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ABSTRACT 

The primary structure of an elicitor-active oligosaccharide, LN-3, prepared from 
partially hydrolyzed algal laminaran was determined by means of the analyses of 
glycosyl-linkage, fragments by acetolysis, and glycosyl-sequence. The elicitor-active 
oligosaccharide, LN-3, is a pyndylaminated hepta-fi-Dglucoside which was shown to 
have the following linear structure: p-DGlcp( 1+6)-p-~Glcp(  1+3)-p-~Glcp(  1-+6)-fi- 
D-Glcp( 1+3)-fi-~Glcp( 1+6)-p-~-Glcp( 1+3)-Glc-PA. 

IN TR ODU C TI ON 

Poly- and oligosaccharides from cell walls of fungi and plants including p- 

glucans, chitin, chitosan, and pectin, induce various defense responses in plants. 1-6 Such 

molecules that stimulate any plant defense mechanism are commonly called "elicitors". 7 

A hepta+-r)glucoside from the mycelial walls of a soybean pathogen Phytophrhora 

megarperma f. sp. glycinea (Pmg) is the only elicitor whose structure is fully 

understood.8.9 Recently, the activity as elicitors of a family of chemically synthesized 

oligo-fi-glucosides was examined in soybean cotyledon assay, and the structural elements 

for elicitor activity of the oligoglucosides were determined. 10 Furthermore, the plant 

receptor that was presumably responsible for the specific recognition of Pmg elicitor was 

also found in soybean root. l 1  
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820 KOBAYASHI, TAI, AND KAWAZU 

In most elicitor studies, crude elicitor fractions have been used, because of the 

However, for the study of specificity of limited supply of authentic pure samples. 

elicitors on the plant species, the purity of elicitors must be primarily argued. 

We have developed a convenient procedure to obtain pure biotic elicitors from 

naturally occurring polysaccharides. 12 Natural polysaccharides were examined for their 

activity as elicitors for flavonoid accumulation in alfalfa cotyledons. Laminaran from 

Eisenia bicyclis, which had a prominent elicitor-activity, was hydrolyzed with f3- 

(1+3)-glucanase and the resulting hydrolysate was subjected to chromatography on 

charcoal and gel filtration columns. Introduction of the pyndylamino (PA) group into the 

elicitor-active oligosaccharides was attempted in order to facilitate the isolation. These 

oligosacchandes were separated on HPLC. Three PA-oligosaccharides (LN-I, 2, and 3) 

were collected each in a pure form and subjected to the alfalfa cotyledon assay. LN-3 

showed the highest activity (the minimum effective concentration, 650 nM). 1H NMR 

and LC-MS analyses suggested that LN-3 was a PA-hepta-(j-glucoside. l 2  

In this report, we demonstrate the structural elucidation of the elicitor-active PA- 

oligosaccharide, LN-3. 

RESULTS AND DISCUSSION 

G ly cosy I -  l in kage analysis. The elicitor-active oligosaccharide, LN-3, 

prepared from brown-algal laminaran by the action of (j-( 1-+3)-glucanase, followed by 

pyndylamination, was a pyndylaminated (PA) hepta-(j-glucoside. l2  The Pmg elicitor 

was a branched oligosaccharide.g~9 However, a preliminary structural elucidation study 

suggested that LN-3 could have a linear chain. This prompted us to elucidate its 

structure. 

First, glycosyl-linkage analysis was carried out. The per-0-methylated LN-3 was 

hydrolyzed with TFA, reduced with sodium borohydride, and acetylated. The resulting 

partially 0-methylated alditol acetates were subjected to GLC-MS. 

On the basis of the GLC-MS data, the peaks at Rt 11.1, 12.7 and 13.2 were 

identified as 1,5-di-0-acety1-2,3,4,6-tetra-Omethylglucitol derived from the nonreducing 

terminal, 1,3,5-tn-O-acetyl-2,4,6-tn-O-methylglucito1 from 3-linked glucosyl residues, 

and 1,5,6-tri-O-acety1-2,3,4-tri-O-methylglucitol from 6-linked glucosyl residues, 
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ELICITOR-ACTIVE OLIGOSACCHARIDE 82 1 

I I I I I 
10.0 12.0 14.0 16.0 18.0 

Retention Time (min) 

