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qPCR detection of Rhodobacter sphaeroides
Phage in the CoQ Production
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Coenzyme Q, is industrially produced by fermentation and extraction from
Rhodobacter sphaeroides. However, phage pollution is a fatal phenomenon in the
fermentation industry. The infection of R. sphaeroides by phase was reported for the
first time in this study. Based on the obtained genetic sequence from the phage, a
quantitative polymerase chain reaction (qPCR) phage detection profile was developed for
early detection during the pilot culture to prevent phage pollution in the production

lines.
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CoenzymeQ (CoQ) isfoundin many types
of organisms and is confirmed to be an essential

component of the electron transport chain for
aerobicrespiration (Lenaz et al., 2007). In humans,
the administration of CoQ,, presents promising
uses in the prevention and treatment of several
diseases (Sharma et al., 2004; Somayajulu et al.,
2005). CoQ, isindustrially mass produced for the
raw materials of many medicines and healthcare
products. Among all industrial production
technol ogies, thefermentation and extraction from
Rhodobacter sphaeroidesis considered the most
economical and efficient method for obtaining the
pure substance of CoQ, .

However, in the fermentation industry,
phage pollution is a fatal phenomenon that can
lead to the reduction or even the extinction of
output. When phage pollution occurs, the
production is usually stopped to clean the
fermentation equipment thoroughly. An efficient
way to avoid phage attacks is the early detection
of phages during the pilot culture. Tests can be
performed by using standard microbiological
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methods, such as plaque assays (Everson, 1991),
but such assays are time consuming. When the
results are obtained, the culture is usually
inoculated for enlargement. Therefore, the rapid
detection of phages is important for their earlier
management. Molecular methods for the rapid
detection of phages are much better candidates
for thistask asthey produce resultswithin ashorter
period. Some techniques that are based on
guantitative polymerase chain reaction (qPCR)
have been devel oped for detecting phages, mainly
infood fermentation (del Rioet al., 2008; Martin et
al., 2008). To our knowledge, the qPCR detection
of R. sphaeroides phage has never been reported
in previous studies.

During the summer of 2012, severe phage
pollution led to a halt in production for several
monthsin afactory that produced around 250 tons
of CoQ,, per year by fermenting R. sphaeroides.
To recover and ensure normal production, the
phage wasisolated and one section of itsgenomic
sequence was obtained. Based on this sequence,
a standard operation profile for rapid phage
detection was established based on qPCR
techniques. This study is the first to report the
detection of R. sphaeroides phage in CoQ,,
production.
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MATERIALSANDMETHODS

The phage lysate was obtained from the
production fermentors (130 m®in volume and 100
m? in fermentation) of the factory. The lysate was
centrifuged for 10000 rpm for 5 min and the
supernatant was collected for el ectron microscopic
observation (Institute of Microbiology, Chinese
Academy of Science, Peking, China) and phage
isolation. The genetic material waspurified directly
from the lysate using the TaKaRa MiniBEST
Plasmid Purification Kit (Ver. 4.0, TaKaRa, Japan).
The purified genetic material was digested using
nucleases DNasel, S1, and RNaseA to judge the
genetic material type. Some DNA sequenceswere
obtained using random primers amplification,
cloning, and sequencing (Sangon, Peking, China).
Rhodobacter sphaeroides chromosomal DNA was
used as the control in PCR reactions. Moreover,
the R. sphaeroides phage was isolated from the
lysate supernatant. The resuspended individual
plagques were prepared based on the instructions
for coliphage A isolation in a laboratory manual
(Molecular Cloning, version 3), boiled for 10 min
and used as templates in the PCR reactions by
using several primer pairsthat were designed from
the above-mentioned DNA sequences. The
chromosomal DNA from R. sphaeroides and
isolated sundry bacteria were used as the control.
Theamplified DNA fragmentswererecovered from
the agarose gel by using the TaKaRa MiniBEST
Agarose Gel DNA ExtractionKit (Ver.4.0, TaKaRa),
cloned into T-vector by using the pGEM-T easy
Vector System (Promega, USA), and sequenced
(Sangon). Based on the obtained sequence, a
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primer pair was selected to establish the gPCR
phage-detecting method by using the SYBR®
Premix Ex Tag™ Il kit (TaKaRa) and the Applied
Biosystems 7500 Real-Time PCR System (ABI,
USA). In the gPCR exercises, the program and
mixture were prepared based on the
recommendations from the product manuals of the
gPCR system and kit, and the PCR ampliconswere
examined by agarose gel electrophoresis and
sequencing to test the validity of the primers and
gPCR. Thestandard samplesfor the standard curve
were prepared following the methods of Li et al.
[2007 and 2011]. Using the gPCR determination
technique established in this study, the efficiency
of the genetic materia purification technique using
the Plasmid Purification Kit (TaK aRa) wascompared
with the coliphage L DNA purification methods
(precipitating the phage particleswith PEG8000 and
extracting DNA with phenol and chloroform)
prescribed by the above-mentioned manual.

