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Abstract-Some properties of pig plasma esterases were determined using as substrates thiophenyl 
acetate, phenylacetate, acetylthiocholine iodide and butyrylthiocholine iodide. Under similar conditions, 
butacarb (3,5-do-t-butylphenyl methyl~arbamate) was found to be a much more potent inhibitor than 
carbaryl (i-naphthyi methyl~arbamate). High specific activity fractions were obtained by ammonium 
sulfate precipitation followed by chromatography on Sepharose 63. The butacarb-sensitive esterases 
were adequately separated from albumin by Sepharose 6B. The active fractions were inhibited by 
mercuric, cobalt and manganese ions. and not by calcium and potassium ions or by Mipafox, an 
organophosphorus compound. Also, they were free of any cholinesterase activity. The properties 
observed indicated an aiylesterase type of enzyme. 

Pig plasma contains mostly arylesterases and low 
concentrations of other related enzymes. The presence 
of carboxylesterases is questionable. Arylesterases are 
genetically controlled by a set of multiple alleles [I, 21 
and are ‘specific’ toward aromatic and aliphatic esters 
having a double bond (-C&C-&) adjacent to the 
ester linkage [3]. They do not hydrolyze choline and 
other aliphatic esters. However, esterases such as car- 
boxylesterases and cholinesterases readily hydrolyze 
aromatic esters. 

Arylesterases, which are the characteristic type of 
esterase in ma~alian blood plasma [+8], are 
highly sensitive to heavy metallic ions such as mer- 
curic ions [7-IO] and are activated by calcium [P-11]. 
They are resistant to organophosphorus compounds 
and carbamates, including those used as selective cho- 
linesterase inhibitors. 

However, our preliminary work showed that pig 
plasma esterases hydrolyzing thiophenyl acetate 
(TPhAc) were readily and markedly inhibited by 
butacarb (3,5-di-~-butylphenyl methyl~rb~ate), but 
were less sensitive to carbaryl (l-~phthyl methylcar- 
bamate). This difference in the reactivity toward simi- 
lar compounds may be of importance in toxicological 
evaluations necessary for setting up tolerance levels 
of carbamate insecticides in foods. The present inves- 
tigation deals with the partial isolation and character- 
ization of butacarb-sensitive esterases from other 
plasma proteins. 

MATERIALS AND METHODS 

Enzyme assap. The esterase activity was deter- 
mined spectrophotometrically according to a modi- 
fied method of Ellman, Augustinsson et al. [12, 131, 
using TPhAc (Polyscience, Warrington, Pa.), acetyl- 
thiocholine iodide (ASChI) and butyrylthiocholine 
iodide (BSChI) (both from Sigma Chemical Co., St. 

* Food Research Division, Health Protection Branch, 
National Health and Welfare, Ottawa, Canada KlA OLZ. 

Louis, MO.) as substrates. The reaction rate was deter- 
mined, at 30” in 0~0.5 M Tris-HCl buffer, pH 7.2. An 
LKB Reaction Rate Analyzer 8600 (Bro~a, 
Sweden) or Beckman DB-G (Great Britain) spectro- 
photometer was used. Butacarb, 100 per cent purity 
(Boots Pure Drug Co., Ltd., Nottingham, England), 
and carbaryl, 99.9 per cent purity (Union Carbide 
Corp., W. Va., U.S.A.), were added individually or 
on after the other to the reaction solution to deter- 
mine their effects on the enzymatic hydrolysis of 
TPhAc. Unless specified, the general procedure was 
as follows: (1) prein~ubation of enzyme solution for 
0.5 min at 30”, (2) TPhAc added and the initial enzy- 
matic rate observed for 1 min, (3) carbaryl added and 
the enzymatic rate observed for another 1 min and 
(4) butacarb added and the rate also observed for 
at least 1 min. 

The enzyme activity was also determined gaso- 
metrically at 25” in a Warburg apparatus (B. Braun, 
Melsungen, West Germany) using phenyl acetate 
(Labkemi AB, Stockholm, Sweden) as substrate. 

