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Metabolism of reserve saccharides in the industrial strains
of baker’s yeast

EDITA DUDIKOVA — JULIUS SUBIK

Summary. The cells of several industrial strains of yeast Saccharomyces cere-
wisiae grown under laboratory conditions into stationary growth phase in semi-
synthetic medium with glucose had markedly lower content of glycogen and tre-
halose than the commercially produced yeast in yeast plant on the basis of one of
these production strains. The yeast cells with low content of reserve saccharides
were able to increase their content of both glycogen and trehalose if they were
incubated for several hours under non-growing conditions with the presence of
glucose or maltose. In contrast to accumulation, more days were needed to mar-
ked decrease of the content of reserve saccharides in the cells of commercial yeast
incubated under similar conditions, however, without of carbon source. A marked
dscrease was observed under the conditions of starvation even in fermenting acti-
vity in dough whereas this activity was not causally related to the total content
of glycogen or trehalose in baker‘s yeast.

The reserve saccharides of yeast are represented by non-reducing disaccharide
trehalose («-D-glucopyranosyl-(1-1)-a-D-glucopyranosid) and by polysacchari-
de glycogen. The data of their content are very different. The measured values
for trehalose are between 0.5 to 15%, of the dry weight of the cells and for gly-
cogen between 5.5 to 12.19, [1]. Other authors report more wider range for
both saccharides — less than 19, and more than 239, of the dry weight of
the cells [2—6]. These variations in glycogen and trehalose content of yeast
suggest that reserve saccharides play important role during the yeast life
cyele.

The synthesis of reserve saccharides in yeast cells represents a process depen-
dent on the cell cycle phase, on the presence of nutrients and the degree of
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aeration during cultivation [6—9]. The biosynthesis of glycogen in yeast has
a similar mechanism than that in animal cells [10—11]. It is carried out on
protein-carrier with the participation of the following enzymes: synthetase
initiating the glycogen production, glycogen synthetase (UDP-glucose: gly-
cogen-glycosyltransferase, EC 2.4.2.11) and glycosylbranching «-glucantrans-
ferase (EC 2.4.1.18) [11, 12]. The increase of glycogen content in yeast during
growth is partially connected with glycogen synthetase activation, prcbably
by means of protein kinase and partially with the increase of the total content
of glycogen synthetase in the cell [13]. The recessive mutations in the regula-
tory gene GLC 1 [14] can induce a defect in activation of glycogen synthetasc
and cause & deficiency in glycogen [5]. Such pleiotropic mutations [14], besi-
des glycogen, affect also the trehalose metabolism, particularly the inability
to accumulate trehalose under non-growing conditions or during growth on
glucose [9, 15]. This defect of mutants in trehalose production can be avoided
by growing their cells on maltose if they simultaneously contain the constitutive
allele of MAL gene [9] which indicates the existence of two distinct systems in
trehalose biosynthesis [15, 16, 17].

System I is catalyzed by trehalase-6-phosphate synthetase (UDP-glucose:
glucose-6-phosphate-glucosyltransferase, EC 2.4.1.15.), which is probably
a gene preduct of SST1 locus [16]. System IT is specified for maltose, it proceeds
in the cells only during growth on maltese and does not require the product
of the defective SST1 gene. Under non-growing conditions trehalose is not
produced froem glucose by this system [9, 16].

of excgenous carbon sources. The enzyme o-1.4-glucan: crthophosphatgh
syltransferase (EC 2.4.1.1) perticipates in glycogen degradation [10]. Trehalose
is hydrolyzed by trehalase (EC 3.2.1.28) to glucese [10]. It should be noted
that whereas tiehalose is localized in cytosol, enzyme trehalase occurs in
vacucle [18]. The cryptic form of trehalase can be changed to a highly active
one in the presence of ATE and cAMP, probably by proteirkirase [19].

