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ABSTRACT

Vibrio parahemolyticus is an important pathogen that leads to food
illness associated seafood. Therefore, rapid and reliable methods to
detect and quantify the total viable V. parahaemolyticus in seafood are
needed. In this assay, a RNA-based real-time reverse-transcriptase PCR
(RT-gPCR) without an enrichment step has been developed for detection
and quantification of the total viable V. parahaemolyticus in shrimp. RNA
standards with the target segments were synthesized in vitro with T7 RNA
polymerase and subsequently converted to cDNA for establishing the
standard curve to quantify V. parahaemolyticus. The reaction efficiency
was 94.56%, and was in the acceptable range. Without pre-enrichment, the
sensitivity of RT-gPCR on quantifying V. parahaemolyticus in shrimp was
58 cfu/g, approximately. In addition, the survival of V. parahaemolyticus
in spiked shrimp samples was quantified by RT-qPCR, DNA-based qPCR
and standard plate count method. The quantification results of RT-gPCR
have shown a good statistical correlation (R>=0.96) when compared to
the standard plate count method. However, the correlation coefficient
between plate count method and DNA-based qPCR was only 0.85 for
quantifying V. parahaemolyticus. Based on the results, this new method
could be an effective way for providing reliable quantitative data on viable
V. parahaemolyticus in shrimp.

INTRODUCTION

Vibrio parahaemolyticus (V. parahaemolyticus), a Gram-negative halophilic bacterium, is a common pathogenic bacteria
causing food poisoning, such as gastroenteritis illnesses or septicemia. V. parahaemolyticus with the highest infection rate in
marine animals are widespread in coastal and marine waters and mainly live in their intestines 2.

In previous studies, the standard plate count method has been used to detect V. parahemolyticus. However, this method
is time consumption including three sequential steps: cultural enrichment, selective plating and a biochemical test, usually
taking 3-4 days to complete the whole process @. Therefore, a fast and accurate detection method is urgent to be established
for quantifying V. parahaemolyticus in seafood. Meanwhile, real-time PCR methods with high detection sensitivity compared to
standard PCR show great potential, due to that Real-time PCR can monitor the reaction products in real time without going through
electrophoresis. By virtue of those numerous advantages, Real-time PCR has been used increasingly in many environments and
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food samples for the detection and quantification of pathogenic microorganisms &I,

Actually, real-time methods are also utilized in detecting of V. parahaemolyticus *°. But most methods using DNA
quantification could overestimate the number of bacteria because all the lived, dead, and non-culturable cells can be detected
671, Studies demonstrated that the amounts of bacterial messenger RNA (mRNA) in cells are strongly associated with the cell
activity . The resulting quantitative reverse transcription PCR (RT-qPCR) technique which utilizes the mRNA template other than
DNA to specifically detect the viable cells will have more potential applications in the future .. In addition, the half-life period of
MRNA is much shorter than that of DNA [, Thus, using mRNA template can largely reduce the probability of false-positive test. By
employing this approach, more accurate risk data of samples can be obtained, hence, proposing a more accurate and effective
risk avoidance measures.

Many studies have focused on the distribution of total and pathogenic V. parahaemolyticus in oysters and mussels 13411,
However, there is very few data about crustaceans, despite that the popularity of crabs and shrimps as well as their consumption
are worldwide 214, Indeed, shrimps are one of the major aquatic products exported in large quantities in tropics. More and
more people consume shrimps which might increase the risk of food borne outbreaks. Here, we investigate the detection and
quantification of viable V. parahaemolyticus method in shrimp samples. The aim of the present study is to establish a RNA-based
approach which can be used to detect and quantify viable V. parahaemolyticus in shrimp.

MATERIALS AND METHODS
Bacterial strains and culture conditions

V. parahaemolyticus QD was a pandemic 03:K6 strain isolated from food samples. It has been identified using molecular
methods and verified by DNA sequencing. The strain was grown in 5 mlof tryptic soy broth (TSB; Land Bridge, Beijing, China)
supplemented with 2.5% NaCl with constant shaking (170 r/min) at 37 °C for 8-12 h.

