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Short-chain fatty acids as metabolic inhibitors anal a carbon source
for yeasts

DANIELA SUOCNOVTCOVA - JOZEF AUGUSTIN - DUSAN HAIAMA

Summary. The aim was to study Cr--Cu fatty acids as inbibitors and inhibitory
substrates for yeasts and the sequence of their utilization in the mistures of actds
rvith glucose. Candi,ila tropi,cal'i,s cannot metabolize formic acid as the only carbon
source. In the presence of another carbon source formic acicl is metabolized to
CO2 C2-C6 fatty acids can be usecl as the sole carbon source for the studied
microorganisms in culbivation media in the range about pH 6,0. Acetic acid is
ul,ilized simultaneously with glucose. Diauxic growth rn the rnixtures of saccha-
lides and propionic or butyric acid *'as observed,

Short-chain fatty acids form a substantial paft of the total orga,nic carbon
of various secondary sources. Therefore, they should be consid.ered as potential-
ly important substrates for biomass production ll, 2l.On the other hand it is
generally known that the short-chain fatty acids act a,s inhibitors of microbial
metabolism [3, 4]. Yeasts and yeast-like microorganisms metabolizo short-chain
fatty acids in the cultivation media at subinhibitory concentrations depending
on physical conditions such as temperature, pH value, presence ofother 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 anil methoils

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

Ing. D.rr,,r'la Smogrovidovd,, CSc., Assoc. Prof. Lrg. Jozef Augustin, CSc., Assoc.
Plof. Ing. r;uian l{alama, CSc., Departarrrent of Biochemieal Technologl', Facult,y of
Chemictr,l '1i'uhnology, Slovak Technical University, Jinska l, 8l: 37 Bratisla'r'a, Czecho-
slovaki:-r,.
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Leu,cospori,clium scoti,i, CCY 64-f -1

Ehoclotorul,t s raci,Ii's CCY 20-8- 1

Cund,irla tropi,cali,s CCY 29-7-33 isolatecl from beech wood prehydrolysate
.culution

Rlt o d,oto r ula glutini,s CCY-20-2- I .

Usti,lagc sp. [7] and Ehorl,otoru,la glutitr'i's l7l.
Microorganisms were cLrltivated in synthetic mod.ium l8l buffereil 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 formentor or in cultiva-
tion flasks on a rotary shakor at 28 oC.

The grorvth of the microorganisms was determineil by moasuring changos
in optical donsity at 620 nm (SPECORD UV VIS), convorted to dry mattor
concenbrations.

The inhibitory efferb of acids was estimated from the growbh curve shapes.

The consumption of glucoso was moa,surecL by the o-toluidino methoC (Biola
test).

The concontration of short-chain fatty aoids was moasurod by capillar.v
isotachophoresis.

uO-formic acid, I-l{C-acetic acid and l-1{c-propionic acid wors usod for ra-
diometric assays of the rato of uptake and for metabolic studies. The chemicals
lvere purchaseil from the Institute for Rosoarch, Prod.uction and Utilization
of R ad.ioisotopes, Prague.

raCO, roloasecl during cultivation was trapped in sodium hydroxide and mea-

sured. after dilution in a liquid scintilator solution on liquid scintilation counter
LI(B 1217 RACKBE'IA. 14C incorporation into yeast cells was measurod on

membra,no filters Synpcr 2, pore 2.5 p,m (Synthosia, Czochoslovakia) on Goiger-
-Miiller tubo Tesla NQZ 612. Rsspiration of yeasts was estimatoil using polaro-
graphic Clark oxygen electrode.

Results anil discussion

CanCicla tropicalis CCY 29-7-33 can grow well in a synthotic cultivation me-
clium rvith 5 g.l-t glucose at pI{ 6.0 undsr aeration in the prosenco of formic
ir,cirl, rr,cetic a:i,J, propionic aeid, butylic aeid and valoric acid in the concentra-
tion of 0.02 mol.l-1. The grorvth is acconpanied by the prolongation of lag-
-phi-r,ie ryhen acid" coir,re:ltr.ltiol in the medium is increased. No growth is
obserrcrl rvhel the conco.rNratioir of acids exceejls 0.4 mol .I-1, rvith tho excep-
1i,-';1 of ri:,r,ir ir,ri,l ivhich irrhibits the growbh above 1.0 mol .I-1 at given pH.
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cr-cu short-chain fatty acids can be utilizecl as the only carbon source by the
studied microorganisms in the cultir.ation medium in the range about pH 6.0
(Fig. l). cantliila tropi,calis utilized acetic acid, propionic acid. butvric and
isobutyric acids in a concentration up to 0.4 rnol .l-l aud r-trleric acicl to a con-
centration 0.02 rnol .l-1. A significant lag-phase can be seen on the grorrth
curves, when inoculum grew on glucose rledirim. It can be esplained br- r-rclap-

tation of microorganisms in the nerv substlate (slnthesis of nerr enzr-n.ies for
fatty acid metabolism). Since the fatty acids are toxic substrzrtes ancl iliele is
not any other easy utilizing source of carbon in the nediun.r. tlie la.e-pht-:e o1
the growth curr-es is very long.

