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— e R ARG E T IZEFHEEEFTE FBFS97 (& H
HMFES 9

FRR BFLY RER' ToE’ HEs

1 el R B i B R oR 2B AL e R I i E R A VRS #1dE s 430070
2 R RERA 2 B A I 430070

3 PR REFE A RRE S TR 1I07E K4 030801

8 ZE. [# %] &8 (phenyllactic acid, PLA)Z—# A% HE XK RA AWK, ARA
LR AT o B A5 3| —HR 5 5 PLA %985 BR i (acetic acid bacteria, AAB) #AEBEAT B (Gluconacetobacter
sp.) FBFS97, {2 A% 2|#r, mHH = PLA #90THIES RF%E. [849] # % FBFS97 94t 3
X %, MRAT FBFS97 #9ii/543 8, 453125 PLA FAMXAR. [Fi%] RALF DM 124
w473 FBFS97 64 B AR A #AT A AE, 81T 16S rRNA 2 F F 7 5472 FBES97 #t4T 4K 5%, A
B BORAR E R AT R AR E F PLA 6980, ek b, xf FBESO7 #4744 X W4 5. HHiE
Fo B FR, FF#HAT GO/COG £ . KEGG Kiftid 384= VFDB 4 /) 5 547, AR PLA A 46 mik
Zeg ., [4%) 4B 16S IRNA LB F 7] e tbat s 2, S AoMEFHW, ZRMEEZHETEL
3 R B BEAT B (Gluconacetobacter tumulisoli). ¥ 1 000 mg/L 3 7 Z.BR s An 5| FBFS97 i ik3z fr i ¥,
KR P PLA R 5 RETX 400 mg/L, ARG 845, ZH A R0 KA 3988 308 bp,

(G+C)mol%4F 4 66.62%, %A E 3500 /~; KEGG K@% &R, ZHLRMA T FEZHE
FERIRRA A PLA 89T A 4B ; VFDB H#AMMLRE T, ZALABRA T RGETAF LN XL
B. [£¢] §RBET —HEG/” PLA 49 AAB——F £ +3E F458547 ¥ FBFSO7 6494 L R4 /5 712
B, FRIZARG AR LT SH 5 PLA TR MR AER, HJa 4t —F A% FBFS97 /&4 PLA
89 2 A B ARIR R ARAL T R IE .
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Genome sequencing and analysis of Gluconacetobacter tumulisoli
FBFS97, a high-yield strain of phenyllactic acid

LI Shuang-Shuang' CHEN Heng-Ye'” WU Ren-Wei' WANG Ru-Fu’
CHEN Fu-Sheng”’

1 Hubei International Scientific and Technological Cooperation Base of Traditional Fermented Foods, College of Food
Science and Technology, Huazhong Agricultural University, Wuhan, Hubei 430070, China

2 College of Pharmaceutical Science, South-Central University for Nationalities, Wuhan, Hubei 430070, China

3 College of Food Science and Engineering, Shanxi Agricultural University, Taigu, Shanxi 030801, China

Abstract: [Background] Phenyllactic acid (PLA) is a natural broad-spectrum antibacterial substance with
a great application potential. In the previous work, Gluconacetobacter sp. FBFS97, an acetic acid
bacterium (AAB) strain with high-yield PLA, was isolated, but the specific species of this strain and the
molecular mechanism of PLA production is unclear. [Objective] To determine the species relationship of
FBFS97, explore the genetic information of FBFS97, especially the genes related to PLA biosynthesis.
[Methods] The morphology of FBFS97 was characterized by light microscopy and scanning electron
microscopy, while the classification was identified by 16S rRNA gene sequence alignment. The effect of
phenylalanine on FBFS97 producing PLA was detected by high-performance liquid chromatography
(HPLC). On this basis, the complete genome was sequenced by Illumina MiSeq sequencers, and genome
assembly, gene prediction, functional annotation, GO/COG cluster, metabolic pathway and virulence
were analyzed using the relevant software, and the biosynthetic pathway of PLA is predicted. [Results]
The strain was identified as Gluconacetobacter tumulisoli by 16S rRNA gene sequence alignment
analysis and morphological analysis. When 1 000 mg/L phenylalanine was added to the liquid medium
of FBFS97, the maximum concentration of PLA in the fermentation broth reached 400 mg/L, which was
8 times higher than that of control group. The genome size of FBFS97 is 3 988 308 bp with 66.62%
(G+C)mol% and 3 500 encoding genes, and whole genes relative for biosynthetic PLA through shikimate
pathway were found by KEGG metabolic pathway in the genome, and no toxin-related gene was predicted
by VFDB database. [Conclusion] This is first attempt to describe the whole genome sequence of
Gluconacetobacter tumulisoli sp. FBFS97, a high-yield strain of PLA. The genes related to PLA
biosynthesis are found in the FBFS97 genome, which provides a basis for further investigation on the
PLA biosynthetic pathway in FBFS97.

