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Nutrient solution requirements of representalives
of the Penicillium clavigerum section
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Pallsh Academy of Sclenges Laboratory of Plant Physiology
Cracev, Grodzia 533, Poland

It appeared that the spécies from the Penicillium clavigerum sectlon require
for optimum growth a nulrient solution composed of: 0.2 g NaCl; 0.2 g MgS0, -
<TH:0; 0.1 g CaCly; 0.87 g KHPO,; 0,14 g KHPO,; 4.05 mg ZnS0, - THO) 4.43 mg
MnS0O, - 4H,0; 0.5 mg FeSO, - 4H,0, the presence of vitamins from the group B
and of organic N being cssential.

INTRODUCTION

The section of Penicillum clavigerum is represented by three species.
One of them, namely P. clavigerum, thrives on simple synthetic media,
while the two other species, P. claviforme and P. isarieceforme, require
a medium supplemented by yeast water (Piskorz 1967). It is known
that yeast water is rich in nitrogen and contains vitamins; the compo-
sition is not exactly known, and presumably varies depending on the
baker yeasts used. In some physiological investigations it is necessary
to know the exact composition of the medium on white the organisms
dealt with are grown, and, therefore, the aim of the present study was
to find a synthetic medium warranting the optimum growth and develop-
ment of P. claviforme and P. isariaeforme.

MATERIAL AND METHODS

The experiments concerned stocks of P. claviforme and P. isariaeforme
obtained from the Centraalbureau voor Schimmelcultures in Baarn, Hol-
land. On the basis of results of previous studies (Piskorz 1867 a, b)
the moulds were grown in thermostats in darkness and in light at the
optimum intensity of 900 Ix, at 22°C for 7 days (P. claviforme) and at
25°C for 12 days (P. isariacforme).
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The composition of the media used will be presented below. The me-
dia were liquid (20 ml of medium in a 100 ml Erlenmaver {lask), excep-
ted in additional cultures destined for morphological measurements
and grown in Petri rishés on media solidified by agar. The agar discs
method (Pasiut 1970) was used in the study of the sources of carbon,
The amount of nitrogen in the yeast water and in casein was determined
at the Institute of Organic Chemistry of the Jagellonian University.

The criteria used for the evaluation of media were the dry weight
of the mycelium, the size and shape of the coremia, In some cases, befare
inoculation and after completion of growth, the pH of the medium
was determined.

INFLUENCE OF COMPOSITION OF BASAL MEDIUM
ON GROWTH AND DEVELOPMENT OF P. CLAVIFORME
AND P. ISARIAEFORME

The simple medium used in previous investigations contained 50 g
glucose, 1 ¢ NHyNO,, 1 g8 MgSO, - THO, 1 g K.HPO,, 0,003 g ZnS0O, -
THsD and 0.001 g FeSO, - 4H,O dissolved in 1000 ml of yeast waler.
This medium allows perfect growth and undisturbed photomorphogenesis.
Nevertheless, In some cages it is necessary to grow the microorganisms
on a medium whose composition is exactly known. The search for such
a medium began by attempts to modify the medium hitherto used. Tt soon
appesred that the basal medium deprived of veast water did not allow
optimum growth of the moulds dealt with,

The well developed basal mycelium produced scarce and non typical
voremia set in groups. It appeared also that the medium vontained
an dptimum amount of glucose, as its decrease resulted in smaller crops
of the mycelium. Analyses of yeast water indicated low amounts of re-
dueing sugars and comparvatively high amounts of nitrogen. Therefore,
pitrogen (in the form of dmmonium nitrate) was added up to the amount
present in the basal medium with yeast water. The expeeted effects
did not take place and, therefore, nitrogen in the form of amino acids was
added instead of inorganic nitrogen, Casein was added to the medium
in quantities containing amounts of nitrogen equal to that in 1 g of am-
monium nitrate. However, it appeared that both species inadequately
assimilale the complex of dmino acids given in the hydrolisate
of vasein. Attempts Lo modifly the basal medium were closed by a study
of the action of various salts containing nitrogen in the form of nitrate
or ammaonium on the growth and development of P, claviforme and P. wsa-
rizeforme. The investigalions concerned exclusively cultures grown