Formic acid as a single carbon sonrce in the synthetic medinrn at 1LH 6.r-t

is not utilized by any of the studied microorganisms. In the san.re colclitior.r-r
and in the presence of glucose, formic acid ai the subinhibitory concentrtrtiol-s
is degradecl up to COr. in cell free extracts of C. trop,icali,s isolatec-|. from cells
cultivated in the medium containing H1a CooH and glucose activit.l- of NAD-cle-
pendent formate dehydrogen&se was detected. Formic aciC is metabolizecl at the
same time with glucose consutnption. After the exhaLrstion of glucose the grorvth
is stopped and lysis of the yeast cells occur.s.

Acetate as a typical intermediate of cell metabolisrir is rvell meiabolizetl bv
yeast cells under aerobic conditions, as the solc carbon ancl e-nergy solrces
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Fig. I. (lrowth curves of C. tropi.ccr!.is
in the synl,hetic medium at 28 oC, pll 6.0
under aeration s'ith short-chain fattr.
acids as tl-re only carbon sourrce. Fo -folmic acid, Ac _- acetic acid, Pr- pro-
pionic a.cid, Bu - butyric acid, i-Ilu -isobutyric acid, Va - valeric acid. Num-
bers near curves indicate concentration
of substrate in rnol.l-r. I{ - 

control,
source of carbon l0 g.l-t glucose.

Ii'ig. 2. Ctrltivation of C. tropicalis in the
synthetic rncrlirut-r u'ith glLrcose irn(l itcetic
acicl. I 

- 
glucosc' concetrtrirtion. 2 -.ncetic rrcid collcetrtratiotr. 3 - 

ltiorua,ss.
Lir borat or'1' femrcni o r. lti-rt ch cul t ir-lrt ioi.t,
i1eration. lH 6.i) at 28 't . pH-stirr (0. j

l,ci.l-1 H,-{Orr.
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Acotate is partially oxidized to CO, for obtainilrg energy, partially incorporated
into all cell fractions of the cell. Acetic acid in the presence of glucose is utilizecl
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. 3) while experiments with labelled acetate showed its decline. Acetic

3: . ;.

l'ig. 3. ('rrltivrrl,iorr ctf C, tropicali.s in t'hc
synthetic medium l.ith gltrcoscr, acetic
l,cid ancl propionic acid. I -- glucose
concentration, 2 

- 
acettc acicl concentra-

tion, 3 - 
propiorric acicl concent,ration,

4 
- 

biomass. Laboratory iermentor,
batch cultivation, aeration, pH : (i.0 at

28 'C pT{--.tal, (l mol.l-1 HISC').

Fig, 4. Acetate corrstuription per urrit o1'

glucose consunrption 
- 

Ac/G; corsrinlp-
tion of rcetate - Ac; consrrmption of
gltrcosc - G. Urrltivtii.ion of C, troyti,:ttlis,

sr'.c Iig. 3.
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I",g. 5. Cultivation of C. tropical'is iu the sSmthetic mediurn u'ith glucose and propiorriu
,.' rcl. 1 - 

glucose conoentration, 2 - 
propionic acid concentration, 3 - biomass, Labor;r-

'rr'l',.riner+.or,batchcultivatlon,acration.pTI 6.0at2S'C.pH-stat(0.5mol .l-rHrSOn).
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acid is utilized from the beginning of the cultir-ation in one stroke with glucoso
(X'ig. a). It is supposod that increase of acetic acid in the cultivation medium
is caused by the formation of acetate ,,de no\-o". The rate of the formation is
higher than its utilization.

Propionic acid in the presence of glucose is utilizecl onlv tr,fter the consump-
tion of glucose. There is observecl a typical diauxirr, l'ith the secorrd lag-phase on
the growbh curve (Fig. 5). The experiments ryith labelled l-lrC-propionic acid
indicate that carboxylic carbon forms COr. Only a part of 1rC (3.5?i,) is incor-
porated into the cell mass.

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

The sequence of utilization of t'wo carbon substrates by C. tropi,cal,is is shorrn
inTab. l.

Acetic acicl in concentrations up t,o 0.02 mol .l-1 in the synthetic cultivation
medium at pH 6.0 can serlre as ihe only calbon soulce for all studied 5easts
(Fig. 6). Cqnd,'iclct trop'ical'ts, Leucospori,cl'iunt scoti,,i, Illtodotorula gluti,ni,s l7f to
the concentlation of acetic acid 0.15 mol .l-r.

!rr: . olis

Fig. {}. [lr'outli curvcs of the studiecl
yea,sts in t,hc syntbet'ic rnedium s,ith
acetic rrcid as the onlv cr-irbon soru'cc at,
pH 6.0, 28 oC under aelation. Nurnbers
nefl.r' cllrves indicate concentratiorr of
acetirr ar.ricl irr mol.l-1. K 

- 
control,

grorvth on gluccse (5 g.i-t) without acct,ic
acid. .r1. glutinis' - CCY 20-2-I.

