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Ahabac-The preparation of amyloid, an alkali-soluble polysac&uide, from seeds of hmOM muricuru L 
isdescribed. Thegrossstnxtme of the polysaccharide was studied by methylation and fragmentation tech- 
niques. Partial hydrolysis of the polysaccharide by Myr&ecrWn-cellulase, with or without cellobiase, 
liberated a tetra- and a penta-sac&ride together with glucose, cellobiose and a small quantity of a xylosyl- 
cellobiose. Comparison of the molar amounts of the products of hydrolysis by c&&se led to the conclusion 
that the molecule of ANroM-amyloid is essentially a polymer of 0-@galactopynmosyl~l + 2)-0-a-r+ 
xylopyranosyl-(1 3 6)-o-/3-D8lucopyranosylsy1-(1 + 4>0-@glocopyranosylranosy1-(1 --t 4)-O-/I-D-glucopyranosy1- 
(1 + 4)~-glucose resuiting in a linear chain of 1,4-@glucosyl units with side chains of galactcsykylceyl 
residues attached at regular intervals. Periodate oxidation data were consistent with this structure. The mok- 
culsr weight was found to be cu. 10,ooO. In its properties AMoM-amyloid is intermediary between cellulose 
and Twk&s+unyloid. 

INTRODUCTION 

IN A RECENT study on the occurrence of amyloids* in plant seeds,’ species of Anno~ceue 
were found to be anomalous in that their endosperm cell-walls were stained brownish-violet 
by the iodine reagent instead of blue, which is the normal color for amyloids. Since there are 
no reports in the literature concerning the chemical composition of the cell-walls of seeds of 
Annmaceue, the amyloid from seeds of one species of this plant family was isolated and a 
study of its chemical structure carried out. It seemed worth while to compare its structure 
with that of the classical amyloid, viz. Tamarindus-amyloid4 in order to be able to explain 
the observed difference in staining by the iodine reagent. 

RESULTS AND DISCUSSION 

The starting material for the preparation of Annonu-amyloid were the decorticated seeds 
of Amwna muricata L. which were lirst ground and defatted. The powder was extracted with 
water, O-2 N sodium hydroxide, and finally 2 N sodium hydroxide. The aqueous extract 
contained no appreciable amounts of carbohydrate, while the O-2 N sodium hydroxide 
extract contained material which on acid hydrolysis and subsequent paper chromatographic 
examination was found to contain glucose, xylose, galactose, mannose, uranic acid and 
presumably some rhamnose. In this extract it therefore seemed probable that an amyloid 
and a mannan (or a galactomannan) were present as the main polysaccharides. The 2 N 
sodium hydroxide extract was neutral&d with acetic acid and the precipitate formed was the 

l As early as 1839 Vogel and Schleident introduced this designation for cell-wall substances which are 
stained blue by iodine. Much afterwards it was found that the bluGstaining materials am polrsacchariaeS 
composed of glucose, xylose, and galactose residues.2 

1 Tn. VOOEL and M. J. SCHIEIDEN, Pogg. Am. Pkys. Chem. 46,327 (1839). 
2 P. KOOIMAN, Otnihrzock yrm my&d tit zah, Diss. Delfl(1959). 
3 P. KOOIMAN, Acta Botun. Need. 9,208 (1960). 
4 P. KOOIMAN, Rec. frav. c&m. 80,849 (1961). 
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crude amyloid (yield 27 per cent of defatted seeds). It was purified by precipitation as the 
copper complex and after regeneration had [cr]D+32*7 (C 1. 0.1 N NaOH). The purified 
amyloid was stained violet-red by the usual iodine reagent for amyloids, and violet-blue by 
stronger iodine solution. The absence of starchy material was demonstrated by the inability 
of salivary amylase to hydrolyze the substance responsible for the color reaction. 

After hydrolysis of the purified amyloid in dilute mineral acid glucose. xylose and galac- 
tosc were present in a ratio of 4.00: 1.09: 1.01. 

The polysaccharide was methylated and the fully methylated product had [a]D + 18.3 
(C 1, CHCl$ After hydrolysis of the product, a mixture of methyl ethers of the constituent 
sugarswas obtained; this mixture was resolved into its components by paper chromatography. 
The methyl sugars were identified as 2.3,4-tri-5-methyl-Dxylose. 2.3.&6-tetra-O-methyl-D- 
galactose, 2,3,6-tri-5-methyl-D-glucose, 2,3-di-5-methyl-D-glucose. and 3.4di-O-methyl- 
D-xylose; they were present in a molar ratio of O-05: 1: 3 : 1: 1. 

