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Supplementary Methods

Cloning
The gene encoding ISP26 was amplified from pET-3a using the primers HiFi_ISP26_F and HiFI_ISP26_R (Table S2). The plasmid pMAL-c6T (0.5 µg) was digested for 1 hour at 37°C with SbfI-HF and AlwNI (New England BioLabs). Both were gel-purified using NucleoSpin Gel and PCR Clean-up (Macherey-Nagel), then combined in a molar ratio of 1:10 (vector:insert) and assembled using a GeneArt ™ Gibson Assembly® HiFi master mix (Thermo Fisher Scientific) according to the manufacturer’s instructions. The Gibson assembly mixture was used to transform E. coli DH5α. The plasmid was isolated using EZNA Plasmid DNA Mini Kit I (Omega Bio-Tek). The gene fusion was amplified from the plasmid (or from pMAL-c6T) using the primers ISP_BamHI_F and ISP_XhoI_R (Table S2). The PCR product and plasmid pNZ8037 was digested with FastDigest BamHI and XhoI (Thermo Fisher Scientific), then ligated at 16°C overnight in 3:1 ratio (insert:vector) using T4 DNA ligase (New England BioLabs). After deactivation at 65°C for 10 minutes, the ligation mixture (5 µl) was electroporated into Lactococcus lactis subsp. lactis NZ9000. Resulting in two strains harboring pNZ8037-malE-ISP26 (MBP-ISP26) or pNZ8037-malE (MBP).


Purification
One liter of GM17 (M17 supplemented with 0.4% glucose; Oxoid) containing 10 µg/ml chloramphenicol was inoculated with 10 ml of culture and incubated at 30°C. When the OD600 reached approximately 0.5, nisin (N5764; Sigma) was added to 10 ng/ml. Cultures were incubated for another 2 hours after induction, before being harvested by centrifugation (4000g, 30 min, 4°C). Cells were resuspended in 25 ml of column buffer (CB) (NEBExpress® MBP Fusion and Purification System manual; New England BioLabs) and lysed by three passes through a French pressure cell (Aminco; FA-073) at 15 000 PSI. Intact cells and cell debris were removed by centrifugation (20000g, 40 min, 4°C). Gravity flow columns were prepared with 2 ml of amylose resin (E8021; New England BioLabs) that was washed with 10 ml of CB prior to use. The clarified lysate was applied to the column, and the resin was washed with 10 ml of CB. The sample was eluted with 10 ml of CB containing 10 mM maltose in 1 ml fractions. Fractions 2-3 were pooled and concentrated to 100 µl using an Amicon Ultracel-30K centrifugal filter unit (UFC5030; Millipore). Samples were analyzed by SDS-PAGE using Mini-PROTEAN TGX Stain-Free Precast Gels (Bio-Rad).





Supplementary Results

Heterologous expression and purification of hybrid peptides
To establish a bacterial expression system for the hybrid peptides, E. coli BL21(DE3) were initially transformed with pET-3a plasmids, each containing a peptide-encoding gene downstream of an IPTG-inducible promoter. An attempt was made to demonstrate antimicrobial activity directly in culture lysates of transformants encoding the active hybrids (Table 2). However, growth of clones was severely affected both with and without IPTG, indicating a toxic effect of the peptide on E. coli. Despite attempts to optimize the inducer concentrations (0.05 to 3 mM IPTG) and harvesting time points post induction (0.5-24 h), no activity could be recovered. 

Maltose-binding protein (MBP) is known to solubilize fused proteins and would be expected to detoxify bacteriocin peptides [1–3]. To test this, we fused ISP26 and ISP29 to the C-terminal end of MBP in pMAL-c6T with an in-frame TEV cleavage tag. The TEV cleavage site is reported to be tolerant to a methionine in the P1’ position [4]. For this reason, the TEV cleavage tag was fused to ISP26 such that cleavage would leave no additional N-terminal residues that could interfere with antimicrobial activity. Interestingly, clones harboring this plasmid also exhibited severely attenuated growth only reaching an OD600 ~ 0.2-0.3 (compared to OD600 > 2 for the control) even without the addition of IPTG. This was observed for all E. coli strains tested; DH5α, BL21(DE3) pLysS, and C41(DE3). Cultures would occasionally reach a density comparable to controls, however, these cultures were found to be dominated by disruption mutants of the construct (revealed by Sanger sequencing of the plasmids), suggesting that the ISP26 and ISP29 peptides are toxic in these fusion constructs in E. coli. 

