
IDENTIFICATION OF AN ARYLESTERASE AS 
THE ENZYME HYDROLYSING 

DIACETYLMORPHINE (HEROIN) IN 
HUMAN PLASMA 

IXNNIS A. SMITH and WILLIAM J. COLF 

linirersitv Department of Anaesthetics. University Hospital of South Manchester. 
~a~lc~~ster M20 8LR. England 

Abstract The cnrymc hgdrolysing diacetylmorphine (heroin) in human plasma has been characterized 
as an arylestcrase. The cnqme was shown to 1~ identifiable with ARE, (according to the Burlina 
notation) by cellulose acetate electrophoresis and gel filtration. The evidence was further consolidated 
bq the USC of enzyme kinetics. A scheme for the partial purification of the enzyme (sixty fold) is 
prcsentcd. Additional information is reported on the status of arylestcrascs in relation to the hydrolysis 
of organophosphates (E-600). 

~i~~~et~lrnorp~in~ (heroin. di~lrnor~~ine) is a mor- 
phine analogue in which the phenoiic 3-hydroxyl and 
the alcoholic 6-hydroxyl functions have been con- 
vcrted to the diacetyi derivatives: the phenolic acetyl 
group will be more labile than the alcoholic acetyl 
groupThe tissuesofmost speciesare reported to rapidly 
doacetylate diacctylmorphine to ti-monoacetylmor- 
phinc (MAM) and more slowly to morphine [I], 

There has been considerable discussion as to 
whether diacetylmorphine and/or MAM and/or mor- 
phine arc the pharmacologically active compounds 
responsible for analgesic activity. Heroin’s increased 
potency over morphine has been ascribed to drug la- 
tentiation 131: the blocking of the hydroryl groups 
by biologically removable lipt~philic groups [2.4] 
thereby facilitating rapid entry into the central ner- 
vous system [S, 61. 

Di~~cet~lmorphin~ is stated to be metabolised to 
MAM and morphine by human blood [ 1.21, how- 
ever, in this laboratory. while heroin was rapidly dea- 
cetylated to MAM by rabbit. dog and human blood 
[7]. only rabbit blood further appreciably deacetylated 
MAM to morphine; a result confirmed by the USC 
of codeine acetate which contains only the alcoholic 
acetyl group when used as substrate. Codeine acetate 
was metabolisod to codeine by rabbit blood only (un- 
published observation). 

Little work has been done previously to identify 
the eil~~rn~(s) involved in di~~cetylmorphin~ hydrolv- 
sis. Douht as to tht: cnzymic nature of the hydroiy~is 
has been raised with reference to dog’s blood [X]. 

Cholinesterases are probably not significantly in- 
volved in diacetylmorphinc hydrolysis [9. 10. 111. 
however several non specific esterases are known to 
occur in mammalian blood, principally nrylesterases 
r121 (E.C. 3.1.1.2) and aliesterases 112. 131 (E.C. 
3.1. I. 1). Arylesternses hydrolyse phenolic esters only, 
alicsterases hydrolysc both aliphatic and phenolic es- 
ters. Aliesterase has been found to he absent in the 
human plasma. although it is the ma.jor esterase in 
the plasma ol lower vertebrates [13]. The aryloster- 

ases present in hLirna[l plasma have been separated 
into two major and one minor component by cellu- 
lose acetate ~l~ctrophoresis [ 141. Arylesterases in con- 
trast to most other esterase enzymes are reported to 
metabolise, and not be inhibited by. organophos- 
phorus esters (E-600) [16.17]. 

The work in this paper was directed towards the 
elucidation of the enzymic metabolism of diacetyl- 
morphine by human plasma. 

M,4TERIALS AND METHODS 

Plasm and ml blood cdl sutnpks. Venous blood 
was withdra~~n from the forearm of healthy volun- 
teers of both sexes into heparinised syringes: and the 
plasma separated from the red blood celis by centrifu- 
gation at 4OOOg for 15 min at 4°C. The plasma was 
removed by aspiration. The red blood cells were 
washed twice by resuspending in O-15M NaCl-005M 
phosphate pH 7.5 buffer (Buffer I) and were recovered 
by centrifugation (details as above). 

