Supplementary Information

Supplementary Table S1. Type and origin of samples from which strains were isolated.

Sample Type Number of Samples Sample Source Location Number of Isolates
Raw sheep’s milk 74 New Zealand 293
Raw goat’s milk 21 New Zealand 174
Raw cow’s milk 9 Ireland 130
Other* 8 - 226

* Unpasteurised sheep, goat, cow and buffalo cheeses, fresh honey, honeycomb, sheep faeces, and

canine saliva samples.

Supplementary Table S2. Genomes of Streptococcus equinus used in pangenome analysis.

Organism Scientific Organism

Name Qualifier Assembly Name Assembly Accession Source Level Size
Streptococcus equinus ;gg;géATCC ASM14640v1 GCF_000146405.1 ~ RefSeq  Scaffold 2083084
Streptococcus equinusstrain: ATCC 9812 ASM18726v1 GCF_000187265.1 RefSeq  Scaffold 1741734
Streptococcus equinusstrain: SN033 ASM42142v1 GCF_000421425.1 RefSeq  Contig 1843423
Streptococcus equinusstrain: B315 ASM42404v1 GCF_000424045.1 RefSeq Scaffold 1786673
Streptococcus equinusstrain: 2B ASM70210v1 GCF_000702105.1 RefSeq  Scaffold 1919820
Streptococcus equinusstrain: HC5 ASM73108v1 GCF_000731085.1 RefSeq  Scaffold 1846241
train: ATCC
Streptococcus equinus;;; ASM74719v1 GCF_000747195.1  RefSeq  Contig 1841890
t t
Streptococcus equinusstrain: JB1 Eorslz ;’BC;’CCHS GCF_0007472051  RefSeq  Contig 1954216
Streptococcus equinusstrain: AG46 ASM96431v1 GCF_000964315.1 RefSeq Contig 1930741
train: ICDDRB-
Streptococcus equinus SI\I??S 6C ASM148148vl  GCF_001481485.1  RefSeq  Contig 1849355
Streptococcus equinusstrain: FMD1 ASM452577v1 GCF_004525775.1 RefSeq  Contig 1935083
in: NBR
Streptococcus equinus itzrg;‘ NBRC ASM653894vl  GCF_006538945.1  RefSeq  Contig 1926856
. . Complete
Streptococcus equinusstrain: CNU 77-23 ASM975807v1 GCF_009758075.1 RefSeq Genome 1911874
) . Complete
Streptococcus equinusstrain: CNU G6 ASM975809v1 GCF_009758095.1 RefSeq Genome 1997064
. . Complete
Streptococcus equinusstrain: MDC1 ASM1404187v1 GCF_014041875.1 RefSeq Genome 1936555
h
Streptococcus equinusstrain: Colony399 ASM1690612vl  GCF_016906125.1  RefSeq ieromoso 1904424
IMG-taxon
2623621021
Streptococcus equinusstrain: C277 6236210 GCF_900099885.1 RefSeq  Scaffold 1825979
annotated
assembly
IMG-taxon
2593339267
Streptococcus equinusstrain: GA-1 GCF_900100035.1 RefSeq Contig 1799853
annotated
assembly
IMG-taxon
Streptococcus equinusstrain: MPR2 2SN GCF_900100215.1 RefSeq Scaffold 1863305
annotated

assembly



Streptococcus equinusstrain: Sb05

Streptococcus equinusstrain: Sb10

Streptococcus equinusstrain: pGA-7

Streptococcus equinusstrain: Sb09

Streptococcus equinusstrain: Sb04

Streptococcus equinusstrain: Sb17

Streptococcus equinusstrain: YeOl

Streptococcus equinusstrain: pR-5

Streptococcus equinusstrain: H24

Streptococcus equinusstrain: ES1

Streptococcus equinusstrain: Sb18

Streptococcus equinusstrain: MPR1

Streptococcus equinusstrain: Sb13

IMG-taxon
2654588139
annotated
assembly
IMG-taxon
2654588134
annotated
assembly
IMG-taxon
2608642168
annotated
assembly
IMG-taxon
2654588197
annotated
assembly
IMG-taxon
2651870306
annotated
assembly
IMG-taxon
2654588136
annotated
assembly
IMG-taxon
2654588209
annotated
assembly
IMG-taxon
2608642181
annotated
assembly
IMG-taxon
2654588151
annotated
assembly
IMG-taxon
2623620585
annotated
assembly
IMG-taxon
2654588130
annotated
assembly
IMG-taxon
2651870309
annotated
assembly
IMG-taxon
2654588137
annotated
assembly

GCF_900101445.1

GCF_900101715.1

GCF_900102715.1

GCF_900103355.1

GCF_900104225.1

GCF_900106895.1

GCF_900109105.1

GCF_900109395.1

GCF_900109415.1

GCF_900110365.1

GCF_900110845.1

GCF_900110935.1

GCF_900112385.1

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

Scaffold

Contig

Scaffold

Scaffold

Contig

Contig

Contig

Scaffold

Scaffold

Scaffold

Contig

Scaffold

Scaffold

1962621

1887161

1797051

2042259

1875611

1909978

1931095

1820620

1875780

1827295

1991056

1864122

1878198



Streptococcus equinusstrain: MPR4

Streptococcus equinusstrain: JB1

Streptococcus equinusstrain: SI

Streptococcus equinusstrain: Sb20

Streptococcus equinusstrain: AR3

IMG-taxon
2654588204
annotated
assembly
IMG-taxon
2593339156
annotated
assembly
IMG-taxon
2654588207
annotated
assembly
IMG-taxon
2654588135
annotated
assembly
IMG-taxon
2654588192
annotated
assembly

