
Mpvachmbrry. Vol. 25. No. 8. pp. 1807-1813. 1986. 003 I +x22/86 53.00 + 0.00 
RiJltedinoralBritaill. RrpmoaJCUTMllL4d. 

MICROSOMAL ARABINOSYLATION OF POLYSACCHARIDE AND 
ELICITOR-INDUCED CARBOHYDRATE-BINDING GLYCOPROTEIN IN 

FRENCH BEAN 

G. PAUL BOLWELL 

Dcprtmcnt of Biocbrmisuy, Boumc Building Royal Holloway and Bedford New Colkgc, University of London. E8lmm, sun-q, 
TWO OEX, U.K. 

(Rcaktd 22 Nooanbm 1985) 

Key Word Imdex-Phprodw vulgar& Lcguminosaq Fnmcb bcaq suspension culturcq elicitor-induction; 
arabinosylation; carbohydratebiiing glyoqxotcin. 

Ahabmti-In contrast to microsomal membranes from suspension cultured cells undergoing primary wall synthesis 
which incorporated arabiiose directly from UDP- J+arabinose into arabinan, membranes from alls treated with 
ftmgal elicitor catalysed the formation of a lipid oligosac&&de intermediate in the arabinosylation of an inducible M, 
42 500 glycoprotein. These variations in the patterns and mechanism of arabinosylation observed between the cells in 
response to the diGring stimuli were detected in both the kinetics of incorporation and the demonstration that the lipid 
oligosac&aGde after putScation on ioo-exchange chromatography could act as primary donor for the glycoprotein 
and not polysaccharidc. These results distinguish mechanisms for the transfers of arabinose ooto glycoprotein and 
polysaaharide by enzyme systems known to be immunologically distinct. The fungal elicitor-induced M, 42500 
glycoprotein binds to thyrogolubttlin- and fetuin-!kpharoses in a specilic manner and this big is prevented by chitin 
oligomers. The glycoproteio thus appears to be a carbohydrate-binding protein and the sugar specScity together with 
the demonstration of hydroxyproline residues in acid hydrolysates of the glycoprotein puriikd by affmity 
chromatography indicates a close similarity to the arabinosylated hydroxyprolinerich kctins of the !%lananar which 
can function as bacterial agglutinins The M, 42 500 glycoprotein which undergoes rapid transient induction also dearly 
differs from other extensin-like hydroxyprolinerich glycoproteioq arabioog&ctan proteins and the characteristic 
bean seed-kctin, phytohaemagglutinin, in a number of properties. 

INTRODUCllON 

L-Arabinose is found in the primary cell wall of higher 
plants in characteristic polysaccharides and glycoproteins 
which are synthesized, modified and exported within the 
endomembrane system. Arabinan, probably mostly 
al+3 and al-5 linked is a constituent of neutral 
pectin and at. kast thra types of hydroxyprolioarich 
glpproteins are arabinosylated. The range of types of 
these glycoproteins and their roks in cell structure and 
function and in disease resistance have now been es- 
tablished [l-3]. It has also become apparent that there is a 
considerable capacity for the differential deposition and 
mobilization of wall material in response to a variety of 
exogenous stimuli. For cxampk, during secondary growth 
following primary wall formation there is a cessation of 
pectin deposition accompanied by an increase in hemicel- 
lulose and cellulose deposition together with the initiation 
of lignin synthesis [4] whereas lignin and brown pigment 
deposition 51, secretion of hydroxyprolin~rich bacterial 
agglutinins It 6.73 and provision of putative endogenous 
elicitors [8] characterize responses during host-pathogen 
interactions. Most of these changes have now been 
observed during plant growth regulator [9-121 or fungal 
elicitor [ 13,143 treatments of bean cell cultures. These 
changes are also rellected in alterations in the synthetic 
capacities within the endo-membrane system. 