The different course of accumulation and utilization of glycogen and treha-
lose indicate that both saccharides play a different role in the yeast life cycle
[6, 18]. It is presumed that glycogen serves as the source of carbon and energy
at the respiratory adaptation or starvation. The participation of trehalose is
only connected with the process of cell starvation and it is not excluded in cell
osmcregulation [18]. The content of reserve saccharides is in close correlation
with the yeast durability reflected both in the activity and viability of its
cells during storage [20—24].
1With respect to the fermenting activity of yeast in dough the work concen-
tretes on the study of the dynamics of changes in the content of reserve saccha-
rides in the cells of the production strain of baker‘s yeast in Trentin yeast plant.
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Materials and methods

The following industriel strains of baker's yeast were used in this work:
S. cerevisiae Fett D[80 (Slovlik, n. e. Trencin), S. cerevisice OOSF-RH (Slovlik,
n. e. Trentin), S. cerevisice VU5 (isolated from Belgien commercial yeast),
S. cerevisiae VUG (isolated from Hungarian commercial yeast) and S. cerevisice
(isolated from Dutch ccmmercial yeast). The yeast produced on the basis of
VU 8 the production strain 8. cerevisice COSF-RH was supplied by the yeast
plant Slovlik, n. e. Trencin.

The yeast cells were growing aerobically on semisynthetic medium [25]
containing glucose (5 g, or 100 g/1), maltose (20 g/l) or sucrese (20 g/1) as a sour-
ce of carbon and energy at 30°C from the initial concentration of 5 10* cells/ml.

Accumulation of reserve saccharides under non-growing conditions in the
yeast cells grown on semisynthetic medium with glucose (5 g/l) was carried out
by their acrobic incubation at 30°C in phesphate buffer solution (100 mmol/l)
pH 6 containing the yeast cells (3 mg of dry weight/ml) and glucose (10 g/l)
or maltose (10 g/l) as the carbon source.

Degradation of reserve saccharides during starvation was followed ai 30°C
by incubation the compact pressed yeast or by incubation of the suspension of
pressed yeast (3 mg of dry weight/ml) in phosphate buffer solution (100 mmel/l)

PE & while shaken.
£t

The extraction and determination of trehalose in yeast was carried cut accor-
ding to the method of Trevelyen and Harrison [26]. T he suspension of yeast with
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the content of 750 X 106 cells was cooled with the addition of icy distilled wa
and washed twice. The cells sediment was twice extracted by 4 ml of trichlor-
acetic acid (0.5 mol/l) during 40 minutes at laboratory temperaturec.
ccllected supernatants after filling the water to 20 ml were used to determine
¢lucose by anthrene method. To 2.5 ml of cooled fresh anthrone reagent (2 g
of anthrone solved in 11 of sulfuric acid diluted in ration 5 : 2 by distilled we-
ter) 0.5 ml of trehalose extraction was added, the content of tubes was mixed
ond boiled for 10 minutes in water bath in sealed tubes. The intensity of ¢
sing green cclour was measured spectrophotometrically at wave length 620 1m.

For extraction and determinati ¢f glycogen in yeast the method of Eecker
[27] was used and medified. The suspension with the content of 3 X 102 celis
was centrifuged, the sediment was shifted to a calibrated tube and filled up to
i mi with the solution of Na,CO; (0.25 mol/l). Glycogen was alkaline extrac-
ted during S0 minutes on boiling water bath in tubes with cocled closures.
After cooling the extract was neutralized with 0.1 ml of acetic acid (5 mol/)
and filled to the volume cf 5 ml by Na-acetate buffer solution (0.2 mol/l) pt
4.8. Glycegen was hydrolyzed by amylogluccsidase sclution from Aspergillus

