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Abstract—Using paraoxon and pirimiphos-methyl as substrates, much of the ‘A’-esterase activity of
sheep serum was found to be in the high-density lipoprotein (HDL) fraction. A method was developed
for the partial purification of ‘A’-esterases by the preparation of a lipoprotein fraction, followed by
preparative polyacrylamide gel electrophoresis. The properties of the partially purified preparations of
‘A’-esterase were studied. Although four different preparations all contained a major protein unit,
which resembled the core protein of HDL, there was evidence of differences between preparations with
regard to substrate specificity, suggesting the existence of multiple enzyme forms. Gel filtration of serum
samples indicated that paraoxonase activity is expressed by proteins with mol. wts > 200,000, strongly
suggesting that the ‘A’-esterase activity of the lipoprotein fraction is present in one or more forms of
HDL,;. The dependence of ‘A’-esterase activity upon Ca®* and the problem of esterase classification

are discussed.

In 1953 Aldridge [1] defined two classes of esterases
according to their interaction with organophosphate
anticholinesterases. ‘A’-Esterases hydrolyse such
substances whilst ‘B’-esterases are inhibited by them.
The active forms of organophosphorus pesticides are
inhibitors of ‘B’-esterases and are in many cases
deactivated by ‘A’-esterases [2]. Mammals tend to
have high levels of ‘A’-esterase activity in the blood
and the liver, and this is apparently an important
factor in determining their relatively low suscepti-
bility to such organophosphates as diazinon and
pirimiphos-methyl. By comparison birds have very
low levels of ‘A’-esterase activity and are relatively
susceptible to these two compounds [3]. In spite of
their toxicological importance, ‘A’-esterases have
not been properly characterised although several
attempts have been made to do this [4, 5]; however
no preparation of ‘A’-esterase has been purified to
homogeneity. The aim of the present work was to
purify and characterise the ‘A’-esterases found in
sheep serum [6]. Sheep serum was chosen as the
enzyme source on account of its ready availability
and high ‘A’-esterase activity. Paraoxon (o,0-
diethyl-o, p-nitrophenyl phosphate) and pirimiphos-
methyloxon (2-diethylamino-6-methylpyrimidine-4-
yl dimethyl phosphate) were used as substrates. In
addition a study was undertaken to compare the
properties of ‘A’-esterases with those of sheep serum
‘arylesterase’.

MATERIALS AND METHODS

Chemicals

All chemicals were of analytical reagent grade
unless otherwise stated. Sucrose, glacial acetic acid,

* To whom correspondence should be sent at: Depart-
ment of Biological Sciences, The Polytechnic, Wulfruna
Street, Wolverhampton, U.K.

potassium bromide, calcium chloride and methanol
were obtained from Fisons. Tris (Sigma 7-9® Trizma
biochemical buffer), acrylamide and N,N'-
methylene-bisacrylamide (both especially pure for
electrophoresis}, TEMED, ammonium persulphate,
B-mercaptoethanol, bromophenol blue, glycine, par-
aoxon, Triton X-100 and Coomassie brilliant blue
R-250 were obtained from Sigma (London) Chemical
Co. Pirimiphos-methyloxon was a kind gift from
I.C.I. Plant Protection Division.

Sheep serum

Sheep blood was obtained unheparinised from
Reading Abattoir and centrifuged at 2100g for 1
hr at 4° to obtain the serum.

Purification of sheep serum ‘A’-esterase

All procedures were performed at 4°.

The initial stage of the purification entailed the
preparation of a total lipoprotein fraction as
described by Mackness and Walker {6]. Potassium
bromide (324.6 mg/ml serum) was added to sheep
serum to give a sp. g. of 1.21, and the mixture
centrifuged at 135,000 g for 24 hr at 4°. Lipoproteins
(high- plus low-density) separated from the remain-
der of the serum {termed the soluble fraction) as a
pale yellow layer and this layer was removed with
a Pasteur pipette. ‘A’-Esterase in this lipoprotein
fraction was then further purified by preparative
polyacrylamide gel electrophoresis (PAGE).

