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Current Strategies for Metabolic Engineering of
Tactic Acid Bacteria
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Abstract Lactic acid bacteria display a relatively simple metabolism wherein the sugar is converted mainly to lactic acid.
The extensive knowledge of metabolic pathways and the increasing information of the genes involved allows
for the rerouting of natural metabolic pathways by genetic and physiological engineering. In this contribution,
the lactic acid bacteria as an efficient cell factory for different (food) ingredients will be presented. The emphasis
will be on some successful examples of metabolic engineering and on the physiology of these bacteria, which

makes them so suitable as a cell factory.
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At (Z2HT, lactic acid bacteria)> TFUSH 2]
o]8EIL Y= AMEE O R Fag nEolth AEA ol
o] 7P & 9T TSt TS o] 83 mE £ A
ARS AAslaL o] = QlEl 21Fe] AT IES A= Ho]
o} o]ejell= ikt gk A lo] &1, B4, 1Eja
FHH SR ol S0l Bk Ho| o] &EE oke
A2 ikt ERE di3Ee G271 Aoy ol9el=
A T AL EAGeE &3] o §HT: fAkTe] Ak
AR e 2 AEFRE nEe] vig) gesie] ddeE
R tedo] Algke]l= v oest i Re 2 v
5 Ui BEE i e AR E HrtETIE
gtk TS0l oA dirbE et A 2ot 2] ehlsiAl
wEE]o] Qlof A= el Rk mIRA] e e 2 o=
T A7 ks o83 tixbest A i)
A== thEAQ] o] Lactococcus lactis©)al
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olg3le] ekt UALESH AESo] A3 A0 SaHl
o). Tela, olelet ghrSel Rssl A ARl 4
27} tool50] D) W1 & QoA fakTel
AN P A AR F1EES At ol o)g sl

WA F8 AESE AT ARlE gelsac

FHX = £ (tools)
= TR A AR =
T (tools)7} B a3t} o]t AT =75 AT Al
oA o]FEsd FHAE WA ¥k of2} A (delete),
AA (remove), 1A (combine)SFAY WA (replace)dh=
g A8-E AFHo 2 Akt NES el Edw o)
(random mutagesis) § T TP O Z HAUsh= 7]&o| o] §

HRout 1], #2037 574 FAl el 224
She thstal &zl Vesol] EE A,

olo| £EH0| (Random mutagenesis)
Q] Selviol= DNA AHde] S3%sl01 ree
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WA= dide] o= 3 Ao, A&, wAl, Al
g T3 2 A7 Atk BAG=EAlA 9] AAEg JRot
AFEA b= th, AFAQ0 Fdo] 7|so] o= 44
Aoz 8= = o [2]. AW e A Al
7led 2ol B4 #AE BAskE 7 Blud o,
i W] A9E 4S5 Utk HelA frelshd %
she S0 o] Adske W e Helo] 2 7iee] Adu)
E A3le 497 gk

ikt EARI0lE S8 ARSE WH o 2= GsRtER]
methyl methanesulfonate (MMS)Y N-methyl-N-nitro-N'-
nitrosoguanidine (MNNG)E *2lskAY [3], A4S ZA}
SHAT} [2]. fo] EAHlE 3] IS elementE X3S
transposon®] GAA WHEZ JolF oz 4Rlshk= 7lEx
AREE AT [4].
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AR Q232 FAAS (transformation), A ES
(transduction), &== H % (conjugation)d £ HA S
AA doju=t] o]& Y3l A HEA~HS g2
gt} o] Foll A AZHFH (electroporation) o]t} A&
A FAHS (protoplast transformation) 2L in vitro
AR AE7]Eo] ikt FAZS | 7Y Bol o] &
A [5].

