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LACTIC ACID BACTERIA - RELEVANT FEATURES




LACTIC ACID BACTERIA - RELEVANT FEATURES

Properties and technological applications

» Lactococcus lactis

» Lactobacillus delbrueckii

» Streptococcus thermophilus
» Lactobacillus paracasei

> Lactobacillus rhamnosus

» Abiotrophia defectiva

» Aerococcus sanguinicola

» Streptococcus pneumoniae
» Enterococcus gallinarum




Non-coding RNAs

Main objective

|dentification and characterization of 6S RNAs and pRNAs in LAB species




Main characteristics and
mechanism

» Small regulatory non-coding RNA
» 160-200 nt in lenght

» Adopts a rod-shaped structure with a large
internal loop flanked by largely helical
arms on both sides

» Model organisms: Escherichia coli -
Bacillus subtilis
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Main characteristics and mechanism
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Main characteristics and mechanism
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Main characteristics and mechanism:
OUTGROWTH
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LACTIC ACID BACTERIA AND 6S RNA

What is known so far?
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REVIEW ARTICLE
The Evolution of gene regulation research in
Lactococcus lactis
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A simple and efficient method to search for
selected primary transcripts: non-coding and
antisense RNAs in the human pathogen
Enterococcus faecalis
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Early Transcriptome Response of
Lactococcus lactis to Environmental
Stresses Reveals Differentially
Expressed Small Regulatory RNAs
and tBRNAs

Sjoerd B. van dor Mowlon 7, Anno da Jong ' ¥ and Jan Kok .5
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Transcriptome landscape of Lactococcus lactis reveals many novel RNAs including a
small regulatory RNA involved in carbon uptake and metabolism

Sjoerd B. van der Meulen®®, Anne de Jong®”, and Jan Kok®"

“Department of Molecular Genetics, Groningen Biomolecular Sciences and Biotechnology Institute, University of Groningen, Groningen, The
Netherlands; *Top Institute Food and Nutrition (TIFN), Wageningen, The Netherlands




GENOMES SELECTION

Lactobacillales order m

Family Genus stains / available
Acrococcaceae “Ab 1/2
s 8 / 61
Dolosicoccus 2/3
Eremococcus 1/2
Facklamia 3/9
: Gt ety LA Genra with technological and health positive
Carnobactenaceae Agrtococcus 1/1
Alkalibacterium 1/8 features
Allofustis 1/1
Atopobacter 1/1
Atopococcus 1/1
| Carnobacterium | 9/41
Dolosi I 10 / 12 . .
Grankicatas. 0y “The most complete genome” criteria
Jeotgalibaca 1/4
Lacticigenium 1/1
Marinilactibacillus 1/5
Trichococcus 7/15
Cnterococcaceae Bavarucoccus 1/1
114 / 2105
Melissococe 2/14 c
ewsusirzisash 5/ 10 m = 13 strains (CERELA-CONICET)
Lactobacillaccae actobacillus 460 / 1680
| Pediococcus 25 / 61
Sharpea 1/4
~ Leuconostocaceae Tvin fjf.I 1.092 id d in thi
Fructobacillus 5/9 ) genomes were considered in tnis
Leuconostoc 23 /118
\__Ocnococcus 3 /208 StUdy

- Streptococcaceac

g " 4/
([ Weissella ) 23 / 43
Fle )3
| Lactococeus | 44 [ 168
328 / 12076




6S RNA alighment + Clustering

Wehner et al.
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Wehner, S., Damm, K., Hartmann, R. K., & Marz, M. (2014). Dissemination of 6S RNA among bacteria. RNA biology, 11(11), 1467-78.
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Representative 6S
RNA sequences LocARNA

Simultaneously folded and aligned
(or match) RNAs based on their

Outgroup:

- 6S-1 from Bacillus
subtilis 168 sequence and structure features.

