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Abstract: To investigate the immunomodulatory and anti-aging activities of capsular polysaccharides (CPS) from
Lactobacillus fermentum S1, this study first determined the effects of CPS concentration on the viability, phagocytic

activity, acid phosphatase activity, NO production, and cytokine secretion levels in RAW264.7 cells, and evaluated its

RS EHA: 2024-07-24

EE&WA: 2ALEARHFALREFFAD (YQ2021C029) .

TEETIT: 23 (1987-) , B, ¥4, 81403z, R 27 & R A4 5 A HH K, E-mail: wangkun6zzu@126.com.,
*EIEIEE: £% (1979-) , 8,1, 3%, 515 &): M5 & BR &) 7= Sadw LA B, E-mail: zuofeng-518@126.com.,


https://doi.org/10.13386/j.issn1002-0306.2024070325
https://doi.org/10.13386/j.issn1002-0306.2024070325
https://doi.org/10.13386/j.issn1002-0306.2024070325
mailto:wangkun6zzu@126.com
mailto:zuofeng-518@126.com
mailto:zuofeng-518@126.com

%464 % 12

immunomodulatory activity. Subsequently, using Caenorhabditis elegans as a model, the effects of CPS on C. elegans
lifespan, oxidative/heat stress resistance, and reproductive capacity were assessed to explore its anti-aging properties. The
results indicated that within the range of 25~200 pg/mL, CPS significantly enhanced cell proliferation ability, phagocytosis
rate, and acid phosphatase activity in RAW264.7 cells, and promoted the release of NO and cytokines IL-6, IL-1f, and
TNF-a by up-regulating the expression of related genes (£<0.05). Compared to control group, the maximum increase in cell
viability, phagocytosis rate, and acid phosphatase activity in the CPS-treated group reached 58.22%, 33.48%, and 39.5%,
respectively. The maximum secretion levels of NO, IL-6, IL-1f, and TNF-a increased by 101.29%, 31.33%, 161.08%, and
79.90%, respectively, demonstrating good immunomodulatory activity. The C. elegans experiment showed that treatment
with 50 pg/mL CPS extended lifespan of C. elegans under normal, oxygen-stressed, and heat-stressed conditions by
19.87%, 39.39%, and 29.02%, respectively, suggesting strong anti-aging activity. CPS also effectively improved the RT-
gPCR analysis revealed that CPS exerted its anti-aging effect through co-regulation of insulin signaling pathway (Daf-16
and Sir-2.1) and heat shock signaling pathway (Hsf-/ and Hsp-16.2) in C. elegans. These findings indicate that CPS
possesses good immunomodulatory and anti-aging activities. This study provides theoretical support for the application of
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CPS produced by lactic acid bacteria in immunoregulation and anti-aging products.

Key words: lactic acid bacteria; capsular polysaccharide; immune regulation; anti-aging
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FFEA S1 CPS 1Y e BE VR AP I & 16 M e B 5%
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A RAW264.7 AN AN ARG 1 . FEmErst . IR P wh
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mRNA FiEKTPAL CPS Y58 i J1; Jf ik
75 0N BRUF T8 B R A Al 3@ 52 CPS X4k i 5
fir . PLE/IA BERE T | ZEFERE )y R EAH S I R
IR, BRI A E A B AL . ASBFRAT B
FilE—2E 78 CPS 76 2L PR fE 5 Tk & HE g 1k
JH, F TR CPS FEDBETE B fh B 24 fh 50 B9 i
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1 MRS
1.1 #RI5EE

20 i % 5F g H SRV IR IR AR I S AL TR
(0.25%) . —AFLPUEMEIRER (MTT, =98%) . # /4%

725 (10000 U/mL 1 10 mg/mL)  JbET2Se R ML
HERN T BEZHE (LPS, =99%) 32 [ PU A% ¥ B fii

