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Abstract-The neostigmine-inhibited hydrolysis of acetylthiocholine has been found in extracts prepared from 
23 species from five of the 24 families assayed: Characeae, Cruciferae, Graminae. Leguminosae, and Solanaceae 
but not present in 33 other species. In no case was activity found in all species tested from the five positive fami- 
lies. In extracts prepared from Phusrolus aureus Roxb. there was an agent which decolorizes the product formed 
in the calorimetric assay used for assaying cholinesterase. This decolorant is heat-inactivated and partially dialyz- 
able. 

INTRODUCTION 

ACETYLCHOLINE’,~ and a cholinesterase3 have been identified in extracts prepared from 
tissues of Phaseolus aureus, the mung bean. In order to define further the role of these 
molecules in plants we have sought to localize cholinesterase activity in P. aureus and to 
determine its distribution in the plant kingdom. In P. aureus, cholinesterase activity has 
been identified in all of the organs examined;4 and in the roots the enzyme is associated 
with the cell wall4 We now describe the results of a survey of a number of plant species 
which we have assayed for cholinesterase activity. 

Survey of plants 
RESULTS 

Neostigmine-inhibited enzymatic hydrolysis of acetylthiocholine was found in 23 species 
from five families (Table 1): Characeae, Cruciferae, Graminae, Leguminosae and Solana- 
ceae. Extracts prepared from other species of these families contained no detectable hydro- 
lytic activity; and in Zea mays hydrolytic activity was identified in only some plant organs 
and appears to be absent from others. 

Decolorizing activity 

In assaying for cholinesterase activity, there are several reasons, besides its absence, that 
may account for a lack of demonstrable activity. One, is that the colored reaction product 

* Part IV in the series “Cholinesterases from Plant Tissues”. For part III see FLIICK. R. A. and JAFFE., M. J. 
(1974) Plant Physiol. 53, 752. 

1 JAFF~, M. J. (1970) Plant Physiol 46, 768. 
’ JAFFE, M. J. (1972) in Rrcent Advances in Phytochemistry (RUNECKLES, V. C. and Tso, T. C., eds.). Vol. V, pp. 

81~104, Academic Press, New York. 
3 RIW. J. and JA~FI M. J. (1973) Plant Physiol. 51. 520. 
4 FLUCK, R. A. and JAFF~. M. J. (1974) Plant Physiol. 53, 752. 
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TABLE 1. Continued 

Plant Plant part 
Method of 
extraction Activity 

Trif’liu!tt praterw L. cv. Kenland red 
Tr+ofolium rrprns L. 
Triyorwlla Foenum-Gruecum L. 
Vicia faha L. 
Vigna sinrnsis (L.) Savi 

Lemnaceae 
Lemna perpusilla Torr. 6146 Landhok 

Liliaceae 
Allium cepa L. cv. Downing yellow globe 

Palmae 
Cccos rrucific-a L. 

Rosaceae 
Frayaria chiloensis Duchesne var. ananassa 

Bai1e.v 
Saxifragaceae 

Berg&u cordifoliu (I,.) Sternb. 
Scrophulariaceae 

Antirrhinum majus L. cv. T scan 
Solanaceae 

Rutgers 
Nicotia/ra alata (Moore and Otto) Link and 

Otto var. grandijora Comes 
Pcarnia hyhriuk Wm. 
Sc~anum cn&rc~erru L. cv. Black Beauty 
S. tuberosum L. 

Umbelliferae 
Daucus carota L. var. sativa DC 

Urticaceae 
Laportea canadensis Gaudich. 
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* E = endosperm; F = flowers; L = leaves; R = roots; S = stems; WP = whole plant. 
t X = extracted according to experimental; P = particulate fraction prepared according to experimental 
: Dark-gronn @n&. 
# See Note added in proof. 

2-nitro-Wniabenzoate, wItkIt is formed during tkte assay- for acti~ky K&&C he deco&~- 
ized by a component present in the extract. Such a decolorizing’component has now been 
found in Phrrseolzls DzkTezIs. The atkkIion of an a$quot DE ~DDI extract Sxorn P. .0>jTezIs ZD 

a solution containing 2-nitro-5-thiobenzoate results in a rapid bleaching of the solution 
(Fig. 1): within 5 min the A,rz of the solution decreased to 25% of the original value. The 
decolorant activity was destroyed by heat and decreased following dialysis. Pre-incubation 
of the extract with 50 ,uM neostigmine bromide for 30 min at 37” did not affect the rate 
or extent of bleaching. 

DISCUSSION 

The hydrolysis of choline esters by extracts of various plants has been described in other 
reports. 5-7 In many of these studies, however, no effective controls were used to identify 
or characterize the enzyme which caused the hydrolysis. The criterion that has often been 

’ JANSEN, E. F., NUTTING, M. D. F. and BALLS, A. K. (1948) _!. Biol. Chrm. 175, 975. 
’ MOUNTER. L. A. and MOIINTEK, M. E. (1962) Bioch, m. J. 85, 576. 
’ SCHWAKZ, H. M., BIED~RON. S. I., VON HOLDT, M. M. and REHM, S. (1964) Phytochrmistry 3, 189. 
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i used for demonstrating cholinesterase activity in plant extracts- ’ is its inhibition by phy- 

sostigmine, a potent inhibitor of animal cholinesterases.“‘.’ ’ This is probably an unfor- 
tunate choice because physostigminc is a relatively poor inhibitor of mung bean cholines- 
terase. In some cases’.’ the choline esters wcrc probably hydrolyzed by general esterases. 
However, the characteristics of the hydrolysis of acctylcholine by these enzyme prep- 
arations differ sharply from those observed with cholinesterasc from P. LIL~IXW.~ with respect 
to such properties as optimal substrate concentration and K,,. The cholinesterase from 
P. IIIIIWS displays substrate inhibition with 1 Oo”,, inhibition at substrate concentrations 

I I 

0 200 400 600 

set 

greater than 1OmM.” However. a commercial preparation of wheat germ esterase W;~S 

reported to hydrolyze acetylcholine at a substrate concentration of I M.” Furthermore. 
the K, of acetylcholine for the cholinestcrasc from P. LIIIIWIS and for citrus acetyl csterasc 
are 73 pM3 and 1.6 M5. rcspectivcly. 

