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3 BT RS T B O AR T FRL R RAT I TR R RS BT . ZLAM IS A T S IR AR B, BROK RS
BS54 I SERE ) ERE LS A 0%, TR 2454 IR SERE B 7T C=C 45t4);
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PR AR 25 V% IR SERE M 1y B B FE R 3 A 4 44y (GOSD) 5 6 F1 8 (24> (GOS2)
AR 515 2 252 IR SR R B S REE N 4 WA (GOS3)

(3) WAFIR A FEL Ve R SFEREIAT AR SMERTE A SE I8 FE R S H s A e o i v
BEEik. BT Eak. RS BN E 00 4R PR A FE R BRI . S5 IR
B, fERL EVEAGE RS R, TR R R L, A IR R A R AR,
HHICJFERES BRI Z . N ER IREE AT RN SR K, JF3-TEEE 16s IDNA
MWy, 458 KY GOS1 MEIATEE. AR EM N I HEN S Sfe I E ), GOS2
S PO B R A 2 R R O SR AR U BR, 1T GOS3 X BRI R . BB R R R
(e R R T 5 . A I 38 B T S W T A4 B A ) R T D R B A T i, 45 SRR,
GOS1. GOS2 5 GOS3 kKE /a4 g WIRE T/ &¥m T A, GoSl 5
GOS3 ML e iR =/ bt GOS2 By, R EH KB F MK R

PRI BRKMR, BEFEME. BAE, SAKREWE, WmERR



Abstract

Abstract

Gellan gum is a kind of extracellular polysaccharide produced by Sphingomonas
paucimobilis. It is a linear anionic polysaccharide composed of a repetitive structure of glucose,
glucuronic acid, glucose and rhamnose. Because of its good physical properties, gellan gum has
been widely used in food, biomedicine and chemical industries. Functional oligosaccharides
have attracted wide attention and developed rapidly in recent years due to their physiological
functions such as regulating intestinal health, improving immunity and anti-tumor. However,
there are few reports on the gellan oligosaccharides of functional activities. Therefore, it is of
great research value to degrade gellan oligosaccharides to produce gellan oligosaccharides with
different degrees of polymerization and explore on their functional activities. In this study,
gellan oligosaccharides with different degrees of polymerization were prepared by acid and
enzymatic degradation. The product structure of gellan oligosaccharides prepared by two
degradation methods were analyzed and identified. Finally, in vitro digestion experiments of
gellan oligosaccharides with different degrees of polymerization were carried out to explore the
effects of the structure and metabolites of gut microbiota. The main research results are as
follows:

(1) Gellan gum was degraded by HCI and gellan lyase respectively. In order to obtain
gellan oligosaccharides with wide degrees of polymerization, the acid hydrolysis conditions
were optimized. The results showed that under the conditions of substrate concentration of
5 g-L'!, HCI concentration of 0.5 mol-L™!' and hydrolysis time of 3 h, the hydrolyzed products
were mainly gellan oligosaccharides with degrees of polymerization 2~8. In order to improve
the efficiency of enzymatic degradation, a strategy of adding gellan gum to the lyase
fermentation process was proposed to achieve the one-step preparation of gellan
oligosaccharides. The gellan lyase fermentation and real-time degradation of polysaccharides
were optimized, and the results showed that the degradation efficiency of gellan gum was the
highest under the conditions of 2 g-L! initial gellan addition, 96 h fermentation and 1%
methanol addition.

(2) The gellan oligosaccharides obtained by the two degradation methods were purified
and analyzed by fourier transform infrared spectroscopy (FT-IR), monosaccharide composition
and matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF
MS) respectively. FT-IR analysis showed that the main chain structure of gellan
oligosaccharides obtained by acid hydrolysis did not change, but the structure of gellan
oligosaccharides obtained by enzymatic degradation showed new C=C structure. The results of
monosaccharide composition analysis showed that the monosaccharide composition of gellan
oligosaccharides obtained by acid hydrolysis was consistent with gellan gum, while the
monosaccharide composition of gellan oligosaccharides obtained by enzymatic degradation
consisted of glucose and rhamnose. The MALDI-TOF MS results showed that acid hydrolyzed
gellan oligosaccharides were separated to obtain two components containing 3 and 4 degrees
of polymerization (GOSI), 6 and 8 degrees of polymerization (GOS2), respectively. While the
oligosaccharides obtained by enzymatic degradation only contained 4 degree of polymerization
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(GOS3).

(3) In vitro simulated digestion of gellan oligosaccharides were carried out. The
degradation of gellan oligosaccharides during digestion was analyzed by thin layer
chromatography, ion chromatography and reducing sugar content detected. The results showed
that no free monosaccharides appeared, the polymerization degrees of gellan oligosaccharides
remained unchanged, and the content of reducing sugar did not increase significantly in the
simulated upper digestive tract digestion process. In vitro fecal fermentation of gellan
oligosaccharides were carried out and 16s rDNA sequencing of the gut microbiota showed that
GOS1 had better enrichment ability for Parabacteroides, Faecalibacterium and Alistipes,
GOS2 had better enrichment ability for Bacteroides and Roseburia, and GOS3 had better
enrichment ability for Megamonas, Lachnospiraceae and Oscillospiraceae. Short-chain fatty
acids produced by gut microbiota after in vitro fecal fermentation were detected. The results
showed that the acetic acid, propionic acid and butyric acid produced by GOS1, GOS2 and
GOS3 were higher than those in the negative control group; GOS1 and GOS3 had higher yield
of short-chain fatty acids than GOS2; and the degree of polymerization was negatively
correlated with the fermentation rate.