Nutrienl solullon requirements of the Penfelitium cladigerim 44

Table 1

Action of modification of the basal medium G0 g glueose, 1 g NHNO,, g MgsSO,,
g KHPO, 000]g FeBO, 0008g ZnS0, per 1000 ml of yeast water) on the
growth of P, eleviforme and P. isarfacforme, expressed in mp of dry weight

| P elazviforme I P, isariaeforme

|

Modilication of mediam
Light  Darknesss| Lipht  Darkness

— —

Basal medium (BM) | 2400 2780 270.0 188.0
Synthetic medium

iMS) omposilion os BM without veosl

Wwates 1450 1229 1200 gL
Synthetiv medinm (MS)

& gluvise H 6.8 1240 53,0

Synthetic medium (S

N gs NHNO, in smennt counl to that

in BM Han 1.1 | TR0 1BL0
Synthetic medinm (MS)

amount of cavein cquivalént W the

amount af N in 1 g NH,NO; 833 T3 — ==
| Syuihetic medium (MS),
| amount of KNO;  equivalent o the

pmount ol Noip 1 g NN, {4 — -
Svnthedic medinm (MSh

amount of CaNO.. eowivaiont to the

amount of N in 1 g NIELNO, Tha == - —
| Svnthetle medium (MB)
I amount of (NH)S0, equivalent to the
amount of N in 1 g of NHNO,

am
=
= ]
|
|

in light, as it appeared previously thal inorganic nitrogen both as the
ion NHy and NOy — is probably poorly assimilated by both species.
The results presented in table 1 fully agree with this supposition.

CULTURES OF P. CLAVIFORME AND'P. ISARIAEFORME
GROWN ON OTHER SYNTHETIC MEDIA

The experiments deseribed above clearly indicate thal P. cleviforme
and P. isariaeforme may be grown on the hitherto used medium only
it prepared on veast water, As yeast water, besides considerable amounts
of nitrogen, conlains vitamins; it was expected that addition of vitamins
to the medium would stimulate the growth and development of the spe-
cies dealt with, In preliminary investigations, a medium rich in different
substances, used by Daniel and Baldwin (1964) to grow the plasmo-
dia of Myxomycetes, was used. This medium contained — besides glucose
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and a small amount of citric acid as a source of carbon and ammonium
chloride us a source of nitrogen — macro- and microelements and the fol-
lowing vitamins: inositol, choline hydrochloride, biotin, thiamine hydro-
chloride, pyridoxal hydrochloride, pyridoxine, hydrochloride, niacin, cal-
cium panthotenate, p-aminobenzoic acid, folic acid, vitamin B;., ribofla-
vin and also a mixture of amino acids: dl-methionine, glycine, arginine,
hydrochloride, l-cysteine hydrochloride, I-histidine hydrochloride, 1-leu-
cine, l-lvsine hydrochloride, dl-isoleucine, dl-phenylalanine, dl-trypto-
phan, dl-serine, dl-threonine, dl-valine; besides 1.2 ml of 0.05%s solution
of hematin was added to cach flask. The action of the medium without

Table 2

Influence of various sources of C on growth and dry weight of the mycellium

of Penicillium claviforme and Penicillium isariaeforme (Fries mediom nn addition

aof 1 mg thiamine, amount of asparagine equivalent to the amount of N in 1 g
of ammonium nitrate)

: Penicillium  elaviforme |Penieillium imri.uefnrme*
Seische oliicarbon ] Light Darkness Light Darkness
Caontrol |
(medium with yeast water) 7.63 7.05 045 4,50
Glucose 8,94 5,85 202 1.80
Fruclose 4492 5,58 g8 544
Ribose 4.62 3 b 244 2%
Xylose 3 3.76 par) 2,29
u-ketoglutaric acid 240 302 . 0.10 i
Galactose 548 T 3.58 3.36
Saccarose 818 6.25 6.61 4.10
Sodium suceinale 0.10 0.10 0,08 0.05
| Glyveogen 1.06% 13 (.05 0,05

hemalin was studied, too. The results presented in table 2 indicate that
the medium is not suitable for the culture of the microorganisms dealt
with.

