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71^^* 6> 
[1] ^ ̂  -§-S.°11 

L^§ L^§ #^T^JL^(L-LDH)S] 
^ME)# ^^1§>JI, D^ #^T^JL^(D-LDH)S] %s§-Br £^Rr #7111-
SH^Rr #°1 # D^§ *11 ^U"^, A<M ^ *11^ 
D^ ^ ^ A<M 5^1- yfl^ji yfl ^i-s^Bi D^ 
si^Rr #7111- afl-^Rr D^ *HSH<HH 3H4. 

[2] 

^ 7] ̂  
[3] ^-6>, 5] 5^-# ̂ C>> :§- A>^ W-o>ollA-l 4c0^>7ll oj-g-5] JI 

^e°11^ ^-fKtsl #^1S Ir-g-^H n -8-^°] 3711 ^7}z>\5L $M. 
[4] 91 Sf ^ 4 ̂ 5]-^ 7] ^ 

^JL^I Ho^°l ^M^l,^°l-lHr 
<>]•%-?% *H^Kr ^-f -fr^H^oll 2]^ ^7H>^ 

£-*11 ̂  M4L1 50%^j 
^ ̂  9X^r ^Ml ̂  (racemic) ^1* ̂ S] M]%s§ 91 D^§ IE— L^§ 

ojitflo]] D^4Ll 
#7^^rH, 5]-^Bl ^1- s.^ o.A>^ % o. 
-§--§"^ °1 ^ nr^ ̂  ̂  Jl^M S\ o] -g-s. 7fl H- A] o]l £ *11 ^°1 ##°ll 
*1*31-# °l-g-^ *31-«H ^:JL^2] ^-f A}-g-^ ^6\] vc[^X\ D^ 5£^ 
L^s] ^in^jiLS. ^HrRr 3W 7^^>4. il- #£^5-^ 
^(Lactobacillus sp.), W1~^=L ^1 — ^(Bacillus sp.), S] f£ ?r -'c(Rhiz.opus sp.), 

^(Streptococcus sp.), ^EllS 53.53.^: ^(Enterococcus sp.) -§--2] 
v) -^ir-tr L^§ -^^-a ^sL -^^Sr^l"13], ^(Leuconostoc sp.) *| ̂ ir-0!-
^'£4'H ̂ "1 — ^(Lactobacillusvulgaricus)^: D^ 

&4.^1,D^§ tflAl-S|^l 
9X°]A\, °lt- °l-g-^>°i si^aH^1 ^ ^ o}-c\?\. 
oiliBii = 51- ^1^15-A-is. A>-g-^ ^ 9X^t\], 
^il^l7> ^4# ̂ JL7> 1^1 ̂ S^JL ̂  #5L^=^.5.S. 

D^ ^7l-^7l-^>ji $i4. 
s^-~n> 0]-^-| 5]-, sc--#^-n"#(stereocomplex-PLA)-c: 7] $-5] -IrS]ti] 52.-§]-&] 
-0-^ ^ «i^^£7>H7fl #5]-^^ ISS ol-g-7>^H, 

^#€4. 
^32f^ €-M-7fl 5\°] °1^ 
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[5] jr^o] 
7l##i«^# ol-g-^ 
o^^o] Dig ^#>$#*l>$-i-£#<£ ^-SLS. #-g-^-7Hl^r ^#2] 

*3#^ ^#°1H °H 9.M. ^# 
*3# *1 Lb. plantarum, Lb. pentosus, Lb. fermentum, Lb delbrueckii -§-°l 
$1 °-# H#^] JI*3#^!4 51## *3##*1 F3- $1 
^"##^#5- L^ 5] $. 20-40% S##J1 $j## #^! °1 oji}. o] 5] ̂  
#^ # T"^T"#7] -rl , EMS(ethyl methanesulfonate) ^| 5] H # # °] 5l#:2-# 
#£, #1^M 3^-Si ## ttS. 51## *3#^Rr #°l^rt-
33-^} Jl# #^#(J. Industrial Microbiol, 11:23-28, 1992). zz. ^ ^ §1] 
^ 4.8*11 >$#^ °1 ^rt" #1#^ °-# #7l# iL^r^l trf^ 
#^7>^rtiKE|&i}. ##, oj-g-gj.^* 7fl#^ <H#^S-

*3#^°1 #±$5L #tflS *3#^°1 ^r#°l 

[6] 

7l#^ 4^1 
[7] O.S #^^1 5l##M 5-^T:Ll 5l# 

*3## 71^5. ̂  D^ 5l## ^#*Kr 
S-# 51# *3#^4^#°1 -T-^}#^ ^M1 ul>$#^ L^§ 

51# 'S# *1 ^SiriS.-T-B-j L^§ 51# Vl"^ J"-ii(L-lactate dehydrogenase, L-LDH)H 
3.^ -fr#^}# -i:#^ sH 7] Jl, 2] sfl 2] D1!] 51# i^^jL^D-lactate 
dehydrogenase, D-LDH)H 3J% ^ ##41- 5.^ # ̂ 4, D^ 51## 

>$#t ̂  $1## SJ-o}^JI £ 
[8] 

4*11 ^r# 
[9] §>#2] 5l#^#^r°H# L^§ fl# 

^ME)# l:#^s|-^7luI,D^ fl# 1T^#£^ 5£^ 
#sH7l^ #7111- S#^Rr #01#D^§ 51# *3 #5^ *11 ^Rr 
^°1#. 

[10] £ 1^2] ^-^^#71 ̂  #°1 # D^§ 51# *3#^t-
Tll^^ ̂ °1#. 

[11] cl-sa^^7l #o]jgD^ ^A> o]-g.^ D^ 51## 
*S#^ Tll^^ ̂ H#. 

[12] 
JL4 
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[13] £1^31 >$4HE)O1 

ISS 4-g-^Rr ^s] %&ig ^ 
3W4. 

[14] 

[15] 5. l£ 10^ o^ig X\ ^#£D^§ 5^4 L^j %#$] 
^jzj-1- q-Bj-ifl^ ZiBfl^o]xq-. 

[16] 

^All- 2^4 IN 
[17] ^-^-1:^^-71 

^'SrTf^^lT'i L^§ y"H4" Vl'^j"-AJ"-(L-lactate dehydrogenase, L-LDHjS) llr^a: 
^sf IETT "irl!:^ ifA]7} 3, D^§ 51^ Vl"^ J"- A (D-1 actate dehydrogenase, 
D-LDH)5] SMs)# S.^ 5£^ #5H D^ ^ ̂ ^rl" *112:^ 

*11^4. 
[18] 
[19] ^2] 

L^§ y"H4" Vl'^j"-AJ"-(L-lactate dehydrogenase, L-LDHjS) llr^a: 
W 5£ir ^A> ^A>^t- T^Tfl; (b) ^7} 

D^§ 51^ VI'^TJ"- ii( D-lactate dehydrogenase, 
D-LDH)5] S.^ IE— #sH?l^ ̂ 1- af-W. 