Ak AR 22 e 71 &3] ARgSe TeE 7]
HAFHo] =t ole ikt MEE wdst & AlH st
A58 s|3lal ARFE B2E SejFo] SEan=
HE]9} 22 DNA7Z} Al YR E EYEES 5= ol
ot A71EAE 71sE & M3 3]49AS incubation medium
oAl EA7]aL AdeujR]e] st JAHASTE At
3ty AVHF AL o|u| Enterococcus, Lactobacillus,
Lactococcus, “18]al Leuconostoc®} 20| Tt -4t
Zoll A st A7 FE oY 1 FEHAE G809
10'~10" (transformants/ug DNA)S.Z T30l w} 2 2}
o7 yYar ko2 &8 /NS A7} Eo [6]. AV
He] PFAAZ 82 HAE &l oEHo|AAM A&
AT & disl A7 1H3HE FHAslske Ao Zas)
o} FA3ksl7] 93 WHaEe AS 9|, AS wix], #7)
A3 e} AFw e 24, W7] 2, aga Fek
U= DNAS| 93 ¢fo] ZHg-dth a7l mAES
FAL AEES 7FA 3 o] FEAAZe] §8&0] Y} [7].
aduz AlEZde] JFEALS Eo|7] fdl ¥/ AEE
s} AR ol glycine, threonine, ~12]3 penicillin 3
7}, AEHe lysozyme ], 223l A7HES) (autolysis) S
FE817] 918 SAEl7t Uk [8,7,9]. Yk o g Au)A]
of 0.1-1%9] glycineF7leted e FAktTo] FAdg
&S NAE = AR [9]. ARG AlEYo] Tt
stal FAAAEZ ME A 5719k AA7] 271DA19]
g 2o} MEE o8-8 it

22y W

24 HE Ao} Az EAs= BIAAA]
DNA, =329l DNA 18]3 #7124 DNA &49] Za
2n=2RE 25 75 o8 FEkerE HEHE o
&t Akt gl P43 S22 P = (small eryptic
plasmids) ©]AY 231 H3HH Zek~0]= (large conjugative
plasmids)S 7]1Z2 k3 At} [10]. A2 29 WEHE=
EA7Y, ¥EHS NEE FEE] g dEviA (=
FAA wAAE) S DNAE RS A 913 Algtasr=
T/30] Hojdtk. 28]ar WE ] 27 g s sl
ZhE Atolz® 5 Zlo] kst [11]. fAkEY
224 HHe 77 fEoE FEETh AW f3e
theta type™|7}UE0. 8 EA|7} o]Fo]x]= pIP501 (30.2 kb)
2} pAMSB1 (26.5 kb)Z-2 large conjugative plasmids©]T}.
o] ZTAP|EEL A EED (segregational)Z FEHNA]
P4 (structural stability) S 7FAaL .29 Lactococcus spp.,
Lactobacillus spp. Z1#]3L Pediococcus spp.2} 22 Akt
T gt agk ol BAE Zhssitk [11]. A
8L rolling circleH o2 EA|S 5= pSH71 (2.1 kb)
2} pWVO01 (2.2 kb)T cryptic lactococcal plasmids©|t.
2 S MEEE FERHA BERPE R Afo] =7}
Z DNATAS fA5k=d ZA4I7F 2 4= o} [11].

Integration H!E{

Integration ¥ Bl = 21 #F2] Yol (knock-out), 5%
(amplification), WA (replacement) 12|31 4t} (insertion)
o AR e} AU L] A9 (transposition via IS-
elements), att/integrase systems= ©]-&3F EXHE2] A
Z3}, suicide B=& temperature sensitive vectorsS ©]-&-3F
homologous recombination WHS &3] ARSI} [11].

