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ABSTRACT 

 
The intensification of industrial activity has been greatly contributing with the increase of heavy metals in the 

environment. Among these heavy metals, cadmium becomes a serious pervasive environmental pollutant. The 

cadmium is a heavy metal with no biological function, very toxic and carcinogenic at low concentrations. The 

toxicity of cadmium and several other metals can be mainly attributed to the multiplicity of coordination 

complexes and clusters that they can form. Some aspects of the cellular response to cadmium were extensively 

investigated in the yeast Saccharomyces cerevisiae. The primary site of interaction between many toxic metals 

and microbial cells is the plasma membrane. Plasma-membrane permeabilisation has been reported in a variety 

of microorganisms following cadmium exposure, and is considered one mechanism of cadmium toxicity in the 

yeast. In this work, using the yeast strain S. cerevisiae W303-WT, we have investigated the relationships 

between Cd uptake and release of cellular metal ions (K
+
 and Na

+
) using neutron activation technique. The 

neutron activation was an easy, rapid and suitable technique for doing these metal determinations on yeast cells; 

was observed the change in morphology of the strains during the process of Cd accumulation, these alterations 

were observed by Transmission Electron Microscopy (TEM) and Scanning Electron Microscopy (SEM) during 

incorporation of cadmium. 

 

 

1. INTRODUCTION 
 

Pollution caused by heavy metals is now widespread and it is causing serious ecological 

problems in many parts of the world. Cadmium is a heavy metal that occurs naturally at low 

concentrations in soils, rocks, water and biota, but has become a serious pervasive 

environmental industrial pollutant in diverse environment as a result of being used in power 

stations, heating systems, metal working industries, waste incinerators, urban traffic, cement 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

factories and as a by-product of phosphate fertilizers [1] Cd is considered genotoxic and 

carcinogenic for lungs, kidney and prostate [2]. The International Agency for Research on 

Cancer (IARC) classifies cadmium as group I carcinogens [3].  

 

Cadmium is not used in any known biological process that would make it particularly toxic, 

owing  the fact that it can enter in competition with other divalent cations such as calcium, 

magnesium or zinc. There is no specific cadmium import system in yeast; however, Zrt1 

which accumulates zinc [4] was reported to import cadmium efficiently [5]. Addition of 

cadmium to yeast triggers glutathione (GSH) synthesis [6]. The GSH forms complexes with 

cadmium, the bis-glutathionate-cadmium Cd-(GS)2, is a substrate for Ycf1p[7].  

 

In natural environments, sodium belongs to the abundant and potassium to the scare ions. 

However, high internal concentrations of Na
+
 are generally toxic for cells. On the other hand, 

K
+
 is required by many physiological functions (regulation of cell volume and intracellular 

pH, protein synthesis, enzyme activation) and this cation is accumulated in cells at a fairly 

high concentration [8].  Certain heavy metal cations, such Cu
2+

 and Cd
2+

, when accumulated 

by cells it can cause loss of K+ and Na
+ 

then heavy metals may cause lesions in the plasma 

membrane and possibly in the vacuolar membrane. 

 

In the present report we provide further insights in effects of incorporated cadmium on 

morphology, and alterations in the potassium levels and sodium. It was used the neutron 

activation technique for determining the concentration of the metal incorporated by the cells. 

 

 

2. MATERIAL AND METHODS 
 

2.1. S. cerevisiae strain and growth conditions 

 

It was used the wild-type yeast strain W3031A-WT (Can1-100 leu2-3trp1-1ura3-1ade2-

1his3-11,15), a gift from JT Thevelein (KUL-Belgium). Complete glucose medium (YEPD) 

containing 1% (w/v) yeast extract, 2% (w/v) bacto-peptone and 2% (w/v) glucose was used 

for routine yeast growth. The yeast strain was grown at environment temperature and under 

continuous rotation. Thereafter, cells were reinoculated into fresh liquid medium in the 

presence or not of 0,25mM CdCl2 and incubated at environment temperature /160 rpm during 

16 h. 

