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Substrate and inhibitor specificities have been used to classify 

esterases.    The purpose of this work was to determine the substrate 

and inhibitor specificities of the esterases in an aquous extract of 

lyophilyzed carrots. 

Esterase activity was determined manometrically at 370C.    The 

optimum pH of the carrot esterases with several substrates varied 

from 6. 8 to 7. 2,   and a pH of 7. 2 was used in this study.    The carrot 

extract hydrolyzed acetyl,  propionyl and butyryl esters of phenol, 

2-naphthol-6-SO Na and glycerol.    As the acyl chain length was 

increased,   activity decreased.     Long-chain naphthyl esters and 

triolein were not hydrolyzed,  which suggested the absence of lipase 

in the extract.     Lack of activity with choline esters indicated the 

absence of cholinesterases.    EDTA did not exhibit appreciable 

activation of carrot esterases. 

The effect of parathion,   diisopropyl phosphorofluoridate (DFP) 



and tetraethyl pyrophosphate (TEPP) at various concentrations on the 

rate of hydrolysis of the acetyl,  propionyl and butyryl esters, of 

phenol,   2-naphthol-6-SO Na and glycerol indicated the presence of 

six ester as es.    Inhibitor and substrate specificities of five 

esterases were similar to carboxylesterases (EC 3. 1, 1. 1).    The 

sixth esterase was similar to arylester as e (EC 3.1,1.2).    An enzyme 

hydrolyzing DFP and TEPP was suggested in the carrot extract. 
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IDENTIFICATION OF SOME SOLUBLE ESTERASES 
OF THE CARROT (DAUCUS CAR OTA L. ) 

INTRODUCTION 

Esterases comprise an ill-defined group of enzymes which 

hydrolyze ester linkages.     The division between lipases and esterases 

is not absolute.     The length of the acyl chain of the ester substrate 

hydrolyzed has been suggested as a differentiating feature.     Accord- 

ing to Desnuelle and Savary (1963) lipases were defined as preferen- 

tially, hydrolyzing esters of longer-chain fatty acids while esterases 

preferentially hydrolyzed esters of shorter-chain fatty acids. 

Animal esterases have been studied extensively and a scheme 

for their classification has been developed.    Unlike their animal 

counterparts,  plant esterases have received scant attention.     Majority 

of the work has been conducted on citrus acetylesterase (Jansen,   Jang 

and MacDonnel,   1947). 

Vegetables,   in the popular sense,   include a variety, of plant 

parts used for food.    Vegetables may include the root (carrot),   the 

leaves  (cabbage),   the stem (asparagus),   the seed (pea) and the fruit 

(tomato)  (Hylander and Stanley,   1941).     The esterases of peas and 

green beans.were recently studied in our laboratory.     Both of these 

vegetables come from the plant family Leguminosae and both contain 

chlorophyll as the major pigment.     Parts of the pea generally used as 

food are the two large cotyledons of the embryo,   which form the 
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hemispherical sections.    With green beans,  the cotyledons and pods 

are used as food.     In spite of these similarities esterases of the pea 

(Norgaard,   1967) and green bean (Putnam,   1966) were reported to 

have different substrate and inhibitor characteristics.     These dif- 

ferences in the esterases of two similar vegetables led to investiga- 

tions of a completely different vegetable,   the carrot.    Carrots are 

roots of the plants,   which belong to the family Umbelliferae and 

contain carotene as the major pigment. 

The purpose of this  study was to determine the substrate and 

inhibitor specificities of the carrot esterases. 



REVIEW OF LITERATURE 

Due to the indiscriminate use of various terms and the over- 

lapping specificities,   differentiation between esterases and other 

types of hydrolytic enzymes is not clear.    Certain proteolytic enzymes 

(trypsin,   chymotrypsin and thrombin) have been shown to exhibit 

properties similar to esterases.     These proteinases hydrolyzed 

appropriate carboxyl esters with the same general mechanism as  an 

esterase and were inhibited by many potent esterase inhibitors  (Dixon, 

Neurath and Pechere,   1958).    Some of the esterases,   in turn,  have 

been shown to hydrolyze amide derivatives (Myers,   Tol and de Jonge, 

1957),   acid anhydrides  (Wilson,   1959),   or in certain cases even 

phosphate triesters  (Aldridge,   1953b). 

Organophosphorus Inhibition 

Organophosphorus compounds are the most commonly used 

inhibitors for esterase classification (Aldridge,   1953a; Augustinsson, 

1958).     Organophosphorus compounds are collectively known as nerve 

gasses because of their toxic effect on nerve tissue.     This toxicity 

is due to the sensitivity of cholinesterase to organophosphorus com- 

pounds.     Many of the organophosphorus compounds have been used in 

clinical medicine and also as insecticides  (O'Brien,   I960). 

Dixon and Webb (1964) discussed the following mechanism of 



action of organophosphorus compounds.     The general formula was 

shown to be 

^P 

where     R        and     R       represent an alkyl,   alkoxy,   aryl,   aryloxy,   or 

substituted amino group.    X,      the leaving group maybe     -F, 

-CN     or     -OC/H NCL.     The mode of action of organophosphorus 

compounds was reported to be confined to enzymes which hydrolyze 

esters.     Inhibition was indicated to occur by a process analogous to 

the first stage of hydrolysis of the substrate.     The phosphoryl group 

was transferred to the enzyme forming a phosphorylated enzyme with 

the liberation of     HX. 

