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Lactiplantibacillus plantarum K9 is a probiotic strain that can be utilized from various bioactive sub-
stances isolated from Protaetia brevitarsis seulensis larvae. In this study, a genetic analysis of L.
plantarum K9 revealed the existence of a bacterial chromosome and three plasmids. The glycolysis
pathway and pentose phosphate pathway were examined for their normal functioning via an analysis
of the core metabolic pathways of L. plantarum K9. Since the key enzymes, fluctose-1,6-bisphospatase
(EC: 3.1.3.11) and 6-phosphogluconate dehydratase (EC: 4.2.1.12)/2-keto-deoxy-6-phosphogluconate
(KDPG) aldolase (EC: 4.2.1.55), of gluconeogenesis and the ED pathway were not identified from the
L. plantarum K9 genome, we suggest that gluconeogenesis and the ED pathway are not performed in
L. plantarum K9. Additionally, while some enzymes, related to fumarate and malate biosyntheses, involved
in the TCA cycle were identified from L. plantarum K9, the enzymes associated with the remaining
TCA cycle were absent, indicating that the TCA cycle cannot proceed. Meanwhile, based on our find-
ings, we propose that the oxidative electron transport system performs class IIB-type (bd-type) electron
transfer. In summary, we assert that L. plantarum K9 performs homolactic fermentation, executes
gluconeogenesis and the pentose phosphate pathway, and carries out energy metabolism through the
class IIB-type oxidative electron transport system. Therefore, we suggest that L. plantarum K9 has
relatively high lactic acid production, and that it has excellent antibacterial activity, as a result, com-
pared to other lactic acid bacterial strains. Moreover, we speculate that L. plantarum K9 has an oxida-
tive electron transport capability, indicating that it is highly resistant to oxygen and suggesting that
it has fine cultivation characteristics, which collectively make it highly suitable for use as a probiotic.
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) 711 HTH14-16]. 18 FBA FAA o]F &
< & BT ol olF Hel® FHAE MY
Ao #dgles 13E FIEIES st Zos A
Aok A2, HZHM ol Lactobacillus 4 2. ZF-E Lacti-

plantibacillus 4:°] BE=E B2 = Qo) o] F #F=
A==
=

2@ o

o Aol EAE] AEEHI d= AHITHS].

L. plantarum K9+ w¥lo] & oA £8d #FEH
A, dutolgl g o] 3, kel A A o
Hl w2 =7 YeltUnpublished data]. =3F, mucinoll 2
deo] B, A& WA AR o] F5g AoE
HEEH NS B ol ZEnlO]QE RN FF0] ¢
3 Ao 2 BF 5 A Unpublished data]. wetaA 2
TAAE o] fFAtdo] TELEFOEZN HEr|Ho=
EFE F A 7Fedol B3] WEe /A £4&
Tt A4 EHA

% 7=

TCA 329 47
#oz BRAL A HAY 5 U
AW RIS
NELE

L. plantarum K9-> w "] ZdUdlA &8 4228 =
A A4y FFolt). L plantarum K9S Ao B F2U
TFolm, MRS A == A oA 37C el A 1624
AZE afeFste] & dTtol ARgStth F=fAAR AR
B Lactiplantibacillus plantarum strain  SRCM100442-2
NCBI Genbank ZH-E] HoJH & &Hsto] & Ao A&
SFATHS]).

7oA F& 2 MY 24

Bacterial Genomic DNA Extraction Kit Ver.3.0 (TaKaRa
Korea, Seoul, Korea)= A3l f4tetoll A Al DNAE
213193, ©] DNAS DNA-Seq (DNA sequencing)ol] A}
&3t

7z A&l el F 5 pgol stolBe e 75< A8l A
=913, SMRTbell tolB& gl A=A A F (Pacific
Biosciences)©ll @&} SMRTbell™ Template Prep Kit 1.0 (PN
100-259-100) 2.2 FA =t iy 44 Zho]l 2222 Blue
Pippin Size A8 A 228l AR-8-3}o] SMRTbell §l&H <]
20 kb PIREO] 22 2ZbS A AEQAL, TAE 2ol Be
2] = Agilent 2100 Bioanalyzerol| 2|3 AZF ok AlEA
Zg}to]m 7} SMRTbell H1&3l0] o4 H & DNA &
& A~ DNA/Polymerase Binding Kit P65 AF-&3}o] &3
Aol AZAZH T 19 th& o] T A 4-SMRTbell-adap-
tor complex”} SMRT A XEol] = A Z Th SMRTbell 2}0]

