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77 LEMEESMERY TH D U AR EHE (LPS) IXOHUR & 27 A U N 72 2 FESHER 2N HI B 55 O Hep°Kdo & 1
LCHEMPRLY B RALREA LEMEEEZ L0, LPSHLOMENRKRELZL DT ) KA YU I8 (LOS) EFFHEN D,
I D IFZAIRTLRYMD2IZEE# S, BRMEZIGH (L I® 5,

WA, 7T KMzt # Alcaligenes faecalisid /3A TIVI e E DGR RIE Y A SHERICHAE LTV A Z EAEE ST,
FTBMFFE=E ClX 2V E TIT, A faecalish> HAHH L72LOSIZ E MIx L CHEMEEZ RIS RV, ROICHERELAZ S
&)6:&%\?%6Z}WZLT%K o TNW X, A faecalisLOSRZED Y ¥ RAITFHEER T I F T VanNy e LTH%E
BHEA TWD, FiL, FTUBAFZEEIL TR U K% L H[FE TA. faecalis LOSOALFEEEZREL, VB FA@?ywéﬁf\"
H— B EERH D Z L MERB DN UL ENTcKdoEHATND Z L EHRE LS, S 6ITiE, ke E
FEPEA L L= 2R AL A RIS IC LV | A. faecalis V) ¥ RA 13D R AREZER Lz, A Lt Ut FAL-

BICOVWTIEMERBR 2 FEMi L7 & 2 A, A faecalis LOSE U B RA I TLRMEKAF B 22 5o e fINIE P &2 7R L= ol L
A. faecalis LOSD L4y THH Y B RA 2, 3IITLRAT » Z A= & LTIER L723, RARFAELTY ¥ RFA 1-3%18
A UTZBE, S TR LB IR TE e dv o o, ZIE TORITHIZEZS ) B Ko L0 U RAD S RE N A
T2 EDRRBINTWNETED, U UEBEKdDoDMIMZ LY U e FA1OTEERH T2 &S, LML,
A. faecalis\ZIR 53, U ER{tKdo-V © FADO GBI TH 0 | HH G R OBERNETH -7,

AR TIE. U UBEKdofTMA Y B FA1DORIEREEIC G 2 2 ZEBORA ., W ONZA. faecalis LOSI R LT- H 472
TV anNy MEHARBRO G T EBOMIAZ B & LT, A. faecalis Kdo-V B FA 4, SOLFE K %1T > 7=, Kdo- ) =
FA 4OAERKICB W T, KdoZ U a2 v LD a- @R Z @b 5 72010, BIERZ AT 5 2 & THEKRZITFIC
JE L7TKdoft 5-1£8% v iz, 7L8% 7 ) i ¥ 2% Z & THEEE L 72Kdo-GleNo = BEIRIZ6F L T, EA ”1%@%@
BIRAERE E BN O BB A LT > 12, 7/ ~—NOBIREY e U R L & K B0 X D B DR 2 5% <
A. faecalis Kdo-V £ FA 4D DALFEE A & K LT, A. faecalis Kdo-V B FA SOARIZEWTIL, KdodDSs, THLIZE
ALTZR DY T T —NEONEBEICL > TRHE T 2 v 7§52 & To-RIRMEE & D72 'Kdoflk 5189 % 5%
FtL7c, 78907 Y a v A IZ K - TR Z G554, A, faecalis Kdo-V B RA 4L FIEEO A RREISIC L 0 | HHAH9)
DY UEEKdo-VU B RA SO E K &R L7,

B LT2A. faecalis Kdo-V ¥ FA 4,58 LY &7 FA 1125V T, HEK-Blue™ hTLR4MIN % V7= s0 55 7E PEA L RERE
ﬁﬁ%?@i@ L2k Z A, THRIZK LT, KdofIIZ X v istERHEEs L, KdoV B bl 2 BIZHEs S ¢ 5 2 & Ak
BaEN, ULO#ERENS, U E FA LCHepZ G Tea 74 ) SFENINT 25 Z L CIOFEEAEBRIN S, 40T
KdoZ &ira 7 4 ) SHEDOFINM, 230EME T v X T=A hn T I = A h~EH X5 aGEME S RIS S 7,
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Figure 1. 4. faecalis Kdo-V ¥ NA 4, 5DO& AU
(1) N. Shibata et al., Mucosal Immunology 2018, 11, 693. (2) A. Shimoyama et al., Chem. Eur. J. 2011, 17, 14464. (3) A. Shimoyama et al.,
Angew. Chem. Int. Ed. 2021, 60, 10023. (4) H. Yoshizaki et al., Angew. Chem. Int. Ed. 2001, 40, 1475. (5) Y. Zhang et al., Chem. Eur. J. 2008,
14, 558. (6) A. Shimoyama et al., Synlett 2011, 16, 2359. (7) J. H. Huang et al., Angew. Chem. Int. Ed. 2015, 54, 10894.
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Lipopolysaccharide (LPS), one of the components of Gram-negative bacterial outer membranes, consists of a terminal active
center, lipid A, linked to O-antigen and core oligosaccharide via the bacteria-specific Hep and Kdo. LPS lacking O-antigen are
called lipooligosaccharide (LOS). Lipid A activates innate immunity through the recognition of the receptor TLR4/MD-2.