Partial acid hydrolysis of the polysaccharide liberated a mixture of mono- and oligosac- 
charides, one of which behaved on the paper chromatograms as 5-~-D-galactopyranosyl- 
(1 -7 2)-D-xylose. The ethanol-insoluble product of partial acid hydrolysis consisted practi- 
cally exclusively of glucose-residues as was found by hydrolyzing the material and examining 
the hydrolyzate by means of paper chromatography (solvent A). An X-ray diagram of the 
ethanol-insoluble product was very similar to that of cellulose If. 

Annona-amyloid, when subjected to hydrolysis by the fungal enzyme preparation Luizym, 
yielded glucose, galactose and 5-a-D-xylopyranosyl-(1 - - 6)-D-glucose in a molar ratio of 
1~00:0~32: @46, corresponding to a molar ratio of 4.00: 1.2: O-9 for glucose, xylose and galac- 
tose respectively. These results indicate a structure for the polysaccharide which is highly 
related to that of Tamarindus-amyloid; the polysaccharide molecule from &rrnonu consists of 
a linear backbone chain of 1.4~p-D-glucosyl residues with side chains of 2-5-/3-D-galactosyl- 
a-D-xylosyl residues attached at Cb of one-fourth of the glucosyl residues. Probably a minor 
part of the xylosyl residues is not substituted by galactosyl residues. 

By the action of M~rothecium-cellulase (either the untreated preparation containing 
both cellulase and cellobiase. or the heated enzyme solution containing only cellulase) 
Armorru-amyloid was hydrolyzed, glucose and some oligosaccharides being liberated. The 
composition of the sugar mixture liberated by untreated cehulase was different from the same 
liberated by heated cellulose.; this is indicated in Table 1. Apart from a small quantity of 
undissolved material removed at the end of the period of hydrolysis, some 5-10 per cent of 
the material was sacrificed for locating the sugars on the chromatograms. Within the experi- 
mental error the total amount of sugars in Table 1 accounts for all of the starting material. 

TABLE 1. SUGARS LIBERATED FROM Annonu-AMnon, (250 mg) BY ~I~rotkeciumCELtoLcsE 

Glucose 
Oligosaaharide Al 
Oligosaccharide A? 
Oligosaccharide A3 
Oligo~~~ide A4 

Method of hydrolysis 
, 

Heated ceilulase Untreated cell&se 
cc-“----\ 
(mg) (mmoks) ‘ems, @moles) 

____-___ 

29 0.16 65 Q36 
16 0.05 7 0.02 
7 0.02 12 0.03 

cl.04 104 616 
1E 0.18 39 0.05 



The constitution of the amyloid fkom seeda of Annono munhzka L. 1667 

Oligosaccharide Al had the same Rf value as cellobiose and after hydrolysis by dilute 
acid paper chromatographic examina tion showed the presence of only glucose. The acetyl- 
ated product could be identified as cellobiose octaacetate. 

Oligosaccharide A2 behaved on the paper chromatograms as either a di- or a tri-saccharide, 
and moved with the same speed as oligosaccharide 2 from Twind&amyloid; the latter 
has been shown to be 0-a-~xylopyranosyl-(l --f 6)-O-/?-D-glucopyranosyl-(1 --f 4)~ 
glucose.’ Annonu-oligosaccharide A2 was hydrolyzed by Luixym into approximately equal 
molar quantities of ~-glucose and 0-a-D-xylopyranosyl-(l + 6)-~-glucose; therefore the 
structure of A2 is probably identical with Tamarin&oligosaccharide 2. 

Oligosaccharide A3 could be formed from A4 by the action of untreated cellulase, glucose 
being liberated. Both A3 and A4 could be degraded by Luixym; the end-products of hydroly- 
sis were ~-glucose, bgalactose and 0-a-Dxylopyranosyl-(1 + 6)-~-glucose in molar ratios 
of lGO:O~98: l*OOfor A3, and of2XKl:0*97: 1.12 for A4. In A3 andin A4theglucosecontents 
were therefore 50 and 60 mole per cent respectively. After reduction of the oligosaccharides 
with potassium borohydride the glucose contents were 36 and 49 per cent respectively, as 
determined in the hydrolyxates using the glucose oxidase method. These results proved that 
the reducing ends of the oligosaccharide molecules consisted of glucose residues. 

