G//EN

2H A
F s

$90% #5775 374-380. 2012)

BEWR W Gluconacetobacter europaeus |2 X %

ISR T X WD AR

AR EARL - A EAKE ™ - R A

UV EERRNGAL, 2 BV PR A A R A R

(20124E4 H 19 HAF 20124E5 H 18 H 2 HY)

Branched-chain amino acid production by an acetic acid bacterium
Gluconacetobacter europaeus

Naoki Akasaka!, Hisao Sakoda'*, and Shinsuke Fujiwara? (Microbe Research Unit, Marukan
Vinegar Co. Ltd., 5-6 Koyo-cho west, Higashinada-ku, Kobe, Hyogo, Japan 658-0033',
Department of Bioscience, School of Science and Technology, Kwansei Gakuin University, 2-1
Gakuen, Sanda, Hyogo, Japan 669-133772) Seibutsu-kogaku 90: 374-380, 2012.

Comparative genomics suggested that Gluconacetobacter europaeus possesses a biosynthetic pathway
for the production of branched-chain amino acids (BCAAs) similar to that in the well-studied BCAA-
producing bacteria Corynebacterium glutamicum and Serratia marcescens. To obtain BCAA-producing
Ga. europaeus, we attempted to design a screening system using Ga. europaeus M0119 isolated from rice
vinegar. Alpha-amino butyric acid (ABA) is a well-known valine analogue. It inhibits growth by inducing
feedback inhibition during BCAA biosynthesis. Ga. europaeus M0119 was treated with N-methyl-N’-
nitro-N-nitrosoguanidine, and ABA resistant (ABAr) mutants were isolated. Almost all the ABAr mutants
showed valine and leucine accumulation in the culture medium, whereas the wild-type strain did not.
Among the mutants that were resistant to 50 mM ABA, strain ABArl-56 showed the highest BCAA
production. ABArl1-56 showed valine accumulation in the logarithmic phase (111 mg//) and leucine
accumulation in the stationary phase (20 mg//). Addition of sodium lactate to the medium promoted BCAA
production by ABAr1-56. These results suggest that Ga. europaeus is applicable as a BCAA producing
bacterium.

[Key words: acetic acid bacteria, Gluconacetobacter europaeus, branched-chain amino acid, valine,

alpha-amino butyric acid]

T X MRFEEE L H AR DS SR T 2 o AR &
WML L7z, AWM I 2WHEEEOREB THA ).
Corynebacterium glutamicum = Serratia marcescens %z £
DT 3 BB < A SRR S Tl ) 2,
INETI, LAY BIEY SFEWFRAR
PEHL TV,

s8R 7 X 7 B (branched-chain amino acid, BCAA,
N, AvafyryBlituf r) AEICHLTD
ZROMED R INTEY, S I RBEDORHRE
BEAEZE - FIH SN TwD Y — ki, Ny ¥, 4V