H A (Sigma-Aldrich) 23 7l #p2IG 4R MyE £ E T
Fr v A= R (Clark-Bioscience) B BRAY B 5 4T
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eta i (0.33%) . PRMBEIRAFAN & 2o RAEYE
FARA A NO KK & et @ siE Y TR
BIts AR SRFEIH T (TNF-a) | 40 A28 (IL-18. IL-
6)ikilE BRI R AR AT BRA W5 Trizol 5]
g A RAEYA RN T REGSEAFIE 3
AN FEL B AT A TR A PR
H]; 2xSYBR™ Green ZZGHWEL R — i ME LR
HRRAFL B SAREN . mRlReE . B N . B
Mg —SUENAE B ED7 ST gl R EFLFT A S
(Genbank &35 MK226442) ASZEZES385 AW
AL, SR H I AR R AE T 20 °C vhs /NERLER
E UEAN L RAW246.7 1 B RF24 e I 40 )% ;
75 TN BRuR 28 Hy N2 A= 780 A% 5 DAL e 5% 780 K i A B
OP50 R € FE 550 BT £k st fL 2% vh 0 s NGM
Higedh . MO ZZnbii S RESKIEHE By el
VICTOR NIVO™ % JGTifg#r4iX 3% [E Perkin-
Elmer 2\ 7] ; qTOWER?® B 785t % i PCR X fH[H
HE £\ w5 CBS-170 CO, K5 954 7## Binder 2
H]; LRH-150 46353548 RIE—ERMH2AA RA
Al H1650 B5.0HL R Scandrop100 AB ¥
%R I {L . EASYCYCLER 96 #3f PCR 1%
TR HB SN
1.2 EWHE
1.2.1 CPS peibHAvarst
1.2.1.1 4535 % RAW264.7 4 g3 5P T &
10% Jii 4 I 78 A1 1% NP (7 B R fEE 8 FE )W
DMEM 5435 dk, B F 37 C. 5% CO, MIH
WFF R IR . B 2~3 d IBA— IR AR RE4i I A T
XA,
1.2.1.2 407G RAH MTT #:0%E CPS X RAW
264.7 MG FATE PERYFZIUY, O 100 L 40 R R
A1 2x10° A~/mL 4 IEEFT T 96 FLA P, 5%53% 24 h
JEFETEFRW, SRJ5 FH 100 uL &5 AR (25~
400 pg/mL) CPS 114 3% 3% 2 T Ak 3 41 e, F3:- 20 % &
44EE . XTI TEAR S CPS MR b gE1T 1%
Feo AL AREF ARG IR AL, 24 h e 5v oy
FE AL, PBSIH ¥E 3 W5, WAL M A 100 pL MTT
(1 mg/mL)¥EW, 37 °C W E 4 h, FE_LIERSERFL
A 100 pL DMSO ¥R, F2 PR 7 DAUS it 5 (0 25
fho ZIRHE 10 min J5, HHEPRY A 570 nm &b
e HZ G (OD (B o AiyS 1315 Can i

5 OD'F—,‘]Q _Ong
2 A7 5 (%) = —OD"‘" A oD o X (D
XAl T SN

1.2.1.3 HMAFWEIEPE SR P PELL 8 BUE TR
CPS XTHHuFEAE sz, 4% 3E 24 h 53¢
R EIEW, FEIR 1.2.1.2 PR E X IR | FES
| 25 HA, FHPEXTREZH A 1 pg/mL A9 LPS, H4H 5
B A4ANEE . 553 24 h, 5k BIE)EEFLI0 100 pL
0.1% WP HELIE R E 30 min YL, Yt se pi)n 32

x 100

YLk I3t PBS #hik 3 Ik, FH 100 pL S48 52 v (VK
BEFR : L BE=1:1, v/v) = IRAEA 1 h 24 ai e, 78
540 nm AZbME H G . P LA E R E AN
/I

ODyiiusn = ODssram

PP E R (%) = x 100

& (2

1.2.1.4 PBRYEBSEREERGME  He0R 1.2.1.2 Rk
BT RELH AR S 2, AU WAL FE 24 h 5, SR VS
W, FEFLINA 40 uL B9 Triton X-100(1%) & T 37 °C
WFET 10 min LAV MRANIE, SR 5 3 BE350) S i A5k
ATHERE, 7 405 nm A2 HW G RE(EPY , FRbEmEiR
Bt PR A =AU
i BT P = e
OD%J#?!L{

1.2.1.5 NO Bt 4w ¥ 24 h )5, FFLK
B 50 pL ¥5FR5E 2 96 FLARH, #4218 NO #rilli=7Hl &
PiEH AT NO BB RIMIRE .

1.2.1.6 AHHURIF5rK - A TiAb 3 24 h ),
FLIKHX 100 pL 535352 96 FLAR A, K ELISA iR
& (IL-6. TNF-a., IL-18) UaBH 5357 74 it X Rk
HEAIMRE .