Streptococcus equinusstrain: NCTC1296942197_F02
Streptococcus equinusstrain: NCTC1038642912_HO01

Streptococcus equinusstrain: NCTC8140 42290_E02

Streptococcus equinusstrain: NCTC1038942880_B01

Streptococcus equinusstrain: NCTC8133 42290_D02

isolate: MGYG-
HGUT-01308
isolate: MGYG-
HGUT-01363

Streptococcus equinus

Streptococcus equinus

MGYG-HGUT-

01308

MGYG-HGUT-

01363

GCF_900113235.1

GCF_900114525.1

GCF_900115895.1

GCF_900115995.1

GCF_900199575.1

GCF_900459295.1
GCF_900459945.1

GCF_900636465.1

GCF_900636565.1

GCF_901543475.1

GCF_902373735.1

GCF_902374225.1

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq

RefSeq
RefSeq

RefSeq
RefSeq
RefSeq
RefSeq

RefSeq

Scaffold

Scaffold

Scaffold

Scaffold

Contig

Contig
Contig
Complete
Genome
Complete
Genome
Complete
Genome

Scaffold

Scaffold

1912748

1967362

1912510

1894454

2021307

1806069
1759508

1873522

1781995

1867673

1925187

1741734




Supplementary Table S3. Nisin resistance protein sequences used in pan genome screen.

UniProt Entry  Entry Name Protein names Gene Names Organism Length
AOAOAODLE3  AOAOAODLE3_OSTRE ~ |Vsin-resistance  gopy o444 Streptococcus 314
protein sinensis
AOAOG2Z1CY9  AOAOG2ZIC9 STRAG ~ |usinresistance — ppyp g0y Streptococcus 117
protein, putative agalactiae
AOAOG2Z5MO  AOAOG2Z5MO_STRAG ~ |vsin-resistance —ppp g0 Streptococcus 179
protein, putative agalactiae
AOA139P896  AOA139P896_9STRE Nisin-resistance  grppyngq ggoss  S/TePRocOCCUs S 45
protein DD11
Putative Misin-
AOAT40UHB6  AOA140UHB6_STRAG ~ — Latvemisin® g,y jo4 Streptococcus 167
resistance protein agalactiae 515
Nisin-resistance
AOATA9E115  AOATA9E115_STRAG  protein, putative - ii=00165 Streptococciis 320
. NCTC8183_01371 agalactiae
(Peptidase S41)
Nisin-resistance D5F95_09920
. . Streptococcus
AOA2X2M2N2  A0A2X2M2N2 STRAG  protein, putative NCTC8181_02301 soalactiae 320
(Peptidase S41) NCTC8185_02307 8
AOA2X3VPC5  AOA2X3VPC5 STRSA  LMsinresistance  \yopoqqags (775 Orepiococcus 336
protein sanguinis
AOA2X3YJM2  AOA2X3YJM2_STRSA  |Vsinresistance  yopeqqggg graq OMTepPococcs 336
protein sanguinis
AOA3S0IMG6  AOA380IMG6_STRAG ~ |Vsinresistance — \yopoqimn o35, Ofreplococcs 320
protein, putative agalactiae
Nisin-resistance nsr Streptococcus
AOA W AOA W TRDY d ti . 321
0A380JWG9 0A380JWG9_S " NCTC4670_00790 ysgalac dae subsp. 3
dysgalactiae
Streptococcus
Nisin-resistance nsr dysgalactiae subsp.
AO0A380KH18 AO0A380KH18_STREQ protein NCTC11564_00976 equisimilis 321
(Streptococcus
equisimilis)
AOA380LOL5  AOA380LOL5_9STRE Nisinresistance  \jpeq3765 (1951 O7ePiococeus 159
protein massiliensis
AOA380M477  AOA380M477_9STRE Putativenisin- —— \re1080_oos68 17 ePRoc0ceHs 313
resistance protein viridans
Streptococcus
Nisin-resistance nsr dysgalacting subsp.
A0A448DKR6 A0A448DKR6_STREQ — NCTC6181_01847 equisimilis 321
(Streptococcus
equisimilis)
Streptococcus
Nisin-resistance nsr dysgalactiae subsp.
A0A4U9YX7 AO0A4U9YX70_STRE isimili 21
0A4UIYX70 OAGUIYX70STREQ 1 tein NCTC6407_00995 CTH1SHMHS 3
(Streptococcus
equisimilis)
nsr
AOAVOCIQ5  AOA4VOCIQs STRCB ~ einresistance  NCTCOI98OLIS6 ', s canis 320

