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ABSTRACT

A simple apparatus for harvesting uncultured magnetotactic microorganisms is described. This apparatus
consists of a glass container with two openings. A large opening on the topside is used to introduce the
sediment and water. The sediment and water are previously stored in loosely capped bottles previously
tested for the presence of magnetotactic bacteria. The apparatus is exposed to a properly aligned magnetic
field of a homemade coil and the bacteria are removed through the capillary end of the second opening of the
container. Harvested bacteria can then be used to ultrastrucutral studies using electron spectroscopic imaging.
Large numbers of magnetotactic bacteria consisting of cocci and rod-shaped cells were efficiently collected
from different environments. This apparatus is useful for microbiological studies on uncultured magnetotactic
bacteria, especially in molecular approaches for phylogenetic investigations that give information on the
natural diversity of microbial communities.
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INTRODUCTION The ability to migrate along magnetic field lines can be used

to retrieve magnetotactic cells from the sediment. Several
Magnetotactic bacteria are directly influenced by magnetapproaches were applied to magnetically separate and enrich
fields, specially the geomagnetic field (7). Magnetotactic bactenaagnetotactic microorganisms from sediments (10). The

orient and navigate along magnetic field lines because they prodstaplest way of obtaining magnetotactic bacteria is an
nanometer-sized organelles called magnetosomes. Eatiichment culture, which is obtained by the simulation of natural

magnetosome consists of a magnetic crystal, magneti@)ife niche in the laboratory. In its most common configuration, the
most cases, enveloped by a membrane (14). The numbesediment and the overlaying water collected from a water body
magnetosomes varies within bacteria but usually they form chaiasplaced on a loosely capped bottle and stored for several
that impart cells a magnetic moment that is sufficient to orient theeeks in dim light at appropriate temperature (10). To harvest
cell body with respect to the magnetic field. Magnetotactic bactetize enriched magnetotactic bacteria, a pair of magnets is
occur in a variety of forms that include coccoid, vibroid, and spirillattached to opposite sides of the walls of the bottles and the
Potential biotechnological applications of magnetotactibacteria are removed with a Pasteur pipette and used in

bacteria that take advantage of their magnetotactic behavsobsequent studies (11).

were developed such as the radionuclide recovery from A capillary racetrack method was used to study the movement
contaminated waters (2,3). of magnetotactic bacteria (17) and a special capillary tube was
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used to observe the zone migration in magnetic cocci (&pttle was used for magnetic isolation. Turning the magnet and
Alternatively, several enrichment cultures that use some sortaifserving the reversal of the swimming direction of the bacteria
cultivation were also developed for isolation and phylogenettonfirmed the presence of magnetotactic bacteria.
investigations of magnetotactic microorganisms (15). For harvesting magnetotactic bacteria, we used a specially
Adamkiewiczet al. (1) inoculated a tube containing semisoliddesigned glass device shown in Fig. 1b, which was made from
translucent agar-mud with bacteria. The enriched mediua250 ml Erlenmeyer flask. The glass device presents two holes.
contained microorganisms that formed a stratified layer with tiéne larger hole (Fig. 1b; black arrow) is located in the large top
agar and could be removed for subsequent studies. A meteface of the apparatus and is used to fill the volume with
sophisticated method that involves several steps of incubatisadiment (Fig. 1b, white arrowhead) and water from the enriched
enrichment in medium and isolation from colony formation, buiottle (Fig. 1b, white arrow). A smaller capillary end is located
do not use magnetotaxis was also developed (13). at one of the lateral sides of the device. This end can, in some
Despite their almost universal distribution in aguatic habitatspnfigurations, present an additional chamber filled with filtered
most magnetotactic microorganisms cannot be easily cultivated.
They have proven to be difficult to keep under laboratory
conditions probably because of their demands of stratified
gradients and oxygen concentration for optimal growth (6
Most studies on magnetotactic microorganisms are ¢