On the other hand, positive results were obtained using the
medium prepared for cultures of species of the genus Coprinus
(Fries 1955), This medium was modified, the concentration of glucose
being not only 2%, but also 3% and 5% In each experiment 3.330g
of asparagine, containing the amount of nitrogen equal to that in 1g
of ammonium nitrate, per 11 of medium was added; the action of a hig-
her concentration of asparagine, namely 5%, was also studied. The
Fries medium contained, together with the substances mentioned abo-
ve, 0.2 g NaCl, 0.2 g MgS0O, - TH,0, 0.1 g CaCls, 0.87 g KH,PO,, 0.14 g



Nutrient solution requiremenis ol the Penicillium clavigerum 51

K.:HPO,, 4.05 mg ZnSO, *+ TH,O, 4.43 mg MnSO, - 4H,0, 0.05 mg FeSO, -
- 4H.0, instead of iron citrate used by Fries. The data presented
in Table Il imply that this medium is suitable for cultures of P. clavi-
forme and P. isariceforme. This may be explained first and foremost
by the form in which nitrogen was supplied, both species assimilating ni-
trogen best in the form of amide. P. isarigeforme assimilates equally well
from a mixed source of nitrogen, namely asparagine and ammonium
tartrate, while only asparagine is the best source for P. claviforme.
Best results have been obtained with a 5% concentrations of glucose
and asparagine. Growth on such a medium is equal to that observed
on the medium containing veast water, as evaluated by the dry weight
of the mveelium,

AN AN AN /\}'\
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Fig. 1. Shape (schemalic) of coremia of P. claviforme grown in Ughl as depending

on the concentration of thiamine added to the Fries medium. §¢ — synthelic me-

dium; Sg; — same medium, 0.01 mg thiamine added; Sp: — same medium 01 mg

thiamine added: S;0 — medium with 1 me thiamine and with asparagine; Cyw —
control culture grown on medinvm with yeast water

When applving the modified Fries medium, the action was studied
of the different concentrations of thiamine on the growth and develop-
ment of the moulds dealt with. The following concentrations were used:
10mg, Img, 1-10°7 1-102 1-10"% mg of thiamine per 11 of me-
dium. It appeared that none of these influenced the dry weight of the
myecelium in either species, but that the presence of thiamine improved
the morphology of coremia. Therefore, 1 mg of thiamine was always
added to the medium, (Fig. 1).
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ACTION OF THE VARIOUS SOURCES OF CARBON ON THE GROWTH
AND DEVELOPMENT OF P. CLAVIFORME AND P, ISARIAEFORME

Glucose was the source of carbon both in the Frics medium used
in cultures of species belonging to the genus Coprinus, and in the mo-
dified Fries medium used in cultures of the moulds P. claviforme
and P. isariaeforme, Thus it became necessary to decide whether there
existed other sources of carbon better utilized by the species dealt with,
The method of cellophane-agar dises 10 mm in diameter and 5 mm high
was that used in our experiments. This allowed to use small quantities
of various sources of carbon and to increase the number of repetitions,
The growth curves of P, claviforme and P. isarvigeforme grown in light
and in darkness on the moedified Fries medium were lirst established.
The time of cultures was six days for P. claviforme and ten days for
P. isarigeforme. (Figs. 2. 3). The results of the experiments, presented in
table 3, suggest glucose, sanecharose, fructose to be Lthe best sources of ear-
bon for P. claviforme. When grown on these sugars, the mould develo-
ped well, the amount ol dry weight was high, coremia normal and spo-
rulation abundont. For the other species P. isurinefmrme, glucose is also
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Flg. 2. Time of culture of P, claviforme grown on agier-cellophane discs consisting
of Fries medium with asparagine added; black circles — cultures grown in light,
while circles — cultures grown in darkness
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it

Days

Fig 4 Time of culture ol P, isarigeforme grown on agar-cellophane discs consisting
of Fries moedium with asparvagine added; black cireles — cultures grown in light,
white eleeles — cultures grown in darkness

Table 3

Cultures of PenieilBym cladiforme and Pendeillivim f3ariaeforne grown on various
synthetic media

