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Development of a luminescence real-time method for
monitoring live bacteria during phage lysis
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Abstract: The toxin-producing bacterium Vibrio cholerae can cause severe diarrhea and has caused seven global
pandemics. Traditional viable cell counts and phage plagues are commonly used to evaluate the efficacy of virulent phage
clearance of V. cholerae, but these operations are time-consuming and labor-intensive, and difficult to provide real-time
changes. It is desirable to develop a simple and real-time method to monitor V. cholerae during phage lysis. In this study, a
luminescence-generating plasmid pBBR-pmdh-luxCDABE was transformed into three O1 serogroup drug-resistant strains
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of V. cholerae. The results showed that the luminescence value as a monitoring index correlates well with the traditional
viable cell count method. Monitoring the number of live cells of V. cholerae by measuring the luminescence allowed
real-time analysis of the number of bacteria remaining during phage lysis. This method enables repeated, interference-free,
continuous multiple-time-point detection of the same sample without the time delay of re-culture or plaque formation,

facilitating real-time monitoring and analysis of the interaction between the phage and the host bacteria.
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Table 1 primers used in this study

Primer name Sequence (5'-3")? Enzyme
rplJ-F CGGICTAGATAGAAGCTCTGCTGGTTGCTCTGAA Xba |
rplJ-R CGCGGATCCCTTGGATTAACTCCTGGTTGTCGTT BamH [
dnaK-F CGGICTAGAGTGTTTAACCCTGAATTCCACCAAG Xba |
dnaK-R CGCGGATCCCAGGCTATCTCCAAAAAAATTCTAT BamH I
mdh-F CGGICTAGAAGCCAAAGCGTTCTTCTTTTAGTAA Xba |
mdh-R CGCGGATCCCGTAAATCTCCTTGAGAGTAATCTC BamH I
pntA-F CGGICTAGATCGTTTTATTCGCTCTGATTTGGTT Xba I
pntA-R CGCGGATCCAGCGGTTCCTTGACTATTGGCACAA BamH I

Restriction sites are underlined.

& 2 TARFTAE R R B
Table 2  Strains and plasmids used in this study

Strains and plasmids Relevant genotype Reference/resource

Strains

ICDC-VCT70 O1 serogroup, antibiotic resistance (TET, NIT, TMP-SMX) Lab collection

ICDC-VC81 O1 serogroup, antibiotic resistance (NAL, TET, DOX) Lab collection

ICDC-VC2231 O1 serogroup, antibiotic resistance (NAL, TET, NIT, TMP-SMX) Lab collection

Ve(prpld) N16961 transformed with plasmid pBBR-prplJ-luxCDABE This study

Vc(ppntA) N16961 transformed with plasmid pBBR-ppntA-luxCDABE This study

Vc(pmdh) N16961 transformed with plasmid pBBR-pmdh-luxCDABE This study

Vc(pdnaK) N16961 transformed with plasmid pBBR-pdnaK-luxCDABE This study

VC70(pmdh) ICDC-VCT70 transformed with plasmid pBBR-pmdh-luxCDABE  This study

VC81(pmdh) ICDC-VC81 transformed with plasmid pBBR-pmdh-luxCDABE  This study

VC2231(pmdh) ICDC-VC2231 transformed with plasmid  This study
pBBR-pmdh-luxCDABE

N16961 Spontaneous mutant of N16961, Inaba, Sm s Lab collection

SM10 Apir Km, thi thr leu tonA lacY supE recA::RP4-2-TC::Mu Apir Lab collection

DH5a Apir sup E44, AlacU169 (®lacZAM15), recAl, endAl, hsdR17, thi-1, Lab collection
gyrA96, relAl

Plasmids

pBBRIux luxCDABE, CHLR Lab collection

pBBR-prplJ-luxCDABE
pBBR-pmdh-luxCDABE
pBBR-pdnaK-luxCDABE
pBBR-ppntA-luxCDABE

Promoter region of prpld in pXEN-luxCDABE
Promoter region of pmdh in pXEN-luxCDABE
Promoter region of pdnaK in pXEN-luxCDABE
Promoter region of ppntA in pXEN-luxCDABE

This study
This study
This study
This study

NAL: nalidixic acid; TMP-SMX: trimethoprim/sulfamethoxazole; TET: tetracycline; NIT: nitrofurantoin; DOX: doxycycline;

CHL.: chloramphenicol.
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Fig. 1 The promoter of pmdh gene can promote high
expression of luxCDABE. (A) The luminescence
observation of the clones from plates by the
chemiluminescence system. (B) The luminescence value
analysis of bacterial liquid culture. NC: Vc(NC); 1:
Ve(prpld); 2: Ve(pmdh); 3: Ve(pdnaK); 4: Ve(ppntA).
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Fig. 2  High correlation coefficient was observed

between the luminescence value and viable cell count
value. (A) Real-time analysis of luminescence and cell
count value during V. cholerae growth process.
Luminescence of left longitudinal axis: the value of
luminescence value after logarithmic analysis. CFU of
right longitudinal axis: the logarithmic analysis number
of viable cells per milliliter of bacterial solution
calculated by plate counting method. (B) The correlation
coefficient between Iluminescence values and the
corresponding cell count values from the same samples.
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Fig. 3 VP3 phage sensitivity detection of V. cholerae
drug resistant strains. (A) VP3 plaque observation of V.
cholerae, the VP3 sensitivity detection was performed by
double-layer plaque assay, plaque formation indicates
that the strain is sensitive to VP3. Control: V. cholerae
sample without VP3. (B) Determination of VP3
sensitivity of V. cholerae drug resistant strains in liquid
culture. Phage was mixed with V. cholerae and cultured
for 6 hours, after observation by naked eye, the liquid
culture was stored in the refrigerator at 4 ‘C overnight
and the result was saved by photo.
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Fig. 4 Real-time monitoring of the residual viable cells of V. cholerae during VP3 lysis process. (A) The lysis process
of ICDC-VC70 by VP3 was monitored in real time. After cells were cultured for 2 hours, VP3 was added according to
MOI = 0.1. The luminescence value and the viable cell count were detected every hour. The monitoring curve was drawn
to analyze the correlation between the luminescence value and the number of living cells. (B) The VP3 lysis process of
ICDC-VC81 was monitored in real time. The same as mentioned above. (C) The VP3 lysis process of ICDC-VC2231
was monitored in real time. The left column is the real-time analysis curve, and the right column is the correlation
coefficient of the two kinds of values.
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