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FrE

FE-1. B

T LENTICEAT D EM R L0 . T ZL<OMEBDT ) LMEBRPPA LN E IR0 TE
TWo, ENHLDOREEZTIEHLNERE LT, A VXU T =V ) UEBAGHICED D
MEP (2-C-methyl-D-erythritol 4-phosphate) %% (Takagi et al., 2002) <>, Thermus thermophilus
2B W T R &7z AAA (a-Aminoadipic acid) 2> 5 D U ¥V HHA A RE # (Nishiyama, 2004) |
Streptomyces coelicolor \ZBW TR ENTZT7Z 0y v Z2 Lz AT % 7 UHA G Rk

(Hiratsuka er al., 2008) &AL LTHIT D LN TE 2, £o, MR OLEAKITENT
X, U FEH—1or ) P UmD, KGR TliE 1-deoxy-D-xylulose 5-phosphate (DXP) &
3-amino-1-deoxyacetone-1-phosphate 7> 6 7 B THAARK I L D5 DT L, FHE Tld,
ribulose-phosphate, glyceraldehyde-phosphate, 7 > E=7 15 1 DOFEENISTEER I

(Begley, 2006) , NAD DAEGRHK TIL, MEREBZEMIILIMFELRZVWEZZ LTV
tryptophan-kynurenine #&#&23 %% FEF AL IR T U U ABIZHEET D Z E23H
a5 (Limaeral, 2009) , iR EGROSHIERA LN S5OH D, ZThb
DFEHINS, ZIHE TITFHERL S TORWFTHEIAE G R AMIZ © 2% < FET D ATRetE 2
FEES T,

AWFFEICIBNTIE, L ORBERM A RT—F T, WEOT ) LFITICED T 2 A
3% Mbp FREE & FLERRY R E N2 & 2307025 72 Lactobacillus J& % xF G2 BBl — IR

(T2 /M, BERIE, B2 1Y) ORRET-12, 2<O5E, MK LY LiEH
ERBEORMEDORERIT—E L7223, Lactobacillus fermentum & Lactobacillus reuteri Ti%, =V
A IS p-7 X LBEFW (PABA) G AT 2 BISFFEELRWCH B 53 PABA #
RVEETRESIpinole, TOFM A invitro THES LR, L. fermentum (23T PABA 73T
Bk CAEA R S L TREED R STz (Kuratsu et al., 2010), 12, PABA A G RUCBI 59
2B 10 pabA, pabB. pabC KRIBRNGE 218 EIZ W, Bt 2 a4 2 L HEE S,
O NFHHEZR L. fermentum. Nitrosomonas eutropha % DNA fli5& L LTy a v v 7
— = T EA{To TSR, N. eutropha 7> % pyrroloquinoline quinone (PQQ) synthase & 5\ MfH[E4E
ERD, BRERMET )T — v a VSTV AEMEE ARG T 5 Z N TE L, ABEE
oAy a7 iE, FULHRREE RS LTINS Chlamydia TIE, MOBERAR S
B L RBIRETY FAZ =% LTWD Z Linb, PABA OAEGHICE G792 ATREM: D 8
<RS- (Satoh er al., 2014), REGERZ &2, L. fermentum D7 ) T —H ~_— 221X
KB DA N Y 0 TIIFEE LR ol ZOFEZ, L fermentum \ZITEEMFREESS N.
eutropha &322 % 3 ORRBEPFLET D ATREMEZ RS 2, TERE AR ARG IR I, HUM B M
PLEFAEBMEEO & —57y & LTHER SN TE Y (C trachomatis <> Neorickettsia sennetsu 734



BIAfOANY 0 7S B TIZZOA LY a0 Z1ERo0 > Thnid, JFEE
IR WM 2 R T HUAEME O T2 O DR 2 —7 v hEEZBND,

Fio, BWFFROTTRAF X VEFRAEGKRE O bI1T o7, HEMETHLa Y A3
B2 7> & DI SUG DA 2 SAB TR, T OFEMEH LI T D 2 LT TERN TR, 7
K2yt DHFL 3RS D GIZB LT, S, coelicolor, T. thermophilus. Acidthermus
cellulolyticus. Helicobacter pylori 5 ¥ 548 n1 OHEREMEHT 21T, = U X IE2)>5 DHFL
WCE LRI EEMERH D (7 % 1 v @ hypoxanthine HR{Z 7% adenine HBAL & 72 - 7=
Aminodeoxyfutalosine (AFL) 2 ZDOREOHFRHICEHGT L2560 H5) ZLE2PLNITD
Z LN TE7- (Arakawa et al, 2011), Z DT, AFL EE: DHFL (ZAH# S 5881
Helicobacter pylori DBNH LTEY . AISORER N FREATIE 0 U EH & 7225 Al fetEn
Ex bbb,

ZDX O, ABFZEIC & o TR S PABA BB OMAT, £72 AT % ) AR
HOERDIMHITIZE Y | MAEMOSERMECEC DT THZ R MAEGL 2 LN TE, DX
JGHEICBNT S, B MZE > THHRIVEMEOHE~DOR N2 FH N 2 b HL5 2 LN
T&ET,



-2, et

1995 2 A » 7NV FETEYT ) ABREGE S TLLR, 4 BICED T THE S DAY D
7 LRGN T LTS, FHIMAEMICEI LTI, B PRICHAT ) AT A AP/ SN Z
END | TFEORMAN Y — 7 = —DRBITE, BRI CE S D DM MT 21T 5 Z
EWTED XD oToled, BEICEDOREZEL LTS, T AMEN & L THIFEN 2
ST & 7= KIGE Escherichia coli W R): Saccharomyces cerevisiae TlL, - MHZDT ) A
T—HR=ANELENTZ b B | ZNODOERE TCITHE A 72538 TR ED & i,
FERE L T& Iz, REKICEALTYH, BRENFEPOUBRFAFENERERD ., 7/ L
TEMAE TR A 2 LW R AR SN TE e, 2o &) Al i oERo BEE2 2,
BERHREOHITZ B L POEBEINTEBEREAE > T, MAEBO—RIHFRIRITZ
DRENBEICHA LN EZRoTVDH EEZXLND, BIFETIE, £OEHIX. KEGG: Kyoto
Encyclopedia of Genes and Genomes (http://www.genome.jp/kegg/) <° BioCyc Database Collection

(http://biocyc.org/) KD EHGIZHY HTZ ENAMRETH 5,

LIALZN G, 7 AEMBEEINDICON, TIVETORMAEITFET 2FH NN
MEBRDGEDLHLDEEETHY, AFTF /7 (MK) EGHRENZEORRIRHFITH 2,
MK 13k MZ & o TFRMREEEIC LA R E X I ThH Y . EIMED TIETEFHRERMD &
LCAEFICHKEL XD (Cranenburg et al., 2007; Bentley et al., 1982; Meganathan, 2001) , KA%
RO L O MK AR B BGRRESIEREI 1980 ERE TICHESL SN TRY & IMREKN 6= Y
AIENERK S, AT = VERER (o-succinylbenzoate: OSB) %% T MK 234K S5
RSO NICEN TV, LA Lanb, BUFICET & 51277 AGVERE O HOR# 2 5
W, MK 23BERN DR & 1T 572 D8 TAEB R S L5 FIREMEA AL S 47z,

MK HHAREE D% L. Streptomyces argenteolus A-2 FRICIEBWTEAIND T N T T )
A R KS-505a DAA RS T OB Z 5 Lz, £ O, KS-505a O &1L OSB (2 Hi3k
THZEN ML= —FEBRIZELVALNE RS TN Z &, TR E CIIABE R E L
BRGEE TR, BERAER LT TAX—E2R L TWD Z L0 b, FHIZ 0SB OAEAGE
B2 L, R TR A fifT 3 5 /15T KS-505a D24 G GBS T OBUSF 13 A 5
7~ (Nakanishi et al., 1992; Hayashi et al, 2007), 7/ NENTSHET L TN T2 OB T
Streptomyces coelicolor (Bentley et al., 2002) & Streptomyces avermitilis (Omura et al., 2001) 7>
5 OSB DOEEKIZEE 592 menF. menD. menC BTN ERIR SN0, mend /v o J
(77 b VEKICT L= VIS Z D) & menE ANy s (BAEEBRAT v 7 TA
FNEEEZEN) FFELTZH DD, menF 75 menB \ZED 5 DDA /N Y JI3&FIEL
minotz, BIC, BIEE - §OAORKE L L THSHN TV 5 Helicobacter JEHH . &7/
ELTHIBLILTWD Campylobacter JEMEEDOWEMIZIBNTH, MK BAEGKIND



DIZH D BT men IR DAY v 3B AFAE L 720 > 7= (Tomb et al., 1997; Parkhill et
al.,2000), Z D X 91T KS-505a DAFFEI & FE L. —EBOMEN TIiX MK 234 < B LU VRS
THAEERIND EZZ b, TOEEMANRKALONTRE, LTDO X 512 OIS 5
& 7e 7= (Seto et al., 2008; Hiratsuka et al., 2008),

BN, S. coelicolor |23 T MK HTBIAG GRS NENN TV D B EGET 572D, FL—
P—RERMN Tz, BRI, [U-"Ce] glucose Z ¥R L THEE SH 7= S. coelicolor 531K
ZHAWVTC, EIENS MK ZfiH « R L T PC-NMR 237041, MK F A A GRE O VEEh 3
WEND BT, FW\ T, FrdlRg BT 2851 - BEFHOREMTONT, 7/ LMESTD
ETLTWAMEMD > H, BEM MK £ASRRKEEZ RO KGR, fEE, .
Corynebacterium JEAE D LEH L TH L TWDH ALY v 7O 7- 0 BLAST #3740,
7, R EE R T D EHE 2515 Helicobacter J&. Campylobacter J&. Thermus J& .
Streptomyces J@&HOBR A DS FLIBIZFEO AL Y v 7 b FBRICERSR S 4, RO CHR A ISR RIS AFE
THBELETEIRIEL, ZOFN5 ABC N7 VAR —FOHER T 2R Z EI2L D, H&&KD
IZ S. coelicolor D SCO4506, SCO4326, SCO4327, SCO4550 73 H IR BE 59 2 i s 1
ELTEk ST,

RICEN DB F P EERITHHRRICEAET 2 Z L2 FEET 5720, lHx OFEMER O
MBERE N UG STz, S, coelicolor 1338, 7 b % ) L ERIZIRFES 40 D7 L = LAHIEEH
N7z MKS8 2GRS 208, SCO4506, SCO4326, SCO4327, SCO4550 DARGHEED D IX
MKS (T S 3, BRI O 7= O IRIN L 72 MK4 OA it Sz Z b, £
B 4 BT S EBRICH R ICBI 595 Z AR E LT, T, S. coelicolor % FIW T NTG (2
£ % MK A/ ERKEKOFEE L ORAIESL T OBEMTbiv, %< OERRIILD 4 E&i5 1
THIM S L2 M, O OERKIT, X IMBKOBLBIHTHLAY AIMm ¥ —F
(8C0O1496) ., v F IExT—E 1 (SCO1495). 3-T & Fux Il % —¥ (SCOI494) %
ETr ORF ZFf D77 AI RTHMiSNA Z Enbholc, TNOHDOERKIL, VX IMEL
X2V AIBOI L, a2 AIBPRMENTRHOLEENRRET L2 E0REh, 2 A
R H — BT 5 Ot (5-O-(1-carboxyvinyl)-3-phosphoshikimate — = U A Jfig+ U
VIR IATEOG T D7, HBR IR L AR ) A IMANRIEE L T5
DB, ZORITELBORKEZRD Z &N TRINT,

BT, 4 BRI O TE RIS LW S A SR PRI O R ENRA LI
2. 4 ZEMkE MK4 {775 FCHZE L7, I L7- MK4 2 ARIAIE CBR £ L TR > o kKIR
PR 4y % BRAS RO U 72 38 I CHEHMC N L. oD 3 S OREERR D A BN EIE T 2 Dt Lk
H. SCO4506 FEEERED BRI U7t 2 B0 L7 B8, oD 3 RO AEFITRD b o7
ML FERD 3 OOMEKD HIRR LI 2 N2 72BRE, 72 LB 1 SO O
BRBDONIZZ END, T OBERERRT AT EEPEBR L TND 2 ERNRE
Nl 2O X5 FEEAWT, BKIIC 4 SOBE T ED N3 5 44 5 L OF e



7% SCO4506 — SCO4327 — SCO4550 — SCO4326 LRE S N7, Fi, EGHFRHEDFE
EL ARG MR ENIT DIV, SCO4327 MEEEMKIT 7 ¥ v v v % SCO4550 Tk MK IX
de-hypoxanthine futalosine (DHFL) % . SCO4326 fl¢3#4ki% DHFL 7381t L 7= cyclic DHFL % &
FELTWDZ EMNLC-MS°NMR OFER L VIS N 72 o7,

1 2 OEEFFENT HHED HILTIEY . SCO4506 22V TIEZ DS ITREH ST\ e ho 7
N, SCO4327 IZHOWTIE, ZNAFGZHWHGAIT T ey o 2 E & LB RIGED D3
B SR Do T2 B3, Thermus thermophilus HBS ¥RIZ351TF 5 A4V Y v 7T 5 TTHA0556 %
W72 55412, hypoxanthine }2 TY de-hypoxanthine futalosine (DHFL) 23 Ef%d 25 Z & D3RR S 4L
72 F 72 8SC04550 {ZDWT, T thermophilus DAV v 7 TTHA1092 & 3£1Z DHFL & O s
DR 5L, radical SAM & /X7 B L HEE STV o BFRSAT T ORBER R R OVESR
B Z2 4T 007253, eyclic DHFL O RITER D H TR dr o 72, SCO4326 2DV T, cyclic
DHFL & )i & 72555 1, 4-naphthoquinone-6-carboxylic acid 234 % 92 Z & 2% LC-MS f#HT
WXV R ST,

AW BN T, ZHRE TRIGDFEH S TWieh o 72 SCO4506 (ZRFE S D Kt
(MgnA &), LONSCO4327 IZRE SN At (MgnB & 4s) IZOWTHRGEETT - 72,

HEHE T, B OHE ORBERELRTIMEDN TH D, M OEPFEL., N
HIEZ L OO OPENSCHENICB W TR S, £ —XR03 — 70 MEOREALEN,
WCREERNCRIA SN T D, A & L TREOZILERIL, T85O pH DK T S# 25 L4
ST MOAEDDOEE ZAET HHZE ZH > T\ D, HRRE OO T itEix, ko
TIEMZRFA BRERL~OFZFA) Iz, TETIET e AT 4 7 AT LA 3
T AT ADEZEZICESE | HRetE RS, FrEREAREMN, TIXERICH, ZoMRELISH
LEotwniyRApRBRENTND, ZOLIREFOT, HBED T ) MMENTHHED 5T
7,

HEEEHO TEFAEZE 2256, YRRDLVNITEK T A P THABEAZ AT I, SR
CHRAEFEME/GDLDPVNEEL 2D, L, ABREITEREEEZ ST b0 H% <, Kiltax
FbEWEEDILTWD, 7/ AMEBRBE LI, # e iR B R ORRITIGH T
XD LS ND, B BEEE GExHREREER . FO0~T o B8R Mot~ T7 1
R 2T ERO T ) LE# A LT, Lactobacillus J& D glucose MR IZES o 58 ln T
D ST CIE, et B~T a3 (L. reuteri JICM1112 Bk} O8N L. fermentum TFO3956
BE. glucose 7> HFLEE DM T b 21 — JLROWERE | fRIE T A OFLIELISN O b O % [RIRFIZ A KD
Tl&. 6-phosphofructokinase DK KA L O —fixBY 72 fi# b % (Embden-Meyerhof (EM) #88%) 1%
BEEL 7208, v h—2 U U8 (PP) BREEOBEFRETERICHI > TWD 2 &, S~
T a REER (L. plantarum WCFS1 £8) TliZ, EM#&#. PP R OMEE TR Hi> T\ D =
EDHA BN E EhTe, R T 38R (L. johnsonii NCC533 £k & O L. acidophilus NCFM £k
glucose 7N B AL D A ZFEA) TiL, EMREIZN A, fbit/ian &3 2 53Tz PP RO



B LHIi > TV D 2 EAHER S 172 (Kleerebezem et al., 2003; Pridmore ef al., 2004) . #axct
IR BRI BT O RRIIHRS = ¥ ) — VN EE SN D Z EDREH SRR, ~T 1
HEEERN AR D EE LD EAESNRNZ LD, RERBAICBIT S b—2 1 VR
BT S DRI Z2Z T TV D EZEZ BN TWD, EFED Lactobacillus J& 5 FEIZDOUWNTD
COG (Clusters of Orthologous Groups of proteins) 73 Fb#g S dL7= /& B> 51X, L. planterum WCFS1
RO ) 2H A RE 3 Mbp i 2, fthod 4 FEITH 2 Mbp THVY ., 7/ LA X LB LT
ORF 3R E T D, L. johnsonii NCC 533 #k & L. acidophilus NCFM #RiZ & & (PAEHER
B5) ([CHKTD0Ix L, L. planterum WCFS1 ¥RIZ—fXBRBEICHE L7 TH Y. ORF KD
L ZIZRRBRBRBICHIET 2720 THDH EBEZ LN TN D, &5 LMEFHRRH LT i,
~A 7 uT VAN EICL > TEDOBBETHHEILL, HIEL TOD00MAREICR D, 2O X
N, T LEROMEIIL, TNETHOLN TWEBROMMAE =T LI, 2 E TITH
DR TWRWHIEZB U Z L A FREE T2 MA R L, FIZITEEERMEPCA MLV AK
IR ZfRHT S 2 ECIERICREREBNZRI-TEEBEZBND,

TR LT OIRE DL 1%, BEMDOEWAE (generally recognized as safe (GRAS)) &
LCHAHSNTE -, ABEIT, & FEOEEICRAEL, FEFHO L L TEED
TEFRHEMERICHEBRL TV LBZADLNTND, ZOZEnb, A, FT 47 AL LTD
LR RAICREE A, EoABE OMLE COMMA R T T LA T 1 7 R L
MR 2 AR E BB SN TWD, 20 L 2 RBLED D ILBEE OZ 2 ORI E
BRBEMEEEZEZONTWDN, — I THRIFHEME DT/ LA, el s Z8IsF
7T AE=DKRET D EBHALNICINTE T,

Streptococcus thermophilus 1%, = — 27 /b MUEIZHIH Shv, ZEENTEO 5TV L ILERE
ToH DM, S. thermophilus & TfEDOEIZIX, & MIx LEEEZRT LONRZEL, S thermophilus
DRAENEZFERT 57201 2 RO T WMETMT DIV R ORI A2 A3 % Streptococcus
BT, EVV U AEERGFEORERBLF LMV IAATZEZEZ GNDRNRESNT
% (Bolotin et al., 2004) , [7] CEKE T 5 L. lactis subsp. lactis X° Enterococcus faecalis (26
EBEFDVPIRVIAENLTNDZERHLNE RS TED | AINTWLIBEE S/ LOH
Wi, 2 LLBRWEROSDHOBIZFRBBREINOSOH D, 7/ LMEROHENL TIE, £ b
DBIBFHFB L, EENTEEDEEES> TV DINEINFIAITH LB, 7 LMENTIE
LRLEZLNOWEMEFE LG L THEZH- TS EEXDNRD,

T, 7 MERICESOWTHBE SN~ A 7T LA EEHWZ 27 )7 F—
LIRHT S — B9 D D0 B D, FLEBREOWIEIZI VTS L planterum X° L. acidphilus (235
WT, FLBE A b LA (Pieterse et al., 2005) . k4 liHR & o —Bln Ok EE D2

(Azcarate-Peril et al., 2005; Pfeiler et al., 2007) . HEXEDOLH (Barrangou et al., 2006) % FH-~<%
HET~A 7 n T LA XD imE ST o,

FRRLAMC Y . HEOA AR EZ ML, =a2— MY F 7 I 7 2Tk LB E M o
7 DMEBRIRHE DT DI HLBE D7 MENTIIHED BT & 7o, HERFIOILIRE 7/ LT,



Lactococcus lactis subsp. lactis IL1403 #ECT7 7 L AD 7 )v—7" X 0 #iE Z 7= (Bolotin et al.,
2001), ZD%, TAV IO N—T%H b LT, ABEE IO S ) AR LMNERY | Bl
EE TICHBE Y /) AMERITBEICEHE I >oH D (Makarova et al., 2006; Wegmann et al.,
2007; Kleerebezem et al., 2003; Pridmore et al., 2004; Altermann et al., 2005; Chaillo et al., 2005;
van de Guchte et al, 2006; Claesson al., 2006; Callanan et al., 2008; Morita et al., 2008;
Azcarate-Peril et al., 2008; Ojala et al., 2010; Morita et al., 2009; Jiménez et al., 2010; Forde et al.,
2011; Liu et al., 2011; Kant et al., 2011; Vogel et al., 2011), FLEAEE 7/ L 1% TCA [0l 2 %4 5
BIETO%< B RELTN D0, KBES L il L CREOWE) LB LN DT R LT —
PR FLBRE LT VX —FER O T2 O R 2 BT 528, I E > 7L E A TCA
[FIESIC KD B TR0, B U BRA IR & AR L ER R 5, 720 TCA
[EIE— RIS, 7 X BRAEGARICHE R P RIEOMIEIR & 72 D28, LE T/ LAPIZiE, 7
2 BERICLER R RERE RS NIRWIZD ) TR BERROBE T DL BRKL
TWDZEMEN, OOV, TV BENNOEET L, XTFL—ER T
AR—=H 1% a— FTLBIETREL T AIZEEN TS (Klaenhammer et al., 2005),

HBEOT 7 MMERIISCBHIERINLOOH Y, 4% b2 < OAME B L OB E
DT MERPERS I, LREOIRE - WROHKS /) D XD 1F®RET. R 7
J b= T ADERIZ K o THERE OFFOEE D R0 OEMEFF. B N ORERICH
NRBEEITHONT, SHIZEL DHANELND & TPRENTWSD (Morita et al., 2007),

ZOPT, REBEERMEDOLVARE DT ) LA XD, BIIHERIRE NI L3> T
X 7o, ARWFFEIZIBNTIX Lactobacillus J& 5 #&. Lactobacillus fermentum, Lactobacillus reuteri,
Lactobacillus gasseri, Lactobacillus brevis. Lactobacillus delbrueckii subsp. bulgaricus % XI5 & L |
IO DHR— IRAEIRR S 27 LT 2 aREMEZ W4 U T MERRRY 2 R BRMEREAE, M OY
T BT = BN ADORFEEIT, BT 21T - T2,



-3, ARFZRic B 5 Ay

T DIRRTEES B L OWMEM DT ) MERBIALNERY | FEFOT —HX—2R
DEfFHEATE T2, TOHT, ETNUMEMCBNTINETITHESI N, THEINTHE
W O WL ST — IR 23, MK CHTBLRRICREFE SN D Lo lc, MO T TH —i
DTIERNWZ ERHENE RS> TETND, AWFRICBN T, REEREDZVDIZH
DOTT ) LY A AN RE 722 LD T2 BE S, T E TIZH BTV 7RV
B AEIRE 2 L T RO ERIET 5 2 &, BRICHBRK S AH SNz MK A4
RIS & L0 BERICARAT 5 2 & T, AEEN ST M A A ST 5 2 E T
B THIREEFICRT 2 EAOBHFICEN 5RO AEZ RNT 2 2 L L,

10



FT1E ILBEICBT AT —RARBERREORE
1-1. &

LI Lactobacillus J&IT T < 2B < ORBERMEDV RSN TEEMAEMTH D, £D
— T, DT ) LT OFRERDNG . ZN6 DT ) A A ZTHHIRE N &b o
T&7z (Table 1-1), MFEOHRBEEL W —7 = AFEORE LIS, ZhE T
Lactobacillus plantarum % %58 & LT (Kleerebezem et al., 2003) 452 < ® Lactobacillus J& D7
J NENT ST LT3 (Pridmore et al., 2004; Callanan et al., 2008; Morita et al., 2008;
Azcarate-Peril et al., 2008; Makarova et al., 2006; van de Guchte et al., 2006; Ojala et al., 2010;
Morita et al., 2009; Altermann et al., 2005; Jiménez et al., 2010; Forde et al., 2011; Liu et al., 2011;
Chaillou et al., 2005; Kant et al., 2011; Vogel et al., 2011; Claesson et al., 2006) , E D 7=, 7/ A
T—HARX—=2L 0 oL RHEEBEETOAN Y B T OFBZONWTIHND Z LA
ThV, ZHHEBER ORI & 58 B RME O R LU RAT 24T > 7ol b s ST s

(Teusink et al., 2005; Christiansen ef al., 2008), L72> L7213 6, FA AR IZ ATREMEICE B
LT, MR DN DOFEMI 2R RAT 24T o 7o i EBIL 2 E TSR L7220V,

AREETIL, Table 1-1 XN Fig. 1-1 {27~ 7" Lactobacillus J& 5 ¥%. Lactobacillus fermentum.
Lactobacillus reuteri, Lactobacillus gasseri, Lactobacillus brevis, Lactobacillus delbrueckii subsp.
bulgaricus X5 L L, TV O DFH— KB 2 L TV 5 alRetE 2 8ifF LT, M7
S BURMEFHG, KOV AT — 2 ~_X—Z (KEGG X T GIB (DDBJ) #F|H) OREEEITV,
LRBG AT 24T > To i RIS DWW TER T, ARWFZEICH N Lactobacillus J& D7 ) W A X044
ORF #%1%., —WRARGEPEY) D FRMED D 72\ Thermus thermophilus & FE#E L T HIZIERETH Y |
ZHUZH D BT Lactobacillus JBI13H 2 < DRBESRMEZRT Z LN PRI, 608
L WSS 2 FF D RIBEME N H3 2% 2 BILTe, 7233, L. reuteri, L. fermentum., L. delbrueckii
(DWW TR — O SR B ERIED TR B AL T D HMEFIFEE LT, FHEIC L D87
ISR A MR L. BEORIMEFRAEAZ1T - 7= (Santos et al., 2009; Ledesma et al., 1977; Grobben et al.,
1998),
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Table 1-1 The genome size of various Lactobacilli

Strain Genome length Total Genes
(Mbp)
Lactobacillus plantarum [WCFS1] 3.35 3174
Lactobacillus johnsonii [NCC 533] 1.99 1918
Lactobacillus helveticus [DPC 4571] 2.08 1838
Lactobacillus paracasei subsp. paracasei [8700:2] 3.03 2890
Lactobacillus crispatus [ST1] 2.04 2097
Lactobacillus casei [ATCC 334] 2.92 2922
Lactobacillus acidophilus [NCFM] 1.99 1927
Lactobacillus salivarius [UCCI118] 2.13 2182
Lactobacillus ruminis [ATCC 27782] 2.07 2054
Lactobacillus buchneri [NRRL B-30929] 2.59 2541
Lactobacillus sakei [23K] 1.88 1955
Lactobacillus amylovorus [GRL1112] 2.13 2193
Lactobacillus sanfranciscensis [TMW 1.1304] 1.38 1519
Lactobacillus kefiranofaciens [ZW3] 2.35 2222
Lactobacillus fermentum [IFO 3956] 2.10 1912
Lactobacillus reuteri [JCM 1112] 2.04 1901
Lactobacillus gasseri [ATCC 33323] 1.89 1898
Lactobacillus brevis [ATCC 367] 2.34 2351
Lactobacillus delbrueckii subsp. bulgaricus [ATCC 11842] 1.87 2184
Escherichia coli [K-12 substr. MG1655] 4.64 4497
Thermus thermophilus [HB§] 2.12 2245
65 Lactobacillus brevis:ATCC 367
30 _|: Lactobacillus buchneri:NRRLB-30929
72

Lactobacillus sanfranciscensis: TMW1.1304
Lactobacillus plantarum: WCFS1
Lactobacillus ruminis:ATCC 27782

67

Lactobacillus salivarius:UCC118
Lactobacillus sakei subsp. sakei:23K
Lactobacillus casei:ATCC 334
W[Lactobacillus paracasei subsp. paracasei:8700-2
—— Lactobacillus fermentum:IFO 3956
100 L Lactobacillus reuteri:/CM 1112

100 [ Lactobacillus gasseri:ATCC 33323
Lactobacillus johnsonii:NCC533
Lactobacillus delbrueckii subsp. bulgaricus:ATCC 11842
Lactobacillus acidophilus:NCFM

Lactobacillus helveticus:DPC4571
Lactobacillus kefiranofaciens:ZW3

95

100

99

35

99

Lactobacillus amylovorus:GRL1112
41— Lactobacillus crispatus:ST1
Escherichia coli:MG1655

Thermus thermophilus:HB8

Fig. 1-1 Phylogenetic tree of Lactobacilli

The sequences of 16srRNAs of Lactobacilli were aligned using MEGAS (Tamura et al., 2011) .A
phylogenetic tree was constructed using the neighbor-joining method. The number on the tree indicate
percentages from bootstrap sampling with 1000 replications. The analysis involved 21 nucleotide

sequences and red underlines represent the Lactobacilli which were studied in this paper.
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1-2. FER

1-2-1. FREROEE THRET

R FRMEFMIZSENE D | Lactobacillus J& 5 FRIZOW TG E TR 21T o 7o, B IRE L HY
TOAEFRBROAEF:, Table 1-2 (278 L7z K 912 L. delbrueckii % < 4 #ki% MRS 514 7=
REER (&) ICTROBRABLZMRTE /o, —J7 L. delbrueckii \Z-2u TlE, MRS B &
UYNBRC (NITE Biological Resource Center) (Zii#> & D 55#1 (No.803, Table 1-3) D EH 5
AEALTH, MEKE T L —F ECHIREEETHLE LWAEAFTARDBRO b, L
delbrueckii |ZEMEHRKIEME TH Y | BRBAAIE F TOERICETT DL SN TVDD, MRFHE
WCEDAEFICHTAEEELHSL T, TL— 22— LT —7 THE O SONE % i LR
F L OPfNE IR D RGBT TR ZITo 720, FRRICATIZIZIERD Lo Tz,

Table 1-2 Growth on MRS medium of 5 Lactobacilli

Strain Growth (37°C, 48 hrs)

[on plates] [liquid culture]
final OD¢oo
L. fermentum visible 7~9
L. reuteri visible 6~7
L. gasseri visible 5~6
L. brevis visible 4~5
L. delbrueckii invisible 0

Table 1-3 The composition of MRS medium and NBRC 803 medium

MRS NBRC 803
Composition Concentration Composition Concentration
(L) (L)
Peptone 10 Polypeptone 10
Meat extract 10
Yeast extract 5 Yeast Extract 10
Glucose 20 Glucose 5
Lactose 2
Tween 80 1 Tween80 0.5
K>,HPO4 2
Sodium acetate 5
Diammonium hydrogencitrate 2
MgSO4'7H20 0.2 MgSO4 *7H,O 1
MnSO4-nH,0O 0.05
Agar (if needed) 15 Agar (if needed) 15
pH 6.0 - 6.5 pH 6.5-6.8
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VT, AR 2 W2 AFRER 21T o 7, KieF (FrBA 2000-279166) % 2751 Table 1-4
R LI O ki (LSP 15 & 44, Table PO X 2 2 - KA - 72 V4
ETHE) 2 A0 CTHRIRES R 21T o 7ok 3. L. delbrueckii % R < 4 #RIZ-DUVCTIL MRS 55H#i T
DAEBIZIFE D DD, HOEFTHOCTEBT IS ZHW+20IZ+47 OD Zx L7 (Fig
1-2), —J5 L. delbrueckii {22\ ClL, MRS IO & FEOEBARAR 2R Lz, BICSCHR

(Chervaux et al., 2000) % ZE (MGG (G O MPL B5H A 5028, Table 1-5 1IZ% D
A R LTE) . BOWVIEMPL 5D CIREZ 7 7 h—RA 67527 h—A, /L h—A ¥
n—A YIVER—=) TIE/)—RA /) —A AT =R TIUFTFINBEIE
ZTERHICEBWT Y, FEBIRES 30~42CIZEE L TY, L. delbrueckii DEEIXZILE
TLRBEICIFIERD SN o 7 3 HREIOE:3E THE OD 78 0.5 K7, data not shown),
FORER LY | L delbrueckii D/EBFMIXH IEE X 52157, O 4 Eik (L. fermentum, L.
reuteri, L. gasseri., L. brevis) ({22 C LSP K5z F O CAEB M (G ZoRVEREM) 20 5
ZElzlLT,

Table 1-4 The composition of LSP medium

Compositionl Composition2
Basic component  Glucose 20 g/L Nucleobases Adenine 50 mg/L
KH,PO4 3.1¢gL Guanine 50 mg/L
K:HPO4 1.5¢gL Uridine 50 mg/L
Diammonium hydrogencitrate 2.0¢gL Cytidine 50 mg/L
Potassium Acetate 10 g/L Thymidine 50 mg/L
Calcium Lactate 1.0 g/lL Inosine 50 mg/L
NaCl 0.02 g/L Xanthine 50 mg/L
Tween 80 1 gL Uracil 50 mg/L
MgSO4:7H,0 0.5 g/L Amino acids Histidine 100 mg/L
MnSO4-nH>0O 0.05 g/L Serine 100 mg/L
CoSO4 0.5 g/L Cysteine 100 mg/L
Vitamins Thiamine 100 mg/L Glycine 100 mg/L
Nicotinate 1 mg/L Alanine 100 mg/L
Calcium Pantothenate 1 mg/L Valine 100 mg/L
Pyridoxal phosphate 1 mg/L Leucine 100 mg/L
Pyridoxal hydrochloride 1 mg/L Aspartate 100 mg/L
Pyridoxamine 5 mg/L Asparagine 100 mg/L
Riboflavin 5 mg/L Lysine 100 mg/L
Cobalamin 1 mg/L Methionine 100 mg/L
p -Aminobenzoate 0.2 mg/L Threonine 100 mg/L
Folic acid 0.2 mg/L Isoleucine 100 mg/L
Inositol 10 mg/L Tryptophan 100 mg/L
Ascorbic acid 500 mg/L Tyrosine 100 mg/L
Biotin 1 mg/L Phenylalanine 100 mg/L
Lipoic acid 5 mg/L Glutamate 100 mg/L
Glutamine 100 mg/L
Proline 100 mg/L
Arginine 100 mg/L

pH 6.0 - 6.5
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Table 1-5 The composition of modified MPL medium

Composition Concentration
Na,HPO,* 12H,0 0.5 g/L
NaH,PO, 0.7 g/L
Potassium Acetate 7.35 g/L
MnSO,*nH,0 0.02 g/L
FeSO,4* 7TH,O 0.066 mg/L
(NH4)sM07024* 4H,O 0.0037 mg/L
CoCL* 6H,0 0.007 mg/L
H3;BO;3 0.025 mg/L
CuSO, 0.016 mg/L
ZnSO4 nH,0* 7H,0 0.0029 mg/L
Sodium Thioglycolate 0.5 g/L
Tween 80 1 g/L
Lactose 20 g/L
MgSO,* 7TH,0 0.2 g/L
all amino acids 0.1 g/L
Adenine 0.05 gL
Guanine 0.05 g/L
Xanthine 0.05 g/L
Uracil 0.05 gL
Pyridoxal phosphate 1 mg/L
Calcium Pantothenate 1 mg/L
Riboflavin 1 mg/L
Nicotinate 1 mg/L
Cobalamin 1 mg/L
Folic acid 0.2 mg/L
pH 6.0
Static culture at 37°C (3% Shaking culture at 30°C )
10 48 hrs
[l Mrs
8 |
= 6 | 24 hrs 48 hrs DIIIII LSP + vitamins
Qo + bases
o 4 48 hrs + amino acids
2 =
48 hrs
0 | | |
< < < < <
./gibze /"@Z{[eﬁ . . &}wae 4 }'6"1/1 + . % /é}‘
2 7 o4 5 %e
“ gy,