Figure 1. A total-ion chromatographic trace of partially 0-rnethylated alditol acetates 
from per-Omethylated LN-3. On the basis of EI-MS data, the peaks at Rt 11.1, 12.7 and 
13.2 were identified as 1,5-di-O-acetyl-2,3,4,6-tetra-O-rnethylglucitol, 1,3,5-tn- 
O-acetyl-2,4,6-tri-0-methylglucitol, and 1,5,6-tri-Oacetyl-2,3,4-tri-O-methylglucitol, 
respectively. 

respectively (peak ratio; 1:2:3, Figure 1). 

hepta-P-r)glucoside with two (1-3)- and three (1-+6)-linkages, in addition to 

giucosyl-linkage at the reducing end. The peak at Rt  19.3 affords a prominent fragment 

(m/z 121), which is assignable to a daughter ion from a PA-sugar derivative. 

The peak ratios show that LN-3 is a linear 

Analysis o f  fragments by acetolysis. On acid hydrolysis, (1+6)- 

glycosidic bonds are relatively stable, whereas acetolysis can preferentially cleave 

(1+6)-bonds.13.14 

A systematic analysis of the structure of LN-3 by acetolysis is summarized in 

The reaction mixture was Figure 2. LN-3 was first acetylated and then acetolyzed. 

divided into two groups (experiments A and B). 

In procedure A, the sample was N,O-deacetylated with hydrazine. Only PA- 

linked fragments from the reducing end were detected by fluorescence spectrophotometry. 
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822 KOBAYASHI, TAI, AND KAWAZU 

OH 
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Figure 2. The analysis of the structure of LN-3 by acetoiysis. 

These PA-fragments obtained by acetolysis were identical to those of the authentic PA- 

Glc and PA-laminaribiose (Figure 3-A). The ratio of PA-Glc to PA-laminaribiose 

increased with the time of acetolysis (data not shown), indicating that PA-laminaribiose 

was further degraded to give PA-Glc. Therefore, it is suggested that the reducing end of 

LN-3 must be a PA-laminaribiose unit. 

In procedure B, complete Qdeacetylation was achieved by sodium methoxide, but 

the N-acetyl group was retained. The reaction mixture was pyridylaminated. The N -  

acetyl-PA-derivatives have no fluorescence. The PA-derivatives from the nonreducing 

end are readily detected by fluorescence spectrophotometry (Figure 2). By HPLC 

analysis, only two fragments, PA-Glc and PA-laminaribiose were detected (Figure 3-B). 

This analysis as well as the glycosyl-linkage analysis described above suggests that LN-3 
possesses a glucose and two laminaribiose units besides a PA-laminaribiose unit at the 

reducing end. 
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Figure 3. The reversed-phase HPLC elution profiles of A: N,O-deacetylated and B: 0- 
deacetylated and pyridylaminated acetolysis product mixtures of peracetylated LN-3. 

Glycosyl-sequence analysis. The glycosyl sequence of the per-0-alkylated 

oligosaccharide-alditols has been analyzed by GLC-MS. 15-19 Per-0-methylated LN-3 

was partially hydrolyzed to give several products, which were reduced and then ethylated. 

The resulting per-0-alkylated oligosaccharide-aldilols were subjected to GLC-MS. The 

total ion chromatogram showed five prominent peaks (Figure 4). Selected-ion monitoring 

at mlz 121, 219, and 233 indicated the presence of a characteristic fragment of PA-sugar 

at Rt 7.6 and per-0-alkylated oligosaccharide-alditols at Rt 9.3, 10.1, and 10.5. 

In  the El mass spectrum of a PA-per-Oalkylated alditol at Rt  7.6, the molecular 

ion peak at mlz 356 was observed and assigned to fragment [a] (Figure 5). The cleavages 

between C-1 and C-2, and between C-3 and C-4 of the PA-per-0-alkylated alditol, 

reported by Hase et d 2 0 ,  were clearly detected in EI mass spectra 

A peak, fragment [b] at Rt9.3 shows characteristic ions at mlz 88, 101, 201, 233, 

263, 323, 377, and 409 (Figure 6). The fragment ion at mlz 233 agrees with an A1 ion 

and indicates that the nonreducing glycosyl group bears an 0-ethyl group. A1 ions from 

partially methylated, partially ethylated oligosaccharide-alditols can lose methanol or 
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Figure 4. Total-ion and selected-ion chromatographic traces of per-0-alkylated 
oligosaccharide-alditools from reduced and ethylated hydrolysis products of permethylated 
LN-3. 
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ethanol to yield A2 ions. The occurrence of A2 ion at mlz 201 and HI ion at mlz 88 

indicates that an ethyl group is substituted at 0 6  of the glycosyl residue and not at 0-3. 

