
Polish Journal of Microbiology
2011,  Vol. 60,  No 3,  229–232

ORIGINAL PAPER

Introduction

Various lactic acid bacteria have been used for cen-
turies in the preservation and production of fermented 
foods and feeds of plant and animal origins. One of the 
most critical problems in these processes is the con-
tamination of the starters by bacteriophages that cause 
bacterial lysis and leads to failed or slow fermentation, 
decrease in acid production, reduction of milk products 
quality, e.g. taste and texture (Co!ey and Ross, 2002), 
which all result in profound economical losses.

Recognition of the phage problem in the dairy 
industry led to the design and application of a variety 
of practical measures for its alleviation, such as direct 
inoculation of the starters in closed fermentation vats, 
use of antiphage media for starter propagation, rotation 
of starter cultures, application of genetic techniques to 
improve the phage-resistance of starter cultures (how-
ever, European legislation requires the labelling such 
of starters as GMO that were modified by self-cloning 
and thus contain only species-specific DNA) (Kutter 
and Sulakvelidze, 2005). 

Porphyrins are one of the challenging compounds 
for infectious disease treatment (Nitzan et al., 1994). 
Nowadays they are widely used in anticancer photo-
dynamic therapy. "is method is based on the use of 
a photosensitizer, which a#er light exposure can cause 
di!erent derangements of cell structures. It was shown 

that porphyrins have good antibacterial e!ect even 
without activation by light (Philippova et al., 2003). 
Porphyrins and their derivatives appear to be e!ective 
virucidal agents in vitro (Cowsert, 1994; Grandadam 
et al., 1995). Most of the work on viruses in vitro has 
been oriented to the use for sterilization of blood or 
blood products (North et al., 1993). In some works bac-
teriophages were used as a model of viruses to study 
mechanisms of porphyrin action (Zupan et al., 2004; 
Vodzinska et al., 2008). "ese compounds showed good 
e!ect as inhibitors of phytoviral infection in plant tissue 
culture and in vivo (Krulko et al., 2008; 2009).

"e aim of this work was to test the ability of new 
synthetic porphyrins to inhibit the activity of lacto-
phages, namely phage E3, E5 and E17 of Lactococus 
lactis, without activation by light.

Experemental

Materials and Methods

Bacterial and phage strains. Lactococcus lactis 
subsp. lactis 502 and bacteriophages E3, E5 and E17 
were obtained from the collection of Belarusian State 
Technological University. Bacterial strains were grown 
and maintained at 30°C in M17 medium (Merck) with 
the following composition (Terzaghi and Sandine, 
1975) (g/l): peptone from soymeal (5.0), peptone from 
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meat (2.5), peptone from casein (2.5), yeast extract 
(2.5), meat extract (5.0), lactose monohydrate (5.0), 
ascorbic acid (0.5), sodium β-glycerophosphate (19.0), 
magnesium sulfate (0.25), supplemented with 0.5% glu-
cose. When necessary, the medium was solidified with 
agar-agar (5 g/l for top agar, 10 g/l for bottom agar). 
Preparation of phage stocks was carried out in liquid 
medium M17 in the presence of 5 mM CaCl

2
.

Chemicals. "e antiphage activity of free base of 
quinolinilporphyrin (TQP) and its complex with Zn 
(Zn(II)TQP) (Fig. 1), synthesized in PLMS-5 of Odessa 
National University named a#er I.I. Mechnikov, has 
been studied. "ey were stored at 4°C in powder form 
or as a stock solution in distilled water.

