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M: Cell wall/membrane/envelope biogenesis

C:Energy production and conversion

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

F:Nucleotide transport and metabolism

G : Carbohydrate transport and metabolism

H: Coenzyme transport and metabolism

I: Lipid transport and metabolism

J:Translation, ribosomal structure and biogenesis

K: Transcription

L:Replication, recombination and repair

L M N O P Q R S T U V

N: Cell motility

0 : Posttranslational modification, protein turnover, chaperones
P:Inorganic ion transport and metabolism

Q:Secondary metabolites biosynthesis, transport and catabolism
R:General function prediction only

S:Function unknown

T:Signal transduction mechanisms

U : Intracellular trafficking, secretion, and vesicular transport

V:Defense mechanisms

B 1. LR FL Bk & KLDS4. 0325 45757 ORFs £ COG #4E BE B By T g 53 36
Figure 1. The functional classification of ORFs encoding by strain L. lactis KLDS4. 0325 in COG database.
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Table 1. Distribution of sugar transporters in the genomes of 10 strains Lactococcus lactis

Sugar Transporter KLDS
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Figures represents the copy number of coding gene of each enzyme.
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Table 2. Genes distribution of enzyme involving in the process of converted sugars into intermediate products of

glycolysis after they were transported into cell in the genomes of 10 strains Lactococcus lactis

Enzyme KLDS LLA LLK LLT LLS LLM LLN LLC LLR LLI
mannitol- -phosphate 5-dehydrogenase [EC:1.1.1.17] 1 1 1 1 1 1 1 1 1 1
1 -phosphofructokinase [EC:2. 7. 1. 56] /tagatose-6-phosphate kinase 1 1 1 1 1 1 1 1 0 1
fructose-bisphosphate aldolase, class I [EC:4.1.2.13] 1 1 1 1 1 1 1 1 1 1
fructose-bisphosphate aldolase, class I [EC:4.1.2.13] 1 1 1 1 1 1 1 1 1 1
triosephosphate isomerase (TiM  [EC:5.3.1.1] 1 1 1 1 1 1 1 1 1 1
triose kinase [EC 2.7.1.28] 0 0 0 0 0 0 0 0 0 0
mannose-6-phosphate isomerase [EC:5.3.1.8] 1 1 1 1 1 1 1 1 1 1
beta-fructofuranosidase /sucrase-6-phosphate hydrolase [EC:3.2.1.26] 1 - 1 1 1 - - - - -
6-phospho-beta-galactosidase / phospho-beta-galactosidase [3. 2. 1. 85] 1 - - - - - - 3 1 1
gluconokinase /gluconate kinase [EC:2.7.1.12] 1 1 1 1 1 1 1 1 1 1
6-phosphogluconate dehydrogenase [EC:1. 1. 1. 44] 2 2 2 2 2 2 1 2 2 2
ribulose-phosphate 3-epimerase [EC:5.1.3. 1] 1 1 1 1 1 2 2 2 1 1
transketolase [EC:2.2.1.1] 1 1 1 1 1 1 1 1 1
maltose phosphorylase [EC:2.4.1.8] 1 1 1 1 2 2 1 1 1 1
beta-galactosidase [EC:3.2.1.23] 1 1 2 1 0 0 0 0 0 0
galactokinase [EC:2.7. 1. 6] 1 1 2 1 1 1 1 1 1 1
UDPglucose-hexose-l phosphate uridylyltransferase [EC:2.7.7.12] 2 1 2 2 1 2 2 1 2 2
Figures represents the copy number of coding gene of each enzyme.
Extracellular Intracellular
| PTS
) Glycolytic Lactic
Translocator Enzymatic pathway dehydrogenase
Intermediate
Carbohydrate ABC products of Pyruvic acid lactic acid
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Figure 2. The process of LAB degrade extracellular sugar into lactic acid.
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Table 3. Distribution of enzymes involving in glycolytic pathway in the genomes of 10 strains Lactococcus lactis
Enzymes KLDS LLA LLK LLT LLS LLM LLN LLC LLR LLI
phosphoglucomutase [EC:5.4.2.2] 1 - - - - — — _ _ _

glucose- phosphate phosphodismutase [EC:2.7. 1. 4]

/glucosed -phosphatase [EC:3.1.3.10] /
hexokinase [EC:2.7.1.1] /glucokinase [EC:2.7.1.2]

/polyphosphate glucokinase [EC:2.7.1.63] 1
/ADP-dependent glucokinase [EC:2.7.1.147]

Aldosel -epimerase [EC:5. 1.3.3] 3
hexokinase [EC:2.7.1.1] /glucokinase [EC:2.7.1.2]
/polyphosphate glucokinase [EC:2.7.1.63] 1

/ADP-dependent glucokinase [EC:2.7.1.147]
glucose-6—phosphate 1-epimerase [EC:5.1.3.15]

/glucose-6—phosphate isomerase [EC:5.3.1.9]
fructose- , 6-bisphosphatase [EC:3.1.3.11]

