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The growth and fermentative ability of the yeast Kluyveromyces 
fragilis CBS-397 depending on the kind of medium and the degree of 
its contamination with mercury was studied. The ahility to bind (ac
cumulate) considerable quantities of mercury by yeast cell biomass was 
observed. 

INTRODUCTION 

The constant growth of industry, ,chemization of agriculture and ex
P~nsion of mostorization result in an unc-ontroled polution of man's en
vironment with heavy metals. The toxic metals in the environment's bio
geochemical cy.cle are consumed by pla,Illt iand m.1croorganisms ,and passed 
?n to man via the food chain. The metals tend to accumulate in vitally 
unp~ant organs in man's organism triggerin.g chronic toxic effe:·cts. 

~icroorganisms play an important role in cleaning environments con
:rnmated with heavy metals. It is known that heavy metals ~y inhibit 

e ~owth of microorganisms (c-ell divisi-on inhibition) or d1srupt the 
;~urse of f,erm,entative pro,cesses i,mportant in priaictioal applioations. On 
be ot~er hand, mioroorganisms are capable of detoxifying heavy metals 
; their biotransformató.•on ,oir by bonding them, i.e. by "seizing" them 

orn the substrate. The detoxification proc-esses are directly related to 

·------*) Th · b" th e w.ork was partly financed by the government program (09.3) coordinated 
" e In t" t s 1 ute of Plant Protection Poznań. 
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the phenomenon of the microorganisms' immunity to relatively high con
centcr-ations of heavy metals [3, 7] . 

The aim of the present study w,as the determination of the effect of 
mercury contamination of the substrate on the growth and fermentative 
activity of the yeast Kluyveromyces fragilis. Also studied was the phe
nomenon of bonding and accumulation of mercury by yeast cell biomass. 

MATERIAL AND METHODS 

The yeast Kluyveromyces fragilis CBS-379, capable of fermenting 
lactose, were kept on agar slants : yeast water, peptone 0.50/o, lactose 40/o, 
agar 2.5°/o, pH 5.8. The yeast water was prepared as fellows: 1000 ml of 
distilled wateT was added to 0.5 kg of bake~'s yeast and heated for 20 młn 

in an autoclave at 1-at overpressure; after cooling, the flask containing 
the yeast suspension was placed in a refrigerator and stored till the next 
day. Yeast water (supernatant) was obtained afte~ ,centrifuging the pre
cipitated sediment. 

Experimental cultures were grown on a whey medium (acid-rennin 
whey oontaining 4.2-4.60/o 1aotose ; K 2HPO4 - 0.50/o, KH 2PO4 - 0.25°/0, 

(NH4/2SO4 - 0.51ł/o) and on malt wort (7° Baling). 
Partia! deporteinization of whey was done by heating it twice for 

30 min in a Koch apparatus at pH 6.0. The sedimented proteins were 
removed by fil tering. 

Mercury was introduced into the medium in the form of the water 
solution Hg/NO3/ 2 •1/2 H 2O (pure) converting doses tnto Hg++ in mgfl 
medium. Yeast cultures in 750-ml Erlenmeyer flasks containing 300 rnl 
medium were maintained on a shaker at 30°C. Ye,ast growth (population 
size) was determined by a dire·ct cell count under a mi~oscope in a Thorn 
chamber, and by determd.nation of d.ry cell mass. The cell biomass was 
sepacr-ated from the liquid substrate by centrifugation at 3000 g, wiasbed, 
weighed and dried. 

Lactose in whey and in postfermentatiion fluids was determined by 
the method of Somogyi ,and Nelson [5, 6]. Mercury in yeast biornasses 
was determined by the method ·of flame,1ess artomi,c 1absorption [1, 4]. .All 
results given in the tables are mean values from at least three rneasu
rements. 

RESULTS AND DISCUSSION 

As we know, the ye.ast Kluyveromyces fragilis is capable of ferm~nt
ing lactose and is used in the pr'loduct.i,on of ~-galactosidase .prepairatioJlS 
and protein preparat.ions (SCP), util:ized for food ,and fodder, using wheY 
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as the culture medium in the process [2, 9-11]. Be a ring in mind also th~ 
practical aspect, we investigated the effect of mercury contamination of 
the substrate on the growth of yeast cell biomass in cultures on whey 
and malt wort media. In cultures on the whey medium the degree of 
lactose attenuation was also determined. The obtained data, presented in 
Table 1, indicate that already at 10 mg Hg++11 medium there occurred 
a marked inhibition of yeast growth, both in the whey and in the malt 
wort medium, with growth in the latter almost completely stopped at 
50 mg Hg++. 

