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Pedepar. Poct 1 pa3sMHOKEHHE IPOMBIILUICHHO 3HAYMMBIX APOsXOKeil Saccharomyces cerevisiae B iepByro o4epesb OnpeenseTces chalaHCHpOBaHHOCTBEO
COCTaBa MCIOJB3YEeMOI IUTATENBHOM cpebl. JIisl PeIOTBPALICHIS CHIXKCHHIA CKOPOCTH GHOTEXHOIOTHUECKOrO TIPOLIECCa H AOCTHKEHHS ONTHMAIBHOTO
BBIXOJa LEJIEBOT'O IMPOAYKTa OHOCHHTE3a (GI/IOMB.CCLI) HCO6XOZ[I/IMO BHOCHUTH B MUTATCIIbHYIO CPEAY HEAOCTAIOIHUE MUTATEIIbHBIC BEIIECTBA (BI/ITaMI/IHI)I
" MPIKpOZ)J'IeMeHTLI). B HaCTOAIICE BPEMS UMECTCSI MHOT'O CBGI[GHI/II‘;I O BJIMSTHUW PA3JINIHBIX (paKTOpOB Cpeabl Ha POCT U Pa3MHOKECHUE MUKPOOPTaHNU3MOB.
OnHaKO MOTCHUMAIBHBIC BO3MOXKHOCTH MHUKPOOHBIX KYJIBTYp HMCIIOJB30BAHBI JAJICKO HE TOJIHOCTBIO, TAK KaK TPU COCTABICHHUH IHTATENbHBIX CPEX A0
HEJABHETO BPEMCHH MCCIICIOBATEIN HCIONB30BAIM TVIABHBIM OOpa30M METOIBI YCTAHOBIICHHS ONHO(DAKTOPHOH 3aBUCHMOCTH, TO €CTh NPUHLIMII
O0YEPEAHOTO U3MECHCHUS B OKCIIEPUMEHTE KaXKI0T 0 (baKTopa Cpeabl HA (bOHe TIOCTOSTHHOT'O YPOBHS OCTAJIbHBIX. B Z[aHHOﬁ paGOTC HCCIENYETCS CTCIICHDb
BJIMAHWSA HA BBIXOJQ OHOMACCHI PA3INYHBIX IMapaMETPOB MpoLecca B UX BSaHMOHeﬁCTBHH, TIPOBOAUTCS YCTAHOBJICHUE MHOFO(baKTOpHOﬁ 3aBHCHMOCTH,
HCTIONB3YS METOIBl MATEMATHYECKOTO [UIAHUPOBAHKS SKCIICPUMEHTA. JTH METOZBI JAH0T BO3MOKHOCTH U3Y4aTh HE TOJNBKO BIIMSAHHE OJHOBPEMEHHO
GombIoro yrcna (pakTopoB, HO M IO3BOJISIIOT OCTPOUTH MATEMATHIECKYI0 MOJENb MPOLECCa, @ CICA0BATEIBHO, BHIABUTD KOMMUCCTBCHHOE 3HAUCHHE
Ka)KZI0r0 OTAEIBHOTO (haKTOpa M y4ECTh MeX(aKTOPHBIC B3anMozeiicTBrs B cucteme. KynsTrBrpoBanue apoxokeii Saccharomyces cerevisiae nposoaum
B YCJIOBUAX HpOCTOﬁ HCpHOI[H‘ICCKOﬁ KYJIBTYPBI. B kauecTBe (baKTOpOB BapbUPOBaHUS UCIIOJIB30BAJIN: BEIMIYUHY MHOKYJISITA, COACPIKAHUE B CPEIC a30Ta,
docdopa 1 GrorrHa. Vcnonb3ys SKCIEPUMEHTAIBHBIC IAHHBIE B MHOTO(DAKTOPHBIN aHaN3, ObLI0 OGHAPYXKEHO, YTO B IAHHBIX YCIOBHAX HA CHHTE3
Gromacchl Gojiee BCEro BIMSICT COACPKAHHE OUOTHHA B Cpefe. YCTaHOBIIGHO, YTO B CPEE ONTUMAIBHOIO COCTABA SKOHOMHYECKHUH KOI(QHIHEHT
HE 3aBUCHUT OT BEJIMYHMHBI 3aceBa. A TaKKe IIOKa3aHo, YTO pasMep (bom[a CBO6OI[HBIX AMHUHOKHUCJIOT HAXOJUTCA B O6paTHOI>‘I 3aBHCHUMOCTH OT pacxola
[IOCEBHOTO MaTepUasIa: C YBEIMUICHHEM HAYQIbHON IIOTHOCTH IIOMYJISILMH KOJMYECTBO AMUHOKHUCIIOT B KJICTKAX 1a/1ACT.
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Summary.The growth and multiplication of the industrially significant yeast Saccharomyces cerevisiae is primarily determined by the balance of the
composition of the nutrient medium used. In order to prevent a decrease in the speed of the biotechnology process and to achieve the optimal yield of the
desired biosynthesis product (biomass), it is necessary to introduce such nutrient deficiencies as vitamins and trace elements into the nutrient medium.
At present, there is much information about the influence of different environmental factors on the growth and multiplication of microorganisms. However,
the potential possibilities of microbial cultures have not been fully used. Researchers during the preparation of nutrient media until recent time mainly use
the methods of establishing one-factor dependence that are based on the principle of alternating change of each nutrient media factor with the others being
constant. In this work, the impact on the biomass yield of various process parameters in their interactions is investigated. A multifactor dependence is
established using the methods of mathematical design of an experiment. These methods allow both to study the effects of a large number of factors and to
construct a mathematical model of the process revealing the quantitative value of each individual factor and to take into account the interfactor interactions
in the system .The cultivation of the yeast Saccharomyces cerevisiae was conducted in a simple periodic culture. The factors used were: the amount of
inoculum, the content of nitrogen, phosphorus and biotin in the medium. Using experimental data and multifactor analysis, it was found that under these
conditions, the content of biotin in the medium mostly affects the biomass synthesis. It was established that, in an optimally composed media, the economic
coefficient was independent of the size of the seeding. Moreover, it was shown that the size of the fund of free amino acids is inversely related to the
consumption of the seeding: with an increase in the initial density of the population, the number of amino acids in cells decreases.
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Introduction