Advantages can be taken of these temporally separated 
different synthetic capacities to study the synthesis and 

modifications of particular components where common 
requirements may interfere with interpretation of data 
Thus in previous [ 131 and the present work mechanisms 
of arabinosylatioo have been studied in cell suspension 
cultures of bean following plant growth regulator treat- 
ment and during the synthesis of polysaccharide and some 
glycoprotein and compared with fungal elicitor appli- 
cation during which arabioose is transferred solely by 
isolated membranes onto glycoprotein. These differ- 
have been exploited in a reassessment of the possibk rok 
of lipid-linked pentosyl-oligosaccharides in intermediate 
transfers. Previous evidence suggested that UDP- 
arabinose serves as primary donor for the synthesis of 
arabinan [ 15-171. However, roks for pentosyl lipids in 
the glycosylation of arabioogalactan proteins at the very 
least have been elucidated [18,19]. The results described 
here are consistent with a direct transfer from UDP- 
arabinose onto polysaccharidc whik transfers onto an M, 
42 500 glycoprotein require lipid oligosaccharide 
intermediates. 

Prehminary evidence has identified the M, 42 500 as an 
arabinosylated hydroxyproline+rkh glycoprotein which is 
co-ordinately induced with prolyl hydroxylase and pro- 
tein: arabinosyl transferase by elicitor treatment 
[ 13,14,20]. This glycoprotein has now been shown to 
bind to thyroglobulin- and fetuin-Scpharoses in a .spaSc 
manna and shares a sugar speciEcity with the ar- 
abioosylated hydroxyproline-rich kctins from Datura and 
potato [21-241. The potato kctin functions as a bacterial 
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agglutinin in disease resistance [6,7] and a similar role 
may be adopted by the M, 42 500 bean glycoprotein. 

RRSUL’IS 

incorporation of L-C 1-‘Hlurabinose from UDP-B-L- 
[I-‘H]arabinose by isolated memhnes 

Table 1 shows the distribution of radioactivity in 
material of differing solubilities cxtracte-d from mem- 
branes incubated in uirro with UDP-j?-~-[l-~H] 
arabiaose. Both membranes from growth regulator 
treated ails synthesizing mainly polysaozharide and from 
elicitor treated ah synthesizing glycoprotein incorporate 
arabinose into the same range of products but in differing 
amounts. Material soluble in chloroformmethanol (3: 2) 
has been previously characterized as has the polysac- 
charide material soluble in 10% trichloroacetic acid 
[Il. 161. The material insoluble in 10% trichloroacetic 
acid has been characterized as mainly an M, 42500 
glycoprotein [13, 143 although in some preparations 
material of M, 300000 (arabinogalactan proteins) and M, 
SO-90000 (extensin-like) can also be seen faintly on 
fluorographic analysis. The material soluble in 
chlorofo~methanol-water (10: 10: 3) was previously 
thought to be mainly UDP-arabinose or arabino- 
oligosaccharide [ 1 I]. However the first unequivocal dem- 
onstration using superior extraction method for charged 
lipid pentoses [18] to that used previously [ 1 I] has 
prompted re-examination of this material using these 
methods. 

Characterization of lipid oligosaccharides 

Chromatography of the material solubk in 
chloroform-methanol-water (10: 10: 3) on DEAE al- 
lulose gave a distribution of radioactivity (Fig. 1) broadly 
similar to that observed in pea [ 183. Table 2 gives the R, 
for these materials on TLC analysis. Whereas the neutral 
pentolipid showed a similar mobility to steryl glycoside, 
the charged pentolipid did not migrate on silica gel. Total 
hydrolysis of the charged material gave radioactive 
arabinose only; controlled acid or enzymic hydrolysis [ 1 l] 
gave some radioactive arabinose. some arabinose contain- 
ing disaccharide and an arabinosylated oligosaccharide 
greater than four residues long (Fig. 2). This material 
which was synthesized by membranes from both sub 
cultured and elicited cells therefore appeared very similar 
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Fig. 1. DEAE&lulose chromatography of [‘H]arabinoayl 
lipids formed from UDP-FL-[ L’HJantbinose. Membrane prep- 
arations (200 ccp protein from elicited eelIs) were incubated with 
UDP-B-L-[I-‘H’Jarabiose (lob dpm) in a total vol of 150 fi 
Lipids were extracted and analysed on a column (0.5 cm x 2 em) 
of DUE cellulose equilibrated with CHCI,-MeOH-HI0 
(10:10:3) and sequentially cluted with CHCI,-MeOH-HI0 
(IO: 10:3) then with the same solvent containing ammonium 

formate (5 mhi) then with 200 mM. 