Key words: Acid hydrolysis; enzymatic degradation; degree of polymerization; gellan
oligosaccharides; gut microbiota
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EA I FE AR A (Sphingomonas paucimobilis) 77 [ — R B &5 7 2 b,
H1 —3)-B-D-4] %] #li-(1—4)-B-D-4 %] #l % B2-(1—~4)-B-D-i &) FE-(1—>4)-0-L- iR 22 -(1—~
HNEGHRITTHEN, WE 1-1 BiR, 5 FERLN 5x10°~1x10° Dal®le Sl A 4514 ik
AR 2 F— SRR TS I B S AL IR 7 B, 1992 fE45 R IR R E &
it 2 o B B B R AR A B AR, R =R B R BT A B A 2
SEV T A OSURR e 45 40 SR A, BT EE . SEEANEAEAE I ER . S5 IRIN
RURE e 48 16 B A N SR o Jd ik S0 ) — UM AR R SURR e 25 4 gk — B S BT B = 4K
I FIIRGERISY, BRI, S5 IR R FE A 48 97 7 AN FA T 380 1 R e Ji) LR e
R, B FK, BTCF SRS AR A BB T 45 1416
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B 1-1 4574 i B R g 1
Fig.1-1 Repeating-unit structure of gellan gum
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YR, AFEERR. RER. 5. B5e. PR KEEEDL RGARbE K
TR KTIRE . REFERE 5 RERE) 2 AAAE ST, oK IeeE SRk RE R SR
saEme. WA, WAV BUR RS SR S — A E RS A SRR B I
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122 R AR AR IR KA . DK R A A IR A, Ak P LA BRI R A R
FAE i, I Hod i 3 B ok F, WS BIAF R G LA =1 . A4 ik B 12
I R A A ER I SR A N AT, X AT RE e SRR IR, IF HRRE Rk
MR . A 7RO 2 N B Z BT, anEIHEE AT Ha02 Xy i iR 22 fil it
TR, L PR 1310 Da 2247 IHSREI S ANARSKH HoO: B M SR 2 B,
gE ORI AR W B EAK, HEES H0 ine 2 AP, mEARSA
FH =R ORI S 20, KIBEMERE R BRI, KGR, JFH P51
TR T 46.139%%3 . R 7K Ak 1 /2 1) 2% 4 5 S i i IR 7792, ARV TE 0.1~1.0 mol L
(1] HCI KIEHHH RE BB . BEAl, R TRALER 1L B A5 3 = 801 A SRA TR i 1T B AR RIOR
IR T A HE =4, i 30% Ho02 /KR4 0.5 mol L1 HCI TiALHE J5 4638 1%
A3 2 A 2~7 A6 5 S p 24,
1.2.1.2 Yy A

VBERE G 2 b B Tois gy TS ACE L R KRR Tl A B e . R
FEBAH BN AR . B AR 50 TR S S FH ) 2 MR B RE A 7 2. Nguyen 55 AR H]
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BT 1x10* Da BIANFRA RN, FERFAL 1A FFR S 53 S o 75 2 A7 Fds o
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HEWTRET, (HY)EREERE MR 2 BE AR S, PR, DR B 5 A A S i T I 0 6
]z KH
1.2.1.3 AW Ffin

YA TR, BEREMR R R S T e KR A R
R 2 T 508 T IR AT B R 2 ME RO 70, 9, RBERACERARE A R, R
WEAAAE T 25k, FE. JRAM . KE5. /5. MHMERSEEY+, hE. K
B METRR . ZF AN BRI BE R B RE T AR A SRBE RN A SEBEEAT A AR AT ] £ R SR A B,
A ] i 45 R FH A S 7 TR Bk AN 308 110 5 D S A 7)o A S o S P T T 2 77 1
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R EAAFIREEE (DP=3~10) FIAN[F) 25 () S BER R HEE0,
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PFrEAL . DU IR I S O REAE DI RECY . N FLSEHEAE Bl e VR AN LS G R G K
BHRIEE RN . 75, ThReVERKAL &0 g IR 250 L 7 o i SR B2 4 i
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1.3 N AT Remtid

ANHI B iE e £ AMENTUR MR 2R 2 Bl KA —. ANE7iE A7
A RIS 100 JTACA AN, 88 i e & ) iE W Rl w . A WA
G637, JiE M 73 12 NAFTT, 364 217280, HA A ET] (Bacteroidetes) . 487
] (Proteobacteria). JEEE ] (Firmicutes) JMZE B[] (Actinobacteria) & JI% 1 4]
H RSB TT, KA H A IEAEE12E0) 93.5%P8, IX B8 718 il A= ) o 7= A= F
REWT RN A L TWHEAERFEFWR, S 545FE LERE, RERAKE .
P2 RGP EAE TGS, & N ARAE T ) S R 3R

1.3.1 JE4EAR T R
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P B IR A5 DR AR I A1 A2 R 18 0o iy T 2 B R IR T A R ) PR M IR AR, IR
) AR P B 2 B e JE kT R AR AR 0, 17 22 B pE AN O A e BRI R AR AR
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(Faecalibacterium prausnitzii) f&RNFEEVRE T 5F 5 WFh e —, @ik T H4H
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RGP IR AR XN ERS RGP T IR R A B o . 0 T80 T IR &
BT RERZRERE (Coprococcus eutactus), RA 28%M) T RKH ARE, WX+
T ARG a 5 CIRAMBERE R BRI LA EMR, KT 85%I1 T BREL 2 LA LR ER N
Y& B,
1.3.1.2 JHE AR e 1 D e

S 1 v K SR T R I LR AR DT R T B s K, SR S 4 B B KA A Y AR
PR ) OGS R 253, FL AT e W WA I 2 5 AH T e 1 6 ¥ o PRI o JH O okl S A AT
L] P 5 B R4 RIS, AT RRIE BAT PR . FUBEAE FHPOL. T IR d R ) A S i
B, WK 2% E LS A AR, SR s R R Z e . 1T R
el b AR R EORYR, RS Tl b A A SETEAK S, K bR A
JHRR JFG Ay 80 4 M A i S T R

1.3.2 B i E Vi oAb T g

B A PR A 3201 AR ) T 4R AR R AR E SR B S B B G DT, A
MR, W w RN R CHGE R S i R K LR ZHOKIEIE4EA R B, Wt
ViR, BEER. HIR. MR, TR, WMRE . AZSEERAMBRAEER P, Fihn, 4EEK B
e M ANRLFHYELE R, HEP, H A EEAGES R, PR R 2 A g R
B MISRBEMAET . MIRIE N —FhiE R, AN 25 E 2 TR A DNA 1)
FRAMER, WA RS IE ] SUBRT B e H R B A & . A4k, i an i vl LAY
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AR RS RIS, 4 FL A R IR AR R BRI,