Previously, it was reported that Gram-negative bacteria 4lcaligenes faecalis inhabit the gut-associated lymphoid-tissue, Peyer’s
patches. We recently reported that LOS extracted from 4. faecalis promoted antibody production without any harmful responses!,
thus A. faecalis LOS and its lipid A have been developing as promising vaccine adjuvants. In collaboration with Italy group, we
determined the chemical structure of 4. faecalis LOS possessing the characteristic phosphorylated Kdo with the heterogeneous
acylation number in lipid A moiety 3. Furthermore, we accomplished the systematic synthesis of 4. faecalis lipid A 1-3 according
to the diversity-oriented synthetic strategy via key intermediate 62. 4. faecalis LOS and synthesized lipid A 1 showed the TLR4-
dependent immunostimulating activities, while synthesized lipid A 2, 3, which were the main components in 4. faecalis LOS,
were found to be TLR4 antagonists®. The mixture of lipid A 1-3 in natural ratio did not show immunostimulating activity.
Previous research>*3 suggested that the addition of Kdo affect the immune function of lipid A, thus we expected the addition of
phosphorylated Kdo enhances the immunostimulating activity of lipid A 1. On the other hand, no synthetic study of lipid A with
phosphorylated Kdo have been reported, therefore it is necessary to establish the new synthetic strategy.

In this research, I synthesized A. faecalis Kdo-lipid A 4, § to investigate the impacts of phosphorylated Kdo on the immune
function of lipid A 1 and to elucidate the molecular basis of 4. faecalis LOS’s adjuvant activity. In the synthesis of Kdo-lipid A
4, 1 used Kdo donor 8* whose sugar backbone was fixed in a boat-like conformation to enhance the a-selectivity of Kdo
glycosylation with 7. After glycosylation, selective removal of protective groups and sequential introduction of fatty acids
followed by global deprotection afforded A. faecalis Kdo-lipid A 4. In the synthesis of Kdo-lipid A 5, I designed a new Kdo
donor 9, in which the benzylidene group was introduced at C-5,7 position, to enhance the a-selectivity of Kdo glycosylation by
blocking the B-face’. In a similar strategy to the synthesis of Kdo-lipid A 4, I accomplished the chemical synthesis of 4. faecalis
Kdo-lipid A 5. This is the first synthetic example of phosphorylated Kdo-lipid A.

Bioassay using HEK-Blue™

hTLR4 cells indicated that, contrary to expectations, Kdo-lipid A 4 showed weaker
immunostimulating activity than lipid A 1. Moreover, phosphorylation of Kdo moiety was further attenuated the activity. These
results suggested that the addition of core oligosaccharide including Hep to 1 enhances the immunostimulating activity. It is also

suggested that the addition of core oligosaccharide including Kdo might convert the activity of 2, 3 from antagonistic to agonistic.
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Figure 1. Synthetic strategy of 4. faecalis Kdo lipid A 4, 5
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75 LEVEESMER S T 5 VR SHE (LPS) X OHiE & a7 4 U IfEN 5 722 5 BESE 23 1& Ve oh o
UJERALRELIEEELZ LD LPS 2D OHUENRE LI DI Y RA Y T8 (LOS) & EiTh
D, KGHE 7 E ORI ME O LPS 1%, 582N, RIEEEFER LT OICERT 2
BYEZRT D Y E TIIBE O A = ARICIET 5 7 T LREYEE Alcaligenes faecalis 13 FEA
95 LOS N EHIEA 2 R T N EEZ RE 202 ERP LN SR, & BIT A faecalis LOS DAL
LREENE SN2, —f%IC LPS ° LOS (X, AU I RIED Kdo EMEIENDERMERE N U & R A IC
REE LT EEA L TEBY ., A faecalis LOS 1TV VBRI OEA L7 Kdo FTHI LML LT
W5, A faecalis LOS (395 #MEREREHK L LT, VIF O N E@mDLT VanNy hELTH
BThHY, TOEMEFTLTHAIHEIRE YV E RAIZT VanNy M ELTORRBEITFTHD, —FH.
A. faecalis LOS OIEMEIZ, UV E R A L3 E2ICIT ST, LVt lmEtEsam45%, ©2
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PRELORIRBRE L IEMB OB KEANEITo Tk, 7/ ~— (08N e ) Uk & Bk FE RIS
K D MR 2 8T, A. faecalis Kdo-V ¥ F A DfbFH A ER LIz, VB Kdo VERFAD
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Pt G RZ BB L. ThEHWT RO G LTz, & BT 4. faecalis Kdo-U ¥ K A & [AlfR
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XoT, KimigEL (BY) OoFfmXe LTHafMiEHL LD LED D,
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