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This protocol details a rapid preparative procedure enabling the visualization of biological samples like DNA and 
bacteria by scanning electron microscopy (SEM). This involves the fixation of the samples, followed by subsequent 
dehydration and the processing for electron microscopy observation. The fixation step is performed by allowing the 
samples to embed into an agar matrix. The dehydration of the samples ensures that they will not disrupt when process-
ing for SEM observation or in the SEM vacuum camera. The whole process may be achieved for 6–24 hours and has 
been optimized for the visualization of bacteria, DNA. Samples once processed for SEM can be stored mild vacuum 
for weeks, allowing sufficient time for image acquisition. 
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INTRODUCTION

Biological samples e.g. bacteria, DNA, proteins, 
contain significant amounts of water and exhibit low 
conductivity. In their natural state, these samples 
cannot be observed directly by conventional scan-
ning electron microscope (SEM) because the surface 
and subsurface water quickly evaporates under the 
high vacuum conditions necessary for electron mi-
croscopy observation [1, 2]. As a result usually the 
sample distorts collapses or destructs. In addition, 
water vapor from the specimen chamber decreases 
the vacuum and contaminates the detectors and col-
umn. The low conductivity of the biological sam-
ples also results in electrical charging that interferes 
with the electron beam and the secondary electron 
(SE) emission from the sample. Therefore, biologi-
cal samples must be fixed, dehydrated, critical-point 
dried and coated before they can be observed in a 
conventional high-vacuum SEM [3]. Currently used 

protocols enabling electron microscopy observation 
are focused for obtaining high-quality data and in-
volve successive series of procedures. While high 
quality data is achieved the protocols often include 
hazardous materials (OsO4 or glutaraldehyde), are 
long-lasted and in some cases may extend for more 
than 7–8 days [4]. Our aim has been to adapt a pro-
tocol that will reduce significantly the processing 
time of such samples without significant loss of data 
collection quality. The protocol described hereafter 
provides a fast alternative for biological samples 
preparation [5, 6]. It can be used for rapid assess-
ment of samples shapes, structural morphology etc. 

MATERIALS AND METHODS

Although that there are many conditions to be 
met for “ideal” sample preparation for electron mi-
croscopy (EM) observation the most important and 
necessary condition is to maintain the integrity of 
the biological sample during sample preparation 
and subsequent work in the electron microscope [7]. 
Thus for biological samples the first difficulty lies in 
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the stable fixation of the samples onto a suitable sur-
face as not to violate their integrity. The second dif-
ficulty is related to the high water content present in 
such samples. Unfortunately EM requires relatively 
high vacuum (10–6 to 10–7 torr) and if the samples 
are subject to such harsh conditions the water dehy-
dration process of the samples is accompanied by 
the distortion, collapse or destruction. Fortunately, 
this drawback of EM can be circumvent by dehy-
dration of the biological samples [8]. The last but 
not always the least difficulty is related to the low 
contrast provided by the samples build up predom-
inantly by amino acids or nucleic acids e.g. C, N 
and O atoms [9]. Fortunately negative and positive 
staining may be used for enhancing the contrast – 
having in mind that DNA backbone is negatively 
charged [10]. 

Specific safety measures

Because of the toxicity of the reagents and be-• 
cause possible biological contamination cannot be 
entirely excluded it is highly recommended to wear 
gloves during this procedure. 

NB! Staining with osmium should be done • 
wearing gloves and under a fume hood.

All waste materials generated during this pro-• 
cedure, such as the sheets of Whatman filter paper 
should be appropriately disposed (e.g. autoclavable 
waste container).

Materials

Distilled water, sterile (dH• 2O); 
Agar, biology grade;• 
Optional: contrast enhancement (OsO• 4, 
UO2(CH3COO)2, WO3).

Small laboratory material

Small (60 mm diameter) or large (120 mm di-• 
ameter) polyethylene petri dishes;

Sterile centrifuge tubes (1.5 or 2 ml);• 
sterile filter (<0.44 µm);• 
Microbiology laboratory slides (18×18) – suit-• 

able for EM holder;
Beaker glass, 50 ml,• 
Filter paper (Whatman, 54 hardened);• 
Forceps to manipulate laboratory slides; • 
Permanent, waterproof marker (Staedler Lu-• 

mocolor);
Ball point to indicate references on filter paper.• 

Equipment

Scanning electron microscope (Jeol, JSM 6390);• 
Ultraviolet lamp;• 

Laboratory oven;• 
Centrifuge (~5000 rpm);• 
Pipettes.• 

Sample processing preparation

Growth of bacteria and genomic DNA isolation

Two bacterial strains were employed: Escherichia 
coli (E. coli) DH5α strain and Thermobispora bis-
pora (DSMZ 43038) [11]. DH5α is nowadays the 
most frequently used E. coli strain for routine clon-
ing applications. It grows easily at 37 °C and its 
exponential growth can be controlled by spectro-
photometric technique. Thermobispora bispora is a 
thermophilic strain that grows at 55 °C and in addi-
tion slowly than E. coli. 

