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Abstract

Laetiporus sulphureus is a fungus belonging to the family Fomitopsidaceae.
Polysaccharides extracted from L. sulphureus have been confirmed to exhibit various
bioactivities, such as anticancer and anti-inflammatory. However, according to many
previous studies, the structures of polysaccharides are complex, their physicochemical
properties may vary depending on species, extraction methods, and even origins. This
study aimed to investigate the differences in physicochemical properties and anti-
inflammatory activities of L. sulphureus polysaccharides obtained from different
regions (NT, YN, DS, and FQ) and extraction methods (SPS and PS). Based on the
results, the yields of SPS from NT, YN, DS, and FQ regions were 7.54%, 9.46%, 4.12%,
and 3.48%, respectively, while the yields of PS were approximately 1% to 1.5%. SPS
had lower sugar content and higher protein content than PS. However, except FQ, the
sulfate content of SPS was lower than PS. Results of monosaccharide composition
showed that SPS and PS mainly consisted of glucose, mannose, galactose, and fucose.
SPS from different origins had a molecular weight of 2.80 kDa, and PS of different
origins had molecular weight of 10-25 kDa and 500-600 kDa. The FT-IR spectra of SPS
and PS showed that all of them have hydroxyl, alkyl, formyl (-CHO), carbonyl (C=0),
C-H, sulfonyl (S=0), ether (C—O-C), and hydroxyl (C-O-H) bonds. In anti-
inflammatory analysis, both SPS and PS exhibited weak inhibitory effects on nitric
oxide production. However, SPS from different origins possessed good inhibitory
effects on TNF-o and IL-6 production. These results showed that SPS had stronger anti-
inflammatory activity than PS, and the physicochemical properties showed that fruiting
bodies from different locations but using the same extraction method possessed similar
total sugar content, total protein content, monosaccharides composition, and functional
group composition. As the SPS obtained from NT exhibited the best inhibition effects

v
doi:10.6342/NTU202502766



on TNF-a and IL-6 production, further experiment was performed to analyze its
chemical structure. The NMR results showed that the main chain of NTS consisted of
a-(1—6)-linked galactose and B-(1—6)-linked glucose, and the mannose and glucose
side chains were substituted at the 3-O position of certain glucose, while mannose and
fucose residues were attached to the 2-O position of galactose. According to the results,
SPS from all origins exhibited anti-inflammatory activities. These findings showed that
polysaccharides of Laetiporus sulphureus have potential for inflammation treatment

and related drug development.

Key words:
Laetiporus sulphureus, polysaccharides, different origins, physicochemical properties,

anti-inflammatory, chemical structure
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Figure 2-1. The cross-section of fungal cell wall (Ifuku et al. 2011).
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Figure 2-2. Structures of mushroom polysaccharides, phenolic compounds, and

triterpenoids (Guo et al. 2025).
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L

ey
9y

%8 W F]F 4 0s (Zhang et al., 2021) 5 4 5§ 5 BER T R R w ve e0B B iy

4 TS Rl 2 B R e cnd £ 5 frdpcd (Park etal,, 2024) -

¥

22.6. GRS EWZ S LER

BAFLZAPHMEL T TR F LF REFOPFTELT & 8~

SRR GMHCBURE K e P U AR B LR FRARE TR ERR

Moo o FletFrdl oL g LF BT R LR T ¥ s e

WAR S PR VR g L SR B A0k BT R e 5L B R
Frimte ek cna o g m EPPeF] 2 B F F Lok S blArA AR R DE TS
FEAE TXNP &2 CXNP ¥ #r4] RAW264.7 4 ;& IL-1 ~ TNF-0 » NO % PGE2 4 & >
4 B0 INOS 2 COX-2 ¢4 % #4513 NF-xB g v (F » 2015); 2 @3 %
48 PEP-0.1-1 ~ PEP-0-1 v PEP-0-2 ¥ ¢ i% i NF-xB fr MAPK 31 5530 i g % o1
4] NO ~ TLR4 ~ TNF-0 ~ IL-6 22 IL-1p 4 & (Wangetal.,2024) o ¥ ¢t &-418 3
SR B BT AR S PR L vk o Bldc g &g S BERE T Pl BLRE N g S R
3 ¥ 2. TNF-o ~ IL-6 fr IL-1B ¢4 b 3 (535 T3 430 £ P14 L F]3F chp s (Song
etal.,2020) » iFudt 4 do R oF B RN Rt 7 IORE T L FEAGAE 0 S pERE e g X

L P S
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F02-1~ TAF 5 pERE 2 AR PN

B A F R8P EE (Guoetal, 2025)

Table 2-1. Linkage patterns, structures, molecular weights, and bioactivities of fungal polysaccharides (Guo et al., 2025).

Mushroom types Polyseccharide Structure {lkasicunit] Conbocmeation Mw (kLk} Main bioactivibes
Ilericium erfnoceus Herictum eninoceus [1 = G~ D-galaciopyranceyl badkbone  Tri-helix 191 CHeD Immunomodulatory
(Bl ] Pers. polysaccharide genentlly has o L-fucopy rmose branched Hepatopratective
[HEF) branches at O-2. Antihy perglycasmic
Hypolipidemic
Lentinule edodes Lentinan {f~glucan) Backbome ([1 — 3]+, ench the five Glc Tri-helix A00-800 Prabistic Antimicrobial &nti-
posse=s bwa {1 — 6% branches branched Antiallergic
Aguricasixigorms Glycogen There is a linear chain with (1 — 4} Spir] branch 200 - 40 Antinxidant
Cordyreps sinensis [er-glucan) Dind branches with (1 — &)-0. Immunomodulatory Antivirl
Flommaiing velichpes
Grifolnfrondosa Grifolan {f-plocan) Dligmmaccharides consist of thres Tri-helix A00-100F  Prebiolic Antilumaur
(mentake) glutamate unils and one side chain, branched Antidiabetes
which are linked by a {1 — 6)- ghycosidic
bomd.
Granoderma bcidam Ganoderan &, I, C (1 — 3]+ backbone, branched at C-6 Bramchesd codled S8 4400 Hypoglycemic
[Crariis) P Karst [-glucan} with [1 = &) Glc units. or heldical Immunomodulatory Antivical
Schizophyihm Schizophyllan (1 = 3¢ Glocesidic bonding links three Tri-helix 100-20 Prebiotic Antimicroabial
CORTITRAITE [=izofran; f~glucan) glucose moleculbes, possessing ane Glc branched Anlitumor
side chain connected with the main
chain by (1 = 6]+ ghycosidic bonds.
Trametes versicokor (L} Krestin (f-glucm) Heperoglyran consisls of a main chain Tri-helix 100 Antifumor Anfioaidant
Limyd ({1 — A}#) and side chains {(1 — 3)-§ branched Neuroprotective
amd [1 — G, each of which is linked 1o reinforcement
a protein
Crypincocous spp. Perudonizeran Units that make up (1 = 3)-0. Linear G560 Prebislic
Agrocyle Cylindrocen (-plucan)
renoderme g
Lenrinms
Plevsrotus ostremtas Pleuran {f-glucan) Four Glc commecied by {1 — 3-8 Helicor cwils GO0 -7 0 Anti-infammatory
{oy=ter) glyrosidic linkages, (1 — 6)-F Glycosidic with branches Antimicrobial fAntiviral

bonds wtach every Gl unit apart from
chain.

Immunesysiem reinforce
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PI3K
Akt
MAPK

IC3 MIP2

‘ Dectin-1 ‘ Dectin-1 Dectin-1
TLR TLR LacCer
~ ’ SIGNR1 - CR3
: Scavenger
- ‘ SIGNR1
% Q” Dectin-1
TLR
\e\ L ) Neutrophil
Macrophage 1 \ E i(
Cytokine Dendritic cell
(TNFa, IL-2, 4
/ IL-10, IL-12)
\ T cell
Natural killer B cell
cell
' | !
Targeted cells Humoral immunity Cell-mediated Phagocytosis
lysis immunity of
targeted cells
Adaptive immunity Innate immunity
B 2-3 ~ &55F 5 pERE 2 fL £ 8484 (Chan et al., 2009)

Figure 2-3. Mechanisms of immunomodulation induced by fungal polysaccharides

(Chan et al., 2009).
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2.3. A 'ﬁ']’
23.0. A Y A

FimL A8 & 5 Laetiporus sulphureus (Bull.) Murrill » * & 3257 ~ #£ ¢ 7 >
Frd JIitF & mA SV E B HESF FF (Basidiomycota) ¢ poik 3t *p%];fi
(Fomitopsidaceae) hZ. ] Fiky Fjen+ FME R = d - B FA TR E < 7230
A0 ERIFA LA R Aol BT Apdnd (R 2-4) -

FR )R LAY MARDBERY » FEA LA BRELF R IL
ERMSLTHEENEE IR D AL FY MARLES FHELTF L

J]?]‘EJ}’;}-});;:\ﬁjé% ’%ﬁé’(ﬂi’b‘;’f":}‘?’g l’f—!—_g &k,gﬂ%ﬁ%ﬁli ’m-ﬁblgm_y-ﬁgé‘lr’ ﬁ;‘

e

’fzﬂ/g‘”ﬁ“”’ii;mg*ﬁkfrj‘\” ’975ﬁ’x ;r:;;i\]\.tb;fp\g\_4 bkiﬁ%;}vv%ﬁ'?ﬁg\,,g\’?