The molecular weights of A3 and A4 were determined using the hypoiodite method. 
Values of 708 and 865 respectively were obtained; calculated values for A3 and A4 as a tetra- 
saccharide and a pentasaccharide respectively were 636 and 798. 

With the aid of the respective calculated molecular weights the amounts of sugars liberated 
from amyloid by the action of cellulase were converted to millimoles (Table 1). On a molar 
basis the quantities of glucose and A4 in the digest with heated cellulase were very similar, 
while in the digest with untreated cellulase the quantity ofglucose was about twice that of A3. 
This suggested that Annona-amyloid consists mainly of repeating units of A4 with a glucose 
residue attached to it, or, in other words, of A3 with two glucose residues attached. The 
stoichiometry was more evident when the liberated cellobiose (oligosaccharide Al) was also 
considered. From the equations 

Polysaccharide 

it is inferred that the ratio 
glucose+2 x Al 

A4+2xA3 
should be 1; the values obtained were 1 a in the 

experiment with heated, and 1.08 with untreated cellulase. The repeating unit accounted 
for the major part of the molecule of Annovra-amyloid, the only other oligosaccharide found 
(AZ) occurring in the digest in amounts of approximately 5 per cent. 

The difference between heated and untreated cellulase-in so far as it is of interest in 
this connexion-was that the latter enzyme preparation had an active cellobiase while the 
former had not. While cellulase itself (as exemplified in the digest with heated cc&la@ 
liberated 3-4 times more glucose and A4 than cellobiose and A3, the combination, cellulase 
and cellobiase, liberated practically only glucose and A3. The small quantities of cellobiose 
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and A4 in the latter instance may be considered as intermediate products, which would be 
convertible into glucose and A3 on prolonged incubation with the enzyme preparation. 

The production of glucose and A3 by heated cehulase may be explained by assuming the 
presence of traces of cellobiase. Alternately it is conceivable that the way of cleavage of the 
repeating unit by cellulase is influenced by a steric factor. viz. the galactosylxylosyl side- 
chain. resulting in the preference for the production of A4 and glucose over A3 and cellobiose. 

Determination of the moiecular weight of Aitrzuna-amyloid using the hypoiodite method 
yielded a value of 11.600, corresponding to a degree of polymerization of 73.* 

Periodate oxidation of reduced Allnona-amyloid and subsequent determination of the 
amount of formaldehyde formed led to a molecular weight value of 8800 (corresponding to a 
degree of polymerization of 56), assuming the production of 2 molecules of formaldehyde per 
polysaccharide molecule (from carbon atoms 1 and 6 of the reduced glucose end-group). 

Periodate oxidation experiments showed that Aairorra-amyloid consumed 1.16 moles of 
periodate per mole of anhydrosugar. while 0.20 moles of formic acid per mole of anhydro- 
sugar were produced. A polymer of O-~-~-gaIactopy~nosyl-( 1 - - 2)-O-x-u-xylopyranosyl- 
(1 -- 6)cellotetraose joined as to give a polysaccharide with a ceilulosic main chain and a 
molecular weight of approximately 10,000 should consume 1.21 moles of periodate and 
produce 0.21 moles of formic acid per mole of anhydrosugar. The correspondence between 
the experimental and the expected data is rather close. 

The evidence presented favors the conception that Altnorra-amyloid is a polysaccharide 
built from repeating units of 0-&D-galactopyranosyL(1 - 2)-0-a-D-xylopyranosyl-(1 -- - 6)- 
O+r3-glucopyranosyl-( 1 - 4)-0-/I-5-D-glucopyranosyl-(1 j 4)-0-/3-D-glucopyranosyl-( 1 --e 
4)-D-glucose with a minor (ea. 5 7;) contribution of ~-a-D-xylopyranosyl-(1 *-b @-O-fi-~- 
glucopyranosyl-(l --4)~D-glucose units to form a linear chain of 1.4~/%n-glucosyl residues with 
side chains of galactosylxylosyl residues attached at regular intervals. 

Schematically this structure is: 

Taking into account the specificity of ~yroZ~ci~~-cellulase towards substituted celluloses4* s 
the most probable structures for the oligosaccharides A3 and A4 are: 

Eill P 4GL 01; fi 4G11 p 4G1 Gil fi bll p 4Gl 

16, 
6 
c( 

ii 
!a 

1 i 1 
XY 
;I! 

