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Abstract

In this study, we identified a “black dot”-like cell culture
contaminant as a species belonging to the genus of
Pusillimonas using 16S rDNA sequencing. Among all
antibiotics tested, a combinatorial treatment of ampicillin and
gentamicin both at 100 μg/mL was able to eliminate this
contaminant. The contaminant was then visualized by
fluorescence microscopy using propidium iodide staining and
was found inside the cytosol of contaminated A549 cells. To
characterize the efficacy of antibiotics for contaminant

removal, we devised a quantitative method to determine the
average number of 16S rDNA copies associated with a single
A549 cell, which is directly proportional to the average number
of contaminant per A549 cell. By using primers specific to the
16S rDNA sequence of the contaminant, we were able to
estimate contaminants per single contaminated cell using
both qPCR-based relative and absolute quantification. C© 2019
International Union of Biochemistry and Molecular Biology, Inc. Volume 00,
Number 0, Pages 1–8, 2019
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1. Introduction
Cell culture contaminants have always been an obstacle for
obtaining reliable and reproducible experimental data. Dr.
Langdon reported in 2014 that at least 7% of samples from the
1000 genomes project were contaminated with mycoplasma,
offering an example where even the widely trusted sequencing
data can be unreliable [1]. Besides, mycoplasma exerts an array
of negative impacts on cell-related researches, such as cyto-
toxicity, pollution of cellular metabolites, alteration of cellular
gene expression, and so on, without apparent visual presence
under a light microscope and influence on cell morphology [2].
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These tiny organisms bend almost all research outcomes upon
contamination, leading to questionable credibility of published
and yet to be discovered data.

Another class of contaminants, now known as calcifying
nanoparticles (CNPs), has also been extensively studied. In
1998, Kajander and Ciftcioglu discovered an unknown cell
contaminant, which was named nanobacteria at the time due
to their markedly smaller size (50–300 nm) than average bac-
teria [3]. Their ability to deposit calcium on their shells as
hydroxyapatite led some researchers to believe that they are
self-propagating mineral particles, instead of living organisms,
which was why the name CNP was later acquired [4–6]. The
presence of CNPs, not only in cell cultures, but also in body
fluids (urine, saliva, etc.) and their involvement under patholog-
ical conditions (e.g., pathological calcification) rendered CNPs
valuable subjects for disease-related research. In fact, studies
reporting implications of CNPs in a wide variety of diseases have
been published. Kidney stones, dental pulp stones, Alzheimer’s
diseases, prostatitis, and cancer have all been revealed to asso-
ciate with pathological calcification to certain degrees [7–18].

Furthermore, in vivo cell culturing has been baffled by
another certain type of contaminant. It appears as floating
“black dots” in the cell-culturing media and coexists with cells
without apparently changing the morphology of contaminated
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cells. It does not cause obvious turbidity change of the cell media
therefore is easily overlooked unless observed carefully using a
microscope. Identity of these “black dots” has been a mystery
and only anecdotal descriptions, instead of reliable scientific
information, are available. We encountered contaminants that
match these descriptions. It is insensitive to routine antibiotics
used in cell culturing and is ineradicable by cryopreservation.
This contaminant was readily visible under a light microscope
as black dots. Scanning electron microscopy (SEM) revealed
a rod-shaped morphology of this contaminant whose average
length was measured to be 856 nm by dynamic light scattering,
which is significantly larger than both mycoplasma and CNPs.
Among all antibiotics tested, ampicillin and gentamicin are two
effective growth inhibitors against the contaminant. Ampicillin
combined with gentamicin both at a concentration of 100 μg/mL
successfully eradicated the contamination. Plasmocin and
ethylenediaminetetraacetic acid (EDTA), which were proven
effective against mycoplasma and CNPs (EDTA chelates calcium
and therefore inhibits CNPs), respectively, exerted no inhibitory
effects against the contaminants. Furthermore, intracellular
visualization of the contaminant within contaminated cells
using fluorescence microscopy revealed its presence within
the cytosol. For identification on the genetic level, 16S rDNA
classification arranges the contaminant into the genus of
Pusillimonas. Most importantly, we employed quantitative
real-time PCR (qPCR)-based quantitative method to measure
the degree of contamination in cell cultures, which can be
generalized to any cell culture contaminants and parasitic
pathogens with known genetic sequences such as mycoplasma.