Artificial contamination of shrimp samples

Live shrimp samples were purchased from a local supermarket in Shanghai. Twenty-four shrimp samples were put in two
aseptic plastic bags, averagely. The full shrimps were placed under ultraviolet light for 20 min, and then 400 ml alkaline peptone
water with 5 ml of different concentration (107 cfu/ml, 108 cfu/ml) of V. parahaemolyticus were added into sterile plastic bags,
respectively. The plastic bags were shaken for 10 min. After inoculating, shrimps were transferred into new sterile plastic bags.
Twenty-four shrimps placed in twenty-four plastic bags (Twelve shrimps were inoculated by 107 cfu/ml V. parahaemolyticus. The
others were inoculated by 10® cfu/ml V. parahaemolyticus).These shrimp samples were divided into three groups, averagely
(Each group included four shrimps inoculated by 107 cfu/ml V. parahaemolyticus and four shrimps inoculated by 108 cfu/ml V.
parahaemolyticus).

Detection of V. parahaemolyticus by bacterial culture method

One group of shrimp samples were homogenized in 30 ml of saline water (0.85% NaCl) and homogenized for 2 min in a
stomacher (BagMixer400VW, Interscience, France) at room temperature. One milliliter of the suspension in the plastic bag was
ten-fold serially diluted and 100 ul of appropriate dilutions was spread onto TCBS (thiosulfate-citrate-bile salts-sucrose, TCBS,
Beijing Land Bridge Technology Company Ltd., Beijing, China) plates and incubated for 16 h at 37 °C for enumerating the total
number of bacteria.

Detection of V. parahaemolyticus by real-time reverse-transcriptase PCR
Optimization of Real-time PCR Conditions

The SYBR Green | based real-time PCR assay was performed on an ABI Prism 7500 Fast Sequence Detection System
(Applied Bio-systems, Foster City, CA, USA) using FastStart Universal SYBR Green Master (Rox) (Roche, Gemany). The tlh primers
used in this study were designed with eprimer3 software (Whitehead Institute, Cambridge, MA, USA), based on sequences from
the NCBI database. The primers were listed in Table 1. Reactions were carried out in MicroAmp optical eight-tube strips using ABI
Prism 7500 (Applied Biosystems, USA) sequence detection system. PCR was performed in a final volume of 20 ul including 2 pl
of template DNA or cDNA, 10 pl of FastStart Universal SYBR Green Master (Rox) (Roche, Gemany), 1.5 pl (10 mM concentration)
of each primer, and 5 ul RNase Free dH,0.

The cycling profile included the initial PCR activation step at 95°C for 10 min, followed by 40 cycles of denaturation at
95°C for 15 s, and primers annealing at 60°C for 1 min. Fluorescent signals were collected at the extension step. A no-template
negative control was included in each run.

Specificity of primers

The specificity of the primers was tested using V. parahaemolyticus QD strain as a positive control and 22 bacterial strains
as negative controls (two V. cholerae strains, one V. alginolyticus strain, one V. natriegen strain, seven L. monocytogenes strains,
one L. innocua strain, three Pseudomonas strains, one Yersinia strain, one Escherichia coli strain, one Staphylococcus aureus
strain, one Salmonella strain, one Macrococcus caseolyticus strain, one Pseudomonas fluorescens strain and one Pseudomonas
putida strain), involving the main spoilage and pathogenic bacteria found in food. DNA were extracted from these bacteria and
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used as templates for PCR reaction. The specificity of primers was established by performing agarose gel electrophoresis of final
PCR product.

Table 1: List of primers used in this study, with their sequences, length, Tm, the percentage of GC and product size.

Primer Name Sequence Length Tm (°C) GC (%) Product Size (bp)
Forward primer 5’-agctggttcttaggtcacttctee-3’ 24 61.47 50
Reverse primer 5’-ggttigtagttcticgccagtttt-3’ 24 61.96 41.67 191

Sensitivity of RT-qPCR

The detection and quantification threshold of the RT-qPCR assays were determined by inoculating 100 pl of different
concentrations of V. parahaemolyticus on shrimp samples. Shrimp samples then mixed with 30 ml of sterile 0.85% NaCl. Shrimp
samples were immersed in the inoculum solution and shaken for 10 min. Then all the aliquots of each shrimp were transferred
into 50 ml sterile tubes. The tubes were centrifuged at 10000 g (4 °C) for 5 min. After removal of the supernatant, the pellet was
used to extract RNA. The RNA was subsequently subjected to real-time RT-PCR.

