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Abstract

Several strategies have been proposed for the control of microbial pathogenic populations. Killing pathogenic bacteria present 
an international challenge that deserves particular attention to protect environment, Humain and animal health’s. Fighting against 
pathogenic bacteria required a particular choice of adequate disinfection method. Mechanisms of microbial-cell inactivation of Gram-
positive Bacillus subtilis ATCC 6633 and –negative bacteria Pseudomonas aeruginosa ATCC 27853 strains following three treatments 
ultrat violet C light (UV-C) -Sodium dodecyl sulphate (SDS)-phage (P) were considered. Results showed that UV-C up to 342 mWcm-2 
dose discharged approximate 5-Log units of the viable and cultivable (VC) for P. aeruginosa ATCC 27853 strain. However, B. subtilis 
ATCC 6633 subjected to UV-C treatment resulted in 8-Log reductions of VC. Most of the P. aeruginosa ATCC 27853 cells inactivated 
by UV radiation remained unlysed in the absence of SDS or phage. SDS or Myovireadae phage Ω associated to UV treatment improve 
the disinfection with effect in cells integrity of both B. subtilis ATCC 6633 and P. aeruginosa ATCC 27853 strains. Bacterial lysis with 
chemical (SDS) or biological (phage Ω) amendments have the potential to improve cell death of irradiated bacteria.
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Introduction

Over the world, infectious diseases are a significant burden on public-health and economic stability of all societies. Many methods 
have been well described in litterature as efficient tools for pathogenic bacteria destruction. These methods are classified as (i) chemical 
methods such as chlorination [1,2] and surfactant [3,4] (ii) physical approach for example UV-C irradiation, ultra-sonincation and micro-
waves tools (iii) physico-chemical prossess such as polymer-based disinfectant [5,6], nano-photocatlytics and (iiii) biological methods 
and phage application [7,8]. Each method hold its proper advantages and disavantages. However, it exists a deep complementarity be-
tween some methods and when applied associated, the created system may improve water quality and may limit the spreading of some 
pathogenic bateria. Hybrid system may associate a serial of unit treatments having as a role to establish a complementarity between 
different treatment. 
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Ultra Violet germicide UV-C light radiation present a popular method in water treatement and was used as alternative to chemical dis-
infectants, because of the absence of by-products harmful to humans and the environment. Microbial disinfection by UV-C has the poten-
tial to reduce most enteric pathogenic bacteria [9-11]. The effect of UV-C on micro-organisms was discovered since 1877. Recently, UV-C 
effect in wastewater treatment deserves full attention of many works discovering its limits and its advantages [12,13]. However, some 
bacteria may escape to UV-C and may repair damage submitted to NAs, thanks to genetic patrimony. Most studies have been involved in 
UV-C and its effect in NAs bacteria damage and in bacteria NAs cells repair [14,15]. However, few studies have investigated the impact 
of UV-C radiation on bacteria cell integrity and behavior of cell function to damage. B. subtilis can protect itself by spore formation after 
stress irradiation [16,17]. However, P. aeruginosa repaired the cell damage by changes in NAs function following the administration of 
lethal dose of UV-C [18,19].

We wanted to know what happens to cell integrity after UV radiation. Could it be possible for the cells to repair and recover? To our 
knowledge the studies on bacterial cell integrity after UV-C irradiation were not established. Further lyses of these bacteria may be need-
ed to achieve a full kill of pathogenic bacteria that have escaped the UV-C. The present work aims to expand upon previous work to exam 
the mechanisms of UV-C microbial cell inactivation by studying differences in Gram-positive and –negative bacteria and combinations of 
UV-C, SDS, or phage Ω isolated from domestic waste water. 

Material and Methods

Pilot plant study 

The batch laboratory UV-C device used in these studies was built in cooperation with Guy Daric S.A. (Aubervilliers, France). This proto-
type contained a sliding rack, with an irradiation board that held six Petri dishes (90 mm diameter). A germicidal low-pressure mercury 
vapour discharge lamp (length = 900 mm, diameter = 13 mm, power of UV emission at 253.7 nm = 55W) with reflector could be adjusted 
to different heights above the irradiation board to change relative dose zero to do 20000 mWscm-2. An electric ballast supplied energy to 
the lamp and an extractor removed the ozone. Doses were calculated as the product of radiation intensity and time following the formula 
of Bolton, and Linden [20] equation 1. 

UVDose = I·tR, (1) (equation 1)

UVDose expressed in (J/m2), I (W/m2) the irradiance (power delivered by the UV source), and tR (s) is the exposure time.  

