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Structure and Bioactivity of f-1, 6-Glucan of Agaricus blazei

Akira Misaxi”, Shinji Mryase? and Mariko Kakura®

Y0saka City University, 2>R&D, Taiaki, and % Konan Womens University

In a previous study fractionation of fruiting body of Agaricus blazei afforded an antioxidative substance (AOSA)
from ethanol extract. Regarding £ -glucans of major polysaccharide components of the fruiting body, we showed a
diversity of -1, 3-linked glucans. In the present study, a careful fractionation of the mushroom revealed another
molecular species of f#-glucan, i.e. essentially linear f -1, 6-linked glucan, occurring in an alkali extract and hot-water
extract., as presumed by Smith degradation analysis. The f-glucan, either from alkali-extract or hot water extract,
was applied onto a Con A-affinity column and the pass-through fraction, free from glycogen, was collected. The glu-
can fraction contained some amount of protein but protease treatment followed by gel-filtration affored an essential-
ly protein-free f-1, 6-glucan of Mw 20~25 x 10" and [a] -553° Methylation analysis, Smith degradation, BC .nmr
spectrospecific analysis, and also hydrolysis by -1, 6-glucanase confirmed that this water-soluble glucan is an essen- .
tially linear glucan consisting soley of f-1, 6-glucosidic linkages. Interactions with IgG against schizopyllan and -1,
6-specific banana lectin also supported above structure. The f-1, 3-linked glucan, a major component of alkali-insolu-
ble fraction, was converted to a soluble glucan polyol, which gave a linear f-1, 3 glucan upon mild acid hydrolysis.
Comparison in the growth inhibition activity of the mouse-transplanted sarcoma 180 revealed that the water-soluble,

B -1, 6-glucan, lack of a triple strand conformation, also showed a notable antitumor activity.
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e NBEHE D720 RHHSE O scheme & Fig. 113K T

JIvH > DALEI D LFHERIIEEE LT, 2 F MR E R I ASMEIC L o720 72, PCnmrick 3
BB IT% o720

1L BBEAT ¢ Schizophyllan, Volvariella volvacea (770 % 4) ®O-653W[-1, 3-Z Vv v, BLUTZD
polyol FBAKIH§ 5 HRGEY L ORI, %51, NFFRE,SHBLHHL 7 F Y L ORRKIEEFT - 72

BEFEDRR . f -1, 3- glucan hydrolase (Zymolyase), T 7213, Rizopus chinesis® f -1, 6 - glucan hydrolase (Ff5t
SR 2EH S, AKA ) THOEENSEIZHPAEC (LCO) L2447 ux b7 974 Tirols
HPAEC i3 Dionex £t ® BioLC MODEL 45001, # 5 4 iZHPIC-AS6 (250 x 4 mm) % F\», pulsed ammperometric
detector THH U720 BRIS&MIE, 015M NaOH & IM Na-acetate D77 74 TV MR- 2o ZOFRMGTEEND
358 E CHEEDSITRECTH o 2o

PUBEH55H 1d Sarcoma 180 % ICR micelOVLIZR4H (BUES) L, Z0RH, s uh yEM 2 1EETES 6~10
mg/kg), 4BEMICEH > THEEO volume Z5HE L, RMEHICEE 2L, EE2WELL.
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Fig. 1 Scheme of fractionation of the fruiting body constituents
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SHORFHMAETHEONLZFNZNOEN L, ZBEARTHE-OI VA ERZEZE . E4OHPIZEIN
LBEESVH L, BI— FEBRIL, NaBHGOETL TR A —ViFEGgE L%, BTNKSBLTERYEERET S
ZLICE D ERAMAAESNS (Fig 2, Table 15M8). Bl X FBMM CE 517 glycogen” OBa, EHD1L, 4-
HAIZHET B erythritol & IEBITEM D S D glycerol ®E VL, 10~12 1 10TH Y, —H, B-1 3-glucan THE,
Bk % ST TR ER S A glucose & LT B, Z D & 9 7 strategy WCHEDE, Bk, TAH Y HBES DR I A SEER
W& IR L7z B % Table 1WRT, S THEATREHEL LT, #kils X7 v U E S OR§H glye-
erol[EAZIF b, I D glycerolid glycogen D RERZ2S, 1, 6-FA D glucose FBEICHR T L LEZ 515 (Fig 2
ZM),
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Fig. 2 Smith degradation products from different glucosidic linkages