Rl s0 

P +   HX 

The phosphorylated enzyme was hydrolyzed very slowly (Dixon and 

Webb,   1964). 

With horse liver ali-esterase,   Ooms and Breebaart-Hansen 

(1965)  showed that the influence of the structure of groups     R        and 

R       on the rate of inhibition was very small while the influence of 

the structure of     X     was much greater.    Dixon and Webb (1964) also 

mentioned that     X     strongly influenced the rate of combination of the 

V p + EH 

< 

xx 



organophosphorus compound with the enzyme. 

O'Brien (I960) reported that most organophosphorus compounds 

can be degraded in the animal body by phosphatases.     The most studied 

enzymes hydrolyzing organophosphorus compounds were those which 

hydrolyze diisopropyl phosphorofluoridate  (DFP),  tabun and sarin. 

Main and Braid (1962) demonstrated that ali-esterase was a 

dominant factor in governing the toxicity of malathion.     Partially 

purified rat and human liver ali-esterases hydrolyzed malathion, 

yielding one equivalent of acid for each mole of malathion present. 

Human blood was shown not to contain an enzyme capable of hydro- 

lyzing malathion (Main and Braid,   1962).     Rowlands  (1965) found that 

malathion applied to stored wheat kernels was degraded enzymically 

to non-toxic metabolites. 

Mechanism of Catalytic Action and Active Site 

Mechanism of hydrolysis and structure of the active center of 

esterases have been studied extensively.    Wilson (1959) reported that 

hydrolysis of the substrate occurred in two stages.     First stage was 

the formation of an intermediary acyl enzyme derivative,   accompanied 

with the liberation of an alcohol. 

P P 
// // 

R-C-OR'    +   EH:=^R-C-E   +   R'OH 



In the second stage,  the acyl enzyme derivative was shown to react 

with a variety of acyl acceptors,   generally water,   releasing the 

free enzyme and acid. 

O O 
// // 

R-C-E   +   HO ^r± R-C-OH   +   EH 

Cohen ^t al.   (1962) reported that a serine moiety was the 

amino acid residue on the esterase molecule to which acyl group of 

the substrate was attached.    It was noted that the sequence,   dicar- 

boxylic acid-serine (asp-ser or glu-ser),   occurred in enzymes of 

animal origin.     In contrast,  bacterial and mold proteinases contained 

the sequence threonine-serine.     This led to the hypothesis of Cohen 

_etal.   (1962) that the sequence,   asp-ser or glu-ser,   was required for 

the activity of the enzyme.     Findings of Wilson   (1959),,  Bender and 

Clement (1963) support this hypothesis in that a functional carboxylic 

group operated in the particular esterase studied. 

Oosterbaan and Cohen (1964) showed that cysteine may take the 

place of serine.    Such was the case of 3-phosphoglyceraldehyde 

dehydrogenase which under certain conditions could catalyze ester 

hydrolysis.     The role of histidine in the active site of chymotrypsin 

has been shown by Schoellmann and Shaw (1963).     The function of 

methionine in the active site of esterase has not been well established 

although photo-oxidation of one methionine in chymotrypsin interferred 

with substrate hydrolysis (Ray,   Latham and Katsoulis,   I960). 



Esterase Classification 

There is no system completely satisfactory for the classifica- 

tion of animal esterases.    Two classifications of esterases have been 

proposed.    Hofstee (I960) classified esterases on the basis of 

solubility of substrates.    Esterases acting on dissolved substrates 

were classified as esterases proper and those acting on undissolved 

substrates were referred to as lipase type esterases.    Augustinson 

(1958),   however,   classified esterases on the basis of substrate and 

inhibitor specificity.     Arylesterases  (EC 3.1.1.2),  formerly known 

as A-esterases,   were resistant to certain organophosphorus com- 

pounds and physdstigmine .     They normally did not attack aliphatic 

esters and were inhibited by heavy metals,  notably mercuric deriva- 

++ ++ 
tives,   Ni       and Cu       salts.     This inhibition suggested the presence of 

an -SH in the active site (Aldridge, 1953a).    Arylesterases were shown 

to hydrolyze some organophosphorus compounds  (Aldridge,   1953b; 

Myers,   I960).     Arylesterases hydrolyzing DFP should not be con- 

fused with dialkylfluiorophosphatases which also hydrolyzed DFP.     The 

distinction between the two enzymes was based on the activity, toward 

nitrophenyl acetate.    Arylesterases hydrolyzed nitrophenyl acetate 

while dialkylfluorophosphatase did not (Mounter and Dien,   1956). 

Carboxylesterases  (EC 3. 1. 1. 1),   formerly, known as ali-esterases or 

B-esterases,  hydrolyzed aliphatic and aromatic esters but not choline 



esters.     These esterases were inhibited by several organophosphorus 

-5 -5 
compounds at 10       M,  but resistant to 10       M eserine.    Cholin- 

esterases  (EC 3. 1. 1. 8),   called C-esterase by Augustinsson (1958), 

hydrolyzed choline esters at a higher rate than aliphatic and aromatic 

esters.     There are two types of cholinesterases,   acetylcholine 

esterase and cholinesterase,  formerly, known as true cholinesterase 

and pseudocholinesterase,   respectively (Dixon and Webb,   1964). 