e
118

i~
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niger (18 U/mg; SERVA), purified by dialysis: 1 ml of amyloglucosidase solu-
tion (10 mg/ml) was dialyzed at 4°C against 500 ml of Na-acetate buffer solu-
tion (10 mmol/l). Then 10 ul of amyloglucosidase solution (1.8 I. U) was added
to 1ml of extract with glycogen and hydrolysis lasted for 2 hours at 37°C on
a water bath. The comparative solution was processed in the same way con-
taining Na-acetate buffer solution instead of suspension after alkaline extrac-
tion. After the completed glycogen hydrolysis the content of tubes was neutrali-
zed by 30 ul of buffer solution of KOH [Tris-HCI (1 mol/l): KOH (10 mol/l):
acetic acid (1 mol/1) = 3:0.8:0.2] and it was filled to the volume of 1.5 ml by
distilled water. Glucose resulting from glycogen hydrolysis was determined en-
zymatically using the commercial BIO-Lachema test.

Fermenting activity of yeast in dough was determined by the method of
Burrows and Harrison [28]. The dough composition was as follows: 100 g of
flour T 650, 1.5 g of NaCl, 0.8 to 1.4 g of dry weight of yeast-cells in 50 ml of
H,0 and 2 g of sucrose. The dough preparation and fermenting activity deter-
mination was performed in conditionered room at 30°C. The dough components
conditionered to 30°C were mixed in mixer, then doughed intensively for 5 mi-
nutes and used per 50 g in parallel determinations. The dough shaped like a thin
snake was put into infusion bottle and connected by means of metal tube with the
second infusion bottle containing water. The increasing amount of CO, in the
second bottle was driving out the water by tube into calibrated vessel, in which
every 30 minutes during 3 hours the water volume drived out by gases arising
at dough fermentation was measured. After calculation to 1.2 g of dry weight
of yeast the fermenting activity was expressed. as ml of CO,/100g dough which
corresponds to the volume of CO, in ml liberated by fermentation of 100 g
of dough (containing 1.2 g of dry weight of yeast) at 30°C.

Results and discussion

The first part of our work was oriented to the selection and optimization of
the method of determining the reserve saccharides, especially glycogen. Many
works, devoted to the study of metabolism of glycogen and trehalose in yeast,
apply the method of Trevelyan and Harrison [26] for determination of these
saccharides. The above method consists of the chemical fractionation of cells
and of the subsequent determination of total saccharides in isolated fractions.
This method can be fully applied for determining the trehalose content,
however, the values measured for glycogen content can be even 10 times
“izher than when applying specific enzymatic methods [6, 29] due to the

lusion of the part of polysaccharides of cell wall into glycogen fraction.




In our work the enzymatic method was used for glycogen determination
in whole cells without the previous desintegration of the cell wall [27]. Repro-
ducibility of the analysis by the above method was, however, obtained only
after dialysis of the commercial amyloglucosidase of the firm Serva whose
additives interfered with the colour reaction of the enzyme test of the firm
Lachema n. e. for glucose determination.

The content of reserve saccharides determined by the above mentioned met-
hods in the production strains of the yeast S. cerevisiae of different provenience,
grown into the stationary phase of growth on semisynthetic medium with glu-
cose, is given in Table 1. It indicates that, in spite of the different origin among
the studied strains, no substantial differences have been detected in the content
of reserve saccharides or in the fermenting activity measured in dough for
common bakery goods with the addition of exogenous sucrose.

The determination of the content of glycogen and trehalose in the samples
of pressed and dried commercial yeast (Tab. 2) has shown that the commercial
yveast has a much higher content of reserve saccharides than the same produc-
tion strain grown under laboratory conditions which is evidently connected
with the different cultivation conditions. The results indicated further on that
whereas in winter season no differences were found between the samples of
dried and pressed yeast in the composition of reserve saccharides, a marked
difference was manifested in the samples of pressed yeast analyzed during
winter and summer periods. The decrease in the content of reserve saccharides,
first of all glycogen, in summer period may be attributed to the extreme exter-
nal temperatures affecting the yeast during expedition from the producing
plant. In spite of the low content of reserve saccharides its fermenting activity
in dough did not drop.