The fact that the per-0-alkylated alditol residue bears two 0-ethyl groups is verified by the 

occurrence of the 52 ion at mlz 263. The ion at mlz 409 is yielded by cleaving the C-C 

bonds of the alditol portion between C-2 and C-3, and C-4 and C-5. There are two ways 

to give the ion peak at mlz 409. However, the evidence obtained by glycosyl-linkage 

analysis aforementioned excludes the possibility of the presence of a (1-+4)-1inked 

residue. Thus the per-Oalkylated disaccharide-alditol is ( 1 +3)-linked. 
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Figure 5. EI mass spectrum of a PA-per-0-alkylated alditol, fragment [a] at Rt 7.6. 

I '  ' ' CH,OMe 
OMe i 

loo 200 300 400 500 
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Figure 6. EI mass spectrum of a per-0-alkylated disaccharide-alditol, fragment [b] 
at Rt 9.3. 
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826 KOBAYASHI, TAI, AND KAWAZU 

A peak, fragment [c] at Rt 10.1 shows characteristic ions at rnlz 88, 101, 159, 

187, 191, 219, 249, 263, 323 and 351 (Figure 7). The fragment ion at rnlz 219 agrees 

with an A1 ion, and corresponds to the nonreducing glycosyl terminal of LN-3 due to the 

absence of ethyl groups in this fragment. The A2 ion at rnlz 187 and the HI ion at rnlz 88 

are yielded as shown in Figure 7. The fragment ion at rnlz 263 is assigned to a J2 

fragment Ions at mlz 191, 249, and 351 are rationally assignable to the fragments from 

the alditol chain. These ions establish that the per-Oalkylated disaccharide-alditol is 

(1-+6)-linked. 

A peak, fragment [d] at Rt 10.5 shows characteristic ions at mlz 101, 102, 159, 

187, 191, 201, 233, 263, 337 and 351 (Figure 8). The fragment ion at rnlz 233 agrees 

with an A1 ion, and indicates that the nonreducing glycosyl group bears an Qethyl group. 

The formation of the predominant A2 ion at mlz 187 from the A1 ion at rnlz 233 indicates 

that 0 3  of the glycosyl residue is substituted with an ethyl group. This is further 

supported by the presence of the abundant H1 ion at rnlz 102. The fragment ion at rnlz 

263 is assigned to a 52 fragment. The presence of an ethyl group on 0 3  of the 

nonreducing glycosyl group is also confirmed by the mass of the J1 ion19 at rnlz 337. 

Ions at mlz 191, 263 and 365 are also rationally assignable to the fragments from the 

alditol chain. These ions establish that the per-Qalkylated disaccharide-alditol is (1-6)- 

linked. 

The structure of LN-3. The elicitor-active oligosaccharide, LN-3 was a PA- 

hepta-P-Dglucoside. 12 Based on the analyses of glycosyl-linkage and fragmentation by 

acetolysis, LN-3 is a linear pyndylaminated hepta-p-glucoside which consists of a PA- 

laminaribiose unit at the reducing end, and a glucose and two laminaribiose units with 

three p-( 1+6)-linkages. 

In the glycosyl-sequence analysis, the fragment [c] clearly shows that the 

glycosyl-linkage at the nonreducing end is 6-linked. This allows us to depict the structure 

of LN-3 (Figure 9). The fragments, [a], [b] and [d] further support this structure. 

LN-3 is the first elicitor prepared from a neutral polysaccharide, which occurs 

widely in nature. Introduction of the pyridylamino group into the elicitor-active 

oligosaccharides not only sustained the elicitor activity but enhanced it. 12 The minimum 

sugar unit required for the exertion of elicitor activity is being examined in our laboratory. 
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h ..i II 

CH,OEt 

H -!- OMe 

827 

Figure 7. EI mass spectrum. of a per-0-alkylated disaccharide-alditol, fragment [c] 
at Rt 10.1. 

Md)H 
159 f 

CH,OEt 
H+OM. 