~e~er~i~~io~ of ~r~tei?~ co~zce~t~~~i~n. The protein 
concentration was determined by measuring the 
extinction at 260 and 280nm [14]. Protein concen- 
tration (mg/ml) = 1.45 E280 - 0.74 EzeO; where E is 
the extinction at 260 and 280nm respectively. 

Separation methods. Chromatographic separation 
on Sephadex G-10) and Sepharose 6B (both obtained 
from Pharmacia Fine Chemicals, Uppsala, Sweden) 
was performed at 40. Phosphate buffer (@04M, pH 
7) was used in a Sephadex G-100 column, and either 
phosphate buffer (0.04 M, pH 7) or Tris-I-ICI buffer 
(@05 M, pH 7.2) in a Sepharose 6B column. The Tris 
buffer was used with or without 1 mM CaCl, and 
5 PM EDTA. The flow rate (0.25 to 0.30 ml/min) was 
maintained by using a peristaltic pump (Varioperpex, 
LKB-Produkter AB, Bromma, Sweden) after intro- 
ducing the sample at the bottom of the gel column 
(1.5cm id. x 85 cm ht). The void volume obtained 
was - 45 ml. 
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The enzyme was also isolated by precipitation in 

an (NH&S% solution [4,1 l] before chroma- 
tography on Sepharose 6B. The precipitate obtained 
from a SOY< saturated (NH&SO, solution was dis- 
carded. The supernatant was further saturated to 75% 
and the resulting supernatant discarded. The precipi- 
tate was dissolved in 0.05 M Tris-HCl buffer at pH 
7.2, dialyzed for 3 days with several changes of the 
same buffer, and concentrated in an Amicon Diaflo 
cell (Instrument AB Lambda, Stockholm, Sweden). 

Electrophoresis was performed always in duplicate, 
at 4’ in polyacrylamide gels (pH 75, 7.5”/,, medium 
size pore) [lS]. The developed gels were incubated 
with Coomassie Brilliant Blue R-250 (Serva, Heidel- 
berg, West Germany), 5-bromoindoxyl acetate 
(5-BIA) (Sigma Chemical Co., So. Louis, MO), l-naph- 
thy1 acetate (NA) (Eastman Organic Chem., Roches- 
ter, N.Y.), or TPhAc. In addition, isoelectric focusing 
in polyacrylamide gels containing Ampholine (LKB- 
Produkter AB, Bromma, Sweden) was also performed 
in duplicate according to the previously reported 
methods [l&19].* After focusing, each gel was cut 
into 5-mm sections [19].* Each section was squashed 
in 1 ml of distilled water and was kept overnight at 
4” before determining the pH at this temperature. 
Other gels, which were incubated with enzyme sub- 
strate or protein stain, were observed at 620nm for 
Coomassie Brilliant Blue R-250, indophenyl acetate 

(IPA), and TPhAc-copper-dithioxamide complex 
[20]; at 610nm for 5-BIA; at 390nm for NA; and 
at 284nm for protein with or without stains. The 
spectrophotometer (Unicam SP 1800, Pye Unicam, 
Great Britain) used was equipped with an automatic 
cuvette slider. 

RESULTS 

EJf2ct.s of butucarb on enzyme activity. The enzyme 
activity of a Sepharose 6B fraction was inhibited to 
about 50 per cent by 3.2 x lo-‘mM butacarb after 
l-5 min of incubation. Likewise, with whole plasma, 
4C-50 per cent inhibition was observed with 3 to 
6 x 10e3 mM butacarb after 5-20min of incubation. 
With 2 to 5 x lo-‘mM carbaryl, only 3-8 per cent 
of enzyme activity was inhibited after s-10 min of in- 
cubation. Prolonged incubation to 15 min with 5 to 
10 x lo-’ mM carbaryl increased the inhibition to 
only 28 per cent. 

Based on the general procedure used (see Materials 
and Methods), 0.25 mM carbaryl had no effect on the 
enzyme activity in Sepharose 6B fractions. Further 
tests showed that carbaryl added before or after 
TPhAc did not alter the inhibitory effect of 
3 x 10m2 mM butacarb. 

