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Abstract: Intestinal microflora homeostasis plays a crucial role in maintaining human health.
As a guard of the natural intestinal microflora, probiotics improve the microecological balance
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in the host. Lactobacillus is a representative of intestinal probiotics. The exopolysaccharide
(EPS) synthesized by Lactobacillus can optimize the intestinal microecology by promoting the
growth of other probiotics in the intestine. Moreover, EPS is praised for anti-tumor,
antioxidant, cholesterol-lowering, blood pressure-lowering, and immunity-enhancing activities.

This article reviews the

research progress

in the genetics, biological activities,

structure-activity relationship of Lactobacillus EPS in recent years.

Keywords: Lactobacillus;
structure-activity relationship
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Figure 1 Lactobacillus extracellular polysaccharide synthesis gene cluster . A: Genes with different
functions are annotated with arrows of different colors. B: Synthesis of extracellular polysaccharides through
the Wzx/Wzy pathway. Different sugar substrates are represented by circles of different colors, Wzx and Wzy
are represented by pore and elliptical, while glycosyltransferase is represented by a crescent.
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#z1 ITFEERNHIZEBEES BTSN
Table 1

Common repeat unit structures of homopolysaccharide glycans in Lactobacillus

EPS Strain Molecular weight ~ Linkage References

a-D-glucan Lactobacillus johnsonii F19785 Unknown a-D-Glep(1—2)/(1—6) [36]
Lactobacillus. plantarum CIDCA 8327  Unknown a-D-Glep(1—3)/(1—4) [37]
Lactobacillus brevisE25 Unknown a-D-Glep (1—6) [38]
Lactobacillus sakei MN1 1.74x10% Da a-D-Glep (1—6) [39]

Glucan Lactobacillus diolivorans G-77 Unknown a-D-Glep(1—2)/B-D-Glep(1—6) [40]

B-D-glucan Lactobacillus suebicus CUPV221 10*-10” Da B-D-Glep(1—3) [41]
Lactobacillus brevisTMW 1.2112 Unknown B-pD-Glep(1—3)/(1-2) [42]
Lactobacillus diolivorans G-77, Unknown B-D-Glep(1—2)/(1—-3) [40]
Lactobacillus ethanolidurans CUPV 141

Fructan Lactobacillus reuteri strain 121 1.5x10° & 2x10° Da B-D-Fruf(2—6) [43]
Lactobacillus. reuteri strain 121 >10" Da B-D-Fruf(2—1) [44]
Lactobacillus reuteri LTH 54438, Unknown B-D-Fruf(1—6) [45]
Lactobacillus sanfranciscensis LTH 2590

Mannan Lactobacillus crispatus L1 Unknown a-D-Manp-(1—2)/(1—6)/(1—3) [36]

Galactan | actobacillus mucosae VG1 Unknown a-D-Gal(1—6)/p-D-Gal(1—3)/(1—6) [46]
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Figure 2 Common homoglycan repeat unit structures in Lactobacillus*). Blue circle represents glucose,
yellow circle represents galactose, green circle represents mannose, and green pentagon represents fructose.
The shaded portion is a repeat of the partial structure in the glycan unit structure.
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Figure 3 Structure of heteropolysaccharide repeat units in Lactobacillus*”’ (HePS mainly composed of
glucose and galactose as basic monosaccharides).
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1=R—Pyr
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Lactobacillus casei YIT 9018 Lactobacillus casei LC2W

Lactobacillus acidophilus sp. 5e2 Lactobacillus acidophilus DSM 20079  Lactobacillus animalis/murinus 116
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@Glc OGal ARha A Fuc BGIcNAc€ GicA @ Non-suger [JGalNAc@ManNAc @Fruc /ARhaNAcy Ara