In order to explain the effect of cultivation conditions and the growth phase
on the content of glycogen and trehalose in yeast, their content was ostimatead
even after the growth of cells in semisynthetic media, where the source of car-
bon and energy was represented by maltose, sucrose, or by glucose in low or very
high concentration (Table 3). It was found that in the studied industrial strains
a synthesis of trehalose and glycogen takes place under the given condition
even in the late exponential phase of growth of culture whereas a more marked
accumulation of reserve saccharides was observed in the media with maltose
as a substrate. The analysis of fermenting activity in dough, designated for
common bakery goods, with the yeast biomass grown under different condi-
tions have indicated that the highest activity was detected in cells after gro-
wing into stationary phase of growth under derepression conditions with glu-
cose or with maltose as the substrates. Similarly, like in commercial yeast, the
correlation between the total content of reserve saccharides and fermentig
activity in dough was not observed.

27



Table 1. Content of reserve saccharides and fermenting activity in dough for common bakery-
goods of the industiial strains of bakers’s yeast grown in semisynthetic medium with glucose

5 g/l)

Giycogen |

Trehalose

(g/100 g of dry weight)

Fermenting acti-
vity

(ml CO,/100 g of

dough/90 miu)

S. cerevisiae Fett D /80
S. cerevisice OOSF-RH
S. cerevisiae VU 8

S. cerevisiae VU 5

S. cerevisiae VU §

0,09
0,13
0,22
0,10
0,18

350
335
375
382

345

Table 2. Content of reserve saccharides and fermenting sctivity in dough for common bakery
goods of commercial yeast — production strain S. cerevisice OOSF-RH

Yeast from Trencin
(calender month)

Time after
expedition

Glycogen | Trehalose

(g/100 g of dry weigh(t)

Fermenting acti-
vity

(ml CO,/100 g of

dough $0/min)

Dried

(february 5 months 4,50 11,7 —
Pressed

(February) 4 days 4,25 11,4 340
Pressed

(July) 4 days 0,27 7,2 415

Table 3. Influence of carbon scurce on the content of reserve saccharides and fermenting acti-
vityin dough for common bakery goods in industrial yeast streins grown in semisynthetic medium

‘ Strain

Carbon source

revisiae Fett D/80

e VU 6

glucese (20)
maltose (20)
glucose (20)
maltose (20)

Cultiva- Glycogen | Trehalose P:{Ig&:ﬁ;xg
tion time | (¢/100 g of dry | (ml CO,/100 g
(b) weight) of dough /90 min)
24 — 2,5 350
24 — 2,5 120
24 — 6,8 315
24 — 5,4 290
16 0,12 2,7 250
16 0,51 3,4 225
16 0,09 2,7 240
16 0,14 3,0 395
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igure 1. Accumulation of glycogen Figure 2 Demadatxonoffflycogcn(O &)
( ~, @) and trehalose (], §) in cells of and trehalose (U, B8) during yeast star-
the production strain S. cerevisiae OOSF- vation in compact sample (o, ) and
RFE grown in semisynthetic medium in suspension (B, )

with glueose (5 g/l) during ineubation
under non-growing conditions with the
presonce of glucose (10 g/l) (o, ) or

maltose (o, E

The content of reserve saccharides of bakers yeast can be properly changed
by the changes of external conditions. As seen from Figure 1, the cells of the
production strain of Trenéin yeast plant, the yeast S. cerevisize OOSH-RH
incubated under non-growing conditions with the presence of carbon source
were able to increase the content of their reserve saccharides several times
The accumulation kinetics of glycogen and trehalose under the above experi-
mental conditions was not markedly dependent on the type of carbon-source,

clucose or maltose. The maximum amount of trehalose accumulated during 24
Liours represented approx. 109, of dry weight of cells and it corresponded to
the trehalose content in the cells of commercial yeast. In glycogen accumula-
tion the values measured after 24 hours represented almost 129, of dry weight
of cells which are much higher values than those measured in the commercial
baker’s yeast. Under similar experimental conditions other strains of the yeast
N. cerevisiae accumulated after 17 hours trehalose and glycogen in the quanti-
ties being 149, of dry weight in fortrehalose and 229, of dry weight, for giy-
cogen [6].