BejE]= C4 3SHDNA A4 Aok 4.0)S A&t 170
9] SMRT ! (Pacific Biosciences)= AF-&-3l] Al A E
o1 PacBio RS II (Pacific Biosciences) Al#7] EWES
A8t 7k SMRT Ml o) tial 2408 52 A = At

L. plantarum K92 P6-C4 chemistry®ll &J3} &B]F AL
™ MagBead OneCellPerWell v1 Protocol (Insert Size 20kb,
movie time 1240 min)°] 2%-2 1712 SMRT A& A3t
o AFEAERNT B E dHE §F 117,132719] & &
=} 913,773,737/ 8] 714 A AT

de novo assembly

de novo assembly+= Quiver= consensus polish& 333}
= A=A As oAAEY ZZA 2(HGAP, Version 2.3)
HAAZE2FE st FREJT F8 As 27
3,244,413 bpol L B+ AW A= 199X 7] W&ol
WA O &S reads®t 37 7HA 71 oF 30X (487,589,278
bp) AT HIO]|AE 7|RESE AlF 70t 2/ 4 33
ATh. HGAP Z2A| 29 A3 ZgA ZZAAE=Z
3,037,359 bp N50 ZE] 19} 3244413 bp2] & FE] L Zo|
E 2ot HAEH o g, vrEgot Alwd FHAvEE
dutA o B YFH o] B E MUMmer 3.53)F AH&st 7t
FE|29] e E &213F3 manual genome closures ]3]
A AR B 5 stUE EW T

Annotations

Assembe® ZE]1°] FA FHA ZH
Glimmer v3.025 AFg3le] 2JEE A0 M 5 =4
(ORF)S A3it} )23 ORFE= & Fol the NCBI

|3t AAE ATt BLAST 279 11 S| EE A8}
Blast2GO &3 E g ofol] 93 GO F4{°] Z} ORFel &
St} T3 RNAmer 1.2 ¥ tRNAscan-SE 145 AF-8-3}F
2] B & RNASH g RNAE o =3t

CHEE MYl ASM 2N

A A8 FREZFE] ZRE Open reading frames
(ORFs)2] A X.= UniProt (https://www.uniprot.org/) S &3l
e AAE T3 UniProts B3l a0l &<l
H ORFs+= 574°] 95% o)de] A== Aol 34 st
g AR g4EH AASY EF34U.

{7} 9l &

THACQ SM 2N
L. plantarum K9 v+ 4 Jutolg) 2~ EAJo] 74t
S 2 UERETHdata not shown). ThEhA] B #3229 7]

5
WS 8 A BB L plantarum °VE 4TE

Boox



Ha 248 e Aol oA FHA 245 sttt
$AHo 2 Hx FAAE NCBIY 529 Lactiplantiba-

cillus plantarum SRCM100442 (formally Lactobacillus plan-
tarum SRCM100442)= Frote] EH o2 RE EaH ozl
2N 3,223,643 bp Aol B FEIE FAHF
ATHS5] £ =z 779 FAAE frote] oz RE
= o)zl #Folth SRCM100442+% ©Y FE|E &
A= WA L plantarum K9 & 471 ZE] 2 FAH
o] AATHTable 1). 5, K9+= 3 plasmid’} EA3= ASE
Uelgth & o s B Aol BRIl L planta-
rum NIBR97-2 Z X Z5E £ HAL, & 57 ZEH IR
TREHASH, K9 GAAL}E 99% ©)F AE Aol A=
Ao 7 Eytth(data not shown). K9 NIBR97-S <
Ao TIH= Aoz FAAHM, A HZ I WY
of FREAOE 7 o]Fo] YAH ] FFdel LT W3t
7} fiE Aow A9 w3 718 02 plasmid 171
7V 82 o]Fo] WAZ Aow HRIT

Table 1. Information of Lacticiplantarum plantarum K9 genome
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K99 ZE 1 1 EM A= circular FEREHA 3,022,717
bpsE TAEH, F 2,843 orsE T4 ATHTable 1).
Plasmid S 61,375-7,922 bpsZ T EH AL, 10-61 orse
PA3E 202 UEETE GC content= FE]TL 47F
34.46%= - A UERd dhdHel ZE 2 1 (AN
44.74%2 ZE) 1 490 B3t 103% Zfol & H G
o Uz ZE|TTES 39.22%9) 39.59% 2 F ZE 19
T AR @S FASHL UATE RNASH RNAE 93t
€ iAE 44 163 RN E BEF ZE I 19 235
A AT

Gene ontology 423}, biological component, cellular

i
oA 7_1,—7_11—

AT

Lo

O =

component, molecular component®] X35 =
3,685, 1,888, 2,1202 Y E}STH(Fig. 1). Biological compo-
nent -9l 4] metabolic process®l] Td3l= 247} 1,1230
Z 7 2-& dkH o)) detoxificationo] SA¥H 247} 171
2 7HE AA et o]9f 22 S o ATl A
gene ontologyES #2413+ A3 ZHE FASHA metabolic

