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Genomic Research of the Genus Bifidobacterium and Its Application

Geun-Bae Kim
Department of Animal Science and Technology, Chung-Ang University

ABSTRACT

Recently, the field of microbiology has been transformed by huge increasing number of publicly available whole-genome se-
quences. This sequence information has significantly enhanced our understanding of the physiology, genetics, and evolutionary
development of bacteria. Among the gastrointestinal microorganisms, bifidobacteria represent the most important human commensals
because of their contribution to maintaining a balanced gastrointestinal tract microbiota. In recent years bifidobacteria have drawn
much scientific attention due to their use as live bacteria in numerous food products with various health-related claims. For this
reason, these bacteria constitute a growing area of interest with respect to genomics, molecular biology, and genetics. Recent genome
sequencing of a number of bifidobacterial species has allowed access to the complete genetic make-up of these bacteria. This review
will focus how genomic data has allowed us to understand bifidobacterial evolution, while also revealing genetic functions that
explains their presence in the particular ecological environment of the gastrointestinal tract.
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1. Hlm E=HE2|ote] REA S H oF
A2 7kA LR 30702 F(species) F<ll A1 B. longum, B.
breve, B. adolescentis, B. dentiumel] t3t -4 A71HE &
Ao] g E o, H o] B. animalis subsp. lactis ] T
gk genome project”} ol A AP =3 Q= Adtolt) o]
Zoll 4 B. longum biotype longum NCC2705 th3t =
AT Axpvto] WHEE QO™ (Schell 5, 2002), L o] ]l 7
7He] ZRAET}L X8 Fol At s HAARE o} L7}
A 92 el vk AF7HA] e 7] npel] ofstd, Bl
Tube) )29 AA fAAe] 27 2.3~2.6 Mbell 1,560~
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NCC2705, 2223 B. longum bv infantis ATCC15697¢1 tj 3+
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T 5olA @7IME Fitol Ui ARE A, olF
Z4zre] w7t asolAl FoAX 543 S g5
DA AsSA=AE olelste Hole Eus €5 T
o

Aolt}, vl =ute ]38 23S probiotic strainoll

1‘
o

% ¥0 2, off

ok

Mo @ S

FAA G71Ee] AH-E probiotic 5ol #}eH HES
%+ vl -4 A &(comparative genomics), 71% FAA)|
(functional genomics), T2 =] SH(proteomics) &< 7]
He AEE A7) AT A AR & 5 ok

o

ySps

—

N
=0
10
mjo

0|28t H|m Tt 2|0t ¢ 2Oof

1) B3tE A

Table 1. Bifidobacterial species and their origin of isolation

Bifidobacterial species Origin of isolation

. breve Infant feces
. bifidum Infant feces
. adolescentis Intestine of adult
. longum biotype longum Intestine of adult
. longum biotype infantis Intestine of infant
. catenulatum Intestine of adult

. pseudocatenulatum Feces of infant

. angulatum Human feces
. gallicum Human feces
. dentium Dental caries
. animalis subsp. lactis Yoghurt

. animalis subsp. animalis Animal feces
. scardovii Human blood
. longum biotype suis Swine feces
. thermophilum Swine feces
. choerinum Swine feces
. pseudolongum subsp. pseudolongum Swine feces

. pseudolongum subsp. globosum Bovine rumen

. psychraerophilum Porcine feces

. thermacidophilum subsp. porcinum Feces of piglet

boum Rumen cattle
. ruminantium Bovine rumen
. merycicum Bovine rumen
. gallinarum Chicken cecum
. pullorum Feces of chicken
. cuniculi Feces of rabbit
. saeculare Rabbit feces
. magnum Rabbit feces
. subtile Sewage
. minimum Sewage