[20] °H,#7lL^§ ^ ̂^^L-LDU^ 3.^^ 
L^ 5E^ L-LDHl- 3.^ 

#S]^f#5ll^.E]H2]-D-LDHl- t5]^ft?|OH)Ht ^Hl 
x\ L^ 5^4 D^ ^^r-i: fHl *3^Rr ^7} € ̂  &JI; L-LDH^ 

# W 5&^ -ir£M3 sH ?} ̂  ̂  o. L.LDH^. ^ 
§>4 o]s$$] 171] 5£ir ^ 7fl2] ^ft^^E]Ht 

*1^, ̂ , ̂  5£^ 47H^ ^ 5X2-V]; D-LDH^] s.<y JE^-
#5H 71 ̂  ̂  ^ O] ^ % A> *$ ^>^2] ̂  Afl ^ oil D-LDHl- ^ 

^°1€ D-LDH ^°1^11- tel^t^l^Ht 
Ho^, ̂ °1€ ̂  D-LDHl-

f5]¥t^l^H2l ̂ o]] 5S£t|# S.^ ̂  

7fl^ ^ 
HSS.B12]- ^7l-^^>7ll D-LDH# t5]^ft?|OH)Ht 

7fl^ 
5S£B| ^ ̂ r7] 5S£B| 2f 3)^71-^1-711 ^|£l 7flf ̂  q-BflflS.^. 
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D-LDH 3.^15}^ f^f^ElEt 5.^}^ Ho^, 

D-LDHl- I^^B]! 
£^Rr Ho^, ^ ̂^r°ll 7fl^ q-Ej-iflss. 
D-LDH ^°l^li f5]^tsUE]Ht I^^B]! 
Ho^, ^ ̂^T°ll 711^ 44^ H5.2.B1 ^ AJ-7] 

^7l-^}7ll D-LDH# t5]^ft?|OH)Ht 
I^^B]! ^ J£^ 71]^^ 

^ME)# H5.2.B1 ^ HS-S-B] 2]- ^71-^^711 7fl^£ 
M-B^^ D-LDH ^°1^11- #s]Tf#^l^.B]Hl-

af-^Rr ^^BII- ^ ̂  4-g-^M ^ S-M. 
[21] 
[22] £ 5] £-0] " x-1 A]; V!;-r^A^(lactate dehydrogenase, LDH)" v'l\ NADHl 

°l-§-3H ^1- ^^^>74M-5£ir 
M*Kr !£-§-# ^fl^Kr 4^s§ JL^l-

2lP|iH A<M LDH^r ^ 140kDa^] M-B^ jl, L^ 
L-LDH(EC 1.1.1.27.), D^§ D-LDH(EC 1.1.1.28.), FMN ^ ^ 
f-fr^Rr L-LDH(AlEaf b2, EC 1.1.2.3) ^ ^ 9-M. 

[23] 
[24] £ 1^3} -g-<H "L^§ ^ L-LDHl- 3.^ ̂  

5L, L-LDHl- °l-g-^M L^ 
^^•i: ̂ ^Rr ̂ rl 5] ̂ 1 ^Rri% L-LDHl- ^Rr #B] W^B] H 
^ ̂  1^*1 ?H L^ *3^Rr ^ °W^, L-LDHl 

#s]^f#5^B]H2]-D-LDHl f^t^ElEl ̂Ajo]] 
L^ ^^4D| 5^rl A<M L^ 

L^§ ^^r-i: ^ 9X^r ^^1 *11 ^ °-M% 
yl"^" ^ ̂ M] -cr ^-£wj-A[ B] i ti_5]] ti] i(Lactobacillus brevis), ^-£wj-A[ £-] i 

(Lactobacillus pentosus), ^\§lwH=! B] ri: ^Ivy-i --(Lactobacillus 
rhamnosus), ^\§lwH=! B] ri: -t'l xl] L] (Lactobacillus jensenii), ^-£w]-^=! Bji 

(Lactobacillus plantarum), ^\§lwH=! B] ri: sl-B]-^5];B]-^ (Lactobacillus 
paraplantarum), ^-£w]-^=! B] i 5Jj1 /ll LJ] (Lactobacillus ferine ntum), ^-£w]-^=! £-] i 

°] (Lactobacillus paracasei), £-] ^ o]] X\ £-] ^(Lactobacillus 
acidophilus), 5^ i (Lactobacillus johnsonii), £-] ^ 7]-^] o] ( 
Lactobacillus case) -§-°l -s. $1-LL, il1^ wj-^-2] §]-7]]^ 
sa-swl-^ B] ^ s^Hl °1, ^£4€ ̂  ̂  ?}4 °1 ^°1 € ̂  $1^*3, 7H1" 

sa-£HHiB^ s(.^].^ol7> € ̂  9.M. 
[25] 
[26] AJ-7l L^ L-LDH5] ^5]- J£^ 

ol-g-^ ^ §^_ §^^71 L^ 
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3^ ̂ Rr if #31 -^B] Hi- ̂ #4^ 44 U) Bl 1 ^rRr 4^, 4 °1 € 
514 ^444°11 7flfs] 14!4 44^4 4°14 D-LDH 4°1*111 s^4^-
t^t^EjHl ̂ #4^ 44^1 £<^Rr 44 4°14 51# 
*3444°H 71144 4^4 44^ SSfiBl ^ AJ-7] SSS,B^ 
447l"447ll <^44 D-LDHl S^Rr f^t^EjHl ̂ #4^ 
44^1 £<^Rr 44 4°14 51# ^444°H 7fl44 4^4 44^ 
H5.2.B1 ^ Aj-7] S 5.2.5] 4 31-^71-^^-711 7flf 5] 4^4 44^ H4 
4°14 D-LDH 4°l*lll 3^^}~ #S]^f#5^ElH-l S#4^ 44^1 
£°^Rr 4^ 44 444 4 §|4. 

[33] 
[34] 4 4^ -g-ol "44U]Bl"4, ^44 44^H4 4^] 4^44 S^Rr 

#S] 4#5ll O.E] Hi 44^1 4 4 4^4 ̂  4# ̂ 4 4 1°ll 44 71-^4711 
^44 #7l 4^44 4^44^ ^.BlHSl ^71414 
444^ DNA *3444 ̂  *1 #4. #7l s4 4 ^A}1- 7fl A] 4 4 4^ 
H5.52.B] ,nE]t 441 24471 ̂  4 ̂  5] 2] ^ ell O] B] X\ <4 3} mRNA 
^fi4^l2^r^,^ 44 ̂  ^4^1 444 244^414 
S444. ̂ B]ir ^5- ^4444 44 4144 444T11 
4^1 si 7j 4 7l 44 4 4 °-*l, Til 4 ̂  4*11 °11 ¥44 4 44. 

[35] 
[36] 4 4^°114 44^ 44^B]ir 44 4°114 4*11 71-44 4 °14 44^1 

4^ si *1 & 4^ TH 43] 4 <y 5] 5] ^1 Bl i oi -§-%> ^ 0.5. 
4451^ 44^ B] s] 4^ 4^°l7]4 *fl^44 4^5] 44^*1 H, 
3£.v] H, 40] e^ ̂  4^1 si ̂ .4^114 4 44. ilt°14xl ̂  Ei ^ 
3^V] H «] Bl 5-4 pWE15, M13, XMBL3, XMBL4, XIXII, XASHII, XAPII, XtlO, 
Xtl 1, Charon4A, ^ Charon21A 44 444 4 4 °-*l, 44^*1 H «] E] 5-4 
pBRTll, pUCTll, pBluescriptll 711, pG EM 7-11, pTZ7||, pCLTll ^ pETTll 44 444 4 
44. 

[37] 
[38] 4*113°-S, 4 4^si 4^1 ojioil4 44^1 ^ B] ̂  4°114^4 

rt^Sl 440II A}-g-£l^ UlBl<y PG+host6°14. °1 ^BI^I o.^ 
tfl44°114 44°1 71-4471 ^4 4^144 ̂  4444 ̂ 444 4*14^, 
^44^4°114 44°1 7>447l ^14 °11slH5-4014 ̂  4444 
^44^44 4*114^4 7HJI 44^ ̂ °14. 4^1 ̂ 44^44 
4*114^4 ^44^ 4°l7l-a4£l^ $X°] 370co14^1 4£°114^ 4*117> 
£l^1 Q°.v] o] si4 4^14^4 4^4°114 44^7l4 <i4 44 444 
AT-OT.O-
H y 2 71-44711 44 (*14 47114^1 20060025190). 