2012 ErlAD|E (Temperature—sensitive
plasmids)

FAA PR RS AL s 23R
2 BAlshs ZERr|=e] E]E o83t Integration®]H]
ol pG" AlERE Z7H ZT)AP=R temperature-sensitive
replicons 7}A]3L Ut} Temperature-sensitive W E &=
permissive temperature (ol 28 C)oll A 13}k kA H3} 15t
Aol A EAZE HAT AFLEE oA =Y (35C
o) HAIAIGEA (RepA)o] B&AI3tE]o] WE]o] EA|
of <A GAA <ol A ElE 58S 2AETE RepA”
temperature sensitive helper plasmid3] pVE6007 [12]
2} RepA™ vectorQ! pORI280 [13]= X TE homologous
recombination A|2Hl O 2 ARRHET o] & Tl Zk~
U] == permissive temperature | A= FAISHARE A2
7} EoFAW pVEG007 helper plasmid| A= RepA7} E&
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A3lE|a1, RepA7} EAISHA] &+ pORI28ONA= EA|<}
chromosomeQte. 2 A9)S & 4 giA Aot [11].

Russell and Klaenhammer [14]+= thermophilic lactobacilli
©] pWVOI repliconS- 7]%Z 3 temperature-sensitive helper
plasmid{] pTRK6695 70313131, Neu and Henrich [15]
+ thermophilic lactobacillig ¢|gF pTNI vectorE 7|ZE &
integration WEIS- 7|3}t o] RN == Lb. curvatus
9] rolling-circle Z&=0=21 tpLC2o1A4 Faliste] 42C o]
stollA] HA 58S 28498 A7tk

UrSIHIE|-ON/OFF SEAIAE (NICE AIAH

Aol A T8 7R} o) F xS wdsty] 23]
A FEu ey a8t S BAlE f-1419]
FAE 248s17] fleix AE3 22 REVL EASTL T2
transcription terminator= S-A|2 F-2142] downstream ]|
HABk Qo] WE Y f4 AAE FEska EFQs
HAFE "olEt) Signal sequences= AAEH TS
THIAIZ]7] SJal ARGl Hal Qlar AAE Tl o] |
& &olalA 317 93l His-tag oY th& <1341 HI1E
B A3

Thd T2 WE} skar ) wEo] vl o, A3
H eEe AEZA (cytoplasm)Stol] =31 AYESHH
gdo] gl inclusion bodiesE AJ/AJeHc}. T3t HH o Al
AE Fxpt 1 EEE Aol HH AEe 548 7
o5 2EEE FErES 2T F e A f=
2 WH (inducible promoters)7} 7PLEATE = Z2 W
EJolli= sugar®} NaCl 22 T2 WE|, pH 9] 74, 2%2] A
slo} mjolr] 719 =2 RE7} itk [11]. AE7FA= NICEz}
e nisin FE ZERE7} AR gy ARgo] Har
Qom E35] Le. lactisdl AFEo] Ha it}

Nisin- nisin clusterol] 2]3] ZA = o] {20l A ABEHA

= A4S 71 SlElo] =0l NICE A|28e Le. lactis
9] nisin gene cluster®l] 4] histidine kinaseE F=3}= NisK
F A2} response regulator &S 3= NisRF-HALZE
do] o] F 7he] Ak xdef| o3l AEHsE T+
PEE 7L AT} [16]. NICEAZ=E]E nisd 3= 2 TE] o]
o3l S 2-heh= ZEfH|=0]tk NICE ZFER~r|=
= nisingS ABAIGFA] 9431 NisR 9} NisK TH2-S- A A3=
TollA] ANEIRITE M7 ASE dig7 1 8ol nisin
S 78I nisd T2 REQ] ZA9| oJ&| 2 Le. lactis [16]
9} thermophilic Lb. gasseri [15]914] @& ). T+
2 H7F nisin®d} vlEHSFE A2zt ikt Tz
o] A =& Z Miksoluble THHE ] 10%914 60%7}F
A Z7HS 1A [16].