to that observed in pea which has been characterized to a 
much greater extent [ 183. The purified lipid-linked 
[‘Hlarabinosyl oligosaccharide was resuspended in 0.5 % 
lysophosphatidylcholine and added back to microsomal 
membranes as substrate (Table 3). Fractionation of the 
products clearly showed transfer onto glycoprotein which 
was shown by fluorographic analysis to be mainly M, 
42 500 glycoprotein. Radioactivity appeared to be trans- 
ferred more efficiently than from an equivalent amount of 
radioactive UDP-arabinose. Material extracted into the 
aqueous fraction appeared to be oligosaccharide possibly 
released by hydrolysis of the lipid oligosaczharide. 

Kinetics of pentose incorporation into wuious products 

Time courses for formation of pentosyl lipids from 
radioactive UDP-arabinose under difftrent conditions 
are shown in Fig. 3A-D. In these figures curves have been 

Table 1. Distribution of radioactivity from enzyme incubation into aqueous and lipid solvent fractions 

Radioactivity incorporated 

membranes from elicited cells membranes from subcultural alls 
(%ofmcantotal (% of mean total 

Fraction @pm) incorporation @pm) incorporation) 

CHCl,-MeOH (3:2) 1634k359 3.2 909*127 2.2 
Hz0 solubk 889642 f63872 - 858283 f 37965 - 

CHCl,-MeOH-HI0 (10: 10:3) 2234*582 4.4 2931 f451 7.1 
10% tricbloroacetic acid soluble 1905f364 3.8 32302*76!94 78.2 
10% tricblorogatic acid insoluble 4444Ok8978 88.5 5158* 1675 12.5 

Manbrana (120 pg protein/assay) isolated from alIs 48 hr after subculture or from alls treated with dicitor were incubated for 
IO min with UDP- ,9-L-[ I-‘Hlarabinose (IO* dpm approx.) and analyscd. Mean values f s.d. for six iocorp0ration.s arc shown in 
eachcase 
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Table 2 Chromatographk analyh of lipid arabinoths 

8olvcnt and sytwul 

Material soluble in 
CHCl,-McGH CHCl,-McGH-HI0 
(3:2) arabinoae (10: 10:3) arabii 

lalxlkd lmbelkd 

1809 

CHCl,-h&OH-Hz0 
(65:24:4)/SILG R, 0.89 R, 0.035 
CHCl,-MeGH-HOAcHIO 
(50:30:8:4ySILG - R, 0.035 
CHCl,-MeOH-NH.OH 
(75:25:4)/SILG - R, 0.092 
CHCl,-McGH-Hz0 
(IO: 10:3)/DEAE plats - 100% ruained 

HzG/papa - 93 % retaiwd 

Cm 

Fig. 2. TLC of partial acid hydrolysis of lipid-linked arabinosyl 
oligosacclwidc. Partial acid hydrolywtc of lipid-linked ar- 
abinosyl ol@swhhh from (A) s&cultured ails; (B) elicited 
all.% The position of arabin~oligosacche markas is shown. 

Table 3. ~parisOU Of the disai%UhOtl Of diOEtiVity h 
products formd from lipid linked [I-‘H~biil OligobaE- 

chide or UDP-[ I-‘HJarabinose 

Incubations: 
Radioactivity incorporated (dpm) 
1 2 3 4 

Fraaion 

Aqwous washed 6062 19778 23295 23370 
Lipid 13336 230 279 201 
Glycoprotcin 2034 1527 1086 285 

Mcmbramx (297 pg protein in 1 IO 4 standud incubhon 
buffa) from &cited cells were incubated at 25” for 40 min with 
sojd containing cu 2 x ltidpm of citha (1) lipid-linked 
[‘IqoIigWaWide in 0.5 % lysophoSphatidyl choline or UDP 
[I-Wjarabinoac with (2) or without (3) the prwencc of 0.5% 
lysopbosphatidyi-cboliac. A boilal control (4) with UDP- 
[ 1-‘tl]arabinosc was included. Incubntions were tuminatal by 
the addition of 1 ml CHCl-McOH (1: 1) and analysai. 