Contig number Form Contig length (bps) GC content (%) CDS number rRNA number tRNA number
1 Circular 3,022,717 44.74 2,843 16 68
2 Circular 61,375 39.22 61 0 0
3 Circular 32,518 39.59 32 0 0
4 Linear 7,922 34.46 10 0 0
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Fig. 1. Gene ontology clustering in Lacticiplantarum plantarum KO.
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The X- and Y-axes indicate the identified number and related

protein, respectively. The upper and lower panels in left, and right panel mark the proteins related with biological process,

cellular process, and molecular function, respectively.
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process & detoxification®l] H#H 847 YEUYE A0
T ZETH6]. Cellular component®l] 93H QA= cell part
2 general cell function®l] AAH 82471 7+7; 48670 = 7}
& =2 ASE Ve Molecular componentol] 13-
84 T A catalytic activityol] JZE 847} 1,028/ =
2 molecular component®] 48%% U2 O Z To] =i

skt

=& (glycolytic pathway)n} EEZEHAMSIM (glu-
coneogenesis)

o o
(V)]
g

L. plantarum K92 3| F4A o] A& Edo] H
cose= 9| B ol W RZRE thefetA I35
T UE AR YT R &A= o EE B-sugar
PTS system EIIA componentol] &J3] 5= A2 H]
TH(Table 2). M| = WHEZE F4H o- =& B-sugare al-
dose 1-epimerase (EC:5.1.3.3) =+ glucose-6-phosphate iso-
merase (EC:5.3.1.9)° &3l J&H3ho] 7153 Aoz &
Z =] 1 TH(Table 2, data not shown). FF-FZ 4| <] SRCM
a-phosphoglucomutase (EC: 5.4.2.2)7} &A8}A] &o}A] Glu-
cose-1-phosphate 2 -E] Glucose-6-phosphate 2 1 &o] &7}

Table 2. Related enzymes with glycolytic pathway

Product Related enzyme EC number K9 SRCM
Gucose-6-phosphate a-Phosphoglucomutase 54.2.2 (0] X
B-Phosphoglucomutase 54.2.6 (6] o
Hexokinase 2.7.1.1 X X
Glucokinase 27.1.2 o (0]
Polyphosphate glucokinase 2.7.1.63 X X
ADP-dependent glucokinase 2.7.1.47 X X
Glucose-6-phosphate-1-epimerae 5.1.3.15 X X
Glucose-6-phosphate isomerase 53.1.9 (0] O
a-Sugar PTS system EIIA component 2.7.1.- (0] o
B-Sugar PTS system EIIA component 2.7.2.- (0] (0]
6-Phospho-beta-glucosidase 3.2.1.86 (6] o
Fructose-6-phosphate Glucose-6-phosphate isomerase 53.1.9 (6] o
Fructose-1,6-bisphosphate ATP-dependent 6-phosphofructokinase 2.7.1.11 (0] o
ADP-dependent phosphofructokinase/glucokinase 2.7.1.146 X X
Diphosphate-dependent phosphofructokinase 2.7.1.90 X X
Glyceraldehyde-3-phosphate Fructose-bisphosphate aldolase 4.1.2.13 (0] o
Triosephosphate isomerase 5.3.1.1 (0] o
Glycerate-1,3-bisphophate Glyceraldehyde 3-phosphate dehydrogenase 1.2.1.12 X o
(phosphorylating)
Glyceraldehyde-3-phosphate dehydrogenase 1.2.1.59 (0] X
Glycerate-3-phosphate Phosphoglycerate kinase 2.72.3 (6] o
Glyceraldehyde-3-phosphate dehydrogenase (NADP+) 1.2.1.9 X X
Glyceraldehyde-3-phosphate dehydrogenase (ferredoxin) 1.2.7.6 X X
Glyceraldehyde-3-phosphate dehydrogenase [NAD(P)+] 1.2.1.90 X X
Glycerate-2-phosphate 2,3-Bisphosphoglycerate-dependent phosphoglycerate 54.2.11 (0] o
mutase
2,3-Bisphosphoglycerate-independent phosphoglycerate 54.2.12 X X
mutase
Multiple inositol-polyphosphate phosphatase / 3.1.3.80 X X
2,3-bisphosphoglycerate 3-phosphatase
Phosphoenolpyruvate Enolase 4.2.1.11 (0] (¢}
Pyruvate Pyruvate kinase 2.7.1.40 (0] o
pyruvate, orthophosphate dikinase 2.7.9.1 X X
pyruvate, water dikinase 2.79.2 X X
2-Hydroxy-ethyl-ThPP Pyruvate dehydrogenase E1 component 1.2.4.1 (0] o
pyruvate decarboxylase 4.1.1.1 X X
S-Acetyl-dihydrolipoamide-E ~ Pyruvate dehydrogenase E1 component 1.2.4.1 (0] o
Acetyl-coA Dihydrolipoyllysine-residue acetyltransferase component 2.3.1.12 (0] X

