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Effects of dietary glucosylceramide on the improvement of skin barrier
function and the alleviation of experimental bowel inflammation

Misho KAWATA and Narito ASANUMA*

Abstract

Many common foods contain sphingolipids (SLs) mainly as glucosylceramide (GluCer) from plants and
sphingomyelin (SM) from animals. The metabolic intermediates of these SLs are suggested to mediate vari-
ous cell functions. Dietary SM and GluCer are thought to be partially digested and absorbed in the intestine.
However, GluCer in particular has been reported to be poorly absorbed, because the degradation by enzymes
in the intestinal mucosa is extremely low. On the other hand, there are many reports suggesting that dietary
SM and GluCer exerted beneficial effects on experimental animals. For example, oral administration of GluCer
suppressed the development of skin inflammation, as evaluated by the visual characteristics of the skin surface
and histological analysis. This effect is consistent with results that showed dietary GluCer induced the suppres-
sion of mRNA expression of pro-inflammatory cytokines, which may reduce infiltration of leukocytes. In addi-
tion, dietary GluCer increased the mRNA expression of ceramide synthases and the genes associated with
tight junction and cornified envelope formation, which may in part explain the recovery of damaged skin barri-
er functions. In cell culture experiments, the sphingoid bases produced by the degradation of GluCer were
shown to affect the expression of the above-mentioned genes, but GluCer itself had no effects. Moreover, in-
vestigations on the effects of dietary SL on experimental bowel inflammation showed that dietary GluCer had
an anti-inflammatory effect, whereas dietary SM had a pro-inflammatory effect. These contradictory results
might be due to differences in the ceramide structure (sphingoid bases and fatty acids) of GluCer and SM.
Therefore, in order to augment the bioactivity of dietary GluCer, and to examine the biological function of cer-
amide in more detail, it is desirable to enhance the efficiency of GluCer hydrolysis. The novel GluCer-hydrolyz-

ing bacteria we have isolated in our laboratory will be beneficial in these types of studies.
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ICRDAENALERD HD, HILEREDOEBROEEMENLLTH S, LirL, REMESL AEA4D
ABHRE SO T I EIMEIN TS, Iz, KER<Y RTHEHEDO SL THAH7 Va5 I F
(GluCer) #REMOFELIc& A, REVLEMICOEBENICIBERH I NI EWDS, TOEEEL T, &
FEVEY A P AA VOERBEBEFLUNILVTHEI SN/ LI b EBBAINTWS, £/, V5 I FERESR
LABMEOEERCEEICE T 2 EBET R EORALTAMEZ T H I LBRINTED, TOI EBEFON
DT7HEHEPHEL—REEZONTWS, LrL, BRTFREBEZFAS T 57201213, GluCer 280K 5 S
NAT 4 V/IA FEREICELILERDHDT, LA N ZOERZEOHNELDH EEZOND, T, EH
BABRICBET AHELANONT WA, GluCer #EMNE L L /cHBAICIIBROERBPBRII N/ EHES
NTWAED, BOSL THAEAT7 4 /IIT UV (SM) 2EELAHEICE, SRR TRBREREL
Tl WoOMENSE N, TOBEEBELTE, SM & GluCer Tit, I NTEL A5 I FOBEOEWDRE
B0 EBbh5, AN GluCer DABEHRAFBICHEDAIDICDL, Fio, 5 I FOEELZEITAN
ICEHAi 9 A 7-DIC s, FHREHMEOEAZICLY GluCer »H¥ 5 I FADOKBEERT ALNERSD S EE 2

bz,

F—J)—R: A7 VIdRE, FVavILbESIF, A7 vIITV YV, HER, KBER

HEREMOMEBEHEERS Ths A7 1+ VIRE
(Sphingolipid; SL) %, @O A7 VI I T YV
(Sphingomyelin; SM) *HEHHED 7 IV av )bt F 3
F (Glucosylceramide; GluCer) 2 fUEHITdH 5 B
(M 1), eh oG (G JUSHOER
TERSNHWE) Ml 7 FVEZICKT 5t
NYF Ay Yr—lsEOBEEERL, EamiED
FIEHIC W CTEERREZRIZL TWAH I EBHLR
I >2oH%5 (Dany & Ogretmen 2015; Galadari
5 2015; Harvald % 2015; Ueda 2015), SL O
EEE LT, BFIF, A7 032 AT74Y
I -1-U B, £5 I F-1-U /B ERABY