nortnalizal with rcsFt to the maximum incorporation 
observed for each fraction to show the relative patterns 
and levels of incorporation. Figure 3A shows that mem- 
branes from subcultured cells do form lipid oligosac- 
charide but possible transfer is limited by the small 
amounts of glycoprotcin formed. In contrast rapid tum- 
over of the lipid oligosaccharide occurs in tandem with the 
rapid incorporation into glycoprotein in membranes from 
elicited cells (Fig. 3B). Further evidence that hydroxy- 
proline residues may be involved in part during transfer 
mechanisms was obtained from the kinetics of incorpor- 
ation in the presence of poly+proline and poly-L- 
hydroxyproline. Addition of poly-t_-proline proved to 
inhibit arabinosyl transferaxe activity while activating 
prolyl hydroxylase activity (Fig. 3C). In contrast poly-L- 
hydroxyproline stimulated turnover of lipid oligo- 
saccharide, enhanced incorporation into glycoprotein, 
although transfer onto the added substrate has not been 
visualixed on IIuorographs, and inhibited prolyl 
hydroxylase (Fig. 3D). These effects have been interpreted 
in the light of enzyme localization data as suggesting that 
prolyl hydroxylation is completed in the endoplasmic 
reticulum before subsequent arabinosylation in the Golgi 
apparatus [20]. Transfers carried out by membranes from 
elicited cells were not a&ted by the inclusion of tuniat- 
mycin (100 &ml) or dolichol phosphate (2 kg) as has 
previously been found for membranes from unelicited 
cells [cf. 16,181. However, bacitracin (2 mM), which 
binds to dolichol pyrophosphates, inhibited total in- 
corporations by about 12%. In some extended incub- 
ations the amount of radioactivity incorporated into the 
M, 42 500 glycoprotein fell by 20 % between 20and 60 min 
suggesting some trimming process may follow initial 
transfer. Also up to 20% of the incorporated arabinose 
was subject to B-elimination in alkali @H 9), the re- 
mainder, presumably linked to hydroxyproline residues, is 
stable in alkali. 

Carbohydrate building properties and cbacterization of 
the M, 42 500 prorein 

A number of affinity ligands were developed to test the 
possiblecarbohydrate binding properties of the M, 42 500 
protein due to its apparent similarity to other lectins such 
as those from potato or Datura. Thyroglobulin- and 
fetuin-Sepharoses proved to be most efficient in binding 
the glycoprotein, which did not bind in the presence of 
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Fig. 3. Tim courses for the synthesis of various products by 
membratta from UDP-[ I-‘H]arabinose. Membranes (500 ~8 
protein) from (A) subcultured cells, (B-D) elicited alIs were 
iucubated witb UDP-/?+[ I-‘H]arabinosc (l@ dpm) and in a 
total vol. of 500 4 75 /II samples were fractionated into (m) 
neutral lipid (Cl) oligosaaharidalipid, (0) 10% trichloroacctic 
acid solubk, (0) 10% trichlorcacetic acid insolubk material at 
~eqtterttial time points. The graphs dcpkt a direct comparison of 
the incorporation in the four incubations with incorporations 
into each fraction expressed as a % of the maximum observed. The 
detect of tbc addition of (C)poly-Lprohnc (400 ~8) and (D) poly- 
bbydrOXyprOhe (do0 j4g) is shown. (- - - - -) Time course of 
prolyl hydroxylasc activity. Maximum incorporations (100%) 
into erch fraction were; neutral lipid, 2566 dpm; oli8osac&aride- 
lipid, 3437 dpm; trichbrcacctic acid-soluble, 54916 dpm; trich- 

loroacctk acid-insoluble, 53 142 dpm. 

detergent (Table 4). Hypotonically lysing membranes led 
to up to 50% binding which was prevented in the presence 
of chitin oligomers. The failure to bind to paminobenzyl- 
I-thio-N-acetyl-B-glucosaminide-arose may indicate 
a specificity for N-acetylglucosamine oligosaccharides. 