Preparative non-denaturing PAGE was performed
using the Mark II Shandon-Southern preparative
polyacrylamide electrophoresis apparatus. The sol-
utions employed for making gels were as described
by Laemmli [7] with the exception that sodium
dodecyl sulphate was omitted. The separating gel
used was 8cm of 7.5% (w/v) polyacrylamide gel
containing 0.1% (v/v) Triton X-100 overlayed with
a 1cm 3% (w/v) polyacrylamide gel which also con-
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tained 0.1% (v/v) Tritcn X-100. Five millilitres of
sample (4ml lipoprotein fraction to 1ml sample
buffer) was applied to the column and cold water
was circulated through the cooling system and elec-
trode buffer (0.05M Tris, 0.38 M glycine, pH 8.15)
circulated between the upper and lower electrode
reservoirs. Electrophoresis was at 30 mA for 1hr
and then at 80 mA for the remainder of the electro-
phoresis run. A pump transferred ice-cold elution
buffer (0.43 M Tris-acetate, pH 8.3) at the rate of
14 ml/hr from a reservoir to a fraction collector which
collected fractions at 25-min intervals via the elution
plate at the base of the separating gel and a LKB
Uvicord II Flow Analyser attached to a recorder.
Samples eluted from the column were immediately
assayed for paraoxonase activity and were then
stored at —80° until required for further assay.

Fractionation of lipoproteins

In order to determine the distribution of ‘A’-ester-
ase in the lipoprotein, high- and low-density lipo-
protein fractions were prepared by the following
method. Potassium bromide was added to serum
(90.7 mg/ml serum) to give a sp. g. of 1.063 and the
resultant solution centrifuged at 135,000 g for 24 hr
at 4° (M.S.E. Superspeed 65 Ultracentrifuge). The
upper pale layer of low-density lipoprotein (LDL)
was removed using a Pasteur pipette and 234.1 mg/
ml potassium bromide was added to the remainder
of the serum to increase the sp. g. to 1.21. After
centrifugation at 135,000 g for 24 hr at 4°, the upper
yellow layer of high-density lipoprotein (HDL) was
removed. Serum, LDL, HDL and soluble fractions
were assayed for A-esterase activity.

Assay of enzyme activity

(i) Enzyme activity in serum, lipoprotein and solu-
ble fractions. (a) ‘A’-Esterase activity. *A’-Esterase
activities towards paraoxon (paraoxonase activity)
and pirimiphos-methyloxon (pirimiphos-methylox-
onase activity) were assayed by the methods
described by Brealey et al. [3] with the exception
that the phosphate buffer used in both assays was
changed to 0.02 M Tris~HCIl, pH 7.6, buffer.

(b) Arylesterase activity. Arylesterase activity
towards phenylacetate was assayed using the method
of Lorentz et al. [8]. The assays were conducted at
37° and 20 ul of undiluted enzyme source was used.

(ii) Enzyme activity in fractions from preparative
PAGE. (a) ‘A’-Esterase activity. The activity of
‘A’-esterase towards paraoxon in fractions from pre-
parative PAGE was measured by mixing 3.9 ml of
0.43 M Tris—acetate buffer, pH 8.3,0.1ml of 0.12M
paraoxon in ethanol and 1ml of the sample. The
mixture was incubated at 37° with shaking and the
change in absorbance at 400nm recorded over
20 min, using a Gilford 240 spectrophotometer.

The activity of ‘A’-esterase towards pirimiphos-
methyloxon was measured by mixing 2.98 ml of
0.43M Tris-acetate buffer, pH 8.3, containing
10mM calcium chloride, 0.02ml of 2M
pirimiphosmethyloxon in ethanol and 0.5 ml of the
sample. The mixture was incubated at 37° with shak-
ing. Portions (0.2 ml) of the reaction medium were
withdrawn at 5 and 10 min after the substrate had
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been added and were analysed for hydrolysis prod-
ucts by the method of Brealey and Lawrence [9].

(b) Arylesterase activity. Arylesterase activity in
fractions from preparative PAGE was measured by
the method described earlier (i) except that the
sample size used was 250 ul.

(iif) Activation assays. The activity of paraoxonase
peaks from the preparative PAGE column was meas-
ured for activation by Ca?* and the activator solution
(all fractions from the preparative column not show-
ing paraoxonase activity combined) by slight modi-
fications of the paraoxonase method described
earlier.

(i) For Ca’*—before the assay calcium chloride
was added to the assay buffer to give a final Ca®*
concn of 10 mM.

(ii) For the activator—prior to assay 1 ml of assay
buffer was replaced by 1 ml of activator solution.

(iii) For Ca** and the activator solution
combined—modifications (i) and (ii) were both
carried out prior to assay.

Protein determinations

Protein was measured using the Coomassie blue
dye binding method as modified by Spector [10].

Analytical denaturing PAGE

Analytical denaturing PAGE was performed by
the method of Laemmli [7] adapted for vertical slab
gel electrophoresis, in order to determine the purity
of the paraoxonase peaks from the preparative
PAGE column. The gel used was a 7.5% (w/v)
polyacrylamide gel overlayed with a 3% (w/v) stack-
ing gel. Electrophoresis was at 20 mA for 4 hr, after
which the gel was stained for protein in 0.1% (w/v)
Coomassie brilliant blue R-250 in methanol: glacial
acetic acid:water (45:9:46) for 2 hr and destained
in methanol:glacial acetic acid:water (5:1:5) to
remove background staining.