[39] 
[40] 4 4^ 4°-] "^444"°14, S.^ 4^44 s^Rr 4s]4#S11^.E1 HI 
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544^ 44^1 2 0]] £<^403 ^ S ij\6\]X\ 471 
4334#53l2.Bl jf# 444^4 4444^3 mRNA 4^44 ̂ 344^ 
142] 4^^1*144. #7l 4445°H £^5]^ 
444 a 4 5. S.^ £] <H 444 ̂  $1^ 4, <H ai 4 ̂  ̂  4^ 4444. °H 4 
44, #7l #3] 44 4-3-4 2.4 -S_^(#7l 
4 3] if #31 ̂ .E] 2°11 4if 7]-447ll 44^1 °3 $1^ 52L2.B](promoter), 44 
44 4JL, 3} 2-4 444^, 4^*3 444 J: 4)4 5444 4^44 44 
44—(expression cassette)2] 4445°T| 51^4 4 $14*3], 4~7] 44 
44^4 44 4*fl7> 7>44 4?i «]B] ^ Bfl ^ ̂  §14. J&4, #7l 
#3]^f#3l^.E]Hif 4445°H £^£l<4 4445°H4 
44°11 4-3-4 4 44 7^^>7ll 44^H $14 44 4^ $14-

[41] 
[42] 4 4^ «11 4 44^1 4 D-LDH4 44 ̂1 °] °11 *fl 4^1 4 ^2-4, 44^1 ̂|->ll 4 

D^ 444 ^4>£14 44^-4^3 4314 4 °1 4 4$!^, 2-4 
44^1 4T11^. 4^44 33 i 444^ 5E^ 4^44 53 i 42-4°ll7l 
4 °-S-4B3 4314 ^o] 4 4 $12-*1, 7R> 44^47114 4^4433^ 
42-4°ll7l 4 E)]O] 4 2] 4^31^ o]-^H#A]<i^7H:b#3]^E]H5£if 
4^4433^444^ 4 44 JL 322] o}pl^Uj^7].xji, 
#S]^E]H7l-€^ $14- 5£#,#7l 444JL315E4 325] 041^4 44^1 
44 °1 #5] 3 *1 °11 4 5] 17fl 5&4 44711 (4^ 42] oj-^1 ̂ 4 #7l 2] Ol ^ 
4S°H $1^ 4 21 $1 *14 44^1 444 ̂ -O] 4^1 4, 4^1 ̂  0SH 2 4 4 207fl, 
44^4314 2 44 10711,2-4 44^4314 2 44 5711)21 0^1^40! *14; 

44, 4^3, ^ 7} 5E4 ^ % 4 4*1 24 4 44 541" 4 $143 1, #7l D-LDH21 
444 44 5E4 7J-4AI 4 4 ^ x\ <i4 Jr. 31 J&4 3221 o}v] t4 4 l^l 
tfl^H, 80% °14, 4?f3-^^>7ll^ 90% °14,2-4 4^^!^>41 ̂  95% °14,4^1 
4^^ 441 if 97% 01421 4¥^4 4^ 4*124 4541" ̂  9X3., 
*1^1-51 5^r°11 4^-471 #s]^Ei3f7l-4if 4^4 4^3-^ a^2] 
4*124 4<i°ll *H7> $14 4 9P] ^4°11 41^1 °1°11 731451^1^ ^2-*1, 
471 4*12423 *14, 44,4^3, ̂ 7> 5£if 23^ ^^l^ 47l D-LDH23 4^4 
4-ff-^Rf *1^1-21 7p31 5£if ^21 40] o]] ^734if ^4 4^3 ^3^^] ̂ 5-

7]-jf 4^4°1 41 5£^ ^^^^3 4°1 ̂ ^l£5ftT $14. 
[43] 
[44] 4 4^21 403 "44^»o] 4; 4 5. 4^ 4 04114 ̂ 3 ^ ̂  7141 

7l"0l 23 4 s^]4 2l^4^r3], ^4(score), 4 s^cj(identity), 4Al"^2(similarity) 
4^3 ^117fl 44(parameter)44 71144^ BLAST 2.04 0144^, ̂ ^HITII 4 
4334 4^^5- 4^4 4 $1^4,41^1 °H1 7314514^ £Rf4. 

[45] 
[46] 44^1^5. L^ 51#^ 4471- D^ 51#^ ^#^Rf 442-42 
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^§1-4j7 9.1^-S-S., £ L^§ 
51#^ ^#*Kr ^rt-D^S 51#^ >$#SKr o_5.*|,Dt§ 

$#s§o] 5^r# ̂ ^jl*} ASXA. °1# ̂ M, 

sa-Swl-# 2~| i sJ-e^Hl °1, ^S4€ ̂  i 7H1 o] ^ 3^-Swl-# 2~| i ^ 

5-^7>^#2] -f^>uI,L^ 5l#^l til^°l 
-T-^r^-i: ^-^JI, °1 w^l ^°l^r# ̂ Ml^-Jl^} 1). ofl# #<H, 
34-^4^5-^ SJ-5]-7H10HH Tr2fl€ L-LDH -fr^}^ ldh ^ ldhl# 
l^^l JI, ¥^H1 D-LDH# ^>7l 7H1 Sldh 1 -ldhA(Lb.db) 5]-
Sldh-ldhD(Lb.pl)# AA ̂ ^-Jl, °1# U]B] <y PG+host6°ll 5.^ «H, 
pG+host6-Sldhl-ldhA(Lb.db) ^ pG+host6-Sldh-ldhD(Lb.pl)5] 2^ 1V|) c] if 
Til i 3). °1 <H, #*1 Z| Ul Bl # L-LDH -fr-^M ^ 
^-£4# 2~| i SJ-5]-7H1 °1 °11 5.^ , L-LDH5] o] ^s\. 
lr#^s|-S|uI,D-LDHSl ^MEM ^^s^ll# 4). 
#7l ^^^1# °15.^-Bl ^#£]ir 51#^ ^4, 
D^ 5l#°l 41.6g/L5| ^#^L^ 51#^ *3#£|*1 &°-^,#7l 
^#€D^S 5l#^1 ^^1€D^ 5l#^#^r°lH -^#^1 TT D^§ 
5l#^1 ^#^§^4 i 5). 

[47] of^M, ^1^51#^ ^#^§r°l L^§ 51# ^#^T°1H,L-LDH5] 
# W 5&^ -ir#^ 5H ?} jl, D-LDH5] #5.^ S}7l 4 5£^ 2] 

^ -f, ^efl^l D^ 51# ^#5T -T^# ^j#^5- D^ 51#^ ^#"t 
4^ ol _o__o_ 01-41 ol oq rt. 
^ AA T3 EL H. ^ MMn. 

[48] 
[49] ### £ 1^ ̂1 ^ Tgs§ §>7l ^ ̂  l}.g- #X\ <£Bfl S,X\, £ ̂  Aj-7] 

^£H,L-LDH5] #^-1: M-H]-q]irL^ 51# ^#5^r°ll^, #7l 
L-LDH5] ol 01:51- -i:#^ sfS] JI, D-LDH^l ^ 7] 4 5£^ 
^70T-£l£S tJ^o]5£D^ 5l# ^#5^1- *11 ^#4. 

[50] 
[51] #7l T£O1^D^ 5l#^#5^r:bD-LDHl-S^^#5]^f#3l^.ElH7l-

L^ 5l#^#5^r5l iflsl L-LDH# 3J% ^ #^^#31-$.^ H ^ *H1 
*1^51 JI 5^r7l- ^ ̂  §i4. #7l ^i0]^ D^ 5l# ^"1^1 
°1 °11 *11 #51 *1 ^>711 ̂  i f}*\] o] $] LDHl-i: 3.^ 
#5l^f#5^ElH(A]<iti]J:27) ^ LDH2# 3^^ 
#5]^f#3l^.El H(A-1 J: 28)71- z|zl- ^-£4^ 51 ̂  1 w.^-01171 (Lactobacillus 
delbrueckii) -frSfl S] LDHA(*1 S. 31)# 3^ #5] ̂ #31-$.^ H ^ 
^\§lwH=! 5^ i "s (Lactobacillus plantarum) -n"2fl5l LDHD(7-~| 1^.31 32)# 

LDH(LGG_02523)# 3^ #5] ̂ #31-$.^ H(A] J: 29) ^ 
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LDH(LGG_00606)1- 3^ ̂  if H(A] ̂ S. 30)7]- z|z]-
34-^4^5-^ -fr2fl5] LDHA^il^iJ: 31)1- 3^^}~ 