Sphingomyelin

Sphingoid

CHy(CH,),CH=CH-CH-OH
) OINH-CH

; ii
Fatty Acid 0] [5e)= P-OCH,CH,-N*-(CH,);

OH

Glucosylceramide

Phosphocholine

Sphingoid
CH3(CH~,),,CH=CH-(.:H-OH
...... '6§-NH-CH

Fatty Acid CH,-O

Glucose
CH,OH

Ceramide

Fig. 1 Structure of sphingomyelin and ceramide

(®2), ThoodhfEws, 7TRF—V X, #il
HrE, Mifas{t, A b VAREFOLEYIRIGE RET
HTENREIN TS (Spiegel & Merrill 1996; El
Alwami & 2006; Zheng » 2006; Nixon 2009), #fic
53 Fid, RERKICRT 5AEROMIaMEED
#950% % 5 & (Eilas & Menon 1991; Feingold 2007),
BJEOREHER L N THEEIC KW TEERKE %
Ho>TWABCZ &, DB (Wertz & Downing 1982;
Imokawa 5 1991), fL¥Ed7s & ICH & S 5 EEMK
GO—2 L THEHEZEDTW S,

BmFOSL L LT, L TEHDSM &iEaHD
GluCer RSN TV A7, SMiZA, &, A, &
P75 £1C, —F O GluCer 13k SE /¥ OBE, KT
REDHE, ALK REDOBRFEHE, DATKED
BN Y SR ERIc S << &E 5 (Vesper 5
1999; Takakuwa & 2005; Aida 2007; Ogawa &
2014), AR EMICKIT S SM OEEIL, A
T25-40mg/100g TH YV, FHIIT80-170 mg/100 g
T& 5 (Blank 5 1992? Vesper 5 1999), F7-,
W RSFEM Th H2BBESLTEHIC BT 5 GluCer &
{+ 10-40 mg/100 g TH Y (Sugawara & Miyazawa
1999), Fx 3« DEMFBEM 2O SL 7 HERICE
BRLTWBZ EfAz 5, LaL, SLOREDEN
&Y, TNOOEBIC L VIS HAABEYHRENE
I HAREMES B H DT, & SLICOWTIHESNICE 2
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/” Sphingosine (d18:1%)
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Sphingosine
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Sphingosine
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\_ (d18:1%, d18:1%, t18:1%, 118:1%) /

Fig. 2 Metabolic pathways of sphingomyelin and ceramide
SM; sphingomyelin, GluCer; glucosylceramide

LLENBH B EBbNS, BEEKDO LD LY Ek
DLDTIE, TDOAT 4/ TA FIEEOEENKZ S
BTk, ABEANRZLAEEND 50
(Sperling & Heinz 2003), ZOFEHIC D\ TIEHFSE
INTWaEW, Bk LT, A7 4/ T
v/ (trans—4-A7 4 V7=, d18:14%) 7#580%
w5, TOMICAT 4/ HZY (VEFRAT 4V
Y, d18:0) 74 PRI 4 VAP HEFE
FYURAT 4V, t18:0) NEFAET S (Hannun
& Linardic 1993), f#E¥WEEDO LD &L T, EH
KDHDICINZ, trans—8-A7 1 V7 =/ (d18:1%),

Cis—8—-A 7 4 /7 = (d18:1%), trans—4, trans—8—
AT 4 VAT (d18: 248, trans—4, cis—8—A
T4 VHY T (d18:248), 4-v F O /~trans—
A7 4= (t18:18), 4-v F EF/—cis—8—
AT 4 /=y (t18:1%) LRICE#HFTH S (Aida
2007), —77, WEEUEIHEEOME L SM & GluCer T
iz, —&EICSM L0 b GluCer 05 BNERN K
<, FEFIEHE (Bohn 52001), %7z, GluCer
TREHBEICLLEREDIKREN, - T, SM &
GluCer AN TAHEL B EFITF (K1) F—kk
Tid72 <, ZORFEOEVICLDVBELRLZDTH

