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[ | ~ Abstract

Polysaccharides with zwitterionic charge motifs of Bacteroides fragili can affect both

the development and homeostasis of the mammalian immune system

Keun-Hwa L.ee

Department of Microbiology, Jeju National University Schoo! of Medicine, Jeju, Korea

Bacterial colonization of the intestine is critical for the normal function of the mammalian immune system. Polysaccharides are
characterized as T-cell=independent antigens that are not typically recognized by the full array of immune cells-specifically T
cells. However, Bacteroides fragilis zwitterionic polysaccharides charge motifs are processed and presented by the MHC class il
pathway and activate T cells. Namely, Polysaccharide A (PSA) is capable of activating T cell-dependent immune responses that
can affect both the development and homeostasis of the host immune system. This molecule also stimulates the innate immune
system as a ligand for Toll-like receptor 2 and as such promoles interactions with the adaptive immune system that are
required for T cell aclivation. The study of PSA reveal thal polysaccharides of the bacterial microbiota can affect both the
development and homeostasis of the mammalian immune system. (J Med Life Sci 2010:7:51-54}
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ageAleln Ao BAAF(Gram-negative obligate
anaerobe}Ql Bacteroides fragilise A7HE EFFH djyLEte)
ELE Ao AbHnormal gastrointestinal tract flora)S2
ZAFIC). 19, B, fragiliss TRH R Bolgt 879 Hot cie
3] (capsular polysaccharide complex)3 ZFAIR gled, o] &
B9 Yuto] capsular polysaccharide A (PSA)0IT]2 8 9),
PSAE REe gutnt gl obHdHpositivel) S 8Hnegative
charge motif)7} ¥HEEle] = o F{polysaccharide)2 o2t
YRS zwitterionic polysaccharide (ZPS)EtR K20 o] 2%t
Exlzel Fz# olsle] £5olA] douke-g Yoy &
djgee] B T AIE Y] 2|2 PU(T cell independent
antigen)2ld] B|3le]. PSAE T AZ & AT cell
dependent antigen)®.2 CD4TH|EE #-1%Hactivation) ¥
qltl, pPSAL B} F M ZE(APC: antigenic presenting cell)2|
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MHC class Il 24} A2E Z8] naive CDATAZ] 89S A
FHpresentation)3t 2, PSAE A TS naive CDA'TH %= TCR
(T cell receptoryd: E8ko] HAIRl Fleld 4 psael] 24 84
315 CDA'TMZEE= Tl cytokine?! interferon—y (IFN—y) A4433}
o 2R 7180 AQUe %579 HAYAIAR (immune system)olt

. 79 ¥ A%(maturation)d FEdcH),

ey, B F4o|de diEHQl ZPS? B. fragilis? PSAC
ol MRS BEAS AMET PSAS 23 CD4THIES
g3t 714 3 eHdskEl CDATAIZY AESH ATl diste
gotr A} Fot,

[ 2 = T

1. Bacteroides fragilis®| PSA {Capsular Polysaccharide A
M2l $9Hcapsule}s AEHO] vl ZAsh= AR

o8, BB capsuled HIHcharge)S 7IAR UA| W2
tidE{polysaccharide)® FA=olglen, T Ax v|o)E 3y
{T-cell~independent antigen)¢|th. T-cell-independent
immune response2] 713 £ SAE Th2 HY gheol 9% g4
(Antibody) 84 A 1gMol|l 4] 1eG(IgG3H|2))22] immunogiobulin
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class switching® 531 oteo], @hd(antigen)e] AF2Al
frechallenge)A| aniibodyE AlAEIA] £ fcho 1m 28ut
capsule 5 positive®t negative charge motife =25 7FA1L
2= PSAE T AXo] A2AHQ HAYHEHT-cell-dependent
immune response) =, APCE MHC class 1I 84& 334
#oto] AlFE S| CDa' TAIRE #HA38 Al 5= QUcis 9,

2. PSAS| X

PSAE Fig. 1°A R A3 3| positive?t negative
charge motif 7} ¥ 7H8 ¥REEY U zwitterionic TEE,
o] neutral chargell negative charge?hd ZFAX Sl Ald
o] ¥Hulpolysaccharide)zh= 28| FE=d  £2lg8e oF 110
kDaclcHl pSAute] 7EA= o] 54 Fazef l#lA CD4'TA
271 #rA48E Y, PSAY positive charge motifE 38}
(neutralization)A1Z& o CD4THIE sl 23 vehte
gt Anrt glojchs 1N mebd PSAS AfEt
awitterionic T2 W&ol APColl &gt gUAFo| ot w39
HA A9 Aok G 4= QUHS. 4,