FY XY 

.P 
i 

;; 

: 1 OC ; 
OL G* ‘i.3 

A3 A4 

* With the same method the molecular weight of Z’umari~Awmyloid was found to be 10.750, sharpIy 
contrasting to the value of 115,000 given by the dinitro~I~cylic acid method. 

f W. KLOP and P. KOOIMAN, Biochim. Biophys. Acta 99,102 (1965). 
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As compared to cellulose and to Tmnatinrkcs -amyloid, the constitution of Anttom- 
amyloid is intermediary. 

This is reflected by the behavior of Annona-amyloid towards iodine to which it has less 
af%nity than Tmnarindur-amyloid, while the iodine afEnity of Anrwna-amyloid is larger than 
that of cellulose. Also the solubility of Anrwna-amyloid is intermediate, Tamarindus-amyloid 
being soluble in water, while Amrona-amyloid, once isolated from the cell-walls, can only 
be dissolved in O-1 N sodium hydroxide, but not in water. Again, the speci& optical rotation 
reflects the intermediary structure of the investigated polysaccharide (Annona-amyloid + 32.7”, 
TmnmW-amyloid + 79*6”, cellulose f 0’). The intermediate behavior is conceivable since 
the main chain (being cellulosic in amyloids) of Annona-amyloid is less substituted than in 
Tizmarindus-amyloid. 

Since the endosperm cell-walls of all Annonaceae tested for the amyloid reaction3 gave 
the same brownish-violet color with the iodine reagent it is likely that the amyloids from 
species of this plant family all have similar intermediary constitutions. 

EXPERIMENTAL 

AU specific rotations are equilibrium values, melting points are uxrected, and all evaporations were done 
at 35” or less. 

Chromatographic separations were made by the m method on either Whabnan No. 1 or No. 3 
MM fWr paper using the following sotits (v/v): (A) n-butanol, pyridine, water-6:4:3; (B) butanone, 
water-2 : 1; (C) n-butanol, ethanol, water-5 : 1: 4. 

Sugars were located on the papers by thepanisidine phosphate spray reagent.6 
The color reagent for amyloid was a solution of iodine (0.3 g) and potassium iodide (1.6 g) in 100 ml water. 

A stronger solution was composed of iodine (1 g) and potassium iodide (2 g) dissohral in 100 ml water. 

Preparath of Crud9 Amona-Amy&id 

The kernels of decorticated seeds of Anrwna murfcota L. were fiacly ground in a hammer-mill and exhaus- 
tively extracted with Ethanol (1: 1) in a Soxhlet apparatus. The dried residue (90 g) was stirred in 
water (11.) at room temperature for 2 days with some toluene and thymol added to prevent micxobii amtami- 
nation. The undissolved material was separated by centri!i@ion and extracted with @2 N NaOH (11.) at 
room temperature for 1 day; the residual material was subjected to two similar extractions. Then tho residue 
was extracted three tim#l with 2 N NaOH (11.). tach extraction being contin& for 2 days. Tho 2 N NaOH 
extracts were pooled, and neutral&d with acetic acid; part of the dissolved material precipitated and was 
-ted by centrifuging. Tho precipitate was washed successively with 50% ethanol (three times) t&n with 
%% ethanol (three times), and finally with ethyl ether (three times). Ether was removed on the steam bath 
and the product was dried in vacua at room temperature. Tho yield was 24.3 g of crude amyloid. 

Hydrolysis of a sample (5 mg) in a seakd tube with N HzSO, (0.5 ml) for 4 hr at 105”. neutralization of the 
hydrolyrate with BaC@, removal of insoluble salts by filtration, and -ion of the sugars by papa 
chromatography in solvent (A) showed the mwence of glucose. xyloae. gala&x? and a trace of mam~ose. - _ _ 

Tho aqueous cxtmct c&a&d 8.9 g of s&d ma&the carbohydrate content of which was negligiik. 
The @2 N NaOH extract and the titrate from the neutral&d 2 N NaOH extract contained a ml-de 
mixture (together 16.8 g); acid hydrolysis and subeequent paper chromatogmphk analysis (sol&~ A) showed 
the prcaencc of glucose, xylose, galactoae, mam~ose, uranic acid, and probably some rhamnose. From tho 
undissohed residue (24.3 g) a small portion was hydrolyzed and the hydrol-te subjected to paper chromato- 
graphic analysis; ghxose was present as the &or component together with traces of xylose, mannose, uranic 
acid and probably rhamnose. 

