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Chemiluminescent Determination of Esterases
in Monocytes
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Esterase from monocytes promotes the hydrolysis of 2-methyl-1-propenylbenzoate (MPB)
yielding 2-methyl-1-propenol, which is oxidized by horseradish peroxidase/H,0, producing
triplet acetone. The chemiluminescence of this reaction can be enhanced by the addition of
9,10-dibromoanthracene-2-sulphonate. The non-specific esterase present in monocytes is
responsible for MPB hydrolysis, since (a) the chemiluminescence of the reaction was inhibited
by fluoride, and (b) cells that do not contain a significant amount of non-specific esterases, e.g.
lymphocytes and neutrophils, did not trigger light emission. The analytical application of this
reaction is considered. [0 1998 John Wiley & Sons, Ltd.
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INTRODUCTION system that is triggered by hydrolases upon 2-methyl-
1-propenyl esters, in the presence @04 and horse-

Enzymatic action upon specific substrates yieldingrdish peroxidase (HRP) (2, 3).

chemiluminescence has been extensively used a o o

method of determination of several substances of| [ —_hirobse I HRP/O2/H202 M+ Heom +

clinical interest. From DNA probing, together with® © ® o

ELISA techniques, to direct detection of important Following the release of 2-methyl-1-propenol,

analytes for diagnosis, the number of commercial kitdRP catalyses its oxidation to acetone and formic

based on chemiluminescence has grown exponeftid, a reaction which was thoroughly studied by

tially during the last decade (1). Cilento and co-workers (4). At the expense of dis-

We have recently described a chemiluminescegblved oxygen and hydrogen peroxide, the reaction

produces acetone phosphorescence, an emission that
can be enhanced by addition of fluorescent acceptors,

as 9,10-dibromoanthracene-2-sulphonate
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hydrolysk of 2-mehyl-1-propetyllaurate by porcine
pancreaslipase elicited light emissionwhen con-
nectedto HRPH,O, enzymaticsysem (2, 5).

SinceHRP can be replacel by other peroxdases
(6), the activity of intracelular myeoperoxidasehas
alsobeenexploredasa chemilumnescenimarkerto
differentate betweenmyeloid and lymphoid blags
from leukaemicpatients(7).

Similady, we demonstate herethe possibility of
detecing monmuclear cells in a heteogeneous
popultion from blood extractsby taking advantage
of their comparéively high esteraseactivity (8).
Furthernore, we foresee an application for this
systemin the detecton of monaytic leukaemiasof
the FAB-M5 type.

MATERIALS AND METHODS

HRP (EC 1.11.1.7)type | and VI, Histopaqueand
Dextran were from Sigma Chemicd Co. Hydrogen
peroXxde was from Aldrich. The synthesisof 2-
methyt1-propenyl benzote (MPB) wasasdescibed
previoudy (2). All otherreagentswere high purity
commecial sanples from Sigma, Merck and
Aldrich.

Isolation of leukocytes

Monogytes were isolated from individuals with no

major haenogram abnomalities but exhibiting

moderaé monaytosis (10001500 cells/mm?).

Human monocyes and lymphogytes were isolated
by Ficoll-Hypaque(d = 1.057g/mL) gradient.After

Ficoll-Hypaquetreament, the cells were washed
twice with PBS-Dubeccomedum without glucose.
After monauclear cell isolaion the moncacyte/
lymphooyte relationdip wasdetermired by cytospin
preparaibns of isolatedcells andwasgenerdly in a
ratio betwea 1:4 and1:3.

Someexpeiments (SeeFig. 6) were carried out
with monacytesfrom a patientwith a mydodysplas-
tic sg/ndromewith awhite cell countof 51,000cells/
mm®, from which 52% were predomirantly matuie
monaytes and less than 1% lymphogytes. In this
caseaftermononucgarcel isolaion, the popuation
of monocyes was pradically 100%. Lymphocytes
were obtainedfrom a patientwith chroric lympho-
cytic leukaemia and from healthy donors after
monayteadheson. Granulocytesvereisolatedfrom
a healthy donor by a double gradient of Ficoll—
Hypaqie (d=1.057and1.119g/mL).
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When monaytes were sonicated,a vibra cell of
Sonics & Materiak Ins. Danbuy CT (USA) model
VC 50T wasused.The cells were disruped by two
pulsesof 10 secondsach.The samplewaskept on
ice to minimize loss of enzyme activity. After
sonicaion the mateial wasusedwithout any further
procedureor el it wascentrifuged at 60009 for 30
minutesat 4°C.