Microorganisms

P. aeruginosa ATCC 27853 and B. subtilis ATCC 6633 strains were kindly provided by Pr Boudabous Faculty of Sciences Tunis, Tunisia. 
Myovireadae phage Ω was isolated from non- treated domestic waste water sampled from the Pilot Plant Rades Tunisia and identified by 
Pr. Moineau Department of Medical Biology, Laval University, Quebec, Canada ax described by Grami., et al. [21].

Irradiation experiments 

The irradiation studies used a batch laboratory irradiation device and followed the method of [12]. Cultures were inoculated at 1:200 
dilution in nutrient broth (NB); Pasteur Institute Paris, France), from a fresh overnight culture grown at 37°C in water bath shaken at 220 
rpm to midlog phase (OD600 0.4~2 X 106 cells ml-1). P. aeruginosa and B. subtilis cultures were placed in 9-cm diameter glass Petri dishes 
and irradiated at increasing lengths of time with gentle agitation to obtain a calculated UV-C dose to a 3 mm depth of the solution. Two 
non-irradiated samples were also studied. At 15, 30 and 45 mn, 2 mL samples were taken from the flasks to count bacteria before (N0) 
and after (N) exposure. Each experiment was repeated at least four times. Measurement of the incident intensity at 254 nm, at the liquid 
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surface, was measured using an ultraviolet Vilbert-Lourmat digital radiometerv France, Paris). Dose was expressed in mWscm-2 and was 
calculated as the average incident intensity. All irradiation was performed at laboratory temperature of 25°C ± 3°C. SDS was prepared at 
a stock concentration of 100 mM. Myovireadae phage Ω suspension at 107 PFU mL-1 was added to the cell suspension after cell irradia-
tion. For all treatments, bacteria were counted by pour-plate technique on plate count Agar (PCA) medium (2 days at 37°C) according to 
French standards (Standard NF T 90-401). 

Cell, nucleic acid and protein measurements 

The UV-radiated cell suspensions were serially diluted with sterile 0.9% NaCl solution and spread on Luria-Bertani medium to enu-
merate P. aeruginosa ATCC 27853 and Nurtrient Broth medium to enumerate B. subtilis ATCC 6633 after incubation at 37°C for 24 h. Cell 
density was measured at 600 nm using a spectrophotometer method. The amount of protein released from the UV-C irradiated cells was 
measured by the method of [14,22]. Bovine serum albumin was used as the standard. The NA content of the suspension was directly mea-
sured at 260 nm using a UV spectrophotometer spectrophotometer (Perkin-Elmer, Model 560). 

Statistical analysis

All experiments were repeated at least four times and data were subjected to analysis of variance and means were separated by the 
least significant difference according to the Student Newman-Keuls Test (SPSS 10 for windows). 

Results

P. aeruginosa and B. subtilis strains were subjected to increasing UV-C irradiation doses, which reduced the VC. UV-C irradiation up to 
a dose of 342 mWcm-2 resulted in an approximate 5-Log units reduction of the VC in P. aeruginosa ATCC 27853 strain compared to initial 
counts (Figure 1). However, B. subtilis ATCC 6633 subjected to UV treatments as high as 842 mWcm-2 resulted in reductions of 8-Log VC. 

Figure 1: Viable count and cell density of P. aeruginosa ATCC 27853 (A) and B. subtilis ATCC 6633 (B) before and after UV radiation at 
increasing UV doses considered in mWcm2. Viable Count bacteria (VC) were counted by pour-plate technique on PCA me dium (2 days at 
37°C) according to French standards (Standard NF T 90-401). DO = cells density determined by spectrophotometer method considered at 

600 nm.
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Nucleic acids in suspension NAs

The amount of NAs released into the cell suspension was analyzed by measuring absorbance at 260 nm (Figure 2). The two bacterial 
strains tested showed similar Patterns in their release of NAs. However, the leakage of NAs from B. subtilis ATCC 6633 was higher than 
values found in P. aeruginosa ATCC 27853. The amount of released Protein RP into the cell suspension was also analyzed in both strains 
(Figure 2). Released Protein from P. aeruginosa showed an increase during the first time contact with UV-C light. In fact, the quantity of 
PR values varied from 300 to 365 µg/mL after 171 and 684 mWcm-2 radiation, respectively. After this first step, the RP showed a decrease 
to reach a value of 240 µg/mL after an exposition dose UV-C of 15390 mWcm-2, respectively. However, B. subtilis showed an increase of 
RP related to an increase of UV doses and the amount of RP passed from 122 to 220 µg/mL when UV doses varied from 342 to 15280 
mWcm-2, respectively.

Figure 2: Protein and nucleic acid released into the cell suspension of P. aeruginosa ATCC 27853 (A) and B. subtilis ATCC 6633  (B) at in-
creasing UV doses considered in mWcm-2.

