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Short-chain fatty acids as metabolie inhibitors and a carbon source
for yeasts

DANIELA SMOGROVICOVA — JOZEF AUGUSTIN — DUSAN HALAMA

Summary. The aim was to study C,—C; fatty acids as inhibitors and inhibitory
substrates for yeasts and the sequence of their utilization in the mixtures of acids
with glucose. Candida tropicalis cannot metabolize formic acid as the only carbon
source. In the presence of another carbon source formic acid is metabolized to
CO, C,—C; fatty acids can be used as the sole carbon source for the studied
microorganisms in cultivation media in the range about pH 6,0. Acetic acid is
utilized simultaneously with glucose. Diauxic growth in the mixtures of saccha-
rides and propionic or butyric acid was observed.

Short-chain fatty acids form a substantial part of the total organic carbon
of various secondary sources. Therefore, they should be considered as potential-
ly important substrates for biomass production [1, 2]. On the other hand it is
generally known that the short-chain fatty acids act as inhibitors of microbial
metabolism [3, 4]. Yeasts and yeast-like microorganisms metabolize short-chain
fatty acids in the cultivation media at subinhibitory concentrations depending
on physical conditions such as temperature, pH value, presence of other natural
substrates such as assimilable and fermentable sugars, presence or absence of
oxygen and also depending on the metabolic properties of microorganisms [5,6].

Material and methods

Yeasts and yeast-like microorganisms from the Czechoslovak Collection of
Yeasts in Bratislavy were used :

Ing. Dauiela Smogrovidovd, CSe., Assoc. Prof. Ing. Jozef Augustin, CSc., Assoc.
Prof. Ing. usan Halama, CSc., Departament of Biochemical Technology, Faculty of
Chemical "I'echnology, Slovak Technical University, Janska 1, 812 37 Bratislava, Czecho-
slovakia.
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Leucosporidium scotis CCY 64-1-1

Rhodotorula gracilis CCY 20-8-1

Candida tropicalis CCY 29-7-33 isolated from beech wood prehydrolysate
sulution

Rhodotorula glutinis CCY-20-2-1.

Ustilago sp. [7] and Rhodotorula glutinis [7].

Microorganisms were cultivated in synthetic medium [8] buffered by phosp-
hate to pH 6,0 with glucose and/or short-chain fatty acids as a sole carbon
source.

Aerobic cultivation was carried out in a laboratory fermentor or in cultiva-
tion flasks on a rotary shaker at 28 °C.

The growth of the microorganisms was determined by measuring changes
in optical density at 620 nm (SPECORD UV VIS), converted to dry matter
concentrations.

The inhibitory effect of acids was estimated from the growth curve shapes.

The consumption of glucose was measured by the o-toluidine method (Biola
test).

The concentration of short-chain fatty acids was measured by capillary
isotachophoresis.

uC-formic acid, 1-“*C-acetic acid and 1-'*c-propionic acid were used for ra-
diometric assays of the rate of uptake and for metabolic studies. The chemicals
were purchased from the Institute for Research, Production and Utilization
of Radioisotopes, Prague.

1400, released during cultivation was trapped in sodium hydroxide and mea-
sured after dilution in a liquid scintilator solution on liquid scintilation counter
LKB 1217 RACKBETA. “C incorporation into yeast cells was measured on
membrane filters Synpor 2, pore 2.5 um (Synthesia, Czechoslovakia) on Geiger-
-Miiller tube Tesla NQZ 612. Rospiration of yeasts was estimated using polaro-
graphic Clark oxygen electrode.

Results and discussion

Candida tropicalis CCY 29-7-33 can grow well in a synthetic cultivation me-
dium with 5 g.17* glucose at pH 6.0 under aeration in the presence of formic
acid, acetic acid, propionic acid, butyric acid and valeric acid in the concentra-
tion of 0.02 mol.1-t. The growth is accompanied by the prolongation of lag-
-phass when acid conceatration in the medium is increased. No growth is
observed when the concentration of acids exceeds 0.4 mol.1-1, with the excep-
tion of asatic acid which inhibits the growth above 1.0 mol.1-! at given pH.
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C,-C; short-chain fatty acids can be utilized as the only carbon source by the
studied microorganisms in the cultivation medium in the range about pH 6.0
(Fig. 1). Candida tropicalis utilized acetic acid, propionic acid, butyric and
isobutyric acids in a concentration up to 0.4 mol.1-! and valeric acid to a con-
centration 0.02 mol.1-1. A significant lag-phase can be seen on the growth
curves, when inoculum grew on glucose medium. It can be explained by adap-
tation of microorganisms in the new substrate (synthesis of new enzymes for
fatty acid metabolism). Since the fatty acids are toxic substrates and there is
not any other easy utilizing source of carbon in the medium, the lag-phese on
the growth curves is very long.