Suhstratr chrmiculs. The following chemicals were 
used in substrate studies: diacetylmorphine-HCI 
(May and Baker). p-nitrophenol and p-nitrophenyla- 
cetate (B.D.H.). naphthyl acetate, p-nitrophenyl laur- 
ate and E-600 (diethyl p-nitrophenol phosphate, para- 
oxon) (Koch-Light). 

~~7~~~7~~~ asazy. .A11 reactions were carried out in a 
shaking water bath (GaIlenkamp) at 37°C. The en- 
zyme (plasma. plasma fraction (I). or partly purified 
enzyme) was diluted with @OSM phosphate pH 7.5 
buffer (Buffer Ii) and preincuhated for 5 min. In inhi- 
bition experiments the buffer contained the inhibitor. 
After preincubation the substrate was added to give 
a final volume of 1 ml. All reactions were run in paral- 
lel with blanks containing buffer and substrate. Hy- 
drolysis products were detected by the gas chromato- 
graphic method of Smith and Cole [7] in the case 
of diacetylmorphine. and the absorbance increase in 
the case of p-nitrophenyl esters. The p-nitrophenoi 
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formed was measured dircctlq in the incubation mc- 
dium without prior extraction at 300 nm. Blttkr I M;IS 

ltscd when incubating scp;tratcd red blood c&s 01 
whole Mod For pH’s aho~e 80 glycinc &OH 
(005M) hulk was used. The graphic rcprcscntation 
of inhibition studies \\crl: the result of tripliatc csjpcr- 
imt‘nts. 

Ccllfhs~~ oc’cftrl~ c,(c’c.r~,o/,iloi.c’sis. Elcctrophorcsk 
was performed on uholc plasma (or puriticd fractions). 
The sample (5 10 id) ws applied :it the negative 
electrode end of cellulose acctatc iiicllli~r~~~lcs. The 
mcmbrancs wcrc dcwlopcd in a Shandon I lniversal 
electrophorcsis tank containing 0.05M Barbik~nc pH 
8.7 bufkr [l-i] at ;I voltage of I hV:ctn for 90 min. 
Localization of cstcrnsc bands ws hy the Wining 
method of Burlinrt 1141 using t~lpt~th~i acotzite ;ts suh- 
strate.Fordetorminationofthesubstratcspccificit~ofin- 
dividual bands. tmstaincd strips. following clcctro- 
phoretic development. wcrc cut widthwaqs into I.0 
or 0.5 cm wide strips. Each strip ~a> then pl~cd. 
according to mobilit!. inLo 0.1 M phosphate pH 7.5 
buffer (2 ml) for 24 hr 10 elulc cnqn~cs ptxscnt prior 
to assay. Multiple prcliminar\ cxpcriments wcrc pcr- 
formed initi:tl) to IocaiiTc substrate specificity. Ex- 
periments depicted ~r~iphi~il~~ wcrc the result of Tout 
membranes run concurrently and scctioncd. 

Pl,/yia/tio~l of ~‘ll~,l’111C’. All proccdurcs wcrc carried 
out at 4 C. Initial cxperimcnts wcrc oonductcd with 
piasma. or a plasm;i fixlion (1) purified 1 Nblii 1)~ 
(NH&SO, ftwtionation. Solid (NH,),SO, \iii\ ad- 

ded to diluted blood plasma ( 15 ml HI 25 ml hulks 

II) ttntil 50”,, saturation ws attained. Al’tct- standing 
for 4 hr Ihc solution vL:ts ccntrifupcd at 10.000 y Ibf 
I5 min. The sltl~crn~it~ttlt \+as then brought to 70”,, 
saturation by further addition 01‘ solid (NHI),SO,. 
After 4 hr the precipitate \\its removed 1~~ centril’uga- 
tion (10,OOOg br I5 min) and dialyscd against three 
changes of buffer II for 20 hr. 