RELHPL > I-FRY AR Eoar Fr 58 (Khatuaetal., 2017) ©

232. BRF S WA 2 FEE

SRR FY L B ehE A A2 - o Alquini ¥ 4 (2004) R FS
FHYFNSE PR B - L B S5 BP0 17 5 —3)-B-
Gle-(1—; ¥ - AR 202 a-(156) X L% 5 1B T2 RpE - 2 2R~ 4
BAE S THBEE T M b5 1835141060 B4t (h2-0 &l 4 EEEE
g B~ 5 (] 2-5) « ¥ ¢ 5 1345 Jen (2024) FT R 0 RiA A E-v R pE F2 2
B-(1—>6) F FAEL a-(1—>6) L BHMTL S pEMIsa £ 0 2§ 40 3-0
BLIREN2-0 e FEH - HBRBEE RS LN

FrEm o B RS WY AR AR S A SRR S ENE
MEFERET MW ROBMBRALE &R 3L Bwme 4 2T B SRR
hpn i 5 pERE SPS ¥ #74] TNF-o~ IL-6 fv TGFB 4 id > B § 245 chpusF o o
% (Lu et al., 2023) ; £ F<SPS % pEdl» ¥ i fwie x4 18 1k 2> GO/GL #) &
Frdl 5 R e B 4 0 R B IE kT e B A S R 5 B e e BV R e h

1 (Jenetal, 2024; = > 2024) -

10
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Bl 2-4 ~ A )+ 7 W31 & (Andreas Eichler, 2017)

Figure 2-4. Fruiting bodies of Laetiporus sulphureus

a-D-Manp
1
l

A 3 B

a-D-Fucp a-D-Manp
1 1
l !
2 2

—6)-0-D-Galp-(1—  —6)-0-D-Galp-(1—

—6)-0-D-Galp-(1—

Bl 2-5 ~ Fik ) 5 pEAE 2 £ 47 H g R H05Y (Alquini et al., 2004)

Figure 2-5. Linkage pattern of the repeating unit in Laetiporus sulphureus

polysaccharides (Alquini et al., 2004).

11
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24. Ewimie B g
24.1. Evgim®
Evifin®e 50 i3k - o EPoshme s & § 2805 A LR
B~ PR ¢ Wt e BRI H PR G F AR M R TR L E e
G B B R BB R 4 gt Ak 1 R {8
Flmie 5 X F 0 P RIKIE S &k~ EehE & - B (Belboul et al., 2025) -
P REwme RAW 2647 &5 T 4@ ¥ chi & wmbe
2= fR e gk 55 L4 BALB/e i 8¢ 1~ AMuLV 4 o & 8 0w
ts B~18 (Raschkeetal., 1978) » F]p RAW264.7 fr pr 2 5 A~ 4 ~ Begiv®
BEREFBEFE PRI A DT Y PR N LR w (4o BMDMs ~ "2V
E gl AR E vimie B) { 4 fE T o B w RAW264.7 fmie 4§ L * *0 % &
P Lo 7 ¢ o bldodul L EH PRy X R LT g LR

AAEE R AP LA LR o

24.2. 55 S BmHEF X

s % p& (Lipopolysaccharide, LPS) & - fad " 5 e s pEtle 2 < o5 > &_
FILAPFAKEFReEEOE L B0 L - fAlwFd F o0 Flet g EL AR
Fp & % (endotoxin) » %5 % pE i & d "y F A (lipid A) ~ ¥% < & (core
oligosaccharide) &2 O-#w/ % f§ (O-antigen polysaccharides) * %47 = (Di
Lorenzo,2017) » # ¢ %« EERT /£ % 4 = inner core £ outer core » B 48 5% 1

Y B 2-60d 3P iR & KR R RS B A (Rietschel et al.,
1987) » T G B ‘m e i ;ﬁa S AR i A EE b0 TR AR
el

LS T LR R % 5 G PR e ok g
mee A4 AW L TS bl4e TNF-a~IL-6 IL-1B 22— §  § %> B LA F i

ZELERA R R PR LA A SNEE) B L TR L

Ba ol sk de il W N Hprh S T A LApM T Y Y (T A
Tl E v im e 3 W chge B (Page et al., 2022) o

12
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243. - § i* § 2 iNOS

- % it % (nitric oxide, NO) & - fa 72 7 - B% A+ 8- B ¥ R+ DF LA
FodNEFTIFIAREMIT A A TP I - BAR P A X R TG

Afjbge bl g - F i F A &d - F it § &pF (nitric oxide synthase, NOS) &
HoRpeEr ot A 4 5 d A H Ay %‘r KPR ER 0 FIR T O RG UL
BiLd 5 AR e — § CREY RIS AT UARM R ¢ 7 PRk

¥
i F o BEBEA S ALF B AN Rk Bk B FRtRIG T L

a0

F_*

" §

el PR kg e gk Rt ¢ AL R (Furchgott & Zawadzki, 1980) » & & 8 # {5 &
R IR B EIR N L e Ty Y s — ¥ (Ignarro etal., 1987) o

—§ 0 F L (NOS) - M7 # LM e “ 5§ “§ 8 LA e
F0 5o HAAsgF A 54 (neuronal NOS, nNOS) ~ 3% #3] (inducible NOS, iNOS)
ga i g A (endothelial NOS,eNOS) » H ¥ INOS & # v— % i* § & & % - INOS
- RN E R~ ik vp o ks p L lmie i Tl o o R T
LPS & IL-1B & F]3 ¢ /%IF%’INOS egFRLTAEAEP-F b5 > UAE
hoB F e BYEE gl (Ahmad et al., 2020) o

2.4.4. TNF-a £ IL-6

BB UFE R ErEmE uﬁ; ERARSE TS SRR RS B skl oo 3
bl4e TNF-o £ IL-6 % > idfchd-d 7 45 d B - (20 HFRLT i teie ) chjl 5]

FRETHEAS DA X ka Jek T L A2 PR AV LA F BDE & T

F o

*h % % 7 %]+ (tumor necrosis factor alpha, TNF-a) » # # 5 E ¢ 7
(cachectin) > & - & 4 F & %v (acute phase protein) » TNF-o ff#2c% 5 - &
26kDa 2. B3¢ 1o 5B Bis vk iEe 43 €95 17kDae TNF-a ¥
IR ¢ chi X R R e F 2 0 4 T IR dn e A % INOS S IL-1B & 2
IL-6 % 36 7 > § 24308 X F B~ o

i ¥ %-6 (interleukin-6,1L-6) v w3k i Zehd B2 - » B s & - fi4
BF ks - Erme T MRS BRIES § 24 RIL60A 8 T ke &
LeE it Bimie 2 4 8 B a fad g LA B (Hiranoetal., 1986) o IL-6 =k +
29 % 21-28kDa> & 1978 £ 4% Twmie du= 3 ¢ HFIR T fwie § A is— fi4

13
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#i4¢ B "% A 4 IgG (Kishimoto et al., 1978) »  ® % 1986 & ¢ 2 7 51 cDNA
AR G e ok h- f& (Hirano et al., 1986) °

14
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O-Antigen

Ouier S-form LPS

Rdpemn LPS
Los)

Lipid A

L » Man

Bl 2-6 ~ *5 % gt 8 %451 L B (Di Lorenzo et al., 2022)
Figure 2-6. Schematic diagram of the chemical structure of lipopolysaccharide (Di

Lorenzo et al., 2022).
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=% EypE8ap

Tk 3D PHERAE FP 2RI A AR NI ERAL VEE T
§FAR > REUPNIPFERT G AT R TN PR
BAFEEAITEAER P A&7 FAFAR AWy LT E RS
frdRs > F AR 38 N> 25 (YN) - L4 (DS) ¢85

(_‘
I
T+

2

(FQ) % A& ¥ fegr it % pr 48 (Sulfate polysaccharides, SPS) % - 4 % p& 4%
(Polysaccharides, PS) 1% B~ 2 “7B~ (8 cfipy ) 5 pEM - 2 74 VLTS g
LA NL B RFLFAR RGO EHE- H o1 P E S FRF

SRR SIS I P
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Fri - HHai

4.1. L2 1 F AR

AFLATRY 2 AL BER AT RS 2L PPN LT (34K
B 2 DR OTH) 2 ARE LIRS YL AR LE LR
“gd WZT e o 2 gp kv (bovine serum albumin, BSA) -~ %3 % @&
(lipopolysaccharide, LPS) ~ o-#& #~ i (a-amylase) * a-# % pE i f* (a-glucosidase)
Pt p Sigma-Aldrich (St. Louis, MO, USA) - DMEM #2 % ;% (Dulbecco’s Modified
Eagle Medium) % 52 5 i (fetal bovine serum, FBS) Fp Gibco (Grand Island,
NY, USA) - Fifit 8 % fm% (phosphate buffered saline, PBS) P p HyClone (Logan,
UT, USA) - ELISA kit B p BD Bioscience (USA) o H &4 * 2_i- B &5 ¢ 5 5%

oo

17
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4.2. ZE 5 PpER (SPS) &1 5 padd (PS) 2 A
42.1. S A5 pER (SPS) 2 Fpgr v
PR PEM RS 2 SR E Lu ¥ 4 (2023) R S FRE (T o

I rlgz2 A EF FME A L4er 40mL 2 ¥ 77 (7 0.1M Py P4k
5mM X st ~ 100 mg »~ A% 2 5mM EDTA » pH & 5.5) -

2. 3 E 2 60°C-Rip T X B 24 ] BF o J&F 1 2000 xg Hrew 10 A 48 (CN-6000;
HsiangTai Machinery Industry Co., New Taipei City, Taiwan) » {2 & * 5% -

3. £4 d%b??;ﬁ,k_,.%/m/;k,fn RN EEES X F B2 b ke

4. PR REAR 35 BN 0S%L FRoBMF N PR BRFLACTHEERR

5. 129000 xg &~ 10 » 48 (Avanti J-26S XP; Beckman Coulter Inc., Brea, CA,
USA) » B~k ¥ 2 100 mL 2 33 -k w3 » 5% % ~ 545 % (molecular
weight cut-off: 12-14 kDa; Spectrum Laboratories Inc., Rancho Dominguez, CA,
USA) *t 4°CT #5475 72 /] pF > & 6 3| 8 /] PFF 4 — Az bk o