ufyrBlitaf v riE, EhEhEVE VR AL
F =, BIONY YAGERPEAHEDTDH 5 2-
FE VA VERREEEOTRGE L. N Y BLD
Avad s yERICBT 5408 EORFEIC XD fil
Wb, Thbb ThebFoFigrrvy—+¥
(acetohydroxyacid synthase, AHAS), 7+t ht Fu¥
A Al ¥ 2% —+¥ (acetohydroxyacid isomero-
reductase, AHAIR), Y& Fu ¥ Y7L F5 % —¥ (di-
hydroxyacid dehydratase, DHAD), 3 XU'BCAA7T X/
k9 A7 x5 —+ (aminotransferase, AT) T&%. BCAA
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HEEBREBICB T 2ikET7 0B —13% L OEDRIZB W
TIBETH 525, TOAPEF TR (BT A % P 5
% 729 OFEEEFR I L HEEERE) 1213w ohoos
5 —UPHEET L. o 2 TR R I, BCAAESGK
BT L EOHEMERTH S AHASIZOWT, T4
VAL L& 3FE (I~1AE) RELTBY, &4 2%
EWZE OV RRLT7 4= F Ny 7% 250, 3
DT A VYA DI RS 722y PBLO7 4 —
BNy 7 N LB R 7 2=y b Hs. TA
VWA LT ((IvBNAST — F) OREFREMHEIEZ N “I2 X
D74 —F Ny 7HEELZT, S5ICZORIINY ¥
BXUOA XY 74— Ny 78] (5 5)
ZZFAEYW. —HTA VAL L ((IWGMAP I — F) I,
AEEMR L CIEERZETH D, 74— FNy Z[HE
WFZAEUTU WS, 3FOBCAAIZL D 7 4 — KNy 7 i)
B Fe, TAVEA L GVIHA 3 — F)
BAYrBIOOAL YUk o T, FOREEGEL LV
BIZTHABENETNT A —F Ny JHEBL T 4 —
FNy 7HflEN L2 ERMERTwE Y, X5,
04 ¥ ZI3HRG - CTd % Leucine responsive regulatory
protein (Lrp)>® LM EAEH T 5 Z LT, BCAAEAK
RBIETFHEZO, 2RO THRERTORI 2 HFEH T
AHZEPHLMIENTWS, ZOLHIZEmIIBLY
% BCAA HEEFHIARRE IS IIHEBD Y 4 TS 5 72
D, MR ETHMEWCHT I B EE S LB,
AR L, 20 ETEN 0 EREE O Kk Z
BETLZEVHENBRTFEO—-DOTHLY. 2L 213,
FREMOZDITHELSASHVWONTELFHELE LT,
EHNCL DT vy AEROER, BXOR#EIHATH
A7 IWMT7TFu sl A REE LicAZ Y —
SR ELHSNTWEY, XYy 7FruarThba-
7 3 /&M% (a-amino butyric acid, ABA) (20 % 4
95 S. marcescens \[IFHHICHFERONY) V2 BERT S
23, COERKETIE, HEBEEMETEIA B L O
MIEWICIERZME DL LT, ZOWEMLE 74— F
Ny 7B E D FEEHE S TEBY, HmEELTHNE T
L7 I BHhEREEINS.

FERE T X, disk, RS cRREEE ICHWSNTE
TR RMEYTHY, INHICX Y EESNLEREO
PR D RH RIS S Cw ). T/, BiR % &
FEAEFE DD T 2 8ADITONTEB Y, BN OH
TR R ST WA Y, X 5IT4E, iy —
gy AEMPELCH#ESL, KERY -7 v =2 v
T2 ) MRS E S E Y TITOR, ARSI
BH 350 ODOFFBRICBWTH, 3TI2F /A0
B S, fc OREREICHET 27— bEML
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D0H L FITINLOBERBLOMA LR
A, FIWEZEEEN & 0 BLEE U 72 WEER T Gluconacetobacter
europaeus \ZB\7 5 BCAA A& A B L 02 DR
Mt Z W L C, 20 L TBCAATF R ZIZxT 5
iPE% fF 532 2 & T, BCAA ZEJET % BEEEH 01
2 5 A7z,

