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ABSTRACT 

The carbohydrate material Isolated from bael (Aegje t?zn/me/os) seeds was 
resolved mto four, pure glycoprotem fractions. The carbohydrate moiety of one of 

the fractions (F-I) contamed galactose, glucose, arablnose and rhamnose m the molar 

ratios of 6 2 8 3 The hnkages among these monosaccharide residues and the ano- 

merlc ConfiguratIons of the glycosyl residues were determmed The structure at the 

glycosyl-ammo acid Junction was also estabhshed 

INTRODUCTION 

The structure of the gummy materral surroundmg bael seeds has been deter- 
rnmedle3 The structure of the exudate gum from bael trees was also estabhshed’ 
Both materials contain (l-3)-hnked galactopyranosyl residues as the backbone 

chams In the macromolecules The carbohydrate materials present m the seeds of 
bael fruit were studled m search of a molecule havmg a slmllar, backbone cham, rn 

order to examme the proposal’ that the gums are formed by apposltlon of addItIona 
sugar groups to the outer chams of polysaccharldes already present 

RFSULTS AND DISCUSSION 

The crude, carbohydrate material was obtaIned from defdtted bael seeds by 
extractIon with hot water, and then Isolated by preclp,tatrng It with ethanol It had 

[z]? -51 3 O, and contamed threose (0 24 %), rhamnose (0 68 %), arabmose (2 11 “/,), 
xylose (0 39 “/,), galactose (1 82%), and glucose (0 93 “/;,), as determmed by g 1 c 
(column A, usmg qo-mosltol as the Interna standard) The result Indicated the 

presence of large proportlons of non-carbohydrate materials In the crude product 
The crude material was purified by passmg a solution thereof In ammonmm hydrogen- 

carbonate-ammoma buffer (pH 10 0) through a column of Sephadex G-100 and 

elutmg the column with the same buffer, the eluate bemg momtored with a dtfferentlal 

refractometer A consIderable proportIon of the crude material was msoluble In the 
buffer, and was not used; this part contamed only ammo acids and no carbohydrates 

Four fractions (F-I-F-IV) were thus obtamed (see FIN 1) The sugar compo- 
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~olumr (mL) 

Fig 1 Chromatograph> of carbohydrate material from bael seed III a column of Sephadex G-100, 
by elutlon wth ammomum hydrogencarbonate-ammoma buffer (pH 10) and momtormg wth a 
dxfferentlal refractometer (Assignment of peaks 1, Fraction-I 2 Fraction-II, 3 Fraction-III, and 
4 Fraction-IV ) 
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Fig 2 G 1 c of sugar components of pure glycoprotem fracuons (F-I to F-IV) (Asstgnment of 
peaks 1, threose, 2, rhamnose, 3, arabmose, 4, xylose, 5, galacrose, and 6 glucose ) 
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TABLE I 

SUGAR COWPOhEXTS OF DIFFERENT FRACTIOhS FROM BAEL-SEED GLYCOPROTEWS 

- - __- 

Fractron Yreld [II;; Sogal (JltO&, ) u 

(JW) (degl ees) sqe- _- _--_ - ---_ 
~_--- - _--- - - 

Rhanuro~e AI abrrrose Xyfow GalartoJe Glrrco~~ 

F-I 23 6 -115 - 14 77 41 97 1 04 31 16 10 72 
F-II 196 -130 - 2 17 484 - 6 52 86 95 
F-III 28 -31 5 4 73 1 30 221 I 17 4 93 85 63 
F-IV 82 -83 1600 3 84 15 12 2 62 21 30 41 08 

“The sugars were analyzed and estimated by g I c (column A at 1907 

TABLE II 

METHYL El-HERS OF SUGARS FROM THE HYDROLYZATES OF METHYLATED F-I 

Sugar P 

-- -- _I--___- - -_-. ____--- ____ --__ -- -__- 

T” Appro wnafc 1~lotll. of Itlrxug~ 

mole yO 

-- _-___- ---_- _ --__---- 

2,3,4-Rha 0 3.5 4 87 Rha& I+ 
2,3,5-Ara 041 7 68 Araf-(I-, 
3,5-Ara 0 80 5 16 -+2)-Araf( 1 -+ 