protein

TANIYAMA4 074
3



UniProt Entry  Entry Name Protein names Gene Names Organism Length
Nisin-resistance nsr Streptococcus
AOA4V0CQZ6  A0A4V0OCQZ6_STRDY 321
Q Qz6_ protein NCTC7982_01632 dysgalactiae
Nisin-resistance nsr Streptococcus sp.
AO0A509DCT4 AO0A509DCT4_9STRE 321
0AS0 0430 -5 protein NCTC11567_01111 NCTC 11567
Nisin-resistance nsr
AO0A8B4IQF1 A0A8B4IQF1_STRUB s 32
0A8B4IQ 0A8B4IQF1_STRU protein NCTC3858_01034 Streptococcus uberis 320
Streptococcus
Nisin-resistance dysgalactiae subsp.
BBG08_0748
AOASB6LB27  AOASBGLB27 STREQ  protein (Peptidase LoD C00-07485 o imilis 321
NCTC11557_01376
S41) (Streptococcus
equisimilis)
Streptococcus
Nisi st
A3CPD7 A3CPD7_STRSV 1S TESISTAE  S5A 1656 sanguinis (strain 336
protein, putative
S5K36)
Nisin-resistance st Streptococcus
E6J086 E6J086_STRAP . HMPREF(0813_006 3 317
protein 56 anginosus F0211
. . nsr
FOFC69 FOFC69_STRSA Nisin-resistance 1y rpRER93gs_025 1P 100K 336
protein » sanguinis SK353
Nisin-resistance st Streptococcus
FOFT01 FOFT01_STRSA . HMPREF9392_173 o 336
protein 3 sanguinis SK678
FOIZW2 FOI2W2_STRSA ?I:Zizi;esmtance 2HMPREF9381_150 SS;ZZPJ?:;C;LEU 336
FOISLO FOISLO_STRSA Iljizi;esmtance ZIMPREF9382_016 f;:;p:f:;)scg(slw 314
FOIL53 FOIL53_STRSA ?I:zizi;esmtance 5HMPREF9383_085 SS;ZZPJ?:;C?;SBO 336
FOTWAS FOIWAS_STRSA Il:ilzizi;e51stance I(;IMPREF9384_212 ::;;P;f:f;?;lw 336
FOBOWS F2BOWS_STRSA ilzgi;emstance 3HMPREF9394_079 SSIZZPJ?:;C?EI . 336
F2C504 F2C504_STRSA Il:ilsfc:i;es1stance I;IMPREF9386_017 f:;;p;f:?scg;(s%() 336
F2CCDO F2CCDO_STRSA ilzgi;emstance IE;IMPREF9391_015 SS;:;p;;):ZCELIZOS 336
F3SGA9 F35GA9_STRSA rltIri;itZi;esistance Il—IMPREF9397_018 j;;;pﬁ:;cgz;ww 336
F3U958 F3U958 STRSA FI:II:CS),:;iEe51stance Il—IMPREF9393_016 f;;;p;f;;c?;w% 336
F3UTK? F3UTK7 STRSA rl:ilzizi;esmtance ;—IMPREF9389_216 j;;;p:f:;cgz;z355 336
F3UW53 F3UW53_STRSA lem'resmtance HMPREF9380_074 Strept?c?ccus 336
protein 1 sanguinis SK49
. . . Streptococcus
MA4YXC9 M4YXC9_STREQ Putative nisin- —— oog 959 dysgalactiae subsp. 321
resistance protein S S T
equisimilis RE378
Streptococcus
Q8DZX2 QSDZX2_STRA5 Nisin-resistance SAG0973 agalactiae serotype V 320

protein, putative

(strain ATCC BAA-

611/2603 VIR)




Supplementary Data S4. Nisin immunity protein sequences used in pan genome screen.

UniProt Entry Entry Name Protein Name Gene Name Organism Length
Nisin immunit Lactococcus lactis

P42708 NISL_LACLL , Yo st subsp. lactis 245 AA
protein ]

(Streptococcus lactis)

Q20QBS6 Q2QBS6_STRUB Nsul nsul Streptococcus uberis 238 AA

AOA6COGXF1 AOAG6COGXF1_9STRE mmunity protein -, Streplococciis 238 AA
Nspl gallolyticus

BSMEUO Immunity protein  nigl Lactococcus lactis 238 AA

Q45403 Q45403_BACIU Spal spal Bacillus subtilis 165 AA

AO0A286N5V2 A0A286N5V2_9FIRM Nsol nsol Blautia obeum 278 AA

- Nsel nsel Streptococcus equinus

Supplementary Table S5. Nucleotide accessions containing nisin operon sequences

Species Strain Nisin Variant NCBI Genome Accession Assembly level
Lactococcus lactis subsp. lactis ATCC11454 A * Contig
Lactococcus lactis subsp. lactis 10-1 Z AP012281 Complete genome
Lactococcus lactis 61-64 Q AB362350 Contig
Streptococcus hyointestinalis DPC6484 H KP793707 Contig
Streptococcus agalactiae DPC7040 P WIDP01000009 Contig
Streptococcus uberis 42 9] DQ146939 Contig
Staphylococcus capitis APC2923 J MN602039 Contig

Blautia obeum A2-162 ©) KY914474 Contig
Streptococcus equinus APC4007 E JANHMF000000000 Contig
Streptococcus equinus APC4008 E JANHMEO000000000 Contig

*Accessed from
genomes.atcc.org/




-t

ZRBAIABRERE

= APC4007

L APC4008

__GCF_014041875.1_ASM1404187v1
_genomic

| GCF_900636465.1_42290_E02_gen
omic

GCF_900475675.1_45473_D02_gen .
omic

GCF_016127275.1_ASM1612727v1
_genomic

GCF_002000985.1_ASM200098v1_
genomic

Supplementary Figure S1. Phylogram and genome average nucleotide identity (ANI) S. equinus APC4007 and S. equinus
APC4008 compared with related Streptococcus spp. of the SBSEC. ANI values were calculated and visualised using
OrthoANI.



