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5.7. Uptake of benzoate and sorbate by the adapted

yeast cells.

To examine the nature of subsequent uptake of
benzoate and sorbate by yeast cells adapted to (grown in the
presence of) sublethal concentrations of the inhibitors, the

following experiments were performed ;

In one set of experiments, cells of Saccharomyces
Cerevi siae X2'180B and Saccharomyces bailii weore grown in YNBG
medium at pH 4 containing either benzoate or sorbate mH)
in the medium. The harvested cells were suspended in 0,1 K
citrate—phosphate buffer containing 0.5 benzoate or sorbate
at pH 5-5m The uptake was allowed for 10 minutes with shaking

at 30°cC.

In the other set of experiments, the cells were

grown in a medium containing less amount of the inhibitors,
0,25 of each. The harvested cells were suspended in the
same buffer containing 1 mM benzoate or sorbate at pH 3.5

and the uptake was allowed as above. Other conditions were
maintained as before. It may be mentioned here that in the
present experiments, the cells were not 'trained', so the
question of resistance does not arise in this type of ada-
ptation ¢« For the subsequent uptake of benzoate, both benzoate

and sorbate—adapted cells were suspended separately in



Dhaka University Institutional Repository

85

'‘benzoate solution. Similarly” the adapted cells were suspen-
ded separately in sor'bate solution for sorbate uptake. The
res—ults obtained in these experiments have been plotted as

follows

(i) From the suspension of 0,5 nill benzoate, the
nature of subsequent uptalce of benzoate by the 1 mM benzoate
and sorbate—adapted cells of Saccharoipyces cerevisiae X2180B
and Saccharomyces bailii are presented in figures 15 and
respectively. Under similar conditions, the nature of subse-
quent sorbate uptake by the two strains are shown in figures

15 and 16 respectively.

(ii) From the suspension of 1 mM benzoate solution the
nature of subsequent benzoate uptake by the 0.25 benzoate—
adapted cells of Saccharomyces cerevisia Z218CB and Saccha-
romyces bailii are presented in the figures 17 and 18. Under
identical conditions, the nature of sorbate uptake by the two

strains are shown in the figures 19 and 20*

Nature of uptake plotted in the graphs can be summa-

rized as follows

1. From the benzoate solution, the sorbate—adapted cells
took up more benzoate than the benZoate adapted cells (figs.

13 & 14; 17 < 18). '
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YEAST CELLS (mg /ml)

Fig. 13 EFFECT OF PRESERVATIVE (N THE GROWTH MEDIUM
ON THE SUBSEQUENT UPTAKE OF BENZOATE AND RELE-
ASE.OF SORBATE BY ADAPTED SACCHAROMYCES CERE-
VISIAE X2180B. BEN7DATE CQWCN; Q*5mM.ik-A"*—ImM
BENZOATE-ADAPTED CELLS; A(ﬂ mM SORBATE-ADAP-
TED CELLS;000*UNADAPTED CELLS]j ;
RELEASE OF SORBATE.
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YEAST CELLS (mg /ml )
Fig.U. EFFECT OF PRESERVATIVE IN THE GROWTH
MEDIUM ON THE SUBSESUENT UPTAKE OF
BENZOATE AND RELEASE OF SORBATE BY

ADAPTED SACCHAROMYCES BAILII. BEN7OATE
CONCN: G-5rnM :$$5rrm M BENZOATE-ADAPTED

CELLS. 1 mM SORBATE-ADAPTED CELLS;
O —0: UNADAPTED CELLS; CHii-D: RELEASE
OF SORBATE.
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YEAST CELLS (mg/ml)
Fig. 15 EFFECT OF PRESERVATIVE'IN THE GROWTH MEDIUM ON
the SUBSEQUENT UPTAKE OF SORBATE BY ADAPTED

SACCHAROMYCES CEREVISIAE X2180B.SORBATE CONCN:
G’'5S mM. :ImM BENZOATE-ADAPTED

ImM SORBATE-ADAPTED CELLS} QOOUNADAPTED CELLS.
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YEAST CELLS (mg /ml)
rig. 16 EFFECT OF PRESERVATIVE (N THE GROWTH MEDIUM
ON THE SUBSEQUENT UPTAKE OF SORBATE BY ADAP-
TED SACCHAROMYCES BAILII. SORBATE CONCNrO'SmM.
BENZOATE'ADAPTED CELLS M
SORBATE-ADAPTED CELLS jCMD; UNADAPTED CELLS.
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YEAST CELLS (mg/ml)
Fig.)7. EFFECT OF PRESERVATIVE IN THE GROWTH MEDIUM'ON
THE SUBSEQUENT UPTAKE OF BENZOATE BY ADAPTED
SACCHAROMYCES CEREVISIAEX2180B. BENZOATE CONCN:
TMMTSSSJOTS MM BENZOATE-ADAPTED CELLSJAAA.’;
0-25mM SORBATE-ADAPTED CELLS;CMD:UNADAPTED CELLS.,
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YEAST CELLS (mg/ml)

rig.ie.EFFECT OF PRESERVATIVE "IN THE GROVI/TH MEDIUM
ON THE SUBSEQUENT UPTAKE OF BENZOATE BY ADAP-
TED SACCHAROMYCES BAILII. BENZOATE CONCN; ImM.
A-A-A:0-25mM BENZOATE-ADAPTED CELLS =A-A--A;
0-25mM SORBATE-ADAPTED CELLS-.000 UNADAPTED