 

2.2 Cadmium, sodium and potassium determination 
 

Yeast strains were grown to stationary phase as starter cultures in YPDE medium during 16 

hours, collected by centrifuged (10 min 3000 rpm) and ressuspended in a new medium. After 

4 hour, the cells were collected by centrifugation transferred to 100ml of YPDE and divided 

in to 2 parts designated as: no addition (control) and addition of 50ppm CdCl2. The solution 

was filtered and immediately washed 3 times 5 ml of cold water. The pellet was scrapped, 

transferred to appropriate tubes and dried at 70 
o
C during 2 days. The neutron activation 

analysis, k0-method, was applied for determining the Cd, K and Na concentrations in the 

same samples. The cells were weighted in the irradiation vials and, accompanied by standards 

of Cd, K and Na, it was irradiated during 8 h in the TRIGA MARK I IPR-R1 research nuclear 
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reactor, located at CDTN/CNEN, that at 100 kW the average thermal neutron flux is 6.6x10
11

 

n.cm
-2

 s
-1

. The gamma spectroscopy was performed on an HPGe detector with 15% 

efficiency and the peak characteristic of each radionuclide were used to calculate the 

elemental concentration (Cd, K and Na) in accordance with the methodology presented by 

MENEZES[9].  

 

2.3 Electron microscopy observation 
 
The scanning electron microscopy (SEM - JSM-840A Scanning Microscope - JEOL) and 

Transmission electron microscopy (TEM - EM 10 Zeiss) assay were carried out described by 

Li [10]. 

 

2.4 Analysis Statistic 
 

The results had been expressed as average shunting line standard of at least three different 

experiments. The difference in statistics of the results was tested using T Student with 

significant levels of < 0,05. 

 

 

3. RESULTS AND DISCUSSION 
 

The total cadmium uptake and accumulation by living cells is shown in Fig. 1A. Given that 

cadmium is not a nutritional metal ion, it wasn’t expected to find it on cells in physiological 

situation (Control - fig. 1A). Observed that W303-WT cell incubated in the presence of 0,25 

mM of CdCl2 for 16 h reveal incorporation of 930µg cadmium/g cells dry weight. When 

these levels of cadmium were determinated in cells it was observed an increase of 47 % of 

sodium level and 34% decrease of potassium level. 

Brady et al (1994) showed the rapid loss of approximately 70% of cellular potassium during 

Cu
2+

 and Cd
2+

 accumulation. An increase in the potassium levels occurs due to effects of high 

concentrations Cd
2+

 in the plasma membrane’s permeability to potassium. 
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Fig 1: Determination of Cd (A), sodium (B) and potassium (C) 
incorporated by WT cells in absence (control situation) and 
presence of 0,25mM of CdCl2. 

 

Assessment of morphological changes of S. cerevisiae W303-WT in response to cadmium 

was observed by scanning electron micrographs (SEM) and the identification of cadmium 

accumulation within cells was observed by transmission electron microphotographs (TEM) in 

order to investigate the cadmium accumulation mechanisms. The fig. 2 shows images 

obtained using the SEM technique with cells of S. cerevisiae growing in presence (2b) or not 

(2a) of cadmium. The presence of the metal did not induce significant changes in the shape or 

budding of the yeast, although scars can clearly observed on the surface of the cells, even on 

the budding. But it can be observed that wrinkle wall of yeast. Using TEM technique it was 
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observed that the original cell which was not exposed to cadmium. There wasn’t cadmium on 

the cell surface, cell membrane, and cytoplasm. It was observed that the cell shew a dark wall 

and the cell wall of the yeast had a tendency to wrinkle. Organelles within the cell could be 

distinguished. However, when samples of biomass exposed to 0,25mM of cadmium solution 

for 16 hours, it can occur significant darkening of the inner cell, which may be due to 

cadmium staining the components inside the cell. No evident cadmium granular deposits 

were observed to accumulate along the outer surface of the cell wall within the cell (Fig. 3b) 

and it was not possible to distinguish all the organelles within the cell. It was found the cell 

wall thickened and itwas slightly compared with that cell control (without cadmium solution). 

 

 

 
 

Fig. 2. Scanning electron micrographs (SEM) of 
S. cerevisiae showing the yeast growing in the 
absence (a) and presence (b) of cadmium. 

 

 
 

Fig. 3. Transmission electron microphotographs 
(TEM) of S. cerevisiae without (a) and with 
cadmium (b). 

 

 

 

 

 

 

4. CONCLUSIONS 
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• The yeast cells have the capacity to incorporate cadmium; 

• After incorporation of cadmium is increased levels of sodium and decrease in 

potassium levels 

• The presence of the metal did not induce significant changes of shape or budding of 

the yeast, but can be observed that wrinkle wall of yeast. 

• When cells were exposed to 0,25mM of cadmium solution, occurred significant 

darkening of the inner cell, which may be due to cadmium staining the components 

inside the cell and it was not possible to distinguish all the organelles within the cell 
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