There are considerable differences in the published data concerning the con-
tent of reserve saccharides in yeast [1—6]. For example, in the samples of yeast
from 5 Czechoslovak yeast plants the difference stated in the content of tre-
halose is more than two-fold [30]. In the fresh pressed yeast from the national
enterprise Labena in Krasne Biezno the content of trehalose represented 9 9,
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of dry weight and the glycogen content was 109, of dry weight of yeast whereas
after 4 days of starvation at 35°C and pH 5.5 their content dropped approx.
to 19, of dry weight [31].

These results support the fact that the content of reserve saccharides of the
cells is strongly dependent not only on the conditions of yeast cultivation but
also on the conditions of their storage.

The literature includes the articles observing the changes of the level of re-
serve saccharides at the storage of baker‘s yeast in compact pressed yeast or
in yeast suspension under the conditions which should accelerate the degrada-
tion processes [31—33]. In our experiments with the commercial yeast the
course of changes in reserve saccharides was observed during starvation of
cells in both variants, i. e. in pressed yeast at 30°C, as well as in the suspension
of cells of pressed yeast in phosphate buffer soluticn with pH 6 at 30°C, incu-
bated aerobically on shaker (Fig. 2. Fig. 3A).

It was found that the course of degradation of reserve saccharides is affec-
ted by the changes performed in yeast already during expedition. Thus, already
at the beginning of the experiment the content of trehalose and especially
glycogen was markedly lower in yeast samples from summer period (Iig. 2)
than in samples from winter period (Fig. 3). The yeast incubation with the
absence of exogenous nutrients, however, caused further decrease in the con-
tent of reserve saccharides of cells. The degradation speed of glycogen and tre-
halose was the highest in the first two days of starvation. In the pressed yeast
the course of degradation was somewhat slower than in suspension which may
be caused by easier transport of degradation substances in suspension. Degra-
dation of glycogen and trehalose in cell suspension was, apart from aerobic
conditions, observed also under anaerobic conditions under the presence of
nitrogen. A significant difference in the rate or intensity of degradation pro-
cesses was, however, not detected.

Fermenting activity in dough is one of the most important properties of
baker‘s yeast. The study of its changes with respect to the content of glvcogen
and trehalose during starvation has shown that the cell starvation results in
decrease of fermenting activity in dough regardless the fact whether the cells
had a high or low content of reserve saccharides at the beginning (Fig. 3). The
course of decrease of the fermenting activity in commercial yeast with a high
content of reserve saccharides (Fig. 3A) was similar as the drop of fermenting
activity in the cells of the same production strain of the yeast S. cerevisiae
OOSF-RH grown on semisynthetic medium with maltose (20 g/l), though
their content of glycogen and trehalose was low (Fig. 3B).

The results of our work suggest that the content of reserve saccharides in
baker's veast is quite dependent on cultivation conditions, whereas it can be
raised 1o the values corresponding to more than 109, of dry weight of cells by




their incubation under non-growing conditions with the presence of carbon
and energy source.

Fermenting activity of baker‘s yeast in dough for common bakery goods
does not represent the function of the cell content of glycogen or trehalose.
Though by starvation (storage) of yeast its content of reserve saccharides
as well as the fermentating activity in dough decreases, still it seems that
there does not exist a mutual causal relation among the changes of the above
properties. It is also confirmed by fermenting activity in the cells of the produc-
tion strain §. cerevisiae OOSF-RH grown into stationary stage of growth on
semisynthetic medium with glucose (5 g/l) which, in spite of having the low con-
tent of trehalose and glycogen, was loosing the fermenting activity in dough
by starvation much slower than in the commercial yeast (Fig. 3C).
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Figure 3. Changes in the content of glycogen (0), trehalose () and fermenting activity

i dough for common bakery goods in the sucrose presence (A ) during starvation of the

ells of production strain of yeast S. cerevisiae OOSF-RH grown in yeast plant on molasses