2. Methods and Materials
2.1. Cell cultures
Contaminated A549 cells were cultured in a humidified in-
cubator with 5% CO2 and grown in Dulbecco’s Modified Eagle
Medium (DMEM)medium (Wisent, ST-BRUNO, Quebec, Canada)
containing penicillin (100 IU/mL), streptomycin (100 μg/mL),
37.5 μg/mL Plasmocin (Invivogen, San Diego, CA, USA), and
2 mM glutamine and supplemented with 10% fetal bovine
serum (Life Technologies, Grand Island, NY, USA). Presence of
contaminants was confirmed by light microscopy before further
experiments.

2.2. Mycoplasma detection and elimination
Mycoplasma was first eliminated in cell cultures to ensure
homogeneity of collected contaminants. Mycoplasma detection
was performed by a PCR-based method. Briefly, a pair of
primers were designed to specifically amplify a band of 346 bp
present in Mycoplasma hyorhinis, which was identified as
a major mycoplasma contaminant in our cell culture from
previous unpublished sequencing results. The primers are as
follows: forward primer Mhr1 5′-GTAGTCAAGCAAGAGGATGT-
3′ and reverse primer Mhr2 5′-GCTGGAGTTATTATACCAGGA-3′

[19], and are synthesized by Genescript (Nanjing, Jiangsu,
China). The PCR reactions were run using the following cycling

parameters: 95 ◦C for 5 Min, 35 cycles of 30 Sec at 95 ◦C, 30 Sec
at 50 ◦C, and 15 Sec at 72 ◦C, with a final elongation step of
10 Min at 72 ◦C, before a 10 ◦C hold. The product was confirmed
by 1% agarose gel. Presence of a band around 340 bp indicates
mycoplasma contamination.

Plasmocin (Invivogen) was used at a concentration of
37.5 μg/mL in cell cultures to eliminate mycoplasma. Elimina-
tion was checked by PCR-based detection of mycoplasma.

2.3. Light, scanning and transmission electron, and
fluorescence microscopy

Contaminant pellet was collected from cell cultures by cen-
trifugation at 300g for 10 Min to obtain cell-free supernatant,
followed by centrifugation at 4,000g for 10 Min to pellet
contaminants. The pellet was washed twice with phosphate-
buffered saline (PBS) and loaded to coverslip mounted to a
glass slide to be examined by light microscope. For SEM, the
pellet was fixated in 2.5% glutaraldehyde overnight. The pellet
was washed three times in PBS before dehydration by gradient
centrifugation of ethanol at increasing concentrations (50%,
60%, 80%, 90%, and 100%). The pellet was then allowed to air
dry and coated with 100% platinum, prior to observation by a
JEOL JSM7500F scanning electron microscope. For transmis-
sion electron microscopy (TEM), the pellet was resuspended in
ddH2O after fixation in 2.5% glutaraldehyde to reach appro-
priate concentration. A drop of the suspension was loaded to
copper grid for negative staining by phosphotungstic acid. The
sample was then examined by a Hitachi HT7700 transmission
electron microscope.

For intracellular visualization of the contaminant, A549
cells were washed twice by PBS followed by fixation by 70%
ethanol for 2 H. DMEM containing propidium iodide (PI,
50 μg/mL; KeyGEN BioTECH, Nanjing, Jiangsu, China) and
DiO (5 μg/mL; KeyGEN BioTECH) was used to label nuclei
and membrane of cells, respectively. The labeled cells were
visualized by a Zeiss Axio Vert.A1microscope equipped with an
Olympus X-cite 120 Q light source.