Gel chromatoyrapl~g. Protein analysis of Sepharose 
6B fractions obtained from whole plasma showed two 
protein peaks. One appeared before the esterase 
region and the other was in the region where the 
bovine crystalline albumin standard was eluted. The 
esterase activity was observed in both the esterase 
and the albumin regions. The inhibition of esterase 
activity in the esterase region by 3 x 10m2 mM buta- 
carb was greater than that in the albumin region. 

* L. Lindqvist and K.-B. Augustinsson, manuscript sub- 
mitted for publication. 
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Fig. 1. A typical chromatogram of pig plasma eluted in 
Sepharose 6B. The plasma was precipitated by (NH&SO, 
and was dialyzed before chromatography. The enzyme ac- 
tivity (m) is in pkat; specific activities in pkat/kg of protein 
in the absence (0) or presence (A) of 3.2 x 10-’ mM buta- 
carb; protein concentration (0) in mg/ml of eluate. The 
reaction was performed using 005 M Tris-HCl buffer, pH 

7.2, containing 10m3 M TPhAc at 30’. 

Figure 1 shows a typical Sepharose 6B chromato- 
gram, of pig plasma, which was precipitated with 
(NH,),SO+ On the basis of enzyme activity (pkat), 
there are two peaks shown, one at the region of eluate 
17 to 19 and the other on the albumin region, eluate 
23 to 24. (The decrease in activity in eluate 18 was 
considered an artifact, since it was not observed in 
previous or subsequent elutions.) The activity in 
eluate 23 to 24 may be due to albumin esterases. Con- 
trary to the preceding observation, the activity 
(,ukat/kg) peak (eluate 17) was observed in the absence 
or presence of butacarb. This peak was distinctly 
separated from the protein peak (eluate 24 to 25), 
which comprised mostly serum albumin. The specific 
activity in eluate 17 to 19 was 30 times that observed 
for whole plasma. 

Based on a gasometric method the enzyme activity 
in pig whole plasma at dilutions between 1: 5 and 
1: 10 was 49-55 per cent inhibited after 50 min of in- 
cubation with lo-‘mM butacarb at 25”. Only 9-14 
per cent inhibition was observed with 10e3 mM buta- 
carb. Using the same conditions, 10m4 to 10m2 mM 
carbaryl and 10m3 to 10-l mM Mipafox (bis-mono- 
isopropylamino fluorophosphine oxide) did not in- 
hibit the enzymatic hydrolysis of phenyl acetate. 
However, the esterase activity of Sepharose 6B frac- 
tions in the albumin region was found sensitive to 
carbamates. Butacarb and carbaryl each at 10m4 to 
10m2 mM gave 5363 and 2 37 per cent inhibition 
respectively. The gasometric data for butacarb agreed 
with the spectrophotometric (TPhAc) data. 

The similarity of enzyme activities in the three con- 
secutive Sepharose 6B fractions in the presence of 
butacarb at various concentrations is shown in Fig. 
2. The range of I,, values was narrow, from 1 to 
2 x 10e2 mM. (I,, values were obtained by plotting 
the per cent inhibition on a probit scale against molar 
concentration on a logarithmic scale.) 



Properties of pig plasma esterases sensitive to butacarb 703 

0’ 
I 

I 2 3 
BUTACARB CONC. (all xlOe’ mM1 

‘1651113 

Fig. 2. Effects of butacarb concentration on TPhAc hy- 
drolysis. Butacarb was added 0.5 min after TPhAc to the 
reaction solution containing Sepharose 6B eluate 17 (0). 
18 (A) or 19 (m) as presented in Fig. I. The reaction was 

performed under the conditions stated in Fig. I. 

Ejixts of TPhAc concentration on enzyme activity. 
The constants calculated for Sepharose 6B fractions 
17-19 were V,,, = 5.6 pkat/l. and K, = 05 mM. 
Figure 3 shows the hydrolysis of TPhAc at various 
concentrations in the absence or presence of 
3 x lo-’ mM butacarb, which was added 1 min after 
the addition of TPhAc. The degree of inhibition de- 
creased as the TPhAc concentration increased, and 
it remained constant when TPhAc was increased from 
0.7 to 1 mM. 