[bookmark: _Hlk155091909][bookmark: _Hlk155091924]The native producers of all bacteriocins in the library are Gram-positive species. Therefore, the NICE expression system established in the Gram-positive Lac. lactis was attempted next; the MBP-ISP26 recombinant fusion protein was cloned into pNZ8037 downstream of the nisin-inducible promoter (Pnis) and transformed into Lac. lactis NZ9000. The resulting strain exhibited somewhat reduced growth upon nisin induction (10 ng/ml), however, the generation time was only reduced approximately two-fold. The fusion protein was successfully purified from the lysate of this strain (see Figure S2). However, subsequent cleavage of the fusion protein using TEV protease did not yield active bacteriocin peptide, nor was any cleavage of the fusion protein apparent by SDS-PAGE. This could suggest that the compact globular fold of the peptide hinders access to the cleavage site by the protease, or alternatively that the cleavage site is buried in the protein core because of the hydrophobic character of the peptide. However, attempts at performing the TEV cleavage in the presence of guanidine HCl (3 M), urea (2 M) and SDS (0.5%) also failed. We also tested the activity of the purified fusion against Lac. lactis IL1403, however, no antimicrobial activity could be observed.


Supplementary Tables

Table S1 Bacteriocins used to create the library of hybrid peptides. Each bacteriocin was split at the position indicated by a space resulting in an N- and C- terminal part, both parts were combined in all combinations to produce a library of hybrid peptides shown in Table 1. Acidic residues (E/D) are underlined
	
	ISP
	N-terminal part
	
	C-terminal part
	Reference†

	LliBU*
	ISP1
	MWGRILGTVAKYGPKAVSWAWQHK
	
	WFLLNMGDLAFRYIQRIWG
	Lozo et al. [5]

	BHTB
	ISP8
	MWGRILAFVAKYGTKAVQWAWKNK
	
	WFLLSLGEAVFDYIRSIWGG
	Hyink et al. [6]

	AurA53
	ISP15
	MSWLNFLKYIAKYGKKAVSAAWKYK
	
	GKVLEWLNVGPTLEWVWQKLKKIAGL
	Netz et al. [7]

	K411
	ISP22
	MAGFLKVVKAVAKYGSKAVKWCWDNK
	
	GKILEWLNIGMAVDWIVEQVRKIVGA
	Tymo. et al. [8]

	LacQ
	ISP29
	MAGFLKVVQLLAKYGSKAVQWAWANK
	
	GKILDWLNAGQAIDWVVSKIKQILGIK
	Fujita et al. [9]

	EpiNI01
	ISP36
	MAAFMKLIQFLATKGQKYVSLAWKHK
	
	GTILKWINAGQSFEWIYKQIKKLWA
	San. & Upt. et al. [10]

	SalC
	ISP43
	MSALAKLIAKFGYKK
	
	IMQLIGEGWTVNQIEKMFK
	Tymo. et al. [8]


* The LliBU sequence used in this study differs from the published sequence in two positions (E26F and I28L).
† Tymo.; Tymoszewska. San. & Upt.; Sandiford & Upton.



Table S2 Oligonucleotides
	Primer
	Sequence (3’-5’)

	HiFi_ISP26_F
	AGAACCTGTACTTCCAGATGGCCGGTTTTCTGAAAGTG

	HiFI_ISP26_R
	AGCTTATTTAATTACCTGCATTATTTGATCCCTAAAATCTGC

	ISP_BamHI_F
	AAAGGATCCGTTTAGGTGTTTTCACGAGC

	ISP_XhoI_R
	AAACTCGAGACGAAAGGCCCAGTCTTTCG





Supplementary Figures
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Fig. S1 Spot-on-lawn assay of ISP26 against a selection of Acinetobacter species. Synthetically obtained ISP26 was spotted (5 µl) at the indicated concentration. Plates were prepared according to the EUCAST disk diffusion methodology
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Fig. S2 SDS-PAGE of purified MBP and MBP-ISP26 fusions from Lac. lactis NZ9000 (see Supplementary methods). Lane MBP: MBP was purified from a control strain expressing the unchanged malE gene supplied in the pMAL-c6T vector (calculated mass of 45.5 kDa). Lane MBP-ISP26(+): Purification of the MBP-ISP26 fusion protein (49.6 kDa), purified from a culture induced (+) with 10 ng/ml nisin. Lane MBP-ISP26(-): Purification of MBP-ISP29 from an uninduced (-) culture
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