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., 
Lb'U'Ul'Wn15'~'1bA5'1::;w]'W~'J'W'lJ'el'l~'W~TI~f'U arginine deiminase ~'Jtpnj peR LVltJ1-if 

." ., 
degenerate primers bL'i'I::;~1l-J15'ni'lbA5'1::;w]'W DNA Vi!X'el'ln15'1~""l'lnA1l-Jbmm (L'I"If 

lh::;n'fl'U~'JtI 3 open reading frames ~'fl areA, areB Lb'i'l::; areD ('U'l'l~'J'W) (;l1l-Jih~'U 

n~en'el::;m'W'1J'fl'l arginine deiminase Lb'i'l::; ornithine transcarbamylase ""l1n Lactoeoccus 

factis subsp. eremoris MG1363 99.5% LL'i'I::; 1 00% (;l'll-J~1~'U bb~::;Vl'U~1~1~1Jn5'en'el::;n 

L'W'1J'fl'l ArcD LVln'fl'Wrl'lJ arginine/ornithine antiporter (ArcD1) '1J'fl'l L. faetis subsp. faetis 

.1; <V 'i'. I 'i' .. .d "" 0 "" 

I L 1403 99.8% 'W'eln""l'l n'WtI'IVl'U blJ5' bl-J L(;l'el5''VI'U5'L 'J ru upstream '1J'el'l arcA LL'i'I ::;Vl'ln15't1'W 

<=I .1;~ '" 0 ~.d ~ '" 
promoter-probe vector LL'i'I::;~n1m~en'l'el'eln'1J'fl'ltl'W facZ 'W'fln""l1n'1Jben""l1bL'Wnb"ll'fl'VIbLtln ben 
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1 'W~:::~'lJ subspecies Li?ltJ'el1 ~tJ Restriction fragment length polymorphism "lJ'el~~'W~,)'W 

, " , 
1j'h';lru~i?l~1lYn:::"ll'el~ Ase I ~,m~i?l~1'IXd~'W~1l~'ClVllltJnlrJll.h'"l:::lu'W L. lactis subsp. 

cremoris 
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Abstract 

Arginine deiminase (ADI) pathway, involved in <arginine degradation, can be found 

in several bacteria, including lactic acid bacteria. One of the products from arginine 

degradation via the ADI pathway is ammonia which is the precursor of tetramethylpyrazine 

(TMP), an important substance in food industry and medicine. 

Twenty-nine isolates of lactic acid bacteria from fermented foods produced or sold 

in Thailand were isolated and selected. Chromosomal DNA samples were extracted from 

the bacteria, and used as templates for PCR amplification of an argin ine deiminase 

fragment using degenerate primers. The desired PCR fragment was amplified from so.ur 

cream (Foremost) NO. 8. DNA fragments containing the other genes of the ADI pathway 

were then amplified by PCR with specific primers, and sequenced. Analysis of the 

combined DNA sequence revealed 3 open reading frames: areA. arcB and areo (partial) , 

respectively. Analysis of the translated amino acid sequences of areA and areB (designated 

ArcA and ArcB, respectively) showed 99.5 % and 100 % identity to arginine deiminase and 

ornithine transcarbamylase of Laetoeoeeus laetis subsp. eremoris MG 1363, respectively. 

The translated amino acid sequence of areo (ArcD) showed 99.8 % identity to 

arginine/ornithine anti porter (ArcD1) of L. laetis subsp. laetis IL 1403. In addition, a promoter 

region was found upstream from areA. The promoter activity was confirmed by cloning the 
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DNA region into pBlue-TOPO, a promoter-probe vector, anq showing the expression of laeZ 

gene. The bacterial isolate was also identified to subspecies level, based on the Restriction 

fragment length polymorphism of the peR-amplified ga,dB gene fragment. Following DNA 

sequence analysis of the gene fragment. Ase I restriction site was not observed, which 

suggested that the isolate is a member of L. laeUs subsp. eremoris. 
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" compounds) nil WJ1~~1 A'1.J r;1tl ~ ru!l1'V'l'1ltl'le.J~ In.nrusvl ~'l,r'W~'lil rJfJ13-J~'W19 M n'rn n1~vi1'l1'W'1Itl'l 

acetoin pathway '1Itl-l Lactococcus lactis 

cultured buttermilk, cultured sour cream W~~ ripened cream butter (Seitz et al., 1963) 'W'e}·n 

~ 1,.1 SI IJ 

91ntJ diacetyl ~'lilrJfJ1~~13-J1~C11'Wn1~~U~-lL~'e}~~'W'Vi~tJ l1'lLLUrJVl~tmm3-JUfJn LLUflVl~mLm3-J 

I it" I 

~U U~!?lLl~~n ~'l~fJ3-J11-ll~tlritlhflVllL'V'l1'Vl1-ltl1~1~~l'JtJ (Jay, 1982a; Jay, 1982b; Bowles and 
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, " 
mn.J~[;l diacetyl l~Lbfi mt'£ll¥1~LLUflVlL~mL~fI~n'£ll1t1-w'WfiVl~mnrUU~ (inactivation) mtvi1~1'W • 

, ., 
mt'£ll~1~t:.J~t:.J~[;lt'El~L?i1~1L~l-J~'W (Gasson et al., 1996) 

" , , 
~1V1fu pyruvate-formate lyase (Arnau et al., 1997) 'W'Eln"'l1nUtl~~mt~(;lLLtl~~tJ'WVlLntl'l.jJ'el'lnu 

~1V1fu (X.-acetolactate decarboxylase b(;ltl'fJfi gene deletion (Gasson et al., 1996; Swindell .et 

, 
al., 1996) 

..r::::t. .c:t 0 IV 

mnV'll-JmtLL'£Il(;l~'El'eln"JJ'El~tI'W'£Il1V1tU (X.-acetolactate synthase (Platteeuw et al., 

, " 
1995; Benson et al., 1996) LL~~m~'£Il~1~'£Il1t1-W'WfiVldj'W double-mutation b(;ltlmtuUtl'l tJ'W . . 

~1V1fu pyruvate-formate lyase 1'W'£Il1t1-W'Wf~tlt1m1ntJ'W (X.-acetolactate decarboxylase 

(Aungpraphapornchai, 1996) LU'W~'W 

(TMP) ~~dJ'W'£Il1t~1,xn~'W~'Jmrn (fermented soybeans odour) (Maga and Sizer, 1973) 

b(;ltl Food Additives Committee of the Flavor and Extract Manufacturers' Association (FEMA) 

" (Hall and Oser, 1970) 'W'eln"'l1nU TMP tl~~fI'l1l-J~1~'1!'Vl1~mnLV'I'Vltl1(;ltlV'lU~1~'£Ill-J~1'Wm~ 
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L~llVl,r'Jh~Vltln~ (cardiovascular disorders) bL'~::: celebr~1 ischemic syndromes (Feng et aI., 

pathway 

Lll'WLGJllf"lJll-:J ADI pathway (arginine deiminase, ornithine transcarbamylase LL~::: carbama.te 

, " 
kinase ~-:JbL'Vl'WJi''JtI areA, areB LL~::: areC ~m.Jii1~U) ~'eJ areABC (Baur et al., 1989) 'W'eJnr.:l1n-W 

" ornithine (Ohtani et al., 1997) LL~:::iJ-:J'V'lUn1~~t1--1r;i'J"lJ'eJ--1~'W~n'rtru:::-wl'W Bacillus lieheniformis 

Ji''JtI (Maghnouj et al., 1998) ~;,h'W1'W Halobaeterium salinarium 'Ynm1~~t1-:Jr;i'J"lJ'eJ-:J~'W1'W~tlbLUU 

areRACB LVltl areR dJ'W~'W~1V1fuLtl~~'Wfl'JUfllJ (regulatory protein) (Ruepp and Soppa . • 

1996) 
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1'WLL'IJ~V1L~mL~~~n iJnEi--11'W'1l'El--1tJ'W~1'I~~'IJ ADI pathway r,nn Lactobacillus sakei t~Ei 

..,j ~ ..,j 0 ~ .d ~."1' ~ "" 
mNIWJ'1l'el--1EJ'W'i'l1~m ADI pathway '1l'el--1 L. sakei VlVln'IJ ~'Wulil~'IJ'W~'el arcABCTOR (Zun iga et 

al., 2002) ~1~~'IJ Lactobacillus hilgardii X,B iJnEJ--11'W'1l'el--1~'W~1~~'IJ ADI pathway ~1iJn1J'~~ 

CTEJ--1~'J1'WXlllL'IJ'IJ arcABC (Arena et al., 2002) ~'J'W Lactococcus lactis 'I"I'lJn1J'CTEJ--1~'J'1l'el--1~'W 

i.I I t,. I 

~--1n~1'J L'WXll LL'IJ'IJ arcABOCI C2 'W'el nIil1nil~--1iJn1 J'~'W'I"I'IJ'lJ1-L'J rum 'IJ rJl-J ~'liJV1--1'IJ1-L ') ruvh,I1"'l :::vl1 

I I I '" I I 

(Aungpraphapornchai, 2000) LL~:::i?l'ell-J1iJn1J'~'W'I"I'IJ~'WV1 Lnm.jJ'el--1 L ~l-J L~l-J ~'lu'WEl'WvhntJ'J.jJ'el--1 fl'IJ 

Enterococcus faeca/is (L~l-JA'el Streptococcus faecalis) 'I"I'lJn1n1tJ--1~'J'1l'el--1~'WbU'Wbb'IJ'IJ 

. ~ 

.c::l.vd q 0 IV 

arcABCRO (Barcelona-Andres et al., 2002) 'W'ElnIil1n'WEJ--1l-JJ'1~N1'W'1l'el--1tJ'W'i'l1~m ADI pathway 
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'lItl'lUUbiJUbbUU arcABC (Tanon et al., 2001) 

., , 
l~ofb'1!~; 'Wtlnr.:n ni1tJ'll~~ A'JllJ'I"ItJ1tJ1lJb Un'ln-WlJe.J~ e.J~ I?l TM P b~mbU AVi ~tI !P1'ln~I'J b~tI n'I:i' 

'lItl'l TMP (Kim and Lee, 1991 a; Kim and Lee, 1991 b) 

., 
A'JUAlJ ~\I~'JU'lItl'l promoter bb'i'l::: operators tlliOlu.I11J~m:i'~oo.JUI inducible expression vector . ~ 
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~ I ~ ~ 

'tl1V11~~~n'1!ilL'l ~1~1~:;~ nvl1b,x b~'el~1~ b 'WU1 n~'W~h b~'el ~1 n,r'Wr;]'J'elth~'el1~1~'lJ1~~'J'W~::: 

~ ~ . 
~nU1lJ1 ~1n'lJ'Wc:J'JWW1'el1~1n~tJ~b~'el MRS agar vh~lJ calcium carbonate 1 % (w/v) tL'ltJHvb~ 

G) .Q, ~.., o'Q, 

2. n1'5''VIIil'Ml'lJ~'l1lJ'&11lJ1'5'tl L 'lJn1'at.J~1il acetoin (Voges-Proskauer test) LL~:::n1'5' L"lI'fI1'5'~ 

