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Abstract — The nucleotide sequence of two ORFs and five copies of three insertion sequences (IS)
types belonging to thepslocus ofStreptococcus thermophil@NRZ368 involved in exopolysac-
charide synthesis are almost identical to ISs and ORFs sequencésftogoccus lactisFurther-

more, sequence comparisorepiloci of threeS. thermophilustrains and hybridization of probes
isolated from theS. thermophilu€NRZ368epslocus with DNA of 17S. thermophilustrains
revealed a very high polymorphism. A small constant region is detected in all the strains whereas a
large region is extremely variable. The 17 tested strains could be arranged in six groups according to
the presence or absence of a hybridization signal with the different probes tested. A phylogenetic anal-
ysis indicated that the ropy NST2280 strain and the non-ropy IP6757 strain are very closely related
strains but possess differepsloci. Theepslocus of IP6757 could result from sequence replacement

in an IP6757 ancestor. Sequence comparison of diffepstaci of S. thermophilusuggests that the

high polymorphism of these loci largely results from sequence replacement following horizontal
transfers.

exopolysaccharide / horizontal transfer Lactococcus lactig polymorphism / Streptococcus
thermophilus

Résumé— Polymorphisme des locepsimpliqués dans la synthése d’exopolysaccharides chez
Streptococcus thermophilug’étude du locugpschezS. thermophilu€NRZ368, impliqué dans

la synthése d’exopolysaccharides (EPS), a révélé plusieurs séquences presque identiques a des
séquences deactococcus lacti€s copies de 3 types d'IS et 2 ORF). Par ailleurs, la comparaison des
séquences des logpsde 3 souches d&. thermophiluginsi que I'hybridation de sondes issues du
locusepsdeS. thermophilu€NRZ368 sur 'ADN de 17 souches 8ethermophilusnt révélé une

petite région constante présente chez toutes les souches ainsi qu’'une grande région extrémement
variable. Les 17 souches étudiées ont pu étre rassemblées en 6 groupes présentant des structures
similaires (présence ou non de séquences homologues aux régions testées). Une analyse phylogénétique
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de ces souches indique gBethermophiludNST2280, une souche productrice d’EPS, et IP6757,

une souche non productrice, sont trés proches phylogénétiquement mais posseéderpbesfioci

férents. Le locuspsd’IP6757 résulterait d’'un remplacement de séquence qui se serait produit chez

un ancétre d'IP6757. La comparaison des séquences des différeapstiEs. thermophilusug-

gére que des séquences ont été remplacées par des séquences non homologues acquises lors de trans-
ferts horizontaux intra- et interspécifiques.

exopolysaccharide Lactococcus lactig polymorphisme /Streptococcus thermophilustransfert
horizontal

1. INTRODUCTION locus, contains seven complete or truncated
ISs and 25 ORFs or pseudo-ORFs (Fig. 1).
Cocultures ofstreptococcus thermophilus The putative products of 17 ORFs, named
and various lactic acid bacteria includingepsAto epsW are related to proteins
Lactococcus lactiare used as starters in theinvolved in the synthesis of exopolysac-
production of some cheeses. charides or capsular polysaccharides in vari-

Sequence comparison and insertiofPUs bacteria.
sequence (IS) distribution showed that hori- This epslocus includes a 15.3 kb region
zontal transfers of five IS types haveyhich contains twaxISS1copies, one
occurred spontaneously betwesnther- aBISS1copy and two of the four BB1
mophilusandL. lactis, probably during copies present in the. thermophilus
cheese manufacture [1, 2, 6-8]. Furthercnrz368 genome. These ISs were proba-
more, thecitP genes froni. lactisandLeu-

Sine ¢ bly acquired by horizontal transfers from
conostoc lactisvhich encode citrate per- | lactis[7, 8]. This 15.3 kb region also con-

mease share 99.2% identity, Suggesting @insorfg andepsLwhich share 97.6% iden-
recent horizontal transfer between theSﬁt

. , y with orfY andepsLof the plasmidieps
species [13]. Moreover, the nucleotideoeys of| . Jactis NIZOBAO [12]. Further-
sequences of the putatiiedSgenes of the |,