3. PSA2| &% HIZ{Antigen presentation)

PSAX intact polymer¥e|2 APCY] endosome?to & Eol7t
1, APCSFeE £o|7} PSAS endosemelte] proteased] 23
A Bajb gl gk g ARE dhg{oxidation reaction)
of 2lajA Rallzt Tt olF AEFH WHEE nitric oxide
synthase 2 (NOS2: iNOS)FE i3k NOS2ol 234 A=
nitric oxide (NO)7} PSAE & 2(oligo) P& AH8}2 o2 Faf
b, HLA-DMel 2)#14 CLIP {MHC-class—ll1-associated
invariant—chain peptide)2] #77} dold F, oligo®H4] PSA
7} endosomette]l &M= MHC class 1i molecule HLA-DR<]|
AZ¥ ¥ endosome fusion® acidifications® #* 4 PSAZ}
MHC class 1l £22 o]F8tct ©]g% PSAE naive CDA'TAIZ
2] TCRZCSE presentation®] E¢] naive CDATHIEE A%}

Figure 1. Structure of polysaccharide A of Bacteroides
fragilis (Sakisetal. 2006. Nature Reviews Immunology).
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$ick, EF PSAE APCS] MHC class [I molecule ® CD40.
CDS0 121 CD8sZ} HE co-stimulatory 2419} WHL Fk&
sty R E 0|5 Rl CDATHIZE] #4ste] £8.8 CDA0L
(D402}t %P, CD28 (CD80 E& CD86xt Aghat 23gld}of
CD4'THIZEZL SHd3et o =88 ZFuHFig 2M. PSAE CDA'T
Aol 4 (proliferation)i& HE8l9, CD8 TAHZL
proliferationelle P8 v)A| 2| g=cie,

4, ZRF YA WY W SYY0M PSA HE

PSAZE Ao R &559 YA LW immune system)e A&
A7l A& S9E7T A Y o=, germ free mouse
A¥e] gitk, Germ free mouset conventionally colonized
mouse]] H[#|A lymphoid organ™ CD4"TAH|E2] v|fo| Wls.
12) o] opgao] b2 B fragilistt AT PSAE FYEHA
EE v spleen)3te] CDA'THIESL] 7t F718K=d BEsto],
PSAE thEAl 8k S¢¥HolF{mutant) B, fragilis 39 Aol
= CD4'THIES 7t 78k ggith2l 8, germ free
mouse+ caonventionally cclonized mouse®= @& Tu2 |
immune response?l A&, PSAE germ free mouse®ll ¢
3t CD4'THE7} g4dzisle] 7 #HA2 CD4* THEE
cytokine IL-22} Tuleytokine®] interferon—y (IFN-y)}E AlAIGH
tha, o|2{8F VAL In vitroMHAA L PSAZE Tul cell lineage
determinging cytokine IL—122} STAT4 (signal transducer and
activator of transcriptiond}& &3l IFN—S Al4dgto =4 g9l
gglehin. EZHY Tal cytokinedl IFN-y2] AL Tu2
immune response’} A% germ free mousedllA [FN-»2
At B (balance)d FAMtT & 4+ ok =M B
fragitis®] PSA AHeha Z3F ZRHFNA Tuidt T2 282
FASe BeA Aol Fad 9 dcin 8 4 dd
(Fig. )12,

Figure 2. Antigen presentation of polysaccharide A of
Bacteroides fragilis (Sakisetal. 2006, Nature Reviews
Immunology).
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5. MM (innate immune system)olAl2] PSAL| Sigr

PSAE Toll-like receptor 2 (TLR2)2] 2|7} (ligand)2A AA
o A(innate immune system)E Al25lo] T AHX 45l
g2 el ZH-gHAl(adaptive immune system)2}e] AlEzrE-E
23 FHs),
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B fragilis PSAZF T AIE 2j& 3422 naive CDATHE
24 B TLR 2 A8 B Z85e dyAe] went s
Z03F 98hs glths ARIE B, fragilis PSA E $E B &9
EAsH= Al commensal bacteria)e] thet 2o} ¥2 A7E
F8to] commensal bacteria’t 59 WA T8, UL
a4 G2 @ 2ol A2 A pathogen)ol lWFt AEHE 3=
Kol el o|sfsh=d] B2 =&l @ Ao Aot
Figure 3. Impact of polysaccharide A of Bacteroides

fragilis on development of a mature mammalian immune
system (Sakisetal. 2006. Nature Reviews Immunology).