Keywords: Gluconacetobacter tumulisoli spp., Genome, Genomic analysis, Phenyllactic acid

Ji& 152 T4 (acetic acid bacteria, AAB)J&—J8H %
SRR CR =Y AL i SO Y R W % 9 1 R i N = A 2
WEREE B2 W T, 26 AR A HILER Y % PR g S 4
WA, AAB T2 T R, 5. KB
i R U T R AT A R T R
FeBl g g A g R KD RN
AR, LR R R, e
BE2l. AEW . Ak T AN TR 5T

R FLI2 (phenyllactic acid, PLA)J&E—F 1)

B RN, i L RO 2 S
2 (tanshinol, 3,4- " FRIEFHEFLIR) I LS,
SRS EAGMERZIEM; PLA tU2 6 sk
I ) 550 S B A A A U BT & IR RR
EU . N (Propionibacteria spp.)! L K [ H1 5
(Geotrichum spp.)\ V] 77 4 PLA, AN Rif
W R B9 8 — MRS 7 PLA ) AAB——H5 BE S
FF B (Gluconacetobacter sp.) FBFS971'%),
AMWFFORELE FBFS97 T8 v A S0P A5 Ak At |
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55 3T 16S IRNA B FAI Rk & 0T, i
FETR AR FBFSO7 (20 2 Ass , o3 B 2R N A IR )
72 PLA WS, e IERE b, X HA SR v T
AT, IR HILH A R HAAAE PLA (2
VG R A2, HHOCBIE ST 45 R AT o F — P R W
FBFS97 / PLA 975 HLFH 25 5 JLAith

1 MRETE
1.1 Bk, FERFIUERERE

HIVEBSAT I FBFS97 sl AR Al K241
i A O H R 5 24 S A

KNEAMR, il E2E B RA PR A
PLA, LM & Z Tl & RBA RN A ;
GenElute™Zl| 5 3£ [K 24 DNA $#EHGAF &, Sigma-
Aldrich 23 w] . RSB F BiEE, Carl Zeiss AG
Al ERORAE AR, BEA ]

BIRRE SR 5L (/L) : #i%gHE 100.0, MELHR B
10.0, i FRES 30.0, B g 15.0; Fp il 5 77 5 (g/L):
HARE 1.0, BEERRRY 10.0; WK FRIE(g/L):
MM 100.0, EEEEER 1000 EARKEFEEHT
HIEBSHT R FBFS97 MUNGALA™ PLA S25%, ¥T
1x10° Pa K4 20 min.
12 BEWESESH

PR FIE AL 2 d (9 FBESO7 227 21 [ 14 1% 5%
FFAR I, 30 °C ¥55% 3 d JE4A I Rl IR AL
SR b FBFS97 15 B ¥ H P B R AR 15 57 Jk
30 °C, 170 r/min 1535 20 h, FHIHMiEE T M.
AR, A2 2 R0 5 T2 i e T
1.3 RBEAENH

VL 34 & AAB FIAZIFRERIE R (Acidisphaera
rubrifaciens) FRKIE A BRIE W (Rhodopila globiformis) .
R A AR T N L A ) (Roseococcus
thiosulfatophilus) 3t 37 ¥RANE ) 16S rRNA JE A J7
SIMENZH(FE 1) R ClustalW HXf FBFS97
HZHHER 16S rRNA R F51), LA Neighbor-
Joining EHATRG LB =00, il MEGA 7.0
=S i e NPT I 2 B o o