LDHD(7--| HtH JL 32)1 
3^^}~ ^-Swl-^5-^ °15] LDHl 
S^Rr ^ LDHl-i: 3^ ̂  
#^Tf#3l.$.^H(A-l«itilJ:26)7>44^-SH>^Bli Tr2fl5] 
LDHAH1*13: 31)1- 3^is}^ ^a la-s^e^ 
-fr5fl 5] LDHD(^i l^iJ: 32)1 S^Rr HS ^ ̂-o] 
€ <T- 9X3, Jii} Vi}^^ §1-711 ̂  sa-swl-^ 51 i sf^Hl °] 5] LDHl 3^ 
#5l^f#5^E]H(A]<iti]J:25) ^ LDHl-irS^^ 
#5]^f#5^ElH(A]<iti]J:26)7l-Z]-Z]-34-Swl-^e^ im^Rl -^-Bfl^l 
LDHAH1^1 J: 31)13^is}^ ^a ^^51^#^^ 
-^-efl^l LDHD(^i l^iJ: 32)1 S^Rr HS ^7} € 
"T" $1—^, A A yl"^"^] ̂ M1 TT Lactobacillus paracasei 
CC02-0095(KCCM11273P)7> 

[52] 
[53] £ ̂  *]"&£ ^£4€ &i ̂  sfe^Hl °1, ^£4€ &i ̂  7H1 °1 ^ 

fMi ̂ T°ll ^7fl§Rr AA$\ L-LDHl 3^Rr 
#5l^f#5^E]Hl ^*]?}5L, im^Rl -fi-Eflsi 
LDHAH1^1 J: 31)13^is}^ #5l^f#5il_$.EiH ^a ^^51^#^^ 
-^-efl^l LDHD(^i 32)1 S^Rr W3l-$-Bl Hi 
^^^^11 ol-g-^ Dfg nHir, 
-§-a 1^1 JS^V- ^3}-, ̂ \§lwH=! 5^ri: °1 -n~2fl5] 2] (Lb.paracasei 
ldh::ldhAldhl::ldhD)7>^§r, >$4HE) ^a D<§ ^^>0] 7R> 

[54] 
[55] °H, £ 1^*Rr ^ D^ ^^5] ̂ ollA-1 7R> 

^rlt^r M-B}-^ ea-StiHle^ sf^Hl °15] LDHl 3^^}~ 
#5l^f#5^E]H(A]<iti]J:25) ^a LDHl-irS^^ 
#5lTf#3l.$.HlH(A-l«itilJ:26)144^-SH>^Bli im^Rl -^-Bfl^l 
LDHAH1^1 J: 31)13^is}^ #5l^f#3l^.E]H ^a ^B}-^ 
-ft 2fl 51 LDHD(^i 1 *1 JL 32)1 3^ W 31 ̂ .E] HS *1 7] 
6d] f! <4 #~Rl]( Lb.paracasei ldh::ldhA ldhl::ldhD)l Lactobacillus paracasei 
CC02-00955. ^ ̂  JI, 2012\4 4€ 2l^}5. 
-'"Ml 7| v]' y} ¥l;?I "9i"-'71!l ^ v';iiL i!r-^'1 Cj (Korean Culture Center of Microorganisms, 
°1^>, "KCCM"^-5. KCCM11273PS 7l^§>^4. 

[56] 
[57] ^ 5] ^ T£S§ §>7l ^$^^1 ^ ̂ (a) 
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^°1€ D^§ ^^rt" *rJ=*H 441; (b) 
#7l yfl^1-5.^-Bl Sl^Rr 4411- 544^, D^j ^#^1 
^344^ 4^44. 

[58] 
[59] 4 ^1^-1 Til ̂ Rr 4°14 D^§ 44 ̂ 345^ 44^1 ̂ 344 °1 -T-44 

L^§ 44 ̂ 4^rl 4 <44^1 D^§ 44^ ̂ 44^4 4451^4. 444, 
471 4 <4 4 D<§ ^A> ̂ ^1 4444, #7l 444 ^344 D^§ 
44<4 44 5&4 yfl°<H°11 4^4 4 9XSLHS-, 47l 444 54^1 
44 5E4 44<5]H1 4^4D^S 444 5144 °-S-4 D^ 444^344 4 
$14. 

[60] 
[61] 4 4^5] -g-<4 "yfl^-ol^ ̂ 1^1-# ^4^1 

*$ 44 ?] 7] ifl ^ ̂  2.S. gj ̂  1- o] ^ -^j-rq-. £ ̂  o]l $i <4 x\, 4>7l 
444 4<44D^1 ^1AJ5TS.T^D^ 444^344314 4^] 
4^3 £] , ^-7} T3fl ^ ̂  ̂  ̂  X] ^ ^ £- Aj-7] ^ o] ^ Dig % A> 

D^§ 444 ̂ 344 4 $141 44 4 44^1 44514 &o_4, 
4^1 4H 4 Sl 43] 7} $j ̂  5-4 4^ 4 °1 44<4 4^3 1" 4 913, 44^1 441 4 
si 4^=1 ^n1^, -?t-7}q 444^ 3^r 44^1 444^4 <444<4 4^34 4 
$14. 

[62] 
[63] ^^l 44^14 444 ̂ 44 44i4, 44i4, 4*1 i44 ti144 44 444 

43-5] 131] 4 4H4 Jl7l^ ̂  cjrHH 4£,pH 44^4444 ̂ 44 o 

5l 4^ OlJ 
~ ^ AA 4^1 4^3 54^1 _o ^ ̂X\ ̂  O] Wl-5J-Xl^4. A}-g-

4^4 #f32 4 4<asa5i ̂ 444 4 4^4 444*1 
°li2Hl ^3Si, ̂ -£5, 5^-SS, t£2, 44, ill-S.^4 ^ 
4444, 4144, 444714, ̂ 444, 33^ 44 £*- *1#, 
rf-^1 EA>; iBfloj-51^ el^l^f 4HoH>, -1-sl^ll-, °114^:4 Q°-
°^:3^r, OHIH^ ̂  -^71 ̂ >0] 5^-^14. o]§ 7111 ̂ jiLS. 5£^ 
^i-S.A-1 4-g-€ ^ $14. 4-g-€ ̂  $I^r «a-2-M0K 

^^r^S.^-, ^I^r^S.^-, ^^^>2.^-, ̂  ^^Jr^S-^s]-
^ ̂-71^41^; ^E] o_\i, #^4^14 ̂  4*1^ ̂  
NZ-4^1, ̂  ̂#1-, ££ ̂ #1-, PJ1°1- ^#1-, 4^ ^Hl^I 
7}^n^,°]^3i~=L$] 1-4 tfl^^olHa^nsi 

-^-71^^01 A}-g-^ ^ §j4. 
4-g-€ ^ $14. #7l n^Hl^r 91Q°.3,A\ <&# Tiii^f-, o]A> ^2^ ̂a 
tfl-§-S|^ ^o] ^ §^_ xt&ig ^ $j^r 

JE^ ^-§-4^ 4Hf--f-fr ^ °1 
5fl-€4.5£^, ̂ -714^-1-5.^ °M4Bf, °^41, %^>4^^1#, 
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^ ^ 9.M. ̂ l^S, #7] 1-^j 
c?H o}v] ^ til ^ ̂ # 1-^ o] A}-g-^ ^ JE^, Bfl <$ 

flfl^Hl ^^1#°1 *!--§-€ ^ 9.M. #7]& ^ <$4^ °1H 
^n^l 41 -frAq <3^ ^ 9.M. 

