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Abstract
Scanning electron microscopy (SEM) can visualize viruses like HIV and CMV,
cells or other particles in fluids through capture on porous polycarbonate filters.
It is not known if RNA suitable for down-stream molecular analyses can be
retrieved from such filters following SEM visualization and subsequent storage
in ambient conditions. Using a non-adherent human cell-line (U937), real-time
PCR analyses indicated no significant loss of transcripts encoding
glyceraldehyde-phosphate dehydrogenase from samples subjected to goldcoating, SEM and subsequent storage for up to 30 days in ambient conditions as
compared to control conditions. RNA useful for down-stream molecular
analyses can be isolated from biological samples previously subjected to SEM.

Introduction
Polycarbonate filters (0.6 µm pore-size) have previously been used to capture
free CMV or HIV and viral particles bound to latex beads coated with specific
antibodies in human plasma, urine and cerebrospinal fluid (CSF) 1, 2. Scanning
electron microscopy (SEM) was subsequently used to visualize the viral particles
allowing for very rapid and sensitive virus detection 1, 2. Such filters have since
also been used to study particles in filtered fractions of CSF from individuals
diagnosed with neurological or psychiatric disorders 3-5. SEM has been used to
visualize the presence of biofilms in clinical samples and was recently
combined with subsequent metagenomic analyses by next generation
sequencing of isolated DNA to characterize its composition 6. Molecular
methods for analyses of RNA in such samples subjected to SEM and stored
would allow further characterization of the potential origin of particles trapped
on such filters (e.g. RNA viruses or extracellular vesicles) but has not previously
been reported. Based on previous experiences, RNA useful for molecular
analyses can be isolated from blood dried on other types of filters even after
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several decades of storage 7-9, suggesting that RNA is well preserved in a
desiccated state.
The purpose of the present investigation was to determine if samples of cells
processed for SEM, inspected with high resolution SEM and subsequently stored
at room temperature can be used for molecular analyses of RNA.

Materials and Methods
The experiments described here were performed at the Department of
Neuroscience, Karolinska Institutet, Stockholm, Sweden during the fall of 2016.
Human U937 cells (ATCC, Manassas, VA, USA) in suspension (400 cells/µl)
were pipetted (20, 100 or 200 µl) onto polycarbonate filter (Nucleopore, Inc)
with 0.6 µm pores. The polycarbonate filters were specially prepared by GP
Plastic AB, Gislaved, Sweden and supplied by Sempore ®, AB, Uppsala,
Sweden. The filters were fitted to an airtight device designed with flow
channels, which allowed the fluid to stream to the center of the filter when
vacuum suction was applied from below. When the filters were completely
dried after about two minutes of vacuum suction at room temperature, some
filters were set aside (n=9) and the remainder were subsequently coated with
ionized gold to a thickness of 40 Å using a JFC-1200 Fine Coater (Joel, Peabody,
MA, USA) for two minutes. Following coating, filters were set aside (n=9) or
subjected to SEM using a Philips High Resolution SEM 515 (Philips Electronic
Instruments, Eindhoven, The Netherlands) following storage for three, 10 or 30
(each, n=3) days. All filters were stored at room temperature, see fig 1.

Total RNA was isolated from uncoated, coated and coated/SEM filters using the
RNeasy mini kit (Qiagen, Hilden, Germany). Filters were placed in individual
wells of a 12 well plate (Corning). 360 μl of lysis buffer (containing 1% β4
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mercaptoethanol, Sigma-Aldrich, Germany) were added to each well and the
plate was placed on a rotary shaker for 30 minutes (500 rpm, room
temperature). Following the addition of an equal amount of ethanol, the lysis
buffer was applied to spin columns, washed and eluted according to the
manufacturer’s instructions in 30 µl of elution buffer. Total RNA eluted from
filters stored for three days was analyzed on an Experion automated
electrophoresis system using the Experion RNA HighSens analysis kit according
to instructions from the manufacturer (Bio-Rad Laboratories Inc., Hercules, CA,
USA). Eight microliters of RNA was DNase treated and reverse transcribed with
random hexamers using reagents from Invitrogen according to protocols
provided by the manufacturer.
Levels of transcripts encoding human glyceraldehyde-phosphate dehydrogenase
were determined in each of the cDNAs by triplicate 25 μl qPCR reactions
using1X UNG-erase SYBR green reaction mixture (Invitrogen) with 0.25 nmol/l
forward (5’-ACCTGCCGCCTGGAGAAACC-3’) and reverse (5’GACCATGAGGTCCACCACCCTG-3’) primers. All reactions were followed by
melt-curve analyses to ensure generation of a uniform amplicon in the ABI 7500
SDS (Applied Biosystems, Palo Alto, CA, USA). We used mean cycle threshold
(Ct) values to indicate the level of transcripts in each of the samples, where a
one-unit increase theoretically represents a halving of the amount of template
cDNA copies, i.e. a sample with Ct 23 contains half the number of cDNA
molecules of a sample with Ct 22. The non-parametric Kruskal-Wallis test was
used to compare Ct values across experimental groups.

Results and Discussion
Quantitative real-time PCR analyses indicated comparable numbers of
detectable transcripts encoding GAPDH across treatment groups (uncoated,
gold-coated or gold-coated and subjected to SEM, Kruskal-Wallis test, p=0.41),
see fig 2A. Similarly, storage time up to 30 days at room temperature appeared
to result in only minor loss of transcripts encoding GAPDH as indicated by the
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slightly higher Ct-values observed in samples stored for 10 or 30 days as
compared to those stored for only 3 days, figure 2B (Kruskal-Wallis test,
p=0.13). Finally, the integrity of total RNA eluted from filters containing U937
cells and stored for three days was found to be of comparable high quality
across treatments (RQI’s 9.3-9.7, data not shown).
We here present results to suggest that RNA in biological samples stored in a
desiccated state can be stable also after extended periods of storage at room
temperature. This observation is in good agreement with previous reports on
RNA preparations from archived whole blood samples dried onto filter paper
(e.g. Guthrie cards) and stored for several decades in differing environments
with regard to temperature and relative humidity 7, 9. Moreover, the gold-coating
required for SEM and the microscopy itself does not appear to substantially
affect RNA yield or quality.

Conclusion
Extraction of RNA from biological material concentrated on polycarbonate filter
samples from previous or new SEM studies has a potential use in the wider
context of pathogen detection and molecular characterization of cells or
subcellular particles in animal or human body fluids.
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Figure legends
Figure 1. Scanning electron micrograph of U937 cells filtered onto
polycarbonate filters with a 0.6 µm pore size (x 2000). Photo of a gold plated
filter inserted in the upper left corner.

Figure 2. Detection of transcripts encoding GAPDH in cells subjected to
scanning electron microscopy. Suspensions of U937 cells were drawn through
polycarbonate filters and left untreated, coated with 40 Å gold or coated with
gold and subjected to scanning electron microscopy (A) and left at room
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temperature for 3 to 30 days before RNA extraction (B). GAPDH-glyceraldehyde
phosphate dehydrogenase, RNA-ribonucleic acid.
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