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Natural Transformation of Streptococcus thermophilus and
the Possibility of Identifying the Mechanism in the Genus Leuconostoc

Jae-Yong Park*
Department of Food Science and Nutrition, Catholic University of Daegu, Gyengsan 712-702, Korea

Abstract: Natural genetic transformation is one of mechanism for horizontal transfer of genetic elements in bacteria which
is an integral part of the physiology of bacteria. Streptococcus thermophilus utilize a novel quorum sensing system to control
for development of natural competence which composes Rgg-type response regulator (ComR) and hydrophobic peptide
pheromone (ComS). Matured ComsS is released outside of cell during early exponential phase when growing in peptide free
chemical defined medium (CDM). Matured ComsS is transported via Ami (oligopeptide transport system) form outside to
cytoplasm, and then bind to ComR. Activated ComR (matured ComS combining form of ComR) induces transcription of
comX, which encodes an alternative sigma factor (c*) that regulates expression of late competence genes. Adding synthetic
matured form of ComS to CDM, it can induce genetic transformation of S. thermophilus. The genus Leuconostoc has not
been identified natural transformation mechanism even though presenting homologous genes related with late competence
development. The study for identifying natural transformation mechanism of Leuconostoc can realize development of

improved strains for kimchi industry.
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AME3IRE W Leuconostoc & Alito] $HEES o]FA =
o ZAANe] frejgs Bt w27 Anlste] 2k vy

ES Aashks Ao® FelEdthJung er al, 2012).
AAAQ AZFLFAE 24 AXS MA S YsiA
aEAL AAE AT FHZ FASAA dlZAYLE
1 558 e Al*%«l T=o] HIEA] HQsHA =Y
do] JAGsH FAlEE AAE g Akst

E

3 =
Eis %ﬁ o]

J ]“Lﬁoﬂfﬂ 83 JES o= HAFA
E3] Leuconostoc & fAFEY] A, A Sl o
| QU olal} BeHolc. o] FaME okx7iA
WEIAA ke RS s Yt @
450 158 it Aok Basic B A
A71Mdo] B R Leu. mesenteroides (Jung, et al., 2012;
Makarova, et al., 2006), Leu. citreum (Kim et al., 2008),
Leu. kimchii (Oh et al., 2010), Leu. inhae (Kim et al,
2010yl 7@ B A7} H Bacillus subtilisst Lacto-
coccus lactisS} 7L GC ko] o wel 73 kA At
S Blal AR T4 B FAAEY 71se]

[e]

i>

Ny
0
=Oé

A<=, %

.

=
=,
F 2zl

7159l

rok

J::H

H



Natural Transformation of Streptococcus thermophillus and Identifying Mechanism in Leuconostoc 51

7155 Welof ke AFE AHAE] Jdvk= HolA Leu-
conostoc < FriktEe] AE)et ALE olsishs Hie &
2 A77F Basit o)g fkY] 7154 AFE Sl
A A A 7155 gl A} knock-out 7140]
FRtElojof dvh. BY AFHRNA Leuconostoc & 2kt
olx 283 4 e FHA knock-out 71 NS 913
A B2 AIEES ey, dA7A 43 Akt gl
AP 22 Firmicutesdll &8= B. subtilis® 735, A
Aoz w9 A 52 FHAAE knock-outr|Z F U=
tl, ol AAdHe 2 Jojuh= ¥ A (natural genetic
transformation)®l] 7)%3} knock-out WS A3} wjE
olt}. o]t FAAZ FXAS Smeptococcus pneumoniae
£ o83 Grittith®] g APA HE=Z dE @4
O|TH(Griffith, 1928). A5 AA7IA] ol&fgk 2FAZQl A
% Fgo] HarE AMli2 60F o)dolH, ol MldsEe
71EAH o 2 FAHSIo] 7153 AEl (competence)e] A|3E U
o Axt W == DNA 4% T Atk(type IV pili¢} type
II #48] A]28)S B35k JATHChen and Dubnau, 2004).
DNAE A¥XU2 53l 5734 AZEH(homologous
recombination)®] Yo U= HIAYESE 600]E2] Aol A
79} Bz, competence Al EZ FE5HE HAHLS vl

Fated, 182 o2 ulg- 7Pk S A R Bl o)
AUESS AHEEhs Ao Helt) 2 So] Yeiakt
Q1 Streptococcus thermophilus| A FZAZAZ 0] 7153+ A
2 frHe dXto] LAEHEA(Gardan et al, 2009), F-4F
TAXNE 214 P28 @S ]88 knock-out HH
7Ne] 7hs do] BRI B FAHANXNE S, thermophilus
o] FAAS 27Uk (competence”} FEEHE HFS)2] 7]
25 Aelstar, X fAkE] Leuconostoc 45 fAkte] F
7] FH2% FHAS(DNA 53 457 Az &
A RS )] EAld s Al oot