of pyruvate dehydrogenase complex

*SRCM; Lactiplantibacillus plantarum strain SRCM100442 from NCBI Genbank (https://www.ncbi.nlm.nih.gov/)



53 Ao 2 YEETh meba o] 9o a-glucose EE
B-Glucose-6-phosphate 2 5-E] glucokinase (EC: 2.7.2.1) &=

+ glucose-6-phosphate isomerase (EC:5.3.1.9)° <]& A
HE Ao 2 YeETHT, 13].

Glucose-6-phosphate 2 F-E] Glycerate-3-bisphosphate 7}
A F FFA 5Y3 g47E0 o8 DAHAT
I3 Glycerate-1,3-bisphosphate?] & /d-2 K93} SRCM
2 Z}7}; glyceraldehyde-3-phosphate dehydrogenase (EC:1.2.
1.59)2} glyceraldehyde 3-phosphate dehydrogenase (pho-
sphorylating) (EC:1.2.1.12)°]l 2]l ¥ H = AL ZE e}
stk o] %ol pyruvate 7HA &= ELE TR Exol os)
TP A AT, SRCM2 acetyl-CoA2] FAJol THH pyr-
uvate dehydrogenase complex®] dihydrolipoyllysine-residue
acetyltransferase component (pyruvate dehydrogenase E2
component)’} EAJ3A] e ASE UEGTH whebA
SRCM2 T2 HF4HEE lactic acid¥t A4 0] 7Hs3HA|
TF K92 acetyl-coAE A8} TCA cycleZ o3& 4
A= HANA = e A2 YERSTE SRCMQ) lactic
acid L EE olv] & & L plantarum®] 58 &
RoFE= Aoz A= T19, 20].

ZEFAA <

12

0::

A2 FHANA HoAA = TaT o
- ;z]. glucose?/] @-H o] 217}(3;(4 o7 Al /%J
A2 fructose-1,6-bisphoshatae”} EA|3}2] &=
AR BV A2 & Ve TH(Table 3). 2214 glu-
cose-6-phosphate isomeraseE %3l fructose-6-phosphate =
HE AolHAY 718t vFol &l 24
Zo] AFE F s AR BRIt o] FAH glucose=

o] g} 5

St Gt = 7

o Fo"

TEE -

Table 3. Related enzymes with gluconeogenesis
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oA o X o2 &&= A UDP-glucose, UDP-N-ace-
tyl-galactosamine, UDP-N-acetyl-glucosamine *+ UDP-
galactose 522 712+ extracellular polysaccharide (EPS)
£ FHste 7980 He ZoE F4dnh

PPP2t ED pathway

Pentose phosphate pathway (PPP)= NADPH, 5&% H
ribose5-phosphate®] A4 43-& 93] ~HHTH3, 4]. PPPY &
1H2- olucose-6-phosphate 2 5-E] glucono-1,5-lactone-6-pho-
sphate®} gluconate-6-phosphates 2t} A A3 3= glucose-6-
phosphate 1-dehydrogenase (EC:1.1.1.49)$} 6-phosphogluco-
nolactonase (EC:3.1.1.31)°ll &J3l] 13 =] I TH(Table 4). ]
& A% A9l transketolase (EC:2.2.1.1)2} transaldolase
(EC:2.2.1.2)° ]3] fructose-6-phosphate2} glyceraldehyde-
3-phosphate2 H&EH = Ao Z Yelyt. maba] Kot
SRCM X% pentose phosphate pathwayS E3l =2 AJ4ko]
7 ¥ Ao® YEET

Entner-Doudoroff (ED) pathway+ 337 2 Z+ PPPY]
TIAREN, IFFAE, THEFY, AT
Ht}2, 8]. ED pathway®] E©] &4 6-phosphogluconate
dehydratase (EC: 4.2.1.12)%} 2-keto-deoxy-6-phosphogluconate
(KDPG) aldolase (EC: 4.2.1.55)°]| A%, Y A= Lu3EI
EZAUAL 450 FHTH2]. K9 SRCM2 =5 ED
pathway®] 4 FAQ 6-phosphogluconate dehydratase
(EC: 4.2.1.12)%} 2-keto-deoxy-6-phosphogluconate (KDPG)
aldolase (EC: 4.2.1.55)7} Ao] 5o} I tH(Table 5). 3,
ED pathway°ll 8= & tFEe G471 Ao Ho e

