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Table I. Chumcal propert& and methyl&on adyru of EiOH frac~~~~~cd CSgluans 

Gluan fraction 

A 
B-2 

C 
E 

Hcxw ( ‘/3 Pman ( 7.1 
(= W (u BSA) 

95.8 1.8 

99.4 n.d.* 
99.0 n.d.* 
99.5 n.d.* 

PhospbrlC ( ‘.I 
(m pi) 

0.025 

0.007 
0.004 
0.002 

lodlru 
reamon 

[QID &mm, 

154.8 570 

162.0 5)o 

161.8 530 
167.2 560 

Methylsted abditd 
XZIAIC denvaIIva 

MOL 3. MaJor aM.ss 
-. .-- Sperlral 

T1 A B-2 c E fragmcnrr (m/r) L&age 

2.3.4.61erra-O-Me Gk 

23,b1ri-O-Me Gk 

1.0 5.7 5.7 7.8 8,0 43.45. 71.87. 101. I I7 
129. 145. 161.205 

Gk’ -. 

23 90.7 91.0 88.4 **,, 43.45. L17.99. 101. I13 
117.233 

-‘Gk’ + 

23d1-O-Me Gk 4.5 3.6 3.3 3.8 3.9 43. 101. 117. 261 -4 
_,Gk’ + 

*Not &tad. 

t I :I~ OV-225 lm 

was hydrolysai with actd and then converted into alditol 
acetates. The partially mcthylatal alditol aatates were 
analysed by GC and (X/MS. and 1,5-di-O-aatyl-2,3.4,6 
tctra-0-mcthylglucitol, l,4,5-tn-O-aatyl-23.6tri-O- 
methylglucitol and 1.4,S,dtara-O-acctyl-LMi_O- 
methylglucitol were identified in ditferent proportions. 
The results of mcthylation analysis indicated that CS 
&can contained mainly (1 + 4) linked ghscosyl residues 
and branching points at 06 of (I + 4) linked glucosyl 
residues. ‘H NMR of ppt. C in DsO showed the signals of 
anomcric protons due IO aconfiguration at 64.91 and 
5.30. and the spectrum was similar IO those of AR-@can 
[6] and potato amylopcctin [6]. “C NMR spectrum of 

ppt. C showed a signal at blO2.8 in the region of the 
anometi carbons. From comparison with the spectrum 
of AR-glucan [6], other signals of ppt. C at 680.0, 76.4, 

A C 

4 6 

Fig. I. HPLC resolutions of EtOH fractionated CS-gleans. 

74.5,74.2 and 63.5 were assigned IO C-4, C-3, C-2, C-5 and 
C-6, respectively. The results of the NMR studies cor- 
responded well with those of the tncthylation analysis. 
Thus CS-gtucan is srmilar to amylopcctin, and its hctcro- 
gencity is related to the differencc in MW, branching 
frequency and chant length. Each &can in CS-glucan was 
purified by preparative HPLC on Asahi-Pak GS510 
+GS320. and seven puritied &cans were eventually 
obtained. Glucans I and 7 showed absorption maxima at 
59>580 nm by iodine-assay. Analysis of the results of 
methylation study and iodine assay for glucans 2 6 and 7 
suggests that the iodine-binding capacity is related to the 
low branching frequency because there was an increase in 
the non-reducing terminal that corresponded to glucan-2 
> glucan-6 > &can-7 and the absorption maximum of 
the color prod& by iodine assay was such that there 
were longer wavelengths that corresponded IO glucan-7 
> &can-6 > &can-2 (Tabk 2). CS-Glucan mixture was 
found IO have very weak anticompkmentary activity. 
The order of the anttcompletncntary act~vny of each 
purtfied &can was also shown to have the same tendency 
as that of Iodine binding ability (Table 2). To determine 
the length of the side chain of CSglucan, @cans 2 6 and 
7 were treated with pullulanasc that spacihcally hydro- 
lyses a (1 + 6) glucosidic linkages. After enzyme digestion, 
glucans 2 and 6 yiekkd significant amounts of water- 
insoluble material as well as amylopcctin, but glucan-7 
yieldat no insoluble m~crial. II is suggcstai thar &cans 2 
and 6 rekasc longchain amylose-like material but glucan- 
7 releases only short chain moluzuks. The water-soluble 
material of the reaction pmducts was fractionated by the 
column of B&gel P-4, and various higher oligo- 
saccharides bigger than hcxasaaharidc were obtained 
from these purified glucans, but only glucan-7 was found 
10 have released various lower oligosaaharidcs in ad- 
dition to these higher oligosaccharidc. 