100 200 300 400 500 

mh- 

Figure 8. EI mass spectrum of a per-0-alkylated disaccharide-alditol, fragment [d] 
at Rt 10.5. 
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828 KOBAYASHI, TAI, AND KAWAZU 

Fragment [b] Fragment [b] -- 
,--- 

Fragment [c] Fragment [d] Fragmont [d] Fragment [a] 

Figure 9. A primary structure of an elicitor-active oligosaccharide, LN-3. 

EXPERIMENTAL 

Preparation of elicitor-active oligosaccharide, LN-3 from algal 

laminaran. Laminaran from Eiseniu bicyclis (Tokyo Kasei Kogyo Co., Tokyo) was 

commercially available. Laminaran was hydrolyzed with p-( 1 +3)-glucanase. With the 

guidance of elicitor activity in alfalfa cotyledons, the hydrolysate was fractionated by 

means of charcoal and gel-filtration column chromatography. The pyridylamino group 

was introduced to the elicitor-active oligosaccharides in order to facilitate isolation. An 

elicitor-active oligosaccharide, W - 3  was purified by ODS-HPLC as described. 12 

Methylation of elicitor-active oligosaccharide, LN-3. Per-O- 

methylation was accomplished by a modified Hakomori procedure. 21 LN-3 (3.0 mg) 

was lyophilized overnight in vacuo at -58 “c. The LN-3 was dissolved in dry dimethyl 

sulfoxide (345 ELL), and 3.6 M potassium dimethylsulfinyl anion (55 pL) was slowly 

added. The mixture was stirred for 2 h at room temperature. Methyl iodide (12.3 pL; 

equimolar to the potassium dimethylsulfinyl anion) was added at ice-bath temperature, 

and then the solution was stirred for 1 h at room temperature. The addition of potassium 

dimethylsulfinyl anion and methyl iodide was repeated twice in the same way, except that 

the last addition of methyl iodide (100 pL). The sample was stirred overnight. The 

reaction mixture was diluted with water (2.0 mL), and extracted twice with chloroform 

(2.0 mL). The extracts were combined, washed six times with water (2.0 mL), and 

concentrated to dryness under a stream of nitrogen. The per-O-methylated LN-3 ( 1.9 mg) 

was purified by preparative TLC (Kieselgel60 F2s4; MERCK; 7:2: 1 v/v benzene : acetone 

: methanol). 
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ELICITOR-ACTIVE OLIGOSACCHARIDE 829 

Glycosyl-linkage analysis. The per-0-methylated LN-3 (100 pg) was 

hydrolyzed with 2 M TFA (75 pL) for 1 h at 120 T. The mixture was dried under a 

stream of nitrogen. Methanol was added and the solution was concentrated to dryness. 

This procedure was repeated five times. The resulting partially O-methylated 

monosaccharide derivatives were reduced for 3 h at room temperature with a 50-pL 

aliquot of an ethanol solution of sodium borohydride (10 pg of NaJ3H4/pL) containing 1 

M ammonia. Acetic acid and methanol were added, and the solution was concentrated to 

dryness. The residue was acetylated with acetic anhydride and pyridine for 12 h at room 

temperature. The partially O-methylated alditol acetates were dissolved in acetone, and 

injected into the GLC-MS. A JEOL Automass 20 system equipped with a Hewlett- 

Packard model 5890 gas chromatograph was used for GLC-MS analysis. A DB-1 (J and 

W Scientific) capillary column (30 m x 0.25 mm i.d. ; 0.4 pm) was used for the analysis. 

The temperature program consisted of holding for 3 min at the injection temperature of 

150 T and then raising the temperature at 6 Umin  to 240 “c. The gas-chromatographic 

effluent was ionized by electron impact at 70 eV. 

Analysis of fragments by acetolysis. A procedure analogous to that 

reported22 was employed for the fragment analysis. LN-3 (25 pg) was first aceqlated 

with pyridine and acetic anhydride (40 pL each) for 15 min at 100 “C. Toluene was 

added to the reaction mixture and then the solution was concentrated to dryness. The 

ace5lated LN-3 was treated with 40 pL of a mixture of acetic anhydride-acetic acid- 

sulfuric acid (10: 10: 1; v/v) for 10 h at 37 “c. Then, 8 pL of pyndine was added. The 

dried residue was dissolved in 800 pL of water, saturated with sodium hydrogen 

carbonate. The solution was extracted with 1 mL of chloroform (x 3). The extracts were 

combined and dried over sodium sulfate. The sample was divided into two groups 

(experiments A and B). 