. thermacidophilum subsp. thermacidophilum  Waste water

. coryneforme Hindgut of honeybee
. asteroides Hindgut of honeybee
. indicum Hindgut of honeybee
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Table 2. Comparison of general features in some bifidobacterial genomes
General features B. longum NCC2705 B. breve UCC2003 B. adolescentis ATCC15703 B. dentium Bdl
Genome size(Mb) 2.26 242 2.39 ~2.60
Gene number 1732 1868 1564 ~2210
GC content(%) 60 58.7 59 59.2
rRNA operon 4 2
tRNA 57 54 54
Insertion sequence elements 16 26 2
Genome project ID 328 13487 16321 17583
Modified from: Ventura et al., 2007. From bacterial genome to functionality; case bifidobacteria. Int. J. Food Microbiol. 120:2-12.
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Aol & 4 9) OU:] o5& EX A nAPE] AL M
14 o= &x]tft}o i’ﬁ /\}.FJ—_\,]. %,] X]-LH 7471— z;{]oﬂ
S F= AE 4HA ‘E}(Bouhnlk S, 2004). %%Z‘}ii
7P 2 ol8¥a e FOSE (2-1)Z2¢el ol d2d=
o7 709 fructose unite] vEx]bell Slube] glucose2} S A
(2-D)ZAF el o8l A=) e Ljado|th FOS7} 7HA]
I AE o] DETS 2 astaLrt L /U7
7ol WA7A == 4= Q= Holuh B. breve UCC
20039 Al £4S T84 ol50°] FOSe] Eafoll #ofst
= 3h2] fos operon= 7}A|aL, o] A o] permease} fructofur-
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o] E3tEolgln & 4 AtiKunz 5, 2000). B. longum
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T}, B. breve UCC2003°l| oJs}o] Al 972 EH|H= %
A= signal peptide T B2 transmembrane B S ES
shstaL Lt (MacConaill 5, 2003). B. longum NCC2705%} B.
longum DJO10A2] -] Foll= glycoprotein-binding fim-
briae-like 25 7FAIL o] o]5¢] A2} A A
¢ HEO #AT AR A FEnt 3 o] B HIE
e 2fotE2 Astuoll A s3ote] FE gl sk
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o] AHAE AR Lol HIFEHE EolES
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A& E§5}~ Ao A Ald# &394 s Ago o]
L3R @A & 5 ok ZHHA HAA Al o] h
AZ H9)e] &AL neutrophilell o3 EHEHE o]E
WA B gss dubo g E colivt 7|8 2834
outer membrane protein A(ompA)E l‘%éﬂé‘}ﬂb} Shigella2]
virulent factors& #3llste] WA ATS JAAZ & =
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A0 st o} EZ I WolgS 2k Jlthe ARdo]
AZF ATHVentura 5, 2007h).
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T HE T8% 71AE ols mlAEol Aaksh exopoly-
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THEojll = EPSS] A&l thste] 187l Zlo] BAE &A
g otutE ) HEol| 8% 4TS & AOE St
2JTHRuas-Madiedo 5, 2006). Bacteroides tetaiotamicron< %]
A3k 87)e] MZ thE capsular polysaccharidesE THSo] &}
2] S AN Z 02N SFEEE QA Eo] FAR
£ A< 93 4 grka thKrinos 5, 2001). HZ =1
gloprt vt EPS gk A5t Al ©]shd, B. brevest
B. bifidum &2 A=} AZAH rhamnose ﬂa‘kol By
EPSE AJ4F3}H(Nagaoka 5, 1994), B. bifidumoll A wHEo]
A= EPS9] A2 glucose, ribose, galactose, rhamnose, chi-
roinositol 5] tHYou &, 2004).

B. longum NCC270591 A e O3F % BHE
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pop

Mol o

2

o2 nAEF vpzrR| 2 v g =9lE 2ol heat shock
I 2E gotgt e =ZHUS W, unfolded == mis-
folded proteins2] F# ol o5t YA He &FOZHE
A2E BEsh] 95ty B2 TR ddES vEA #
t}. GroEL/GroES, DnaK, Dnal, ClpB 53} o] Ex} A= &
(molecular charperone) .24 2] HgHS 3= o]5 HIF T
AEL drr o=z Thuldo] JE $(post-translational), fol-
ding TAlNA Tl de] WS Yolge 9T gt B.
breve UCC20032] f-HAIS AHEH, I8 /2 w4} AF
2o HA FRA AX FaF &

2 A ER EA)sHAA Tgst T/ 2E# 2 s 8
Aelxo g wdso] Be 285 3te o= HAXt
(Ventura 5, 2006b). ®]3]=8te]2]o}e] F-A o= T2 high
G+C 1% 943721 Streptomyces, Corynebacterium, Mycobac-
teriumi.t} 22 F9] F-HAE0] A} AL ES codingdh=
o, o]# gt A2 HlFmHtE Elofe] =8 A 21H 7} vl A
P FitolEta & 4 e 28 EY AglHo A 2
o] Wslol tjste] vhgshe Jud 2 7)e] g gl
7] WZoletar o]ald 4~ A& A olth(Ventura 5, 2006a).