For the DNA investigation we isolated genom-
ic E. coli DNA by standard procedure (PureLink, 
Invitrogen). The successful isolation was monitored 
electrophoretically (1% agarose gel, stained with  
5 µl ethidium bromide, 10 mg ml–1). 

Harvesting of the samples

DNA elution was performed with 20 µl PCR 
water in order to avoid the presence of additional 
parasite salts from buffers. 

The E. coli and Thermobispora bispora samples 
were collected by centrifugation at 3500 rpm for  
5 min from the growth cultures (from 2 ml or more). 
The supernatant was discarded and the procedure 
was repeated two times with the addition of distilled 
water. The two additional steps are required in order 
to dissolves the salts and remains from the growth 
media. Finally 5–20 µl of dH2O are added and the 
pellet is carefully homogenized thus ready for fixa-
tion for EM observation

Preparation for fixation and embedding  
of biological samples

1. 0.8% wt Agar-water solution: 400 mg agar 
were dissolved in 50 ml of distilled water by heat-
ing in a microwave oven without allowing the so-
lution to boil. 

2. Clean cover slips 18×18 mm2 are sterilized by 
UV irradiation 10 for minutes. After what the slides 
are dipped in the agar solution (the 0.8% wt Agar 
solution is kept at ~ 50–60 °C in order to remain liq-
uid) and left horizontally allowing a thin agar film 
to materialize. NB!!! Agar polymerization starts 
with temperature drop however it takes more than 
30 min to obtain a sufficient degree of cross linking 
of the matrix. 

3. The biological sample (bacteria, DNA) is care-
fully placed (pipetted) on the agar film and spread if 
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necessary. The fixation/embedding of the samples 
is achieved with agar cross-linking after approxi-
mately 30–45 min. 

4. The agar is dehydrated in an oven at 37 °C for 
12 hours (if necessary a low vacuum 0.8 atm may be 
additionally employed).

5. Dehydration of the samples: we choose to uti-
lize a classical dehydration processing of the fixed 
samples by successive immersion in ethanol solu-
tions starting from low to high concentration: 10, 
25, 50, 75, 96 and absolute 99.99%). The samples 
were maintained in each ethanol solution for at least 
30 minutes. Finally a drying at 37 °C for about 1 
hour is performed.

6. The prepared samples are coated with a thin 
gold film (<10 nm).

Contrast enhancement by negative or posi-
tive staining can be optionally performed (OsO4, 
UO2(CH3COO)2, WO3 etc.) of the samples before 
the first ethanol dehydration steps or immediately 
after the dehydration process depending on the 
samples.

RESULTS

SEM analyses were performed on a JSM 6390 
electron microscope (JEOL, Japan) in conjunction 
with energy dispersive X-ray spectroscopy (EDS, 
Oxford INCA Energy 350) equipped with ultrahigh 
resolution scanning system (ASID-3D) in regimes of 
secondary electron image (SEI). The sample (cover 
slip) is mounted on a double coated conductive car-
bon tape that holds the sample firmly to the stage 
surface and can be used as a ground strap from the 
sample surface to sample holder. The samples were 

gold coated (time of coating ~30 s). This thickness 
of gold layer resulted in decent image quality with-
out causing any electric charging. With thinner gold 
films (decrease of coating time below 30 s) electric 
charging was observed [12, 13]. When the coating 
time was longer (more than 40 s), the gold layer was 
thicker but no improvement of image quality was 
observed. The accelerating voltage was adjusted to 
15 kV, I ~ 65 mA. Lower voltages (e.g. 10 kV) re-
sulted in loss of contrast while higher voltages lead 
to rapid degradation of the imaging [14–16]. The 
pressure was of the order of 10−4 Pa [17].

The production of cover slips and embedding 
of the samples into the “agar” layer was achieved 
without difficulty. One should adjust carefully the 
required amounts of sample (not as on Fig. 1 were 
we intentionally overestimates the amounts for bet-
ter visualization) as to have a “horizontal” (flat) sur-
face allowing facile focusing of EM observation. 