The glycoprotein could also be eluted from 
thyroglobuhn-Sepharose at pH 9 (Fig. 4) and therefore 
differs from the characteristic bean lectin phytohaemag- 
glutinin which is eluted at pH 3. The M, 42500 glyco- 
protein is not eluted at this pH. The M, 42500 glyco- 
protein was characterized by alkaline and acid hydrolysis 
and gave the same results as described for the size 

fractionated material described previously [ 133. 
The presence ofhydroxyproline was checked following 

hydrolysis of the eluted material. A detailed amino acid 

Table 4. EBkknuy of binding of M, 42500 glyouprotcin to 
aBinity li8ands 

% binding 

tigand 

Bhtditt8 
buffer/ 

PBS 
PBS/ Trisf 

Twan 20 Triton 

None 
unsubstitutal 
(blocked) CNBr 

scpk== 
Fetuin (IS mgl8) 

scpharo= 
Thyroglobulin 

(10 mg/g) 
sephaross 
anti-@‘HA) 

1%; (50 mgls) 
scpf=ose 
paminobenxyl- 
I-thio-JVacetyl 
glucosamido 

scphaross 

100 100 100 

<l <l <I 

17-30 3.6 <I 

29-54 5.3 <l 

6 <3 <l 

5 <3 <l 

Radioactivcmallbrancs(5o)cl)weresolubilixcdin1ml~t 
or hypotonic buffer with sonication, before end over end 
iacubationwith50~ofacbgd.~gd~~withlml 
of the same buffer three times before preparation for SDSPAGE 
on 10% 8ck. % binding was &mated from manning dat- 
sitomctry of fluorograpb comparin8 the intensity of acb band 
with that from 50 111 of membranes not cxpoaai to alBnity 8cls. 

Eluant [ml) 

Fig. 4. Elution of M, 42500 glycoprotcin from thyroglobulbt 
Sepharose. Membranes from elicited alls were incubated with 
UDP-[L3Hjarabinosc, hypotonkally lyscd and sonicated and 
added directly to the column (0.5 ml) of thyro8lobulin-Scpharosc 
equilibrated with PBS The column was scquentiaRy clutai with 
PBS; PBS containing 1 hi NaCl, 100 mM %ycinc-HCI, pH 3.0. 
containing NeCl and 5OmM Tris-HCI, pH 9.0. (0) 
Radioactivity. (0) Radioactivity insolubk in 10% trichloroacetic 

acid. 
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Fig, 5. lsockctric focussing profik of radioactivity incorporated 
by membranes in uiuo after elicitation. Radioactive membranes 
were prcparcd for isockctric focusing by removal of lipid and 
polysacchxrklc and digestion with nuckases. The mxterixl was 
denatured, analyscd and compared on several micro electrofocus- 
sing gek [44] and the distribution of radioactivity (0) in gel slias 
was dctcrmincd. Gels containing marker proteins of known p1 
(Pbamacia, U.K.) were run in parallel to check the gradient (0). 

analysis has not been carried out on the eluted fraction 
because analysis on sodium dodecyl sulphate/polyacry- 
lamide gel ekctropboresis showed that the M, 42500 
glycoprotein, which stained poorly with both Coomassie 
blue and silver staining procedures but is readily detected 
overnight by fluorography, co-purified with small 
amounts of another protein of M, 65000. Interestingly, 
this is the M, of prolyl hydroxylase [20] which may 
remain bound to its putative protein substrate during this 
affinity procedure. 2DTLC of the acid hydrolysates, 
nevertheless, demonstrated the presence of large amounts 
of hydroxyproline together with other major amino acids 
provisionally identified as lysine. serine, tyrosine, valine, 
aspattic acid and glycine. Interestingly, some UV fluor- 
eacent compound, probably ferulic acid, was also released 
by hydrolysis of this mate&I. Some of these residues are also 
extremely abundant in the arabinosylated potato and 
Dafura hydroxyprolinerich kctins but not in phyto- 
haemagglutinin [25]. The p1 for the M, 42500 of 6.4 
(Fig. 5) compares with that for the potato kctin of 9.5 and 
its acidic isolectins of 8.4 and 7.7 1251, of phytohaemag- 
glutin of 5.5 [25] and bean arabinogalactan protein of 
2.5-3 [26]. 