In order to achieve the maximum efficiency
of the biomass upstream process, i.e. to achieve the
maximum intensity of multiplication with a biomass
high yield, it is necessary to provide oxidative yeast
metabolism and optimal physico-chemical growth
environment. The influence of physical and chemical
factors is quite thoroughly studied, while the matter
of the proper yeast nutrition is still being solved.

In this regard it is necessary to study the in-
terrelation of energy exchange with physiology
and constructive yeast exchange because the
intensity of growth and biomass yield will be
influenced by reproductive activity of the seed
material and by the balance of all components
of the nutrient medium, especially the growth
factors of nitrogen, macroelements (P, K, Mg) and
microelements (Cu, Fe, Mn, Zn).

Nitrogen-containing substances are the main
structural components of cells. These are amines,
amides, amino acids, proteins and nucleic acids.
These compounds account for 37 to 60% of the cell
dry solids [1, 2].

Most of them are represented by proteins
(40.6-58%) and nucleic acids (15-26%); free
amino acids and peptides account for 6.5 to
9.3% [3], i.e. most of them are represented
by substances that are associated with both energy
metabolism and constructive exchange in the cell.

The nitrogen metabolism is closely related
to the phosphorus metabolism, which content
expressed in terms of P,Os in yeast varies from
1.9 to 5.5% of dry ingredients in baker's yeast [4]
and from 1.4 to 2.0% in brewers' yeast [1, 2].

Phosphorus is a part of nucleic acids, phospho-
lipids, polymers of a cell wall. It can be accumulated
in the form of polymethophosphates or volutin.
The greatest part of phosphorus is found in ATP.

Other important components of the nutrient
medium are growth factors, in particular, it is bio-
tin, the need for which is characteristic of all
Saccharomyces yeasts. The lack of biotin in the
culture medium entails an imbalance of all types of
metabolism: protein, fat, carbohydrate, and nucleic
acid synthesis metabolism [5, 6]. Typically,
to compensate for the lack of biotin it is added into
complex nutrient media for example, to molasses
or malt wort on the basis of 0.1 to 0.25 mg per
100 g of growth expressed in terms of absolutely
dry biomass of yeast [2, 4].