6. P~ 47 % 2 2.737% 11 9000 xg 3w 10 4 48 (Avanti J-26S XP; Beckman Coulter
Inc., Brea, CA, USA) » ¥ ¥ P~ ik LR A8 L PE o Bfs B-F R B PR
B A (SPS) e fE » T T AE NP EAF M1 REPEERF PR

c"gg%o

FRSERE X (2
AF (%) = 100%
O e @ 0%

42.2. B 5N (PS) 2 5Bm B
P B2 0 8 pERE N Bogr 1 4pe Su £ 4 (2017) hE B A BL 7 o

1. P~3ghi A+ T AP %40~ 4 g3 -k 150mL 7 & *% 100°CT 3B~ 3 /] pFo

2. Mg AR I Tk R R R R REIR R S E IR TR R IR
EDMEAR L 40mL 2T o

30 M4 BRFFL 95%e RS ERITRITS > ZNACTEREIE®R o

4. B~1E ¥ 05 % 1 3500 rpm B 10 A 48 0 B1E ik e 11 95%¢e fRiE R 3
Zo BT EER I ETRY -

5. BUUERP U BT R w R BA20CT A o BEFLREL LI 48 ) B

18
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o EBFauks kL kA § pEks X (crude polysaccharides) ©

6. Bde % pEds A2 0.5 mg/mL et A3 kY > A pH 3 P 1S 0 Ak
» % 47§ (molecular weight cut-off: 12-14 kDa; Spectrum Laboratories Inc.,
Rancho Dominguez, CA, USA) » #4v > 100 pL 2. o-#&# f#i3 % (2 mg/mL;
60 U/mL) £ a-% § #3 =% % (2 mg/mL; 60 U/mL) -

7. BEATRBEANAZS K T2 PF 0 E 6T 8 BFEEHE - ARk

8. MA R » ARIFL > FAer FPERRMAA 1/3 B Sevag BB (& Pl T
B =4l vv) 7l HFE S EZETHE IO BEFE Lk BEH “ﬁv‘.'f %
SRR G0 H oo LA IEAF = X -

9. #= =3 Fv B RHHA /)\%'“Fi/k‘fﬁi 40mL 12 > B F HE-H A g 3-20°CT 4
oo

10. B i3 74 A 40 48 ] BB L S @M & (PS) £ 0T A N A

Foe g REPEE B g o

) Z E\;.«-‘Hﬂ" .;
éﬁg(%):#ﬁs’ﬁ%’h s*ﬁ%iﬁ#’%(g)xmo%
FRHEX ()

19
doi:10.6342/NTU202502766



43. {FE LA

* A 4% %% DuBois % 4 (1956) # Masuko % 4 (2005) ™ i i& {7 Gkt B
5 PEREATE S B A P -
431. R

DEFRE R G Mok ami gk TP ER T S8 AR AR NIE Y T € SR A S ek v
(furan) 472 4 > @ @k fd 4o 2 ¥ 6 1 § A2 8 UV-Vis kg & 4
FL TR R RO ok AR RAR T S R R B

Bk B I A 490 nm o F)pt @ 490 nm (T A WBORIAE o o

4.3.2. BlEFiE

1. P~ A 2 iR A7 A% pEdY (SPS) @i S kgl (PS) » M2 g+ kpe®l
Fi47% » kA 5 100 ug/mL (100 ppm) ©

2. BB EARE T HMEER (0220406080 2 100 pg/mL > 332 33
k) e r 96 3LdF ¢ o

3. 4~ 30puL 2 5% % B (phenol) 3% » RAr3=m3 (& £ 4v » JEFifk 150 pL -

4. B O0°CRizTRIES A (e BbgrT 2R o

5. @ * ELISA plate reader (Infinite M200 PRO, Tecan, Switzerland) # 490 nm —*
RERSETEBEFEESLLE 23RS BT R T3 2 FHERE
UBREER CRFETE (%) TP EUREERARAER LA CRBERE LA

F o

i N L
“pz i ()= g%gggm1) X 100%
# %3 % kA (ug/mL)

20
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4.4, 5 R~ '}i’ﬁ"&\ N3

44.1. 39 F 7 £ 41 (Bradford, 1976)

1. P~2mg % @it &2 500 pg/mL ek B 5733 4 mL 0 PBS ¥ > £ % B
50 pL chff 573 5% 27 BSA 4538 5 (0~ 20 ~ 40 ~ 60 ~ 80 £ 100 pg/mL » 73 3¢
PBS)4t » 96 3t 4 o

2. 4r > 200 pL 7 dye reagent (Coomassie Brilliant Blue G-250) I v 4 /R fr » 3%
FRENWFTETEHES RKI0L & -

3. 12 ELISA plate reader (Infinite M200 PRO, Tecan, Switzerland) # 595 nm =/
£ TRIEHRSEEE TR -

4. P~BSAHRE R kg 2 R0 R FPE S MRS Y T2

e

o

442, FEIR S A4 (Zhuetal, 2018)

1. B 1mg %pEtE4 k4 » 1 mL 2 2 M TFA (trifluoroacetic acid) » % % % »%
120°C™ -k fz 1 -] pF o

2. #-TFA 84005 A8 K w33 » B F 00 317 200 6] BaClo-F 953 i 8 4o o

3. % 10448101 360 nm A £ B EHRSEMEERE SR LE > E 2R R

L B
B
WARSE R R o

4.43. 5 @A 3 £ 445 (Escarnot et al., 2011)

. 2mg s R 2 E R E A3 @ S ER 5 2mg/mL ok 5o ¥ 11 045
um g i g ©

2. i * 33k 4p & 47 & (high performance liquid chromatography, HPLC) 4 47 &
R A A

RIIPAE S SE

(1) % B : Agilent 1100 % 7 (Aglient Technologies, Palo Alto, CA, USA) #5 fie
G1362A 4754 % 1§ P B (refractive index detector, RI) °

(2) ¥ 4L:TSK gel GMPWxL ¢ +& (7.8 mm x 300 mm, 13 um, Tosoh, Tokyo, Japan)-

(3) HBEApB R 1 S50mM ML AR 0 7 0.05%8F 14 o

4) B s £ 437 dextran % 5 (5~25~150-~270~ 670 £
1100 kDa) F 2 R & » F 4% 2 o o+ 2 kB 540 g ) iF TR &
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ZAREd S o
(5) A 7P ehip SR AE 5 20l > A o 4pinad 5 0.6mL/min > A 45 pE 4o d 4-1 %7

T o©

% 4-1~ 5 pEREA 3 B2 HPLC A 45 1f

Table 4-1. The HPLC analysis conditions for the molecular weight of polysaccharides.

Time (min) Flow rate (mL/min) 50 mM NaNO; with 0.05% NaN3 (%)
0 0.6 100
25 0.6 100

4.4.4. Hpre= L 45 (Daietal., 2010; Wu et al., 2012)

4.4.4.1. TFA gk %

1. P~ & 2 mgiE -k f@? ® 5 4ex~ 1 mL 2 2 M TFA (trifluoroacetic acid) » »*
120°C™ & {7k f2 1 -] B o

2. RFRE A fs MoK R E N PR EAD 0 KR F T BRI P Bk D R AT o

3. &7 ;ﬁ“fﬁi}éfﬁﬁ#’éﬁi.’i%ﬁ PR {8 » 2mL5S0% " fRT £ ST o ST F
hietiiam TFARYT o

4, AR R PR HER S (PR ESER Smg/ml) 0 254 0.45 pmnylon Jjg "B g

4 4 % % 520 20°C o

4.4.4.2. 2 1

1. P~ 100 pL 2z #& S22 458 240 ~ 100 pL 0.6 M NaOH > ;R {r323 {2 £ B~ 50 pL
IMERE Y e

2. 4c» 50 uL 0.5 M PMP (1-phenyl-3-methyl-5-pyrazolone ; ;3 3t ? fig) & #-H %
% 70°CT™ F & 100 ~ 43 o

3. Bdvsgris b » 50 uL03MHCE ¥ 0k & B > &% £ v » 200 puL srdg b4k o

4. 4 r S00pL & O TR E RF AR AF Jeamd B BE R NE P 2R
FEMHZE o

5. Fleerrkid i 2 0.45 pmnylon JR Bk 0 F 1 3t 4°CT B ¢ o
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4.4.4.3. HPLC 4~ 7

175 SR8 5.0 35 4p B 22k 4p & 17 &k (reverse phase high performance
liquid chromatography, RP-HPLC) & {7 4 47

2. A AFiEE

(1) & % : Agilent 1100 % 7 (Agilent Technologies, Palo Alto, CA, USA) #& fic
G1379A “f FAEE ~GI3IAz ApFIF &2 GI3I4A K #h k2 7 AL (B E o

(2) ¥ 1L : Mightysil RP-18 GP ¢ += (4.6 mm x 250 mm, 5 pm, Kanto Chemical,
Japan) o

G) BE AR - BRAZBERBAEHR (PHO.7)» 3Rk B s M o

(4) & 0 d § F 4% (glucose) ~ = 5 4% (galactose) ~ # et (fucose) ~ 4 & #
(mannose) ~ 1% #& (ribose) ~ B Z #%& (rhamose) ~ *~ # (xylose) ~ [# 3= 9 }E
(arabinose) ~ 4 % PEfE s (glucuronic acid) £2 L ' fEpL (galacturonic acid)
SLBEPBEAPMP bt ot o HEBEPELFT PN PFFER S F o 7]
PEEREEFTH R RER (501005001000 £ 2000 pg/mL) #
B @R A > T AREE R o