DISCUSSION 

With the probable exception of cellulose, polymers 
located in the wall such as polysaccharides and 
proteins are synthesized and transported within the endo- 
membrane system, comprising the endoplasmk reticulum 
and Golgi compkx [ 1527,291. Changes in wall com- 
position during growth and dilferentiation of meriste- 
matic cells and suspension cultured cells such ax those 
from bean are dependent on dilferential timing of appear- 
ame of the biosynthetic systems within the membrane 
[I 1,IZ. 30.311. These previous studies have established 

that there is a capacity for rapid quantitative and qualitat- 
ive changes in membrane associated glycosylation reac- 
tions in response to different exogenous stimuli, this being 
especially true for the effect of the elicitation response on 
patterns of arabinosylation. Following elicitation ar- 
abinose is directed away from polysaccharide biosynthesis 
and onto specific proteins, in particular an M, 42500 
hydroxyproline containing glycoprotein [ 131. This gly- 
coprotein is coordinately induced with a protein: ar- 
abinosyl transferase immunologically distinct from an 
arabinan synthase [ 13,313 and with prolyl hydroxylase 
(proline: 2-oxoglutarate dioxygenase, EC 1.14.1 I. 12) 
against a background of induction as a consequence of 
increased gene expression de rtouc of enzymes involved in 
the synthesis of isollavonoid phytoakxins and Iignin-Iike 
material [ 13.32,33]. 

Comparison of arabinosylation by membranes from 
cells synthesizing mainly polysaccharide with those from 
cells synthesizing glycoproteio has enabled elucidation of 
the mechanisms. Previous evidence that arabinose was 
transferred directly from UDP-arabinose to arabinan by 
bean membranes mainly within the Golgi apparatus [ 161 
has been re-examined in the light of the demonstration 
that intermediate lipid arabinosides serve as donors for 
glycosylation of arabinogalactan proteins in pea [183. 
Other arabinose-containing lipid intermediates are in- 
volved in the glycosylation of protein carriers during the 
synthesis and secretion of maize root slime [34]. The 
present study has shown that a charged lipid-linked 
arabinosyl oligosaccharide is formed in small amounts 
relative to added UDP-arabinose with kinetics that 
indite its rapid turnover in vitro. Incubation of the 
purified lipid-linked arabinosyl oligosaccharide with 
membrane preparations allowed transfer onto the M, 
42 500 glycosylation. Further evidence that this material 
was concerned in the glycosylation of hydroxyproline 
residues was provided by the fact that poly+proline was 
a potent inhibitor of the protein: arabinosyl transferase 
activity whereas poly-L-hydroxyproline enchanced in- 
corporation of arabinose into trichloroacetic acid- 
insoluble material. Some water-soluble material was 
formed in incubations with the purilied lipid linked 
arabino-oligosaccharide but this appeared to be mainly 
low molecular weight oligosaccharide. Similar material 
has been observed during incubations of suspension 
cultured spinach cells with [ I-‘Hlarabinose in viw [ 171. 
In contrast the kinetics of incorporation by membranes 
synthesizing much reduced glycoprotein and considerably 
increased amounts of arabinan were not consistent with 
transfer onto polysaccharide from lipid-oiigosaccharide. 
These results, together with previous observations [16], 
distinguish mechanisms for transfer to arabinan from the 
lipid intermediate requirement for transfers onto glyco- 
protein by enzyme systems which have already been 
demonstrated to be immunologically distinct [ 131. 

