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(Structures and functions of microbial extracellular or wall
polysaccharides in the physiology of producer organisms)
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AuFTaTe

AUA) EAake BE Al g5 AR £ shi
= oo} FEEA (glycoconjugares: glycopeptides, glyco-
proteins, glycolipids )8 3k ATERIE A3, o8
g olbdiel %2, 53 AT WAE s Loplz 9
the Wolel STk =9, vWETRHE O 12 B
2 AEAE e A5 WAL we f£eeizke] ghe
AL Fo|A; Shr BEHOE T2 o|5e] A S84 tf
B A o[FolA gt oy gk A-gAlelzly &
e thERTE -l sldbel} FEe AlE ¢ 4seE |
bol] v A= &4 &, o84 59 BRM (Biological Response
Modifier) (13)2.24 ¢k 22 B4E &Jrfelm, olelgh 24 o
woll, vherel E414 540 18k 3 ol8Alw) g, o
F7h 48] S7eE2RE B fhld B0 E £82 93
A7l diddol =] $Eky aglvk ek ddoR, fe <l
PoeRBE AuEes A2 i webA JeeEAg g o
T7t olpelAA] EET te] WiE E o2 9fn|g] e
Aejddolty & thdFE Addskes AN 2hle) AEs o
7k g AE A 9 dialel 9ad R sse g
#oitk BrElE polymer?} ofu gl w o A] Ajate] ]
3 TEERIL, AEARA ofuld 9EE d=rkE ola)divt
o AL, A AL AEE fEA By opal 22717
FEE Alee] iRl ole] A4 FHE BAE, EA
b7 Bk v B wlusEale] A, A dgs
B & W S e digk MEE g EFe o
4, o]z BERAE oF vy At S 5 e ER &
He Gk Agde] S85 AT FAFE Fohe Fold £4
B, EE] dpEejaiel @ FielEla shlch

TAlE oo AlE a2 g AR e ZA Yl 7t
Aw i ¢ e, A2 g ke AX S2EE
A2l 71 (structural funcdon), T3 energy A7 2824
2 715, BEF encrpgye] obd, F88 AMIE (critcal
metabolites} & FRo) wie} 2 o] 8T § JEE F= Ak
2Me] 71 (74), TR A=A ESA, AEEA vE (73)
ok AA oS I Al we & S/ goE =il
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o [ o

A = e g
L
é il

| o

e w2l =2 MEZMaEA 7)s

= homo™ s 5 F57 olfe] FOE HolYE heterothFe
= e =, g o F4E fel Aol npE xt
tjoRske, B8 AEsolt AT thd FE Ypeptides S2
acyl, ketal, phosphoryl {monoester =% diester), pyruvyl, acetyl,

sulfuryl group, phosphocholine, phosphoethanolamine 22
nonsugar moietiesE3 hexosyl, pentosyl, uronasyl, 12137 paly-
ol residues o2 7=% oy of-¢ EFel LFE zhon,
WA S UERE oPEE wiAlEe] 52Ae) sle] wtl
(64, 99, 103). Table 13} 2¢] Algolit Fgo] <] 45 o)
FAA AE vhge] F22 7z etk B, W
Ago| Matel= Q8 ThdRe] T8 o|F o] AakA) A}
A 4EE A9 ol 9L siert she ARE, AES
3 24g0) B3l Hale) WA P N

Ml el Chet

Ad F vhgels 2 2F (cellular location)oll mhe} =A,
M TP (extracellular polysaccharides, BPSs), capsular poly-
saccharides (CPSs), lipopolysaccharides (LIP'Ss), lipooligosac-
charides (LOSs) 5¢ AlZEH ok (cell surface polysaccha-
rides} =}, membrane-derived oligosaccharides (MDQs)2} f-glu-
cans 59| periplasmic glucans®] It} (15. 99). T EXEojA]
d=3 F glRe], AZEY g AFAEst Pdags) 2
He AAE fAee g9k v (64).

