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PEA 

-us extracts of peas (Pzsum satwum L ) and green beans (Phaseolus vulgaris L ) were subJeeted 
to m ak#c@phoreers on polyaerylarmde-gel a-Naphthyl acetate and propronate were hydrolyzed m 
m to *maphthyl butyrate and naphthol AS acetate by most of the vegetable eaterases. At least 
I1 bg& dqagarase. aetrvny m green beans were separated mto three groups. Components of the two faster 

demonstrated s&ar substrate and mhrbrtor speer6emes and, hence, appeared to be 
components of the slowest migratmg group d&red m substrate speczfictty Results wrth 

a nikealed the presence of seven drstmet esterase bands. The srx slower mrgrating bands behaved 
aa M w 7, which may eontam four components, was more resrstant to organophosphorus mhtbrtors 
d lurJ ~renees m substrate speetktres from bands l-6 

INTRODUCTION 

E--IS, followed by characterization of the separated enzymes based on reaction 
with various substrates and inhibitors, has been an important contribution to the study of 
esterases.‘** Introduction of starch-gel and polyacrylamidegel as a medium for electro- 
phorek separations has increased the capacity to resolve proteins. Usmg these techniques 
the presence of multiple forms of esterases has been demonstrated in various plant species. 3 -g 
Recent reports from this laboratory lo-l3 demonstrate that considerable variation exists in 
regard to the number and substrate and inhibitor speckities of esterases in certain species. 

In the present study, esterases of the pea (Pisum sutnwn L.) and green beans (Phaseohs 
vulgaris L.) were separated by polyacrylamide-gel electrophoresis and their substrate and 
inhtbitor specificities were examined. 
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Substrate Specrfcrty 

RESULTS 

Actrvrty of bean esterase wrth four substrates IS shown m Fig. 1 A-D. At least 14 bands of 
esterolytnz act&y were separated into three groups. The slow-moving group, contaming 
bands l-5, constitutes group 1. Group 2, intermediate in mobility, appeared as a wide xoz 
of activity, which was later shown l4 to contain 5 bands. The fast-movmg components, 
bands 11-14, comprise group 3. 

Bands 1 and 2 in group 1 were active towards a-naphthyl acetate and propionate, but did 
not hydrolyze a-naphthyl butyrate. In contrast, all three of these substrates were hydrolyzed 
by bands 3, 4 and 5. Group 2 appeared to be similar to bands 1 and 2 of group 1 in that 
a-naphthyl acetate and propionate were attacked, whrle a-naphthyl butyrate was not. The 
three a-naphthyl substrates were hydrolyzed by group 3 with activity decreasing as the acyl 
chain length mcreased. In the zymogram produced with naphthol AS acetate as substrate, 
the bands appeared purple m color and became visible after 12 hr of incubation. The third 
group of esterase activity was more active toward this substrate than the first and second 
groups. 

At least seven bands of esterase activity are visible in the xymogram prepared from pea 
extract (Fig. 2 A-D). These bands may be divided into groups; the first group was slow in 
mobility and contained bands l-6 and the second group was band 7. a-Naphthyl propionate 
was the preferred substrate for the first group followed by a-naphthyl acetate and butyrate, 
respectrvely. The activity of band 7 decreased as the acyl chain on the a-naphthyl %%strates 
was Increased to the point where cr-naphthyl butyrate was hydrolyzed only slightly. All seven 
bands showed actrvity with naphthol AS acetate, but reqmred 7 hr of incubation to develop. 

Inhibitor Studies 

Inhibition by organophosphorus compounds has been the basis for the classi&tion of 
esterases.10”2*15 In the present studies, cGnaphthy1 acetate was employed as substrate to 
determine the effect of three organophosphorus inhibitors on the esterases separable by 
polyacrylamide-gel electrophoresis. The effect of various concentrations of diethyl p-nitro- 
phenyl phosphate (paraoxon) on the esterase activrty of green beans is shown in Fig. 1 E-H. 
Streaking of the bands was noticed in all gels incubated in Triton X-100, so sensitrvity of 
the individual bands to the inhibitors could not be determined. Group 1 was most sensitive 
to paraoxon, while groups 2 and 3 were more resistant and appeared to be of equal resistance. 
All the esterases were inhibited at 10e2 M paraoxon. In contrast to this, activity was present 
in both groups 2 and 3 at 10e2 M diethyl p-mtrophenyl thiophosphate (parathion) (Fig. 1 K). 
Hence, the substitution of the oxygen atom in paraoxon with the sulfur atom (parathion) 
decreases the inhibition of the green bean esterases. This observation is in agreement with 
previous work m this laboratory which showed that 60 per cent of the green bean esterases 
were mhibrted at 10e2 M paratluon.‘l 

Figure 1 M-P shows that the esterases in group 1 were inhibited at 10m4 M diisopropyl- 
phosphorofluoridate (DFP) and that those in group 3 were inhrbited at 10-j M DFP. 
Therefore, group 3, which was resistant to paraoxon and parathron, was inhibited by DFP. 
Thrs indicates that considerable variation exist in the sensitivity of these esterases to 
organophosphorus inhibitors. 