PnisA 1 - -CTAAAACAG------ IRiTA-AFTCT - A[E 61

PnszA 1 - -CTAAAACAG------ TCTTA-ATTCT-ATC 61
PnsqA 1 ----TTATA-GTICTGT-TT 37
PnshA T m m s m m m e s m e e m s e e e e e e e e e e e e o e e e e e e e e e e e e o e e e e e e e e e e e o m e e o o e m oo o - - — - - - TT 2
PnsuA L I I TTCCTCTGCTGTCTCAT--TAT-CAACATGCAGTTTCAGTTGTTTATAATT ------ TTTTG-TTTAG---- 58
PnspA L L T e TTAAAAATATCAG--ACT-TTTTCAGCAGTTTCATTGGTCAACTATC------ TTTTTATTITAA-TRG 58
PnseA_4007 1 AATAGGTGCCAAAAAGATGGCTT--TAA-ATA-GGCCATTTTAGGTCAGTAATGAAA- - -- - - AATTAAGAATT-GTT 67
PnseA_4008 1 AATAGGTGCCAAAAAGATGGCTT--TAA-ATA-GGCCATTTTAGGTCAGTAATGAAA---- - - AATTAAGAATT-GTT 67
PnsjA 1eeeTl---- - - TTCCATTTTACGAAAATCATTATGATATTGACTCTGGTAGAAAATATCGATTTAAAGACTTGGGA 67
PnsoAT 12 - - -TTGTCCACATGATAT--CT--TCGACGAAGAAGAGAGGGAATTGCTTCTACT--CCATT-------=----- TCTAAATETTGCGEA 79
PnsoA234 1 mmmemmm CCAAATG-G------- GAAAATTTGATGATTTCGATTTGGATGTAAC--AAAGACAGCAGCACAGGGCGGGATCGAGCCGA 71
PnisF 1-TCTTTTGCTCAAGGTGTAGCTTTAAAACATCAAGGAAACTTAATTCTCAGTAAT--CCTCAAAAAGGTGG--GGCAGAAGTITATCCTA 84
PnszF 1-TCTTTTGCTCAAGGTGTAGCTTTAAAACATCAAGGAAACTTAATTCTCAGTAGT--CCTCAAAAAGGTGG--GGCAGAAGTTATCCTA 84
PnsqF 1CTCTTTTGCCCAAGGTGTTGCCTTGAAACATCAAGGGAATCTAATTCTCAGTAAT--CCAGAGAATGGTGG--GGCAGAAGTTGTCATA 85
PnshF T e e e e e e e e oo GGATACCCCTACTGMGAAAT ~ - - - - s - - oo m oo oo e e e o e oo oo 20
PnsuF 1---ATTTGCTCAAAAGATAGCTATGAGACATCAAGGTCAATTAGTACTCTCAAAT--CCACAAAAAGGTGG--GGCACAAGTCACTTTA 82
PnspF 1AATTTGGGCTGGTCAAAAAGCCTAATATAAACAAAACCGCATGAAATCTTTC——ATTTAAAAACGTTG——ATTTTATGCGATTTTT 85
PnseF_4007 1----TGTGTACACCTGGTTGTAAAACAGGTGCGTTGATGACTTGTCCAATTAAAACTGCAACATGTGG------ TTGTCACTTTG---- 75
PnseF_4008 1----TGTGTACACCTGGTTGTAAAACAGGTGCGTTGATGACTTGTCCAATTAAAACTGCAACATGTGG------ TTGTCACTTTG---- 75
PnsoF 1 CGTGAATGTCAACTGATATTGGGGTATTTGTTGA--ATGCTGCAAATTTG--GATA-CATTTATGTGG 63
PnsjF I i I o S I G--ATA-ATTTTCTGATTTAAAATTATCTTACTGC----- - TTTTATCTATG-ATA 48
PnsuP 1TATATTTTTTAGAATATTG----- - GAAAATTTGTAGACAATCTAAGTAGTATTGA--TTTGAACAAAGAGA--AGTAAAAATTAGAATT 79
PnspP 1---TAATAAGGAGGTTGG----- - AAAAGTTTGTCAAAATTTTAAATGAAATAGA--CTCAAGCAAGGATG--AACTAAAATTTGAACA 76
PnseP_4007 1-ACTTA---TCTAGTTT------- GAAAATTAATTTAAGGTTAGTATATTTATTG--GTAGAATGATATACT-TATTAAAGTAATTGTT 75
PnseP_4008 1-ACTTA---TCTAGTTT------- GAAAATTAATTTAAGGTTAGTATATTTATTG--GTAGAATGATATACT-TATTAAAGTAATTGTT 75
Consensus
PnisA 62 HTGAGAA- - 137
PnszA 62 TTGAGAA---AGTATT-------- GGTAATAATATTATTGTCGATAACGCGAGCATAAT -AAACGGC 137
PnsqA 38 TTGAAGA---AAATCT-------- AAATTGGATTGTCGAGGATAGTTTAGGAAAAAATT-TTTTTGC 13
PnshA 3TTGATGT---AC------------- AAATTTAACGTTCTGCAAAAAAATATGCCTGATT-TTTATAT 73
PnsuA 59 TTCCTAA---AAATATTAAATAAATATTGCATTTATTTTTACGAAAAATTTGTCAATCT-TTCTAAT 142
PnspA 59 TCCAGAG---TATCAGTATAAATATTTCATGCATTCTAAATAAAAAATTTGTTCATTCT-CTATAAT
PnseA_4007 68 TCAAGGT - - -TGAAT
PnseA_4008 68 TCAAGGT - - -TGAAT
PnsjA 68
PnsoA7 80
PnsoA234 72 AGTATAA---GAGCA
PnisF 85 AAAATAA--AA-----------
PnszF 85 AAAATAA--AA-----------
PnsqF 86 AAAATAA--GG-----------
PnshF 21 ---B@6CT--CC------=----- ACAA
PnsuF 83 TTAATTA--AA----------- ACAA
PnspF 86 TATTTCG--AAAATT ACAA
PnseF_4007 76 GGAATfffGTATCACAGTTTGATTAGGTGAAATAGCATCTTTTTAGATGCTATTTTfCTTTTTT ACAA 159
PnseF_4008 76 GGAATINA - - -IA\GTATCACAGTTTGATTAGGTGAAATAGCATCTTTTTAGATGCTATTTT-CTTTTTT ACAA 159
PnsoF 64 AGAAGGATAGGACCTTACAAGTTCTATCTTTTTTGTTATGCAATTTACAATATAAAAAATTTTTTAA TTAGAA TAGTT 152
PnsjF 49 TAAATAC---ACTTTT--ACAATAATAAAGAATTTTACATAATATTAAAAAAAACATTTICGATTGTA CATC ATAA 131
PnsuP 80 CAAAGAA---AATCTATGAAGAAAGCATTC----TTTGTGAAGGTATTGATA--TCTGATAATTAAT AGAA ATTA 158
PnspP 77 CAGTGAA--AAAAATGTGAAAGAATAGCAT - TTTTCGGATTTATTGATACCAAATATTGAGTAC AGAA ATAA 158