-
uncultured samples. Because no strictly selective media e» Q a

for cultivation of magnetotactic bacteria, the effective separatic "“w’ w‘

of these bacteria is critical in their study. We have been usini
procedure that uses a simple homemade coil and a speci
designed glass apparatus to separate a large numbe
magnetotactic microorganisms from enrichment cultures (1¢
Here, we describe this procedure and its application f
collecting uncultured magnetotactic bacteria from aquat
sediments. This method is useful for microbiological studies ¢
uncultured magnetotactic microorganisms, especially |
molecular approaches for phylogenetic investigations i
opposed to cultivation-based methods that are incomplete ¢
give selective information on the natural diversity of microbie
communities.

a

MATERIALS AND METHODS

Sampling and storage of magnetotactic microorganisms

Samples were collected in several lagoons close to Rio
Janeiro city: “Lagoa de Itaipu” (marine), “Lagoa de Cima” (fres
water), “Lagoa Rodrigo de Freitas” (brackish). Sediment ar
water in a proportion of approximately 1:2 were stored in loose
capped bottles (Fig. 1a) and left undisturbed for several wee
under dim light at room temperature. During this period, tr
sediment of several bottles stratified and formed sevel
distinguishable layers (Fig. 1a, arrow).

Figure 1.Natural enrichments (a) of magnetotactic bacteria and
Magnetic harvesting of bacteria glass apparatus (b) for their magnetic concentration. (a)
Periodically bottles were checked for the presence &edimentand water from collection site are stored in bottles (1).
magnetotactic bacteria. For this, a drop of sediment was expoSaeral weeks after collection, in some bottles (2), the sediment
to a properly aligned magnetic field of an ordinary magnet arstratifies (arrow). For magnetic collection, the glass apparatus
observed under a light microscope. In the southern hemisphétg,with large opening (black arrow) through which the sediment
bacteria swim to the south, which it means that north pole @fhite arrowhead) and water (white arrow) are introduced up to
the magnet faces the drop edge where the bacteria concentithielevel of the capillary end (black arrowhead) is used. Scale
If magnetotactic bacteria were present in the drop, the enricheat indicates 2 cmin (a) and 4 cmin (b).
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sediment water (5) which yield more purified samples dPreparation of grids for electron microscopy

magnetotactic bacteria. Firstly the small capillary hole is filled For the observation of magnetotactic bacteria by electron
with millipore filtered sample water. Afterwards, the device isnicroscopy, formvar films were produced from a 0.3% formvar
filled with sediment and water until the small hole is surpassegblution in chloroform. The film was spread over a clean water
Care was taken to avoid small sediment particles to obstrstirface and grids were carefully deposited over the film. Grids
this hole otherwise bacteria would not reach the end of theere captured from the water surface with clean glass slides.
tube. To minimize this effect, the sediment was deposited clo$#fith this technique, grids were sandwiched between the film
to the closed side, opposite to the capillary end. After fillingnd glass slide. This arrangement prevented the water from
the glass device was placed on a home-made coil whitte samples from accumulating under the grid, which would
consisted of a thin wire that coiled around a polyvinyl chloriddifficult the spreading of the bacteria for observation. We
(PVC) tube (Fig. 2a). The wire was connected to a small powgsed electron spectroscopic imaging technique to probe the
supply with a maximum nominal voltage of 12V (Fig. 2a). Thenorphology and structure of uncultured bacteria. For this, a
coiled tube generated a properly aligned homogenous magneitiop of enriched bacteria was deposited on a formvar coated
field, which was checked with a compass for proper orientatiogrid. The drop was placed partially covering the grid surface
The glass device was exposed to the magnetic fie(Big. 4a). A magnet was positioned on the opposite side of the
(approximately 5 Gauss) for at least 15 minutes and then a snaabp with a alignment of the magnetic field in such a way that
guantity of water with concentrated bacteria (Fig. 3b) wabe bacteria would swim to the side close to the middle of the
removed with a capillary tube and observed under a liggtid. After several minutes, bacteria were accumulated on the
microscope to check for the evaluation of the number dfop edge (Fig. 4a, arrow). The sediment water was carefully
magnetotactic microorganisms. If a relatively large number oéplaced with distilled water by the side of the drop that did
bacteria were present in the drop, the enriched bacteria on tioé cover the grid. This procedure prevents the growth of salt
glass tube was removed and processed for electron microscapystals during air-drying. After several washes, the grid was
An alternative way of obtaining a higher number o#ir-dried. Usually, bacteria spread evenly in some grid fields
magnetotactic bacteria was to use glass devices similar in shéfig. 4b).

but larger than the one described in Fig. 1b to store bacteria

from the environment, and introduce this device directly on the

coil for bacteria recovery. This procedure reduces the aerati
of the sample and the stratification of the sediment duri
recovery, minimizing the changes on the sample caused
the described method.