/6-phosphofructokinase [EC:2.7.1.11] 2
/ ADP-dependent phosphofructokinase [EC:2. 7. 1. 146]
fructose-bisphosphate aldolase [EC:4.1.2.13] 1
triosephosphate isomerase (TIM) [EC:5.3.1.1] 1
glyceraldehyde 3-phosphate dehydrogenase [EC:1.2.1.12]
/glyceraldehyde-3 -phosphate dehydrogenase 2
(NAD(P)) [EC:1.2.1.59]

bisphosphoglycerate mutase [5. 4. 2. 4] 1
2,3-diphosphoglycerate phosphatase [3. 1. 3. 13] 1
Phosphoglycerate kinase [EC:2.7.2.3] 1

aldehyde : ferredoxin oxidoreductase [EC:1.2.7.5]/

glyceraldehyde-3 phosphate dehydrogenase

(ferredoxin  [EC1.2.7.6] / _

glyceraldehyde-3 phosphate dehydrogenase
(NADP [EC:1.2.1.9]

phosphoglycerate mutase [EC:5.4.2.11 ] 4
phosphopyruvate hydratase /enolase [4.2. 1. 11] 2
pyruvate kinase [EC:2.7.1.40] 1
L-actate dehydrogenase [EC:1.1.1.27] 5

1 1 1 1 1 1 1 1 1
2 3 4 2 1 1 1 1 3
1 2 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2
1 1 1 2 1 1 1 1 1
1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 1
1 1 1 1 1 1 1 1 1
3 3 1 4 4 4 3 3 3
1 2 2 2 2 2 2 2 2
1 2 1 1 1 1 1 1 1
3 3 3 3 3 1 4 4 1

Figures represents the copy number of coding gene of each enzyme.
N
N\

3 4k

A SC I 6 B bk KLDS4. 0325 347 4> 0 R 41
J7 B0 58 5 5 6k FEOBE ARG AH OC 3 R AT T IR Ay
Bro 459 KB, Pk KLDS4. 0325 J K 41 5% T
Bl 4 12 DA B AR J T )RR R B O AR E BN &
BOK. a5 HoE e e B og B FL R
FLER B AH L, B Bk KLDS4. 0325 i 56 PR 41 b fu 2
B2 5T AN M A W 2K W o s AR G G B Rk TR

LA LB A% b 18] 7 T L B R BT R
il 1) 2 o) ik D) dee AT IR . 5 A AR B B AR AR
HORR L AN O B I g 6 R DR R B DL R e & IR
D 0t » 7 Bk KLDS4. 0325 i 5k K~ £y i &
715 AT LUK 2 Bl A Bl S W) o Ak D R T AR O
Ao rp I 7 B 00 53 g T SR B B 1 L
LR A R A . AL Bk KLDS4. 0325 [ 31X Fif
A UL AT 22 iRl S8 W 5k AT 7 R K BE 0 D B B
g 5 2 B 1% J% 2 F 1 HEAT PR R KR L T PR
KA -



¥ Ipe 4 45

FLIR FL IR KLDS4. 0325 [y AQ I P S SUIR A2 9 45 i A2 10 LU AR /U 4 27 4R (2014) 54 (10)

1153

Z 25 3CHR

(1]

[2]

[3]

(4]

[5]

6]

[7]

8]

(9]

Dumbrepatil A, Adsul M, Chaudhari S, Khire J, Gokhale
D. Utilization of molasses sugar for lactic acid production
by Lactobacillus delbrueckii subsp. delbrueckii mutant Uc—
3 in batch fermentation. Applied and Environmental
Microbiology, 2008, 74 (1) : 333335.

Yu B, Su F, Wang L, Zhao B, Qin J, Ma C, Xu P, Ma
Y. Genome sequence of Lactobacillus rhamnosus strain
CASL, an efficient Ldactic acid producer from cheap
substrate cassava. Journal of Bacteriology, 2011, 193
(24) : 70137014,

Poolman B. Transporters and their roles in LAB cell
physiology. Antonie van Leeuwenhoek, 2002, 82 (1)
147164.
Aleksandrzak—Piekarczyk T, Polak J, Jezierska B,
Renault P, Bardowski J. Genetic characterization of the
CepA-dependent, cellobiosespecific ~ PTS  system
comprising CelB, PtcB and PitcA that transports lactose in
Lactococcus lactis 1L1403. International Journal of Food
Microbiology, 2011, 145 (1) : 186494.

AL, Thongaram T, Miller MJ. The PTS
transporters of Lactobacillus gasseri ATCC 33323. BMC
Microbiology, 2010, 10 (1) : 77-80.

Lorca GL, Barabote RD, Zlotopolski V, Tran C, Winnen

Francl

B, Hvorup RN, Stonestrom, A J, Nguyen, E, Huang, L
W, Kim, D S, Saier, MH Jr. Transport capabilities of
bacteria:

eleven genomic

1768

gram-positive comparative

analyses. Biochimica et Biophysica Acta, 2007,
(6) : 13421366.
Li J, Song D, Gu Q.

