. The following sugars were tested: glucose, Ievu OSe, Inarinose,
galactose, maltose, sucrose and lactose. The concentration of these sugars was
rug/in I in medium.

Gill!ui'nl method. A small amount 24 hour culture of strains of Candidtt grown on
Sabouraud glucose agar was inoculated into CS InediuiTT containing vitamins an
was incubated at 25'C and 37'C for 48 hours, The 48 hours cultures thus obtaine
were used as a inoculum for test media. As small amount of the culture w IC a
grown COTnpletely after 48 hour Incubation was again transfer re to a res e
mediuin and, finally, the strain with full growth even at the en o t e t ITc
transfer was regarded as the one which is exacting for. the vitamins containe in
the medium.

RESULTS AND DISCUSSION

1:18c! of'yea5! ex!ruct o11 Ihe gi'o, 011! of Jimim of Candida ill GS mediwm.
Before determining the specific vitamins required by strains o an i a, e

effect of an yeast extract on the growth of these strains were observe to e iruina e
strains not requiring vitamins. The results are shown in Tab e Tee sp~cie

Table I. Effecl of yeast extract on the growth of strains of Con i a in me I

-- - ---- ---------- --

C. o1bicons

C. flopicalis
C. krusei

C. parokrusei

C. rugosa

C. guilliermondii
C. pulcherrimo
C. variobilis

C. utilis

C. pseudolropicalis
C. paropsilosis n. sp. 65

Species I GS medium
37 ' C-250c

Note + : growth

+

370C

YG medium

no growth

+

+

+

+

+

+

250C

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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of C. kri!rei, C. Mini3 and C. pal'rip31/05iJ grew well in CS medium without the
addition of yeast extract, indicating that they did not require any specific growth
factor. No other strains tested grew in GS mediuin unless the medium was sup-
PIeinented by yeast extract. Strains of two species (C. pillcheirimtt and C. adj'in bin$)
appeared to be temperature sensitive, for they grew well at 25 C but not at
No temperature sensitivity was observed with other strains whose growth at 25 C was
little slower than that at 37'C.

Pi!amiii Itqi!iit!ne, IIJ of 511,171$ of Candida

The results described in the preceding section clearly sho\\, that 8 out of 11 species
of Candid" tested cannot grow in CS medialit without a Inmute alnount of yeast ex-
tract suggesting that these strains are exacting for specific growt actors containe
in the extract. Subsequent experiments with the vitamin mixture proved that t is
was so. Thus, \\, hen CS mediuiTT was supplemented by the vitamin InIxture, good
errowth \\, as obtained with these particular strains in the basal mediuin. 11ni ar
results were not obtained when vitamins are replaced by the InIxture of alnino aci s
or purine pyrimidine bases.

To identify the particular vitamins required by these strains, a varicty o vita-
min \\, ere added to the test Inedia which \\, as inoculated \\, Ith 24 hour culture o
these strains on Sabouraud glucose agar and then the strains were Incubate a
37'C for. 48 hours, The cultures were subcultured three times in the salnc me in
and at thc end of the third transfer, the requirement for. the vitamin by eac
strains was determined by measuring growth. Table 2 shows the results o t is

Table 2. Vitamin requirements of strains of Candido

I No- of I Glucose-SImmons' me ium ____strains I ~:~ II strains Bioljn I Pyridoxine I Pantothenic Niocin Thiamine
---- - ^- ----^- ------- - -- -^^-I--.- --- --C. Ibi. .", I 401+' - -,~10
C. 1.0pi. .its I 9 I + I G I O I ~ ~
c. k, us"i 121- -I ~,', '
C. po, .k, .sei I 4 I + I + I ~ I + '
C. rugos0 I 11+ ~ ' ~ ~I
C. gullliermondii , 3 I + O I ~ I ~ I ~

c. puicherrim0 , 2 + I ~ I ~ ~ ~C. to, i. bin, I + G ~ i ~ I ~
C. utilis

C. pseudolropicalis

C. parapsilosis
65n. sp

+ ^ GrowthNote

No growth

O . Growth enhanced

experiment. It can be seen that a strain of C. rugoJa is exacting for both blotin
and thiamine, a strain of C. 1381tdolro/lirali$, for blotin, pantothenic acid and
niacin, and a strain of C. narukru5ei, for biotin, pantothenic acid, niacin and
thiamine, while the other strains of the four species only requires blotin for