Figure 2. Harvesting of magnetotactic bacteria. (a) To harveBigure 3. (a) Light microscopy image of magnetotactic cocci
magnetotactic bacteria, a homemade coil consisting of a wirsldm Itaipu lagoon. Most bacteria present dark regions (arrows)
PCV tube (T) is attached to a power supply (PS) is used. (b) Ttwrresponding to magnetosome chains and granules
glass apparatus (arrow) is placed inside the coil and exposetwowheads). (b) Capillary end of the glass apparatus used to
a magnetic field for 15 minutes. Scale bar indicates 7.5 cm in f@rvest bacteria in (a). A mass of magnetotactic bacteria (arrow)
and 4 cmin (b). can be observed. Scale bar indicates 5 umin (a) and 1 cmin (b).
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Electron spectroscopic imaging according to their energy loss after interaction with sample atoms.

For imaging uncultured magnetotactic bacteria, we uséth energy-selecting slit is placed in the energy dispersive plane
energy-filtering transmission electron microscopy, which is aof the spectrometer, and narrows the energy range of imaging
imaging technigue that allows the observation of thick sampletectrons. Moving the spectrum through the slit determines the
(12) and gives good results for magnetotactic bacteria (8,9). BrieByjergy loss range of imaging electrons. In this way, contrast
this technique is based on a built-in spectrometer into the electk@riations in the image can be tuned for better visualization of
microscope column that spatially separates beam electranternal structures in relatively thick specimens because of
differences in mass thickness. For this, grids with isolated bacteria
were observed under a Zeiss 912 transmission electron microscope
operating at voltages of 80, 100 or 120 kV. The objective aperture
was of 8.3 or 4.2 mrad and an energy selecting aperture of 20 eV
was used. Imaging was done by heuristically tuning the contrast
for bestimaging conditions (9). Images were recorded on Kodak
S0163 film, which was developed, scanned on a Flexitight scanner
and printed on a FujiPictrography 3000 printer.

Figure 4. Preparation of magnetotactic bacteria for transmissi
electron microscopy and electron spectroscopic image. (a) Da
field light microscopy image of a grid. A drop (D) of water wit
harvested bacteria is placed on a formvar-carbon coated elect s
microscopy grid. A magnet (not seen in the figure) was plac
in a way to drive the bacteria to one of the limits of the droff,igure 5. Electron spectroscopic image of magnetotactic
near the center of the grid. Clouds of magnetotactic bactehacteria near the drop edge. (a) Different morphological types
(arrows) accumulated at the drop edge. (b) To prepare the gaidl magnetosomes arrangement (arrows)can be visualized. (b)
to electron microscopy, the water is carefully replaced bylagnetotactic bacterium from Itaipu lagoon, showing the
distilled water, and the grid is air-dried. In some grid squareshains of magnetosomes (arrowheads) and phosphorus-rich
the bacteria are homogeneously distributed. Scale bar indicagesnules (stars). Two flagella (arrows) can also be seen. Scale
0.5mmiin (a) and 30 umiin (b). bar indicates 1 um in (a) and 400 nm in (b).
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RESULTS AND DISCUSSION enrichment of bacteria in medium and isolation by colony
formation. Although our approach may not retrieve all possible
Because of their directed migration in magnetic fielddprms of magnetotactic microorganisms, it is easy to use and
enriched magnetotactic bacteria can be easily collected in largérieve a large number of magnetotactic bacteria. We believe
numbers with our approach (Figs. 3a and 3b). If the numbertoiit both methods are complementary and can be used in
magnetotactic bacteria was high enough, a mass different situations or different purposes.
microorganisms could be visualized in the tube of the glass Another point that deserves attention is the fact that, in our
apparatus (Fig. 3b, arrow). Most magnetotactic bacteria retrievaggproach, magnetic bacteria are only isolated when magnetic
from Itaipu lagoon were cocci. Rod-shaped bacteria wefields much higher than the geomagnetic one are used. So, it is
occasionally found (Fig. 3a). Other sampling sites presentedessonable to assume that some of the harvested bacteria may
variety of morphological types. After isolation from thehave been collected because of the higher magnetic fields applied.
sediment, magnetotactic bacteria were retrieved in large numbE&hgs means that some of the microorganisms isolated may not
and could be used for transmission electron microscopy studiese magnetotaxis as an efficient mechanism for navigation, in
of natural population of magnetotactic bacteria by electrapite of the fact that they produce magnetosomes (10).
spectroscopic imaging. In conclusion, our method of harvesting magnetotactic
The preparation of grids for electron microscopy studidzacteria is easy to implement, inexpensive and can be used to
was relatively easy and allowed the study of bacteria egcover a large number of microorganisms for environmental,
ultrastructural level. In several minutes, the magnetotactstructural and diversity studies purposes. It is also a simple
bacteria could be visualized at the drop edge through a dar&y of demonstrating magnetotaxis for educational purposes.
field light microscopy (Fig. 4a, arrows). We found negligible
differences between water and fixative solution in this step. ACKNOWLEDGEMENTS
Most of the bacteria were crowded close to the drop edge
(Fig.5a). Several grid squares were uniformly filled with bacteria Financial support from Brazilian agencies and programs:

(Fig. 5b). FUJB, CNPq, FAPERJ, Pronex and CAPES-PROCAD.
To better visualize magnetotactic bacteria and their
magnetosomes, energy-filtering transmission electron RESUMO

microscopy was used. Electron spectroscopic imaging allows
the observation of magnetosomes inside magnetotacticAparato Simp|es para captura de microrganismos
microorganisms with unique clarity (9). We could directly magnetotacticos ndo cultivados
visualize the magnetosome chains (Fig. 5a, arrowheads). The
number, size and morphology of magnetosomes (Fig. 5b, Descrevemos um aparato simples para a captura de
arrowheads) and other cellular structures such as granules (Rigcrorganismos magnetotacticos néo cultivados. Este aparato
5b, stars) could be directly observed. The spatial dispositionainsiste em um recipiente de vidro com duas aberturas. Uma
structures inside the bacterial cell could be observed aabertura maior na parte superior € usada para introduzir o
associated with the disposition of flagella (Fig. 5b, arrows) sedimento e a 4gua. O sedimento e a agua sé@o previamente
the respective cells. The possibility of retrieving large numbarmazenados em um recipiente semitampado, previamente
of cells and the association of a powerful technique such &stado para a presenca de bactérias magnetotacticas. O aparato
electron spectroscopic imaging can improve our knowledge &éfexposto a um campo magnético, devidamente alinhado, em
the organization of magnetotactic bacteria as well as functionaha bobina feita a méo e as bactérias sdo removidas pela
aspects of magnetotaxis as a phenomenon. extremidade capilar da segunda abertura do recipiente. As
Our isolation method depends on magnetotaxis to retriebactérias coletadas podem entdo ser usadas em estudos
large number of magnetic bacteria. It relies on the fact thaltraestruturais usando a técnica de imagem espectroscopica
orientation and magnetic separation can only be usedeittrdnica. Um grande nimero de bactérias consistindo de cocos
magnetotactic bacteria are both motile and possess a magneticastonetes foi eficientemente coletado de diferentes
moment sufficient to overcome the thermal perturbations of tikenbientes. Este aparato é Util para estudos microbiologicos
medium. However, non-magnetic forms of magnetic bactersmbre microrganismos magnetotacticos ndo cultivaveis,
were reported in cultured bacteria (14). This indicates that som&pecialmente em abordagens moleculares para investigacfes
of the magnetic bacteria present in the environment may notfilegenéticas que fornecem informac¢des sobre a diversidade
retrieved because they do not express magnetosomes atnidieiral de comunidades microbianas.
time of collection. A method that does not use magnetotaxis to
retrieve magnetic bacteria has been developed (13). This metRadavras-chaveBactérias magnetotacticas, captura de bactérias
consists of several steps that include incubation of sedimenifip cultivadas, microscopia eletronica
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