Acetylcholine esterase was the predominant acetylcholine decom- 

posing enzyme in nerve tissue and erythrocytes of most species; 

whereas,   cholinesterase was predominant in the blood plasma of most 

species  (Whittaker,   1951). 

A new type of esterase was reported in hog kidney extract 

(Bergman,   Segal and Rimon,   1957).     This esterase was termed C- 

esterase though it was not cholinesterase.     This  enzyme differed 

from arylesterases and carboxylesterases in the following respects: 

1) was not inhibited by DFP,   a property which distinguishes it from 

carboxylesterases,   2) did not hydrolyze DFP but attacked solely 

carboxylic esters,   in this respect it differs from some arylesterases, 

and 3) was activated by certain mercurial compounds. 

Animal Esterases 

The study of Augustinsson (1959) on vertebrate plasma revealed 

the presence of arylesterases,   carboxylesterases and cholinesterases. 



The esterases were separated electrophoretically and chromato- 

graphically and were studied in terms of substrate and inhibitor 

specificity.    Some plasma contained all three types of esterases, 

others contained two,   and still others contained only one type. 

Evidence was presented to show that esterases existed in multiple 

forms.     These multiple forms were referred to as isozymes. 

Augustinsson (1959) suggested that the term isozyme be restricted to 

enzymes,   which differ only in molecular structure of that portion of 

the enzyme not involved in the enzymatic reaction. 

Aldridge (195 3a) reported that the sera of rat,   rabbit and horse 

contained arylesterases and carboxylesterases.    Both esterases 

hydrolyzed ja-nitrophenyl acetate,  propionate and butyrate.    The 

arylesterase was resistant to inhibition by diethyl-ja-nitrophenyl 

phosphate (E-600). 

Differentiation of various esterases in the pancreas and brain 

of the rat by use of organophosphorus compounds showed that a single 

tissue may contain a complex mixture of enzymes with esterase 

activity, towards the same or similar substrates  (Myers,   1956).     Rat 

brain contained at least five enzymes capable of hydrolyzing triacetin 

or tributyrin or both,  namely cholinesterases,   pseudocholinesterases 

and three other enzymes with the characteristic of carboxylesterases. 

Furthermore,   rat brain appeared to contain an enzyme capable of 

hydrolyzing.ethyl leucine.     This suggests that the physiological 
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substrates of esterases might be amides,  peptides or thioesters. 

Plant Ester as es 

One of the earliest reports of a plant esterase was a lipase 

from wheat germ (Sullivan and Howe,   1933).     Mounter and Mounter 

(1962) studied the rate of hydrolysis of a number of esters by the 

wheat germ enzyme.    Hydrolysis was shown to take place in both 

homogeneous and heterogenous systems.    Since Sarda and Desnuelle 

(1958) pointed out that lipase activity occurred at an interface rather 

than in a homogenous, solution,   Mounter and Mounter (1962) classified 

the wheat germ enzyme as an esterase.     The wheat germ enzyme was 

further classified as a carboxylesterase because of its sensitivity, to 

some organophosphorus compounds (Mounter and Mounter,   1962). 

The presence of an esterase in orange,   lemon and grapefruit 

was shown by Jansen et al.   (1947).    Since acetates were cleaved more 

rapidly, than, esters of acids of higher homologues,   this enzyme was 

called acetyles.terase and was sensitive to DFP. 

Presence of a complex system of esterases in cucumber,  wheat 

seed,   soybean and corn was shown by electrophoresis and inhibitor 

specificities  (Jooste and Moreland,   1963).    Substrates used were 2- 

naphthyl esters of acetic,  butyric,   caprylic and phenoxyacetic acids 

and the inhibitors were DFP, p-chloromercuribenzoate (PCMB) and 

physosti'gmine.      Cucumber enzymes hydrolyzing the 2-naphthyl 
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esters of acetic and butyric acids were reported to be strongly 

inhibited by DFP and hence,   classified as carboxylesterases. 

Esterases hydrolyzing 2-naphthyl ester of butyric acid were more 

sensitive to PCMB than esterases hydrolyzing 2-naphthyl ester of 

acetic acid.     This  suggested different enzymes were involved in the 

hydrolysis of the two esters.    Activity towards 2-naphthyl phenoxy- 

acetate was inhibited by DFP.     This indicated the participation of 

carboxylesterases in the hydrolysis of 2-naphthyl phenoxyacetate. 

The wheat enzymes were most active towards 2-naphthyl ester of 

acetic acid and were inhibited by DFP.     This was in agreement with 

the results of Mounter and Mounter (1962).    An esterase,   which did 

not fit the classification scheme for animal esterases,   was found in 

soybean.    In an earlier article (1962) Jooste and Moreland described 

this soybean esterase.    Similar to some arylesterases which 

hydrolyzed certain organophosphorus compounds,   activity was 

_3 
increased 17 percent by 10       M DFP.    Unlike arylesterases or 

cholinesterases,   it was not affected by PCMB.    Since the activity of 

the esterase was greatest towards 2-naphthyl phenoxyacetate,   it was 

called phenoxyesterase.     The slight inhibition of activity of corn 

-3 
enzyme towards 2-naphthyl ester of acetic acid    by 10       M DFP 

suggested the presence of both aryl- and carboxylesterases.     Possible 

presence of phenoxyesterase was also suggested (Jooste and Moreland, 

1963). 
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Esterase activity, towards iodophenyl acetate was shown present 

in cabbage,   apple,  peach,   green bean,  mango,   carrot,  tomato,   egg 

fruit, potato,   onion,   orange,   and fruits of cucurbits (Schwartz et al. , 

1964).    Using starch gel electrophoresis,   the extracts of potato tuber, 

green bean,   citrus albedo and flavedo,   cabbage,   corn kernel and leaf, 

stem and fruit of cucurbits were shown to contain a multiplicity of 

esterases.     These esterases differed in the various species,   in dif- 

ferent strains of the same specie,   and in different parts of the same 

plant. 