RESULTS

The distribution of ‘A’-esterase and arylesterase
activities in the soluble and lipoprotein fractions of
sheep serum are shown in Table 1, as is the distri-
bution of ‘A’-esterase activity after the fractionation
of the total lipoprotein fractions into LDL and HDL
fractions. The results show that the majority of par-
aoxonase activity was in the lipoprotein fraction and
pirimiphos-methyloxonase was distributed almost
equally between the two fractions, while the majority
of arylesterase occurred in the soluble fraction. The
total recovery of arylesterase activity from serum in
the two fractions at 93.5 = 6% is larger than the
recovery of either of the two ‘A’-esterase activities
(73 £ 12% for paraoxonase and 51 9% for
pirimiphos-methyloxonase), suggesting the existence
of different types of esterase with different substrate
specificities.

In order to determine the distribution of ‘A’-ester-
ase activity in the lipoprotein fraction, HDL and
LDL fractions were prepared and assayed for ‘A’-
esterase activity towards both paraoxon and
pirimiphos-methyloxon substrates (Table 1). Nearly
all of the paraoxonase activity and all of the
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Table 1. Distribution of enzyme activity in soluble, total lipoprotein, high- and low-density lipoprotein fractions of sheep
serum

Activity recovery
in the soluble
fraction as a
% of that in

Activity recovery
in the total
lipoprotein fraction
as a % of that in

Activity recovery
in the high-
density lipoprotein
fraction as a
% of that in the
total lipoprotein

Activity recovery
in the low
density lipoprotein
fraction as a
% of that in the
total lipoprotein

Enzyme sheep serum sheep serum fraction fraction
Paraoxonase 24677 56.2+7.8 98.5x 0.1 1.5+0.1
Pirimiphos

methyloxonase 31.9x94 22.1%6.1 1000 N.D.
Arylesterase 76.9 +5.8 16.5 +0.7 — —

N.D. = not detectable.

pirimiphos-methyloxonase activity is found in the
HDL fraction. An essentially similar distribution of
serum paraoxonase was found on fractionation of
human serum.*

The elution profiles of protein and paraoxonase
activity from the preparative PAGE column are
shown in Fig. 1. The majority of paraoxonase activity
eluted after the main bulk of the protein as four
major peaks. Fractions 67-73, 74-107, 108-123 and
124-130 were pooled for further assay of paraox-
onase, pirimiphos-methyloxonase and arylesterase
activities. Fractions 1-66 and 124-150 were pooled
as the recombined inactive fraction or activator
solution.

The results of the assays of the activity peaks for
paraoxonase, pirimiphos-methyloxonase and aryl-
esterase activities are presented in Table 2. The
results presented for paraoxonase are those where
activation took place (see later). Pirimiphos-
methyloxonase activity was found only in peaks

* S. Woodhouse, unpublished data.

301

67-74 and 124-130, i.e. the first and last paraoxonase
peaks eluted from the preparative column. This dif-
ferential  distribution of paraoxonase and
pirimiphos-methyloxonase suggests that there are
multiple forms of ‘A’-esterase which hydrolyse the
two substrates. The ratios of the activities for the
two substrates are different from the ratio found in
the lipoprotein fraction. This indicates that the frac-
tions may contain two or more forms of ‘A’-esterase.

All four paraoxonase activity peaks are also active
towards phenylacetate and therefore show aryles-
terase activity but the ratioc between activities
changes markedly from peak to peak. A major dif-
ference between ‘A’-esterase and arylesterase is
evident from Table 2, namely that arylesterase
activity is found in the activator solution where no
‘A’-esterase activity occurs,

The pooled peaks of paraoxonase activity were
also assayed for activation by Ca’*, the activator
solution and these two in combination; these results
are presented in Table 3. The fractions representing
peak 74-107 were activated by calcium (P < 0.01).
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Fig. 1. Profile of paraoxonase activity eluted by preparative polyacrylamide gel electrophoresis after
electrophoresis of sheep serum lipoprotein fraction. PAGE is described in Materials and Methods.
(——) Protein; (———-) paraoxonase activity.