RESULTSAND DISCUSSIONS

The electron micrographs demonstrated
abundant phage particlesin thelysate supernatant
(Fig. 1). Therefore, phage pollution was the cause
of bacteria lyses. The genetic material that was
directly purified fromthelysatewas analyzed using
three nucleases. The analysisresultsreveal ed that
such material could be digested by using DNasel
and S1, but not by using RNaseA. In addition, the
genetic material and phageM13 DNA (single-chain
DNA) could be digested using nuclease S1 at 0.1
U/reaction, but not at concentrations of 0.01 and
0.001 U/reaction. The linearized plasmid pUC18

Coenzyme Q, . Bars represent 50 nm (A) or 100 nm (B)
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(double-chain DNA) could not be digested under
all three concentrations. Through enzyme
digestion analysis, the genetic material type was
estimated to be single-chain DNA.

Several sequences were also obtained
from the isolated genetic material using random
primer amplification. As a fingerprint technique,
random primer amplification was often considered
unacceptable over the recent years because of its
low repeatability. However, in this study, random
primer amplification was used to obtain some
fragments from template DNA regardless of its
repeatability and primers.

Given that the sequences were obtained
directly from the lysate in the factory fermentors,
confirming whether these sequenceswere fromthe
phage genome was necessary to avoid the
possibility of the sundry microbe origin. The
above-mentioned sequences can be used to design
primer pairs to amplify the isolated phage strain
genomic DNA and to obtain amplicons. Therefore,
11 pure phage strainswereisolated from the lysate
supernatant and 7 resuspended plaques were
successfully amplified with the primer phageZH12F
(5-TTTCGTCGTATCCGTCTCGGT-3') and
phageZH12R (5 -GATGTCTACCTCTTGATATAC-
3’). The DNA sequence obtained from the
amplicons was the same as that obtained from the
lysate, thereby confirming the phage genome
source. The sequence has been submitted to
GenBank under accession number KP996514. No
highly similar neighbor wasfound in the GenBank
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Fig. 2. Standard curve showing the linear relationship
between the threshold cycles (Ct) and input copy
number of standard samples. Triplicate determinations
for each sample
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database using the NCBI BLAST software. Inthis
study, not all 11 strainswere successfully amplified.
Four unsuccessful amplificationswere not repeated
because of the low phage concentration in the
suspended plaques used as templates and of a
similar sequence obtained from seven successful
amplifications.

Severa pairs of primers were designed
from the obtained sequence and compared in the
gPCR determinations. Theoptimal primer pairswere
phage-PF2 (5 -CTCGTCGCCATTCCAATCGG-3)
and phage-PR2 (5'-CGGGGCCACAAACT
TAGGTA-3'). Using thispair of primers, the g°PCR
phage detection had alow limit of approximately
26 DNA templatesin each reaction (R?> 0.99 for
standard curves), which was considered sufficient
for magnitude determinationin thefactory (Fig. 2
and 3). Using this technique, two previously-
mentioned phage DNA purification methodswere
also compared using the same samples. The
efficiency of the plasmid purification kit was higher
than the A DNA purification profile in this study,
thereby indicating that more phage DNA existed
in the bacterial cellsthan in the phage particlesin
thelysate and in the dust samplesfrom thefactory.
Several high-concentration samples were also
found from the sewer conduits. Therefore,
adjustment and alteration were included in the
disinfection operations of the factory.

Standard Curve
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Fig. 3. Standard curve showing the linear relationship
between the threshold cycles (Ct) and input copy
number of standard samples. Triplicate determinations
for each sample.
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Based on the established gPCR
techniques, one standard operation profile for
phage detection was confirmed and used in the
factory. The factory resumed its production in
March 2013 when the phage concentration in the
environmental samples was lowered after along-
time disinfection. The bacterial culture was aso
gradually magnified from abacterial cloneto 100-
m? fermentation. Therefore, the phage pollution
must be determined during the amplification before
these phages are inoculated in bulky fermentors,
particularly in 130-m?production fermentors. After
adopting the standard operation profile, phage
pollution was not observed in the fermentorssince
production recovery.

gPCR-based methods allow highly
sensitive, rapid, and real-time monitoring of specific
phages during the fermentation process (Marco et
al., 2012; Samson et al., 2013). In this study, the
assay process lasts no longer than 3 h after the
sampling. However, when the plaque assay was
used, the culture process lasted almost 3 d because
of the slow bacterial growth rate. Given that qPCR
detects DNA fragments, the absence of amplicons
from contaminating bacteria must be ensured. To
guarantee that only phage DNA wasamplified and
to avoid overestimation, the primer sequenceswere
designed and compared with those in the GenBank
database, usingthe NCBI Primer-BLAST software.
Some contaminating bacteria were isolated from
the lysate and used as controls. Theoretically, the
contaminating bacterial strains cannot be entirely
isolated. The phage magnitude in this study was
usualy large. The determination results require
more evidence whilethe very low signal found in
gPCR. These molecular methods do not
discriminate between active and non-active phage
particles and are also not very convenient for
factory operators. To overcome these limitations,
gPCR-based methods and classical microbiol ogical
assays should be used simultaneously to obtain
more datafrom the factory.
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