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CULTIVATION OF SUSPENDED CELL CULTURES AND BIOFILM OF 
ACIDITHIOBACILLUS FERROOXIDANS JCM 3863 IN PRESENCE OF 
COPPER IONS AND HIGH CONCENTRATIONS OF FERROUS IONS 

Kristina Lazarova, Vyara Mamatarkova 

Abstract: Bacteria Acidithiobacillus ferrooxidans are implemented usually in many biotechnological processes as 
bioleaching of metals from low grade ores and in some processes with ecological importance as purification of waste 
waters and gases, removal of metals from solid wastes.  
Suspended cultures and biofilm of Acidithiobacillus ferrooxidans JCM 3863 were cultivated in two media – with 15 and 
18 g/l initial concentration of iron ions. Biofilm and suspended cultures have been cultivated in five consecutive cycles 
in each nutrient medium in presence of 5 g/l copper ions to complete oxidation of ferrous to ferric ions. In the end the 
biofilm thickness has been determined.  
Mean rates of oxidation were compared for each cycle of cultivation. In consecutive cultivation of suspended cells and 
biofilm in medium 15K after addition of copper ions the mean rates decrease in first three cycles, after that they 
increase in cycles 4 and 5. In consecutive cultivation of suspended cells in medium 18K the mean rates are different for 
all cycles. In biofilm in medium 18K after addition of copper ions there is decrease of mean rates compared to the first 
cycle, but they stay constant in the next cycles. Comparison of mean rates of ferrous ions oxidation shows that in 
biofilm they are higher than in suspended cultures. 
From results of presented research we can make the conclusion that the biofilm is better than suspended cells for 
industrial biotechnological processes in presence of copper ions and high concentrations of ferrous ions. 
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INTRODUCTION 

Modern society is impossible without information 
technology. But they generate a large amount of solid 
waste that are dangerous source of pollution. At the 
same time they represent a valuable secondary raw 
material for the production of plastics and metals. 
Recycling of electronic waste is an important activity 
not only in terms of their treatment as waste, but also to 
extract valuable components and energy savings [1, 2]. 
Biotechnological methods for extracting metals from 
secondary sources of raw materials does not require the 
incorporation of large amounts of energy to ensure the 
high temperatures and generate relatively small amounts 
of waste which are non-toxic [3]. Mainly involved in 
these processes is genus Acidithiobacillus - species 
Acidithiobacillus ferrooxidans and Acidithiobacillus 
thiooxidans [4, 5]. Research conducted by 
Acidithiobacillus ferrooxidans JSM 3863 demonstrates 
their possible application for leaching of copper from 
printed circuit boards [6], copper and PMG (platinum 
and palladium) from automobile exhaust converters [7, 
8] and hight resistance to presence of toxic metal ions as 
nickel, cobalt [9] and silver [10]. Bioleaching rate 
depends upon the concentration of ferric ions in the 
solution therefore of practical interest are studies 
related to the behavior of Acidithiobacillus 
ferrooxidans at higher initial concentrations of iron, 
and the possibility of their adaptation to them. It has 
been found that the biofilm of these bacteria are 
more resistant to high concentrations of ferric and 

ferrous ions [11, 12], as well as other environmental 
factors [13]. It is necessary to investigate bacterial 
oxidation in presence of copper ions and elevated 
concentrations of iron. 

The aim of this work is to investigate in high 
innitial concentration of ferrous ions the bacterial 
oxidation in submerged cultures and biofilm of 
Аcidithiobacillus ferrooxidans JCM 3863 in presence 
of copper ions. 

MATERIALS AND METHODS 

Microorganisms. The experiments were carried 
out with the strain Acidithiobacillus ferrooxidans JCM 
3863 from Japan Collection of Microorganisms. 

Medium. Bacteria were cultivated in liquid media 
[14] with addition of different amount of ferrous ions 
from initial concentrations 15 and 18 g/l – respectively, 
(15K and 18K) liquid media. Biofilm was cultivated in 
the same media after its formation on carriers - 
polyethylene cylinders, in fed-batch [15, 16]. In each 
medium copper ions in concentration 5 g/l were 
added. 

Analytical methods. Concentrations of ferrous, 
ferric ions and total iron were determined 
spectrophotometrically [17].  

Determination of biofilm thickness. Thickness of 
biofilm was determined on the base of dried weight, 
density and area of the carriers [13, 15, 16]. 

Experimental conditions. Acidithiobacillus 
ferrooxidans JCM 3863 were cultivated in shake 
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КУЛТИВИРАНЕ НА СУСПЕНДИРАНИ КУЛТУРИ И БИОФИЛМ НА 

ACIDITHIOBACILLUS FERROOXIDANS JCM 3863 В ПРИСЪСТВИЕТО НА 
МЕДНИ ЙОНИ И ПРИ ВИСОКИ КОНЦЕНТРАЦИИ НА ЖЕЛЕЗНИ ЙОНИ 

Кристина Лазарова, Вяра Маматаркова 

Резюме: Бактериите Acidithiobacillus ferrooxidans се прилагат в много биотехнологични процеси като 
биоизлугване на метали от нискокачествени руди и в някои процеси с екологично значение като пречистване на 
отпадни води и газове, отстраняване на метали от твърди отпадъци. 

Суспендираните култури и биофилмът на Acidithiobacillus ferrooxidans JCM 3863 са култивирани в две 
среди - с 15 и 18 g/l начална концентрация на железни йони. Биофилмът и суспендираните култури са 
култивирани в пет последователни цикъла във всяка хранителна среда в присъствие на 5 g/l медни йони, до 
пълното окисление на железните йони. Накрая е измерена дебелината на биофилма. 

Средните скорости на окисление бяха сравнени за всеки цикъл на култивиране. При последователно 
култивиране на суспендирани клетки и биофилм в среда 15К след добавяне на медни йони средните скорости 
намаляват в първите три цикъла, след това  се увеличават в цикли 4 и 5. При последователно култивиране на 
суспендирани клетки в среда 18К средните стойности са различни за всички цикли . В биофилм в среда 18K 
след добавяне на медни йони има намаляване на средните стойности в сравнение с първия цикъл, но те остават 
постоянни в следващите цикли. Сравнението на средните стойности на окисление на железни йони показва, че 
при биофилмите те са по-високи, отколкото при суспендираните култури. 

В резултат на представеното изследване може да се направи заключение, че биофилмът е по-подходящ за 
промишлени биотехнологични процеси в присъствие на медни йони и високи концентрации на железни йони. 
Ключови думи: Acidithiobacillus ferrooxidans, биофилм, медни йони, висока концентрация на железни йони 
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