The amount of associated biotin in enzymes
is always constant [7, 8]. Having said so it should
be borne in mind that yeast has the ability to accu-
mulate intracellular biotin reserves [9]. The excess
of biotin is also undesirable, because in this case
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there is slowing-down of its transport to the cell,
so when calculating the biotin sources flowrate
for the cultivation process, the content of biotin
in the medium and in the yeast itself should also be
taken into account [9].

The relationship of the amount of pitching
and the biotin content in the medium, as well as the
interrelation of the biotin metabolism with energy
and constructive exchange has been poorly studied
so far. Meanwhile, this really matters both in science
terms and on practical grounds.

The amount of nitrogen and phosphorus salts
in the medium determines their physiological state [3].

It is found that the resistance of cells to stress
depends on the content of reserve carbohydrates,
in particular trehalose and glycogen [10]. The pro-
tective effect of trehalose is based on the ability of
yeast to maintain the osmotic pressure in the cells,
while glycogen is the source of endogenous
glucose for initiating the onset of glycolysis.
It is shown that the synthesis of trehalose and gly-
cogen in a simple discontinuous culture begins in
the phase of cell growth retardation. First, glycogen
is synthesized, and then trehalose does [11].
The source of carbon for the endogenous synthesis
of trehalose can be the free amino acids of yeast,
which content is inversely related to the amount
of trehalose in yeast [12, 13].

Directed synthesis of certain cellular compo-
nents can be achieved by changing the culture con-
ditions. It is known that a shift-down of population
growth is accompanied by the synthesis of reserve
carbohydrates, by the same token, the growth
rate can be regulated by the process limiting
with various nutritional components. Synthesis
of reserve carbohydrates can be accelerated even
when the culture is limited by carbon.

The reproductive activity of yeast during
the lag phase of growth probably depends on the
inoculum dose, the quality of which is determined
by the culture conditions and by the content
of reserve carbohydrates in them.

The purpose of these studies is to determine
the effect of inoculum dosing on the yield of bio-
mass and the relationship of this index with the
composition of the nutrient medium (nitrogen,
phosphorus and biotin content) and the chemical
composition of the yeast derived.

Materials and methods

Microorganism and cultivation conditions.
The Saccharomyces cerevisiae yeast strain RCAM
02150 (Russian National Collection of Industrial
Microorganisms — VKPM) was cultivated in
a simple discontinuous culture with aeration using
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a laboratory fermenter (Biostat A, Sartorius) with
a working volume of 2L. The temperature of culti-
vation was 30 °C. The pH value was 4.4 £ 0.2.

For cultivation, a synthetic sterile medium
with the following composition per liter was used:
10 g of glucose, 2 g of citric acid, 600 mg of KClI,
500 mg of MgSO4-7H, O, 100 mg of CaC1,-6H> O,
500 pg of HsBOs3, 400 pg of ZnSO4-7H2 O, 200 pug
of FeC|3-6H2 O, 200 Hg of Na,MnQ4-2H, O, 100 910)
of Kl, 100 pg of CuSO.-5H; O, 2 mg of inositol,
400 pg of pyridoxine-HCI, 400 ug of thiamine-HCI,
and 400 pg of calcium pantothenate [14].

The ammonium sulphate was used as the
source of nitrogen, the orthophosphoric acid — as
the phosphorus source.

The biomass (dry weight) accumulation was de-
termined by gravimetric way after drying of the
washed yeast suspension to constant weight at 105 °C.

The economic coefficient. The economic
coefficient or biomass yield was calculated by
dividing the gather of cells containing 25% of dry
matter by the amount of used substrate (glucose)
and it was expressed in %.

Determination of protein content in cells.
The total amount of protein substances in the yeast
cells was determined using the Lowry method [15, 16].

Determination of the yeast amino acid pool.
In this paper, a method of extraction of amino
acid pool by boiling the cells in distilled water for
15 minutes was applied. Quantification of the pool
was carried out using the Swenson & Befts
method [17], who modified the Moore & Stein
method [18, 19, 20]. This method has the same
sensitivity to all amino acids and gives an idea
of the total content of free amino acids in cells.

Determination of reserve carbohydrates. The
method of step fractionation of carbohydrates [21, 22,
23, 24] was used, followed by the determination of
individual carbohydrates in each fraction [22].