The relatively high biomass yields obtained in the cultures on whey 
medium can be explained by the passing into ·the sediment of a part of 
the whey's proteins precipi,tated during the sterilization of the medium 
and subsequently centrifuged together with the yeast cells. 

In samples with 50- and 100-mg addittons •of Hg++;1, the inhibition 
of yeast growth on the whey medium was accompanied by an almost com
plete arrest of the fermentation process. It was only in samples with 
10 mg Hg++;1 that after a temporary (up to 48 b) inhibition of lactose 
fermentation, the pTocess resumed with increased speed and after 72 h 
~ncubation the degree of attenuabon of lactose was nearly equal ,to that 
in controls without mercury additions. 

The microscopic picture of cul tur es on whey and an mal t w ort was 
similar. Yeast cells in cultures containing growth-inhibiting doses of mer
cury (50 and 100 mg Hg++/}) wer,e unrtypical, small and deformed, filiform. 

Initial assays of mercury in yeast biomass obtained from the culture 
on malt w-ort showed that the studied yeast strain .absorbs considerable 
quantities of mercury from the substrate even when the level of thi:.; 
element in the medium is very low (Table 1). Hence, the amount of m~r
cury accumuLated in the biomass of the still normally developing yeast 
cells (microscope studies) may be very high. 

. This ,phenomenon may be dangerous insofar as yeast is widely used 
in the food and fodder industries. A separate experiment was pe:rformed 
to determi,ne mare precisely the amount of mercury adsor~ed by yeast 
<lepending ·on the de,gree of substrate contamination and -on medium kind . 

. Mercury doses increasing fro-m 0.05 mg to lOJ mg Hg++11 fresh me
diurn were introduced into Kluyveromyces fragilis CBS-397 caltures on 
Whey and on ,malt wort; the additions were made regardless of the "en
dogenous" me~•cury found to occur in •th-e fresh media ( 30 µg n1ercury 1 

Whey and 40 µ,g mercury 1 malt wor,t). After 48-h incubation mercury was 
assayed · · d · th t f ' ' m the oentrifuged and ,washed yeast b1omass an 1n .e pos -
errnentation fluid. 

The obtained results aTe given in Tables 2 and 3. The amount of mer
::: 

0
bonded ~y yeast depended both .on the mercu,ry level in the medium 
n the k1nd of medium. · 
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In control samples c-ontairning no mercury additions it was found that 
in cultures on whey only 16.70/o of the substrate's "endogenous" mercury 
was bonded by the yeast, whereas in malt wort cultures as much as 56.60/o 
of the mereury passed fJ"om the medium to the yeast biomass. In the 
whey cultures the yeast cell biomass bonded from 32.20/o of mercury (at 
0.05 mg Hg++ addition per 1 medium) to 65.30/o (100 mg Hg++ added per 1). 

The biomass of the mialt wort culture, on the otheir hand, bonded from 
58.10/o (0.05 mg Hg++/1) to as much as 82.6°/o mercury in the case of 1 mg 
Hg++ added to 1 1 of the medium. At higher doses of mercury (10, 50 and 
100 mg Hg++ /1) the yeast growth on malt wort was almost completely 
stopped. 

The ·contamination level of yeast biomass from the cultures on whey 
was up to -over 7 mg Hg/ g dry mass, whereas mercilly content in bio
masses from the malt w·ort cultures attained only 0.27 mg Hg/g dry mass 
(foT the addition of 1 mg Hg++ /1 medium). As already mentioned, at hig
her doses of mercury the yeast did not grow on malt wort. In attempting 
to account for the lower "immuniity" of yeast towards mercury in malt 
wort cultures, one must note that the biomass obtarined from the wort 
cultures contained almost exclusively yeast cells, while mare than half 
of the biomass obtained from whey cultures consists of precipitated whey 
proteins. Proteins, as we know, may a1so bond mercury and this may be 
seen as a form of detoxification, ,in this ,case ,of · a fluid substrate for 
yeast [8]. 