1.2.1.7 RAW264.7 41 i 7 mRNA AU KL =%
Wang £52% (1 7 B I MEAE VR 2K, X RAW264.7 4 it
FHICHHMIN T mRNA Kk B HATIE . K 2 mL 4
M5 EE R 2x10° A/mL 4N ERHEF T 6 FLAR
¥EFE 24 h)5, 400 & 0 pg/mL AT 100 pg/mL
CPS 1 DMEM #5723 3% 24 h, PBS {§ VRIS,
SR Trizol I EHANMLE RNA, F-FH A K £
HN/AT WA CEETHM G RNA UL, $2 R8I
¥ sieaGh) S U B AT S 5% 5, SR A qTOWERS3 28
P 6 RE i PCR U 5E - H 4 e v iNOS. COX-2.,
IL-6. IL-15. TNF-a /) CT {. PCR WA F Sk
FR 20 pL, R R 5345 2<xSYBR® Green 10 pL.
TS 1445 1 uL. cDNA 4% 2 uL.. DEPC H,O
6 uL. W 5514~ : 95 °C 3 min; 95 °C 10 s, 56 °C
308,72 °C 45 s, 3 39 MEF . SIMHAETAEYT.

F 1 FOEER PCR 3IFF]

2 (3

Table 1 Primers for fluorescent quantitative PCR
ElE7EZ Bkl
p 5'-GAGGATACCACTCCCAACAGACC-3'(forward)
1L- 5-AAGTGCATCATCGTTGTTCATACA-3'(reverse)
5'-AGCACAGAAAGCATGATCCG-3'(forward)
TNF-o.

5'-CTGATGAGAGGGAGGCCATT-3'(reverse)

NOS 5'-CATGCTACTGGAGGTGGGTG-3'(forward)
! 5'-CATTGATCTCCGTGACAGCC-3'(reverse)

5'-TGCTGTACAAGCAGTGGCAA-3'(forward)

COx-2 5"-GCAGCCATTTCCTTCTCTCC-3'(reverse)
4 5 ATCACTATTGGCAACGAGCG-3'(forward)
B-actin 5'"TCAGCAATGCCTGGGTACAT-3'(reverse)
; 5-TGACAAACGGTCAGAAGCAG-3'(forward)
1L-1p 5" .CGTCTTGCCCAAGGTTGTAG-3'(reverse)
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(R A RN AN, YL p-actin I N2, %
27T ) O 1 R AT B R Sy b, LAAS B H 3L A Y
mRNA HXF ik E, HIOFEHES )75 0% 1.

1.2.2 CPS HirE#iG st

1.2.2.1 ZBpyIFEsefEINAL LR B THRE KR
JBHFF R OP50 B IS NGM “FAR | 23 C B IRIE IR,
FHEFREERL 5010 NGM b EEf 1%, B3R
B B AT FEAT RIS 55 . R Ak =2 mir S
MO ZZ phCRE L L vy ROk, BT 1.5 mL 2048,
1300 r/min 54 F 2.0 1 min, FEE FEWRK, BiE#H
T 3~5 IR SRR 600 uL M9 ZZ ik . 100 L
0.5 mol/L NaOH F1 200 pL & RN (A& & &
10%) , IR EIR % 3~5 min & HIR5E 2%, B T
2000 r/min £ F B0 1 min, 353 FI5, £ M9 Znh
W BTG BEE, F N E] NGM Al BT 23 C
¥i5% 48 h J5 nI 158 [FIHEfLE 9 L4 H Rl >3,

1.2.2.2 Zedidgapiads BIRILRS L4 Wik g5
¥R ) F 25, 50 F1 100 pg/mL CPS #J NGM/OP50
(FrRMRE N 50 pmol/L 5-FRUIRMENE ), IR £
BHI) NGM FEHCHXTRE . ARy 40 /4l 5
HEEAMS 3 AT, BT 23 C B3RP RER, RER
FEAFIE ML AR 2R A T, TR SR ey
FETELCET,