A VE 22 RS S T B A R DS B A o s o B ) e B 1LY 4 B E IR a2 A B
B DA T AR O IESE, B BRI (Lactobacillus rhamnosus) AF
A g 8 A A T RT DA ER ae VE E AE T ) R B U  TR V 4 i Jl TE  R A  E)
A, peah, —S AR EMAEY RS SR bR e B, anrE R E R
21 (Akkermansia muciniphila) SFMEYIFANFE (Lactobacillus plantarum) 4,

br 7 4eRipiE bR ARAS, WiE g ik BoA WA RS E B AR o AR TG I SR A T
FNRAE —ERERN S ERE, HAGR RS R R RS TRy R
BED I, RS R RE AT DA B B R IR N B O SE B 1 KP), e — el iE
2 B AT DL RGO, B Gn g 1B BR T (Ruminococcus gnavus) T FLAT
(Lactobacillus casei) FZ N (Bacteroides thetaiotaomicron) FEfEIH I 1 75 HEEL
R I 2R SR E DAL R (A SR A0 681,

BB R RGN K BB REE, oW SN LE S 2 4 i 2R T AR B R &5 4
J7 TR SR FATER] 11X — il TR iR ) — A F B siiE2e CDA'T 4i)f
BEEh =, H24E55 8B (Bacteroides fragilis) 1ETCH /1N BT 18 € A8 I ) G898 7215
FARNEIE Y )4 THI/TH2 T4, X FREiE 58 a0, i bR 40 i i
A 24K 40 Toll (Toll-like receptors) FEEY Nod (Nod-like receptor) FE524K W] LL5E iX
—id R, XELSZARRENS U M TE AR P AR B RN . XL S RN A T 1 i
FE AT DA 38 Bl SR M i s, X 70 A af 40 TR AN B0 1, BRI N G 28 40 i 5 AR 5K

WIS 44 (Pattern recognition receptors, PRRs) HJ#&01,

1.4 24 TR

i AR TR FIRE SO i £ PR R B W bR e BRARCE A T 0 2R K e
P, BLESaE TG BAERE, TN 15 A s AT A ooy 7 U SR LEE, [ BrRaE
PR A R A TO R A e T A B R K s AR TS, R EE SO e
PG PR PR R AT 2 A 7. X Il TE I 8 A T AR BT B e ) B AL,
BAE B K pHAE . Il KA B &R, e, ArEARRKIL &)
(GERERIZHE), —SeBIRME A, PARIESESR (RERERANRIS) S IRiL i) 2k
Jo. BT EMEARIRIIL 2SN, XSS YL B IE R LA BN, AR
BNFIH LB AR . XREM AR “BVE Y7, BIBENZE 1Ry A IR 1R v 4 1R
YR e), AN EE O EiR iR . BRI ML KRRV EEE T,
AFTHAC BB K AL SIS RIRAFAER],  AEfsdn 2 Bk e s A yoheitE. SR CH—
e Z IR AT (EERA AP AT, I HAE e B TE X B B T (R
A ARER ) FR IR SCRT R e 138 2R 8 0 T AT — S8 s IO VE Y (E TR R A I A T R T T
HIVERI ARG BNESE . M S, W EE A BT PR EUR AR 7T Be P AR A L&l
FEH WA B T RIRAFAE AN R AL I AL B 2 7T, DRI i SR AE T 9 S A )
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HEF AR KRR B RAN . ARE ORI SRS &9, ik
e AREM ZHE (EMAIREEZPE . PR, UL MAFEALRIZEREDTY.,

141 ok aYsEad

UK, SRR B2 Bl O TE X i T8 R B B A B A E A AR . e
B AR AR R T i 2 (1, EA AR AR RSN ARG e eV i T I B A, 31
FAERA . k) AT FE . AL R, KM A ELREY
WK EAR B R SNSRI T OGE KR, AT RIS R, B
FAFMRIE o AEET W) P b T8 49850 T LA 35 9 00 XU AT B O AE 0T = 52, AT 538 o T
29 B TE K M 5 P E AT 2 40 T A0 SO0 T R AL BB B R, R e = ) el AR 1B
pH fE, S0 B0 A MO A, i 52 a7 ARRIRBE AR 7> T B 144
A e by 88 5 5 P 20 T ) PR RS 0 K AR B 2 I IR B o W TR PR R
PR TR BEAT N AR ST A0 T MR b 7%, LR i F s I O BT AR, A
I AR IR 2 PR T S50 £ R S A 45 2 LR AR KT,

e Mk, RE M Ao K TARE S R AEROKAL G £, Bk AR R BE S,
Rl R AR G TR FEE AN 2 RE . AR5 A K BT 70 A R B I
TEAHE AR SR - FLME S0 1 UBORT B RO RE ) =22 5 B Ml T R ) 7 &7 781 B 1 e
SR WIE B T DA 9 B T S A DR O B AR/ BRI PR R0, - R T DAiE 0 LR
R, I AR, S RA TR SR BRI AN URE R S5 O S
TSR R N AR B R, S O BB A (R AR P BN G5 0 7 R R R

1.4.2 1708 4 e vt S e A

Dee FERE Re W HEPUTE 32 LI AGE AL, BIA 45 5 32 B o 45 15 v i BUBAT B
FLERHT B8 LA R & S P /KA A P AR A G T 1) JFC A 3 A 200 1 0 JC R AT AR S
WEERN S5 B e b A B b B A B T R 0 H K R U SR S BE I SR . B S, SRR
W R RS NAR,  FEEE o AR AR SE S i, (R RE e e g R
FUAFH (Lactobacillus acidophilus) 8it ABC (ATP binding cassette, ABC) #5iz {4
W, JEREME Dy B-REIPEE, PRI SRR B AN =P e bR I ) o0 A D SRR R e B
BE T4 20 B R A B4 ARER A FLME BB B R e e NRE IR AT IR, BHEHE B-LaLbE
A 7Kg SR T AT 2= LR, XV R R 23 ) S BB A Leloir 1B A% 1) IR,