C . tropicalis, E. glutinis [7] and Usti,lago sp. [7] can use propionic and butl'ric
acid as the only carbon source up to concentrations 0.02 mol .l-1, as well.

The presence of inhibitors changes the respiratory actir-ity of microorga-
nisms. We ha'se studied the conditions of the l'eakest inhibitory effect of short-
-chain fatty acids for yeasts. These studies indicated that pH values of culti-
r-ation 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.
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Tab. 1. The sequonce of utilizat,ion of the second substrate in the presonco of glucose in synthotio
medium at pII 6.0 under aeration at 28 oC, C. tropi,calis. Tho concentration of acids and sacchari-

des 
- 

5 g.1-r.

glucoso {
glucose -|
glucoso f
glucose -{-
glucoso f
glucose {
glucose j-
glucosc 1
glucose f
glucose 7
glucose r
ethanol --

formate
acetate
lactate
propionatc
butyrato
isobutyrate
r.alerate
:r-lose
arabinose
s,rrbose
ethanol
acitate

simultancously
simultaneously
simultaneouslv
diauxia
diausia
diau::ia
diauria
simultaleously
without utilization
diauxia
diauxia
simultaneousl;'

Tal:. 2. The inhibitoly effect of short-chain fatty acirls (concentration f0 g.l-1) on respiratiorr
C. ti'opiatlis after I houl cultir.ation on phoslrhaie"tuffer rvith 20 g.l-t glucose undcr aeration

Ilhibition /o
pH

7.04.0

formic
acet'ic
propionic
butyric
isobutyric
valeric

100
100
r00
100
100
r00

6.0

0
0
0

l5

20

5.0

0
20
60
50
50
:t0

0
0
0

25
60
20

The inhibitory conceniration of short-chain fatty tlcids is deperdent on cult'i-
vation conditions and veasts studied.
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Husrurle ailrprbre (rrcJlorLr B r{arlecrBe urrnrdrlropon o6uerra Berrreern rr rrcro,rHnrioB lr.repola
Anfl Alx)rulieii

I)caruue

, I{elrr,Io pa6orr,r 6rrilo rlay.1gnue x{rlp}ln.\ nrrc"'ror Cr-Cu B r{arrecrBc rrrlrriuropon u l}l l-
6lrpyrorqnx c),6crparos 4*aI Apolr(7r{€ii, ir rlocileAoBarerLnocrrr rrx )'rri.-ril3irnliir B ( \1,.{ r\
Iilrcilor c rnoHoeoii. Candidatropicali,s uo cloco6Ha H Mera6oJrusMy trvpaDbrrHor"r rilrr.r rri,I
fiar{ eArIrrcrBcuuoro rlcrorr}rrrfia )'r'JIcpo;{4. ^R nplrcyrcturrr /{pyroro llrrrorrHrr}iil \- j . rc'])o.lit
IlypaBblrHan Huciroril l"roTilOo"'ur3oBaHa lra (;U3.

il{npnr,te firrc.rrorbr (le-Ci Molyr 6llrr, rlc.rroirb3oBaHbl B }iaqecrBe eAr{HcrBeEHr,r\ rt(,TorrHrr-
I{oB yr-JrcpoAa AJrrI lrccJrcAoBarrrrbrx MtrItpoopraEtraMoB B H}'JrbrypEhrx cpeAax c pll orio.ro
6,0. VHcycnarr KrlcJlora yrrrJur3r{poBana BMecre c t';rronoaoft. f{uayxcrtuecHrul pocr rra6Jr,J-
Aaircfi B cMecr{ caxapl.rloB u npotrr{oHoBorr r4JII4 MacJrtrHol{ KtrcJIoTbI.

NiZBio mnstnr! kyseliny ako inhibitory meta,bolizmu a zdrojo uhlika pre kvusinky

Sr'rhln

Cielom prri,ce bolo itudovat Cr-C. mastn6 liJ":eliny alio inhibit'ory a inhibidnd substrrity
pre kvasinky a sel<venciu ich utiliz:icie v zmesiach kyselin s gluli6zou. Candi,cla tropicalis
nie je schopnrt metabolizovat, kyselinu mravdiu ako jedinll' zdroj uhlika. V pritomnosti
indho zdroja uhlika je kyselina mravdia metabolizovanri na COr.

Cr-Cu mastn6 kyseliny sa m6Zu vyuZid ako jcclin6 zdroje uhlika pre ituclovani rnikro-
organizmy v kult'ivadnfch m6did,oh, pH okolo 6,0. I(yselina octovrl je utilizovanit sirdasne
s gluk6zou. Diauxick;i'rast sa pozoroval v zmesi sacharidov a kyseliny propi6nor.ej alebo
maslovej.
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