Thus, the structure of the major water-solubk poly- 
sxxharide. CSglucan. involves an x( I -. 4) linked @can. 
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Tsbk 2. Properties of HPLC purifkd CS-glocanr 
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AnticompkmcnIary 
ectivity ( %) 

conoxwation 

Mol. :a Iodine (Pgiml) 

HPLC - --- _- -___ -- reaction .-.. .._ ._, 

pcaL Gk’d +*Gk’- I:Gk’ 4 I,(nm) 1000 SO0 100 

I n.e.* n.c.* n.e l 595 386 33.3 31.4 

2 8.5 87.5 4.0 530 14.5 18.1 0 

3 6.0 90.7 3.3 530 6.5 3.3 0.2 

4 6.0 89.6 44 530 13.7 14.9 X.0 

5 7.3 89.3 3.4 530 IS4 63 I) 4 

6 6.8 89. i 4.1 555 17.3 IS.1 1.6 
7 5.7 90.7 3.6 580 22.2 218 44 

*Not exammcd because of the small quanttty ovatlabk 

to which different stzcd glucooltg~barid~ a~ 8ttac- 

had at position 6. The structure is similar to amylopcctin. 

EXPERIMENTAL 

Morrrub. The seal of Cdx la-ryma-job var. ma-pen wtthout 

husks (Yoku-mm), from Chuta, was purchased from Tochunoto 

Tcnkado Co. Ltd.. <halra Japan. Eruer&r~or orrogerws pul- 

lulanasc was purchased from Sigma DUE-Sepharo~ CL6B, 

Scpharosc CLZB and !kphadcx LH-20 were purrhased from 

Phanuacia and Bto-gel P-4 ( - 400 mah) from Bio-Rad. 

Gerurol nurhods. Component sugar were determined by TLC 

of the actd hydrolysata (I M TFA. 100 .4 hr) [7], and by GC of 

the alduol aoEtatc dertvattva prepared from hydrolysata [g]. 

TLC of monosaccharides was performed on cclh~losc~oa~ai 

plast~ sheets (Merck. 5577) In EtOAc-pyrdinc HOAc-H,O 

(5: 5: 1:3).andsugarswcre&rc~td by wtngalkalincAgN0, [O]. 

GC (Shtmadzu GCdA) was cqu~ppbd with FID and a glass 
column (0.3 x MO an) of 3 T, ECNSSM or I O0 silicone OV-225 

on Untport Hp at I90 or 180‘. rcspccttvely. Nx was used as a 
carrier gas at flow rate of 60 ml, mm. HPLC was conducted by 

USIn Waters Model ALC;GPC 244 equipped wtth cc4umns 

(0 76 x Wcm) of Asahr-Pak GS-SlO+ GS320 (Asahi Chemical 

Industry Co, Ltd.. Japan) and developed wtth H1O. Total 

carbohydrate was dctcrtmned by PhOH HaSO, melhod [IO] 

with glucose as the standard. ~-Glucose tn CS-gluc~n was 

determuted by the action of ~glucosc oxidasc [I I]. 

Phosphorous content was measured as ckscnbed by Chen cr al. 

[ 121 wtth Pi as the standard. Protctn was wyal by the method 

of Lowry ef 01. [ 131 wtth bovine serum albumin as the standard. 

Optical rotattons were &tcmtutal at 25 

lsulorion o/ wafer-soluble polJsorcha0dcs. C. kurynm-jobs 

(300 g) was dccoctcd wnh 6 I. HxO IO half vol. and the radual 

matcnal was further dccoctcd with 3 I. HI0 as above. The 

extracts were combtncd and ccntnfugcd (7500 rpm. 20 m.n) IO 

remove tnsolubk marenal. The supcmatant was lyophtltxcd to 

81vc rhc water-solubk exlracl (CS 0. ywld 13.5 g). CS 0 was 

rcguxed with 1.4 I. McOH for I hr (3 timeJ) and centnfugal IO 

give a MeOH-msolubk ppt. The per. was dtssolvai ut Hz0 and 

then 4 vols of EtOH were ad&d. TM resulting ppt. was colkctcd 

by antrlfugatlon. This ppt was redissolved tn HxO and dialyscd 

agautst running Hz0 for 3 days. The nondialysable portion was 

centnfuged IO remove H#-insolubk matenal and the supcr- 

natant was lyophdued (CC-I. y&l 9 g). 