Fig. 1-2 Growth assay of 5 Lactobacilli on LSP medium

5 Lactobacilli: L. fermentum, L. reuteri, L. gasseri, L. brevis, and L. delbrueckii were grown on MRS or
LSP medium for 24 to 48 hours and OD600 was measured. Shaking culture at 30 °C was done for only L.
brevis, because of its better growth than static culture. L. delbrueckii could not proliferate on MRS or

LSP medium.
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1-2-2. 7 X BRELRMFHmAE R -250-

W1 Lactobacillus J& 4 FRO T 2 BRESRVEIZ DWW CRHMEI 21T - 72, FHKIZ2V T MRS 1
HiCHIREE GB7CH WL 30°CT 1~2 HMKEE:ER) 2170, £H - Peifth, LSP 85 IR
LT 1~3 HEEEERZITo7-, ZOB, LSP L v &7 I /e 1 >3 ok<
Single-omission 17 9 Z & THREZRMLZMAE L7,

%7 X BOEERRKE (Fig. 1-3~1-8) OZNEINLD Step DALY 1 7 OFEEIZDONT
/% Table 1-6~1-11 [Z/R L7 D THY . ZAL D O & 58 ZRUEFAG OF5 L % Table 1-12
WCE LD, Ay a7 LT, KEGG (http:/www.genome.jp/kegg/) @ pathway K,
M OYKEGG ¥4 I, DDBJ @ GIB % ~ (PASHH) 2342fk9" 2 Blast #i5% (BLASTP) #%%
(KA U 72, BLASTP (2551 D MR 5thc 821X E. coli K-12 MG1655 ¥£? Protein Sequence % H
W, ENBIZHT B ALY 1 7 D E-value & Table 1-6~1-11 (278 L7z,

Table 1-6 Orthologs for L-Histidine biosynthesis in 4 Lactobacilii

Enzyme function Gene for biosynthesis Orthologs (E-value)
E.coli L. fermentum L. reuteri L. gasseri L. brevis
ATP phosphoribosyltransferase hisG LAF0756 (1e-11) ND ND ND
hisl LAF0762 (4e-20) ND ND ND

hosphoribosyl-AMP cyclohydrolase
prosphoribosy ey LAF0763 (6e-08)

N-(5'-phospho-L-ribosyl-formimino)-
5-amino-1-(5'-phosphoribosyl)-4- hisA LAF0760 (2¢-28) ND ND ND
imidazolecarboxamide isomerase

imidazole glycerol phosphate

. hisF LAF0761 (1e-60) ND ND ND
synthase, subunit
imidazole glycerol phosphate hisH LAF0759 (1e-30) ND ND ND
synthase, subunit LAF0753 (9e-20)
imidazol l-phosphat
imidazoleglycerol phosphate hisB LAF0758 (2¢-49) ND ND ND
dehydratase
histidinol-phosphat
stidinorphosphate hisC LAF0764 (5¢-28)  LARIG611 (1e-17) ND LVIS2024 (7e-12)

aminotransferase
histidinal dehydrogenase hisD LAF0757 (8c-88) ND ND ND
ND : not determined

Table 1-7 Orthologs for L-Serine, Glycine, and L-Cysteine biosynthesis in 4 Lactobacilii

Enzyme function Gene for biosynthesis Orthologs (E-value)
E.coli L. fermentum L. reuteri L. gasseri L. brevis

D-3-phosphoglycerate serd LAF0769 (3e-35) ND LGAS0043 (6e-22) ND

dehydrogenase

3-phosphoserine aminotransferase serC LAF0768 (1e-80) ND ND ND

phosphoserine phosphatase serB ND ND ND ND

L-serine deaminase tdcB ND ND ND ND

L-serine deaminase tdeG ND ND ND ND

L-serine deaminase sdad ND LAR1020 (1e-27) ND ND

LARI021 (4¢-10)
L-serine deaminase sdaB ND LAR1020 (3¢-26) ND ND
LARI021 (3e-11)

serine hydroxymethyltransferase glyA LAF0430 (e-134) LAR0445 (e-129) LGAS0256 (e-131) LVIS1287 (e-126)

glycine decarboxylase gevP ND ND ND ND
LVISI951 (2¢-12)

glycine cleavage system H protein gevH LAF0449 (1e-06) LAR0463 (2¢-16) ND LVISI271 (2e-12)
LVIS1737 (7e-04)

aminomethyltransferase gevl ND ND ND ND

lipoamide dehydrogenase Ipd LAF1137 (1e-91) LAR0661 (7e-82)  LGAS1554 (2e-41)  LVIS1407 (4e-78)

serine acetyltransferase cysE LAF0855 (4e-07) ND ND ND

cysteine synthase cvsM LAF0346 (3¢-49) LARI1677 (6e-54) ND ND

LAF0974 (2¢-32) LARI459 (1e-30)
cysteine synthase ysK LAF0346 (2¢-65) LARIG677 (3e-67) ND ND
LAF0974 (2¢-37) LARI459 (2¢-36)

LAF0973 (1e-47)

L-cysteine desulfhydrase metC LAF0814 (4e-41) LAR0281 (2¢-44) ND ND
LAF0815 (2¢-37)

L-cysteine desulfhydrase tnad ND ND ND ND

L-cysteine desulfhydrase malY LAF0942 (4e-56) LARI1793 (6e-64) ND LVIS0300 (4e-59)
LAF0785 (4¢-68) LAR0583 (1e-64)  LGASI191 (1e-65)  LVIS1256 (1e-65)

cysteine desulfurase iscS LAF0489 (9e-63) LAR0488 (3e-63) LGAS1224 (4e-59) LVIS1436 (3e-59)

LAR0839 (6e-23)

ND: not determined
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Table 1-8 Orthologs for L-/D-Alanine, L-Valine, and L-Leucine biosynthesis in 4

Lactobacilii
Enzyme function Gene for biosynthesis Orthologs (E-value)
E.coli L. fermentum L. reuteri L. gasseri L. brevis
LVI 13 (le-
ilvB LAF1022 (2e-56) LAR0126 (9e-52)  LGAS1893 (2e-58) 50313 (1e-53)

LVIS0491 (1e-52)
ilvN ND ND ND ND
LVIS0491 (le-54)

Subunit of acetohydroxybutanoate ilvG (%) LAF1022 (6e-54) LAR0126 (6e-51) LGAS1893 (le-52)
) LVIS0313 (7e-47)
synthase / acetolactate syntha -
ilvM ND ND ND ND
LVI 13 (2e-
ivI LAF1022 (7e-39) LAR0126 (1e-44)  LGAS1893 (3e-49) 50313 (2¢-50)
LVIS0491 (1e-49)
ilvH ND ND ND ND
acetohydroxy acid isomeroreductase ilvC ND ND ND ND
dihydroxy acid dehydratase ilvD ND ND ND ND
branched-chain amino-acid . LAF0347 (2¢-30)
. ilvE ND ND ND
aminotransferase LAF0922 (6e-30)
2-isopropylmalate synthase leud ND ND ND ND
Subunit of isopropylmalate leuC LAF0964 (e-141) ND ND ND
isomerase leuD LAF0963 (6e-41) ND ND ND
3-isopropylmalate dehydrogenase leuB LAF0965 (3e-78) ND ND ND
leucine aminotransferase tyrB ND ND ND ND
LAF1051 (2e-38) LAR0597 (2e-31) LVIS0855 (2¢-30)
lutamate-pyruvate LAF0031 (6e-27) LARI133 (2e-31) LVIS2024 (1e-20)
glamatepy alaA LAF0859 (7e-27)  LAR0041 (2¢-29)  LGAS1128 (7e-24)  LVIS2240 (5¢-08)
aminotransferase
LAF1103 (7e-27) LAR0715 (1e-24) LVIS2087 (2¢-07)
LAF0136 (2e-26) LARI303 (1e-22) LVIS2153 (3e-06)
LAF0342 (2e-71) LAR0337 (2e-74) LVIS0855 (2e-26)
Jutamate-pyruvate LAF0859 (5¢-50) LAR0715 (4e-44) LVIS2024 (3e-14)
ghamate-py alaC LAF0031 (3e-41)  LAR0597 (9e-44)  LGASII28 (3e-41)  LVIS2087 (4e-14)
aminotransferase
LAF0136 (3e-40) LAR0041 (9e-42) LVIS2240 (4e-13)
LAF1103 (2¢-34) LARI 133 (2¢-40) LVIS2153 (4e-09)
valine-pyruvate aminotransferase avtd LAF1013 (le-17) LAR0299 (le-17) ND LVIS2087 (le-12)
LAF0785 (4e-68) LAR0583 (1e-64)  LGAS1191 (1e-65)  LVIS1256 (1e-65)
cysteine desulfurase iscS LAF0489 (9e-63) LAR0488 (3e-63) LGAS1224 (4e-59)  LVIS1436 (3e-59)
LAR0839 (6e-23)
. alr LAF0211 (3e-39) LAR0245 (4e-36)  LGAS0267 (1e-32)  LVIS0508 (2e-39)
alanine racemase
dadX LAF0211 (1e-39) LAR0245 (4e-40) LGAS0267 (5e-31) LVIS0508 (8e-45)
D-amino acid dehydrogenase dadA ND ND ND ND
¢ E. coli B REL606 ND: not determined

Table 1-9  Orthologs for L-Tryptophan, L-Phenylalanine, and L-Tyrosine biosynthesis in 4

Lactobacilii
Enzyme function Gene for biosynthesis Orthologs (E-value)
E.coli L. fermentum L. reuteri L. gasseri L. brevis
arofF ND ND ND ND
2-dehydro-3-deoxyphosphoheptonate aroH ND ND ND ND
aldolase
aroG ND ND ND ND
3-dehydroquinate synthase aroB ND ND ND ND
3-dehydroquinate dehydratase aroD ND ND ND ND
shikimate dehydrogenase ar(fE ND ND ND ND
ydiB ND ND ND ND
. ) arol LAF1104 (9e-08) ND ND ND
shikimate kinase
aroK LAF1104 (3¢-22) ND ND ND
3-phosphoshikimate- 1- arod LAF1106 (9e-26) ND ND ND
carboxyvinyltransferase
chorismate synthase aroC LAF1108 (2¢-42) ND ND ND
anthranilate synthase component I1 trpD ND ND ND ND
anthranilate synthase component I trpE ND ND ND ND
indole-3-glycerol phosphate synthase
/ phosphoribosylanthranilate trpC ND ND ND ND
isomerase
tryptophan synthase, o subunit trpA ND ND ND ND
tryptophan synthase, B subunit trpB ND ND ND ND
tryptophanase tnad ND ND ND ND
chorismate mutase / prephenate
tyrd ND ND ND ND
dehydrogenase
chorismate mutase / prephenate phed ND ND ND ND
phenylalanine transaminase ivE LAF0347 (2e-30) ND ND ND
LAF0922 (6¢-30)
phenylalanine transaminase / aspC LAE105] C¥) LAR0597 (3%) LGAS1128 (%) LVIS0855 (3%)
tyrosine aminotransferase LAF1103 (3%)
phenylalanine transaminase / v ND ND ND ND

tyrosine aminotransferase

ND: not determined
% No hits in blast search but annotated genes are exist in genome database.
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Table 1-10 Orthologs for L-Aspartate, L-Asparagine, L-Lysine, L-Methionine,
L-Threonine, and L-Isoleucine biosynthesis in 4 Lactobacilii
Enzyme function Gene for biosynthesis Orthologs (E-value)
E.coli L. fermentum L. reuteri L. gasseri L. brevis
aspartate aminotransferase aspC LAF1051 (>:<1> LAR0597 (3¢1) LGAS1128 (3%1) LVIS0855 (3%1)
LAF1103 (3%1)
aspartate ammonia-lyase aspA ND ND ND ND
iaaA ND ND LGAS1433 (2e-24) ND
asparaginase ansA ND LAR1782 (2e-45) LGAS0851 (3e-43) LVIS1836 (7e-16)
ansB ND LARI782 (2e-45)  LGAS0851 (4e-17)  LVIS1836 (2e-34)
asnA LAF1602 (1e-77) LARI767 (5¢-78)  LGAS1786 (7e-80)  LVISI1649 (7e-84)
asparagine synthetase LAF0646 (6e-73)
asnB LARI814 (2¢-38)  LGAS0135 (2¢-31)  LVISI501 (9e-40)
LAF1836 (4e-36)
fumA ND ND ND ND
fumarase JumB ND ND ND ND
fumC ND LAR1440 (3%1) LGAS0847 (3%1) LVIS0714 (3%1)
malate dehydrogenase mdh ND ND ND ND
malate:quinone oxidoreductase mqo ND ND ND ND
aspartate kinase lysC LAF0853 (3e-21) LAR0591 (4e-27) LGAS1078 (4e-21) ND
tate kinase /| i LGAS1075 (7e-18)
aspartate kinase /homoserine metl LAF1145 (3e-16)  LAR0591 (1e-12) ¢ ND
dehydrogenase LGASI1078 (6e-11)
aspartate kinase / hy seri LGASI1078 (4e-36)
aspariate €nase Fhomoserne thrA LAF0825 (4e-14)  LAR0591 (6c-38) ¢ ND
dehydrogenase LGAS1075 (1e-16)
aspartate semialdehyde
asd LAF0860 (4e-17) LAR0598 (1e-23)  LGAS1777 (1e-21) ND
dehydrogenase
4-hyds -tetrahydrodipicolinat
Ydroxy-tetrafly@rodipieotinate dapA LAF0857 (3¢-47)  LAR0595 (2¢-48) ND ND
synthase
4-hydroxy-tetrahydrodipicolinat
droxy-ietrahydrodipieoimate dapB LAF0858 (5e-17)  LAR0596 (9¢-20) ND ND
reductase
tetrahydrodipicolinate succinylase dapD LAF0855 (1e-13) LAR0593 (2¢-12) ND ND
N -succinyldiaminopimelate LAF0031 (3%2) LAR0041 (3%2)
amlnotr.ans.fcra-sc/N- argD LAF0136 (><2) LAR0597 (><2) ND ND
acetyldiaminopimelate LAF0859 (3%2) LAR0O715 (3¢2)
aminotransferase LAR1133 (3%2)
. S LAF1015 (6e-24) LAR0366 (2¢-19)  LGAS0439 (4¢-09)  LVIS0864 (2¢-25)
N -succinyl-L-diaminopimelate
R LAF0056 (2e-14) LARO1S1 (2e-15) LGAS1434 (1e-06) LVIS0192 (4e-22)
desuccinylase/N - dapE 3
L LAF1349 (9e-13) LARI224 (2¢-13) LGAS1128 (3¢3) LVIS0253 (1e-20)
acetyldiaminopimelate deacetylase 5 5
LAF0856 (3%3) LAR0594 (3%3) LVIS2269 (6e-19)
diaminopimelate epimerase dapF LAF0852 (le-14) LAR0590 (2¢-15) ND ND
diaminopimelate decarboxylase lysA LAF0854 (4e-38) LAR0592 (1e-40) ND ND
LAF0826 (2e-41
homoserine O -succinyltransferase metA 0826 (2e-41) LARIG676 (1e-33) ND ND
LAF0345 (1e-26)
) inyll ine(thiol)-} / LAF0973 (9e-77)
-succiny! Tomoscrmc . iol)-lyase metB LAF0814 (6e-69) LAR0281 (36-79) ND ND
O -succinylhomoserine lyase
LAF0815 (4e-60)
malY LAF0942 (4e-56) LAR1793 (6e-64) ND LVIS0300 (4e-59)
cystathionine B-lyase LAF0975 (1e-47)
4 4 metC LAF0814 (4c-41)  LAR0281 (2¢-44) ND ND
LAF0815 (2¢-37)
cobalamm-.mdependent melE ND LARI752 (7e-04) ND LVIS0258 (4e-04)
homocysteine transmethylase LAR1028 (0.012)
balamin-d dent methioni
cobaamin-cependent methionine metH LAF0828 (3e-15)  LAR0993 (Se-11) ND ND
synthase
homocysteine methyltransferase mmuM LAF0828 (9e-73) LAR0993 (2e-73) ND ND
methionine adenosyltransferase metK LAF1358 (e-134) LARI229 (e-134) LGAS0456 (e-137) LVIS1523 (e-138)
homoserine kinase thrB LAF1146 (1e-19) ND LGAS1074 (6e-16)  LVIS0548 (9e-14)
threonine synthase thrC LAF1144 (8¢-45) ND LGAS1076 (6e-47) ND
. . ilv4 ND ND ND ND
threonine deaminase
tdcB ND ND ND ND
LVIS0313 (1e-55
ilvB LAF1022 (2¢-56) LAR0126 (9e-52)  LGASI1893 (2¢-58) s (1e-55)
LVIS0491 (1e-52)
ilvN ND ND ND ND
Subunit of acetohydroxybutanoate ivG () LAFI022 (6e-54)  LAR0IZG (6e-51)  LGASIS93 (le-sa)  LVIS0491 (le-sd)
LVIS0313 (7e-47)
synthase / acetolactate synthase
ilvM ND ND ND ND
LVIS0313 (2e-50
il LAF1022 (7e-39) LAR0126 (le-44)  LGASI1893 (3¢-49) s (2¢-50)
LVIS0491 (1e-49)
ilvH ND ND ND ND
acetohydroxy acid isomeroreductase ilvC ND ND ND ND
dihydroxy acid dehydratase ilvD ND ND ND ND
braﬁchcd—cham amino-acid iVE LAF0347 (2¢-30) ND ND ND
aminotransferase LAF0922 (6e-30)
. LAF1827 (2¢-29)
threonine dehydrogenase tdh LAR1742 (6e-37) ND ND
LAF0943 (le-21)
2-amino-3-ketobutyrate CoA ligase kbl ND ND ND ND
threonine aldolase ltaE ND ND ND ND

%1 No hits in blast search but annotated genes are exist in genome database.

ND : not determined

32 ArgD in E. coli catalizes the amination of N -succinyl-2-amino-6-ketopimelate to yield N -succinyl-L,L-2,6-diaminopimelate, while asterisk-2 genes

are annotated by the function of ammination of N-acetyl-2-amino-6-ketopimelate to yield N -acetyl-L,L-2,6-diaminopimelate.

%3 DapE in E. coli catalizes the deacylation of N-acetyl-L,L-2,6-diaminopimelate, while enzymes encoded by asterisk-3 genes are predicted

to deacylate N-acetyl-L,L-2,6-diaminopimelate.
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Table 1-11

biosynthesis in 4 Lactobacilii

Orthologs for L-Glutamate, L-Glutamine, L-Proline,

and

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
glutamate dehydrogenase gdhA ND ND ND ND
glutamate synthase, large subunit gltB ND ND ND ND
glutamate synthase, small subunit gltD ND ND ND ND

. ybaS ND LARI188 (2e-40)  LGAS0507 (4e-41) ND
glutaminase

yneH ND LAR0237 (4e-31) LGAS0507 (3e-51) ND

LAF1203 (6¢-82) LAR00SI (4e-82)  LGASI088 (9e-79)

carbamoyl phosphate synthetase,

subunit card LAF0727 (7e-64) LAR0076 (3e-57)  LGASI1013 (1e-37)  LVIS0830 (5¢-64)
LAF1162 (2¢-62)

carbamov phosphate svnthetase LAF1202 (0.0) LAR0080 (0.0) LG4S1087 (0.0)

bt Yiphosphate syn : carB LAF0728 (0.0) LAR0077 (7e-82)  LGASI012 (e-118)  LVIS0829 (e-104)

) LAF1161 (1e-78)

CTP synthase pyrG LAF0202 (e-168) LAR0221 (e-173)  LGAS0226 (e-158)  LVIS0487 (e-166)

GMP synthetase guad ND LARIS10 (e-164)  LGAS0231 (e-161)  LVIS1759 (e-161)
LAF0646 (6e-73

asparagine synthetase asnB (6e-73) LARI814 (2e-38)  LGAS0135 (2e-31)  LVISI501 (9e-40)
LAF1836 (4e-36)

glutamine synthetase gln4 LAF1275 (2e-70) LARI135 (3e-76)  LGASI379 (6e-66)  LVIS0990 (2e-82)

aspartate transaminase aspC LAF1051 (>:<1> LAR0597 (3%1) LGAS1128 (3%¢1) LVIS0855 (3%1)

LAFI1103 (3%1)
. . puuE LAF1619 (2e-61) LAR0189 (9e-64) ND ND

4-aminobutyrate aminotransferase

gabT LAF1619 (5e-58) LAR0189 (8e-60) ND ND

LVIS1847 (e-109)
lutamate decarboxylase A dA ND ND ND
glutamate decarboxylase ga LVIS0079 (56-84)
LVIS1847 (e-109)
lutamate decarboxylase B dB ND ND ND
glutamate decarboxylase ga LVIS0079 (16-84)
NAD+- 1
D+-dependent succinate sad LAF0045 (4c-89)  LAR0033 (7e-94)  1GASI626 (1e-85)  LVIS0323 (3¢-85)
semialdehyde dehydrogenase
NADP+- i
DP+#-dependent succinate gabD LAF0045 (4e-68)  LAR0033 (8¢-70)  LGASI626 (7e-62)  LVIS0323 (6e-61)
semialdehyde dehydrogenase
2- 1
oxog}utarate decarboxylase, sued ND ND ND ND
subunit
2-oxoglutarate decarboxylase,
<ubut sucB LAF1138 (2e-44) LAR0610 (1e-51) ND LVIS1408 (4e-50)
lipoamide dehydrogenase Ipd LAF1137 (1e-91) LAR0661 (7e-82)  LGASI554 (2e-41)  LVIS1407 (4e-78)
succinyl-CoA synthetase, B subunit sucC ND ND ND ND
succinyl-CoA synthetase, o subunit sucD ND ND ND ND
lutamate-5-semialdehyd
gutamate-s-semialceyde prod LAF1356 (e-109)  LAR0334 (e-102) ND ND
dehydrogenase
y-glutamyl kinase proB LAF1357 (4e-41) LAR0335 (8e-42) ND ND
pyrroline-5-carboxylate reductase proC LAF1394 (1e-30) LAR0333 (1e-31)

LAR0032 (2¢-25) ND LVIS0538 (2¢-82)
proline dehydrogenase putd LAF0045 (2e-25) LAR0333 (2e-26) ND ND
N-acetylglutamate synthase argA LAF0725 (3%1,3) ND ND ND
acetylglutamate kinase argB LAF0724 (le-14) ND ND ND
N-acetyl, Iphosph:

acetylghtamylphosphate argC LAF0726 (2¢-42) ND ND ND
reductase
LAF0723 (7e-61) LAR0041 (3%2)
- . LAF0031 (3%2) LAR0597 (3%2)
acetylornithine aminotransferase oD . . ND ND
v ars LAF0136 (%2) LAR0715 (3%2)
LAF0859 (3%2) LARI133 (3%2)
LAF0056 (3e-25) LAR0ISI (1e-24)  LGAS0439 (5¢-09)  LVIS0864 (8¢-29)
acetylornithine deacetylase argE LAF1015 (4e-25) LAR0366 (5e-19) LGAS1434 (1e-04) LVIS0192 (1e-22)
LAF0725 (3%3) LAR1224 (3e-08)
ithi ftransf
::ilm qu carbamoyltransferase argF LAF0298 (e-110)  LAR0419 (e-106) ND LVIS2026 (9e-86)
ithi bamoyltransf
:hmalm Te carbamoylransierase argl LAF0298 (e-105)  LAR0419 (e-104) ND LVIS2026 (4e-86)
argininosuccinate synthase argG LAF1625 (7e-24) LAR0702 (2e-27) ND ND
argininosuccinate lyase argH LAF1625 (e-110) LAR0703 (e-118) ND ND
arginine deiminase ND (3%4) LAF0300 (3%4) LAR0435 (3%4) ND LVIS2027 (3%4)

%1 No hits in blast search but annotated genes are exist in genome database.

%2 cf. Table 1-10 32

#%¢3 LAF0725 is annotated as bifunctional ornithine acetyltransferase/N-acetylglutamate synthase protein
$4 E. coli has no orthologs of arginine deaminase, while 3 Lactobacilli have those coorespondences.
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Fig. 1-3 The biosynthetic pathway for L-Histidine in E. coli
Abbreviation: PRPP, 5-phospho-a-D-ribose 1-diphosphate; AICAR, 5-amino-1-(5-phospho-D-ribosyl)

imidazole-4-carboxamide; IGP, D-erythro-imidazole-glycerol-phosphate; KG, 2-oxoglutarate.

3-phospho-D-Glycerate

serd
>l serC
KG
i serB
tdeB/tdcG/sdaA/sdaB
L-Ser » | Pyruvate
cysE
i gly N
lcysM/cysK
L—Gly cysM/cysK/metC/tnaA/malY
THF L—Cys
iscS
5,10-methylene gevP/gevH/gevT/ipd \
-THF
NH L-Ala
3

Fig. 1-4 The biosynthetic pathway for L-Serine, Glycine, and L-Cysteine in E. coli
Abbreviation : KG, 2-oxoglutarate; THF, tetrahydrofolate.
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Pyruvate

i [ilvB+ilvN]/[ilvG+ilvM]/[ilvI+ilvE]

ilvC
{
KG i ilvD
alaA/alaC KIv
L-Glu
=
iscS L-Val leud
L-Ala |[«———|L-Cys
[leuC+leuD]
1 alr/dadX
l [leuC+leuD]
D-Ala
l leuB/tyrB
dadA
i KG i(spontaneous)
Pyruvate ‘E /
b L-Leu KIC

ilvE
Fig. 1-5 The biosynthetic pathway for L-/D-Alanine, L-Valine, and L-Leucine in E. coli

Abbreviation : KG, 2-oxoglutarate; KIV, 3-methyl-2-oxobutanoate; KIC, 4-methyl-2-oxopentanoate.

erythrose-4P+PEP
i aroF/aroH/aroG

i aroB
i aroD

aroE/ydiB
aroL/aroK
trpD v [trpE+trpD] i aroA
trpC i aroC
v
trpC tyrA/pheA

chorismate

»
wpa | phet " ord
A 4
e ivE/

\4 XG aspC/ aspC/ KG
L—TI'p tyrB tyrB
tnaAd
i L-Phe L-Tyr

Pyruvate+Indole

Fig. 1-6 The biosynthetic pathway for L-Tryptophan, L-Phenylalanine, and L-Tyrosine
in E. coli

Abbreviation : KG, 2-oxoglutarate; erythrose-4P, D-erythrose 4-phosphate; PEP, phosphoenolpyruvate.
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dh A/fumB/fumC
OAA %J'M fumarate

G «— aspC NH3‘\I aspA
4 iaaA/[ansA+ansB]

A

L-Asp | » | L-Asn
asnA/asnB
llysC/melL/thrA
metL/
i asd thrd - thrB thrC tdh
———p| L-homoserine » L-Thl' - -
dapA metA kbl
ilvA/tdcB i lak:
Jaws -
dapD metB [ilvB+ilvN]/ y
v malY/ [ilvG+ilvM]/
;> argD me,cl [ilvI+ilvH]
KG

T i e |
metE/metH i ilvD i
[ dor oty
KG

i A L-Met ilvEl
metK
L-Lys S A‘;\/I L-Ile

Fig. 1-7 The biosynthetic pathway for L-Aspartate, L-Asparagine, L-Lysine,
L-Methionine, L-Threonine, and L-Isoleucine in E. coli

Abbreviation : KG, 2-oxoglutarate; OAA, oxaloacetate; SAM, S-adenosyl-L-methionine.

Succinate

sad/gabD
L-Pro JeadA+ I[ sucC+sucD]
utd gadB] - T[sucA +sucB+Ipd]
meT X GABA
(spontaneous) KG
(spontaneous \ pqu/gab T
\qﬁA ad [gltB+gitD]
proA aspC L-Asp
5 or L-Cys
pro <
T P ybaS/yneH/[carA +carB]/pyrG/guaA
argB l -
L-Glu| asnB L-Gln
argC I | L-Asn I— | L-Asp I
argD glnA g

rgF/argl
et LA
carB]
L-GIn

Fig. 1-8 The biosynthetic pathway for L-Glutamate, L-Glutamine, L-Proline, and
L-Arginine in E. coli

Abbreviation : KG, 2-oxoglutarate; GABA, 4-aminobutyrate.
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Table 1-12 The summary of the assay of amino acids auxotrophy and the information of

genome database in 4 Lactobacilii

Omitted L. fermentum L. reuteri L. gasseri L. brevis
Amino acids growth test database growth database growth database growth database
L-Histidine \Y% possible N impossible N impossible N impossible
L-Serine \Y% possible N impossible N impossible N impossible
L-Cysteine \% possible \Y% possible N impossible N impossible
Glycine v possible v possible N possible N possible
L-/D-Alanine \% possible \% possible \Y% possible \Y% possible
L-Valine N impossible N impossible N impossible N impossible
L-Leucine N impossible N impossible N impossible N impossible
L-Tryptophan N impossible N impossible N impossible N impossible
L-Tyrosine N impossible N impossible N impossible N impossible
L-Phenylalanine N impossible N impossible N impossible N impossible
L-Aspartate \% possible \% possible \Y% possible \Y% possible
L-Asparagine \'% possible \'% possible \'% possible \'% possible
L-Lysine \'% possible \'% possible N impossible N impossible
L-Methionine N possible N possible N impossible N impossible
L-Threonine N possible N impossible N impossible N impossible
L-Isoleucine N impossible N impossible N impossible N impossible
L-Glutamate \'% possible \'% possible \'% possible N impossible
L-Glutamine v possible v possible v possible v possible
L-Proline \Y% possible \Y% possible N impossible N impossible
L-Arginine N impossible N impossible N impossible N impossible

1 The results of growth tests were represented by the following abbreviation: V, viable; N, nonviable.

$%2 The case that all genes required for byosynthesis of an amino acid are exist in genome database is represented by "possible",
while the case that more than one gene are missig is represented by "impossible".

$¢3 Bold and underlined type represent the discrepancy between the results of growth test and the information in genome database.