Wehner, S., Damm, K., Hartmann, R. K., & Marz, M. (2014). Dissemination of 6S RNA among bacteria. RNA biology, 11(11), 1467-78.
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6S RNA secondary structure analysis

6S RNA Consensus secondary structure for LAB (VARNA)
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PRNAs prediction and analysis

LAB %“’EUGUULGGUCAACASU}.{

BSU-1 uGUUCGGUCAAAACUA'——

BSU-2  uA-AAGGUUAAAACUU

ECO UA-UCGGCUCAGGGGA —
RSP UA-UCGGCCACUGGAA —
AAE uG-UAGGCCCCAUUGA

pPRNA Motif = New criteria for 6S RNA detection and function?




CRE Sites

» Degenerate pseudo-palindromes

» Conserved in low GC % Gram (+)
» Are recognized by ccpA

Key role in C catabolite repression

RNA BIOLOGY Tavlor &F .
2016, VOL. 13, NO. 3, 353-366 e aylor rancis
http://dx.dol.org/10.1080/15476286.2016.1146855 Taylor &Francis Group

RESEARCH PAPER @ OPEN ACCESS

Transcriptome landscape of Lactococcus lactis reveals many novel RNAs including a
small regulatory RNA involved in carbon uptake and metabolism

Sjoerd B. van der Meulen®®, Anne de Jong®®, and Jan Kok®®

“Department of Molecular Genetics, Groningen Biomolecular Sciences and Biotechnology Institute, University of Groningen, Groningen, The
Netherlands; *Top Institute Food and Nutrition (TIFN), Wageningen, The Netherlands
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Present in all 6
LAB families
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CRE Sites analysis
200 nt upstream
6S RNA + 6S RNA




CRE Sites analysis
Putative Putative
activator role repressor role?
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Synteny Analysis

| sueny Analysis
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505 ribosomal protein L11 methyltransferase
163 rANA methyltransferase

DUF3013 domain-containing protein
hypathetical protein

DNA-3-methyladenine glycosylase

GTP pyrophosphokinase (RelA/SpaT)
gly-tyr-tRNA deacylase

305 ribosomal protein S4

septation ring formation regulator EzrA
DUF 1694 domain-containing protein
hypothetical protein

tANA thiouridine synthase Thil

amino acid permease

tRNA thiouridine synthase MnmA
ATP-dependent RecD-like DNA helicase
cysteine desulfurase

acetate kinase

cysteine desulfurase

DUF965 domain-containing protein

Holliday Junction resolvase RuvX
alanine<tANA ligase

glutamate-cysteine ligase GshA
replication-associated recombination protein A
universal stress protein
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RNA-Seq data NCBI

Microorganism

Lactobacillus delbrueckii subsp. bulgaricus ATCC
11842

Lactobacillus delbrueckii subsp. bulgaricus 2038

Lactobacillus delbrueckii subsp. bulgaricus STCC
BAA-365

Lactobacillus paracasei L9
Lactobacillus salivarius UCC118
Lactobacillus rossiae DSM 15814
Oenococcus oeni AWRIB551/2/419
Lactobacillus plantarum LY- 78
Lactobacillus salivarius Ren
Lactobacillus salivarius UCC118

Lactobacillus gasseri ATCC 33323 =JCM 1131
Lactobacillus gasseri JV-V03
Lactobacillus reuteri SD2112
Lactobacillus rhamnosus JCM1553
Lactobacillus helveticus CNRZ32
Lactobacillus crispatus ST1
Lactobacillus amylovorus GRL118
Lactobacillus acidophilus NCFM
Lactobacillus sakei 23K
Lactococcus lactis subsp. lactis G423

Lactococcus lactis subsp. cremoris NCDO712
Lactococcus lactis subsp. cremoris NZ9000
Enterococcus faecium

Enterococcus faecalis ATCC29212
Streptococcus mutans UA159

Streptococcus anginosus J4211

Oenococcus oeni AWRIB551/2/419
Pediococcus pentosaceus SD-2015

Annotated

NO

NO

NO
NO
NO
NO
NO
YES
YES
NO

NO
NO
NO
NO
NO
NO
NO
NO
YES

NO
NO
YES
YES
NO
NO
NO
NO

Overlapping CDS

NO

NO

NO
YES
NO
NO
NO
NO
NO
NO

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

YES
YES
NO
NO
NO
NO
NO
NO

Genomic coordinates

608737-608909

600657- 600860

602886- 603062

1303993- 1304183
1104567- 1104719
1227746-1227906
3020579-3020748
1062337-1062523
1104567-1104719