£ £ 71^ 5^1- 5£ir 91# ̂  
^ 3 ̂  IH SLS. AH^H ^ oj^o] pH= ^ 

[64] 
[65] 5£^, *1 ̂ # #S] #S] # °11 ^Bll s S]- £ £ ±^] 1- A}-g-§>^ 7} 5 *$ ^ # 

1 *11 •§: ̂  9.M. 3.7} #31 1- -fM ̂ >7l ^ SI] yfl <£1- ifl 5. #± 5E^ 
7l^l(i, ̂ 71)1- ̂  ̂4. yfl^l-Sl 27°C 31*1 37°C, ^^1-711^ 
30°C3l*l 35°C°14. ^#^1 ufl^l 
711 °1 Si & £r 10 31 *1 100 -*| *\ ^ €4. tfl *fl5. D^ 
%#•& yfl<£ Bflxl ^#£1^1^]:, ^-<M1 ofeM^ ̂ 5 ̂ °11 5fj-£H 

[66] 
[67] ^l-irBl, nil ^i-S^-Bl D^§ ^^r-i: $\ ̂ Rr #7% ̂  ̂  Til °11 ^l € ̂  °ll 

ol §fl ^ ̂ ̂  ol ̂  ̂  xj O.S., :§-*! £ D^ %# 51 ̂  ̂  £ All <^1-011 
^7fl§RrD^ $1^^4*§^1 *11 ̂ ^1 ^HH^l-Tllfe 
Q# ̂ -Sl, ^#, ̂ -, ^71^^, ̂ -1-g-SlKil-
^ ^ ̂-),3SP>Sn5lllil(il-#^ °]-&5Z$: 
3.5.^>SZIEll5tl, ^sH) 3.^}S.ZlEflsl,^^ as511 ̂1, 37^11^1 
EL5LV}^ZL4$] ^) ̂ 21 HO>«1^ A>-g-t ^ §14. 

[68] 

ik^2\ ^*>11- ^tb 
[69] 
[70] °1 ^ ̂  # # A] i 1- ^-4 ̂ ^1 ̂>711 ^ ̂  ̂ 4. ZZ. 51 M- o] § 

iAl^j C_5.^^^>7l rt^7l- o]§ 

[71] 
[72] ^Aldfli; cwq gj-SH>^gl^^ol p^ qjL^ ^A> ̂ -jr B]^-^-?l 
[73] 
[74] 50m^^1 GY11!] X1 (5% dextrose, 1% yeast extract, 0.05% sodium citrate, 3% CaC03, 

0.02% MgS04, 0.001% MnS04, 0.001% FeS04 ^ 0.001% NaCl)°11 10f^ 
37°C°11 ̂ 1 40^1# ^7l flllc0t ^ 3 H-S-53H1 

D^ 31^:4 L^ til^HPLC^^>^4(£ 1). S. l^r 10^2] 
^^°llAi M4L^ ̂ ^>^1 
ZL^no]t)-m 
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[75] ^#3 31#^ ^##b ̂ 7} 31#^ ^##b 
3l#^l ^#^§T°1 -f^##Jl 9.1^-B.S., #7} 10^2] ^ 

^d\]X\ ^A>O] ^A>^O] 6.^j7>L^ ^#2] til^o] o_S 

Tt^^1 ̂ S-4e 3] i s]-B]-7|-^l] °] (Lactobacillus paracasei), ^£4^ 3] i 
°1 (Lactobacillus casei) ^ ^£1## B] i &}-lnA| i(Lactobacillus rhamnosus)^k 

#7l #1^ ̂ rl D^§ 31# *<§#-§- ^o]Al7l JI*} A%A. 
[76] 
[77] ^ A] ofl 2: L^l 31# f^^JL^fL-lactate dehydrogenase. L-LDH) 7] *| <g 

til 31 
[78] 
[79] #7] #*1 i #1^ # ̂ M1 tflfsfl L^§ ^#2] #^j#^ -frlHrRr 

-fr3l#l- ^£*1717l ^ , *1 ^ ̂ ^ ̂  1-^g JiOT (NCBI) 
(www.ncbi.nlm.nih.gov//www.ncbi.nlm.nih.gov) °T|A]2| Y"] A,l # "o- ^1] L-LDH# 
3*3 *Kr A TT31# Tr#^ ti] J7 ^ #^#(5 1). 

[80] 
[81] 5 1 

[Table 1] 
#£##5-^ L-LDH -rf # -f}3l#2l U]JZ 

34-S## Bl i SfB^Hl Ol ol ldhQ ol 
X)-^i-X] o o o 

SfBl-^Hl °1 2] ldhl#2l 
XI-^i-A] o o o 

Bl i f}X\] o] Idhl 100% §}-£## B] i f}X\] O] Idh2 99% 

BI ^ ^ idh 
(LGG_02523) 91% 

Bl i 5J-HX] ̂  Idh 
(LGG_00606) 79% 

[82] 
[83] #7] 5 1°1H 31A>521 L-LDHl- 3^ #^r A 

-fr## ^ 7l A] 7H Jl §j ̂  , ^-§1 #£## 51 i O] 21 Idhl^r ^r_3-# 
L^ 31# *3# 7:j 5|uf(j. Ind. Microbiotechnol., 2008, 35:579-586). 
#^a, 7H1°12] Uh2\r ^221 L^§ 31# ^# 
#1^£ D^ 3l#5^ ̂ l##7l 

# 3^21 2.^011 A-l zi-zl 
4#7H1 °12] Idh, Idhl^r §}-£## 3] i ?}X\] o] $] idhl, ldh2, ^ §}-£## ̂  i 

2^2] Idh^ ^ tfl# ft##5. #^#53#. 
[84] 
[85] <£ *1 ofl 3; L-LDH & ̂ /D-LDH #^ ^ E-] aft3]-
[86] 
[87] #7] # *1 i 241 *1 # ̂  # ̂ -S## Bl ̂  4#7H1 o]; la-S## Bl i 7H1 °1 ^ 

http://www.ncbi.nlm.nih.gov//www.ncbi.nlm.nih.gov
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fMi5! L-LDH ft#*} 
L-LDH2] ?g-X\ oil D-LDH# #7l ^ Ofr 7H1H# ^l^Jl*} 
sa-Swl-# ^ i °1 ̂  Idhty Idhl, ^ i ?H1 °1 ̂  Idhlty Idhl, 
nel Jl ea-swl-# ̂  i ^ LGG025234 LGG00606 ORF ^ 
*1 1# 7]*\ IS *1 *3 #Ji *11^3: 1^-Bl 242] 53H xi] # 
Til ##^4(5 2). 

[88] 
[89] 5 2 
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[Table 2] 

J: 

l atatgcctcgagcgggatttcctaggccaacaatcat Lb.paracasei, Lb.casei 

2 ttgcgtaagcaaaaattttagtcatggtgatatcatcctttcttatgtgc Lb.paracasei, Lb.casei 

3 gcacataagaaaggatgatatcaccatgactaaaatttttgcttacgc 
aa 

Lb. delbrueckii 

4 tggttgcttacttatcagtgatcgtgatgattagccaaccttaactgga 
gtttca 

Lb. delbrueckii 

5 tgaaactccagttaaggttggctaatcatcacgatcactgataagtaa 
gcaacca 

Lb.paracasei, Lb.casei 

6 atatgcactagtgcttgttaaggatttgtgtcaagcctt Lb.paracasei, Lb.casei 

7 atctctcgagtctgacttacctttcggatcaaaat Lb.paracasei, Lb.casei 

8 ctcaaattcctcctcatgaagatct Lb.paracasei, Lb.casei 

9 cgtcaagatcttcatgaggaggaatttgagatgaaaattattgcatat 
gc 

Lb.plantarum 

10 ccgttaagctgagcgcttaacctgacgagcttagtcaaacttaacttg 
eg 

Lb.plantarum 

11 gctcgtcaggttaagcgctcagctt Lb.paracasei, Lb.casei 

12 atatactagtccgttggctgggcattgcgtcattc Lb.paracasei, Lb.casei 

13 ccccctcgagctggtaatacatcattaactgccgc Lb. rhamnosus 

14 ttgcgtaagcaaaaattttagtcatggtgatatcatcctttcttatgtgc Lb. rhamnosus 

15 gcacataagaaaggatgatatcaccatgactaaaatttttgcttacgc 
aa 

Lb. delbrueckii 

16 ggtttaaaatcagttatggtgaagattagccaaccttaactggagtttc 
a 

Lb. delbrueckii 

17 tgaaactccagttaaggttggctaatcttcaccataactgattttaaac 
c 

Lb. rhamnosus 

18 tagaactagtttattcagcacttgagtaagtcctt Lb. rhamnosus 

19 ccccctcgagaaccaagcgtccaagaatgtttgct Lb. rhamnosus 

20 gtacagcatatgcaataattttcatcctaaacccctccttgacaggtag 
c 

Lb. rhamnosus 
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21 gctacctgtcaaggaggggtttaggatgaaaattattgcatatgctgt 
ac 

Lb.plantarum 

22 aaaaatactgacgatgggttgtgttttagtcaaacttaacttgcgtatc 
a 

Lb.plantarum 

23 tgatacgcaagttaagtttgactaaaacacaacccatcgtcagtatttt 
t 

Lb. rhamnosus 

24 tagaactagtcaaccgttgtcgaaagcattgcggt Lb. rhamnosus 

[90] 
[91] 4£4#3^ °12] #4*lll^r1§ i ^ 22] 54°H2]-

41^5 ̂  62] 54°H1 ol-g-^H Idh #44 0RF2] 5,c3^2] 70071] 
^71 x\ ?](ldh.pc_UP_700)4 3,c3 ^2] 70071] 7]x\ <I(ldh.pc_DOWN_700)# 
^#4^4. 82] 54°H 4 3133: 11 ^ 122] 
H5}<5]p]t o]-g-4<^ idhl #34 0RF2] 5,C3^2] 70071] 
^71 3 3(ldhl.pc_UP_700)4 3,(cj 2]2] 70071] 7] 3 3 (Idh 1 .pc_DOWN_7GO)# 
^#4533-. 