Ho COT LN, BRD KD IeEBPROB % A
W TREE D D B

RERS & L CTERL /- SM % GluCer 1%, ¥H1t
TR TR I N/BRIC, EERMRICIRDAEN
HEEZ2HNTWS (Nilsson 1968; Nilsson 1969a;
Nilsson 1969b), T7xbb, PMETAT7 4 v/ITITY
F—ER 7Y avEI IF—EOERAZXT, &%
EPYEshTESIFERs (B2, E53IFD
BR=NEH LEbh AR, b IF—FiITk
DT ¢ vaA FiEE L EHEIEISE & s> TH HDT
BERENGNWEEZONT WA, £z, TNHDY
fREER VNI FAE S 5 C L AME S TW5
(Brady % 1965; Nilsson 1969b; Duan % 2003; Wu 5
2005),

SL DEALERIICOWTOERIIROGEN TS
2w, EFEICEY, RERSELUTERLALAT 4 v/d
JEEREILE TR LA ERBEINZNEWD T &R
WEIN TS (Sugawara 5 2010), FOEHD—
DELTE, HIERICKITAAT v FiEEE
TOFBHBALITNT L, Fiabb, A74V/II1Y
e, Y IV SEH—E, ¥FEF—E O
R ENZERL LW &HBELZLNS (Schmelz 5
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1994; Nyberg 5 1997), %7z, WEHHRDO AT + v/
T4 FIEEDHD, BYEROZAT 4 /I /KD b
BIRENIZSWT ESFHFEINTWS (Sugawara b
2003; Sugawara b 2010), ZOEEE L Tk, A7
4 VIV VHPSNDRAT 4T A FEET PREX N
JBICEBEHAESZITR T, TOBRRBEL T\
ZEBP—ERTHBHLEZOLNTWS (Sugawara &
2004),

ZHC D05, AFM SL B« OEEYGR
EH1bFT I ELEHEBREIN TS, HIC GluCer
IK2oWTiE, EAHETOERAE NI LB, Z0D
BERMAKREO/NY THREICE DEETH005H/N6N
TWwhb, ZZTABTHE, BFEMSL, %iC GluCer
IKEBL, TNERERS &L TERLBEOERE
BHRICOWTORER T L0, BEMARES &1L T
@ GluCer DffifE %% % 5,

1. EMERBERETFTILIVRCRETES
4 GluCer OSHE

B EEROETIVE LTE, 7 RICEA % K
fES¥, REXFREIRALOBE N, TOLDIRE
FIT R GluCer ZEAHRETHZ LT, KED
NYTEREBICRIZTEELRANIHRRD S, 1-7
VAE-24-Y = FEXVvE¥ Y (2,4-Dinitro-1-
fluorobenzene; DNFB) #&IEI&, SEAtERER T
FHRITLETO6HHEOMH, bmgDFVETIVH
¥ GluCer zE AEORE L, ZDOHKIZ DNFB %
HICBH LREREFRLICE A, HRE 6 R
TOERIEROIBFALLERITER L, RIEEFALAND
HMROBELIBRM L At PBESINTWES
(Duan & 2011), C D&, GluCer DR D5 434
EWEYA P A4V THHEBENLREF-o (Tumor
Necrosis Factor; TNF-o) OFE P4 L2 2 &b,
TNF-o & T AMEBREZET S8, RIEMEMRR
ODREE T SRAHER, ERSERL L3S Hh
Too i, GluCer DU L AL RIERIR DI
s,

TFRBIFO R HRE > VT B Rz HHR
L7BRICDWTORES DB, AFT YV OV EREHE
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SRR, FTERELEMAT 5 & TREEGVE
Bdi-< AL KEdH%kD GluCer % 100 mg/ <7 A
HERkg OETRANCEORETHILICKD, &
RIEMDOIEEALRU KRG EEDET, FH U V/EE
RO, SO RO BEED
FTFEY VO VICELBRIEFERBPERHITETLI2Z &5
#HFEINTWSE (Yeom 5 2012), GluCer 05 &
% 200 mg/ <V AFE kg ICHEMS /2L 5, B
WHRVBEICHEML /= &h b, TOHBNTIIAESHE
GluCer iC X2 W RIAEBERFHNTHHLEZL DN
%, iz, GluCer DEHIZ X D REFEWT A b A AV
TH5H IL-1 & IL-6 & 2 — F F 5 &ETFOHFBREN
WRBOAEERET LA EbHBEIN TS
(Yeom & 2012), BREIN/Y A P A VEIIER
A7, Duan &5 (2011) & Yeom & (2012) O
EHr b, GluCer DERUIRIEMY A b A VOER
EMETHEEZOND, TDOI Lk, GluCer D
BT EMERERDOARIRG T, MOT LV IVF—EED
B LR BB S REEEZRRL TW5, EIT,
GluCer DB E51X7 7 7RV V-3 #a—F §5&RF
DEF L ZDRBEZ#HMIE /- Ld@EIhTW5
(Yeom 5 2012), 727 7R /-3 iZMEEPICKSGF
DA% BRANCE B IR A L DITHEET A L5,
CNPREDOREIER %R L%, N TEEOHE
CHELICAEELZEZ DN S, Tkbb, GluCer
DERUTRIESET A b AV OEREFIET 57200 T
<, RED/ND T EREOH®E b KT & HAlaEHES
BB, BEENDHPRIIKETIHENS)