(5) » T etk S8 A 5 20ul > S #4pinid 5 1.0mL/min> @ RA L 5 245nm>

e iE iR A AT B=825:17.5W/N) > 4ok 4-2 #r5F o

% 42~ 5 pERE pEe & 2 HPLC A 47 15 i

Table 4-2. The HPLC analysis conditions for the monosaccharide composition of

polysaccharides.
Time (min) Flow rate (mL/min) Solvent A (%) Solvent B (%)
0 1.0 82.5 17.5
60 1.0 82.5 17.5

4.4.5. EHEFEEAS 15 (Peng et al., 2010)

1. 75 &3 & = F 4k o b £k (Fourier-transform infrared spectroscopy,
FT-IR) i& {7 A 45 o

2. & % ! Thermo Scientific Nicolet iS50 (Thermo Fisher Scientific, Waltham, MA,
USA) > » 45 # F % 4000 T 400 cm™ -
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3. A2 IPREFARENREI IR 2REINRE > RS LRI HESA

110 & 48 (645 07 R s K CFEFRRBR DGCER YT - BRE -
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4.5. w7 32 %
4.5.1. ‘mrefasger % ixid

A 2 0] BLE w2 RAW 264.7 (ATCC TIB-71) kp & &1 F3 &
# 3 #7 (Bioresource Collection and Research Center, BCRC, Hsinchu, Taiwan) > £
4 £ 3" DMEM £ % 7 (Dulbecco’s Modified Eagle Medium) » ¥ #2 % i 2 5 37°C
% 5% CO2 - DMEM 3 & 75 7 90% DMEM 33 & % &2 10%%5 4 & i ©

452, i v g M &

4.52.1. % & i

1. #DMEM 3 % 228 37°C-kip ¥ wif > == {817 70%e fRds & 4% » 2
S A B

2. BodvEf w2 bk ety ko 37°CRiE P B Wi BH ER 1512 70%

3. #4mLDMEM £ % &2 1 mL w5k e » 3o 4 0 % 12 1000 rpm 3t
NPAY TN A I f G dde r 1 mL 2 A7 DMEM 335 % 2 -

4. ¥a3 Rovimve (5 8-H B4 2 54 4mL #7865 DMEM 32 % & 025 T 22 % 55>
BEFHLIBAR R e R0 S B2 R4 -

5. BE-PRIIEREZR BFFIR2I3p FERFSHN -

4.52.2. ‘w2 &

Lo g2 £ 3% R0 i 80%PF § 12 7800 o f LM RRAE 0
PBS % f=% (phosphate-buffered saline * % 6.7 mM PO4>) FRimie Aot e

2. Arr 3mL ZATHERZ AT B A BF w2 ) IEERT G F AR AD

i > ARt Himg B o

»

3. PR M et~ AT ALY 0 £ F 12 DMEM 1 & AR5 e A

AL SmL BB A RENBI YRS -

45.3. =% 4 % %5
. $weElZBR 9 80%  F & &t dp et £ 3 (log phase) pF ¥ it
EAN T o F AR SRR N B E > BF 20 UL e TR
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220 pul ZBIRfctS L » e R o
0% kR 15 Pehn e REIRAE M e F 0 02 1000 tpm B 5 A 4
%4

b b i (DMSO :FBS =1:9 (VAv)) & #m kBB A S 1 x 10°
cells/mL » #% 115 § LmL et b4 » 2k B3 F -

ﬁz'-/é\ /% 1/,5"7’5‘;;‘5/’}47‘-80°C/’Ji%§— X ;]['%_"_ETIE‘; _!. %% )\/&%‘g d f,R‘T’;— o
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4.6. m*% 35 F &£+ (MTT assay)
& 4 45 % P8 Mosmann (1983) £ Shan % 4 (2009) ¢~ j2ie (7 » * 3 7 j2 2
kR T EUR B4 FL S BERE (SPS) 221 5 pERE (PS) ¥ LPS 3 ¥ BLE viim

2 L - .
LER= R IR T L

4.6.1. R

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) & - #&-k
BRI EY B EP AL B PR Y o d £ ¢ (cytochrome ¢) &
L3k 4 & f5 (succinate dehydrogenase, SDH) chi®* {5 ¢ % = % ¢ g3 |+
v f& (formazan) % & » F]#t A5 48 DMSO (Dimethyl sulfoxide) % f%{s ¥ & 570
nm gt E TR FERGEE o d WM T AER DAY E e h > FP R BB AR

SN L 3RS FARE o

4.6.2. 7 % *

1. Jefpmies @ * DMEM # B2 kAR 3 4 x 10°cells/mL > # % B~ 100 uL ‘w7
R4~ 96349 > Tz % 24 ] pF o

2. = ER AL E¥F 40 8 022umPES R iEiE k2 # k& 1 SPS ¥ PS
5 PEREE S (0~25~50~ 100 pg/mL » 3% DMEM) ¥ K Jis— -] B o

3. %hapalima e #rj RgEleode ~ 1 pug/mL LPS (4 DMEM #f8) 3 % im0
NG

4. 24 ) pEIS > Mg erF 5 & A PBS ik iee o 45 F 4 ~ 100 pl 0.5 mg/mL
2. MTT (i3 >> DMEM) » @k F & 2 /] B -

5. MR FiRis s r 150 WL DMSO » #4 ¢ & = 273 f# 15 > 12 ELISA plate
reader (Infinite M200 PRO, Tecan, Switzerland) ** 570 nm & & T p| & &k (@ >
T #-630nm A £ 1T FL K E o

6. Birdle R L AR 5 L BAITE RIFL AT 2L E I RAW264.7 % f
PPRIET 2 FEE e
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4.7. - § i* § (nitric oxide, NO) & & & ¥+

AFTE R Su £ 4 (2017) e R (s o 2200 AR FEA T OB F 2
F5 % pERY (SPS) 211t 5 pERE (PS) % LPS 3 /| & F v ch NO A2 £ ¥
2o
A
471. R

NO 5 £ & e L F]F 2 - > F|pplT w2 NO A4 &7 117 fFlwe i
UARR o NO ehfE a1, (3 2 W% 2 A fedg S (nitrate, NO*) 22 I; 1 o494t
G NO™ i 4Rl R AR o 18 (7 p] P

¢ & * Griess reagent ;#] » 2% 1 & d g % (sulfanilamide) & N-(1-7 £)-¢

+ (nitrite, NO*) » F]$* B ¥_NO & #

“- WPLA (N-l-napthylethylenediamine dihydrochloride, NED) 2= » & &g

ok

BEHAEAWMLEFE R4 I 8F © &4 (azo compound) 0t FFR * 540 nm A &

A NOP#PFEFEF CF X A2 £F B (diazonium salt) » #% £ 22 NED

I%

PlEE L BEIFT 2EHE NO 2 XF o

4.7.2. R %2

1. Jc8 RAW264.7 fm# » ¥ ¢ * DMEM # & H kB T 4 x 10° cells/mL » &%
B~ 100 pL fw e Rk 4 ~ 96 3V ¢ 5 T K 24 ] BF o

2. =% B A A F 4~ 6 022 umPES JR B m 2 # ik B 0 SPS £ PS
5 EERHE & (0~ 2550~ 100 pg/mL - 3 > DMEM) i F Jis— -] B o

3. irdlia b 40f RJL w4 ~ 1 pg/mL LPS (4 DMEM #f-f8) # 4 im e
FW e

4. 24 ] pEiE > P50l wre b g R R (0231255 6.25 2 12,525~ 50 £
100 uM 2. NaNQO3» ;3 ** DMEM) 4r » 96 3¢ 4 > 3 % 4 » 50 uL Griess reagent
AR E & 1S &~ 48 0 Bt 11 ELISA plate reader (Infinite M200 PRO, Tecan,
Switzerland) ** 540 nm &L & T R E Lk E o

5. BRIE R BN MRIUE T AR kR 2 SPS & PS § pEAE EJT {4 LPS
# 9 RAW 264.7 m#e 1NO 4 & £ o JE 2 Jaiplfk 2 g Lt 4 o
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4.8. TNF-0 22 IL-6 ¥c% 2 & A 17

~ 57 % % ¥ OptEIA™ Mouse ELISA set (BD Bioscience, USA) #74& & e A
BT T 27 ROER T SDELR B 2 AL 5 PERE (SPS) & it S pERE (PS) ¥
LPS % # | & F s ™ ch TNF-0 22 [L-6 jjc % 4 4 25 -

48.1. B 5H#

1. Jc8& RAW264.7 fm? » ¥ ¢ * DMEM #A 2 kB T 4 x 10° cells/mL » &%
B~ 100 uL fmfe i se » 96345 ¢ 5 Ty K 24 ) P o

2. = ER AL ¥4 58 022umPES R EiE k2 # Ik & 1 SPS ¥ PS
5 PERIEE S (0~ 25~ 50~ 100 pg/mL » ;3% DMEM) * K Jis— -] B o

3. fay#liez oo 40 RJL s » | pg/ml LPS (2 DMEM #ff8) 3 & inve
);;F ,’\ o

4, 24 [ PETS > ol me b R E R 30-20°CT # F o

4.8.2. & 7% 3

1. B~ 50 uL capture antibody i* P& & & +* | 14 coating buffer fF-# » 4% ¥ 4 » & 7
FoRg K 2 96344 0 ¥ 4CT F B 8 P -

2. # ‘,% FuR8% % > 2 washing buffer (PBS » 7 0.05% Tween-20) '}ﬁ"i%’a 3480 4
» 300 uL 2. 1%%t %5 2 4 (7% % PBS) blocking 1 -] B » 34T 3 4 @ X ikl
T I o

3. f’h{” 247 > 12 washing buffer i 3 = {8 > 4e » S0 puL fk &8 R 5 (12
77 0.5%BSA 2 PBS fFf8) 5 2| p*