1 37 %4H 16S rRNA EE 554 GenBank B RS

Table 1 16S rRNA GenBank accession numbers of
37 bacterial strains
Strains GenBank
accession
No.
Acetobacter ascendens LMG 1590 GU205099
Acetobacter pasteurianus LMD 22.1 NR_026107
Acetobacter peroxydans NBRC 13755 AB032352
Acidisphaera rubrifaciens HS-AP3 D86512
Acidomonas methanolica NRIC 0498 AB110702
Ameyamaea chiangmaiensis BCC 15744 AB303366
Asaia bogorensis NBRC 16594 AB025928
Asaia siamensis S60-1 AB035416
Gluconacetobacter aggeris T6203-4-1a AB778526
Gluconacetobacter asukensis K8617-1-1b AB627120
Gluconacetobacter azotocaptans CFN-Ca54 AF192761
Gluconacetobacter diazotrophicus PAI 5 NR 027591
Gluconacetobacter johannae CFN-Cf55 AF111841
Gluconacetobacter liquefaciens IFO 12388 X75617
Gluconacetobacter sacchari SRI 1794 AF127407

Gluconacetobacter takamatsuzukensis T61213-20-1a NR 114384

Gluconacetobacter tumulicola K5929-2-1b AB627116
Gluconacetobacter tumulisoli T611xx-1-4a AB778530
Gluconobacter albidus NBRC 3250 AB178392
Gluconobacter cerinus ATCC 19441 X80775
Gluconobacter frateurii IFO 3264 X82290
Gluconobacter oxydans DSM 3503 X73820
Granulibacter bethesdensis CGDNIH1 NR 043197
Komagataeibacter hansenii NCIB 8746 X75620
Komagataeibacter medellinensis LMG 1693 NR_125626
Komagataeibacter nataicola LMG 1536 AB166743
Komagataeibacter xylinus NCIB 11664 X75619
Kozakia baliensis Yo-3 AB056321
Neoasaia chiangmaiensis BCC 15763 AB208549
Neokomagataea tanensis BCC 25711 AB513364
Neokomagataea thailandica BCC 25710 AB513363
Rhodopila globiformis DSM 161 D86513
Roseococcus thiosulfatophilus RB-3 X72908
Saccharibacter floricola S-877 AB110421
Swaminathania salitolerans PA 51 AF459454
Swingsia samuiensis AH83 AB786666
Tanticharoenia sakaeratensis NBRC 103193 AB304087

1.4 ZEARSEEXT FBFS97 = PLA HIEN
PG AL r %) FBFS97 #HAIEE SR8 THh+
Bigeddr, 30°C. 170 t/min ¥53% 24 h, BL 0.5 mL
Tl PR TR N AR E S 1 000 mg/L 1)
50 mL #AAKEFRIES, T30 °C. 170 r/min }55%
20 d, BRI R PLA &, DIRINZRDR
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LRI E TR R IR

PLA 5 5l E 2 BOCHR (17 4B #Y 7 i%: , R
HPLC i#47, JFs EB M, BARR ARy FiIRu e
L2 000xg, 5 min)fFid 0.22 um MRS B HETERE,
LA PLA BrifEdt XTI SR Spursil CI8-EP i
FE(5 um, 4.6x250 mm), ARSI, K
A 210 nm, FEE 40 °C, FEFEE 10 pL; i)
FA N HBR0.1%) K, Wshil B AL #
JEVEIURT : 015 min 80% A, 15-20 min 10% A,
20-25 min 80% A, i # K 1 mL/min.
1.5 FBFS97 ME K555 5 & F 40 DNA 25

FBFS9O7 T A RHa I dE EikAk 2 d Jed%mh
TR FEHE, 30 °C, 170 r/min 555% 22 h, R
GenElute™Zl| F LK 241 DNA $#BGAF] S Bk A
24 DNA, R H] Qubit 2% 5E {1 NanoDrop #1%
HAMEEEE T T DNA Y i AR B
1.6 FBFS97 £E&HF4HAY lllumina HiSeq N F5
EEES

& A Tllumina HiSeq 2500 M J¥F- 5 X} FBFS97
BT ARSI, Velvet 1.2.10 X} DNA J¥
I T PR, LS Kmer {8, RAFIRAF41%45
I L GapCloser V1.12 X 20 255 J5 1) JarR N T (gap)
HEAT I R AL I
1.7 FBFS97 BJEFEH T