Jél-

ra

S. thermophilus2| X+1% & & Mgt

AR FAXE o] 7P WA WAH S preumo-
niae?} 22 ol &3IANE FAHER] S, thermophilus®] A}
93 ARG e AR S84 g U S
thermophilus®] AAZQ) RS A e wAUSS F
=4 A HA 9= 23229 Monnet 1504 28]
Elo]= 424 A]2~El(oligopeptide transport systems)] Ami
o thgk A7 A FAAA HATE Amis 19 G
AN AE -9z Leluslol=g s o
B gshen ol 4490249 Leluseol=e
she g Hnk ohye}, Jlefo]= #H| =2 (peptide phe-

iy

romone)S A Y2 AGsho @M Alite] AlE7F AF5 o]
A% (cell-to-cell communication) 2]2] quorum sensing
oA Fa3g FiES "l e Ao dHA Ut
(Waters and Bassler, 2005). Monnet “1&52 S thermo-
philuso| ] AmiZ 53+ quorum sensing®] YAJUA|=A] 1
23l o] quorum sensing®l] 2J3] A|E W] ojH W3y} AY
71e=A]oll FAilo] AT} o]52 Ami¢] C, D, E Al 719
subunit’} knock-out® WHO|FE peptide’} §l= 3EHH A
3t ¥ A (chemically-defined medium, CDM)ol|A] Bl sPH
A oY e} WEE = Thlde] WlE TR
S FolA ERIsE], o FollA e EAET} ami
HolFoll M= Hs A ke 17719 &id F 770
7} S. pneumoniae®] ¥7] FAAZ Thl Ay} xFo] FA}L
g Tl Aot (Gardan et al., 2009). S. thermophilus ¥l
Foll T2 ARES= M17 BRI = FAxgo] 715k
IR HsE A AR, CDMOAE big7] 7]
F2 A7t B2t @A) 71eek dEE WHelETe A
T ERIE A, Ami DA F SaElo|E A o
WA AmiA37 A 585 7HAA sk o &
Q3= AR EESE BRIEQITH(Gardan er al, 2009).

S. thermophilus2| X+1% & & ™ gt
FZ HAUE

Monnet 129 83+ WAL 7|12, Hols ZZEA S
thermophilus®] 7] 2414 A% 58 A wAY
Zo] A9l 813 X|A| ==t (Fontaine et al., 2010), 0|5
CDMONA Streptococcus & Ale] FA8 1152 A
Ae] 71 23 A9 FAAS f= sigma factors
53kl comXe] Wdo] F7tshe BISEE A7l o)
FH02 FPke AEE e EEEt] 114 mic-
roarrayS ©|-8-3FTE Ami 29 WHo|F¢} ComX Z2¥ W
o]F Atolol|A] W& M7t 1008] o] Zpol7h U= 4
el 37} o] WHEeH, o5 F e Foll Rgg
sjde]e] &ahe 2d S-S F3kskar JUlar o] o
AL Uzl ComR=E AT YA 3709 F-HA2R-

il

< 2z g oAl FAAE ek A=, o= A
A2 g THE 2k e o] "UE Sweprococcus
& AldEolx dA-E 58 ot B eAle] Ak
SAlel dofuar, o]= £79] DNAS Wolsol=t] f-&
Sith= Ao] &e#dA AK(Claverys et al., 2007; Perry et al,

2009). comR Ak} o] %3k 247 9] opr|iehs FAIE
A4 el =8 doslshe F3AF (Foll comSE WH)
£ knock-outA|Z] -5 comXe] Wdo] HF dojuA] ¢k
= Ao] FRI= o], comSe} comRo] FAZIZo] 7l A
= F=d B4 f-x19de] 151k =3 CDM
A comSY] WHo|FE vjgslAA FAdE ComSe] C-&
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@ AES 71 HElol =5 AUk 79 A w0
SEE= AoR YehY, comS F+HA7} quorum sensing®]
Aefol= A= ABIE Aoz FALUG. wE
ComS?] C-Z¢ AMES 71l Jelolee JAHSHS
7HAA] FebAY ol oFst U E S, thermophilus T2}
Streptococcus salivarious 752 HAHS FEHE Frd=
Aox Bt wehd F1ze] FAAS So] Bl
A= mitist} mutans T5-2] StreptococciS-2 histidine kin-
ase, response regulator, FE}O|= H2E 07 FXH three-
component A|25o] JalH BT S| s u
™ salivarious 152 histidine kinaseZ 7FXA] &2 ComRS
two-component A|Z=Elo]] &Ja)x FAAS o] FEHTh
(Fig. 1)(Fontaine et al, 2010). 1&]3l A} A& o
F20 ClpCet 710l Age 4 3= MecAE ComXE &
AA FEAS 5EHS BT JEHE dHiE =HEE
= 9&< $Ith(Fig. 1)(Biernstad and Hvarstein, 2011; Bou-
try et al, 2012).
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o] Al=Ea e, 1 A AEE -l waA 2k
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wa 4G b el =8 COMOIA Aeldtel cell
envelope proteaseS P 3fh= priS FAA FHE A4
A el A WA FRAL A fle] APAR e EZHR ¢
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AR Leuconostoc 45 Aol A F2A12] Q1914
1 knock-outdl] A3+ AlElE AR UARF AFAZ Q)
ARG o] T ®B = QY. Leuconostoc carnosume
o] Al A4 H 7 electrophorations 913l FHIE Al
FE plasmid DNAS} 4101777 e F@dgho] o}
+ Zlo] BHad v} 1oy I WAYUSTS o8] w o
714 e dElolth(Helmark er al, 2004). TFE 9]
Streptococcigol| Al TEE U 214 FAZS Afo] A
=+ B0 8. thermophilusoll <] LAE A 53