2.4. Growth analysis and antibiotic treatments
A series of antibiotics were used to treat contaminated cell
cultures, along with a metal chelator EDTA. Plasmocin (Invivo-
gen) was used at a concentration of 37.5 μg/mL. EDTA was
used at a concentration of 5 mM to chelate calcium ions in cell
cultures. Detailed doses of antibiotics are shown in Table 1.
Inhibitory efficacy was evaluated based on progressive visual
observation of contaminants under light microscope within
72 H after change of growth media.

2.5. 16S rDNA phylogenetic classification
Genomic DNA of the contaminant was extracted by the Uni-
versal Genomic DNA Extraction Kit (Solarbio, Beijing, China).
Extracted genomic DNA of the cell contaminants (14.6 μg)
was forwarded to Genewiz (Suzhou, Jiangsu, China) for 16S
rDNA phylogenetic classification. Briefly, a universal primer
pair which anneal to the conservative regions of bacterial
16S rDNA was used (27F AGAGTTTGATCCTGGCT, 1492R
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TABLE 1
Inhibitory agents and respective doses

Inhibitory agents Concentration

Penicillin and streptomycin 500 IU and 500 mg/mL

Tetracycline 50 μg/mL

Ciprofloxacin 50 μg/mL

Ampicillin 50 μg/mL

Gentamicin 50 μg/mL

Kanamycin 50 μg/mL

Plasmocin 37.5 μg/mL

EDTA 5 mM

GGTTACCTTGTTACGACTT). The PCR product was run on
agaorse gel and a band around 1,500 bp was extracted and
sequenced by a ABI 3730XL DNA analyzer (Life Technologies,
Carlsbad, CA, USA).

2.6. qPCR-based quantification
We designed primers complementary to intron 2 of glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) and the 16S rDNA
of the contaminant using the NCBI online primer designing
tool. Both pairs of primers amplify fragments of 120 bp. The
primer pairs are as follows: GAPDH F, GACAGGCAACTTG-
GCAAATCAA; GAPDH R, AAGCCCACCCCTTCTCTAAGTC; 16S
F, GAACGGCAGCACGAAAAGAG; 16S R, TATGCGGTATTAGC-
CACGCT.

For qPCR-based absolute quantification, a standard (the
120-bp DNA fragment) was first generated by PCR using
genomic DNA of the contaminant. The PCR product was run on
3% agarose gel and the 120-bp fragment was excised from gel
for extraction using Tiangen DNA gel extraction kit (Tiangen,
Beijing, China). Concentration of extracted 120-bp fragment
was measured and converted to copies/μL. Serial dilutions of
the standard were prepared. For unknown samples, serial
dilutions of the standard were run together with samples on
the same 96-well plate. A standard curve was first constructed
using Ct values of the serial dilutions plotted against log of
their concentrations in copies/μL. Concentrations of unknown
samples in copies/μL can be calculated using the standard
curve. Degree of contamination was normalized to number of
16S rDNA copies per single A549 cell.

The PCR cycling conditions were as follows: an initial start
at 95 ◦C for 10 Min, followed by 40 cycles at 95 ◦C for 15 sec
and 60 ◦C for 1 Min.

2.7. Statistical analysis
Data in this study are all presented as the mean ± SD. Student’s
t-test was used for statistical analysis. All statistical analyses
were conducted using Graphpad prism 6.

3. Results and Discussion
3.1. Morphological features
Preliminary observations indicate that our A549 cell cultures
are contaminated by a single type of microbe, at which these
tiny organisms appeared in the cell-culturing media as floating
“black dots” and were similar in size and exhibited Brownian
pattern of motion. Figure 1A shows a bacillary morphology of
this isolated microbe under light microscope, measuring less
than 2 μm in length. SEM revealed a similar rod-shaped mor-
phology, whereas a small population appeared to be connected
in chains, similar to many bacillar bacteria such as E. coli
(Fig. 1B). This population became much larger after treatment
by ampicillin (Fig. 1C), the only effective antibiotic we know to
inhibit its growth. We believe ampicillin treatment prevented
separation of bacteria undergoing fission. The reason for this
behavior may be explained by the mechanism of ampicillin’s
inhibitory action. Ampicillin inhibits transpeptidase, which is
responsible for bacterial cell wall synthesis. Inhibition of cell
wall synthesis may interfere with proper separation of dividing
bacteria.