..lei J; .. " .. ' . ~ 
'VllJb'll'elL~~rylJ11 ml bb~'JLl?llJ a-naphthol solution (5% a-naphthol ~'W absolute ethanol) 0.6 ml 

~ ~ 

bb~:::~1~~:;~1tJ KOH (40% KOH. 0.3% creatine) 0.2 ml bb~:::~~lJ1'lXLojhn'W r;]~Yl~H 15 'W1Vl ,h~ 

" ~ 
acetoin 'el~1'W'tl1~1 n~tJ~ b~'eln~:;bnL'lll~mtJ1 'l,x~ bbL'l~ 
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~ J' 
'"l:;l~tJ'il"ll'fl1'W modified MRS 

medium (~'ic;lVlllU~'i'"l'1n MRS medium bVltJ1~ 0 .3% (w/v) arginine hydrochloride ll'Vl'W 

. . " 
bVltJm~t)V1m1l-J~'WVl 00600 nm lVlmJnU modified MRS medium VlhJl1mn~l-Jl~'fl n'1llUf"1Vl(~tJ 

50 mM Tris-HCI (pH 8.0) ml-J'1(;]~ 240 J...l1 ll~,)l~l-J lysozyme (10 mg/ml) ml-J'1(;]~ 50 fl.1 Ul-J~ 

t.; I ... I I I 

U'1ll~'i 1 on') bl-J'i VI~'i'"l'1mr'W'"l:::mJn~,)'WVldj'W"JJ'fl'ilVl~,)'fl'fln bVlEJm~i1'W1'Wlf"11'fl'i microcentrifuge 

" 1J'W'"l:::-W'1l-J'1(;]n(;]:::n'fl'W DNA J)')tJ 3 M sodium acetate tIhJ'1(;]~ 0.1 x ll~::: absolute ethanol 

. ." 
• f.': " 0 "'~ "1 "'. I "" u~Wl(;]~ 2x ll~,)'W'1(;]:;n'fl'W DNA 'Vl bVll-J1~:::~'1LJ 'W DNase-free water 'VlunV'l'"l'1nL"lI'fl 
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4. Polymerase Chain Reaction (PCR) 

, .. 
o 1" .?I " 1" "" "" "I m:i''Vl1 PCR ~:; 'l! chromosomal DNA bU'Wj;]'WbbUll bL~:; 'l! primers 2 'l!'W~'VI'el'elmbUU'1I'W 

t~tJ1'W 50 III reaction tl:i':;n'elU~'JtJ DNA template tl:i':;~.nru 250 ng, 5 III PCR buffer ~i:J~:W 

DNA polymerase m:Wlru 0.4 unit L~mj;]1-tJ:w1'W DNase-free water ~tJn~~lm~'fl 

.... , 
1'Wn1:i'~1 PCR 1 :i''flU~:;iJ-n'Wj;]'el'W~'1U~'fl denaturation Vi 92°C LU'Wb'Jm 2 'WIVi primer 

.d Q.J .f'1.::I .d 0 !"I Q 

annealing 'VI~ruVl.l:Jl.J'VILVlm:;~:w bu'Wb'J~1 2 'W1'V1 Lb~:; primer extension 'VI 72 C Lu'WL'J~1 2 'W1'V1 

.. 
VI~'1~lmr'W PCR product ~:;~n~Lfln:;Vll~tJn1:i'~1 agarose gel 

electrophoresis 

DNA template Lb'VI'W chromosomal DNA 

5. Primers 

Primers ~1-ill'Wn1:i'~1 PCRvhn1:i'~'1bfl:i'I:;Vll~tJ BioService Unit 
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6. Agarose gel electrophoresis 

Ll?i~m.J 1 % agarose gel (w/v) t(;ltl'WM1~ electroph?resis grade agarose 1'w TBE buffer 

(O.5x) LL~,)L'Vll'W gel apparatus ~'f)IGl'W gel LL-ll~i?l') LL~':ll~~Nl'W chamber lGl'lmr'WL'Vl TBE buffer 

(Invitrogen) vi~'f) pBlue-TOPO (Invitrogen) LL'Cl:; ligation 

. 
~ -~ ~ ~-transformation nu competent E. coli TOP10 1?l'll-J':lfi'Vl~:;Ub(;lEJ~~'Cl1?l 

. . ~ 
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9. m'il"11'&h~tJ DNA (DNA f:q :; .:mcing) 

(www.ebi.ac.uk) 
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I • '" I 

bb'lJf1Vl~mb~f1~n tVlt.l~~riVlb~'f'lntr1t~ilb~t.l'JVlbnVl~'W'lJ'W MRS medium Vlb~~ calcium carbonate • 

" , 
b'fl'WL"1Iaf catalase tVlt.lriVlb~'fJnb'il~1:;b~'flVliJ~n'l1ru:;btJ'W:i'tlvl'fl'W (rod) 'VlNn~~ (coccus) Vl1'fl:i'W 

~ ~ 

, " " 
(ovoid) ~'l~Vl~bbn:i'~'lJ'Jn bbfl:;bU'W catalase negative lJl~1'W'J'W~'l~'W 43 isolates c;1'lbb~Vl..:Jl'W(n1 

d 
:i'1'l'Vl 1 

d 
'Vl 1 
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isolate , Voges-

Proskauer modified MRS 

medium
c 

No.1 rod + + 

No.2 rod 

NO.3 rod 

NO. 4 rod + 

No.1 rod + + 

No.2 rod + 

No. 1 rod + 

No.2 rod 

Mature Cheddar cheese No. 1 rod + + 

(Asda) 

Red Leicester cheese (Asda) No.1 rod + + 

Double Gloucester cheese No.1 rod + 

(Asda) 

a 
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isolate Voges-

Proskauer modified MRS 

medium
c 

No.1 rod + 

No. 2 rod + 

No. 3 ovoid + 

NO.4 rod +++ +++ 

No. 5 ovoid + 

NO. 6 ovoid + + 

No: 7 ovoid + + 

NO.8 ovoid + + 

Danish Camembert cheese No.1 coccus + + 

(Rasmus) No.2 rod + +++ 

NO.3 ovoid +++ 

NO.4 ovoid + +++ 

Danish Blue cheese No.1 rod + + 

(Rosenborg) No.2 coccus + + 

No.3 coccus + + 
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.... , 
isolate ~tl'i1~ n1~b"'l~'1t\. 'U [;1'J'fltJ1~'flTVI1~ Voges-.. 

Proskauer modified MRS . 
test

b 
medium 

c 

Danish Blue cheese NO.4 rod + +++ 

(Rosenborg) NO.5 rod + +++ 

NO. 6 rod + +++ 

No. 7 rod + +++ 

NO.8 rod + +++ 

Fresh cream cheese (Caroline) No. 1 rod +++ + 

No. 2 coccus + -

NO. 3 rod + + 

NO.4 rod + +++ 

NO. 5 rod + +++ 

No.6 ovoid - + 

. 
Edam cheese (Mainland) No.1 ovoid + + 

No.2 ovoid +++ + 

NO.3 ovoid + + 

.No. 4 ovoid + +++ 
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..... , 
isolate ~tJi1~ Voges- m~b~~ru"l 'W [ij'J'elm~'el1~1~ 

'" '" 

Proskauer modified MRS , 

test
b 

medium 
c 

Edam cheese (Mainland) No. 5 ovoid + +++ 

NO.6 ovoid + +++ 

Light Philadelphia spreadable 
a - -

(Kraft) 

Gouda cheese (Mainland) 
a 

- -

" , , 
LLfI:::L~'elVlL'"l1-tlJl~~1l,1m'VI1~~'In~h'l ~'el1,xrh OD600nm ~..:In~1 0.5 '"l:;LL'Ml..:l~'lmfl~'fl..:l'\.nJ1t1 +++ 
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Q,..I' ~ .q .oCItrt. 

3 . m'i~n~ chromosomal DNA "ll'fl~bb'IJ~'VIb'imb~~j;Jn 

, 
bbU f1~ (~mb~ fI ~ n~ ~1~1~b1 ~¥1'1 acetoin 'l~ bb~::;~1~1~b1 Hmf9u'l.aU'Wbb "H-i'l'V'l~~'11'W 

4 . m'i'fl'flnbb'IJ'IJ degenerate primers -i1'V1r'IJ-K~b~'i1~~:a'U'6'l'J'U"ll'fl.:lti'U arginine deiminase 

, 
""'i' ~ <r .,j .,j "".,j.,j ,~ 

'fl::;~b'U"lI'fl'lb'fl'Wb"1l~ arginine deiminase b'U'V'I1:;"lI'fl'lUUfI'VIb~mb~f1[;Jn'VI~~1t1'11'W'fl~ b'W European 

Molecular Biology Laboratory (EMBL) database ~1btfhJUL~tJun'W b~'fl~1U1-L'Jru"ll'fl-.'lhJ~~'U~ 
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AJ250129 

AJ001330 

AJ250129 

AJ001330 

AJ250129 

AJ001330 

AJ250129 

AJ001330 

AJ250129 

AJ001330 

AJ250129 

AJ001330 

AJ250129 

AJ001330 

AJ250129 

AJ001330 

AJ250129 

AJ001330 

1 MNNGINVNSEIGKLKSVLLHRPGAEVENITPDTMKQLLFDDIPYLKIAQK 
I.:. I: 111111111: III. 111.11111111. I.: 111111111 ... II 

1 MTSPIHVNSEIGKLKTVLLKRPGKEVENITPDIMYRLLFDDIPYLPTIQK 

51 EHDFFAQT:L.RDNGAETVYIENLATEVFEKSSETKEEFLSHLLHEAGYRPG 
III.: 11111111. I .: I: i III . I .. : :.:. II. II .. : I: I: .. : .. 