RBRAE

sk BlbkE LT, ABREFEERE X D HEEL 72 Ga.
europaeus MO119 ¥k % I3 L 7-.
EHENES S UEERG cae LTYPDR
o (BERET 25 g/, RYRTI¥2 g/, FVa—2A
30 g/l) &7z, YPDR:HiIEHT & Ky 28 B L OV s 2%
Wz, 7 a7l 7 a Zigtktko 2 7
)= U I BIOSIEEET I /B (BCAA) AR
BRI, s (Fva—230g/l -7 Vy IV
FRUT A - —KHWA g/l, ) YEERKRFEZH) A0
g/l, VU AKFEHY T L0.5 g/l KAL) 7401 g/l
WAL AV A - K01 g/l REE~ 7 A Y T A -
LA 0.25 /I, HEALgk (I1D) 0.005 g/l Bl -
LRI 0.05 g/I, £V 77T (IV) BRZ=F bV I L4 -
KA 0.0005 g/I, 7 EE0.0005 g/l, TREESH - FK
AP 0.0025 g/l, B~ > % >~ - IWARMPWO0.01 g/I, ¥
fta,svk (ID 0.0005 g/l, (H)-2%v M YEEA VY
7 50.002 g/D) & 7z BEZIB L, T HEHIZ0.5%
(viv) =% 7 =) L ORERR (BLF TE0.5/A0.5] & FCH#),
FER9 gl & HTMLUTHRERICHW ., FB#I3TXT30°CT
ATV, AR OBIASIR E 9 150 ipm TR AR 2T 72
-7 I /BEEE (ABA) REZMHER BCAA7 0o
7L LT, DL-a-7 I /HEEHE (ABA, Y Z7=T7IV KDY
FH) W RiaREE LT, BEREOZY tu—
VA b 27100 ul % 5 ml YPD E0.5/A0.5 AL, 30°C
TISIEMIRERE L7z, 14 55381 1 ml% 50 ml YPD E0.5/
AOSIZHRAL L, S HIC24KFMHIBE2 L CHijsi# & L7z,
AR % 4°C, 10,000 rpm TS5 ML, HARZ [
WL 7z, Wifkz ARk (L )7 a85 gl (2
FRRE L, vEE L7z CoOWEEEL 20T, RKED
MRk E L. ZoWAKE, ABAZ &L 30 mligsd
F: i E0.5/A0.512, OD660=0.03 & 7 % KEiZfl L K526 %
Tolz. BRSO ROFBZHRINL, WELZWEL
7o, v Ma— VOAEHEF RN EE L7k N O
OD660 % 100% & L, X RMHIZH T2 ABADAH
FERREB L O BCAA OAF MERHR %, Bl (rela-
tive growth) & LCEKRL L7z %8B, ABAKZMRERT
AnizmARmg, XKLL T, ZVvy I VERF MY
T LADORDYICHBET v E= A1 glk s,
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RREZRNE  ZRERWME X7 o Stk
DAZ ) ==V 7%, BRI 72. N-AF )V -N-
Zba-N-=buvrr7=vyr (NTG, HYEHHE) 12X
BHZEEAE, HA%E 2 ml YPD E0.5/A0.5 28 L C
K40 WERR & D 8538 L7z, Z ootk WK Z - 2k L,
50 mM ABA % & i /PRERF AT LT (108~ 10°
cells/plate), 30°CT7~10HM¥;#E L7z, EL7can=—
% ABATit ¥k (ABA resistant, ABAr#k) & L CHEEL,
IR o A VBRI L 72,

BCAA4%EMREE L ABABKZMRER L Mk
FHETHIAREEZB LRI EEZIT, BO5NWK%E
20 mlgAEHE0.5/A0.5120D660=0.03 & %= % X 5 #
FEL, 96RFRIIRE S & L7z, DR OB % FEHFY
WCHRIL, Zoab EiE10 plz#EEgra< b 75 71
IVERL, 7I/BERBLAEY. $72, FEREERL
HHOBCAAZRERX, L-8800m# 7 3 / BT 7T
(HinAdA 72778y —=X) HWCERLZ (=L
FU vREER V).

RERER

Ga. europaeus MO119 KD 7ZIZIHT 2 /B (BCAA) &
AHRETAE  BCAALEROIEMIZE LS, MO119
PREFFED ¥ £ THTH % Ga. europaeus LMG18890')
DRF7 M7 W7 —=5I20 L, Ba&r/ ARHIA R
KN TV 2 IR Ga. xylinus NBRC3288'% ),
BCAAEGWREETHET /7—Yary3ahTnd
Mgl (73 /7)) %27 x) & LCHIAMAERSE (tblastn)

%17\, Ga. europaeus LMG18890'™1231F % BCAA 4
AR EZHEN L 72, 2 ofER, LMG18390#Y /7 &
HFIZHEWT, &7 VIS 27 3/ BREYIHDHEAE L
7. I T I BESIE, Ga. xylinus NBRC3288 ®
TI/ b7 AT72T7—E (AT) £89%, TOMUTTN
T90% L EFEF IRV —Z /R L7z (Table 1). &
NODRERNS, Ga. europaeus b S. marcescens® % C.
glutamicum L WO BCAAEER R 2 Fio b o L HfE
Washrz (Fig. 1). ZohTd, HHBEELE2z 015
AHASZ, il 7 2=y b B LOREGY 72=> b
&I, REBWK-12# o ilvl (GenBank accession No.:
AAC73188.2) BLWilvH ([F]AAC73189.1) ®a—F

Leu

t AT
4-methyl-2-oxo
isovalerate

1t IPMDH
3-isopropyl
malate

t IPMD
2-isopropyl
malate

1t IPMS

2-aceto 2,3-dihydroxy 2-0x0
lactate isovalerate isovalerate
TD AHAS AHAIR DHAD AT
9-0%0 2-aceto- 2,3-dihydroxy 2-0x0-3-
Thr -but ate == 2-hydroxy ™= -3-methyl ™=> methyl ==> Jle
yr butyrate valerate valerate

pyruvate sy = Val

Fig. 1. Predicted biosynthetic pathway of branched-chain amino
acid (BCAA), based on draft genome sequences of Ga. europaeus
LMG18890'). See Table 1 for abbreviations of enzymes.