Figure 2 shows the observation of E. coli cells. 
As one can see the centrifugation and subsequent 
spreading of the water-cell solution over the cover 
slip allows better separation of individual cells. If 
a single colony of the same cells is directly embed-
ded onto the cover slip the surface roughness can 
be observed. Interestingly, the average size of the 
cells is different (single colony shows that the cells 
are smaller). This is probably due to the centrifu-
gation as the process collects more easily bigger 
ones. Thus an adjustment of centrifugation speed 
will be necessary in function of the size and con-
sistency of the sample. 

The results from the Thermobispora bispora ob-
servation are shown on Fig. 3. As one can see the 
quality of the visualization is reasonable. The con-
centration of the sample (Fig. 3a) leads to a some-

Fig. 1. Covers slips 18 mm2 with embedded samples that were subject to dehydration and covering with gold layer 
a) Single E. coli colony from agar plate b) E. coli collected by centrifugation and spread over and c) Thermobispora 
bispora collected by centrifugation from media contaminated with TiO2 (nano)particles. The amounts of samples here 
were intentionally overestimated
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what higher contrast of the images – probably due 
to the fact that the “denser” surface allows a more 
uniform coverage of the gold layer and thus better 
conductance. The lower concentration of the sam-
ple, as for E. coli, gives better individual resolution 
and is able to discern bigger aggregates. 

In order to estimate the use of the protocol in 
relatively unfriendly conditions Thermobispora bis-
pora was grown in the presence of TiO2 nanoparti-
cles (Fig. 4). The TiO2 particle cannot dissolve in 

Fig. 2. SEM images of E. coli a) spreading after centrifugation b) single colony taken 
directly from plate (solid media)

the used water and thus bigger aggregates of them 
will be present after the centrifugation. Figure 4a 
shows that the TiO2 particles are positioned “on top” 
of the bacteria. Of course this observation can be an 
artifact due to the employed centrifugation or to the 
pipetting or spreading of the samples. Nevertheless 
the bacterial network is clearly visible (Fig. 4b). 

Finally the protocol has been used for DNA ob-
servation (Fig. 5). The DNA backbone features a 
negative charge and thus cations (Na, K, Zn, Cu etc.) 

Fig. 3. SEM images of Thermobispora bispora with different concentration a) and  
b) centrifugation of 3×1.5 ml and c) and d) centrifugation of 1.5 ml
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are needed to balance its charge. Thus the elimi-
nation of salts is more difficult than in the case of 
uncharged samples. Although the elution of DNA 
yields sufficient quantities for molecular biology 
work its concentration is typically ng/mL to µg/
mL and thus very limited. More over DNA tends to 
compact tightly and thus its primary aggregate size 
is smaller – usually below 1 µm. Thus the routine 
SEM observations of DNA are more difficult than 
bacterial ones. As one can see from Fig. 5 the pres-
ence of salt is easily observable while the imaging 
of the DNA and its contrast are not as good as for 
the bigger biological samples. 

CONCLUSIONS

We have adapted a rapid preparative procedure 
for preparing biological samples for SEM visualiza-
tion. The processing is relatively rapid and may be 
performed for one day. The SEM visualization and 
data quality allows sufficient detail for samples that 
are bigger than 1 µm while for smaller size a contrast 

enhancement is suited. Compared to classical proce-
dures the developed one is cost and time effective with 
minimal loss of data quality (mainly contrast lost).
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(Резюме)

Настоящият протокол описва бърза препаративна методика за биологични проби, като ДНК и бакте-
рии, позволяваща последваща визуализация чрез сканираща електронна микроскопия (СEM). Това включва 
закреп ването на пробите върху агарозна подложка, последвано от дехидратация на биологичните образци 
и нанасяне на тънко проводимо покритие за наблюдение чрез електронна микроскопия. Обезводняване на 
пробите гарантира, че те няма да деструктират във вакуумната камера на СEM. Нанасянето на тънък слой 
допълнително фиксира пробите и подобрява контраста. Процесът на пробоподготовка се извършва от 6 до 
24 часа и е оптимизиран за визуализация на бактерии и ДНК. Пробите могат да се съхраняват във вакуум в 
продължение на седмица, което дава достатъчно време за получаване на СЕМ изображения. Протоколът не 
включва токсични, канцерогенни или други вредни химикали и реактиви. 
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