PnseP_4007 76 GATGGAATATGAATTGAGAAATTTTTGCAT -
PnseP_4008 76

TTAAAGATTTCAATTTTTCAGAAAGAAACTTAT ACCTT 159
GATGGAATATGAATTGAGAAATTTTTGCAT----TTAAAGATTTCAATTTTTCAGAAAGAAACTTAT ACCTT 159

Consensus -
TAAA+AATAAAAAATT+GAAATAATTTATTAATATTATAGAATTTAATTATACAATATTTTTTTT+TTCTGAACAAATTCT+GAAATTT
PnisA 138 GATTTC------ TTCGAAGGAACTACAAAATAAATTATAAGGAGGCACTCAAA 200
PnszA 138 GATTTC------ GTTCGAAGGAACTACAAAATAAATTATAAGGAGGCACTCAAA 200
PnsqA 14 GGTTTH------ GTTCAAAGGAACTACAAAATATATTAAAGGAGGTACTC-AAA 175
PnshA 74 ATAGTT - - - - - - GTTCAAAAGGACAAAATTTTTATT---AGGAGG-TGCTCAAA 132
PnsuA 143 ATACTT------ GMTTCGAACAAAGAAATAACAATTGGAG---- - GAAATTTATT 200
PnspA 143 GTATCTIFACAABATATTT - - - - - - GTTCGAACAAAGAAAAAATAATTGGAG- - - - - GAATTTTATT 200
PnseA_4007 143 TGATTTIFAAACHGAATAT - - - - - - GMTTCGAACAAAGAAAAAGAAAAGAGGA----- GGAATTCAC AG- 200
PnseA_4008 143 TGATTTIFAAACHGAATAT - - - - - - 200
PnsfA 147 200
PnsoAT 168 CTAATTIHAITCAAAAAGAAAGGAG - - - - - = = - = = - = - - - oo oo oo o oo m oo m o m o 200
PnsoA234 152 200
PnisF 153 200
PnszF 153 200
PnsqF 148 200
PnshF 89 ATAATCIFATAAN-GATCGTAAAAGATTAAGGA - -------------- oo m oo 131
PnsuF 154 200
PnspF 161 200
PnseF_4007 160 CCTCGC|FATAGHTAATGT - -----GTAAAAAAGGAG - ------=-=--=--=-=------- 200
PnseF. 4008 160 CCTCGCITATAGTTAATGT - -----GTAAAAAAGGAG - - - - - ===~ = -~ ==~=~=~-==-- 200
PnsoF 163 200
PnsjF 132 200
PnsuP 159 -GCGCTAAAAAACAAAGGAGTTAGT 200
PnspP 159 -GGAATAAAAAACTAAGGAGATGAT 200
PnseP_4007 160 TGTTGC -TTTTTCAAAATTTTAGAGGTTTAA 200
PnseP_4008 160 -TTTTTCAAAATTTTAGAGGTTTAA 200

Consensus

GTTTTATATAATGAATTTTAAAAAGTTAGAA+AAAGAAAAAAAAAAATGA+A+GAGGGAATACA++ATG

Supplementary Figure S2. Nucleotide sequence alignment of 200bp region upstream of nisA, nisF, nisP and homologs.
Promoter -10 TATAAT and conserved -35 TCT-N8-TCT sequences are boxed. Nucleotides coloured blue by
conservation. Stop codons of genes upstream are highlighted in burgundy. The TCT-N8-TCT at -107 in Lactococcus lactis
ssp. lactis is highlighted in black. Previously identified transcription start sites (+1) are highlighted in red.