Complete factorial experiment [25]. The
main advantage of this approach is the possibility
of studying the simultaneous impact of a large
number of factors on the process efficiency. In addi-
tion, this method makes possible establishing the
availability of interfactor interactions in the system
along with a quantitative consideration of each indi-
vidual factor and allows to estimate the effect of those.

For the function y = f (x1, x2, X3..., Xn) the
regression equation is used, which is the expansion
of this function in a power series (Eq.1):

y:bo+zn:bi +Zbu i j+ZbIIJXIX +-
i=1

i,j=1 i,j=1

wherex;; are variable factors, in coded units; bi, bj —
regression coefficients at the corresponding variables.
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The number of variants of the experiments
that must be put in the initial series depends on the
number of initial factors. In total, on two levels for
n factors, the number of variants of the experiments
will be: 2. In the first part of this paper, the number
of factors studied was equal 4, respectively,
the number of experiments was 16. In the second
part of this paper, there were 3 variability factors
and 8 experiments.

Regression coefficients calculation formulas
(Eqg. 2,3) can be presented in a general form:

_ 2V,
bo - N (2)
_ inuyu
b === ©)

wherexi, is the value of the variable in the corre-
sponding column of the experiment plan; y, — the

result of the u-th experiment, the arithmetic
mean value; N is the total number of experiments;
u is the number of the variant of the experiment;
i is the factor’s number.

To confirm the validity of the regression
equation obtained, the following actions were carried
out for the observed process:

— statistical analysis of the significance
of regression coefficients by;;

— validity check of the regression equation.

Along the statistical analysis of the signifi-
cance of the regression coefficients, the distribution
error by was calculated. The regression coefficient
was assumed to be different from zero, i.e. significant,
if the following inequality was satisfied (Eq.4):

bi]> tﬁ 4)

where Skf, — is the error in b; determining

in the experiment; t — Student's criterion for 5%
significance level, which allowed us to predicate
the significance of b; values at the 95% credible level.
In order to convince ourselves that the obtained
regression equations sufficiently (adequately) describe
the process under investigation, in each case the
Fisher's criterion F (Eq.5) was determined:

2
Sad

F =
ad SVZ

(5)
where S2, — is the adequacy variance (the magnitude
of error of the reproducible results); S§ — is the
variance of the y mean value.

The calculated F,q criterion was compared to
the tabulated value of F (for 5% significance level).
If F,, > F, then there is the equation. IfF,, <F,

then this indicates that the process proximity to the
177
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optimal region, i.e. in this case it is not possible to be
limited to the linear approximation, it is necessary
to take into account the quadratic terms (Eq.1).

Results and discussion

In this study, the following values were
taken as factors influencing the main parameters:

X1 — yeast pitching value with 25% dry matter
content, the% of fermentable carbohydrates;

X, — content of nitrogen in the culture
medium, g dm3;

X3 — phosphorus content expressed in terms
of P, Os in the culture medium, g dm;

X4 — the biotin content in the culture
medium, mg dm3,

The vyield was calculated by the ratio
of biomass increment with a content of 25% solids
to the amount of glucose to be disposed and it was
expressed in %.

Table 1.
The natural values of factors and the results of
experiments at the experimental researches
according to the plan of the full factorial

experiment
Nl x| % | x| x Yield (Y ),% of
fermentable sugars
1110 (025|101 2,7 44,6
2 1120[025]0,1]100 56,7
31101]065[01]100 64,1
4 1120|065 |01 | 2,7 52,9
5110 [025[04]100 48,2
6 |120]025|04 | 2,7 58,1
7110 |065|04]| 27 49,5
8 1120[065|04 100 62,6
9110 |025]0,1] 10,0 46,9
101120]025]0,1 ] 2,7 49,5
111 10 | 06501 | 2,7 45,3
12 112,0]065]0,1]100 63,6
13110 1025|104 ] 2,7 43,4
141120 0,25 | 0,4 | 10,0 50,7
15] 10 ]065]04 1100 67,6
16 | 12,0 0,65 | 0,4 | 2,7 62,9