CELLS.
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YEAST CELLS (mg/ml)
Fig. 19. EFFECT OF PRESERVATIVE IN THE GROWTH MEDIUM
ON THE SUBSEQUENT UPTAKE OF SORBATE BY ADAP-
TED SACCHAROMYCES CEREVISIAE X2180BrSORBATE
'&%\\Ii\N: 0725 BENZOATE—ADAPTE& d:bLLS;
0-25 mM SORBATE-ADAPTED CELLS;

UNADAPTED CELLS.
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YEAST CELLS (mg/ml)

Fig. 20. EFFECT OF PRESERVATIVE [N THE GROWTH
MEDIUM ON THE SUBSEQUENT UPTAKE OF
SORBATE BY ADAPTED SACCHAROMYCES
BAILII. SORBATE CONCN: ImM. 0-25mM
BENZOATE-ADAPTED CELLSjA-A-A: 0-25mM
SORBATE- ADAPTED CELLS: bOO UNADTIPTED

CELLS.
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2. From the sorbate solution "benzoate—adapted cells took

up more sorbate than the sorbate—adapted cells (figs. 15 ~ '16;

19 & 20).
3. From benzoate solution,

(i) the cells initially adapted to higher concentra-
tion of sorbate took up benzoate with simultaneous release of

sorbate (figs. 13 ™ 17M).

(ii) the cells initially adapted to lower concentra-
tion of sorbate took up benzoate without any release of

sorbate (figs. 17 ~ 18).

4. From the sorbate solution, cells initially adapted to
higher or lower concentrations of benzoate took up sorbate

with no release of benzoate (figs, 15 & 16; 19 & 20).

From the results it is revealed that at all concentra-
tion levels of benzoate in the cell suspension, sorbate-
adapted cells took up more benzoate than benzoate-—adapted
cells; conversely, at all concentration levels of sorbate in
the suspension, benzoate—adapted cells took up more sorbate
than sorbate—adapted cells. This clearly indicates that some
of the cellular targets of benzoate and sorbate are not common
In initial sorbate adaptation specific targets of benzoate
remained unaffected; whereas in initial benzoate adaptation all

the targets of benzoate in the cells became partially affected,
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hence from benzoate containing suspension, subsequent
benzoate uptake by the benzoate—adapted cells are less
than the sorbate adapted cells. A similar explanation can
be given in the converse situation where the subsequent
sorbate uptake in a sorbate containing suspension is less
by the sorbate—adapted cells than by the benzoate-adapted

cells.

In the subsequent benzoate uptake, an interesting
observation was made. The cells initially adapted to higher
concentration of sorbate (1 mPl), subsequently took up benzoate
from a lower concentration of benzoate (0.5 niM) in the suspen-
sion with simultaneous release of sorbate (figs. S'! & 22) in
the medium which initially contained "benzoate only. Conversely,
the cells initially grown in higher concentration of benzoate
(1 mM) took up sorbate from a lower concentration of sorbate

(0,5 mK) in the suspension without any release of benzoate

in the medium. 4000713

Also, the cells initially adapted to or grown in
lower concentration of sorbate (0.25 mM) subsequently took up
benzoate from a higher concentration of benzoate (1 mM) with

no release of sorbate, -

A few explanations can be put forweU?d for the above

behaviour of unilateral replacement i.e. sorbate is replaced

57
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SENZOA E

Fig.21. SUBSEQUENT UPTAKE OF BENZOATE BY SORBATE-ADAPTED
SACCHAROMYCES CEREVtSIAE X2180B WfTH SIMULTANEOUS
RELEASE OF SORBATE AS INDICATED BY HPLC READINGS.
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Fig.22. SUBSEQUENT UPTAKE OF BENZOATE BY SCRBATE-ADAPTED
SACCHAROMYCES BAILU WITH SIMULTANEOUS RELEASE
OF SORBATE AS INDICATED sy WpLC -
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by benzoate but benzoate is not replaced by sorbate

Firstly, benzoate has a greater affinity for the
common cellular targets than sorbate; so the accumulated

sorbate was replaced by benzoate.

Secondly, at initial low concentration of sorbate
for adaptation, internal sorbate pool of the cells was low
and due to concentration gradient205 sorbate could not come

out against higher concentration of benzoate in the medium.

The nature of subsequent uptake of the inhibitors
by the adapted cells of Saccharomyces cerevisiae X2180B
and Saccharomyces bailii was compared in this investigation.
The results obtained revealed the fact that adapted cells of
Saccharomyces bailii subsequently took up less amount of
benzoate or sorbate in comparison with the adapted cells of
Saccharomyces cerevisiae X2180B under identical conditions.
Similar nature of restricted uptake was also observed in the
case of unadapted cells of Saccharomyces bailii. In the
previous experiments done in the sections 5*2 and 5-3, it was
observed that Saccharomyces bailii was comparatively a resis-
tant yeast towards benzoate and sorbate. Training of the two
yeasts at the threshold concentrations (MC) resulted without
induction of f-urther resistance to benzoate or sorbate

(section The probable explanation may be that both the
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yeasts were incapable of metabolizing the inhibitors. Hence
it can be concluded that -resistance of Saccharomyces bailii
towards benzoate and sorbate arises due to restricted uptake

of the inhibitors.