Table 1-12 (TR L7z K 91T, Hfiim & L TiE, REERMFMOR R E T ) 2T —Z_X—2AD
FERITIEFETVEIIBE 2072, LTI, 7 AT — 2 _X— R L BRMFHIA T G L7 R
IZOWTHEKR T ISR Lz, (D7 2 JBRIZHOWT, 7 AT —F_—2 L TIIEAME
BFDH > TORODWDIZXK L, DT X BRIFIEERMETH D] & S FT LR O "l REME DS
AZHREFITIFIERNE B X DN, #HST 7 A RICBEEB T3> TWDHDICH L5,
ZOHLOOERMEZRL TLEIERITWSONFEELT,

1-2-3. 7 X ) BRERMEFHMAFS R - L. fermentum, L. reuteri -
AFF=v AvF=v IV

Table 1-12 {ZRT K 912, AFA=1TDOWT, L. fermentum MO8 L. reuteri 1358 FRAZ B
REEBETFOEY FEHA TWDINERMEZ R LI, MFIZOWT, ATFF=VIEFHEEMIC
homoserine B\ M E A T4 = > ORFIER{AR T H 5 homocysteine % 0.8 g/L DI THM LAEF G-
EATH 120, EBITRBO LN o7-Z L35, homocysteine 705 A T4 =2 DR A 9
LAF0828 <° LAR0993 ) pseudogene T 5, F 721X BIOFERE & FFOIR T CTh D AlHEMEN S 2.
537223 homocysteine K> homoserine F & D% E HEOMIFEN ~D LV IAH DRIE HE 2 i,
frimmlXE X HE 2o T,

F£7-. L fermentum \ZBA L CTIE A LA = ANZHOWTH [AERRICAE SR ELR O v P &2 T
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WODERMEZ R LT, ATFA=VERELRA VA= BEREEZRT L, £ VU
DWTITIERMETH D Z &, metl DAINY 0 7 LAF1I45, OV thrd DAY 0 T
LAF0825 |3 aspartate kinase {514 13£F-27%, homoserine dehydrogenase {& I3 FF 7= 72\ 0, F£72
WEFEFIZT OO E Ly, —FH T, A LA = IEESHEHIZ homoserine % 0.8 g/L D
TR UAEB T ZAT - 723 EB IR bNR o T2lo, thrB DAY 1T LAF1146 )&
W thrC DAY a7 . LAF1144 3 &RE % K- 7= pseudogene, F 7213 OHREZ AT 5851
ThHDHAMMEMERB 2 LD, AT A= OFF LA, homoserine H AADZEEMESCHL Y A A
DETHREmIZAATH 5,

FROREEEMTDT-DICEAN Y 0 T OMEEZHEND DVLEIIH L0, OB X T E
LT, TANRTGEXUBNS YV, ALF =y AF A= CEDLREIE. Fig 1-7 18T X
IEBOBRBENERL TNDH I L EDHERELERDNETH D, E coli ITBWT, £7
TBRIE. EN S OGO EIZTT 4 — Ry ZHEFE L & 29, fAFRpI& LT,
VL lysC %, AVE =13 thrAd, thrB %, AT F=1F metd #EFETH 2 ERHbN
TWb, ZIHD L. fermentum X° L. reuteri \IZH 4TI ED ETHIE, A T4 = 2EFE 20
EEHUZBWTH AL A =00 AT LY BRasHE (ysC AvY a7 0 LAF0853, metl 7
VY ay  LAFLI4S, thrd VY a7 LAF0825) S 57120, AF 4= AGRIBE T %1
ZTCWTHATF A=V ERMEZ R LT AREMEN B X bivd, £72. L. fermentum 3 A LA =2
FURMAZ R LIERERBARE T, AT A =0VU U2 X % aspartate kinase DFHED 2 L T
WD AREMENRZ X HIvD, U VB L CERMEZ R 202> 72 DI, aspartate kinase {4 %
HITDESNDIEBEREOF T, lpsCANY 0T ThD LAF0SS3 DFEWNTEE L CTHEREL T
D10 EBEZDENTED, EBE. 7/ LT — % X— R T aspartate kinase &7/ 7T —
3SR TWD DX LAF0853 DR T, LAF1I45 2O LAF0825 1% homoserine dehydrogenase
ET T aryENTEY, BRI Y DU E A BRIE aspartate kinase (#2237, A
VA= ATF A= AR TERNWEBZ X BND, E£72 L. reuteri \ZBI LTI aspartate
kinase & L CAEET % DIX LAROSII DHTH Y . TOFEMINY VoRAVF =T8> T
4= Ry VHFEZZITHARERB X biILD, LLRBL, FiRO X I ICAFA=3F
& AR5 HIZ homoserine K> homocysteine Z i L CTHAEF L2 > BLRIZOWTIX, E coli

DAEGHRREEN OHERS 2 7 4 — Ny ZHE L@ 2 Z LT TE R,
TNEIVE TNEI

Table 1-11 & U\ Fig. 1-8 127”8 T X 912, L. fermentum \Z8B\T, —fRANZ 7 VH I U RE £
BT D FHERK EE 2 b5, 2-oxoglutarate 0 VX I VEREEAKRT DI NE I
7 e ke r—tEotryas ROINALI VI ITVE I VEEERRT D743
FTBRINE IVBERBEROA N 0 L T AT = R—= R BT FE LR, L
22U, L. fermentum X, 7 V5 I VERIESHAEHIZE T a2y ha— L ERSEOEFEZRL
oo 70U NS DSIERE (putd TV 1 7T D LAF0045) DIFAENZE L T 5 ATHE
PENBZ N2 TNVE I Vg IV E IO EMA IR WEITCIIAET L) -7 (data
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not shown) 729, TOFREITFNWEZ X OND, TNZ I UBOHZZIMAIRNEETIX,
W72 7 B 2 A A RRITAT O IR WA, card+carB., pyrG. aspC DAV Y v 7 )8F1E (Table
1-11) 725720, BBEOESHBRESE ATV « TANRT X UARKRRKE T VY I v
WI NG I VBRICEBSND Z & TONE I VB, FiZiZ7 vl »inbosyfiEsd
BRNRN S b FET 5L TERNRARIC R ToOTITEHESND, —HTINE I VR
DOFTHIRRIE D RIREMESC gld ANV a TN TNV E I Ve TNV A IV OHEERTEDHZ LD
STz, TD=® glnd /v v 7 LAF1275 (JEX L R7) ORI N in vitro T DR
BTN, RS TE PR Lc GEBIRAZER L, 8L E T3 (data not shown))
BV VRTAL

%2, L. fermentum D&V >« AT A L OFERIZOWTEET, Table 1-12 (277 X 51
T Y UIRERME, VAT A VIFERMETH TN, B L EVATA BT R E LR
B CIZAEBFNRD Hiv7e -7z (datanot shown), & U SV AGKIZOW T, B VRV
AT A »FEAEE T T 3-phospho-serine (& YV »HiBEIA) ZIRINT % &4 F L7z (data not shown)
Z B, serB AV a FIIAFIE LR DD 0D phosphatase 2MERE L& U > DAEARRIZ
FHLTWDEEZ BN, serd « serC DAY 1L LT LAF0769 » LAF0768 HMF1E L,
72 Ser ZEFERVEIEI Y X I Bo AR & OD A 1~2 FIREICETTS

(aminotransferase & S41%5 LAF0768 OIEMEIME T L7z & HEZZ, O F V1% LAF0768 DHERE?
fal 2 %) mLY., B%F 6L L fermentum 13 Fig. 1-4 |27~ 7 K 9 (2 3-phospho-D-Glycerate 7> 5 &
Vo2 ORBEEA L TWD LHIEND, VAT A VERKIZHOVWTIE, &Y v
SAEBARENDRE (cysE. cysM, cysK DFF VY 1 ZI8EAE, Table 1-7) WNfFAEL, T
I, FEMTIEZRWEZ X BLDHD, ¥ AT A L8 cysteine desulfurase DWW HIZ L VD L-Ala 7>
SRR &I D WTREME (iseS AV 1 7 Table 1-8 }2 UNFig. 1-4) 2. mmuM 2 /v > 7 7 : LAF0828
WZED AT A= B4L5HTHAH D L-homocysteine 73, cystathionine B-lyase <° cystathionine
y-lyase ZI L CU AT A NTEBMIND ATREME (metB AV Y & 7R malY/metC F /v v 7
Table 1-10 X OV Fig. 1-7)) %, 7/ AT —HA X=X LV fEH Z LN TE D,

U VAT A UERS AR LARWEEICE L CIEARRZE 2T TR0V, ALERE
TR ROT IV BEEZFHLTEFL TS Z 2 EE X, UTO LI ICELE (Gh)
L7z,

[L. fermentum 1% D-glycerate 3-phosphate 7> 52 U &£ AB T D de novo #&iH % . 1= E/L
EURA XY RIS VAT A EERKT D de novo EES - FFODY, WL, BN
WTINHZDORNNTEL , EBERIZITEY VO VATA UVOMBEEROTFGRRE N, B~
LI ATA B RWGEE, EBorOT IV RICOWVTAETIC T RBEAERKT D Z LR
TER,

LINLRNR D eysE ANy a7 & LTEITTWD LAF0855 1X cysE & OFHFEIMENE L (Table
DT BT —H = AT OBERE & FFOi8 {5 1 (tetrahydrodipicolinate N-acetyltransferase,
dapD A /v v 7 Table 1-10) &7 /7 —arITWb, U AlonWTli, EFiHE
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DFERE T ) BT —H _XR—=ZA L OEAPEIZEIL TS (Table 1-12) 728, LAF0855 i3V ¥ v
DEBRITHIL L STV D AJEEMEIZE N, LAF0855 1% dapD & OFFEME & & 1E S
WS, ZOBEH & LT, E. coli D541 DapD 23 succinyl-CoA % H T tetrahydrodipicolinate
A7 = AET HDITxE L, LAF085S I3 acetyl-CoA Z HHWWC T T /(b3 5 & FREINT
BY., TOBEOPHEEORK I Z KM L TWDLZENEX LD,

LAF0855 D FEM) N | Z2BRIT L-serine + acetyl-CoA & O-acetyl-L-serine + CoA D 5 iz % 1> T
WHMNE D N ERERT D HBYT CysE LT LAF0855 OfEHL 7 X7 ZHUG L., BERMIG AT
ST, WESE U= Bikk % Table 1-13 |2, SDS-PAGE O % Fig. 1-9 1k L7z, 2@V OfF 1 -
Ry B —=F A LB, WTNOGE IR L7l aliRE I W TRELDGED vl o
b, FNHO ) BIEEIZ TB-1, X7 X —|Z pMAL-c2x Z i H L7-#k%& T, N K2 MBP

(Maltose Binding Protein) 23N S 74l & # o 37 OFERIEEE 2 s L7 (Fig. 1-9), B
B EEELZ AN T ImM E Y >, 1 mM 7 EF /L CoA, 50 mM Tris-HCl (pH 6.5) f#1E
TC, 100 pl, 37°C, 12 KR OEEE G 21T - 726G R, HPCL /3#7i2T7 & F /L CoA D B —
7 OO N CoA B— 27 O BRI - (Fig 1-9), T L OREF LD LAF0855 23
U OT BT ALER D MRS RIE SN, KILE DT T HOWTT X BT
AT o ThER, LAF0855 & DOIGHEY) & LT O-acetyl-L-serine OAERITFRD L0 -7-,
F 72 O-acetyl-L-serine & CoA 7 b OGS b ERT 5 Z & 23 T & 727> 72 (data not shown) .
LAF0855 73t U /1%t L acetyltransferase {EVEZ R T E ) NIARBDOEE THY | S%ER
HIRFEDLETH 5,

Table 1-13  Strains for the expression of CysE and LAF0855

Target Expression vector Host The result of expression
[fraction]
cysE pQE-30 MI15[pREP4] OK [supernatant]
pMAL-c2x TB1 OK [supernatant]
LAF0855 pQE-30 MI15[pREP4] OK [supernatant]
pMAL-c2x TB1 OK [supernatant]
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lane Sample

123 Mns 36078 9 10 M  Prestained Protein Marker, Broad Range (NEB)
80 1 pPMAL-c2x:LAF0855,1PTG 0 mM, crude
. ;;;/.‘_/s” XK K K 2 pMAL-c2x:LAF0855,1PTG 1 mM, crude
58 3 pPMAL-c2x:LAF0855,1PTG 1 mM, supernatant
46 = 6v s 4 pMAL-c2x:cysE, IPTG 0 mM, crude
5  pMAL-c2x:cysE,IPTG 1 mM, crude
30 30 6 pMAL-c2x:cysE, IPTG 1 mM, supernatant
e 25 25 7 pPMAL-c2x:cysE, IPTG 1 mM, purified fractionl
' 8 pMAL-c2x:cysE, IPTG 1 mM, purified fraction2
(kDa) (kDa) 9 pPMAL-c2x:LAF0855,1PTG 1 mM, purified fractionl
10  pMAL-c2x:LAF0855,IPTG 1 mM, purified fraction2

Fig. 1-9 The expression of CysE and LAF0855 using pMAL-c2x

The indicated constructs were transformed individually into TB1.Cultures were grown in LB plus
glucose at 37°C to an OD600 about 0.5. Target protein expression was induced by adding IPTG to a final
concentration of 1 mM. Cultures were continued at 30°C and harvested by centrifugation between 4 and
8 hours after induction. Lysates were produced by sonication (crude samples) and centrifuged to obtain
supernatant, followed by purification of MBP-tagged protein by Amylose resin (NEB). Approximately
molecular weights of CysE, LAF0855, and MBP are 29.3 kDa, 24.7 kDa, and 42.5 kDa, respectively.

None MBP-CysE MBP-LAFO0855

2200 2200 2200

acetyl-CoA CoA| CoA|
1600 Y 1600 \ 1600 \
=] =] =]
= = =
g 300 B 800 E 800
e — I AN A . 0. o i AN i L 0- S S L — —
[ 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (min) Time (min) Time (min)

Fig. 1-10 HPLC analysis of the reaction with recombinant CysE and LAF0855

A reaction mixture (100 pl) containing 50 mM Tris-HCI buffer (pH 6.5), 1| mM L-Serine, 1mM
Acetyl-CoA and 4 to 10 pg of the purified recombinant enzyme was incubated at 37°C for 12 hours. The
reaction product was subjected to HPLC analysis. The analytical conditions were as follows: Merck
Mightisil RP-18GP Aqua column (250 x 4.6 mm); temperature, 30°C; detection, 230 nm; mobile phase,
20 mM potassium phosphate:acetonitrile = 100:0 for 5 mins, a linear gradient to 92:8 for a following 1
min, 80:20 for 7 mins, 20:80 for 1 min, 100:0 for 1 min, and 100:0 for a addtional 8 min; flow rate, 0.8
mL/min.
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1-2-4. 7 X ) BRECRMEFHAMAS SR - L. gasseri, L. brevis-
A%

L. gasseri &N L. brevis \ZBWNT, glyd AV v ZINEAE (LGAS0256 Jo (N LVISI287) T %
DICHEAOLT 7Y o OFRMZR LT, WALV Y 07D glyd L OMERPEILE < (Table
1-7), glyd ANy a 7R L TWDH ETRRIND (F U v ERkEEZ RS e oT2) L
fermentum, L. reuteri DAV v 7 L LT HINL o7z 1 IRELH] EOEW TR0~ 7 (Fig.
1-11), L. gasseri, L. brevis \(ZBWTIE, AL A =0 b7 ) 2 ~OfREE (tdh, kbl, ItaE)
DAY v 7 HIFEE L7220 (Table 1-10, Fig. 1-7), BV E VCEROTNN EHREE 1 g/L~20 g/L) .
BV AV =0 VAT A OB (%7 X BEO¥E &2 RN I, KEIEE 0.8 g/L)
Wilg 7 > E=0 AOEIMEMN FERE 10 gL) 27078 EFIXRO T, 77U U ER
MEOHE ZET Z L IXTE 2oz, —FH T, E. coli IZHBW Tl glyd mRNA O 3K DA
23 HE ORI - Tuv%  (Plamann et al., 1990) & X4, L. gasseri S (N L. brevis (23T
& [FER DBERESAFAE L, A R B R MR 21T - 725588 54 © mRNA O R % 103 o 7o
DOoh LR, WFRIZHE XL, KO FEMIIHREET 27201203, 5 ORISR I
K% invitro TORISRFI N LTI D LEZ HLD,

TANRGRY « TANRG X B

Table 1-10 (27~ L72 & 91T, L. gasseri &2 OX L. brevis |23\ T4, aspartate aminotransferase,
asparaginase, asparagine synthetase DA /LY BV WHELET D12, T ANRT X UERRT AR
F AR THEFTRRBO NN, M ERWNTCGEIIETRRD bR oT

(data not shown), 7 < /VEED b DHPLFEHFERS Td 5 aspartate ammonia-lyase DA /L Y 1 7 1347
FE L7223, aspartate aminotransferase O A4 /LY 0 ZINFAET S 7280, A%V 0 FEER) 5 7 A
NI XUBBHE SN AL T TH Y . HIZIF asparagine synthetase 4 /v Y B 72 LD T ART
FUHMIEFRETH DD, T—FRXN—ANLBER DL LT ARTIFUMLET ART X 2t
ICEERVWEHICHAFTITRRO NI T Th b, EFHAICHZY, ZJF I BOMEE
(FAIRFE 0.8 g/L) oA XV o RO (FEIREE 0.4 g/L) #4772, FERICAEFITRD O
Nipinoic, ZOZ L) | aspartate aminotransferase & 7/ 7 — 3 3 U XL TV D LGASII28
KO LVIS0855 DFEWIE, A F Y nFigz BEIC TSRV aRENAE L b5, mHEIT
glutamate-pyruvate aminotransferase (L-Ala ZE 5 %) < phenylalanine/tyrosine aminotransferase &
LTHERATH SN TEY, ERIITAT Y affig~7 I A2 BT 5 2 LiETEin
(BOWIEFITIEMEDMEVY) Ovh Ly, SEMA LI 21213, BEREEER L, 7
X FEREDORONDITE LRSS D &V ol invitro DIRFERLE L EZ B,
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* *k kg kg kkg  kkkkkkkk Kk ok kkkk kkkkkkkkkk

LAR0445 G : DAVRE PN 56
LAF0430 KEVA P 56
LGAS0256 G DA Pg 56
LVIS1287 HAVRT. P 56
Glya PRVMQ. P 61

* kkkkkkk kkohkk k Kk kkkkkkkkkkk kk kokokkk kkk o

LAR0445 FI A G QALLKPGDVILGMG 117
LAF0430 I ! QALLKPGDTILGM 117
LGAS0256 I A NALLKPGDTILGM 117
LVIS1287 I A QAVYAAFLKPGDTILGMG 117
Glya AK FAVYTALLEP LGMNLA 122
khkkkkkko kkkkkko oo * ., * ke . * o skgokgs K kkkk ok
LAR0445 AGG A GKLYK GLNPDTEEL 178
LAF0430 GRLYH ELSP L 178
LGAS0256 G P L 178
LVIS1287 S¥ALNP L 178
Glya IVPYGID- I 182
* ek kkk  ckkkkokkkkkokkkkk ok ok ko * kkkkkkkkkk *****:**:ﬁf
LAR0445 WQAFRKI GAYL IAGLV. PEPLPI LRGPRGGMILSK- 238
LAF0430 WDKFRQI GAYL IAGLV. PNPVPV. LRGPRGGMILSK- 238
LGAS0256 FREI GAYL IAGLVATGAHPSPIPV. LRGPRGGMILSN- 238
LVIS1287 FRSI GAYL IAGLVATGLHPSPVGI LRGPRGGLILSQ- 238
GlyA W. IADSIGAYL AGLVAAGVYPNPVPHAH LAGPRGGLILAKG 243
X >;< *ookkohkkk kkkkk hkkk k¥k k. ¥
LAR0445 -STEL VFPGIQGGPL KAQAF 298
LAF0430 -SEEL VEP PL KAQAF 298
LGAS0256 -NKKL LFP PL AAKAQAF 298
LVIS1287 -AEN-AKK VFP PL AAFF 297
GlyA | LYKE VFPGGQGGPL RAVALK 304
ckhok Kk kkkg kg s kkek: k_ kk _kkgook o kkk kkkok,
LAR0445 G LTKTGL A Ip) PFIESGLRI 359
LAF0430 G L L AQA IP) PFVISGLRV 359
LGAS0256 G ITE PFITSGLRI 359
LVIS1287 G L PFKESGIRL 358
Glya G vV 364
LAR0445 411
LAF0430 411
LGAS0256 411
LVIS1287 413
Glya 417

Fig. 1-11 Alighnment of GlyA in E. coli and its orthologs in Lactobacilli
ClustalX 1.83 program was used to perform alignmet of 5 protein sequences. The position of asterisks
showed amino acids, which the ortholog of L. fermentum, L. reuteri and GlyA in E. coli has in common,

but the ortholog of L. gasseri and L. brevis has another.
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1-2-5. BRRWE OBERUFHlRER -2H-

RV TH RO R E D ERIEIZ DN T, BRBIEESCX 7 VAV R X7 VAT NE
EHOWCHHEiZIT>7-, 7 X /D Single-omission aFli OFE & FIEEIZ, MRS B7#i TR 2%

(37°CHiv T 30°C T 1~2 HFIAEEER) 217\, 1 - YEF%. LSP EHUSAERE LT 1~3
HRRE Lz, RIS, BERAWE DOERRIZ OV TIE de novo #%#5 & salvage F&I& N FIET
Dz, afk L U CIIEMERREIRIR 2SR S 115, REMIC V72 Lactobacillus 4 BREIZ B LT
I%. Table 1-4 (TR L7 8 DOBEE - HEHSAA IR 5 Z & CTHORAERZ R LT, BORMERE
flilZ &7 > TlX, F 7 Adenine, Guanine, Uridine, Cytidine, Thymidine ® 5 2% ¥l L7285
HiEzX—2L L, ZNbHE 1 DT DMWY RS Z e AEFHIA DTz, HV T, LB
C T Adenosine, AMP, ADP, ATP. Guanosine, deoxyguanosine, GMP, GDP, GTP, Inosine,
deooxyinosine, IMP, XMP, hypoxanthine, Xanthine, Xanthosine, orotate, Uracil, UMP, UDP,
UTP. cytosine, CMP, CDP, CTP. deoxyuridine, dUMP, dTMP % #&¥E 7% 50~300 mg/L &
D ETEIML, AFHIATT o T,

KRR E D AEA Y (Fig. 1-12~1-14) OZNZID Step DALY 7 7 DA BIZOWN
Tid Table 1-14~1-16 (IR L2 Y TH Y, 5 OFFH & REEORMEFHIORG R & Table
1-171F i, Ay a 72 L T 7 2/ BORE L& FERZ . KEGG (http://www.genome. jp/
kegg/) @ pathway f&E#. M X KEGG ¥4 . DDBJ @ GIB ¥ b (BHgHT) H34Eft3 % Blast
5k (BLASTP) #ZE&|ZK5# L7z, BLASTP (ZH1) 2B IThSINCIL E. coli K-12 MG1655
PR @ Protein Sequence & N, £ HITxTT 544/ Y 1 7 D E-value % Table 1-14~1-16 [T/~
L7z,
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Table 1-14 Orthologs for IMP biosynthesis from D-Ribose-1P in 4 Lactobacilii

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. _brevis
phosphopentomutase deoB ND LAR0106 (5¢-82) ND LVIS1594 (5e-81)
phosphopentomutase pgm LAF 0350 (2e-19) LAR0369 (6e-22) L GASI319 (2e-15)  LVISI907 (1e-18)
ADP-ribose pyrophosphatase nudE ND ND ND ND
adenosine nucleotide hydrolase nudF LAF 0584 (3%1) LAR0580 (3%1) LGAS1194 (3%1) LVIS1439 CX1)
phosphoribosylpyrophosphate ” LAF 0196 (2e-91) LAR0212 (6e-93) LGAS0212 (7e-90) LVIS0476 (2e-91)
synthase o LAF 0594 (2e-75) LAR0589 (4e-74) LGAS0101 (6e-60)  LVIS1430 (4e-71)
amidophosphoribosyltransferase purF LAF 0128 (7e-86) LAR0O135 (4e-84) ND ND
phosphoribosylglycinamide
synthetase phosphoribosylamine- purD LAF 0132 (1e-86) LAR0139 (2¢-82) ND ND
glycine ligase
phosphoribosylglycinamide purN LAF 0130 (3e-30) LAR0137 (3e-35) ND ND
formyltransferase purT ND ND ND ND

hoshoribosylformyelveineamide LAF 0127 (2¢-30)  LAR0134 (5e-25)
phosp yrormyrey purl (3%2) LAF0126 (4e-15)  LAR0I33 (8e-14) ND ND
synthetase . .
LAF0125 (1) LAR0132 (%1)
hosphoribosylaminoimidazol
phosphoribosylaminonmicazole purM LAF0129 (5¢-79)  LAR0136 (9¢-82) ND ND
synthetase
5 P 2e-4 _4
N’ -carboxyaminoimidazole purk LAF 0119 (2¢-40) LAR0129 (3e-40) ND LVISI635 (de-11)
ribonucleotide synthase LAF 0447 (8e-09) LARI1357 (1e-07)
5 . P
N" -carboxyaminoimidazole purE LAF 0118 (9¢-33)  LAR0I28 (2¢-36) ND ND
ribonucleotide mutase
phosphoribosylaminoimidazole-
. . purC LAF 0124 (5e-42) LARO131 (7e-47) ND ND
succinocarboxamide synthetase
adenylosuccinate lyase purB LAF 0120 (2¢-18) LAR0I30 (2¢-20) L GAS0391 (7e-23)  LVIS0228 (7e-22)
AICAR (3%3) transformylase purH LAF 0131 (e-133) LAR0I38 (e-140) ND ND

%1 No hits in blast search but annotated genes are exist in genome database.

ND : not determined

#%2 In E. coli, phosphoribosylformylglycinamidine synthase is composed of a single polypeptide chain, while in Lactobacilli three subunits

(the otrhologs of purL, purQ, purS ) are presumed to be requried for those function.
#%¢3 Abbreviation: AICAR, 5-amino-1-(5-phospho-D-ribosyl)imidazole-4-carboxamide.
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Table 1-15  Orthologs for purine metabolism in 4 Lactobacilii

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis

adenylosuccinate synthetase purd LAF 0044 (e-115) LAR0066 (e-104) L GAS0390 (4e-99) L viS0227 (e-134)
adenylosuccinate lyase purB LAF0120 (2e-18) LAR0130 (2e-20)  1LGAS0391 (7e23)  LVIS0228 (7e-22)
adenylate kinase adk LAF 1494 (2e-44) LARI373 (3e-45)  1GAS0311 (1e-36)  LVIS1669 (2e-44)
nucleoside diphosphate kinase ndk LAF1008 (1e-23) LAR0192 (2¢-25) ND LVIS1367 (3e-22)

vate kinase pykF LAF0868 (e-113) LAR0722 (e-116) L GAS0882 (e-120) L VIS0765 (e-115)
pyr kA LAF0868 3e-78)  LAR0722 (4e74)  1GAS0882 (56-80)  LVIS0765 (26-73)
ribonucleoside diphosphate LAF1674 (1e-39)

(4e-40) ND -38)
reductase 1, o subunit nrdA LAF 0280 (2¢-38) LAR0312 (4e LVIS0596 (6e-38
ribonucleoside diphosphate LAF0279 (3e-10)

Phosp nrdB LAF1672 (16-05)  LAR0311 (1e-09) ND LVIS0595 (5e-10)
reductase 1,  subunit
LAF1673(0.12)
ibonucleoside-diphosphat LAF 1674 (0.0)
rivonueieesiceciphosphiate nrdE 674 LAR0312 (0.0) ND LVIS0596 (0.0)
reductase 2, o subunit LAF 0280 (0.0)
ribonucleoside diphosphate LAF0279 (1e-88)
Phosp nrdF LAF1672 (3e-70) LAR0311 (2¢-85) L GAS1705 (2¢-43)  LVIS0595 (2¢-87)
reductase 2,  subunit
LAF1673 (4e-31)
ribonucleoside-triphosphate
nrdD LAF 1376 (0.0) LARI249 (0.0) LGAS0138 (0.0) ND
reductase
LGAS0878 (1e-15)  LVIS2142 (le-15)
5'-ribonucleotidase ushA ND ND LGAS0442 (2e-15)  LVIS0040 (le-14)
LGAS1067 (1e-10) L VIS1186 (4e-10)
d ibonucleoside 5'-
coxyribonueieosice /bR LAF0351 (7e-13)  LAR0370 (Te-12)  LGAS0083 (46-09) L VIS0646 (82-10)
monophosphate phosphatase
5'(3")-nucleotidase and surE ND ND ND ND
polyphosphatase
LVIS2306 (3e-19)
imidi leotidas ijG ND ND LGAS0027 (2e-24)
pyrmidme nucleotidase y]] € L V]S]35] (96—] ])
inosine-guanosine kinase gsk ND ND ND ND
adenosine deaminase add ND ND LGAS1406 (3e-36) LVIS0278 (1e-35)
purine nucleoside phosphorylase deoD ND LAR0108 (3e-69) LGAS1192 (2¢-04) LVISI593 (3e-61)
LAR0823 (e-103) LVIS2188 (3e-68)
LAF0165 (e-103) 0823 e LGAS0558 (6-46) 52188 {3
vind LAR0096 (3¢-53) LVIS2069 (5¢-56)
LARI1547 (4e-46) LVISI816 (7e-43)
LAF1704 (7e-42) 347 e LGAS0870 (3¢-09) S1816 (7
. . LVIS0403 (5¢-09)
ribonucleoside hydrolase LAR0823 (4e-60) LVIS2188 (e-129)
LAF0165 (1e-60) © LGAS0558 (3e-38) &
ihB LAR0096 (4e-51) LVIS2069 (4e-52)
LARI1547 (3e-44) LVISI816 (4e-42)
LAF 1704 (9e-38) LGAS0870 (2e-12)
0419 0450870 12 LVIS0403 (3e-12)
AMP nucleosidase amn ND ND ND ND
4¢-63
adenine phosphoribosyltransferase apt LAF0630 (4e-63) LARI358 (5¢-07)  LGAS0827 (6e-47)  LVISI376 (3e-44)
LAF 1478 (8e-09)
cryptic adenine deaminase ade ND ND ND ND
hypoxanthine LAR0256 (9e-35) L GAS0566 (1e-36)

. LAF 0220 (1e-40) LVIS0522 (1e-42)
phosphoribosyltransferase hpt 0220 tle LARI802 (1e-34) L GAS0472 (2¢-31) VIS0 ¢
xanthine-guanine .

%1 D ND ND
phosphoribosyltransferase 8t LAF1478 (K1) N
xdhA ND ND ND ND
xanthine dehydrogenase subunit xdhB ND ND ND ND
xdhC ND ND ND ND
ehvde oxidoreductase/xanthi paod ND ND ND ND
aldehyae oxiaoreduc §se Xanthmne paoB ND ND ND ND
dehydrogenase subunit
paoC ND ND ND ND
IMP dehydrogenase guaB LAF0081 (5e-66) LAR0110 (4e-88) L GAS0041 (2e-64)  LVIS2058 (3e-68)
GMP synthetase guad ND LARIS10 (e-164) L GAS0231 (e-161 LVIS1759 (e-161)
LAR0I110 (2e-49)  LGA 1 (4e-49 LVIS2058 (5e-50)
GMP reductase guaC LAF0081 (6e-51) 011012e GAS004 ¢ $2038 15e
LAR0065 (8e-44) L GAS0389 (1e-40) L VIS0226 (2e-42)
xanthosine phosphorylase xapA ND ND ND ND
guanine deaminase guaD LAF 1014 (7e-46) ND ND LVIS1043 (3e-47)
. LAF1255 (2e-46) LARI109 (1e-44)  LGAS0758 (5e-44)
guanylate kinase gmk ND
LAF1666 (3e-12) LARI529 (1e-09) L GAS1700 (4e-13)
dITP/XTP hosphat LAF0532 (6e-39) LAR0528 (2¢-43)
PYIOPHOSPhatase rdgB 0332 e 0352812 LGAS0430 (8e-42)  LVISI213 (8e-41)
LAF1337 (6e-12) LARI209 (4e-10)
deoxyguanosine triphosphate dgt ND ND ND ND

triphosphohydrolase

%1 No hits in blast search but annotated genes are exist in genome database.
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Table 1-16  Orthologs for pyrimidine metabolism in 4 Lactobacilii

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
LAF 1203 (6e-82) LAR0081 (2e-64) L GAS1088 (9e-79)
card LAF0727 (7e-64) LAR0876 (7e-39)  LGAS1013 (1e-37)  LVIS0830 (5e-64)
carbamoyl phosphate synthetase, LAF 1162 (2e-64)
subuint LAF 1202 (0.0) LAR0080 (0.0) LGAS1087 (0.0)
carB LAF 0728 (0.0) LAR0877 (7¢-82) L GAS01012 (e-118)  LVIS0829 (e-104)
LAF1161 (1e-78)
aspartate carbamoyltransferase, pyrB LAF1205 (1e-33) LAR0117 (2¢-33) L GAS1090 (5¢-31) ND
subunit pyrl ND ND ND ND
dihydroorotase pyrC LAF 1204 (0.073) LAR0118 (3%1) LGA4S1089 (0.13) ND
dihydroorotate dehydrogenase pyrD LAF 1201 (4e-12) LARO119 (6e-12) LGAS1092 (2¢-10) ND
LARI241 (3e-05)
orotate phosphoribosyltransferase pyrE LAF 0048 (2e-10) LAR0121 (1e-08) LGAS1094 (6e-08)  LVIS0228 (3e-06)
idine-5'-phosphat
orotidine-5'-phosphate ra LAF0047 (7e-38)  LAR0I20 (2¢-38)  LGAS1093 (1e-42)  LVIS0229 (1e-34)
decarboxylase
UMP kinase pyrH LAF0716 (2e-52) LAR0659 (1e-50)  LGAS0803 (9e-63)  LVIS1348 (1e-52)
cytidylate kinase cmik LAF 0879 (1e-44) LAR0732 (1e-36) L GAS0891 (5e-44)  LVIS0776 (3e-41)
LGAS0878 (1e-15)  LVIS2142 (1e-15)
5'-ribonucleotidase ushA ND ND LGAS0442 (2¢-15) L VIS0040 (1e-14)
LGAS1067 (1e-10)  LVISI186 (4e-10)
d ibonucleoside 5'-
coxyribomceleosice YfBR LAF0351 (Te-13)  LAR0370 (7e-12) L GAS0083 (4e-09) L VIS0646 (8¢-10)
monophosphate phosphatase
5'(3')-nucleotidase and
surEl ND ND ND ND
polyphosphatase
. . LVIS2306 (3e-19)
idine nucleotidase ijG ND ND LGAS0027 (2¢-24)
pyrm y‘” LVISI351 9e-11)
uridine kinase udk LAF 1287 (9e-55) LARI148 (2e-54) L GAS0537 (9e-51) L viIS1007 (1e-47)
thymidine phosphorylase / uracil
ymane prosphory’ase furact deod ND LAR0107 (26-96) ND LVISI591 (3-94)
phosphorylase
purine nucleoside phosphorylase deoD ND LAR0108 (3e-69) LGAS1192 (2¢-04) LVIS1593 (3e-61)
6e-16
uridine phosphoryhise udp ND LAROI0S (56200 L.GAS1043 (0.002) L VIS1593 (6e-16)
LVIS1437 (7e-06)
cytidine deaminase cdd ND ND ND LVIS0283 (3e-08)
uracil phosphoribosyltransferase upp LAF 0431 (2¢-60) LAR0446 (8e-61) L GAS1245 (1e-60) L yIS1286 (1e-64)
T ND LARI242 (e-124) ND ND
dihydropyrimidine dehydrogenase 2re LAR]Zj] (: 166)
subunit pred LAF 1201 (2e-26) LGAS1092 (8e-33) ND
LAR0119 (7e-30)
cytosine deaminase codA LAF0912 (e-133) LAR0248 (e-135) ND LVIS1932 (e-135)
LAR0823 (e-103) LVIS2188 (3e-68)
LAF0165 (e-103) 0823 fe LGAS0558 (e-d6)  LVIS2188 3¢
-y LAR0096 (3e-53) LVIS2069 (5e-56)
LARI1547 (4e-46) LVISI816 (7e-43)
LAF 1704 (Te-42) 347 14e LGAS0870 (3¢-09) S1816 17
. LVIS0403 (5¢-09)
ribonucleoside hydrolase LAR0823 (4e-60) LVIS2188 (e-129)
LAF0165 (1e-60) © LGAS0558 (3e-38) &
vinB LAR0096 (4e-51) LVIS2069 (4e-52)
LARI547 (3e-44) LVISI816 (4e-42)
- 2e-12
LAF 1704 (9e-38) LGAS0870 (2e-12) 1 VIS0403 (3e-12)
nucleoside diphosphate kinase ndk LAF1008 (1e-23) LAR0192 (2e-25) ND LVISI367 (3e-22)
CTP synthase pyrG LAF 0202 (e-157) LAR0564 (e-162) L GAS0226 (e-148) L VIS0487 (e-166)
nucleoside triphosphate
mazG ND ND ND ND
pyrophosphohydrolase
cytidylate kinase cmk LAF 0879 (1e-44) LAR0732 (1e-36)  1LGAS0891 (5e-44)  LVIS0776 (3e-41)
ibonucleoside diphosphat le-39
rienueiosice dpospaate nrdA LAF1674(1e39) )\ pos 1) (de-d0) ND LVIS0596 (6e-38)
reductase 1, o subunit LAF0280 (2¢-38)
bonucleoside dishosphat LAF 0279 (3e-10)
ribonucleosidae 0S (5]
Phosp nrdB LAF 1672 (1e-05)  LAR0311 (1e-09) ND LVIS0595 (5e-10)
reductase 1, § subunit
LAF1673 (0.12)
ribonucleoside-diphosphate LAF 1674 (0.0) .
E LAR0312 (0.0) LGAS1503 (3%1) LVI (0.0)
reductase 2, a subunit nrd LAF 0280 (0.0) 03 GAS1303 VIs0596
bonucleoside dishoshhat LAF 0279 (1e-88)
ribonucleosidae 0S (5]
hosp nrdF LAF1672 (3¢-70)  LAR0311 (2c85)  LGASI705 (2¢43)  LVIS0595 (20-87)
reductase 2, B subunit
LAF1673 (4e-31)
ribonucleoside-triphosphate
nrdD LAF 1376 (0.0) LARI1249 (0.0) LGAS0138 (0.0) ND
reductase
dTMP kinase tmk LAF0287 (2e-27) LAR0319 (7e-32) L GAS0372 (3e-30) L VIS0604 (4e-29)
deoxyuridine triphosphatase dut LAF 0256 (3e-10) LAR0288 (2¢-08) L GAS0335 (3e-10) L VIS0576 (4e-10)
ITP/XTP hosph - 2e-4
dITP/. pyrophosphatase rdgB LAF0532 (6e-39) LAR0528 (2¢-43) LGAS0430 (86-42) LVISI213 (8e-41)
LAF1337 (6e-12) LARI209 (4e-10)
omdine ki —
LIZ ::edme nase / deoxyuridine wdk LAF0426 (8e-48)  LAR0441 (6e-52)  LGASI249 (2e-47)  LVISI291 (8e-50)
thymidylate synthase thyA LAF 0887 (6e-86) LAR0739 (4e-85)  L.GAS0830 (8e-76) L VIS0784 (3e-86)

€1 No hits in blast search but annotated genes are exist in genome database.
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D-Ribose-1P

nudE/nua’Fl deoB/pgm
ADPribose —>l

prs

PRPP

L-Gln

purF

L-Glu

L-Gly purD

purN/purT
purL

purM
purk

purE

L-Asp

purC

purB
purH

purH

e

P

Fig. 1-12 The biosynthetic pathway for IMP from D-Ribose-1P in E. coli

Abbreviation : PRPP, 5-phospho-a-D-ribose 1-diphosphate.
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kA /pykA
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ushA deolD rZZ‘l B/ deo deoll rZz};‘j}/ deo ushA
dot /AfbR /xap. U ’%ZA/ /bR
§ /surEl 1hB /surE
wijG vy v nijG
deoD guaD ade deoD add
dGR [« - oy = | Ax | <% | dAR <> | dR
+xdhB deoD
+xdhC]
/[paoA
+paoB
+paoC]

Fig. 1-13 The Purine metabolism from IMP in E. coli
Abbreviation : AR, adenosine; dAR, deoxyadenosine; Ax, adenine; GR, guanosine; dGR, deoxyg
uanosine; Gx, guanine; IR, inosine; dIR, deoxyinosine; Hx, hypoxanthine; XR, xhanthosine; Xx,

Xanthine .
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Fig. 1-14 The Pyrimidine metabolism in E. coli
Abbreviation : PRPP, 5-phospho-o-D-ribose 1-diphosphate; UR, uridine; dUR, deoxyuridine; Ux,
uracil; CR, cytidine; dCR, deoxycytidine; Cx, cytosine; TR, tymidine; Tx, tymine.
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Table 1-17 The summary of the assay of purine or pyrimidine auxotrophy and the

information of genome database in 4 Lactobacilii

Purine L. fermentum L. reuteri L. gasseri L. brevis
Pyrimidine growth test database growth test  database growth test database growth test  database
(3%5) (%4 (3%4) (3%5) (%4 (3%5)
Purine \4 impossible N possible N impossible N impossible
(guaA ortholog) (IMP) (IMP) (PRPP~IMP) (IMP)  (PRPP
~IMP)
Pyrimidine A\ possible A\ possible N impossible N impossible
(TR, dUR, (ndk orholog) (Orotate) (HCO;
dCR, dUMP) ~Qrotate)

%1 The results of growth tests were represented by the following abbreviation: V, viable; N, nonviable.