Pondeillium elaviforme :.I-‘e'uimlfium pgarine forme

Medium |
Light Darkness | Light Darkness

Medium 1B and 13 |

without hematin 130 1L 4.4 25.6
Medium Boand D

withoul hematin 13.0 14.0 50 27.8
Synthetic medium (MS)

3% glueose 107 6 86.5 1240 53.0
Synthetic medium (MS) '

5% glucose | 1430 | 3237 120.0 80.0
Synthetic medium Fries (MSF)

3,490 g asparagine, 2% glucose THa | a5 —_ —
Syrthetie medinm Fies (MSF)

3330 ¢ asparagine, 3% plucose| 1399 | 1178 186.0 160.7
Synthelie medium Fries (MSF) |

3,330 ¢ asparagine, 5% glucose 159.0 18,0 211.5 1498.5
Synthelic medium Fries (MSF)

5 g asparagine, 5% glucose 4928.0 213.0 213.0 1946
Svnthetic medium Fries (MSF) I |

b asparagine, 1 g ammonium

tartrate 1587 146.0 255.0 241.8
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Table 4

Comparison of development of Penicillium claviforme and Penicillium tsarigeforme
grown on optimum media

| - . Penicillium elaviforme "P&nic}i!ium izariaeforme:

Mediu = ~=i ==
e Light | Darkness | Light | Darkness

Synthetic medium Frios

125 g glucose, i /
2445 2643 2718 248.0
125 g fruclose,

1 mg vitamin B,

Svathetic moedium Fries,
ammomnium tartrate,
125 g plucose,

825 2 fruetose, = = 2599 249.1
525 g saccharose, |
I me vitamin B

e - —
Synthetic medium Fries, | | .
i 125 ¢ galactose,
1235 = fiructose,
1 my vitamin B

2746 2ak.0 — — |

a sultable source of carbon. The results shown in table 4 imply that for
. isariaeforme asparagine, supplied together with ammonium tartrate,
adequately replaces the medium containing veast water previously used

EVALUATION OF RESULTS

_P. claviforme and P. isariaeforme grown on a simple medium con-
faining veast water (Piskorz 1967 1968) form a thick layer of my-
celium with well developed coremia. The same medium devoid of yeast
waler is apparently unsuitable for either species, the growth and deve-
lopment being clearly stunted. Also in Aspergillus giganteus, if grown
on a medium devoid of veast water, the dry weight of the mycelium
is reduced by half, though the develapment is nol visible disturbed (Z u-
rzveka 1955), These results seem to indicate that the microorganisms
dealt with have been given unsuitable sources of nitrogen or of carbon,
or that for normal growth they needed some substances from the group
aof vitamins or other growth factorz. It is known (Cochrane 1958;
Lilly and Barnett 1951) that fungi are able to assimilate nitrogen
from nitrate and ammonium salts or from organic substances, Canti-
no (1955) is of the opinion that the ability to utilize nitrate implies
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N-autotrophism in fungi, as this is just what the typical autotrophs do.
P. claviforme and P. isariocforme are able to utilize in a slight degrie
the nitrogen contained in nitrates: but nitrogen in the form of amide
25 asparagine suils them best. The results of the experiments do not
indicate that amino acids are a good source of nitrogen for the micro-
organisms dealt with. P. isarvigeforme assimilates well from mixed sour-
ces of nitrogen, composed of ammonium tartrate and asparagine, resems-
Illing in this respeet some species of the genus Coprinus (Fries 1955).
Moreover, both species deall with here require similar media, which are
also similar to those resuired by the species of Coprinus, as implied
by the successful replacement of medium with yeuast water by a slightly
modified Fries (1956) medium.

Fig. 4. Cultures obtnined on oplimum medivm (Fries medium with | mg thiamine,
5 o8 asparagioe and a mixed souree ol carbon) A, — P, eleviforme grown in light,
Ar — grown in darknuess, B, P, sarigeferme grown in light, B: — same species

prown inm darkness

The species deall with here assimilate carbon best [rom the follow-
ing sugars: glucose, fructose and galactose (P. claviforme) and glucose,
saccharose and f{ruclose (P. isarweforme). Other carbon sources such
as glycogen or u-ketoglutaric acid appeared to be more or less inade-
fjuate