A maximum of six detectable esterases was shown by starch gel 

electrophoresis in extracts from germinating seeds of twelve 

varieties of the pea (Frankel and Garber,   1965).    Up to ten bands were 

demonstrated present in leaves of green bean by polyacrylamide disc 

electrophoresis,   using a-naphthyl acetate as substrate  (Rudolph and 

Stahmann,   1966).    Halo blight infection caused a general decrease of 

several bands although no definite correlation was established between 

esterase patterns and halo blight infection. 

By means of substrate and inhibitor specificity,   the presence 

of five esterases in pea was demonstrated (Norgaard,   1967).     Four 

esterases were shown to be carboxylesterases.    Since the remaining 

esterase was sensitive to parathion and tetraethyl pyrophosphate 

(TEPP) and resistant to DFP,   the classification was questionable. 

In green bean the presence of three esterases was shown by 
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substrate and inhibitor specificity (Putnam,   1966).    One esterase was 

active towards naphthyl esters but not towards phenyl esters and 

triglycerides.    This esterase was inhibited by TEPP but was resistant 

to DFP and parathion.    The sensitivity of this esterase to TEPP sug- 

gested similarity to arylesterases but,   since there was no hydrolysis 

of the phenyl esters,   classification of this esterase as arylesterase 

is questionable.     One esterase was shown to hydrolyzed phenyl esters 

faster than triglycerides.     This esterase was inhibited by parathion, 

DFP and TEPP.    The sensitivity to organophosphorus compounds sug- 

gested similarity to cai'boxylesterases.    However,   the substrate 

specificity of this esterase resembled arylesterases.     The third 

esterase was shown to be inhibited by or ganophosphorus compounds 

-5 
at less than 10      M concentration.    Such sensitivity to or ganophos- 

phorus compounds indicates resemblance to cholinesterases.    How- 

ever,   this esterase was more active towards the phenyl and naphthyl 

esters and the triglycerides than towards the choline esters. 

These studies indicate the complexity of esterases in plants. 

The role of esterases in food has not been established,   except for their 

possible contribution to the production of carbonyl compounds.     These 

substances have been shown to be toxic and responsible for flavor 

deterioration of lipid containing food (Lea,   1962). 
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MATERIALS AND METHOD 

Enzyme Preparation 

Freshly harvested carrots  (Daucus carota L. ,  variety Imperada) 

were obtained from Mar sburn Farm,  Norwalk,   California.    After the 

carrots were peeled and diced,   they were lyophilyzed,   sealed in cans 

in an atmosphere of N^ and stored at   -180C .     The dried carrots 

were pulverized in a Waring Blendor for two minutes.    A slurry of 

ten parts water and one part powder was centrifuged in the cold (30C) 

at 31,000 x G for 25 minutes.    The supernatant was filtered through 

glass wool and appropriate dilutions were used as enzyme prepara- 

tions.     For the control,   enzyme preparations were heated in boiling 

water bath for ten minutes and filtered through Whatman No.   12 

filter paper to remove the precipitate. 

Substrate Preparation 

Substrates were prepared by. homogenizing for two minutes,   in 

a water cooled microblender,   appropriate amounts of the substrate in 

three percent (w/v) Triton X-155 (Rohm and Haas) and 0. 1 percent 

gum arabic (Matheson,   Coleman and Bell).    For the water soluble 

substrates,  homogenization was omitted.     The following substrates 
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we re used:   phenyl acetate    (PA),  phenyl propionate    (PP),  phenyl 

2 1 1 1 
n-butyrate    (PB),   triacetin    (TA),   tripropionin    (TP),   tri-n-butyrin 

2 1 ,2 
(TB),   triolein,     acetylcholine iodide,     n-butyrylcholine iodide, 

3 3 4 
acetyl    (NA),  propionyl    (NP),   n-butyryl    (NB),  n-hexyl,   and n- 

octyl esters of 2-naphthol-6-SO Na.     Phenyl esters and triglycerides 

were prepared at 1 M concentration except for triacetin and triolein, 

which were prepared at 0.23 M and 0.5 M,   respectively.     The soluble 

naphthyl esters were prepared at 0. 06 M and the choline esters at 

0.01 M. 

Inhibitor Preparation 

Inhibitors were prepared in one percent (w/v) Triton X-100. 

The following organophosphorus inhibitors were used:    diethyl-£- 

nitrophenol thiophosphate     (parathion),   diisopropyl phosphoro- 

1 5 
fluoridate    (DFP),   and tetraethyl pyrophosphate    (TEPP).     To main- 

tain a semi-stable emulsion,   the 0. 1 M parathion was homogenized 

Eastman Organic Chemicals 

2 
K and K Laboratories 

3 
Synthesized by P.   S.   Veerabhadrappa,   Oregon State University, 

Corvallis,   Oregon. 