3.4-Rha 0 87 931 -+2)-Rhap-( I --t 
2,3,4,6-Glc 100 559 cilcp-(1-r 
2,3-Ara 1 07 3100 -+5)-Arafi( I --+ 
2 4,6-Gal 2 03 544 * 3 )-Galp-( I + 
2,4 6-GIG I 81 445 -3)-GIc& I --+ 
2,3,6-Gal 2 23 1049 +4)-Galp-( I-+ 
2 4-Gal 5 IO 15 19 -+ 3 6)-Galp-( I -t 

____ ________ __ ~___~-___--__ -__------ -__- --- 

“2,3,4-Rha = 2,3,4-tn-O-methylrhamnose, etc ORetentIon rimes of the correspondmg aldltol 
acetates relatne to that of 1,5-d~-O-acetyI-2,3,4,6-tetra-O-methyI-o-g~uc~toi on a column (1”: of 
OV-225) at 165- 

nents III each fraction were Identified and estimated by g I c analyses of the aldltol 

acetates of the sugars III the correspondmg hydrolyzates (see Fig 2) The results 
are summarized m Table 1 Although a trace of xylose was detected m F-I, neither 
it nor tts derlvattves were detected m any chemtcal tnvesttgatton of F-T The non- 
carbohydrate materials present m these fractions were found to contam ammo acids, 

and these fracrlons were proved to be homogeneous by high-voltage electrophoreses 
m different buffers, and through poly(acrylannde)-SDS-gel elcctrophoresls usmg 
Trls-glycme buffer (pH 8 3) These results suggested that fractions F-‘-I-F-IV were 
pure glycoprotelns F-I was employed for Investqatlon, as It was obtained in com- 

paratlvely large proportlon 
Fractron F-I was permethylated, first by the Hakomon pethod’ and then by 

the Purdle method’ (twice m succession), until the product showed no OH absorption 
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band m Its I I- spectrum The methylated F-T, [z]:’ +4”. was hydrolyzed, and the 
hberated sugars were converted mto their aldttol acetates and then analyzed by ,g 1 c 
using column B. the results are shown in Table IT From the nature of the products 
of hydrolysis of methylated F-L it was possible to develop part of the structure of the 
carbohydrate moiety of glycoprotem F-I 

Characterization of 2,3,4-tri-U-methylrhamnose. 2,3_5-tri-O-methylarabmose. 
and 2,3.4,6-tetra-0-methylglucose (and no tetra-0-methylgalactose) m thehydrolyzate 
of methylated F-I Indicated that Its (nonreducmg) end-groups are rhamnopyranosyl, 
arabmofuranosyi_ and glucopJ ranosyl groups Identtfication of both X3,6- and 2,4,6- 
tri-O-methylgalactose m the hydrol>zate showed that both (l-+3)- and (l-4)- 
Imkages are present between _galactosyl restdues Tht glucosyl restdues have (l-+3)- 
lmkages rn the mterior part, as only 2,4 6-trr-U-methyl_plucose could be identrfied 

_4gam_ characterizatron of both X3- and 3,5-dr-G-methylarabmose suggested the 
occurrence of both (l-+5)- and (I -G!)-hnhages for the arabinosyl residues, the 

rhamnosyl groups are Jorned by (I 42)-lmhages, as only 3,4-di-0-methylrhamnose 
was present m the hydrolyzate Interestmgly, the branch pomts of the molecule are 

only at O-6 of the galactosyl residues, as no dt-0-methylhexose other than 2 4-dt-O- 
methylgalactose could be rdentified m the hydrolyzate (there was no mono-O- 
methylpentose) 

Fraction F-I WIS subjected to Smuh degradatton’ The products obtarned were 
characterized as threitol arabn-utol- glucitol, and galactitol in the molar ratios of 
m-2 1 I 5 (bestdes glycerol) Charactenzatron of these products further supported 
the results of the methylatton analysts (see Table II). ds (l-t4)-hnhed @actopyrano- 
syl residues would yreld threitol by Smith degradation 

