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Abstract-A water-soluble proteoglycan, precipitated with ammomum sulfate from the hot-water extract of rice bran, 
contamed feruhc acid, which was liberated by alkaline treatment Evidence for the hnkage between the carboxyl group 
of feruhc acid and the proteoglycan was obtained by the characterlzatlon of feruhc acid hydroxamate after treatment of 
the proteoglycan wth hydroxylamme 

INTRODU(XION 

Previous studies have shown that the water-soluble, non- 
amylaceous polysaccharlde from rice bran 1s a series 
of coqugated carbohydrates (proteoglycans) [ 11, and 
the structure of the carbohydrate-protein linkages was 
established as an Q-a-L-arabmofuranosylhydroxy- 
prohne [Z] 

The protein content [l] of the proteoglycan fractions 
was measured by the method of Lowry et al [3] and 
elementary analysis There was no discrepancy between 
the protein contents of fractions Bl-B6 measured by the 
two analytical methods, but there was with fraction Al 
The method of Lowry et al [3] gave more protein than 
did elementary analysis The UV spectra of fractions 
Bl-B6 had an absorption peak at 280 nm, while that of 
fraction Al had absorption at 320 nm m addition to the 
absorption due to protein These prehmmary results 
suggest that the proteoglycan Al contains a phenohc 
substance Previously, feruhc acid was found m rice (long- 
gram from Crowley and medium-gram from California), 
bran hemlcellulose [4] and wheat flour hemlcellulose [S], 
yet little 1s known of the bmdmg between polymer and 
feruhc acid The results presented here demonstrate that 
feruhc acid IS an integral component of proteoglycan Al 

RESULTS 

The ether extract (proteoglycan A treated by alkali) 
contamed a phenohc substance, but the ethanol and ether 
extracts (sample untreated by alkah) did not (see 
Expenmental) The phenohc was ldentlfied unamblgu- 
ously as feruhc acid by standard procedures (see 
Expenmental) The yield of feruhc acid was 0 3 mg per g 
proteoglycan A 

Proteoglycan A contams a carbohydrate-free protein 
[l] DEAE-Sephadex-purtied proteoglycan A (proteo- 
glycan Al) [l] contamed feruhc acid, but the contammat- 
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mg protein did not 
In order to determme the linkage of feruhc acid to 

proteoglycan Al, It was treated wth hydroxylamme The 
hydroxamate was obtamed by extraction with ethyl 
acetate and gel filtration on Sephadex LH-20 Gel fil- 
tration gave two peaks, the first due to hydroxylamme and 
the second due to feruhc acid hydroxamate Identdicatlon 
of the latter was based on compamon with authentic 
feruhc acid hydroxamate by PPC [6] and by UV and mass 
spectra (see Expemnental) These results indicate strongly 
that the linkage between proteoglycan and feruhc acid ts 
an ester linkage mvolvmg the carboxyl group of feruhc 
acid 

DISCUSSION 

Van Sumere et al [7] reported previously that N- 
feruloylglycyl-L-phenylalanme is obtained from barley 
globuhns by partial hydrolysis with 4 M hydrochlonc 
acid After our alkali-treated proteoglycan solution was 
extracted with ether, hydroxylamme treatment of the 
water phase did not release feruhc acid hydroxamate 
Therefore, It seems that an alkali-stable bound feruhc 
acid, as m barley globulin, does not occur m this 
proteoglycan In order to investigate the attachment of 
feruhc acid to the carbohydrate or protein moiety, 
enzymatic degradation of proteoglycan Al was carned 
out, and the products were gel-filtered on Sephadex G-25 
Hemlcellulase [Z] caused a decrease m the ablhty of 
formation of the hydroxamate of the high MW-fraction 
(effluents emergmg at void volume), but protease [2] did 
not This prehmmary expenment suggests that the feruhc 
acid 1s most probably linked to carbohydrate rather than 
to protein wlthm proteoglycan A of nce 

Recently, Uchlyama et al [8] found that the amount of 
feruhc acid increases m nce callus cell wall after mocu- 
latlon of Aspergzllus oryzae It IS well known that phenols 
accumulate m infected cells [9] and that some of these 
compounds are toxic to certain plant pathogens The 
deposition of toxic feruhc acid and possibly other phe- 
nohc substances m the cell wall might be not only an 
important defence reaction [S], but also an alternative 
way of detoxlcatlon of these substances m certain plants, 
the formation of simple glucoslde bemg the most common 
way [lo] The chermcal characterlstlcs of carbohydrate 
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and protein m this proteoglycan are very slmllar to those 
in plant cell walls [l I] m the followmg respects (1) O-~-L- 
arabmofuranosylhydroxyprohne forms an attachment 
between carbohydrate and protein, (2) the component 
sugars of the carbohydrate moiety are similar, and (3) the 
component ammo acids, such as hydroxyprohne of the 
protein moiety, are similar Feruhc and p-coumanc acids 
have been reported to be esterlfied to cell-wall com- 
ponents [12-141 Hartley et al [13,14] discussed that the 
function of the phenohc substances of the esters could be 
to act as intermediates m the process of hgmficatlon Thus 
this proteoglycan may play an important role m the plant 
physiology of rice cell wall 