Lipopolysaccharides (LPSs)

AT LPSse lipid A, core £€]2%, 787 O anci-
gen O E oFojAY, T pAGY TR A&l wg) kst
o} (81, 83). Core &8 7 inner part$h outer partd] &
HFoe= o]Ro7|=H, inner parte= FE L-glycero-D-manno-
heptose  (heptose),  3-decxy-D-manno-2-octulosonic  acid
(KDO), phosphatc 9 ethanclamine S2 & o|Fz|W, 1 o
H72= 25 AP LPSSO| Gl 79 st (40},
Outer coret glucose, galactose, MN-acetylglucosamines} Z20]

20 9N GO o|RojAr, wael w} pae] e
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Table 1. Strucrural features of some bacterial extracellular polysaccharides and their non-sugar substituents

Polysaccharides Microorgamsms Component sugars Linkage cypes Qther
Sugars Molar Majer Minot COMpOonELs Reference
ratios
Le #
Deexeran puconos ?C Glucose Homa al-»h al->3 100
mesenteroides
Avetobact
Cellulose cerobacrer Glucose “ Al-s4 22
xplnm
Alealigene
Curdlan i Glucose ” M3 36
Jfaecales var
yxogenes
Agrobacr
A-1,2-Glucan &n ,C,Ermm Glucose “ Al->2 33
rimefaciens
Aerobacter
Levan e ,M “ Fructosc " -6 B>l 26
levanicum
1feali
Suceinosd }m ;ﬂgmﬂ Glucose 10 B4 Al->6 Suceinic
uccinoglycan Gecalis vai,
HOEY Galactose 1 B1-53 acd 10% 86
myxagenes
Rhamnaose 3
Rhamnogalactan Brxzdyff/nzaéizmz Galactose 1 ) al-»3 53
Japenicum O-Methyl- . f1->4 A2
glucuronic acid
Xauthompnas Glucose 2 i3 Pyruvic
->
Xanthan gum campestris Mannnse 2 Bls4 a].n2 acid 3%
L
NRRL B-1439 Glucuronic acid 1 Aceryl 4.7% 52
M-Aceryl-
Acinetobacter I cey .
Emulsan calioacetions %;cto;jgune Fauy aaids 110
-ACELV] X0~
RAG-1 ey
saminuronare
rehrobacter Glucose 1
- viscosus NRRL Cralacrose 1 Acetyl 25% 50
B-1973 Mannuronic aad 1
Galact 2
- Cary;r'zebszrirmz Gfuif);se 3 Pyruvic 96
insteliosum . acid
Fucose 4
A-D-Mannuro-
{zotobacter nic acid Bl->4
Alginar i 99
pinae vinelandiz aL-Glucuro- al->4
nic acid

# oEnk LpSe 22 Fo FH7Ee) Ase) s e &
T O antigen o297 L0 2 [abequose-mannose-rhamnose-
galactose]n unis®] HHEHZ o|Fo|d glow, & 1R Eo
g FES XPPIT @t (81, 83). Core 2| XrgoL) lipid

ALl GleNAc (Nacety! glucosamine) - ethanolamine phos-

phate, ethanolamine PPi, PPi, Pi, =% ribitol phosphate &
22 Jkz2 RS Heldrk (43). LPSsEL endotoxicdl,

B4 WA AT, ATl OF FABeg P
Aol 549202} (virulence factor) 241 2430} (81), Ml #F
Aol gk LPSe] Ale)d g 4 dels glA) ko), Mgh
S 2 2719 ko) RELS Al Al U Mg FAL
(24), 274 PAAS 22 FAES WiHekd A28 Bae
+ permeation barrier24 (58),

LA Sk (59).