Pur@xzt&n of Crud7 Annomdmyloid 

Crude AnnoMgmyloid (5 g) was dissolved in 0.1 N NaOH (so0 ml) and tho solution was centrXuged to 
remove a small quantity of brown insoluble material. Fehling solution (20 ml diluted to 100 ml) was added, 
upon which a gel formed which was iiltered on cloth and rinsed with water. The gel particks were m 
in water (500 ml), and 2 N HCl(l0 ml) was added to decomv the copper compkx. The m poly- 
sac&aride was separated, washed with water and again dissolved in &l N NaOH (5W ml). The copper 
CompkxingwasrepeaWl and aftor decomposingthecompkxwi~h HClanequalvohune ofethanolwas added. 

6 S. MUKHBUEB and H. C. S~IVMTAVA, Nuture 169,330 (1952). 
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The precipitated material was separated by centrifuging and washed successively with 50:: ethanol (three 
times), 96 % ethanol (three. times), and ethyl ether (three times). Ether was removed on the steam bath and the 
product was dried In vucuo at room temperature. The yield was 2-l g. 

The polyaaccharide was dissolved in dilute alkali to ave a clear solution [&?+32*7” (C 1, 0 1 N NaOH). 
Chromatographic inspection of a hydrolyzate in solvent (A) showed that the purified polysaccharide con- 
tained glucose, xylose and galactose. 

Determination of Sugar Composition of the Hydralyza fe 
A sample of the neutralized hydrolyzate was applied to Whatman No. 1 filter paper and subjected to 

chromatography in solvent (A). The sugar spots were located with the aid of guide strips and eluted with SO”,, 
ethanol. After evaporating the solvent the amounts of sugars were detcmlined using a modification of the 
hypoiodite method of Willstiltter and Schudel.7 

Methylation of Annona-unfyloici and Hydr of,sis ofthe Methykted Product 

The purified polysaccharidc (5.0 g) was methylated in the usual way by the Haworth procedure followed by 
the Purdie method until the product (4.4 g) had 38*6“; methoxyl and did not show hydroxyl absorption m 
the 1.r. The methylated polysaccharlde (2.5 g) was methanolyred in 5 y6 methanohc HCl at 95” for 18 hr. 
After removing the solvent the restdue was hydrolyzed in N HCI (25 ml) at 95” for 7 hr. Excess HCl was neut- 
ralized with Ag2COs and insoluble salts were removed. The filtrate was concentmted to a small volume and 
applied to sheets of Whatman No. 3 MM filter paper. The methyl ethers of the sugars were separated by 
chromatography using solvent (Bt as the developing phase. The components were eluted with ethanol. The 
material in the five fractions thus obtained was compared with known methyl sugars using paper chrornato- 
graphyin solvents(B)a thepresenccof the followingcomponentswas mdlcatcd (Table 2). Themixture 
with R, 0.55 in solvent (B) was resolved by chromatography m solvent (C), 

TABLE 2. CoMpostnoN OF HYDROL~ZATE OF METHYLATED .~P~~~U-.XMYL(IID (350 g) 

Fraction R,* RTMG~ hfethyl sugar Amount 
tg) 

__.__“_. .-. - _ .__*_ ._ _._ __ --._ - _-- ._ .-.-_-.----_- _.“__- 

1 O-80 I.00 2,3.4-tri-O-Me-D-xylose 0.012 
2 0.65 0.96 2,3,4,6tetra-O-Me-n-galactosc 0.39 
3 05.5 o-92 2.3.6tri-O-Me-r@ucose I.12 
4 0.84 3,4di-0-Me-D-xylosc O-30 
5 0*25 0.75 2,3-di-O-Me-n-glucose 0 36 

* In solvent (B). 
+ In solvent (C). 

Identificutior, oft& alethyl .%gars 

2,3,~Tri-0-methyl-~xylo~. The component of fraction 1 had the same chromato~aphic mobdity as 
2,3,4-tri-O-methyl-D-xylose in solvents (B) and (Ct. On seeding with a crystal of authentic matcrlal a small 
amount of the substance crystallized, insufficient for recrystallizatron and further charactcrizatlon. 