[92] 44, D-LDH -ft*1*1-1- ^#43 343 4^445.^ !W-4°113( 
Lactobacillus delbrueckii)2]- 4£3~43 — -ff 44 3 (Lactobacillus plantarum)2] 
-ft*1*111- ^ 3 14S. 3 ^ 42]- 9 ^ 10# 3#3"3 ldhA(Lb.db)2]- IdhD 
(Lb.pl)2] DNA 44# ̂ 44^4. 

[93] nsj 4#, *J-7l #43 DNA 333 ldh.pc_UP_700, ldh.pc_DOWN_700 ^ IdhA 
(Lb.db)l A] 14 J: 1 ^ 62] 543 n]l- o] -g--gj- o_y] sfl PCR 43 m ORF 
^r44 ^ 7] A\ 2! ̂  7>*1 3 7KM1 o\] ^ D-4^1 3 H 3 3 H5.>11 43 7} 
334# 61dh.pc-ldhA(Lb.db)2] 43 Hi 344^4. 5E4, Idhl #4*H1 

4*3# 4^343 81dhl.pc-ldhD(Lb.pl) 43H1 344^4. 
33, 442] 43 H# 5' 443 Xhol, 3' 443 Spel ^ 3# 
544^4 3*}34^3". 

[94] 4^44 5-1 i 43 o] O] idhl ^ ldh2 #44# 4£3"4 5-1 i 4443 o] o] m 

^ Idhl #444 44 ̂ 4 #43# *13^ $13 54331 
4#3-533-. 4^3-4 3 ̂  4333 #*1*111- ^ 3133: l ^ 23 
54333*3133:5 ̂  62] 54331 3#3"3 (ldhl.ca_UP_700)4 
3,C3 2] o] 7007i] <*j 7]X\ <I(ldhl.ca_DOWN_700)# ^44^3". 5&4, 3 143: 7 
^ 82] 54333" 3133: 11 ^ 122] s^o]!!]!- 3 #43 Idh2 #34 
ORF2] 5,C3 3 2] 70071] 3 7]A\ 1(ldh2.ca_UP_700)4 3,c3 3 2] 70071] 
3713 1(ldh2.ca_DOWN_700)# 44433-. 

[95] nsl 4#, ldhl.ca_UP_700, ldhl.ca_DOWN_700 3 WM(Lb.db)! 3 133: 1 3 
62] 54331 3##-£-3 3 PCR#^43 idhl ORF434 4# 37131# 
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7>4 4 7}-$:31 41 ̂  D-44 4 H 4 4 HS711 M-^l 7} 4 4 4^ 
61dhl.ca-ldhA(Lb.db)4 44 444^4. 5&4, ldh2 44441 3144^ 
¥1# 444 4^344 61dh2.ca-ldhD(Lb.pl) 44H4 444^4. 

[96] 4^444^ 4444 41] °-S4443L 13 4 14^1 54444 
4 4431 17 4 184 54444 4444 LGG_02523 444 ORF4 5,c3 44 
700711 4 7l 4 ̂  (LGG_02523_UP_700)4 3'4 4 4 700711 4 7l 4 4(LGG_02523 
_DOWN_700)4 444^4. 5&4, 4 4431 19 4 20^1 544 <4 X\ 44 J: 23 
4 244 54444 4444 LGG_00606 444 ORF4 5'4 44 7007fl 
4 7l 4 ̂  (LGG_00606_UP_700)4 3'4 4 2] 700711 
4714 S(LGG_00606_DOWN_700)-i: 44444. 

[97] 44, D-LDH 4444 44471 444 4^444^ 4^.44144 
^-S4€4^ 44444 4444 44 4 443L 15^ 16421 4 224 
4444 /<iM(Lb.db)4 ldhD(Lb.pY)^\ DNA 444 44444. 

[98] nsl 4£-, #y] ^44 DNA 444 LGG_02523_UP_700, LGG_02523 
_DOWN_700 4 MM(Lb.db)4 4 44 J: 13 4 184 54444 o]-g-^ o_tt] sfl 
PCR 4^3 44 LGG_02523 ORF 444 4 7l 4 44 7>*1 4 7}431 o\] ^ 
D-44 4 H 4 4HS711 44 7} 4 *14^- 6LGG_02523-IdhA(Lb. db) 4 44 H4 
44444. 5&4, LGG_00606 44441 3144^ 444 4^344 
6LGG_00606-ldhD(Lb.pl) ^HlBt 44444. 44, 444 44^4 5' 4441 
Xhol, 3' 4441 Spel 44s4i 4 44 544^4 444444. 

[99] 44, 44444 41 4HS44 A] ifl^^4t7M3i 44 3145-4454 
4444^-4444 4^444^4144 42°C414 4444 ^4 444 
444 1 444 444 PG+host64l Xhol, Spel 44s4i 4 44 4444 #7] 
444 644 44—4 44 #5-444 pG+host6-61dh.pc-ldhA(Lb.db) 4 
pG+host6-81dhl.pc-ldhD(Lb.pl), pG+host6-81dhl.ca-ldhA(Lb.db) 4 
pG+host6-81dh2.ca-ldhD(Lb.pl), pG+host6-8LGG_02523-ldhA(Lb.db) 4 
pG+host6-6LGG_00606-ldhD(Lb.pl)4 64 4 4 if 44444. 

[100] 
[101] 44 41 4; ^13-
[102] 
[103] MRS Jl4 nil *1414 4^ nil 44- 4^44 5-1 i 4444 °1, 4 i 

444 5E4 4^444^ 4^4 i 544 10m-6 MRS 4 4 41 4444 144 
37°C414 *3*1 44444. 50m£ 4«-4l 50m-g^l MRS# ^ H ̂ ll^# 
5*111- 500fd ^ 34 30^- 37°C414 *3 *1 nfl ^}5L, OD600=0.8°1 
£l ^ ^ 414 nil <3=1-^ ice bath414 «o^l ^ 4^", #7] 
flfl ^1-# *11- 4 7j 1- ^44^, °11- 4 4 •%• 
4^^ (5mM sodium phosphate, ImM MgCl2, pHJ^)^^ 25l 4 4 4St 4. 4 4, 
471 5^r4l 25^4 0.5M r3£i 44^, 444 4 4^-, 50^4 
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444^4. 444 44°11 #7l 44 36\]X\ ^44 44^ rijBll- 200ng^! 
7}4J1, 1800v, 25F ^ 200Q5] S4°-S 47144^4 4^34^4. 44, 
#7| 44# 50044 MRS ^14H14 37°C°114 244 44 ̂ 44^, 10,ugM4 
<>114^5-44 4 4 544 JI^l MRS ^4(MRSE)°11 £444 3114 30°C°11 4 
^444 4^4# 444^4. 