Tk phage?] receptorZA
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Table 3. Microbial poly- or oligosaccharides and their functions in cell physiclogy

Polysaccharides Microorganisms

Physiological functions

Reference

Endatoxic, immunogenic, virulence facrors

Lipopolysaccharides Gram (-} bacteria

Scavange and provide divalent carions,
Permearian barricr Vs. exogenous hydrophobic

81, 24,
38, 59

compounds, Recepror for phage binding

Prevent cells from antibody-dependent cyroroxic

killing and phagocytosis

Virlence Ffacror

Capsular Many bacreria

polysaccharides

Receptor for bacteriophage binding
Adherence of cells to surfaces

20, @5,
82, 94

Binding and trapping of various smaller

compounds

Prevent cells from desiccanion

Periplasmic glucans: Many enteric
MIOs

£-1,2-Glucans

bacteria
Agrobactermm sp.
Rbizobrym sp

Osmoregulanon in perplasmic space
Required for effective nodule formation and

pathogenesis

15, 32, 57,
70, 80

virulence (virulence factor) during plant

Exopolysacchatides:

Alginates Many bacteiia

Prevent celis from desiccation
Prevent cells from phagocyrosis

during human respiratory trace

infection

5, 19, 60

Adherence of cells w lung cissues and formation

of microcolonies

Exopolysaccharides:

Succinoglycans Rhizobiacear family

Required for nodule invasion during planc-bacreria 9, 63
symbiosis; presence of succinyl group 1s critical.

AiEe R A2 o] oM ARk 27)9) crown gall
ol Y ofF ¥ fglucansEE Ao AHAo=m
Rhizobiaceae familysll A SART (15). Agrobacterium}
Rhizobium +E-E phosphoglycerol, methylmalonic acidt} O-
succinic acid2 AFHE 17-40718] glucoseZ o] T2 33 -
L2-glucans& FFETE (15). Bradyriuzobinm faponicume phos-
phocholine© = X%, DP (degree of polymerization)gte] 10-
1390 1,39 f1,6 % A3 B9 fglucansS FFAET (71).
o1& periplasmic glucans (MDOs & #38) f-glucans)& 12
AFFo] A HFY (hypoasmotic) FA4) A A48, periplasm
oflAe] AFer 2 Hldnt (57, 71). Egh o §% 4
glucans > Ale#2] AEoe] Tdapge] £23 984S sl A
L8 geHIT (15). Periplasmic glucansS AAFHIslA] E3)
= Rbizobium meliloti®) WolF= alfalfaclA 37 9= whire
pseudonodulesg FASIIL (32), Agrobacterium tumefaciens®] M

ol Aol faitk (80).

Exopolysaccharides (EPSs)
EPSs= Tk Al ol 28] 2Al9F 2H]EE dgelx]
W 7ol ol ALwEe] ofsbl ARH capsule FOT A

7=k, AlZke] Algde] i), EL shear stressE ¥ Al
83 ol Mk xS slime Z2 @EE AEe) ggow
TAE FHO R Hojr] oA s T FRol WEER ¢
{64). Table 1o Vepd Azt 7o) H7f3 EPSs= homo-
FE heteroThF2 2 3 0]9]2) ofF) 714 AP/EL zh=rt,
£-1,2-Glucans-& FF5F A4 o2 2| o 2L Loy
=0 TR AFe] vl o ZHE] EPSs2A dE]
Bzl (99), A7l AAAA A aginace s succinoglycan 5
Ald9] ThE groups ERFE A=Y, T AeF, AF3 7
=0 A7E ¥ 7H EPSsel Fe] Awsiaxl g Alginace
= A2 Po 2 Domannuronic acid (M) o]g] C-
5 epimer?] -L-glucuronic acid (G)7} f-1,4-AFo = o]Fo]
7l copolymer®jt} (99). AMlFH2h alginatest SJZF2EH A
A5 alginate®H= ©2] D-mannuronic acids?} acetylation
=oj gt} (99). Alginateo]= §RELZE (repeating unit) 7} §1
o, monomerFEY AN 1 WlE $A7E OE A9t
2tk (37). G unit?] blocksS ZH= alginates= Ca™ &4 3}
o 7FEE gel & HAIEIH, o)A 3 AAL alginated]) T 43 4
A S8AE AT} (97). SlZFY Azotebacter vinelandii
off &3] WA= alginate S G, Pieudomonas 25 o5
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teichoic acids (TAs)E =tk TAsT T2 glycerol phesphate
} ribitol phosphate®] backbenedl], teFst ALR Teluf D-
alanine=2] phosphodiester groupsE= A9 -2, 7 groups
o2 gl =l (105). MEH TAs (Wall TAs, WTAs)&= PG
©] muramic acids®l] phosphodiester bondZ ZF= o] 3o,
lipoteichoic acids (LTAs}= 0159 glycolipid ME-= facty acids
= 23] 43 (hydrophabic) @2 M=k ofujel] F2F A
ek (macroamphiphiles) polymerse]ch (105). LTA®| ZI
Z=) 289 gi7f glycosyl (THFE glucosyl £ galactosyl) #t
718} O-D-alanyl #7212 A 1,3-poliglycerophosphate) @]
vy Bacillus licheniformis9] A|FHo=2RE E2]H teichuronic
acid (TUA)= MN-acetyl- galactosamine®} D-glucuronic acid 7}
Tolsl 2AWE o)Feld St} (49).