A partially purified cnryme was prcparcd I,! con- 
centrating blood plnsmn with the addition 01 solid 
Sephadex G-25 and centrifuging (SOCK) y for 5 min) 
to glVc a supcrnatant pt-otcin conccntratiun ol 

i 2X mg,‘ml. The sLtj~crl~~it~tr,t (‘7 ml) was then sttl~~ectcd 
to gel filiration on :t Sophade\ G- 100 column 

(75 x 2 cm, bed volurno 65 ml). Fraction> (4 ml) wcrc 
collected after the bed ~‘olttn~c had posed through 
the column. The fractions containing diacctyfmor- 
phine hydrolysing activitv wcrc combmcd and solid 

(NH,),SO.J added to Iv&g the sttttration Icwl to 
SO”,,. After standing for 4 hr the solution wa:, ccntri- 
fuged ( I O,()()(l g for I5 min ). Iht sttpc~natant rcmovcd 
Ltnd dialysed against the changes of h~~lkr I1 for 
36 hr. The dialyscd prcp;tration \V;IS tcl-mcd ]7;irtia1i> 
purified enqmc. Gel filtration rL\sults wrc obtained 
in duplicntc. 

REX LTS 

Whh~ phsrw ml p/~r.srr~rr /iwtim ( I). Incubations 
of blood plasma. red blood cells. and wholc blood 
with d~~cetylmorphijle (I mM) showed blood pl;tsma 
responsible for 3015”,, (activity 73 32 fig diacctyl- 
morphine hydrolyscd ‘n7l/min) of the diacct~lmor- 
phinc hydrolysis activity in ~vhok blood (63 I IO /tg. 

A CuSO., 

ml, min). Tho remaining 65 7(f’,, activity (41 7X ig, 
tn1:min) was prcscnt in fhc red blood cells. When lhc 
red blood cells wcrc lyscd. by conducting the incuha- 
tions in bu@cr II. there was no change in activity 
from those conducted in buffer I (cont~~lilill~ unlyd 
c&l. 

The plasma fraction (I) conkiined c)O”,, of the‘ dia- 
cctylmorphinc hydrolysing activity of Lvholc plasma. 
The plasma fraction (I) losr no iictkity upon dialysis. 
Prcincubation with metal ions at various conctnt- 
rations (Fig. I) or at high tcmpcraturc (65 X5”,, loss 
of activity after prcincubation at 60 c‘ for 6 min) 
caused loss of diacctylmorphinc hydrolysis activity. 
The ctkct of pH on the ll~dr~?l~sis rcnction by plasma 
fraction (I) is cxhibitcd in Fig. 7. The pH optimum 
for the CIILW~C is 7.4 7.6. Addition of cscrinc to the 
plasma fra&on (I) to giw ;I concentration of IO ‘M 
had no cffcct upon the hydrolysis. 

When di~Icct~lrnorp~li~1~ (3.7 0.37 mh4) was ina- 
bated with the plasma fraction (I) or with whole plus- 
ma in the prcscncc of F-600 (7.2 x IO’ -M). the E-600 
acted 2s it compclitive inhibitor of the renction (Fig. 
3). Thcrc was an ~~pl~rcci~~~~lc diffcrcncc howcwr hc- 
t\vccn the Ki v;iltie (appro\. 3.1 x IO i, fbr E-60() 
as :I competiti\c inhibitor d diacct!Imorphinc h>- 
drol!sis (Fig. 3. top) and the K,,, ~aluc for its hgdroI>- 
sis lo ~~-~~itrop~~cn(~l I?!, the plasm;l fraction (I I. 01 
whole plasma (54 x if)- ‘M). This indicated that the 
cwynie responsible for diacct) Imnrphino hydrolysis 
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Fig. 3. Effect of E-600 on the kinetics (Lineweaver-Burke 
plot’“) of diacctylmorphine hydrolysis by plasma fraction 

(1). 

was probably only partly responsible for E-600 meta- 
holism. 