$%¢2 The case that genes required for purine or pyrimidine de novo byosynthesis are exist in genome database is represented by "possible”,
while the case that more than one gene are missig is represented by "impossible'.

%3 Bold type represent the discrepancy between the results of growth test and the information in genome database.

%4 The purine or pyrimidine for normal growth in the growth tests.

3¢5 The pathway or ortholog missing in genome database.

fEEm e L CId, BERMFHMERE R E 7 ) AT = _R—ZADOFERITZIET VE I Lo T2,
L. fermentum \Z33\F 5 7"V AHHZ B W T, FiHaREE (SO TBEAREE OFElgERE) O rRefk
DA Z DARERDMEAE LTz, LLTIZ, BRI & ORREFLT,

1-2-6. BEEERWE D ERMEFAEARE R -L. fermentum, L. reuteri-

L. fermentum {25 T X Table 1-17 IZ7R T & D ISR E DGR (de novo) (T EE 7208
GFERNMMAZTND ZENT ) LT —F_R—=ZADREEICEVHALNE R, 7V A
BHFEHE (de novo) 12T, XMP £V GMP Z4f%79 % GMP synthetase & 21— N9 % guad
DAY 0 TP LIRSS D b TR WE O ZRIME 2 7R S 727> 72, Table 1-15 Y
Fig. 1-13 [Z/R L7 & 912, XMP 8\ & GMP X ¥ Xanthosine 8\ V& Guanosine % A3 5 1&
M2 FFD yfbR DAV Y v 7 LAF0351, Guanosine J ¥ Guanine % A% 3 B {EVE % F7-D rihA/rihB
DAY 1 LAF0165/LAF1704, Guanine 8.\ % Xanthine & ¥ GMP 5\ XMP & 4% %
F 21T E OWE A D TR ZFFD gptihptlapt DAV Y a0 7 LAF1478/LAF0630/LAF1478
/LAF0926/LAF0220 |3AF1E3 % 73, Xanthosine 7> Guanosine, 3\ % Xhathine /> Guanine
AT D KD BRERITAELRVZD, GMP IFEGRTERNEE X HNLD, GMP LV
IMP %5892 guaC DALY 1 7 HAFE LR\, T OGS0 Al HEME & #IFF T & 7Zauy,
Guanine & ¥ Xanthine % “£% 3" % deaminase T 5 guaD O AV Y v ZIIFIET DM, WG
B 20, 1o T, BRRAWE N Z 72 WA BT OAE OBRIEL. GMP 23l & 2D Hr
HURREE . SO IBEAE R OB B RE CHEA SN D Z L TEBNRAREL o TNDIET Th 5,

ARAFZENZ I N TILHE R DFENTICITBE A 220 o 723 Hi LW RO & LTl T
HIERIEEZZBND, E. coli \IZBWT guad RERITRADEEHTHEET TE RN, guad
KRAIBKRIZ L. fermentum O ) 57 A4 75 V) —%8ATHZ LT, FLBlRO LM< S8R
FERDTHZENTE L0 LR,

F72 Loreuteri \IZOWT, BV IVURWHEICEHLTIE, ¥/ AT = _X—2ADEHRIE Y E
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RIETRRO NPT L, 7Y CAERHICE L TE, 77— 2 X=X LITAERKICYS
FRBAR Ty RMAET 2 DI H D 59| Guanine FRMNOET AT A0 b7,
DD TV v RWE OB RGN A AT o 725 H. IMP, Inosine, Hypoxanthine, XMP,
xanthosine, xanthine, GMP, Guanosine % fEBIIZHNN L7=FSI34EFE L, Adenine X° Adenosine
WINTIXAEBDRD L2 - 72, Adenine, Adenosine THAEEFTH -7 DIX, ade /v 1
TRk add VY 0 73T —=H_R=A RIAHELRN D & & —ET %, IMP IRIITAET 25
@%ﬂk:&\%%%&U&VF—XUV@ﬁ%%ﬁTPMP%EAW¢5 AR T —
B _X— R BIZAFET D Z & (data not shown) 76, PRPP~IMP F CTO—#HOE(E DWW
7273 Pseudogene Td» 5 AIHEMEN B 2 B LT,

1-2-7. BRERWE D ERIMEFAERE & -L. gasseri, L. brevis-

L. gasseri (28T 27V o FRWE O BRYERHM O R . Adenine B0\ VT Guanine D ZE K473
8 517, Adenine, Guanine 75 AMP X° GMP %% T IMP {53 2N 7 ) LT —H
NR—2 FZIIFEL, FZNOOIEFET TH, IMP ZIRINT 5 L AFNRRD HiLiz, Table
H4K%Lki5ﬁ\m@KﬁéﬁV®jW737MLgwwﬁﬁﬂ%gﬁﬁbﬁwoik\
Table 1-15 2R L7 K 5127 VBB D salvage RIRIZEAT 24 /1 Y v ZIUZIERTHEL
THEY ., EFEIZ Inosine, Hypoxanthine, XMP, Xanthosine, Xanthine, GMP, Guanosine % {#l
BHNCHSIM UL AEERRO DN, THOORERL Y BRMERHME L &7 AT —F _—2
DI JERITFE LRV EEZ BT,

—J7 L. gasseri DB I VU RMEIZHOWT, HMINIAT > 72 Uridine, Cytidine, Thymidine
FURMERHM OAE R, Thymidine Z k2R Z ERbhoTe, VT, ZOMOEY I V%
W Z W L CAEB M 21T - 7255 5. deoxyuridine, deoxycytidine, dTMP, dUMP DA
BIFAEB MR HAL, Uridine, Uracil, UMP, UDP, UTP, CMP, CDP, CTP, # 1 F D
BINTIAERITRD Lo Tz,

L. gasseri D7 ) LMEROEE 2R & LT, nucleoside diphosphate kinase 2 =— K35 ndk
Fnya TBREELBRWERET 6D, 7 U ARG W TUE, ndk AV v TR L 72
< T, pykF 80T pykd DAY v 7T % LAGS08S2 78 ADP 7> ATP DRSS GDP 7>
5 GTP OAEKZE Y EEZXHNDEM, BV IV ABHIBW I U TE 2BERITFE LR
V72, UDP kinase, CDP kinase, dTDP kinase )G IATOINRNWZ ENR PRI ND, LavL
725 E. coli O ndk BEEER D RV EEHICHAEFT 5 & 5 #iE (Joyce et al., 2006; Baba et al.,
2006; Feist et al., 2007) 73é % Z & &5 Z2 % & UTP, CTP, dTTP (& ndk & 135472 % fth o> kinase
Ko THEAEAINDARENE XL OND, €-> T, L gasseri 13EY) IV RERO
triphosphate (Z- 2T de novo BB RIEE CTH H Z L BHELE I N5,

FifD L 51z, dTMP OFRMTEENRD HiL, dUMP OIFINZEBWTS thyd DALY 1
7 Cd D LGASO830 AFIET 5 Z & o dATMP ML SAEF T 5 & THE & 415, deoxyuridine
B\ thymidine OVRMIFIL, tdk DALY 0 7Tl D LGASI249 12 X 0 [AEEIC dTMP 2S4S
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SNnbHETHRIND, deoxycytidine WMDERIZAT LI BEHIZOWTIL, L gasseri 1213
deoxycytidine % deoxyuridine ~ZE#L 3 DIEMZFFD cdd DAV Y v TIIHFIEL72WA, E. coli
DA L TW2W deoxycytidylate deaminase 7 = — N9 2% LGAS0202 Z£F>, Z OEEFEIT dCMP
XV dUMP 4T 5 & SN TE Y., [FEEC deoxycytidine & F/E T deoxyuridine & ZEf% 7 5
AIREMEN B X BILD, FT-. cytosine % uracil ~EHET D codd DAY v 7 LGAS0367 H3 T
ET D720, b LT D EZDOEEFED deoxyeytidine % deoxyuridine ~ & BT HIEMEEH L
TWLDONE L7y,

INHOFER LY dUMP MG SNAUSAEBT R AR L e D Effaaft T 6 2 ¢ T& 57
. thymidine Z DO FERMEZ /R L72#H & LT, dUMP LIRiTO e (dUDP 8 dUTP %%
T ATMP IZEHHEH) 23> TOD ATREMEN B R bITo, mk DAY 17 LGAS372 (2B L
Ti&. dTMP 75 dTDP DG ZH - TS (dTMP 23 tis SHAUTAEFRETH - 72) Z &
%% % 3L Pseudogene T & 5 AIREMEITAE < | F 72 dut LW rdgB DAY 1 7Tl D LGAS0335
KO LGAS0372 bAFET Dz, HIZ BflICRNA H 5 L Ex bz, LarL, UDP 2»H D
dUDP DA%, KON UTP 726 0 dUTP DA Z S IS DAY a Z3FfEL, UTP 225
CTP Z KT 2 pyrG DAY v 7 b FE L, HITILEALLETD de novo & AICEE 5T 5 A4 /v
ya 7 HIERTHFE L, BL, EFHEOMBEL Y, UDP R UTP SR L T HAEF R
ROLINIEN-ToZ L A5 2 % & ribonucleoside-diphosphate reductase < ribonucleoside-
triphosphate reductase NEHWNTWNWRNWEFZZDHZ L HETELHD, ndD TNV 7 ThD
LGAS0138 80N nrdE KON nrdF A /v v 7Tl D LGAS1503 J2 TN LGAS1705 7% Pseudogene,
FE I OBREAFF OB R L a— F T 2B THDOWREMEDZ X b,

ULED X 51T, L gasseri DY I P ZWEORHHIE L Tk, RS L TEBIRZRER &
720 R O R L RINT Z LI TE RN 0T, A%, invito IZBWTH ALY S
DORE & MEET 2 RO, o M2 R L ET& AV Y v 7 Ok E v e
Bl 21T 5 72 EORGENR LI D LEZX BND,

F 72, L brevis \IZBA L TiX, 7'V > 5RIZDOUWTIE Adenine 3V Vi Guanine ZoR%E, BV I v
VROV TR Uridine 80U 3 Cytidine ZRMEZ R LT, 7/ AT — X X— XA CIEHHEAKRTH
% IMP, BNIA B FURE TOAEGRELRFZRNTWED, T 6 28N LT2RER,
EEDPBO LI, €5 T, BRMOFRERL T LMEFREITESL ST ZRITR TRV ESE
Z biv, L EORGEEIAT DR o7,

1-2-8. 7 I VESRMFHERER -250-

FNTHEEKOEZ I VERMEIZOW T 21T 72, 7 X/ BROBE - W B E O FEAl
PR & [ABRIC. MRS FiHU TR R 21TV, SR - Yeifik. LSP 85U LT 1~3 HHEG
L7z, 728, WTNLOEKIZEBW TS, Table 1-4 (278 B4 I O H T Cobalamin, Inositol,
Ascorbic acid, Biotin, Lipoic acid (DWW TiX, TN HEE2TRWIHE THAEFICEITRED
SNIRIP ST ORHE OGN DR, TRHUADE X I 2O T, Bl ) 1§
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DR T & TEBRMEATRA LT,

Thiamin (Vitamin B1) . Niacin (Vitamin B3) . Pantothenate (Vitamin B5) & (F CoA. Vitamin
B6. Riboflavin (Vitamin B2) ., Folic acid (Vitamin B9) & T p-Aminobenzoate ® 24 ik #EH (Fig.
1-15~1-20) DZIZHD Step DAL Y 0 7 DAEEIZ ST I3 Table 1-18~1-23 |27 L@ Y
THY ., T DR & REZERIEFMOK R Z Table 1-24 ([ZF L7, AV rZICEL
TlX. KEGG (http://www.genome.jp/kegg/) @ pathway 5. & N KEGG 4 k. DDBJ @ GIB
YA b (P A4RMET 5 Blast #1358 (BLASTP) %5 Z|2K5# L7z, BLASTP (Z51F 2
FILHLHINZIL E. coli K-12 MG1655 £ Protein Sequence Z VY, ZiLHICxT 544/ 1
7" @ E-value % Table 1-14~1-16 |2/~ L7z,

Table 1-18 Orthologs for Thiamin biosynthesis in 4 Lactobacilii

Enzyme function Gene for biosynthesis Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
phosphoribosylformyl-glycineamide ] LAF 0127 (2e-30) LAR0134 (5e-25)
purL (3%1) LAF 0126 (4e-15) LAR0133 (8e-14) ND ND
synthetase 8 8
LAF0125 (%1) LAR0I32 (3%1)
phosphoribosylaminoimidazole purM LAF0129 (5¢-79)  LAR0136 (9e-82) ND ND
synthetase
HMP-P (3%2) synthase thiC ND ND ND ND
LAF 0802 (3e-45) LAR0969 (9e-55) LVIS1934 (6e-45)
HMP (3¢3) kinase/ HMP-P kinase thiD LAF 0800 (1e-37) LARI205 (2e-43) L GAS1782 (1e-51)  LVIS2098 (2¢-43)
LVIS2152 (2e-37)
hydroxymethylpyrimidine kinase pdxK ND ND LGAS0738 (2e-12) ND
tyrosine lyase thiH ND ND ND ND
I-deoxyxylulose-3-phosphate dxs LAF1005 (2e-90) )\ boons (16:97)  LGAS0350 (26-82) ND
synthase LAF 1632 (2e-42)
thiazole synthase thiG ND ND ND ND
LAF0785 (4e-68) LAR0583 (1e-64) LGAS1191 (1e-65)  LVIS1256 (1e-65)
cysteine desulfurase iscS LAF0489 (9e-63) LAR0488 (3e-63) LGAS1224 (4e-59)  LVIS1436 (3e-59)
LAR0839 (6e-23)
sulfur source for the thiazole moiety thiS ND ND ND ND
ThiS adenylyltransferase thiF LAF](;Z;;)E-M) L4 ROQ(;;);>4e-32) ND ND
cysteine sulfur transferase/ carboxy-
adenylated-[ThiS sulfur-carrier- thil LAF0490 (3e-39) LAR0489 (7e-30)  LGASI1223 (2e-38)  LVIS1255 (6e-41)
protein] sulfurtransferase
thiamine phosphate synthase thiE LAF03801 (4e-17) LAR0970 (3e-14) ND LVIS 2097 (2e-12)
thiamin monophosphate kinase thil ND ND ND ND
hydroxyethylthiazole kinase thiM LAF03803 (1e-33) LAR0968 (7e-34) ND LVIS 2099 (2¢-49)
thiamin kinase thiK ND ND ND ND
thiamine pyrophosphokinase ND LAF1245 LARI099 LGAS0767 LVIS0959
(EC:2.7.6.2)
thiaminase (EC: 3.5.99.2) ND LAF0359 ND ND LVIS1830

%1 In E. coli, phosphoribosylformylglycinamidine synthase is composed of a single polypeptide chain, while in Lactobacilli three subunits(the otrhologs of purl

purQ, pursS ) are presumed to be requried for those function.

%2 HMP-P : 4-amino-hydroxymethyl-2-methylpyrimidine phosphate

%3 HMP : 4-amino-5-hydroxymethyl-2-methylpyrimidine

%4 LAF1063 and LAR0940 are annotated as molybdopterin biosynthesis protein MoeB.
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Table 1-19  Orthologs for Niacin biosynthesis in 4 Lactobacilii

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
L-aspartate oxidase nadB ND ND ND ND
quinolinate synthase nadA ND ND ND ND
quinofinate dc ND ND ND ND
phosphoribosyltransferase na
icotinate- leotid
neornaTe-mo onte oTice nadD LAF1305 (3¢-22)  LAR1169 (2¢:26)  LGAS 1403 (3¢-28)  LVIS 1029 (5e-24)
adenylyltransferase
NMN adenylyltransferase nadR ND ND ND ND
NADH pyrophosphatase nudC ND ND ND ND
NAD synthetase, NH3-dependent nadk LAF 0244 (4e-113)  LAR0273 (1e-108)  LGAS 1527 (6e-118)  LVIS 0544 (2e-125)
NAD kinase nadk LAF0561 (3e-18) LAR0557 (4e-15)  LGAS1353 (9e-18)  LVIS1472 (5e-18)
pyridine nucleotide
sthA ND ND ND ND
transhydrogenase, soluble
pyridine nucleotide
. pntd ND ND ND ND
transhydrogenase, o subunit
pyridine nucleotide B ND ND ND ND
transhydrogenase, 3 subunit pn
NMN amidohydrolase pncC LAF 0510 (7e-21) LAR 0508 (3e-20) ND LVIS 1238 (6e-20)
LAF 1391 (1e-07) LAF 0148 (1e-06)
icotinate phosphoribosyltransferas ND ND
nicotinate phosphoribosyltransferase pncB LAF0243 (40-06) 1AF0272 (16-05)
purine nucleoside phosphorylase deoD ND LAR0108 (3e-69) LGAS1192 (2e-04) LVIS1593 (3e-61)
inosine-uridine nucleoside LGAS0558 LVIS1816
(EC:32.2.1) ND LAF1704 LARI1547 LGAS0870 LVIS2188
o LVIS0403
LGAS0878 (1e-15) LVIS2142 (le-15)
5'-ribonucleotidase ushA ND ND LGAS0442 (2e-15)  LVIS0040 (1e-14)
LGAS1067 (1e-10) LVIS1186 (4e-10)
ds ib leoside 5'-
coxyribonueieosice VfBR LAF0351 (Te-13)  LAR0370 (7e-12)  LGAS0083 (4-09)  LVIS0646 (8e-10)
monophosphate phosphatase
5'(3")-nucleotidase and
surk ND ND ND ND
polyphosphatase
3e-19
pyrimidine nucleotidase VjjiG ND ND LGAS0027 (2e-24) LVI52306 (3e-19)

LVIS1351 (9e-11)

Table 1-20  Orthologs for Pantothenate and CoA biosynthesis in 4 Lactobacilii

ND: not determined

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. _brevis
-methyl-2- t; i
3-methyl-2-oxobutanoate panB ND ND ND ND
hydroxymethyltransferase
2-dehydropantoate 2-reductase
(acetohydroxy acid ilvC ND ND ND ND
isomeroreductase)
LAF 0742 (2e-11) LARI750 (2e-11)

2-dehyd toate 2-reductas ND 3e-1

ehydropantoate 2-reductase pank LAF0343 (26-08) LAR0338 (2¢-07) LVIS 2138 (3e-17)
aspartate 1-decarboxylase panD ND ND ND ND
pantothenate synthetase panC ND ND ND ND
pantothenate kinase coad LAF 1646 (5¢-97) LAR1512 (3e-92)  LGAS1687 (2e-52)  LVIS1761 (3e-88)
4'-phosphopantothenoylcysteine
decarboxylase /
cearboxyase . dfp LAF 1253 (4e-87)  LAR1107 (9e-86)  LGAS 1278 (5e-82)  LVIS0967 (9e-82)
phosphopantothenoylcysteine :
synthetase
hosph tethei
phosphopantetheine coaD LAF0606 (8¢-42)  LAROGIS (5e-43)  LGAS 1177 (2e-35)  LVIS 1399 (6e-50)
adenylyltransferase
dephospho-CoA kinase coaE LAF 1315 (2e-31) LARI1179 (1e-32)  LGAS 1419 (7e-32)  LVIS 1040 (2e-25)
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Table 1-21 Orthologs for Vitamin B6 biosynthesis in 4 Lactobacilii

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. _brevis
erythrose 4-phosphate y LAF 0363 (5¢-76) LAR0381 (2e-74) LGAS 1308 (4e-79)  LVIS0661 (2e-73)
e . . . .

dehydrogenase i (%1 (%1 (%1 (%1
erythronate-4-phosphate pdxB ND ND ND ND
dehydrogenase
3-phosphoserine aminotransferase /
phosphohydroxythreonine serC LAF0768 (1e-80) ND ND ND
aminotransferase
4-hydroxy-L-threonine phosphate pxA ND ND ND ND
dehydrogenase
1-d lulose-5-phosphat

coxyxylrlose->-phiosphate dxs LAF1005 (2¢:90)  LAR0902 (1e-97)  LGAS 0350 (2¢-82) ND
synthase
pyridoxine 5'-phosphate synthase pdxJ ND ND ND ND

idoxine 5'-ohosoh -
perdoxme '5 phosphate 0x1da§e/ pdxtl ND ND ND ND
pyridoxamine 5'-phosphate oxidase
pyridoxal kinase pdxY

i ine kinase / LAF 0800 (3¢-08) LVIS 2098 (4e-08)
pyridoxamite kinase /| ¢ LAR1205 (Be-11)  LGAS 0738 (2e-12) 5 N
hydroxymethylpyrimidine kinase / pdxK LAF0938 (4e-06) LVIS2152 (2¢-07)

pyridoxal kinase

LAF0802 (2e-04)

LAR0969 (6e-06)

LGAS1782 (1e-10)

LVIS1934 (1e-05)

%1 LAF0363, LAR0381, LGAS1308 and LVIS0661 are annotated as glyceraldehyde-3-phosphate dehydrogenase.

Table 1-22  Orthologs for Riboflavin biosynthesis in 4 Lactobacilii

ND: not determined

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
GTP cyclohydrolase II rib4 LAF 0774 (2e-60) LAR 0826 (4e-61) ND LVIS 1651 (2e-61)
diaminohydroxyphosphoribosylamino
imidine d inase / 5-amino-6-
pyrimidine deaminase / 5-amino ribD LAF0776 (1e-64)  LAR0824 (4c-57) ND LVIS 1653 (8¢-58)
(5-phosphoribosylamino)uracil
reductase
-amino-6-(5-phospho-D-
5‘ gmmo ‘6 (5-pl c.>sp 0 VigB ND ND ND ND
ribitylamino)uracil phosphatase
LGAS 0486 (2¢-61)

5-amino-6-(5-phospho-D- bil LAF 1748 (7e-54) LAR0912 (2¢-28) LZA§1;2; (4: 45) LVIS0363 (2e-46)
L . . yoj B

1 | phosph: LAF1111 (6e-49) LAR0531 (2e-28) LVIS1022 (2e-34)
ribitylamino)uracil phosphatase e 5 e 1GAS1377 (16-39) S e
4-dih -2-] 4- LAF 1772 (4¢-50)
3:4-dhydroxy-2-butanone ribB N LAR0826 (4e-44) ND LVIS 1651 (3¢-40)
phosphate synthase LAF0774 (1e-43)
6,7-dimethyl-8-ribitylh i

mety-e-rblyfumazine ribE LAF0773 (3e-39)  LAR0827 (4e-33) ND LVIS 1650 (2¢-35)
synthase
riboflavin synthase ribC LAF 0775 (2¢-33) LAR 0825 (8e-28) ND LVIS 1652 (2e-24)
iboflavin ki / FMN
riboTavin anase ribF LAF0736 (3e-41)  LAR0675 (1e-41)  LGAS0817 (3e-46)  LVIS1332 (4e-40)
adenylyltransferase
acid phosphatase appA ND ND ND ND

i hat:

acid phosphatase / aphA ND ND ND ND

phosphotransferase

42

ND: not determined



Table 1-23

Orthologs for Folic acid biosynthesis in 4 Lactobacilii

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
GTP cyclohydrolase I folE LAF 1339 (4e-31) LARI1211 (9e-37) ND ND
dihyds terin triphosphat
ydroneopterit friptiosphate nudB LAF1667 (2e-05)  LAR0754 (26-04) ND ND
pyrophosphohydrolase
alkaline phosphatase phod ND ND ND ND
dihydroneopterin aldolase folB LAF 1341 (2e-08) LAR1213 (3e-07) ND ND
6-hyd: thyl-7,8-dihydropteri
yeroxymetiyr/.e-diiydropterin folK LAF1340 (9¢-28)  LAR1212 (1e-30) ND ND
pyrophosphokinase
4-amino-4-deoxychorismate
; pabA ND ND ND ND
synthase, subunit
4-amino-4-deoxychorismate
. pabB ND ND ND ND
synthase, subunit
aminodeoxychorismate lyase pabC ND ND ND ND
dihydropteroate synthase folP LAF 1336 (1e-49) LAR1208 (8e-43) ND ND
folylpolyglutamate synthetase / LAF 1338 (3e-40) LAR 1210 (9e-43)
2e-48 Se-46,
dihydrofolate synthetase JolC LAF0498 (6037)  LAR0496 (Te30)  LOAS1218 (26-48)  LVIS1252 (Se-46)
dihydromonapterin reductase / M ND ND ND ND
dihydrofolate reductase Jo
dihydrofolate reductase fold LAF 0888 (4e-23) LAR0740 (2e-25) LGAS 0831 (7e-25)  LVIS0785 (1e-24)
ND : not determined
PRPP
v
L purL
L-Cys i purM
ThiS sulfur-carrier protein | IiSCS AIR
thiF’ iscS ; HMP
i I loar| [L1yr] Lthlc
\ A/thiD/pde
il‘hiF/thi] idxs i thiH HMP-P
lthiD
thiG
HMP-PP
thiE

thiM
LA ey

| Thep [« | Thp |4 =

TthiK
(EC:2.7.6.2)

Fig. 1-15 The biosynthetic pathway for Thiamin in E. coli

(EC:3.5.99.2)

Abbreviation : GAP, D-glyceraldehyde 3-phosphate; PRPP, 5-phospho-a-D-ribose 1-diphosphate; Al
R, 5-amino-1-(5-phospho-B-D-ribosyl)imidazole; HMP, hydroxymethylpyrimidine; HMP-P, 4-amino-
2-methyl-5-phosphomethylpyrimidine; HMP-PP, 4-amino-2-methyl-5-diphosphomethylpyrimidine; Th
P, thiamin phosphate; ThPP, thiamin diphosphate; HET, 4-methyl-5-( B -hydroxyethyl)thiazole.
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.. pned
Nonine ]+ [Nicotmami

m\ IdeoD deoDIT(EC 3.2.2.1)
nadB pncB ;4;2,}4{ ushA
Lo /)s}u rE /surE nadR
A:dc NG NijG

deamlno-NMN 4— NMN

nud(jTi nadD/nadR nudcT inadD/nadR

nadE

| deamino-NAD* | NAD*
[ L-Gin | nadk ntd+pntB
— fsthd iTlp prib]

Fig. 1-16 The biosynthetic pathway for Niacin in E. coli

Abbreviation : deamino-NAD", nicotinate adenine dinucleotide; deamino-NMN, B-nicotinate D-ribo

nucleotide; NMN, [B-nicotinamide D-ribonucleotide.

KIvV
$puns
ipanD i ilvC/panE
[-alanine pantoate
panC
pantothenate
coad

idfp
i coaD
i coak

coenzyme A

Fig. 1-17 The biosynthetic pathway for Pantothenate and CoA in E. coli
Abbreviation : KIV, 3-methyl-2-oxobutanoate.
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erythrose-4P

l epd

l pdxB
\1serC
GAP + Pyr lp dxA
idxs i(spontaneous)
deJ pde
. ., /pdxK .
pyridoxine 5’-phosphate | «——| pyridoxine
. /pdxK -
pyridoxal 5’-phosphate i pyridoxal
Tp dxH pdxY TPdXH
. . R /pdxK . .
pyridoxamine 5’-phosphate | «—— | pyridoxamine

Fig. 1-18 The biosynthetic pathway for Vitamin B6 in E. coli
Abbreviation : erythrose-4P, D-erythrose 4-phosphate; GAP, D-glyceraldehyde 3-phosphate.

GTP

l ribA

ribD

D-ribulose 5-phosphate I i”ibD
i yigB/ybjl

l ribB

ribE

i ¥ibC

riboflavin

l ribF/appAlaphA

FMN

i ribF

FAD

Fig. 1-19 The biosynthetic pathway for Riboflavin in E. coli
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GTP
i folE

i nudB/phoA

| 7,8-dihydropterin |

folB

v

[pabA-+pabB]

chorismate

| 4-amino-4-deoxychorismate |

| 6-hydroxymethyl-7,8-dihydropterin I

i folK

ipabC

4-aminobenzoate

folP

| 7,8-dihydropteroate I

-

i folM/fold

tetrahydrofolate

4%1

Fig. 1-20 The biosynthetic pathway for Folic acid in E. coli

Table 1-24  The summary of the assay of vitamin auxotrophy and the information of
genome database in 4 Lactobacilii
Omitted L. fermentum L. reuteri L. gasseri L. brevis
Vitamins growth test database growth database growth database growth database
Thiamin N impossible N impossible v impossible N impossible
Niacin N impossible N impossible N impossible N impossible
Pantoth t .
anfotlienate N impossible N impossible N impossible N impossible
+ CoA
Vitamin B6 S impossible N impossible N impossible N impossible
Riboflavin \Y possible \Y possible S impossible \Y possible
Folic acid . . . . . . . ]
A impossible A4 impossible S impossible N impossible

+ p-Aminobenzoate

$%1 The results of growth tests were represented by the following abbreviation: V, viable; N, nonviable; S, stimulus.

'S' means that a certain vitamin stimulate the growth of a lactic acid bacterium and final OD grown without the vitamin

is 30 to 70% of that grown with the viamin.

$¢2 The case that all genes required for byosynthesis of an amino acid are exist in genome database is represented by "possible",

while the case that more than one gene are missig is represented by "impossible'".