Duan & (2011) & Yeom 5 (2012) DR Tid,
GluCer DG EDPRKE S Biz->TEY, IhTikE
DEED GluCer % B3 NITHHREZF DL HLHERIT
Ei\, BEDC, KM RAE SR BTV
EHDOE, ZOREHMOEBEB NI KESEETHT
BHD, Bz, Rixo/-EYEBERD GluCer % W
TW572%, GluCer DREENRRL LI ENFEL T
WAHERER BB, FrEB Y HED GluCer D
F R4 trans—4, cis—8-A 7 4 Vv HY T = (d18:
2u8), 2-L FRFVTSFF VB, RUZVa—XA
P HHEE S B GluCer TH D, KEHED GluCer



RHE GluCer 1T & % FKREHAE & KIBROYE

Tl trans—4, trans—8—-A 7 ¢ VHY T =V (d18:
248y, 2~ FOF /LI FVEE, ROV T—R
Lo ENS GluCer THYD, X7 4+ vIA FER
LB ER IS4 S R 7 5 (Sperling & Heinz 2003; Aida
2007), THODOEEDOECHBRIERET A AL VE
BIC & D &5 B RITT0EL, SHBERET 50
BRBH D,

2. BEEHMGluCer NEE/NY 7THBEICET
DZEBEFORBICRETHE

GluCer DERA KB D/NY 7 HEERIC XT3 BT
DWT, NT VAT ZZAVWTLHANLG AT
Bo NT VAR YRR RVY Ak RZ S 1455k
- e (HR-AD) %#f35Z & T7 FE—HEER
HFERIRDLIEDBTES, EbIE, "NTUVATT A
I HR-AD # 10BRMf#8E 452 & C7 FE—HEF
ReFRSE, ARTBEERICYVEZ T4HENH
BIAHIETCHRERD»ODOREIERHR A7 (Tsuji
5 2006), ZDREE, BEEEARNC0.1% (w/w) O
GluCer CkNahRUMEFHEE) #EE L THHER
IRFcETH, BEKGEBEDNDRED - - EER
HIDERMOGE LD SRRl b, HFR
GluCer DEMMBEEDO/NY TELR R LI/ L E
BELTW5hH, KkphkD GluCer % - ED IV H
KDL DICERE LIHE THREARS EHEOEIE L
B/ (Duan 5 2012), %7z, GluCer #7 XD
BiEBRD SMIZEE L /2HETH, BEKSHREE
DETHRA SN/ (Duan 5 2012), 77— 7 A+ VU v
VBRI LAEBRETT VISV TS,
GluCer % SM DAFHIC L DB KK G EBEPET 3
52 EDBHERINTEY, IhbDREN SL BiEEiR
Coehrbbd, KENUTHESREDNREFEOI L8
RINTWS (Tsuji 5 2006; Duan & 2012),

FiT, GluCer ® SM D EIFICIE, REICKIT S
TSI FEREEERS3 & 4 O mRNA B2 2 5 < I
mL7z¢&v> (Duan 5 2012), £CC, b bEEA
{t#ife (Normal shuman foreskin keratinocytes;
NHFK) {CA7 4 VIA FETHDBRAT 4 VIV YV
(di18:14), X7 v H = (d18:0), KU trans—4,

Cis=8-A7 4 VAHY T = (d18:2%8) %0.00125
10uM OBRETHRINL THEELFE, wWihoR7
4 VI FIEEOBINTS, S I FAREER2, 3
L 4 O mRNA BEO#EmMB R 5N/ (Duan 5 2012),
INHORERP L, OB /2 GluCer 2 SM 23 {H
LERNTRAT ¢ /a4 FIEREICE TH#E - WS hn
i, ZOE EREICBT HMMEEOGROREE &
LTHWLNARITTERL, ¥5 3 FERBERORT
ZEO LR EORBRICIEATHILT, ESIFE
RAEHEME R DFREEL DA D,