Transmission electron microscopy revealed an interesting
phenomenon (Fig. 1D), where the contaminants were found
inside a drastically shrunk dead cell remnant. In fact, iso-
lated contaminant samples devoid of mammalian cells were
prepared for TEM. Nevertheless, Fig. 1D clearly shows divid-
ing cells of the contaminant inside an A549 cell debris. This
suggests cytotoxicity as well as possible parasitic nature of
the contaminant, which will be discussed in details later. This
contaminant shelters inside mammalian cells as parasites and
elicit damages to hosts that will ultimately lead to damages to
the host. The clearly seen nuclear regions of the contaminants
in Fig. 1D demonstrate that they are microorganisms carry-
ing genetic materials, instead of self-propagating nonliving
calcium-depositing particles.

3.2. Antibacterial treatments
We applied antibacterial agents to decontaminate cell cultures.
Table 1 lists all the agents used in this study and relevant
doses. The efficacy of decontamination was assessed by micro-
scopic observation of cell cultures after 1 week of antibacterial
treatment. Lack of “black dots” in the cell-culturing media is
deemed as effective. To elaborate, culturing media of contam-
inated cell cultures were replaced by new media containing
various antibacterial agents to commence a 1-week treatment.
Surprisingly, ampicillin at a concentration of 50 μg/mL achieved
significant inhibition of the contaminant as no “black dots” was
observed following treatment. Gentamicin achieved the same
inhibitory effect at the same concentration. Other agents failed
to achieve inhibitory effects. However, withdrawal of ampicillin
or gentamicin after 1 week’s treatment restored the contam-
inant. We then combined ampicillin with gentamicin to treat
infected cell cultures for a week and raised concentrations
of both antibiotics to 100 μg/mL. The combinatorial treat-
ment at such concentrations for 1 week thoroughly eliminated
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FIG. 1
Morphology of the contaminant. (A) Light
microscope image. (B) SEM image. (C) SEM image
of the contaminant treated with 50 μg/mL
ampicillin. (D) TEM image of the contaminant
within an apoptotic A549 cell.

the contaminant as withdrawal of antibiotics did not lead to
recontamination.

To confirm the parasitic nature of the contaminant and
anticontaminant efficacy of ampicillin and gentamicin, we em-
ployed fluorescence microscopy to visualize the contaminant
within contaminated A549 cells (Fig. 2). Because withdrawal of
either ampicillin or gentamicin restored the contaminant, we
speculate that this phenomenon can be ascribed to contami-
nants residing within the cytosol of contaminated cells. Intra-
cellular sheltering endows the contaminant with resistance to
antibacterial treatments and possibility to revitalize following
withdrawal. We used PI to label the nuclear regions of A549
and the contaminant because 4′,6-diamidino-2-phenylindole
and Hoechst failed to dye the contaminant (data not shown).
Figure 2A shows the fully contaminated A549 cells, at which
massive contaminants were found inside the cytosol of A549
cells as indicated by the white arrows. Treatment by ampicillin
or gentamicin significantly reduced the number of contam-
inants within the cytosol, whereas full elimination was not
achieved (Figs. 2B and 2C). On the other hand, the combina-
torial treatment of both ampicillin and gentamicin eradicated
intracellular contaminants and therefore achieved thorough
decontamination (Fig. 2D). These observations agree with the
outcomes of antibacterial treatments.

3.3. 16S rDNA phylogenetic classification
Contaminated cells were treated routinely with Plasmocin
to eliminate mycoplasma whose DNA may interfere with