Product

Related enzyme

EC number K9 SRCM

Phosphenol-pyruvate

Glycerate-2-phosphate Enolase

2,3-Bisphosphoglycerate-dependent phosphoglycerate mutase
2,3-Bisphosphoglycerate-independent phosphoglycerate mutase

Glycerate-1,3-bisphophate Phosphoglycerate kinase

2,3-Bisphosphoglycerate-dependent phosphoglycerate mutase
2,3-Bisphosphoglycerate-dependent phosphoglycerate mutase
Glyceraldehyde 3-phosphate dehydrogenase (phosphorylating)
Glyceraldehyde-3-phosphate dehydrogenase
Fructose-bisphosphate aldolase

Fructose-1,6-bisphosphatase I

Diphosphate-dependent phosphofructokinase
Glucose-6-phosphate isomerase

Glucose-6-phosphate isomerase

Glyceraldehyde-3-phosphate

Fructose-1,6-bisphosphate
Fructose-6-phosphate

Gucose-6-phosphate
Gucose-1-phosphate a-Phosphoglucomutase

B-Phosphoglucomutase

Pyruvate, orthophosphate dikinase

Pyruvate, water dikinase or phosphoenolpyruvate synthase
Phosphoenolpyruvate carboxykinase (GTP)
Phosphoenolpyruvate carboxykinase (ATP)

2.79.1 X X
2.79.2 (6] O
4.1.1.32 X X
4.1.1.49 (6] o
4.2.1.11 (6] o
5.4.2.11 (6] o
5.42.12 X X
2723 (6] o
54211 (6] X
5424 (6] o
1.2.1.12 X o
1.2.1.59 (6] X
4.1.2.13 (6] o
3.1.3.11 X X
2.7.1.90 X X
53.19 (6] o
53.1.9 (6] o
5422 (6] X
54.2.6 (6] o
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Table 4. Related enzymes with pentose phosphate pathway

Product Related enzyme EC number K9 SRCM
D-glucono-1,5-lactone Glucose 1-dehydrogenase 1 1.1.1.47 (0] X
Glucose oxidase 1.1.3.4 X X
Glucose oxidase 1.1.3.5 X X
Glucose/galactose 1-dehydrogenase (NADP+) 1.1.1.360 X X
Aldose 1-dehydrogenase (NAD(P)+) 1.1.1359 X X
Glucose 1-dehydrogenase (FAD, quinone) 1.1.5.9 X X
Quinoprotein glucose dehydrogenase 1.1.5.2 X X
D-Gluconate Gluconolactonase 3.1.1.17 X X
Gluconate 2-dehydrogenase alpha chain 1.1.99.3 X X
Gglyoxylate/hydroxypyruvate/2-ketogluconate reductase 1.1.1.215 X X
Dehydrogluconokinase 2.7.1.13 X X
D-Gluconate-6-phospate ~ Phosphogluconate 2-dehydrogenase 1.1.1.43 X X
Gluconokinase 2.7.1.12 X X
Hexose-6-phosphate dehydrogenase 1.1.1.47 X X
Glucose-6-phosphate isomerase 53.1.9 (6] o
Glucose-6-phosphate 1-dehydrogenase 1.1.1.49 (0] o
Glucose-6-phosphate 1-dehydrogenase 1.1.1.363 (6] o
NAD+ dependent glucose-6-phosphate dehydrogenase 1.1.1.388 X X
6-Phosphogluconolactonase 3.1.1.31 (0] o
D-Ribulose-5-phosphate ~ 6-Phosphogluconate dehydrogenase 1.1.1.44 (0] o
6-Phosphogluconate dehydrogenase, NAD(+)-dependent, 1.1.1.343 (0] o
decarboxylating
6-Phospho-3-hexuloisomerase 5.3.1.27 X X
3-Hexulose-6-phosphate synthase 4.1.2.43 (0] X
Transketolase 2.2.1.1 (6} 0]
Ribulose-phosphate 3-epimerase 5.1.3.1 (6] o
D-Xylulose-5-phosphate ~ Ribulose-phosphate 3-epimerase 5.1.3.1 (0] o
Transketolase 2.2.1.1 (0] o
D-Ribose-5-phosphate Ribose-5-phosphate isomerase A 5.3.1.6 (0] o
Transketolase 22.1.1 (6] o
Ribokinase 2.7.1.15 (0] o
Phosphopentomutase 54.2.7 X X
Phosphoglucomutase 5422 X X
Ribose-phosphate pyrophosphokinase 2.7.6.1 (0] o
D-Sedo-heptulose-7- Transketolase 22.1.1 (6] o
phosphate Transaldolase 2212 (0] o
D-Fructose-6-Phosphate ~ Glucose-6-phosphate isomerase 53.1.9 (0] o
6-phospho-3-hexuloisomerase 5.3.1.27 X X
Transketolase 22.1.1 (6] o
Transaldolase 2212 (6] o
D-Glyceraldehyde-3- Transketolase 2.2.1.1 (0] o
phosphate Transaldolase 22.1.2 (6] o
Aoz Yepstr] wjZol] F #Fol A= ED pathway7} I AN, YA BAES BT AoE ZoE Yy
A 7S FRT S e AR AHUT CHTable 6). & ATolA 48 TF52 o) ATolA