4. # ‘,% k&% 7% > 14 washing buffer % 3 =t ¢ » 4¢ » 50 pL detection antibody
Flsl )P o

5. # “ﬁc? FLRi% % > 1 washing buffer % 3 =t {2 > 4v » 50l 7 4B F 250
13:F ¥ 1 fF (horseradish peroxidase-streptavidin, Sav-HRP) » i ¥ 85 gk &
30 ~ 4& -

6. # ",ﬁ? Sav-HRP - 14 washing buffer 7% 3 = & » 4 » 50 uL TMB (3,37, 5,5’ -
tetramethylbenzidine) » < ¥ v a5 Aok & 15 #4818 > 12 0.1 M ERFLIA 7 80k &
R o

29
doi:10.6342/NTU202502766



r2 ELISA plate reader (Infinite M200 PRO, Tecan, Switzerland) ** 450 nm & &
TRl GRE RS A BiE R R aE 2 2 LR R T 2B
WA AR kR 2 SPS & PS F pER eI s LPS # F RAW 264.7 w¥ ih
TNF-0 22 [L-6 2 =& & ©
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49. S R R B HFIL

4.9.1. B & J= (nuclear magnetic resonance, NMR) 3k 3 & 47

1. B~ 10mg % FERE %320 0.6 mL DO » # 4 =% 233 /215 > %~ NMR A {5
A b1 L ? o

2. i * Bruker Advance I 800 MHz NMR +& 3 i% (Bruker BioSpin, Billerica, MA,
USA) &7 4 5 SPS £ PS 2. 'H~'3C~COSY (correlation spectroscopy)~TOCSY
(total correlation spectroscopy) ~ ROESY (rotating-frame nuclear overhauser effect
correlation spectroscopy) ~ HSQC (heteronuclear single quantum correlation) £

HMBC (heteronuclear multiple-bond correlation) % k3 o
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4.10. 3u3t£ 45
BfpriTioE £ REL AT > T A SAS (7 H F]F %7 A 17 (one-
way analysis of variance, one-way ANOVA) 2288 X 37 5 € 4 ¥ 2 (Duncan’s new

multiple range test) o P -] >+ 0.05 % 2B E 5 ¥ L R o
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1% BREis
51. Za5pEtd (SPS) g24 i S sl (PS) 2 & ¥

251 2 LAFBABERS 2P RS Ak A¥ T 0 273 SPS thA
F39F PSS U NT % 6] » # SPS &2 PS chg F 4w 5 7.54%% 1.11% » ~ 5 %
¥ Jen & 4 (2023) e S EF AP o

AP EBRS 2T R RN A R AR Z SEMPAFERL R - SPS hA

" YN & (9.46%) 0 % 5 NT(7.54%) » @ DS (4.12%) #* FQ (3.48%) :hi

L

FREBMEAF AN YA EMFLE TN R AR H SPS AT B

B LA PSHAFOL 1%L 1.5% aiii b R MELR > RIRG -
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# 5-1~ 2 A% FR FOSPS & PS 5 pEREZ A ¥
Table 5-1. Yields of SPS and PS polysaccharides from L. sulphureus of different origins.
Yield (%, DW)

Samples SPS S

NT 7.54 +0.88P 1.11 £0.072
YN 9.46 £0.522 1.14£0.192
DS 4.12+£0.88¢ 1.52 £ 0.442
FQ 3.48 £0.29¢ 1.36 £0.272

Data are presented as mean = SD (n = 3). Values followed by the different letter in the
same column are significantly different as analyzed by Duncan’s new multiple range

test (p < 0.05).
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5.2. § 55 PpERL (SPS) BT 5 ER (PS) 24 LR
52.1. BpE~ B30 BN

%5281 2ARSPSBR@mIzEMHY 2853 -‘F'{ FQS 717.81%
v #F 5 DSS 5113.95% ° NTS &2 YNS 282 25 M2 2y 3 ﬁév\ L]
5 9.36%%7 10.82% 7 i v 2 G REEALR 5 o
LAB D SPS Bhd ELFRPEDLRE S EBE?P THERATG AL 2
BF0 ZEFRBWPS T PHY 2 EAFAE 5 NTSE YNS» & 5] 5 17.20%
22 1835% > @ DSS £ FQS ehz £ 8" » & %5 11.67%2 9.59% » pt %% &
SPS 5 pEREY chi-vd HmZ2 G ra MANEEE 2 ﬁ? v 22 Jen & A (2024) ¢
EF AW 2 SPSens ek A RPp R TR E an%ﬁia‘ﬁ VIR IGHE SRR €
ZLPEIsehe B2 £ 7 i 28-35%F ¥ MK G-0 fis
k21T * (Cui & Chisti, 2003) » F]pt 42p] SPS ¥ it > 39 B PE (proteoglycan)

PR Fev B E 4

)

2 ZPE v (glycoprotein) » & *% SPS ¥ 2 3 i ihj-d T ypw A T T 4
T B %‘f:—ﬁ#%‘f?ﬁ‘bgﬁ*‘Kﬁ»ﬁr&/zmﬁzf}iwaa% Az B RV

L
. 14 iz (Saha & Brewer, 1994) > ]}t F-v %’r T %y w2l
7 E R .
Az zod RSNy 2 RSV HFRLEAR SPS2 X G TR o
BT AR LR ¢ WESPS fmuanpmenEke 3£ o
PSApit » & A3 PSehpEsg s EM AEdE > 4 5387 FQP £ 4 &3 o
(59.34%) » @ NTP (40.03%) ~ YNP (35.78%) £ DSP (41.38%) % i %]
PR B ARP 2 EGREFLR o ¥ AT PSehkd T E R
H e ﬁxr'g’%f; NTP 2 0.12% » & 7% 4 3-9 # Jfic § »cd %% PS 5 phi2 3
bR e Rpp a2 REVHFIRE AR 2 PSS Ry FZ EAARITSPS LB
POl oo BEMA TR G AP e
¥ oh @ 87L& hE_SPS ¥ PS charfe1e 5 B 0 15 1995 Jen £ 4 (2023) &
Lu %4 (2023) enf skt %87 > ¥r A¥ B A SPS AmpEi s £ €3
WPS e AL HIME T EE AR 2 SPS SR H AR 2 SPS AT

A
¢
B9 M PSS JERIT A AT 5 ek BRGNS AT ARG AR 0 R L AN
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%52 & AV B ESPS § PR MPE My BEEi s £ AL

Table 5-2. Total sugar, protein, and sulfate content of SPS polysaccharides from L.

sulphureus of different origins.

Samples  Total sugar content Total protein content Sulfate content
(%) (%) (%)
NTS 9.36 + 0.90P 17.20 +£2.352 2.33+£0.12P
YNS 10.82 + 1.69 18.35+4.26* 1.81 £0.06P
DSS 13.95 £ 4.172b 11.67 £ 2.40P 3.64+£0.612
FQS 17.81 £1.092 9.59 +1.52P 2.35+0.19P

Data are presented as mean = SD (n = 3). Values followed by the different letter in the
same column are significantly different as analyzed by Duncan’s new multiple range

test (p < 0.05).

%053 & AR EE FPS § PN BEE - B0 BESI £F A

Table 5-3. Total sugar, protein, and sulfate content of PS polysaccharides from L.

sulphureus of different origins.

Sample Total sugar content Total protein content Sulfate content
(o) (%) (%)
NTP 40.03 £ 4.89> 0.12+0.072 2.44 £0.19°
YNP 35.78 £3.41P 0.02 = 0.04° 2.85+0.42P
DSP 41.38 £4.06° 0.09 + 0.042> 538 +1.922
FQP 59.34 £9.54 0.02 +0.03P 1.62 £0.26

Data are presented as mean = SD (n = 3). Values followed by the different letter in the
same column are significantly different as analyzed by Duncan’s new multiple range

test (p <0.05).
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522. AFELF

5 549703 AR FSPS s > EHEAF F A hZL P o F £ YNS
Y FQS &4 gt eha+ BH A # > 485 691.00kDa 2 478.66kDa » ® FQS =1
AFRHEATRAE WA TAFRAERS 5 @ NTS 22 DSS tha 3 £ A 455 7
B HAHSPS 2 o F B ATl o B DSSATE G 2 S MY BT ] T BT
UM (12kDa) > 134587 7 Bor > X PARY cnE RS 3R pH X FE € B E
SpEt s + 47 (Cui et al, 2023) » F]pt daipligdt o) A

4y
|l
~F
w
gl
¥
ot
B

ST 15 P B RS RIL B L T A S A 3 RN A S
R IR AT 2R ;?] SPS % pricne + £ 0] o itk % 47 € ¥
A g A B A BT R AR SPS A EAT L E
4RMEZIE T LM AR ¢ BESPS § A 3 EATF o

% 5-5 %57 0 PS i@tae + &4 F F =3 500-600 kDa ¥ 5-20 kDa =

o M T P AR TSRS REAAR ARHNPS s T ELTRER
oo b %Y %}w,éf") YNP £ FQP 2 ¢t > B2 & 5B E 157 IR

¥t 12kDa eh B £ > B PS % pEREAP#OY SPS g A F b g 4 ¥4 o
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% 54~ 2 A FE FSPS S pEREz A S R AT

Table 5-4. Molecular weight distribution of SPS polysaccharides from L. sulphureus of

different origins.

NTS YNS DSS FQS
SPS 24.60 £0.71 691.00 £ 17.72 8.56 £0.47 478.66 = 32.82
2.94 +0.06 2.87+0.02 2.82+0.01 23.09+£0.71
6.16£0.15
2.80+0.06
1.08 £ 0.01

Data are presented as mean = SD (n = 3).

55 L AP ERFAPS M AT ELF

Table 5-5. Molecular weight distribution of PS polysaccharides from L. sulphureus of

different origins.

