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Characterization of Bacteria-Mineral Interaction 
Using the TLS 14A1 IR Microspectroscopy Beamline
Micro-colonization of arsenic-resistant Staphylococcus sp. As-3 on arsenopyrite (FeAsS) and 
identification of functional groups that drive bacteria-mineral association in nature.

Fig. 1:  Staphylococcus sp. As-3 micro-colonization on a FeAsS surface (scanning 
electron microscope observations). [Reproduced from Ref. 3]

Fig. 2: Synchrotron-radiation FTIR analysis of bacteria exposed to various arsenic 
conditions: bacterial cell exposure to various arsenic species. [Reproduced 
from Ref. 3]

T he contamination of groundwater by geogenic 
arsenic (As) is a global environmental hazard that 

affects the health of millions of people each year. Ar-
senic under sedimentary conditions occurs naturally 
as a metalloid that is present at large concentrations 
in geological units enriched with arsenic-containing 
sulfide minerals. Their biogenic transformational fate 
is, however, vaguely understood. Unique interactions 
between the minerals and the microbes play a signifi-
cant role in mineral dissolution and weathering pro-
cesses.1 It is hence essential to understand the biolog-
ical interactions and fate of arsenic-containing pyrites 
under subsurface conditions. Whereas the release 
of As from oxidative dissolution of pyrite has been 
extensively explored, the fate of arsenic-containing 

imaging with IR focal plane array (FPA) mapping of 
a micro-colonized region of FeAsS was undertaken 
to explore the possible bridging forces enabling and 
maintaining this critical bacteria-mineral interaction.

The functional groups associated with As-3 cells 
exposed to various arsenic species and arsenopyrite 
were characterized with a synchrotron-based Fouri-
er-transform infrared (SR-FTIR) microspectrometer. 
The unexposed As-3 cells showed the typical charac-
teristic infrared absorptions of protein amide I and 
amide II bands at 1650 and 1550 cm-1, respectively, 
which were obvious under all arsenic exposure con-
ditions (Fig. 2). Under all three conditions of arsenic 
exposure, arsenic-exposed bacteria demonstrated a 

pyrites under anaerobic mi-
crobe-mineral interactions is un-
clear. Bacteria and mineral surface 
functional groups play a critically 
significant role in the stabilization 
of bacteria-mineral interactions 
and mineral weathering. 

In this work, we explored the 
subsurface biomatrix of the most 
abundant As mineral, arsenopy-
rite (FeAsS). Through bacterial 
adhesion on the surface of a toxic 
mineral, we showed that an ar-
senic-resistant Staphylococcus sp. 
As-3 micro-colonized on FeAsS 
(Fig. 1) could drive the solubiliza-
tion of arsenic under anoxic con-
ditions. 

Jagat Rathod and Jiin-Shuh Jean 
from National Cheng Kung Uni-
versity and Yao-Chang Lee (NSR-
RC) in joint efforts utilized the 
IR-microspectroscope platform at 
TLS 14A12 to elucidate various 
functional-group signatures asso-
ciated with arsenic species such as 
As(III) and As(V), as well as FeAsS 
exposure to arsenic-resistant 
Staphylococcus sp. As-3. Chemical 
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Fig. 3: Infrared (IR) microscopic images of a bacterial micro-colony on arsenopy-
rite demonstrating the various components of the cell, such as the cell wall 
(1072 cm−1), protein (1665 cm−1) and lipid (2825 cm−1) FPA.  [Reproduced 
from Ref. 3]

decreased intensity of the amide bands of a protein 
relative to that unexposed to bacteria. Furthermore, 
responding to arsenic exposure, the intensity of the 
glycosidic bond C-O-C of polysaccharide at 1085 cm-1 
and lipid-dominant characteristic absorption lines at 
2815 cm-1  (methoxy, methyl ether OCH3), 2960 cm−1 
(methyl group), 2925 cm−1 and 2850 cm−1 (methylene 
group) were more intense than those for the unex-
posed cells (Fig. 2). All bacterial samples also showed 
an absorption at 1085 cm-1 that was attributed to the 
νs (PO2

-) mode of the DNA/RNA, an absorption band 
at 1241 cm-1 assigned to νas (PO2

-) of the DNA/RNA 
molecules, an absorption band at 1395 cm-1 assigned 
to the bending vibration of the methyl group and an 
absorption band at 3300 cm–1 assigned to the (-NH) 
stretching vibration of amide A of a protein.3 A broad 
band about 3445 cm-1 is associated with the peptido-
glycan specific –OH stretching vibration of polysac-

charide of the cell wall, indicating that polysaccha-
rides could play an important role in the adhesion of 
arsenopyrite by the As-3 isolate (Fig. 2).

