Influence of the Soya Meal Fractions on Gibberellic Acid and Gibberellin A
Production in Submerse Cultivation of Gibberella fujikurot

M. PODOJIL and ALENA RICICOVA

Department of Biogenesis of Natural Substances, Institute of Microbiology,
Czechoslovak Academy of Sciences, Prague 4

Received March 11, 1964

ABSTRACT

The relationship of different soya meal
components to gibberellin (GA) production
was studicd. Fluorometric assay confirmed
that under the given fermentation con-
ditions, only gibberellic acid (GA,;) was
synthesized on medium containing corn
steep. On substituting soya flour for corn
steep, the same amount of GA, was
produced and in addition gibberellin A
(GA,) was formed. The GA, : GA, ratio
was 1 :1. The course of fermentation in
media containing the soya meal protein
fraction (fraction I}, the soya meal amino
acid complex, the corn steep amino acid
complex and individual amino acids
(y-aminobutyric acid or tryptophane)
was the same as in the control medium
containing soya meal. The soya meal
fraction II, which is characterized by
a high cellulose and carbohydrate content,
raised GA production by 25 9, as com-
pared with production in medium contain-
ling soya meal; it simultaneously stimu-
lated GA, production, so that the final
GA; : GA, ratio was 4 : 1.

According to some authors (Darken,
Jensen & Shu, 1959; Ridicova et al.,
1960), corn steep is a suitable nitrogen
source for gibberellic acid (GA;) pro-
duction by the fungus Gibberella fujikuros.
Fuska et al., (1961), however, obtained
an average increase of 100% in GA;
production by substituting soya meal for
corn steep. The composition of the

fermentation medium influenced the
composition, as well as the level, of
gibberellin (GA) production (Kitamura
et al., 1953; Stodola et al., 1955, Taka-
hashi et al., 1955a, 1957; Calam & Nixon,
1960; Kuhr ef al., 1961).

In the experiments submitted below,
the authors studied the relationship of
some of the components of soya flour to
GA production, with special reference to
GA,, which is the biologically most active
component (Brian, Hemming & Lowe,
1962).

MATERIALS AND METHODS

Strain and fermentation conditions. The
fungus Qibberella fujikuros strain U (Ridi-
cova et al., 1960) was used. Preparation
of the fermentation medium was based
on the basic medium of Fuska et al.,
(1961), adding different nitrogen sources.
The resultant media, the pH of which
was adjusted to 30, werc sterilized for
45 minutes at 120° C.

Vegetative inoculum was prepared
according to Fuska et al., (1961). For
actual fermentation, 500-ml. flasks con-
taining 80 ml. fermentation medium were
used, on a rotating shaker apparatus
(200 r.p.m., oscillation 5.5 cm.) at 26° C.

Fractionation of soya meal (Thornberry
& Shanahan, 1951}. Two fractions, I and
II, were prepared from soya meal.
Fraction I contained the protein com-
ponents cxtracted into water at pH 8; these
were precipitated from the " aqueous
solution by lowering the pH to 4.5 by
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adding INn HCIl and were separated by
centrifugation. Fraction II was the
fraction not soluble in water; it contained
approximately 509, protein, 309, water-
-nonsoluble carbohydrates and 209, cellul-
ose. When dried, 100 g. of the initial
material yielded 33.5 g. fraction I and
31.5 g. fraction IIL

Analytical methods. GA; and GA,; were
determined quantitatively by fluoro-
metric assay (Theriault ef al., 1961) and
on a Pulfrich photometer adapted for
fluorescence (L-1 red filter, A-5 pre-filter).
This method is based on the finding that
at 0°C only GA, gives a reaction with
H,S0, fluorogen, while at 60°C GA; and
GA, both have the same absorption; the
value for GA,; can therefore be obtained
by subtracting the value for GA,; at 0°C
from the value for both GA at 60°C.
Nitrogen was determined in the ingredient
of the medivmm and in the fermentation
medium by the method of Ma and
Zuazaga (1942). Carbohydrates were de-
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termined as sucrose by Morris’s method
(1948) and starch and cellulose according
to Viles and Silverman (1949). Amino
acids were determined qualitatively in
corn steep and soya meal according to
Zelinka. and Hudec (1958). Soya meal
hydrolysates and their fractions were
prepared by the method -of Rackis et al.,
(1961).