Procedure A was employed to verify the fragments from the reducing end. An 

aliquot of the sample was placed in a glass tube (4 10 x 100 mm) and 250 pL of 

anhydrous hydrazine was added. The tube was sealed under vacuum, and heated at 100 

“c for 22 h. After N,O-deacetylation, hydrazine was removed in vacuo. The residue was 

dissolved in 500 pL of NaHCQ-saturated water and the pH was adjusted to 3 by adding 
a Dowex 5OW-X8 (100-200 mesh; The Dow Chemical Co.). The resin was transferred 

to a minicolumn and then washed with ten bed volumes of water. The sugar fragments 
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830 KOBAYASHI, TAI, AND KAWAZU 

were eluted with six bed volumes of 1.4 M aqueous ammonia, and the eluate was 

concentrated to dryness. The residue was dissolved in 100 pL of water for HPLC 

analysis. 

Procedure B was used to verify the fragments from the nonreducing end. An 

aliquot of the sample was placed in a 0.3-mL Mni-Vial (GL Sciences Co., Tokyo). The 

sample was dissolved in 50 pL dry methanol, and 50 pL of 0.2% sodium methoxide in 

methanol was added. The mixture was allowed to stand for 1 h at room temperature. 

Acetic acid (1 pL) was then added and the solution was concentrated to dryness. The 

residue was pyridylaminated. ’3.24 The reaction mixture was chromatographed on a 

Dowex 5OW-X8 column as described above. The eluate was further purified on a 

TSKgel TOYOPEARL HW-40s (TOSOH Co., Tokyo) column ($ 1.0 x 30 cm). The 

flow rate was 0.4 mUmin and 0.1 M ammonium hydrogen carbonate was used as eluent. 

The pyndylamino derivatives were obtained by HPLC peak collection. The eluate was 

concentrated in ~ ( I C U O ,  and then dissolved in 100 pL of water. 

The sample (5 pL each) was subjected to HPLC analysis and identified by co- 

chromatography with authentic PA-glucose and PA-laminaribiose, prepared from D 

glucose and laminaribiose (Seikagakukogyo Co., Tokyo). HPLC conditions were as 

follows: HITACHI, L-6200 Intelligent Pump; L- loo0 Fluorescence Spectrophotometer 

(excitation: 320 nm, emission: 400 nm); L-5020 Column Oven (at 30 T); D-2500 

Chromato-Integrate; Inertsil ODs (4 4.6 x 250 mm, 5pm; GL Sciences Co., Tokyo); 

flow rate, 0.5 mumin; eluent, 1% acetic acid in water jvlv). 

Glycosyl-sequence analysis. The per-Omethylated LN-3 (600 pg) was 

partially hydrolyzed with 90% formic acid (200 pL) for 1 h at 80 “c. The formic acid 

was evaporated under a stream of nitrogen. The sample was then reduced with sodium 

borohydride. The resulting partially 0-methylated oligoglucosyl-alditols were desalted on 

a Sep-Pak Ci8 cartridge (MILLIPORE). The cartridge was washed with 10 mL of water 

and eluted with 5 mL of 70% methanol in water. The dried sample was dissolved in dry 

dimethyl sulfoxide (345 pL), and 3.6 M potassium dimethylsulfinyl anion (55 pL) was 

slowly added. The mixture was stirred for 2 h at room temperature. Ethyl iodide (100 

pL) was added, and the solution was stirred for 4 h at room temperature. The mixture 

was extracted with chloroform as described in the methylation procedure. The solution 

was concentrated and subjected to preparative TLC (Kieselgel 60 F254; MERCK; 7 2 1  
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ELICITOR-ACTIVE OLIGOSACCHARIDE 83 1 

viv benzene : acetone : methanol). The per-Oalkylated oligosaccharide-alditol fraction 

was dissolved in acetone. The GLC-MS analysis was performed under the previous 

condition except for the column temperature. The temperature was programmed to remain 

at 160 T for 2 min, and then rise from 160 to 220 T at 30 Tlmin, and finally from 220 

to 300 T at 8 Tlmin. 
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