A few investigators have suggested some mechanisms
about the restricted uptake of inhibitors by resistant micro-
organisms. One of the suggestions is that the ceJIs which
possess an inherent ability to modify their surface structure
usually by incorporating extra lipid restrict the uptake or
penetration of inhibitors. In the case of Saccharomyces
bailii, the ability of this yeast to grow under adverse
conditions has been related to its special membrane proper-—
ties.146 It may be assumed, therefore, that the yeast undergoes
genetic change during its growth under adverse conditions to

cope with the situation.' Membrane properties responsible for

restricted inhibitor uptake has been observed with bacteria.

Correlation of cellular lipids with resistance can be
realised when sensitivity of a trained strain can be restored

by adding lipase to the cells.

5.8, Effect of benzoate and sorbate on sulfhydryl enzymes

In the previous experiment, a conclusion was drawn
that some of the cellular targets of benzoate and sorbate are

not common, that is, apart from common sites of action, both
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benzoate and sorbate have their own specific targets. It was
thought probable that specific targets of both the inhibitors
might be on the inhibition of enzyme activities. There are
numerous enzymes in yeasts and other microorganisms and among
them there are some key metabolic enzymes. In a few studies,
some sulfhydryl enzymes have been implicated in the inhibition

of microbial growth by chemical compounds. 132

Commonly occurring sulfhydryl enzymes in yeasts are
6—phosphogluconic dehydrogenase, glyceraldehyde—J—phosphate
dehydrogenase, carboxylase, Co-enzymeA-linked pyruvic acid
oxidase, alcohol dehydrogenase, TPlJ-—alcohol dehydrogenase,
potassivim—activated yeast aldehyde dehydrogenase, TPN-linked
aldehyde dehydrogenase, aldehyde dehydrogenase, butyril
Co—-enzyme A dehydrogenase, acetate kinase, succinic dehy-
drogenase, amino acid reductase, histidase, aspartase,

fumarase and many other.

Literature shows that a few of them were studied for
sorbate action only,*'\®’ 207 none of them is reported
to be tested with benzoate. In view of the above facts, the
present investigation is focussed only on this type of
enzymes. As it was not possible to include all the enzymes in
the present study, a few of them has been chosen for benzoate

and sorbate action on them and they are : 6—phosphogluconic
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dehydrogenase, glyceraldeh7"®~5“P"ospli™'te dehydrogenase,
alcohol dehydrogenase, succinic dehydrogenase, aepartase and
fumarase. None of the enzymes from yeast source was studied
for benzoate action ani only two of them, namely, alcohol
dehydrogenase and glyceraldehyde—-5—-phosphate dehydrogenase

were studied for sorhate action.

Assay methods for the enzymes under investigation
are cited in section 4* The inhibitory effects of benzoate
and sorbate on aulfhydryl enzymes of yeasts were measured as
the difference between the activity of a control system
(without inhibitor) and the inhibited system. In each case,
the inhibitor was reacted with enzyme for 50 minutes before
the activity was measured. The results expressed as percent

inhibition have been shown in tabular form,

6—phosphogluconic dehydrogenase

Inhibitory effects of benzoate and sorbate on
6—phosphogluconic dehydrogenase were studied at pH 7*5 and.
6.0 (approximate internal pH of yeasts). Results shown in
table 19 express’ percentage inhibition of the enzyme
derived from Saccharomyces cerevisiae Z2'180B while table 20
shows percentage inhibition of the enzyme derived from
Saccharomyces bailii. Both the tables show that percentage

inhibition by benzoate was greater than that by sorbate.
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Ta'ble—-19

Effect of benzoate and sorbate on 6-—phosphoElnconic

dehydrocenase of [jaccharoiiiyces cerevisiae X2180B,

., —————— r-— r— ! ' —_——
Concentration of 1Percent inhibition | Percent inhibition
benzoate or I by benzoate I by sorbate

sorbate (ikK)

2 7.0 8,1 6.0 6.8
12.0 12.7 10.5 10.8
8 16.9 17.2 15.2 16.0

12 22.2 22.8 20.4 21.2
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Ta-ble-20

Effect of "benzoate and sorbate on 6-—phosphogluconic
dehydrogenase of Saccharomyces bailii.

Concentration of Percent inhibition Percent inhibition
benzoate or by sorbate
sorbate
(mTi)
4 11.8 12.1 10.4 10.8
8 1v-0 17.6 15.0
12 22.0 22.5 20.0 20.7

16 26.2 26.8 24.5 24.8
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But at a particular concentration of an inhibitor, it v/as
observed that intensity of inhibition v;as almoct similar
irrespective of the source of this enz™Tne. Moreover, the
results revealed that at lower pll inhibitory activity by both
the inhibitors V/as higher. It nay be mentioned tha.t neither
benzoate nor sorbate activity on this enzyme was studied

before.