The anomerlc configuratIons of the sugar restdues were ascertamed by chro- 
mium triovrde oxidation” lo of fully acetylated F-I Oxidation was conducted in 
acetrc acid at SO”, usmg ~?z_J r-mositol as the internal standard Ahquots were removed 

at Intervals of 0 0 5, and 1 5 h, and deacetylated, and the surilvmg sugars were 
determmed Chromium trloxlde oxldlzes the sugar residues hawng the p confi_guratlon 
much more rapldly than those of the Y configuratlon The results (shown In Table 
III) Indicated that only the rhamnosyl residues have the c* configuration, and the 

TABLE III 

SURVIVAL OF SUGARS” I\ CHROMlUhl TRlO\IDE OYIDATIOX OF ACETYLATED F-l 

__- --__---- - __ _-_-__-_ --_-____ 

0 10 I 70 4 65 641 2 53 
05 10 0 56 1 17 1 so 2 50 
15 IO 0 34 0 14 0 IS 205 
~___~--_-~---~--~----~- - 

aThe sugars mere analyzed and estimated by g I c usmg column il at 190’ 
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TABLE IV 

RESULTS OF A’dlhO ACID AhALlSIS OF GL’t COPEPTlDt A 4UD ALL XLlht IKMOHI DRIDL-DLGRADTD 

GLYCOPEPTIDE B 

---~___ 

Atnit acuP 

-___ -- 

A B 

(Itrol”, I (n1ol",,) 

Aspartlc nc~d 
Threonme 
Serme 
Glutarnlc acid 
Glycme 
Alanme 
Leucme 
Tyrosme 

192 
9 31 

10 5-I 
Ii 4-I 
10-S 
1787 
SO2 

27 39 

3 75 
6 65 

IO 39 
1175 
II 1-l 

1795 
s s3 

2s 47 
----__ -- _-_- _-- - _-__ 

“In addltton small quantIttes of the follow mg ammo tclds \k\cre alw detected In both m1sm I\olcucmc 
methtonme, phcnylalanmc pro! nc and xahnc 

rest have the /; configwatlon but ds acetylltcd furanose\ are nons~-~cc~tically owi~zcd ’ 

by chromium tnowde the dnomerlc conliguratlon of til: arabmo\yl groups could 
not be determined by this e\perIment In f‘lct, the ease wth wh~h the a~ab~no\c ~‘14 

hydrolyzed off wth mild acid rndlcated that they m@t have the Y configuratIon 
In order to ascertaln the structure ‘it the glycosyl-a,nIno %lcId Junctton, the 

glycoprotem wCts first degraded wth pronabe, to afford a glycoptpt& that contaIned 
only eight amino acids m appreciable proportIon (see Table IV) it dd not contain 
any hydroxyprollne or hydroxylysme, and WCLS alkali-lablIe The glycopeptlde w“\ 
degraded wth all\alme borohydrlde and the carbohydrate part and the pcptldc part 
were separated The ammo acids presert In the ongm,ll glycopeptldc and In the 
degg-adcd peptldc were analyzed, after hydrolysis by dn amino ,KIC! rmCdyzer the 
results, gwen 111 Talc IV she\\ LL dimlnutlon of -2s 5” 111 the thIeonlnc content ot 
the degraded ma:enal, mdlr&mg Its Involvement 111 the glycosyl-~mlno .wd bond 
The threomne residue IS con\ crtcd Into 2-armno-2-butenoic acd and the corrc\pondlng 
amount IS lachm~ from the chromcltogram 

The hydrolyzate of the carbohydrate part of the dcgradcd matenal \lCt\ 
acetylated, and the product analyzed by g I c Only nrablnttol acetate could be Identl- 
fied m the chromatogram by coinJcctlon of mdwdual aldltol acetates (the chrom&o- 
gram contamed peaks different from those of the aldltol .icetates from galactosc 
glucose, and rhamnose) On alhalme borohydride degrad‘ltlon, the sugar reslduc 
Involved In the giycopeptlde bond IS converted Into the corres?ondlng Clldltol .md 

on hydrolysis, only this residue would be released 2~ ‘in C~ldItol the rc;liamIlig sugar 