4 
Donated by Dr.   T.   L.   Forster,   Washington State University, 

Pullman,  Washington. 

California Chemical Company,   Ortho Division. 
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in a microblender for 30 seconds.    DFP and TEPP were soluble at 

concentrations used. 

Assay Procedure 

Esterase activity was determined manometrically using the 

o 
Gilson differential respirometer with a water bath temperature of 37 

C.    The volume of CO    evolved from the bicarbonate buffer was used 

as a measure of esterase activity.    The procedure used was similar 

to Norgaard (1967).     The main compartment of the respirometer 

flasks contained 1. 5 ml of 2.18x10     M NaHCO   buffer,   one ml of 

enzyme preparation and one ml of either distilled water,   one percent 

(w/v) Triton X-100,   or inhibitor preparation,   depending upon the ex- 

-2 
periment.   The side arm contained 0.1 ml of 4.67x10      M  NaHCO    and 

0. 4 ml substrate.    A mixture of 95 percent N    and five percent CO 

was passed through the flasks for ten minutes.    After gassing,   the 

side arms were closed and the system equilibrated for ten minutes at 

a pressure of 770 mm Hg.    The contents of the side arms were tipped 

into the main compartments at zero time.    Final pH was 7. 2 (Umbreit, 

Burris and Stauffer,   1964),   except in those trials where the influence 

of pH was being studied.    Incubation was for 30 minutes with readings 

taken at ten minute intervals.    Suitable blanks containing heated 

enzyme preparations were provided.    All observations were made in 

triplicate unless otherwise stated.    In the inhibitor studies,   the 
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order of assigning the inhibitor concentrations to the flasks was 

randomized. 

Calculation of Results 

The activity of the extract was expressed in units of esterase 

activity.     One unit was defined as the amount of esterase which 

hydrolyzed one microequivalent of the substrate per minute per ml 

of the original carrot extract. 

The cylinders holding the variable gas volume and the tygon 

tubing were not immersed in the water bath and were therefore 

subjected to room temperature variations.    To overcome this.variable, 

the correction factor described in Equation D of Gregory and Winter 

(1965) was used.    The difference in the amount of gas  (microliter) 

produced by the samples and the heated control during the 30 minute 

incubation period was multiplied by the correction factor.     The cor- 

rection factors at different temperatures are shown in Table 1. 

Table 1.     Correction factors for Gilson differential 
respirometer. 

Room temperature (0oC) 

20 
21 
22 
23 
24 
25 

i-ac tors 

,06 
,06 
,05 
,05 
.04 
04 
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The results of inhibition studies were expressed as percent 

inhibition from the following formula: 

_ .''units of esterase activity       units of esterase activity^ 
Percent / - 

, , I   not inhibited inhibited )    x 100 
inhibition   = \ ; ; ' ~ . , _'.—"  

units of esterase activity not inhibited 
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RESULTS AND DISCUSSION 

Determination of pH Optima 

To select a suitable pH for use throughout the study,   esterase 

activity towards PP,   TP and NP was determined at various pH values 

(6. 0 to 8. 0).    Since a mixture of esterases was presumed to be 

present,   a detailed pH study was not deemed necessary.     Figure 1 

shows the effect of pH on esterase activity of the carrot extract.    The 

pH optima for esterase activity toward PP,   TP and NP were 7. 1,   6. 8 

and 7.2,   respectively.    A sharp optimum was apparent at these pH 

values.    Above these values the rate of hydrolysis decreased rapidly. 

At pH 6. 0 and 8. 0,  the activity towards TP was very small compared 

to activities toward PP and NP.     This suggests that the triglyceride 

hydrolyzing activity wasmore sensitive to pH than the activities 

toward the phenyl and naphthyl esters.     The optimum pH values 

obtained in this study were similar to optimum pH values of other 

vegetable esterases.    The pH optimum for esterase activity of green 

bean was reported at 7. 2 (Putnam,   1966) and that of pea was at 7. 0 

(Norgaard,   1967).    A pH of 7.2 was chosen for this study. 

Substrate Specificity 

Table 2 shows the activity of the carrot extract with different 

esters.    Compared to green bean (Putnam,   1966) and pea (Norgaard, 
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Figure 1.     Effect of pH on esterase activity of carrot extract. 
A,  phenyl propionate,   B,   tripropionin,   C,   propionyl 
ester of 2-naphthol-6-SO Na. 

o 
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1967),   carrot had the least esterase activity.    This is in agreement 

with the results of Schwartz et al.   (1964) who showed that carrot had 

approximately one-fourth of the esterase activity of green bean. 

Table 2.    Hydrolysis of various esters by. carrot extract. 