K Prodigal 2.6 4%t 1.6 Hog 2 i L
ZH AT DRI, 4 000 5 PR 7 2 R 1 43 1) 5 R
JC 4% % M J% (nonredundant protein , NR)!' |
SwissProt & [ EY | 1 2 [ 5 i BB PR (cluster
of orthologous groups, COG)" . {574k F s K
J% (conserved domains database, CDD)* | JEpHA
1418 (gene ontology, GO)!, Hu#f KL P A KL 4H T
Bl4+4(kyoto encyclopedia of genes and genome,
KEGG)* 4T BLASTp HoXF 5 3B B2
K RNAmmer-1.2%} rRNA #E47 70 .
1.8 FBFS97 EERBEHFFHEREBISH

K FH BLASTp ¥ FBFS97 H:[K 20 v fir #7 &[4

12 H 1y 90 5 9 )5 B 5 1 7 3088 1 (virulence
factor database, VFDB) 447 He Xt , 1l FBFS97
R 24 PR R A E R I R P

2 ZR545H0
2.1 EMESSFRGEXRESN
2.1.1 EMESESHR

FBFS97 MIB 75 A A L BIE A WE 1 B,
WK RPIE, REDeH, g5, R, o)
PR ERR AR s WA ZFPREEFIR, KA
(0.7-0.8) pmx(1.0-1.2) pm, H>=[CEAME,
212 RABEAEHH

¥ FBFS97 (X 16S rRNA %t [H 5 5] 5 M

GenBank (4 5 T 211 34 & AAB [ 16S rRNA Ji&
P81 DIFATHST, DS AAB SE4 & REGE )
ALLIRBRIETE | BRIBLLERE A . B Uait R A6 Bk
BRI T A RS (outgroup) (1), 2] R 8 AR
(Kl 2).

F & 2 I, FBFS97 5y 52 4 HEa bh G AT B
(Gluconacetobacter tumulisoli T611xx-1-4a)JF Bt
ST, T 16S rRNA AU X 100%.
SEORTTH B A 2450 M, FBFS97 B s+
SEAEBEAT TR

1 EPEEFTE FBFS97 M ZE N

Figure 1 Morphological analyses of Gluconacetobacter sp.
FBFS97

T A: FBFSO7 YA 75IE A ; B: FBFS97 G ML ;
C: FBFS97 HIHHii il BB 4.

Note: A: Colony morphology of FBFS97; B: Morphology of

FBFS97 under an optical microscope; C: Morphology of FBFS97
under a scanning electron microscope.
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100 Gluconobacter oxydans DSM 3503 (X73820)
95 L—Gluconobacter albidus NBRC 3250 (AB178392)

_EGluconobacter cerinus ATCC 19441 (X80775)

95 99 Gluconobacter frateurii IFO 3264 (X82290)
Saccharibacter floricola S-877 (AB110421)
42‘{\7$wingsia samuiensis AH83 (AB786666)
%8 50 ,—Neokomagataea tanensis BCC 25711 (AB513364)

. .
100 Neokomagataea thailandica BCC 25710 (AB513363)
-Acetobacter peroxydans NBRC 13755 (AB032352)

I 97 rAcetobacter ascendens LMG 1590 (GU205099)
100L— ycerobacter pasteurianus LMD 22.1 (NR 026107)

———dmeyamaea chiangmaiensis BCC 15744 (AB303366)
W—Tantichamenia sakaeratensis NBRC 103193 (AB304087)

67 Kozakia baliensis Yo-3 (AB056321)
F‘i—Neoasaia chiangmaiensis BCC 15763 (AB208549)
| K—Swaminathania salitolerans PA 51 (AF459454)
100| rAsaia bogorensis NBRC 16594 (AB025928)
87{—Asaia siamensis S60-1 (AB035416)
Acidomonas methanolica NRIC 0498 (AB110702)
98 90—Komagataeibacter xylinus NCIB 11664 (X75619)
9i|_E(omagataeibacter nataicola LMG 1536 (AB166743)
100 Komagataeibacter medellinensis LMG 1693 (NR 125626)
-Komagataeibacter hansenii NCIB 8746 (X75620)

36

89— Gluconacetobacter azotocaptans CFN-Ca54 (AF192761)

59| 98 Gluconacetobacter johannae CFN-C55 (AF111841)
]Gluconacetobacter tumulisoli T611xx-1-4a (AB778530)