Additionally, SR-FTIR spectral images were construct-
ed based on the peak height of the characteristic 
absorption of the functional group corresponding 
to specific cellular components, such as absorption 
of the amide I band of proteins at 1665 cm-1 and the 
lipid-dominant absorption (νs CH2) at 2825 cm-1  of 
the bacteria bound to the arsenopyrite. Upon adhe-
sion to FeAsS, the biomolecular phosphorus group 
resulted in a strong absorption band at 1072 cm-1, 
indicating the formation of P-OFe bonds for bacteria 
adhering to the mineral surface (Fig. 3). This observa-
tion corroborates previous work on the bacteria-min-
eral interaction.4 In the future, we believe that chem-
ical imaging of the section focal plane that provides 

a better resolved interface region 
between bacteria and mineral 
could further enhance our under-
standing of life on surfaces.

The use of SR-FTIR spectra and 
FPA mapping could be pivotal in 
extending the spatial chemical 
characterization of biological 
interactions occurring in nature 
(e.g. biofilm or micro-coloniza-
tion) or under controlled labora-
tory conditions (e.g. microcosm). 
Along with physical mapping 
with an atomic-force microscope 
(AFM), elemental mapping with 
scanning electron microscope 
(SEM) or transmission electron 
microscopy-energy dispersive 
X-ray spectroscopy (TEM-EDS), 
or microscopic isotope-signature 
mapping with nano-secondar 
ion mass spectrometry (SIMS), 
we foresee the future utility of 
IR-microscopy to elucidate spatial 
functional-group mapping on 
a microscale. Combining these 
high-resolution physical and 
chemical imaging techniques 
holds a path forward to an inclu-
sive characterization. (Reported 
by Yao-Chang Lee)

This report features the work of 
Jagat Rathod and his collaborators 
published in Sci. Total Environ. 
669, 527 (2019). 
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TLS 14A1   BM — IR Microscopy
•  SR-FTIR, FPA Mapping
•  Bacteria-mineral Interaction, Arsenopyrite (FeAsS), 

Micro-colonization, Chemical Imaging
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Microplastics at the Northern Coast of Taiwan
Micro-colonization of arsenic-resistant Staphylococcus sp. As-3 on arsenopyrite (FeAsS) and 
Microplastic pollution is a global issue and greatly affects the environment in which we live. 
Synchrotron-based infrared microspectroscopy provides a precise identification of microplastic. 

T he purpose of the invention of plastic bags in 1959 was to save the planet. Nowadays, it is ironic that plastic 
pollution is growing as a result of the plastic industrial development. According to a document of the World 

Health Organization (WHO), microplastics have been found in our living settings and even in food, of which the size 
of tiny plastic fragments less than five millimetres is defined as microplastics. If the size is larger than 150 microme-
tres it is unlikely to be absorbed in the human body, whereas the uptake of smaller particles is a small possibility 

Fig. 1: Maps of the study area and transects within Wanli Xialiao Beach near Jinshan, 
New Taipei City, and northern Taiwan. (a) Map of northern coast of Taiwan 
with a rectangle showing the study areas. (b) Map of northern Taiwan with the 
location of Jinshan, as well as locations of four beaches (Shalun, Baishawan, 
Waimushan, Fulong) that were sampled for microplastics. (c) Detailed map of 
the study area. The locations of the investigated transects on Xialiao beach 
are indicated with red dots. Numbers 1 to 4 represent transect 1 to transect 4. 
[Reproduced from Ref. 1]

according to WHO investigations. 

Based on the growing microplastic 
problem, a research team of Taipei 
Medical University, National Tai-
wan University and National Sun 
Yat-sen University investigated 
since early 2015 the microplastic 
and mesoplastic pollution of an 
area of Wanli Xialiao Beach near 
Jinshan in northern Taiwan using 
SR-FTIR microspectroscopy and 
ATR-FTIR microspectroscopy. The 
research team studied a sand 
sample of depth under 1 cm from 
the surface that was collected in 
a systematic manner. In total 80 
samples were collected along four 
transects; the plastic particles (≥ 
1 mm) were extracted and quan-
tified. In total, 1939 microplastic 
particles were recovered, with an 
average 96.8 particles per square 
metre. Statistical analysis showed 
that the backshore had signifi-
cantly more microplastic particles 
than the supra littoral or intertidal. 
Approximately 6.8 million plas-
tic particles (≥ 1 mm) weighing 
about 250.4 kg were estimated in 
the surface layer of Wanli Xialiao 
Beach on extrapolating the num-
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