80 90

PSR s e e e e e e e e e oo AAA TAGATTETAT TH-CTTCAGAATEAKTGG GTBATGAGTACTEBACA - - 60
PnszR - - ---AAA TAGATTATATTT-CTTCAGAATGAATGG GTAATGAGTACTAAACA-- 60
PnsgR e CTIAACTATATTT-CTTCAAGATGAATGG GTAARGGCT - - -WAACA- - 54
PnshR - GTGTAAGATACTAATCCACAGCGCTGAACTAAGTAT - AAAACAAATCTAAAAAATAATTAA GAARGGGTTTATACTA 79

PRSUR - e e e e o TATGAT---AATTG
PnspR -TGAAGCTATTCGAATTTTATATGAT - - -AATTG
PnseR_4007 AAATATTATATAATACTTGTAG
PnseR_4008 AAATATTATATAATACTTGTAG
PnsoR7 GTTTGGCAGTTGAAATTAATTATAAATGTGTATA

TTTCTTAGTAATAAT-GGAAATAARGGA
TTTCTTAGTAATAAT-GGAAACAARGGA
CGGTTATGTAATGAT-GCAACTGGRGCC
CGGTTATGTAATGAT-GCAACTGGRGCC
GCTA-TATTAAAAGATTAGTATGGGTCAA

AATTAGGTT
AATTAGGCT
ATTTAGGGT
ATTTAGGGT
CTTGTGACT

A TTTT- 69
TTTTG 89
TCTTG 81
TCTTG 81

TAAAA 93

A
A
A
C

PnsoR2 ---AAG-------- CTCTATTTTGATAATAGAGCIITTTTTTACGAGTAAATGAGTATTTIRTTACATGTTGGGTG TTTTT 80
irLtype -35 8
TTGATA
or L type -10 TATAAT
TATAAT
or S type -35

TGCACA

or S type -10

Consensus

130 140

PnisR ATCGGAGGTAAAGTG|G 78
PnszR ATCGGAGGTAAA---G 75
PnsqR ATCGGAGGTAAAGCGG 72
PnshR GCGGGAGCTACCCGCTAATATAA----------- ATATAAGGTGAAATAA 120
PnsuR TGCAATAATAGTGTAAAATAAAAGCATGAGATTATCGAGGTATCTAAT -|A 120
PnspR TGCAATAATAGTGTAAAATAGTAGTATGAGATAAAAGAGGTACCTAGT -|A 140
PnseR_4007 TTCGATAGCATTGGGTGAATATATTAGGAGATATGA------------- 120
PnseR_ 4008 TTCGATAGCATTGGGTGAATATATTAGGAGATATGA- - - - 120
PnsoR7 A--mmem e m e - TTTTAAAAGGAGAGGATAT ----- T 120
PnsoR2 GTTATTATTAGTTAGTAAAAACATAAAGGAGCA------------ 120
r L type -35
or L type -10
r S type -35
or S type -10

Consensus

TTC+ATA+TAGTGGGTAATAA+ATTAGAGATAATCGGAGGTAAA+TGT

Supplementary Figure S3. Nucleotide sequence alignment of intergenic region upstream of nisR and homologous
genes. Putative Lactococcus (L type) and Streptococcus (S type)-35 and -10 signals, ribosome binding sites and start codons
are boxed with consensus sequences displayed below the alignment. Previously identified transcription start site (+1)

highlighted in red. Nucleotides coloured by conservation.