Table 1. Homology search analysis of Ga. europaeus LMG18890 genome.

GenBank accession Homology of subjects
Encoded enzyme(*) No. of query
protein sequence Coverage Identity
TD BAKS83415 100% 387/398 aa (97%)
AHAS (L) BAKS84097 96% 574/602 aa (95%)
AHAS (S) BAK84096 100% 181/186 aa (97%)
AHAIR BAK84095 100% 333/339 aa (98%)
DHAH BAKS84527 100% 585/620 aa (94%)
AT BAKS84419 100% 322/363 aa (89%)
IPMS BAK84840 99% 503/523 aa (96%)
IPMD (L) BAKS83331 100% 454/467 aa (97%)
IPMD (S) BAKS83330 100% 195/207 aa (94%)
IPMDH BAKS83329 100% 363/376 aa (97%)

Protein sequences of Ga. xylinus NBRC3288 BCAA biosynthetic enzymes were used as queries for the
blast search (tblastn). GenBank accession number: the complete genome sequence of Ga. xylinus NBRC3288,
APO012159; draft genome sequences of Ga. europaeus LMG18890, CADP010000001 — 000321. (*) TD,
threonine deaminase; AHAS, acetohydroxyacid synthase; AHAIR, acetohydroxyacid isomeroreductase;
DHAD, dihydroxyacid dehydratase; AT, aminotransferase; IPMS, 2-isopropylmalate synthase; IPMD,
3-isopropylmalate dehydratase; [IPMDH, 3-isopropylmalate dehydrogenase. (L) and (S) mean large and

small subunit, respectively.
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Fig. 2. Growth inhibition by alpha-amino butyric acid (ABA).
MO119 was cultivated in the minimal medium containing
various concentration of ABA. Experiments were conducted in
triplicate and mean values were shown.

THEUNRZEE, TIJBEMNIIBWTERLEN
50% 3B & 1°47% DR —M: % 7R L7z (data not shown). &
WTHRB L2, iWIHIZa—FERBETA VY
ALNNENY) O BLTE, LD T4 =N
HHZZFHrZEPHMOENTEY, LitoOMFEMMRER
Ko, Ga. xylinus B L Ga. europaeus \IZB\WTIE,
T A VA LT E RO I EERE AR 5 0] jEPEAS
REESNz, —H, TAVFAL AIBLOCIIIHYET S
EEZ LN LHHEEETOBRMERGNL, WRkO T ) 4
WCBWTHERTE hh o7
MO119#%®D o-7 2 /BB (ABA) B BCAA
DTFaTTHDHABA, W)y vuaAf i,
FERROBKEDZ L B 7 4 — F3y 7§l 2 Syl
SHEIL, YET IV BoESREHET S & Tt
YoM EIE - HETLZZ s Twa Y, Fik
OB PR ZE T2 2L, 74— Ny 7l
5 B S N 7E R EELT 5120, N v E2E
U407 a7 ofEPENTHE EEZ SN
B, MOLI9OKRD ABA (N) »7Fu ) (2xbd 5%z
PEZ RN L7z, AR I ABA 2RI L TMO119 8%
BT s e, TOEFIIABAEED LA LIICHES
M, 5 mM TIEIZEE IR L7 (Fig. 2). F72,
ABAWCHIZ ]l mM®NNY ¥, a4 vy, F2i34vn
Ay rZNENEHMTRINT S L, ABAICKLS4H
RSN AL BB V2SR S Iz (Fig. 3). Zohcho
AV OERIERS - & b, WiilZay bo—L
DRI80% I F THIEL 72 (ABADADKE, 23%). &5
12, 3T RTOBCAAZXRMT 5 &, AFHEIXIZIZ
SEAIE 27z (Fig. 3).

