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Abstract: [Objective] The aim of this study was to describe carbon metabolic characteristics and
regulation mechanisms of Lactobacillus casei strain at the genome-level. [Methods] Pathway Tools,
based on BioCyc and MetaCyc database, was used for genome-wide level of carbon metabolism
comparative analysis of 12A and other 7 L. casei strains published complete genome sequences.
[Results] Nine sugars could be transferred and metabolized by L. casei 12A inside cells. Various
oligosaccharides and polysaccharides could be hydrolyzed into galactose and glucose by strain 12A
outside cells. In particular, strain 12A could generate ethanol and its by-products through heterolactic
fermentation and mixed acid fermentation pathways. [Conclusion] L. casei 12A can metabolize
multiple types of carbohydrate, thus the choice of its fermentation substrates is broad. And strain 12A
can be used as a specific strain for industrial ethanol production. In addition, it is reliable that
comparative genomics is used for analyzing and establishing relationship between genetic structure and
bacterial metabolic capability.
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Table 1 Substrates transported by transporters of L. casei strains

- LI

ezt L. casei

Transporters 12A W56 BD-I BL23 LC2W  LOCK919 Zhang ATCC 334
Hexose D-glucose

D-glucose-6-phosphate

D-glucopyranose-6-phosphate

a-D-glucose-6-phosphate

B-D-glucose-6-phosphate

D-gluconate

D-glucosamine-6-phosphate

D-glucosaminate-6-phosphate - - - - - -

Aldehydo-D-glucose-6-phosphate - - - - - -

6-Phospho-B-D-glucosy-1-(1,4)-D-
glucose

Fructose

Fructose-1-phosphate = _
D-fructofuranose-1-phosphate —
D-fructopyranose-1-phosphate = - - - —
a-D-fructofuranose-1-phosphate = - - - - _
a-D-fructopyranose- 1-phosphate = = - - — -
B-D-fructopyranose- 1-phosphate = - - . = —
Keto-D-fructose-1-phosphate = - - = _ _
D-galactose-6-phosphate - -

B-D-galactose

B-D-galactose-6-phosphate - = - - — _
Aldehydo-D-galactose-6-phosphate  — = = - - — =
Galactitol-1-phosphate - - — = _ _
Sorbose

L-sorbose-1-phosphate = - = = - —
L-sorbofuranose-1-phosphate = - - - -
L-sorbopyranose-1-phosphate = - - — _
a-L-sorbofuranose-1-phosphate = - - = _ _
a-L-sorbopyranose-1-phosphate - - - - = _
B-L-sorbofuranose-1-phosphate - - = _ _ _
B-L-sorbopyranose-1-phosphate = - - = _ _

http://journals.im.ac.cn/wswxtbcn
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(Zi5%)
D-mannose
D-mannose-6-phosphate
D-mannopyranose-6-phosphate
a-D-mannose-6-phosphate - -
-D-mannose-6-phosphate - - - - -
Aldehydo-D-mannose-6-phosphate = = = = = =
Mannitol-1-phosphate =
Pentose D-xylose
a-D-xylopyranose = = = = =
a-L-arabinopyranose = = = = =
D-ribose
B-D-ribopyranose - -
Disaccharide Maltose
Maltose-6-phosphate = = = =
Mannitol-1-phosphate = = = = = =
Lactose - - - -
Lactose-6-phosphate =
B-lactose-6-phosphate = = = = = =
Trehalose - - -
Trehalose-6-phosphate
D-trehalose-6-phosphate
a,B-trehalose-6-phosphate = = = = = =
Chitobiose-6-phosphate = = = = = =
a-chitobiose-6-phosphate = = = = = =
B-chitobiose-6-phosphate = = = = = =
Cellobiose
D-cellobiose-6-phosphate
a-D-cellobiose-6-phosphate - - - - - -
Sucrose
Sucrose-6-phosphate
Melibiose

Polysaccharide  Lichenin
e - JoMiEE A,

Note: —: No transporter.
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Table 2 Carbohydrate degradation pathways of L. casei strains

A e

Pathways

12A° W56

(1,4)-B-xylan degradation

2'-deoxy-a-D-ribose-1-phosphate degradation
2-O-a-mannosyl-D-glycerate degradation

Chitin degradation IT +
D-mannose degradation +

Entner-Doudoroff pathway I

Fructose degradation 4
Galactose degradation I (Leloir pathway) +
Galactose degradation I1I +
Gellan degradation

Glucose and glucose-1-phosphate degradation ok
Glycogen degradation I +
Glycogen degradation II +

THEFUAT R
L. casei
BD-II BL23 LC2W LOCK919 Zhang ATCC 334
+ + +
+ + + + + +
+ + +
+
+ + + +
+ + + +
+ +
+ + + + + +
+
+
+ + + + + +
+ + + + + +
(FF48)
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L-sorbose degradation

Lactose and galactose degradation I A A 1= h

Lactose degradation II1 A A +

Maltose degradation “F “F +

Melibiose degradation 4 “F “F + +

Ribose degradation 4 + 4+

Stachyose degradation +

Sucrose degradation I 4 A A + +

Trehalose degradation I (low osmolarity) 4 A A “F 4

Trehalose degradation IV ot

Xylose degradation I ot

(R)-acetoin biosynthesis II + + + + +

2-Oxoglutarate decarboxylation to Succinyl-CoA 4 A A + +

2-Oxoisovalerate decarboxylation to Isobutanoyl-CoA 1=

Entner-Doudoroft pathway I 4 + +

Glutamate degradation V (via hydroxyglutarate) ats ot

Glycerol-3-phosphate shuttle ats ot ot

Glycolysis I 4 + + + +

Glycolysis III (glucokinase) +

Glycolysis VI (metazoan) +

Heterolactic fermentation 4 A A 1= h

Mixed acid fermentation 4 A A 1= h

NADH to cytochrome bd oxidase electron transfer +

Pentose phosphate pathway (non-oxidative branch) 4 4 4 + +

Pentose phosphate pathway (oxidative branch) 4 A A + +

Pentose phosphate pathway (partial) 4 1=

Pyruvate decarboxylation to acetyl CoA 4 A +

Pyruvate fermentation to acetate 11 4 4 +

Pyruvate fermentation to butanoate 4 A A +

Pyruvate fermentation to ethanol | 4 A A + +

Pyruvate fermentation to ethanol 11 + +

Pyruvate fermentation to ethanol 111 4 +

Pyruvate fermentation to lactate 4 A A 1= +

Pyruvate oxidation pathway 4 A A 1= h

Respiration (anaerobic) 4 A + +

TCA cycle I (prokaryotic) 4 A 1= h

Note: +: Have pathway.

http://journals.im.ac.cn/wswxtbcn



322

A=Yy~ 8 Microbiol. China

2015, Vol.42, No.2

#3 TEAFE 12A AEABK L SYF A RE
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Table 3 Intracellular carbohydrate utilization of L.
casei 12A as determined by in vivo experiments
RIS IR k|
Carbohydrate In vivo Model
D-glucose 4 4
D-fructose + +
D-galactose + +
D-maltose + +
D-mannose + +
D-ribose + +
Lactose + +
Sucrose + +
Trehalose + +

Note: +: Growth in the presence of the carbohydrate.

Fructose LCAI2A_1677 Glucose
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3.1.3.11

LCA12A_0958
LCA12A 2393

LCA12A_2585
LCA12A_2602
LCA12A 2444
LCAI2AZ0388
LCA12A0448
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Figure 2 The ethanol production pathways of L. casei 12A
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