51 EHDQFAQTLRDNGVEVLYLENLAAEAID-AGDVKEAFLDKMLNESHIKSP 

101 RTYDGLTEYLTSMPTKDMVEKVYAGVRKNELDIKRTALSDMAGSDAENY-
: .... I . : II. II. 1.11111:.1111 . II: III .• II . I: : .. I : I 

100 QVQAALKDYLISMATLDMVEKIMAGVRTNEIDIKSKALIDVSADD--DYP 

150 FYLNPLPNAYFTRDPQASMGVGMTINKMTFPARQPESLITEYVMANHPRF 
II:: I: 11.111111.1111. I: 1111111. III. 11: .• 1.: I.: 1111 

148 FYMDPMPNLYFTRDPAASMGDGLTINKMTFEARQRESMFMEVIMQHHPRF 

200 --KDTPIWRDRNHTTRIEGGDELILNKTTVAIGVSERTSSKTIQNLAKEL 
: ... : 1111: I .• I: 11111111: •.. : III: I: III::: I:. III. I 

198 ANQGAQVWRDRDHIDRMEGGDELILSDKVLAIGISQRTSAQSIEELAKVL 

248 FANPLSTFDTVLAVEIPHNHAMMHLDTVFTMINHDQFTVFPGIMDGAGNI 
III. I. I:.: II:: 111.1111111111111:: I: II:. III .•. . I.: 

248 FANH-SGFEYILAIKIPHKHAMMHLDTVFTMIDYDKFTIHPGIQGAGGMV 

298 NVFILRPGQDGEVEIEHLTDLKAALKKVLNLSELDLIECGAGDPIAAPRE 
:.: II .11.:. I:: I. I. III: . . I: .. I . :. II. II. II. II.:. III I 

297 DTYILEPGNNDEIKITHQTDLEKVLRDALEVPELTLIPCGGGDAVVAPRE 

348 QWNDGSNTLAIAPGEIVTYDRNYVTVELL----------ISSELGRGRGG 
11111111111111.: 11111111:. I. I .1111. I1111 

347 QWNDGSNTLAIAPGVVVTYDRNYVSNENLRQYGIKVIEVPSSELSRGRGG 

388 ARCMSQPLWREDL 
.1111. II. I • .. 

397 PRCMSMPLVRRKT 

400 

409 

50 

50 

100 

99 

149 

147 

199 

197 

247 

247 

297 

296 

347 

346 

387 

396 

~1~'lJm'(?l'~::;iWW'lJ'fl\lL'fl'Wl'Jl~"l1n LactococcuS lactis MG1363 (Aungpraphapornchai, 2000) 

LL~::; AJ001330 LU'W'lJ'fl\lL'fl'Wl'Jl~"l1n Lactobaciilus sakei (Zuniga et al., 1998) 'lJ1LrHkl~1·rl:Wn1J' 
, 

"'l "" .. 
'fl'flnu'lJ'lJ degenerate primers: rdi29 (forward), rdi30 (forward) LL~::; rdi2 (reverse) ~'fl'lJJ'L(HI..!'Yl 
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fOl~n~~ntJ'll'Wl'W EMBL database (lU~ 1) 1~i11n1~!l!lnbb'lJtJ degenerate primers ~1'W'd'W 3 

, " 
LLtJtJ ~'l~~lv1tJU'd fOl~L!l1'Vlvlv1'll'l'f)1ui1 

rdi29 (forward): 

5'-GT(AGCT)AA(CT)(AT)(GC)(AGCT)GA(AG)AT(ACT)GG(AGCT)AA(AG)(CT)T(AGCT)AA-3' 

rdi30 (forward): 

5'-TI(CT)GC(AGCT)CA(AG)AC(AGCT)(CT)T(AGCT)(AC)G(AGCT)GA(CT)AA(CT)GG-3' 

rdi2 (reverse): 

5' -CAT(AGCT)GT(AG)AA(AGCT)AC(AGCT)GT(AG)TC(AGCT)A(AG)(AG)TGCAT -3' 

, " 
~n1~Vh PCR L~!li'lLm'l~-M'W'lhw'lJ'f)'l~'W arginine deiminase Lr;ltJ1-if chromosomal 

'll!?l ~!l'll!?l~ 1 '"l:;1-if degenerate primers rdi29 LL'i'l:; rdi2 LL'Cl:;'ll!?l~ 2 '"l:;1-if degenerate primers , . . 

, 
<OJ • '" 

PCR 'll!?l'Vl 1 LL'Cl~ 2 (;]1~'Cll!?ltJ . 
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" , 
~1Ln!?ln1~~-.1LM1:::Wn"J DNA "lI'W1!?11n~L~t.I-.1nU"ll'W1!?1VlA1!?1H IOnn chromosomal DNA 2 (;](J'elt11-.1 

~!l Red Leicester cheese (Asda) No. 1 LL~:::A1~LJm (hht~~IYi) NO. 8 

TOPO LL~'JU.l ligation mix 'hJ1-iil'Wn1~vh transformation nu competent E. coli TOP1 0 Yhn1~ 

M 13(-20) (5'-GT AAAACGACGGCCAG-3') LL~::: M 13(rev) (5'-CAGGAAACAGCT ATGAC-3') 

, , " 
ll~'Jvhn1~~n!?l recombinant plasmid Vl~ DNA Vl~-.1lA~1:::Vll'W91nLl[;\~:::(;]'J!lt11wif1ll'VIm!ltj ll~'J 

" 

" u'1~~1~n!?lhJVl1~1~uU'JA~t!l1'V1(;)'IJ!l-:)~'W DNA ~-.1mh'J 

I II t tf I 

t!l1'V1(;)(;]'JLLmVl!l~()!?I91n primer rdi30) "lI!l'l~'W DNA Vl~-:)lA~1:::'lf91nL~!lVllltm91n Red Leicester 

Ip1241 91n Lactobacillus plantarum WCFS1 (accession number: AL935255) t!?lt.l~m1~ 
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0-

Lmm (b~~bd-JMi) No. 8 b"ltJHfbtlmn~d-J Fasta ~'LJ~1~1~'LJil,)A~btllVlr;l~,m~1,)~1"l'.l1d-JA~'1t.Jn'LJ 

iI I '" I 

91n~~n1~~LAn:;tf~1~'LJil,)f"l~btllVlr;l"lJtl'l~'W DNA V1i'HA~1::;tf91m~tlV1m.Jnr.nnA~d-J 

deiminase 91n Lactococcus lactis subsp. cremoris MG1363 LL~:; L. lactis subsp. lactis ML3 

, "', 
~'1ti'l 99.786 LL~:; 99.572 % 1?11d-J~1~'LJ (1?11!i'1\1Vl 2) .yh1~Vl!i'1'LJ~1~'W DNA Y1i'lLm1:;V11&i't.i19:; 
" 

~1U,)U 3 fi ~tl rdi-fwd LL~:; rdi-rev; rdi-fwd2 bL~::; rdi-rev2; LL~:; rdi-fwd3 bL~:; rdi-rev3 91n~1~'LJ 
" 
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rdi-fwd (forward): 

5'-CTTCTTGGGGTTGCTGC-3' 

rdi-rev (reverse) : 

5'-AA T ACTGAGTTT ACTTCTGC-3' 

rdi-fwd2 (forward): 

5'-GGAAAAAA T AA TGACATCACC-3' 

rdi-rev2 (reverse) : 

5'-TGTTTTCTTCTCTTGAA TCCC-3' 

rdi-fwd3 (forward): 

5'-TGTT ATCATGATTTGTT ATGCC-3' 

rdi-rev3 (reverse): 

5'-ATGCT ACATCAGAAA TGT AGC-3' 

91mruvh PCR b(;)tJ1:if primers rdi-fwd LL'Cl::: rdi-rev; rdi-fwd2 LL'Cl::: rdi-rev2; bb~::: rdi-

" , 
e,j~!1l'1J'\.J1(;) 1.7 kb, 2.4 kb LL'Cl::: 2.4 kb [9]1lJ~h~u ~U~1~U DNA ~~'1Lm1:::Vl1~91nn1J'vh PCR 

~ ~ 

~" ~ .,. I"" 0 ~,J 0 " ~ 
b'J (;)'1LL~(;)'1 bU~U'Vl 2 LL'Cl::: 3 [9]1lJ'Cl1(;)U '€'I'J'tJn1J''Vl1 PCR WJtJ primer rdi-fwd3 LL'Cl::: rdi-rev3 UU 
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, ~ 

U,)A~b1)l'VHil'n1)--1 DNA Vl~--1lAJ'I:;tfr.nn A1~lmm (b~J'b:w~"i) NO. 8 

Gene/Organism Accession % identity 

No. 

arginine deiminase gene/Lactococcus factis subsp. cremoris AJ250129 99.786 

MG1363 

arginine deiminase gene/Lactococcus facUs subsp. facUs AF282249 99.572 

ML3 

arginine deiminase gene/Lactococcus facUs subsp. facUs AE006433 92.505 

IL 1403 

arginine deiminase gene/Oenococcus oeni ATCC23279 AF124851 61.123 

arginine deiminase gene/Lactobacillus sakei BL 13 AJ001330 58.774 

arginine deiminase gene/Lactobacillus hifgardii X1 B AJ421514 57.773 
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2 

2.0 kb 1.7 kb 

1.5 kb 

J'tJ~ 2 DNA ~~'H.J~1?l~1~'"l1nn1J'i11 peR ~')tJ primers rdi-fwd LL'Cl:; rdi-rev L!?ltJ1-if 
'lJ 

LLm~ 1 A'fl 1 kb DNA Marker (Amersham Biosciences). LLm~ 2 A'fl DNA ~'Cl~~!?l~1~ 
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2 

2.5 kb 

2.4 kb 
2. 0 kb 

lt1~ 3 DNA [:.j~[:.j~1?1~1~' .. nnn15'vh PCR ~rw primers rdi-fwd2 LL~::: rdi-rev2 'i:"ltJH' 

, " 
chromosomal DNA 'lJ'El'lLLUfiViiSEJ'VlLLEJnr.nn"ihmn-m ('i:yHLl-J 'Mi) No. 8 dJ'WI~j"'muu 

LLm~ 1 ~'El 1 kb DNA Marker (Amersham Biosciences), LLm~ 2 ~'El DNA 1!J~[:.j~1?1~1~ 

rol1nn1~vh PCR 
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b'hl'Vi~'l~n(;l pCR2. 1-TOPO LL~':l-W'l ligation mixes h JHi.'hln1:i'Vh transformation rllJ competent 

PCR l(;ltlH' primers M1 3(-20) LL~:; M13(rev) LL~':lvhn1:i'~rl(;l recombinant plasm ids i'l~ll'lLLlJlJ 

" . . 
lltJi'l1:i'n[?J'll-Jb'hlnnl1'JJll'l areD l!'U'VilJ~'li:J cytosine Ln'hll-J'l 1 r;l':lVlU':lfl~t1l1Vlr;l~'lLLVltl'lVl 2990 LL~:; 

" 
l(;ltlb.jjbunLml-J AI ign (Needle) bL~:;'VilJ~'l ~'l ~lJ m(;lll:;nL 'hl'JJll'l~'hl'0''1~'ll-Ji:J fl':l'll-J L VI~m,lrllJ n :i'(;l1l:; 

m'hl'JJll'l~'hl~IV1flJ arginine deiminase. ornithine transcarbamylase LL~:; arginine/ornithine 
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" tJ'elnr.:nnll ~'l",f'jJ~'l~1Jm'Vl'el:::mtJ'lJ'el-.3~tJbb~~:::I1i''l (ArGA, ArcS bb~::: ArcO) U-.31Jl':hih~1J 

" . 
bb~:::~'lnn'l~tJ'l~'l~1Jn~~'el:::mtJ'lJ'el-.3~tJ~-.3~'ll-Jl-J'l"''l protein motifs t~t11fL1Jnbnn.J 

PPSearch ~'jJ~'liJ Aspartate and ornithine carbamoyltransferases signature fl'ltll'W~'l~lJn~~ 

lJlun Arg box, AOI promoter (-35 bb~::: -1 0) bb~::: ere sequence ml-J~'l~1J (~U~ 4) 
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Arg box 
1: TCCTGAAAATATGTAAAAATATACTTAATTATTTAATCTCTTATCAAAAAG 