20124F  BBT

100

E O Control

e

= B ABA alone

g ZBABA+Val

£ 50 DABA+Leu
)

% ABA+Ile

A~ OABA+BCAAs

0

Fig. 3. Antagonistic effects of BCAAs against ABA growth
inhibition. The inhibitory effect of ABA was antagonized by
addition of BCAAs. All media contained 1 mM ABA, except
for control. Control, neither BCAA nor ABA was not supple-
mented. ; ABA alone, 1 mM ABA; ABA + Val, ] mM ABA and
1 mM Val; ABA + Leu, ] mM ABA and 1 mM Leu; ABA + Ile,
1 mM ABA and 1 mM Ile; ABA + BCAAs, 1 mM ABA and 1
mM all BCAAs. Experiments were conducted in triplicate and
error bar indicates standard deviation.

ABATHM#DER  MO119Fk D ABA J&52 1 % B
¥ 2, BCAA O R SidsHE KM A ME 3 5 729,
FEESTEIOR L FHETABAINEZ BT 5RO X
) ==V T RiTol. FOREYE, 50 mM ABA &t
RABERT L — b ECAFTLIan ==L ]GO,
ISRk E L7z, 15517 ABAT R (ABArk)
FI1508k% 2 mife/DREMICHERE L, 4 HMRE DR L
TBCAAZEREZEE 7o~ NI 72X VR L:
LA, FOELBWERONY B IUu L vy EER
L7z, ZOHTH o DAEEEIEH W E R XL
ABAr1-56 % DI OFEERI A L 7.

ABAr1-56#%®M ABATi#E  ABArl-56 %%, ABA
ot TR LA, SmME 21310 mM
DO ABATFE FCTHIEHICHIGE L 72 (Fig. 4). S O
5, ABATI-56 FRDSE I E D ABAZK§ B ME %2 49
5 LRSI N,

ABAr1-56 %M BCAA S E M L RBEHDER
ABATr1-56 %k D BCAA it % REW I 2 MRAT L 72, R
FHEE B (MO119FR) Ll L72E 25, 13ELA
LRSS NA D72 (Fig. 5). BCAAZLRERE% HE
702 b5 7IZTHN L7z4ERE, ABArl-S6 413 2%
24 ~ A8 O Eds P I~ H ) ShFToNy »
#ER L7 (Fig. 6). E512, ¥EICHH THED 1 A
YrbER L (Fig. 6). FORER LELZT7 I /]
HBEI M IS L CTBCAAZER L2 A, N~
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Fig. 4. ABA resistance of ABAr1-56. Symbols: O, M0119 + 5
mM ABA; &, ABArl-56 + 5 mM ABA; A ABArl-56 + 10
mM ABA. Experiments were conducted in triplicate and mean
values were shown.

10.00

1.00 r

0OD660

0.10

0.01 ' ' !

Time (h)

Fig. 5. Growth of M0119 and ABArl-56 in the minimal
medium. Symbols: O, ABArl-56; <, M0119. Experiments
were conducted in triplicate and mean values were shown.

BLouA v rERREEZ, EhFn1 mg! 1 mM)
BLU20mg/ (#0.15mM) TdHh -7z (Table 2).
BT, BCAAEFEIZ BT BRI OBEH & 1T -
2. N ryBLOOA Y VESRIIBIT A MBE-IIY
VEYRTH A2, HEHEE IV Y REE B SE 25k
HIEIL, BCAAEEICBWTHMTHLEE L LN
fo. ZIT, ZOX)BAREFIEL ) 84 ORI
DRI CR R E T 7L 25, AT MY
7L 10 g/lOTIT, N YEREZIERIMEEORH 1.5
fHlcEFchEA LA (Fig. 7). B4 ¥ 222w Thbhb3h
ZREIMASR 2T S 7z hs GERMEDOR 1.3465), Z0%)

378

Oh 24h 48h 72h 96h
Leu &

. . LB
) .
Val & * N e L]
Glu[ " ' ' ' !
M 56 WI M 56 WI M 56 WI' M 56 WI' M 56 WT

Fig. 6. BCAAs production by ABAr1-56. BCAAs were detected
by thin layer chromatography (TLC). 10 pl of 1 mM Val (lower
spot) and 1 mM Leu (upper spot) were spread as markers (M).
Lane: 56, ABAr1-56; WT, M0119.