Glyceraldehyde—-3—-phosphate dehydrogenase

Results in table-21 show the effects of benzoate
and sorbate on this enzyme obtained from Saccharomyces
cerevi siae X2180B. Higher the concentration of the inhibitor,
greater was the percentage of inhibition with higher inhibi-
tion at lower pH of 5,0. Similarly table—22 shows the enzyme
inhibition from Saccharomyces bailii. In the case of this
resistant strain too, inhibition of the enzyme took place, as
has been earlier noticed, intensity of inhibition at a parti-

cular concentration was almost the same irrespective of the source

Alcohol dehydrogenase

Effects of benzoate and sorbate on alcohol dehydro-
genase obtained from Saccharomyces cerevi siae X2180B and
Saccharpmyces bailii have been shown in tables—-25 and 24.

The results show that irrespective of the type of yeasts from
which the enzyme was obtained, activity of the enzyme was

inhibited by both the inhibitors. In this connection, an
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Tatile-21

Effect of benzoate and sorbate on glyceraldehyde

5—-phosphate dehydrogenase of Saccharomyces cerevlaiae
X2180B.

T1 ]
Concentration of i Percent inhibition Percent inhibition
benzoate or Ilby benzoate by sorbate
o
sorbate ¥ } 1
CmM) § pH 3} PH pH i pH
7.6 1 6.0 7.6 i 6.0
1 t
2 2.7 2.9 1.9 1.9
4 5-0 5.6 3.8 4.0
8 9.5 10.5 7.2 7.8

12 12,8 15.4 11.0 11.5
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Table—-22

Effect of benzoate and sorbate on glyceraldehyde

5-phosphate dehydrogenase of Saccharomyces bailii

Concentration of Percent inhibition Percent inhibition
benzoate or by benzoate by sorbate
sorbate 1 1
(mn) PH  j  pH pH 1 pH
7.6 i 6.0 7.6 i 6.0

4 5.2 5 7 4.0 4.2
8 9.5 10.4 8.0
12 13-0 15.6 11.2 11.6

16 16.9 17.3 15.2 15.8
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Table—-23

Effect of benzoate and sorbate on alcohol debydrogenase

of Saccharomyces cerevisiae X2180B.

Concentration of { Percent inhibition Percent inhibition
benzoate or i by benzoate by Borbate
sorDclLte r
(mM) i pH i pH pH I pH
i 8.8 i 6.0 8.8 i 6.0
2 1.5 1*4 1.0 1.0
4 6.9 7.9 6.0 6.8
8 16.8 18.6 15.5 16.1

12 25-5 27.3 23.8 26.0
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Table-24

Effect of benzoate and sorbate on alcohol dehydrogenase

of Saccharomycea bailii

_________________ r
1
Concentration of Percent inhibition!tPercent inhibition
benzoate or by benzoate I by sorbate
sorbate -_L-— {_ 1
(mM) pH i pH ! pH I pH
8.8 1 6.0 ! 8.8 E_ 6.0
4 7.0 7.8 6.1 7.0
8 16.3 18.0 14,6 15.7
12 25.2 27-0 24.0 25_5

16 30.7 54.6 28.8 31.6
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interesting observation can be cited in which Azukas et al.15l

reported that enolase from yeast could he inhibited by sorbate
vj}iile enolase from lactic acid bacteria was not inhibited by
sorbate. This suggests that the source of enzyme sometimes
dictates the inhibitory action of an inhibitor. The present
investigation also revealed that at a particular concentra-
tion level of either benzoate or sorbate, degree of inhibition
was almost identical in the yeasts, Saccharomyces cerevisiae

X2180B and Saccharomyces bailii.

Sorbate activity on this enzyme was studied before

52 who found that crystalline alcohol dehydrogen-

by V/hitaker?!
ase from yeast was inhibited at 1.5 mil sorbate. In a later
experiment inhibition of alcohol dehydrogenase by sorbate was

t0oC
confirmed,

1 in their study of

On the other hand, Azukas et al.15
inhibition of alcoholic fermentation by sorbate observed that
sorbate failed to inhibit the activities of alcohol dehydroge-
nase and some ‘'other glycolytic enzymes in vitro. Another
group of workers115 laid down a hypothesis that sorbate should
not be a sulfhydryl enzyme inhibitor as it did not sensitize
yeast cells to irradiation. However, these authors have not
shown any experimental data in support of their claim. Might

be that the inhibitor concentration was not enough to sensitize

the cells to the effect of irradiation.
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In the present investigation, the results obtained
conclusively proved that sorbate inhibited the activity of
alcohol dehydrogenase and the degree of inhibition was

similar irrespective of the so'urce of the enzyme.

Aspartase

Inhibitory effects of benzoate and sorbate on
aspartase were shovm in tables—-25 and 26, As observed before,
enzyme inhibition was similar in both the strains of

Saccharomyces cerevisiae ZNMNIBOB and Saccharomyces bailii.

Fumarase

Fumarase activity in Saccharomyces cerevi siae X2180B
and Saccharomyces bailii after reaction with benzoate and
sorbate in vitro has been represented in tables-27 and 28,
The results showed that fumarase activity decreased gradually
with increasing inhibitor concentrations. Also, the degree
of inhibition was similar at a particular inhibitor concen-

tration irrespective of the type of yeast.

These results confirm the earlier findings of York
and Vaughn who studied the inhibitory action of sorbate on
suce.inic dehydrogenase aspartase and fumarase. They observed
that oxidative assimilation of glucose, acetate, succinate
and fumarate by washed cells of Escherichia coli. Pseudomonas

aerup;inosa and Saccharomyces cerevi siae was inhibited by
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Table—-25

Effect of benzoate and sorbate on aspartase of

Saccharomyces cerevisiae X2180B.