52: AATTTAATTCTTGCTGATGAGAGATTTTTTTGTTTATTTTTTAAAACATTT 

103: TGTAAAATAAGTATTTTAATAAAAAACTAAGAATCCCATGATAAGCAAAGG 

154: AGTGCATAAACGTGAAATTGTCAGAATATAAAAAAACATGTATAAATGAAT 

-35 
205: AAACCTTTGTAAAGTGTAGCATTAGTGCTCGACAAAAAATATGCATAGATG 

ribosome 
-10 Cre sequence binding site 

256: TATAATTTCCTTGTAAACGATTCTAATAATACTGAATCGAAATCAGAAAGG 

areA 

307: ATACTCCAAAATGAACAATGGAATTAATGTTAACTCAGAAATTGGGAAATT 
M N N GIN V N S E I G K L 

358: AAAATCAGTCCTTCTCCACCGCCCAGGTGCAGAGGTAGAGAATATTACCCC 
KS V L L H R P G A EVE NIT P 

409: AGACACAATGAAACAGCTTTTATTTGATGATATTCCATATCTCAAAATTGC 
D T M K Q L L F D DIP Y L K I A 

460: TCAAAAAGAGCATGATTTCTTTGCTCAAACATTGCGTGACAATGGTGCTGA 
Q K E H D F F A Q T L R D N G A E 

511: AACTGTTTATATCGAAAATCTTGCAACAGAAGTTTTTGAAAAATCATCTGA 
T V Y lEN L ATE V F E K SSE 

562: AACAAAAGAAGAGTTTTTAAGCCATTTGTTGCATGAAGCAGGTTACCGTCC 
T K E E F L S H L L H E A G Y R P 

577: AGGACGTACTTATGATGGATTGACTGAATATTTAACTTCAATGCCAACAAA 
G R T Y D G L T E Y L T S M P T K 

628: AGATATGGTTGAAAAAGTCTATGCCGGTGTTCGTAAAAATGAATTGGATAT 
D M V E K V Y A G V R K N E L D I 

679: CAAACGCACAGCACTTAGTGACATGGCAGGTTCTGATGCAGAAAATTATTT 
K R TAL S D MAG S D A E N Y F 

730 : CTACCTCAACCCATTACCAAATGCTTACTTCACACGTGACCCACAAGCTTC 
Y L N P LPN A Y F T R D P Q A S 

781: AATGGGTGTCGGAATGACTATTAATAAAATGACTTTCCCAGCACGTCAACC 
M G V GMT INK M T F PAR Q P 

823: TGAAAGCTTGATTCCCGAATATGTGATGGCTAACCATCCACGTTTCAAAGA 
E S LIP E Y V MAN H P R F K D 

883: CACTCCAATCTGGCGTGATCGTAATCATACTACTCGTATTGAAGGTGGTGA 
T P I W R D R N H T T R lEG G D 
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934: TGAATT.~TTCTTAATAAGACAACTGTAGCAATCGGGGTTTCAGAACGTAC 

ELI L N K T T V A I G V S E R T 

985: TTCATCTAAAACAATTCAAAATCTTGCTAAAGAATTATTTGCAAATCCACT 
S S K T T Q N L A K ELF A N P L 

1036: TTCAACATTTGATACAGTGCTTGCGGTTGAAATCCCTCATAACCATGCAAT 
S T F D T V L A VEt P H N HAM 

1087: GATGCACT'I'GGATACTGTATTTACAATGATTAACCATGATCAATTTACAGT 
M H L D T V F T MIN H D Q F T V 

1138: TTTCCCAGGAATTATGGATGGTGCAGGTAACATCAACGTCTTCATTCTTCG 
F P G I M D GAG N I N V F I L R 

1189: TCCTGGTCAAGATGGTGAAGTTGAAATTGAACATTTGACAGATCTTAAAGC 
P G Q D G EVE I E H LTD L K A 

1240: AGCCCTTAAGAAAGTCTTGAACCTTTCAGAACTTGACTTGATTGAATGTGG 
A L K K V L N L S E L D LIE C G 

1291: TTCAGGTGACCCAATTGCCGCTCCTCGTGAACAATGGAATGATGGTTCAAA 
S G D P I A APR E Q W N D G S N 

1342 : TACCCTTGCTATTCCTCCAGGAGAAATCGTTACTTATGACCGTAACTATGT 
T L A I A P GEl V T Y D R N Y V 

1393: AACTGTTGAACTTTTGAl'->.}\GAACATGGTATTAAAGTTCATGAAATTCTTTC 
T VEL L K E H G I K V H ElL S 

1444: AAGTGAACTTGGTCGTGGTCGTGGTGGAGCGCGTTGTATGTCACAACCACT 
S E L G R G R G GAR C M S Q P L 

1495 : TTGGCGTGAAGATTTGTAATCTGAAGACTTTTACATAATGTTCTTGAATTT 
W RED L * 

1546: AACTACTAAATTTAAAAACAAGTGAATTTATAAATTTAGTTTTATAAGTTC 
1597: GTAAAATTAAAGATGAAAGTAGCTCATTAATGTAATTTAAAAAATTCATTA 

ribosome arcB 
binding site ~ 

1648: AATATTTAAAAATAGAAAAAGGAAAAAAATAATGACATCACCACTTATTAC 
M T S P LIT 

1699: AAAAGCAGAAGTAAACTCAGTATTCCAAGGTCGTAGCTTGCTTGCTGAAAA 
K A E V N S V F Q G R S L L A E K 

1750: AGATTTTACACCAGCTGAAATTAACTACCTTGTTGATTTTGGTCTTCATTT 
D F T P A E I N Y L V D F G L H L 

1801: GAAAGCATTGAAACAACAAAATATTCCTCATCACTATCTTGAAGGTAAAAA 
K A L K Q Q NIP H H Y LEG K N 

1852 : TATTGCCTTGTTATTTGCAAAAACTTCAACTCGTACACGTGCCGCATTTAC 
I ALL F A K T S T R T R A AFT 
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1903: AACTGCTGCCATTGACCTTGGTGCTCATCCTGAATATCTTGGTGC_~TGA 
T A A I D L G A H P E Y L G AND 

1954: TATCCAACTCGGAATCAAAGAATCAACAGAAGATACAGCACGTGTTCTTGG 
I Q L G IKE S TED TAR V L G 

2005: TTCAATGTTTGATGCTATTGAACGTCGTGGATTTTCTCAAAAAGAAGTTGA 
S M FDA I ERR G t S Q K EVE 

2056: AGATTTGGCAAAATACTCTGGTGTTCCAGTTTGGAATGGTTTGACAGATGA 
D L A K Y S G V P V W N G LTD 0 

2107: TTGGCATCCAACACAAATGATTGCTGACTTTATGACGGTAAAAGAAAACTT 
W H P T Q M I A D F M T V KEN F 

2158 : TGGTTACCTTAAAGGGTTGACATTAGTTTACGTTGGTGATGGTCGTAACAA 
G Y L K G L T L V Y V G D G R N N 

2209: CATGGCAAATTCACTCATCGTAACTGGTTCTATGCTTGGTGTAAATGTTCA 
MAN S L I V T G S M L G V N V H 

.2260 : TATCGTTGCTCCAGATTCACTTCATCCTTCTAAAGAAGTTATGGATATTGC 
I V A P D S L H P S K E V M D I A 

2311: CAATAAATTTGCTGAAAAATCAGGTGCTAAACCTCTTGCAACTTCTAATAT 
N K F A E K S G A K P L A T S N I 

2362: TGAAGAAGGTGTTAAAGGTGCTAACATTATTTATTCAGACGTTTGGGTATC 
E E G V K G A N I I Y S 0 V W V S 

2413: TATGGGAGAATCTAACTGGGAAGAACGTGTTAAACTTTTGACACCATACCG 
M G E S N WEE R V K L L T P Y R 

2464: CATCACAATGGATATGTTGAAAATGACAGGAAATGCTGACAACGGTAAACT 
I T M D M L K M T G N A 0 N G K L 

2515: TATCTTTATGCACTGCTTACCAGCCTTCCATGACACTGAAACTGAATATGG 
I F M H C L P A F H D T E T E Y G 

2566: TAAAGAAATCAAAGAAAAATATGGTTTGACAGAAATGGAAGTTACTGACGA 
K ElK E K Y G L T E MEV TOE 

2617 : AGTTTTCCGTTCTAAATATGCTCGTCAATTTGAAGAAGCAGAAAATCGTAT 
V FRS K Y A R Q FEE A E N R M 

2668: GCACTCAATCAAAGCAATTATGGCTGCAACTTTGGGTAATTTATTTATCCC 
H S I K A I M A A T L G N L F I P 

2719: AGCAGTTCCTGAAGATTTTAAATAATTAAAATAGATAATTTGTCAGTTTAC 
A V P E D F K * 

2770: TGACAGAGCTGTCAGTAAACTGATAGATTTTGATTTAAGTCGTTGAAAGCA 

ribosome 
binding site 

2821 : GTCTAAGATAGTTTTTAGACTGTTTTGACGGTTAAAATCATTGAAAGGATT 
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arcD 

2872: GATATGGACGCAGAAAATAAAAAAGGAATTGGCCTTGCTGCTTTAGTTGCG 
M 0 A E N K K GIG L A A L V A 

2923: ATTATTGTTTCTGGAGCGATTGGTGGTGGGGTATTCAACCTCTCTAACGAT 
I I V S G A I G G G V F N L S N 0 

2974: TTAGCAACAAATGCAT£CACCTGGTGGTGTTGTCATTTCATGGATCGTTAT 
L A T N ASP G G V V I S W I V I 

3025: TGGTTTTGGTATATTAATGTTGGTTTTATCACTGAATCATTTGGTGGTAAA 
G F GIL M L V L S L N H L V V N 

3076: CAAACCTGAACTTTCAGGTGTGTCAGATTATGCACGTGCTGGTTTTGGTAA 
K PEL S G V SOY A RAG F G N 

3127: TATGGTTGGTTTTATCTCAGGATGGGGTTATTGGTTATCTGCTTGGGCAGG 
M V G F I S G W G Y W L SAW A G 

3178: TAATATTGCCTTTGCTGTTTTGATGATGACTGCCGTTGACTATTTCTTCCC 
N I A F A V L M M T A V 0 Y F F P 

3229: CGGCGTTTTTCAAGCTAAGAATGGCTCATTGACCATTCTGTCAGTAATTGT 
G V F Q A K N G S L TIL S V I V 

3280: TGTTTCAATTGTTTCGTGGGGATTGACTTTACTTGTTATGCGAGGTGTTGA 
V S I V S W G L T L L V M R G V E 

3331: AGGGGCTGCTGCCATTAATGCAATTGTCCTTGTTGCAAAATTGATTCCCTT 
G A A A I N A I V L V A K LIP L 

3382: GTTTGTCTTTGTTATTGCTGGAATAGTTACTTTCAAAGCTGGAGTCTTTAG 
F V F V I A G I V T F K A G V F S 

3433: TGCTCACTTTTGGCAAAATTTCGTTGCGAATACAAATGCTGATGGCGTAAT 
A H F W Q N F V ANT N A 0 G V I 

3484: TAAGAGTTTAACTTGGTCTAATATGACTGGCGGAGATTTATTCAGTCAAGT 
K S L T W S N M T G G 0 L F S Q V 

3535: CAAAGGTTCACTCATGGTTATGATTTGGGTCTTCGTCGGAATCGAAGGGGC 
K G S L M V M I W V F V G lEG A 

3586: TGCTATGATGGGTGACCGTGCCAAACGTAAATCAGATGCTGGTAAAGCTTC 
A M M G 0 R A K R K S 0 A G K A S 

3637: AATTCTCGGTTTGATTGCCTTGTTAGTGATTTATATCTTGCTCTCACTATT 
I L G L I ALL V I Y ILL S L L 

3688: GCCATTTGGTTTTATGAGCCAACAAGAACTAGCTAATACTGGTCAACCAGG 
P F G F M S Q Q E LAN T G Q P G 

3739: TTTGGTTCATATTTTGAACGCTATGGTTGGCGGTTGGGGTGGTTCACTAAT 
L V H I L N A M V G G W G G S L M 
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" , 