[104] 
[105] <£ 4 ofl 5; D-ldh 4^ ^1 4 
[106] 
[107] 44 44 ofl 4011 x\ 444 #^-4 44 4, 4^44 5-1 i 4444 °1 S-44 

444 4 444 (4^44 4^ 4^.444 44 WMt 544 44^4 ~ 
PG+host6-61dhl-ldhA7l- £44 ?]"£4H 4 i 44)S -y-B] 444 fS.^5! 
14# 10^g MS) 44^5-4444 sf^ imgo] ofl^j MRS 4444 
42°C44 1H4 44 4444 14 crossover# 4^4^4. 471 444 1004# 
Jl4 MRSE 4 *1 4 £444 7^ "Hfl 4 4 4S-4 #44 Jl4 MRSE 4 *1 4 
71144 4 42°C44 2°2 4444 ^1# 4±i4^4. lm£4 MRS# 444 
1.5M 4«-4 4^-4 4^4# 44 4444 37°C44 1^4 44 4444 24 
crossover# 4£4^4. 37°C44 4 44 444 14# 44 4S-4 PCR4 
4^344 Idhl2] ^44 WM(Lb.db) 447M 44 4 44 444^ ̂ 4 MRS 
4444 44 4^4# 444^4. 71144 44 45.44 44 idhft^A 
444 D-44 4^44 £S4 47-H 4^ 4<y PCR^ ^^ ̂  ̂  
ldhl::ldhA(Lb.db) 44# 444 444^4. o] 44# 5.4^rS 44 44 
44 ldh9 444^ ldhD(Lb.pl)# 4^ 44 L-44 4 H 4 4 £5-44 Til 
244 444 44D4 314 44 44# 444534. 

[108] 
[109] 44, 4^444^ 4444 4^444^ 4 44 £414 

44 4 4444 244 L-444H 44£S444# 4444 D4 314 
44 44# 444534. 

[110] 
[111] Biacfl i; ^4 4JLA1^ 
[112] 
[113] 4 444 ¥§11 44 7-1144 7fl5fDl 4^444^# 4 447}44 

il443. §J4 7] $-5] ^4 4 4 7||2:4 D4 314 44 444 Lb. plantarum 
7) 44 24 444 43L Aj^a ti] jn.4^.4. Lb.plantarum4 2-5"TS 
4^ D^ 314 ^43444 44 7}^] L^ 314 44^s:4i 24 4°141 14 5£^ 
24 5-4# 444 545.4 Okano4°l 4it4 fe4(Appl. Environ. Microbiol. 
(2009)462-467)4 444 ̂ 5^-5 TH44 44°14. 4 54^ L^ 314 
44^a^°141 idhLi idhL27\ 444 447}^4 4]JI 24^ 
44 S.4 444^99% O]4D^5] 5144 ̂ 44^ 44°14. 
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A]5 *-11## 3^5] ^-£##5^ Ml MRS 
H 1^# l^r-H ^^ii MRSo]l 

37°C°T|7] H cl nil <##^#. #5f^ ^E4€i 5^r#^250m^ 
baffle ##^3°ll ̂  25m£ GY ^ yfl*H £71 X\] S. ̂ S.7> 600 nm°\}*] 0.1^1 

5.71- £] ^ «fl <& £5.^ 37°C, 52# S# 100 rpm^l 
^11 <y=7]°]] 7-| o^ # yfl°<H42Al^>ol4. A] 5 T3fl<a=^n^r 
^ ̂  ̂  ̂  *1 ̂  4 3] ̂  ̂ JL x\ $ oil.X\ Z|Z| #1 ̂  JI 3 ̂  ̂  ̂  w-ei ^ 
#^-^#l^M HPLC 1#, ̂ 7l 53g/l^#. 
^ £ r-1] o] Bl ir 25l ###<^ ##3l & JI ZL 1#- ̂ }7] 5. 3°ll 
-3-^#^#. 2.S- A] 5 o]lX\ 

x) ^ s: -o~§1] v'-A1 ̂ 1 SS# (Lactic acid, R-Biopharm, J'r 1). 
[115] 
[116] S3 

[Table 3] 
#5^ 31# ^#^ tils 

^ O 
T IET 

(%) 

^# 

^(g/1-
h) 

^ TJ 

#(g/l) 
L^ 
3l#(g 
/l) 

3l#(g 
/I) 

Lb.plantarum AldhLl 81 0.81 42 0 34 

Lb.plantarum AldhLl AldhL2 75 0.69 39 0 29 

Lb.paracasei ldh::ldhA ldhl::ldhD 93 1.2 53 0 49 

Lb.casei ldhl::ldhA ldh2::ldhD 89 1.1 53 0 47 

Lb.rhamnosus LGG_02523::ldhA 
LGG_00606:: ldhD 

85 0.99 49 0 42 

[117] 
[118] #7l a 3°1H S-^°l, f^l 1311 #711 L^§ 31# iH^JL^i 2^ 

1 if- 3i-cr 2l!r S-^# l^r# 7i ^(Lb.plantarum AldhL l ^ Lb.plantarum AldhLl 
AldhL2) °117] A]5 ^l## 3f^ TflS# #£##5-1i 

^#^ ^ D^ 3l#^l ^T&0\]A\ ^ ##^ 
^-11#^#. ̂ 1, Sf^^ol^w-Bl 
^ 4 1#% Lb.paracasei ldh::ldhA Idh 1 ::ldhD)2] $ -?-oj] -p-fr, ^ #^] ^ D^ 
3l#^l 7}# 

[119] 
[120] °H1, # #^7}ir ^t-, ^ D^ 3l#^l M^Sl ^T&*\]A\ 7}# 

##31^ #£##5^ 4#7H1 °1 ̂ 1 ldh(*\ 1#Jl 25) ^ ldhl(*\ 1#Jl 
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26)1- AA o-Efl o] mA(X\ ̂ Jr 31)1- S^Rr 

TT^} ̂  ldhD(*}^3L 32)1- ia^csrRr 
7] #~H 71 ^ 4 (Lb.paracasei ldh::ldhA ldhl::ldhD)l Lactobacillus 

paracasei CC02-0095S ^ ̂  ̂ -Jl, 2012\4 4€ 2l^}S 
"9~k'71!] ^ v';iiL^'1C] (Korean Culture Center of Microorganisms, °1 ̂ ]\ 
"KCCM"°-S $MJ^)°11 ^^-«iJ:KCCM11273PS 7l^}^i}. 

[121] 
[122] °1 ^ ̂  ^ o] 7} A] ?§-#$] 7] ^ ft 7}# 

£ 1^01 3. 7l#*j Apj-om- ^-1: &5LA\ 
^ ^ 3HT=K 

2.S. 1&6\]A\ o>vq 

^ ^^^2] $]V] ^ 

[123] 
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^ 4 

3:<$ «><£) DlAjf- ^tS- •g.tg 

^Ay\^7\%c\ sisfl n-^i 7.i°i] tt>e+ tus «7]a-«i] tutt ttt 

^-J]: *l^]ol ^ijsjA}, 
*H-*1 *tlM- 292^1, 
•*]*H°1 -it'i 

7)^7^-7} fl-1?-®!: E]-*IS ^[<=fl tjst- XA): 
Lactobacillus paracasei CC02-0095 

I. £*1 
7}S;7}%o} 

KCCM11273P 
- .v.: 

II. 4*3 >8S2| gj/afe 
^ H £<••]$ i0iM 4# 4«J-°1 i#sM SM: 

• J!]-®]-?! .'^£1 -a>3 

(3-8-*l • a*l) 
III. 7l* S "r* 

£ 5f^7]J3-7)?t;^: 2012^ 4-U 2'8»ll 7]^!f). ̂  I»H £*1 £ nl^-Jj-fi-

IV. -5f^|7l#7M 

-iMill-S- 361-221 
{-fAtlS. 361-221) 

^-71171^-7)^1:4 tflSSfe TW:-!: 7\Q .7> 5„fc TSIN 
T" *£ vr ~?r -f- Q A1 ̂  : 

2012. 4. 2. 