Effect of UV-C treated cells to sds and myovireadae phage Ω

Results showed that the sensitivity of UV-C light to SDS lysis effect or to Myovireadae phage Ω varied with strain types (Figure 3). The 
density of UV-C radiated cell suspensions of P. aeruginosa ATCC 27853 was noticeably reduced within a half hour of incubation. The asso-
ciation of UV to SDS enhanced the reduction rate of P. aeruginosa growth illustrated by curve situated below the curve of UV no-associated 
to SDS. In addition, for P. aeruginosa, the Ω tested phage presented results similar to that one obtained when was used UV associated to 
SDS. However, in the case of B. subtilis the association of SDS to UV-C light did not ameliorate the destruction of cells expressed by curve 
situated above that of no associated UV-C to SDS curves.
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Discussion

Lyses of nucleic acid in the suspension

Results showed clearly that B. subtilis ATCC 6633 was more sensitive to UV-C than P. aeruginosa ATCC 27853 at UV-C doses above 884 
mWcm-2. This result suggests that B. subtilis receiving UV-C light was submitted to membrane damage greater than P. aeruginosa [24]. 
It is known that Gram-negative peptidoglycan is only a few nanometers thick, representing one to a few layers. However, Gram-positive 
peptidoglycan is 30 - 100 nm thick and contains many layers [25]. This stronger cell wall layers supposed to confer to the Gram-positive 
bacteria greater resistance to stress. However, results obtained in the present study showed the opposite’ and we showed that P. aerugi-
nosa ATCC 27853 is more resistant to UV-C radiation than B. subtilis. Interestingly, it was observed that the cell density in both suspensions 
did not decrease in spite of significant reduction in the VC. This is because even if the cells are lysed, the lysed particles are still in the 
medium and they are also contributing to OD, hence Viable Cell Count is much more reliable method for viable cells determination which 
is clearly shown here. In addition, the constant value of OD may be attributed to that the UV treatment did not lyses the cells completely. 
The phenomenon of Viable Un Cultivable VUC state is an alarming case as a large number of organisms may go undetected in UV-C waters. 
The cells are VUC and undetec by routine culturing methods during this period. After UV-C treatment, this dormant state may be broken 
and cultivability may be regained, which may increase bacterial loads. During passage, in UV-C prototype, these bacteria may attain VUC 
state but viability will be achieved when bacteria will be released into natural conditions and proper nutrient availability. Thus, there is 
an increased chance of revival and proliferation of cells. The long survival and viability of these human pathogenic bacteria in seawater 
poses a serious concern for human health. Hence, it is imperative to follow water criteria sanitary before releasing it into the sea. Some 
authors recognized to combine two method of disinfection [23].

Nucleic acids release into suspension

Release of nucleic acids to suspension indicates damage to the cell membrane. Similarly, bacterial lyses also results in the release of 
intracellular proteins into the growth medium. The dose of UV treatment in P. aeruginosa ATCC 27853 affected the amount of protein 

Figure 3: The effect of UV radiation, SDS or phage treatment on cell density of P. aeruginosa ATCC 27853 (A) and B. subtilis ATCC 6633 (B) 
measured at 600 nm over 0 to 100 min incubation.
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released into solution. A decrease in this amount was also observed as the UV doses increased. Up until a constant volume of NAs was 
released, the decrease in PR can be explained by the photo catalytic effect that UV will have on some protein molecules [26,27]. However, 
the amount of B. subtilis ATCC 6633 protein leaked in to solution increased with high UV doses. For B. subtilis, NAs released values in su-
pernatant were bigger compared to NA released in the case of P. aeruginosa. 

Effect of UV- SDS and myovireadae phage Ω in bacteria cells

The constant volume of NAs leaked into the solution and the decrease or increase of PR in solution by these two strains prompted 
us to use SDS and to correlate the effect of SDS on bacterial lyses. These results indicate that most of the P. aeruginosa ATCC 27853 cells 
inactivated by UV radiation remained unlisted in a cell suspension in the absence of SDS or phage. In addition cells were highly sensitive 
to lysis by SDS or by Myovireadae phage Ω. UV treated B. subtilis ATCC 6633 reacted differently to the treatments than did P. aeruginosa 
ATCC 27853. Bacterial lysis with chemical (SDS) or biological (phage Ω) amendments have the potential to improve cell death of irradi-
ated bacteria.

Conclusion

Lyses of UVc treated cells may be realized via biological use of phage Ω or SDS and may improve the efficiency of UV-C disinfection. 
Thus, the UV-C light followed by SDS or phage Ω treatment may improve the sanitary quality of the disinfected water.
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