Pnis/

1---GAGGTCCAGGTATTAGWCTGCT ACT GA T TGACT TTGTAGAT GCAGAAAAAAT 84
1---GAGGTCCAGGTATTAGWCTGCT ACT GA T TGACT

Pnsz/ TTGTAGAT GCAGAAAAAAT 84
Pnsql 1 ATGGAGGTCCAGGTATTAG GA ATGATTARTTTGTGTCT GCAGAAAAAAT 87
Pnsul Tmmmmeem - GCTCTAGAAG cT GCATECARCAGAAGAAGT 73
Pnsp! 1- ----GCTCTAGAAG AA.AA.CTA.A TCTAAAGCT GCATCCATCAGGAGAAGT 73
Pnsel 4007 I AGTGAGI GIAI CTHEGT -AGAATART ICTGIGG IAAAAIAGG 64
Pnsel 4008 T mmmmee e e e - TAGAAGATAGTGAG GAAAAABCTEGT - AGAATAMT CTGCGGMTAAAAGAGG 69
Pnsol 1 ATTTTATTTTCAGTAGC c CTTAGTATTTCTGTHICT TACAGT TATAGTT 78
Consensus
Pnist 85 GTCAGCTATGCAAAGGAAACTTGGTATTGATTC 174
Pnsz/ 85 GTCAGCTATGCAAAGGAAACTTGGTATTGATTC 174
Pnsql 88 ATCAGCCATGCAAAGAAAACTTGGTGTTGACTC 177
Pnsul 74 133
Pnsp/ 74 133
Pnsel 4007 65 124
Pnsel 4008 70 129
Pnso/ 79 130
Consensus
Pnist 175 222
Pnsz/ 175 222
Pnsql 178 225
Pnsul 134 AAAAAA 217
Pnspl 134 217
Pnsel 4007 125 208
Pnsel 4008 130 213
Pnsol 131 219
Consensus
Pnisl 223 - - - ---- A ATAGTG AABT GTGGCACG 304
Pnsz/ 223 - - - - - - - AllG ATAGTG AANT GTGGCACG 304
Pnsql 226 - ATAGTGAACAAAT ATGGGTCG 307
Pnsul 218 -CA A.TACC AGAA 305
Pnspl/ 218 —CAIATIGT TACC GGAA 305
Pnsel 4007 209 -GTTTAGGG A.C.A GGAG 296
Pnsel 4008 214 GGG GGA 301
Pnsol 220 GTGGGCAGTAAAT -ATTTIGC---AATHR------------ 293
Consensus
Pnis/ 305 ATCGA EBGAGGGAAGAG 394
Pnsz/ 305 ATCGA AGGAGGGAAGAG 394
Pnsql 308 GTCGG| AGAGAAR 397
Pnsul 306 TATTG 391
Pnspl 306 G 391

Pnsel 4007 297
Pnsel 4008 302 A

Pnso/ 294
Consensus
Pnis/ 395 GAA---- -
Pnsz/ 395 GAA--------
Pnsql 398 - ----------
Pnsul 392 AWTAGC- - - - -
Pnsp/ 392 AGTAGC - - - - -

Pnsel 4007 383 ABGTAGGGAGA
Pnsel 4008 388 GGGAGAAAAA-----------
Pnso/ 377 ANTGGGAAGGAAGAAAAAATT

Consensus

AATAG+AAAGAAGAAAAAATTATG

Supplementary Figure S4. Nucleotide sequence alignment of 400bp region upstream of nisI and homologous genes.

Nucleotides coloured by conservation. Previously identified transcription start site (+1) highlighted in red. -234 and -

194 nucleotides are highlighted in black.

Supplementary Table S6. ARNold predicted forward strand terminators from nisin variant operons.

Nisin A

Total number of predicted transcription terminators: 8

400
400
400
400
400
400
400
400

173 Both + AACCAAATCAAAGGATAGTATTTTGTTAGTTCAGACATGGATACTATCCTaTTTTTATAAGTTA -7.90

3773 Rnamotif + CATGGAACATTGGGGTAGCAATTTTACTCCTTATTGTTCCAG -6.70
11173 Both+ AAAAATAAAAAAGTAATTITAGTAATCTCTAAGGATTACTTTTTTTGTTTCTG -3.40
13661 Erpin + ACAATGAAAAATCCAAGTATAAATACTTGGATTTTTCATTATTT -8.90

Nisin Z

Total number of predicted transcription terminators: 8



173
3773
11173
13661

Nisin Q

Both + AACCAAATCAAAGGATAGTATTTTGTTAGTTCAGACATGGATACTATCCTaTTTTTATAAGTTA -7.90
Rnamotif + CATGGAACATTGGGGTAGCAATTTTACTCCTTATTGTTCCAG -6.70

Both + AAAAATAAAAAAGTAATTTAGTAATCTCTAAGGATTACTTTTTTTGTTTCTG -3.40

Erpin + ACAATGAAAAATCCAAGTATAAATACTTGGATTTTTCATTATTT -8.90

Total number of predicted transcription terminators: 2

344
3943

Nisin U

Both + AACCAAATCAAAGGATAGTATTTTGTTGACTTAGGTAAAGATACTATCCTaTTTTTATAAGTTA -7.90
Rnamotif + CATGGAACATTGGAGTAGCATTTTTACTCCTTATTGTTCCAA -7.60

Total number of predicted transcription terminators: 7

1591
3810
6053
7070
13995

Rnamotif + TCCATTTCAACTCCTAAAGTCTCTGCAGCTTTGGGATTGATTATAGAA -7.70

Erpin + AAAATTTTCAGAGGTAGCAACTAGAAAGTAATGCTACCTTTTTTCTGAACAA -10.30

Both + ACAAGCAAAACACTTCTGTTGAAATCTAGTAAACTAGAAACAGGAGTaTTTTGTTATGGTC -6.80
Rnamotif + GTTAAAATAAAGGTAGTGGATAGATAGCTTGCTACCTTTATTTTTATA -6.70

Both + AATTTAGAACAGCAAGTTCAGGAGAGTTTGCTATTTTTTGTCA -5.60

14922 Erpin + TTCATACAAACTGCCCTCCTATTATTAGATTTTATGTCTAACAATAGGAGGGCAGTTCAAAGTGAATT -

13.90

Nisin P

Total number of predicted transcription terminators: 5

1263
3514
6429
7044
13361

Nisin E

Both + CAATTTCGACTCCTAAAGTCTCTGCAGCTTTAGGaTTGATTATAGAA -8.80

Erpin + ATAAACAAAACCGCATGAAATCTTTCATTITAAAAACGTTGATTTTATGCGaTTTTTTATTTCGA -6.80
Both + GCTAAAATAAAGGTAGTGGATAGTAGTCTACTACCTTITATTTTTATA -11.20