T -
1
Concentration of i Percent inhibition Percent inhibition
benzoate or i by benzoate by sorbate
sorbate 1 1
(mM) I pH i pH pH j pH
i 7.0 :![ 6.0 7.0 |1 6.0
2 4.4 4.5 4.6
4 8.1 8.5 7.4 7.7
8 12.7 15.5 11.5 12.1

12 19.6 20.5 17.8 19.0
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Table—-26

Effect of benzoate and sorbate on aspartase of

Saccharomyces bailii

Concentration of Percent inhibition Percent inbibition
benzoate or by benzoate by sorbate
sorbate 1 t
(mM) pH J  pH pH I pH
7.0 | 6.0 7.0 1 6.0
i 1
S.0 8.5 7.5 8.0
8 12.8 15.6 11.5 12.3
12 19.5 20.2 18.0 18.8

16 24.0 25.3 22.9 24.0
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Table-27

Effect of benzoate and sorbate on fumarase of
Saccharomyces cerevilsiae X2180B.

Concentration of Percent inhibition Percent inhibition
benzoate or by benzoate by sorbate
sorbate 1 1
(mFi) pH i pH pH j pH
7-3 i 6.0 7.3 i 6.0
2 7.1 9.7 5.3 5.0
4 14.2 16.7 9.9 10.4
8 19.8 20.5 13.8 14.6

12 25.2 24.5 19.7 21.3
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Table—-28

Effect of benzoate and sorbate on fumarase of

Saccharomycea bailii

Concentration of Percent inhibition Percent inhibition

benzoate or by benzoate by sorbate
sorbate 1 1

(mM) pH I pH pH i pH

7.5 i 6.0 7.5 i 6.0
£ 1

14.5 16.8 10.0 10.5

8 20.0 20.6 14.0 14.7

12 25.5 24.8 19.8 21.0

16 25.5 26.0 24.7 25.2
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concentrations of sorbate ranging from 0,15-'10 mil. The
sulfhydryl enzymes; succinic dehydrogenase and aspartase
viere from bacteria and frunarase was a commercial prepara-—
tion.II5 The authors further added that the loss of activity
of sorhate after reacting with cystein suggested a mechanisin

in which thiol addition occurs to manifest action against

sulfhydryl enzymes or co-factors,

Sxmming up all these results, it can be stated that
both benzoate and sorbate have their inhibitory effects on
sxilfhydryl enzymes of both Saccharomyces cerevisiae X2180B
and Saccharomyces bailii under the present conditions of

experiment.

The degree of inhibition of these enzymes in both
the yeasts were found to be almost identical suggesting that
resistance in Saccharomyces bailii is developed due to rest-
ricted uptake of these inhibitors rather than difference in

enzyme inhibition.
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5,9* Nature of inhibition of enzyme by benzoate and

sorbate.

It was reported by various workers that activity of
succinic dehydrogenase was markedly inhibited by mercuric
chloride, cadmium chloride, sodium azide and other non-food
inhibitors. Barron and KalmistskyPO(R studied the inhibitory
action of mercuric chloride and cadmium chloride on succinic
dehydrogenase obtained from pigeon breast muscle and found
the action non-competitive. By using concentrations ranging
upto 4 X of HgCI”~, they observed that the inhibition
was cent percent and the inhibition was related with the SH

groups of the enzyme.

Thorn210 reported that malonate competitively
inhibited the activity of succinic dehydrogenase obtained
from rat liver. He observed cent percent inhibition by
using 80/7000M concentration of malonate. So far inhibition
by food additive is concerned, benzoate was tested on rat
tissue succinic dehydrogenase121 and sorbate action was
tested on bacterial succinic dehydrogenase,Hence the
present work was undertaken to examine the inhibitory effect
of benzoate and sorbate and the nature of inhibition produced
by them on succinic dehydrogenase derived from yeast as well

as rat liver.



Dhaka University Institutional Repository

115

It has been observed Iin the present experiment that
intensities of inhibition by benzoate and sorbate were similar
on Bulfhydryl enzymes obtained from sensitive and resistant
yeasts of same species. This shows that inhibitory action of
benzoate and sorbate is independent of the source of enzyme.
To varify it further, another source i.e. rat liver was

included in the study.

Inhibitory effect of benzoate and sorbate on succinic
dehydrogenase was studied at pH Results presented in
table 29 show the effect of benzoate and sorbate on the enzyme
obtained from Saccharomyces cerevisiae X2180B. Higher the
concentration of the inhibitor, greater was the extent of
inhibition. At 2 mM benzoate concentration inhibition was 7-7%

while at the same concentration, inhibition by sorbate was

7. 1%.

Table 30 shows inhibition of this enzyme obtained
from the resistant yeast, Saccharomyces bailii. The results
clearly shows that inhibition increases with the increase of
inhibitor concentration. Moreover, the results revealed that
intensity of inhibition was almost similar irrespective of

sensitive or resistant nature of the yeasts.

Effect of benzoate and sorbate on succinic dehydro-
genase obtained from rat liver has been shown in table

In this case too, benzoate showed slightly more inhibitory
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Table—-29

Effect of benzoate and sorbate on succinic dehydrogenase

of Saccharomyces cerevisias 12180B at pH 7.7.