ehsl
ebd A7 YA lactic acid

TCA =|Z=9 MAIHEH YEFETH19, 20]. F o5 Abololl AFo]H 2 K9°l ace-

TCA 3 2& oA kel AFHQ BAEZE2H FFH tyl-CoA77}7\] Ago] 7hsd Ao R o] %o Tk FTEe]
glucose®] ¢ 4tstE 93] H4Zd 8 4ES X3t S-S Fo ]"‘ Ro 7 rnelth watA L. plantarum®)
ATk K93 SRCM2 TCA 3|29 4 FA4RHS B {3t T LESTE ERY HEH dAHE Aoz A=
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Product Related enzyme EC number K9 SRCM
D-glucono-1,5-lactone Glucose 1-dehydrogenase 1 1.1.1.47 o X
Glucose oxidase 1.1.3.4 X X
Glucose oxidase 1.1.3.5 X X
Glucose/galactose 1-dehydrogenase (NADP+) 1.1.1.360 X X
Aldose 1-dehydrogenase (NAD(P)+) 1.1.1359 X X
Glucose 1-dehydrogenase (FAD, quinone) 1.1.5.9 X X
Quinoprotein glucose dehydrogenase 1.1.5.2 X X
D-Gluconate Gluconolactonase 3.1.1.17 X X
Gluconate 2-dehydrogenase alpha chain 1.1.99.3 X X
Glyoxylate/hydroxypyruvate/2-ketogluconate reductase 1.1.1.215 X X
Dehydrogluconokinase 2.7.1.13 X X
2-Dehydro-3-deoxy- Gluconate dehydratase 4.2.1.39 X X
D-gluconate Gluconate/galactonate dehydratase 4.2.1.40 X X
2-Dehydro-3-deoxy-phosphogluconate/2-dehydro-3-Deoxy-6- 4.1.2.55 X X
phosphogalactonate aldolase
2-Dehydro-3-deoxy-D-gluconate aldolase 4.1.2.51 X X
Glucosaminate ammonia-lyase 43.19 X X
D-Glyceraldehyde 2-Dehydro-3-deoxy-phosphogluconate/2-dehydro-3-deoxy-6- 4.1.2.55 X X
phosphogalactonate aldolase
2-Dehydro-3-deoxy-D-gluconate aldolase 4.1.2.51 X X
Glycerate Glyceraldehyde dehydrogenase large subunit 1.2.99.8 X X
D-Glyceraldehyde dehydrogenase (NADP+) 1.2.1.89 X X
Aldehyde:ferredoxin oxidoreductase 1.2.7.5 X X
Glycerate--phosphate Glycerate 2-kinase 2.7.1.165 o o
2-Dehydro-3-deoxy-D- Phosphogluconate dehydratase 42.1.12 X X
gluconate-6-Phosphate 2-Dehydro-3-deoxygluconokinase 2.7.1.45 X X
2-Dehydro-3-deoxygluconokinase / 2-dehydro-3- 2.7.1.178 X X
deoxygalactonokinase
D-Glucosaminate PTS system EIIA component 2.7.1.203 X X
D-Glucosaminate-6-phosphate ammonia-lyase 4.3.1.29 X X
D-Glyceraldehyde-3- 2-Dehydro-3-deoxyphosphogluconate aldolase / 4.1.2.14 X X
phosphate (4S)-4-hydroxy-2-oxoglutarate aldolase
2-Dehydro-3-deoxy-phosphogluconate/2-dehydro-3-deoxy-6- 4.1.2.55 X X
phosphogalactonate aldolase
Glycerate-3-phosphate Glyceraldehyde-3-phosphate dehydrogenase (NADP+) 1.2.1.9 X X
Glyceraldehyde-3-phosphate dehydrogenase (NAD(P)+) 1.2.1.90 X X

tH19, 20].

