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Abstract: The growth and surface properties of new thermoacidophilic Archaea strain Acidianus manzaensis YN-25 isolated from an 
acid hot spring in Tengchong, Yunnan Province, China were investigated cultured on different substrates including soluble substrate 
ferrous sulfate and nonsoluble solid substrates S0, pyrite and chalcopyrite. The growth characteristics of the cells in each substrate 
were characterized with the changes in cell number, pH, Eh, and concentrations of Fe2+ or SO4

2−, or ratios of [Fe2+] to [Fe3+], and the 
surface properties were characterized and analyzed in terms of Zeta-potential, hydrophobicity, and surface FT-IR spectra of the cells. 
The results show that the cells grown on solid substrates have higher value of isoelectric points. They are more hydrophobic and 
express more surface proteins than ferrous sulfate grown cells. 
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1 Introduction 
 

It is well known that bioleaching of metal sulfides is 
an interfacial process comprising the interactions of 
adhered bacterial cells and bacterial extracellular 
polymeric substances(EPS) with the mineral surface 
[1−2]. The primary adhesion of bacterial cells to the 
mineral surface depends on not only the interfacial 
process between the cells and mineral surface but also 
the biochemical properties of cells. Furthermore, it has 
been reported that the surface properties of bacterial cells 
depend on the growth conditions[3−5]. Hence, a better 
understanding of the surface properties of leaching 
bacteria under different conditions is helpful to 
illustrating the interfacial process between cells and 
mineral surface[6−7]. 

The extremely thermophilic microbes have become 
the research hotspot in the recent years because of their 
special living conditions, physicochemical characteristics 
and excellent leaching capability of metal sulfides (e.g. a 
recovery above 90% of copper from chalcopyrite has 
been achieved by acidophilic thermophile Acidianus 

brierleyi[8−10]). Nevertheless, compared with the 
knowledge about the interfacial process of mesophilic 
bacteria such as A. ferrooxidans, only a few researches 
were referred to extremely thermophilic microbes, such 
as the typical archaeal genera Acidianus, Metallosphaera 
and Sulfolobus[11−12]. 

A. manzaensis is a novel thermoacidophilic Archaea 
of Acidianus genus, firstly isolated from a hot fumarole 
in Manza, Japan[13]. The strain A. manzaensis YN-25 
was just isolated from an acid hot spring in Tengchong, 
Yunnan Province of Southwestern China. Bioleaching 
experiment for chalcopyrite indicated it had excellent 
leaching ability, with a copper leaching ratio up to 
79.16% after 24 d. In the present work, the surface 
chemistry of A. manzaensis cells grown under different 
conditions was studied. 
 
2 Experimental 
 
2.1 Strain and culture condition 

The strain A. manzaensis YN-25 was isolated from 
an acid hot spring sample in Tengchong, Yunnan 
Province, China. It was cultured at 65 ℃ in the basal  
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mineral salts medium (JCM 9191T) added with (per liter)  
FeSO4·7H2O 35 g, elemental sulfur 10 g, pyrite 30 g and 
chalcopyrite 30 g, with the initial pH of 1.5, 2.5, 1.5 and 
1.5, respectively. 

The floated grade pyrite and chalcopyrite were 
provided by Institute of Mineral Processing Engineering, 
School of Resources Processing and Bioengineering, 
Central South University, China. The main contents of 
pyrite and chalcopyrite were as follows (mass fraction): 
pyrite (Fe 42.25%, S 48.34%, Cu 0.325%) and 
chalcopyrite (Cu 30.60%, Fe 22.64%, S 29.60%), and 
mineral powders used in the experiments had a size 
distribution of 95% less than 74 µm. 
 
2.2 Cell samples preparation 

Bacterial cells were grown to later exponential 
phase and the cultures were filtered three times through 
filter paper and the filtrate was centrifuged, then the cell 
pellets were washed twice in sulfuric acid (0.1 mol/L) to 
remove any trapped ions. Finally, all the samples were 
freeze-dried and stored at −20 ºC for Zeta-potential and 
FT-IR measurements. 
 
2.3 Zeta-potential measurements 

The Zeta-potential measurements of cells were 
determined by Zeta Potential & Size Distribution 
Analyzer (Delsa 440SX) at a specified pH value. The 
Zeta-potential measurements were conducted on 
bacterial suspensions of 1.0×108 cell/mL with ionic 
intensity of 10−3 mol/L KCl. 
 