RNA-based standard curve

RNA standards of V. parahaemolyticus which bore the tlh target gene constructedin vitro transcription were synthesized by
TaKaRa Biotechnology Dalian Co., Ltd., China. Then the RNA standards were reverse-transcribed by using PrimeScript RT reagent
Kit with gDNA Eraser (TaKaRa Biotechnology Dalian Co., Ltd., China) according to the manufacturer's guidelines. The total RNA
was purified twice by using DNase . After purification, the purity and the number of constructed copies of the RNA standards were
calculated through its OD value. A standard curve for the RT-gPCR assays was generated with ten-fold serial dilutions of standard
cDNA (102107 copies/ml) and CT values were determined. Correlation coefficients (R?) and efficiencies (E) of amplification were
calculated.

RNA extraction and cDNA synthesis

Total bacterial RNA from shrimp was extracted according the method used by Sirsat 9. The concentration of RNA was
determined by Biotek SynergyTM 2 (Gene Co., Ltd., USA) and the integrity of RNA was confirmed by gel electrophoresis. Then
the cDNA was synthesized by using PrimeScript RT reagent Kit with gDNA Eraser (TaKaRa Biotechnology Dalian Co., Ltd., China)
according to the manufacturer's guidelines. Reactions were carried out in a Mastercycler ep cycler (Eppendorf, Germany),
following PCR conditions: 37 °C for 15 min, 85°C for 5 s and cooling to 4 °C. The synthesized cDNAs were stored at -20°C before
subsequent use. One group of shrimp samples mentioned in section 2.2 were homogenized in 30 ml of saline water (0.85%
NaCl) and shaken for 10 min at room temperature. All the aliquots were transferred into one 50 ml sterile tube. The tubes were
centrifuged at 10000 g (4°C) for 5 min. The pellet was stored at -80°C until extracting RNA as mentioned above.

Detection of V. parahaemolyticus by real-time PCR
DNA-based standard curve

To construct standard curve, DNA were extracted from of ten-fold serial dilutions of suspensions of pure V. parahaemolyticus
(102107 cfu/ml) and were amplified as described above. CT values were generated by real-time PCR. In parallel, the same
concentrations of suspensions of V. parahaemolyticus were counted for determination of viable cell counts on selective agar
(TCBS). A linear relationship was produced by plotting the number of bacteria against the CT values. Correlation coefficients (R?)
and efficiencies (E) of amplification were calculated.

DNA extraction

Bacterial DNA was extracted using the TIANamp Bacteria DNA Kit (Tiangen Biotech Beijing Co., Ltd., China) according to the
manufacturer's instruction. Finally, DNA was eluted with TE buffer (Tiangen) and stored at -20°C.

One group of shrimp samples were homogenized in 30 ml of saline water (0.85% NaCl) and homogenized for 2 min in a
stomacher at room temperature. All the aliquots were transferred into one 50 ml sterile tube and centrifuged at 10000 g (4°C)
for 5 min. The pellet was stored at -20°C until extracting DNA as mentioned above.

Shrimp samples for quantitative testing

RNA and DNA were extracted from artificial contamination shrimp samples (see section 2.2) respectively, and then subjected
to RT-gPCR or qPCR. Quantitative results were obtained from standard curves. Simultaneously, the traditional plating methods
were performed for bacterial enumeration.

Statistical analysis

The values were expressed as mean + standard deviation (SD). Statistical analysis was performed by using the Origin 8.0 to
determine the statistical differences between the plate counting and the RNA- /DNA-based qPCR detection methods.
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RESULTS

Specificity of quantitative real-time PCR assays

The specificity of the assays was determined by PCR assay with the DNA targets extracted from pure cultures of V.
parahaemolyticus and non-parahaemolyticus strains. Agarose gel electrophoresis showed a single band (data not shown) when
testing DNA templates from V. parahaemolyticus strain. None of the PCR amplified products was observed from the strains of
non-parahaemolyticus species indicating a good specificity of primers. The specificity was further detected by the melting curves
of qRT-PCR assay. Also negative controls did not show any melt temperature (Tm) at ~ 81.53°C indicating the primers had
significant specificity (data not shown).