The time course of chemilumnescene was
followed in a BioOrbit modd 1251 luminomeer
(Turku, Finland).MPB stocksolutionswereprepared
in absolue ethanol Unless othawise staed, the
reaction was monitored in 38 mmolL phosphge
buffer, pH 7.4. The stardard reaction mixture was
1mmol/L MPB, 2.77U HRP type I, 7.4x 107>
mol/L H,O, and1.62x 10 > mol/L DBAS, at 37°C
in 1 mL of final volume.

RESULTS AND DISCUSSION

Luminesencecould be observedwhen monacytes
were incubaed with MPB/H,O./HRP in phosphte
buffer pH 7.4 in the preenceof DBAS (Fig. 1). The
conditionsof pH andphosphé molaiity of thereac-
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Figure 1. Light emission from the monocytes (6.4 x 10°
cells/mL)/MPB/H,0,/HRP (type 1)/DBAS system (H). The
controls without HRP (J), H,O, (), MPB (O) and
monocytes (¢) were also shown

JBIOLUMIN CHEMILUMIN 1998;13: 195-200



CL DETERMINATION OF ESTERASES IN MONOCYTES

1000+
o
o
(7]
R}
£ 1004
=
2
he)
2
]
8
2 103
2]
®
@
lymphocyte granulocyte monocyte
cell type
Figure 2. Integrated light emission when 2.7 x 108

monocytes, lymphocytes or granulocytes/mL were incu-
bated with MPB/H,0, (10 pmol/L)/HRP (type VI, 1 umol/L)/
DBAS (7.9 umol/L)

tion are conpatible with the maintenage of blood
cells and esterae and HRP activities. Due to the
relaively high liposolubility of MPB, it is assumed
thatthe estercrosesthe monacyte membraneandit
is hydrolysedby intracellular eserasesAfter hydro-
lysis, the generted 2-methyl-L-propenolmugd also
havefree accessto the extracellula medum, suffer-
ing oxidation by the addedHRP. Since monocyes
arepoorin myelopeoxidase the intracellular oxida
tion of 2-metyl-1-propenolwas not expectedas a
major processlindeel, control expeiments without
addtion of HRP reveale no light emission.
Leukocyte eseraseactivities are usualy deter-
mined by hydrolysisof a-naplthylacdate (or buty-
rate) and naphtholAS-D chloroacetée (8). The first
is usedto measure an activity associted to non-
specfic esterasesnd gives postive testin mono
cytes andits precurses, while the seconds usedfor
the identification of grandocytes The existing
eskeraseactivity in monaytesis known to be inhi-
bited by addtion of inorgant fluoride, while the one
foundin grandocytesis not (8). In orderto idertify
the hydrolaseactivity, NaF was addedin the MPB/
monayte/H,O,/HRP'DBAS system The possibility
of fluoride catalysirg hydrolysis of MPB was ex-
cluded,sincetherewasnolight emisson triggeredby
NaF in the absenceof monocyes. It wasattestedby
thestronginhibition of thechemilumirescereof the
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Figure 3. Correlation between maximum light emission
and number of monocytes in the monocyte/MPB/H,0,/
HRP (type I)/DBAS system. All points were taken from the
same batch of monocytes
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Figure 4. Effect of number of monocytes (2.6 x 105, v/;
3.7 x 105, +; 6.3 x 10%, [J; 7.5 x 10°%, O; 10 x 10%, A) in the
light emission kinetics of the monocyte/MPB/H,0,/HRP
(type 1)/DBAS system
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Figure5. Effect of monocyte disruption by sonication in the monocyte/MPB/H,0,/HRP(type I)/DBAS system; (O) intact
monocytes and (+) disrupted monocytes with (A) 8.6 x 10° cells or (B) 5.7 x 10° cells

complee reactionsysemin the preenceof fluoride
that non-gecific esteraes are respondile for the
chemilunminescene. The light emisson was totally
suppessedy the addition of 2 mmol/L NaF, while
partial inhibition was observedwith lower concen-
trations(data not showr). Control expeimentswith-
out monaytes, HRP, H,O, or substrée did not
renderchemilurminescene (Fig. 1).