2.4 Hydrophobicity measurement of cell surface 

The hydrophobicity of cells in different growth 
period with different energy sources was determined by a 
modified method of ROSENBERG et al[14], SO and 
YOUNG[15] as follows. The cell samples were 
suspended with 5 mL of basal mineral salts in tubes, and 
then the OD600 values of mixture were recorded with 
spectrophotometer (UV−9200). Subsequently, an equal 
volume of hexadecane was added. After rotating for 90 s 
and settling for 30 min for phase separation, the OD600 
values of samples at the bottom aqueous phase were 
recorded, and then the hydrophobicity was calculated. 
 
2.5 FT-IR analysis 

The FT-IR spectra of cells grown under different 
conditions were performed using a Fourier transform 
spectrometer (Nicolet Nexus 670) with diffusion 
reflectance attachment. 
 
3 Results and discussion 
 
3.1 Growth characteristics in different energy sub- 

strates 

The growth characteristics of A. manzaensis YN-25 
in ferrous ions are shown in Fig.1. The growth was 
proportional to the consumption of ferrous ions. Initially, 
the pH value increased due to the consumption of 
protons by the bacteria, and thereafter, it decreased due 
to the abiotic hydrolysis of ferric sulfate. 
 

 
Fig.1 Growth characteristics of A. manzaensis cells grown on 
ferrous sulfate 
 

The growth characteristics of cells in elemental 
sulfur are presented in Fig.2. In the first 36 h, the growth 
rate was similar with that in ferrous sulfate. However, the 
cell density kept on increasing till incubation for 56 h, 
and it was much higher than that in ferrous sulfate. With 
the increase of cell density, the concentration of SO4

2− 
was gradually increased, and the pH values of culture 
solution decreased. 
 

 
Fig.2 Growth characteristics of A. manzaensis on elemental 
sulfur 
 

The growth characteristics of the cells in pyrite are 
shown in Fig.3. The cell number increased with 
incubation time. The pH of culture solution decreased 
continuously (finally down to 1.2 after 12 d). These 
results did not coincide with reported pyrite leaching 
mechanism of ROHWERDER et al[16]. And after that, 
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Fig.3 Growth characteristics of A. manzaensis cells grown on 
pyrite 
 
the cell density came down. 

The growth characteristics of cell grown on 
chalcopyrite are shown in Fig.4. The ratio of Fe3+/Fe2+, 
which was an important parameter, increased with 
incubation time. With the increase of incubation time, the 
Eh value gradually increased from 338 to 559 mV. The 
pH value of the culture solution initially increased 
slightly up to 1.6, due to the consumption of protons. As 
the sulfur released from chalcopyrite was oxidized to 
sulfuric acid, the pH of solution decreased after the 4th 
day. 
 

 
Fig.4 Growth characteristics of A. manzaensis cells grown on 
chalcopyrite 
 
3.2 Zeta potential studies 

The Zeta-potentials of A.manzaensis grown on 
ferrous, sulfur, pyrite and chalcopyrite as a function of 
pH are shown in Fig.5. The A. manzaensis grown on 
ferrous sulfate showed an isoelectric point of pH 2.5. 
However, the higher isoelectric point values were 
observed in the sulfur-grown cells, as well as those in 
pyrite- and chalcopyrite-grown cells. Three solid 
substrate-grown cells exhibited isoelectric point at pH 

3.4−3.7, among which the chalcopyrite-grown ones 
showed the highest isoelectric point value. The 
maximum negative charge occurred at the point of about 
pH 7.5, and the magnitudes were −25, −21, −16 and −7 
mV for chalcopyrite, pyrite, sulfur and ferrous sulfate, 
respectively. These results show that the growth 
conditions significantly influence the net surface charge. 
And the results were similar to the finding of BLAKE et 
al[3], SHARMA et al[5] and NATARAJAN et al[17]. 
Isoelectric point is a parameter indicating the presence of 
functional groups such as carboxyl (—COOH), amino 
(—NH), and hydroxyl (—OH), which are the components 
of cell surface polymers and decide the surface charge of 
cells[18]. So the difference in surface isoelectric point 
indicated that the surface compounds of A. manzaensis 
were significantly different from the culture conditions. 
According to the studies on A. ferrooxidans before, the 
isoelectric point (pH 2.5) of ferrous ions-grown cells 
indicated the existence of significant amounts of 
glucuronic acids or other polysaccharides containing 
negatively charged phosphate and/or carboxyl groups. 
However, the isoelectric point of the others (pH 3.4−3.7) 
perhaps indicated the presence of a —NH3 group on the 
surface, which might mean more proteins were presented 
on the surface of solid substrate-grown cells[4−5, 
19−20]. 
 