2,3,4,6-Tetra-0-methyl-&8alactose. The anilide was prepared in the usual way and had m.p. 196-i-197’ 
(lit.* 2,3,4,6-tetra-0-methy1-&phenyl-D-galactosyhunme 197’). 

2,3,6-Tri-O-methyl-D-glucose. The melting point could not be raised over 116’ by recrystallization 
(lit.9 2,3,6-tri-O-methyl-D-glucose 121-123.). The substance had &+8cj’ (1 hr).+66” (20 hr) fC 2.6, H1O). 
The l&bis-p-nitrobenzoate was prepared and had m.p. 190-191 flit.5 I1 ?.3.6-tri-0-meth+n-glucose-1,4- 
his-~-nitro~~oate 189-190’). 

2.3-Di-O-methyl-r)-giucose. The methyl sugar was crystallized from ethanol--ethyl ether-lrght petroleum 
and had m.p. 1 IO-1 I I” (ht.il 1.3&O-methyl-D-glucose 109‘. 110‘). The anilide had m.p. 1X-136- (ht.1 
2,3-di-0-methyl-:V-phenyl-D-glucosylamine 134’ ). 

7 R. WUSTATIFR and G. SCHUDEL. Ber. Deut. Chem. Ges. 51.780 (19181. 
8 W. CHARLTON, W. N. HAWORTH and W. J. HICKINBOITQM, j. Chem. S&. 1527 ( f 9271. 
9 J. C. IRVINE and E. L. HIRST, J. Chem. Sot. 121.1213 (1922). 

~CJ P. A. REBZRS and F. SMITH, j. Am. Chem. Sot. ?6,609? (1954). 
11 J. C. IRVINEWI~ J. P. Scorr,J. Chem. Sot. 103, J75 (1913). 
12 E. SCHL~~CH~ELER and M. STACEY. J. C’hem. Sot. 776 (19451. 
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3,4-Di-O-methyl+xylose. The compound had [~&,+21-8~ (C @97, HzO) (lit.13 3,bdi_omthyl-D 
xylo~e+2@5~). The corresponding V&tone wes prepared in the usual way and had m.p. 68” (lit.14 3,4di- 
O-lwhyl-D-~lono-1,5-lactona asO). 

Partial Acid Hy&olysts 

Purikd tinu-amyloid (250 mg) was dissolved in water (7.5 ml), and N HzSG4 @l ml) was ad&d. The 
mixture was heated in a sealed tube at 80” for 4 days. The precipitate formed was separated by c8ntrifugation 
and~H~~~wasrcanondtromthe~tratewiththaaidofBacO~. Theflltratewastreatedwithanequal 
volume of ethanol; the precipitated material was separated end subjected to X-ray -on. The clear 
solution was concentrated to approximately 1 ml and then epplied to a column of Darco G-60 and Cclite 535 
(2 g of each). The monoscharidea were ranoved by elution with water (25 ml). With 10% ethanol (10 ml) 
the disaccharde fraction was eluted. Paper chromatographic inspection w solvent (A) of the concentrated 
&ate demon&&d the pnssna of principally one sugar; the latter had the same Ro,-valuc (O-76) a.9 0$-n- 
galactopyranosyL(1 + 2)-D-xyloee, end did not react with triphenyltetrazolium reagent. 

Hydrolysis by Luizym (Luitpoldwerke, Mllnchen) was performed as described for Tmnmindiu_amloid.4 

Determhth of Component Sugars in ENvnJc Hydrolyzates 

ANonagmyloid (15 mg) was hydrolyzed by Luizym end the hydrolyzate waa applied to a column contain- 
ingDarcoGdO(2g)andCelite545(20). ~esu~wereelutsdwithlO%tthanol(~ml);theeluatewas 
concentrated to dryness end then dissolved in water (exactly 2 ml). 

The following &Mona wers carried out, in all cases with appropriate blanka. 
(a) Reducing groups were estimated using a modilication of the hypoiodite method of WilletHttar and 

Schudel.’ To the sugar solution (0-S ml) N Na2COs @l ml) and @l N 12 (O-5 ml) wcfb added. The solution 
was kept at 25” for 20 min and was subsequently acidilied with 2 N H2SO4 (@4 ml). Unreactad 12 W~LI then 
titrated with 0-l N Na2&Oa. 