Table 2. Quantity of BCAA produced by ABAr1-56.

Branched-chain amino acids (mg/l)*

Strain
Val Leu Ile
ABAr 1-56 111 20 ND
MO119 ND ND ND

* Quantity of BCAAs in 96 hr culture of ABAr1-56 and MO119
measured by amino acid auto analyzer. Detection limit of the
analyzer was 10 mg//.

72h
Leu ™
val % B B
Glu "
M C L

Fig. 7. BCAAs produced by ABAr1-56 cultivated for 72 hours
in the minimal medium containing 10 g// of sodium lactate.
Lane: M, marker; C, control; L, sodium lactate 10 g/I.

RIIN) FEREL eh o7 (Fig. 7). —F, ¥ne
YRF U A 10 g/IOTRMT SN v ER=E OB
FoNTeAs, EEMEICHT 2RRIEARF P 7 A LD
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 /NE H 5 72 (data not shown). S 512, Zva— 2 (50
~100g/D), 7V tua—)v (30 g/D) F7-3HEE (1~2%,
vIv) BRIMLTEEZTo72%, BCAAEREITEE
137 5 L7292 72 (data not shown).

z =B

fCHF IR RE 2 KL - X 5 7 3 BR%IE
BECHESL S =BT Y, C. glutamicum 2 X % 7V
¥ I vmERY ZeohTh X<amshiflo—oTh
59, ESRT I V8 (BCAA) AEICHLTHTT
LS ORMAPERLTEY, BEHRICIE, Ak e
FEOFEICLVHEONAT I VBT a7 itk A
F 5% S. marcescens'> %R C. glutamicum"' 1%, B+~
HAmM b ONY Y2 EET L. T2, 7 AET
& D 7R BT HAN O HEA TR, T X BRAEREIC
WERER S insilicoTy IV —Yarl, REehs
Pl - THA 0§ 5 CHREREERT LR A DITDNR
TWwa 19 Ll §EEW Ga. europaeus LMG18890'
DKF 7 N7 A ERD S FEERRRIZ BT 2 BCAAZL
BN EFRL, HoNBmEDEICT4—F Ny
7 Wi S B S ML RROVE 2 A7z, 2 ORE
RNV rT7FurThba-7 3/ EEE (ABA) 1K
ThMEENGTL2 T, N Y (IHlmy) BLUo
43y (20 mgl) RFEASELZETEILE ¥ 4T
W7 7 ME#B L TABA ST 5258 (Fig. 2-Fig. 3)
25, MO119¥RD BCAAAEGIRIEZNY YI2Xk ) 7 4 —
KNy ZHIEAFES N, FIZZ208 =7 v Mg,
BCAAAARIZIB T 2 @oflE 7 e Fo ¥
VY v & —+¥ (AHAS) (Fig. 1) T 2 WM E .
FEBIZ, WD) V2R L 5 R TIEMO119
WoOAEEIEIE L {HESINS72® (data not shown), Z
ODHEH 5D, Kisumi 5 OMED PO/ L&
%74 — NNy 7 GO RRI NS, —7,
04 3 X B RECEFNERR (Fig. 2) B3E6Nh72h
ORI Kisumi HOHED LITETRELZ LhD,
BEAORERE IR, WERR &4 O SRS S A 53 50
»b Lz,

F7:, BCAAEEZRT REEEOWEZTo72 L
2%, AWEF b U T ADRMTNY) ¥ EREOEE R
ERAPE SN GERINEE 0K 1.515) (Fig. 7). —#iC
NY rBIOA Y ESRICBIT 2 MBELEIZE L
CYBRTHY, FLRIAMT e Furd —+E (lactate
dehydrogenase, LDH) OfERIZ &L ) BV ¥ B~ Hik
EN2 . GROFT ) LENKER DS, Ga. europaeus
LMG18890' 4 7 22 d LDHEET- L Z 2 5 AL
FINHAELTBY, RmINMLZABEISEILE ViR S

20124F  BRTH

N, SHIZBCAANEHRIN/ZHDLEZLNS.