Plaque reduction assay. "e direct action of por-
phyrins on the viral particles was studied by using the 
plaque reduction assay (Ramezani et al., 2008). Bacte-
riophage was incubated with compound in medium 
M17 24 hours at 4°C, then plated using standard dou-
ble-layer method and incubated at 30°C overnight. "e 
antiphage activity was expressed in percents of inac-
tivation, which were calculated by means of formula: 
A = (1 – N

s
/N

k
) × 100%, where N

s
 is a number of plaque 

forming units in test sample, N
k
 is the number of plaque 

forming units in the control.
Inhibition of bacteriophage infection in the 

liquid medium. To check the in%uence of porphyrin 
on bacteriophage infection in L. lactis bacterial cells 
(1 × 103 cfu cm–3) and bacteriophage (5 × 104 pfu cm–3) 
were simultaneously added to test tubes which con-
tained liquid medium M17 with di!erent concentra-
tions of compound. Test tubes without the studied com-
pounds were used for determination of normal course 
of phage infection. Test tubes to which only L. lactis 
was added were used as a control. A#er 24 hours of 
incubation the optical density of samples was measured 
and compared with that in the control. Optical density 
measurements were made on spectrophotometer “Spe-
kol-10” at λ = 540 nm (Philippova at al., 2003). 

Inhibition of bacteriophage adsorption. To study 
the in%uence of porphyrins on the phage adsorption 
process the bacterium was incubated with bacterio-
phage in the presence of the compounds at 30°C for 
15 min. Test tubes without compounds were used as 
control for determination of phage adsorption inhi-
bition. A#er 15 minutes the incubation was stopped 
by diluting (1:100) in normal saline solution and the 
mixture was centrifuged for 5 min 5000x g. "e super-
natants were assayed for non-adsorbed phages by stan-
dard double-layer method, and the results compared 
with the titer of a control without bacterial cells. Phage 
adsorption was calculated as follows: Percentage adsorp-
tion = (сontrol titre – residual titre)/сontrol titre × 100%. 

Results and Discussion

"e main property for all antiviral agents is the 
absence of toxic e!ect on a host-cell. So for the start the 
in%uence of studied porphyrins on the growth of Lac-
tococcus lactis culture has been checked. "e porphyrin 
concentrations which not inhibit bacterial growth have 
been chosen. For both compounds those were concen-
trations 0.1 µM, 1 µM, 10 µM, 20 µM. To determinate 
direct porphyrin action on the viral particles the bac-
teriophages were incubated with these compounds and 
then plated by the standard double-layer method. 

"e results show that Zn complex of quinolinilpor-
phyrin was the most e!ective against all studied bacte-
riophages. Maximal antiphage activity was observed in 
the presence of 20 µM of this compound. "e inhibition 
of phage infectivity was in the range 65–85%. Bacte-
riophage E3 was the most sensitive to this porphyrin 
concentration. "e antiphage e!ect of Zn complex at 
the concentration of 10 μM was equal to 53% for E5 
and reached 62% for E3 and E17 bacteriophages. Other 
concentrations of this porphyrin decreased bacterio-
phage activity by 3–25%. "e inhibition of lactophage 

Fig. 1. Quinolinilporphyrin and its zinc complex structure.
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activity by free base of quinolinilporphyrin was in the 
2–25% range (Fig. 2).

Data obtained in the experiments with liquid 
medium demonstrate similarity to data obtained in the 
plaque reduction assay. "e results of these experiments 
show that the presence of quinolinilporphyrin Zn com-
plex in the nutrient medium prevents the propagation 
of bacteriophage infection in L. lactis. 

Growth intensity of this bacterium in the presence 
of bacteriophage E3 and concentrations 10 µM and 
20 µM of quinolinilporphyrin Zn complex reached up 
111%, as compared with control. "ese concentrations 
of compound were also e!ective against bacteriophages 
E5 and E17, wherein the bacterium growth intensity 
reached up 104% and 102%, respectively. "e presence 
of 1 µM of this compound in the nutrient medium also 
inhibited phage activity and bacterial growth was in the 
range 43–82%. "e minimal concentration of this por-
phyrin wasn’t e!ective in prevention of bacteriophage 
infection (Tabele I). 

"e free base of quinolinilporphyrin slightly inhib-
ited the activity of lactophages only in its maximal 
concentration. Other concentrations of this compound 
didn’t a!ect the phage infection course in L. lactis. 

