The complete genome sequence of Lactobacillus bulgaricus reveals extensive and ongoing reductive evolution

Abstract (L. bulgaricus ATCC11842)

· L. bulgaricus= lactic acid producing bacteria

· Used in yogurt production (widely known)

· Genome sequencing reveals signs of specialization

· Psuedogenes

· Incomplete metabolic pathways

· Several features suggest the genome is rapidly evolving

· 47.5 kbp inverted repeat in the replication termination region 

· Rare in bacterial genomes

· Transient stage of genome evolution?

· Higher GC at codon position 3

· Suggests comp. of genome -> higher GC content

· High numbers of rRNA and tRNA with respect to genome size

· Suggests possible size reduction

Introduction

· L. bulgaricus is very economically important

· Yogurt production

· Health benefits to consuming L. bulgaricus
· Attenuation of lactose intolerance (with S. thermophilus)

· Immune modulation

· Diarrhea alleviation

· L. bulgariucs belongs to the acidophilus complex 

· Related to L. acidophilus, L. johnsonii, L. gasseri
· L. bulgaricus has higher GC than members of group

Results and Discussion

Primary Sequence Characteristics

· Size= appx. 1.8 Mb

· Data obtained after pulsed-field GE of chromosomal DNA digests

· Confirmed by WGS-1864,998 bp have been assembled

· GC=49.7%

· Much higher GC at codon position 3 compared to other species

· 65% VS. 25% AND 24.4%

· Evolution at position 3 = normall higher than 1 and 2

· Suggests evo. Toward higher GC content

· BLASTp and BLASTx found a large number of “fragments”

· 270 psuedogenes

· Large number of pseudogenes suggests genome is in active state of gene elimination and size reduction

· Only 73% of DNA is coding

· CRISPR region identified

· (clustered regularly interspaced short palondromic repeats)

· Have been interpreted as traces of past invasions by extrachromosomal elements

· May protect against foreign DNA expression

· Code antisense RNA

Genome Structure and Organization: Replication Terminus with a 47.5-kbp Inverted Repeat and Duplicated dif Sites

· GC skew= usually indicates location of dnaA and dnaN genes

· Usually presence of origin of replication

· Second change in GC skew on opposite side of genome indicates replication terminus

· Replication terminus region contains inverted repeat of 47.5 kb

· Rare in bacterial genomes

· PCR replication shows inverted repeat is conserved in 30 different strains of L. bulgariucs
· Contains two dif sites

· Usually just one unique site in microbes

· Could interfere with chromosome segregation (in dimeric chrom)

· Would result in inversion of dimer instead of resolution

Nonrandom Distribution of Mobile Elements

· Genome contains large number of transposases (ISL elements)

· Region of 415 is completely expempt of IS elements

· Pseudogenes are less abundant in this region

· 9 of 227 pseudogenes occurred from insertion of IS elements

Syntney Among L. bulgaricus, L. acidophilus and L. johnsonii Genomes

· Largest difference occurs in genes involved with biosynthesis of folate and saturated fatty acids

· L. bulgaricus contains enzymes necessary for purine and pyrimidine synthesis 

· LB contains ppx and ppk genes that are involved in the turnover of polyphosphate  

· May play a role in adaptation to stress conditions

· Does not contain proteins involved in sugar transport and metabolism

Restriction Modification Systems

· Contains complete type I restriction modification system

· And Mrr type restriction endonuclease

Regulatory Functions: Two SigA Homologues and Relatively Few Regulators

· Relatively few genes encoding transcriptional regulators were identified

· Reflects adaptation to stable and nutritionally rich milk environment

· Fewer biosynthetic functions and less adaptive regulations are required

· Few LacI type regulators 

· MarR, MerR, TetR and ArsR

· Lower level of resistance to a variety of compounds and stress conditions

· Regulatory circuits have less complicated structure 

Pseudogenes And Specialization Through Loss of Function

· Originally isolated from Bulgarian yogurt

· First yogurt making =3200 BC

· LB probably adapted to yogurt making process (transfer)

· 43 transposases

· 227 genes represent 12% of total number of protein coding genes

· Complete transport systems for the milk sugar lactose, mannose\glucose, fructose and glycerol are present

· However other carbohydrate specific pathways exist as remnants (pseudogenes)

· Lacking enzymes involved in amino acid biosynthesis

· Protein-rich milk environment

· Extra cellular protease replaces

· Strong growth component

Central Carbohydrate Metabolism

· Inactivation of LacR

· Utilization of lactose results in higher growth rates

· GapN may be involved in regulation of glycolysis by producing NADPH

· LB lacks necessary pyruvate Dehydrogenase complex to produce acetyl-coA

· Failure to produce unsaturated fatty acids may explain the need for Tween 80 in lab media for LB (unsaturated fatty acid in tween 80 is also available in milk)

Protocooperation between LB and S. thermophilus

· Stimulate each others growth during milk fermentation

· LB may benefit from PABA produced by ST

Stress Resistance

· Does not possess many of the genes involved in resistance to oxidative stress or low pH

Conclusions

· LB has evolved away from other members of acidophilus complex by rapid specialized adaptation to the environment of fermented milk (man made)

Methods

Sequencing

· Shotgun sequencing followed by multiplex PCR and gap filling

Annotation

· “self training detection software”

Comparative Genome Analysis

· Used BLASTp and BLASTx