Nisin %= A|ZEE Le. lactis BT TE Lol <5F
MEZL} = T8l o3t WA= nisReY} niske] LT
ol EA7} & 4= o, nisine food-grade A F Zto]
ARSI AL % (0.05-5 ng/mL) 02 BESH on/off H=

S 57} Qlof Tl ARAAIE 0 2 o AS 7RA|AL Qi)
g =2 0F (synthetic promoters)

Jensen and Hammer [17] #3534} (targeted gene)©]
DHFTS o)l wif- P8 A Al2=HlES At Le
lactiso I FAZZLES) Dolulelg /Ez o As
2 TSt TewE Pielx 359 108] YA
@714<E (consensus sequences)S YA ARSIl 7]
A E7tell USR] 2= spacer sequencesti-= WESHA|
3lick A4 EA3h= spacer sequences®] TEHEI=
degenerated single-stranded promoter oligonucleotide®l] <]}
SIS B-galactosidase -Z1A} (lacL and lacM)S 7}A]aL
J= HWE| F2Y Sith TR RE Thld
S 10-100081 % THFabA] 28kt ARSH AL fikt v
ohe} tE mEANME #8381 ol8E= oIt} [18].

—_—

ik HAMEER 7=

L teks ARA e FA siEATE FEA T
B2 s 7332 ARI) EAEA ok 53], genomics,
proteomics s omics®l] TS A7} Wo] o] Fo|AHA A
Aloll gt F-x2 Fr7t o W], o Bo] SEE Qi
olggl FxA FAS S gEEE B ¢ HolHE
AL, oS 7Fsk ek Rdly gl AlEEo]dS F
FAH o= B =N B3t A= Ao s
Tt o7 olgfetal Ay M EdS F=35HA "tk
=, 1% AEE AAZ R FA8t AFE ol PdE
o] 7V MEE T35, o|Rs &8st ok A=A
o 9] mAYE2] AMERE EA5lal, tAREES] AYakE
B4 55 AAR s AFe] Al A AlEdold
& %3] cjZalel, Al AP =L Fo} A7 AR
Ao} 9 ol S AGANE 8 & ) ek ek A
wele nage] fAA9) 7o) BAE s B8
< 7o, dr g AAE AASIAIA vAE WA Lo
U= drge 2] wog 9l & 5= A 3t /4
o] 735, AA A 277t BE 2.3-3.4 Mb 27]0]H
Le. lactis, Lb. plantarum, Lb. johnsonii, Lb. acidophilus,
Lb. sakei, Lb. bulgaricus, Lb. salivarius, Leuconostoc
mesenteroides, 12|11 Streptococcus thermophilus 52 217
AR Mgo] vt Rtk 18ar o] FolA Le. lactis [19],
Lb. plantarum [20], St. thermophilus [21] & 3572 2F
ol tiaix ZASFE 7 2do] A =AU
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7ol GRS} HEg dikE FHdo] o|Fod 4
Ao drFEerd SHAlA frElsit [22]. ikt ©]&-§h
Orlae; ek 2dA F8 HFAYARE (sweeteners, flavors
and aroma components)= A4d3}7] 1314 thEE pyruvate
A RS A= 23S Fa Aok [1].

34 (lactic acid)