1.2.2.3 ZRHEILRIBECES SRARUT 3kt b A
(tBHP) 74 P 3l P74 £& 1y S0 1k B B84 RE 7 o 8%
CPS FilAb 3 4 d WL L F2 2= 1% 15 mmol/L tBHP
Y NGM/OP50( & £ FEA 50 pmol/L 5-F5U IR M& g )
AR T 23 C AT ake B IR, MR E T —IRCOF-
M, B 2 h XL BT G A T— U . L pRE
fmA 3 AT, BEPATYY 40 SR

1.2.2.4 ZRAEBNFHECE  FFEIEIRAY La HiZk H155
A R 2 & 25, 50 A 100 ug/mL CPS BY NGM/
OP50 MR (&2 Hk 3 50 umol/L 5-FRUR M5 IE ), LA

R He— YAV, FRLHFESAS =47, PR
2 40 SR, SRIGH-TAMRIE E 35 C 4 Fakedy
FE, B 2 h it —IRIET L R H Y,

1.2.2.5 ZAZEFARE ST ¥ 5 ZRIAIARMY L4 HAZR
¥R R F 25, 50 A1 100 pg/mL CPS 1 NGM “F-#z
b, UUAE Z 509 NGM SPACh X RR, T 23 C 2414
TSRS, T ORPRIR LR AR, JRR R
SRR RS IR 24 h )5, GEiH K B AR i B B
SRR T — R 7 URER, i SOMEE H 2 I H
55[23]0

1.2.2.6 KAURNFaHICEFERE KRG
JEAEK E L4 WA R 2R L FE 2 2] % 50 pg/mL
CPS 1) NGM/OP50( & Z44k i£ 4 50 pmol/L 5-%( K
WENE ) SEHL, A WY NGM A % 18, AR
T — RSP, TE 23 °C REESE 4 d, A MO ¥k dinh

VEE 1.5 mL &0, SRR T UK S 500~
600 2%, [ AR Rl =20 P47, LB E TRAR TR
JEAFEE, R FH RNA 2GR SR BER B 5 RNA, IF
i B AR AZ R AR P12 M e RNA 1R, #2if
S5 it st aaon) B U A R AT S i 58, SR O i
PCR {5 A-2H £k P AHICIE R Y CT {H. PCR X
REAR Z BARF N 10 pL, M R 40 53045 2xSYBR™
Green Supermix 5 pL. #5145 0.5 pL. cDNA
B 1 uL, ddH,O 3 uL. &4 M: 95 °C 3 min;
95 °C 10 s, 60 °C 30 s, 3t 39 PMEFR ., S1¥HA T4
P TR (M)A BRAF A AL, LL hgpd-1 N2, 2R
FH 2722 Bl PR ST, SIS SRR 2,

#* 2 JOLER PCR 5IWIFHI
Table 2 Primers for fluorescent quantitative PCR

Eik/ 2N 519)¥51
hond-1 5'-ACTGGCGAAGGTTATCAATG-3'(forward)
8pa- 5"-TTCTGGGTTGCGGTTACA-3'(reverse)

5" ATAATAGTCAACAAGTCAAC-3'(forward)
Daf-2 5. ACATCTCGTCATAACAAT-3(reverse)

5'-TCCAAGTGATATTGTTGATAGA-3'(forward)

Daf-16 5-CGACTCCTGCTTAATCTG-3'(reverse)
Sir2 s 5-GATACATTAGAGCATCAGACT-3(forward)
ir-z. 5'-CTTCCTCACGAATCTCATT-3'(reverse)

5'"AGATGTCATTAAGCGAGTT-3'(forward)
Skn-1 5.CAGCAACCTTGTTCTTTC-3'(reverse)
il 5-GGTGATGTTCCTCTACTC-3'(forward)
- 5. GATTTCCCTCCTTGTTGA-3'(reverse)
5'.CTATCAATCCAAGGAGAACAAG-3'(forward)
Hsp-16.2 5-GCACCAACATCTACATCTTC-3'(reverse)
. 5'-ATGGAGGATAAGATGAATAAGC-3'(forward)
Hsf-1 5 TGTTGTTGACGCATTGAG-3'(reverse)
1.3 HIEAIE