. X ore, most of the probes isolated from this
pCl65st plasmid 08. thermophiluand the - 15 314, region hybridize with closely related
pIL7 plasmid ofL. lactisencoding the speci-

L X 9 . sequences df. lactisstrains (Fig. 1). This
ficity subunit of a type | restriction-modi- au : ins (Fig. 1) '

g X . suggests that a large part of thjsslocus
fication system share 94% identity [9]. Manyhag%een transferreg frgmlactistopg. ther-
horizontal transfers of IS and other 9gene%nophilus
have probably occurred between various
lactic acid bacteria species used in the dairy The 126-nt 5’ end oépsLof S. ther-
industry, contributing to their genetic poly- mophilusCNRZ368 shares only 55% with
morphism [8]. epsLof L. lactisNIZOB40 whereas the other
region ofepsLis almost identical. There-
fore, an illegitimate recombination between
2. INVOLVEMENT distantly related sequences could be
OF HORIZONTAL TRANSFERS involved in the integration of a lactococcal
IN THE CHIMERIC STRUCTURE sequence into the. thermophilu€NRZ368
OF THE EPSLOCUS chromosome. I$81SC could correspond to
OF S. THERMOPHILUSCNRZ368 the other end of the 15.3 kb transferred
region and could be involved in the inte-
A 32.5 kb variable region of ti&. ther- gration. This transferred region probably
mophilusCNRZ368 chromosome, theps transported four IS types and genes involved
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Figure 1. Map of theepslocus ofS.
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in exopolysaccharide synthesis and was sulbhe epslocus ofS. thermophilu€NRZ368

ject to rearrangements after its integrationare replaced by unrelated sequences in Sfi6
Furthermore, a specific probe epsF  (Fig. 2), suggesting that these sequences

isolated from theepslocus ofS. ther- could have been acquired by horizontal

mophilusCNRZ368 hybridized witiLac- ~ ransfer(s).

tococcusDNAs (Fig. 1), suggesting that  These results suggest thegisloci of

epsFwould also be exchanged betweers. thermophilustrains have undergone

S. thermophilusndL. lactis. numerous rearrangements leading to
The G + C content of thepslocus of chimeric loci. Some of the rearrangement

S. thermophilu€NRZ368 is highly het- points could be precisely located: 5 nt in the

erogeneous (26 to 42%) while the G + 3" end ofepsD 26 nt from the 3' end a#psF

content of theS. thermophilugenome is and 8 ntin the 3" end afrf14.9(Fig. 2).

37.2-39.8% [4]. This suggests that some

regions of this locus could be acquired by

horizontal transfer from different origins, 3. COMPARISON OF EPSLOCI

perhaps from other lactic acid bacteria used FROM S. THERMOPHILUS

in cocultures. NST2280 AND IP6757 STRAINS

Hybridization of various probes from the
epslocus ofS. thermophilu€NRZ368 on Phylogenetic relationships between the
EcoRl restriction patterns of 1%. ther- variousS. thermophilustrains tested have
mophilusstrains revealed a very high poly-been determined by hybridization of 12 spe-
morphism (Fig. 1). Several small regionscific probes of other variable regions, IS
are present in all th®. thermophilustrains ~ and genes encoding rRNA (Fig. 3). Hybri-
tested while the other regions are present ilization patterns of the various strains
only some strains or are replaced byghowed a high polymorphism. However,
sequences which do not hybridize to théybridization patterns of NST2280 and
specific probes of the CNRZ3@®slocus.  |P6757 are almost identical, indicating that
These hybridization results also showed thdhese strains are very closely related. How-
the various strains tested could be arrange®Ver. the ropy strain NST2280 possesses a
in six groups, named A to F, according tdYP€ Eepslocus while the non-ropy strain
the presence or absence of a hybridizatiolP8757 possesses a typejislocus (Fig. 1).
signal with the different probes tested (Fig. 1)The phylogenetic analysis suggests that a