Lactic acid (¥ lactate)= 2)EHEAU oS24,
S BHEA, 8, e AokEe] el ARS-Erh
Lactic acidS D-2} L-2] isomers¢! F 7R2] 338480144
AE 7HAAL ok L-lactate= EF-5=2] SHAE o|l2 2
2oLt Aokl a3 o' AT 22U D-lactate
= zhdolr]9} Atol] short-bowel syndrome$} intestinal
failure2] Y2lo] Fl= oA ZE AR AT} [23]. Lactate
<= AR o g 317te] 4 nlo| e e uALkel AR A}
|51 ATt [2]. SAFEHOEE D-9F L-9] F 7Y
FstolddA o epMe slekEo] AAde] Enk ey 24k
wagH o 2= D-Y L-lactic acid 242t == & t}F gAlo]
7Fs3lt). f2HFF lactic acid o] 2AE A8 S8l
D-9} L-lactate dehydrogenases €45 AF8-3lal, 2
(e.g. Lb. plantarumS} Lb. sakei)S-2 D-lactate®l| 4] L-lactate
2 A%t 913 racemase E49S 7HAI Tt [24]. B2
FAHFELS AAH O 2 lactic acid ABAsh= SHZE
ojtk. wWEhA] lactic acid®] AALHS A8l FrAHI NS TR
39 WA lactic acidBA o9 A g 2T
23 7L vk v, gr AT o] @Akt
X &4 L-lactic acidi8Ao] AL T3 ) o4& &9
Bhowmik and Steele [25]= Lb. helveticus| 4] D-lactate
dehydrogenase gene (LDHD)S £33}l 54= L-lactate
= AAA Y Kyld-Nikkild et al. [26]= chromosomal
integrations©ll 23l IdhD-negative strains= T3 L.
helveticuso| 4] 2.2 L-lactic acid9F A2+t A5 ST
Lb. johnsoniiol| A 1dhD2] E-8-43}3F A= 54~ L-lactic
acid= AY/38IAAIT pyruvate”} THE HEH4H= (e.g. diacetyl
3} acetoin)= &+ EAT} [23]. Lb. plantarum IdhD gene®]
E&A43}= lactate2] racemic mixture”} A3 = AR [27],
ldhL gene®] B33 = Q24| D-lactate THS- A3/381AT [28].
Lb. helveticus$} Lb. plantarum)|~] 1 dhL 2] o Fitd 2
L-9} D-lactate /30 Ao Y= FA FU [27].

Diacetyl 284t

Diacetyl2 525 A3 A0 HEIGRS AlFsitt o-
acetolactate Z5-E] oxidative decarboxylationS A A§4
Ht}h 53] Le. lactis subsp. lactis biovar. diacetylactis
lactose <} cometabolic fermentation® 2 citrate Z5-E] diacetyl
< AAg [29]. 1y FEAEelA citrate> SATE
EA51A citrateE THA13) lactose ZH-E] diacetyl S A=

oheket 2ol Le. lactis®] tiAFE <A77 Fa= ATt [30].
Le. lactis®IA] diacetyl8/3< S7HA1717] 91gt A i
©F IdhD FAAE AASRAET, 1 23 J714 20
A =& 9k formate$} ethanolo] AL AR oL 5 7]
Az = HFTAAE ] pyruvatedl| ] acetate2} acetone
S XA [29]. BAON, pyruvateS a-acetolactate &
83l = a-acetolactate synthase (ALS) B=+= acetohydroxy
acid synthase enzymes (ILVBN)E Z7A|Z A%, 5714
Z 704 pyruvatel| A 22 acetoin AAITHS F7HAIZI T
LDH A7 28 ATl ALSE SIAHS
] LE8 oko] g-acetolactate} =2 U9] acetoinS A3
t}H29]. a-AcetolactateS- acetoin O & HZHA]F|= a- acetolactate
decarboxylase (ALDB)&49] B&8A3l= 5715 2ol A
A2 9 diacetylS A/JSIATE ALDB7} 4% =AW
o]itF]l ILVBN 1345 Atdd A1FS o diacetyl ]
WS S7HFTE AE EolA AH1gkd 08 (NAD+
NADH)2 thefst Hasjeoa F83F Jgs st} [31].
Le. lactis®] 2¥3l3Hl 1182 NICEA| =8-S A3l St
mutans nox gene=- ©]-8-3l] 23T [32]. 24T =4
& wf) NOX--70Ake] W& M| 32ke] NADHE 7H4Al7]an
(12 O, + H" + NADH — H,0 + NAD"), pyruvate”}
oxidativel} NADH-independent$+ A2 2 HILE T} [29,30].
ALDBF-ZA7} AR Le. lactisvt5l NOX-FAS
A7 2714 233904 HA71Y w pyruvate] 80%7F
o-acetolactate2} diacetylZ A3 o2 AT [30].