+ + +
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growth. In addition, it was demonstrated that the growth of some strains of
Candid" \\, as found to be enhanced, even in the presence of indispensable vitamins,
by certain vitamins for which those particular strains were not exacting. Thus,
the growth of C. albica?if is enhanced by adding thiamine to a medium contain-
ing biotin, C. Ironca!iJ, by pyridoxine and pantothenic acid, C. gullliermondi and
C. aariobilis, by pyridoxine. Replacement of biotin for pimelic acid, a precursor
of blotin, was effective for growth of four strains of C. lardkru$8i, but not for others'

Identification of firoinJ of Coredida by a combination of andmi?I reqt, iremen/
a"a!usif and Juga? tatiliention.

The results described in the preceding sections demonstrate that, with three
exceptions, all strains of 8 species of Candidn require vitamins for growth and
that the requirement appears to be specific for the species but not for. the strain.
Since the species of C"ridida can be divided into five groups according to their
vitamin requirements it may be that analysis of vitamin requirements may have
a considerable significance as a subsidiary Inethod for the identification of
strains of Candidu. Sugar utilization has long been used as one of the most jin-
portant subsidiary methods for identification of strains of Candida and, by using
this test, one can easily divide the species of the organism into four different
groups. Since groups of the species of Candida divided by vitamin requirement
analysis differ from those divided by the sugar utilization test, a combination of
these two analysis must provide a more precise method for identifying these
organisms.

The results illustrated in Table 3 were obtained by determining the sugar
Table 3. Sugar utilization tests of Cadido, with regard vitamin requirements

48

*

No. of Vitamin added I

C. o1bicans 40 I Biolin I + + I ' I ' ' ' ' I ~
C. krusei ! 21none I+:+ +I-;- - -

c. PCrokrusei I 4 i Biolin, ' + + ~ I ~ ~ I 'I Ninej", , I
I IPyridoxine I ' I

, Thjomi" I ' I
C. rugoso I I Biolin. + + + I + I + - -

C. guilliermondii 3 Biolin + + + I + ' + + I -
C. pulcherrima 2 Biolin + I + + : + ' + + I -
C. variobilis I Biolin ^ + + + + I + I + I ~
C. utilis I none + +!+,+ , ,,_

CPSeudo. I Biolin, + +I+ + ~I' "tropicals NioCi'. I 'I 'antothenic acid , I
CPUrapsilosis I I none ' + ' + +I' I'I ' I~
n. sp. 65. ! I ; I

Note + , Growth

NG growth
Vitamins for which Ihe organisms ore exacting

*
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utilization of strains of Candida in the medium containing particular vitamins for
which these strains are exacting. The resulting spectrum of sugar utilization of
11 species of this organisms was in good agreement with that described by Lodder
and van Rij (1952). These workers used a basal medium containing yeast extract
or 8 mixture of vitamins.

Although the eleven species of Candida tested were divided into only four
groups by the sugar utilization test alone, they \-vere divided into 6 groups by
analysis of their vitamin requirements. Therefore the analysis of the vitamin re-
quirements is, to some extent, useful as a subsidiary method for the identification
of these organisms. Analysis of vitamin requirements is important not only for
identification. A precise knowledge of the vitamin requirements for each strain is
necessary before preparation of a chemically defined medium suitable for the
sugar utilization test, as the criterion of the test depends on determination of the
growth of the organism resulting from the utilization of test sugars.

In 1952, Lodder and van Rij described a sugar utilization test performed in
the chemically defined medium containing a mixture of the following vitamins ;
blotin, pantothenate, in OSItol, niacin, lainino benzoic acid, pyridoxine, thiamine
and ribofiavin. They obviously did not realize that the vitamin requirements or
strains of Candida differ considerably. Therefore, any strain which requires

their medium and so thevitamins other than these 8 will not sugargi'0\\, In

utilization test will be misleading. For instance, C. 7'010nictt and C. mycodeyina
adj'. tannicd could not orrow in their defined media containing various sugar and
8 vitamins and, as a result, would apparently not use any of the sugars tested.
Actually, however, these strains can use particular sugars as carbon sources
in the presence or the specific growth factors \vhiclT they require.

The authors express their appreciation to Dr. Masahiko Yoneda for his comments and
suggestions during the preparation or the manuscript.
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