 
Fig.5 Zeta-potentials of A. manzaensis grown on different 
substrates 
 
3.3 Hydrophobicity studies 

The results of hydrophobicity of cells grown on 
different energy sources are shown in Fig.6. It is obvious 
that the cells cultured in solid substrate had higher 
hydrophobicity than the cells grown on ferrous sulfate, 
because the latter had a hydrophobicity of 1.2% in 
hexadecane organic phase, compared with the values of 
6.5%, 16.17% and 17.75% of the cells grown on 
elemental sulfur, pyrite and chalcopyrite, respectively. 
Furthermore, the surface hydrophibicity of cells had subtle 
change with incubation time, which slightly increased in 
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logarithmic-phase compared with the lag phase and 
decline phase. The results are in agreement with the 
studies of A. ferrooxidans and A.thiooxidans[4, 17]. Cell 
surface hydrophobicity is an important parameter in 
microbe-mineral interactions relevant to bioleaching. A 
stronger hydrophobicity of solid substrate-grown cells 
may help bacteria to adhere onto substrate, so as to 
facilitate the use of energy source. 
 

 
Fig.6 Hydrophobicity of A. manzaensis cells grown on different 
substrates 
 
3.4 FT-IR studies 

FT-IR spectra of A. manzaensis cells grown on 
ferrous ions, sulfur, pyrite and chalcopyrite are shown in 
Fig.7, and they present generally similar absorption 
features. The bands were assigned according to previous 
reports[5, 21]. Compared with the cells cultured in 
ferrous sulfate, the cells growing on solid substrate 
exhibit very strong absorption bands. A strong band at 3 
300.6 cm−1 and a weaker band at 3 081.6 cm−1 are due to 
asymmetric and symmetric stretching of —NH2 group. 
The bands at 2 960, 2 928.3 and 2 870.5 cm−1 
characterize asymmetric —CH3 stretching, asymmetric 
—CH2 stretching and symmetric —CH2 stretching, 
respectively. Very intense bands between 1 750 and    
1 620 cm−1 are assigned to the —C=O group. The 
intense sharp band at 1 644.9 cm-1 indicates the presence 
of an amide group (amideⅠband). The bands at 1 457.9 
and 1 377.6 cm−1 indicate the presence of —CH3 and  
—CH2 groups. The band at 1 261.5 cm−1 is due to —CH3 
wagging modes. The band at 1 075.9 cm−1 is assigned to 
—CH3 wagging modes. These data indicate that proteins 
are contained on the surface of A.manzaensis. It is 
obvious that solid substrate-grown cells present stronger 
peaks than the cells grown on the soluble ferrous sulfate. 
Furthermore, among the three types of solid 
substrate-grown cells, the intensity of spectra of the 
sulfur-grown cells is weaker than that of pyrite- and 
chalcopyrite-grown cells. It can be concluded that the 
mineral substrate-grown cells have larger amounts of cell 

surface proteins than sulfur-grown cells. And the amount 
of protein on the surface of sulfur-grown cells is higher 
than that on the surface of ferrous ions-grown ones.  
The results of FT-IR spectra are in agreement with the 
results obtained from Zeta-potential and hydrophobicity 
tests. As protein plays an important role in cell 
attachment to substrate[5, 22], the larger amounts of 
proteins contained on substrate-grown cell surface 
indicates much hydrophobic characteristics. The 
different amounts of proteins may account for the 
difference of hydrophobicity and the surface charges 
under different conditions. 
 

 
Fig.7 FT-IR spectra of A. manzaensis cells grown on different 
substrates: (a) Chalcopyrite; (b) Pyrite; (c) Sulfur; (d) Ferrous 
sulfate 
 
4 Conclusions 
 

1) The growth characteristics and surface properties 
of A. manzaensis YN25 cells were much dependent on 
the grown substrates. 

2) The results of Zeta potentials showed that the 
solid substrate-grown cells had clearly higher isoelectric 
point (pH 3.4−3.7), among which the isoelectric point of 
chalcopyrite-grown cells was the highest of pH 3.7. 

3) The results of hydrophobicity showed that the 
solid substrate-grown cells had higher hydrophobicity, 
and the results were in agreement with the result of Zeta 
potentials. 

4) The results of FT-IR revealed that the larger 
amount of proteins was produced on A. manzaensis cell 
surface when cells were grown on sulfur and sulfide 
minerals. 
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