ST HIEA R UL, HERoKA & YIE R G55 HURE T SERE IR e o0 H SR AU 2
REZ, B, R THRGR L IR TRl S0, AT Z A5 B AE P Re
o FEME/HTNSERE/Na ¥ o R U VF RN & B & 1 2 (B AN 85 4% i . kA, ABC %
B —H O HMPEEIE R, HAP R W msmEFGK ¥k 5 2 5 91 R 505 %
g, XL ABC iz B AL Th A DURWCRA ATP BE 4 A RO SEE, JEIR T SEhnt
PUKEEREEEIRE 1. SR, BERRHE Rl 24t (Phosphotransferase system, PTS) & Jit%




BHoE e

e s R0, —4 PTS, 1 ptsIBCA W] DASZE S0 I 5 iR ia A i 1L 871,
Bl TR s T AT I 2 7 4 A R b B IR AL A, 0 R PR PR T 1Y) R AR U A A,

1.4.3 SN F i 20 e A QO S 1) D) 3
1.4.3.1 BEH B RIS RURT 50 4L Rk

AN T (1 B 5 T R 2 RSO T SRR DR AL T REDLME, OF Hdt— b i H piE
M EEETCTRAER. B0, 5 B-1LA SRR IR, B-1,6 AR R 7L
XF T RHORSRE B AR R RCR B8, gedh, AR R 22 0 . (R UM 5RO
HIAH R )T BRAR 1 R B AN R B T AR T R RETT o R R IR R 2 28 W (17 T 1R
B AR IR IRARRER 1.71 50 2.61 #2500 SR T 58 1 A 57 12 A B R 20,
RO L R BRI, TR I TR LA N g . (AL, SRR N 3h e M T AR 3 1
E AR E R R BEAT I P,

1.432 BEE

REHAERBRZ A0, BREAAFRREGENERECCHE, ERNEEKE
5 i 08 T T R B ) 2 BRI R 2, n i i A P S R IR R T 22 R (DP=3) T AN A2
KB RN (DP=8). SIAKHE R FHEAALL, 78K SR s I A 8 7 22 2F
T DIE L 38 0 P P AR TR BT R N 45 i 2 B g v IR SR AR -2 KPR SE 2%
SRR ELPY ., MBEEMT 7 0, KX SR s AN FLSERERY, KA
REL B T R0 B R AR W BT R R AR, A0S B B T R AT e S R ), AR A
7] 3R B I B~ U AT AR S B K I, BRZEREFLAT IR (Lactobacillus rhamnosus)
ML EAF (Bifidobacterium) = ZEHFEHLNEF —0E, TR ILT B (Lactobacillus
acidophilus) WHFE = .

1.4.3.3 Ze P FN 4y S 458

SEWEI) 731 5 A R I 2 e HAE B il N AN D RE ) ) — AN B E PUE TR R
A SRR o AT 8 A ) SEREAE S5 1 N IR AL SRR T R L 2R PESERE . Bldn, 2k
PEE S OB S 22 5 (DP=2~8) KW AR T vl VH AL B2 2E RS (DP=2~8), {H
W28 1 T PR SRS — G T AT R LB DI RE RO BT TS K I, 5 SRR R &
N6 AT (gle(a-1,4)gle(a-1,4)[gle(a-1,4)glc(o-1,6)]glc(a-1,4)glc B gle(a-1,4)[glc(a-
1,4)glc(a-1,4)glc(a-1,6)]glc(a-1,4)gle) AL, 2228 75 M v] DL 58 40 6 Ve A i TR T3 /K A -
X RN A B Ry B AE 2o e SRl R U0 8] o-1,4 B RS T S AR a-1,6 B
(1) o-1,4 BRI ZRPY, X R IZE A & 5 S R EARIE R I o-1,4 B8 . DAL,
S %) 5 PR A 52 ) O AE T PV AR A D BRI ) 5 — MU L R

L5 ARBERFAER. BXREEANE

151 B HEE X
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HAT, SERERDIRETETE C ol 2 R0, W o-1,3-% SEME AN R R0 S0 B fU e
Ik, SEERERAEM M PURTE. AR E SR T RE A AR AEYENE, Hp R
B EBANNRXT T I RERF I M R KSR — o R R 6 T M Al e BAT KR 5E (1
DhRENEVE, a0z 28 -El vl ARy R B B A I i Re S R R AR D . e Ah, — BB SEHEY
heEmTE S R RN EIL T RME, Inre SR A B B riE R eIt S R A
RANIEARSR o I RA BT TC 3 A DA T BR AR A 45 4 I A5 31 AR IR 45 2 IR B AR (Y
Pl e, JIF HAgusfe gt A KA SCGE Y Fdh it (EOR AN A IR G XS 45 7% T
SEHE DI BE S 1k 5 W RO T R0 AT P, DR b A R 5 A T ) A AN R SRS BE 4 v SR SR O
RIVH I RETE I 22 7 A B2

TG FERE AL 77 T 15 2% X 22 W HEAT A 2 B i AN BES B A o A2 B AT $R A g
. ARSI AL (BRI AT FER R o BRI BR AR DX D9 LR S P T
RETS 22— (1 H AR~ 4 H S MR AN 2 7Ok 2 1) 5CTE . DRI, AN R B 5 5 mT
DA 28 H AN [ 58 5 2 PR 00 DATAS S E 7 K o AT 7 38 IR At 1) 7 2 46 H SR 5 B
ABR MGG SRR, JFIB I 45 % R BE L RS L — A R IR, il & A
FIZRG S — RO EEMERAL 7 —Fhof B, JREMIERL BRI T ARIR G L%
R FERE 2 AT

1.5.2 AR 3 BRI 70 P 25

AR I I PR g AR 1) 7 R o AN TR R R R S v e B, Xt R e i
A5 S5 78 SRR AT P o pr 4858, AT L S5 DT T 22 57 . AR LA
b, KA IREEREREAT T ARSMEILIE AL S S, AT HAE B AE T A R T i PR
Olo e R AN SR 5 B I 2 V0 R SRR AT AR A S T R I, 44 78 FL T N A B T 1 A 45 4
HIsm 5 A 2= 5 . EEPTFTARIT:

C1D oA ) R R AN 55 ¥4 JI 23 b it o 45 1 S HEAT Bk il o DARAS 58 8 B2 R Bl o A
LRV FERE N BAR, 0 B MR SEE < SRRV < ZK R IR ) = 52 M0 7K figf 80 R ) i 22
K3 R BRK R 2 ATF HEAT T AL . IR S B AR R, 4R T — P e R il R I i 7%
IS INGS 72 IR S, SEIL 1 S5 IR SERE V) — 2R 2%, XS S A Tl I AT 2 1 SIC
e itk R AT A A AN T 5 45 740 R AR 02 B vy ) B A 2% A1