RESULTS AND DISCUSSION

Tab. 1 shows that only GA, was formed
during fermentation in medium contain-
ing corn steep, while in medium contain-
ing soya meal a mixture of GA; and GA,
was found after only two days. GA,
production reached practically the same
level in both media and was not influenced
by soya meal as compared with GA,
production in medium containing corn
steep. The increase in GA production in
medium containing soya meal was thus
due entirely to GA, synthesis.

The data in the literature (Zelinka &

Table 1. GA, and GA, production (ug./ml.) in media containing corn steep or soya meal

Time of cultivation (days)

Added nitrogen source 2 5 8
GA, | GA, GA, [ GA, GA, GA,
Corn steep (29%,) 44 — 99 — 185 —
Soya meal (19%) 47 41 107 115 187 189

Table 2. GA; and GA, production (pg./ml.} in basic medium with different nitrogen sources
Time of cultivation (days)

Added nitrogen source*) 2 5 8
GA, GA, GA, GA, GA, GA,
y-Aminobutyric acid (19) 32 45 108 102 172 189
Tryptophane (0.59%) 55 — 101 95 188 171
Corn steep amino acid complex (19,)**) 45 47 112 99 182 200
Soya meal amino acid complex (19,)***) 55 52 102 115 178 189
19, soya meal (control) 41 40 109 100 188 179

*} Concentration corresponding to the nitrogen concentration in corn steep (3.99,) or in soya meal

(8.05%,)

**) Prepared according to Cardinal and Hedrick (1948) and Zelinka and Hudec (1958)

*#%) Prepared according to Rackis et al., (1961)
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Hudec, 1958) and the results of the
authors’ analyses show that corn steep,
as distinet from soya meal, contains
y-aminobutyric acid, while soya meal
contains tryptophane (Rackis ef al., 1961),
which is not found in corn steep. These
differences were used as the basis for
further experiments, the results of which
are given in Tab. 2.

It can be seen from this table that a
mixture of GA; and GA; was obtained in
all media containing the given nitrogen
sources, amount being approximately the
same as that obtained in the control me-
dium containing soya meal. A GA mix-
ture was thus produced both in media
containing y-aminobutyric acid and in
media containing the corn steep amino
acid complex, i.e. substances contained
in corn steep, which itself leads to GA,
production when contained in the medium
(Tab. 1).

These results do not permit definite
conclusions to be formed on the relation-
ship of the nitrogen source to formation
of the individual GA, but they indicate
that the relationship between the amino
acid or protein component and the rest
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Fig. 1. Maximum GA, GA; and GA, production
on media containing soya mesl or fractions I and IIL.
A — soya meal (19%), B — fraction I (0.4%), C —
fraction II (1.29%).
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of the complex nitrogen source plays
a role in the given biosynthesis processes.

There were no significant differences
between the proportion of amino acids
in the soya meal fractions I and II and in
whole soya meal. Fraction II differed from
the other nitrogen sources by the presence
of water-nonsoluble carbohydrates (349%,)
and cellulose (19.89,). Fraction I and
corn steep did not contained these sub-
stances. Soya flour contained roughly
half the proportion of these carbohydrates
(18.29,) and its cellulose content was
much lower (5.29%,).

Fig. 1 shows the concentrations of the
various nitrogen sources which gave
maximum GA production. It can be seen
that fraction I gave approximately the
same production as soya flour. The GA; :
: GA, ratio likewise did not change and
in both cases was 1 : 1. On adding fraction
II, however, GA production in the fer-
mentation medium was 259, higher than
in the control medium containing soya
flour, while the GA, : GA, ratio underwent
a marked change (4 : 1, Fig. 1).