CciltrloLs~ ucctutc clcctr~pi1or~si.s. Separation of blood 
plasma etc. of blood plasma by cellulose acetate elec- 
trophoresis and subsequent staining. using naphthyl 
acetate as substrate demonstrated two major bands 
corresponding to hydrolytic enzymes (ARE, and 
ARE, according to Buriina [IJ]). with a third fast 
moving indistinct band (ARE,) (Fig. 5). This was in 
agreement with published observations. The plasma 
fraction (I) gave an identical clectrophoretic pattern. 
Assay of fractions prepared from the sectioned mem- 
branes showed diacetylmorphine hydrolysis activity 
to be coincident with the slower moving major ester- 
ase band (ARE,) (Fig. 5). E-600 hydrolytic activity 
was associated mainly with the faster moving major 
esterase (ARE?). Both esterase bands readily hydro- 
lysed p-nitrophenyl acetate. When 06”;, sodium deoxy- 
cholate was added to plasma I hr prior to electro- 

WHOLE PLA5MA I0 

PURIFIED 
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Fig. 4. (Top) Dixon[Z.i] plot of diacetylmorphine hydroly- 
sis (at 1 mM and I.5 mM concentration) against inhibitor 
(E-600) concentration for whole plasma. (Bottom) Line- 
weaver and Burke [22] plot for hydrolysis of E-600 by par- 

tially purified enzyme. 
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Fig. 5. C”ellulose acetate electrophorctic pattern of human 
plasma esterases. (centre). The substrate characteristics of 
individual esterases determined by membrane section ex- 

periments (~~rbitar~ units) arc depicted gr~~phi~~~li~. 

phoresis the faster moving major band was split into 
four finer zones, while the slower diacetylmorphinc 
hydrolysing esterase still moved as a discrete single 
band but with lowered mobility. 

Pu~t~i~l~ ~1~~~~~‘~~ twzyrtrc ~~~l~~~(~~i~t~i)~l. The results of 
gel filtration of concentrated plasma arc illust~tcd 
in Fig. 6. Cellulose acetate clectrophoresis of the two 
peaks between @~35 ml (peak A) and 36-75 ml (peak 
B) showed the slower moving major ester-ax cottfincd 
to peak A. and the faster moving major esternsc con- 
fined to peak B. As illustrated. diacetylmorphine is 
hydrolysed only by the esterase present in peak A. 
~-nitro~llei~yl acetate is hydrolysed by the enzymes 
present in both peak A and B. 

Details of the purification achieved by gel filtration 
and subsequent ammonium sulphate fractionation are 
listed in Table 1. 

KillC’fiL’ stlldics with parrly purjfid Cff:~‘/fK’. The &I, 

value of the partly purified cnrymc 3.5 x IO- s for 
the hydrolysis of E-600 was the same as the K, value 
previously calculated for the inhibition of diacetyl- 
morphine hydrolysis by E&K) with the plasma frac- 
tion (I) or whole plasma (Fig. 4 bottom). Table 2 lists 
the K,, and C’,,,, values of the partly purified enzyme 
for E-600. diacctyhnorphine. 1+nitrophenyl acetate 
and ~-n~trophenyl laurate: ~~-nitroph~ny~ ~~hosphate 
was not metabohsed. 

Fig. 6. Gel filtration (G-100 Sephadex) of concentrated 
human plasma illustrating separation of the two major 
esterases on a molecular weight basis (PNA = I’-nitro- 

phenyl acetate) (arbitary units). 
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TabIt I. Partial purrfication of diacctylmorphine hydrolys- 

ing esterasc 

Protein Activity sp. act 

Plasma (concentrate) 128 26.32 0~705 
G-I On fraction A 666 7.93 w5 
X1”,, [NH,), SO, 0. I 60 1% I24 

Protein concentration is cxprcssed in mgiml activity in 

pg. diacctylmorphine hydrolysedjmin/ml. sp. act. as pg. 
diacetylmorphine hydrolysed/min/mg protein. 