FALIE/AFEE 3K, LY LL(FH
{EEpREZE)TE XK R . >R Origin 2019 A4l
K, FIFH SPSS 25.0 A T8 R g i~ Ab 3], fH
J Duncan’s ANONA #1728 LI, B3& 2= 5K F
b P<0.05,

2 HBRESHh

2.1 CPS &f&EMSH

2.1.1 UM RAW264.7 4ififigl) 12 W HH T £

PEGEEIE PERF IR, TAMNAESS S5 Rk 53 I v Ty

THI R ¥ 35 A A AR FH, 34 BB 3 o WG B 5 | A7 g

NO A= BANAH M P 432 R XL ER G AN S fE P, Ry

THxE CPS X4 S P8 Be I sz, i SR

MTT 1AL CPS %7 RAW264.7 41 ifd 7% 7 B 520
WE 1 s, MR R 0~100 pg/mL B, RAW
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Fig.1 Effects of CPS on cell viability in RAW264.7 cells
TE: AR R 2 7 12 (P<0.05), 151 2~ 5 A

2.1.2 YHAEWETSIE B WA AT LLE I AR A
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I PE AT LA — 2 R R b S e ML SR D BB AR
AP ARSEG SR FH HR LT ST CPS X RAW264.7
AT WERE I AOFEN . CPS X Mg gm i 75w h 41
AE 1y sZm an &l 2 pros: S5 X B4 AH L, &2 CPS
(50~200 pg/mL) HIE )T, RAW264.7 41 it A 75 W i
P i TR (P<0.05) , IS 51 & 5 FRAIR Y g,
e AT S X B AR EE AR T T 33.48% . HiAth bk
0 B AR 25 i A1 228 (EPS1-1) 7E ¥ )& 2 400 pg/mL
Bk, R 0 A M 1 P T S5 5 (P<0.05), S %) HE
HAHELIRTE T 20.41%2, i\ B B Z2BETE 25~200 pg/
mL T RAF AR A 7 FA 5 RAW264.7 4 i B 75 0
WEE, BRFRTRA 21.92%P, S Se B ESERE
HEIRER B AN A A e o

2.1.3 PFRMEBERRmETEE  ERPE SRR N AT Y

200 -

B2 CPS X RAW264.7 iAW 1 ) 5
Fig.2 Effects of CPS on cytophagocytosis activity
in RAW264.7 cells

— PRI, 7F B VST v AR T A R R R LY
VEF o PR PEBE IR A G P 2> B B V5 2T B4 3R T
FhEsBI, Kl 3 s, LPS 20 W 40 i e PR B R i
PR T HABZE (P<0.05) . 5% IRZHAHLL, BE5
20 H AN PR L EB PR TG TERE CPS e BE T ify k. 55
WA (P<0.05), MAESLHEE SN 100 pg/mL B, FRPERSE
PR Wi T MRS B, AR E) 1.395, SRR A4 4R T
T 39.5%. iR EA (200 pg/mL) BRVEENR WS %L
AT, B4/ T BB LH, Ui ek AR T B4
0 R P PR I 4 . 3X 5 Rajoka S8PY [AFIE 4G
SRARARL, AT A STt A FRAE B FLAT B MMIS9 119
EPS 3 b 1 5 15 05 241 P P e P2 g 0 1 T S s
SR E VR TG T

2.0 7

e

PR WA IR BT A 15 2

K13 CPS X RAW264.7 2t FR LR IR BG4 Y52
Fig.3 Effects of CPS on acid phosphatase activity
in RAW264.7 cells

2.1.4 NO Bt NO 7E s R 40 e B A
JH, HULARE VAT NO AY7KF LALE R A P -l . 35
UK NO A B T-A R AR IE™ . i
&l 4 mTgn, Sxd LU AR L, BEE CPS WREE M T, B
W 20 BEL I NO Bl it 22 BB =X 4 (P<0.05) , I 7E
200 pg/mL B3k B f RKAH 20.989+0.402 umol/L, B
G T 101.29%., X EASED R, A& R
W Z W (FCSP) 7E e 2 [FIAE 24 200 pg/mL B, RAW
264.7 4Nl NO Bk & B =, i5 528 12.75 pmol/L.
Cui %P4 IFSE T 28 40 pg/mL 1 4 R 4520 PN-S