Since the ratio of the carbon source
to the nitrogen source in the production
phase plays a significant role in GA,
synthesis (Borrow, Jefferys & Nixon,
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Fig. 2. Levels of reducing substances (unbroken
lines) and soluble nitrogen (broken lines) in media
containing different nitrogen sources, O—(Q —
medium with goya meal, @— @ — medium with
fraction I, A— A — medium with fraction II.
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1959), it was assumed that cellulose and
carbohydrates, as slowly assimilated
carbon sources, maintained a relatively
higher level of reducing substances during
fermentation. According to the results
illustrated in Fig. 2, the concentration of
reducing substances in medium contain-
ing fraction II remained practically
unchanged during the phase decisive
for GA production, i.e. from the 6th to
10th day of fermentation, while in the
other media a permanent decrease in
reducing substances was noted. A con-
stant C:N ratio with a suitable con-
centration of reducing substances was
thus maintained only in medium contain-
ing fraction II (Fig. 2). According to the
results of Darken ef al., (1959), GA,
synthesis can be stimulated by maintain-
ing the concentration of reducing sub-
stances at a given level (about 29), e.g.
by adding sucrose to the medium during
fermentation. This provides the possibility
of comparing the course of fermentation
in medium containing fraction II with
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Fig. 3. Maximum GA, GA; and GA; production on

media containing corn steep or soya meal, with

continuous maintenance of the sucrose concentra-

tion (29)). A — corn steep (2%), B — corn steep

(2%) -+ maintained sucroso concentration, C —

soya mesl (19%), D — soya meal (19%) + maintained
sucrose concentration.
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the course of fermentation characterized
by the addition of sucrose (bearing in
mind the differences in regulation of the
concentration of reducing substances).
The results indicate that the high cellulose
and carbohydrate concentration in-frac-
tion II was largely responsible for stimul-
ation of GA; production, by maintaining
an optimal level of reducing substances in
the medium.

In corn steep or soya meal media in
which the concentration of reducing
substances was artificially maintained at
about 2% by adding sucrose, GA; pro-
duction (both alone and together with
GA,) was stimulated (Fig. 3). The in-
crease in GA, production was not so
pronounced, however, as in medium
containing fraction II.
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B.TUAHMUE OPAKIIUA COEBOA MYKH HA
OBPA3OBAHUE GA; U GA,
NPU ITYBUHOU KYJILTUBALIMNI
GIBBERELLA FUJIKUROI

M. IHodoun, Aaena Pucunuyosa

HouTpoampoBanock 0 THOMEHAe Pasilmy-
HBHIX KOMIOHEHTOB COEBOH MyKH K obOpa-
sosanuio ruGGepermuaos (GA). @nyopo-
MeTpUUYeCKUM MeToxoM GBLIO MOATBepHe-
HO, YT0 HPH AAHHBIX YCIOBHAX (epMeHTa-
UEK B Cpefle ¢ KYKYPY3HEIM JKCTPAKTOM
BOBHHKAET TOJBLKO I'MO0epesioBasg KACAO-
ta (GA,). Ecnu ske KyKypy3HBIH 3KCTPaKT
saMeHANMW coeBoH Myko#, obpasopanmch
Takne ke Kommyectsa GA,, Kak B cpefie
¢ KYKYPY3HBIM SKCTPAKTOM, M CBepX TOTO
eme ruboepesnua A (GA,). Coorromenue
GA,; : GA, pasuanocs 1 : 1. epmenTanus
B cpefe ¢ OenkoBOM (paKmued CcOeBOH
mykn (Pppaxmua I), ¢ KoMomekcoM aMHHO-
KHCJIOT C0eBOH MYKH HIN KYKYPY3HOTO
9KCTPAKTA H C OTHEeJBHBIMA aMUHOKHCIIO-
TaMd, T. €. ¢ AMHHOMACIAHOM KHACIOTOH
win TpEOTodaHOM, MPOXOMMNIA TaK 3Ke,
KaK ¥ B KOHTPONBHOH cpee ¢ coeBoil My-
roii. @paxuua II u3 coeBoi Mykm, oTan-
Haomafaca BBICOKUM COJiep/KaHAeM Iel-
q0JI03HL M YTJIeBOMOB, MOBHMasa obpaso-
panue GA mo cpaBHeHMIO ¢ ero o6pasoBa-
HHEM B cpejie ¢ coeBoil MyKoil Ha 25%, mpu
OJIHOBPEeMEHHOM MOBHIIEHAN 00pa3oBanus
GA,, Tak 49T0 OKOHYATeJIbHOEe COQTHOMIEe-
mne GAg : GA, pasasiocs 4 : 1.



