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Rico, were extracted continuously with CHCls for 3 days and exhibited peaks at m/z (rel. mt.): 247 [M] + (1.9), 167 (25.5) and 8 1 
worked up in the usual fashion [9]. TLC of the crude gum (5g) (100). 
indicated the presence of a large number of relatively non-polar 
substances, each in rather small amount, which could not be. 
characterized satisfactorily. Extraction of the roots (25Og) gave 
3.5g of crude gum which was absorbed on 5g silicic acid 
(Mallinckrodt, 100 mesh) and chromatographed over 200 g of the 
same absorbent packed in hexane, 25Oml fractions being col- 
lected as follows: l-2 (hexane), 3-6 (hexan*EtOAc, 19: 1) 7-10 
(hexane_EtOAc, 9: l), 11-14 (hexancEtOAc, 4: 1), 15-18 
(hexane-EtOAc, 3:2), 19-22 (hexaneEtOAc, 2:3), 23-26 
(hexane-EtOAc, 1:4), 27-28 (EtOAc), 29-30 (EtOAcMeOH, 
19: 1) and 31-32 (EtOAc-MeOH, 9: 1). Fraction 8 upon put%- 
cation by TLC (C6H6-EtOAc, 9:l) gave l5mg costunolide. 
Fraction 9 on standing in hexantEtOAc deposited 22mg of a 
mucture of sitosterol and stigmasterol. Fraction 12 showed two 
spots; separation by prep. TLC (CsHs-EtOAc, 9: 1)yielded 70mg 
of a mixture of linolenic and stearic acids as the less polar 
material. The lower band on purification by TLC (7% 
AgNOJ-&lica gel, C,H,-EtOAc, 9:1, several developments) 
furnished the unstable amides 2 (22 mg) and 3 (24 mg). ‘H NMR 
spectral data are reported in Table 1. Amide 3 had IR bands 
(CHCI, at 3400 br, 1670 and 1670 cm-‘); the low-resolution MS 
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Ahstrac&-Ononitol (4-0-methyl-myo-inositol) was identified as a major carbohydrate in Pisum sativum nodules, 
comprising 25-34 % of the total mono- plus disaccharides in nodules formed by two Rhizobium leguminosarum strains. 
Ononitol was purified from Glycine mttx nodules and was found to be a minor carbohydrate in these nodules. The 
distribution of ononitol in bacteroids and cytosol from soybean nodules suggests that it is not synthesized by 
bacteroids. 

In the analysis of TMSi derivatives of carbohydrates from 
pea (Pisum sativum) nodules by GC, a major peak was 
found with a retention time very similar to that of 
sequoyitol (5-O-methyl-myo-inositol) using a column of 
3 % OV-17 and a temperature programme of 1 SO” (8 min 
hold) increasing at Y/min to 240”. However, the retention 
time of the unknown, relative to penta-TMSi-B-phenyl- 
glucose (internal standard), was consistently 0.02 units 
different from the RR, of TMSi sequoyitol. 

The unknown was a neutral compound as indicated by 
its failure to bind to columns of Dowex SO-H+ or Dowex 

I-formate. The unknown was hydrolysed only under 
harsh conditions (3 M HCl, 105” for several hr). Hydroly- 
sis for increasing periods of time (l-l 3 hr) gave increasing 
amounts of a compound, the TMSi derivative of which co- 
chromatographed precisely with TMSi myo-inositol on 
OV-17. The decrease in unknown was proportional to the 
increase in myo-inositol. 

The neutrality and remarkable stability of the unknown 
and the hydrolytic conversion of the unknown to myo- 
inositol indicated that the compound was an O-methyl- 
cyclitol in the myo-inositol family. Only three O-methyl 
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derivatives of myo-inositol are known to occur in nature: 
sequoyitol, bornesitol (l-0-methyl-myo-inositol) and 
ononitol(4-O-methyl-myo-inositol) [l-3]. Authentic bor- 
nesitol was easily separated from the unknown cyclitol in 
pea nodules under the conditions described above. 
However, sequoyitol and ononitol could not be separated 
either as TMSi or acetyl derivatives on packed columns of 
3% OV-17, 3% SP-2100, or 5% SE-52 using several 
different temperature programmes with each column. 