L—alanine 44t

L-alanine 21Z7H0| 5 ¢} A|eRolol] ARR-EHTE Le. lactis
ol 4] NICEA| =812 ©]-838} Bacillus sphaericusl A
23} L-alanine dehydrogenase (L-AlaDH) 534S 23
AlA L-alanines A34FsHAth [33]. L-AlaDH®} L-LDHE
pyruvateZ 7|2 & NADHZE cofactorZ ©]-8-3It}. Pyruvate
9} NADHll ™3} B. sphaericus L-AlaDH®] K7k Le.
lactis L-LDHS] K, &3 FAKI). B. sphaericus L-AlaDH
FRAAE FEAZ] Le. lactisT=F7} ammonium =7} o}
3HA| &4 A| glucose fermentationol] 2]l ZEAYAIE-2] 35%
9] alanineS A3t 18]35 L-LDH 29 Le. latis
o)A L-AlaDH 34 38O 2 glucoseE alanine .
2 A3 AEAIZ YL 28y D-9} L-alanine 2] #2014
2| o] E3FE-0] YAIE T L-alanine< alanine racemase©]|
2]} D-alanine.2 AEE Ut wets 22 L-alanine®t
S 7] $18) L-LDH 23 Lc. latisT9l alanine racemase
(ALR)S IZQsh= 3As A¥AA 58 L-alanines
EARS & 4 AU [31].

Acetaldehyde ik

Acetaldehyde= SAES} 22 FEAlFolA 583 7]
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AEolt). @ HENA acetaldehydeS- 8= Lb. delbrueckii
subsp. bulgaricus®t St. thermophilusE 2143FA T} [34].
W3, St thermophilus A glyd A o) o3l ZH ==
serine hydroxymethyltransferase (SHMT)E &g Ax}
acetaldehyde”} t&F A=A} [35]. SHMT &4+ threonine
< acetaldehyde 2} glycineZ F33}+= threonine aldolase
S-S Zheth ghvd FARS MAAIZ] T acetaldehyde
Aol 80-90% F7F FATE Le. lactisol| 1347
Zymomonas mobilis*| ¥ 2 &+ pyruvate decarboxylase (pdc)
18]S pyruvateol] A acetaldehyde 2 A AZFTE Pyruvate
o] 8-S S71A)A acetaldehydeAdS =0]7] 913l NADH
oxidase (nox) frAAE WA A, F7|Hz2d8}0A
50%2] glucoseS 4:HI5}Y] acetaldehyde = 2183} [34].

Mannitol 444t

Mannitol-2 A7) E42 ©]F0]Z sugar alcohol 244
bacteria, fungi, algae, lichens Z12]3L higher plants<} 22
ot Fr1Ao A 3 E T MannitolS A ZZ2] sugar
alcohol EM 213210l 4] sucrose, lactose, fructose T
glucose 2] NAAZ ARSI, &9 MazollA| FilsiA]| <
RS- 3, Algte] Aol A] short-chain fatty acidsZ Z13+E] o]
ogehs oieitt 4F94 S = mannitol glucose-fructose
syrup B+ inverted sugar®] Fvl5A8} WES-of 9J3)| sorbitol
3} A A=Y, sorbitol o] F-2]78 A7 9731 mannitol
o] Adwo] A2 Alo] FAHo|th v, &%, o] 1
23l ikt ES sorbitol A4F §10] mannitolS 3|
AT & e Aol Utk o|FRAEEE sk AT
£-2 mannitol dehydrogenase (MDH)E ©]-8-3}4] fructose
ol A mannitolZ A3 g 4= Qo) BEEL] fructose=
heterofermentative pathway-2 A oA XS AX]aL,
T2 AHEL electron acceptorZA] Z-8-31] mannitol &
gl Ec). o] HkSollA] fructose} glucoseS A ©haglo g
o]-& & 73-%- mannitol®] A/do] STV} [36]. 53, Leuc.
mesenteroidesT resting state fermentation®l|4] fructose =
HE 97%<] mannitolF83} 262 g I h'e] AL B
oh RS ket B3 o9l 2794 mannitol
Aol el B 17} ATk Lb. plantarum®} Le. lactis2) lactate
dehydrogenases (LDH) -%1A-& ¢]A)gt 23} mannitol 7}
OE HSARES A = AT [27,36]. FFZATE
Frakte] mannitol 848 &°] o]FZLPEE ikt HlaL
ShH SEX|E, Gaspar et al. [37]€ ¥ 8-2] mannitol S
AAVSR= Le. lactistt5 750l 433140} ©o]52 LDH7}
ARE T3] mannitol transport system®] EIICBM"}
ENAM'E Q198K mild =5 milF RS 242t oA
AlFHaL, o] EHMo] T 30%2] glucoseE mannitol 2
g3t} 18] 3 Wisselink et al. [38]2 Lb. plantarum®l]
2] -2} mannitol 1-phosphate dehydrogenase gene (mtD)
S WHAI7] LDH7} 2RBE Le. lactistd+5 /&8t Th