M. I. MAcCk~ESS and C. H. WALKER

2294

"I9A9] 1 > d Y1 1B [ONIU0D WOy JuIdJIp Apueogrudis §
TOAS] 700 > d 9Y) JB [01U0d woIj judienip Apuesyiudis 4
"[9A] 1070 > d 243 18 [o11u0d wotj juarep Apursyudig

‘[onuos o1 paredwos Lyanoe aseuoxoered ur 98ueyd uroymds ou = "§'N

1098+ ‘§'N ‘S'N 0E1—vT1
S'N 'S'N 'S'N £€C1-801

‘SN ‘SN 16°€C+ LOT—¥L

S'N ‘SN P P8+ £L€9
uoHBUIqWOD Ul uonnjos 28D W g Jyead
uonN{os 10jeAnoe l0jBATIOR yna aseuoxoered Ayanoe
pue e AW O] ynum dseuoxoered Ul SBAIOUT 9 aseuOXORIR]

yim sseuoxoered
Ul 9SedIOUT 9,

Ul 9SEoIOUL 9

SUONN[OS I0J03JJ3 SNOLIRA JO
aouosaxd oy ur oseuoxoried spremol IOV saneredord woyy suonoey Jo A1ANOY ¢ JGEL

-, _uiar0xd Jur-_awnutur- paseajar jonpod sspowr — e *dg 4
-y _tizoad Swr. | _sInupw - paseaa1 1onpold sHIOWN = 108 dg .,
“31qeInsIsp 10U = (I'N

- - - - LO'EL — - 67'LT - - 8'8¢ - (%)
A32A0001
Anape [R10]
s - e e JAYAL 01 = 0¥ - - N - - ON uonnios
101BANDY
0gy 891 [eanat ot 8¢ 97 * 0991 91 8L0 620+ 8l'¢ Ls LT 9'89 T 98¢ 0g1-$21
- Syl - 80T 1St LCFoLLl 1e 68'¢ L90* 66'E - - ‘AN £C1-801
- 0C - {2 19t L = 0861 £9 187 yOFETL - — ‘a’N L0T-L
AR+ 681 80T 1 - £l ST F 8Ly 1 [£24] v 0+ STT 9t 441 9€ F T £L-L9
vyl (3201 SET 1 00t Se9lL 1 001 961 1 001 8'L9 uonoey
uwjordodry
a5RISIAIE aseIosAIe aseuoxolAyIaw 10308 {2} 4308 'dg 10128) {95) < Pe dg 1008 {9%) L we dg yead
[ o} ~soydiund uonesyLng Ananoe uonEsyLIng Ananoe uonesyung Amanoe Apapon
ISEUOXO[AIAUL  SSBUOXORIEJ o1 10 A1oa009Y Jo A1aaooay 30 A19A003Y ASRUOXORIE]
-soydnurng ASRUOXORIEJ

SINTAIOE JO ONBY

28RINSIIAIY

ISRUOXORIE]

aseuoxolsyprau-soydunang

uwnjod 0V d daneredord oyl woly pains saniande Isera)sa[Are pue sseuoxojiylow-soydnumd ‘sseuoxoried " SlqeL



Partial purification and properties of sheep serum

Fig. 2. Analysis of proteins in paraoxonase peaks from
preparative electrophoresis. PAGE and protein staining
are described in Materials and Methods. Lanes (left to
right): (1) sheep serum; (2) lipoprotein fraction; (3) first
preparative PAGE, first paraoxonase peak; (4) first pre-
parative PAGE, second paraoxonase peak; (5) first pre-
parative PAGE, third paraoxonase peak; (6) first prepara-
tive PAGE, fourth paraoxonase peak; (7) second
preparative PAGE, second paraoxonase peak; (8) second
preparative PAGE, third paraoxonase peak; (9) standard
protein mixture (trypsinogen, bovine serum albumin and
ovalbumin); (10) standard protein mixture {cross-linked
bovine serum albumin with mol. wis 66,000, 132,000,
198,000 and 264,000).

Increases in activity were also observed after Ca*™*
treatment of peak 67-73, and Ca®'/activator treat-
ment of peak 124-130, but these were not statistically
significant. In a second column run which also gave
four peaks of paraoxonase activity, three of the four
peaks were activated by Ca** and the activator sol-
ution in combination. This suggests that the enzyme
was deactivated by the column separation to a greater
degree in the second run and strongly indicates the
requirement for another activator apart from Ca®".

Analytical denaturing PAGE (Fig. 2) indicated
that all four paraoxonase peaks had very similar
composition. The predominant band in all the peaks
was one running in the position expected of a protein
with a mol. wt of 71,000, The peaks also contained
several other bands of lower mol. wt ranging down
to 18,000. The existence of several different protein
units could merely be an indication of the impurity
of these preparations. On the other hand, in view
of the consistency of the picture in different fractions,
it might indicate a subunit structure of a number of
related proteins with ‘A’-esterase activity.