Eficts of ions on enzqlme activity. Figure 4 shows 
the effects of K+, F-, Mg2’, Mn2+ and Co2+ (each 
at 5 mM) on the TPhAk hydrolysis by esterases in 
an active fraction after Sepharose 6B chromato- 
graphy. All tests were performed in the presence of 
1 mM Ca2+. Under this condition, Co’+ gave about 
95 per cent inhibition; Mn’+, 40 per cent; Mg2+, 
10 per cent; F-, 5 per cent; and Kf, 0 per cent. 

Likewise, the gasometric method showed that 10e2 
mM HgCl, gave _ 65 per cent inhibition of the ester- 
ase activity in pig whole plasma diluted 1: 5 and incu- 
bated for 50min at 25”. No inhibition was observed 
with < lo- 3 mM HgCl,. The esterase in the Sephar- 
ose 6B fractions with a high sp. act. was h 14 and 
58::‘, per cent inhibited by 10m3 mM and lo-’ mM 
HgCl, respectively. The esterase in the albumin 
region was 13 per cent inhibited after incubation with 
10m4 to 10m2 mM HgCl, for 50min. 

ASChI and BSChl as esterase substrates. Table 1 
shows that ASChI and BSChI were hydrolyzed at a 
very low rate. Consequently, we regard the cholines- 
terase activity present in our fractions as negligible. 
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Fig. 3. Effects of TPhAc concentrations [S] on the enzyme 
activity in the presence (A) or absence (0) of 3 x lo-’ mM 
butacarb. AE = change in absorbance/min; “6 inhibition 
(W) was based on the initial activity. The reaction was 

performed under the conditions stated in Fig. I. 
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Fig. 4. Effects of ions. each at 5mM. on the esterase ac- 
tivity of Sepharose 6B &ate 17 to 19. The per cent activity 
left after the addition of each ion was based on the control. 
The reaction was performed under the condition stated 

in Fig. 1. 

Polyacry/atnide gel electrophoretic studies. The pro- 
tein patterns for the whole plasma Sepharose 6B 
eluates 17 and 25 (Fig. 5A) and (NH,),SO, precipi- 
tate (Fig. 5B) were observed at 620 nm and were con- 
firmed at 280nm. As expected, band I indicates that 
the albumin concentration in the precipitated fraction 
was greatly reduced. The electropherogram of whole 
plasma contained five protein bands not readily dif- 
ferentiated by the spectrophotometer used. Bands II 
and III contained at least two protein bands each. 
Fraction 17 had no bind I, whereas fraction 25 con- 
tained mostly bands 1 and II. Band III for fraction 
25 was considered an artifact, since no stain was 
visible in the gel. All proteins in bands I-III hydro- 
lyzed NA and TPhAc, but only that in band III was 
capable of hydrolyzing 5-BIA. 

Figure 6 shows that the protein hydrolyzing 5-BIA 
was further separated by isoelectrofocusing into at 
least three major bands, two of which were detectable 
in the gels incubated with TPhAc; the first band (at 
the cathodic side) was not detectable with TPhAc. 
The second and third bands, which reacted with 
5-BIA and TPhAc. focused at _ pH 6 and at pH 
5-5.2. However, gels stained with Coomassie Brilliant 
Blue R-250 showed a much wider third band that 
focused at pH 4.2-5.3. The section of this band that 
focused at pH 4.2-5 was not detected enzymatically. 
The bottom part of Fig. 6 shows the corresponding 

Table 1. Esterase activities in Sepharose 6B eluate 18 in 
the absence or presence of carbaryl or butacarb 

Activities* 
(;tkat!kg protein f S. E.) 

After addition of: 

Substrate Initial 

Carbaryl Butacarb 

TPhAc 5.34 * 0.18 4.84 * 0.19 2.22 * 0.11 
ASChI 0.22 * 0.03 0.22 + 0.02 0.12 * 0.01 
BSChl 0.34 * 0.02 0.25 k 0.02 0.11 * 0.02 

* N = 3 except for BSChI. where N = 6. 
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Fig. 5. (Al A comparison of protein absorbance at 620 nm 
after electrophoresis in polyacrylamide gels of whole 
plasma (. . ...). eluate 17 (--------) and 25 (-). Refer to Fig. 
1. (B) An electrophoretic pattern for the (NH&SO4 preci- 

piatate. I, II and III indicate major absorbance peaks. 

spectrophotometric patterns. The unusually high 
absorption at the right half of the gel incubated with 
5-BIA was due only to opaqueness of the gel. 