3790: GGCCATTGGTCTTGTGATTTCACTTCTTGGAGCTTGGTTGTCATGGACAAT 
A I G L V I S L L G AWL S W T M 

3841: GCTTCCCGTTGAAGCAACACAACAATTATCAGAACAAAAATTACTTCCTAG 
L P V EAT Q Q L SEQ K L L P S 

3892: TTGGTTTGGTAAACTTPATGACAAAGGTGCACCTAAAAATTCACTTTTGCT 
W F G K L N 0 K GAP K N S L L L 

3943: GACACAATTGATTGTTCAAATTTTCTTGATTGTCACTTATTTTGTAGCTGA 
T Q L I V Q I F L I V T Y F V A 0 

3994: TGCTTACAATGTCTTTGTTTACCTTTGTACCGCTGTTATCATGATTTGTTA 
A Y N V F V Y L C T A V I M ICY 

4045: TGCCTTAGTTGGTTTATATCTCTTTAAATTA 
A L V G L Y L F K L 

2 ~'W ~Ln(?l'"lln primers 2 ri~'fl rdi-fwd LL~::: rdi-rev; LL~::: rdi-fwd2 LL'Cl::: rdi-rev2 (bJ1~LL~~'1~I~'lJ 
'II . 

~ILL~t.!'1'1J'fl'l'lJ1-L':lbl.l~t.!I'"l:::Ltl'W~'W~I~f'lJ ADI pathway ~'fl areA: 317-1513, areB: 1679-

'lJ1-L'JrufOl'Jmu .. I~'1'flU'lJ1-L'Jru upstream '1J'fl'l~'W areA ~'11~LLri Arg box, ADI promoter (-35 LL'Cl::: -
, 'II 

1 0) LL~::: ere sequence [i]llJ~I~'lJ 

ornithine carbamoyltransferases signature (FAKTSTRT) 
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, 

Vl1d1'1~ 3 ~1rK1Jm'Vl'fl::;mt.l'lJ'fl'le-J~e-J~Vl'lJ'fl'l~t.l~iJJ'1tJ'I1t.l1t.l EMBL database ~iJ~'J1lJ 

Gene Gene product/Organism Accession No, % % 

product from the EMBL database identity similarity 

AreA arginine deiminaselLactococcus !actis subsp, AJ250129 99,5 99,8 

cremoris MG1363 

arginine deiminase/Lactococcus !actis subsp, AF282249 99,3 99,5 

!actis ML3 

arginine deiminaselLactococcus !actis subsp, AE006433,AE005176 98,5 99,3 

!actis IL 1403 

arginine deiminaselLactobacillus hi!gardii X1 B AJ421514 59,0 73.2 

arginine deiminaselLactobacillus sakei BL 13 AJ001330 59.6 74.8 

ArcB ornithine transcarbamylase/ AJ250129 100.0 100.0 

Lactococcus !actis subsp. cremoris MG1363 

ornithine transcarbamylase/ AF282249 99.2 100.0 
. 

Lactococcus !actis subsp. !actis ML3 

ornithine transcarbamylase/ Lactobacillus AJ421514 72.9 86.2 

hilgardii X1B 
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Gene Gene producUOrganism Accession No. % % 

product from the EMSL database identity similarity 

ArcS ornithine transcarbamoylase/ AJOO1330 72.4 83.7 

Lactobacillus sakei BL 13 

ornithine transcarbamylase/ AJ312276 73.2 83.9 

Enterococcus faeca/is ATCC 29212 

ArcD arginine/ornitine anti porter (ArcD1)/ AE006433.AEOO5176 99.8 100.0 

Lactococcus factis subsp. factis IL 1403 

arginine/ornithine anti porter/ Lactococcus AJ250129 99.5 99.8 

factis subsp. cremoris MG1363 

arginine/ornithine anti porter (ArcD1)/ AF282249 97.5 97.8 

Lactococcus factis subsp. factis ML3 

arginine/ornithine antiporter (ArcD2)/ AF282249 72.0 83.2 

Lactococcus factis subsp. factis ML3 

arginine/ornitine anti porter (ArcD2)/ AE006432.AE005176 71 .0 83.5 

Lactococcus factis subsp. factis IL 1403 
~ 
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ArcA 
ArcAl 
ArcA2 
ArcA3 
ArcA4 
AreA5 

ArcA 
ArcA1 
ArcA2 
ArcA3 
ArcA4 
ArcA5 

ArcA 
ArcA1 
ArcA2 
ArcA3 
ArcA4 
ArcA5 

ArcA 
ArcAl 
ArcA2 
ArcA3 
ArcA4 
ArcA5 

ArcA 
ArcA1 
ArcA2 
ArcA3 
ArcA4 
ArcA5 

ArcA 
ArcAl 
ArcA2 
ArcA3 
ArcA4 
ArcA5 

ArcA 
ArcA1 
ArcA2 
ArcA3 
ArcA4 
ArcA5 

~tl~ 5 
'U 

-----MNNGINVNSEIGKLKSVLLHRPGAEVENITPDTMKQLLFDDIPYLKIAQKEHDFF 55 
- - ---MNNGINVNSEIGKLKSVLLHRPGAEVENITPDTMKQLLFDDIPYLKIAQKEHDFF 55 
-----MTNGINVNSEIGKLKSVLLHRPGAEVENITPDTMKQLLFDDIPYLKIAQKEHDFF 55 
-----MNNGINVNSEIGKLKSVLLHRPGAEVENITPDTMKQLLFDDIPYLKIAQKEHDFF 55 
MEVTQMTSPIHNYS~IG!(LKTVLLKRPGREIENFTPPMMPRLLFDDIPYLPIAQKEHDYF 60 
-----MTSPIHVNSE:GKLKTVLLKRPGKEVENITPDIMYRLLFDDIPYLPTIQKEHDQF 55 

*: *******:***:*** * : **:*** * :********* ***** * 

AQTLRDNGAETVYIENLATEVFEKSS-ETKEEFLSHLLHEAGYRPGRTYDGLTEYLTSMP 114 
AQTLRDNGAETVYIENLATEVFEKSS-ETKEEFLSHLLHEAGYRPGRTYDGLTEYLTSMP 114 
AQTLRDNGAETVYIENLATEVFEKSS-ETKEEFLSHLLHEAGYRPGRTYDGLTEYLTSMP 114 
AQTLRDNGAETVYIENLATEVFEKSS-ETKEEFLSHLLHEAGYRPGRTYDGLTEYLTSMS 114 
ADTLRDNGVEVLYLEKLSAEALDAGGEEVRNHFLEQMLTESGYAAGSIHDALKEYLGSMN 120 
AQTLRDNGVEVLYLENLAAEAIDAG--DVKEAFLDKMLNESHIKSPQVQAALKDYLISMA 113 
* : ******.*.:*:*:*::* . : : . : . :: **. : :* *: .* . :** ** 

TKDMVEKVYAGVRKNELDIKRTALSDMAGSDAENYFYLNPLPNAYFTRDPQASMGVGMTI 174 
TKDMVEKVYAGVRKNELDIKRTALSDMAGSDAENYFYLNPLPNAYFTRDPQASMGVGMTI 174 
TKDMVEKVYAGVRKNELDIKRTALSDMAGSDAENYFYLNPLPNAYFTRDPQASMGVGMTI 174 
TKDMVEKIYAGVRKNELDIKRTALSDMAGSDAENYFYLNPLPNAYFTRDPQASMGVGMTI 174 
NQDMVVKIMEGVRKNELDFVPKDLVSCA-ENQDYEFYMDPMPNLYFTRDPSACIGDGLSI 179 
TLDMVEKIMAGVRTNEIDIKSKALIDVS-ADDDYPFYMDPMPNLYFTRDPAASMGDGLTI 172 

*** *: ***.**:*: * . . **::*:** ****** *.:* *::* 

NKMTFPARQPESLIPEYVMANHPRFKDT--PIWRDRNHTTRIEGGDELILNKTTVAIGVS 232 
NKMTFPARQPESLITEYVMANHPRFKDT--PIWRDRNHTTRIEGGDELILNKTTVAIGVS 232 
NKMTFPARQPESLITEYVMANHPRFKDT--PIWRDRNHTTRIEGGDELILNKTTVAIGVS 232 
NKMTFPARQPESLITEYVMANHPRFKDT- -PIWRDRNHTTRIEGGDELILNKTTVAIGVS 232 
NHMTFVARQRESLFNETIIKYHPRFANKGIHVWRDRNHTTRIEGGDELVLNNHVMAIGVS 239 
NKMT FEARQP.ESMFi·;EVIMQHHPRFANQGAQVWRDRDHIDRMEGGDELILSDKVLAIGI S 232 
*:*** *** **:: * :: ****: :****:* *:******:* ... :***:* 

ERTSSKTIQNLAKELFANFLSTFDTVLAVEIPHNHAMMHLDTVFTMINHDQFTVFPGIMD 292 
ERTSSKTIQNLAKELFANPLSTFDTVLAVEIPHNHAMMHLDTVFTMINHDQFTVFPGIMD 292 
ERTSSKTIQNLAKELFANPLSTFDTVLAVEIPHNHAMMHLDTVFTMINHDQFTVFPGIMD 292 
ERTSSKTIQNLAKELFANPLSTFDTVLAVEIPHNHAMMHLDTVFTMINHDQFTVFPGIMD 292 
QRTSADAIQDIAKNLFKDGQ--YDTVIAIKIPHNHAMMHLDTVFTMINYDQFTVHPGILG 297 
QRTSAQSIEELAKVLFANHSG-FEKILAIKIPHKHAMMHLDTVFTMIDYDKFTIHPGIQG 291 
:***: . :*:::** ** : ::. : :*: :***:*************::*:**:.*** 