(2) XFPIAh R 5 SN A5 % R AT o B aiAL, R gt g i~ st 204 e
FRURE ZH RSN 5 O G AT PR AT IR T 5 T X 7 R A R 22 S AT A AT

(3) WFEER IR SEREREAT RSBV A S0y, A 25 40 M S0 70 ol e e Al L
LB BOANEAL/ N I AL, IR FUEAE AL TE AL I R T R BRI DL o K25V T
BEREAT RSP SR K, IRl 16s rDNA I, R HEHE IR & &I € <5 T ik IR FUAN R B
figp 7 AT B R S5 4 SR B T8 R S R e S O R 22 5 . B 1-1 AR SO AL
HEEL I



BHoE e

s BRRESRHSESKRERR R
PERRESER
Y ERRESSRHI S S EER R L
_ > ESREEN B
SRR
R I5h. PIAR. FESIF
o — ESELER. B, MR
IMELL RIS —
L Eel. BTGl ERERESE
— | 165 rDNA
M ERREE RIS }
—( SEHERRIAE I

1-2 W SCHT T 26
Fig.1-2 The research route diagram of the paper
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BT MREREE

2.1 SERS AR

2.1.1 SEIG R
RBERLE AR (B WEILHFHAED TRERAF,

2.1.2 SEEG B Fh

W Rk Pichia pastoris GS115-pPICOK-nGL1 HITTFg K b A= Wil it 5 A4 W S N 28 B7F 7%
E{VN

2.1.3 EEHGH
+® 2-1 FERH
Table 2-1 Main reagents

2R aifg GV
R e [ 244k [4]
AL e [ 244 [4]
ToK L e [ 24 4L 141
LR e [ 244 [4]
LR O e [ 244k [4]
AR Iy Hrat I 24545 [4]
R Iy Hrat [ 24 £ [4]
TNz Iy Hrat [ 24 4L [4]
3,5- HHFEK MR Iy Hrat I 24545 [4]
U A I A Iy Hrat [ 24 £ [4]
Ky Iy Hrat I 24545 [4]
P\ S RTNE PaRiEan [ 245 141
#HK oy Hrat (T
ZE LR srHrat I 24 £ 14
1ET R orHrat [ 2454 [4]
=R H b orHrat [ 244 [4]
FH I hrat [ 2454 [4]
LTk ksl [ 244 [4]
oK R Iy b4t I 2454k [4]
2-HIIE TR Iy b4t I 2454k [4]
a-VE A i Iy b4t I 2454k [4]
H AN Iy b4t [ 24 4L [4]
SRl Iy b4t R
ik H 3 iy AR 2 R
kit gEEY AR

10
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2.1.4 FEALE
#* 2-2 FEAULE
Table 2-2 Main instruments
XA AR LRSS AR
VN AL204 Hii - Mettler Toledo 1 #5745 R 2 7]
LI 7 P 7K JTLY-70A N SR R KA A IR 2w
pH it Starter 2C g U AR A PR A
AR B O AL 3K-15 % [ Sigma-Aldrich 2 7
2 B HINE KA GISODWS ;i JEID AR A A
KON RIS TS SW-CJ-2D RSO A TR A F]
AR TR A SPX-150B-Z RSO A TR A ]
LENTAEI) e 227 Nt HYL-C; KA T 98 S SB35 PR #]
e 25 K s RE-5205 R IRAAAER )

B ARA MULTISKAN FC %! 2 [ Thermo Fisher Scientific A &)
PRI SCIENTZ-10N TR Z DR R A A
sy TU-1810 Jb b AR A PR A A

{8 HL AR 8 2T A 1A NEXUS #4 2% Nicolet 22 7]
WM AR T A Aduance 1T 400 MHZ T8 [E A1 & 5 AXS AT
BURAEIR &R HH-2 #Y 2 [E Boekel A Al
REFEFAE HYQX-II R BT R A PR A
P TRAE DZF-6050 %! U T BT R A

2.1.5 FERFEHL

2% 2-3 FERE A

Table 2-3 Main culture medium

T A S KRB (gD
YPD [i] {55 77 B 20 WREE 10 E K 20 SRR 20
BMGY $3:5E B AR 20, BEEEE) 100 YNB 13.4. A5 4x105. Hil 10.
(B M=o

WL B 22 70 100 (mmol-L'). pH 6.0
FEERRY 100 BREE 200 YNB 13.4. B2 4x10°5,

BMMY #5754 \ _
o Y 10 (mL-LD). BEEREIZEM 100 (mmol-L). pH 6.0
JRER I 2. BEREIR K 2. NaCl0.1. KoHPO40.04. KH,PO4 0.04
N MgS04-7H,0 0.01. CaCly-6H,0 0.01. NaHCOs 2. H:3-802 (mL),
%Eﬂiﬁ?‘%% = S J= s N Y ==
FALMLLE 0.025. LR BR R £L 0.5 AHYHEE 0.5. 7IR7H 0.25.
7442 K1 0.002
2.2 SER vk

2.2.1 58 i SRR ) 4% 5 25 ALk
2.2.1.1 BRIK R 45V IS AR AR AL
JEIR AL 3 BIFREL 1. 3+ 5. 7 g L7 B S BRI 2 45 4 I v T id B 28 1K
11
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H, 90°CIKIB INIVE S5V B 58 AV AR, TV R AN 28 17K 5k SRR il b Bh IR &
WEEN 0.5 mol LY BT & I ZK LA T 70°C/KIB AR I UK AR 3 ho /KRS A G 2
A EURE AR 5 2 J2 i AT

ERFRIRFERAL: FREL 4 4 5 gL' I IRIEIL 25 8 RIS T I& B 281K, 90°C
KU ER G50 B 58 AV A, AN ZE TR /K 5 I Eh R B 2T VR I Bh BRI B 43 o 025
0.5+ 0.75. 1 mol Lt KEECH4F FI/K ARV E T 70°CK I H MUK 3 he KRG H G
o3 VB g 22 2 s i