5-BIA I]E$ 1 
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Fig. 6. A diagram obtained after isoelectrofocusing of the 
combined Seoharose 6B elute 17, 18 and 19 (see Fig. I). 
The top diagram represents the gels; the bottom represents 
the absorbance of the gels specified in the text. Each 5-mm 
section of the polyacrylamide gel rod is indicated by a 
dash (----) and the pH of each section by a dot (0). The 

pH is the average of two readings. 

DISCUSSION 

It is of significance that pig plasma esterase hydro- 
lyzing TPhAc is very sensitive to butacarb but not 
to carbaryl. The affinity of the esterase to butacarb 
may be due to the similarity of the butacarb and 
TPhAc structures (Fig. 7) and to the particular substi- 
tuent group in the aromatic ring. The results obtained 
from Lineweaver-Burk type plots suggested that 
butacarb competes with TPhAc for the enzymes. 
However, further studues should be done to ascertain 
the nature of butacarb interaction with the pig plasma 
esterases. 

Under identical conditions carbaryl, which belongs 
to the same group of esters as butacarb, did not 
readily inhibit the pig plasma esterases hydrolyzing 
TPMc. This finding parallelled the previous observa- 
tion on NA, which was slightly hydrolyzed by aryl- 
esterase at the rate of only ~0.3 /imole/hr/mg of 
enzyme [3]. It should be noted that NA is structurally 
similar to carbaryl. On the contrary, TPhAc was hyd- 
rolyzed at the rate of 180pmoles/hr/mg of enzyme 
c31. 

Both NA and 5-BIA appeared to be readily hydro- 
lyzed by esterases in band III on acrylamide gels, 
although previous studies [3] indicated that these 
were not good substrates for arylesterases. However, 
arylesterases in humans may be different from those 
in the pig. The difference may also be due to the 
methodology applied. The work with NA [3] was 
done at pH 7.4 and this study with 5-BIA at pH 
7.8, in which the indigo product is readily formed. 

The inhibition of esterase activity by HgCl, sug- 
gests that arylesterases [9] are involved. In addition, 
the effects observed with Mn2+, Mg2+ and Co’+ on 
the esterase activity in the Sepharose 6B fractions 
were consistent with those reported for human serum 
arylesterases [10-21].* Although Ca” is regarded as 
an activator [S-11], it did not markedly affect the ac- 
tivity when it was omitted in the solution. The inabi- 
lity of Mipafox to inhibit the esterase activity toward 
phenyl acetate indicates that carboxylesterase and 
cholinestera~ were not responsible for the enzymatic 
reaction. Moreover, the inability of the esterase in 
the Sepharose 6B fractions to hydrolyze ASChI or 
BSChI also suggests the absence of cholinesterases. 

To a certain extent, the pig esterase activity is satis- 
factorily separated from plasma albumin by chroma- 
tography on Sepharose 6B but not on Sephadex 
G-100. Sepharose 6B was previously used to isolate 
arylesterases (A-type esterases [ 10,231) in sera of dif- 
ferent mammalian species 191. Furthermore, the 
(NH&SO, precipitation method is also useful in 
obtaining from pig plasma an arylesterase fraction 

Butacorb TPhAC 

Corboryl NA 

Fig. 7. Structure of butacarb, TPhAc. carbaryl and NA. 
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was not hydrolyzed in the alb~lmin region of the elec- 
trophoretic gels. This property of 5-BIA may be useful 
in isolation schemes to monitor the presence of albu- 
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In conclusion, this report supported the concept 
that the pig plasma esterases are basically that of an 
arylesterase type. More im~rtantly, the sensitivity to 
inhibition, by butacarb, and not by carbaryl, of both 
the plasma and isolated esterases suggests that this 
type of esterase should be evaluated along with other 
parameters in toxicological evaluations of carbamate 
or related pesticides. 
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