Sequence comparison of thpslocus  COTMON ancestor of a group of six strains,
from S. thermophiluENRZ368, Sfi6 [10] including NST2280 and IP6757, possessed

: . a type Eepslocus. This suggests that an
and NCFB2393 [5] revealed almost identi- ;
cal regionsepsABCDERndorf14.9in Sfi6 IP6757 ancestor acquired a nepslocus

: : type by sequence replacement following
andepsABCON NCFB2393 (Fig. 2). How- horizontal transfer while the other strains
ever, the nature and number of gene

involved in exopolysaccharide synthesisEept the ancestrappslocus.

present in variable regions are very different The restriction map of the NST2280s
among the strains. Generally, specific gendocus is identical to that of Sfi6 deduced
of a strain are unrelated or very distant fronfrom its sequence [10] (data not shown).
genes of other strains. Sequences related karthermore, two PCR products were
epsEof CNRZ368 and Sfi6 were not iden- obtained in NST2280 by using primers
tified in NCFB2393 (Fig. 2). In this strain, it located in the specific sequence of &

is replaced by a completely different gendocus (inepsHandepsl and inepsLand
involved in exopolysaccharide synthesisepsM. These products have the same size as
Furthermore, most of the other regions ofn Sfi6 (data not shown). Therefore, the
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Figure 3. Dendrogram of5. thermophilustrains. 12 specific probes wh loci, 1S1191, 1S1193

and variable loci were hybridized on DNAs digested by various restriction endonucleases. These
hybridization patterns were used to produce a dendrogram by the neighbor-joining method using
PAUP program [11]. Arrow indicates the common ancestor of the group of six strains which possess
a type Eepslocus except IP6757.

NST2280epslocus is identical or very constant region, the same as identified by
closely related to thepslocus of the ropy hybridization of probes isolated from the
strain Sfi6. CNRZ368epslocus, and a large variable
region which hybridizes only with IP6757
DNA (Fig. 4). Sequences related to this
region are not present in NST2280 nor in
the other strains of the D group previously
defined. This D group should be divided
into at least two groups, D (IP6757) and
P (ATCC19258, CNRZ302 et CNRZ445).

The sequencedpsABCDregion of the
IP6757epslocus is identical to that of Sfi6
(Fig. 2). This region is followed bgpsE
which shares 95% identity wittpsEof
NCFB2393 and by a region containing
14 ORFs or pseudo-ORFs, naneas1to
epsl4 These ORFs are unrelated to thos
of CNRz368, Sfi6 and therefore of

NST2280. However, the putative products og_ thermophilusP6757 is highly variable

these ORFs share significant similarities(20 to 43%). Particularly, the G + C con-
with proteins involved in polysacchandetem of the |argeepsZepsi4region which

synthesis of various bacteria. This SequUence jotocted only in the IP6757 strain is 30%

comparison also SbOWEd a rearrangemeRinereas the G + C content of t8ether-
pointat Sntin the 3" end @ipsD(Fig. 2) mophilusgenome is 37.2—39.8% [4]. This

Furthermore, hybridization of various suggests that this region could be acquired
probes from thepslocus ofS. thermophilus by horizontal transfer from different origins,
IP6757 onEcoRlI restriction patterns of perhaps from other lactic acid bacteria used
17 S. thermophilustrains revealed a small in cocultures.

The G + C content of thepslocus of
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Figure 4. Map of the partially sequencegslocus ofS. thermophilugP6757 and hybridization of probes with DNA®Sfthermophilustrains. Arrows
indicate localization and orientation of the putative genes or pseudo-genes. All the ORFs indipeencasle putative proteins related to proteins involved

in polysaccharide synthesis. The probes shown by white boxes were hybridezRorestriction patterns of genomic DNA frdBn thermophilustrains.

A: CNRZ368, A054; B: CNRZ388; C: CNRZ7, CNRZ308, CNRZ385, CNRZ455; D: IP6757; D’: ATCC19258, CNRZ302, CNRZ445; E: NST22§p
NST11, CNRZ391, CNRZ404, CNRZ464; F: IP6756. %
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These results show that tepslocus of  [4]
S. thermophilugP6757 contains several
regions from different origins. ThepsABCD
region was inherited from its last common
ancestor with NST2280 while the other[5]
regions were acquired by horizontal trans-
fer(s).