—IZ, BA Y USRI N IR ) BT
fEsnTBY, HHAFEREIAHAS, 6 HAEER
W24 TaENY I v ¥ —+¥ (2-isopropylmalate
synthase, IPMS) T&» 5" (Fig. 1). IPMSiZaA{ ¥ >~
X574 "Ny JHEZZITLIEFMONT NS,
AKHFFETIEIPMS OBHHNIZOVWTIEEE L TE 6T
ABArl-56 kDT £ ¥ Y EBEFEENN) SR D B Do
7201 (Table 2), 2D XH %L DT 4 =Ky
ZHIEICRNT L E2 515, $72, ABArl-56 %1%
AvaAf T rEERLE»-7 (Table 2). f v aAf ¥
VA b A Y VERRICSERBE TR SN TE Y, B
—BLUOEAMERERY, TNENAL A= T T3
F—+<¥ (threonine deaminase, TD) 3 X U’ AHAS T
%Y (Fig. 1). TDEZA Va4 ¥ Y Ik BHWw7 4 —F
Ny ZHEXZTHIEPMOENTED, ABArl-56
WBWTH, Bl TS 74— Ny Z[HE
MHERE L 727200, 4 v u A ¥y ERDHEIH S 2T g
DEZOLNG. E52, A vaAf Ly ryouEikEchs
ALF =i, ENVEVEBHBPTCAY A 7 IVNFHALL
%, AFHUFEBBIOT AT VBERHATLEN
G RE Z RTHAR SN B 7207, ZOMIBIZBIT 55
FRIMCOREN, N reuf vV ERELIELTRE
WEEZ LML, INOEERITIUL, BERERIC X
UL vrefval s AELHFING.

S5 5 N7z ABAT MR (ABArkk) 77/ 2H12i3,
NTGIZ LDV EHOERPEAINTVEDHDLEZD
n, 7rarz/7 3 BoOEN - FWRREER % L
OB &, AR ERTUNOLER L E 2
VB THA). TI/BBPWIIHERTL L, BHYIC
LKL, £ 07T AEWE?NA & 7 4V AR
DN Y EBWTDHIEDPHLNZIEINTBY, H»
LHILNG [N Vi) &) - & OB E MR
ENTW5., BEREOYE, EICEREOFERSICHY
55 Acetobacter pasteurianus \IFIEMIZ NV T — A %
FRE L7NAF 74 VAZBIET 5. Sl L 72
MOLI9KRIZZ D X 9 /34 F 7 4 W ZIFTER L R WA,
FROMAEABEZ L L, BBEEZED74 D7 T
VTAS, N VAEFER L L COEERN T REN: 2 o & 1
fFahs.

ARWFZETIE, WIRT 2 AT, ¥4 THRTH 5 Ga.
europaeus LMG18890'" D K5 7 h 7 ) L5 — % % v
72h5, Z A TRROBCAA LA BGRIZE LTI 2 %
FrdfibhTuiwv, IhS 2@ 5700, HESEE
513 MO119%B X O'BCAA A FER IZOWT, X ) FHM
Lo FEM SR 2 D T 5.
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W 7 NEHT 2> © Gluconacetobacter europaeus \ 213
ST I VB (BCAA, NY v, AvaAf Y ryBIT
OA YY) OEGHEAEATAAE L, WRFEREZ I 5
7 4 — BNy 7 GRS OFEAEAEN S fz. AR T
3Ny oT7FHa s ThLa-T X /R (ABA) Ok
MeEE$ 5 2 & T, REOBCAAZBEO ] REVE % HGE
L7, BFEREAK L 0 HEE S N7z Ga. europaeus M0O119
PrENTG TULEL L, ABAIEM (ABArkk) %57,
IhHD% IZBCAA R AER L2, SEEsh
7ZABATHED S H, b o & b BCAAEEREDE - 72
ABArl-56HRICTEH L, AHERBEIZHEIT2BCAADA
PEVEZMGET L7z, ABAr1-56 #R I3 4 AE I 2 & R =1
) Y EERL (1 mg/l), EHEMICIEL Y bE
BL72Q0 mg/D). N rBIouf v oIk
ELVEVBTHY, BEHELVE VBEO EAPHES R
B4 DRFRZBRML TR R fT-728 25, AT
MU A ORMTNY) Y EREOME 2 LRSS
CGERMEEO#K 1.585). SRS M, HERR
Ga. europaeus B*"BCAA OEPER & L CHHTE 2 1]
M2 IRIRT 5.
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