IK A TEARAG: FREL 5 g L7 A8 Sl G AICIE e 45 v Vs TG B 2R K, 90°CKik
INARE A R SE AV, ANINZRTRK SR IR 2 i 1 3R BRIK B 0.5 mol L2
B i 4 B K ARV T 70°CK it A R AR B 6 h,  HTE) R/ EURE— IRy i 22 2 s
3T o
2.2.1.2 FESRIERE KBRS G 22 BB TS 0 — 20025 ) 48 5 74 I SE W e %A AL

B A 225 7% TS ) 4% S5V I SR b . R T IS B MR I & 45 8 IR R M g B A ) L4
YeSRIERE (P pastoris GS115-pPICOK-nGL1) RIZ&4%F0T YPD ~Fhudssadt b, 7£ 30°C
TR IR B SRR B BTG 60~72he THILES ARG, PRI VA HEAT 2 BMGY AR5 77 2
R 10%, v-v'), 30°C. 200 rrmin” 2618 T 1597 16~18 h & ODgoo 15 2| 4~6 15 2 F
TR MEUEELARBINE BMMY AR FREE S, BRI IR 1 0 s ik e 22
I T AR BMMY 15722891, 30°C. 200 r-min! 25444 F 5% 120 ho

BEAR 25 A A DRFFHADSRAR AR, R R VAR 25 A NI &N 04 0.5,
1.0~ 1.5. 2.0 2.5, 3.0 g L'V WFFC R BEWIGA 25 V4 s N2 0 654 IR i = 152 . LA
WILRLE 2 RIS INEE Y 2.0 gL, DRI HAM SR A ANAR,  BF 50 R e IsF B 00 &5 V4 Jise S 7
SO o WSCER R TR Jo SR 4 B AR 4 Ve IR S5 MR o DIWIIR SR IR IN &y 2.0 g LY, fR¥F
HABSAAAE, HEEFEERINE 0%, 0.5%. 1.0%. 1.5%. 2.0% (v-v''), WFRHER
I 5 V4 I S RE P B R

2.2.2 G5 A RSN S Al 7 vk

2.2.2.1 FRAREE VS IR S pE 4tk

R /KR EE G NN NaOH /K pH R Z 7, A5 B0 B L ARKMBEZY, I
£ IR IE I e s 28 R IR AR KR 10% (veviD) B EIIRGE . EIRGERF AN 6
AR T K CBERATEE DT, 4°CUKFEIS ARG WS FIET, KB BIFWh N 4 £k
ARVRARRR oK O, A°CUKFEE R WA TTE . R EB T /KEBINE, HEH )RR
AN NS st 8 2 AT R B A 45 4 B S W 40 5 Mw<1000, Mw>1000 P Fh2H 5y . Uiide
Ve ke S DN 100~500 Da HIE TS BEATEMT IR 2.

BRI ENT 264 RN Bio-Gel P-4, EHTHEAS Ny 1.5x100 cm, AR 1 mL,
el NHsHCO; (0.1 mol L1, ¥ii# A 0.1 mL min™, .
2.2.2.2 BEAREEV IR FENE AL 715

12
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RV B e 45 R I R R o B 0o B 5 AR, ISR 3BT I e e 28 R IRk 4 2
R 10% (vevD) 19 BRER . 2R R a7 5 4R AR B oK & B8 1 AT BEIT,
4CURFEI I FE e HId, 4k 2t B3 din 3 i ga iR A M /K £ B, 4°CiK
R eI ERTTE . AEE T/KEHDUIERS, 18I Sevage (=S H ki 1ET FE=4:1) %
FrizE CRBER:Sevage ifll=4:1). FrEEH @ Cis FAHZEBUNMES— B rEH A H
REHAA . &, BERRERBRINA 100~500 Da &N 8T ENFREL.

Cig FIAHZERUME AR TTIED T, (D) 3E/AME: 12 SRR g kse M (2D
EWE R 1~2 BRI RS KB ME;: (3 BFE, JRBCER WA (4O H
1~2 fE AR 25 B oKtk e M, FFIRER KRR
2.2.3 PRAMEFUTH AL S 5

BUMETR (g-L): KCI1.126. NaHCO; 1.143. NaCl 0.12. CaCly 0.167. a-JE¥
150 U mL 1,

BLE W (g'LD: KCI1.1. NaCl3.1. NaHCOs 0.6, CaCl,0.15. Bk 0.24.
B HE W5 0.254. 20 mL CH3COONa 7% (1.0 mol-L!, pH 5.0), {#/ 0.1 mol-L"! HCI
VEVRATT pH 2% 2.0.

BN (gL "): KC10.65. NaCl5.4. CaCl, 0.33, NaHCO; (1 mol-L'") &K
WA pHAER] 7.0, ARG IR I 0.013 . JEEBEVAR 7.0 AIEYT£5 4.0, ] NaOH W
(0.1 mol-L™") 75 pH{EZE 7.5,

PREL 32 mg S5 R SENMEIAMET 8 mL BME H, HIFRE T 37°CKBHTEY
(100 r'min™), F 0. 15. 30 min 43 HEUFE 1 mL. A5 FIAA 5 mL A SUEROR SERHR &
Y55 mLESLBRIRS, 2T 37°CKBHHEY (100 rmin), 70, 1. 2. 4. 6 h
S AIEURE 1 mLe FUCEFIAR S mL RS 5 mL BRUNGRIES, 2T 37°C/KBHHE
% (100 rmin™), T 0. 1. 2. 4. 6 h 773 HUFE 1 mL, SULBMEER . BR. /DNol
ISR .

2.2.4 RN ST R

PR N FEORIE T =A@ FiEmE (B —4, Fid 20~30 %), RATCHEFEIL
EMIAT AR, REFLAIMANREALS, FHETIKERGF., ERE TR
BIANH NBE R SiAER. SAETSRER.