As a result of calculations, the following
equation is obtained:

y=54.16+5.93X, +4.4X, +1.21X, +
+3.39X, -2.11X, X, +2.52X,X,

wherey — economic coefficient (biomass yield).
During calculation of influence of factors on
the biomass yield, it is found that the lower level of
factor score X3 (phosphorus content) is in the optimal
region and does not limit the reproduction of yeast.
The relationship between the inoculum value
and the economic coefficient at different concen-
trations of nitrogen and biotin in the medium was
found. In that case when both these components,

178

(6)

as well as the inoculum amount value, are at the
lower level (No. 1,5, 7,11, 13 of Table 1), the yield
is 44... 48%; when these factors move to the upper
level (No. 3 and 15 of Table 1), the yield is in-
creased up to 64... 69%, i.e. up to the value that is
achieved in experiments with a large seed material
flow (No. 8, 12, 16 in Table 1).

In view of the great importance of the X,
X, u X4 factors, the effect of seeding, nitrogen and
biotin content in the environment on the biochemi-
cal composition of cells was studied, upon that the
variation interval of nitrogen concentration in the
medium made 0.45-0.75 g dm=. The phosphorus
concentration, expressed in terms of P, Osmade
0.4 g dm. The experiments were also carried out
according to the full factorial experiment plan.

Table 2.
Influence of cultivation conditions on the
economic coefficient and biochemical biomass
composition

Yield

(v),%
of fer-

AA | Treha-
Proteine | pool | lose

(¥p),%00f | (Yaa), % | (Yearb),

magl‘g ADB | of | %of
ADB | ADB
sugars

10 |045| 27| 499 | 298 144 | 351
120/045| 2,7 | 732 | 217 83 | 40,0
101|075 27| 511 | 335 218 | 303
120/0,75| 2,7 | 72,0 | 34,6 143 | 325
10|045|100| 732 | 251 78 | 405
120/045[100| 731 | 26,7 69 | 408
10 |0,75/10,0| 794 | 346 115 | 274
120/0,75]100| 812 | 344 85 | 304

O |NO|O|P|WIN|F-

After data processing, multiple regression
equations were obtained in which the role of each
of the factors was demonstrated and, what is espe-
cially important for biological objects, the interac-
tion of these factors in the synthesis of important
cellular components was demonstrated too. The
equations take into account only those factors and
their interaction, whose influence on the process
exceeds 10%.

y =34.56+5.73X, +1.78X, + 7.66 X, —
~5.30X,X, +1.78X,X,

y, =30.8+3.48X, —4.01X,X, (8)

(7)

Y., =11.65-2.19X, +2.34X, - 2.72X,, +
+1.21X, X, —1.01X, X,

Yo, =34.63+1.31X, -1.40X,X,  (10)

(9)
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The economic coefficient reflects the biosyn-
thetic activity of yeast and in the studied area of factor
change the following is established:

— the biomass synthesis is influenced
most of all by the biotin content in the medium.
Reduction of the dose of inoculum increases
the cells biotin requirement;

— the protein synthesis in cells is greatly
influenced by the nitrogen concentration in the
culture medium;

— the reserve carbohydrates content depends
little on the amount of seed material;

— the free amino acids content increases at
decreasing in seed material flowrate, at increasing
in the concentration of nitrogen content and
at decreasing in the biotin level;

— in the biotin-deficient medium, as well
as in the medium rich with this growth factor,
the value of the free amino acids pool is inversely
related to the consumption of the seed material:
with an increase in the initial population intensity,
the amount of amino acids in the cells decreases.

The increase in the pool value with the
increase in the nitrogen level is explained quite
simply, because in this case, the amount of exoge-
nous nitrogen significantly exceeds the need
for yeast, so the resulting amino acids do not have
time to be disposed of in biosynthetic processes and
accumulate in cells (Table 2).

In the case when the biotin content is insuf-
ficient in the medium, the average content of amino
acids in yeast is 14.7%. Increase in the amount
of free amino acids with a low seeding value (even
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in the absence of a limit on nitrogen nutrition)
indicates a low activity of biosynthetic processes,
as a result of which there is a low yield of biomass
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Conclusions

The composition of the nutrient medium
should be adjusted in accordance with the dose of
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amount of inoculum, the cells biotin and sources of
nitrogen nutrition needs are increased. The content
of reserve carbohydrates in yeast at the end
of the cultivation process doesn't practically depend
on the pitching value. The increase in pitching
decreases the protein content in cells and reduces
the free amino acids pool in them.
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