A7 4/ I FPEESELS I FERRICHET S
LERENT BT 23, BERAREBCHARICLD
£FX0VO0HB, IV x 7D GluCer ZMEHNK
SRTHETHBLICLE- AT VHY LY
(d18: 248 L d18:248t) L 4-¥ FOF/—8-A 7 4
VHZY (t18: 1% » t18:18) & NHFK (Z#inl C
BELLLEIAH, RRVESITARER2 344
@ mRNA EOHMA R 57z (Shirakura & 2012),
7z, 3KILE tEEET VMR Ao R T,
AT 4/ I FEEORMCED, ilaRNOEZ I F
EEEHAESENT A LR INT WS (Shirakura
5 2012), BT, RSPEIBBORBFMRERDOT A
VA LDEDSDHPOMRNAELCNEDORAT v/
A FBEEOHRMCEDEML 7o, FICHEEREN &
I, MRNORGE & MMICHE T BV AF Y — b
A EEZ A A (Peroxisome
vated receptor; PPAR) @ /6 & y ©® mRNA &3 A
7434 FEEOEHINC X I L 7o (Shirakura
52012), €5 C, ThHDRT7 4 v FEET,
YT I FERLT TR, BRECREREBOGHK
ICHEETHAEMESHD (Evans 5 2004), &L T
Bl (-5 /94 b os iRz h, FA—
VERZFIEEOREIRL kB LBbNS, L
L, A7 4 I FEEDODRLVICEDOHFETH S
GluCer # #HM L TH I NDHLOHRIRARLN T
(Shirakura & 2012), ®EZHIH T 51T, IV
AT 4 /I FERICETHMBENLNEDD L LE
2bNB, Tz, BERRERORT /34 Fi
ETHAAT 4 vITY v (d18:1%) ZEHEML Tht

proliferator-acti-
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5 I FESREBEERL PPAR OEREHIHICIIHERRE S
N7eh - 7= (Shirakura 5 2012), ZOFERIE, %&£
HELERRZDOTHY, A7 vIVU/HET I
FERBROEH L RET 50ENICOWVWTL, FR
NONENDH D, £z, BRECEBIZEZZTEN5S
74 FAT 4T PPARy OEREEM & (R
BT ELHEINTWAS (Tsuji 6 2009; Murakami
52011, 74 FRAT7 4 VIV VR ACEORYS
L7BEICE, Za—ZAAamaBRIC 0 5 MEEED
Rz ERBERNIN, IBEAHEFEI N L DOREDN
BHMB, TNET 4 AT 4 VIV VOBRBITED
PPARy AL, WERAHELZIT /I LITLS
Lfgxns (Bvans 5 2004), 27 ¢ v 4 FilgEic
& % PPAR DIEFEHIHEIC, ZOEEDRVWIEEY
BT aleEE R S e,

AEME GluCer IC L 2 BB FRHAOHAMITOWT
i3, 4707 VA %AVWICHERENEN L fThhi Ty
Bo NT VAT A% SDS CALET 5T L TRE
FA=VkRE 2, 3V 7B@ROD GluCer M
HL7ze 2k, MEMROEESESICHE T LTS
%4 (tight junction) & %4 (cornified envelope)
DBIZBI A BB DR ET DEFE RO FEHE
#TRON7 (Ideta 52011), LHL, ZTOELE
BIRFERENDLDTIEHRLS QEUT), BEL/D
S TCHAEEEDOBIETFIBAES HEBTHI L THRE
DN TSGR RICHEL 5 & Ideta 5 (2011)
FEEL TV, /o, NT VAT Y RICHR-AD
T 4BRMSEL, £0%IC01% (w/w) OrUER
av ko GluCer #BA L - BE AT 4 BHEEEL
b lh, BERDAERBLIZHEICHN, 97HE
DEEBFORASPLEGELL L nL 72 (Takatori &
2013), ZOHICIE, KEOBECLERYSFVE
BRICBE T 5 BIZTF 2T T, EOBECH - A
Ba L ROHEORBICE T ABEFIEEN TS,
— T, L5EUEREAAED L - BEFIRI3ETS
2720 ZTOHRICEIEENRBICE DL 5B LT HILED
FENTWo, RICKEB T, MBOIRERBR/N
DT7ERICHE TSI, b, ThLOBETORE
DA/ THEEDOBEBE L WO RRLITFEST ST