EXPERIMENTAL 

Plant materral Bran of nce (Oryza satwa) was used 

Iso[atron of proteoglycan ExtractIon of nce bran with hot 
HZ0 followed by the removal of protem and starch yielded a 
proteoglycan FractIonanon by salting out wrth saturated am- 
monium sulfate gave two fractions, namely proteoglycans A 
(ppt ) and B (supernatant) Further fractlonatlon by DEAE- 
Sephadex chromatography ylelded several fractrons (proteo- 
glycans Al and Bl-B6) which were shown to be homogeneous by 
disc electrophoresrs [l] 

Detectwn of a phenohc substance from proteoglycan A 

Proteoglycan A, dissolved m daomzed Hz0 (1% w/v), was 
preclpltated with EtOH The EtOH phase was coned The ppt 
was dissolved m deromzed HrO, then acid&d to pH 2 0, and 
extracted with Et,0 Proteoglycan A was treated with aq 0 5 M 
NaOH at 60” for 90 mm under a N, stream The alkaline soln was 
aclddied to pH 2 0 and extracted with Et,0 Each solvent extract 
was subJected to TLC and developed with C,H,-dloxan-HOAc 
(90 25 4) A phenohc substance on TLC was detected by 
spraymg with 2 % FeC& and dlazotlzed sulphamhc acid 

Isolation and tdentzjicatzon of ferulrc acid Proteoglycan A 
(20 g) was dissolved m 0 5 M NaOH (100 ml) and treated at 60 
for 9Omm m N2 The hydrolysate was acrdlfied to pH 2 and 
extracted with Et,0 The Et,0 extract was subJected to prep 
sdlclc acrd (Malhnckrodt)-dry column chromatography (3 
x 70 cm, M Woelm, DDC-5), eluted with C,H,dtoxan-HOAc 
(90 25 4) When the developing solvent reached the end of the 
column, the dry powder was extruded from the column and 
dlvlded mto 5 cm sectlons Each fractron was eluted with EtOH, 
and fractions which gave a posmve phenohc reaction (dmzo and 
FeCl, reactions) were subJected to prep TLC on slhca gel H 
(C,H,dloxan-HOAc, 90 25 4) The zone which gave the rcd- 
orange colour with the dlazo reagent was elutcd with EtOH, then 
the solvent was evapd under red pres The concentrate was 
suspended m Et,0 Evapn of the solvent at room temp afforded 
colourless needles, mp 167-168 5” These were ldentrfied as feruhc 
acid by direct comparison (TLC, UV, IR, GLC) with an authentic 
sample The hexane soln of TM%-ether denvatwe [15] was 
resolved on a Yanagunoto Type G-S gas chromatograph fitted a 
flame-romzatron detector GLC separation was on an OV-101 on 
Chromosorb W-A-W (stamless steel column, 100 x 0 3 cm, pro- 
grammed from 100 to 250” at 6”/mm) 

Isolation and ldentaficatron of feruhc acid hydroxamate 

Proteoglycan Al (1OOmg) was treated wrth alkaline hydrox- 
ylamme (2 ml) at 40” for 90mm Hydroxylamme soln was 
prepared by adJustmg the pH of 4 M hydroxylamme-HCl to 10 
using NaOH [ 161 Hydroxylamme-treated proteoglycan Al was 
subJected to Sephadex G-25, and the resulting hydroxamate and 
hydroxamate-free proteoglycan were detected using FeCls-HCl 
soln (5 y0 FeCl,, w/v m 3 M HCl) [17] and the phenol-HrSO, 
method [18], respectively As hydroxylamme does not react with 

the FeCl, reagent, it was detected by the method of Selfter et al 

WI 
Proteoglycan Al (5 g) was treated with alkaline hydroxylamme 

as described above, acldlfied to pH 2 0 and then extracted with 
EtOAc The EtOAc extract was coned, taken up m MeOH and 
subJected to Sephadex LH-20 The second peak on the Sephadex 
LH-20 profile was rechromatographed on Sephadex LH-20 and 
the maJor peak was coned Derivative UV and MS of the isolated 
and authentic hydroxamates were recorded on a Yanagtmoto 
high order denvative UV-visible spcctrophotometer and a JEOL 
JMS-OlSG-2 high mass spectrometer, respectively 

Synthew of authentrc feruhc actd hydroxamate The authentic 
hydroxamate was synthesized accordmg to the mod&d method 
of Boschager 1193 Feruhc acid Me ester was synthesized using 
drazomethane Solns of KOH m MeOH were added with shakmg 
to the soln of NHrOH HCl m MeOH After complete preclpl- 
tatlon of KC1 man ice bath, the acid Me ester was added and the 
mixture filtered immediately, and the tiltrate coned The K salt 
was suspended m 125 M HOAc, stlrred and heated until a clear 
soln was obtamed The soln was cooled to room temp and coned 
The concentrate was drssolved m MeOH-EtOAc, when the 
hydroxamate crystalhzed at -5” The synthetic hydroxamate, 
recrystalhzed at MeOH 1 EtOAc (3 x ), had molecular formula 
t&H1 lNOll (Found C, 57 49, H, 5 44, N, 6 7 Calc C, 57 39, 
H, 5 34, N, 6 69 %) on the basis of elemental analysis Its physl- 
cochemlcal propertles were measured by NMR and IR, and tt was 
determined as feruhc acid hydroxamate 
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