100'FBFS97

] 84 Gluconacetobacter diazotrophicus PAL 5 (NR 027591)

78 —Gluconacetobacter aggeris T6203-4-1a (AB778526)
53| 76|'Gluconacetobacter asukensis K8617-1-1b (AB627120)
Gluconacetobacter tumulicola K5929-2-1b (AB627116)

83 Gluconacetobacter liquefaciens IFO 12388 (X75617)

40— Gluconacetobacter sacchari SR1 1794 (AF127407)

32— Gluconacetobacter takamatsuzukensis T61213-20-1a (NR 114384)
Granulibacter bethesdensis CGDNIH1 (NR 043197)
-Roseococcus thiosulfatophilus RB-3 (X72908)
99 Acidisphaera rubrifaciens HS-AP3 (D86512)

?' -Rhodopila globiformis DSM 161 (D86513)

0.01

2 ET 16S rRNA EEAFIIMRFLE W

Figure 2 Phylogenetic tree based on 16S rRNA gene sequences

T 355 BF5 N Mk GenBank 45 ; 4332 FAWECTH Bootstrap {B;  HL MBI RAS BEARFR B A 15K

Notes: The number in parentheses is the accession number of 16S rRNA gene sequence in GenBank; The robustness of branching is
indicated by bootstrap percentages calculated for 1 000 subsets; Bar indicates 1% estimated sequence divergence.
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FURR iy 58 T3 MRS AT 1 FBFSO7 Y4 BE R 20 )y 5 43 #r

22 FARBRNHETIEEEEETE FBFS97
7= PLA BY8201

HIANRIDESE R, RN 2R PT B 7L 2 1 S5 1k
A=Ak R PLAPT . DR T T4 2 TR R R o 31
FBFS97 MR AR R rh | LUASUS IR DN 201 1 Ak
FR R %t B (CK), K HPLC 4387 7 AS[a) 85 55 i) [a]
REEW H PLA W& ar, 45 R 3 iR .

Il 3 45 5T, CK R IR Y PLA R EE T
95 120 h ZEA R BN, 2978 50 mg/L, TN
PZRR(1 000 mg/L)AIALFRZH T4 400 h 247 A%
WEE, 2970 400 mg/L, f& CK [ 8 5. AR
IINZEN AR, 24 PLA AIREERRIE(EIS, 3R
W PLA BV JEBEA PR KA
2.3 EFEBRLE

LRI 5 5 AT B, oty 2 - R M AT P
FBFS97 fEE R 41 K /N 3 988 308 bp, (G+C)mol%
TN 66.62%, 4t 3 500 NI, FEHFYLE
KL 4.

HETIEEERTE FBFS97 EFAEE

Figure 4 Circle map of the genome of Gluconacetobacter tumulisoli FBFS97

& 4

T DL 1 b B350

CDSs fEIEfE F 094 A ; VI PR B AL ) o 3t 2.

I: JEFEZHAR/MMD); 11, 11: CDSs 76 iF s b ryTheeimm ;

1529
——Phenylalanine (1 000 mg/L)
4007~ CK
=
o
£ 300t
=
3
-2 200}
2
=
5 100f
(=9
0 . . . . .
0 100 200 300 400 500
t(h)
B3 FRERMNHELTIRFEERITE FBFSI7 = PLA

IEALD)
Figure 3 Effect of phenylalanine on the phenyllactic acid
produced by Gluconacetobacter tumulisoli FBFS97

24 EREEFRE
24.1 COG WgE#h

¥ FBFS97 Jt R 41 v Jir A3 Y000 2 IR 7y 2 1)
§15 COG B T BLASTp Hext, JRAGHEH
REMTERS R EERARER) . R E Y
FBFS97 (3L H TR 2 (& 5).