Determination of the sensitivity of quantitative real-time PCR assays

The sensitivity of real-time PCR was tested as described in materials and methods by using serial dilutions of mRNA extracted
from the known number of V. parahaemolyticus which spiked in shrimp. For the spiked shrimp, the sensitivity of the RT-gPCR
assay was 58 cfu/g.

RNA-based standard curve

The RNA standard was synthesized by TaKaRa Biotechnology Dalian Co., Ltd., China and the results had a good quality
(Table 2). Standard curve was generated by RNA-based qRT-PCR amplification of serial dilutions of cDNA standard (102-10
copies/ul) in EASY Dilution Buffer. The equation of the copies/ul versus the threshold cycle (CT) values was obtained as y=-
3.46x+36.00 with R? of 0.998; the amplification efficiency (E) was 94.56%ve information indicated that the R, and E value were
acceptable in this method.

Table 2: Quality parameters of standard RNA.

Standard RNA A260 A280 A260/280 Concentration (ng/pl) Copyies (copies/pl)
tlh 0.64 0.30 2.09 25.43 1 x 10

DNA-based standard curve

DNA was extracted from ten-fold dilutions of pure V. parahaemolyticus to construct DNA-based standard curve. Each CT
value was determined by DNA-based real-time PCR assay. CT values were plotted as a function of the cell concentration and
the plot showed the expected linear relationship between the Log cfu/ml and CT values (Figure 2). The slope of the DNA-based
standard curve was -3.50, which corresponded to 93.03% efficiency for qPCR assay. The R? and E value were acceptable in the
method.

Quantitative detection of V. parahaemolyticus in spiked shrimp samples

The survival of V. parahaemolyticus in artificially contaminated shrimp was detected and quantified by plate count method,
DNA-based qPCR and RT-gPCR method. The results of RT-gPCR assay and the plate count method for spiked shrimp samples
had a good statistical correlation (R?=0.96), while the correlation coefficient for plate count method and DNA-based gPCR just
reached R?=0.85 (Figure 3).
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Figure 1: The amplification and standard curve of RNA-based gRT-PCR. (A) Amplification of the tenfold dilution of cDNA
standards ranging from 107 copies/ul to 102 copies/ul (B) The standard curve was generated by plotting the mean Ct values
versus the ten-fold serial dilutions of RNA standard over a range of concentrations from 107 copies/ul to 102 copies/ul.
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Figure 2: The amplification and standard curve of DNA-based RT-gPCR. (A) Amplification of the tenfold dilutions of standard
DNA ranging from 107 Log cfu/ml to 102 Logcfu/ml. (B) The standard curve was generated by plotting the mean Ct values
versus the tenfold serial dilutions of standard DNA over a range of concentrations from 107 Logcfu/ml to 102 Logcfu/ml.
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Figure 3: Quantification of V. parahaemolyticus in spiked shrimp samples by RT-gPCR, DNA-based qPCR and plate count
technique. (A) Comparison of plate count and RT-qPCR, y=0.53x+0.51, R?=0.96 (B) Comparison of plate count and DNA-
based qPCR, y=0.56x+0.89, R?=0.85.

DISSCUSION

In recent years, real-time PCR for detecting and quantifying the pathogens has been increasingly used in food and
environmental samples by targeting DNA %617 including gPCR employed DNA standards for detecting V. parahaemolyticus.
However, the main drawback of these methods is that DNA in dead cells could be still detected and cause false positive results.
It was reported that DNA could exist for up to three weeks after bacterial cells death 8. Since RNA has a shorter half-life than
DNA in dead bacteria, our study established an RNA-based real-time RT-PCR, which used in vitro-transcribed RNA standards. The
method was developed to quantify viable V. parahaemolyticus in shrimp. To our knowledge, this was the first time that a real-time
PCR was employed to quantify viable V. parahaemolyticus from the viewpoint of RNA standards obtaining by in vitro transcription.
A similar strategy constructed RNA standards for quantification of mRNA corresponding to the InvA and 16S rRNA genes of
Salmonella 9, In vitro-transcribed RNA standards has been proved well for quantification. The thermolabile hemolysin gene (tlh),
which was regarded as a species-specific marker for V. Parahaemolyticus 1?°, was selected as targets for this study. The tlh gene
has been used in previous study for the quantification of V. parahaemolyticus ?*+?2,