In this work we have used as criteria for cholinesterases their inhibition 1~1, neostigmine, 
their localization in the ccl1 wall, and a special extraction proccdurc. all of which were 
found to characterize the cnzymc from P. UUWI~.S.~ The hydrolysis of acetylthiocholine. 
which is inhibited bl 25 /IM neostigmine bromide. has been found in 33 species in five 
families. The enzyme in Raphrrr~us .sa~ir~rs may be related to the sinapinc esterasc extracted 
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from Brassica hirtu, which has been shown to hydrolyze acetylcholine.” The presence of 
cholinesterase activity in Nitella fkxilis has been reportedI but our findings are 
equivocal (Table 1). It is interesting to note that in the stinging nettle, whose toxic principle 
is a mixture of acetylcholine and histamine14 and which contains an enzyme for synthesiz- 
ing acetylcholine,’ 5 no demonstrable cholinesterase activity has been found. Nor is any 
demonstrable cholinesterase activity present in the closely related nettle, Laportea cunu- 
densis (Table 1). 

The absence of cholinesterase activity from many plant preparations does not necess- 
arily imply that the enzyme is not present in the intact plant. For example, the enzyme 
activity could be lost during the preparation of the extracts either by irreversible inhibition 
by compounds in the tissue’6-’ a or by extraction or fractionation procedures that are ideal 
for P. uureus but not for other species. However, it should be noted that we haye identified 
cholinesterase activity in the leaves of Solunum tuberosum which have been shown to con- 
tain an inhibitor of cholinesterase activity. 19,“Another possible explanation for the appar- 
ent absence of cholinesterase activity from some plant extracts is that the enzyme may be 
present in amounts below the level of detection of the assay. In general, plants containing 
lOO-fold less cholinesterase activity (on a fresh weight basis) than P. uureus would have 
enzyme levels not detectable by our method. The presence of decolorant activity in a tissue 
extract could also minimize the apparent amount of cholinesterase activity present. In 
addition to the decolorizing agent(s) reported here from beans, a decolorant of 2-nitro-5- 
thiobenzoate is also present in sea urchin extracts;21 and although it is also destroyed by 
heating, it is completely dialyzable. 

When we began this survey of plant species, we had hoped that the distribution of cho- 
linesterase in the plant kingdom might provide an insight into the role of acetylcholine 
in plant metabolism. However, the presence of the activity in a few widely dispersed plant 
groups and its apparent absence from other members of these same groups make a func- 
tional interpretation on this basis impossible at present. We have tentatively identified the 
hydrolytic activity in Zea muys, Nitella sp., and the solanaceous plants as cholinesterases. 
However, the properties of these enzymes will have to be investigated in more detail before 
we can conclusively identify them. 

EXPERIMENTAL 

Plants. Lernrta pc,rpusi/la Torr. 6746 Landhok and Hordrum wlguw L. cv. Atlas 68 were provided by Dr. Jerry 
McClure. Miami University, Oxford. Ohio; seeds of Ammmt/u~s ~.et~.oflc.~u.s L. were a gift from Dr. R. E. Holm. 
Diamond Shamrock Corporation. Painesville. Ohio; Zeu UUJ~S L. Hulting X440 was provided by C. E. Fluck, 
Hulting Hybrid Corn Co.. Geneseo, Illinnois. Nettle (Laportru cunudrmsis Gaudich.) leaves. redbud (Cercis carla- 
drnsis L.) flowers, evalasting sweet pea (Lathyrus latifolia L.) flowers, and M~iophyll~m e?tulhrscens L. were col- 
lected locally. Nitella sp. was purchased from Carolina Biological Supply Co.. Burlington, North Carolina. Seeds 
of other plants were purchased from commercial sources. The seeds were either sown in vermiculite and placed 

” TZAGALOFF, A. (1963) Plant Physial. 38, 207. 
I3 DETTBARN. W. D. (1962) Nature 194, 1175. 
I4 EMMELIN. N. and FELD~ERG, W. (1947) J. Physiol. 106, 440. 
l5 BARLOW. R. B. and DIXON. R. 0. D. (1973) Biochem. J. 132, 15. 
” ANDERSON, J. W. (1968) Phytochm&q~ 7,‘1973. 
I7 HAISSIG. B. E. and SCHIPPER, A. L., JR. (1972) Anal@. Biochem. 48, 129. 
‘* OKGELL. W. H.. VAIDYA. K. A. and DAHM. P. A. (1958) Scirncr 128, 1136. 
I’) HARRIS, H. and WHITTAKER, M. (1962) Afin. Hum. Grnet., Land. 26, 73. 
*’ STREET. H. E.. KEIVYON. A. E. and WATSON. G. M. (1946) Ann. &/I/. Biol. 33, 1. 
” WOLFSON, N. (1972) J. Enlh~pol. Exp. Morphol. 28, 5 I 1. 
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