Substrates Activity Replications 
Standard 
Deviation 

phenyl acetate 0.89 8 0, 11 

phenyl propionate 0.89 4 0.03 

phenyl n-butyrate 0.75 5 0.07 

acetyl ester of 
2-naphthol-6-SO Na 0.47 3 0.02 

propionyl ester of 
2-naphthol-6-SO Na 0. 34 3 0.02 

n-butyryl ester of 
2-naphthol-6-SO Na 0. 16 3 0.01 

n-hexyl ester of 
2-naphthol-6-SO Na 0. 10 3 0.00 

n-octyl ester of 
2-naphthol-6-SO Na 0.00 3 0.00 

triacetin 0. 16 3 0.01 

tripropionin 0. 15 3 0.00 

tri-n-butyrin 0.09 3 0.01 

triolein 0.00 3 0.00 

acetylcholine iodide 0.00 3 0.00 

propionylcholine iodide 0.00 3 0.00 

n-butyrylcholine iodide 0.00 3 0.00 
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To obtain a reaction rate constant with time,  various dilutions 

of the extracts were used with different substrates.    Greatest activity 

was observed with the phenyl esters,  followed by naphthyl esters and 

triglycerides.    In contrast to carrot,   green bean (Putnam,   1966) and 

pea (Norgaard,   1967) did not exhibit the same substrate specificity. 

Green bean extract hydrolyzed phenyl esters at the fastest rate, 

followed by triglycerides and naphthyl esters  (Putnam,   1966).    With 

the pea,   greatest activity was observed with phenyl esters and there 

■was approximately, equal activity toward triglycerides and naphthyl 

esters (Norgaard,   1967). 

In general,   activity, of the carrot extract decreased as the acyl 

carbon chain length increased.    PA was hydrolyzed as fast as PP, 

while PB was hydrolyzed slightly, slower.    The effect of the length of 

the acyl chain on the rate of hydrolysis was more apparent with the 

soluble naphthyl esters.    The rate of hydrolysis of naphthyl esters 

decreased as the acyl chain length increased.    There was no activity 

with the octyl ester of 2-naphthol-6-SO Na,  indicating that carrot 

esterases were specific for the short-chain esters.    With regard to 

triglycerides,   TA was hydrolyzed slightly, faster than TP,   while TB 

was hydrolyzed at about half the rate of TA.    It is interesting to note 

that in the pea (Norgaard,   1967),   there was more activity towards the 

propionyl esters.    There was no,relationship between esterase 

activity and the acyl chain length in the green bean (Putnam,   1966). 
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Triolein has been used as a substrate to differentiate lipases 

and esterases  (Aldridge,   1954; Sarda and Desnuelle,   1958).     This 

substrate was hydrolyzed by lipases but not by   esterases.     The 

carrot extract exhibited no activity towards triolein.     This suggests 

the absence of lipases in the extract.    Similarly,   green bean (Putnam, 

1966) and pea (Norgaard,   1967) extracts did not hydrolyze triolein. 

Lack of activity of the carrot extract with choline esters indicates the 

absence of cholinesterases specific for the substrates tried.    Green 

bean extract showed a slight hydrolysis of the choline esters (Putnam, 

1966),   while pea extract did not (Norgaard,   1967).    Hence,  the dif- 

ferences among esterases of the carrot,   green bean and pea show the 

complexity of esterases in plants. 

EDTA Study 

Norgaard (1967) reported heavy metal ions inhibited pea 

esterases,  while the presence of metal complexing agents [ ethyl en e 

diamine tetraacetic acid (EDTA),   cysteine hydrochloride and ethyl 

mercaptan]   resulted in activation.    Less variance in the activity of 

the enzyme in the presence of EDTA was also noted.    Norgaard (1967) 

attributed this to the presence of ions in ordinary distilled water.    In 

contrast to Norgaard's work,   glass distilled water was used in this 

study.     Nevertheless,  the effect of EDTA was studied. 

Data presented in Table 3 show that higher concentrations of 
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EDTA inhibited esterase activity while lower concentrations caused 

a slight activation.    It was felt that this slight activation did not 

warrant the inclusion of EDTA in the assay. 

Table 3.     The effect of EDTA on esterase activity of carrot extract. 

EDTA Cone en- Percent Inhibition 
tration     mM PP TP NP 

25 33 46 18 

15 27 24 11 

5.0 15 10 10 

2.5 8.0 2.5 0.7 

1.0 6.0 -2.5 -8.9 

0.1 3.0 2.3 -15 

0.025 2.9 0.57 4.4 

0.005 -0.59 2.7 -2.9 

0.00025 1.3 7.5 17 

an average of three trials 

Inhibitor Studies 

Inhibition patterns of the esterases of the carrot extract are 

presented in Figures 2,   3 and 4.    Concentrations of the inhibitors 

were expressed in terms of pi (negative log      of molar inhibitor con- 

centration).     Generally,   sigmoid curves were obtained.    A single 

sigmoid curve indicates inhibition of one enzyme active towards the 

substrate.    A double sigmoid curve indicates two enzymes were 



T- 1 1 1 !- I III I 

I00- 

80- 

z 
2   60f 
£ 
I   40+ 

Z   20f u 

Id 
Q-     Of 

i      i       i ill      i -t 1      i i       ii 

10 8 10 8 

Pi 

6 10 8 6 

Figure 2.    Inhibition by various concentrations of parathion of the hydrolysis 
of A,   phenyl esters;  B,   triglycerides;  and C,   esters of 2-naphthol- 
6-SO,Na.    pi is the negative logjQ of the molar inhibitor concentra- 
tion.     Legend:   B—Q     ,   acetyl esters; G—O     ,   propionyl esters; 
A—A ,   butyryl esters. 
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Figure 3. Inhibition by various concentrations of DFP of the hydrolysis of A, 
phenyl esters;  B,   triglycerides; and C,   esters of 2-naphthol-6-SO 
pi is the negative logiQ of the molar inhibitor concentration. 
Legend: Q    B      ,   acetyl esters; ©—©  ,   propionyl esters;^5   «   , 
butyryl esters. 
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Inhibition by various concentrations of TEPP of the hydrolysis of A, 
phenyl esters; B,   triglycerides;  and C,   esters of 2-naphthol-6-SO Na. 
pi is the negative logjQ of the molar inhibitor concentration. 
Legend: E—0    ,   acetyl esters;  G—O ,   propionyl esters;A    A   , 
butyryl esters. 
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hydrolyzing the substrate and were inhibited at different concentra- 

tions of inhibitor. 