Rnamotif + AGTTCACTAAAGTTTATCAACTTATTGATGAGCTTTGTTGTGATA -7.10

Both + AAAATATAGATCAGCAAGTTCAGAAGAGCTTGCTGTTTTTTGGTACA -10.60

Total number of predicted transcription terminators: 11

2184
3821
3963
4338
4589
5020
5264
6618
13497

Nisin O

Both + TATTCCGTTAACCAGCAGAGAATATGATTTGCTGGaTTTGCTATCAGC -11.70

Both + AATTATATGAAGAGGTTGAGTTTAAAAGTGTTCAACCTCITTGTTTATTTTGC -10.20
Both + TGCCAAAAAGATGGCTTTAAATAGGCCATTTTAGGTCAGT -6.80

Both + ATTAGGTGAAATAGCATCTTTTTAGATGCTATTTTCTTTTTTTC -9.90

Rnamotif + TTAGAAGAAGCTGACAGTGGTGCTGTTGTTTTTAATGGTG -4.30

Rnamotif + TGCTGACCACATTGTCATTTTACATGATGGCGAaaTTTTTTATGATG -7.00
Rnamotif + TTCGGTTTATTGGTGGGAAGCTATCTTTTTGTACACT -3.80

Rnamotif + AAGTTGGAAAAGGTAGTATATAAAATAGCTACCTTTATTTTTATA -6.40

Both + AATTAAATCAACCAGACAATCTATTTTTGTCTGGETTTTATTTGTCA -11.90

Total number of predicted transcription terminators: 6

635
5587

Rnamotif + ATGTGGAGAAGGATAGGACCTTACAAGTTCTATCTTTTTTGTITATG -7.90
Rnamotif + CCGTAGATCATTCTCCTACACATGGGGAGATTATTTTTAACG -7.20



5871 Rnamotif + GTTCAGGTTAGCTCTGGTGGAATACACCAGAGTTTTTTTACTTT -14.20
5913 Both + TTATAGGATTAGGGTGTCAAAAGCCCaTTTTAATATTTG -5.50
7132  Erpin + ATACATAAAAAAGCTCTATTTTGATAATAGAGCTTTTTTTACGAGTA -8.90

Nisin J

Total number of predicted transcription terminators: 2
2136 Rnamotif + TTATTTGTAATTTTATTGTTGATAGCAGTAGATATTATTTTAAT -4.60
6650 Rnamotif + TACTTTTAGACGAGCCTAGTTCGGCTCTTGATTTAGAAT -8.60

Supplementary Table S7. Streptococcus equinus genomes encoding nse genes.

Strain Recorded Source Genome Assembly Accession Encodes
APC4007 Sheep milk nsePRKAFEGBTCI
APC4008 Sheep milk nsePRKAFEGBTCI
SI - GCA_900115895.1 nsePRKAFEGBTCI
MDC1 Canine oral cavity GCA_014041875.1 nsePRKAFEGBTCI
GA-1 - GCA_900100035.1 nsePRKAFEGBTCI
SNO033 G637 - GCA_000421425.1 nsePRKAFEGBTCI
B315 G597 - GCA_000424045.1 nsePRKAFEGBTCI
PR-5 - GCA_900109395.1 nsePRKAFEGBTCI
AG46 Sheep rumen GCA_000964315.1 nseRKFEG

AR3 - GCA_900199575.1 nseRKFEG
ATCC33317 Cow dung GCA_000747195.1 nseRKFEG

C277 - GCA_900099885.1 nseRKFEG

CNU 77-23 Bos taurus rumen fluid GCA_009758075.1 nseRKFEG

CNU G6 ﬁ‘;si;“”m coreanac M coa_009758095.1 nseRKFEG

ES1 - GCA_900110365.1 nseRKFEG

FMD1 Forest musk deer GCA_004525775.1 nseRKFEG

H24 - GCA_900109415.1 nseRKFEG

HC5 Cow rumen GCA_000731085.1 nseRKFEG

MPR1 - GCA_900110935.1 nseRKFEG

MPR2 - GCA_900100215.1 nseRKFEG

MPR4 - GCA_900113235.1 nseRKFEG
NBRC12057 Bovine rumen contents  GCA_006538945.1 nseRKFEG
NCTC8133 Infant faeces GCA_901543475.1 nseRKFEG
NCTC8140 - GCA_900636465.1 nseRKFEG

pGA-7 - GCA_900102715.1 nseRKFEG

Sb04 - GCA_900104225.1 nseRKFEG

Sb09 - GCA_900103355.1 nseRKFEG

YeOl - GCA_900109105.1 nseRKFEG




Supplementary Figure S5. Amino acid percent identity heatmaps of NseRKFEG proteins encoded in S. equinus genomes
compared with S. uberis 42 nisin U (NsuRKFEG), and Lactococcus lactis ssp. lactis ATCC11454 nisin A (NisRKFEG)

sequences.