A), in laboratory under aerobic conditions in semisynthetic medium with maltose (20 g/1)
(B) or with glucose (5 g/1) (C).
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Ob)en BEIMECTB BAMACHHIX CAXAPH/IOB HPOMBIIUIEHHDIX MITAMMOB XISTOMeRAPHSIX posixKeil
PesmoMme

Hierkm MHOIMX OPOMLIOLIEHHHIX MTaMMOB jposkeil Saccharomyces cerevisiae, BLI-
pocmmg B 7a00PaTOPHBIX YCIOBHAX JIO CTAIMOHADHOII ()a3bl POCTA B HOXYCHATETHHECKOIL
Cpejie ¢ IIIIOKO301T, COepsKalll 3HAYUTeNIbHO MCHBIIE TVIIKOICHA 1T TPErasio3bl, YeM KOMMep-
UeCKITe TPOAGKE, ITPOM3BOUMbIE HA JPOAGKEBOM 3aBoje HA 0ase 0{HOr0 I3 JTIX IPOH3BO/I-
CTBCHHBIX IITAMMOB. HICTRE TPOAGKEN ¢ HE3KIM COJCP/KAHIEM 3alAaCHLIX CaXapioB OBLII
¢10COOHBI B HECKOJIBKO Pa3 IOBBHICHTE COAEPHKAHNe IMITKOTeHa H TPErasio3bl MOCIe HHRY Ol
B TEYGHHE HECKOJIbKIX YacOB B YCJIOBHAX BHE POCTA B IPUCYTCTBILIL INIIORO3EL I MaIbTO3L.
B orsmume OT aRKYyMYIHIPOBAHIIA TPeGOBANIOCH HECKOALKO JHEIT JUIA TOr0, YTOOK B KIETHAX
ROMMEPYCCKAX (POMUKEI, II0/BePTraiOluXcA HHKYOAmumi B IOJOOHBIX YCIOBAAX HO 03
IICTOYHAKA YIIePOjia, OTUETINBO HOHH3M/IOCH COAEP:KAHIE 3aTACHBIX caxapuigoB. Orderin-
BOE CHIKCHIIC IIPI JAHHBIX YCJIOBHAX TOJ0[0BKA HADIIONAIOCH TAK e B OPO/MILHOI aKTHB-
HOCTH B TECTE, MPITeM 9T aKTABHOCTD He ObITa B IPITIMHAON CBASM ¢ OGIHM COAEPKAHNEM
ITHKOTEHA H TPeraios3hl XJe0OIeKaPHBIX JIPOKKeil.

Metabolizmus zasobnych sacharidov priemyselnyeh kmeliov pekarskych kvasiniek
Stdhrn

Bunky viacerych priemyselnych kmenov kvasiniek Saccharomyces cerevisiae vyraste-
nych laboratérne do staciondrnej fazy rastu v polosyntetickej pode s glukézou mali
podstatne nizsi obsah glykogénu a trehaldézy ako komsréné drozdie vyprodukované v droz-
diarni na béze jedného z tychto produkénych kmenov. Bunky kvasiniek s nizkym obsa-
hom zdsobnych sacharidov mali schopnost viacndsobne zvysit svoj obsah glykogénu
1 trehalézy ak sa inkubovali niekolko hodin za nerastovych podmienok v pritomnosti
glukézy alebo maltézy. Na rozdiel od akumuldcie viac dni bolo potrebnych k tomu, aby
sa v bunkdch komeréného drozdia inkubovanych za podobnych podmienok ale bez zdro-
ja uhlika obsah zdsobnych sacharidov vyrazne znizil. Vyrazny pokles sa pozoroval za
tychto podmienok hladovania aj v kvasnej aktivite v ceste, priGom tdto aktivita nebola
v pri¢innej stvislosti s celkovym obsahom glykogénu ani trehalézy pekérskych kvasiniek.