This assay established RNA standards by in-vitro transcription which is the highlight of the study. However, in published
studies about real-time RT-PCR, most of the methods employed DNA-based standard curves to quantifying bacteria, rather than
RNA-based standard curves. For example Bui et al. 2% quantified Campylobacter jejuni by the DNA standard curve of real-time RT-
PCR and investigated the survival of Campylobacter in chicken faecal samples. These methods are easier to optimize because of
the absence of the efficiency of revere-transcription. Yet, these methods ignored the difference between DNA and RNA extraction,
which might cause inaccurate quantification.

What’s more, some earlier researches required pre-enrichment procedures before starting real-time RT-PCR assay. For
instance, Miller et al. ¥ used real-time RT-PCR to detect Salmonella enterica in Serrano peppers, Jalapeno, lettuce and tomatoes
with a short period of pre-enrichment (6 h), and they demonstrated that this method rapidly and successfully detected Salmonella
in food.

The important characters of quantitative PCR assay are its specificity, sensitivity and linear ranges. After optimization, the
protocol was found to be highly specific for V. parahaemolyticus indicated by that no amplification signal of DNA or RNA from
non-parahaemolyticus was obtained by the qPCR protocol (data not shown). In addition, the specificity of the gPCR was further
tested by the melting temperature (Tm). Results showed that the amplification efficiency of both RNA-based (E=94.56%) and DNA-
based (E=93.03%) methods were within the acceptable range (90%-110%) ?® and sensitivity testing showed that the detection
limit level for shrimp sample detected by RNA-based method was 58 cfu/g. In a word, the RNA-based real-time RT-PCR assay was
characterized by its high specificity and sensitivity. Furthermore, this method had advantages over bacterial culture method due
to without pre-enrichment.
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Nowadays, some researches have focused on viability-PCR because of that the viability dye could penetrate into cell
membrane of all dead bacteria except for live cells. Once entry in the dead cells, the DNA-binding dye induced irreversible DNA
modifications, produce the inhibition of DNA amplification 2¢. However v-PCR currently suffered from some practical limitations
271 In case of the complexity of sample matrix, the signals of dead cell might be inhibited, resulting in the overestimation of
intact cells. Because of those, this study employing RNA, as the basis of quantification ensures that only viable bacteria will be
quantified.

The difference on the quantification between real-time RT-PCR and the traditional method could be attributed to many
factors. Firstly, there was a heavy amount of matrix debris from shrimp, which might have interfered with the following processes,
such as RNA isolation and reverse-transcription. Secondly, the colony-forming unit is not an exact standard unit and could contain
from 10 to 100 bacteria, while molecular-based methods could quantify the bacteria on a single cell count basis 8., Finally, the
efficiency of RNA extraction as well as revere-transcription may have the lower quantification results than traditional method. The
highly stable DNA of dead bacterial cells may result in an overestimation of bacterial cells. As such, the quantification results of
DNA-based real-time PCR were higher than that of RT-qPCR. However, RNA extraction procedures were rather complex and the
instability of RNA may also cause the lower quantification results compared with DNA-based RT-PCR.

The different molecular techniques, especially real-time PCR method, offer an attractive alternative for quantifying total
bacteria. This method is widely applied in various studies, which requires reproducible and accurate bacterial quantification 2%
32, Afterwards, the novel method in this study utilized mRNA standard curve to quantify the V. parahaemolyticus in shrimp. The
purpose of this study was tried to mimic the bacterial culture method as close as possible, for culture method is convention and
standard quantification method.

Whereas, considering what is said above, it is difficult to create a new rapid molecular method which is independent of
culture. The new molecular method has its advantages over traditional method, such as, detecting viable but non-culture bacteria
in samples which can’t be quantified by bacterial culture method. In summary, the novel method has the potential to be used as
an alternative bacterial quantitation method. However, this method is not applied to test the shrimp samples in market. Further
studies are required to validate the practicability and accuracy of this novel method.
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