residues would be obtamed ‘1s aldoses The results of tnrs cxperIment therefore zugg-c\t 
that an arabmosyl residue must have been Involved III the glycosyl-amino acid bond 
AgaIn, on methylatlon and subsequent hycl~ olys~s, this carbohydl ‘:tc part yleIcIed 
all of the partially methylated su_gars except 3 5dl-O-methqlarab~nose Thus result 
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not only confirmed the tnvolvement of arabmose m the glycosyl-ammo acid bond, 
but also showed that onlv a (1+2)-lmhed arabrnosyl restdue 1s mvolved m It, as thts 
restdue in the degraded material emerged as O-2-lmked arabuutol However, the 
expected 2 4-dl-O-acetyl- 1,3,5-tri-0-methylarabmitol could not be traced m the 
mixture, as we lacked an authentic sample thereof 

From the experimental results discussed, the partial structure for the carbo- 

hydrate moiety of the glycoprotem F-I may be wrttten as shown m l_ This structure 

ekplams all of the results dtscussed, although there may be other possible sequences 
of branches that cannot be decrded wtth the data thus far adduced 

HH;I 
-N-C-C- 

Gelzera( - All evaporations were conducted dt -40” (bath temperature) 
under dlmmlrhed pressure_ Small volumes of aqueous solution were lyophlhzed_ 
All speckic rotations were recorded wth a Perkm-Elmer Model 241 MC spectro- 

polarnneter at 23 -C_ i o and 589 6 nm Paper partrtton-chromatography was performed 

by the descendmg technique. usm, e Whatman No 1 chromatographic papers with 
the followmg solvent systems (A) 8 2 1 ethyl acetate-pyrtdme-water’l and (B) the 
upper layer of 4 I 5 I-nutanol-acetic actd-water’” The spray reagents used were 

(n) a!halrne silver nnrate’3 (h) benztdme pertodate’;L, and (c) nmhydrm” For gas- 

hqurd chromatography, a Hewlett-Packard 5730 A sas chromatograph wth Aame- 

mmzatton detector was used Resoluttons were performed m a glass column (I S3 m x 
6 mm) contammg (a) 3% of ECNSS-M on Gas Chrom Q (100-120 mesh) at 190” 

(for alditol acetates of sugars). and (6) 1 y(, of OV-225 on Gas Chrom Q (SO-100 
mesh) at 165” (for aidttol acetates of partrally methylated sugars) A Shandon high- 
voltage electrophoresrs apparatus model L-24, was used for electrophoresmg the 
materials with use of drfferent buffers Infrared spectra were recorded wth a Beck- 
man ZR-ZOA mstrument, and ultraviolet and vlslble spectra wth a Yanaco-SPI 

spectrophotometer_ 

Extractzon of ct trcie, cm-bolz) cfrrcte nzcuet ml fronz the seeds of bael (Aegle marme- 
10s) fi rrrt - Forty-five, well-developed, bael fruits were cut horizontally through the 
nuddle, and the seeds were collected They were cleaned, the outer coatmg was 
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removed, and the fleshy material was macerated under ethanol 111 a blender The 
ethanol was removed by centrrfugatlon, and the whne powder (63 g) was defatted by 
extractmg wnh 1 1 benzene-ethyl ether The defatted material was then suspended 
m water (1 L), and the suspension heated, with stu-rmg, for 4 h on a water bath clt 
80” The mixture was cooled, and centnfuged to collect the aqueous extract The 
residue was re-extracted by repeatmg the procedure To the combmed, aqueous 
extract (cold) was then added cold ethanol (3 vol , acldlfied with acetm acid to pH 4 5) 
The preclpltate that separated was centnfu,oed off, and washed three times wnh dry 
ethanol, and then wuh dry ether The drred material (1 S g) had [rs];” -51 3” 

(L 0 4,O 1~ NaOH) 
H&I o/ys~s - (A) FOI cat hohvnl ate The carbohydrate material (N 5 mg) WJP 

hydrolyzed with M sulfunc acid (1 mL) in a sealed tube for 20 h on ‘1 bolllng-water batfl 
Where estlmatlons were performed, the matenal was mrxed wrth an ‘lppropnatc 

amount of nzyo-mosrtof, and hydrolyzed The hydrolyzate wars made neutral wrth 
BaCO,, and the barium salts were removed by centrlfugation Part of the super- 

natant hquor was analyzed by paper chromatography, and the rest was converted 
Into Its aldltols by reduction wnh NnBH,, and the product acetyfatcd the afdrtol 
acetates were analyzed by g 1 c 