Figure 2A indicates the presence of three esterases,  which 

hydrolyzed phenyl esters.    The most sensitive esterase was inhibited 

between pi 7 and 4 and was active with all phenyl esters.    This 

esterase accounts for most of the PB hydrolyzing activity and 

approximately 75 percent of the PA and PP hydrolyzing activity.    The 

difference in inhibition at pi 4 demonstrated the presence of the second 

esterase,   which was inhibited between pi 4 and 1.    This second 

esterase was more active toward PP than PA,   as revealed by the 

greater inhibition of PP hydrolysis compared to PA hydrolysis.    The 

second esterase was not active toward PB.    The residual activity 

towards PA,   which was not inhibited at pi 1 of parathion suggests the 

presence of the third esterase,  which was resistant to inhibition by 

parathion.    This shows a slight similarity with an esterase in pea, 

-which was specific for PA and considerably resistant to parathion 

(Norgaard,   1967).    The pea esterase was however less resistant 

than the carrot esterase to parathion. 

The data presented in Figure 2B also suggest the presence of 

three esterases,   which hydrolyzed the triglycer ides and were similar 

to those mentioned above.    The hydrolysis of TB was most sensitive 

to inhibition,  while the hydrolysis of TA was more resistant.    The 

esterase resistant to pi 1 of parathion appeared to attack TP more 
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than TB and TA. 

Study, of Figure 2C indicates that the hydrolysis of the naphthyl 

esters was more complex.    Here,  the inhibition,by parathion between 

pi 7 and 4 suggests the presence of three esterases.    One was inhibited 

between pi 7 and 6 and active towards NP and NB.    The second 

esterase was active toward NB and inhibited between pi 6 and 5,  but, 

since no inhibition of NP hydrolysis occurred at this concentration 

this esterase was not active to NP.    The third esterase was inhibited 

between pi 5 and 4 and was active towards NP but not NB.    These 

esterases showed activity towards NA,   as indicated by some inhibi- 

tion of NA hydrolysis between pi 7 and 4.    It is assumed that one or 

all of these esterases were responsible for the activity, toward phenyl 

esters and triglycerides.    Between pi 4 and 1,   a fourth esterase was 

inhibited which might have been the same esterase as the one inhibited 

at this concentration of parathion in Figures 2A and 2B.    Since inhibi- 

tion did not reach 100 percent,  particularly with NA,   the presence of 

a fifth esterase is revealed.    This esterase was more active towards 

NA than NP and NB,   and could be similar to the parathion resistant 

esterase that hydrolyzed PA (Figure 2A). 

Figures  3A and 3B show the inhibition of the hydrolysis of the 

phenyl esters and triglycerides by DFP.     Only, single sigmoid curves 

were obtained,   hence,   DFP was not as selective an inhibitor as 

parathion.    Analogous to parathion,   the hydrolysis of PB and TB was 
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more sensitive to DFP.    Since the activity, towards the naphthyl 

esters was not completely inhibited by DFP (Figure 3C) an esterase 

resistant to DFP was present in the carrot extract.    This sixth 

esterase was different from the parathion resistant esterase since 

it was not active with PA (Figure 3A).    In addition,   a greater per- 

centage of the naphthyl ester hydrolyzing activity was not inhibited by 

DFP.    Since most of the activity with phenyl esters and triglycerides 

was inhibited,  this esterase was specific for naphthyl esters. 

Putnam (1966) also reported a DFP-resistant esterase specific for 

naphthyl esters in green bean. 

Figure 4A reveals the presence of two esterases hydrolyzing 

phenyl esters.     The most sensitive esterase was inhibited by TEPP 

between pi 8 and 7.    The absence of inhibition of the hydrolysis of PB 

indicates that the most sensitive esterase was not active with PB. 

The less sensitive esterase was inhibited between pi 6 and 4 and was 

active towards all phenyl esters.     These two esterases were probably 

the same two described above (Figure 2A) that were sensitive to 

parathion.    The esterase which was resistant to parathion and 

hydrolyzed PA,   was inhibited by TEPP. 

Figure 4B shows the presence of an esterase active with TP 

and TA but not towards TB as indicated by the absence of inhibition of 

TB hydrolysis between pi 8 and 7.     The esterase active towards the 

three triglycerides was inhibited between pi 7 and 4.    There was no 
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evidence to show that these two esterases were different from the 

esterases shown in Figure 4A. 

Comparison of the amount of inhibition of activity towards 

naphthyl esters at pi 4,  with that of the other esters,   indicates that 

esterases hydrolyzing naphthyl esters were more resistant to TEPP 

(Figure 4C).    Also,  activity with NB was more resistant to TEPP 

than with NA and NP. 