The presence of prr--otein oomponents of the medium may thus partly 
explain the greater "immunity" of yeast to the toxic effect of mercury in 
cultures on whey. 

In view of the surprisingly large amoun ts of mercury bonded by yeas.t 
cell biomass, we performed additional experiments with cultures on partly 
deproteinized whey. 

S.tudying the eff eot of mercury -on the growth ,of biomass, the inCI·ease 
of cell number and the degr,ee of lactose attenuation (Table 4), we also 
assayed the amount ,of mercury bonded (accumulated) in t:!le yeast bio
rnass (Table 5). 

In cultu~es with small doses of mercury no ~hanges in fermentation 
acti ·t 1 vi Y (degree of lactose aittenuation) were f.ound and there were a so 
~~ dear ~ifferences in cell biomass a•ccretion. A marked drop in ~ell 

rnass y1•eld together with a slightly lower degree of lactose attenuation 
:egtee Was observed only at the level of 1.0 mg Hg++11. At higer mercury 

oses (10, 50 and 100 mg Hg++ /1 medium) there ,occurred a large decrease 
of cen number (Table 4). Verrv interesting results were obtained for the 
accurn 1 · - J d t · · ed u ahon of mercury by yeast cell biomass in •cultures on epro einiz-

w_hey (Table 5). 
81rnilarly as in the case of non-deproteinized whey (Table 2) the am-

ount of b . onded mercury depended heTe on the amoun t -of mercury in-
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Tab 1 e 4. Effect of diffcrent mercury doscs on growth and lactosc fermentation 
ability of Kluyveromyces fragilis CBS-397 culturcd on shakers on whey medium 
(deproteinized whey); incubation at 30°C for 72 h 

Doses of Hg++ 
(mg/l culture) 

(0.03 mg)•> 

0.05 

0.1 

0.5 

1.0 

10.0 

50.0 

100.0 

Biomass yield 
(dry mass) 

(g/1) 

3.75 

3.79 

3.68 

3.89 

2.83 

1.02 

1.03 

1.63 

•> Mercury found in fresh wbey 

-

Attenuated 
lactose (%) 

99.9 

99.0 

99.0 

99.3 

98.3 

7.2 

7.2 

11.9 

Cell number in ml 
culture 

7.3 X 108 

6.9 X 108 

6.9 X 108 

6.3 X 108 

4.2 X 108 

3.0 X 101 

2.2 X 108 

2.0 X 108 

Tab Ie 5. Bonding of mercury (Hg++) by Kluyveromyces fragi/is CBS-397 cell biomass in culturCS 
on whey medium (deprotcinizcd whey); incubation at 30°C for 72 h 

-
Biomass Assayed mercury content -Doses of Hg++ 

(dry mass) biomass from biomass per cent of bonded 
(mg/I culture) 

(g/1 culture) 1 OOO ml culture (µ.g) (µ.g/g dry mass) mercury 

3.75 3.56 0.95 11.8 

0.05 3.79 52.11 13.75 65.1 

O.I 3.68 69.55 18.90 53.S 

o.s 3.89 384.44 98.83 72.5 

1.0 2.83 784.33 277.15 76.1 ---IO.O 1.02 3 387.38 3 320.97 33.7 ---1.03 18 SSS.14 18 014.70 ~ --
50.0 

100.0 1.63 37 300.64 22 883.84 37.2 

•> Mercury found In frcsh whcy 

b'otiroduoed into the substrarte. The percent ,of mercury bonded. by the 1 

mass increased wri th the incre.ase -of the 1amoun.t of added marcurY but 
-only up to the dose of 1 mg Hg++/1 when the a-ccumulation reached 76010· 
At hight.ltf do,;es auch as 10, 50 and 100 mg Hg++11 the figure drop.ped t~ 
a low 3:ł.7°/o which may be explained by the considerably reduced yeas 
,coll btomass g.rowth. Given the lower biomass yield in yeast cultures oJ1 
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deproteinized whey, there was a large increase of the absolute amount 
of mereury bonded by the yeast per 1 g dry mass: ,it was up to 18.0 mg 
Hg++ lg dry mass of yeast biomass at the dose of 50 mg Hg++ /1 and as 
much as 22.8 mg Hg++ /g dry mass in yeast culture with an addition of 
100 mg Hg++ /1 medium. 