#65% -8 45 (2016)

LWix BN, BIEDE AL, EKE/NY TEESEIE
L7z7=®i, IRERB RIS 5080870 <7%D,
{EF 385 (downregulation) Xh/-dhD LI NT
Wh, INLOFKRIET, AFEMEGuCer BT IFE
BARUNAOBEROBEFORBEHHICLFETH &
ZRLTWA, LAL, BRI Eh GluCer 25 &
DESICINLDORIETFORRAZFET 5 PEH L
K-> TELT, SROBUBF/I NS, WThilH
£, REEBICBT 515 I FERBEROERETIC
EBREVT I FEOETE, BB, 77—k
R, ZREORERZESRITEREINTS
DT (Imokawa 5 1991; Motta & 1993; Motta 5
1994; Jensen 5 2004), BEM GluCer iz L0+ 53
FERERESE S &3, FEROTEHRHERICE
YoEEZLNS,

3. BFMSLHIEBRWABRICRETZE

BEAESMIZ L5 RERIHZRICOVWTEL, 7
F A+ 5 HiEE Na (Dextran sulfate sodium  salt;
DSS) 5 L TR ERIES /o<y A% VT
NHENTWASR, KBREIE T 2O HEL BN
¥ (Furuya 52008), (RETHEVIHMEDIBD
(Ahn & Schroeder 2002; Sakata & 2007a; Sakata 5
2007b; Fischbeck & 2011), ZORIZIT—BMHEAR
b7y, Furuya & (2008) o<, 0.1% (w/
w) O SM il &ML 72fklZ 108 e 59 %
LITED, BROEEEMETL, REICKDEINL
TBEEBOI oVt FF—¥ (Myeloperoxi-
dase; MPO) EHEMET T 5 EBBEINTNS
(Furuya 5 2008), N bO#ERIZ, AEME SM AKX
BRAFADIRDEDH "R THIDTHD, Eiz,
SMO7Fus (A7 4 v/IAIL Y F—EOREHEE
) #OBELAECAH, AT74vIITVF—F
DE-MET L, ZOBRESIFV T T VIBIE
TLTC BERMENIODA v E—14F /-8 01f
DRIFEWET A L IAVOERBMET 5 &ETHBRD
BEEESMETLALVWS#HELH S (Sakata b
2007b), %7z, BEESM BBEATOTEINS Z
LICEDAELIES I TR, BELERMRO LT 7Y



REM GluCer IT & 5 HIEHREE L RIER OB

VDORBAEFEL T, TRV RABERELLE
WHRE L H S (Fischbeck 5 2011), Fischbeck &
(2011) W%, ZORR L L TBHEEEMEBOFES
(turnover) HEL %V, AFRICKB M a8
2T, BRBEOEELHEETH HEEE, B, XBEY
ORI In EBRF3 7B BT, TDOT LT
RIEDHEBIC DB HAREELAD H LHEAIL T 5,
BEESMIC L ARENRTSHAR, BRATE
TEHTH D, SM ORE L T 5EWECHM L 7-#
BIMLDE, T ANDOIEHEOE, EIE
ALz ADFRAROENFIZ LY, SM OZRPE
A LIEZDLBNS,

SM Iz R, BEM GluCer I & 5 A 2441 %)
IOV TOHREFNID <, Arai b (2015) O#HE
DHETH 5, ZOFRTIE, DSSHEWTHBREZFRIE
TR =T R, THROERE GluCer FHBLE, (I
>80%, FUERIVHER) %01% (w/w) OEE
TEELFAEZBELZECA, DSSIZLDFE
ENAKBBREANOEESPBPINTE Y, HKRFEH
KBRBBEFMINEZ EBRINTWS (Arai b
2015), T, RIEDIE & x5 MPO {EHE S GluCer
ODHREIZELVETLTED, COZELHAREN
GluCer BB RIERZBRT 5 LD T L HEBFITT
W5, #EHEZRERL S, trinitrobenzenesulfonic
acid (TNBS) #HWTHBAZHRL o< T X
GluCer % JEREN# 5 L 7-BE1CiE, NKT Mg s5ai
T35 & CHBROERBEBENEMENS Z &5
WEINTW5 (Zigmond 5 2007), HEFHEDE
WZ b BY, GluCer ZBREREZFT S & W
ST LR—HTAHALDTH-7c, BxdbAREM
GluCer DA RAERZN R % DSS I & % EBRATKIE R
XY ATHN: (RFER), LHL, Arai 5 (2015)
ERBRICTHT IR OB E O GluCer A 8L & (MiE >
9%, FrEBIVHENR) %01% (w/w) OEET
BELRsiaE Lo, NEPKEOHERER
bIMATHY, DSSIKLBHBERTOHESROLN
Tedrotze (B7rAIC, Arai & (2015) OWMETH,
HBFEN LB ABIARIREIN TN 5300,
BETOHECIRE > TizVv) BEM GluCer 1T &