Table 1 Smith degradation products of glucan fractions

Glycerol Erythritol Glucose
(Molar ratio)

Hot-water extract 178 5.30 1.0
Hot-water extract res. 10 567 4.29
Hot alkali- extract 1.0 1.54 521
Con A-pass fraction of 95 1.0
Alkali insol. res 1.0 1.25 481

B=1,6-7 IV D EEHR

B oK by HH B3

HAEEIRT ) 2 A0 90T, 2 hr Mg (BRW24%) %&N L CHSTHES 70 mg &5 FH% 300 mg &7
COBEMIEERDOT Yoy FPEENRBET VI ORERICET o7 BTS2 KB 5 & A8 D mannose
& galactose (1 : 0.7) %2&4A%, KEBZE glucan HIE D glucose TdH - 72o T OIHIII P ED glycogen D EEN 5
DT, a-amylase ZVEH SHTRWICHE Wz, 208, TVa— IV Tihg3E7:%48 (60 mg) % Con A-Tresyl
Toyopear! column (15 ml) (Zapply L, 0.05M PBSZ#i L, FEWRAM D% BN HBMTZELZ (305 mgo # 7
LI ¥ N7z a - glucan (glycogen) 1%£0.5M a - methylglucoside TEHE S 272,

TIvH Y HHE S

Bk ORAE (600 mg) % 0.75M O NaOH (30 ml) TARDONaBH4DFAET, 65°C, 1 hrhnsk, sz ENL
T, WHEES (127 mg) EAEW (350 mg) [SbiF7z. WEY ORI glucose DAT, TV v EREINT
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ZO—E (30 mg) (T DOWTEKRMHY & 2 Con A column il apply LIEREHE 4 (156 mg) & W|ESHE (7 mg)
17

Con A—JERBEIIVAH B~1,6-TILHTHDZ & DR

1. Con A - column {2 L 7% A0 o 7o S HE B 0 % BT R EREER L7,

[a]-533° (c, 08 water) THLPIZBI VA Y THbD, 5FEIF20-257 (Toyo pearl Hw65S column) Td b,

CDT7F7va v ilid2e5%D proteinNEFTNTEY, KEF T, Glycoprotein Tz & E L2 bhie LrL, 2D
%, ZOMW45ICactinase # A S RAICEB % 9% L /2%, BHE, Toyo pearl Hw65S column (2 cm ¢ 200 cm
length) TZVIEB%EITo 724 R, #Dpeak L BHD peak S NII—B L b o0 o T, REWIZEEKDZ L
B v EEZBNS, Fig 31 elution profile % /R7

carbohydrate (490A) and protein (280A)

Tube (1.5ml/tube)

Fig. 3 Gelfiltration profile of -1, 6-glucan fraction on Toyopearl HW65s column.
The glucan (10 mg), Con A-unretained fraction from the hot-water
extract, was applied onto the column (2 x 200 cm) and eluted with 0.05M
PBS.

2. AFIALSHF

BARMEB L7V )M SBRENLTIVH VEAFVEL, MADSRTEET S AF VS GLCOH L7
#RiE Table 21283 CORENPS VA VIZFEOIEEIIL VDL LZEHIEN]L 6Ea0 T VH v b #E
bbb,

Table 2 Methylation analysis of Con A-purified B-D-glucan

l
Methylated glc Hot water Alkali Linkage %
=7

fraction fraction
2,3, 4, 6-tetra- 1.0 10 Glcl —
2, 4, 6-tri- tr. 0.08 — 3Glcl —
2, 3, 4-tri- 185 9.92 — 6Glcl —
2, 4-di- tr. 0.55 - 6Glcl —
s ™
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3. MENMRE
DB, 6HED TV OEEIE, PC-nmr.® chemical shift (Fig. 4 5% H S b, C-1(f) : 10565 ppm

O- substituted 6 : 71.601 ppm 7z & TH %,
K5I, TOF VA I Rhizopus ® - Glucan hydrolase % fEF & & % & Glucose ® i3 %>, Gentiobiose B & ¥
Gentiotriose 7z EAMER L7z (Fig. 5)o COKRIIEE LS L 6KEDOHIE, T4bd, LeHAOEHERL TS,
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Fig. 4 BChmr. spectrum of Con A-column-unabsorbed f-1, 6-glucan from A. blazei fruiting body, measured
in Dz O, at 50 C.
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Fig. 5 HPAEC profile of water soluble glucan after hydrolysis with fungal f-1, 6-glu-

can hydrolase.
After incubation of the glucan (5 mg) with the enzyme in 0.05M acetate buffer,

pH4.6, at 30 C, 16 hr, a portion (10 pl) was applied for HPAEC.