As recently reported by Binder and Hadden [2], 
sequoyitol and ononitol were separated on a 2 % Silar 1OC 
column. When a temperature programme of 145” (10 min) 
increasing at 1 O’/min to 245” was used, the retention times 
of TMSi ononitol and TMSi sequoyitol were 12.06 and 
12.22 min, respectively. When a programme of 180” 
(5 min) increasing at lO”/min to 245” was used, the 
retention times of penta-O-acetyl ononitol and pen&O- 
acetyl sequoyitol were 12.46 and 13.39 min, respectively. 
Under these conditions, the unknown cyclitol from pea 
nodules had a retention time identical to that of ononitol. 
When authentic TMSi or acetyl ononitol was added to the 
samples, a peak without shoulders having the retention 
time of ononitol resulted. 

I previously identified D-pinitol (3-O-methyl-chiro- 
inositol), D-chiro-inositol, and myo-inositol as major 
carbohydrates in soybean nodules [4,5] and suggested 
that sequoyitol was a minor cyclitol present in soybean 
nodules [4]. In attempting to confirm this identification 
using the Silar 1OC column it was found that chiro-inositol 
chromatographs very close to the minor cyclitol and, 
because of the very large amount of chit+inositol present, 
a clean separation could not be achieved. 

A small amount (=G 10 mg) of the minor cyclitol was 
purified from ca 1 kg of soybean nodules. The product, 
which appeared > 99 % pure based on GC analysis, co- 
chromatographed with ononitol using the Silar 1OC 
column and the conditions described for analysis of the 
pea nodule cyclitol. It was concluded that ononitol is a 
major carbohydrate in pea nodules and a minor carbo- 
hydrate in soybean nodules. Thus, previous reports [4,6] 
suggesting the presence of sequoyitol in soybean nodules 
are incorrect. 

Ononitol comprised 92-97 % of the total cyclitols and 
25-34x of the total mono- plus disaccharides in pea 
nodules formed by two strains of Rhizobium legumino- 
sarum (Table 1). In contrast, ononitol comprised only 9 % 

of the total cyclitols and 4% of total mono- plus 
disaccharides in soybean nodules grown at the same time 
and under the same conditions. 

In the analysis of relative concentration of carbohy- 
drates in bacteroids and cytosol from soybean nodules we 
find three different patterns (Fig. 1): (a) &c+trehalose, 
which is synthesized in bacteroids [7] and which is largely 
retained by bacteroids; (b) compounds like myo-inositol 
which are apparently synthesized in bacteroids but which 
are recovered largely in the cytosol; (c) compounds like 
ononitol which are apparently synthesized in plant parts 
other than nodules. Compounds in class (b), which 
includes chiro-inositol, have concentrations in nodules 7- 
to IO-fold greater than other plant parts [4] and show 
declining concentrations in bacteroids in experiments like 
that illustrated in Fig. 1. Compounds in class (c), which 
includes pinitol, sucrose, glucose and fructose, have 
concentrations in nodules which are similar to or less than 
concentrations in other plant parts [4] and low and 
constant concentrations in bacteroids in experiments like 
that illustrated in Fig. 1. Thus, while the difference in 
ononitol concentration in pea nodules formed by different 
Rhizobium leguminosurutn strains (Table 1) might be 
interpreted to indicate synthesis in bacteroids, the distri- 
bution of ononitol in soybean nodules is very similar to 
that of sucrose or pinitol and this distribution pattern 
does not indicate synthesis of ononitol in bacteroids. 

While ononitol has long been known as aconstituent of 
higher plants, there are no reports, to my knowledge, 
regarding the biosynthesis of ononitol. Ononitol has 
recently been reported to be a probable precursor of D 
pinitol in Simnwndsia chinensis [8]. Galatosyl ononitol 
has recently been reported as a constituent of the seeds of 
Vigna ungukzris [9] and ononitol is apparently widely 
distributed among legumes [3]. (D-( +)-Ononitol is the 
only isomer reported to occur in nature [ 11). The role of 
cyclitols in legume nodules is unknown. In soybean 
nodules, none of the cyclitols is readily labelled by 
incoming [14C]photosynthate [7]. Perhaps the cyclitols 
play some osmotic role as has recently been suggested for 
pinitol in Sesbaniu aculeata [lo], and also for ononitol, a 
major carbohydrate in most Vigna species [ 111. 