Formic acid as a single carbon source in the synthetic medium at pH 6.0
is not utilized by any of the studied microorganisms. In the same conditions
and in the presence of glucose, formic acid at the subinhibitory concentrations
is degraded up to CO,. In cell free extracts of C. tropicalis isolated from cells
cultivated in the medium containing H* COOH and glucose activity of NAD-de-
pendent formate dehydrogenase was detected. Formic acid is metabolized at the
same time with glucose consumption. After the exhaustion of glucose the growth
is stopped and lysis of the yeast cells occurs.

Acetate as a typical intermediate of cell metabolism is well metabolized by
yeast cells under acrobic conditions, as the sole carbon and energy sources
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Fig. 1. Growth curves of C. tropicalis Fig. 2. Cultivation of C. tropicalis in the
in the synthetic medium at 28 °C, pH 6.0 synthetic medium with glucose and acetic
under aeration with short-chain fatty acid. 1 — glucose concentration, 2 —
acids as the only carbon source. Fo — acetic acid concentration, 3 — biomass.
formic acid, Ac — acetic acid, Pr- pro- Laboratory fermentor, batch cultivation,
pionic acid, Bu — butyric acid, i-Bu — aeration, pH 6.0 at 28 “C. pH-stat (0.5
isobutyric acid, Va — valeric acid. Num- mol.1-t H,S0,).
bers near curves indicate concentration
of substrate in mol.l-!. K — control,

source of carbon 10 g.1-! glucose.
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Acetate is partially oxidized to CO, for obtaining energy, partially incorporated
into all cell fractions of the cell. Acetic acid in the presence of glucose is utilized
at one stroke without diauxia (Fig. 2). In the first stage of cultivation acetate
is not utilized as it was indicated by capillary isotachophoresis of the acetate
estimation in the cultivation medium, even the concentration increases modera-
tely (Fig. 8) while experiments with labelled acetate showed its decline. Acetic
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Fig. 3. Cultivation of C. tropicalis in the Fig. 4. Acetate consumption per unit of

synthetic medium with glucose, acetic glucose consumption — Ac/G; consump-
acid and propionic acid. 1 — glucose tion of acetate — Aec; consumption of
concentration, 2 — acetic acid concentra- glucose — G. Cultivation of C. tropicalis,
tion, 3 — propionic acid concentration, sce Tig. 3.
4 — biomass. Laboratory fermentor,
batch cultivation, aeration, pH = 6.0 at
28 °C pH-stat (1 mol.1-t H;80,).
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2. 5. Cultivation of C. tropicalis in the synthetic medium with glucose and propionic
zcid. 1 — glucose concentration, 2 — propionic acid concentration, 3 — biomass. Labora-
tory fermentor, bateh cultivation, acration, pH 6.0 at 28 °C. pH-stat (0.5 mol.1-1 H,S80,).
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acid is utilized from the beginning of the cultivation in one stroke with glucose
(Fig. 4). It is supposed that increase of acetic acid in the cultivation medium
is caused by the formation of acetate ,,de novo*. The rate of the formation is
higher than its utilization.

Propionic acid in the presence of glucose is utilized only after the consump-
tion of glucose. There is observed a typical diauxia with the second lag-phase on
the growth curve (Fig. 5). The experiments with labelled 1-1*C-propionic acid
indicate that carboxylic carbon forms CO,. Only a part of 1*C (3.59,) is incor-
porated into the cell mass.

Butyric acid in the presence of glucose is utilized in the same way as propionic
acid, that is with diauxia.

The sequence of utilization of two carbon substrates by C. tropicalis is shown
in Tab. 1.

Acetic acid in concentrations up to 0.02 mol.1-! in the synthetic cultivation
medium at pH 6.0 can serve as the only carbon source for all studied yeasts
(Fig. 6). Candida tropicalis, Leucosporidium scotii, Rhodotorula glutinis [7] to
the concentration of acetic acid 0.15 mol.1-1,
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Fig. 6. Growth curves of the studied T "‘% S
yeasts in the synthetic medium with Z S
acetic acid as the only carbon source at o Rl *”7
pH 6.0, 28 °C under aeration. Numbers M{ o . Ve 15
near curves indicate concentration of ver :
acetic acid in mol.l17. K — control,
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C. tropicalis, R. glutinis [7] and Ustilago sp. [7] can use propionic and butyric
acid as the only carbon source up to concentrations 0.02 mol.1-1, as well.