The M, 42500 glycoprotein has now been shown to 
bind in a specific manner to thyroglobulin- and fetuin- 
Sepharoses which is prevented by chitin oligomers. The 
glycoprotein is ckarly a carbohydratebinding protein 
which is also distinct from the characteristic bean lectin, 
phytohaemagglutinin, since it is not bound by anti-(PHA) 
IgG under the stringent conditions required for the 
establishment of antigen-antibody binding. Although the 
two kctin-glycoproteins bind to thyroglobulin, their 
relative pIs and a preliminary amino acid analysis of the 
M, 42 500 show clear differences. Phytohaemagglutin is 
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an N-linked high mannomtype glycoprotcin and the M, 
42 500 appears to be an arabinosylated hydroxyprohna 
rich glycoprotein similar to those described from Datura 
and potato. The fact that it is induced by fungal elicitor 
suggests a possible rote in disease resistance. The bean 
leetin clearly di!Ters from other hydroxyprohne-rich 
glycoproteins in both its subunit M, and timing of 
appearance after elicitation. The rapid transient appear- 
ance [14] contrasts with a much slower induction of 
mRNA coding for extensin in elicited bean cultures [35] 
and for the appearance of extensin-like proteins in 
elicitor-treated melon tissues [36]. 

EXPERIMENTAL 

Derivation of all suspension cultures of French barn (Plurrzolus 
vulgaric; cv. Gmadian Wonder) was described previously [ 121 and 
Poly-L-proline (M, PV. 40000), poly+hyroxyproline (M, av. 
14000), thyrogobulin, fetuin, unri-(phytohacmngglutin) 1%;. P 
aminobenxyl-1-thio-N+Icetyl-/3-giucommuu ’ ‘de. CNBr-Sepharose 
and CH-Sepharor wereall obtainod from Sigma, U.K. UDP-B-L- 
[ 1-‘Hlarabinopyranose and non-radioactive UDP+L- 
arabinopyranose were syntbesizd as described previously [ 1 I]. 
Cbitin oligomers were prepared by the method of ref. [24]. 

7kutmem of culrures Preparation of fur@ elicitor was 
described in ref. [37]. Maintenance, growth and elicitation of ail 
suspension cultures were as described [ 131. 

Preparar&n ojmd~ranes. Cells were homogenixed in 50 mM 
HEPES pH 6.8 containing I mM ditbiothreitol, 0.4 M sucrose 
and 10 mM MgCls (1 g tissue/ml of buffer) at 4’ in a pestk and 
mortar. The slurry was filtered through muslin and centrifugal at 
1ooOg for I5 min. The supematant was then centrifuged at 
15 000 g for 10 min to sediment most of the huger organelks. The 
supernatant was then subjected to antrifugation at 200000 g for 
1 hr. The final microsornal pellet was resuspended in homogenix- 
ation medium. 

Enxyme assays. Proline hydroxylation coupled to deearboxy- 
lation of oxoglutarate was measured by a microscale adaption of 
the method of ref. [38]. described in ref. [20]. The standard assay 
for arabinan synthase activity using high voltage ekctrophoresis 
was as described in ref. [I I]. The standard assay for the 
fractionation of products into lipid-solubk. water-soluble and 
trichloroacotic acid-insoluble products has now been redesigned 
using the wtbod of ref. [18]. Membrane preparations (up to 
1504) were incubated with UDP-j-L-[1-‘H)arabinose as de- 
scribed previously [13], Reactions were terminatai by the 
addition of 1 ml CHCI,-Mc0H (1: 1). Lipid-linked sugars were 
extracted and fractionated on DEAE-ccgulose as described [ 183. 
Tbe final polymer pelkt was then extracted into 10% TCA and 
solubk and insolubk products obtained [13]. The insoluble 
giycoprotein products were then analysed by SDS-PAGE and 
detected by tluorography and densitometer scanning as described 
previously [ 141. Gels were silver stained by the method of ref. 
[39]. Protein was estimated by tbc method of ref. [4O]. 

Anulysis of Upid. Pcntosyl lipids were fractionated into 
neutral and cbargcd fractions. Analysis by ascending TLC 
was performa! on pmvasbed polygram SILG silica gel plates 
(20atr x ma x 0.25 mm) in CHCI,-M.z~H-H~~ (65:25:4), 
CHCI,-McOH-HO&HI0 (50:3O:8:4) and CHCI,-McOH- 
17.5 M NH.OH (75:25:4). Chargcd fractions were also treated 
with ascending chromatography on DUE alhtlose plates in 
CHCI,-McOH-H,O (IO: 10:3) or washed by application to 
Whatman No. 1 chromatography paper and clution with HzO. 

