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Abstract-Extraordinary high levels of cGMP activity were detected in the fruits of Evodia rutaecarpa and E. 
oficinalis. The mature fresh fruits contained a cGMP-like substance in concentrations ranging from 10 to 
35 mmol/g dry wt, as determined by both a competitive binding assay and radioimmunoassay. The partially 
purified cGMP-like substance from E. rutaecarpa showed the same chromatographic properties (TLC and 
columns) as authentic cGMP and was decomposed by cyclic nucleotide-specific phosphodiesterase. 

While there have been several reports on the 
presence of adenosine 3’,5’-monophosphate (CAMP) in 
higher plants [l-31, there are only a few reports to 
show the temporary appearance of small amounts of 
guanosine 3’,5’-monophosphate (cGMP) in plants [4,5]. 
We found CAMP in Zizyphus jujuba [6-81, a plant 
frequently used in Chinese medicine. In a con- 
tinuation of these studies, we tested plants used in 
ancient Chinese medicine formulations for the pos- 
sible presence of cGMP. 

Boiling water extracts of 200 different plants were 
tested for cGMP activity by a competitive binding 
assay. Of these, the extracts of the fruits of Evodia 
rutaecarpa were positive. The active substance was 
partially purified by extraction with water and methanol 
followed by chromatography on Dowex 1 x4 
(Cl-) and alumina (Woelm N. Super I) columns. The 
partially purified cGMP-like substance had the same 
TLC properties as authentic cGMP. After incubation 
with cyclic nucleotide-specific phosphodiesterase at 
37” for 60 min, more than 95% of the activity disap- 
peared and 5’-GMP was detected by TLC. On further 
purification by rechromatography on a Dowex 
1 x 4 (Cl-) column and TLC, the cGMP-like sub- 
stance had the same UV and HPLC properties as 
authentic cGMP (Cyong, J., Takahashi, M. and 
Hanabusa, K., unpublished). These results indicate 
that the isolated substance is cGMP. 

As measured by the competitive binding assay and 
radioimmunoassay, the cGMP levels in mature fresh 
fruits of E. rutaecarpa and E. oficinalis ranged 
from 10 to 35 nmol/g dry wt. Moreover, both methods 
usually gave the same value on a given sample. Since 
boiling water extraction (X 3) may not completely 
remove all the cGMP bound to the plant tissue, this 
value is semi-quantitative and a conservative estimate 
of the concentration of cGMP. Nevertheless these 
values are markedly higher than those reported for 

animal tissue [9]. Comparative studies on the phy- 
siological effects of the cGMP and medical use of this 
plant are currently in progress. 

EXPERIMENTAL 

Plant material. E. rutaecarpa and E. oficinalis, imported 
from China, were purchased from Uchida Wakanyaku Co., 
Tokyo, Japan. Fresh samples were obtained from the Tokyo 
Metropolitan Botanic Garden. 

Assay. Samples were diluted serially from l/10 to l/1000 
with 50 mM acetate buffer, pH 4.0, and assayed for cGMP- 
like compounds by both the competitive binding assay [lo] 
and radioimmunoassay [ll]. Kits for these assays were 
purchased from Boehringer Mannheim, West Germany, and 
Yamasa, Japan, respectively. 

Extraction and isolation. In a typical isolation, fruits 
(250 g) of E. rutaecarpa were extracted (X 3) with boiling 
Hz0 and the filtered extract coned in uacuo, then extracted 
(X 3) with MeOH. The extract (100 ml) was coned in uacuo 
and passed through a column of Dowex 1 x4 (Cl-) 
(3 x 25 cm). After washing with 1.5 1. HzO, cGMP activity 
was eluted with 1.5 1. 0.05 M HCl (each fraction 15 ml). The 
active fractions (29-49) were bulked, coned (l.O5g), taken 
up in 5 ml 0.05 M HC02NH4, and then applied to a column 
of A1203 (Woelm N. Super I, 2 x 15 cm). After washing with 
SOOml HzO, the cGMP-like substance was fractionated 
(each fraction 5 ml) with 500 ml 0.05 M HC02NH4 and the 
active fractions (2&70) bulked and coned in uacuo (110 mg). 

Chromatographic comparison. The isolated cGMP-like 
substance and authentic cGMP had the same chromato- 
graphic behaviour in the following systems: cellulose, 
tAmOH-HCO*H-Hz0 (3 : 2: 1) R, 0.2; Si gel, EtOAc-ChHG- 
MeOH (1: 1:3) R, 0.38; Si gel, iso-PrOH-NH40H-Hz0 
(12:7: 1) R, 0.6. 

Sensitivity to phosphodiesteruse. The isolated cGMP-like 
substance (50 pmol/ml) was incubated at 37” for 60 min with 
5.4 munits of cyclic nucleotide-specific phosphodiesterase 
(EC 3.1.4.17) (Boehringer) in the presence of 5 mM MgC12 at 
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pH 8.6. The reaction was stopped by heating to 100” for 4. 

2 min. Almost 95% of the cGMP activity was lost. The 
formation of S-GMP was detected by TLC (Si gel, &H,- 5. 

EtOAc-MeOH, 1: 1: 3). 
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Abstract-Pectin lyase was superior to polygalacturonase for the extraction of onion cell wall pectic 
polysaccharides. Exhaustive treatment of onion tissue with pectin lyase solubilized 89% of the total uronides 
of the tissue. The galacturonides released from the tissue were separated into three fractions (10.7, 5.3 and 
84%, in order of MW) by gel filtration on Sephadex G-100. The low MW fraction was a mixture of 
oligogalacturonides. High and intermediate MW fractions were purified by DEAE-Sephadex column chroma- 
tography. The intermediate MW fraction was a rhamnogalacturonan II type component which contained 3- and 
3,4-linked rhamnose. Methylation analysis showed that the pectic polysaccharides of onion resembled those of 
potato tuber. 

INTRODUCTION 

Homogalacturonans or homogalacturonan regions of 
pectic polysaccharides in the cell wall contribute to 
tissue coherence by the ability of their chains to form 
bundles [l]. If galacturonan chains are greatly 
modified by insertion of rhamnosyl residues and 
branching, the cell walls lack cohesion [2]. Darvill ef 
ul. [3] isolated highly branched and complex pectic 
polysaccharides (rhamnogalacturonan II, RG-II) from 
the cell wall of suspension-cultured sycamore cells. 
Recently Ishii [4] has isolated a RG-II type com- 
ponent from potato tuber cell walls by purified poly- 
galacturonase (PC) treatment of the tissue. It was 
characterized by the existence of 3- and 3,4-linked 
rhamnosyl residues. 

The cell walls of onion are known to contain pectic 
polysaccharides [5,6]. It is of interest to know 
whether monocotyledonous plants contain RG-II type 
components in the cell wall. 

RESULTS AND DISCUSSION 

Pectin lyase (PL) solubilized 62.5% of the total 
uronides from onion tissue in 6 hr at 30”. while PC 
only solubilized 18%. Under the same condition 1.3% 
of the tissue uronides were released without enzyme. 
It has been demonstrated that susceptibility of plant 
tissue to enzymatic attack depends largely on enzyme 
specificity but not on enzyme concentration 171. 
Therefore, PL which is specific for methyl-galac- 
turonide linkages is essential for the extraction of 