4. Pk, VoL OB
oK B - 1, 6 -7 )V F ~id Shizophyllan (1, 6 -4 1, 37 V7 ¥) 19 B HERBUK L LRSS 5 2%, 1, 65

I DI EE % 7T L 72 Glucan polyol 126H 3™ Ak & 135G Lz v, 72, Dr. Goldstein (I ¥ # ¥ K) o7 v—7&3
R DN F FHSELNHEL 2 F > (B1,6-Gle 2Bl d 5)Y LIEMRIGE BT 2R SN (Fig. 6)o
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Fig. 6 Quantitative precipitation curves of A. blazei -1, 6-glucan with Con A (A),
Banana lectin (B), anti-SPG antibody (C), and schizophyllan (SPG) with
Banana Lectin (D).

Various amounts of glucans were incubated with each 25 pg of various
lectins or antibody in a volume of 150 pl, and the precipitated protein in
each tube was determined by the Lowry method.

B—1,3TIh> &R A —IVEEEE

T 7 ADOBKMBIREDZET VA )M L/ZEE S -1, 6-7 0%~ (Con A column CHH) DI
2, L3-ZAA Y ENDH, B1L3TVH Y ORBSEREERSE LTHET S % ZOB5EA I A5MET glye-
erol : erythritol : glucose (1.0 @ 1.25 : 481) %24 T 5 Z &» 58D glycogen DIIMIHMEL 2L 3SEAR I IVH ¥
EHEEEINIZ, CORBEMAS %W HEILT 5 HITDMSO, YEBUBERAARIVPESThhrole £2C, ZhIET
FaD, ¥4, 70 rRBEEONMEL -1, 3-7VH v OTWBELICHGTE 7, 10481k, NaHBOS&EITTLZ & e
JJE C glucan polyol k& L7z (Fig 78M). BoNz7 VA ¥R Y F =ik, "C-nmr (DMSO, 50T) T,
103.28 ppm (C-1), 8246 ppm (subst. C-3) B U61.33 ppm (subst. C-6) @ chemical shift.?*» O-6431, 3
Wh v ThHbHIEIRENT,

Z ? glucan polyol Z #EAIAKM (0.IM TFA, 80T, 1 hr) $2 L HEHD[-1,3-7 V7 kizbh, Table 3ITiEb &
DTNVA 2B LCRMBARBRDO A F VDT ORKRER T EHIC, TORBTHE77 VI /IZF-1, 3-glu-
canase (zymolyase) #1Efl &€ 5 L EMO® f-1, 344 @ laminaribiose, - triose B & U - tetraose EK TS (Fig. 8)o
INLDRERPS, BEDTNAIVRERD T NI V3L 6THIELIZBLIT VA ThHDH I LIRS NT,

Table 3 Methylation analysis of the alkali-insoluble glucan
and its polyol after mild hydrolysis

oo R i,
2, 3, 4, 6-tetra- 10 1.0

2, 4, 6-tri- 3.78 235

2, 3, 6-tri- 2.35

2, 4-di- 12

2, 3-di-
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10, oxidation
NaHBO, reduction

/ Mild acid hydrolysis, 0.1M TFA

CH, or CHIOH CHIOH
0,
.0 ° ’
- n

Fig. 7 Procedure of polyol modification of 6-0-branched f-1, 3-glucan
and deletion of polyol groups by mild acid.
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Fig. 8 HPAEC profile of Zymolyase action on the branch-deleted polyol
derived from alkali-extr. residue of Agaricus fruiting body.
After incubation of the glucan (5 mg) with the enzyme in 0.05M
phosphate buffer, pH7.5, at 37C, 16 hr, a portion (10 ul) was
applied for HPAEC.