Taking into consideration that the studied com-
pounds have antiviral e!ect it was reasonable to check 
their ability to a!ect the initial stage of infection. "e 
in%uence of porphyrin on viral adsorption was studied 
by determination of unadsorbed phage. 

"e obtained results show that though quinolinil-
porphyrin Zn complex had a good e!ect in lactococ-
cal infection inhibition it didn’t in%uence the phage 
adsorption process. "e free base of quinolinilpor-
phyrin showed only slight inhibition of lactophage 
adsorption in concentration 10 µM and 21–37% at 
20 µM. (Table II). Perhaps this delay of bacteriophage 
adsorption can be mediated by aggregation with viral 
peptides. At the same time the Zn complex may have 
another mechanism of antiphage action. "e target of 
this porphyrin action can be bacteriophage DNA. It 
has been described that porphyrins can bind to DNA 
by intercalation between base pairs or external binding 
in a groove (Pasternack et al., 1983). Studies of cationic 

TQP 0.1 μM 87 ± 24 351 ± 88 93 ± 7

 1 μM 65 ± 3 298 ± 66 59 ± 3

 10 μM 56 ± 8 261 ± 57 77 ± 20

 20 μM 236 ± 49 707 ± 93 292 ± 5

Zn(II)TQP 0.1 μM 77 ± 7 391 ± 52 88 ± 6

 1 μM 818 ± 128 1945 ± 197 805 ± 104

 10 μM 1918 ± 69 2466 ± 106 1913 ± 53

 20 μM 1955 ± 21 1587 ± 94 1925 ± 29

С
1  

105 ± 13 295 ± 53 71 ± 6

С
2  

1757 ± 93 2364 ± 57 1890 ± 32

Table I

Lactococcus lactis subsp. lactis 502 growth intensity in presence

of bacteriophages and di!erent concentrations

of porphyrins, OD
540

 ×10–3

Quinolinilporphyrins E3 E17E5

Note: С
1
– L. lactis + bacteriophage in medium without porphyrins,

 С
2
 – L. lactis without addition of bacteriophages

TQP 0.1 μM 91 ± 2 96 ± 3 77 ± 3

 1 μM 88 ± 4 95 ± 1 84 ± 4

 10 μM 69 ± 1 72 ± 3 68 ± 1

 20 μM 59 ± 2 67 ± 2 68 ± 3

Zn(II)TQP 0.1 μM 91 ± 2 97 ± 1 78 ± 2

 1 μM 92 ± 3 96 ± 2 85 ± 4

 10 μM 90 ± 1 96 ± 4 83 ± 3

 20 μM 90 ± 3 95 ± 1 85 ± 1

Control  94 ± 2 97 ± 2 86 ± 3

Table II

E!ect of porphyrins on lactophages adsorption

to Lactococcus lactis subsp. lactis 502

Quinolinilporphyrins
Phage adsorption, %

E17E17E17

Fig. 2. Inhibition of bacteriophage activity in plaque reduction assay. 
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porphyrin binding to the isolated and encapsidated 
DNA of T7 bacteriophage have shown that the pres-
ence of the protein capsid in the phage particle does 
not exclude the interaction between porphyrin and 
intraphage DNA (Zupan et al., 2004). Besides, Duwat 
et al. (2001) have patented a process for preparing lac-
tic acid bacteria starter cultures which comprises cul-
turing bacteria under aeration and in an appropriate 
nutrient medium in the presence of some porphyrins. 
"ey suggest that the molecule of porphyrin can protect 
cells from oxidative damage. "eir studies show that 
respiration conditions result in improved growth and 
a remarkable increase in long-term survival compared 
to growth under conventional fermentation conditions. 

"us, the results of our investigation show that the 
Zn complex of quinolinilporphyrin can be consid-
ered a perspective antiphage agent and in taking into 
account the preceding information additional studies 
can be used as a medium component for starters in 
dairy industry.
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