sequencing results. As previously mentioned, Plasmocin is
ineffective against the contaminant despite its potency against
mycoplasma. Elimination of mycoplasma was confirmed by
PCR reactions and agarose gel (Supplementary Fig. S1). In
order to identify our contaminant, sequencing of the 16S rRNA
fragment was performed. Following genome extraction of the
contaminant, a pair of universal 16S primers was used in a PCR
reaction to amply a 16S rDNA fragment. Purity of the 16s rDNA
was checked by agarose gel (Supplementary Fig. S2). A band
around 1,500 bp was obtained and sequenced and the sequence
can be found in Supplementary Table S1. A BLASTN search
was performed. Three defined strains, all of which belong to
the genus of Pusillimonas, appeared in the top 10 hits. They
are X-b15 (100% query coverage, 99% identity), CY-63 (100%
query coverage, 99% identity), and X-d2 (98% query coverage,
99% identity). Pusillimonas sp. T7-7 (100% query coverage,
97% identity) was later revealed to be the closest relative to
the contaminant. Therefore, the contaminant was proposed to
belong in the genus of Pusillimonas based on the standards of
16S rDNA phylogenetic classification.

3.4. qPCR-based quantification of the contaminants in
contaminated cells

Our original plan was to use direct spectrometric measure-
ments (OD600 or OD650) of supernatants from contaminated
cell culture tomeasure the level of contamination. Nevertheless,
supernatants from clean and contaminated cell cultures did
not show obvious difference in spectrometric measurements.
We then used qPCR protocols for accurate quantification of
contaminant in cell cultures, or more precisely in contami-
nated cells. Fluorescence spectroscopy revealed intracellular
presence of the contaminant. Therefore, the extracted genomic
DNA of contaminated cells was indeed a mixture. It is possible
to quantify certain specific genes exclusive to human and the
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FIG. 2
Fluorescence microscopy of A549 cells. A549 cells
of different contamination status were visualized
by fluorescence microscopy. PI and DiO were used
to label nuclei and membrane, respectively. (A)
Fully contaminated A549 cells. (B) Contaminated
A549 treated by 50 μg/mL ampicillin for a week. (C)
Contaminated A549 treated by 50 μg/mL
gentamicin for a week. (D) Contaminated A549
treated by 100 μg/mL ampicillin and gentamicin
for a week. The white scale bar in each graph
represents 20 μm. White arrows indicate
intracellular contaminant.

contaminant to estimate the number of contaminants per A549
cell.

We selected genes with known genomic copy number. For
A549, we chose a single-copy gene GAPDH located on the
somatic chromosome 12 [20]. According to the description
of A549 from American Type Culture Collection, the near-
triploidic A549 usually has four copies of chromosome 12.
Ideally, a single A549 cell should have four genomic copies of
GAPDH on average. We designed primers specific to intron 2
of GAPDH so that mRNA will not be amplified. Furthermore,
BLAST search using the sequence of intron 2 of GAPDH

revealed that this sequence is unique in the human genome,
which means that possible GAPDH pseudogenes are unlikely
to confound PCR results. For the contaminant, the 16S rDNA
was chosen as the target for qPCR quantification. Because the
genomic copy number of the 16S rDNA of the contaminant is
unknown, it is only possible to estimate the average number of
16S rDNA copies of the contaminant per single A549 cell can
be calculated from qPCR data as:

N = (2∧(CtGAPDH − Ct16S−23S)) ∗ 4

where N is the number of 16S rDNA copies per A549 cell;
Ct16S-23S is the cycle threshold of the 16S rDNA; CtGAPDH is the
cycle threshold of the human GAPDH gene; 4 represents the
genomic copy number of GAPDH per A549 cell.

Figure 3 shows the estimation of the degree of contamina-
tion presented as number of 16s rDNA copies per single A549
cell. It is evident from Fig. 3A (log scale)that clean A549 cells
were free from contamination as calculation using the above
equation produced a number close to zero (0.0008), which is
consistent with Fig. 2D. Untreated contaminated A549 cells
showed that a single A549 cell was infected with contaminants
containing 164 16S rDNA copies on average, which is also in
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FIG. 3
qPCR-based estimation of contamination using
relative quantification. qPCR was used to
quantitatively determine the number of 16S rDNA
copies per A549 cell. (A) Number of 16S rDNA
copies per A549 cell in various A549 cell cultures.
A549 cell cultures were treated by various
antibiotics for a week. Clean A549 and fully
contaminated A549 cell cultures were used as
controls. (B) Recontamination growth curve
following withdrawal of antibiotic treatments.
ampicillin or gentamicin, and a combination of
ampicillin and gentamicin were used to treat
contaminated A549 cell cultures for a week,
followed by withdrawal of antibiotic treatments.
Number of 16S rDNA copies per cell was
evaluated at various time points within 72 H.