WTASH TUAE AE T8E o FANFH, deliE
L Fosto] AlxEela HZg oy BEE fAEES T
(10%). WTAE theksh bacteriophage S0l UIgh receptor& ©|
¥, EA% gFECLt lecdn TUIAZE 437 SHAYE
TUAE phage2ls 2R @t (105), TUAss 5t WY
gMo] gl Aoz Holm, oi#l FHol|r] EA Sueptococcid]
B G241 (hyaluronic acid) capsules®} BTH SHllt} (44),
LTAYS Bacillus subtifin®) 27} wrole] Zol] doisld], A%
AEH Faels ARG e AEEE A gl D-alanine
ester7} Zed %) LTAZF ANF7 AE4H L alanineo] §l ¢ &
2 Loleod TTAZ) Sko)24d%) aurolysin A4S 7ZhsiA 2
&sle] autolysins®] HEH 712 PGsofl FHehes & =
St} (123, Prewmococci®] WTAs# LTAst phosphodiester 7
712 choline® ZH=t], ¢] choline®} &A= AN-acetylmuramoyl-
L-alanine amidase®] 4] Z=a3F Q&2 ¢t} (41). TAs9
phosphoethanolamine 7} phosphocholine Z712. dgs}7]
Bish= Streprococcus prenmoniae? Ho|FEe] A, AEH
A PGE Ea)éls amidaseE 87T cholineo] TAC §l
7] R, HEELE 5] FEehz 71PA0 AEHEYE B
th Cholineo] 1= iAol ATt Streprococeus oraliss: choline
o] &7} ulAeA A =Tl B[] doubling timeo] °F
2,500} oo 34 A HHE Bolrt (42).

Jn £

T

r

0| e ChE

2o} JRRA R 7o), yeases S EE e Folel A
EBL FE oiERsl FUAE o|Foel4 glon, o|sjd A
A, chitosan, melanin, D-galactosamine polymers5£: muoer
components 2 95 @3} (28, 78). o} Mzde Al
o AxEde 32 oSl muramic acidE 53l peptdo-
glycan, ceichoie acids, $-2 lipopolysaccharides?t ZA8}A] 2F
v, Egels) AEN TR oS8 A Eeh4el Jeel
wet 2748 o] FE BN (net) @] ZETHF (skeletal poly-
saccharides) # ©] netd AMF mamx HFO 2 hEET (45).

ExThRe 2o BaAe yx2 FAEE home ThFLEA
chitin} f-glucans& TEEI, o|ohs tZF L=, matrix o
& B FhEAe) s 22 ok Aged polymerszA] -
glucan ¥} PEh &2 ¥FSHE (78). Bartnicki-Garcia (8)+ o]
5 F2 Axd vhggel] i ARE Fgele] Rl ol8st
A% stk Fgole AUAR FR Axe s gast
B, o|EF U= Al thde] Re) =R G 0T (29),
R = g9l A (andgenic properties) 37| = 3 (61, 72,
9), YRE ARJE Aol Holuk FSe] ik (87). FEo]
f4 e, eidel AR 94T sele I AxAeE 4E
A 71%0] gol d7so] oA FATE AE Al H4 ®
=74 E Q%S £ F e 2 oM B8R dE gEE