- 1 .............................................

Concentration of Percent Percent
benzoate or inhibition inhi bition
sorbate by benzoate by sorbate
(mMm)

2 6.6 5.A

4 11.5 10.0

8 177 15-2

12 21.9 19-8

16 27.5 25.5
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Table—-30

Effect of benzoate and sorbate on succinic dehydrogenase

of SaccharomYces bailii at pH
Concentration of Percent Percent
benzoate or inhibition inhibition
sorbate by benzoate by sorbate
( mK )
2 6.9 5.6
4 11.4 9-8
8 14.9 15.1
N2 21.9 19-7

16 27.9 25.2
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Effect of benzoate and sorbate on succinic

of rat liver at pH 7*"

Concentration of

benzoate or

sorbate
iron)
2
4
8
12
16

118

Table-31

Percent
inhibition

of benzoate

11.5

14.8

22.0

27.8

dehydrogenase

Percent
inhibition

by sorbate

5.6

10.0

15.2

19.8

25.2
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action on the enzyme than sorbate and inhibition increased
with increasing concentrations of the inhibitors. By compa-
ring the data in tables 29,50 and 31, it can be concluded

that benzoate and sorbate possess similar inhibitory action

on the enzyme irrespective of the source of the enzyme.

The Michaelis—Menten constant (Km) values of the
enzyme from the yeasts and rat liver and the inhibitor
constants (K”) of benzoate and sorbate were determined by
plotting the reciprocals of succinate concentrations against
the reciprocals of velocity per minute (Jfigs .23,24,25), 0.5
0.5, 0.7, 0.9 and 1.1 mM sodium succinate and 4 mM benzoate
and 8 mM sorbate were used for the determination of Km and

values. The values of the enzyme from Saccharomyces
cerevisiae X2180B, Saccharomyces bailii and rat liver were
1.0 x 10*"%, 1.0 x 10“% and 1.1 x 10“% respectively (figs,
25,24,25). The values were close to the values reported by

Singer et al, (1-1.2 x 10“% )"~ for Baker's yeast and

Ackermann and Polter (1.3 x 10"%)~""™ for rat 1 i v ¢ r . K)
vcilues b e CQlco«.l«leo”
mrom nNy3ur s txse.re, 1'Ixlo a.hd-

(Yy—e S C.idV'efr .
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— -1
L(m MOLES/LITRE)

Fig. 23. NON-COMPETITIVE INHIBITION OF SUC-
CINIC DEHYDROGENASE FROM SACCHA-
ROMYCES CEREVfSJAE XZIS8QB BY
BENZOATE AND SORBATE.OOQ: CONTROL-
AANAF 4AmM BENZOATEAA-AA‘8mM
SORBATE.
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1 -1 -1
(m MOLES/LITRE )

fig. 24. NON-COMPETITIVE INHIBITION OF SUCCI-
NIC DEHYDROGENASE FROM SACCHARQ-
MYCES BAILII BY BENZOATE AND

SORBATE.OOO CONTROL,;
4mM BENZOATE. 8 MM SORB'ATE.
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fig.25. NON-COMPETITIVE INHIBITION OE SUCCINIC
DEHYDROGENASE FROM RAT LIVER BY
BENZOATE AND SORBATE.OOOCONTROL;
4mM BENZOATE;AAA:8 mM

SORBATE.
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6. SUMMAEY AND CONCLUSION

Although most of the yeast strains are inhibited at
lower concentrations of benzoate and sorbate, yet some of
them are resistant at these concentrations. Literature suggests
that metabolic degradation of preservative, restricted uptake
of preservative or adaptation to inhibitor may account for
the development of resistance iIn yeasts. However, the present
study has been made to elucidate the action mechanism of
benzoate and sorbate in yeasts. To carry out the study six
yeasts, namely, Saccharomyces cerevisiae X2180B, Saccharomyces
bailii, Schizosaccharomyces pombe 7370, Hanseniaspora uvarum.
Pichia membranaefaciens and Candida krusei were selected,The
yeasts were obtained from the School of Pood Technology, the
University of Hew South Wales, Australia. The points studied
of the project were: efficiency of different media for yeast
growth, effect of concentrations of the inhibitors on yeast
growth, viability of benzoate and sorbate—stressed yeasts,
induction of resistance in yeasts towards benzoate and sorbate,
uptake of benzoate and sorbate by yeasts, effect of time and
pH on the uptake, uptake by yeast cell wall, uptake by adapted
cells, inhibition of sulfhydryl enzymes by benzoate and

sorbate and their nature of inhibition.

Efficiency of three solid media, that is, yeast

nitrogen base with glucose and agar (YNBGA), malt extract
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agar (MEA) and acidified malt extract agar (AMEA) were tested
for their growth response to the yeasts. On the basis of the
results, AMEA was selected as solid medium and yeast nitrogen

base with 2% glucose was used as ligxiid medium.

Effect of different benzoate and sorbate concentrations
was tested on the yeasts of different species. On the basis of
the results, two representative yeasts were selected for the
major part of the project. The yeasts were Saccharomycea
cerevisiae and Saccharomyces bailii, The former is a
preservative sensitive yeast and the latter is a preservative

resistant yeast.