4 ANEPRASHERBEESBTEMOL 3 MBEER - HEARBFEARE HePS)!

Figure 4 Structure of heteropolysaccharide glycan repeating unit in Lactobacillus™!. HePS, which is
composed of three or more monosaccharides as basic monosaccharides, uses green, red and white green triangles to
represent rhamnose, fucose and N-acetylrhamnosamine, blue square to represent N-acetylglucosamine, blue white
diamond to represent glucosamine, yellow square to represent N-acetyl galactose amine, green square to represent
N-acetylmannosamine, and green star to represent arabinose. The shaded portion is a repeat of the partial structure in
the glycan unit structure. Other illustrations are the same as figure 2.
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Figure 5 Partial regulatory effects of Lactobacillus extracellular polysaccharides in intestinal
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the immune response of various immune cells (dendritic cells, B cells, T cells), and regulating intestinal
homeostasis. Using different colored balls to represent various inflammatory factors, and brown balls to
represent Lactobacillus extracellular polysaccharides.
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JEAK YK N LHEPS-3>LHEPS-2>LHEPS-1, /2
e . AR ZURALAG, HAS A AL
FIBE R LA 1:2.75:1.33.9.34:1.43:1 1 2.96:1:1.17;
PR SR N 97.85% . 94.54%F1 67.62%:
WERERR S 0 N 0.53%. 1.96%H1 2.53%; #ii
MR ILA S 9 0.27%., 0.42%F1 0.87%. Hit
+ FLAF B SNAL®T 43 B i A £ bk
(SNA12-EPS), & & FFUM A0S, BE/R LN
1.1:0.12, @b ARZEME & T AR S ML fb 52
55, UF B HL AT 2 5 Ml f A R e A S A T T
AYRE 71 L. rhamnosus & % =4 i) NCVP-F ##l
ou- W R 25 W3 A7 2658 v 1140 T 588 A R 4 7 M R T2 P 7K
b, 38 32 & B A fL I TE P (SOD . GSH Al
GSH-Px), #1411 i K 77K SF-(IL-6 . IL-1B . TNF-a
FIL-18), A] LABE A St s e 6 493 /) BB AL
JHE . e 10 45, Dlkas 2B 06, Hilantg
FRFLFT R (L. acidophilus). AUSEFFE(B. bifidum) .
B % 2 TH (Akkermansia spp.) . N R AT
(Propionibacterium spp.) A1 5 A o4 78751 (51 4 H
0 I S NS NN s IS
R AP 5 ) X FH T 0 0 W 1 s 2 TR 7E 285 1 Hh 1
BHIRHRERT, G2 AN TE AR ) B AR S AR B
34 FATEMINSPEEHES WK FR
LAB-EPS TGS £5E B8 m X, 1
M 1) Z2 0y S —REE 0.20-0.330%0, A5 1
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GEH & AR 43 B i 5K v 1 2 R = e
GERLJRTTEE B-D- ML I ) 260 25 0 S ofe 8 ey
FEMEMET, BAMUEN, FLAFE AT LS
T RO AT AR g ie , Bildn, EPS 25
g v A R 2 A A DA M A BT 0 S
A FE 2 E TR PRI PE™ s FRan s 52 40
FEL A IR T AR B AT S 32 SR AR B S i
3.5 ZATEREINZHERESE B R PEHEIEID
AR B

LA TR b 220 B B i g 1 MR R 20 S
B R H R 2R, X S R EE AR
PR AL S A A B R ETE A AR T2 DA G
[ B Bt e R S H s 2, oAb
:[: Bli [89-90] S

RN, Sl RWEE . MR . OmEsL.
R TP R Wl TR L S Ak 2B M s i M Ah 2 W G 2R
Wy v TT AR BB R IR B i 4 = Tsiapali
SO A R S AT AR B R A TS A T T
WRE , & IR AL AR R Th I 1) 7 SR ML A A RE
J1EE R, I HAR IR A AR BB Sy , PSP bk
Li Z:1°I%} Sreptococcus thermophilus ASCC 1275
WA Z2 AT IR IR A AB M , R AR A P A
H i3RI K Fe' iR IR X R iR 1k EPS
FIPTEALTE D T RE , 45 SR, IRILE
EPS LA AL 16 M 1 5 42 55 (P<0.05). FLRRTE AT
L5 25 LA AH ELAE T 7 AR A ) B s o
P R R AP TEEY B ER Tk 22 R 7
HUE XN B Bom A, R 3+
Ay ES Y L. plantarum IMB19P) | HISE R £ b
TR, REMIUBEZ YT, Il oA
BEFNN 2 BR AT 181 s ZEMRSMR 20 I 3G 57 R 46
o, % I T 22 W AT AR G g R BT A R
(IFNy , TNF-o. . IL-6 Fll TL-12)8% 502 457 (1L-10)
AT, Zhao UM MBS, Sk
1R Z 0850 AIE Bt e L], %% DPPH.,