Addition to the medium of wvarious gconcenirations of witaming B,
and By or of complete set of vitamins did not result in the expected in-
creaze of growth ol the myeelium of P. claviforme and P. isariaeforme.
Both these species are therefore autoauxotrophic fungi (Schopfer
1940), similarly as A. giganteus and A. giganteus mut, alba. It appeared
that an addition of thiamine improved the shape of the developing co-
remia, This may be emphasized, as Page (1956) also established that
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an addition of thiamine did not influence the development of Pilobolus
Eleinti, but thiamine was necessary for the clongation of sporangio-
phores. This may mean that thiamine exerts a particular and hitherto
not quite clear influence on the elongation of the cells of fungi.

SUMMARY OF RESULTS

1. The scction of Peniciilium clavigerum consists of three species,
namely P. elovigerum itscll, P. elupifornie und P, dsarvigeforme of these,
only P. clavigerum grows well on simple synthetic media. The aim of the
present study was to establish a synthetic medium suitable for the two
remaining species.

2. Differeat modifications of the main medium used in previous
investigations have been applied, yeast water being replaced by a com-
vlete set of amino acids and vitamins.

3. Several possible sources of nitrogen have been studied: it appeared
that asparagine and ammonium tartrate were those most suitable for
the moulds dealt with here.

+. Both above species assimilate carbon from sugars such as glucose,
saccharose and fructose, but a-ketoglutaric acid and glycogen are unsui-
table.

5. Addition of vitamins did not result in the expected increase of my-
celinl dry weight. On the other hand, thiamine influenced the shape
ol the developing coremia.

6. The composition of the medium suitable for P, claviforme is as
follows: main Fries medium to which are added per 11 of distilled
water 1 mg thinmine, § g asparagine as source of nitrogen, 1235 g glu-
eose and 125 g fructose; for P. isartaeforme: main Frics medium
to which are added per 1 1 of distilled water 1 mg thiamine, a mixed
source of nitrogen consisting of § g asparagine and 1 g ammonium tar-
trate, and a mixed source of carbon consisting of 12,5 g glucose, 6,256 g
fructcse, 625 g saccharose.

(Reecived: January 11, 1971)
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Badania nad wymogami poiywkownmi gatunkéw nalezgeych
do sekeji Penicillium claviperum

Siressevenie

L Do sckefi Penieillium elavigerum naleim tray gatunki: P clavigerum, P, cla-
vifarme | P bstrtaeforme. Jedyme P elavigerum rosnie deskonale pp prostyel po-
mywhkach  svntetvemmyeh, Celem niniejszel  pracy byl okredlenie pozywki synto-
tvpnej dlo pozostabveh dwy preedstowicieli seloeji

2 Stospwnno rocmaile modylikacje pofywki zasadnivee) uzvwane] w badanineh
weresnlejsereh, rostepujae wyeiny droddizowy kompletom aminokwaséw | witamin,

3. Spudrdd  sieripgu przebadanyel  awinekiw  arotowveh  nojlepsaym Zrddlem
dia badanyeh grevbiw byla aspoaraging | winian amonu.

4 Juke zrodle wegla oba gatunki wykoravsiuja rakle cukey jak: glukora, sachn-
rova, Irikdaen, notomiast kwas o-ketoglutarowy czy ollkogen sp mieodpowiednie.

b, Dodatel witamin nie daje ocaekiwanego dodatniven. efektu na wirost graeyboi
i osuchej masy. iaming wplyvwa natomiast na ksetalt roewijnjacyeh sie koremidw.

fi. Skind odpowiednie] din Pooelaviforme pozvwki preedstawia sie nustepujgen:
zasatnicea pozywka Fries 2 dodatkiem 1 mg tiaminy, 5a asparaginy jako #ridlo
rotu, 12,5 o plukozy | 125 ¢ fruktozy na lite wody: destyvlowane), Dla P. izariaefor-
me Likie pozywhn stosswann przez Fries 2 dodatkiem | mg tiaminy, micszanym
dvidllem nzotu § g asparaginy i 1 ¢ winianue amonu, mieszanym zZrodlem wegla —
12,5 2 glukozy, 6,25 g fruklozy, 6,25 & sacharozy na lir weody destylowane],
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