accordance with Fig. 2A. Treatments with 50 μg/mL kanamycin,
tetracycline, and ciprofloxacin for a week failed to achieve sig-
nificant inhibition of the contaminant, nevertheless tetracycline
did exhibit stronger inhibitory effect than the other two an-
tibiotics. Treatments with 50 μg/mL ampicillin or gentamicin
for a week significantly repressed growth of the contaminant.
However, neither ampicillin nor gentamicin at such concentra-
tion was able to eradicate contamination as the number of 16S
rDNA copies per cell following treatment was not negligible (7
and 15 16S rDNA copies per cell for ampicillin and gentamicin,
respectively). On the other hand, the combinatorial treatment
with both ampicillin and gentamicin at 100 μg/mL reduced the
number of 16S rDNA copies per cell to a value of 0.0031. Results
from this section can all be confirmed by fluorescence images
from Fig. 2. Figure 3B shows the recontamination growth curve
of the contaminant following withdrawal of 50 μg/mL ampi-
cillin or gentamicin (treatment for 1 week). It is obvious that
the contaminant reached a state of “full contamination” within
48 H and this growth curve confirmed the visual observation
of recontamination following withdrawal of either ampicillin or

gentamicin reported previously in this study. On the other hand,
the combinatorial treatment with both ampicillin and gentam-
icin led to no observable recontamination as the number of 16S
rDNA copies per A549 cell kept at a value very close to zero at all
monitored time points (Fig. 3B). Therefore, quantification using
qPCR confirmed previous conclusion and once again showed
evidence favoring the combinatorial treatment with both ampi-
cillin and gentamicin to treat infected cell cultures. This method
is referred to as relative qPCR quantification of contamination.

To confirm the validity of relative quantification of contam-
ination, we employed another qPCR-based method for absolute
quantification of contamination. We extracted genomic DNA
from one million contaminated A549 cells as determined by
cell counting. We generated a standard DNA fragment using
PCR to amplify a 120-bp fragment within the 16S rDNA se-
quence using the genomic DNA of isolated contaminant. We
used this standard DNA fragment to create a standard curve
which can be used to calculate absolute copies of the 16S rDNA
copies which in turn is directly proportional to the amount of
contaminants. qPCR was performed using serial dilutions of
standard fragments along with the genomic DNAs extracted
from contaminated A549 cells. The outcome is also expressed
as number of 16S rDNA copies per A549 cell. Figures 4A and
4B are the amplification plot (�Rn vs. cycles) and linear regres-
sion (Ct vs. quantity) of serial dilutions of the standard DNA
fragments. Figure 4C shows the amount of 16S rDNA copies
per A549 cell in various treatment groups. The number of 16S
rDNA copies per A549 cell in untreated contaminated cell cul-
tures is 257 on average, a value higher than 164 obtained from
relative quantification using GAPDH as an internal standard.
In fact, for contaminated groups including cell cultures treated
with futile antibiotics, the numbers of 16S rDNA sequences
per A549 cell were all higher than their counterparts obtained
previously. We believe this deviation is possibly derived from
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FIG. 4
qPCR-based estimation of contamination using
absolute quantification. qPCR was used to
quantitatively determine the number of 16S rDNA
copies per A549 cell. (A) Amplification plot of the
serial dilutions of the standard 120 bp fragments.
(B) Standard curve generated by plotting Ct values
of serial dilutions against their concentrations in
copies/μL. (C) Number of 16S rDNA copies per
A549 cell in various A549 cell cultures. A549 cell
cultures were treated by various antibiotics for a
week. Clean A549 and fully contaminated A549 cell
cultures were used as controls.

the error-prone cell counting process. However, the overall
trend of contamination as determined using the absolute qPCR
quantification is consistent with relative qPCR quantification.
Tetracycline, ciprofloxacin, and kanamycin failed to achieve
significant inhibition, whereas ampicillin and gentamycin were
able to drastically reduce the copy number of 16S rDNA per
cell. The differential between outcomes from these two meth-
ods is believed to be insignificant considering the error-prone
process of standard curve generation and cell counting in the
absolute quantification method.