A: Chromatin structure and dynamics
B: Energy production and conversion
C: Cell cycle control, cell division, chromosome partitioning
D: Amino acid transport and metabolism
E: Nucleotide transport and metabolism
B F: Carbohydrate transport and metabolism
B G: Coenzyme transport and metabolism
B H: Lipid transport and metabolism
I: Translation, ribosomal structure and biogenesis
J: Transcription
K: Replication, recombination and repair
L: Cell wall/membrane/envelope biogenesis
B M: Cell motility
B N: Posttranslational modification, protein turnover, chaperones
B O: Inorganic ion transport and metabolism
P: Secondary metabolites biosynthesis, transport and catabolism
B Q: General function prediction only
B R: Function unknown
I S: Signal transduction mechanisms
T: Intracellular trafficking, secretion, and vesicular transport
U: Defense mechanisms

IV: (G+C)mol%&H; V. VI

Note: From the outside to the inside of the genome circle map: I: Complete genome size (Mb); 11, III: The predicted functions of CDSs
are in the positive and the negative strands of genomic DNA; IV: (G+C)mol% contents; V, VI: Distribution of CDSs is on positive and
negative strands of genomic DNA; VII: Genomic internal links of high similarities.
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A: RNA processing and modification (0)
B: Chromatin structure and dynamics (2)
700} C: Energy production and conversion (321)

D: Cell cycle control, cell division, chromosome partitioning (62)
E: Amino acid transport and metabolism (507)

600 F: Nucleotide transport and metabolism (130)

G: Carbohydrate transport and metabolism (321)
H: Coenzyme transport and metabolism (228)

500+ I: Lipid transport and metabolism (138)

Number of genes

J: Translation, ribosomal structure and biogenesis (194)

K: Transcription (282)

400t L: Replication, recombination and repair (152)

M: Cell wall/membrane/envelope biogenesis (282)

N: Cell motility (38)

300 O: Posttranslational modification, protein turnover, chaperones (155)
P: Inorganic ion transport and metabolism (357)

Q: Secondary metabolites biosynthesis, transport and catabolism (160)

200+ R: General function prediction only (666)

S: Function unknown (264)
T: Signal transduction mechanisms (112)

100} U: Intracellular trafficking, secretion, and vesicular transport (89)

ABCDEFGHI JKLMNOPQRSTUVWYZ

5 WEIEFHERITE FBFS97 81 COG Lh#E)IZE

V: Defense mechanisms (109)
W: Extracellular structures (0)
0 Y: Nuclear structure (0)

Z: Cytoskeleton (0)

Figure 5 Gene distribution based on COG classification of Gluconacetobacter tumulisoli FBFS97

mE 5 AJHl, 7€ FBFS97 itk , 5—rhhe
(general function prediction only, R). ZJEfRE%iz
F14Cid (amino acid transport and metabolism, E).
TEHLES 193z i A1 i} (inorganic ion transport and
A & & A= Ml 4% 36 (energy
production and conversion, C)UL KA iz FfRiGf
(carbohydrate transport and metabolism, G)AH%AY
FE R T S Az
242 GO IhEED %

H FBFS97 JEIR BN 6 115115 GO $idla 4
BLASTp Hext, f#if] Blast2go #471 GO & H:0#r,
SERANIE 6 FiR

6 ATAl, S5A:92=id #(biological process)
AH 2 19 AL i B2 (metabolic  process) . il it i 2
(cellular process) . & {ii (localization) . “E 4 I 45
(biological regulation)f14= 41 #2112 (regulation of
biological process)HlIHEAH Y KB SIHT 5 07
5 40 g 4 43 (cellular component) #1 & ) BX
(membrane) . Zififi(cell). AHAEER>(cell part), MEHR
4% (membrane part) Fl 0 &% H 1 H & W

metabolism , P) .

(protein-containing complex)XJREAH I 15 K £ 137 471]
HI 5 075 154 FHEE(molecular function)HH 2 HY)
# 4k (catalytic activity) . %% & (binding) . %% i&
(transporter activity) . %% 5% & 17 Kl ¥ (transcription
regulator activity) F1 %% ¥4 43 ¥ (structural molecule
activity) L) BEAH 5 1Y 5L R B S I S A o
2.43 KEGG K@ o

i xt FBFS97 Witk KEGG fRifis s /4 &
B, K 3 500 NFER A1 816 NFER o ATTEAL
SR IR RIR %1% (shikimate pathway) (& 7TA)TEN
(1) 238 AR . F AT A SR AT, DA A
RIS, GIFREFRIEAR ™ A By v | = ) —K
N PR (phenylpyruvate) e M SUEEEF T 425 PLA ;
MORINZAPRAATENS, TE%% 2 WAk T Az A P i
PR FEAE I S VE R 2B PLAPS L g i &
i FBFS97 f PLA HYA= W15 gk A2 UL 7B
244 BHEERSH