#%¢3 Bold and underlined type represent the discrepancy between the results of growth test and the information in genome database.
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fiam & LT, BRMFHERE R & 7 27 — 2 _R—=20FERITIZET VA I LR o728,
57 b ECIRAEGRBGEASF DMl TOZRWS FEBRME) & 72 o TE RO IMEIE LT,
B I DA ENEEERWEMTAEFTIIRO LN, ZRE BT E LA F R
BT L2 ENHY ., Table1-24 Tid IS) & &RFL LT,

1-2-9. % I VERMFEEAER -L. fermentum, L. reuteri-

L. fermentum } Y L. reuteri \Z-OUNT, Table 1-23 |Z/R L2 K 92K 57 7 A RIZIZ= ) AW
N6 p-7 X ZEEFM (PABA) £ TO 3BT 1 pabABC DAY a FHPFIE LW H B
o, HEEELS PABA A G ERWEHMTay ho— L RIBREDAFT L RLEZZ NG,
PABA DTG AR NFAET D alREMEN R S Te, 2D Z ST DWW T, L. fermentum
(TR BIZEERR T 21T - TS R A, B2 IS CRedk 3%,

ik\Lﬁmmmm®Eﬂin6K%LT\7/AL AEGHERTF A A THRWDITE
b3, B4 I B6 G 0HMICITS D DD, EERVEEHICIE W T HAEFTNRD B
7= (OD=50% (vs. +PLP }5H#1)), ©4 > B6 X EICT 2/ s /e X7 2 BBAERKICE
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EFTEBOMENBO LN, ZOZLiE, BX IV B NMAET DI L TT R AR
BO—HNEELSNEBN EHER L INTHDZEEZREBLTEY, BT
Sfermentum 1 IEFRITITEZ I B6 ZEGHMTETWRNWZ EE2RBTHEEIOND, L
Sfermentum 1%, WL D7 IV BEGHKBR T EZHA TS (DR & b4 R LT 4
BROF TR BAEBKAEER T X/ BEROEHN L (Table 1-12)) 728, SEIOAF AR F
T, BEXI2B6 D HRMRhE) NRIZBENTZZ ENHELEIND, HEF 21X, L fermentum
PSAD 3L, X I B #MxTH T I/ BIEmAICAEGHRISND Z L7 AR
L LR 72D TIERNWIEAD Iy TOXIICERHE. EXIVB6ALELET LT
DT X BELGK (BEXIE) ZBH TERTEDEK (EWIEZ 0 X 5128 E S - EK)
T, B EN L DT X BE S ERVIREETRWIRD 1%, AFFHMIETE X I B6 MV
BRISNTNDNE I PEHWT 50N EE B 5 d, B4 I B6 3LEE /e (PLP &4
HrEed5) 7 7BRESROA /Y 1 7% Table 125 [Z/R LI, WTINOREK S ZiE
VELTHETORPREZHA TWDLDITTIERWEH , FHZEHEX I B6 DERMEZE
T 5 Z EIXTE RN EBEZXH LENTED,

LIPL22NR s, EXIVB6HFFETTHLAEBDRROONTLZ L 2R BHHEICIRZI D705,
BT DR BAARKRK) Te¥ v Be MG SN TV A AR BRI 2 LIX T
AR

BB, ZOMOEH I LTS ) AER L BRI MO R L,
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1-2-10. ©% I VERMFEEAE R - L. gasseri, L. brevis-

L. gasseri \[CEAL TIXY A7 7 B BUWTER L RO I N T, 22 br—L (UR
7T eV OTERE SR 235D L ODOAEFREO Lz (OD=60~70%), Table
1-27, 1-28, 1-29 \Z/R L7223, L. gasseri |% FAD SRR Z ML E LT 54V Y 1 7 &S5l 2 <
WHTED, ZRHOE X I VFAEBFICMNAEATHLEBEZ HILD, Table 122 X° 1-23 [ZR LT
91T, L gasseri 1IZTZ1 6 DAER I E R BT O— LOME 2 TR\, L. gasseri
MURTZTEREREZERWVIEMTOAEFT LW FEERET, VAT 78 KUERNR
PR CAEGHR SN TV D AREEZ RET S, LorLaenb, — 5T, A Cm o4
TVUB6 LT X BEOBMREFROBRLAEETIES S, 2F 0, VAT T EULERE N
R b T I B, BEBRWE., BX I VICE VAR ICLERMHREAENT Z LR
ARETHY, VAT TR EMZ D 2 & T L. gasseri D/EBNIERKIZ /R D O0h Ll
Y,

L. gasseri \ZBHL TIEF 7 2 AL TH, Table 1-18 (TR L7z K D IZEARICHLEL 2 AL
yarZoty FEHATHWRVWDIZHEELLT, F7IVE2EERVEIZBN TS, £l
ool L RS DAE &R Lz, Table 1-30 (IR L2 X 912, L. gasseri 1%, T35 OFEHE
T T I EMBELETHHELZEOIMEZX TODN MO 3FEE LD & L. gasseri D sucB
RaceF ANy a7 H L TR, o 3ERFEoOZnN oAy aZid, 7 LT —F X
— A2 ETIEHERIIELE VBT E Fa s —BEA RO subunit & 7/ 7 —2 3 IR TV D
(ZNZEI LAF1137~LAF1140, LAR0O608~LAROG11. LVISI407~LVISI410 3EEE%ETERKT
DEHREITND), LA Laed s, AEEME L7 Lactobacillus J& 4 #kOH T L. gasseri D
. ENHDOFNLY BT ERELTNRY, TTIVOAEFTICEELZLZLTON, ZOE/L
EUVBEARICH L TEL DL (%0, L gasseri ITEBICE NV E VIBEAIKEZ LI L L
RNETHE) BHICT T I VA GATHLEERS CHRIBDAEFT LT LELX LMD, L
gasseri |IMthD 3Bk & LD & Fig. 1-2 1Z-79 L 912 LSP 55#1 T OD A3 i & K> - 7223
oA UETE RS —EERA L TWRWnWZ LIFEERH LD Lt
(acetyl-CoA fifGH TARTZ L E X HILD),

L. brevis \ICB L TUXY /7 A7 — & _X— R L FRMERFHG O A5 R I — B L iR o IRk
mNEEZ BT,
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Table 1-25 PLP-requiring Orthologs for their functions in 4 Lactobacilii (1)

Amino Acids Enzyme function Gene for biosynthesis Orthologs (E-value)
E.coli L. fermentum L. reuteri L. gasseri L. brevis
Cysteine D-cysteine desulfhydrase dcyD ND ND ND ND
i-‘ly:;::: L-cysteine desulfurase sufS LAF1094 (5¢-140)  LAR0839 (2¢-145) ND ND
Cysteine . . LAF0785 (4e-68) LAR0S83 (1e-64) LGASI1191 (1e-65)  LVIS1256 (1e-65)
Alanine cysteine desulfurase ise§ LAF0489 (9e.g3)  LAROISS (Be63) ) o 224 (4059)  LVISI436 (3e-59)
LAR0839 (6e-23)
Cysteine . LAF0346 (3e-49) LARI1677 (6e-54)
Seyrine cysteine synthase cysM LAF0974 (2¢-32)  LARI459 (1e-30) ND ND
Cysteine . LAF0346 (2¢-65) LARI677 (3e-67)
Serine O-acetykerine sulthydrylise crsk LAF0974 (2e37)  LAR1459 (2e-36) ND ND
Cysteine O-succinylhomoserine(thiol)-lyase / LAF0973 (9¢-77)
Aspartate O-succinylhomoserine lyase metB LAF0814 (6e-69) LAR0281 (3e-79) ND ND
Methionine ‘ ‘ LAF0815 (4e-60)
Cysteine . .
Aspartate  CYStathionine -lyase / L-cysteine malY LAF0942 (4e-56)  LARI793 (6e-64) ND LVIS0300 (4e-59)
. desulfhydrase
Methionine
Cysteine . . LAF0973 (1e-47)
Aspartate Zzzzgw‘;::eﬁ'lyase / L-cysteine metC LAF0814 (4e-41)  LAR0281 (2e-44) ND ND
Methionine Y LAF0815 (2e-37)
é;i :rl::te succinylornithine transaminase astC Z:Z)Zj 217:_;3 Eji%?z Ei:ji; ND ND
G PSS amoiransfrase Liflats Gasd  Lant5ss oo ND ND
Arginine ornithine decarboxylase speF ND ND LGAS1881 (0.0) ND
Arginine ornithine decarboxylase speC ND ND LGAS1881 (0.0) ND
Arginine arginine decarboxylase adiA ND ND LGAS1881 (1e-89) ND
Arginine arginine decarboxylase sped ND ND ND ND
Arginine acetylornithine aminotransferase / LAF0723 (7e.—6l) LAROO4! (>< D
Lysine N-succinyldiaminopimelate argD LAF0031 ( >< D LAR0597 ( >< D ND ND
Glutamate aminotransferase LAF0136 <>:<1) LARO715 (X D
LAF0859 (3%1) LARI133 (%1)
Arginine . .
4-aminobutyrate transaminase gabT LAF 1619 (2e-65) LAR0189 (1e-67) ND ND
Glutamate
Arginine . .
4-aminobutyrate aminotransferase puuk LAF1619 (2¢-61) LAR0189 (9e-64) ND ND
Glutamate
LAF0859 (2e-50)
LAF0136 (6ed)  LAR071S (20:47)
o - . . LAF0031 (3ed)  LAR0397 (20-40)
Methionine ~ methionine-oxo-acid transaminase ybdL LAF1051 (1e35) LARI133 (3e-44)  LGAS1128 (1e-36)  LGAS0855 (1e-28)
LAFI103 (130 LAR0041 (3e:39)
LAF0342 (2027) LAR0037 (6e-27)
Methionine  7,8-diaminopelargonic acid synthase bioA Z:?f;ﬁ; 8::;(]); LAR0189 (2¢-37) ND ND
Lysine lysine decarboxylase cadA ND ND LGAS1881 (6e-86) ND
Lysine lysine decarboxylase ldeC ND ND LGAS1881 (1e-90) ND
Lysine lysine 2,3-aminomutase epmB ND ND ND ND
Lysine diaminopimelate decarboxylase lysA LAF0854 (4e-38) LAR0592 (1e-40) ND ND
X;‘:; . valine-pyruvate aminotransferase avtd LAF1013 (1e-17) LAR0299 (1e-17) ND LVIS2087 (1e-12)
Valine
izlllec::ne bra.nched-chain amino-acid iVE LAF0347 (2¢-30) ND ND ND
. aminotransferase LAF0922 (6e-30)
Phenylalanine
Glutamate
Tyrosin
Phenylalanine . .
. tyrosine aminotransferase tyrB ND ND ND ND
Leucine
Glutamate
Trypt(?phan tryptophanase / L-cysteine mad ND ND ND ND
Cysteine desulfhydrase
;‘Zpint:phan tryptophan synthase trpA ND ND ND ND
Tryptophan
Serine tryptophan synthase trpB ND ND ND ND

%1 cf. Table 1-10 %2

#%2 No hits in blast search but annotated genes are exist in genome database.
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Table 1-26 PLP-requiring Orthologs for their functions in 4 Lactobacilii (2)

Amino Acids

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L._reuteri L.gasseri L._brevis
Threonine threonine synthase thrC LAF1144 (8¢-45) ND LGAS1076 (6e-47) ND
Th i
reon!ne threonine deaminase ilvA ND ND ND ND
Isoleucine
Threonine .
. threonine dehydratase tdcB ND ND ND ND
Serine
Threoni
ef)nme L-threonine aldolase ltaE ND ND ND ND
Glycine
Threonine . .
. 2-amino-3-ketobutyrate CoA ligase kbl ND ND ND ND
Glycine
Seri 3-phosphoserine aminotransferase /
Crme
phosphohydroxythreonine serC LAF0768 (1e-80) ND ND ND
Glutamate X
aminotransferase
Serine D-serine ammonia-lyase dsdA LAF07 44 (3e-140) ND ND ND
Serine
Glycine serine hydroxymethyltransferase glyA LAF0430 (e-134) LAR0O445 (e-129)  LGAS0256 (e-131)  LVISI287 (e-126)
Alanine
Glycine glycine decarboxylase gcvP ND ND ND ND
glutamate-1-semialdehyde LAF0723 (3e-30)  LAR1588 (6e-157)
Glutamat hemL ND ND
A aminotransferase o LAF1619 (1e-29)  LAR0IS9 (5e-34)
LVIS1847 (e-109)
t t lut: t I dB ND ND ND
Glutamate glutamate decarboxylase ga 11150079 (16.84)
LVIS1847 (e-109)
Glutamate glutamate decarboxylase gadA ND ND ND LVI§00;9 (:e-SZ)
Glutamate UDP-L-Ara40 C-4" transaminase arnB ND ND ND ND
TDP-4-deh -6- -D-
Gutamate  © dehydro-6-deoxy ffA ND ND ND ND
glucose transaminase -~
Aspartate
Glutamate .
LAF1051 (3%2) . . .
Phenylalanine aspartate aminotransferase aspC . LAR0597 (3¢2) LGAS 1128 (3%2) LVIS 0855 (32)
. LAF1103 (3%2)
Tyrosine
Cysteine
Alanine alanine racemase dadX LAF0211 (1e-39) LAR0245 (4e-40)  LGAS0267 (5e-31)  LVIS0508 (8e-45)
Alanine 8-amino-7-oxononanoate synthase bioF ND ND ND ND
LAF1094 (3e-100)  LAR0839 (2e-108)
. . LGAS1191 (1e-25)  LVISI436 (6e-18)
Alanine cysteine sulfinate desulfinase csdA LAF0785 (1e-25) LAR0583 (2e-21) N ©

LAF0489 (2¢-06)

LAR0488 (9e-13)

LGAS1224 (8e-15)

LVISI256 (7e-12)

2%1 cf. Table 1-10 %2

9%2 No hits in blast search but annotated genes are exist in genome database.
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Table 1-27 FAD-requiring Orthologs for their functions in 4 Lactobacilii (1)

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
>-carboxymethylaminomethyluridine- mnmE LAF1839 (7e-83)  LARISIG6 (9e-79)  LGAS 1895 (5e-74)  LVIS2310 (8e-78)
tRNA synthase, subunit
3-carboxymethylaminomethyluridine- mnmG LAF 1838 (0.0) LAR1815 (0.0) LGAS 1894 (0.0) LVIS 2309 (0.0)
tRNA synthase, subunit
UDP-N-
acetylenolpyruvoylglicosamine murB LAF 0378 (1e-17) LAR0398 (2e-19)  LGAS 1293 (2e-13)  LVIS0681 (5e-16)
reductase

. . LAF 0410 (4e-52) LAR0365 (8¢-68) LGAS 1325 (8e-68)  LVIS0645 (1e-67)
thioredoxin reductase rxB LAFI703 (Se2)  LARIVIS (659 ) o cis7 (Se-15)  LVISISI3 (Se-18)
LAR1546 (3e-20)
sulfite reductase, subunit / flavin cys) ND ND ND ND
reductase
sulfite reductase, subunit cysl ND ND ND ND
LGAS 0848 (4e-32)
succinate dehydrogenase, subunit sdhA LAF 0986 (2e-14) LAR 1439 (1e-27) LGAS0049 (6e-14) ND
LGAS0505 (0.079)
succinate dehydrogenase, subunit sdhB ND ND ND ND
succinate dehydrogenase, subunit sdhC ND ND ND ND
succinate dehydrogenase, subunit sdhD ND ND ND ND
N-methyltryptophan oxidase sold ND ND ND ND
pyruvate dehydrogenase, subunit aceE ND ND ND ND
pyruvate dehydrogenase, subunit aceF LAF 1138 (5e-53) LAR 0610 (5e-54) ND LVIS 1408 (3e-54)
pyruvate dehydrogenase, subunit /
lipoamide dehydrogenase / 2- Ipd LAF1137 (3e-114)  LAR0611 (2e-100) LGAS 1554 (4e-49) LVIS 1407 (1e-94)
oxoglutarate dehydrogenase, subunit
proline dehydrogenase putd LAF 0045 (2e-26) LAR0033 (8e-28) LGAS 1626 (5e-25) LVIS 0323 (9e-26)
nitrite reductase, subunit nirD ND ND ND ND
nitrite reductase, subunit nirB ND ND ND ND
NADH ubiquinone oxidoreductase 11 ndh LAF 1086 (2¢-28) LAR 0495 (2e-35) ND LVIS 0320 (2e-30)
L-aspartate oxidase nadB ND ND ND ND
. LAR 0126 (9e-45) LGAS 1893 (3e-54) LVIS0313 (1e-51)
glyoxylate carboligase gel LAF1022 (6e-dd) ) poyst (50-24)  1GAS0248 (9e-26)  LVIS049] (1e-36)
glutathione reductase gor LAF 1615 (1e-48) LAR1327 (6e-51)  LGAS 0040 (2e-41)  LVIS 2051 (3e-49)
glutamate synthase, subunit gltD ND ND ND ND
glutamate synthase, subunit gltB ND ND ND ND
UDP-galactopyranose mutase glf LAF 1416 (6e-171)  LAR1293 (2e-163)  LGAS 1143 (6e-171) ND
LGAS 0848 (2¢-31)
. LGAS0049 (1e-20)
fumarate reductase, subunit frd4 LAF 0986 (3¢-20) LAR 1439 (1e-30) 1GAS0505 (56-04) ND
LGAS0904 (0.11)
fumarate reductase, subunit frdB ND ND ND ND
fumarate reductase, subunit frdC ND ND ND ND
fumarate reductase, subunit frdD ND ND ND ND
malate:quinone oxidoreductase mqo ND ND ND ND
NADH oxidoreductase her ND ND ND ND
:l]j;yugdmpem’“de reductase, ahpC LAF0409 (9e-71)  LAR1019 (2e-71) ND LVIS 0086 (6e-71)
alkylhydroperoxide reductase, LGAS 1325 (4e-49)  LVIS 0645 (3e-51)
subunit ahpF LAF0410 (1e-46)  LARIOIS (843 ) o 6p1q7 (deets)  LvIS1813 (8e-13)
NADPH quinone reductase mdaB LL/;IFF(I)S; Eg:gg;; LAR 1689 (0.002) LVIS 1936 (0.022)
nitric oxide dioxygenase /
dihydropteridine reductase frmp ND ND ND ND
acetoin synthesis / pyruvate oxidase poxB LAF 1022 (2e-45) LAR0126 (9e-43) LGAS 1893 (1e-78) Iilli?;gj;f ((;:__32))
D-lactate dehydrogenase dld LAF 1770 (4e-176) ND ND ND
dmydropterlqme reductase / nfsB ND ND ND ND
NAD(P)H nitroreductase
D-amino acid dehydrogenase dadA ND ND ND ND
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Table 1-28 FAD-requiring Orthologs for their functions in 4 Lactobacilii (2)

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
acetohydroxybutanoate synthase / LVIS0313 (1e-55)
ilvB LAF1022 (2e-56 LAR0126 (9e-52 LGAS1893 (2e-58
acetolactate synthase, subunit 1 (2¢-56) 5 (9e-52) oS (2¢-58) LVIS0491 (1e-52)
acetohydroxybutanoate synthase / N ND ND ND ND
acetolactate synthase, subunit "
acetohydroxybutanoate synthase / . LVIS0313 (1e-54)
ilvG (3% LAF1022 (6e-54 LAR0126 (6e-51 LGAS1893 (1e-52
acetolactate synthase, subunit G (%) 0 e-54) 0126 (6e-51) GAS1893 (1e-52) LVIS0491 (7e-47)
acetohydroxybutanoate synthase / oM ND ND ND ND
acetolactate synthase, subunit 1
tohydroxybutanoate synthase / LVIS0313 (2¢-50)
aeciomveroxybulanionte synase ilvl LAF1022 (7e-39) LAR0126 (1e-44) LGAS1893 (3e-49) €
acetolactate synthase, subunit LVIS0491 (1e-49)
acetohydroxybutanoate synthase /
ilvH ND ND ND ND
acetolactate synthase, subunit s
2- Jutarate dehyd N
(;xoglg;u arate dehydrogenase sucd ND ND ND ND
subunif
2-oxoglutarate dehydrogenase,
subunit sucB LAF1138 (2¢-44) LAR0610 (1e-51) ND LVIS1408 (4¢-50)
ring 1,2-phenylacetyl-CoA
E ND ND ND ND
epoxidase, subunit paa
ring 1,2-phenylacetyl-CoA
A ND ND ND ND
epoxidase, subunit paa
ring 1,2-phenylacetyl-CoA
ND ND ND ND
epoxidase, subunit paaC
ring 1,2-phenylacetyl-CoA
B ND ND ND ND
epoxidase, subunit paa
L-2-hydroxyglutarate oxidase lhgO ND ND ND ND
1-hydroxy-2-methyl-2-(E)-butenyl 4-
ispH ND ND ND ND
diphosphate reductase P
pyridine nucleotide transhydrogenase sthA ND ND ND ND
crotonobetainyl-CoA reductase caid ND ND ND LVISI 909 (3e-24)
5,10-methylenetetrahydrofolat
rz;du(:]::seyene ctraliydrolotate metF ND ND ND ND
flavodoxin NADP " reductase Jfpr ND ND ND ND
flavorubredoxin reductase norW ND LAR0 064 (3e-29) ND ND
2,4-dienoyl-CoA reductase fadH ND ND ND LVIS 2184 (5e-27)

*¢ E. coli B REL606
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Table 1-29 Tetrahydrofolate or 5, 10-methylenetetrahydrofolate-requiring Orthologs

for their functions in 4 Lactobacilii

Enzyme function

Gene for biosynthesis

Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
glycine decarboxylase gcvP ND ND ND ND
LVIS1951 (2e-12)
glycine cleavage system H protein gevH LAF0449 (1e-06) LAR0463 (2e-16) ND LVIS1271 (2e-12)
LVIS1737 (7e-04)
aminomethyltransferase gcevT ND ND ND ND
lipoamide dehydrogenase Ipd LAF1137 (1e-91) LAR0661 (7e-82) LGAS1554 (2e-41)  LVIS1407 (4e-78)
balamin-dependent methioni
coba‘amimn-dependent methionine metH LAF0828 (3¢-15)  LAR0993 (5e-11) ND ND
synthase
10-
5,10-methylenetetrahydrofolate metF ND ND ND ND
reductase
formyltetrahydrofolate deformylase purlU LAF 0130 (2¢-18) LAR0137 (6e-17) ND ND
hosphoribosylglycinamid
phospioribosyiglyeinamice purN LAF0130 (3¢-30)  LAR0I37 (3¢-35) ND ND
formyltransferase
AICAR (3%1) transformylase purH LAF 0131 (e-133) LAR0138 (e-140) ND ND
UDP-L-Ara4N formyltransferase /
A LAF 1251 (1e-30) LARI105 (1e-27 LGAS 0761 (6e-38 LVIS 0965 (4e-30)
UDP-GleA C-4" decarboxyhse arn 51 (le 05 (1e-27) GAS 0761 (6e-38) VIS 0965 (4e
10-formyltetrahydrofolate:L-
methiony-tRNA ™ N - fmt LAF 1251 (1e-61) LARI105 (3e-63) LGAS 0761 (3¢-76)  LVIS 0965 (6e-70)
formyltransferase
serine hydroxymethyltransferase gly4 LAF0430 (e-134) LAR0445 (e-129) LGAS0256 (e-131)  LVIS1287 (e-126)
3-methyl-2-oxobutanoate
ND ND ND ND
hydroxymethyltransferase panB
thymidylate synthase thyA LAF 0887 (6e-86) LAR0739 (4e-85)  LGAS0830 (8e-76)  LVIS0784 (3e-86)
5-carb: thylaminomethyluridine-
carboxymetiiyminomethyuridine mnmE LAF1839 (7e-83)  LARI8IG6 (9e-79)  LGAS1895 (5e-74)  LVIS2310 (8e-78)
tRNA synthase, subunit
5-carb: thylaminomethyluridine-
carboxymetiiyminomethyunidine mamG LAF1838 (0.0) LAR1815 (0.0) 1GAS 1894 (0.0) LVIS 2309 (0.0)
tRNA synthase, subunit
5,10-methylene-tetrahydrofolate
dehydrogenase/ 5,10-methylene- folD LAF 1263 (4e-81) LARI1116 (5e-71)  LGAS0751 (1e-72)  LVIS 0978 (1e-81)
tetrahydrofolate cyclohydrolase
folylpolyglutamate synthase / LAF 1338 (3e-40) LAR 1210 (9e-43
ovlpolygltamate synfhase folC 33813 00edd) ) o iS1218 (ed8)  LVIS 1252 (50-46)

dihydrofolate synthase

LAF0498 (6e-37)

LAR0496 (7e-30)

%1 Abbreviation: AICAR, 5-amino-1-(5-phospho-D-ribosyl)imidazole-4-carboxamide.

Table 1-30 Thiamin-requiring Orthologs for their functions in 4 Lactobacilii

ND: not determined

Enzyme function Gene for biosynthesis Orthologs (E-value)

E.coli L. fermentum L. reuteri L. gasseri L. brevis
2-
oxoglutarate decarboxylase, sucd ND ND ND ND
subunit
2-oxoglutarate decarboxylase,
bunit sucB LAF1138 (2e-44) LAR0610 (1e-51) ND LVIS1408 (4¢-50)
subunt
lipoamide dehydrogenase Ipd LAF1137 (1e-91) LAR0G661 (7e-82)  LGAS1554 (2e-41)  LVISI1407 (4e-78)
transketolase I tktA LAF1 721 (0.0) LVIS1420 (0.0)
pyruvate dehydrogenase, subunit aceE ND ND ND ND
pyruvate dehydrogenase, subunit aceF LAF 1138 (5e-53) LAR 0610 (5e-54) ND LVIS 1408 (3e-54)
pyruvate:flavodoxin oxidoreductase ydbK ND ND ND ND
LAR0126 (9e-45) LGAS 1893 (3e-54)  LVIS0313 (1e-51)
\ lat boli i LAF 1022 (6e-44
gyoxyhale carbolgase g (6e-dd) | R0481 (5e-24)  1GAS0248 (9-26) _ LVIS049] (16-36)
2-succinyl-5-enolpyruvyl-6-hydroxy-
3-cyclohexene- 1-carboxylate menD ND ND ND ND
synthase
1e-80
acetoin synthesis / pyruvate oxidase poxB LAF 1022 (2e-45) LAR0126 (9e-43) LGAS 1893 (1e-78) i;ﬁi(())jéf 582-36;
ilvB LAF1022 (2e-56) LAR0126 (9e-52)  LGASI893 (2e-58)  LVIS0313 (1e-55)
LVIS0491 (1e-52)
ilvN ND ND ND ND
Subunit of acetohydroxybutanoate ilvG %) LAF1022 (6e-54) LAR0126 (6e-51) LGASI1893 (1es2)  LVIS0491 (1e-54)
LVIS0313 (7¢-47)
synthase / acetolactate synthase
ilvM ND ND ND ND
ivl LAF1022 (7e-39) LAR0126 (1e-44)  LGASI893 (3e-49) ~ LVISO313 (2¢-50)
LVIS0491 (1e-49)
ilvH ND ND ND ND
1-d lulose-5-phosphat LAF 1005 (2¢-90)
coxyxylrose-o-phiosphate dxs ) 2e LAR0902 (1e-97)  LGAS0350 (2¢-82) ND

synthase

LAF 1632 (2e-42)

#%¢ E. coli B REL606
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1-3. &%

1-3-1. Lactobacillus J& 4 ¥R\Z33 1T 5 Fri A A AR & O FTEE

AIEE CICRR L2 X 912, L. fermentum. L. reuteri, L. gasseri, L. brevis % %S\ AR
FRAREE DIRFR ZAT o o R, USRS & O I B/E B BRI O e 2 BIfF S & 2 o 7)»
DFERZGDH Z LM TET,

L 73/
(i) L. fermentum 1IFO 3956

7 X/ BE®D Single-omission iEHTIZ L U | L. fermentum 13X, e AF T Y U VAT A
TV TITZU TANRTIRU, TANRTG X VP TV I VR TVF I,
7' U AR U TIEFEERMEEZ R LTZR, 2O BT AEIVBROEY v VAT A D
AEEBICONT, BEEEER IS T 240y r 701y hO—H3 D> TH O3, Bkl
DFAES 2 ATREMEDN IR S Tz,

B I UBRIX, 2-oxoglutarate KV VX I VT v Ru S —E (gdhd, EC 1.4.14) X
DAEGKEND, EIFEIAZ IV LD A Z I —F (BC3.5.1.2) ICXVAERT DM —
REGTEM, L. fermentum \ZIXZTN S DALY 0 FRFELZZWVDIZHEDL LT, vy I Uk
TR A RS Ieinode, JNEIVERETNVE I O R EEHTITAEBTRRD b2
MoloZ Enb, ZNVWEIVBRIIINVEZ I UNLAERKINLTWS E PRI, 7 v# 3
VBRIV NG I BERT D VS I AR (EC 63.1.2) DALY v LAFI275 25 F
ETH5Z NG, TOURIGTIZNVE I VBPEE SV TV D ATREMENRE X biLizd, Zh
ETIZED LS RHEPNIFAEL RV, BT, ZHETIZBIM SN TWRNZ A T ORI
RN T NS IO I NVE I VBOISEHS THL D0 LiLe, LInLARR L, il
DOFt (card+carB. pyrG. aspC ANV a 7)) (T HTINE I nb TV E 2 Uk
WERR I, ZNIETTEBRICHG R NVE I VBEBHER TE TODLAREE D G20,

BY L EVATAUNCONT S, ABHIORER L 7 ) AT —F _XR— 2 DEROFJE % K,
H L7z, & VU ZFIZ3-phospho-D-glycerate’)> & 3-phospho-D-glycerate dehydrogenase (EC
1.1.1.95, serAd). phosphoserine aminotransferase (EC 2.6.1.52, serC). phosphoserine phosphatase (EC
3.1.3.3, serB)&#%H L TAEAMRIND, U I, serine O-acetyltransferase (EC 2.3.1.30, cysE)
%41 L O-acetyl-L-serine~ & Z#i XF1, Fi\ X CTCysMECysKDO~NT B E A <w—|Z LD VAT A
VINERET D, BLASTHRMT CIE. L. fermentum\ZidserBM QveysED )V Y 1 JIIAFAE L 72\ ik
&g o7z (Table 1-TWZRTLAF08SSIX Y ¥ v A G RIC B 5 ATREME S V) 23, & U vl
TV AT A EROIEEHTHAEFTNEO LN, ZOZEE, TbDT I JBERLRD
B TAEEREINTWDAEEZ RET 5, U 2B L TIE, —oDOR[EEM: & L Tglycine
hydroxymethyltransferase (EC 2.1.2.1, glyd, LAFO430)\IC X W fitieEsns 2 &ENEBE 2Nz, L
MU, EOREROATFRRICHIL, B Z2GILTr Y U BERT DM EE X
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SV HIZL. fermentum(TE U > & 7Y L RO EHITH AT 2GR0 BTz 728  LAF0430
TtV COESRKEFEEN 2V (BT hE ) BB, £, osEA VY B X
FIELVWHDOD, Y VAT A U OMBEERN, 'Y VEWIEY AT A IEFRMEC
BIG- L CWDHRMEEMENR B 2 bivie, L. fermentumlx, £V L VAT A 20T RLHE TR
FEHLCIIABITERO bR o 7o hy, Z ORI T TO-acetyl-L-serinex M x5 & AEFIX[AIE L
2o ZOZENL, REAEDT B F LB EIMT EF ULREIGIZL Y, Y Vb RT
AL BV AT AU BB CORISREALTND 2 EDVIRIBR ST, serd/B/CREFEIZ Y
LT, BY VARV AT A UG ERWEIZ, serBDFE T & 2% 3-phosphoserine & /Il 2. %
L THEBENRRD LN, serd/B/CREISITIHERE L T\ 5 Z L 0MA & 72,

TU U EVATAVDEGHKIZOWNWTELE DD L, Y I3EE B < 3-phospho-D-glycerate
N LTHEEREIIND D, serBOA VY v JIFIFE L7\ 2, il 5 2D Bl Dphosphatase)’
serBL [Rl U2 - TWD EPHEND, ZOMICE L Tk, Mk FEME L LT
N5 3L 5 Hydrogenobacter thermophilus|Z 33\ T, phosphoglycerate mutase & 7/ 7 — 3 = > S}
T =B¥% (HTHO0103 &% T"HTHO183) %33-phosphoserine 12t U o &R 25 2 & vl
SN TEY (Chibaeral,2012) . L. fermentum THEIL O DALY v 7 Th HLAF07673 & U
VAEBRIZEHES L TWDL 0N L, VAT A it Y U h D O-acetyl-L-serineZ /i L C
B 5 <LAF0855 (1-2-31CF0 L2 K D ICHE 2 D2 MEEA M 3E) 8V ILAF0642 (L. plantarum
WCESI¥kDeysEF VY v 7 (Ip 0254) OARFE 0 =50, FEPEIZEY (2e-02)) 12X
DERTDEEZOND, BU LV EVATA U ENTRLE TRV TET LN LI
5 U CHAME 72 IIL T 722\ A3, cysE/cysM/cysKA IV Y v 7o R[RIEDBEFZIZ XL D 7 2 F ik,
BT 2T MMEIC L D® Y v VAT A U OMBEERN, ZN5DOWT &G T4
BT HENWIRIAUOHEHO A2 > CWDAREMEITHDICEZLbND, LoLans |k
FLOBLEND, B v, VATA VL TR, INETEITE 8BRS X5 iR n
FAET 2 Al RePEIIR < . BEFRRIRICIKTE L T D Z L3R Al 2 DR ThH o 7,

HL®:&ﬂ%\LﬁmmeK%VT%ﬁﬁ%ﬁ%ﬁéhkﬁ»?iVM&@?UV\V
AT A AT TUIEHIRREE PAFTET 2 fTREEI IR W I EE WO WETH . E O R[EENE
BN E B X B DT 7P A E 72 hr o T,

(ii) L. reuteri JCM 1112

L. reuteri ICM 1112{%, 7 X / BEDSingle-omissionf#fT 206, v AT A > Vv T7=
YT ANRTTF UM, TANTIX VDU TNVEI U, TE TR LIEERMEA
IR ERDI Tz, L. fermentum & [REE, L. reuterit, 7 V5 I VT & Ka ) —F (gdhA,
EC 1.4.14) OA LY aZ b F L TWiehololedd, JAEIVRETVE I L, TAF
F—+® (EC3.5.1.2, LAR0237) B\ MIZ V& I A pklERE (EC6.3.1.2, LARII3S) XV Zih
TNEEIND B X BND, L reuterilX 72, 3-phospho-D-glycerate?» bt U & AEET
HDICMEI AN B T B TRNTNEDN, Uy BiWE AT A Tk LIEER M
THY, ZNOIEFEY UNDAESGKREINTWEZEEZOND, 7V il o0\ Tid, £04E
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A28 5 Thr aldorase (EC 4.1.2.5) DALY 1 7 %H L TWRWZD, glydd Y a7 Th
HLARO44SIZ X > TORAERKT 2 L FREND, VAT A AAZDWTUX, L. fermentum & [FER
(ZeysED WAL 72 A0 Y v ZIIAFAE L7\ b DD cysE/cysM(LAR1677)/cysK(LARI459)4 )V >/
B IR AEGKRIND EHEREI N, o7 I VI ONT Y, FFERMEL R LR &
77 AERIZT B LT, LoreuterilCBWTH 7 X BRICES U CHTHUREE 2 FE T 2 FIRE
PEDMEWNE B R, HRDIEBRITITDR)N T,
(iii) L. gasseri ATCC 33323

Single-omissionfiftr DFEHR., FALE DT I/ BRITxt LERMZ R L, FFEREEZ R LD
T=U TANTX U, TANRTX L INVEIVEE, TVEI DR THoTe, 77=
2B L Tldglutamate-pyruvate aminotransferase (EC 2.6.1.2, LGAS1128) 128V B /L E IR
DT T=UNEASH, INF IV INVEIZELTE, JVZ I VBT e Rr s
—+t (gdhd. EC1.4.14) OFNVY v ZI3fFELBRNEOD, 74 IF—E8 (EC3.5.1.2,
LGAS0507) BiWNTZVE I oGRS (BC 6.3.12, LGASI379) LW 7 NVE I fge 7N
IVBRENTENEESND LB BN, TANTFX U - 7T ANTF I LR, 4%
v [EEL7)> ©aspartate aminotransferase (EC 2.6.1.1, LGAS1128) \Z X VT A/RXT XM, &
|Zasparagine synthetase (EC 6.3.1.1, LGASI1786/LGAS0135) XV 7 ART XU BNAEGK ST
LHETRENTZ, LL, TARIXURET ANRT X Ol 2N LR EEFRR
DO TZTD, T ANT X RO I AT E W TAE LT Dldasparaginase (EC
3.5.1.1, LGASO851/LGASI433) I\ZX VT ANRT XU InGT AT XU mpafiis ShTunizic
HDTHDH I L, FTLGASII28Faspartate aminotransferase & L CTHEEE L TV W RIREMEDN B 5
ZERBxbNT, LEDO LS, L gasserioT I 7 BRIZE U CIIHBIRE N FAET D Al
REMEZ R D Z 1T TEheroTa,
(iv) L. brevis ATCC 367

Single-omissionfi##T DAESR, L. gasseri L IZEFRRRIZ, T T =2 TANRT XU, T ANRT
X, INE I UK LIEESRMEE R LTe, 77 =B L TIE, Table 1-8{Z75§ glutamate-
pyruvate aminotransferase (EC 2.6.1.2) Q¥ DA /Y a7 (EH) O 9 HOWT IR E
NECTRINGT T = BERT DERE AL TWDL EBER LN, Z7 VI LT
TNEIVEET e Rush—+8 (EC14.1.4, gdhd) OANY a ZIIHFELBRNEOD, 7 )b
2 I AR (EC 6.3.1.2, LVIS0990) X0 7B I VERiNG 72 I Vs ERT D & TR
SN (T E I BRI L TTERMETH 720, 2z g I+ —8 (EC3.51.2) @
ANVaZzH LTI e —KTD) , TANRTHRUW - TANRT X UAH LT,
L. gasseriDY5 & AR DM NFR O Hiviz, A% ¥ o FEfE7)> Haspartate aminotransferase (EC
2.6.1.1, LVIS0855) \ZX 0 7 A/XZ X )3, HiZasparagine synthetase (EC 6.3.1.1,
LVISI649/LVISI501) (2L T ANRTXFUNERRIND & PRENTZN, TART X UL
T ARG XD S RN GRS EABITRO ONRDoTe, TANRTXUBOREEE
7eWEEHECAEE L7 Olasparaginase (EC 3.5.1.1, LVISI836) (2K VT ART X UG T AN
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TX VPSS TV Th D Z & £ 7-LVIS0855Xaspartate aminotransferase & L CHE
BEL CWRWAREMDR ®H D Z ENEX T, 2O XIS, L brevisD7T 2 JBRICBE L THHT
HRREE O RTREMEZ 7] 9 Z L IXTE o Tz,
Il R WE
() L. fermentum TFO 3956

L. fermentum 1%, 7"V >, €U IV U ROEBABRME 2 2L EERVETHIIZEB W TH AR

b (BL, +o7ET 2R OIiE, @F 48 FFHRE TH 5 DITxT L 96 Fifi] & &
R A LT), ENEFNOEGKICHDLEGHEZ IZIERTHA TWD T2, ZHRFERT
HDHEBZLNTEN, ME—, XMP XV GMP %459 %5 GMP synthetase 2 21— R9 5 guad
DANY T &l ) LT —F_X—2 RICR 3 Z LR TE RN -7, Xanthosine 7> 5
Guanosine, 8¢\ V% Xhathine 7> 5 Guanine & £ T 5 K 9 ZREERDAFIET DM EHIL 72 < . XMP
D GMP 24T DR L ED, A HNO ZNETICHMONTWRWY A TOREEN, Zi
50 (WTNAD) RIGZEHES TWHAREREZ BN D, Eio, BIOBH LR T GMP
MWAER L TWAAEEMED B Z 6D, 5. E coli D guad REKZFIH LT, L. fermentum
DT I LTATTY)—2HATLHZ LT, Lo EM<BEEEFZROT2Z2ENTED
b LAV,
(ii) L. reuteri JCM 1112