Resting state®l| 4] nisin-inducible system=- ©]-8-3}¢4 25%
9] glucoseE mannitol 2 AE3} 3L, Lb. plantarumol| A
N E mDZ} Eimeria tenella (a protozoan parasite)©l]
A FEE muDS FEAZ) LDH7F AR Le. lactisTt5
= ]85} glucoseol 4] mannitol®] AT 50%Z =A
ot ARl 50%9] &2 MEE A dojzl gholH
Le. lactis®] ©]22 mannitol A4 FE2 67%} 7171

Aol [39].
Sorbitol 244t

Sorbitol-= mannitol ¥} 22 sugar alcoholsZ 2] Y]]
FASH) Sorbitol 21FAFAelA ZH] R (sweetener), -
A (humectants), =274 (texturizer) 2 ©-8-% A}, TRF
3 A|2REolu vitamin C F4doll AFE-EItE Sorbitol2 X%
O 2 glucoseE catalytic hydrogenationd}ed A2kt
Mannitol FEI|X AF3F EAUZ glucose-fructose syrup
9] catalytic hydrogenation®|A] mannitol®} o] AJAtE]
= FRAAEIY. Candida boidinii, C. famata, 183l
Saccharomyces cerevisiaeSt - 22572] V]AYE-L sorbitol
S AARBIANE o9} 218 yeastS 01831 sorbitol S A=
3 o g Akt At =BT fiktoll M= Lb. plantarum
=+ A] sorbitol dehydrogenase gene (stIDH)= & A|7]
31, mannitol phosphate dehydrogenase (MPDH)<} lactate
dehydrogenase (LDH)S £&/J3}A17]1 A3}, taFe] sorbitol
o] A=A} [36]. Nissen et al. [40]= chromosomal
lactose operon (lac)3tY sorbitol-6-phosphate dehydrogenase
gene (gutF)S AJAIZ) Lb. caseis 75319k 1 Ay}
lac operon®l] 93} glucosedl] SA|E|3L lactoseo] F=F
o4, lactoseBl Z]oll A ZuleF g+ AZ2F vAELS glucose =
HE sobbitol& B4 & 5 AAth 2231 LDHA-AA}
E2/93} © Lb. casei AZXZ PIBES =2 NADH 87
o4 glucoseol| A sorbitol AZHES 2.4%A 43%=Z F
7N S JR[/Y. TBY Z mobilisdF= fructose ol A
sorbitol 2 91-100% %1 & 4= Qi}.