K¢ FBFS97 MY5LH 415 VFDB %dfs kA 7 HxoF
SIHTRW], (£ FBFS97 YRR 2 BeA L BT 45 )
K0, P AR AR AN - AR B R
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Biological process: A: Metabolic process (1 278)
B: Cellular process (983)
C: Localization (359)
D: Biological regulation (267)
60 E: Regulation of biological process (251)
F: Response to stimulus (114)
G: Cellular component organization or biogenesis (59)
1200 H: Signaling (48)
I: Multi-organism process (9)
J: Negative regulation of biological process (8)
K: Developmental process (7)
L: Locomotion (6)
M: Nitrogen utilization (4)
N: Detoxification (2)
O: Immune system process (2)
P: Carbohydrate utilization (1)
Q: Carbon utilization (1)
Cellular component: A: Membrane (464)
: Cell (304)
: Cell part (304)
: Membrane part (256)
: Protein-containing complex (132)
: Organelle (62)
: Organelle part (14)
Molecular function: A: Catalytic activity (1 340)

ABCDEFGHIJ KLMNOPQAB CDEFGJAB CDEF GHI + Transporter activity (238)

- - : Transcription regulator activity (128)
Biological process Cellular Molecular : Structural molecule activity (36)
component function

: Signal transducer activity (35)
G: Antioxidant activity (23)

H: Molecular function regulator (5)
I: Nutrient reservoir activity (1)

800 K

Number of genes
|
(98]
(=)
Percent of genes

400 1

OmMmgaOw

(=]
o

TmgOw

6 HETIEFEERITE FBFS97 B GO ThgeE %

Figure 6 Gene distribution based on gene ontology of Gluconacetobacter tumulisoli FBFS97

A :

| Phosphoenolpyruvate | |Erythrose 4-phospate|
¢/
| 3-deoxy-d-arabino-heptulosonate-7-phosphate |
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K. BIF¥IZ . Koo esaith s ses . Wik,
AR E S PLA — BLERFFE U . HRTRE
RERS ™ PLA M WS FLIRTE . NIRRT . it
5, FBFSO7 JEANWF 5T K& BLAYSE — 4K 1T 7= PLA (1)
R TR , T ) R G R T o0 Hr 4 vty 58 9 W
FFER o 3% SCHRIRTE , fald 0 o] LR 75 R 5 1
2 sk PLA =i, Horh LR T i A DG
RiBEK Z . B, FLERFFE (Lactobacillus spp.)LA
RN MY, 777 4E 50-300 mg/L WA
209 PLAP ) HRE PLA 7R KRR T AT
H1K) 400 mg/L

AW FE R 4 FE LI 7 5 3RS Tl s+
HEHEE AT 7 FBFS97 ML K21 7 S FnvE R A5
TIE] 3 500 M IRAG R, RIMATERIR G PLA
MFTA RN, JEHNAS 5] PLA A9 BORE .
Fioh, 5 VEDB JEHXT, 7E FBFS97 H5E K 41
R & BATART 58 07 TR AH G A R, e AT 322
BRARAS = A 8 2 (L B R 0 e MR 75 5 S 1ot
SRR S B i — IR S

WAk FBFS97 HAT H Kt — A i i oy, 3k
TAMSE PLA AW)E s ie DL SR DCIHE R Y &
B, SRFE TR, Sl T bR R, DI
HAbSZ B ik, AR R PLA BB R RRR
UEAFEA T 4R T R A4 A 3 5 PLA 7=,
1 PR 1 2L R I U AE K M FF B (Escherichia
coliy 23k, FFLARNERIR A5k, L PLA =i
K 17.23 /L, BESREEALR N 55.8%0Y, RiZEAN
A R O A s AR B SO AHON IR W 22 ol o
fRr= A PLA Y BAS D 5 , 3 LLR AT Tk Ak Az =
BT, AR FEYEH AR PLA &

SRR VEA TR 5 LAk , FOURE) L7 25 M S5 A X B
et o R RN E AL AR 7™ PLA ) AAB TR #k

3L - S S AT FBFS97 K A IR
77 PLA HUBSER T , FBFSO7 4 KL K 20 I 5 K2 43 bk
IR TR ARSE DR TR s B AR , o S R A58 I R
7= PLA B4 T HLEEZE ¢ S At
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