Viability of benzoate and sorbate—stressed yeast cells
was examined and the results showed that at the minium inhibi-
tory concentration levels of both the preservatives more than
90% of the cells showed viability by plate counting. This
shows that at the minimum inhibitory concentrations the inhi-
bitory action was mostly static in both the cases. On the =
other hand, at higher concentrations the cidal action gradua-

Ily increased with the time of exposure to the preservatives.

The yeasts were subjected to induction of resistance
in them towards benzoic and sorbic acids in order to examine
whether they are capable of increasing tolerance towards the
inhibitors or not. The results showed that the sensitive yeast

Saccharomyces cerevisiae X2180B was incapable of adaptation
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towards M ~er concentration above the minimum inhibitory
concentration. The resistant yeast, Saccbaromyces bailii

was also incapable to become more resistant by the method
of training to adaptation. This suggests that the yeast is

a natural resistant yeast.

Results on the uptake of benzoate and sorbate by
yeast cells showed that uptake of the preservatives followed
cell and inhibitor concentrations but uptake by the resis-
tant yeast, Saccharomyces bailii was less than that by the
sensitive yeast, Saccharomyces cerevisiae 22"180B at all
levels of concentrations. It has been observed that transfer
of benzoate and sorbate from suspending medium to the cells
increased with increasing inhibitor concentrations in the
medium. However, at higher inhibitor concentrations, the
relative increase in uptake was not linear. That at 1 mwv
benzoate, uptake by Saccharomyces cerevisiae X2180B was 32 y~/
5 mg cells, whereas at 10 mM benzoate the uptake was 170.5 =>ig
(fig.5). Results on the uptake as a function of time by
Saccharomyce8 cerevisiae X2180B and Saccharomyces bailii have
revealed that both the yeasts were fast uptaker of benzoate
and sorbate. The yeasts attained saturation in uptake in
about two minutes and after that the uptake remained static

(figs. 7 and 8).
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Effect of pH on the uptake was investigated and it
was found that the uptake of benzoate and sorhate increased
with decreasing values of pH (figs. 9 and 10). At higher pH
of 6,5 and 7*0 uptake of benzoate and sorbate was practically
nill. This s\aggests that only the undissociated molecules of

L PIx p>l4
the inhibitors are transferred to the yeast cells. ’ ’

215,216,217

Results on the uptake of benzoate and sorbate by the
Saccharomyces cerevisiae Z2180B and Saccharomyces bailii
cell walls revealed that no uptake occurred by the cell
walls. To varify probable inhibitor adsorption on solid
structures of the cells an experiment was performed in which
the centrifTiged cells after exposure to the inhibitors were
resuspended in citrate—phosphate buffer with shaking. An
immediate release of benzoate and sorbate was observed by the
cells into the suspending medium (figs, 11 and 12), But the
released quantity was not equal to the initial uptake which
suggests that some fraction of the total laptake was iIn
dissolved condition and the released quantity was adsorbed

by the cytoplasmic membrane.

Further, uptake of benzoate and sorbate by adapted
yeast cells was measured. The word ‘adapted* indicates that
the cells were grown in the medium containing sublethal

concentration of benzoate or sorbate. From the results it was
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apparent ttiat sorbate—adapted cells consequently aocumulated
more benzoate than the benzoate—adapted cells from benzoate
solution (figs, 15 & N~ 18). Similarly, benzoate-—
adapted cells accumulated more sorbate than the sorbate—
adapted cells from sorbate solution (figs. 15 & 16; 19 & 20).
This clearly indicates that besides common cellular targets,

benzoate and sorbate have their own specific targets.

Another observation made in the same experiment was
that the cells initially adapted with higher concentration
(1 mM) of sorbate, subsequently took up benzoate from a lower
concentration (0.5 niM) of benzoate with simultaneous release
of sorbate in the suspending medium (fig. 21), But in the
reverse situation, benzoate was not released by the benzoate-—
adapted cells. Also, the cells initially adapted with lower
concentration of sorbate (0,25 niN) subsequently took up
benzoate from a higher concentration(l mM) of benzoate with

no release of sorbate in the medium,

A few explanations can be put forward for the above
behaviour of unilateral displacement of sorbate by benzoate,
Firstly, benzoic acid due to its greater affinity for lipid

198, 199 may have greater effect on the common

and protein
cellular targets than sorbic acid with consequent displacement

of sorbic acid from its sites of accxamulation. Secondly,d\iring
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adaptation in low concentration of sorbate, internal

sorbate pool in the cells was low and due to concentration
gradient”™” sorbate could not come out against the higher
concentration of benzoate in the medium. However, in all the
inhibitor uptake experiments, it was observed that benzoate
uptake was always higher than sorbate uptake by the yeasts,
Saccharomyces cerevi siae Z2180B and Saccharomyces bailii

and uptake of both the inhibitors by Saccharomyces cerevisiae
X21SOB was always higher than that by the resistant Saccha-—

romyces bailii.

Benzoic and sorbic acids were tested on six sulfhy-—
dryl enzymes in crude extract. Literature shows that only two
out of the six enzymes (yeast) under the present investigation
was tested with sorbic acid. The tested enzymes were glycera-—

N

Idehyde—3—phosphate dehydrogenasel 1and alcohol dehydroge-—

nase,l"2 None of the six enzymes of yeast origin was tested

with benzoic acid.