** P. S. v-RAPPA and M. W. MO rw30mFtY, Phytochem 1% 1175 (1971) 
” K. B Auau STlNiWDN, Am. IV.3’ Awd Sci. 94,844 (1961). 
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Complete inhibition of pea esterases was observed (Ag. 2 I-L), mth the exception of 
band 7, with paratluon at the highest concentrations (10B2 M) used in this study. Band 7 
was more resistant to 10m3 M parathion and paraoxon (Fig. 2 F and J) than the slow movmg 
bands (l-6). DFP at 10m3 M almost completely inhiblted all the esterase bands (Fig. 2 N). 
Some inhibition was noted at lo-* M with all the mhibltors. This correlates with previous 
worklo which noted 80 per cent and 50 per cent Inhibition of pea esterases by 10m4 M DFP 
and parathion, respectively 

DISCUSSION 

Seven and 14 bands of esterase activity were separated from extracts of peas and green 
beans, respectively, by polyacrylamlde-gel electrophoress. The difference between the 
esterase of these two plants was the presence of group two esterases m the green beans. 
Reasons for this difference are not readdy apparent smce both plants belong to the same 
family (Legummosae) and similar tissue (seeds) were used from both plants. However, the 
green beans did include the pod, while the peas did not, which could account for the 
dtierence. Varying numbers of esterase bands have also been reported in extracts of 
cucumber, soybean, wheat seeds, and corn using starch-gel electrophoresls.3 

Although the esterases of the green bean and pea did appear electrophoretically different, 
their substrate and inhibitor speciliclties were somewhat sirmlar. Most e&erase bands from 
both vegetables hydrolyzed enaphthyl acetate and propionate m preference to a-naphthyl 
butyrate and naphthol AS acetate. However, substrate speclficrty differences appeared more 
pronounced in the green beans than the pea (Figs. 1 and 2). These results are in close agree- 
ment vvlth the substrate specificity of the root nodule esterases.’ Interestingly, all the bands 
in group 1 of the green beans did not have the same substrate specificity. Bands 1 and 2 did 
not hydrolyze a-naphthyl butyrate, whde band 3, 4 and 5 did. With the pea, a-naphthyl 
butyrate was not hydrolyzed by band 7. It 1s remarkable that e&erase bands showing 
smnlar substrate spe&icities possess striking differences in electrophoretic mobility and 
inhibitor specificities (Figs. 1 and 2). 

All organophosphorus inhibitors used in this study inhibited the esterases of both peas 
and green beans. However, green bean esterases were more resistant than pea esterases, 
which confirms previous results from this laboratory.lo*ll Studies with pur&ed frations 
have demonstrated that bands l-6 of the pea zymogram were lsozymes.12 The similar 
substrate and inhibitor specticities (Fig. 2) confirm the isozyrmc nature of these bands. 
Band 7 was onginally thought to be homogeneous; however, the zymogram m Fig. 2N 
shows that this band contained at least three and possibly four components. The s~rmlar 
substrate and inhibitor specscities of these components, as well as, those corn onents in 
groups 2 and 3 of the green bean zymograms (Fig. 1) suggest that the componen of thye 
groups are isozymes. On the other hand, group 1 of the beans, due to the dl 

L 

nce in 
substrate specificity of bands 1 and 2 from 3, 4 and 5, did not appear to be 1.~0 s. 
Isozynuc forms of esterases have also been demonstrated m extracts from maize kernels, 
plants of the Cucurbltaceae,4 wheat seeds, cucumber, corn, soybean seedlings3 and Solmtum 
tubers.6 

The apparent absence of choline esterases m our preparation was established m previous 
work.lo*ll This information, with the almost complete inhibltion of esterase activity with 
10v2 M paraoxon, indicates that the majority of esterases present in both peas and beans 
were carboxylesterases (E.C. 3.1.1.1, carboxylic ester hydrolases). 
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Enzyme Extractton 
EXPERIMENTAL 

Peas and green beans were lyoplullzed and stored as previously descrkd l”*li Dned peas were powdered 
m a Waring Blendor for 2 mm and the resulting powder was slumed wth 9 parts (w/v) &St&d water. 
After centnfugatlon of the slurry at 27,000 g for 40 mm, the pH of the supematk was reduced to 5 5 with 
0 1 N HCl and the nrecmltate was removed by centrifugatlon (12.000~ for 10 mm). The clear supematant. 
after re&ustment of the pH to 6.5 v&h 0 1 G NaOH, & us& & &enzyme so& from peas, A sun& 
extract was prepared from green beans mth the exceptIon that protamme sulfate was the preclpltarki2 

Substrates and Zdzzbltors 

Substrates were prepared m 100 ml of 0 1 M NaOAc (pH 5 5) contammg 70 mg of Fast Blue RR salt 
and 40 mg of the ester. tihtors were prepared m 1 per cent (w/v) Tnton X-100. Paration and paraoxon 
(0.1 M) requued 60 set homogemzahon 111 a rmcroblender to form an emulsion DFP was soluble at the 
concentrations used 

Polyacrylamide-ge Electrophoresrs 

Electrophoresls was performed on a 7%, contmuous polyacrylarmde gel as described prev~ously.‘~ 
The gel slab was cut mto four stnps and mcubated at 37’ for 30 and 90 mm for peas and green beans, 
res~vely. To study the effect of tibltors, the indlvldual gel strops were mcubated 111 the tibitor 
solutions for 60 mm at 37”. Longer mcubation tnnes did not cause further *bItion After the mcubatlon 
penod the gel was removed from the inhibition solution and placed m the substrate solution for the prescribed 
time 
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