% EBRIKGR OMHZIROBEIC DWW T HERA
LHBRBLHMP, brERaY GluCer #KML THR
B/t I P GluCer IR 2 TERIABR <Y
ACHE L -BEITE, DSSIC & AEEET Nk
SN, DSS#®ELish > HEIEWE THES
HRL 7 CRER), /o, MEPKRECKEEER
GluCer #5 5 L ¥ K& <, DSSIZ & 5 MPO &
DOEID GluCer & D b RESMH SN Tz, D
i, AEHGCer 1D b AFERYZ I FOHH
ERGRPBN ERRL TS, BREMESM D)
Rit, SMEBFEEWD XD AH5BINTEL/ES
FRAZ 4+ vVIA FEREICLEH0EEZLNTED
(Fischbeck 5 2011), GluCer 3 A7 1+ v I A Fig#
ETHBINBEN DRREINTHO, £ERNTAE
BESEFOLDEEDLNSDT, LDGHRIhiH
THHTT I FOHPERYEIPE LHERSNS,
5 Thhid, BEELS I FOHHAEEM GluCer
FOLEBRPEP oI EWD T S, HEEARATO
GluCer 7 H¥ 5 I FADKBENIGICHEDSIAED
HTLEBRLTEY, CORGEHERT S LT,
BHEM GluCer AL TABEYGRALBAIE S L
BTEBHEEZDOND, Fxld, GluCer X ELHEY
AR EEPRY) BIFERERL 50T, HEik
EHNTOYT I FANDOKBRIGEIEERS 57200 T, ©
DEBHREPBRIT AL LNGE Y, EOREN
GluCer DB RBARHAB CH - /cHBE L Td, FH
Loy ADRBROE NP, BRI HENMERDOE
W2k, HEIEERNTO GluCer KBEMNELD,
AU 75 I FEPER > TN EBFRERDO—D
LLTEZONS,

i, REFODLIHOLAEEN SMIIKBR %R
35 IR 1B EICE, AEH GluCer & I135EE
HIKBRICTIETRRB 2L RIRD T LIRS, IO
EWORRDO—2E LT, SM & GluCer & T, B
THAT 4 VIAFREPREDILDBEZ DN S,
Flo, TNCHET 2EIBOERS _EFGOBL
NEIFETLEIEZONS, ThbL, SME
GluCer Tid, HBINTEL S LS I FOBEDE
WL DSRBELD L WD REELELZDLNS, L



BiA RS R ITZEmR G

»L, HEOKERAETFNVICBWTIE, RFEMHESM
& GluCer DEL L LS I FAREBROEM &1
X, REREZEMTALCOBRERDD, LTLD
PRPRELD LIIR OV, ZOEBEHRIT, EES
HEBSMIC LD ES I FRRT o vI A FEEPPE
THBGBTFHPRLRLOLD LNV,

WFhicR &, REBREMF T 500100,
GluCer # BT 5 DOBEE L WA, ZOFETEE
5 3 RADOKBRIGDT/WOT, AEM GluCer 4
BHRAWEAT 572013, €5 I FAOKBRIGE
HEnIR2BERDH EZOND, BHOHELER
BEEFEATDES I FAOKBESENC &ITHIR
DAV THY, ®REMZ ZDIIEDTHETD 5,
ThEBRTHHRO—2L LT, BAMEIC LS
GluCer DB LT 5 Z LICHIFBRAFR LN S,
% 2T, RETRBHMED GluCer DKMIZ DT
EET D,