NTP YNP DSP FQP
PS 572.80 + 18.83 507.31+7.69 461.28 +11.92 540.03 £ 6.11
21.06 +£0.52 18.99 £0.14 15.13 £2.83 24.70 £0.43
9.24 +£0.28 5.78 £0.02

Data are presented as mean = SD (n = 3).
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- 16.460

10000

nRIU

4000

2000 —

14.974

0 2 4 [ 8 10 12 14 16 18 min|

Time (min)

B 5-1 ~ NTS % »ci 49 & 47 Bl 3%
Figure 5-1. The HPLC chromatogram of NTS.

Nomn. |

10000

16.472

8000

nRIU

4000 -

2000 -

12.699

0 2 4 6 ] 10 12 14 16 18 mir

Time (min)

Bl 5-2 ~ YNS 1% »ci 4p & 5 B 3%
Figure 5-2. The HPLC chromatogram of YNS.
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10000

nRIU

16.488

4000 -

2000 ~

15.762

0 2 4 6 8 10 12 14 16 18 ]

Time (min)

B 5-3 ~ DSS 1 2 4n & 17 Bl
Figure 5-3. The HPLC chromatogram of DSS.

Nomn

10000

nRIU

4000 -

16.499

2000 ~

15.016
15.929

12.913
17.152

0 2 4 L] 8 10 12 14 16 18 mir

Time (min)

W1 5-4 - FQS ehif it 49 A 7 W4
Figure 5-4. The HPLC chromatogram of FQS.
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10000

nRIU

4000~

15.106

2000 —

12.829

[1] 2 4 6 8 10 12 14 16 18 mi}

Time (min)

Bl 5-5 ~ NTP en% »2;% 4p & 17 Bl 3
Figure 5-5. The HPLC chromatogram of NTP.

10000

nRIU
15167
15.644

4000

12.903

0 2 4 6 8 10 12 14 16 18 miry

Time (min)

Bl 5-6 ~ YNP 38 »xi 40 & +7 Bl ¥
Figure 5-6. The HPLC chromatogram of YNP.
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10000

nRIU
15.260

4000~

2000~

12.938

0 2 4 I3 8 10 12 14 16 18 min]

Time (min)

B 5-7 ~ DSP &1 »Tik 40 & 7 Bl ¥
Figure 5-7. The HPLC chromatogram of DSP.

10000

nRIU

4000~

14.997
15,992

2000 -

12.853

(1] 2 4 g g 10 12 14 16 18 ]

Time (min)

B 5-8 ~ FQP 1% > 49 & 17 Bl #
Figure 5-8. The HPLC chromatogram of FQP.
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523. BEpEes

RfpiEEradstrss (B S99 3 EmeRrRFTERFEA S HER
(mannose, Man) ~ % #%& (ribose, Rib) ~ & Z # (thamnose, Rha) ~ § 5 P iz fis
(glucuronic acid, GIcUA)~ L 3¢ 4 fz s (galacturonic acid, GalUA)~ 4 & #& (glucose,
Glc) ~ L 5 4% (galactose, Gal) ~ A~ #& (xylose, Xyl) ~ [# £ 54 (arabinose, Ara) ¥
# & (fucose,Fuc) > & A SR OE e 2% 4ok 5-6 24 5-7 9757 o

MREF o L A SPS AR S AEH PR T > S A S SRR R
Fope 2 bR EwSPS SMMARY FEM -HEB LB 2%
it > ¥ g Rk ABE PR G o & YNS eulY s TR F
FEMEL e it o B R(E 0 BT E AR 2 SPS % 5B dpiucnd pi AR
FoLrReEREOEE o L AR RELE G LB Bl4o FQS & YNS 0§
FaEd o @ enl B (30.02%%2 50.25%) 0 @ YNS 4 B A% (13.47%) ~
Rl s A 2B ATig = o

PS SEEMAMPEE S R ARSI FF M B AR L AA
§F P AMEZP R O SR A SPS AR N ¢ w2 A M 2 PS AN B

g{

ERFAVIRESY NP EA R G4 FQP 2 H i A1 PSS AP B E S
WO B MR (46.95%) 22 A (3.00%) 0 @ H B aE (16.85%) &P (1.05%)
Fove R AR RIS o

B Z2 oSPSEPSYLRAF I RAEBELIE LT EHHER
L)ﬁ:j%/w*p’i"f%"’FQ?:’YNé‘f”’éﬁ%ﬂ?ﬁif’ e A S@EMas ¥
AR AR R AR - AR T EBLIERL 2L FL-HAE
2 & b & enHpE (Suetal,2016) ¥ d H AT FIR] B F et
FpETeA ot BRY S A RN LR 0% B aE L (Yietal, 20250) ¢

AT EIINA AR S LS B M A AR KRR
;ﬁﬁgé‘v Eﬁﬁi IRV g*ﬁ SR e
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VWD1 A, Wavelength=245 nm (MS\250214 2000 PPM.D)
Nom. 8 .
z Rib
Man 2 Rha
200 S
3
&
150 T o
GlcUA Gle Xyl
B2 GalUA Gal Ay,
% % 8 g I8 g
100 & o = 3 2
| 5 = ¢ 3z Fuc
| | 2
&6 8
0
0 10 20 30 40 50 miry

Bl 5-0 ~ H pEif i 5L % & 7 R

Time (min)

Figure 5-9. A representative chromatogram of monosaccharide standards. Man:

mannose; Rib: ribose; Rha: Rhamnose; GIcUA: Glucuronic acid; GalUA:

Galacturonic acid; Glc: glucose; Gal: galactose; Xyl: xylose; Ara: arabinose; Fuc:

fucose.
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% 5-6~ LAY ik F)SPS S iz HpEle

Table 5-6. Monosaccharide compositions of SPS polysaccharides from L. sulphureus of different origins.

Monosaccharides composition (molar %)

Samples Man Rib GlcUA Gle Gal Xyl Ara Fuc

NTS 2598 £1.94°  3.23+0.64° ND 23.12£4.45% 2734+129° 235+0.29° 422+029° 13.77 £2.04°
YNS 13.47+£1.15°  2.68+0.72®  6.83+3.57* 5025+3.30° 14.19+£0.74° 253+0.92* 3.71+£2.15  6.35+0.35°
DSS 25.11+0.82% 263 +£0.41%® ND 2151 £4.16° 31.52+2.64° 229+0.12° 290+0.13* 14.04 + 1.73
FQS 2295+ 1.78°  1.78+£0.37° ND 30.02+3.47° 27.41+£1.01° 275+031* 291+0.54*° 15.18+2.98°

Data are presented as mean + SD (n = 3). Man: mannose; Rib: ribose; GlcUA: Glucuronic acid; Gle: glucose; Gal: galactose; Xyl: xylose; Ara:
arabinose; Fuc: fucose. Values followed by the different letter in the same column are significantly different as analyzed by Duncan’s new multiple

range test (p < 0.05).
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%57~ LA¥ A FPS @M HpEe

Table 5-7. Monosaccharide compositions of PS polysaccharides from L. sulphureus of different origins.

Monosaccharides composition (molar %)

Samples Man Rib GlcUA Gle Gal Xyl Ara Fuc

NTP 2321+1.328 221+1.17°  2.75+0.73* 23.92+1.04° 28.15+2.03* 1.94+133* 1.82+1.19% 16.00+1.78
YNP 2234+1.66° 1.76+0.34° 0.66+0.15° 36.73+1.46° 20.62+1.02°> 1.30+031* 2.00=+1.18 14.59£2.00%
DSP 2458 +£0.858 1.72+0.22° ND 29.39+0.23° 29.24+0.43* 1.32+0.10° 1.11+0.09° 12.64 +0.76®
FQP 16.85+0.84° 1.05+0.14° ND 46.95+6.85° 19.74+3.09° 3.00+1.13* 1.79+0.37° 10.62 +3.88°

Data are presented as mean + SD (n = 3). Man: mannose; Rib: ribose; GlcUA: Glucuronic acid; Gle: glucose; Gal: galactose; Xyl: xylose; Ara:

arabinose; Fuc: fucose. Values followed by the different letter in the same column are significantly different as analyzed by Duncan’s new multiple

range test (p < 0.05).
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Figure 5-10. Fourier-transform infrared (FTIR) spectra of SPS polysaccharides from

different origins. a: NTS; b: YNS; c: DSS; d: FQS.
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Figure 5-11. Fourier-transform infrared (FTIR) spectra of PS polysaccharides from
different origins. a: NTP; b: YNP; c: DSP; d: FQP.
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Figure 5-12. Cell viability of LPS-induced RAW264.7 cells treated with different
concentrations of SPS from various regions. The bars having different letters are

significantly different (» < 0.05) as analyzed by Duncan’s new multiple range test.
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Figure 5-13. Cell viability of LPS-induced RAW264.7 cells treated with different
concentrations of PS from various regions. The bars having different letters are

significantly different (» < 0.05) as analyzed by Duncan’s new multiple range test.
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Figure 5-14. Inhibitory effects of SPS from different regions on nitric oxide production

in LPS-induced RAW264.7 macrophages. a: NTS; b: YNS; c: DSS; d: FQS. LNMMA:

NC-monomethyl-L-arginine. The bars having different letters are significantly different

(p <0.05) as analyzed by Duncan’s new multiple range test.
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Figure 5-15. Comparison of the inhibitory effects of SPS from different regions on nitric
oxide production in LPS-induced RAW264.7 macrophages. LNMMA: NS-
monomethyl-L-arginine. The bars having different letters are significantly different (p

< 0.05) as analyzed by Duncan’s new multiple range test.
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Figure 5-16. Inhibitory effects of PS from different regions on nitric oxide production

in LPS-induced RAW264.7 macrophages. a: NTP; b: YNP; c¢: DSP; d: FQP. LNMMA:

NC-monomethyl-L-arginine. The bars having different letters are significantly different

(p <0.05) as analyzed by Duncan’s new multiple range test.
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Figure 5-15. Comparison of the inhibitory effects of PS from different regions on nitric
oxide production in LPS-induced RAW264.7 macrophages. LNMMA: N°-

monomethyl-L-arginine. The bars having different letters are significantly different (p

< 0.05) as analyzed by Duncan’s new multiple range test.
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Figure 5-18. Inhibitory effects of SPS from different regions on TNF-a production in
LPS-induced RAW264.7 macrophages. a: NTS; b: YNS; c: DSS; d: FQS. Dexa.:

Dexamethasone. The bars having different letters are significantly different (p < 0.05)

as analyzed by Duncan’s new multiple range test.
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Figure 5-19. Comparison of the inhibitory effects of SPS from different regions on

TNF-a production in LPS-induced RAW264.7 macrophages. Dexa.: Dexamethasone.
The bars having different letters are significantly different (p < 0.05) as analyzed by

Duncan’s new multiple range test.