DISCUSSION

The use of the lipoprotein fraction from sheep
serum as the starting material for purification of

* DFP’ase = diisopropyl
diisopropylfluorophosphate).

fluorophosphatase (DFP =

2295

‘A’-esterase followed by preparative electrophoresis
provides a relatively simple method of purification
which results in a recovery of 15% of the starting
activity of paraoxonase and a 53-fold maximum puri-
fication (8.4-fold in the lipoprotein fraction with
respect to serum and a-further 6.3-fold in pooled
peak 74-107). In the case of pirimiphos-methylox-
onase, the recovery of activity (10%) and the puri-
fication factor (26-fold) with respect to the serum
are lower than the corresponding values for paraox-
onase. Aninteresting feature of this method of puri-
fication is that it appears to achieve some separation
of multiple forms. Further work is needed to estab-

lish the purity of the paraoxonase peaks eluted by

preparative PAGE and further purification may be
necessary, e.g. by ion exchange chromatography. It
should be noted that “A’-esterase activity also occurs
in the soluble fraction of sheep serum and this form
of the enzyme needs to be further purified and com-
pared with that in the lipoprotein fraction.

The results indicate that paraoxonase may require
a cofactor other than Ca®" and suggest that an
enzyme—Ca?*—activator complex may be required for
optimum activity. Mounter and coworkers [4, 11]
have also postulated that another ‘A’-esterase, hog
kidney DFP’ase,* required an enzyme-metal ion—
cofactor complex for optimal activity. The predom-
inant distribution of ‘A’-esterase activity in the HDL
fraction of sheep serum would suggest that ‘A’-ester-
aseis an HDL or HDL-associated enzyme (see later).

The differential distribution of paraoxonase, piri-
miphosmethyloxonase and arylesterase activities in
the soluble and total lipoprotein fractions of sheep
serum, and the differential distributions of these
activities in preparative PAGE suggests two things.
Firstly, they indicate the presence of multiple forms
of ‘A’-esterase in sheep serum as has been previously
suggested [12]. Secondly, it is clear from these results
that ‘A’-esterase activity should not be confused with
arylesterase activity. The latter is measured by a
non-specific assay which, in spite of the implication
of its name, is not restricted to esterases which
hydrolyse aryl esters.

Analysis of paraoxonase peaks from preparative
PAGE by denaturing gel electrophoresis showed
that the main protein band in all cases ran in the
position expected for a protein of mol. wt of about
71,000. There were also minor components of
apparently lower mol. wt in all cases, going down
to about 18,000. The estimated mol. wt of the main
component is very close to that of the core protein
of HDL, which is estimated to be 74,000 [13]. Thus,
on the basis of the restriction of activity to the HDL
fraction, and the mol. wt of the main protein unit
isolated by denaturing gel electrophoresis, it seems
clear that the ‘A’-esterase activity of serum lipopro-
tein is mainly associated with one or more species
of HDL. The minor components could be either
subunits produced by denaturation of the core pro-
tein, other proteins, or a combination of the two.

When sheep serum samples were run on a Sepha-
dex G-200 column the mol. wt of the separated
protein which showed paraoxonase activity was
estimated to be < 200,000 [14]. Other workers report
that A-type esterases from a variety of mammalian
sera have mol. wts of the order of 350,000 [15].
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HDL,; particles have mol. wts of approximately
360,000, compared with 150,000-180,000 for HDL;
[13]. It therefore seems likely that ‘A’-esterase
activity is being expressed by one or more species
of HDL,; particle. The dependence upon Ca** for
activation of ‘A‘-esterase in the present study could
be explained on the basis of the structure of the
HDL core protein. The core protein unit is believed
to contain two A-I polypeptides and two A-II poly-
peptides, the integration of the whole unit depending
upon the presence of diacyl phospholipids [13]. Ca®*
may be involved in the formation of bonds between
phospholipid and protein structure within the core
protein and the expression of ‘A’-esterase activity
may depend upon the integrity of the core protein.
The action of the ‘activator” solution on certain frac-
tions remains purely speculative. It might be due to
the presence of either a phospholipid or a peptide
whichisinvolved in the formation of the core protein.

Although much evidence suggests the existence
of different species of lipoprotein, all expressing
‘A’-esterase activity, but with different substrate
specificities [14], some doubts must remain. It is still
not clear whether the differences found between
fractions after electrophoresis are genuine, or
whether there are artefacts due to the partial modi-
fication of a single species of lipoprotein particle
during separation. Further work is required to elu-
cidate this problem.
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