~1

Yeast M XY Ttk fGlucans, Mannoproteins, Chitin
Chitin, Chitind 2%l wa}l AXE F42] oF 60%EF A
A& Ldo] A xEHe) F8 FFRPFCTE MNacetylglucosamine
o] f-1,4-HFe T A% homotiFolr} (17, 23). AT 3
o]A, chitine 39 (lateral walls)# BH (sepra) & o] 72
E o] FATL yeastollAlE, A ofe] AlxE Fel AA R4t
Sol 5w FRiz YA Aol o] EA 23). %l
2] chitin® uronic acids, #-1,3-. $-1,6-, f-1,4-glucans, 7}0|E
A 2] ATy o ggsd SgAE ggert (23). 3F
meks Z2wrt T2 dAg) gAE ZAEE S d, periplas-
mic space®]| chitinase®} f-glucanase ] EA A Brak, chitin
3 Bglucans, & HFH FIZ (skeleral polysaccharides) ]
R Qubal 0% W8} (rumover) 7t A9 gl 2o LA
(89). Chitin®] ML AEF 715 FFold solxe 79 &
B} 7o)l ¢lo\} Rbizobisceae ATF7F AT, Nod
metabolite & Nod factor=% ¥2iZ, lipo-chitin 28]
(LCO)L, HgPoto] Nacyl 7= 3L 36 71 M
acetylplucosamine®] f-1,4- HFORZ o|FoJAB (95), At
HBo) AR B nodule BEaRE DA AEA

g AR gEA] dor (21).

B-Glucans & Mannoproteins. YeastS] #|FZHE- T8 fplu-
cans® mannoproteins®] ¥ 7FA| polymersE o]FelziTt (4,
23). Saccharomyces cersvisiae?] B-glucans< glucose®] homo c}
oz ATH AZTBE oF S0%E AR 25), e 2
B 2Ae me} f1,3-glucanad f-1,6-glucan?] F AR
=} (68, 69). B-1,3-Glucan® f-1,6- AFe] ¥AZ #e F
B2 2Axrzen], B2 (degree of branching, DB} AL o
solymers] ARYA Awsh fadg AESH=E] SR, DP
(degree of polymerization}/} polymer'd <F 1,500712] glucoses
= olFolA) 2, Zof] B89 fibersE P4 51t} (68). A-1,6-Clucan
2 f1,3- A BAE zky, DP7F ¢ 1409 glucosesE
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P CH, 0" 0-EH,-C~H
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ﬁﬂldH Eec

s e

CHyOH |
t:H cH Q Ay ti-fH

29"

Af ouon 1577,
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EH; LY
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/ -z) 1
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CH, O F-O OH NN H-t:-Ry
.cH= CHy-NH- Piminoacyf] 1-4 GOOHJG
Hc cHgDH X=H o CH,

Fig. 1. Scrucrural features of pepudophosphogalactomannan (pPGM).
The structural features are based on methylation analyses and °C

and ?'P NMR spectrascopy (29, 74, 102, 103).

Man)#} ko] glycosyl phosphate 717} v|FHLEE sroupsel]
ot EAse thdseld (78, Hamwenulady 11 29
& vl E& 8% phosphomannansS BWgld} (50). o]
Rell, Sporobolomyces & FFTEL MBE  O-acetyl-O-phos-
phoglucogalactans& 3= HALZE A U} (93).

Galactomannans (GMs)< Penicillium®} Aspergillus & 35
S FHSEA A, 2 mannose, galactose, glucose=
olFoix|m, 75l meb Azke]l vhlFe| WARIE g (3,
7, 28). 9lE2 FF el,2-8 el Aftezs dFE D
mannopyranosyl T3¢} galactan F T o]Foix|E= H], A
o w2} galactan S £-1,5-2 9AY D-galacrofuranosas®]
T} (7, 28, 102). Peptidogalactomannans (PGMs)-2- Aspergillus
(3), Pemucitlium (3), 12|13 dermacophyted Trichophyton men-
wagrophyres (6)% FFEESE PRI LAHE U, de-
matophytes$] PGMs-& a-1,4- A%+ ¥F310, e-1,6- A0
gltke Foll A Aspergrllus@d Penicillinm?| AZH= T2} (6).