Hydrolysis of char& lipid was pcrformal enxymaticahy [ 1 I] 
or in 0.01 TFA in So% propan-l-01 in a s&al tube at 100” for 10 

min [ 181. Oligosaceharides were separated by ascending TLC in 
EtOAc-pyrkiiatHIO (10:4:3) usiq a partial hydrolysate of 
bean callus arabinan [41] as markers which were detected with 
the AgNO, reagent [42]. Badioactive sugars were deteetal by 
scintillation counting of strips cut from the chrornatogram 

Isolation ofelycoptorrin. Fetuin, thyroglobulin and rabbit anti- 
@hytobern@utinin) Ik; were separately coupled to CNBr- 
activated Sepharor 4B in 0.1 M NaHCGs butTa, pH 8.3, 
containing 0.5 M NaCl for 4 hr. The proportion coupled was 
determined using the Coonxassie blue protein assay [40]. TM gel 
was then treated for 1 hr with 1 M ethanolamine, pH 9.0, prior to 
extensive washing witb 0.1 M NaOAc, pH 4.0, folbwed by 0.1 M 
sodium borate, pH 8.0 (both butTerscontaining0.5 M NaCl). Tbc 
gels were stored in 50 mM Tris-HCI buffer, pH 8.0, containing 
0.02% (v/v) NaN,. pAminobenxyl-l-thi*hQcetyl-/3- 
glucosaminide was coupkd to CH-activated Sepbarosc 4B in 
0.1 M NaHCOs buffer, pH 8.0. Unreacted groups were blocked 
ovemigbt in 1 M ethanolamine, pH 9.0, and the gel wasbed and 
prepared as for other gels CNBr-activated-Seph 4B was 
blocked with ethanolamine and used as an unsubstituted control 

Membrane preparations (up to 200 ml) labelled with UDP-/3- 
L-[I-‘Hlarabinose were incubated with a5nity gels witb the 
following types of treatment, either addition of 800 fi of 50 mM 
Tris-HCi, pH 7.4, containing 0.75 M NaCl and 1% (v/v) Triton 
X-100 (standard antibody binding conditions) or 10 mM KPi, 
pH 7.4, containing 0. I5 M NaCl containing 0.5 % (v/v) Tween 20. 
Alternatively membranes were made hypotonk with 8004 
IO mM NaPi buITer, pH 7.4, and allowed to lyse for 30 min at 4 
followed by a brief sonication to rekase their contents. Following 
incubation by end over end rotation at 4” overnigbt the gulp were 
wasbrd x 3 with 1 ml of the requisite incubation buffer before 
analysis of bound material by one dimensional SDSPAGE 
cketropboresis, as described previously [43]. Microgel isoekctric 
focusing was performed on 5 % polyauylamidc gels usiq 24 % 
(v/v) ampbolines @Mumalyte. Pbarma& U.K., pH 3-10) [U]. 
Folbwing ekctrophorais at 500 V for 16 br, gels were extruded 
and cut into 2mrn slices when froxen. Badiaaivity was da 
termined by scintillation counting after incubation of each slice 
with 50 4 HsOr (30% w/v) at 60” for 4 hr. 

M, 42 500 was isolated from the bypotonkally treated man- 
branes by a5nity chromatography on tbyrogbbulin-Sepbarose 
[45]. The gel was wasbed extensively with 1OmM KPi buffer, 
pH 7.4, containing 0.15 M NaCl and tben 1OmM KPi buffer, 
pH 7.4, containing 1 M NaCL The bound M, 42 500 glmotein 
was rekased with 50 mM Tris, pH 9, and detectal by scintillation 
counting; the pooled fraction was dialysed against Hz0 for 3 br 
at 4” and lyophilixed. 

Analysis o/a&iry purified glycoprorrin. Following total acid 
hydrolysis, glycoprotcin was analysed for sugar content as 
dstibed previously [ 133 and for amino acid content using 2D 
TLC in n-BuOH-HOAc-HsO (4: 1: 1) in tbetirst dimension and 
PhOH-HrO (3: 1) in the second. Hydroxyproline was detected 
by its characteristic R, and ccbur wben stainal with ninbydrin. 

Acknowl&emnc-I am indcbtal to Dr. R. A. Dixon for the gift 
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