(b) Glucosa was removai from the y solution (O-5 ml) by incueing the latter fith glucoee oxidase 
(D-glucose aerodehydroganrue) “Boehnngsr” (O-05 mg in t?l ml Mcp”“” bulfer soh~tum at pH 5-5) at 30” 
ovemightwithfreeacuxsofair. Thenreducinggroupe~~asuader(u),thedifferemayielding 
the amount of free ghxose in the sugar solution. 

(c) Sugar solution (04&8 ml) was diluted to 25 nil in a volumetric flask and a portion (1 ml) of the diluted 
solution was reduced with NaBI& and subsequently treated with phenol-sulphuric acid vt, mrding to 
Timell’s mod.i&ationls of the method of Peat et al. 16 The absorptivity of the solution was m at 
480 nm and the amount of xylose ~89 read from a standard curve prepared from pure &8yl-w. Since 
xylw occura in the sugar solution as xylosyl-gluawe the amount of xyloae found yielded also the equivalent 
quantity of bound glucose. The amount of gala&se in the sugar solution was calculated by di&w~~. 

Fragmentation by Ceiluhse 

Amyloid (250 mg) wan suspended in water (8 ml) and a heated (3 min at 100”) solution of celhdase @-1,4- 
glucan Qglucanohydrolase) from Myrothchan vcmrmrhl7 (2 ml) waa added. Anotlxr portion of amyloid 
(250 mg) was swpex&d in water (9.5 ml) end an un& solution of Myrotkm (O-5 ml) WM 
added. 1lothmi~tmeawere&&atedat37~for2weckswithafewdropaoftolusneaddedtopreventmlcrobial 
contamination. small quantities of undissolved ma&al (15 mg and 7 mg Fivey) ~=z 2 
ctnwugingandtheaotionswere concentratedtoKuallvolumc4l. llwaugarmKmree 
ahssts of ~hatman No. 3 MM filter paper u&g solvent (A) and the components eluted with 50 % ethanol. 
Theeluateawere amcentratedtodryaess,driedinvocuoandweighed. 

z&nt@cQr&wl of D-GIucare 
Thegh#xwetractionfromthahydrolycatewithLuizymwasputifiedwithcbarcoalandaystPllizsdfrom 

’ tion the product had rap. 144” (lit.l* llM0) and [a]g+52*3” (C 2% Hz01 
Etyg$$. Epz - pmpad and bad m.p. 183” (lit.20 184”). 

13 G. J. ROBERXWN end T. H. PIE, J. Cti. Sec. 824 (1934). 
14 S. P. JAMIB and F. Sm L Chem. Z&c. 739,746 (1945). 
1s T. E. TIMEI& Svens& Pqjmtki 63,668 (1960). 
16 S. PEAT, W. J. WHELAN end J. G. RoasaTs, J. C&t. .%c. 2258 (1956). 
17 For properties of this enzyme see P. w, P. A -end S. SWEERQ, EnTvrnobsla Is, 237 (1953). 
1) 0. HEs¶$ Ann. Ch. Lie&w zn, 302 (1893). 
19 H. S. JSBEIL and W. W. PIGLIAN, J. RI?& NatlBw. std. 1$141(1937). 
20 F. W~AND, W. mow and P. KUHNER, Ch. Em. M, 594 (1951). 
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Identification of D-Galactose 

The galactose fraction from the hydrolyzate with Luizym was purified with charcoal and crystallized from 
75 xethanol. After recrystallization the product had m.p. 165’ (lit.:’ 167”) and [a]bg+81’ (C 1, H,O) (lit.21 f 
80*2’;+81~1”). 

Identification Of O-a-D-XytOpJY’arW F_&( I -+ 6)-D-Glucose 

The xylosylglucose fraction obtained by chromatographic separation of the components present in a 
d&st of AnnoM-amyloid with Lutzym was purified with charcoal and crystallize$ from 85 y+; ethanol. After 
~,vey; recrystalltzattons the product had m.p. 201” (lit.22 2005-201~5”) and [& +1X” (C 4, Hz01 (ht.zz+ 

.” . 

Identification of Otigosaccharidv Al 

Oligosaaharide AI (34 mg) was heated with anhydrous ZnClz (15 mg) and acettc anhydride (3 ml) on a 
boiling water bath for 3 hr. After cooling the solution was poured into tee-cold water and the preciprtate 
formed was washed wtth water and then dried. The product was crystallized from ethanol and had m.p. 
227’ (lit.23 a-octaacetylcellobiose 229.5 J. 