The relative quantification method is especially useful if
one knows the genomic copies of certain genes both for the
host and the infectious pathogens. We believe the relative

quantification methods is a more reliable and accurate method
than the absolute quantification counterpart because the
absolute quantification method involves cell counting and
generation of standard curve which are both prone to errors.
Nevertheless, absolute quantification is useful when genomic
copies of genes are not available.

4. Discussions
The resilience of cell culture contaminants has been a great
concern of researchers worldwide. Antibiotics and commer-
cially available agents for contaminant removal and elimination
showed inconsistent results. In our laboratory, we tried several
commercial agents to eliminate mycoplasma and were repeat-
edly disappointed by unsatisfactory results before successful
mycoplasma elimination by Plasmocin. However, temporary
elimination of contaminants may be followed by recontamina-
tion due to many possible reasons, for example, development of
resistance. Improvement of laboratory hygiene is also important
in avoiding cell culture contaminants. While most researchers
are only interested in measures to eradicate contaminants, few
have taken a closer look into their biological nature.

We revealed the identity of the mysterious “black dots”
as one of the species belonging to the genus of Pusillimonas.

Biotechnology and Applied Biochemistry 7
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It is resistant to many antibiotics used in this study, whereas
it is vulnerable to the broad-spectrum antibiotics ampicillin
and gentamicin. Interestingly, ampicillin was rarely used in
cell culturing and therefore is easily overlooked. Nevertheless,
it was proven effective against a highly resilient cell culture
contaminant. In fact, it has been reported that ampicillin is
also effective against CNPs [21]. Therefore, we recommend a
combinatorial treatment of ampicillin and gentamicin both at
100 μg/mL for a week against this contaminant or similar cell
culture contaminants. Combining two antibiotics is a strategy
to avoid a scenario where bacterial resistance is developed in
a treatment by only one type of antibiotic. However, prolonged
treatment (more than 1 week) is also not desired due to
possible development of bacterial resistance and negative
effects on cultured cells. If recontamination is a concern,
lowering the concentrations of antibiotics is strategy to prevent
recurring contaminants. Although recontamination did not
occur in our work, a 10 μg/mL concentration of both ampicillin
and gentamicin can be maintained in decontaminated cell
cultures. One way or another, it is highly recommended to use a
combinatorial treatment of at least two antibiotics for treatment
of similar cell culture contaminants, whereas treatment with
antibiotics of high concentrations (>100 μg/mL) should not
exceed a time period of a week.

A new method was devised to quantify intracellular mi-
crobes which are cell culture contaminants in this study. The
qPCR-based method is a sensitive and highly accurate method
which relies on quantification of genetic sequences to work.
The relative quantification method is especially useful if one
knows the genomic copies of certain genes both for the host
and the infectious pathogens. We believe the relative quan-
tification methods is a more reliable and accurate methods
than the absolute quantification method because the absolute
quantification method involves cell counting and generation
of standard curve which are both prone to errors. Neverthe-
less, absolute quantification is useful when genomic copies of
genes are not available. This method can be generalized to any
parasites or pathogens that associate with their hosts.

5. Conclusions
We revealed the identity of the mysterious “black dots”-like
cell culture contaminant which belongs to the genus of Pus-
llimonas. This contaminant is insensitive to most antibiotics
and therefore highly resilient and difficult to remove. Intracel-
lular fluorescence imaging showed that this contaminant was
found inside the cytosol of contaminated cells. For elimination,
we discovered an eradicative measure using the combination
of ampicillin and gentamicin. We also designed a quantitative
method to quantify this intracellular microbe. The qPCR-based
method is a sensitive and highly accurate method, which relies

on quantification of certain genetic sequences to work. This
method can be generalized to any parasites or pathogens that
associate with their hosts.
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