2kskA M2 DA Al 2" el A, K9 NADH dehydro-
genase complex 13} Cytochrome reductase complex 1Vl ¢4
#E 84S BA3ta e 22 YESTH Complex
I9l= NADH-quinone oxidoreductase subunit A%} B 2
ADH:quinone reductase (non-electrogenic)”} <4)| $1 TH(Table
7). 181} SRCMel= ADH:quinone reductase (non-electro-
genic)7Ho] EAsl= AL E YENG T Complex IVl
cytochrome o ubiquinol oxidase subunit I & cytochrome bd
ubiquinol oxidase subunit I3} 117} K90l &3t} 121}
SRCM ]| &= cytochrome bd ubiquinol oxidase subunit 13} 11
gho] EAshs Aoz YEst HFH o= Ay A4
2 F-type H+/Na+-transporting ATPase®l] &]&l === A

o= FAHHEL o9 22 AFNE & v, Anraku Tl ]3]
AAE vre} Zol[1], K9 2 SRCM<2 class 1B EF(bd-
type)o] AALAGAI~ES HA3 A 02 A o= thFig. 2).

ol4e] AxE Fgs) B, KoL v Eo} FAA) 9
o 3 plasmidE R -3}, lactic acid S YL E, TE=F4AY
4, PPP 52 7 stAINL EDS}F TCA 3| 2& E716¢
Ao 2 YetEth Abstd 214 E2 class [IB EFY(bd-
type)ell 93] FAEE AR Ao}
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Table 6. Related enzymes with TCA cycle

Product Related enzyme EC number K9 SRCM
Citrate Citrate synthase 2331 X X
ATP citrate (pro-S)-lyase 2.3.3.8 X X
Cis-aconitate Citrat.e (Re)-synthase 2333 X X
Isocitrate Acon%tate hydratase 4213 X X
Oxalosuceinate Aco%ntate hydratase 42.13 X X
2-Oxoglutarate Isocitrate dehydrogenase 1.1.1.42 X X
Isocitrate dehydrogenase 1.1.1.42 X X
Isocitrate dehydrogenase (NAD+) 1.1.1.41 X X
3-Carboxy-1-hydroxypropyl-ThPP [socitrate--homoisocitrate dehydrogenase 1.1.1.286 X X
S-Succinyl-dihydrolipoamide-E 2-Oxoglutarate dehydrogenase E1 component 1.2.4.2 X X
Succinyl-CoA 2-Oxoglutarate dehydrogenase E1 component 1.2.4.2 X X
2-Oxoglutarate dehydrogenase E2 component 2.3.1.61 X X

. (dihydrolipoamide succinyltransferase)
Succinate . .
Succinyl-CoA synthetase alpha subunit 6.2.1.4 X X
Succinyl-CoA synthetase alpha subunit 6.2.1.5 X X
Fumarate Succinyl-CoA:acetate CoA-transferase 2.8.3.18 X X
Succinate dehydrogenase (ubiquinone) flavoprotein subunit 1.3.5.1 X X
Malate Fumarate reductase (cytochrome) 1324 o X
Oxaloacetate Fumarate hydratase class II 42.1.2 (¢} (0]
Malate dehydrogenase 1.1.1.37 X (0]
Malate dehydrogenase (quinone) 1.1.5.4 X X
SleAh?/lc_i{rogenase E— Ubiqﬁinone I —> |Cyt C complex I

Succinate
dehydrogenase

v
bd complex <—| aa3 quinol oxidase

Fig. 2. Prediction of oxidative electron transport system in Lacticiplantarum plantarum K9. Red arrows indicate class IIB type

(bd-type) electron transport system. bcl complex; cytochrome bd ubiquinol oxidase subunit I and II, Cyt C complex;
cytochrome ¢ oxidase complex, aa3 quinol oxidase; cytochrome aa3-type oxidase, bd complex; cytochrome bd ubiquinol