Xylitol ‘44t

Xylitol> ¥2A2} THAZRE ©]F07 sugar alcohol =
M A, AE, it Ao 23 EAEIAL ATk Xylitol
2 2F4HelA ArEe) AETAAR ARgo] Fa ok
aa FFX 715oR XolAlFel| ARSEIL k. x|
xylitol > YAZFTE 0|83k xylose & 331502 SHA|A
Aikelar e, =2 259 o] B3kl D-xylose
9] E2 L8 98] Wil vlgo] v vgo] Qltk
Yeasts, fungi 18]l bacteria®} 72 F]AEE-LS xylose
reductase®l] 2J3}] D-xyloseE xylitolZ g A]Z 4 3tk
A yeastoll &3= Candida 42 2342 xylitol A4
dFolt). St aviumSt Lb. casei®lA] xylitol S THA}SIAL
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IR A7 Akl xylitol S BAJSh= AlElZ)h B
F A Fkth 18U Nyyssold et al. [41]€ sugar 7] 2=
A glucose-xylose Z3HE-S 01831 xylitol S A3 4= 3L
= MEE AZE Le. lactistTE /NE3SI{L o] o5+
yeast Pichia stipitis®| ] el 3t xylose reductase} Lb. brevis
oA f-2Sk xylose transporterE ZEHA]A, fed-batch
a0l A 34%9] xyloseZ} xylitol2 H3E o] 2.7 g/L-h
o] BAEFS Btk o] A2 yeasto] B 4-5 g/Lh
Hoj= 22 ol

AL (folate) Ak

A2t (folic acid)= AR 52 A0l & Basgh Ao
2 B2 taARESo cofactorE 2835 53] nucleotides,
DNA$} RNA 2] building blocks2] A gHdoll #od3ith Folic
acide ot] T79] & ositiar Hars|ar §lar, 255
ol A FrElo] 7] wiiTel] dHR Ao E4F
o= Hrislodor & HEOE oY FTFRY (M) A=Y
HAAEESo o3 FHETh Folate® HI50]%] 7id 02X
HIEF] 84S 71 folate E3HE-S 7He)7]= WhA, folic
acide 318402 M E vIES 7H Itk Folate®
v A& o] A 2 B Qs cofactoro]™ thF-E Hh
Hglolol] &3t} Q2 EC] S9o] I F4HTFSl St
thermophilus7} folate s /JSHth= AM o] HalE =],
| Propionibacterium-s X33t THE food-grade HH|2]o}
L $-rLEoIA folateS /38t o] HAFAT Y7
strains- folate S A Wjol] $hisht, = Ao JFE
A 7 BRI |= 3t Le lactis MG1363914] folate 2]
A FAE AP 2ol BarE 1Al [36], folated]
A 37 A= gene cluster?] 730 A7 JHSLE
AT HE o] 83} Le. lactisoN A folated] A4 o
S =Y F AES STE NICE Al2=ES o8 319 o)
Le. lactis NZ9000°1A] folate©] A§3Hdol Hfshe f-x14}
0] &= 52 FAl Foh HHE RS RISk, folate
g o]l AAMA] 421 GTP cyclohydrolaseS ¥t} 23
st folate®] ABAHEFS Al S7HE 4= Ak A=A} o]
HAEES T aAF 2= 37 o] &3o=H
A folate DL 27| 15~20%l FFA7IA| Zah=
AL 100% 35 T Us A= 7|

e

2 fAhhtEo] thket exopolysaccharides (EPS)= A§4k
=8, 53] dextran, mutan¥} levan 732 homopolysaccharide
52 WS F Lactobacillus, Streptococcus} Leuconostoc
o o3l AAkAT) 1 Bl Le. lactise TFSE 2432 EPSE
ABAEsie [42]. Akt sl AAke TR ‘food-grade’
A7MHZ k=31, FAlEe] 223 v)zke] 548 Fofs)
= 59 52 8l B2 #4S vl Itk Lacrococcus

EPSE Zd2HE A3t a7, Woxds 181 Ida
= W] nutraceuticals2X AZFsh= A771 3=t
©]% exopolysaccharides A3 w7 E o] 818 XA A
A §43), 593t agla EEl o] T8k FE

£ Hd [43].
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