ARG OFER, ©V I P RMBEICOWTUIERMZ RS, —FH T AT —F_—

ANZVX de novo B RRIZBAG-T DAY a 7Oty MM o TV D T2 FR R O T HEME
RNWEEZ LN, £lo, TY URMEICK LT, RHEIZERD L0, T AT —H X
— A RIZIFE 7Y U RMED de novo GRUCEAGT 5 @O AN Y v T PFET H DI B
DOHT ., FEHIZ IMP (7213 salvage #RI& TR AIRER 7Y R2WE) BNUETH -7, L
L6, WiES2IXIMP S ZBMTAUTEERAREVWI 2L THY, 202 emb7Y
VRWEICE L CHRBIRIE O FREME 2R 5 Z LT TE o T,
(iiil) L. gasseri ATCC 33323

L. gasseri (2B T, 7V URWEICE L QIAEFTIHMEORER L7 AR 1T LT
23, BV IV URWEIZES L C. nucleoside diphosphate kinase % 22— K925 ndk A /v & 7 )3
FELZWVICHBEDL ST AFITIEE D%t Thymidine, deoxyuridine, deoxycytidine, dTMP,
dUMP OWFpa B e Lz,

ndk /vy 0 7 %[ L TWRWH, UTP, CTP, dTTP A TE RN\ EEZ HATZH,
EBRL ndk A VY 0 ZIIT G2 BN R 5 4 A T DFF—E AL Z i UDP, CDP, dTDP
BV ) I VURWEEART D EE 2 Ho TS ETFEEIND,

dUMP Z VM1 U 7= B81E thyd ALY 0 7 (LGAS0830) 1= & ¥ . % 7= thymidine % deoxyuridine
WM UTZBRIZ tdk DANY 0 7T D (LGASI249) 12XV dTMP 23ibfs Sdv, AH 23 AThE
W22 H B2 b5, —J5 T deoxyeytidine Z WS L 72 B 1X, deoxycytidine % deoxyuridine ~
BHA D cdd Y a THFE LRV DICHBED L TAFTRRO bitle, ZOHB & LT
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deoxycytidylate deaminase % = — K95 LGAS0202. i\ L cytosine % uracil ~Z #1925 codA
DAY v 7 LGAS0367 3 cdd & Rk DEREZ 1= L T\ 5 L HEEL S LTz,

VLD X 91T, FRE AT D TR PR T E WA, 2 2 T2 EAiRER O in
vitro TOfRNTZ 18 LT, ZOFREOHEZIRICHBT 52N TEDLLEZLND,

(iv) L. brevis ATCC 367

L. brevis [IZBA L TiX, 7V VRICOWTIEIMP OFII, BV IV RICOWTEARrTF
BROWNNEBIZLETHY, 7 AT —4_X—2 LY IMP, iWIA e T U iRE TOAES
FGBAE & RN TUW 2, £70 IMP oA 7 F UEELIBEORIKICE L Tidd vy e ZRI2IERT
FIELTWe, 207D, FEBRENFIET 2 RetE a2 720 (D7evy) Ll L, MGt a i
TLT,
. e3>
(i) L. fermentum IFO 3956

6 DDEH I U EMRIAETMAIT 7o/, VAR T I B #Eig, £ I B6ICOW
CIHFRMEEZ TR LIz, VAT T EICEAL TR, E coli \IZBIT2BEBERFOA LY 0T %
FEETHATWD 2D, BRI CEARINTVWD EE X b, —TERIZOWNT
Id. dihydropteroate synthase (EC 2.5.1.15, folPYD JT 5 DILEIZ o 7= % p-7 X /) LR (PABA)
FTO 3 BIET : pabABC DALY v 7 FE LRV DT H B 597, ERRSC PABA FEZE KM%
LTz, e (B0VE PABA) IZBI L Tik, £ OFHRE ORE Z HICEICEAIAA T
SEAT 2 AT 5 TS BRI O W TR BERICER Lz, B X 22 B6 ICHOW T, it <To 73/
ez Mz 7= CRHMli L7 TH D720, EX IV B MTHZ LEFICAETHT-D0,
ZFheE b X I B6 BHIOFHIREE CAB I TND DT LN E 22> TR, Bk
[T 272DIZiE, BTOT X /RO de novo BN FTREZR ML (T B /L2 K CTAF M
AT O BB B3, L. fermentum DG, KR 2 5 OFEA 03 A TN W T2 O fIFFTIZ IR #EC
bole, 2D, AWFRIZBWTUTHE R DN AT/ > Te 3, BX IV B6 DFHIAES
R O AT 2121327 V7 LARTER L2 VEREEE 2 DD,
(ii) L. reuteri JICM 1112

ABFTMORER, VA7 Iy, ERIZOWTIHERMEZ R L, VAT I EIZBLT
X, L. fermentum & [FIRRDELENH 2 BTz, FTHERICEH L THL. fermentum & [FARIZp-T 2
) % BF (PABA) £ CTO3EIET : pabABCDF VY 11 V" IFAE LR WDIZ b b 6§, 2
fOPABAFEBLRIE & 72 o 7273, 2 OFHURREE D FIREMEDIBRIT OV TIL, L. fermentum|THE
> THHT LT (L. fermentum Tio70> o ToH L %A JCIZ L. reuteri CHFHTIT O TiE L LT2) 728,
ATV IS N TUEL. reuteriDYERR, PABADAEARFRRRIKIZE LT, B MAESL Z LI1XT
EhhoT,
(iii) L. gasseri ATCC 33323

FTIv, VRZ7I e, ERZROWEHIZBNT, +0 LIS 2RV ETHLEENR
DO, T AT —HRX=RTE, ENENOERKICED LA VY a Dty NMED
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STWNRWZD ZRLODNHBIRE CTAEAR SN TV DL AMREMENRB X biLd, LI LRRS
ARHMCBNTIE, ENH6D2H 1 DR &b, o7 I /B, BREAME, ¥V
L DGRBS AR L B 2 bid o), 7/ AMERPRTEY, FTI U
RT7 T, ERITABRR SN T RWARBEME S &V, T3, BERNIZZENLLOESX I |
BWVFHREREENRTWENE I, ERE L (RED) FHIE X BUS U 72k % x5
ICEBRICHGET D NER S H LEZ BND,

(iv) L. brevis ATCC 367

L. brevis \IZB L ClE, AAKBLEFE2HA THWD YR T T EANTONTORIEEREZR L,
ZOMDOEZ I ANZOWTILT /) MMEHIBE Y BoRMEZ R LIz, 207, EZ I LT
B O RetEZ A Z LixT&E oz,

1-3-2. £AEMEIRFOFELHER LT TERME]

EEBEFPFET L2DICHEADL LT, BERMA R THEN KO0 RD b,

@ L. fermentum : A L4 =2 (homoserine Y CIEF . LAF1146 X° LAF1144 3% ?)

@ L. fermentum : * 54 =2 (homocysteine ¥R TIEAET. LAF0828 1 :ME ?)

@ L. reuteri = * F 4= (homocysteine ¥’IN TIEAET. LAR09I3 H3ME 2 )

@ L. gasseri : 7'V > (LGAS0256 3% ?)

® L. brevis : 7'V v (LVISI287 H3:M% ?)

® L. reuteri : IMP (PRPP~IMP (2% WD s 534 2)

@ L. gasseri : dUMP (LGAS0138, LGAS1503, LGASI705 /3% ?)

12 CTHRELZEY  WTNOLAE LS ) AT —F X=X EOWT IO A/ v 753 e
HROTABERTTHD, HNIFIOEREBEFF OB T THDHZ EBHELE SN D,
OIZHONWTE, T I 7 (VP rRoRAT A=) OFETEMNT B ALA =28k
Mo T LESTAREELH D, QK OOIZOWVTIE, FFEEIT homocysteine D2 iE ML HH
FAN OB AHZDORESE 2 b, MIZFERRZH L Eb+aE2 LD, @, @I LT
X, BEHUCER AN SN TV A RICHLBEDL LT/ ) UV BEREZ R LIZZ &, ALA =y
WHORKEZEF L TNRNZ EnD, EfiA /vy a7 3 e L TR W ATEEMER BV &5 %
BNDHN, ALY o S OMEMEEZHSICENZ END, EBEIZENLMTL 0O (H
FBLb, BWNIF R H L) THEZZITTWDHOE LitZew, £z, &L
TRTERRICAE H 35 &, Table 1-23 12773 K 9 I L. fermentum X° L. reuteri & 1Z1#\ > L. gasseri
& L. brevis [T GNZEEREEET 5 Z LIIRAIRETE LB 2 b, L gasseri & L. brevis O
P B UWTREHEFIZIRIN L2 ZE R W TN e o 7o (IRINFIERNE VN, Zive Bk
MENSRRE LD b Exonbd, HL, 272 &b L ogasseri OEIIEREZ N2
GG LD TRVWHATEBICENRLNTZT2O, TORREMET D2V E Ly, ®
\ZB LTI, L. reuteri & L. fementum % tb-_TH A/ Y 1 7 OFTERCHFINEIZIA L 21T b
RNz ARMIT IMP FE TOREEITHABIR T-OBIBERE 2 FF DB T AMFIET D DR T
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b5, 723, PRPP AEGRETO—HED ALY 1V HAFET D8, FHVE TOREONTIL)
PREREZ R TWWRWATREE S B2 b s, DOICBEL T, BIREHRREE S SR,
T RFREANY v IRFERIRONE S NI A TIEZR Y,

ZOEIT, ENEEIIELL oo i KL A R A IR SRR (FEERR
MM ALY v 73 g > TR ST OSSR (Fv Y a 7 i - TV D DI RME)
WROMS T, TS ENT (B 2 ZEES T D in vitro f#NT) 52 & T, LRLOFJE R
7 UTICTHZEnTE, BiZid (AREO) —RABHREEICOW TR RaRE255 2
EXTE D0 LivZeuy,

1-3-3. ILEBE 7 ) LA XL EBRERM

ARWFFECIBN T, L. delbruckii %R < LR 4 RO T 2 /e, BMAWE., © & IV ERM
(DWW THEFRANC RN 21T - 7o, BERPEDORERIXZ L E 4 Table 1-12, Table 1-17, Table 1-24
IZE & DTN, PREY HZE < OWEITH LERMED RSN, =TT/ MMEWMERD &
BIZIET I BIZBNTR, E AFVURFFET I VB RTIE ASREE oty b
ZESALTODRNEWN I DIFTERLS, TOFO—EZ RNTW D TeO BRI Z R /34
—UNENE I ICRZT BTz, BBRAWERSE X I AW T RBROMR AR 5 i,
ZOZEN, HBEOYT ) LY A ARHBHIRE WEND, < ORBERMEEZRT L0 )
FHSOBEHD 1 D& LTExLND, Flo, 7/ AEREEETHH T, HOWEDAEEK
WCHBE LTERE DN o R 8 — 3 ieinole BlziXeH 57 X/ BEO de novo & RIZEI L T,
RIGE S CIIEEREM O TWED, HBETIZZDI HD 1 DLNE L TWRNI &8
%7~ 72) 7. aminotransferase <> dehydorogenase 5, A /LY a7 L L THLT LY 1% 1 TH
DY THENRY, FEEOBEREZEEAE L TS r—A LA SN, TD X 5 2eEE#IE,
B UTRWIEERERMEEZ T L, & DREM L 2RISR TE, AAROWE~DK
FENEWABEDOEBTIC EE->TWAbDEELLND, -, 7/ LMEROEME L
T, L. fermentum <° L. reuteri |%. L. gasseri X° L. brevis & tb A2 < DA A B IA T %
Z T2, WIZ, L. reuteri XV L. fermentum 07573 —RHZ DOBAG FE N %L < . AR T
AF RV 72 MRS 5 #1° LSP 55 #1C L. fermentum DEB N BIEKE TH o722 & L EE
LTWaEEZI BN,

ABFFEIZ BN T, L. delbruckii (2T b 3l 2 5 72 23V EF R R 2R LTz Ot 2 ikt
D uMF o Te, RIRIIARH Th 203, RS HLEE & fcf) I MRS Bi i TR S 72 A ¢
FLWABARZ AL, ABEOBNIREN TH -T2 Z BV LTZDE LR, L
delbruckii DFFHTIC L0 FIZHIOF A2 G S TZ alREME S & 5 23, #H 21T - 72 4 BROE ) 7>
HEZDE, B L T UL BIZHBEE DS BTRRE 2/ 3 5 aReErEi RV ot LinZe
WV L L7eA 5 PABA ICREIND KO0, AERHHHRIEOAREME S —H R 32 &3
T&E, A%, B4 2E L T, SRR Itz b LT 7 U 7§52 & T,
72 mANGEOND Z E 2 LTz,
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H2E  FHIERA S R DOREAT
2-1. F

F1 BEIZTRER Lz L DI, Frll — RGBS OBRR AT o T . L. fermentum KO L.
reuteri \IZB\WNT, 2 Y ZAIWNG p-7 X ) ZEEFEE (PABA) F TORBENIAAE LW B
HHE, EMRIERMEZR L, 2O Z L6 HER (BVE PABA) OFTHIES IR D3 A
THAREMEA R L7, WOk PABA A£G AUk LIS DO BERR A= & IR BRI 32 T
ffid> > T 2728, PABA M 5D Tt S AT AIREIC > TS, D E I3 PABA

IHETIZHMON TRV CTAERRINTWDATREMENRE X b 2 7o, EBICERZ N
WL LRI EbBERONTH, Table 129 (TR L D ICHERMELEL T 540 0 7 REHK
FET D EWIFEFEIL, RNLY L fermentum <0 L. reuteri (ZFB W TEMMNESKEINTND Z
EERBETLHLEDOTHD, b L, L fermentum X° L. reuteri |23 TIHEFEA A AR O — (&
f65) ZWETHZ LT, FIZITABTAREZORIIBPD R IR, EBNEERNTIELR
TWDAHLD =D Z IR TE 2D hh LNRWAY, BRROBAR TR R 2 FFHF TV e d
STTZOGET 5 Z L IXTE ol

HERRIX. pterin #1597, PABA 4y, (yREGAB L) ZF I U O S 5 bE
WTh%, Table 1-29 ICHRL7ZIE@EY |, RIS, AFA= TV RN bT Uik 7>
(IMP), F X V)L (dTMP) FFDAEGHICB G %, PABA I —IC=a U A I LV AEEK
ENb, 2V AIMAFIX., HEBRLLEMSCEX ) v, ATX 7 VEORIBMEE LTHE
EENLEHELRTHAETH D,

E. coli \Z31F % PABA AU T 28I H < 22 BATHILTEH Y . PABA ZRMEZIRT
75 BERE DT % 18 L 72 pabA }o O pabB A+ O HEE) & Z OFE R 1345 F - TV 5 (Huang et al.,
1967; Huang et al., 1970), %12, PabA & PabB |[IH [E{AT&H % 4-amino-4-doxychorismate % 4=
%9 % Z & (Nichols et al., 1989; Ye et al., 1990) , PabC 73 PLP {£{7/J|Z 4-amino-4-doxychorismate
6 PABA #4595 Z & (Anderson et al., 1991; Green et al., 1991; Green et al., 1992; Jhee et al.,
2000; Parsons et al., 2002) 238 57> & 72 5 7=, PabA & PabB (X 1:1 OD~T & A4 ~—% T L.
Y AIfE UV I % 4-amino-4-doxychorismate -~ & 217 %, PabA [T glutaminase & L
THERET 573, PabB L& L7cRED A5 M%7, PabB (3 aminodeoxychorismate synthase &
UTHERE L, PabA IC L W 7V Z I VN BIURGIRLTET v =7 0 F 2 =2 ) AIB~FEET
D 2 o723, PabC 1% lyase T ¥ |, 4-amino-4-deoxychorismate O U] & aromatization % i
L CPABA & BV E U EEZ AT % (Roux et al.,, 1992), 7245, PabB I3 PabA MFE/EL72< &
H, 7V —DOT7 E=T EZRALT GRITENEOD) 2 ) AIWET I /b L 4-amino-4-
deoxychorismate AT 5 Z ERAIEETHDH Z LM HILTW5DH, F£7-, PabA, PabB, PabC
D3EPEERZIZ L TV D AR L RIR SN TV D (Roux ef al,, 1992) 73, ZHETIZ
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TD XD BB ERE BT E S BT AE LRV, PabA & PabB 70 5% 4-Amino-4-
deoxychorismate synthase D X 9122 U 2 IFAFIH T HEER L E. coli \IZFH W TIEMIZ H EntC,
UbiC, TyrA. PheA. TrpDE 23MFfET 5, PabB . TrpE & 7 2 / FRECHIAHREIPEAS 26%., Kk
FLAIAHRIPE IS 40% % "9 Z &2 b, LBOMEENDELLIEBETH D LBEZ LN TND

(Goncharoff et al., 1984) , —J5. E. coli {23\ T pabB FEIERK S\ M pabA FEERE T glucose &
RFEWE LTEmADEHITHEFT TERWA, ZNUHDRICK L opE ETIE72< . menF Z ¥
T DHEABFAREE 72D Z EE ST\ % (Patrick ef al., 2007), MenF (X2 ) A I i %
FEE T isochorismate & AE T DR Td 5 73, £ O1FE Tl PabB DOFH 9 i & 7] CH R &
BT D LB Z B, menF OHFIFEIC LV DERY L ER LI OHRKIIT v E=7
P3fEE L 4-amino-4-deoxychorismate 3£ 5 Z & THAT S Lz EHELZ I T 5,

F 7=, T thermophilus HB8 £RIZF\ T, TTHA0620 H pabA & pabB Wi DAL > v 72
W= HIMOEESE D glutaminase {51 & aminodeoxychorismate synthase JEMEEH L CWVD &
TRINTWD, £72, Petifk EOW N H 7= % TTHA0621 73 4-amino-4-deoxychorismate lyase
EEE AT 5 pabC ANV 7 ThDHEEZEZHILTVWS (Padmanabhan ef al., 2009) .

— . AFUEREMEE L THBALD Methanococcus maripaludis <> Methanococcus
Jannaschii \IZBWTIE, PABAS 2 Y A I[EAREHE LR WA CAEAR SN D Z LR S
LT 5 (Porat et al., 2004; Porat et al., 2006) , methylglyoxal & fructose-1,6-bisphosphate & ¥ 4=
% X415 6-deoxy-5-ketofructose 1-phosphate (DKFP) & L-aspartate semialdehyde % %2 DKFP
synthase (EC 2.2.1.11) . fructose-1,6-bisphosphate aldolase (EC 2.2.1.10, aroA’). dehydroquinate
synthase Il (EC 1.4.1.24, aroB') |Z £ Y 3-dehydroquinate (DHQ) 234k 3 548 (DKFP #2#)
I, EORIKOTFIM, 2 AIM, FEET IV BEGKRDOIZODOEERAT v 7L S
FU. PABA [Z DHQ 7 bAEAR SN D L &2 TS (White ef al., 2004; White et al., 2006;
Morar et al., 2007; Samland et al., 2008), DHQ X ¥ PABA (ZZE AR KKIZEI L TiX., & DO
HIHEE SN TVD DD (Porat et al., 2006) . SUSIZ B 2R LHUE FIZ OV TEA LT
DEZAHLNDITSITLZRYY,

L. fermentum <° L. reuteri {33\ T PABA 78 DHQ X 0 GRS D AlHEME & 2 BT 78,
E. coli & [RIRRDRRIK 23 2D LARGE L7283 D aroF . aroH, aroG. aroB D% A/ 1 7 IMFLE
L2 Z & —F T aroA™S° aroB' DAV Y v 7 Filo /o2 L 26 DFKP ##4H L Tuia
WENTREEINZ2O, ZORREEITRNES 2 b,

L. fermentum <° L. reuteri \ZC PABA OFHHAA KR OFREMEN ISR, 26T
dihydropteroate synthase (folP, EC 2.5.1.15) ®OA /Y v 728 7=% LAF1336 8V X LARI208
25 PABA TlIZ2WMbEM a2 E LT 5L B bz, £ 2 T, RUFFEIZB VT,
k% L. fermentum \ 28V . F91% LAF1336 73 PABA 2B L9508 I nEEND D120,
E. coli ZFIMH U7 HMfiEtER, KO in vitro DT AT 5 T &1 LTz, L. fermentum (23T
LAF1336 TER ZERL U E. coli @ folP 3FEMHFIREDN & 5 DOMGTHAT 9 FiEb B 2 bl
W, BEFHZ REZH L TP T OICHRECE o7 2 L #iBFET 5,
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2-2. FER

2-2-1. E. coli pabABC RIBRZFIH L 7= tE 6B

BANZ, E. coli BW25113 #K L V) folP 51 Z ik U 7o kR 2 VRS U 7, RIS LTI, Fig.
-1 T X 91T, A-Red ¥ A7 A &FIH L7 FEREEE 2 2RI U7z, BUiG L7 fol P EERKIT
LB MU W TAEBTARREZ R LN, ERAMHET 22 LIV AFTORENRRD b
(Fig. 2-1(A)), VT, LAFI1336 KO\ folP % %8813 %77 A X KN : [pUC118 : LAF1336) % X
[pUC118 : folP] (W T 4L % L300 bp # 7 2 E—% & L TE&Tr ORF % pUCLI8 ~7 I —=1
7 UTHERD) 23N LR 5, folP W ONT LAFI336 DA X 0 AEBFNERICEE TS 2 &
MRS (Fig 2-1), 2T O &b LAFI336 B E. coli fIAN T folP O v IZ
7,8-dihydropteroate synthase & U CHEERZ T 5 Z L AR T HZ LN TE e, ZOZ &%, A
RFIC LAF1336 75 PABA Z e & 45 2 L THERAGHRICEEG L TVWD Z 2Ry 560D T
Hol,

AT fol P WIERE & 0 FEAZ pabABC % W3 U - bR A5 L 7o, & ORRIZ LAF1336 KO folP %
BT DHTTAI REEAL, DM TAER SEHERE Table 2-1 1278 LTz,

Table 2-1 Growth of the AfolP/ApabABC mutant and and its transformant harboring E.
coli folP gene or L. fermentum LAF1336 gene.

Strain - PABA +PABA
WT [pUCI118 : folP] 0.34 0.33
WT [pUC118 : LAF1336] 0.35 0.35
AfolP [pUCI118 : folP] 0.32 0.29
AfolP [pUC118 : LAF1336 ] 0.33 0.33
AfolP, ApabA, ApabB, ApabC [pUCI118 : folP] 0.00 0.50
AfolP, ApabA, ApabB, ApabC [pUCI118 : LAF1336] 0.00 0.87

Growth of wild type (WT), AfolP mutant, and ApabA, ApabB, ApabC, AfolP mutant harboring pUC118
carrying E. coli folP gene or pUC118 carrying LAF1336 gene in M9 medium containing 0.1% glucose
and ampicillin (0.1 mg/mL) for 60 hours at 30 °C was measured at OD600.

fEF. folP. pabA. pabB. pabC @ 4 BEAFIERRICH U LAF1336 %% Bl S ¥ 7213, folP % %5l
SHToBE & RIERIC, BEHLIZ PABA 2MFME L2 WGEIEE<AF Leh o7, & L LAF1336
25 PABA TIERWBIDILEMEILE L 357251, PABA 28 £/ WEHITH AT T 5 Al
PHEREZDNTZN, 2O X IICEBRIIEBRETH D Z E DRI, 2D &vD LAF1336
N PABA Z#E L 55 Z L RE RBE I LT,
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+ Arabinose — recombinase from A-phage

Host :{ BW25113 | «— pKD46 - Temperature sensitive (grow at = 32°C to maintainplasmid)

+ Ampicillin resistance

upstream > deletion ,: downstream
Chromosome 0.5~ 1.5kb = 05~ 15kb
target gene :
First step
DNA flagment

cat-sacB

(Chloramphenicol resistance, Sucrose sensitivity)
Second step

DNA flagment |_L]
l

(Chloramphenicol sensitivity, Sucrose resistance)

Fig. 2-1 The method for homologous recombination in E. coli

In the first step, a DNA fragment containing a chloramphenicol resistance (caf) and sacB gene encoding
a sucrase from Bacillus subtilis was amplified. The upstream region and downstream region of target genes
were amplified and then the cat-sacB casssette was constructed by fusion PCR. The casssette were
introduced into E. coli BW25113 harboring the pKD46 plasmid. After induction of recombinant enzymes
with arabinose, chloramphenicol resistant and sucrose sensitive colonies, in which the targeted gene was
replaced with the cat-sacB cassette, were selected. In the second step, a DNA fragment, in which the target
genes were deleted in-frame were amplified by fusion PCR. The fragment was introduced into the strain
constructed by the first step to replace the cat-sacB casssette. Then, chloramphenicol sensitive and sucrose

resistant colonies were selected and gene-disruptions were confirmed by PCR.
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(A)

@ AfolP [pUC118]
@ AfolP [pUC118], + Folate 200 mg/L

® 4folP [pUC118]

@ AfolP [pUC118:folP]

® AfolP [pUC118: LAF1336]
® AfolP [pKD46]

op6oo  (0.19 1.94 0.47 520 691 0.38

(B) 8.0

0OD600

0 10 20 30 20 50
Time (hrs)

Fig. 2-2 Growth of the Afol/P mutant and and its transformants harboring folP gene or
LAF1336 gene.

(A) The 4fo/P mutant and its derivatives were grown in LB liquid medium containing ampicillin for
57 hours at 37°C. (B) Growth of the Afol/P mutant harboring pUC118 (diamond), wild type strain
harboring pUC118 in the presence of folic acid (triangle), Afo/P mutant harboring pUC118 carrying
the folP gene cloned from E. coli (square), and AfolP mutant harboring pUC118 carrying the fo/P gene
cloned from L. fermentum IFO 3956 (LAF1336) (circle) in LB medium containing ampicillin at 37°C

was measured.
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2-2-2. LAF1336 2B &t

fEV VT, LAF1336 03 PABAZ HE & 5708 9 I &N D D720 in vitro TORRGEZAT > T2,
LAF1336D 58 0 — L P4 & % 6-hydroxymethyl-dihydropterin diphosphatelZ . 543 & L To
A== bDRFTEN 72 AFREETH 773, RiBDFolK (2-amino-4-hydroxy-6-
hydroxymethyl-dihydropteridine pyrophosphokinase, EC 2.7.6.3) ®OIEEHD—>
6-hydroxymethyl-dihydropteriniZ AF 7] GE T & - 7272 FolK & LAF1336 % FI| | U 7238t S s 1
L DMEEE R ATz, BERISIZHTZ0 | FolP b & Do Z N ENOR R ZBST 5729
His# 2 X°Maltose Binding Protein (MBP) % 7 ZFI|H L7c@gha X > /X0 3Bl H 7 4 —%
AW TR 21T > 7o,

it % Table 2-2(271% L7273, FolK=PFolPIZ- DWW CidHis ¥ 7 O"MBP 4 7' & D& 2 v 737
Z HIFEE O AR E RO RS EE TH o 7203, LAFI336(IMBP ¥ 7' & DG % > /3 7 (3]
WHEINICEO HNT-H OO, His¥ 7 L Ol & 2 /37 [IRNERICERD bz (Fig. 2-3)
MBP-LAF1336 % BRSNS T 5 2 & & 2 7203 His% 7 CREBEZICRO b= & &
N LT, LAFI336 DI ERLFIO RE L2179 Z L IZ L7z (Fig. 2-4) . DR, LAF1336
DBlEa RAZOWT, 7/ 7= 3 L D RE S LTV IZGTGOAIZ3 NPT DAl 2 L
FTZENTEZ, £Z T, TNFNDORFAZLAF1336N1, LAF1336N2, LAF1336N3& L T,
His# ZB0WIMBP Y 7 L DG & /87 BT 57 4 —~jdifii LTz, LInLZei6, W
FTHLOORFIZE W T bHisY 7 & DA & v /3 7 1 3REE MR B AL, MBP & DG & 23
7 DI AIREZICERD vz 728 (Fig. 2-3) | fERDO & Z A, BEERIGIZIIMBP & OFE ¥
PRI R LT, ZORR, MBP-LAF1336N3IZB L TIIFHL L~ MR- 7o 7o, £ Dfih
?OMBP-LAF1336, MBP-LAF1336N1, MBP-LAF1336N2% % #1Z 11FolK & 32585 SO i (4
T5HZ &I LT,

Table 2-2 The expression of His-tagged or MBP-fused proteins: FolK, FolP, or LAF1336.

Target Expression Vector Host Expression
folK pQE-30(6 X His; N-ter.) MI15[pREP4] Supernatant
o
‘ pMAL-c2x (MBP; N-ter.) TBI Supernatant
folP pQE-30(6 X His; N-ter.) MI15[pREP4] Supernatant
‘ PMAL-c2x (MBP; N-ter.) TBI Supernatant
pQE-30(6 X His; N-ter.) MI15[pREP4] Pellet
LAF1336 PMAL-c2x (MBP; N-ter.) TB1 Supernatant
pETDuet- 1 (6xHis; N-ter.) BL21(DE3) Pellet
LAF1336N1 pQE-30(6xHis; N-ter.) MI15[pREP4] Pellet
PMAL-c2x (MBP; N-ter.) TB1 Supernatant
- is; N-ter. EP4 Pellet
1aF13sens  PRE 30(6xHis; N-ter.) MI15[pREP4] elle
pPMAL-c2x (MBP; N-ter.) TB1 Supernatant
E-30(6xHis; N-ter. MI15[pREP4 Pellet
Lari33en;  PQES0(EHis Noter) [PREP4] o .
pMAL-c2x (MBP; N-ter.) TB1 Supernatant (low level expression)
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46 : 3 46 - “ 46
His-folk  MBP- - o
LAF1336N1 . MBP-folP MBP-LAF1336
30 ’ MBP- N 30
¥ /‘ 2 LAF1336N2 25
- (kD) (kDa)
lane Sample lane Sample
M  Prestained Protein Marker, Broad Range (NEB) 17  pMAL-c2x:LAF1336N1,1PTG 0 mM, crude
1 pQE-30:/0/K,IPTG 0 mM, crude 18 pMAL-c2x:LAF1336N1,1PTG 1 mM, crude
2 pQE-30:/0/K,IPTG 1 mM, crude 19  pMAL-c2x:LAF1336N1,IPTG 1 mM, supematant
3 pQE-30:/0/K,IPTG 1 mM, supernatant 20 pMAL-c2x:LAF1336N1,IPTG 1 mM, purified fraction 1
4 pQE-30:/0/K,IPTG 1 mM, purified fraction 1 21  pMAL-c2x:LAF1336N1,IPTG 1 mM, purified fraction 2
5 pQE-30:/0/K,IPTG 1 mM, purified fraction 2 22 pMAL-c2x:LAF1336N2,1PTG 0 mM, crude
6 pPMAL-c2x:folP, IPTG 0 mM, crude 23 pMAL-c2x:LAF1336N2,1PTG 1 mM, crude
7 pMAL-c2x:folP, IPTG 1 mM, crude 24  pMAL-c2x:LAF1336N2,1PTG 1 mM, supermatant
8 pPMAL-c2x:folP, IPTG 1 mM, supernatant 25 pMAL-c2x:LAF1336N2,1PTG 1 mM, purified fraction 1
9  pMAL-c2x:f0lP, IPTG 1 mM, purified fraction 1 26  pMAL-c2x:LAFI1336N2,IPTG 1 mM, purified fraction 2

10  pMAL-c2x:folP, IPTG 1 mM, purified fraction 2

11 pMAL-c2x:LAF1336,IPTG 0 mM, crude

12 pMAL-c2x:LAF1336,IPTG 1 mM, crude

13 pMAL-c2x:LAF1336,IPTG 1 mM, supernatant

14 pMAL-c2x:LAF1336,IPTG 1 mM, purified fraction 1
15  pMAL-c2x:LAF1336,1PTG 1 mM, purified fraction 2
16 pMAL-c2x:LAF1336,IPTG 1 mM, purified fraction 3

Fig. 2-3 The expression of FolK by pQE-30 and FolP, LAF1336 by pMAL-c2x

The indicated constructs were transformed individually into M15[pREP4] (for pQE-30) or TB1 (for
PMAL-c2x). Cultures were grown in LB plus glucose at 37°C to an OD600 about 0.5. Target protein
expression was induced by adding IPTG to a final concentration of 1 mM. Cultures were continued at
37°C or 30°C and harvested by centrifugation between 4 and 8 hours after induction. Lysates were
produced by sonication (crude samples) and centrifuged to obtain supernatant, followed by purification
of His-tagged protein by Ni-NTA Agarose resin (QIAGEN) or MBP-tagged protein by Amylose resin
(NEB). Approximately molecular weights of FolK, FolP, LAF1336, LAF1336N1, LAF1336N2, 6xHis,
and MBP are 18.1 kDa, 30.6 kDa, 40.4 kDa, 41.6 kDa, 35.3 kDa, 0.8 kDa, and 42.5 kDa, respectively.
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(A) gggaatttacgatggaaacctgggtcagtetetttogtgacggecaggaagtggeggtgggecacggttgettaaceggeaccttageggecactccccagggegacgatgacegggget
GNLRWKPGSVSFVTARKWRWATVA*xPAPS*RPLPRATMTGA

ttgaccgettattaatt~ ~erotrqcgotattgee +eortiannnvaggogeacogtteccgggoggcgcgggacctgatggaacaactaaagg
LTAayYy «F LAFI336N1 R Y ¢ ¢ LAF1336 RR TV PGRRGT *WNN=R
agaagagaattgaagatttcaattaag@ geacgecttt gegGTGLTAGCACAACTRRCCACRRTARAARAACAGCGCTTTTTGTTTTGGCAAGT CGAGGAA