oxidase complex.
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Table 7. Related enzymes with oxidative phosphorylation
Product Related enzyme EC number K9 SRCM
NADH-quinone oxidoreductase subunit A 7.1.1.2 (0) X
NADH-quinone oxidoreductase subunit B 7.1.1.2 (0) X
NADH-quinone oxidoreductase subunit C 7.1.1.2 X X
NADH-quinone oxidoreductase subunit D 7.1.1.2 X X
NADH-quinone oxidoreductase subunit E 7.1.1.2 X X
NADH-quinone oxidoreductase subunit F 7.1.1.2 X X
NADH-quinone oxidoreductase subunit G 7.1.1.2 X X
Complex 1 NADH-quinone oxidoreductase subunit H 7.1.1.2 X X
NADH-quinone oxidoreductase subunit I 7.1.1.2 X X
NADH-quinone oxidoreductase subunit J 7.1.1.2 X X
NADH-quinone oxidoreductase subunit K 7.1.1.2 X X
NADH-quinone oxidoreductase subunit L 7.1.1.2 X X
NADH-quinone oxidoreductase subunit M 7.1.1.2 X X
NADH-quinone oxidoreductase subunit N 7.1.1.2 X X
ADH:quinone reductase (non-electrogenic) 1.6.5.9 o O
Succinate dehydrogenase cytochrome b subunit X X
Succinate dehydrogenase membrane anchor subunit X X
Succinate dehydrogenase flavoprotein subunit 1.3.5.1 X X
Complex 11 . . .
Succinate dehydrogenase iron-sulfur subunit 1.3.5.1 X X
Succinate dehydrogenase subunit C X X
Succinate dehydrogenase subunit D X X
Ubiquinol-cytochrome ¢ reductase iron-sulfur subunit 7.1.1.8 X X
Ubiquinol-cytochrome ¢ reductase cytochrome b/cl subunit X X
Ubiquinol-cytochrome ¢ reductase core subunit 1 X X
Ubiquinol-cytochrome ¢ reductase core subunit 2 X X
Complex IIT Ubiquinol-cytochrome ¢ reductase subunit 6 X X
Ubiquinol-cytochrome ¢ reductase subunit 7 X X
Ubiquinol-cytochrome ¢ reductase subunit 8 X X
Ubiquinol-cytochrome ¢ reductase subunit 9 X X
Ubiquinol-cytochrome ¢ reductase subunit 10 X X
Heme o synthase 2.5.1.141 X X
Cytochrome o ubiquinol oxidase subunit IV 7.1.1.3 X X
Cytochrome o ubiquinol oxidase subunit I 7.1.1.3 (0] X
Cytochrome o ubiquinol oxidase subunit II 7.1.1.3 X X
Cytochrome ¢ oxidase subunit IV 7.1.1.9 X X
Cytochrome ¢ oxidase subunit III 7.1.1.9 X X
Cytochrome ¢ oxidase subunit | 7.1.1.9 X X
Cytochrome ¢ oxidase subunit II 7.1.1.10 X X
Cytochrome aa3-600 menaquinol oxidase subunit IV 7.1.1.5 X X
Cytochrome aa3-600 menaquinol oxidase subunit III 7.1.1.5 X X
Cytochrome aa3-600 menaquinol oxidase subunit I 7.1.1.5 X X
Complex IV Cytochrome aa3-600 menaquinol oxidase subunit II 7.1.1.5 X X
Cytochrome aa3-type oxidase subunit SoxD X X
Cytochrome aa3-type oxidase subunit III X X
Cytochrome aa3-type oxidase subunit [ 7.1.1.4 X X
Cytochrome aa3-type oxidase subunit II 7.1.1.4 X X
Cytochrome c¢ oxidase cbb3-type subunit I 7.1.1.9 X X
Cytochrome ¢ oxidase cbb3-type subunit II X X
Cytochrome ¢ oxidase cbb3-type subunit IV X X
Cytochrome ¢ oxidase cbb3-type subunit III X X
Cytochrome bd ubiquinol oxidase subunit I 7.1.1.7 o (¢
Cytochrome bd ubiquinol oxidase subunit II 7.1.1.7 o (¢
Cytochrome bd-I ubiquinol oxidase subunit X 7.1.1.7 X X
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Table 7. Continued

Product Related enzyme

EC number K9 SRCM

ATPase
ATPase
ATPase
ATPase
ATPase
ATPase

F-type
F-type
F-type
F-type
F-type
F-type

H+/Na+-transporting
H+/Na+-transporting
H+/Na+-transporting
H+/Na+-transporting
H+/Na+-transporting
H+/Na+-transporting
F-type H+/Na+-transporting ATPase
F-type H+/Na+-transporting ATPase
V/A-type H+/Na+-transporting ATPase
V/A-type H+/Na+-transporting ATPase
V/A-type H+/Na+-transporting ATPase
V/A-type H+/Nat-transporting ATPase
V/A-type H+/Nat-transporting ATPase
V/A-type H+/Na+-transporting ATPase
V/A-type H+/Na+-transporting ATPase
V/A-type H+/Na+-transporting ATPase
Cation transporting P-type ATPase

Complex V

subunit
subunit
subunit
subunit
subunit
subunit a
subunit
subunit ¢

b

subunit
subunit
subunit
subunit
subunit
subunit
subunit
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alpha
beta
gamma
delta
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~
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