JIvh o OfkEE AN

THIVIAZEENDL - Vh v OSTFREEFIEEEEL U CERBASNAEWIFEEIZ I OF /) 2 ORBENFEZ M
LAERTREZETH L, 12, 40, BKBIOCT VAV SERLL, EHEEEZONLL-1L6-T VT VI
REEEORIAN D 50 EE, KTEHEL V) BTOEETH L, £2C, FIBEHES TR RV, w7 AITBEL
7= Sarcoma 180 % F W CHUEE G EE 7 X + L7z,
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Thbb, ICR-JCR%Z~Y Y X (1 group 10) IZSarcoma 180 %84 (BEH) L-81, F VA B % 1EKET
5 5~10mg/kg) L, 4BMICE> THEHEOvolume 2 IE L, ZEHICEELHHBLEE L, T0O#R%E
Table 41278 Z D&M CHEEM Schizophyllan i, 10 mg./ kg% 5 TI73%DIHIETH - 12,

L7 -7 V7 2135 mg/ kgD 1EERS (BREH) T50%, 8 mgT6%DIMBIRER L7z, Fk%E SN (1
EH#5) TTVAVRBED -1, 3~ V5 v Os, HHEIZ10 mg/ kg T35%, FEMEK (R 4+—)) TH56%&
HBIMEWETH 5720 THETIXEL DT THRAMO f-7 V7 ORESBER IS T—RIEWETH 525, 5
kDM I0EDLp, HESICHLT, 22 TRimIELEVIREFEOMBIZLZLEBEDLNE, INT TCOHEEE
W B-1, 370 h Vv OEET w VBEBIKET 5L VI RBENThH o720, KFROKREPSZET £ o HEE b
2w -1, 6EEDRT VI TCOREERIEUZHEBET L2 L, $512, HHTREI34EMIZincorporate E 3k
BTNV ) FRETH %,

Table 4 Antitumor effect of A.blaize glucans on Sarcoma 180

Polysaccharide Dose Tumor wt (g)* Tumor inhibition
Intra .muscular (x1)
Alkali extract 10 mg/kg 450 36.8%
-Residue 10 mg/kg 5.65 20.6%
Control - 7.11 -
Con A-passed- 3 mg/kg 385 35.1%
B 1, 6-glucan 5 mg/kg 3.00 49.8%
8 mg/kg 261 56.0%
Polyol -modified- 5 mg/kg 4.60 22.4%
B 1, 6/1, 3-glucan 10 mg/kg 3.85 54.3%
Control - 593 - -

*mean value

EZ B

TIF ) =T X B BACWESIL RO T ) 7 AR BOK, BT V) e ETRIERNICHE, 2L, ZhEhizo
WO 2RI L 72

KBEMD L 67 0VH i, BokiitiB X7V H ) i@ %% Con A - affinity column B & 7 VEETHT&
20-257, [al-553", KEWICEHELEE VI IVH V Thbo LFEN, EAFHNHEOHERT»SL, ZOF7 L
B EL 6-HETERSZEHHITEWE-D-F NV v ERERIN BB, TORL 6-TVH VENFTFOHEHL
2FVERIBT B I ED T oI,

ThAVHRBLOREED IV AV E -1, 3HEEEHETL0-6-TROEHETH L, NEWT VA VHEGE
BR1b~ BT CH BB L Lize ZHIZ -1, 3- glucanase #1EH &4 5 &, Glucose, Laminaribiose 3 & U°- triose
PERTHLIEPOEHIEL-L3-HATHA I EIHERIN,

B 22KEBED -1, 6BLURBML 3-70H Yy ROSHES X FFHBMARIZOWT Sarcmal80 - ICRFZ < 7 x5t
TAHEEMENEEEZ B L2 ZOHE, ZES v VH2zELRVE-1, 6 7V VIO HERBEESRET2E
ZHERR L 720

I
PUBBHE MR E 210 L Tz 2 B HFERT, B X O Nmr I LT & o Z2 KRBT 2 RFRF g
B HERBKICEH LI,


saito
長方形


(MEBHEBRTE $20% 2003]

X B

D fAlE, &, %y, =i, MEREFR 17 83-90 (2000).

2) Kawanishi et al. Carbohydr. Res... 186, 267 - 273 (1986).

3) E. Kishida, Y. Sone , S. Shibata and A. Misaki, Agric. Biol. Chem. 53 1849 - 1859 (1989).

4) L J. Goldstein, H. Winter, H. Mo. AMisaki, Els J. Van Damme and W. Peumanns, Eur. J. Biochem., 268 2616 -
2619 (2001).

5) A. Misaki, M. Kakuta, Fungal (1-3) -f-glucan: Chemistry and Antitumor Activity Carbohydrate in Drug
Design, ed. Z. J. Witczak, pp. 655699 (1997).


saito
長方形