# 5-8~ & A% SPS 2. TNF-a L #rilik R
Table 5-8. Half-maximal inhibitory concentration of SPS from different regions on

TNF-a production.

ICso (ng/mL)
NTS 57.74
YNS 52.06
DSS 205.72
FQS 55.29
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Figure 5-20. Inhibitory effects of PS from different regions on TNF-a production in
LPS-induced RAW264.7 macrophages. a: NTP; b: YNP; c¢: DSP; d: FQP. Dexa.:
Dexamethasone. The bars having different letters are significantly different (p < 0.05)

as analyzed by Duncan’s new multiple range test.
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Figure 5-21. Comparison of the inhibitory effects of PS from different regions on TNF-
a production in LPS-induced RAW264.7 macrophages. Dexa.: Dexamethasone. The
bars having different letters are significantly different (p < 0.05) as analyzed by

Duncan’s new multiple range test.
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Figure 5-22. Inhibitory eftects of SPS from different regions on IL-6 production in LPS-
induced RAW264.7 macrophages. a: NTS; b: YNS; c: DSS; d: FQS. Dexa.:

Dexamethasone. The bars having different letters are significantly different (p < 0.05)

as analyzed by Duncan’s new multiple range test.
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Figure 5-23. Comparison of the inhibitory effects of SPS from different regions on IL-
6 production in LPS-induced RAW264.7 macrophages. Dexa.: Dexamethasone. The

bars having different letters are significantly different (p < 0.05) as analyzed by

Duncan’s new multiple range test.

459 &4 & SPS 2 IL-6 X Hr4])k R
Table 5-9. Half-maximal inhibitory concentration of SPS from different regions on IL-

6 production.

ICs0 (ng/mL)
NTS 23.33
YNS 352.6
DSS 59.02
FQS 63.83
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Figure 5-24. Inhibitory effects of PS from different regions on IL-6 production in LPS-
induced RAW264.7 macrophages. a: NTP; b: YNP; c: DSP; d: FQP. Dexa.:
Dexamethasone. The bars having different letters are significantly different (p < 0.05)

as analyzed by Duncan’s new multiple range test.
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Figure 5-25. Comparison of the inhibitory effects of PS from different regions on IL-6
production in LPS-induced RAW264.7 macrophages. Dexa.: Dexamethasone. The bars
having different letters are significantly different (p < 0.05) as analyzed by Duncan’s

new multiple range test.
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Figure 5-28. 'H NMR spectrum of NTS (D,0, 800 MHz, 25°C).
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Figure 5-29. 3C NMR spectrum of NTS (D,0, 800 MHz, 25°C).
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5.4.3. COSY W3

COSY Bz v et o 47 S pERApARA B4 o d, » Hpl 2% %74 B 5-30
Fare ARY B3I 10 2 HI/H2 35 > » 5 5 A (64.93/63.77) ~ B (6 4.97/6
3.77) ~ C1(85.03/63.82) ~ C2(565.04/53.83) ~ D (65.03/863.99) ~ E(64.95/54.14) ~
F(65.13/64.01) ~ G(64.44/53.24) ~ H(04.45/53.43) £ 1(54.46/53.45) - 1245 Jen
(2024) 2 Alquini % A (2004) A 45 & %t 5 0 FEIAA A 2 B ¥ L L
o HeERH L H 5 —56)-0-Gal-(1-2 —2,6)-a-Gal-(1— ; C1 ~C2~D & E #
AR ol AR GUELC1E C2) 24 4% (313D E) (Nyman
etal.,,2016) - 1345 Jen (2024) =F7 3 % % » 23 §5.26/64.06 HiT £ 3 A EEL
AT 2 B ERRN - 2 GLBF) A5E Jisdap i o-4 &4 (Nyman
etal., 2016) -

& F2 2§ 4.45 Ll 7; — AFEaTUEE s A u s G (S 4.44/5 3.24) ~ H (5 4.45/5
3.43) 22 1(04.46/53.45) » SV HE RIS B-F 52 H/H2 =% - R
o AP E% 48R GAERT G —6)-0-Gle-(1— - H & 1 B>+ —3,6)-a-Gle-
(1— (Zavadinack et al., 2024; iz »2024) J* b > I 5em B S 2 A0 M AT 3 BT o
COSY Bl# ™ £ % A=HF § NI (22024) w277 & A LW 2 g i
SEEL 0 T R AR s B E T

BERTHCOSY Bl ? B Sl A S (s 4 W B> 2 U (U5 A &2 B)s
BEME RECIEC) -4 &M GL5LDE&2F) fci §4# (G-H& -
A FE g daRl A 2 B i —6)-0-Gal-(1->2 —2,6)-0-Gal-(1— ; Cl £ C2 3t —3)-
a-Fuc-(1-22 & =3 a-#£ &4 ;D 5 o-Man-(1— ; E 2 F 5 —2)-a-Man-(1—; G &
**+—3)-0-Gle-(1— 3 H& 1 R ¥ 5 —3,6)-0-Glc-(1— (Nyman et al., 2016; Samuelsen
etal, 2019; = »2024) -
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Figure 5-30. COSY spectrum of NTS (F1 = F2 = 2.8-5.5 ppm, D20, 800 MHz, 25°C).
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5.4.4. TOCSY Mz

TOCSY Bz d B 5-31 7o o {35 Bl en% % » %4 7 28 E 2 7t » COSY H)
e oerg Iz, HIH2 8% ¥ 4 TOCSY Bl @ B g & fpi i B 0 7]
gk b gz, HI F45H 8 4 2 3 o

Bl e 0 A 913 54.92/53.78 27 §4.92/63.81 & w35 A w3 HI/H2
# HI/H3 ;B &3 §4.97/8 3.76 & § 4.97/5 3.98 & w5 » & B>t HI/H2 &
HI/H3; Cl1 &7 55.04/53.83 ~55.04/53.91 #2 §5.04/53.91 = ‘e3u 55 » 4w >+
HI/H2 ~ HI/H3 #2 HI/H4 ; C2 £ % 55.04/53.83 ~ 55.04/53.83 ¥ §5.04/53.91 =
g > AW G HI/H2 ~ HI/H3 £ HI1/H4 ; D 22 F ez 54 %] 5 §5.03/8 4.00 &
§5.20/63.99 > % > HI/H2 - ¥ #2085 E ¥ & & TOCSY Bz ® 2 > ¥ &
AE W AR E -

FEMABEG HE I ks 2 TOCSY Mae AFEM-F £ G LG 5444/
324~ 84.44/53.41 ~ 5 4.44/5332 47 §4.44 /53.55 w g 5 A w3t HIH2
HI/H3 ~HI/H4 &2 HI/HS s H2 1 £ 4 54.46/53.44 ~ §4.46/53.67 &2 §4.46/53.57
Z % ¢ B>t HI/H2 ~HI/H3 22 HI/HS - 538 TOCSY B3 A 45 14 > 2% I NTS
LB OUELY L PR AR &P VUK COSY BIE Y AR

H3 & H6 B (74~ & %F o
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Figure 5-31. TOCSY spectrum of NTS (F1 =2.8-5.4 ppm, F2 = 2.0-5.8 ppm, D>0, 800

MHz, 25°C).
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5.4.5. ROESY W:#

ROESY B3 ¥ ¥ B 5| B §5 o0 ¥ chb B 7 > 040 245 5 B et &
oyhod B S-32 ¢ B EBASLFR, A EfRE F v ARAALES HI B 2
& ip B LEL o

1R 0 A 24 = s A u L AHI/AH2 (54.92/53.77) ~ AHI/AH3 (8
4.92/53.77) ~ AH1/GH6a (5 4.92/5 3.77) ~ AH1/HH6a (5 4.92/53.77) ~ AHI/AH6b (5
4.92/53.60) £ AH1/BH6b (54.92/53.60) - B £ % I ‘3t » 4 u £ BHI/BH2 (8
4.97/5 3.77) ~ BH1/BH6b (5 4.97/6 3.59) ~ BHI/BH3 (5 4.97/5 4.00) ~ BHI/AHS (5
4.97/8 4.08)2 BHI/AHGb (5 4.97/5 3.59) » & % et S8 7% A & B Jui% & 6-0 =
Bt a ABRGRHTRY 260 =k gyt ds -

Cl 2+ = s A £ CIHI/CIH2 (55.03/53.83) ~ CIHI/C1H3 (5 5.03/5
3.91) ~ CIH1/C1H4 (5 5.03/5 3.91)22 C1HI/BH2 (5 5.03/563.77) - C2 BRI £ 4 & &
55 4w % C2H1/C2H2 (5 5.03/5 3.83) #2 C2HI/BH2 (5 5.03/53.77) » 7 Cl &2
C2 ¢ ¥ B 02403k -