[124] 
[125] 
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3^41 
1] L"6c! xl; A L-lactate dehydrogenase, L-LDH)2] fl ^b1 °1 

^5]- 5E^ D^ l^^S^D-lactate 
dehydrogenase, D-LDH)^ oj ^7j-£j^s T£O1^DI§ ^A> 

[^^2] *lll1Ml &M*1, 
L-LDHl-

[^^3] *fl2lMl 
#7] L-LDHl 
3}-5]-7j-^] °1 (Lactobacillus paracasei) -n~3| 2] ldli(A] JL 25) ^ 
ldhl(^\ Jl 26), e-] 7- 7]-^] °] (Lactobacillus casei) 

ldhl(*\ 1«IJ: 27) ^ ldh2(*\ 1«IJ: 28), ^£wRl5li 
lnA| ̂ (Lactobacillus rhamnosus) -ft" 31 -^1 Idh 

(LGG_02523)(^i 29) ^ ta/i(LGG_00606)(*l 1*1 Jl 30)5. 
^5^ %9l ^ 

[^IM] *lll1Ml 91°]*}, 
D-LDHl 3^is}~ H7> 5.^ 

[^^5] 91°}*], 
#7] D-LDHl 

^ {Lactobacillus plantarum) IETT £-] i ̂  7] ( 
Lactobacillus delbrueckii)S.^r^\ -ft- 3] S 7A H 5^. 

[^^6] *fl5lMl &°H, 
#7] D-LDHl 

LDHA(A] IftH Jl 31)1 S^Kr 
t5]^ft5l5.3Hair -ft-Sfloj 
LDHD(A-| jt^Jl 32)1 5^. 

[^^7] *IU1M1 ft6]*], 
171] Oj^-o] ^ g]j D-LDHl 3^is}~ #e]^f#3l^.E]H7l-
31L-LDHl 3J% ̂  H ^ *1 oil *1 ̂  3 
41^ ̂  $91 5^r. 

[^^8] *IU1M1 &°H, 
^ °1 ̂ 1 it^7\ L-^§ 31^-^-S 5^11 5^. 

[^^9] *fl8lMl 9X°]*], 
T<§^]:-§- ii^7\ ^ -ft-sfl^l 5^11 5^. 

[^ ̂  10] Til 8«OH1 9X°]*], 
5-1 i 9} 4 o] 2] LDHl-IT 3J% 

#e]^f#5ll^.E]H(A]<iti]J:27) ^ LDH21 S^Kr 
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#5] «i ti] Jl 28)7} Z}Z} ?}£H}X] 51 ̂  

i|] y_^o]j 7| (Lactobacillus delbrueckii) -ft"2]] -^1 LDHA( A1 S-
31)1- 3^^r#5l^f#5^E]H ^ 
Lactobacillus plantarum) -ft-sfl-^l LDHD(A-| JL 32)1 3^ 

%9l 5^r. 
Pc^oMl] *fl8lMl &°H, 

s}£w}^ 51 i 3}5}7H1 °1LDHl 3^ ̂  
#5l^f#5^E]H(A]<itiiJ:25) ^ LDHl-irS^^ 
#5] H(A-1 «i ̂  JT 26)7} Z}Z} 1}£W}X] 2\ ̂  1 V^d\] ?] 
-ft-2)1 s] LDHA(^11^31)1 3^ ̂  #5] H ^ 
S}SW}^51^#5]-H}^ -ft-Eflo] LDHD(A-| ^tHJL 32)1 3^is}^ 

$91 5^r. 
^ 12] 7-1181M1 91°]*}, 

s}sw}^5li LDH(LGG_02523)1 3^^}~ 
#5] H^HiL 29) ^ LDH(LGG_00606)1 3^ ̂  
#5] ̂ f#3l O.E] H(A-1 «i ̂  JT 30)7} Z}z} 3}£W}X] 51 i ftifi ?] 
-ft-sfl^ LDHA(7-1 ^tHJL 31)1 S^Kr ^ 
S}SW}^51^#5]-H}^ -ft-Eflo] LDHD(7-1 ^tHJL 32)1 3^is}^ 
#5]^f#5ll$91 5^r. 

^ 13] Til 12«OH1 91°]*}, 
Lactobacillus paracasei CC02-0095(ni^}1^IJL: KCCM11273P)?I 
%9l 5^r. 

PcJ^H" 14] (a) L^§ A1 L^§ 5l4i(L-lactate 
dehydrogenase, L-LDH)# ̂ 5} 5£^ -ir#^ sH ̂  X\, 
£°1 € ^>5^1 ̂ t^Rr ^31; 
(b) ^7] i&o]Q ^^4- D^ s"n^4i5l4i(D-lactate 

dehydrogenase, D-LDH)^] llr^-lr Si SE^r 7] TT ^j-7]]l 
af-^Rr 1&°1€ D^§ 

^ 15] Til 14«0H1 91°1 *1, 
#71 L^ l}SW}X]5li ̂ -ft-E|]o]^o]^o] 

^ 16] Til 14«0H1 91°1 *1, 
^7] L^ ^S^jrif^Tr §}Sw}x]5li y_5l] ti] ^(Lactobacillus 
brevis), §}£w}^=[ 51 i ^(Lactobacillus pentosus), 

^•£4H 51 i lnA| Lactobacillus rhamnosus), ^£4H ̂1 i 
^'1 xl] L] {Lactobacillus jensenii), ^£4H ̂ 1— 
Lactobacillus plantarum), §}£H}^=[ 51 i 5}2}#?}B}^j {Lactobacillus 

paraplantarum), ^£4H ̂1 — ^ 1 ''1Lw (Lactobacillus fennentum), 
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^•£4H B] i 3}-5]-7|-^] °] (Lactobacillus paracasei), ^ i 
°}| X| 515] 5^ Lactobacillus acidophilus), ^~£w]-^=[ 5^ i ( 
Lactobacillus johnsonii) ^ ^£4H ̂"1 — 7]-^] °] (Lactobacillus case 
)S %91 
*I1141M1 $1^1, 

L-LDH <$s\- -irSM^ 5^ L-LDHl- 3J% ^ 
t^t^OE]H5l ^m, §1] ^5]^ 
%9l 
*lli7lMl sx^xi 
#7] L-LDHl 
3}-5]-7|-^] °1 (Lactobacillus paracasei) -ft" 31 5] ldli(A] s1^.Jl 25) ^ 
ldhl(^\ It1^!. Jl 26), ^\§lwH=! &| i 7]-^] °] (Lactobacillus casei) 
-ft-315] ldhl(*\ 1^1 Jl 27) ^ ldh2(*\ 1^1 Jl 28), 

lnA| ̂ (Lactobacillus rhamnosus) -ft- 315] Idh 
(LGG_02523)H YH'lJ. 29) ^ W/i(LGG_00606)(^1 YH'lJ. 30)5. 

*lll4lMl &<>H, 
D-LDH 5£^ #5)-^. ^°1€ ^ 
^ ^ o]l D-LDHl ^ Hi ^ 
H0>«3 O]] O] ^ ̂  5] ̂  % O] _ 

*Hl4lMl $1°}*], 
D-LDH «ME)2} 5.^ 5£^ ^°1€ 
D-LDHl l^^l 
SL°^ ^ ̂  ̂ §1] ^ £] ̂  7j) o] ^ _ 

*11 19U* 5£^ *fl20lMl $.1°} *1, 
#7] D-LDHl #3] 

-o sflo] LDHA^ IftH Jl 31)1 S^Rr 
t5]^ft5l5.3Hair -ft-Eflo] 
32^] o}v] "i-i: 7H ̂  #5] ̂  H] Hi 3J% ̂  
#^1 ̂ #31-$-^^ Ho>^_ 
(a) Til i«J- ifl^l ^ 13«J- ^ o] H •& *J-S] ^o] £ D<§ £ A> 
^>5^1 3Ro^M ^*Kr ̂ 31; 
(b) #7l yfl ^1-5.^-Bl D^ ^l^Rr ^311 SH^Rr, 
D^ 
*I1221M1 9X6]*i 
-^-7] ^S^jrif^Tr Lactobacillus paracasei 
CC02-0095(KCCM11273P) 1! ̂  1HI 
*fl22lMl &<>H, 
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^"71 ^T, 

^ *m £] ir ̂  °11 5] §1] ^ S] i- ̂  o] 