GAGNINVFILRPGQDG-EVEIEHLTDLKAALKKVLNLSELDLIECGSGDPlAAPREQWND 351 
GAGNINVFILRPGQDG~EVEIEHLTDLKAALKKVLNLSELDLIECGAGDPIAAPREQWND 351 
GAGNINVFILRPGQDG-EVEIEHLTDLKAALKKVLNLSELDLIECGAGDPlAAPREQWND 351 
GAGNINVFILRPGKDD-EVEIEHLTDLKAALKKVLNLSELDLIECGAGDPlAAPREQWND 351 
KGGQIDTWTITPGKNEGELNLQHDTDLKKVLKTALNLDDLDLIPTGNGDPIIAGREQWND 357 
AGGMVDTYILEPGNND-EIKITHQTDLEKVLRDALEVPELTLIPCGGGDAVVAPREQWND 350 

* : :.: : **:: •... * ***: .*: .*:: :* ** * **.: * ****** 

GSNTLAIAPGEIVTYDRNYVTVELLKEHGIKVHEILSSELGRGRGGARCMSQPLWREDL- 410 
GSNTLAIAPGEIVTYDRNYVTVELLKEHGIKVHEILSSELGRGRGGARCMSQPLWREDL- 410 
GSNTLAIAPGEIVTYDRNYVTVELLKEHGIKVHEILSSELGRGRGGARCMSQPLWREDL- 410 
GSNTLAIAPGEIVTYDRNYVTVELLKEHGIKVHEILSSELGRGRGGARCMSQPLWREDL- 410 
GSNTLAIAPGVVVTYNRNYVSNELLRKHGLKVLEVISSELSRGRGGPRCMSCPIVREDLKK 418 
GSNTLAIAPGVVVTYDRNYVSNENLRQYGIKVIEVPSSELSRGRGGPRCMSMPLVRRKT- 409 
********** : ***:****~ * *: : :*:** *: ****.*****.*** * *: * 

~1~ftJL'eJul"l!,r arginine deiminase "'l1n accession numbers: AJ250129, AF282249, 

AE006433, AJ421514 LL'Cl~ AJ001330 11\1~~1~'IJ 
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ArcB 
ArcBl 
ArcB2 
ArcB3 
ArcB4 
ArcB5 

ArcB 
ArcB1 
ArcB2 
ArcB3 
ArcB4 
ArcB5 

ArcB 
ArcBl 
ArcB2 
ArcB3 
ArcB4 
ArcB5 

ArcB 
ArcBl 
ArcB2 
ArcB3 
ArcB4 
ArcB5 

ArcB 
ArcBl 
ArcB2 
ArcB3 
ArcB4 
ArcB5 

ArcB 
ArcBl 
ArcB2 
ArcB3 
ArcB4 
ArcBS 

.oJ 
ltJ'Vl 6 

MTSPLITKAEVNSVFQGRSLLAEKDFTPAEINYLVDFGLHLKALKQQNIPHHYLEGKNIA 60 
MTSPLITKAEVNSVFQGRSLLAEKDFTPAEINYLVDFGLHLKALKQQNIPHHYLEGKNIA 60 
MTSPLITKAEVNSVFQGRSLLAEKDFTPAEINYLVDFGLHLKALKQQNIPHHYLEGKNIA 60 
-----MTKDFRQNVFQGRSVLAEKDFSAAELEYLIDFGLHLKALKKAGIPHHYLEGKNIA 55 
------- - -MTNSVFQGRSLLAEKDFTKSELEYLIDFSLHLKDLKKKGIPHHYLEGKNIA 51 
----------MNSVFQGRSLLAEKDFSRAELEYLVDFSIHLKELKKKGIPHHYLEGKNIA 50 

:. ******: ******: : *: : **: **. : *** **: . ************ 

LLFAKTSTRTRAAFTTAAIDLGAHPEYLGANDIQLGIKESTEDTARVLGSMFDAIERRGF 120 
LLFAKTSTRTRAAFTTAAIDLGAHPEYLGANDIQLGIKESTEDTARVLGSMFDAIERRGF 120 
LLFAKTSTRTRAAFTTAAIDLGAHPEYLGANDIQLGIKESTEDTARVLGSMFDAIERRGF 120 
LLFEKSSTRTRSAFTTASIDLGAHPEYLGQNDIQLGKKESTSDTAKVLGSMFDGIEFRGF 115 
LLFEKNSTRTRAAFTTAAIDLGAHPEFLGKNDIQLGKKESVEDTAKVLGSMFDGIEFRAL III 
LLFEKTSTRTRSAFTTAAIDLGAHPEYLGANDIQLGKKESVEDTAIVLGSMFDGIEFRGF 110 
*** * . *****:*****:********:** ****** *** *** *******.** *.: 

SQKEVEDLAKYSGVPVWNGLTDDWHPTQMIADFMTVKENFGYLKGLTLVYVGDGRNNMAN 180 
SQKEVEDLAKYSGVPVWNGLTDDWHPTQMIADFMTVKENFGYLKGLTLVYVGDGRNNMAN 180 
SQKEVEDLAKYSGVPVWNGLTDDWHPTQMIADFMTVKENFGHLKGLTLVYVGDGRNNMAN 180 
KQSDAEILARDSGVPVWNGLTDEWHPTQMLADFMTVKENFGKLQGLTLTFMGDGRNNVAN 175 
AK-VVEDLAKYSGVpVWNGLTDEWHPTQMIADFMTVKENFGKLKGVTLTYVGDGRNNMAN 170 
SQEVVEDLAKYSGVPVWNGLTDQWHPTQMIADFMTVKENFGRLEGITLVYVGDGRNNMAN 170 

* **: ***********:******:*********** *:*:**.: :******:** 

SLIVTGSMLGVNVHIVAPDSLHPSKEVMDIANKFAEKSGAKPLATSNIEEGVKGANIIYS 240 
SLIVTGSMLGVNVRIVAPDSLHPSKEVMDIANKFAEKSGAKPLATSNIEEGVKGANIIYS 240 
SLIVTGSMLGVNVHIVAPDSLHPTKEVMDIANKFAEKSGAKPLATSNIEEGVKGANIIYS 240 
SLLVTGAILGVNIHIVAPKALFPTEETQNIAKGFAEKSGAKLVITDDLDEGLKGSNVVYT 235 
SLLVTGSMLGVNIHIVAPDSLQPTQEVRDLAEGYAKETGSKNMITSDVDAGVKGSDVLYT 230 
SLLVTGAILGVNVRICAPKELFPSDEVVNYAKEFAKESGAELMITDDVAKGVKGANVLYT 230 
**:***::****::* ** * *:.*. : *: :*:::*:: : * o. *:**::::*: 

DVWVSMGESN-WEERVKLLTPYRITMDMLKMTGNADNGKLIFMHCLPAFHDTETEYGKEI 299 
DVWVSMGESN-WEERVKLLTPYRITMDMLKMTGNADNGKLIFMHCLPAFHDTETEYGKEI 299 
DVWVSMGESN-WEERVKLLTPYRITMDMLKMTGNADNGQLIFMHCLPAFHDTETEYGKEI 299 
DVWVSMGESN-WEERVKELTPYQVNMEAMKKTGTPDD-QLIFMHCLPAFHNTDTQYGKEI 293 
DVWVSMGEEDKFEERVNLLKPYQINMDMVKKTGNEN---MIIMHCLPAFHDIETEYGKKI 287 
DVI~VSMGEEDKFEERVNLLKPYQINMAMLEKTENMDG-DLIVLHCLPAFHDTKTQYGEMV 289 
********.: :****: *.**::.* :: * .* ,*******: .*:**: : 

KEKYGLTEMEVTDEVFRSKYARQFEEAENRMHSIKAIMAATLGNLFIPAVPEDFK 354 
KEKYGLTEMEVTDEVFRSKYARQFEEAENRMHSIKAIMAATLGNLFIPAVPEDFK 354 
KEKYGLTEMEVTDEVFRSKYARQFEEAENRMHSIKAlMAATLGNLFIPAVPEDFK 354 
KEKYGITEMEVTDEVFTSKYARQFEEAENRMHS I KAl'1t1AATLGNLFI PRV - - - - - 343 
DEQFGIQEMEITDEAFRSKYARQFEEAENRMHSIKAIMAATLGNLFIPQA----- 337 
AEKFGITEMEITDE"FRSKYGRQFEEAENRMHSIKAIMAATLGNLFIPRV----- 339 

*::*: ***:***.* ***.***************:*********** 

~1~fUb'fl'\.J1"l1~ ornithine transcarbamylase 91n accession numbers: AJ250129, AF282249, 

AJ421514, AJ001330 bbfl~ AJ312276 [;]1l-JihlPiu 
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ArcO 
Arc01 
Arc02 
Arc03 
Arc04 
Arc05 

ArcO 
Arc01 
Arc02 
Arc03 
Arc04 
ArcD5 

ArcO 
Arc01 
Arc02 
Arc03 
Arc04 
ArcD5 

ArcO 
ArcOl 
Arc02 
Arc03 
Arc04 
ArcD5 

ArcD 
ArcOl 
Arc02 
Arc03 
Arc04 
Arc05 

ArcD 
ArcDl 
ArcD2 
Arc03 
ArcD4 
ArcD5 

ArcO 
Arc01 
ArcD2 
Arc03 
Arc04 
ArcD5 

ArcO 
Arc01 
ArcD2 
Arc03 
Arc04 
Arc05 

ArcD 
ArcDl 
Arc02 
ArcD3 
Arc04 
ArcD5 

MOAENKKGIGLAALVAIIVSGAIGGGVFNLSNOLATNASPGGVVISWIVIGFGILMLVLS 60 
MDAENKKGIGLAALVAI IVSGAIGGGVFNLSNOLATNASPGGVVISWIVIGFGILMLVLS 60 
MOAENKKGIGLAALVAIIVSGAIGGGVFNLSNOLATNASPGGVVISWIVIGFGILMLVLS 60 
MOAENKKGIGLAALVAIIVSGAIGGGVL-ASLRLATNASPGGVVISWIVIGFGILMLVLS 59 
MENKKTKGISLFALLAIIISGAIGGGVFNLANOLARGSTPGGVVISWLFIGFGILMLVLS 60 
MENKKTKGISLFALLAIIISGAIGGGVFNLANOLANGSTPGGVMISWLFIGFGIFMLVLS 60 
*: :: .***.* **:***:********: ** .. ****.***. *****.***** , ... . .. . 