Theminorvariation obsewedin light kinetics may
be resdtant of individual cellular variatiors and
differences in the monayte:lymphocyteratio from
the monmuclear cells prepaation In general, a
monghasicand simple kinetic was observed(Fig.
1). The monocye:lymphocye ratio is important,
sincelymphogytesmayactasaninterral filter dueto
light scatteing without contributing to the total
esterae actvity. Indedal, neither lymphoagstes nor
polymomphonuclea leukocyteswere able to trigger
chemilumnescene from MPB/H,O,/HRP/DBAS
(Fig. 2).

Thechemilumirescereintensity of thereactionis
directly relatedto the numker of addedmononuckar
cellsin anarrowrange approximaely 2.5-4.5x 10°

0 1998JohnWiley & Sons,Ltd.

cells/asay(Fig. 3). At differentnumtersof cells,the
kinetics suffered great profile variatiors (Fig. 4),
possiby reflectingesterasactivity vs. light suppes-
sion.

Monogytes subnitted to sonicaton triggered less
intense emisson with maximal intensiy shift to
shortertimes comparedto intact cells (Fig. 5). The
disrupfon of the cellular membaneandexposue of
thesubstratdo therelease@nzyne maybethecause
of the time course shorening of the reaction.Addi-
tionally, a partid esterasdnactivaion might have
occurredduring sonicationdueto vibration or heat.
Centrifugation of sonicaed cells did not affect the
kineticsor the intensity of light. The possiblity that
somequencler hadbeenreleagd by sonicationwas
alsodiscardedsinceadding intact cellsto disruped
cellsresuted in mixed kinetics (datanot shown).

Whena highly purified monacyte preparaibn was
usedit enabkdtheincreag of the amaunt of mono-
cytesper experimentin a very high monocye:lym-
phocyteratio (Fig. 6). The light emisson could be
highly intensfied by the addition of 7.9umol/L
DBAS, and appraimately 10-15times more light
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Figure 6. Light emission kinetics from the monocyte (3.2 x 108 cells)/MPB/H,0, (10 pmol/L)/HRP (type VI, 1 umol/L)
system (H). The emission was highly enhanced in the presence of DBAS (7.9 umol/L) (O) and, still in the presence of
DBAS, it was almost totally suppressed by 0.01 mol/L NaF ([]). The inset shows the light emission obtained from the
monocyte/MPB/H,0,/HRP system when submitted to cell disruption by sonication

wasobsered.A multiphasekinetic wasevidencedn
bothabsergeandpresencef DBAS. This wasrepro-
ducible and it probaly refleds different conpart-
mernts of eserasdo beaccesedvy thesubstratePart
of thelight emissiongspea@lly thefirst peak,maybe
the consguenceof extracellubr esterasesesuting
from somecellular lysis during isolation. Although
the activity of liver esteraesis not necesarily the
sane asthatof monacyte esterasethetime cours of
the first peakis similar to the previously observed
kinetics of free esterae(2). Moreover, prior sonica-
tion of monaytes prevented the multiphase kinetic
(Fig. 6, inset) with the dominarce of one peak at
apprximately 20 secormls.

In conclusion, MPB can be hydrolysed by non-
specfic eserasespreentedin monaytes and the
produd, 2-metyl-1-propenol, is then oxidized by

0 1998JohnWiley & Sons,Ltd.

H,0,/HRP, yielding cheniluminescene which can
be sensitizel by DBAS. Since specfic esteraes
preent in grandocytes are appareny unable to

cleave MPB, this assg could be usedto detect
monamuclearcellsin heterogaeousblood cell popu-
lationsor estimatethe esteraseontentin monayte

prepaations.Furthermoe, it is possibe to devisean

appication of this reactionto distingush monaytic

leukaemias,similar to the chemilumnescentassay
for mydoid leukaemia (7).
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