PR A WA A A A RTERREE DT, KB
Tl A A i i 22 0 T DL S i b A A T X
e Wb 2E it ST ) P T
Ak &S EPS Xt/IN UK s E W 4t i i 25 Ca®
BRI , 45 9550 Se-EPS AEMS i 545 & B 4
JfL R S Ca® MR, 3980 IV 200 e T P AL
3T UM Z I AN IR IR T, T R G A i
MITIBE . FLATF B I AN Z 0 HoA B S 15 A
FH %t L. plantarum KF 5V& B4 i EPS Bl
HEATAIHT, T T b B 40 8 4 S B 45
RINA 2 B A H RS 2 1 M Sh 20 e iz
PAETEE S AR, FUAR G R
PE EPS , BERRIUICELREA S & B A i
TEE , EHTAR A i B8 B A RUAY 5 e s 4 L T
ZWRHATES S, RN s X s 2 bk EPS
TR BE S B ,

4 RES5RE

FLAF TR M A1 22 Wl RE 0% 168 1o 981 A A e
W NTTEE LY RENIUE AR I o PN U
BUA G ST 0T P 5 o RT3 IO PR AE 4 A DR fek
B S 2 T o AR S 5 W i TE AR AR TR Y
LA TE N Z2 B R AL LK™ A 1A
7 ] T A R A A 114 T A 5 W <5 1
PEAT IS L0k 5 B R T A% 1 3 TR R A A 4
PAS Z2 AL, LA R R T LA i B e i
Z Wikt A TR HE TR s 1 2RO

F TR BRI, LA RS h Z B = A AN
AT o ey 88 e = i e 28 e e M R 7
Pep Il , LA IS A i S S RE ) 25 57
WR G AROME A 7. — 138 B9 A 7 R B b A

oy e N A e N D 2 iV B 5 NS ]
Rk PO R R , ZHERE 2k T B R R
AR, WhEHES) T 2 e Ry | AR
filt B by A= WA A ST O ] o B P e b 22
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BN VP2 HE A A AR, IFLFF R A
H B RS A AR 55 o M T 40 1 2 i 22 W A Bk 3
e A A R 22 AN ph T ) 2 A
ey BE R S PE AR AR, AT RGEWTHE
e H 40 T T 2 AR AT SR AT PR
FEAR 2B = AR BT ™), % CSDB (kb
PSR A 1) v B I A A A ) 22 A 1A O
e, I B T A LSS 4t BB b o3 A
ot o AORRY, A FRAY AL R R 20
WA o B2 3R], XL I 4 ) ] e
SR IRSE . BURTERIE A G, BRI,
X R R BB ) A5 S AT RO B A= oy D e AR AL
TR EANE SR

ZWER R IR AR K A B 2E - 18 H AT
ARACET , ZH B S5 FAEFN A AT5 98 = — T4
HARE LRSS o IR H RS AT R s 2 B
BAEWTTE, HORZH R A, A2 A e S e
PERIBIFTE B 22 UG — E R HERE X T FLATTE EPS
F— A A SR O 2 B E T B WA, (ELX)
FCHR R ML BT I 6 01 6 2 RE T3 9 o SR 4 R R
TG AR RIS ATAE B A A KL 9 R B
FRCMARZL B e J 0 R GEMERESE o o LA A I g
FOO FLAT T ML S D 22 M2 A 1 5 T RE AR B 2R
GEPEWFTE , AT LR 7 A AL AR TR AS A 90
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