€ 6 ot frgtts

Intestinatiumen
Ty,

ek biuncemn gemfreemice | [Foclbelencein conventionaly colnnired mice |

1) Baumann H. Tziansbos AQ. Brisson JR. Kasper DL.
Jennings. HJ. Structure elucidation of two capsular
polysaccharides from one strain of Bacteroides fragilis
using high-resclution NMR spectiroscopy. Biochemistiry
1892:31:4081-9.

2) Cerdenio-Tarraga AM, Patrick S, Crossman LC. Blakely
G. Abratt V, Lennard N, et al. Extensive DNA inversion
in the Bactercides fragilis genome control variable gene
expression. Science 2005:307:1463-5.

3) Cobb BA, Kasper DL, capsular
polysaccharides: the new MHC [I-dependent antigens.
Cell Microbiol 2005:7:1398-403.

4) Cobb BA. Wang O. Tzianabos AO, Kasper DL.
Polysaccharide processing and presentation by the MHCII
pathway, Cell 2004:117:677-87,

5) Dobber R. Hertogh=Huijbregts A, Rozing J, Bottomly K.
Nagelkerken L, The involvement of the intestinal

Zwitterionic

microflora in the expansion of CD4' Tcells with a naive
phenotype in the periphery, Dev Immunol 1992:2:141-50.

6) Kalka—Moll WM, Tzianabos AQ, Bryant PW, Niemeyer M.
Ploegh HL, Kasper DL. Zwitterionic polysaccharides
stimulate T cells by MHC [I-dependent interactions. J
Immunol 2002:169:6149-53.

7) Kasper DL. Hayes ME. Reinap BG. Craft FO. Onderdonk
AB. Polk BF. Isolation and identification of encapsulated
strains of Bacteroides fragilis. J Infect Dis 1977:136:75-
81.

8) Krinos CM. Coyne MJ, Weinacht KG, Tzianabos AO,
Kasper DL, Comstock LE. Extensive surface diversity of
a commensal microorganism by multiple DNA inversions,
Nature 2001:414:555-8.

9) Kuwahara T. Yamashita A, Hirakawa H. Nakayama H.
Toh H. Okada N, et al. Genomic analysis of Bacteroides
fragilis reveals extensive DNA inversions regulating cell
surface adaptation, Proc Natl Acad Sci USA
2004:101:14919-24,

10} Lee CJ. Lee LH, Lu CS, Wu A, Bacterial polysaccharides
as vaccines—immunity and chemical characterization. Adv
Exp Med Biol 2001:491:453-71.

11} Macatonia SE, Hosken NA, Litton M, Vieira P. Hsieh CS,
Culpepper JA, et al. Dendritic cells produces 1L-12 and
direct the development of Tyl cells from naive CD4’
Teells. J Immunol 1995:154:5071-9,

12) Mazmanian SK. Liv CH. Tzianabos AQ. Kasper DL. An
immunomodulatory molecule of symbiotic bacteria directs
maturation of the host immune system. Cell
2005:122:107-18. ’

13) Polk BF, Kasper DL. Bacteroides fragilis subspecies in
clinical isolates, Ann Intern Med 1977.86:568-71,

14) Sakaguchi S. Sakaguchi N, Asanc M. itoh M, Toda M.
Immunologic self-tolerance maintained by activated T
cells expressing IL-2 receptor a=-chains (CD25).
Breakdown of a single mechanism of self-tolerance

- 53 -~



Keun-Hwa Lee

causes various autoimmune diseases, J Immunol
1995;155:1151-64.

15) Sood RK. Fattom A. Capsular polysaccharide—protein
conjugate vaccines and infravencus immunoglobulines.
Expert Opin Investi Drugs 1998,7:333-47,

16) Tzianabos AQ, Finberg RW, Wang Y, Chan M,
Onderdonk AB, Jennings IJ, et al. T cells activated by
zwitterionic molecules prevent abscess induced by

_54_

pathcgenic bacteria. J Biol Chem' 2000;275:6733-40,

17) Tzianabos AQ, Onderdonk AB, Kasper DL. Bacterial
structure and functional relation to abscess formation,
1994, Infect Agents Dis 1994;3:256-65.

18) Wang Q. McLoughlin RM, Cobb BA, Charrel-Dennis M,
Zaleski KJ, Golenbock D, et al. A bacterial carbohydrate
links innate and adaptive responses through Toll-like
receptor 2, J Exp Med 2006;25:203:2853-63.



