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BACTERIOCINS

» Ribosomally-synthesized antimicrobial peptides produced by bacteria
— Large structural and functional diversity

Nisin
— Lantibiotic
— Pore formation and
inhibition of cell wall Pediocin-like
' biosynthesis elut — Class lla
Lcn972 — Man-PTS / Pore formation
— Class lid

— Inhibition of cell wall biosynthesis
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BACTERIOPHAGES

> \Viruses of bacteria

— Friends and enemies

III Host recognition
E Adsorption
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“New-to-nature”

B PHAGE ENDOLYSINS _
g
» Peptidoglycan hydrolases g
— Modular enzymes f 101 wildtype

El E2 E3 E4 1 c

Cell wall binding
Catalytic domain domain

LysRODI
(54.5 kDa) SH3
T o =
(53.7kDa) SH3
LysA72
(53.2 kDa)

c3

c4
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e C7 Cc8 9 Ci10 Ci1 cC12

Gutiérrez et al., 2021. Front. Microbiol. 12:723834; Rodriguez-Rubio et al. 2012. AEM 78(7): 2241 C s l C
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»Hurdle technology = | |
LS 24 h incubation
— Nisin + phages 1 : . . :
0.00 0.10 0.20 0.30 0.40
—Staphylococcus aureus S i)
o y Pasteurized milk S. aureus Nisin EOP® Adsorption (%)
8 Control
, MIC® P35 D88 P35 D88
£ 6 + phages (ng/ml)
Bl 10° pfu/ml SaOWT 0.75 1 1 99.940.1  99.740.5
8 ;‘ + nisin Sa9R >100  0.002+0.0001 0.5+0.03 56+0.5  96+0.3
5 1.5 pg/ml Sa9SR 0.75 1.1£0.3 1£0.2 85.3+£0.2 99.9+0.3
) Both Sa9 BIMB2  0.75 0 0 97.6+0.3 13.9+3.0
0 . . . . Sa9 BIMB6  0.75 0 0 ND® <3
0 2 4 6 8 Sa9 BIM B13  0.75 0 0 57.8+7.1 7.5£29
Time (h)
$Cross-tolerance
$Change of surface properties
>Synergy 8 prop

Martinez et al., 2008. Int J Food Microbiol 122:253-258 ( : s l ( :
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JOINING FORCES

»Hurdle technology

— Coagulin A (Pediocin-like) + phages
— Listeria monocytogenes
— Milk, 4 °C, 10 d

0 2 4 6 8 10
Time (days)

®:host
10
10:1
8
- Randomly selected
. .
§ M Control COIOnleS
(@} BF3
e 4
2 L —
5 W F3+C23
0

®Synergv >Reduced frequency of resistance
Rodrl'guez-Rubio et al., 2015. IntJ Food Microbiol 205:68-72 Treatment :‘ C s l C
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JOINING FORCES

»Hurdle technology A

10

Low < Cell density - High
B

10

—Lysin + Nisin
— S. aureus
— Milk, 37 °C

Log cfu/ml
Log cfu/ml

=<

I I 10
LysH5

Time (h)

10

Time (h)

Fig. 3. Killing of 5. aureus Sa9 with purified LysH5 and nisin in pasteurized whole milk. A) 4, cell numbers of S. qureus Sa9; B, LysH5 (7.5 U/ml); [, nisin (037 pg/ml); A, LysH5 (7.5 U/ml)

and nisin (0.37 pg/ml).B) #, cellnumbers of § aureus Sa9; M, LysH5 ( 15 U/ml); [, nisin (0.75 pg/ml); A, LysH5 (15 U/ml) and nisin (0.75 pg/ml). Values are the means of twoindependent
experiments with standard deviation indicated by vertical bars.

Garcia et al., 2010. IntJ Food Microbiol 141: 150-155 C s I ( :
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JOINING FORCES
B 10

»Hurdle technology 9

— Phage + Lysin + Nisin
— S. aureus 7 W
— Lab-scale cheese, 12 °C i

B2 hr 02 Weeks

oo

log(CFU/ml)
(@)
'—._..

CONTROL PHAGE NISIN Lys0.12uyM PHAGE +Lys NISIN+Lys PHAGE +
0.12 yM 0.12 M NISIN + Lys
0.12 yM

Youssef et al., 2023. IntJ Food Microbiol 399: 110227 C s I C
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IN LACTOCOCCI

> L. cremoris MG1363

— Phage skl
— Bacteriocins:
= Nisin: pore + CW
= Lcn972: CW
= LcnA: Man-PTS
— In vitro
TABLE 1 The burst size and latent period based on one-step
curves of skl infecting L. lactis MG13643 in the absence or presence
of Lcn972.
Condition Burst size (pfu mI™))  Latent period (min)
Control 43+ 4 27+3
Lcn972 (1.25 AU ml™?) 60*+ 10 28+2
Lcn972 (5AU mi™) 61% +1 26+2

(b)

—_—
1]
~—

Diameter (mm)
= e
YL B ¥y |

o
o n

=» Dependent of the main autolysin AcmA
=» Not exclusive for the sk1-Lcn972

skl

5 1020 30 40 (1,25 25 5

Lcn972
(AU/ml)

Nisin (ng/ml) | LcnA (AU/ml)

(d)

24
Rendueles et al., 2022. MicrobiologyOpen: 11:e1308 C s l C
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Putative BIMs

1.00E+06 E
IN LACTOCOCCI 10
> L. cremoris MG1363 -
0.6
— Phage sk1 S
— Bacteriocins: B
= Lcn972: CW 0.2
— In vitro 0.0 & , |
0 2 4 6 8 10 12 14 16 18 20 22 24
ADAPTATION to Lcn972 Time(h)
20 AU/ml - dP_IIatt.ecultu.I:[eh —e— 5 AU/mL —*— 2.5 AU/mL
Hutions wi
0.1% 30°C (6x107 pfu/ml) or o 125AU/mL —s— Only phage
S 0AU/mI —2 5| without SK1
MG1363
overnight
GM17

o “csIc
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IN LACTOCOCCI (B)

. Pl (%) 00
> L. cremoris MG1363
60.0
— Phage sk1
— Bacteriocins: 50.0
= |cn972: CW

S.. -
Bac>::Bac 400

s . T
Co-cultures Bac+/Bac- in milk BacS:Bact

30.0
o Bac®::Bac*

— Slower acidification :
— Higher % inhibition 505
0.0

®Increased risk of fermentation failure

* %

10 pfu/mL

Rendueles et al., 2025. Unpublished C s l C
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| IN SUMMARY: The Bac-Bac network

* Positive Bac-Bac interactions (BaPi) may be exploited in food
biopreservation BUT...
— Antagonism may occur
— Case-by-case

* BaPi may be detrimental in starter-driven fermentations BUT...
— Adaptation to Lcn972 may increase survival upon phage infection