To examine the effect of the inhibitors on enzymes
from different sources one of the enzymes, namely, succinic
dehydrogenase was extracted from two sources. The sources
were yeast and rat liver. Inhibitory action as well as nature
of action, that is, competitive or non—competetive, was tested

on this enzyme.
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Thie results showed that benzoate and sorhate partially
inhibited the activities of all the enzymes. A few data obtain-
ed under a particular experiment are cited as follows: at pH
6.0 and 2 mM inhibitor concentration, 6-phosphogluconic dehy-
drogenase activity of Saccharomyces cerevisiae X2180B was
inhibited by benzoate and sorbate to the e:xtents of 12.7 &
10.0% (table 15) respectively. Similarly, activity of glycer-
aldehyde—-5-phosphate dehydrogenase, alcohol dehydrogenase,
aspartase and fumarase of the same yeast was inhibited to the
extents of 5.6 & .0 (table 17), 7-9 & 6.8 (table 19)» 8.5 &

7.7 (table 21) and 16.7 & 10,4~ (table 23) respectively.

Inhibitions of the same enzyme activity of the resis-
tant Saccharomyces bailii were 12.1 & 10,8 (table 16), 5*7 &
4.2 (table 18) 7-8 & 7.0 (table 20), 8.5 & 8.0 (table 22) and

16.8 & 10.5% (table 24) respectively.

At pH 7-4 activity of succinic dehydrogenase of
Saccharomyces cerevisiae Z2180B, Saccharomyces bailii and
rat liver was inhibited by 4 nH benzoate and sorbate to the
extents of 11,5 & 10.0 (table 29), 11,4 & 9.8 (table 50) and

11,5 & 10.0% (table 51) respectively.

Nature of inhibition by benzoate and sorbate was
tested on the enzyme succinic dehydrogenase of yeast as well
as rat liver. The inhibitory action of benzoate and sorbate

was independent of the source of the enzyme.
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The nature was found to be of non—-competitive type in both
the cases and the K1 app values of benzoate and sorbate vei

1.1 x 10 and 1 i 10 respectively.
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CONCLUSION

On the basis ofthe investigations carried out and

results obtained the following conclusions can be drawn

1, Transfer of benzoate and sorbate from the suspending
medium to the yeast cells takes place at low pH values rang-
ing from 2,0 to 5*5 and at pH values 6,5 to 7*0 transfer is

practically nil,

2, In acidic media, benzoate and sorbate exist largely
in undissociated forms and only the undissociated molecules

are transferred to the cells,

3, Inhibition is directly proportional to the quantity

of benzoate and sorbate transferred to the cells,

4, Uptake increases with the increasing concentrations

of inhibitors and decreases with increasing values of mediapH,

5, Adsorption of the inhibitors does not take place on
the cell wall, presumably a portion of them adsorps on the
cytoplasmic membrane and the remaining portion dissolves in

the fluid phases,

6, Adapted cells uptake less inhibitor than the unadapted
cells and sorbate adapted cells release sorbate in the meditim

containing benzoate.
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7. Resistance of Saccliaromyces bailii is due to restricted

uptake of the inhibitors,

8. Mode of action of these two inhibitors lies in the
inhibition of enzyme activities of the yeasts, particularly
the sulfhydryl enzymes. Benzoate is slightly more inhibitory

than sorbate and the inhibition is non-competitive,

9. Benzoate and sorbate action on the enzyme is indepen-

dent of the source of the enzyme.
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Appendir-I

Efficiency of media for the Krowth of Hanseniaspora uverum

as indicated by plate courit

Time of exposure ' Plating media
XZL UUXXCX e r— - 1 1
(hrs) i INBGA i MEA i AMEA
j pH 5.5 1 pH 5.5 I pH 5.5
1 .
Cell counts X 10W_
0 4.072 4.011 3.891
1 3.778 5.752 3.753
3 3.650 5.608 3.576
5 5.512 3.483 3.460

8 5.564 3.318 3.248
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Appendix—2

Efficiency of media for the growth of Pichia membranaefaoiens

as indicated by plate counts.

Time of exposxire |

in buffer £
(hrs) T YNBGA
0 3.859
1 5.750
3 5.706
5 5.552
8 5.-"16

Plating media

AMEA
pH 3.5

Cell counts X 106 U —

5.775

5.718

3.655

5.527

5.A02

5.711

5.644

3.598

3.456

5.577



Dhaka University Institutional Repository

15~

Appendix—~

Efficiency of media for the growth of Schizosaccharomycea

pombe as indicated by plate counts.

Time of exposure Plating media
in buffer
(hrs)

Cell counts X 10

0 5.875 5.860 5.810
1 5.775 5.755 5.720
3 5.718 5.687 5.675
5 5.580 5.555 5.507

8 5.4-55 5.404 5.581



Dhaka University Institutional Repository

155

Appendiy—-~

Efficiency of media for the growth of Candida krusei

as indicated by plate counts*

Time of exposure | Plating media
in buffer
(hrs) TNBGA AMEA
pH 5.5 pH 3.5

Cell counts X 10°/th/ -

0 4.227 4.185 4.051
1 4.003 3.960 5.912
3 3.608 3.459 3.425
5 5.486 3.407 3.813

8 3.211 3.182 5.042
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