2.2.5 RANERAS 6 R I

PL 0.5% (w-vD) HIK B BR R4S A IR (Mw<<1000, Mw>1000). FEEfifss4
e FEFEAE R IR S N B e s R Rg gk vh, JE=dH S0, 439N GOS1. GOS2 5
GOS3 4. WINMEIEEME (Fructo oligosaccharide, FOS) NBRIEAE A FHMEN R FOS 41,
AN ISR P JE Rt o8 R B R AR N FE CRB% 0y Blank0 2H, &% 24 h 4 Blank
M, FEPANIEA . B iR 2.2.4 FIREK =AMERE N B E S8R5, HFHLHE

13
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IR R 22 PP (0.1 mol L) X HAFHATHBIRFIEME K (10%, wvD), FHAERE
T A N VU2 T AR I LR B R E . KR 10% (vevD) R
PCREERh BB TRk b GHEIRESRAT FIEAT ) o AN SRIRZH 4 3l R B = A PAT S5, 7E 37°C
NIREHR R 24 h, B0 8 h 8 — YRR o RIS B R B UHEAT B0 (12000
rrmin?, 10 min), RIS AR ATTRE R A B _EiE H T3t — 201,

2.2.6 16s rDNA i

K FIREER I FE R 2H DNA #H4T7H L (L3R E FL K 4 DNA $EEUAF & DP712).
@514 338F ((5’-ACTCCTACGGGAGGCAGCAG-3’) I 806R (5’-GGACTAC
HVGGGTWTCTAAT-3>) # 14 16S rRNA FEK 1 V3-V4 X, & ZE 58 (NEB/E74
30L) #HATCERIEE, MIEIFISCESLTT Qubit Al -PCR &, WELKRESHK)E, f#
Fi NovaSeq 6000 17 PE 250 FHLIF . 2058 FLASH (1.2.11 ji) A QIIME2 (QII
ME2-202006 i) 3347 Bek A i 52 B 1 2 e A B &4 1) . A8 QIIME2 (Version QIIME2
-202006) #AFHE] DADA2 LB deblur HEATREME, /] QIME2 A4 HEATYIMIER:

(E¥E % Ny Silva 138). FIF] QIIME2 43 #1 Alpha F1l Beta Z £, A0 A0 A= Ve v% 1) i
FES . MHIMEMINRETM . I H R B4 (4.0.3 B HHAT SRR ST .
2.3 Stk O vk
2.3.1 105 bl & 2

B 1 mL #MBRESKREMRE®R, M 1.5 mL 3,5- 3 /KBEE (3,5
Dinitrosalicylic acid, DNS) i&ifll, #h/KIEINHS min, A2 =R EFMNZEM/K 410 mL,
T 550 nm FIMEWRIEREE . 2B KAE REFRARS O B MR P bm o il 28 11 55 R
B

DNS AL H]: EFFREL DNS 3.15 ¢ THedfr, A 250 mL 248K, m#kE
45°CH- T it FE . RAIMNIEAFRETE 91 g, AEAN 105 g, KWy 2.5 g, WM
2.5 g, WHBTELEEM. NHAHNERERE THRESEERT, HEBKEARSE 500 mL,
EIREECACE 7d AR
232 HE G T

A I RRE R S T ER E, SRR 2 ul, BT ERONEA B IR E T
BT 8. ENT T ER, WA R R AT 105°CHLAE B 5 min.

JETTFF: RS ERE (LR OBE: LR IK=5:5:2), BEMREEA I ERE (IR
LIR:K=5:2:3); RBFF]: 900 mg HiA&K®y, 25mL /K, 375 mL LFE, 50 mL KRR .
2.3.3 fd L - AR 21 A i 43 #r

PR EUHI £ 8 R T 5 W 4R IS ERE 5 mg, AF A& Bt AR e 21 7156 1% (Fourier
Transform infrared spectroscopy, FT-IR) {XTEJ %L 4000~400 cm [X [i] Y HEAT 414

14
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2.3.4 HUEA R o AT

FREL S mg FFIIFE VAT 300 L =5 RS (2 mol L™, T 100°C N & /@t 10 /)
o RBLEE R E R I EE, (EHEARAOR T =8OR, EEILERE 3~4 K,
HE =R ORPEMIKRR . ARG H LS T RE B RE RS ER TR EmE, @it
0.22 pum JERS L JERR 2. (HHBCA CarboPac PA10 itk i 1454 (DIONEX ICS-
5000+SP-5) FEATHLI, VEBART U 2-4 Fros.

R 2-4 W OB
Table 2-4 The elution program of ion chromatography
i [A] (min) H,0 (%) 1 mol'L! NaAc (%) 250 mmol-L"! NaOH (%)
0.0 100 0.0 0.0
21.0 97.4 0.0 2.6
21.1 92.4 5.0 2.6
30.0 77.4 20.0 2.6
30.1 20.0 0.0 80.0
50.0 20.0 0.0 80.0

2.3.5 FE U B0 G AT BB AT IR TR 5 2
Fe 1 g L BOSERERE SV, B 1 pL ZEBUS T POE PR B, PRI pL AR 52
IR &, A A P AR K o A I, A R B O R BT R R AT I TR i
(Matrix Assisted Laser Desorption Ionization Time of Flight Mass Spectrometry, MALDI-

TOF MS) {Y7E m/z 400~2000 i3 & P4 31T 5 #7 -

2.3.6 B il oA

T AR . B RN AL IS B A5V IS EENEZE 0.22 nm JERS I ERR 4R, fd
il 45 CarboPac PA200 ottt 1) 5 T~ 424 (DIONEX ICS-5000-+SP-5) HFEATHM, HEi
TR 2-5 .

£ 2-5 BT CIBEB R
Table 2-5 The elution program of ion chromatography
i 1] (min) H,0 (%) 250 mmol-L"' NaOH (%)
0.0 100 0.0
21.0 97.4 2.6
21.1 92.4 2.6
30.0 77.4 2.6

2.3.7 BERABR IR 5E o b

R A A ARE 1 g REERA T 1000 mL MR (MBRER N 760 mL WAL

15
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FRREZ 1000 mL) . i & M PR HERACH] . FREX 200 mg Bt 18 2 (18 4 B AR T 1000 mL
K, BT 0.2 mg L R 4 B bR v .