Ion exche chromorqjrophy oj CS- I. CS- I (2 g) was applud 

to a column (3.0 x 33.Ocm) of DEAE-Scpharosc CLdB (Cl- 

form) cqtulibratul with H1O. Matcrutl was clu~cd first with HxO 

until sugar was no longer &toztuL and tha lbe absorbed 
polyracffuridc frmztions were recovered by stepwise clutions of 

0.2 M NaCl (StX3 ml) and 0.5 M NaCI (500 ml). The unabsorbed 

fraction was lyophtluzd to obtain CSgluran (yield 1.63 g) 

Gelfilrranon chr~ogrophy CS-Glucon (50 mg) was op+d 

IO a column (26 x 87 cm) of Scpharosc CL2B. cquiltbratcd wtth 

0 2 M NaCL and carbohydrates were e.Jukd with 0.2 M NaCl. 

EtOH/r~rioMrum c$CS-glucun. CSGltuan was fractionated 

by sequential EtOH prcstpitatron. EtOH was added IO the water 

solnofCQhbcan (2 g,!lOml)at the finalconccntntionsof IS”, 

~0:,~O”,QO~,*andSO’,andtheppt.A(382me),B(878mg).C 

(380 mg). D (526 mg) and E (20.8 mg) and the remaining sup. 

were obtained. Major ppt B (878 mg) was further fracttonatcd 

Into&I (300mg).B2(171 mg)and&3(74mg)bythrdtlTerencc 

of solubtlity against HxO. 

Merhylolim dysix EtOH fracttonatcd glurans and HPLC 

purified glucans were tturhylatal x 2-3 by the Hakomon 

procedure [ 141 and compktcness of mcthyhtion was checked 

using trtphcnylwthanc [IS]. The tnethylatcd glucans were 

purified by S+adcx LH-20 column chromatography in 

CHCl,;McGH (I. I) [ 161. The fully methylatal glucnn was 

healal wtth 2 M TFA at I21 ’ for I hr [ 171. The hydrolyfste was 

converted into akin01 acztatcs [ 181. and andyd by GC;MS. 

GC/MS was performed on a Hnach M-80 mass spectrometer 

cquippai with a glass column packal wtth 15. of Sibcone GV- 

225 on Chromosorb W at l7(r and operated at an iontsatton 

voltage of 70 cV and an ton souroz at I80 

NMR sfudus. ‘H NMR spatrum of EtOH fractionated 

gJupn (CS-gluc.an c) was obtained for Jo, soht tn DsO at 

400. I3 MHx and at 80’. chcmwml shtfts were expressed relattve IO 

that of sodium )_(triwthylsilyl) propane-I-sulfonatc (TSP). 

“C NMR spectrum of same glucan fraction was obtained at 

100.16 MHz and room temp. wtth compkte proton dccouphng. 

chem~ml shifts were cxpr& as 6 values (ppm) from the stgnal 

of TSP. 

loduk reorfion OJgIycoN. Iodine reagent (0.02 O0 Ia containing 

0.2 :,. KI soln) (300 4) wax added to the glucan solns (SCHI 4) 

Tbcn. absorption maximum or absortmna at SSOnm was 

meaxural. 

Enzymic hydrolysis. HPLC-punfiai gloun (I.4 1.3 mg) was 

dissolved tn I ml IOmM cttn~e butTer @H 5.0). pullulana.se 

(l.Ounit) was added. and the mtxturc was mcubatai in the 

presmce of one drop of ~olucne at 37‘ for 2 days. The mcubation 

mixture wax heated at 100,’ for 5 mm and antnfuged to remove 
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the insoluble residue. Tbc supu7uIAn1 was lyogildid and 
lyopbihzale was applied to a column (1 Y 40 an) of Bio-gel P-4 
(-y)od). 

Anri-conphrmr~y ocridry. The anti-comp&mcntuy rtiviry 
PN OIUSU’Cd &XXrdill8 IO tbe Pf’CViOUly dCUXibCC! ~OCdIUC 

[ 191, except HI0 was used for dilutions. 

Aclmov~s-A pm of this work was supponul by . 
equipment fund from Tsumura-Juntcndo Co, Ltd_ Tokyo. 
Japan. The ruthon arc 8ra.ful to Auhi CbaGcal Indusuy Co., 
Ltd. (Japan) for rhe supply of Asah~-Pak cduams. 
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