The presence of inhibitors changes the respiratory activity of microorga-
nisms. We have studied the conditions of the weakest inhibitory effect of short-
-chain fatty acids for yeasts. These studies indicated that pH values of culti-
vation medium influence the inhibitory effect of the respiration of yeasts. The
inhibitory effect of these acids is shown in Tab. 2.

Our results are comparable with the results of another authors mentioned.

growth on gluccse (5 g.1-1) without acetic
acid. R. glutinis’ — CCY 20-2-1.
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Tab. 1. The sequence of utilization of the second substrate in the presence of glucose in synthetic
medium at pH 6.0 under aeration at 28 °C, C. tropicalis. The concentration of acids and sacchari-

des —5g.171.

Substrate Sequence of utilization
glucose + formate simultaneously
glucose - acetate simultancously
glucose + lactate simultaneously
glucose +- propionate diauxia
glucose + butyrate diauxia
glucose + isobutyrate diauxia
glucose - valerate diauxia
glucose + xylose simultaneously
glucose + arabinose without utilization
glucose + sorbose diauxia
glucose + ethanol diauxia
ethanol -~ acetate simultaneously

Tabh. 2. The inhibitory effect of short-chain fatty acids (concentration 10 g.17!) on respiration
C. tropicalis after 1 hour cultivation on phosphate buffer with 20 g.1-! glucose under aeration

at 28 °C.
Inhibition 9,
Acid pH

4.0 5.0 6.0 7.0
formic 100 0 0 0
acetic 100 20 0 0
propionic 100 60 0 0
butyric 100 50 15 25
isobutyric 100 50 35 60
valeric 100 30 20 20

The inhibitory concentration of short-chain fatty acids is dependent on culti-
vation conditions and yeasts studied.
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Husnme srupnpie KHCJIOTHE B KAYCCTBE HHIIEONTOPOR 053 eHa BeMICCTE i HCTOUHIKOB YTIepojia
JVIA ipoasReil

PeswoMme

Lembio paborn Obito m3yuenue supunx Kueaor C;—Cy B KayecTBe HuriudiTopoB i 1HI -
Oupytomux cyGeTpaToB JULsL APOFIKEN, it MOCJIeOBATENILHOCTII HX YTHII3AILNT B CMCCHX
RUCJI0T ¢ TIoK03011. Candida tropicalis 1¢ ¢rnocodHA K METad0IIBMY MYPaBbLIHOI KICIOTL
KAaR €JIMHCTBEHHOTO HCTOYHMKA YriIepoja. B HmpueyTerBim JIPyroro ucTOYHHKA ViIepo/la
MypaBbuBHas Kicjora Merabosimaosana na COj.

Rupusie kucaorst Cy,—Cy MOryT OBITH MCHOJIB30BAHBL B KAYECTBE €IMHCTBEHHLIX 11C TOUHII-
KOB yIJIepojia JUIsi MCCJIClOBAHHLIX MUKPOOPTaHU3MOB B RYJILTYPHBIX cpejax ¢ pH owo:o
6,0. YErcycHas KHCIO0TA yTHIAU3APOBAHA BMECTe ¢ INIOKO30M. lmaykcmaeckuit poer nad:io-
JJICA B CMECIH CaXapij(OB M IPOINOHOBOM MM MaCJISIHON KICIIOTHL.

NiZfie masiné kyseliny ako inhibitory metabolizmu a zdroje uhlika pre kvasinky
Sthrn

Cielom préce bolo studovat C,—C; mastné kyseliny ako inhibitory a inhibi¢né substraty
pre kvasinky a sekvenciu ich utilizdcie v zmesiach kyselin s glukézou. Candida tropicalis
nie je schopnd metabolizovat kyselinu mravéiu ako jediny zdroj uhlika. V pritomnosti
iného zdroja uhlika je kyselina mravéia metabolizovand na CO,.

C,—C; mastné kyseliny sa mo6zu vyuzit ako jediné zdroje uhlika pre studovandé mikro-
organizmy v kultivatnych médidch, pH okolo 6,0. Kyselina octové je utilizovand stucasne
s glukézou. Diauxicky rast sa pozoroval v zmesi sacharidov a kyseliny propiénovej alebo
maslovej.
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