22.57

a
20.0 1 b . B 7
51751 g b
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K14 CPS Xf RAW264.7 4fifitl NO Z3l (1520
Fig.4 Effects of CPS on NO secretion in RAW264.7 cells
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2.1.5 ZHREPH b KoY 1A L WA A T S A
45 IL-6. IL-18 F1 TNF-o S5 4l = 5 %Rk
R A il Z2 Fh ST IFAR AR S HERSE CPS X
RAW264.7 4 g 40 Jifg PRl 7= 43 6 175 40 14 5 ), e 1
ELISA {55 G i A Rl e & CPS X 4Rl 1L-6.
IL-18 F1 TNF-o 43K F52 0, 45 51 an & 5(A)~
E 5(C) fras, S5 XTBE4H AH Eb, B 25 ng/mL 201
TNF-a &k, HAth 41 P57 14 53 2 7K SF- ¥4 &b 25 14
(P<0.05) . MFESLHBESN 200 pg/mL B, IL-18 19453
WA IR B RAE, S 62.57+5.81 pg/mL, HX FELH %
T 161.08%. IL-6 F1 TNF-a 1443 1E CPS ¥

(A) 351
30 1
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—_ (3= [S]
W o W

—
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Fig.5 Effects of CPS on secretion of IL-6 (A), IL-15 (B)
and TNF-a (C) in RAW264.7 cells

B£ A 100 pg/mLET ik 2] i KAH, 43 51 F 30.81+
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NO 774, $& /=5 S 5E 4 e [+ 1L-6. TNF-o F1 IL-
18 WYERIA . Ah, PAPE IR 2R vk b 43 H
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HHRL R 1077 A, SR R RS EERTE P,
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TNF-o Fl IL-6 Y] mRNA 35 32 35 54551 A X B2
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S ) VR E WA iNOS. COX-2., IL-14 I IL-6
FEE 1 FRIBAR BRI BT NO. L-18 F1 IL-6 1Y
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Fig.6 Effect of CPS on mRNA relative expression
in RAW264.7 cells
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=1, IAE] T 26.74%M1, 53X —CR IS = TTAS IR A R .
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100 1 e
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=] |
g Y 5
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0- ==
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K7 ARIMREE CPS AbBRZE iy A= 77 ith 2k
Fig.7 Survival curves of C. elegans treated with different
concentrations of CPS

2.2.2 CPS X€MLV I IsZm S 55504
AR B2 S B A IR I G 4 I 4y T Uaeids, g
P AL TE T W) 5T TT B2 A U AR N I Bl i AT AR 35
3, AN 8 JIraR, FEAUT FEiT A S5 5 1Y SN
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4.70, 5.91 #1 5.03 h, 53 A ZEK T 10.80%. 39.39%.
18.58%, FF A ALK ALIR i 2 (P<0.05) . X —&5 R Ut
B CPS W LA 3 5 26 s HRAH S AL B B I RE S o Zhu

AWt 1 55 TR BEFT 2R B AR Y 4347 T 200 pg/mL
SARAE BT I BN S A S AL SR EE N LR
TEIGFR LR, 45 T FE I SR A E 22 WxT 28 i B S A
{RPVEF, 2R BN B A R R i e K T
16.76%, iX — SRR ARSI I as . RIEZLAT IR
S1 1% CPS X £k 1 b 7 HY 45058 11 S A 3 A B e
T B HA R b T AT A P

HAE ST R
1004 —— et
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P I S— -1 50 pg/mL
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E 401
2090 e
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B8 Ak CPS AbHRZE HUAA LRI T A A7 h 28
Fig.8 Survival curves of C. elegans treated with different
concentrations of CPS under oxidative stress environment
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mL ¥ B CPS b4k (g F I Fam s g & T
11.07%. 29.02%. 6.64%., iXFH CPS A A] L ik
IR LR A By, H B g R E R I AR
THFFIESE . AR SEN 1 R RS Z AR IR
e RN IEARHTRE JT, Horhr 40 pg/mL FEH U
TR b b, e FRIRE] T 18.51%.

HEAE S BT R
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Fig.9 Survival curves of C. elegans treated with different
concentrations of CPS under heat stress environment
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Fig.10 Effect of different concentrations of CPS
on reproductive ability of C. elegans
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Fig.11 Effect of CPS on the expression level of lifespan-related

genes in C. elegans
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