(B) FOI am~zo acrds The materIa1 (-5 mg) III 6~ hydrochloric acid (1 mL) 
In a sealed tube was heated for 24 fi at 100” The acid was removed by repcatcd 
evaporation with methanol (to dryness), and part of the residue analyzed by paper 
chromatography, and part by means of an ammo acid analyzer 

Frac tromtrou of cl de J?K~~~~J red - The crude matenaf (I 00 n’lg) wd~ suspended 
In 10 mL of cLmmonIum hydrogencarbonate-ammoma buffer (pH 10) The Insolubfc 
material was centrrfuged off, and the solution was placed on the top of LL column 
(9.5 x 1 I cm) of Sephadex G-100 The column was eluted wvlth the same buffer 
with collectIon of 5mL portlons IQ test tubes In an automatic, fraction collector and 
momtormg with a dIfferentla1 refractometer Four frdct1ons (F-I-F-IV) were obtarncd 
(see Table I and FIN I) Three such batches were made 

Test fat hoi?~ogc~wrr_v of the g/j ropl O~L~JI fi cr~trons - (A) H Igil-vol tdge clcctro- 
phoreses were conducted at 20 V cm- * for I h, usmg (I) pyndIne-acetIc acid buffer 

(pH 5 75) and spray reagent L, (II) phosphate buffer (pH 7 S) and spray rcclgent h 

dnd (~1) borate buffer (pH 9 IS) and spray reagent h 
(B) Pofy(acrylamIde)-SDS gef-electrophoreses (8 mA/gef, 2 5 h) were pcr- 

formed, usmg Errs-glycme buffer (OH 8 3). 7’;/0 acetIc acid-25’;-:, ethanol wa\ u\ed 
for destammg the gels 

rl fethylation mralv Ft.5 - Fraction F-I (8 mg) wd?r dissolved In dry &methyl 
sulfoxlde (8 mL) m a closed vlaf, and then treated with 2~ methyfsufhnyl sodium 
(8 mL) under mtrogen The soltltIon was stured overmght, and then methyl 1odIde 
(4 mL) was slowly added, wnh external coolmg The mixture was stnred for 2 11, 
,.ma the solution of the product was dialyzed (to remove the metflylatlng reagents) 
and then lyophihzed The product was remetflylated by Purdre’s method wIth methyl 
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rodtde alld sliver o\tde Permethylated F-I (7 4 mg) had [s]F +4O (c 0 74, chloro- 

form) and showed no OH stretchmg-vlbratlon m Its I r spectrum 

The permethylated sample was hydrolyzed, first with S.5% formic acid for 2 h 

at 100” and then. after removmg the forrmc acid. with 0 51% sulfuric acid for 18 h 

at 100” After the usual processm g the partially methylated sugars were converted 

mto their aldltol acetates_ and these were analyzed by g 1 c _ usmg column b (see 
Table II) 

Smith degr acIatlon - Fractron F-I (2 1 mg) was treated with 0 IV sodmm 
metaperlodate (4 mL) In the dark for 45 h at 5” The excess of perlodate was de- 

composed wnh ethylene glycol (1 mL) and the reagents were then dialyzed out The 

product was reduced with sodium borohydrlde overnight at room temperature, and 
the solution acldlfied with acetlc acid. and dialyzed After concentration, the product 
was hydrolyzed After the usual treatment the hydrolyzate was converted mto the 

aldltol acetates. and these were analyzed by g 1 c_, usmg column a 

Oxrdatrorl of r-1 n~th dnotmm tl lo_xde - A mixture of Fraction F-I (2 3 mg) 

with t?zJo-lnosltol (0 4 mg) ac the internal standard was dissolved in formamlde 

(0 5 mL) To this solutton were added acetIc anhydrIde (1 mL) and pyrldme (1 5 mL), 
and the mixture was stlrred overnight at room temperature The acetylatlon product 
\\as Isolated by evaporating the rnlkture to dryness, and then partltlonmg the residue 

between water and chloroform The product (from the latter) \%as dissolved m glacial 

acetlc dcld (4 mL) and treated with chronuum trlovlde (400 mg) whilst stIrrIng at 