LNHLVVNKPELSGVSOYARAGFGNMVGFISGWGYWLSAWAGNIAFAVLMMTAVDYFFPGV 120 
LNHLVVNKPELSGVSOYARAGFGNMVGFISGWGYWLSAWAGNIAFAVLMMTSVOYFFPGV 120 
LNHLVVNKPELSGVSDYARAGFGNMVGFISGWGYWLSAWAGNIAFAVLMMTSVOYFFPGV 120 
LNHLVVTKPELSGVSDYARAGFGNMVGFISGWGYWLSAWAGNIAFAVLMMTSVOYFFPGA 119 
FNRLITIKPDLSGVSDYARAGFGDFVGFLSGWGYWISAWTGTIGFAVLMMTSADYFFPSK 120 
FNRLITIRPKLSGVSOYAREGFGDFIGFLSGWGYWISAWTGTIGFAVLMMTSAOYFFPSK 120 
:*:*:. :*.********* *** .. ,**:******:***,* * *******. ***** 

FQAKNGSLTILSVIVVSIVSWGLTLLVMRGVEGAAAINAIVLVAKLIPLFVFVIAGIVTF 180 
FQAKNGSLTILSVIVVSIVSWGLTLLVMRGVEGAAAINAIVLVAKLIPLFVFVIAGIVTF 180 
FQAKNGSLTILSVIVVSIVSWGLTLLVMRGVEGAAAINAIVLVAKLIPLFVFVIAGIVTF 180 
FQAKNGSLTILSVIVVSIVSWGLTLLVMRGVEGAAAINAIVLVAKLIPLFVFVIAGIVTF 179 
FANSNGSLTILSVIIVSIISWILMLLVDRGVETAAAVNAIVMIAKLIPLVVFSITGIILF 180 
FANSNGSLTVLSVIIVSIISWILMFLVDRGVETAALVNAVVMIAKLIPLVVFSITGIILF 180 
* *****:****:***:** * :** **** ** :** : *::******.** *:**: * 

KAGVFSAHFWQNFVANTNAOGVIKSLTWSNMTGGDLFSQVKGSLMVMIWVFVGIEGAAMM 240 
KAGVFSAHFWQNFVANTNADGVIKSLTWSNMTGGOLFSQVKGSLMVMIWVFVGIEGAAMM 240 
KAGVFSAHFWQNFVANTNAOGVIKSLTWSNMTGGOLFSQVKGSLMVMIWVFVGIEGAAMM 240 
KAGVFSAHFWQNFVANTNAOGVIKSLTWSNMTGGOLFSQVKGSLMVMIWVFVGIEGAAMM 239 
KANVFTQHFWQTFTTNFAADGSVKDFVWHATTVSGLSSQIKGSLMVMVWVFVGIEGATMM 240 
KAOVFTQHFWQTFTSNLAAOGSVKSLVWHAMTAGGLLOQIKGSLMVMVWVFVGIEGAAMM 240 
** .* *: ****.* .: * *** :*. :.* . * : ******* : *********:** 

GORAKRKSOAGKASILGLIALLVIYILLSLLPFGFMSQQELANTGQPGLVHILNAMVGGW 300 
GORAKRKSOAGKASILGLIALLVIYILLSLLPFGFMSQQELANTGQPGLVHILNAMVGGW 300 
GDRAKRKSDAGKASIFGLIALLVIYILLSLLPFGFMSQQELANTGQPGLVHILNAMVGGW 300 
GORAKRKSDAGKASIFGLIALLVIYILLSLLPFGFMSQQELANTGQPGLVHISNAMVGGW 299 
GNRAKKKSOTAKTTVIGLAVLLVIYVLLSLLPYGYMDQASLANVKAPGLVYILNEMVGGW 300 
GNRAKKKSDTAKATIIGLAVLLVIYVLLSLLPYGYMOQASLANVKAPGLVYILNEMVGGW 300 
*:***:***:.*:: ::** *****:******:*:*.* *** ****:* * ***** 

GGSLMAIGLVISLLGAWLSWTMLPVEATQQLSEQKLLPSWFGKLNOKGAPKNSLLLTQLI 360 
GGSLMAIGLVISLLGAWLSWTMLPVEATQQLSEQKLLPSWFGKLNDKGAPKNSLLLTQLI 360 
GGSLMAIGLVISLLGAWLSWTMLPVEATQQLSEQKLLPSWFGKLNDKGAPKNSLLLTQLI 360 
GGSLMAIGLVISLLGAWLSWTMLPVEATQQLSEQKLLPSWFGKLNOKGAPKNSLLLTQLI 359 
GGSLMAVGLMISLLGAWLSWTMLPVEATQQLAEQKLLPSWFGKLNKYHAPSNSLLlTQLM 360 
GGSLMAIGLMISLLGAWLSWTMLPVEATQQLAEKKLLPSWFGKLNKYHAPSNSLLITQLM 360 
******:**:*********************:*:*********** **.****:***: 

VQIFLlVTYFVAOAYNVFVYLCTAVIMICYALVGLYLFKL--------------- ----- 400 
VQIFLIVTYFVAOAYNVFVYLCTAVIMICYALVGLYLFKLGIQEKKTSNIIIGFIAAAFQ 420 
VQIFLIVTYFVADAYNVFVYLCTAVIMICYALVGLYLFKLGIQEKKTSNIIIGFlAAAFQ 420 
VQIFLIVTYFVAOAYNVFVYLCTAVIMICYALVGLYLFKLGIQEKKTSNIIIGFIAAAFQ 419 
IQIFIIITYFVANAYNVFIYMATAVIMICYALVGAYLFKIGLKEASVKNILIGFFTFAFQ 420 
IQIFIIITYFVANAYNVFIYMATAVIMICYALVGAYLLKIGIKEGSIKNILIGFFTFAFQ 420 
:***:*:*****:*****:*: .************ **:*: 

ILALYYSGWQFVWLSLILYAVGFILYALGKKEYGTKMSTAELIATFVLTVLGILAVFGVY 48 0 
ILALYYSGWQFVWLSLILYAVGFILYALGKKEYGTKMSTTEVIATFILTVLGILAVFGVY 480 
ILALYYSGWQFVWLSLILYAVGFILYALGKKEYGTKNVHN-------------------- 459 
ALALYLSGWQYVWLAMILYTlGFLLFIGAKKESHQSISVKEWLGMLVVTVLGVLASVVLI 480 
ALALYLSGWQYVWLAMILYTIGFILFIKAKKESRQAISVKEWAGMFIVALLGVLAlLVLl 480 

GNWLARCTWN--------------------- ------- -------- 490 
GNWLGLQOALGlDGNTLLVAVVPLIVVTFIVYFVVRSOINKKGIKN 526 

CGAKAGTAFOLRGLLGF----------- --- --------- ------ 497 
CGAKSGTALOLRGLLGY--------- -------------------- 497 
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'fl::m'kl'll'fl-.l~1'I.~flJ arginine/ornithine anti porter "'l'ln ,accession numbers: AE006433, 

AJ250129, AF282249 (ArcD1), AF282249 (ArcD2) LL~:: AE006432 1?l1l.Hh!?1lJ 

I * I " 

~ijn£J-.l1'k1'fltJl'k1 EMBL database (1?l1~1-.lV1 3) YllJ~1~h!?1lJn~I?l'fl::m'kl~1~,r'klijf1"J1l-Jf1~1£Jf1~-.l~-.l 
~ ~ 

" , 
l-J1nrilJ~1!?1lJml?l'8::m'kl'll'fl-.lL~'fl L. factis tl?l£JVi~1!?1lJn~I?l'fl::m'kl'll'fl-.l ArcA ijf1"J1l-JLVI~'fl'klrilJ~1!?1lJ 

ArcB ornithine 

~1!?1lJn~I?l'fl::m'kl'll'fl-.l arginie/ornithine antiporter (ArcD1) "'l1n L. factis tl?l£Jij~1 % identity ~-.l 

'" ' ~ 0 "" "I.... ~ !"l ""'''" dl ~I b'klm~"'l'lLL'kIfWJj'fl L. factis b'kl~::l?llJ subspecies bl?l b"Jf'Jfi'll'fl-.l Nomura et af. (2002) 'll-.lLu'kI 

43 



'El'l~tI Restriction fragment length polymorphism t!?ltln'l~iJ'l chromosomal DNA 'lJ'El"b~'El~bltln 

I I "I 

1co1~"il'lJ'W'l!?lu~~~1ru 560 bp (XUVl 8) tA~'Wb'ih1u1'W pCR2.1-TOPO '"l1nu'WtJ1~~1~n!?l.y]U1u'~1 

" " I I 

91b~1~'lJ'El"b'El'W1"1!lf Ase I Lb'i'l~~'.l~~""'l1r,"lI'W'l!?l'lJ'El..:J1'W DNA .y]i..:JLM1~~1ffl..:Jii'lJ'W1!?1U~~~1ru 560 

subsp. cremoris 

44 



750 bp 

500 bp 

1 2 

560 bp 

xu~ 8 DNA (!.J~(!.J~[?l~1~"l1nn1~'Vi1 PCR ~'JtJ primers gadB21ll~::; GAD7 T~tJH 

chromosomal DNA 'lJ!l'lLl1JAV1~tJ~LltJn"l1nfihmJ~tJ'J (TvHb~'i:'lL'i) No. 8 Lth.l~'WLL1J1J 

LLm~ 1 ~!l Hi-La Marker (Minnesota Molecular), LLm~ 2 ~!l DNA (!.J'i'l(!.J~[?l~1~"'l1nn1~ 

'Vi1 PCR 
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1: 'TATTCATGAGAGAACGCATAAAGTAGCCATGTATTTAGCAGAAGAAATTGA 

52: AAAAACAGGAATGTTTGAGATTATGAACGATTGGTCACAATTGCCAATTGT 

103: CTGCTACAAATTAAAAGAAAATTCAAATCTTGGTTGGAATCTTTATGATTT 

154: GGCAGATCGTTTATTTAATGAAGGGATGGCAAGTGCCTGCTTATCCACTTC 

205: CTAAAAATTTGGAAAATGAAATCATTCAACGTTTAGTAATTCGAGCAGATT 

256: TCGGGATGAATATGGCATTTAACTATGTTCAAGATATACAAGAAGCAATTG 

307: ATGCACTAAACAAGGCTCATATTCTATTTCATCAGGAACCTGAAAATAAAA 

358: CATATGGCTTTACTCACTAAAAATAAAAGCGATATATCTTAGATATATCGC 

409: TTTTATTTTATTTTAAGCTATTTACTAATTAGCTTATCGCCTATTCTTTTC 

460 : ATAGTATTTATCCAAAATTTCCATTTTTAAAGGAGTAATTTTAGATAGAGG 

511 : G 

, " 
GAD? bl'lEJbon chromosomal DNA 'lI'fl'lLL1J~Y1~tlY1LLtlnr.nnrihmJ~tI'J (byJfl~~r;i) No. 8 LiJ'W~'W 

L. /actis 2 

"lJ'fl'lL'fl'WhlJ" Ase I (ATTAAT) 1'W"lJru:-;~ L. factis subsp. cremoris 9:-;1~'V'l1J 
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9. n1~'V1Iil'Cl'fl'I.J'Cla.J'I.J'1i'lJ'fl.,:j ADI promoter 

box, ADI promoter (-35 LL'l'l~ -10) LL'l'l~ ere sequence (PJl~~l~U 

" 1'lXdJU~1~~tJ1L~u1~ 

IOnm!utJl recombinant DNA ~1~~TVh transformation flU competent E. coli Top10 
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(A) (B) 