It is apparent from Figure 4 that inhibition with TEPP did not 

show a definite sigmoid curve because of the decrease in inhibition at 

pi 3.    Figures 4A and 4B show that inhibition approached 100 percent 

at pi 4,   decreased considerably at pi 3 and increased to approximately 

100 percent at pi 2.     The dip is very prominent in Figures 4B and 

4C.    To investigate this dip,   assays were run at different concentra- 

tions of TEPP in the absence of substrate.    A solution of three per- 

cent (w/v) Triton X^155 and 0. 1 percent gum arabic replaced the 

substrate.     Enzyme extracts were undiluted. 

Results  (Figure 5) show that very little activity, was noted, 

except at pi 3.     The decrease in inhibition at pi 3 (Figure 4) may be 

explained by the comparatively high TEPP hydrolyzing.activity at pi 

3.    At concentrations less than pi 3,   there may not have been sufficient 

TEPP to serve as substrate for the enzyme.    At pi 2,   TEPP might 

have inhibited both the TEPP hydrolyzing enzyme and the esterases 

which hydrolyzed the substrate.     The inhibition of the TEPP 
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Figure 5.     Effect of TEPP concentration on the hydrolysis 
of TEPP by carrot extract. 
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hydrolyzing enzyme may be explained in terms of excess TEPP at 

pi 2 or by, the presence of impurities in the TEPP.    Since pure TEPP 

■was not available,  commercial grade TEPP was used which contained 

40 percent TEPP and 60 percent other ethyl phosphates.    At pi 2,  the 

concentration of other ethyl phosphates may,have been sufficient to 

inhibit both the TEPP hydrolyzing enzyme and esterases hydrolyzing 

the substrate.     The presence of an enzyme hydrolyzing DFP is shown 

in Figure 3B by the decrease in inhibition of the hydrolysis of TB 

from pi 3 to 2.    No evidence is available to determine if the DFP 

hydrolyzing enzyme was the same as the TEPP hydrolyzing enzyme. 

The DFP resistant esterase noted in Figure 3C and the TEPP resistant 

esterase in Figure 4C may account for the activity,toward these 

organophosphorus compounds.     Forster,   Bendixen and Montgomery 

(1959) also noted a decrease of inhibition with bovine milk esterases 

at higher concentratiohs. of organophosphorus compounds. 

In the previous discussion the presence of six esterases was 

shown in carrot extract.     The possibility, exists that the esterases 

noted above may contain additional esterase,  which were not revealed 

due to similar substrate and inhibitor specificities.     The esterases 

reported from this study were not isozymes,   since they were dif- 

ferentiated on the basis of substrate and inhibitor specificities. 

Four of these esterases may be classified as carboxylesterases. 

The parathion resistant esterase,   which hydrolyzed PA and naphthyl 
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esters, was inhibited by DFP and TEPP.    Therefore,, this esterase 

might possibly be classified as carboxylesterase.    The DFP and TEPP 

resistant esterase which hydrolyzed the naphthyl esters might be an 

arylesterase.    This indicates that some carrot esterases may not fit 

the classification for animal esterases precisely.    As more vegetable 

esterases are studied,   a different classification of esterases may be 

developed. 

In general,  carrot esterases appeared more resistant to 

parathion and DFP when compared to pea (Norgaard,. 1967) and green 

bean (Putnam,   1966) esterases.    However,   the esterases of the three 

vegetables were equally sensitive to TEPP.     The presence of DFP 

and TEPP hydrolyzing enzymes were not reported in the pea 

(Norgaard,   1967) and green bean (Putnam,   1966) extracts. 

Specific names were not assigned for the esterases found in 

carrot.    Upon purification of the individual esterases and determina- 

tion of physiological substrates,   appropriate nomenclature can be 

developed. 
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SUMMARY 

The effect of pH on ester as e activity, of an aquous extract of 

lyophilyzed carrots towards PP,   TP and NP were determined.    The 

pH optima varied from 6. 8 to 7. 2 and a sharp optimum for each sub- 

strate was apparent.    A pH of 7. 2 was chosen for the study. 

A variety of esters of phenol,   2-naphthol-6-SO Na,   glycerol 

and choline were used as substrates to determine esterase activity 

of the carrot extract.    Phenyl esters were hydrolyzed most rapidly, 

followed by naphthyl esters and triglycerides.    In general,  the activity 

decreased as the acyl chain length increased.    Long-chain naphthyl 

esters and triolein were not hydrolyzed indicating the absence of 

lipase in the extract.    No activity was observed with choline esters. 

Activation by EDTA was not pronounced. 

Inhibition of esterase activity by parathion,  DFP and TEPP 

showed the presence of six esterases.    Since four of the esterases 

were inhibited by the organophosphorus compounds,  these enzymes 

-were classified as carboxylesterase (EC 3. 1. 1. 1).    The parathion 

resistant esterase,  which hydrolyzed PA and naphthyl esters was 

inhibited by DFP and TEPP.     Therefore,   this esterase might pos- 

sibly be classified as carboxylesterase.     The esterase resistant to 

DFP and TEPP and sensitive to parathion,  which hydrolyzed naphthyl 

esters,   might be classified as an arylesterase (EC 3. 1. 1.2). 
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Enzymes which hydrolyzed DFP and TEPP,   also were suggested in 

the carrot extract. 
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