AR EDE : B 1 mL SRR S INGRE, BN 5 mL BERGR, K0S &
10 min. HXH ZIRE FAH 10 min, EFET 620 nm K NI EFEMBOGEEE . RIS
HEM 28 A TR TH SR S
2.3.8 UM E TN S R B IR T RV

FEmfil g B 1 mL 3R ABBMARE S, BERKREES A 10 uL AR
(ZHZETR), 250 uL £hFRAN | mL Z8E, BEimiRy 3~5 min, FRERIMRE. W
W ISR ERENBEAT TR /K, JREl min fGERE . B WE IR, HH0.22 pm
AHUAEIEAR L YE, 2R 5 ) 25 58 Ao

JHEEAG R (Short-chain fatty acids, SCFAs) Jll%€: {HHECH HP-INNOWAX tif
FER S A B (Agilent-7890A, Santa Clara) & FEFEAG I ERIRE . FHHEEREE IR HURE
(5 pL), LA 1:20 B B NBERE o e 25 PR 0« SR RRIR B 220°C; A6
Al BN 250°C; BEARIRE N 190°C, FF7E 4 min R 190°C; B AUERAEA, MEA
1.5 mL min?e AR¥E AFRIED BT OB, WIRE T RRITKEE.

16



F=E ZRSUHE

BT HER5ITR

3.1 50 R FERE Bt 2 B R4
3.1.1 FRIK Mt 4 &5 VA I SE W B L 201k

&K MR 22 B I8 S 2 TE R B A, RS P2 AR A —, RS R T E
TO K P SERELS . BRIREE . JKARIT (8], JEADIREEY REsZmn BOK R, 31X JLA
L (1) 5 M 7K AR AR (1) TR 3R] 5 ¥4 P A7 T K AR AT 15 2810 588 6 B R Rl 0 A 1) 465 74 e
SEWE . I S R n] DA O SR A FE AT AN, I AT AR 2 A ] B A
BRI R BCHIWTAE IR FE . Wil 3-1 Fw, 20 R AN [E AR BE SRR FEAIAS [F] 7K
i B TE) 0 BRIK MR 45 V4 TR SERE SR & FE M AT o M 3-1a Hn] DL & 56 B S hE
B B YR G I RN, AH YRR I 5 g LI % B BEBE p AR AL AN T B
o & 3-1b iR, UERFEWE N 0.25 mol LIy, TEF=YINEEE 4 11 8 (ISHE.
BE LRI FESE N, REENT 4 SENEZRETIN 2, REEKRT 4 MFEREHED, 4k
FRUFER 0.75 mol L1, AR 8 MFEREEMZ itk EILTiHR. RERGENT
4 ) S A i 5 TR TR P B I TR, E A SR ERIR R 0.5 mol LAY, FERER A
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Fig. 3-1 Preparation of gellan oligosaccharides by acid hydrolysis and optimization of its conditions
(a) Optimization of substrate concentration; (b) Optimization of HCI concentration; (c) Optimization of
hydrolysis time
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Fig. 3-2 Verification of optimal acid hydrolysis conditions
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Fig. 3-3 Preparation of gellan oligosaccharides by enzymatic degradation and optimization of its conditions
(a) Optimization of gellan gum addition; (b) Optimization of degradation time; (c) Optimization of
methanol addition
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Fig. 3-4 Verification of optimal enzymatic degradation conditions
(a) Reducing sugar content; (b) Analysis of thin layer chromatography
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Fig. 3-5 FT-IR analysis of gellan oligosaccharides
(a) Acid hydrolyzed gellan oligosaccharides; (b) Enzymatic degradation gellan oligosaacharides

3.2 AR ENE R SR
3.2.1 B LA g

ARSIn TuJ_L%IEﬁﬁﬁﬂ&q&c@ﬁiﬁﬁ BUACA DR G EAT f b - o T AT
PR AN [ B2 fige 7 2 4 B 25 72 I SE B AE G0 7 THT PR 22 5%, R R K e 5 il e it 5 15 210 1)
SEREHEAT AL, A0S RS 2 AT A G . 3288 cm™. 2932 cmt 43 il ARER-
OH F1 C-H [{H4E IR B I%10A, 1414 cm™, 1021 cm™ 73 548 C-O F1 C-O-C [ fHi4E R 5]
11081, 1600 cm™. 1640 cm™ 434 COOHMAN C=Cl05 W08l {4 iR ik, el 3-
5a. b 7R, SRUNE AR, BRKBEEA IR ENE, BERR RS RSN sb it 45

R WIS H R K IS B SERE 5570 b 450 I A R e W W e o S AR O — B, P
20



F=8 4SR5

PARR K 45 2 ) SERE O A0 IR R 38 . RIET Bacillus sp. GL1 HISE /4 R B RE
1 FH 45V I v 2 W 5 e TR IR 2 (B0 1 B-1,4 WP B, ANTATIA B PR 45 v4 e i H 1Y
77 A R RT 2  - T  - B 2 - T R A R ) DY R OT 1081 K S ) )
£ 1640 cm™ AL HBL T — BT ARSI , PR R KR 15 B A S5 74 S SERE S5 R v i
DLTHH) C=C &5t), X—BlR LGN E T 457 e A i 1 & A A AT
B W TR TR 110 485 4 TS SR P 4
3.2.2 HUpE A o A

ANTRI G5 K6 ) SR P B B AR AR, S e T BEOA R R 7 T Th R
VER) HESH L — o BT R K AR 22 B 2 T R0 DU 2 i 5 e 1) % L 22 SR B BE AR 4504
R G, NRRAF D T RS A RS TRt e, 8 B e )=
M7 V6 IR R 45 ¥4 B FE R 0 55 - Mw<1000 Y GOS1 (Gellan oligosaccharides 1,
GOS1), Mw>1000 ] GOS2 (Gellan oligosaccharides2, GOS2) W4 7. F4h, MHEfE
132U ) 25 e FHE A GOS3  (Gellan oligosaccharides 3, GOS3).

500 500
— bR — b
( a ) —— GOS1 ( b ) e GOS;D
400} 400
Y N
2 2
£ 300} £ 300
i ity
= 200f 0 = o200 L1
12 23 405 e, = 23 45
=3 8 =3 8
= 100 Gle GlcA = 100 Glc
0 0
0 10 20 30 40 50 0 10 20 30 40 50
fFE] Cmind ] Cmin)d

Kl 3-6 GOS1 5 GOS2 [ bl 2 it 43 #r
(a) GOSI1; (b) GOS2
Fig. 3-6 Monosaccharide composition analysis of GOS1 and GOS2
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