EXPERIMENTAL 

Plant material. Seeds of soybean, Glycine max cv Beeson and 
pea, Pisum sativum cv Alaska were planted in pots containing 

Table 1. Concentration of cyclitols in root nodules of Pisum sativum and Glycine max 

Rhizobium 
strain cyclitol 

% of total 
Con& % of total monosaccharide t 

(m&g fr. wt) cyclitol disaccharidet 

Pisum sativum 128C53 

Pisum sativum 128C78 

Glycine max NR-64 

Ononitol 
myo-Inositol 
Ononitol 
myo_Inositol 
Pinitol 
chiro_Inositol 
myo-Inositol 
Ononitol 

3.23 (0.31) 97 34 
0.10 (0.01) 3 <l 
1.37 (0.32) 92 25 
0.12 (0.01) 8 <l 
0.55 (0.01) 24 11 
0.62 (0.02) 27 12 
0.90 (0.04) 40 18 
0.19 (0.01) 9 4 

*Mean, and s.e. in parentheses, of 3 replicates. 
tIncludes fructose, glucose, sucrose, K,K-tdMbSC, maltose and the cyclitols shown. 
*Derivative of 6lA76. 
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Fig. 1. Proportional concentrations of carbohydrates m bac- 
teroids as a function of time after grinding soybean nodules. 
Nodules were formed by Rhizobium japonicum USDA 110. 
Nodules were ground in water (1”) and the rmxture was filtered 
through four layers of cheesecloth. The extract was kept at 1” for 
varying periods of time before centrifugation at 27 000 g for 2 
min. Bacteroids and cytosol were mixed with hot (80”) 95% 
ethanol and, after extraction of bacteroid metabobtes, carbohy- 
drate concentratron was determined and expressed as % of total 
compound in bacteroid + cytosol fractrons. For ga-trehalose 
and ononitol, there was a small decline (6 “/,) in the total amount 
of compound recovered during the time period shown (first three 
samples vs last three samples). For myo-mositol, there was no 
decline in the total amount of compound during the period 
shown. The mean concentrations (across all times) of trehalose, 
myc-inositol and onomtol m bacteroids were 126, 271 and 
23 pg/g fr. wt, respectively. The lines shown are the calculated 

regressron lines. 

14 kg of washed, autoclaved silica sand Seeds were maculated 
with liquid cultures of Rhizobium leguminosarum or R. japomcum 
and plants were irrigated twice daily with a nutrient solution 
lacking combined N [7]. Nodules were obtained from plants 
35-55 days after planting. 

Extraction and analalys~s. Whole nodules were ground with 95 % 
EtOH and, after centnfugation, the sobd residue was extracted 3 
times with 75 % EtOH. Combined extracts were dried in uacuc 
and sohds were dissolved m Hz0 and stored with a few drops of 
CHC& at 1”. Aliquots of the aq. soln were dried in small vials with 
a stream of air. 

kiids wem dksohed in pyridme and TMSi derrvatives formed 
using HMDS (200 pl) + TFA (20 pl) (30 min, room temp.). Acetyl 
derivatives were formed by dissolving solids m AcsO (2OOpl) 
+ TFA (20 pl) and heating (70”) for 30 min. Acetyl derivatives 
were dried under Ns at 50” and redissolved in pyridine for 
injectron into the GC. 

C~UIUIISO~~% OV-17,3%SP21OO,and 5 %SE52 were 1830 
x2mm and the 2% War 1OC column was 305Ox2mm. 

Injection and detector (FID) temps were 285 and 330°, respect- 
ively, and the carrier gas was He at a Bow rate of 30 mf/min. 

Pvrjfieation of ononitol. Soybean nodules were extracted with 
EtOH as described above. The aq. extract was passed through 
tandem 2 x 20 cm columns of Dowex 50 (H+) and Dowex 1 
(OH-) which remove sugars as well as all iomxable compounds 
[6]. Column e&tent was dried in uacrw; solids were dissolved in 
water and streaked on S & S 2043b paper. Papers were irrigated 
(descending) with MesCO-Hz0 (17:3) [12] for 13 hr. Papers 
were dried and cyclitols were located on 2 cm strips on both edges 
of the paper using AgNOs [12]. The ononitol streak was eluted 
from the center of the paper with water. Ononitol was con- 
taminated (co 10%) with D-chiro-inoatol, but purity > 99 % 
could be. obtained by re-chromatographing the ononitol unng 
the same system. 
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