Ty o]8e] F2 AMAElal gl GIT Wi 2710] 209
24 Sl whet AHFskl Avkt Wbyt 9l7) wiel W)
ErtE|glolE2 AFgold HEAtel i SEHAZ N
e Bed 5 ole Aud 24 7)E 2teE 35
o

Aoz FZHrH(Sanchez 5, 2005).

vl g Tubg| glofol| A fr7]4ke] 2EF 2o tigh §Eg-o
gk A7s Bo] A=A ko), pH ®wistol] w33}
o A== A e B o5 Fasta & 4
ATH(Ventura 5, 2004). HIFE| 27t AAEHHA oY T/
o] f714kS A7) wiol] HE HA A o5 FIIME

[e)

o] Mix] Wl SHH T3 919 & ee 77
A3 probiotics TFE0] o] etgk A ool
A7 TEsl7] i e REEA] oo & 3]
o] shutetar & 4 vk {714 vl e Fo] AlS
=S AA TSt MEWRE SojebA] sE|E o] 43t
FEA717] well AE2Ze pHE T2 FAsH] 9
Me olg FEAE TIATIAY e AlE BroE Foju
= Zlo] Fasith webA, vlaErtegjopr} we pH 210
A Aol $18) 4= proton-translocating ATPase(FiFo-ATPase)
7 48 a3 9Es & AR oEH, HY x|
obol|A] o]52 979 A= A H atp operons 7HA]
A-5-0] B3 H H(Ventura 5, 2004). ©1& 971 F-HA7}
Al &452 vz obrt A Z2AA A
<=H WrEA] dedton, b d7A rAESdA
w2 pH 27 =EH W FiF-ATPased] &40] 71
T= Raols U8 thKoebmann 5, 2002).
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5) 7dA e A7t nYEe =7

A 10 A7k pAE F3A 27148 B4 A%
2 7P e 3dS Holal e Fot viE mAE
S(taxonomy)el2tar & = Utk AA HBEY 542 gen-
otyping¥} phenotyping=- &A1l #-8-3k= WRol ofsto] A
Alste Aol dwrdlEo] itk 19701 ©]% DNA-DNA hy-
bridization **Ho| 7= o] WA =] T de 0|85
231 3o, 70% ©]4e] DNA-DNA hybridization value ©]
S e EA melting €57} 5% o]WollA xFol7} e
7390l TS F(species)oll &3h= A OE 71T} 16S rRNA
(rm) sequence= ZE P|AENAM FEZHOZE YEIUE con-
served region® £3 Zo]u} Lo 4wk YR variable re-
gions Aol 7FA AL 917] Wil W ES] EAEESHA
A ga] o] 8= sity. dwrF o=z 16S rmel H71A
dol] 97% oY TLE Aol B2 Foll 3= A= 7
31, o] 3-& DNA-DNA hybridization ko] 70% ©]42
UehiE A9 sigsthvandamme 5, 1996).

A Ee] EFe $0 )83ty g B EEEo]



26 ST 71ETE S]] 25(2) ¢ 21~28, 2007

G.B. Kim

=2 probes /NEEH7] Y8 B o] FgPE o] ghom,
vl =ubg glole] F$-ol= o8 genome projectEo] 7
HEA dojAs B AEE 97 AEH o]EY Bl &
A& Fsthe] 16S rRNA 134} Bls=atAY U2 Bx 9]
A 2fo] A& Hole fRAtEe] wWol WA= ok
AR S 2 housekeeping A o]E2 HANZIA recA,
tufA\, atpD, groEL, dnaK, grpE, clpP, &)1 hrcA S| B3]
Tatel o] &7l 43Hog ol&2E g deol UFH
ATHVentura 5, 2007a). sh}o] Aol At 2443
A5 2R & (phylogenetic tree)= HGTS] 7154, mutation<]
S e M E THE recombination Bl 59 o]fol 93}
o At A EATE BAE AL dER 710l F-2
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