50” Ahquots were removed at O_ 0 5, and I 5 h. diluted with water unmedlately after 

removal, and extracted wrth chloroform The dried materials were deacetylated with 

sodmm methoulde, and the products hydrolyzed Finally, these were analyzed as the 

aldrtol acetates bv z 1 c _ usmg column ct 
ProtroQ tkz-digl ufutron’ 6 - The crude glycoprotem (1 g) was dissolved m 

0 1 M Tns-acetate buffer (pH 7 S, 25 mL) contamm, n 5rnht calcium chloride Pronase 

(-4 mg) was added and the mixture was Incubated for 72 h at 37”, pronase (1 mg 

each tlnle) bemg added nfter IS and 47 1~ The suspension was then heated for 15 mm 
at 65” to deactivate the enzl me The nurture M~S dialyzed until free from ammo acids 

and pepndes (monttored by the nmhydrln test) The solution of the glycopeptlde was 

lyophlhzed, and the whole process was repeated once The final yield of glycopeptlde 
was 60 mg A sumlar degradation of F-l (75 mg) was made for the methylatlon study 

A!kulme boroh\drrde degtadcttron7 ’ of the gI~copept& - The glycopeptlde 

(20 mg) In 0 05~ KOH and xi NaBH, (final voIume, 8 mL) was incubated for I5 h 

dt 45” The excess of borohydrlde was decomposed by careful addltlon of 4~ acetic 

acid to pH 5 O- and the solution was passed through a column (1 2 x 10 cm) of 
Dower 5OW X-S (H+) ion-exchange resm The colurrn was washed with water, the 

eluate and the washings \+ere combined and evaporated to dryness, and the boric 

acid was removed as methyl borate 

Idefltr$cmlofr of the shgar reshe mvolved m the ’ gl~ cod-peptrde bond - An _ 

amount (N 5 mg) of the carbohydrate part obtamed from the alkalme borohydrlde 
degradation \\ds hydrolyzed MIth v sulfuric acid for 20 h on a bollmg-water bath 
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The hydrolyzate was made neutral (BaCO,), evaporated to dryness under drmmAcd 
pressure, and the residue acetylated wth I 1 pyndme-acctlc nnhydrlde The product 
was analyzed by g 1 c usmg column CI for aldltol acetates (by co-lnlectlon\ with 

authentic aldltol acetates) 
MetllJ Iatrorz of the CCII bolzyd ate part obtamed 61 all\alme hot oh I dt I& ~C,UI dr- 

trorz of F-Z -The carbohydrate part ( - 5 mg) W‘S methylated twce by the H,lhomorl 

method6, as described earher The permethylated compound (4 5 mg) h,td [Y]%’ 
+6” (CO 45, chloroform), and showed no OH stretchmg wbratlon III tllc I I- snectrum 
The permethylated sample was hydrolyzed and processed as usual, and the ~mrt~&y 

methylated sugars were converted into theu- aldltol ‘tcetates, and analyzed by p I c 

using column b 
I&ntrj&atrotl of the atmtI0 crcld msol\ed 111 the El1 CO\ I I-pc~pttde hOId - The 

Dowex 5OW X-S (1-i’) column, w111ch had retalned the degraded peptIde>, ~‘~1s 
eluted wth 30’%, acetic acid (25 mL) and the eluate wds evapor,lted to dryness The 
material (- 2 mg) was hydrolyzed wrth 611 hydrochloric .Icld fol 24 h dt 100” and 
the excess of acid was removed by co-dlstlllation wth methanol (J-5 times) under 
dlmmlshed pressure The ammo acids present m the hydrolyzate were Idcntlficd ancl 

estimated accordmg to the classical method of Spacknan et a/ I’, with the ,ud of Jn 
ammo acid analyzer (Beckman Multlchrom hquld column chromatograph model 
4255), the results are gwen In Table IV 
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