RRELKIsTKkumuprPTTTDAFNGAVL/!ITLAF1336N2 R F L FWQVDaQ
GCACAGCAGGGCGCCATTATTGAATTGATCGAACATTTAGACGTCCCATTTGCTAGCCAAGCAGACGGGAT CBCCCT AJA7 GRT CAAGCAGGCCGCCTTACCARTATTARTRARRTRARNT
A 00 GAV I ELIEHLDVPFASOGOGQADGTIALMNYVEKOAANLEP JLAF1336N3
AAGCAAGCCTGGCCAGCCGATGACGAACTCCAAAGCTCCTTAGAGGCACT CACTAAGGAAACGGCGAT CTTATGGCAGGCCEGTCRGTTCACCTT TAAGGT GAGGGCGCAGCTG |/ /64T |
K @ A WPADDELGSSILEALTEKETATILWRAGREFETEFNVTITAHEPLY
TACGGGATCTTAAACGT GACGCCGBACTCCTTTTATGACGGCGGACGCTACCAAGCAACCGACGACET CAAGGCCCACATCGATCAGATGGT CAAGGAT GGCGCCGACATCATTGAGETT
Y 6 1 L NVTPDSFYDGGRYOQATDDYVEKAHIDOMNVEKDEADTITIEYV
GGTGGCCAAACGACCAAGCCCGGTGGCTTTGTGGAAGT AAGTCCCGACGAAGAAAT CAAGCSGAT CACCCCGGCCAT CGAGTACTTAAAGGCTAACTACCCGGCGET GECAATTGCCGTG
6 6 0 T T KPGGFUVEVSPDEETIKRTITPAIEYLKANYPAVATILIALV
GATACCTACAAGTACCCGGT CATGCAAGCGGCCGTGGAACT AGGEGT GGACAT CAT TAACGACGT CAACGCT TTTTTGGATGACGATCAGAAGTTAACCCTGCTAAAAGATAGCCAGGTT
D T YKYPVMOQAAVELGVDIINDVNAFLDDDOGEKLTLLEKDSQQV
GGCCTGGTGACGATGCACTCGAGCCGEGAACACGAATACGAAAACCT GACGET GECGAT GAAGCACTTCTTCGAGGAGAACCT GGCGATGCTAGAAAAGGCCGGTAT CBACCAGGAGCAG
G L VT MWHSSREHWEYENLTVAMNMEKHEFFEENILAMNWLETEKAGIDERETR
GTTCTTTTGGATCAGBGGAT TGGCTACTCCAAGGT TGCCGACGGEGAACAAGAGTACGCCATGAT GCGCAACCTCGACCAGTTCAACTAT TTGAAGCAGCCGAT GATCETGGCGATCTCG
VILDOQGIGYSKVADGEGEGOQGDYAMBMRNLDOGFNYLEKRPMNIVATIS
CGCAAGGECTTTGATAAGCAACTCTTTGATCTGGCCAAAGACGATCACCT AGAGET GACCCTAAT TGCCBAAAGT TACATGTACCTGCACGECAEGCAGET GCTACGGETCCACGACGTC
R K GF GKOQLFGLAKDDRLDVTITLIAESYMNYILHGGRYVILRVHDYV
AAGGAGACCAAGCAGTTAGTAAAGACGCTCGACACGAT TACCAGTGGT TACTGGCAACTGTAA

K E T KQ L VKTLDTITSGY WL *

(B)  LAF1336 MLAGLATVEEGRFLFWQVDQAQGQGAV IEL I EHLDVPFASQADG I ALMVKQAAL PVLVKWA
folP %
LAF1336N3 \ LAF1336N2
LAF1336 KQAWPADDELQSSLEALTKETAILWRAGRFTFNVTAHPLVYGILNVTPDSFYDGGRYQAT
folP MKLFAQGTSLDLSHPHVMG I LNVTPDSFSDGGTHNSL \
: N ] Tk ok skkkokkokkokkok kkk [0l
LAF1336 DDVKAHIDQMVKDGAD I IEVGGQTTKPGGFVEVSPDEE IKR1 TPAIEYLKANYPAVAI AV
folP IDAVKHANLM INAGAT I IDVGGESTRPG-AAEVSVEEELQRVIPVVEAIAQRF-EVWISV
k. ok Dokl okk ckklkkokl IkIkksokk Ddokl ikl ok Ik 1 1 ok kik
LAF1336 DTYKYPVMQAAVELGVDI INDVNAFLDDDQKL TLLKDSQVGLV THHSS————— REHEY s .
Pterin bind motif
folP DTSKPEV IRESAKVGAHI INDIRSLSEPG-ALEAAAETGLPVCLMHMQGNPKTMQEAPKY
kk ok skl D DIk kkkkl DD D * P k% | . ok
LAF1336 ENL TVAMKHFFEENLAMLEKAG 1 DRERVLLDQG 6YSKVADGEQDYAMMRNLDQFNYLKR
folP DDVFAEVNRYF 1EQ1ARCEQAG I AKEKLLLDPGF GF GKNLS——HNYSLLARLAEFHHFNL
- DIk okIIk okIseksk IkIlskkk kIkl k| DIkIDD Uk IkIIIN
LAF1336 PMIVAISRKGFGKQLFGLAKDDRLDVTL IAESYMYLHGGRVLRVHDVKETKQLVKTLDTI /
folP PLLVGMSRKSH 1 GQLLNVGPSERLSGSLACAVIAAMQGAH I IRVHDVKETVEAMRVVEAT
0k kkk D kkl DL kK Ik B s
LAF1336 TSGYWAL-—
folP LSAKENKRYE
*,

Fig. 2-4 Nucleotide and amino acid sequence of LAF1336
(A) Candidates of start codon of LAF1336 were shown; LAFI336N1, LAF1336N2, and LAF1336N3.
(B) Protein sequence alignment of folP and LAF1336 was shown and positions of start methionine of

LAF1336N2 and LAF1336N3 were indicated by blue arrows.
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2-2-3. LAF1336 DA K OV D RIE

RTTEIZFC L72 & 9 12, His-FolK, MBP-FolP, MBP-LAF1336, MBP-LAF1336N1, MBP-1336N2
A L CHERUSZIT o 72,

AN, His-FolK D7 CEEFE L Z 1T o T2fE 5, ATP O B —27 O, AMP O — 27 O
Bl M OVERY EHEE SN D PL BT P2 OB — 27 OHELRTED S (Fig. 2-5(A)) . His-FolK
N in vitro \[CEBWTHERET D Z EBNRIB S LT, FEiV T, His-FolK & MBP-FolP g\ i
MBP-LAF1336, MBP-LAF1336N1, MBP-LAF1336N2 OHfi &7 2R, 2> hr—1
T& % His-FolK+MBP-FolP, /&% U\ His-FolK+MBP-LAF1336N1 T PABA t'— 7 O, K OVE
R EHEE S LD P3. P4 OB —27 OHBLNRYD bz (Fig. 2-5(B)) . MBP-LAF1336 <°
MBP-1336N2 Z (i L7=2BIZE N 5O ¥ — 2 OB L38O 5117, LAF1336 O N KD ELS
INZEDIEMEIZMNETH D Z & ETARORMET R II NI ONLE TH 5D AlHEEI R S L7z,
P3 L' P4 ODE—7 TERDOINLOMBEZFET 57280 LC-MS 1T o 7fi &, P3 2
7,8-dihydropteroate T 5 Z & 258 H 41, LAF1336 7% dihydropteroate synthase & L CHERE
TWbZ Enbhroi (Fig 2-6),

ZDEHIT, 2-2-1 TR LTz invivo DFERIZINZ, in vitro (2T H LAF1336 73 PABA %
HE LT 52 MR (Kuratsu ef al., 2010)
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Fig. 2-5 HPLC analysis of the products formed from 6-hydroxymethyl-dihydropterin with

recombinant FolK, and LAF1336 or FolP
His-FolK(A) and MBP-FolP or MBP-LAF1336 or MBP-LAF1336N1 or MBP-LAF1336N2(B) were
used for an in vitro enzyme assay. The reaction mixture (100 pl) contained 5 mM 6-hydroxymethyl-
dihydropterin, 10 mM ATP, 1mM MgCl2, 0.5% (v/v) 2-mercaptoethanol, I mM PABA, 50 mM Tris-HCI
(pH 8.0), and 220 pg/mL of the purified His-tagged FolK and 80 pg/mL of the purified MBP-fused
LAF1336, LAF1336N1, LAF1336N2 or FolP. The HPLC conditions involved a mobile phase where the
concentration of acetonitrile in 20 mM potassium phosphate (pH 2.5) was stepwise increased (0—5 min,
0%; 6 min, 8%; 15 min 20%; 16 min, 80%; 17-25 min, 0%) on a Mightisil RP-18 GP column (250 x 4.6

mm) with a flow rate of 1.5 mL/min and detection at 210 nm.
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Fig. 2-6 LC-MS analyses of the products formed from 6-hydroxymethyl- dihydropterin
with recombinant FolK and LAF1336 (FolP).

(A) a schematic of the sequential enzymatic assay with 2-amino-4-hydroxy-6-hydroxymethyl

dihydropteridine pyrophosphokinase (FolK) [EC 2.7.6.3] and LAF1336 (FolP). (B) HPLC analysis of the

reaction product without enzymes (B-i) and with both enzymes (B-ii). The peak of 7,8-dihydropteroate

was subjected to LC-MS analysis (B-iii).
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224 Vay NTvIa—=v7

AT E TORRN S, LAF1336 728 PABA Z SVEH &2 Z &< R S, DT &b
L. fermentum {23\ T PABA N EA R I N TV D Al REMEA 8] < /RIR X7z, L. fermentum (25
WTIX pabA. pabB. pabC F VY v ZHBFEAE LIRS, ] 6O EIR 153 PABA DS RLIC
5L TWb EE2bN5, £ZC, L fermentum 7 ) 5L DNA 25l a v V7 v—=

2V EEBIE A ORIE 2RI T2, Sau3Al JLELZ XV HifS L7=% 7 kbp @ DNA W f %
pUCII8 ~/ m—="7 L fEE& LTHWEE. coli ApabABCHi’i’% Hif Lo, BG L7
WEERHAD 5 5, PABA & £\ M9 'L — h TEBFT S au=—0EEE2RA T2, L
%20 T OREEBERLZF L-F T, an=—%fET 252 LN TE D o7, L fermentum
BOWTEMER T 2B TE o mHEBIC DWW TEZRR T 5,

L. fermentum & [FkE. Nitrosomonas europaea NBRC14298(ATCC 197188k & £ 7=, BERRIEZR
PRICH b LT, EREAKRKRKOA LY a 7Oy hEH LTS LDOD, pabd, pabB.
pabC ANV a Zi3AH L TV &AL TV (GTP cyclohydrolase 1, NE1163;
dihydroneopterin aldolase, NE0223; 6-hydroxymethyl-7,8-dihydropterin pyrophosphokinase, NE0070;
dihydropteroate synthase, NE0529; dihydrofolate synthase, NE0696; dihydrofolate reductase,
NE0567) (Chain et al.,2003), PABA AEARICE L TiE, ME—uwpE L LTCT /T —vardh
T2 NE2150 7%, PabB % query & L7z Blast (5812 XV & > b Uz, TREWII I pabB
DOFNYua 7l LT, —DEpabB %, b9 =2 )7 N7 7 AEGEKIZE D % anthranilate
synthase subunit % 21— R9°2% trpE % £F5, NE2150 73 PabB & L THERET D 7>, TrpE & LT
HRET 2 D E DD DT, His # 7 L OG5 X7 B2 L in vitro assay 21T 572

(Fig. 2-7), ZOFER, 2V A I E NH,Cl 258 & L CHWZBRIZ anthranilate O A4 A3 EE
D HAL, NE2150 1X5EF%1Z anthranilate synthase & 21— K925 Z LR S T2, 2O Z & IXFEIRE
IZ\N. europaea |23\ T PABA DHTHIRIE CEAK SN TNDLZEREBTHHDOTEH -T2,

% ZC. N. europaea \Z3 T L. fermentum OGE EREE, v av M7 —=7C
£V PABA GBS FICHD L BEIEFOESGERAT-, TOFS, PABA 5 E£720 M9
L= NCHEFT L an=—%2LHWETE/, 22T, 70X LNITERR LI BEIRERAR X
V7T AI R L T —r v A z1T o712 & T A, NEI431~NEI434 O 4 Bint %
Gel@moORE R4 2 LN TE 72 (Fig. 2-8(A), MM SAEAREG T (B ZHEH D
L2, BfF L7777 A K% Hindlll TRUEE L%, BV 77475 —va v &i7H 26T
NEI1434 (D#) 582K ORF NEENDL T T AI REER L, ZHIZL V. E coli ApabABC
FEOAEB DM SIND Z E DRI N 7280, NEI434 BFFHICMNETH D Z L BRE iz,
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Fig. 2-7 In vitro assay of the NE2150 gene product.

(A) SDS-PAGE analysis of purified N-terminal His-tagged NE2150 protein (56.6 kDa). M, marker; C,
crude lysate (20 pg); P, purified protein (10 pg). An aliquot (20 mL) of overnight culture of E. coli
BL21(DE3) harboring pET-NE2150 was inoculated into 1 L of fresh LB media and cultured at 30°C to
OD 0.5. Then, IPTG was added at a final concentration of 0.5 mM and cultivation was continued for an
additional 16 hr. After the cells were harvested and washed once with chilled buffer A (50 mM sodium
phosphate, 300 mM NaCl; pH 8.0) containing 20 mM imidazole, they were suspended in 40 mL of the
same buffer. Protein purification was performed according to the manufacturer’s instructions. The
sample was desalted using an Amicon apparatus (Millipore, Bedford, MA, USA) with buffer B (10 mM
sodium phosphate, 60 mM NaCl; pH 8.0). The purity of the recombinant enzyme was checked by
SDS-PAGE. (B) LC-MS analysis of the reaction product. Enzyme assay reported by He et al. (2004) was
slightly modified. The assay mixture contained, in a final volume of 200 pL, 100 mM bicine (pH 8.5), 10
mM chorismate, 100 mM NH4Cl, and a suitable amount of recombinant NE2150. This mixture was
incubated at 30°C for 60 min and then deproteinized using an Amicon apparatus (Millipore). The
samples (2 puL) were analyzed by LC-MS (middle). Analytical conditions were the same as those used
for the examination of pABA productivity. The UV chromatogram (284 nm, left column) and selected
ion chromatogram for m/z = 138.056 + 89 0.010 (corresponding to the [M+H]+ ion for anthranilate, right
column) are shown. Standard anthranilate (upper) and a control experiment without the enzyme (lower)

are also shown.
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Fig. 2-8 Shotgun cloning experiment with the E. coli ApabABC mutant and genomic DNA
of V. europaea NBRC 14298

(A) DNA fragments obtained by shotgun cloning are shown schematically. The predicted function of
each gene is as follows: NE429, anhydro-N-acetylmuramic acid kinase; NE/430, M23/M37 family
peptidase; NEI431, tyrosyl-tRNA synthetase; NE[432, transcriptional regulator; NE[433, serine
hydroxymethyltransferase; NE1434, pyrroloquinoline-quinone synthase; NE1435, transcription regulator.
Parentheses indicate restriction sites in pSTV29 cloning vector. (B) Growth curves of E. coli BW25113
(parent strain) harboring pUC18 (blue dashed line), E. coli BW25113 harboring pUC-NE1434H (blue
line), E. coli ApabABC mutant harboring pUC-NE1434H (red line), E. coli ApabABC mutant harboring
pUC18 (red dashed line), and E. coli ApabABC mutant (black dashed line) supplemented pABA in M9

minimum medium are shown.
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2-2-5. NE1434 @ PABA A FR~DE 5 ORRFE

NE1434 @ PABA A£G A~D B GAZOWTHIZHEND H 72, NEI434 BIn 258557
T A REfFo, SBWIEE 727220 E. coli BW25113 8k (BIKK) & ApabABC ¥RAERLL . M9 5%
HICHB T HAEBFTZ I LIz, ZOE, Fig 2-8B)IZ/RT X 912, NEI434 ORBIZLY
ApabABC KRIZBIMR L RIS D/EB 28T Z Elbote, 2D £, NE1434 78 PABA 4
BRI T Z LR RB E T,

NE1434 IZLLHIIZ pyrroloquinoline-quinone (PQQ) synthase (PqqC)& L CT /7 —v a3 &
TWEn - ThH-o72, LML S, NE1434 & PqqC OFEFEMEIIE < . B 21E Klebsiella
pneumoniae KPNO1811 & kb~ % & identity 24%., similarity 40%, Pseudomonas putida PP0378 &
% & identity 29%. similarity 39% Cd> > 7= (Shen et al., 2012), F7-. PQQ EA AkIZ B
T HAMOBIE 175 NE1434 FILIZAFAE L TV W2 & 25 NE1434 (X PABA A4 AICRE 53
LEHMERETHDLEE 2 B,

NE1434 75 PABA OAARIZE G L TWA Z &2 FITHEND D728, [U-"Cgglucose % Fu
7= b L—Y—FEEEIT o772, "C NMR f@HTICIE mg 4 — & —D T~k 7= PABA 78 3
DM, —RICHEERSOE X I OFEABITIHO TORETH D720, &UIC NE1434 %%
B9 2577 A3 R (pUC-NE1434H) % £ E. coli ApabABC KD PABA A FENEIZ DWW TR T,
M9 BT % . HPLC & LC-MS TR & Mlafliikic & £ 5 PABA 2DV AT L
TR, LC-MS IZ8 W\ T DA PABA ORI FEH HAL (M + H]" =138.056, Fig. 2-9, left
column) | & DAEFEMEITMRD TR T~ L 7z PABA ORFRIIREECH S Z & RbroTe,
Z D728, PABA H[U-"Celglucose % B — R FEIR & L 72T de novo B S H 00 E D DR
HAIToTm, FOREE. BC L &#72 PABA (M + H]" = 145.079) 7% pUC-NE1434 % ¥%&
L9 % E. coli ApabABC BRIZF W THREEMICHE S 7z (Fig. 2-9. right column), Z D Z & 7»
5. NE1434 73 PABA @ de novo G UZEAD > TWDH Z L3 bho Tz,
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Fig. 2-9 Tracer experiment using [U-""C]glucose as the sole carbon source
The E. coli ApabABC mutant expressing the NE1434 gene was cultivated with unlabeled (left column)
and [U-"Cg]glucose (right column). After cultivation for 72 h, the culture broth was analyzed by LC-MS.
The upper two chromatograms were selected for m/z = 138.056 £+ 0.010, which corresponds to the [M +
H]" ion for pABA with all unlabeled carbon. The lower two chromatograms were selected for m/z =
145.079 + 0.010 corresponding to the [M + H]" ion for 13C-labeled pABA. The upper line (blue) and
lower line (red) in all four chromatograms indicate E. coli ApabABC harboring pUC-NE1434H and E.

coli ApabABC harboring pUC18 (control), respectively.
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2-2-6. NE1434 D FEE DB

NE1434 OIEREZ LN T H7201C, UTICRT L 2 ICRHEDOERR 21T 7,

BEARR I IZ U T, PABA (X2 U A Ifig% i ¥81Z, PabAB (aminodeoxychorismate synthase)
& PabC (aminodeoxychorismate lyase) (2L VD AEFHKIND, £ T, C K His & 7 %1+
G U7zfh& % > /)78 NE1434-His 2L, 2V A EIST D20 E D i</ (Fig
2-10), L2>L72235 . Fig. 2-10 IZFE L7= & 912, NAD(P)X° PLP ZDffiliE5E<° Mg <> Fe’*

HOGBEAIIMUTZ, &5 WL pH FE2 28 2 T kk 2 R OSSR B N TS ARMITERD
LR T,

2 ) 2L, 2 FERRIIZH 1T D 3-dehydoroquinate 73 PABA DRIBRIA L 725 Z &
HHIHN TV (Porat et al., 2006), & Z T, NEI434 7323 IR Eobamz=FIH+ %
N E D I BRI T TRREE LT, E. coli ApabABC ¥ & V) | aroB (3-dehydroquinate synthase).
aroC (chorismate synthase). aroD (3-dehydroquinate dehydratase I) % A1 U 7= #k 2 Z L2 U/ERL L |
TINOOENEBICHEFRT X /. 4-hydroxy benzoate &2 (N PABA N ETH 5 Z & ZHEd
L72, aroB % fif4# L 7-#k 1% 3-dehydoroquinate 7>5 = U A I fE, aroD % fiE L 72 BRI
3-dehydorosikimate 725 =1 U 2 I, aroC ZAEE LT-RIZ 2 U A IWMHEEI RN EE R D
NDHR, THHORIC NEI434 2RBLESE 57T A I FEREA LR, WThofkizkn
TH PABA & E W TAFTNRO 5z (Fig. 2-11), Z® Z L1, 3-dehydoroquinate
DAY A IFRICE D 2% IR EOTEIRAS NE1434 241 L7z PABA ZEARKICE G- L 72
WZ EERET S, BT, HFEBET I/ EES 4-hydroxy benzoate 7% NE1434 DILE & 72 5 D in
vitro \ZBIT DRFEEAT o 12Dy, ERITRD b olz, ZTDZ b, N. europaea |23
WTIERCH LWEER, 800 TRIRIC XY PABA WERK I TV D Ll i) 72,

fEV T, NE1434 OFEED, HOBIS TRV AEGR STV 2 TRt 4 & 2, NE1434 %
BT D E. coli ApabABC #£ X V) PABA BERMA MR D R 23272, ABRIZHTZV | E. coli
ApabABC #E D tnaA locus (tryptophanase gene) (2 NE1434 Z #1720 0A A 728k 2 ERL L 7= (Fig. 2-12),
Z Ok% N-methyl-N -nitro-N-nitrosoguanidine (NTG) TAEEL, PABA ZERM AR HRD X
7V == T aATolo, TORER, ~=2 U R EITVOILE 30000 = v =— 2 Hfs L7273,
Z OGS PABA ZORMEAZ RS Z UG T 5 Z LN TE Rvolz, 2D L5 NE1434 O
FSEDOAEGHICEG T 5 8 TR UHEBI T Th DRI R I N b DD, KFIEIC
WTH NEI34 OREDOE » M EfFD 2 LT TERNTZ,
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Fig. 2-10 Purification of C-terminal His-tagged NE1434 protein and in vitro assay using the
purified protein
C-terminal His-tagged NE1434 protein (28.9 kDa) was purified from the cell lysate of E. coli JIM109
harboring pUC-NE1434H by the same method used for NE2150 purification and analyzed by
SDS-PAGE. C, crude lysate (20 pg); P, purified protein (10 pg). In vitro assay was carried out in 100
mM of sodium phosphate (pH 7.5) or bicine (pH 8.5) at 30°C for 1 or 20 h. Chorismate was used as
substrates. Glutamine, glycine, alanine, NH4Cl were used as donors of amino group. NAD(P)H,
NAD(P)+, PLP, FAD, ascorbate, MgCl2, FeCl3 were added into the reaction mixture as cofactors.
Reaction mixtures (10 pL) were analyzed using a Shimadzu LC-20 system (Shimadzu Co., Kyoto,
Japan). The analytical conditions were as follows: InertSustain C18 column (150 mm %X 4.6 mm ID, 5
pm; GL Sciences Inc., Tokyo, Japan); column temperature, 35°C; isocratic flow, 5% (v/v) acetic
acid:acetonitrile = 95:5; flow rate, 1 mL/min. Elutied compounds were detected by a diode array

spectrophotometer. However, no product was detected in the all samples.
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Fig. 2-11 Construction of aroB, aroC, and aroD-knockout mutants from the E. coli

ApabABC mutant
(A) The shikimate pathway. (B) To construct aroB, aroC, and aroD disruptants, the Quick & Easy E. coli
Gene Deletion Kit (Gene Bridges GmbH, Heidelberg, Germany) was used according to the
manufacturer’s protocol. In brief, DNA fragments containing a Km-resistance gene cassette (Gene
Bridges GmbH) flanked with FRT sites and 50-bp homologous arms whose sequences were identical to
the target regions were amplified by PCR with appropriate sets of primers. The amplified DNA
fragments were used to transform the E. coli dpabABC mutant harboring the pRedET plasmid.
Gene-disruption in Km-resistant colonies was checked by PCR (lane 1, 3, and 5) using appropriate sets
of two primers that hybridized approximately 300 bp up- and downstream of the target genes.
Furthermore, the sequences of the amplicons were analyzed to confirm the deletion. The selection
marker in the obtained mutants was removed with FLP-recombinase and the gene deletions were
confirmed by PCR (lane 2, 4, and 6) and direct sequencing of the amplicons. (C) Disruption of aroB,
aroC, and aroD in E. coli ApabABC harboring pUC-NE1434H had no effect on its growth. Each of the
three types of transformants (triplicate) was grown on LB plates, dispersed in 200 pL of sterilized
distilled water and then a 30 pL aliquot was inoculated into 3 mL of M9 media containing Phe, Tyr, Trp,
and 4-hydroxy benzoate with/without pABA (10 pg/mL). Their growth was assessed after 2-3 days

cultivation at 30°C.
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Fig. 2-12 Construction of a host strain to isolate a pABA auxotrophic mutant from E. coli
ApabABC expressing the NE1434 gene
(A) To express the NE1434 gene constitutively in the E. coli chromosome, the gene was integrated into
the tnaAd locus (tryptophanase gene) in E. coli ApabABC using the Red/ET recombination system (Gene
Bridges GmbH). The DNA fragment used for integration was constructed in three steps; first, the
tetracycline resistance gene (Tc') and part of the lipoprotein promoter (Py,,) were amplified by PCR with
the primers PB21 and PB22 (lane 1), which target the N-terminus of the Tc" gene and the 5'-half of Py,
respectively; second, the other part of Py, and the NEI434 gene were amplified with PB23 and PB24
(lane 2), which target the 3'-half of Ipp and the C-terminus of NE1434, respectively; third, to assemble
the two amplicons with arms for the tnad gene, PCR was carried out with both of the amplicons and the
primers PB25 and PB26 (lane 3). The former and the latter carry 50-bp N-terminal and C-terminal
sequences of tmaA. To obtain an NEI434-integrated strain, the E. coli ApabABC mutant harboring
pRedET was transformed with the amplified DNA fragment and selected on LB plates containing Tc.
The gene-integration of Tc-resistant colonies was checked by PCR using two primers, PB27 and PB2S,
which hybridize approximately 200 bp up- and downstream of the tnad gene, respectively (lane 4,
parental strain; lane 5, the NE1434-integrated strain). Furthermore, the sequence of the amplicon was
confirmed. (B) The NE1434-integrated E. coli ApabABC strain thus obtained was confirmed to be able to
grow in M9 media without pABA in the same way as E. coli ApabABC harboring NE1434 gene on the

plasmid.
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2-2-7.NE1434 AV Y 1 7 O 53

NEI434 &is11X. VRIS pggC &7 /) T —va vy En-Ea+THY ., Plam O H 5
TenA/Thi4/PqqC famly ®—> & 315 (http://pfam.sanger.ac.uk/) , NEI1434 A /v & 7 D53ARIC
DUNT BLASTP 3 XL IXMEGAS 7'v 277 & (Tamura et al., 2011) % AW THi§~<7-, BLASTP
TILNE1434 O T 2/ Bl % query & L. E-value 102 % EfR & LT, PQQ AR DL
7 T AL — LRI WEIEEMD T ) AT — 5 X—Z (Shenet al., 2011) XG4 Ny r 7
ZINEE L7z, Fig. 2-13 12, K. pneumoniae X° P. putida & > 72 PQQ A HIZEE G- T 5 Z &
R I LTV D PqqC AV Y v 7 a2 G e b R/fi 2 n Lic, A0y 0 7 DAl 2 2D 7w
— 253 Hu, 1 DU Nitrosomonas <° Nitrosopumilus, Thaumarchaeota &\ N> 727 & =7 i
LB FE E @ T D Trichodesmium erythraeum O 7 )— 7TV | & 9 1 D% Chlamydia.
Chlamydophila, Wolbachia. Rickettsia, Neorickettsia &\ T={mMHAHIE N ZF AR O 71—
TThoT,

Chlamydia \Z B\ T, Chlamydia trachomatis INERRESKD BT T A X — 1 fold
(CT614). folP (CT613). folX (CT612. folB F /Y Ve L TNDHZENRAMLATWVWDS
(Stephens et al., 1998) , 7 — & ~— A _F|ZIL pabA. pabB. pabC A /v Y v JI3AFIE L7 VH
NE1434 DA )Y 1 7 Toh D CT610 (identity 40%., similarity 60%) 73 folAPX 27 7 A X —ODF
TR U5 1A THFAES %, CT610 78 PABA B RUCBE G- 2 )02 i 9 2 728, NE1434 %%
HEREFTIAIRNLFELaVARTZ bOF T AR (pUC-CT610H) ZA1ERLL. E coli
ApabABC ¥£ D PABA ZERMENAHFI S D0 E D it L7z, £ DOfER. Fig 2-14 IR L7z
V. NEI434 & [RIEEIC CT610 DFEHIT LV PABA BRMENSHM SN D Z L AR SN, %
HREDIZ . P putida KT2440 ¥k D PQQ &5 17 T A % — LITAFAET % pgqC in T Td % PP0378

(identity 25%. similarity 39%) (Nelson et al.,2011) %38 3577 A I K (pUC-pqqC) D&
ANTIE, E. coli ApabABC #£D PABA BRI AT HZ LN TEehote, 2O &b,
PP0378 1% PQQ G AIZRE G- L, CT610 1325, NE1434 LARIFMED @A v Y a 71220 T
IX PABA EGRRICEEG-T 2 Z L AR S L7z,
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97 Chlamydophila abortus: CABS66
100 Chlamydia psittaci 6BC: CPSIT_1056
Chlamydophila felis: CF0017
78 Chlamydophila caviae: CCADD996
100 [—l Chlamydia trachomatis D/UW-3/CX: CTE610

= Chlamydiae

100 - Chlamydia muridarum: TCD900
Chlamydia pneumoniae CWL029: CPn0761
100 Wolbachia pipientis: WPa_0697
100 Wolbachia wMel: WD0880
Rickettsia felis: RF_0036

o proteobacteria

Candidatus Midichloria mitochondrii: midi_00475
— Neorickettsia sennetsu: NSE_0493

100 L Neorickettsia risticii: NRI_0466
Trichodesmium erythraesum: Tery_0845

Cyanobacteria
100 Trichodesmium erythraeum: Tery_0369

Acidobacterium capsulatum: ACP_2023 . .
Acidbacteria

Car Koribacter versatilis: Acid345_0078

g2 r— Nitrosomonas eutropha: Neut_1553
ﬁ@ Nitrosomonas europasa: NE1434 |
Nitrosomonas sp. AL212: NAL212_1610

|5 protecbacteria

gg — Nitrosopumilus maritimus: Nmar_0288
100 E Candidatus Nitrosopumilus koreensis: NKOR_01285
L Candidatus Nitrosopumilus sp. AR2: NSED_01340

Nitrosospira multiformis: Nmul_A2636

Thaumarchaeota

Cenarchasum symbiosum A: CENSYa_1684

Candidatus Nitrososphaera gargensis: Ngar_c11630
[~ Klebsiella pneumoniae subsp. pneumoniae MGH 78578: KPN_01811

02

v proteobacteria
100 L—— Pseudomonas putida KT2440: PP_0378 ]

Fig. 2-13 Phylogenetic tree of NE1434 and its orthologs

The sequences of the NE[434 gene product and its orthologs were aligned using MEGAS. A

phylogenetic tree was constructed using the neighbor-joining method. The numbers on the tree indicate

percentages from bootstrap sampling with 1000 replications.
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cTeé10 | - | - | + | +
PABA | - | + | - | +

PPO378 | - | - | + | +
PABA | - | + | - | +

Fig. 2-14 Complementation assay of the E. coli ApabABC mutant using the C7T610 gene
from C. trachomatis and the pqqC gene from P. putida
For the pABA auxotrophy complementation assay, pUC-CT610H and pUC-pqqC were introduced into
the E. coli ApabABC mutant and the growth of the transformants was examined. Experimental
procedures were the same as those used for the same experiment with E. coli ApabABC harboring

pUC-NE1434H.
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2-3. B

%Oﬂ@ﬁﬁﬁﬁmAiAﬁC%ﬁ&éhéprpw&pwcﬁwymﬁﬁﬁﬁbﬁw
ZHED BT, PABA JEERMEZ R L7, AWIFEICI VT, N. europaea (231 % NEI434
kipWCET/?~vayéhfmé%@@mﬁ¢iﬁ<\mﬁA@mnmméWK%5L
TWD Z ENRSNTZ, C trachomatis (23T 5 CT610 22OV T Y, NEI434 DALY a 7T
H Y| FIITERAEARER T2 T A X —OW s (BT —#8 & L) 74E L E. coli ApabABC
PR PABA ZERPEZAHM L7 (Fig. 2-14),

—77. L. fermentum IFO 3956 kD7 / I DNA 7> 5 1%, PABA R MDA B 2 i in 1
BEHRST D Z LN TERD -T2, L. fermentum IFO 3956 ¥ki% NE1434 8in DA N Y 0 T a2
LTWRNZ ENnD | BENZBIEFRICAE S D 2 DLL EOBE{E 7% PABA AEGRUCE D -
TV EHERIS D, Binid, BEE L TR AWM E > 7o < Big 5% T PABA %
EERLTWDHZ ELEZIOLND,

NE1434 OEFIZHO>WTIE, #x 727 7 —F TEXORIENPRARA LN, 2V AIBmP
3-dehydroquinate @ X 9 72 3% ISR O RIAD PABA G OEE & LTELI TV D
(Porat et al., 2006) FIHREPENE 2 HAVTZA3, NE1434 (X2 U A I & ST 2136 2 720
S7-, F72. NE1434 #3813 5 E. coli ApabABC ¥k XV aroB. aroC. aroD % % XUCHURRIE L
RRIE. WTNBAEBTICPABA 20 E LahoTo, 2O END T IFRRE ok
{EEWIT NE1434 OFE TR D EDRIB Sz,

C. trachomatis |23 5 CT610 (2 DWW T, it MO 7 NA—FIZ LV MERRINTND
(Adam et al., 2014) , = DH T E. coli ApabA #k0 PABA BRI % F0#li 9~ % &5 T % Chlamydia
trachomatis D7 ) 57 A T 7V —X VATV —=2 T Lk ZACT610 DANY 0 T ThHD
ctl0874 NRH S NT=Z & CT610 1% E. coli ApabB #£=<°ApabC ¥k PABA R 2 MMl L7- =
& FT2E coli AaroA Bk, E. coli ApabAAaroD ¥, E. coli ApabAAaroB ¥RIZE T H CT610 H3
PABA ZURMEZ MM CTEX D2 L0006 CT610 3 U A I, % IR, 3-dehydroquinate LS+ D
{bEW % HEIZTHAREMERSHH Z & TITIL E. coli AubiC HRIZE VTS CT610 DI X

D PABA FEERMEL 2D Z b a Y AIWNLIEX ) ZELFMEICONTHRE T
TN THAD ZEPHERINTWND, LLeRnn, KR, BENTh D 0ILRE S
TV,

AHFZED T T, in vitro \ZEIT DM Z X L8 B B TN, BEFR R REE, £k
L—H—EERTHON =2, NEI434 OIED e > MIELN/R -T2, NE1434 1%, BEICIE
BERLE RN EEI T o % PqqC EMRINEZ R T 728, PqqC OFEM7R G A B = X K& iBRT
% Z EMNE1434 OB % FIET HITEIZ /2 2 O0b Lv7aw, 8, NE1434 O fbfEis
AT Z DV MIRDZ b B2 OND, F1-. NEI434 OA )NV 0 7, pabA, pabB,
pabC Z R0 T o =T LR M E AR MR BNLD 2 &R0, CT610 73, NEEEEAE
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RF77 IV —ZFED death FAA U ~OFEEEN L TEEDOT A b — 2 &R 2 b
BEZ FF> (Schwarzenbacher ef al, 2004) Z &b F7-, HWEORTEICEEREFELZONSL LU
AN

EMAEGRBREIT, pUMEE, st Eor—Fy P LTHERBSINATE

(Bermingham et al., 2002) , Sulfonamide <> diaminopyrimidine DHTAEWE N Z DOHITH D, H
Wk fEAT (Fig. 2-13) T L7z & o1, REMBATAEEME CTH D C trachomatis <2
Neorickettsia sennetsu |3 NE1434 /v Y v 7 % £, NEI1434 AV Y v Z 3@ TIL >0
STWRWZD RIFEIZEWRRME 2 R T HAEMBE OO DN —7 v FEBE D
ns,