Although in yeast cultures on deproteinized whey containing low mer
cury doses (e.g. 0.5 and 1.0 mg Hg++/) there is no visible drop either of 
the fermentation activity or the biomass yield, over 700/o of the mercury 
nevertheless passes from the medium ito the biomass attaining in the lat
ter levels ranging from over 100 to ca 277 µg Hg++Jg dry mass. 

In the case of direct utilization of yeast biomas as fodder, such a mer
cury contamination may be dangerous. From the ecological point of viiew, 
it would be interesting to uncover ,the mechanism of mercury bonding by 
yeast cells. 

The plianned subsequent stage of these studies will incorporate a bro
ader look at the inte~actions between microorganism, heavy metal and 
environmental faators. 

CONCLUSIONS 

1. The toxicity of mercury towards the investigated yeast depends not 
only on the degree ,of contamination but to a large extent also on the kind 
of substrate. Whereas in cultures on malt wort and partly de~otei.nized 
whey the growth of yeast was inh~bited already when 10 mg Hg ;-+ was 
a~ded to 1 1 of medium, the yeast in cultures .on non-deproteinized whey 
shll continued to develop at the level of 100 mg Hg++/L 

2- An alm.ost complete inhibition of laotose-fermentation ability of 
the yeast Kluyveromyces fragilis CBS-379 occurrired in cu.itures on partly 
d~proteinized whey already when 10 mg Hg++ wer,e added per 1 1 me
dium, whereas in cultures on non-deproteinized whey the effect occurred 
only when the addition was as much as 50 mg Hg++/1 medium. 

3· 1t was found that yeast biomass is able to permanently bond (ac
curnulate) considerable amounts ,of marcury. The leval of accumulated 
rnercury attained 7 mg/g dry mass of yeast obtained from cultures 
on nioin-deproteinized whey, and as much .as almost 23 mg Hg++/g 
dry substance of yeast from cultures on depToteinized whey. 

4· Mercury was f.ound to be present in ithe initial substrates: malt 
Wort (40 µg Hg++ /1) and fresh ·whey (30 µg Hg++ Il). 
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F. Pędziwilk, D. Olejnik, H. Giebel, K. Trojanowska 

WPŁYW RTĘCI NA WZROST DROŻDŻY KLUYVEROMYCES FRAGILIS CBS-379 
ORAZ JEJ AKUMULACJA W BIOMASIE KOMÓRKOWEJ 

Instytut Mikrobiologii, Biochemii i Analizy Żywności, AR, Poznań 

Streszczenie 

Przeprowadzono badania nad wpływem skażenia podłoża rtęcią na wzrost i ak· 
tywność feTmentacyjną drożdży Kluyveromyces fragilis CBS-379. Przedmiotem ba· 
dań było również zjawisko wiązania i akumulacji rtęci przez biomasę komórek 
drożdżowych. Hodowle doświadczalne drożdży prowadzono na pożywce serwatko· 
wej (serwatka nieodbiałczona oraz częściowo odbiałczona) i na brze<:zce słodowej. 
Stwierdzono, że toksyczność rtęci względem badanych drożdży zależy nie tylko od 
stopnia skażenia, ale również w znacznej mierze od rodzaju podłoża. Gdy na przY· 
kład na brzeczce słodowej oraz serwatce odbiałczonej wzrost drożdży był hamowanY 
już przy 10 mg Hg++ na litr, to w hodowlach na serwatce nieodbiałczonej drożdże 
rozwijały się jeszcze przy zawartości 100 mg Hg++ na litr pożywki. Prawie całko· 
wite zahamowanie zdolności fermentowania laktozy następowało przy 10 mg gg++ 
na litr w hodowlach na serwatce odbiałczonej i dopiero przy 50 mg Hg++ na utr 
w hodowlach na serwatce nieodbiałczonej. Stwierdzono, że biomasa drożdżowa rna 
zdolność wiązania (kumulacji) znacznych ilości .rtęci. Poziom związanej rtęci dochO· 
d7.ił do 7 mg na gram suchej masy drożdży uzyskanych z hodowli na serwatce nieod: 
hiałczonej i aż prawie 23 mg na gram suchej masy drożdży pochodzących z hodowli 
na serwatce częściowo odbiałczonej. 