Tahic 7. Kinetic constants of the partly purified enzyme 
for various cstcrs. 

K,, I 111.1\ 
_ ..- 

Diacetylmorphine 0.66 38 

p-Nitrophenyl law&c 0.71 43 
~~-NitroJ~h~n~I acetate 20-(X1 1 YXO 

~?-~itr(~p~~nyl }?hospi~~~t~ 0 

E-600 OG34 (F7.5 
- 

k’,, is expressed as mM: b,,, as nmoles/minjmg pro- 

tein. 

The enzyme in human blood plasma is responsible 
for 30 35”;, of diacetylmorphine hydrolysis. The re- 
mainder is associated with tho red blood cells. Since 
there was no change in activity when the red blood 
culls were lysed it was concluded that the esterascs 
are present on their outer surface. 

Experiments ~ltilisi~lg the plasma fraction (I) 
showed the enlyme to parallel some of the reported 
properties of ar$esterases: pH optimum [ 16, 19,203 
temperature lability [19,20], and inhibition by metal 
ions [ 16. 19.211. The arylestcrase enzymes hydrolyse 
E-600 in contrast to other esterase enzymes [ 16. 171. 
thus evidence of competitive inhibition by E-600 of 
di~~cetylmorphine hydrolysis is indicative that the 
same enzyme is involved in their metabolism. Com- 
petitive inhibition was demonstrated by the tech- 
niques of Lineweaver Burke [22] (Fig. 3) and Dixon 
[2i] (Fig. 4). 

Cellulose acetate separation revealed two major es- 
terases which could also be separated on a molecular 
weight basis by gel filtration. Both methods showed 
diacetylmorphinc to be hydrolysed exclusively by the 
slow moving estcrase band (ARE,). When partially 
purified this esterase had an identical K,. for E-600 
hydrolysis. to the K, calculated for competitive inhi- 
bition of diacetylmorphine hydrolysis by E-600 using 
whole plasma or plasma fraction (I). This is indicative 
that E-600 and dia~~tylmorphine are hydrolysed by 
the same enzyme at the same active site [24]. and 
that. this cnqmc is wholly responsible for diacetyl- 
morphine hydrolysis in human plasma. 

These results clarify somewhat the properties of ar- 
ylesterascs. Rcccntly there has been doubt as to 
whether the esterases in mamm~~lian serum hydrolys- 
ing phcnyl esters and the activity towards organo- 
phosphorus esters are the result of the same enzyme 
1251. Main [X. 271 has purified an E-600 hydrolysing 
cnqme from sheep serum which did not hydrolyse 
phenyl acetate. We have found that the purified ester- 

ase described here (.4RE,) has aI1 the characteristics 
of an arylestcrasc (including blow h\r.drolysis of E-6(X)). 
but is not the principal cstcrasc ‘involved in E-60() 
metabolism. The fractionation by mild dctcrgent con- 
ditions and eioctrophorcsis shop the fast moving es- 
tcrasc band (rcsponsiblc for the major part of E-600 
hydrolysis in human plasmai to hc composed of marc 
than one cn7yme (or isocn/ymc): and thcrclhrc it i\ 
ptausihlc that E-600 ma\’ be h!drolyscd I~! cn/~ mcs 
other than ar~lrstcrascs 111 human l&rsma. It is pohs- 
ible that the results of the summation c\pcrimcnts 
of Aldridge [ 191. utilising E-600 :rnd other esters. mat 
have hcen due to E-600 acting x ;I subctratc to 2;omc. 
or 3s a competitive ~ii}iil~it(~r to other Cn/ymCs pi-c+ 
rnt. 

The characterization and idcntitication of the dlace- 
tylmorphine hydrolisis cnrlmc ;IS an :rrylcstcrasc cx- 
plains tho stabilit) (if MAM in human plasma: ;tr>lcs- 
tUZiSeS will catalqsc the h~dro1ysi.s of only 1llL‘ 

3-phenolic acct!-I group hcncc the stabiiit> of the h-:11- 
cohoiic acctyl group. 