Lactobacillus

2008

Optimization of plantaricin
plantarum ZJ316. Acta

(6) 818-823.

production by
Microbiologica Sinica, (in
Chinese)

PR, RiKWE, BUE. M FUAT R Z2)316 27 4
.Y, 2008 (6) : 818-823.

Broadbent JR, Hughes JE, Welker DL, Tompkins TA,
Steele JL. Complete genome sequence for Lactobacillus
helveticus CNRZ 32, an industrial Cheese sarter and
cheese flavor adjunct. Genome Announcements, 2013, 1
(4) : e00590-3.
AleksandrzakPiekarczyk T, Koryszewska-Baginska A,
Bardowski J. Genome sequence of the probiotic strain

Lactobacillus rhamnosus ( Formerly Lactobacillus casei)

LOCK900. Genome Announcements, 2013, 1 (4)

(1ol

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

€00640-13.

Crowley S, Bottacini F, Mahony J, van Sinderen, D.
Complete genome sequence of Lactobacillus plantarum
Strain 16, a broad-spectrum antifungal-producing lactic
acid bacterium. Genome Announcements, 2013, 1 (4)
€0053343.

Stahl B, Barrangou R. Complete genome sequence of
probiotic strain Lactobacillus acidophilus La-4. Genome
Announcements, 2013, 1 (3) : e0037643.

Li X, Gu Q, Lou X, Zhang X, Song D, Shen L, Zhao

Y. Complete genome sequence of the probiotic
Laciobacillus  plantarum  strain  ZJ316. Genome
Announcements, 2013,1 (2) : e9413-3.

Yang XC, Wang Y, Huo GC. Complete genome sequence
of Lactococcus lactis subsp. lactis KLDS4. 0325. Genome

Announcements, 2013, 1 (6) : e00962-3.
Liu M. Comparative genomics of dairy lactic acid
bacteria: proto—cooperation,  proteolysis and flavour

formation. The doctoral dissertation of Radboud University
Nijmegen, 2010.

B B 25 AW Lactobacillus casei Zhang 4> 3 [X 40 7 51|
SR NG S TR A e S AN S T B i AR
3, 2010.

Zwahlen

Leong-Morgenthaler P, MC,

Hottinger H.
Lactose metabolism in Lactobacillus bulgaricus: analysis of
and

structure expression of the

1991, 173 (6)

the primary genes
involved. Journal of Bacteriology,
19514957.

Kim OB, Richter H, Zaunmuller T, Graf S, Unden G.
Role of secondary transporters and phosphotransferase
systems in glucose transport by Oenococcus oeni. Journal
of Bacteriology, 2011, 193 (24) : 6902-6911.
Djordjevic GM, Tchieu JH, Saier MJ. Genes involved in
control of galactose uptake in Lactobacillus brevis and
reconstitution of the regulatory system in Bacillus subtilis.
Journal of Bacteriology, 2001, 183 (10) : 3224-3236.
Wang L, Zhao B, Liu B, Yang C, Yu B, Li Q, Ma C,
Xu P, Ma Y. Efficient production of L-actic acid from
cassava powder by Lactobacillus rhamnosus. Bioresource
Technology, 2010, 101 (20) : 7895-7901.
Kleerebezemab M, Hols P, Hugenholtz J. Lactic acid
bacteria as a cell factory: rerouting of carbon metabolism
in Lactococcus lactis by metabolic engineering. Enzyme

and Microbial Technology, 2000, 26 (9) : 840-848.



1154 Xiaochun Yang et al. /Acta Microbiologica Sinica (2014) 54 (10)

Carbohydrate metabolism and lactic acid biosynthesis of
Lactococcus lactis subsp. lactis KLDS4. 0325

Xiaochun Yang, Yutang Wang, Ying Zhou, Xiaofeng Gao, Bailiang Li,
Guicheng Huo®

Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Heilongjiang Province, Harbin

150030, China

Abstract: [Objective] We aimed to study the carbohydrate metabolism and lactic acid biosynthesis of Lactococcus lactis
KLDS4.0325. [Methods] Whole genome shot gun strategy was used for genome sequencing of strain L. lactis KLDS 4.
0325. Then, using bioinformatics method, we compared a series of protein — coding genes involved in transporting
extracellular carbohydrate, sugar metabolism and lactic acid biosynthesis of strain L. lactis KLDS4. 0325 with other 9
reference strains. [Results] In L. lactis KLDS4.0325 genome, where possesses more key enzyme coding genes related to
the whole pathway of sugar metabolism than reference strains. [Conclusion] In gene level, therefore, strain L. lactis
KLDS4.0325 shows a remarkable characteristic by utilizing various sugar to produce lactic acid, is a lactic acid bacteria
with industrial potential of high yield L - lactic acid.

Keywords: Lactococcus lactics KLDS4. 0325, whole-genome sequencing, sugar transporters, sugar metabolism, lactic

acid biosynthesis, comparative analysis
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