, ., 
~ pBlue-TOPO .y]hJ1~ftJ~\J DNA ~-:Jm'h'J 
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, '" " 
l~';h mnbt.in bbUflVl ~m'l n'fl'lt-l'ln~~ n~ i:J~ [;l"i~'fl~'l'l1t.htJ1 'Wlh:;b VI Pll VltJ~'l'W'J'WVI'l~'W 14 

'" "', 
calcium carbonate tOnmr'kl-W'lb~'flV11vl~'l[;l:i''JtOH'l'flU:i'u1'l'l m:i'~!?l~bLn:i'~ bb~:; catalase activity 

" 

" ," 
bb~:; fl'J'l3-J~'l3-J'l :i'C11 'Wm:i' H'fl 'l ~il'Wdj'Wbb~~'l'Vi~'l'l'l'W 'V'lU~'l~h~'fl~'l 'W'J'W 29 isolates VliJ~3-JmlVl'l 

'" " ~'fl"U:i':;m:i'~'1n~'l'J ~'1b~tlL~~ht1'"l:;C1n-w'llu'Vl!?l~'flU[;]tllu 
'lJ 

lactis Lb~:; Lactobacillus sakei ~iJ:i''ltJ'I'l'WtltJt'W EMBL database 
'lJ 

n'l:i''fltlnbLUU degenerate primer rdi29 'fl'l'"llaJl-nu1-L'JCW conserved region "lItl'lL'fl'Wl'Jl~ arginine 

(Aungpraphapornchai, 2000) 
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il'll'Wl(;1~~'fl'ln1J' (uJ'::::J.nn.! 670 bp) 91n DNA 2 !?i,)'flth'l~'fl91n Red Leicester cheese (Asda) 

" 
No. 1 bbrl:::fi~:J..Jbmm (LyjJ'hJ~~) No. 8 bbrl:::91nn1J'';jbAJ'1~~~1~tJll,)A~b'fl1'Vl~tJl'l~'l'W']j'fl'l DNA 

iI I II '" 

~'W DNA Vii'lbAn:::M'Wililfl'l1:J..JbVliJ'fl'l.U1U DNA 'll'fl'l Lactobacillus plantarum ~'l:J..Jln 9'lilfl,)1:J..J 

, ", 
bu'W'lu1~~'lVi~lb~'flVibbtJn91n Red Leicester cheese (Asda) No. 1 'I..h9:::bU'W Lactobacillus 

~ . 

EMBL database 

11 I " I " 

deiminase bbrl:::'W'fln91niln1J'Vi~'W DNA Vi~'lbA~l:::M'Wilfl,)l:J..JbVliJ'fl'Wfiu DNA "lI'fl'l Lactococcus 

Lactococcus lactis 

I 11 I SJ 

bil'fl'l91n DNA 'll'fl'lb~'flVlLLtJn'l~91nA1:J..Jbmm (byjj'b:J..J~~) No. 8 iJfl,)l:J..JA~ltJfl~'l~'lntJ 

DNA 91n Lactococcus lactis subsp. cremoris MG1363 ~'liJntJ'll'W~l~tJll'lfOl~b'fll'Vl~'ll'fl'l~'W 
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j;]1'l1~1V1fu arginine deiminase pathway 'fl~LL~')lw EMBL database b'Wn1~Vll~1~Un'JfPl~L'flh1 

• ,dj 

LLUU specific primers '"l1'W'J'W 3 ~fPlll rdi-fwd LL~~ rdi-rev; ;rdi-fwd2 Li~~ rdi-rev2; LL~~ rd i-fwd3 

Lactococcus lactis subsp. cremoris MG1363 L~'fl1.jjl'Wn1~Vi1 peR L~'floK'lLfPl~1~,ru1L'Jru"lJ'fl'l 

I I " I 

DNA VlLntJ')-if'eNrlU ADI pathway '"llm~'elVlLLtJnl~(1}tJVl~'l LL~~'"llnn1~vh peR 'V'lU~lLn(1}n1~ 

I " t I 

oK'lLA~l~,r DNA Vl~'fl'ln1~~'W'"llnn1~H' primers 2 rlLLm b'W"lJru:::Vl primers rlVl~ll-Jl:JJLn(1}e.J~e.J~Vl 
~ ~ 

~ , ~ 

~1~uU'JfPl~t1l1'Vlvl"lJ1l'lL~llVlLLtJ nl~ LL~~'"llnn1~,Jl~l~UU'J A~t'fll'Vlvl"lJll'le.J~e.J~Vl"lJll'l peR i'l~'fl'l 

~ 

n1~LLU~~"r~~l~UU'JA~t'fll'Vlvli'l~ll-Jh.ILlI'W~l~Um!?lll~m'W (AreA, AreB LL~~ AreD) LL~'JVilnl~ 

AreB ornithine 

~ 

transcarbamylase '"lIn L. lactis n~1 99% LL~~'W'eln'"lln\ln1~r1'W'V'lU protein motif ~'el Aspartate 

51 



and ornithine carbamoyltransferases signature Jl'ltJl'W~'l~'lJm'!?I'f:dJb'W'll!l'l ArcB ~'1dJ'W~!l 

" dJ'W~'l ~'lJ n ~!?I!l:;m 'W t!'WV'/'lJ~ 1 ~il') rl~b !ll!P1vlln'W~.J'l 

, '" 
DNA vhn!PI~'Wlh:;J..nru 0.25% (Saiki et al., 1988) Vl1!lil,)rl~b!l1'V1C?l~'1mh,)!l'lr.Hn!?lfDl'ln mutation 

I II I • I 'JI 

Yl~'1itJ ll~,) lmtJ'lJl YltJ'lJ~'l ~'lJil,)rl~b!ll'V1 C?li'l~'lJ../ b!?ltJYlYl ~'lllVlti'll!P11 il') rl~b!ll 'VIC?lYl l Vllj!l'WCil'lllt?1 2 

" " Cil')~'Whh:;i1!l~'lil') rl~b!ll 'VI C?lt!'W~n ~!l'l (Au ngpraphapornchai, 2000) fDl'l nf1'l~~ lrl~'l :;~~'l ~'lJ 

anti porter (ArcD2) fDl'ln Laetoeoeeus /aetis n~'l 71 % ~'1ll~!PI'Il,xl~'W~'l areo ti'lfDl:::dJ'W~'W 
11 I 1.1 'JI I 

~'l'VIf'lJ arg in ine/ornithine anti porter 'W!l nfDl '1 nUfDl'l n n'l~Yl~'l ~'lJm'!PI!l:;m 'Wi'l~'lJ../'ll!l'll~!lYl LltJ n~ 

" , 
rl,)'lJ../ lVllj!l'Wn'lJ~'l ~'lJm'!PI!l:;m'W'll!l..:J L. laetis ~'1J../'ln (97-100 %) ~'1 rl'l !PI~'ll~!lYllLtJ n l~ti'lfDl:;dJ'W 

" 

~m:nn'll!l'l Laetoeoeeus laetis 

" l'Wn'l~~'lll'Wm~!l L. laetis 1'W~:::~'lJ supspecies Vhb!PItJ!l'l~tl Restriction fragment 

length polymorphism 'll!l'l~'W~,)'W'll!l'l~'W gadB ~'1 LU'W~'W~'lVlf'lJ glutamate decarboxylase 

(GAD) ~'1~'l3.J'l~tll·ihJ!lnm'lJ../LL(;lnvl'l'l~:;VI~'l'l L. faeUs subsp. faetis Ll'iil::: L. faetis subsp. 
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'lJ'fl\l L. lactis subsp. cremoris 1'W"jJru:::~ L. lactis subsp. lactis 9:::1Ji' DNA J:.J~J:.J~[;]'lJ'fl\l peR 

1I I 1I iJ 

~ttl1Ji'~'lL~'flVimJn9'ln~~~Lmm (hHb~~~) No.8 'hhlOJ:::d.'J'W L. lactis subsp. cremoris 

al., 1942) b'Wnnll"lJ'fl\l L. lactis MG1363 (~\lii~'l~1Jm'~'fl:::m'W'lJ'fl\l arginine deiminase LL~::: 

ornithine transearbamylase LVll1'fl'Wn1J AreA LL~~ AreB 'lJ'fl\ll~'fl~LbrJnHr~\li1\1 99.5 LL~::: 100.0 % 
'" 

~ ~ 1I 

~mt1 DNA homology ~1J~1L~'fl~1rJ~'Wf.wiJ~'J1~1.n~L~rJ\ln1JL~'fl L. lactis subsp. cremoris ~1n 

[i]~~1L~1~'lJ'fl\l Ase I Ji''JrJ (Nomura et al., 2002) 1'W'lJru~~ L. lactis subsp. lactis IL 1403 (~\liJ 

" , 
~'l~1Jm'~'fl:::m'W'1J'fl'l arginine/ornithine antiporter (ArcD1) LVI~'fl'Wfl1J ArcD '1J'fl\lb~'flVimJn1~~\I(1\1 

" , " 
99.8 %) ~U~'llwn'W~'J'W'1I'fl\l~'W gadB '1J'W'l~ 600 bp ~\lrJU1-L'Jru[i]~~'lL~'l~'1J'fl\l Ase I LLvlb~'fl~'lrJ 
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I II I I 

pBlue-TOPO ~'1dj'W promoter-probe vector LL~~tlnn{]~l~'W DNA Vltl"l~'WL'1hltlVl1J1L'JCU 

I I II I 

1J1L'JruVl~1J"lI'El'l arginine repressor (ArgR) 1'W~1l1'l~Vlil'Ellr.ii'hJLL~~U1JU'lmm~~'1'E1'E1mJtl'l~'WVl 

n'i'l1'l~'1'V'l1Jl'W arginine repressor (ArgR) 'lItl'l Bacillus licheniformis L-rl'WL~tl'Jri'W (Maghnouj et 

al., 1998) LL~~ilJ'1tJ'Il'Wn'l Arg box ~1J1L'Jru upstream 'lI'E1'1 arc promoter 'lItl'l B. lichenifomis 

" , .c::l Go' -=I iI ~ ~ .c::l 0 cv 

1998) 'Wtlnronn'WtJ'I~mJ'I"l'W'V'l1J Arg box V11JJ'b'lru upstream 'lItl'ltJ'W~1V1J'1J ADI pathway ronn L. 

lactis subsp. cremoris MG1363 ~n~'JtJ (Aungpraphapornchai, 2000) ~'1mr.lbtJ'WLtlL~~l 
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, , 
a:I .:::.. Q.;' Q ~ iI IV 

'Vl1JnrHUrl'J1J"Jl-.ltl'l~1J1Jn'JtW'Vlrl'i'l1t1n1J Catabolite repression element (Cre) sequence 

"JJ'fl'lll1Jrlvh~tmnnJ1J'Jn (Weickert and Chambliss, 1990; Zuniga et al., 1998) ~'ll~'fl~1'I..h'"l::;Lll'W 

"" 'i' • F.:: d 0 ~ 
l-.ln'i'lbrl'i'lu~mru'Vl'"l1n(?l (Crow and Thomas, 1982) 

" 
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