1232586-1232770
1232583-1232738
1454619-1454801
1138692-1138877
898359-898553
778792-778973
764895-764077
767003-767196
824318-824492
34144-34331

33764-33918
32196-32395
2.363.352-2.363.525
956568-956747
1929963-1930135
282932-283097
1227746-1227906
1292009-1292180

EXPERIMENTAL EVIDENCE

LB 600,550 600, 660

506,650 600,700 600,750 500,806 606,850 600,900 6

Coordinates

GCF 0001911651 [ BU RSO3090

ASM19116v1_

Expression genomic.gff ()

4N
LBL

6S RNA

SRR1630841.
trimmed.fastg.mehl.
3K chr.minus.gr -40k

SRR1630842. Sk
trimmed.fastq.mehl. 15k

e

45-50K chr.minus.gr "5k
SRR1630843. e
trimmed fastq.mehl. =5k

chr.minus.gr ~ok

15-20K SRRLG30844. 1K
trimmed.fastg.mehl. “3k

5-20K chr.minus.gr Tk

600,864

200- 300 k
20-40k
1-3k
1-1,5k
200-300 k

9k

9-10k
9-35k
10-35k
35-40k
110-120k
80-90 k
50-60 k
38-55k
4-5k

15-75k
5-300 k
50-9k
800-1200 k
1-7k
2-4,5k
20-40k
2Kk




EXPERIMENTAL EVIDENCE

RNA-Seq data NCBI

coordinat Ln 600,550 600, 600 600,650 600, 700 600,750 600, 300 600, 850 600,900 6
4N
Gczfﬁfglf’llelvﬁfﬂf LBU_RS03090 LBL
Microorganism Annotated  Overlapping CDS Genomic coordinates Expression genomic.gff () 6S RNA
Lactobacillus delbrueckii subsp. bulgaricus ATCC SN .
11842 NO NO 608737-608909 3K trmmed actg men. | JECK
SRRL630842. 5K M T
. ! . e ET I e
Lactobacillus delbrueckii subsp. bulgaricus 2038 NO NO 600657- 600860 45-50K chr.minus.gr L5k
. N . e T ™
Lactobacillus delbrueckii subsp. bulgaricus STCC trimmed fastq meh Zt
chr.minus.gr e
BAA-365 NO NO 602886- 603062 15-20K o T
Lactobacillus paracasei L9 NO YES 1303993- 1304183 5-20K chr.minus. gr sk 600,864
Lactobacillus salivarius UCC118 NO NO 1104567- 1104719 200- 300 k
Lactobacillus rossiae DSM 15814 NO NO - -
Oenococcus oeni AWRIB551/2/419 NO NO 1227746-1227906 20-40k .
Lactobacillus plantarum LY- 78 YES NO 3020579-3020748 1-3k Rea I-tl m e q PC R
Lactobacillus salivarius Ren YES NO 1062337-1062523 1-1,5k
Lactobacillus salivarius UCC118 NO NO 1104567-1104719 200- 300 k
1Dﬂﬂ
Lactobacillus gasseri ATCC 33323 =JCM 1131 NO NO 1232586-1232770 9k
Lactobacillus gasseri JV-V03 NO NO 1232583-1232738 9-10k 10
Lactobacillus reuteri SD2112 NO NO 1454619-1454801 9-35k
Lactobacillus rhamnosus JCM1553 NO NO 1138692-1138877 10-35k s "
Lactobacillus helveticus CNRZ32 NO NO 898359-898553 35-40k z » 74
Lactobacillus crispatus ST1 NO NO 778792-778973 110-120k E ° /
Lactobacillus amylovorus GRL118 NO NO 764895-764077 80-90 k 1050 '
Lactobacillus acidophilus NCFM NO NO 767003-767196 50-60 k | Threshoi] —
Lactobacillus sakei 23K NO NO 824318-824492 38-55k L "
10 i 1 Stationary Phase
Lactococcus lactis subsp. lactis G423 YES NO 34144-34331 4-5k 'Efponential | - = = o
0 i |Phase i1
10 T Y u u u u | \
Lactococcus lactis subsp. cremoris NCDO712 NO YES 33764-33918 15-75k * ° * 2w * I i
! &
Lactococcus lactis subsp. cremoris NZ9000 NO YES 32196-32395 5-300 k : ! "
Enterococcus faecium YES NO 2.363.352-2.363.525 50-9 k : | Decline/death Phase
1
Enterococcus faecalis ATCC29212 YES NO 956568-956747 800-1200 k i !
Streptococcus mutans UA159 NO NO 1929963-1930135 1-7k PI;‘ag ! :
Streptococcus anginosus J4211 NO NO 282932-283097 24,5k RIS of :
| 1
Oenococcus oeni AWRIB551/2/419 NO NO 1227746-1227906 20-40k T L T L T
Pediococcus pentosaceus SD-2015 NO NO 1292009-1292180 2Kk 3 4 Tihe (hours)