D £+ = 23 A % £ DHI/DH2 (55.03/53.99)« DHI/DH3 (5 5.03/5 3.82)
DH1/DH4 (5 5.03/5 3.58) ~ DH1/DHS5 (5 5.03/5 3.68) ~ DH1/BH2 (5 5.03/5 3.77) £
DHI/C1H3 (5 5.03/53.91) > 87 & B c12-0 81 C1 013-0 =% 2% %44 4D

E## F£E+4 = mas > 27 F 4 ROESY Blg@ 171 & £ 4p 00 e 58
9 F I AR 1955 Jen (2024) AT B R RAH T 5 A B A b
B N hoH ffE Fp R P - £ F*A 5 oE 24 - s 3 EHI/F*H2
(5 4.96/56 4.01) - F £ % = ‘st » 4w £ FHI/FH2 (5 5.20/5 3.98) ~ FHI/FH5 (5
5.20/8 3.66) £ FHI/F*H2 (5 5.20/5 3.98) » F*£ % = ‘3 » 4 u] £ F*HI/F*H2
(55.20/53.99) ~ F*HI/F*H5 (5 5.20/5 3.66) #2 F*H1/FH2 (55.20/53.99) » %7 E £
F e F*cn 2.0 fudi 3 » @ F*# F ch2-0 =% 4pid o

G 24 = = A u £ GHI/GH2 (5 4.44/53.24)~ GHI/GH3 (5 4.44/5 3.41) ~
GH1/GH4 (5 4.44/5 3.37) ~ GHI/GHS (5 4.44/5 3.55) ~ GH1/GHéa (5 4.45/5 3.78) £
GHI1/HH6a (3 4.45/5 3.78) « H & 4 = 238 » A 6| £ HHI/HH2 (3 4.44/5 3.41) ~
HH1/HH3 (5 4.45/5 3.66) ~ HH1/HH4 (5 4.44/5 3.41) ~ HHI/HHS (5 4.45/5 3.55) ~
HH1/HHé6a (5 4.45/5 3.78) 2 HH1/GH6a (54.45/563.78) o 1 £ 4 = % » A u| &
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TH1/IH2 (5 4.45/5 3.41) ~ TH1/IH3 (5 4.45/5 3.66) 2 TH1/HH3 (5 4.45/5 3.66) * & %
B oG HZ B 6-0 =% 3 4piddd > 1Rl 2% H 61 3-0 fhe e
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Figure 5-32. ROESY spectrum of NTS (F1 = 3.0-5.6 ppm, F2 =2.9-5.5 ppm, D,0, 800

MHz, 25°C).

76

doi:10.6342/NTU202502766



5.4.6. HSQC M3

Bl 5-33 5 HSQC Bl » ¥ 24 2472 BHMBA ALY § RN B 28 o &
F1=95-110 ppm & F2=4.4-54ppm £ % HI/C1 3n % > » & 5 A(54.92/697.87) >
B (54.97/697.87) ~ C1 (8 5.04/5 101.16) ~ C2 (8 5.04/5 101.16) ~ D (8 5.03/5 102.28) ~
E (84.95/5102.11) ~ F (5 5.20/8 100.55) ~ F* (8 5.20/8100.55) ~ G (5 4.44/5 102.89) -
H (8 4.44/5 102.89) ¢2 1(54.45/5 102.89) »

& H2-H6/C2-C6 et 5f= ¥ - # pL% ¥ B 22 H2/C2 (8 3.76/5 77.57) ~ Cl
2. H3/C3(53.91/8677.49)~E 2. H2/C2 (6 4.13/6 81.38)~F 2 H2/C2 (53.99/5 78.70)~
F*z_ H2/C2 (8 4.01/5 78.44) ~ H z_ H3/C3 (5 3.68/5 83.88) 7 1 2. H3/C3 (5 3.68/5
83.88) chpd it § 8 rt B TN Rl E ¥ S B Sehiny o ¥ o
KRP 2EBEOCOoHAT? " FHERLIIABAEBE §5#GEHR
M Flt el ASB-G 2 HE At ¥ B pEHERS -
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Figure 5-33. HSQC spectrum of NTS (F1 = 54-140 ppm, F2 = 2.8-5.4 ppm, D0, 800

MHz, 25°C).
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5.4.7. HMBC Hl3#

B 5-34 5 HMBC Bl3# > ¥ jhd & &2 a0l B30 5URER § pRaleit s st o
PS5 A HI RS (F2=4.4-54ppm) ¥ % 3 C1H1/BC2 (5 5.04/5 77.57)>
C2H1/BC2 (8 5.04/5 77.57)~DH1/BC2 (8 5.03/5 77.57) ~ DH1/C1C3 (5 5.03/8 77.49) ~
EH1/F*C2 (5 4.95/5 78.44)~FHI/F*C2 (5 5.20/5 78.44) 2 F*H1/FC2 (5 5.20/578.70)
2B FR R CI-CQE D@EENB$H201 » @ DY 2 Cleéh3-0 ik
i ¥ EMESF & PRt g 5 Ed R F*2-0/k> @ F*& F &
2-0 FeLih 2t % 3 A0k o

hOUARREE o R 2 - RERREL e A AL
hi 4% i 4e CITH2/C1C3 (8 3.83/8 77.49)~C1H3/C1C3 (5 3.91/5 77.49)~C1H6/C1C4
(8 1.15/5 71.48) ~ CIH6/CIC5 (8 1.15/8 67.21) ~ C2H6/C2C4 (5 1.15/8 71.48)
C2H6/C2C5 (8 1.15/5 67.21)~DH1/DC2 (5 5.03/5 69.06) ~ DH1/DC3 (8 5.03/5 69.98) ~
DH1/DC3 (5 5.03/8 73.27) ~ EHI/EC3 (5 4.95/569.98) ~ EHI/ECS (5 4.95/73.27)
FHI/FC3 (8 5.20/8 69.98) ~ FH1/FCS5 (8 5.20/8 73.27) ~ F*HI1/F*C3 (5 5.20/5 69.98)
12 2 F*HI/F*CS (5 5.20/8 73.27) »
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Figure 5-34. HMBC spectrum of NTS (F1 = 56-96 ppm, F2 = 3.3-5.3 ppm, D0, 800
MHz, 25°C)
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5.4.8. NTS 2. 2H# 3t

ﬁ%¢nﬁ@&nwﬁ%*% s NTS %282 'Hyr BC it 8 =457 w4 4
5100 % ¢ SiGfEd A NTS A 8d 7 BEFE Aored s FAAu7as
et ABEHE APRBAE RSV AL 2 A B a-ZE (@b
2o ~B-FFME (DY a-HERE () e o HA a ehh i —6)-a-Gal-(1—
GL5. A& By, ¥ 25 B 2-0 % 7 - 2 o-Man-(1—-3)-0-Fuc-(1-4 £
(B D2 Cl)- 8 = b

lv

T = E—6)-a-Gal-(1->iF 5 148 (A5 B)> & ¥ 4
Wt 2-0 % £% o-Fuc-(1-# o-Man-(1>eha £ (REC2&2 D)- 2 d 5 -
23485 —53,6)-B-Gle-(1— L3 H) 11 2 —6)-B-Gle-(1— A3 G) #le = ey B
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W
7,
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Figure 5-35. Putative repeat units and chemical structure of NTS.
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4 5-10 ~ NTS 5 gbz & HpEa Az 'H & UC i 8 ¢
Table 5-10. 'H and '*C NMR chemical shift of NTS.

Residue Position o'H 13C
A 1 4.92 97.87
—6)-a-Gal-(1—> 2 3.78 68.15
3 3.81 69.77
4 - -
5 4.08 69.20
6 3.80(a), 3.59(b)  65.85
B 1 4.97 97.87
2,6)-0-Gal-(1— 2 3.76 77.57
3 3.98 68.31
4 - )
5 4.12 68.85
6 3.80(a), 3.59(b)  65.85
C1 1 5.04 101.16
3)-0-Fuc-(1— 2 3.83 67.42
3 391 77.49
4 391 71.48
5 4.08 67.21
6 1.15 15.68
C2 1 5.04 101.16
a-Fuc-(1— 2 3.83 67.42
3 3.83 70.03
4 391 71.48
5 4.08 67.21
6 1.15 15.68
D 1 5.03 102.28
a-Man-(1— 2 4.00 69.06
3 3.82 69.98
4 3.58 66.86
5 3.68 73.27
6 3.78(a), 3.58(b)  60.94
E 1 4.95 102.11
—2)-a-Man-(1—» 2 4.14 81.38
3 3.99 69.98
4 3.58 66.86
5 3.66 73.27
6 3.78(a), 3.58(b)  60.94
F 1 5.20 100.55
2)-a-Man-(1—> 2 3.99 78.70
3 3.99 69.98
4 3.58 66.86
83

doi:10.6342/NTU202502766



F (cont'd) 5 3.66 73.27
—2)-0-Man-(1—> 6 3.78(a), 3.58(b)  60.94
F* 1 5.20 100.55
—2)-0-Man-(1— 2 4.01 78.44
3 3.99 69.98
4 3.58 66.86
5 3.66 73.27
6 3.78(a), 3.58(b)  60.94
G 1 4.44 102.89
—6)-B-Gle-(1—> 2 3.24 73.13
3 3.41 75.57
4 3.37 69.51
5 3.55 74.89
6 3.78(a), 3.58(b)  66.17
H 1 4.44 102.89
—3,6)-B-Gle-(1—> 2 3.41 72.70
3 3.66 83.88
4 3.41 69.41
5 3.55 74.89
6 3.78(a), 3.58(b)  66.17
I 1 4.45 102.89
—3)-B-Gle-(1—> 2 3.41 72.70
3 3.66 83.88
4 3.41 69.41
5 3.44 75.52
6 3.78(a), 3.58(b)  60.94
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