Tentative ~denti~c~tion of O~igo.~~cc~arid~ AI? 

The oligosaccharide had the sync Rol-value (O-53) as oligosaccharide 2 from Tumarindus-amyloid.4 A 
small portion (10 mg) of the product was hydrolyzed by Luizym as described below and the hydrolyzate was 
subjected to paper chromatography. The components were eiuted and the eluates concentrated to dryness. 
Glucose and xylosylglucose were obtained in yields of 35 and 45 mg respectiveiy. 

Characterization of 0ligosaccharide.t A3 and A4 

Oligosaccharide A3 had Rot=0*27 and [c&+72* (CO-35, HzO); oligosaccharide A4 had Ro,=O.ll and 
[#+48” (C S-4, H20). The compositions of A3 and A4 were determined by the following method. The 
oligosaccharide (150 mg) was dtssolved in water (5 ml), and an extract (10 ml) of Luizym (50 mg) in water 
(20 ml) was added. The solutton was incubated at 37” for 2 weeks with a few drops of toluene added to prevent 
microbial contammatton. The solution was concentrated to a small vo!ume and subjected to paper chromato- 
graphy on sheets of Whatman No. 3 MM using solvent (A). The components were elutcd from the chromato- 
grams with 50:; ethanol, and the cluates were concentrated, dried and weighed. 

Determination of Molecular Weight 

The hypoiodite method described by Jansen and MacDonncll’) was used. 

Periodate Oxidation of Annona-Amyloid 

Annonu-amyloid ( 100 mg) was dissolved in 0.1 N NaOH (10 ml) and KBH4 (100 mg) was added to the solu- 
tion. After 2 days at room temperature the solution was filtered to remove a trace of undissolved material. 
Thefiltratewasacidified bytheaddition ofaslightexcessofaceticacid. Reduced ~yloidwasthenp~ipitated 
by adding ethanol (20 ml) to the solution. The precipitated amytoid was separated by centrifugation. washed 
with ethanol (three times) and with ethyl ether (three times) respectively. and then dried in vacua. 

Reduced Annoxu-amyloid (90 mg) was dissolved in @05 N NaOH hydroxide (10 ml). and the solutton was 
neutralized with dilute HCl. NalOJ (1.065 g) dissolved in water (50 ml) was added and the mt\ture adjusted 
to 100 ml. The solution was kept at room temperature in the dark, and samples were taken in the course of 
several weeks for determinatton of periodate consumption,~~ formic acid production,2s and fomlaldehyde 
production.26 An appropriate blank solution was also prepared. In Table 3 the results are given in moles 
per mole of anbydromonosaccharide. the mean molecular weight of the latter being 157. Extrapolation of 
periodate consumptton and formic acid production to zero time yielded ralucs of I.16 and 0.20 molar cqun ,t- 
lents respectively. 

zt C. N. RUBER, Ber. Deut. Chem. Ges. !%,2185 (1923). 
33 G. Z-N and R. BOGN.h, Ber. Deut. C/tern. GeJ. 72B, 1160 (1939). 
‘3 Z. H. SKRAUP~~~ J. K&no, Ber. Deut. C/tern. Ges. 34,111s (1901). 
24 E. F. JANSEN and L. R. MAC~NNELL, Arch. Bioehem. 8,97 (1945). 
2s S. K. CHANDA, J. K. N. JONES and E. G. V. PEWPVAL, J. Clrem. Sot. 1289 (1950). 
26 J. C. SPECK, In Merho& f?r Carb&drate Chemktry, Vol. 1, p. 441. Academic Press, New York (1962). 
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Tmm 3. PERIODAIZ V, PoRbfIC ACID PRODUCITON, AND FO BE PRoDucTloN lxmNc3 
muomm 0xmnoN OF Annoy--w 

Time &WI 1 2 4 8 15 22 35 38 42 

Fcriodats consuwption o-84 &I 049 190 1.19 Formic acid production 019 021 0.23 024 027 E OG ;:: 
FormUehydeprcduction 0.038 0.037 0.031 - 0.034 0.038 - - - 

A.htww-W author wiaba to thank Ir. W. Klop and Mse D. C. Reuvars for expezt tech&al 
ashtams. For the X-ray work the author is indebted to Miss M. C. Buys and Dr. D. R. Kreger. 