AQ50], Leu. carnosumed| A TAZE
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& 5ol RaE Qe A fikrol X583
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o] ot
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Fig. 1. Schematic representation of early competence regulation in S. thermophilius. Genes and its encoding proteins are con-
nected with solid line arrows. Dashed line arrows indicate activation of gene expression.
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Table 1. List of homologous genes of Leuconostoc with late competence genes from B. subtilis

Leu. mesenteroides  Leu. citreum

Loci Gene Accession # Annotated function ATCC8293 KM20

comC  comC NP _390685.2 membrane protease and transmethylase - YP_001728872.1
comER NP _390438.1 late competence protein ComER - YP_001728772.1
comE comEA  NP_390437.1 membrane bound high affinity DNA binding receptor YP 819054.1 YP_001728615.1
comEB  NP_390436.1 Putative enzyme associated to DNA transport YP_817948.1  YP_001728591.1
comEC NP_390435.1 DNA channel for uptake in competent cell YP _819053.1 YP_001728614.1
comF4  NP_391427.1 helicase competence protein YP_817747.1  YP_001728799.1

comF  comFB NP_391426.1 hypothetical protein BSU35460 - -
comFC NP_391425.1 putative component of the DNA transport apparatus YP 817748.1 YP_001728798.1
comGA NP_390353.1 membrane associated factor for DNA competence YP_817950.1  YP_001727537.1
comGB NP_390352.1 membrane platform component of DNA transport machinery YP_817951.1  YP_001727538.1
comGC NP_390351.1 pilin-like component of DNA transport membrane platform  YP_817952.1  YP_001727540.1
comG comGD NP_390350.1 membrane component of DNA transport platform YP 817953.1 YP_001727542.1
comGE NP_390349.1 component of DNA transport platform - YP_001727538.1

comGF NP_390348.1 component of DNA transport platform YP_817955.1 -

comGG NP_390347.1 component of DNA transport platform - -
recA recA  NP_389576.2 recombinase A YP_818071.1  YP_001728533.1
addAB add4 ~ NP_388944.2 ATP-dependent deoxyribonuclease (subunit A) YP 818946.1 YP_001728418.1
addB ~ NP_388943.2 ATP-dependent deoxyribonuclease (subunit B) YP 818947.1 YP_001728419.1

comK  comK  NP_388923.1 competence transcription factor (CTF) - -

conostoc & TS B35l A &8, Leuconostoc
& FAHES E OE WY 27] WS A L
d AES BA3L e AeE HRIt) B3 streptococci
59 %7] g 9hg9] A A4S k= three-
component A|2~El2] histidine kinase®} response regulator
S g9 FAMES Zte RS EAHA o=
Aol A de] EAlske o8] 7HA] 59 histidine kinase
9} response regulatorg°] A Ee] FAMIE 7FA 7] witol
z27] A 98 A= 7L PIRAISTH mEkA
Leu. mesenteroidesS} Leu. citreum®} 33 71X FAHT9]
Q2] DNAE AIX Y2 FYUAIA &5 2k Aol
dojub=d] g FHAES BHA3haL o, olE
AAEY] HES =T F de 2107 olF wilske=
HAYFo] BeA]A] &2 dEiet & 4 ok

ko
2

AR oz doju= FAHTLE Aol A 3 849
T2 A WAYUSY shUEA Al A gellA wikd
T YL W 593 Aoty S, thermophiluse AFH
° 2 FARZo] 71 el = R3] fleiA RegEFY
9] response regulator?] ComR¥} A4 HElo|= H=2E
2] ComSE ¥3sl= AMZ$ quorum sencing A|Z=ES- ]
B3It} S thermophilusE 3512 ASHa|R]ol| A vl s
7] 2719 Al go] 8 ComSe AELF-Z uj
<9tk wlEE ComSe &8|a1 Jelo|= MY A|2EIQ)
AmiE Fst] AZWE Y] ComRyY ZgsiAl ot
ComS¢} A3td E43lH ComR $7] 23 A4 &

AR A sk UiAE AlrHE (N dast
Sh= comX ALY HEAS Aoz FAZFo] I
oJUEE ThEth AlsAge] AAE ComSE sty st
812 gAdu ol H7FsHA S, S. thermophilusS] A
3LS olFF o7 Frd 4 Al Leuconostoc & FAHTE
L& aE50] 37] AN AW FAAET o] FARE
i fRAES BASh eol® Eslal ApdA 3
A WAUZS obF HEAA &Sk} Leuconostoc <5
o] 2414 FAAZY] HAYUZS FHsh= AT AR
QoA AREE = e ANFE dF NES 7hseA &

Rolt}.
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