Peptidophosphogalactomannans  (pPGMs)& veast§] Clado-
sporrum werneckii (66)2} Penicillinm felfwianum (28, 29, 79)
ofl Al ARk Cladosporium werneckiiz| AJ4¥le pPGME D-
mannopyraneses?t T2 @-1,2- AT JEEHG, TEA o
1,6-9 a-13-33 % £FE= polymeropd, w184 T D-
galactofuranosyl= galactopyranosyl F7]7F gFHHTE (66). 9
polymer?] phosphogalactomannang ¢l phosphodiester &
#og oZdg, 7702 mannoses?t 1712 galactosyl F71= o]
Fol7 FHE ZHeth 9 o] polymer® peptidews, P fellu-
tanum®) RS pPGM 2] peptide] FAF f-A18H, serine
3 threonine®] Fgo] v~ Z} (66, 84).

Penciflium fellutanum®] A2el= pPGM2 peptidomannan
o] 4] phosphodiester AH 2 phosphocholinee]l} phos-

ES=N-Y

phoethanolamine FHAE0] ¥E2 AFE RV, T galacto-
S ox. M-peptidylethanolamine®} phosphodiester
AFe g 2gs|e] vt (103). ©] polymer (70 kDa)&] pep-
tide (3 kDa)x, serined} threonine?] #=} &=fo] ¢F s0% A
EZ )% £3 (84), ©]F oMxAlell mannan FH7} O-gly-
cosidic ZES T AAHe] 3t} (103). Fig. 14| HES) pPGM
o] F22 JehRT (29, 74, 79, 84, 102, 103). ¥4, P
fellutanum o5 B8 AEg] Eof e pPGM polymer
(Lipo-pPGM) 7} Fe]=9lx, Alxeloa SENE 2 doAlz
pPGM 3} Z1 734 Aol HiFo], o] Lipo-pPGMe] o &
28] Al7io] Aol whe), 2 W] wE AErie 2y
B s AEY pPGMe| = HoE AZEM, © lipo-
pPGM-E, HIZ &0 Exapr|e dxn, 1 74 g AR
Z7 yeasts ool A] W7l = 329 GPl-anchor glycan 3 &
AVsled, Pericilliumdl] 9lolA A #H 2 A3 BAF E
FA 9 4FY GPlanchore] Ho| Y Hog FAHY
ATk (29).

Galacromannans2 574 A|e} 950, aspergillosis #7}
o} Akolix) WARTE (3). Lawee 5 (61} A fumignus?y &
H)$h= galactomannan®] @-1,2- e-1,G-mannan 3 A<
o5l GEA|0h palactofuran Sl WHAE ASehs Flo
z ﬂé}?j{t} r ﬁt’[umnumﬁq pPGME ﬂiﬂfﬂ- ihgsle A

o2 dHAG (79). ol FHe| polymerEL Had 59 F
Fae] Aol QML i‘:‘%]‘c’] A A E AR g2
A g A oy e, P felluamum) AZ) thgel
pPGMo], HAs ¥Rmo2 TeTel o (8% NaChel 2]
Bt osmotic stress2HE] #AS BEELT (73), AT =45
AEet o128 AAEAle] 223l <l (phosphate) ¥ choline 7+
Fa8 HAMIES A wdcled Adgiths 1Y 74 o
TR 9 AR Flee EFe i d@vtA ARo]
2 stk

Succinoglycan?] A2 GEA succinyl groupo] F2EHL
(63), Ao B3 Z2of] HQF peptidoglycany] E3(E
$F Macerylmuramoyl-L-alanine amidase ] &9 teichoic acid
o] o] le cholined] F=A)7F Edo| (41, 42), osmotic
stressE SFEEEH 9loid pPGME] choline (73)3 A2
periplasmic glucan$l #-1,2-glucan ¢ pyruvaret} phosphate group
E“’l TEET (57, T0E B9 4R 458 ?}201 c’1|

ohehrel Alx Ale)® e, gvtses 7 oids
“5]": monomer'gdE AV Ak Bz ol thdel © ]
2]e] 'T“‘“él‘?‘g:ﬂr of£¢] {37t Fasitlal a3t} (Table 3).
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