85



FTIE FHATI VEABRRKIZEBIT S MgnA & O MgnB D fiE#T

AREONEIL, FiwmC L LT ESIcER S TEBY, 1 ¥ —% v FARIC
KT HLFEFLBORENELNL TRV ARTE RN, KEONEIL,
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY Vol.55, No.2, pp.913-916 |Z {5 =
T2,
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wIE LR ORE

IR, REREINEF 2R L CTE T ) LR OEIN « FECLY B2 04EY
DT DFERPASNE IR > TETWD, 7/ LY A X033 Mbps FRE OME ICE LTI
KR —7 2o —FIR WU, 7/ T =2 a VEDONRA T A T k=T 4 7 AT
bED 1~2 7 A UL RS ) L OGN AIREREHMUTH 5, B ORI, £h
L0 RS ERINGHED DN TEY | MEMOFR CIXFRICET VAEY & L CALEMT BT
FTRIBEICBNT, ML OHANER SN TS, BEEECEI . 20 Ol %
GBI ICET 2R ERIT., RENRT —Z =2 Thsb KEGG (http://www.
genome.jp/kegg/) X°> ECOCYC (http://ecocyc.org/) &V MBEIZG U THHIZEY H4 2 & 23A]
RBTHhD,

LU s, AEMOTIZIE, ERHET AREY THNL SN E I2REBORER L IX0
REBRLBEERTHHEGN DL L bHLNICRVSObD, 4 VXU T =V VA
B RIZBI 4> 5 MEP (2-C-methyl-D-erythritol 4-phosphate) #% (Takagi et al., 2002) . Thermus
thermophilus (ZFB W TR S 472 AAA (a-Aminoadipic acid) 725 DV ¥ AR & AGRE K

(Nishiyama, 2004) . Streptomyces coelicolor \Z 33\ T HH X #17= Futalosine (FL) %41 L 72 MK
BBUE G BREHS (Hiratsuka er al., 2008) 1%, £OREM2FIEFA D, Eiz, %@ﬁ%ﬁmi/f&
FICHBWTIE, BV REH— Lo ) UM, KIBE TIiE 1-deoxy-D-xylulose 5-phosphate

(DXP) & 3-amino-1-deoxyacetone-1-phosphate 725 7 BEfECAGRHR I HDIZK L, FhHEE
ClX. ribulose-phosphate, glyceraldehyde-phosphate, 7 > E =7 /5 1 DOFEE )G CTHEARK
S (Begley, 2006) . i1l NAD DGR T, MEREBAEMIZ ULIMFELRWVWEZZ LT
U7z tryptophan-kynurenine #REEN ¥V NEFAERL T TANI TV U ABICHETH I L
MBI EN 55 (Lima et al,, 2009) . fiFFFEEGROSERIER LI 2905 D, &
TTIEE Y o OEARIZE LT, 3-phosphoserine DLV VI ZNETEIIRL XA T DR
ROMRNBEELTND 2L bHBEMNL72 Y (Chibaetal,2012) , —XRAFREKEICS ZhE
TITIEF DIV TWR DS T2 ZRRENFET A Z M PR ESND, 2O X D FEFNE, Bt
BRI B Z AFET DR EA I S5 DI+ Th o7,

AWFFRIZ BN TIE, < ORBERMEZ RS —F5 T, TEDT ) MMENTIZED 7 LA
KDL Mbp R & LEIGHI R 2N T & 23D o 72 Lactobacillus JEIZ7E B L. HE—IRAHHR

(T, BRRWME., ©4IV) OBEEITo7c, 2O, WIFICK LY/ A
ERBEORMEDRERIT L7, 7 X VB TIE Lactobacillus fermentum (2337 5 7 V4 X v
o) v s VAT A UERBICE LT, BEBERWE TlX L. fermentum (2317 % GMP EA Bk
X2 Lactobacillus gasseri \Z331F % UTP 225 CTP, dTTP IZEHAGICEHL T, €% I Tld
L. fermentum \Z33F % €4 X > B6, BEME (PABA) | Lactobacillus reuteri \Z 33T 5 3R (PABA) |
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L. gasseri \IZB T HFT I - VART7 I - BERBRAEAGBIZE LU THEAEABRKEZ A LT
HAREMEE AT 2 LN TE T,

ZOHT L. fermentum & L. reuteri TR Lo, 2 Y A IS p-7 X L EEEE (PABA)
EART DBISFPFELRNICH DO THERERIEZ R I R BRICOWT, i
\ZHRFE L7z, invitro TOMRFOF T, HERHEARKTPABA Z2E L 95 folP ANV a7 Th
% LAF1336 73, FolP & [AERIZ PABA Z55H &2 Z LB E 720 | in vivo FRFTDOH T,
HEBRRER LT folP KABKIGE 2N LAFI336 DRBUC L VM SN Z E RO o722
LT, Al b L fermentum (ZF UV TIX PABA DSHTHREE CTHEGK SN D ATHEMEN R E 1
7= (Kuratsu et al., 2010),

I, BEARES O PABA & AUCEI 595 pabA. pabB. pabC KABKIGE %16 F AV, HBr
R =BT 5 LHEE S, O ANTFABEZ: L. fermentum., Nitrosomonas eutropha % DNA fit
G LTCray NI a—=2T%1To7 4558, N. eutropha 7)> % pyrroloquinoline quinone
(PQQ) synthase & HIVWHRIMEZFFD ., BEEERINE T /7 — 3 a » STV DB s 1% B
BT HENTER, KB TOA Va7, RULKHHEREERSETHEINS
Chlamydia TIX AMOIERREGHEBLF L PR ETI T AZ =2 L TWDH Z LH PABA
DEG I G35 ATaeME2 7 < RE S 47z (Satoh et al, 2014), REFEKLZ LT,

fermentum D77 ) T —H NX—AFARBL O a JIIFEL R -1, ZOFEET
L. fermentum \ZIXBEFIRRIESC N. eutropha & 13X 872 585 3 ORREEBPHFAET D ATREME 2 RIET 5,
RS IT, JTENE, UEEREEOX -7y FELTHERHSNLTEBY ., C
trachomatis <X° Neorickettsia sennetsu NWARBI DAY v 7 26, @hiila clzzo 41
RO TR W, JRIRE I @O 2 R T BE O T2 D O I 72 2 —
v hEFEZIBND,

N. eutropha \Z3B\ T HH 472 NE1434 3 £ D X 5 12 PABA A£G RRICRE 595 O nE
BHADLMNZT HREMETH D, AFFEIZB VT, in vitro TOEEEFE, F7- NE1434 O
HENOLHELBEFICEVAEAGHKINTWD EE L, NE1434 23819 % E. coli ApabABC £
£V PABA BRMEZ FKEO HBEA T2, PABA BRMZRTHRZIRSE CETWIE LT,
L. IO O R L TT O RMlEH 208, aiEEsS bRV e Y AR LR
HO0E LRV, NE1434 O 1 i&f51 T E. coli ApabABC £k PABA BRIt A Cx /- &
WO FEFEND, BHERRREE T PABA BDAEGHRINTWH DI TIERWZ ERTHRIND,
NE1434 L fHEAEHT % E. coli DAt % > 737 & % Pull-down assay <° two-hybrid 1% C RLH 3~
ZENTENIZ, RIEA T =X LTS b D EEZXBND, —J7 T, L. fermentum |Z
BWTITBEE TIZ PABA AGRUICEHE T 2B FORIEIZE>TWRY, “ay M7
0—= 7 CHEMBEE T ERGCTERPoT-Z 800, AR BEEEE T N EE O MBS

IZEE > TIFEL TV D AR B A DD, 5%, BACRIAAXI NEDTA 7T I — & {FH
T5HZ LT, FEHBE ORISR RED S LiLZeV, N. eutropha =X° C. trachomatis 55 & L.
fermentum TIE PABA B FRORRIEINFEIR D D E 5 ik, FUAEWE SO ER O X —47 v k
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BEZ D ETHIFIZHIRIR, SBD AN =X LOEHAP RSN D,

FTo. ARMFEOH T MKOHHEES RS OfT 1T o 72, HFEMETH L 2 ) AIfND
DRNVFE SIS DIRMT 2 R TFER . ZOFHMEH HNCT 2 Z LIXTERN-722, FL D
DHFL 72347 % ManB A /v Y v ZIZBH LT, S. coelicolor, T. thermophilus. Acidthermus
cellulolyttcus Hellcobacterpylorz AT D KB T OREREENT 21TV, =2 U 2 I )5 DHFL

IEDLIRBICEHEMEN S D5 (FL @O hypoxanthine #FAZ 2% adenine # AL & 72 - 7=
Aminodeoxyfutalosine (AFL) 2% DOREOFHICEHGET 25601 H5) ZLE2WLMNITD
Z LT &7z (Arakawa et al., 2011) , Z O H T, AFL 23 E$2 DHFL (2 A S V51T H. pylori
DOHBAHLTEY | ARISORERDFERAGIE 0 U EAl & 725 ATREMERE 2 51D, MgnA

IR L Cid, AW T MR S 417z 3-(1-carboxyvinyloxy) benzoate & . BE&AITHERLL 7=
TTHAO0804 }2 O} S-adenosyl-L-methionine (Z & Y AFL 23RS %5 Z &3 in vitro TREF S 7z
(Mahanta et al., 2013), ZDZ &5, ManA DAL FL Tid7a< AFL TH Y, =D
DHFL IZE 5fREEIC FL 2035 E NS RWGERSH D Z E BRI NI, T thermophilus T
I%. MqnB OfENTFER D BBZ L FLEZ T Z &N TR INDHA, AFL 26 FL ~EHT 5
Gl & N7 EITH N E o TE LT A%ROMMPEIR S NS, £72. FL 20 720k
BAEFOLOLE LT, BIRFRTIEH pylori LRS- TELT, i a UEH & LTI
WCHLRZ =7y e RDARBEL OV TN D,

ABFFEIZ K0 . PABA OFTHIEG I OFENH B 720 E 72 MK BBl A G it i

BT D AFL 0 LTS GFEDRHA LN E e o722 & T, AEMDOLZERMESCE Ot %
EBERDETHOERBERAEPFWNRFICRMREZRL 2N TEEZT TR ISHmE TS A H
RPENWE OB EICENDENRTEN ELHED N TE R, Sk, HTHAES R
D72 HFEMOME, BICIIAMFE TR SN (RIS (R 72 BLEH OBRER % i
L. b MZE o> THEMDOREEOE WHIAEWEORENHFESND,
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ERI7ik

ME1=, #2%E]

RS
ASCPNTRIAL AT TR 7 L — FOREE 2 L7,

{5 AR K O RS
L. fermentum IFO 3956 £, L. delbrueckii subsp. bulgaricus ATCC 11842 #£. N. europaea NBRC
14298 FRix, NITE (HANZATBOE ARG RH AR RS ) O 4T 7 /my—kr o —
(NBRC) £V AT L7z, £7=. L. reuteri ICM 1112 ¥, L. gasseri ATCC33323 #£. L. brevis ATCC
367 FRICOW TR, MSIATBIE NBYL M TERT A A U Y — A ¥ o X — AWM BB 5 =
(JCM) XY AF L7z, Biihd, LB 55 (LB Broth Base; Invitrogen™) . M9 55#1 (M9 minimal

salts (Becton, Dickinson and Company) ., 0.4 % (w/v) Glucose, 5 mM MgSO,, 0.1 mM CaCl,) %
FHL, 7L— NMZIE 1.5% (wiv) Agar 2 H L7, £72, REIILUTT BV o (KR
FE100 pg/ mL) . 7 2T A7 x =2 — /L (#ERE30ug/ mL) , 7~ A > v (IR 25 ng/ mL) .
ARV hvA Ty (RIREE 50 ug/ mL) 2L 72,

FNY v TR

KEGG (Kyoto encyclopedia of genes and genomes pathway database (http://www.genome.jp
/kegg/pathway.html)) ., DDBJ (DNA data bank od Japan) @ GIB (Genome information broker) .
BioCyc Database Collection (http://biocyc.org/) DA F&FIH L T, BEETH 2 —IRHHREE
® Lactobacillus JBI\ZR T HA NV v 7 OEELHFHAE L, £7- KEGG Y1 F&F|IH L T,
Escherichia coli K-12 MG1655 #£. 3.\ % Lactobacillus plantarum WCFS1 #RD AV a 7 %
query |Z BLAST B3R 21T\, E-value RO 7=, 725, FAMIZIL cut off value % E-value =107

IZRRE LT,

7T A3 FiEE

REFET T A 2 R} OME S primer D —"& % Table 4-1 (2R LTz, 77 4 ~—I34 T4 / 4 DNA
BLA & JEICE%EE L7z, pabB € v 7 Toh D NE2150 1%, N. europaea D77 7 1 DNA % §581Z
PrimeSTAR GXL DNA polymerase (# 71 7 /31 F5) ZffiH LT PCRIC XV HEIE L 7=, PCR
FOSIE. B 7w b a v THIRR S TV SR ORIFIZ TIT o 72, HIE L72 DNA Wi %
Ndel }2 O BamH1 TR L7244, pET28 X7 #— (A N7 4t) OM4ENi~r v—=0 7 %17
92 LT, N KMlZ His ¥ 73N E vz NE2150 2% Bl95 7T A REMHELE

(pET-NE2150) , 7= C K¥lZ His ¥ 7 23MF 5 4172 NE1434 23684 2 HRY T, RO FHE
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T PCR (2 CHUS L 7= DNA Wi %2 BamHI K& O HindIlI TALEE L, pUC118 X7 X — (X 51T 3
A F#t) ~r/m—=2 L pUC-NE1434H 5 L 7=, ®IZ. C. trachomatis strain UW-3/Cx £
(ATCC VR-885D) @ CT610, } X Pseudomonas putida KT2440 ¥k D pqqC %383 2% HHJ T,

Table 4-1 {Z7R"F 7T A ~—"T PCR (T THUF L 72 DNA W7 )i % BamHI & O HindIIl TALEL L |
pUCI8 X X — (HZ AT, A4E) 12/ a—=T%17H 2 LT, TEH pUC-CT610H }
W pUC-pqqC % Hf5 L7z, 728, BEMEWT /125U ik ABI PRISM 3130 genetic analyzer (Applied
Biosystems Japan) % f{#f] L. BigDye Terminator v3.1 Cycle Sequencing Kit {ZC¥— 27 T2 A D
e 21T 72,

Table 4-1 Primers used for Plasmids construction

Plasmid Name

Primer Sequence(5' - 3')

pQE-30:cysE
PMAL-c2x: cysE
pQE-30: LAF0855
PMAL-c2x: LAF0855
pUCI118: folP
pUC118:LAF1336
PpQE-30: folK
PMAL-c2x: folK
pQE-30:LAF1336
PMAL-c2x:LAF1336
pETDuet-1: LAF1336
pQE-30:LAF1336N1
PMAL-c2x: LAF1336N1
pQE-30: LAF1336N2
PMAL-c2x: LAF1336N2
pQE-30:LAF1336N3
PMAL-c2x: LAF1336N3
pET-NE2150

pUC-NE1434H

tttggatccTCGTGTGAAGAACTGGAAATTGTCTGGAAC
tttaagctt TTAGATCCCATCCCCATACTCAAATGTATGG
tttggatccTCGTGTGAAGAACTGGAAATTGTCTGGAAC
tttaagctt TTAGATCCCATCCCCATACTCAAATGTATGG
tttggatccGCACAATTAGACGCGCAAGCAATCATTAAC
tttaagctt TTAGAGCTTCCTCAAATCGTCTTCCAGC
tttggatccGCACAATTAGACGCGCAAGCAATCATTAAC
tttaagctt TTAGAGCTTCCTCAAATCGTCTTCCAGC

tttgaattc AGATGCTCTCATGAAATATGAGACTATCGACGC
tttaagcttTTACTCATAGCGTTTGTTTTCCTTTGCAGACAG
tttggatccGGGAATTTACGATGGAAACCTGGGTCAGTC
tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccACAGTGGCGTATATTGCCATAGG

tttaagctt TTACCATTTGTTTAATTTGTCAAATGCTCTTGTATG
tttggatccACAGTGGCGTATATTGCCATAGG

tttaagctt TTACCATTTGTTTAATTTGTCAAATGCTCTTGTATG
tttggatccCTAGCGCAACTGGCCACGGTGGAA

tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccCTAGCGCAACTGGCCACGGTGGAA

tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccgCTAGCGCAACTGGCCACGGTGGAA

tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccCCAACCACCACGGACGCCTTTAACCA

tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccCCAACCACCACGGACGCCTTTAACCA

tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccGTCAAGCAGGCCGCCTTACCAGTGTT

tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccGTCAAGCAGGCCGCCTTACCAGTGTT

tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccGTTTACGGGATCTTAAACGTGACGCCGGA
tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC
tttggatccGTTTACGGGATCTTAAACGTGACGCCGGA
tttaagctt TTACAGTTGCCAGTAACCACTGGTAATCGTGTC

AGAGAGCTCTTAAGAAGGAGATATACATATGAATCATTGCATAACTGAAAGTGAATTCAACG

ATAGGATCCTCAGGTGATCGTACTGTCCAGGCCATTC
ATGGATCCATAATATTATTTCATTTCACTCTGAACAGGAGC

TTAAGCTTAGTGATGGTGATGGTGATGACCACCGTGCAGGGTGGCTGCGGTT

pUC-CT610H GGAGAATTCTTTGCGCATAGATGAAACAGAGGAC
TATAAGCTTAGTGATGGTGATGGTGATGACCACCATAAGATTGATGACAACTACAACAAGTITCCTGG
pUC-pqqC AAGAATTCTAAGAAGGAGATATACATATGAGCGACGCACTGCCAATGTCC

TATAAGCTTGGTACCTCATAGGGTGATTCCCTTGTGCCACAC

AfolP £ K% O\ AfolP/ApabABC ¥k DRESE
PABA HHAG R OIFEERAET 2728, folP KIEKE (AfolP ¥%) . K& folP + pabA
pabB « pabC DWW HEKERE (4folP/ApabABC #K) ZAFR L7-, MZEKIT, A-Red system %
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AULER LTz, &I, 78T 57 2 =a—Viit&ist (cat) & Bacillus subtilis O sucrase
Za— RJ 2 sacB BAR T HLDEI A G e, “HHD DNA i 2 lfs L7z, —Dl%, #
—77y MEAGF O RIREEEUC R A 2B 2 & e K 9 ITEEF S 72 L primer & L-CS primer,
9 —OIL PIRAEIEIC R R B S & e K O IZEXEF S 472 R primer & R-CS primer Zff ] L
TENLEN O PR S ¥ T4 DNA B A 2 UG L. 2 BIZINR cat-sacB Wi 2§ & L
T Lprimer & R primer Z ]V )T fusion PCR 24TV, — UG 2 FIT A 2 UG L7z, e T
pKD46 #6792 BW25113 FRICxt L, 77 &/ — A TH# X R 2 ih 8RB &1, ool
BEAG, 78T AT == a— VDD sucrose A R TRE (e =—) Z&KTHZ

. AEABAR TN cat-sacB BLANZEHE S V72— UG X BR 2 UG L7, e T 1R
BI5 7% in-frame TRESHE L5720 DNA WA Z/FR L7z, 2B L TIERAs, HErE
5+ O Bt e OV TR % & £0 DNA B /7% | L primer & RL primer X OY R primer & LR primer
ZEHLTPCRICTHIESES Z & TENTNIIGF L7, RIC, T H D DNA Wiy 2 5
& L C Lprimer & R primer Z{# ] L C fusion PCR #4179 Z & T, KX FWr A 2 i L
7o FEO—URAHZFRITKI L, FIERICT 7 €/ — A CHM A BER 25888l S8, M
W 28 A%, 707 57 = =23 — V@)D sucrose MPEZ RTHE (mm=—) %%
KT 5 Z & T, cat-sacB FLHNFEI D EEHIE AR 773 in-frame TR L7ZBlSI~ & E#L S 7072 Ik
AR 2 BUS Uz, 72 BERBE T EI N T D00 E 9 D OMEGRIZPCRIZ T T 72,
728, folP RIBIZES U CIL. cat-sacB BLAIM folP & % O LB 12475 fisH ORI A
SNbHHEY MEERLE, AfoZP/ApabABC FRIZ DU T, AfolP WEERK A JEZ | pabC., pabB.
pabA DNEIZHEEL, TN O EEB Y IR I N TS Z & 2R Lz (Fig. 4-1 (B)), AL
7= primer BC%1 % Table 4-2 {2/~ L 72,

Table 4-2 Primers used for AfolP and AfolP/ApabABC mutants

Target gene Name Sequence(5'-3")
pabA Ist step L AACAACACTACCTTTCACCGCGTCATTCCT
(cat-sacB cassete) L-CS GTGCTACGCCTGAATAAGTGCGGCCGCctggtagaggttccaggtaaaagaatcgta
R-CS CGCAAAAGAAAATGCCGATATGCGGCCGCattcttagcgaacaaggacatcaactgetg
R GTTGCATCCCTTCATCGATATCCGCATCTT
2nd step RL cagcagttgatgtecttgttcgctaagaatCTGGTAGAGGTTCCAGGTAAAAGAATCGTA
(in-frame deletion) LR TACGATTCTTTTACCTGGAACCTCTACCA Gattcttagcgaacaaggacatcaactgetg
pabB Ist step L accaagttcgatgaatgaaagcacggcgaa
(cat-sacB cassete) L-CS GTGCTACGCCTGAATAAGTGCGGCCGCagtaatcacagegggagataacgtcttcat
R-CS CGCAAAAGAAAATGCCGATATGCGGCCGCaatcgtatcctgaagecaactggagaagtaa
R cacgataatactcctgacaaggtgactgga
2nd step RL ttacttctccagttgcttcaggatacgatt AGTAATCACAGCGGGAGATAACGTCTTCAT
(in-frame deletion) LR ATGAAGACGTTATCTCCCGCTGTGATTACTaatcgtatcctgaagcaactggagaagtaa
pabC Ist step L aatcaccaccgttcaggetgccattga
(cat-sacB cassete) L-CS GTGCTACGCCTGAATAAGTGCGGCCGCcagcgattcctgettataacegttaattaagaacat
R-CS CGCAAAAGAAAATGCCGATATGCGGCCGCccactttgtgagegeecgaattag
R cgaaagactcttgctcaatacgatccaget
2nd step RL TGCTGACGAAAAGGAGACATCGCCccgatcgettactgeccagegatte
(in-frame deletion) LR gaatcgetggeagtaagegatcggGGCGATGTCTCCTTTTCGTCAGCA
folP Ist step L aatcaccaccgttcaggetgccattga
(cat-sacB cassete) L-CS GTGCTACGCCTGAATAAGTGCGGCCGCtacgtgaggatggctaaggtccag
R-CS CGCAAAAGAAAATGCCGATATGCGGCCGCcgggtggtggaagecactetg
R cgaaagactcttgctcaatacgatccaget
2nd step RL ttactcatagegtttgttttcctttgcagacagagtCAGTGAAGTACCCTGGGCAAAGAGTTTCAT
(in-frame deletion) LR ATGAAACTCTTTGCCCAGGGTACTTCACT Gactetgtetgecaaaggaaaacaaacgetatgagtaa
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A 1. folP 30bp 36 bp
643 bp > - 691bp
[ ——>
folP-L — e folP-R
* Deletion *
2. pabA 51 bp 51bp
1273 bp > - 1268 bp

pabA (564 bp)

pabA-L

£

J

Deletion

3.pabB 51bp 51bp
610 bp > > T768Dp
+ » ¥ +——
ﬁ pabB (1362 bp)
pabB-L e > pabB-R
* Deletion *
4. pabC 36 bp 24bp
1500 bp > 1507bp

A
k4
o

pabC (810 bp)

pabC-L * 54

B @ @
(kbp)

30

20
15

1.0
05

(1) AfolP

(11) Wild type
(111) Apab4

(1v) Wild type
(v) 4pabB

(vi) Wild type
(vi1) ApabC
(vi1r) Wild type

Deletion
(111) (1v) (V) (v) (vit) (viii)

(kbp)

-

| —
Fa— 4.0
= “.3 3.0
- g 2.0
- el 15
ey 1.0
= 0.5
Primer: folP-L - folP-R 1400 bp
Primer: folP-L - folP-R 2183 bp
Primer:pabA-L - pabA-R 2643 bp
Primer:pabA-L - pabA-R 3105 bp
Primer:pabB-L - pabB-R 1480 bp
Primer: pabB-L - pabB-R 2740 bp
Primer : pabC-L - pabC-R 3067 bp
Primer : pabC-L - pabC-R 3817 bp

Fig. 4-1. The folP, pabA, pabB, and pabC genes and their flanking regions are shown (A).

PCR analysis of the Genomic DNA of the constructed mutants (B).

ApabABC ¥R D aroB. aroC. aroD WYiE

Quick & Easy E. coli Gene Deletion Kit (Gene Bridges) Z{#fH L. aroB. aroC. B\ M aroD
ZARFHEBZ I E D I F~ A > UiEBE T 'y MOE# L, IR m haicig-
FLP V 2 B F—B 2R S Uty MEUREZ RO 722 (ER U 7=, £ H primer % Table 4-3

W= LT,
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ApabABC #RIZ BT 5 NE1434 8 R EA O /]

E. coli Yt fk 1T NE1434 ZMHF A HBLE & 5 HIU T, aroB M5 DFR & [FIERIZ Red/ET
recombination system (Gene Bridges) % I\ C.NE1434 % E. coli ApabABC ¥k ® tnaA (tryptophanase)
ERALICHRA (E#) L7z (Fig 2-12), f#H primer % Table 4-3 |Z78 L 7=,

Table 4-3 Primers used for aroB, -C, and -D disruption and NE1434 integration

Purpose Primer name Sequence(5'-3")

PB9
aroB disruption
and PB10
confirmation

TATATACACTCGTCTGCGGGTACAGTAATTAAGGTGGATGTCGCGTTATG
GAATTAACCCTCACTAAAGGGCGGC
CTTGATAAGCGGCCTGACCTTTCTTGTTGTTACGCTGATTGACAATCGGC
AATAATACGACTCACTATAGGGCTCG

PBI11 GCGGCTCTGTGAAATCCCGTGAAACG
PB12 GCTCTACGCGCTCTTCATCCACGGTTTC
PBI3 TTATAAAGATTAAGTAAACACGCAAACACAACAATAACGGAGCCGTGA

aroC disruption
and PB14
confirmation

TGGAATTAACCCTCACTAAAGGGCGGC
AGCAGCGCAATCGCGGTTTTATTCATTTTTTACCAGCGTGGAATATCAGT
AATACGACTCACTATAGGGCTCG

PB15 GAAGATATGTCCGACCTGCCAAACGAATACC
PB16 CACCGTACCCATGCCCAGATTGCTCAC
PB17 TGGGGTTCGGTGCCTGACAGGCTGACCGCGTGCAGAAAGGGTAAAAAAT

aro D disruption
and PB18
confirmation

GGAATTAACCCTCACTAAAGGGCGGC
GGAGGGTGTTCCCGCCGAAATATTATTGCTTATGCCTGGTGTAAAATAGT
TAATACGACTCACTATAGGGCTCG

PB19  CCGACATTTTAACCAATGGCACAAAAGTG
PB20  GCAGTAATTAACGTGGTGGCTTCCAGAATACC
ppa;  GAATTAACCCTCACTAAAGGGCGGCTCATGTTTGACAGCTTATCATCGA
TTAGC
TCAGCGTTACAAGTATAACACAAAGTTTTTTATGTTGTCAATATTTTTTT
PB22 G ATGAGATCTTCCATTCAGGTCGAGGTGGC
NE1434 piys  ATTGACAACATAAAAAACTTTGTGTTATACTTGTAACGCTGAATTCACT
_ _ CTGAACAGGAGCTTTTCATGG
integration and PB24  TAATACGACTCACTATAGGGCTCGACTTATCAGACTTGCAGGATCAGTG
confirmation ppys  AATATTCACAGGGATCACTGTAATTAAAATAAATGAAGGATTATGTAA
TGGAATTAACCCTCACTAAAGGGCGGC
ppye  ATCCTTATAGCCACTCTGTAGTATTAATTAAACTTCTTTAAGTITTTGCGG
TAATACGACTCACTATAGGGCTCG
PB27  CACCGCCCTTGATTTGCCCTTCTGTAG
PB28  CCAGGCACCGGCAAGATCAACAG
PABA ZERIEFBMIABR

E. coli folP {851 K N LAF1336 & {x 1% & 10 DNA Wi i % . LLF @ primer (folP, 5'- TTTGAAT
TCAGATGCTCTCATGAAATATGAGACTATCGACGC-3', 5- TTTAAGCTTTTACTCATAGCGTT
TGTTTTCCTTTGCAGACAG-3") ; LAF1336, 5'- TTTGGATCCGGGAATTTACGATGGAAACCTG

GGTCAGTC-3', 5'- TTTAAGCTTTTACAGTTGCCAGTAACCACTGGTAATCG TGTC-3") % MW
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T PCR ICXVHEIE L7z, % DNA Wi DY — 27 = A %R L1-1%. EcoRI-HindIll K O
BamHI-Hindlll Z %) LT pUC118 ~7 0 —=2 7 %479 Z & T, native promoter Dillfl F T
JolP Je (N LAF1336 % 38819 % pUC118 : folP }o U pUC118 : LAF1336 i En G L7,
HLT-7T A K% AfolP Bk, £ 7213 AfolP/ApabABC ¥ik~E A L. LE )6 U THERES PABA
UM Ui/ Rs (M9 B5i) I TENDOBOAEBEZRGE LTz, £7-. ApabABC ¥k,
ApabABC AaroB £, ApabABCAaroC . ApabABCAaroD £k PABA ZERMAHMH 2 il 42 HAY
T. pUC-NE1434H, pUC-CT610H, pUC-pqqC Z3E A L7k &2 ERL L 7=, & Edsl K% LB
TL— N TAF I %, 200 mL OWEAFAEAKIZEE L, 50 mL fH45% (PABA W
BOMTFERIN D) M9 554l 5 mL ~EE L7, N. ewropaea DE:FIRE M@ 20~30CTH 5 =
EEREBE L, EFIMIL30°CTITo 7o, AF I (EEIR & 5 5r2E A IEREREE (OD-Monitor
C&T, TAITEC) #fiHLCTlhr OA > X — L TE=H— LT,

FolK & LAF1336 Z W EEERT v A

E. coli folK 151 % . LATF® primer (5-TTTGGATCCACAGTGGCGTATATTGCCATAGG-3',
5 TTTAAGCTTTTACCATTTGTTTAATTTGTCAAATGCTCTTGTATG -3') % V> T PCR (2 CTHY
Mg L7, v —27 = AfEiRtk, pQE-30 127 v—=" 27 %479 Z & T pQE-30 : folK (FolK ® N
Rl 6 x His MM SHIcfhe 2 oV B2R8B4 2577 A ) 2BfF LT, LAF1336 &
RAAZ DOV THEIERIZ, LU T O primer (5-TTTGGATCCCCAACCACCACGGACGCCTTTAACC
A-3', 5“TTTAAGCTTTTACAGTTGCCAGTAACCACTGGTAATCGTGTC-3") % fiV»T PCR (2T
IR L7 DNA Wi &2 > — 27 = 0 R CHERR L 721% . BamHI-Hindlll Z % L T pMAL-c2x ~
Ja—=27%4795 Z & TpMAL-c2x : LAF1336 (LAF1336 ® N KiilZ MBP ¥ 7 3 S
e S N BERBT LTI AIN) 2B L, £ 6D 7T A X R4 VT His-FolK
N N MBP-LAF1336 % E. coli |Z CHEBL S, NTA Agarose resin (QIAGEN) A O Amylose resin

(NEB) IZTENEIVER L, 2N OEMEEE L in vitro TEHRT v B AIER L1z, KGRI,
100 ul ® A% — L C{TV), 5 mM 6-hydroxymethyl-dihydropterin, 10 mM ATP, 1mM MgCl,, 0.5%
(v/v) 2-mercaptoethanol, 1 mM PABA. 50 mM Tris-HCI (pH 8.0). 220 pg/mL His-FolK, 80 pg/mL
MBP-LAF1336 O#Hp% C{T> 7z, 7,8-dihydropteroate ®Ef%IE LC, KO LC-MS fEATIC LV fif
L7, HPLCIZIX, BEMHIZ20mM U @h U oA (pH2.5) KO h=FVU V&Ml
L. 7 b= b UV Z BRI S B 5 50 (0-547. 0% ;5 647, 8% ;5 1547, 20% ;
16 43, 80% ; 17-25 %7, 0%) TAiT-7=, £7=. # 7 AIZi Mightisil RP-18 GP column (250 x 4.6
mm) ZfEH L, JiE 1.5 mL/min, FRHEEE 210 nm ORMETIT - 72,

PABA A£G HRICEET 2 BIEF D gy b7 v—=7

L. fermentum S (¥ N. europaea D77/ I DNA % Sau3ALIZ LV EH3WHEL L, 7 e —AER
VKENCrBE L7=%. M 7 kbp @ DNA Wi Jy 2458 L7z, feu T, BUFWr /% BamHI CTHLPE
L 72 pSTV29 X7 % — (pACYC184 ori, Plac,Cm"; % 71 7 /3 A F#1) (2385 L 7=, Ligation Mixture
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% FNT E. coli ApabABC k% o EHaHA L, M9 'L — h CTAFTHan=—2 @K L1,

PABA ZEPE DIREE

pUC-NE1434H % £§> E. coli ApabABC ¥k% LB E:Hli 3 mL T 30°C., 3 FFfElE#E L7-t%. IPTG
AREIRIE0.5mM L7220 K ORI L, BIC 3 RFMIER SR Lz, BRA RN L, FED M9 BT
Berg L, 7o Ev U & 0.5mM IPTG % & de M9 B5H 3 mL (ZW&W L, 30C CRICHEEZ AT -
Tz, EAWR A 24, 48, T2 RE DA o Z — 3L TEIL L, PABA AFEDOH 4 LC-MS TH~
Too FRATICER LTI, IR v~ ~ 277 7 H &85t (Bruker Daltonics microTOF-HS (Bruker
Daltonics) % i 2 7= Agilent Technologies 1100 series HPLC system (Agilent Technologies) % fif
AL, 858% BIEV 72T ORMClENT L7z, 57 2 : InertSustain C18 column (150 mm
X 2.1 mm IDX3 pm ; GL Sciences) . 7 7 AIRJE : 35°C, BEIHE : 0.1% (viv) ¥BREZ 5T 5%
T b=k YRR, FiEEE 0 0.2 mL/min, PABA 1ZL% 10 4 CIaH &4, m/z=138.056 £ 0.010

(T~ UL EN TV U PABA) K18 145.079 + 0.010 (°C TT~L{LE 472 PABA) & LT
R &z,

EEREA

AEONEIL, HEFwHIE L THEIFMESICBfi s T, M1 ¥ —xy hAKRIZ
KHTHHEFRBEORENEOLNL TWVWRWIEODARTERY, KEONEIL,
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY Vol.55, No.2, pp.913-916 |Z {5 =
nTW5,
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