4, BBAMEC & 5 GluCer DkfR

IBPIRIEIC & 5 GluCer DKMRIZ D\ TOFFEHE
B, B OBHMESS v F OBEBRRMAED
RIZZNav vt s I X —ViESEEFOLDOBEET
HZ ERBEINTVWAZ a6 (Larson 5 1988;
Sugawara 5 2003), BAHHE O HiZid GluCer 7k fi#
BEAHOEMFET S LEX LN TWAY, ELHE
SINTELY, EEBOAHATHES, FAxBPFALR
DT, LRIy F OEERIC GluCer KR 5
BT LDHFETHI L3 GREER), Thida X,
F3a, 7X, UVEOMOBY TLRAKLTH 7 T
L5, HALEMIC GluCer KEE % /B T 2 EEDS
BHELTH-7c (RER), COZLF, BEH
GluCer 3% & A &5 BRI % 10 91 b i Bt
ENBEVWSHERE—FT 5 (Nilsson 1969b), B
OFME L B X7z GluCer AMEE & L Tid,
WFE U7 Blautia  glucerasei BT 5 (Furuya
52010), 4 XOEMEL D BERES N -KEIL, 16S
rRNA BE T DEEEINCE D W IR_EENT TlE,
Clostridium 7 5 A % — XIVa [ZJB 3 A FERERE T
Hotce TNEIZ Paenibacillus  sp. & Rhodococcus
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sp. &5 28D GluCer KEHEDFEDPHREINT
WAEHB, WINHTEETHD (Ito & Yamagata
1986; Ito & Yamagata 1989; Sumida & 2002;
Ishibashi & 2007), —EICIIHELERNICERT S
EEFE L, E/, HEEO GluCer KAHE MM
DTENT ED D, 7o Z2BERICA->TELLELT
b—@tETH B LHERINSDT, GluCer KFIZIT
BBl xweE2ObNB, —7F, BAB TH 5 B.
glucerasei © GluCer KEEMRIIE L, LEBH L EX
D, BEEOALOGTREDT VIVEHFFD GluCer b
KIFES 5 LB CTE/ (Furuya 5 2010), WHpHEFR
D GluCer DIF LA LW, REOTVINVEEFEOI L
25 (Bohn 5 2001), AEIHEEENICEVWTLE
H¥E GluCer KT 5D E-BbN B, iz, Fx
13 B. glucerasei & 38 7:%REED GluCer j(ﬁ@%zg
ROFTeD CGRER), BEMEIC L > TIEEE
O GluCer KBEHE B HELERNICTER T H LHER SN
Bo WMADHBELI-WITNOEDL, GluCer 26t
I FNDOKBIfT7B, ESIFLLAT 4 v/TA
FADOGRII T oo 7z CRER), %7, o
VIWAT 43IV, FTFVINVESIFRE/ VT
iy 7 VA Y F GM3 FOBELULEWEKELE T,

ZDITNAVINES I F -V GluCer ITHFRATTH
HE#E 2 N7 (Faruya 52010), 2D Xk > 7%
GluCer KEHE ZFEN THL T I A TENE, 7
BICEHLALSIC, BEERNTO GluCer 25Dt
SIFEELZHEMIEOLNDLEEZLNSDT, ARE
e GluCer DATMROMASIIEHE S, SH DO
HOREUDPHERINWNWE, Tung T 74 7ART
VINAZAT 4 7 AT ZOFERZEMSEL T &
LFEDO—DI b EBbhb, EREEFTEIHS
B, BFEE GluCer 55 L 7-< T RIZ B, glucerasei
D% 1 B 100E/ < RAEFTREORE L
TBEI, ERICHI NS GluCer EMET 52
EPBEINTEYD (R#ER), GluCer KEEZ /1
WNATT 4 7 AL L THEAT A & T, GluCer #|H
EPBEINT 5 LELON, SREIZOEERIGHT S
CEBHIFEN S, ZTOBEITE, ARTRAMLCR
Fik GluCer DEZE/NY 7TRHRLKIGREMZIR % &



BHH GluCer I X % BEHEE L KIEROHE

NEDHIEDTELTHSD, FEITEML /285,

KGiE & OB LB T NEEEFHTH S, T/,

2 DEBEL /o GluCer KAEE DA 1E» L A%
LictSIFRAVWAIET, ¥ I FOBREEEIC
IAYUCRHE 35 C & bR[RE L7525 & B 5,
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