[6]
4. CONCLUSION

These results indicate thapsloci of
S. thermophiluhave a chimeric structure
resulting from recombination between unrel’!
lated or distantly related sequences acquired
by spontaneous intra- and interspecific trangs]
fers. One of the mechanisms involved in
these horizontal transfers could be conju-
gation since an integrative, potentially conqg
jugative element (ICE) was found$ther-
mophilus[3] and numerous conjugative

elements were identified In lactis [10]

REFERENCES

[1]  Bourgoin F., Guédon G., Pébay M., Roussel Y.,[ll]

Panis C., Decaris B., Characterization of a
mosaic IS 1element and evidence for the recent
horizontal transfer of two different types o585 12]
betweenStreptococcus thermophilandLac-
tococcus lactisGene 178 (1996) 15-23.

[2] Bourgoin F., Guédon G., Gintz B., Decaris B.,
Characterization of a novel insertion sequence,
1S1194 in Streptococcus thermophiluBlas- [13]
mid 40 (1998) 44-49.

[3] Burrus V., Roussel Y., Decaris B., Guédon G.,
Characterization of a novel integrative element,
ICEStL, in the lactic acid bacteri@treptococ-
cus thermophilusAppl. Environ. Microbiol. 66
(2000) 1749-1753.

F. Charron-Bourgoin et al.

Farrow J.A.E., Collins M.D., DNA base com-
position, DNA-DNA homology and long chain
fatty acid studies oBtreptococcus thermophilus
andStreptococcus salivariyd. Gen. Microbiol.
130 (1984) 357-362.

Griffin A.M., Morris V.J., Gasson M.J., Theps
ABCDEgenes involved in polysaccharide pro-
duction inStreptococcus salivariussp.ther-
mophilusNCFB2393, Gene 183 (1996) 23-27.

Guédon G., Bourgoin F., Pébay M., Roussel Y.,
Colmin C., Simonet J.M., Decaris B., Charac-
terization and distribution of two insertion
sequences, B 91and iso-1981, in Strepto-
coccus thermophilusloes intergeneric transfer
of ISs occur in lactic acid bacteria co-cultures?,
Mol. Microbiol. 16 (1995) 69-78.

Guédon G., Bourgoin F., Decaris B., Does gene
horizontal transfer occur in lactic acid bacteria
co-cultures?, Lait 78 (1998) 53-58.

Guédon G., Bourgoin F., Burrus V., Pluvinet
A., Decaris B., Implication of horizontal trans-
fers in genetic polymorphism of lactic acid bac-
teria, Sci. Aliments 20 (2000) 85-95.

O’Sullivan T., van Sinderen D., Fitzgerald G.,
Structural and functional analysis of pCl65st, a
6.5 kb plasmid fronStreptococcus thermophilus
NDI-6, Microbiology 145 (1999) 127-134.

Stingele F., Neeser J.R., Mollet B., Identification
and characterization of theps(exopolysac-
charide) gene cluster froBtreptococcus ther-
mophilus Sfi6, J. Bacteriol. 178 (1996)
1680-1690.

Swofford D.L., PAUP: Phylogenetic analysis
using parsimony, version 3.08linois Natural
History Survey, Champaign, lllinois (1991).
van Kranenburg R., Marugg J.D., van Swam
LI, Willem N.J., de Vos W.M., Molecular char-
acterization of the plasmid-encodegsgene
cluster essential for exopolysaccharide biosyn-
thesis inLactococcus lactisVlol. Microbiol. 24
(1997) 387-397.

Vaughan E.E., David S., Harrington A., Daly
C., Fitzgerald G.F., de Vos W.M., Characteri-
zation of a plasmid-encoded citrate permease
(citP) gene fromLeuconostospecies reveals
high sequence conservation with theetococ-
cus lactis citRyene, Appl. Environ. Microbiol.

61 (1995) 3172-3176.

To access this journal online:
www.edpsciences.org