Inoculation N\ J




Distribution

CONCLUSIONS

Canonical structure

conservation of consensus:

25% 50% 75%  100%

JJ.M. |

# genomes

-100 50 +1

position of the strongest cre-site

§60,550

Conserved pRNA

uGUUCGGUCAAAACUA }
UA-AAGGUUAAAACUU ——
UA-UCGGCUCAGGGGA
UA-UCGGCCACUGGAA :l_

0,600 00,650 00,708 560,750 60,000 0,150 00,99




Dr. Marcus Lechner
Marietta Thiring

Paul Klemm ‘ Deutscher Akademischer Austausch Dienst
German Academic Exchange Service




6S RNA in lactic acid bacteria

6S RNA secondary structure analysis
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6S RNA in lactic acid bacteria

pRNAs prediction

REF Bsu 65-1|1- AU-- l UUAGUU CA-———— U--UUU UUUUUUUGAUUU A ? CAUUUUU--
REF Eco JUUUCUCUGA, C [,! CGGGRCA—————— CC—-CUGA. uRuuuclluacc AAU C CUICli—
s GCF 003051055.1|UcucucunrGEAUGUABGCEBABUCUGUCA-———- Ucc--cuga UBuuuuBuuuu UGACGCUUUG--
5 _GCF_000296855.1 AUCU UGU C AUARA
3 GCF 001434335.1 AUCU UGU C UAA-
s GCF_002075105.1 AUCU UGU C
s GCF_001042405.1 AUCU UGU C UAA-
s GCF_000934625.1 AUCU UGU C AUAA
5 GCF _001434515.1 AUCU UGU C AUAA
n GCF 001314245.2 AUCU UGU C AUAA
3 GCF _000214785.1|AGUAAUCU UGU C AUARA
1 GCF 002706375.1|AGUGAUCU UGU C AUAA
1 GCF_000091765.1|AGUGAUCU CUUBRBRUGU C AUAA
1 GCF_000014425.1|BUUGAUCUGAGUUGAU-—---———~ ACIU --UU C AUAA
5 GCF_000204985.1|ABUGAUCUGAGUUGAU-———-———~ ACQURE - -UU C AUAA
n  GCF _003423665.1|GaABuBucu -AUURRU C AUAA
5 GCF 001436125.1|UG--AUCU AUUBEU C AUAA
3 GCF_000191165.1 |2 UIAUCU CUUAUUU C URA-
>  GCF 001434815.1|ABUGAUCU CUUAUUU C UAA-
5 GCF_001936335.1| UA-UAGU E C -AA
1 GCF_001435735.1|-UBAAAUBUGAGEUGUMEEEE-vuacBcu----- 2 CA---CUUUUAAUUY
REF _Bsu_65-2| 2 “UUGUUAA-— - — - - cu---Gualuz AGUUUUAUAU-CGAI
| GCF_001436095.1-2 AACUUUAMC---UUAUUU--[GCAZ vularrvuaBGUGEAABUGEUCCABAUGC:




