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Abstract—The polyphenolase complex 1solated from the organelles which sedimented at 1000 g from the latex
of Papaver somniferum was found to be composed of soluble and membrane-bound fractions Partial purification
resolved two polyphenolases, only one of which utihzed tyrosine, a probable precursor of the alkaloid
morphine Activity of these two polyphenolase fractions was shown to change during the development of
the capsule

INTRODUCTION

PrEVIOUs WORK' has shown that the whole of the polyphenolase activity of the opium
poppy, Papaver somniferum var Halle, 1s located 1n organelles which sediment at 1000 g
mn which Fairbairn?-® has demonstrated alkaloid biogenesis Recently Matile* has 1solated
organelles from Chelidomum majus latex which appear to contain alkaloids, and also
enzymes which are characteristic of lysosomes However, P somniferum latex 1000 g
organelles do not contain lysosomal enzymes which are found in the “supernatant” (the
rest of the latex other than the 1000 g organelles®) This 1s in contrast to Chelidonium latex
where the catecholase activity was found n the supernatant and not n the alkaloid-
containing lysosomes Since polyphenolases have been implicated 1n the biogenesis of the
optum alkaloids,® detailed studies' 7 of polyphenolase in opium poppy have shown that
this enzyme oxidized a number of substrates including catechol, p-cresol, tyrosine and
DOPA The fact that this enzyme complex oxidizes tyrosine, a probable precursor of
morphine, was of particular nterest The experiments' also demonstrated that poly-
phenolase activity, whilst neghgible 1 intact 1000 ¢ organelles was readily released by
mechanical disintegration, such as freeze-thawing or sonication, and also by exposure
to the surface-active agent, Triton X100 This detergent has been used by other workers
for the activation and solubihization of latent enzymes, particularly those of lysosomes *~*°
During the course of these experiments’ mexplicable variations in the polyphenolase of
the 1000 g organclles were observed and the present work therefore considers the
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variations i enzyme activity during the development and ripening of the poppy capsule,
together with the effect of nononic detergents on the release and activation of the
membrane bound enzyme A partial purification of the soluble and membrane-bound poly-
phenolase of the latex 1000 g organelles has been made m an attempt to study further the
polyphenolase activity with the substrate tyrosme

RESULTS AND DISCUSSION

The changes in enzyme activity with pH show a broad peak of major actvity at pH 80
with a small shoulder around pH 50 Enzyme activity measured using conventional
manometric techniques and catechol as the principal substrate was several fold higher
that the catecholase activity of apple chloroplasts,'! but lower than the activity recorded
for grape catechol oxidase ' However unlike grape catecholase, poppy latex polyphenolase
showed greater activity with p-cresol than with catechol

Most of the polyphenolase activity of the poppy latex sedimented at 1000 g was
found to be readily released with the mechamcal disintegration Part of the poly-
phenolase activity of these organclics was assoctated with the sediment obtamned after
mechamcal disintegration and centifugation at 10000 ¢ and 1t was assumed that this
activity was associated with the organelle membranes since treatment of this residue
with 0 19, Triton X100 released most of the activity into solution

Parnial purtfication of the soluble latex 1000 g o1 ganelle poly phenolase

Most of the alkaloid content of poppy latex 1s associated with the 1000 ¢
organelles and can vary from 6! mg g latex at day | to 127 mg/g at day 15 from
petal opening '* The extraction and purification of the polyphenolase of the 1000 ¢
organelles necessitates the carly removal of these alkalowds and phenolic matertal The
possibility of temoving these substances [rom the organelles and at the same time
affecing some purification of the enzyme was investigated using column chiomatography
After mechanical disintegration of the organelles from 3 ml of latex with sonication
the insoluble material was removed by centrifugation at 10000 ¢ The phenolics and
alkaloids were removed using a Sephadex G235 column and the eluate treated as described
1r the Experimental Of the total activity 97", was recovered in the supernatant and 90°
of this supernatant activity was tccovered between 50 and 807, saturation with
ammoniumsulphate The eluate after treatnient with Sephadex G25 was applied to a DEAE-
Sephadex A25 column and two active fiactions weie obtamed The first peak (fraction 1)
was eluted at 5 mM Trnis (pH 80) soon alter the void volume and prior to the
application of a gradient Using a lincar sodium chlotide gradient a second peak
(fraction II} was eluted at 90 m™M This extraction procedure gave a 20 fold mercase
m polyphenolase activity (Table 1) The two fractions obtained were compared for
substrate specificity and for variations in the activity of the fractions with the develop-
ment and ripemng of the capsule Fraction I was most active m the latex 1mmediately
after petal opening but 3 weeks later more activity was found m fraction II Eight days
from petal opening an intermediate stage occurred in which increases in the activity of
fraction [I were observed particularlv with DOPA and p-cresol as substrates Although
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most of the substrates are oxidized by both fractions, tyrosine was only oxidized by
fraction I The detailed results are given in Table 2

TABLE | PURIFICATION OF SOLUBLE CATECHOL OXIDASE FROM Papaver somniferum LATEX 1000 g ORGANELLES

Total protein . Yield
Step (mg) Sp act Purification (%)
Disintegrated 1000 g organelles after .
dialysis 80 S0
Disintegrated 1000 g organelles after
centrifuging at 10000 g and treatment
with Sephadex G25 24 290 32 97
50-809% saturated ammonum sulphate
ppt 13 703 77 90
DEAE Sephadex A25 eluate (5 mM
fraction) 032 1840 20 69

Solubilization of the membrane-bound polyphenolase with suyrface active agents

In previous work® with the poppy latex 1000 g organelles, O 1%, Triton X100, which 1s
a non-ionic detergent effective 1n the solubilization of enzymes®!'%!!'4 was used to
disintegrate the organelles Large increases in polyphenolase were observed, particularly
in experiments where 1000 g organelles were pretreated overnight with this detergent
Most of the increased activity may be attributed to the release of soluble polyphenolase
from the organelles However, greater activity was observed than that obtained with
mechanical disintegration, and this could have been due either to the release of further
activity which was membrane bound or to activation of soluble polyphenolase Two
amonic surface active agents sodium dodecylsulphate (SDS) and sodium dioctyl sulpho-
succinate (Manoxol OT) had been previously found to activate latent polyphenolase n
broad bean !°

TABLE 2 VARIATIONS WITH CAPSULE DEVELOPMENT OF LATEX POLYPHENOLASE FRACTIONS FROM A DEAE SEPHADEX

A25 COLUMN
Activity
Sample +Ammonium Fractions from & DEAE Sephadev A25 column
from petal Crude sulphate eluted with S mM Tris buffer pH 8 0 containing NaCl
Days opening Substrate Prep ppt Fraction I Fraction 11

1 (Soluble enzyme) Catechol 342 535 1416 132
Tyrosine - 50 400 0
DOPA — 812 1840 544
p Cresol -- 820 2360 500
8A (Soluble enzyme) Catechol 290 703 1840 232
Tyrosine — 40 424 0
DOPA — 942 2400 1228
p Cresol — 900 3496 1000
8B ( Membrane bound Catechol 46* 52 058 758

enzyme Triton X100 Tyrosine — — 070 0
extracted) DOPA — 30 33 1112

p Cresol — 86 41 182
21 *(Soluble enzyme) Catechol 300 1093 1800 2600
Tyrosine — 16 130 0
DOPA — 1200 1240 5000
p Cresol - 1550 1720 3000

Activity = pul O, absorbed/min/mg protein

* This value 1s for the ‘ membrane bound” enzyme in buffer suspension prior to extractton with 019
Triton X100

t Values for Samples 1, 8A, 21 were for protem precipitated with ammomum sulphate 50 to 80%,
saturation Sample 8B was protein precipitated with ammonium sulphate at 0-80%; saturation

14 WaLKER, ] R L (1964) Australian J Biol S 17, 360
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In a study of the effect on latex polyphenolase activity of SDS, Manoxol OT and of
Triton X100, the soluble and membrane-bound enzyme fractions of the 1000 ¢ organelles
prepared as described in the Experimental were treated with these detergents at a
concentration of 0 1° for 1 hr prior to assay Results given in Table 3 show that Triton
X100 at this concentration docs not significantly activate the polyphenolase of erther the
soluble or msoluble fractions of the 1000 g organelles in the presence of the substrates
catechol and p-cresol However, the detergents SDS and Manoxol OT showed very
significant activation of the polyphenolase of the msoluble fraction Since no activation
was observed with Triton X100 this detergent wdas used 1n an attempt to solubilize the
apparently membrane-bound” activity of the 1000 ¢ latex organelles The residue obtained
after disintegration of these organclles by sonication was further treated with 50 mM
phosphate buffer (pH 70) containing 5 mM sodium metabisulphite and 01°; Triton
X100 for I hr Two extractions of the residue were made and it was found alter centrifugation
that most of the polyphenolase activity resided 1n the Triton X100 cxtract However,
much of the protem eatracted 1n this manner and some of the polyphenolase activity
could not be separated from the Triton X100 The proten tn these solutions after dialysis
was concentrated by the addition of ammonium sulphate to 80°, saturation The protein
so precpitated was redissolved m 5 mM phosphate butfer (pH 80) and apphed to a

Taste 3 THE JHILCT OF DELRGENTS ON THE ACOVITY OF THE SOTCBIE AND INSOLUBLE POLY PHENOT ASES OF
tHE 1000 g ORGANLEEES OF Papates sommferum lates

Activity pl O, muin ml latex

Substrate Catechol 10 * M p-Ciesol 10 * M
Soluble ¢cnzyme 13 226
Soluble enzyme + 0 1°, Triton X100 150 236
Soluble ensyme + 019, SD S 155 237
Soluble ensyme + 01°, Manoxol OT 194 284
Insoluble ¢nzvime 4 15
Insoluble enzvme + O 1) Tiiton X100 11 14
Insolublc ¢cnzyme + 01°,5D S 24 120
Insolublc enzvime + 019, Manoxol OT 21 [1v

The proten content of the soluble and msoluble polyphenolase fractions was 1300 and 6000 ug mi latex
respectivelv Detergent was added to the reaction media such that the concentiation with tespect to the
total volume was 0 1¢

Sephadex G25 column The polyphenolase-contaming eluate was apphed to « DEAE
Sephadex A25 column and as with DEAE-cellulose columns, a large proportion of the
extracted protem and some polyphenolase activity was eluted from both columns with the
Triton X100 The majority of the polyphenolase activity was cluted from the DEAE
Sephadex A25 column m a second peak with 90 mM sodium chloride The detailed results
are given m Table 2 (Sample 8B) These results suggest that most of the enzyme with
tyrosine as substrate 1s soluble and that activity 1s greatest in the carly stages (0-7 days) of
capsule development The existence of this activity with tyrosine as substiate at this stage
may well play a significant role in the biosynthests of the opium alkaloids from tyrosine It
1s of interest to note that Fairbairn and Hakim'* have shown that the incorporation of
DL-3(3.4-dihydroxyphenylalanine-[ 2 -1*C])(DOPA )mto the total alkalord fraction of poppy
latex 15 most successful at this stage of development but no experiments with radioactive
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tyrosine have yet been made The results also indicate that some changes i protein
structure must occur with capsule development and ripening since a fall in overall activity
of fraction I (Table 2) occurs during the 3-week period opening with a corresponding
mcrease 1n activity developing in fraction 11

EXPERIMENTAL

Latex of the optum poppy Papater sommiferum var Halle was collected as described previously !

Extraction of polyphenolase from the latex 1000 g o1 ganelles The 1000 g organelles from 3 ml latex were 1solated
by centrifugation and the polyphenolase enzyme released by placing the organelles n 50 mM phosphate
buffer (pH 7 6) containing S mM sodium metabisulphite followed by sonication for 1 min The samples were
finally dialysed overmight Details of this dialysis procedure have been described elsewhere! Soluble and
“membrane-bound” polyphenolase were separated by centrifuging the dialysed samples at 10000 ¢ for
20 min The msoluble residue was washed with 2 x 2 ml phosphate buffer (pH 76) for each m! of latex
used and the washings added to the supernatant solution which was made t0 a total of 6 ml for | ml
of latex used The residue was finally resuspended 1n 4 ml phosphate buffer (pH 76) These two solutions
after dialysis were used as the soluble and insoluble, polyphenolase preparations used in determming the
effect of surface active agents

Purification of the soluble polyphenolase fraction The soluble polyphenolase prepared as above was apphied
to a Sephadex G25 column (2 x 60 cm) equilibrated with 3 mM Tris (pH 8 0)1n place of the dialysis procedure
The polyphenolase in the eluate (40 ml) was precipitated with (NH,),SO, at 50 —80°, saturaton The
protemn so obtaned was redissolved m 5 mM Tris buffer (pH 80 [ ml) and desalted on 4 Sephadex
G25 column (1 x 27 cm) equilibrated with the same buffer The resulting polyphenolase eluate (4 ml) was
finally applied to a DEAE Sephadex A25 column (I x 30 cm) Elution with 5§ mM Tnis buffer (pH 8 0) was
mamtained during the collection of the first 10 x 4 ml frachons A hnear gradient of 5-600 mM Na(Cl
(150 ml) was then apphed to the column Fractions were collected using an automatc LKB fraction collector
with UV monitoring device The lineanity of the gradient was determmed by quantitative estimation of the
NaCl n the various fractions The polyphenolase activity of the eluate was estimated semu-quantitatively
as follows To 1 ml eluate, 3 ml 5 mM Tns buffer (pH 80) and 05 ml 1°/ catechol soln were added
The muxture was incubated for 10 min at room temp and Absorbance was measured at 410nm Protem
was determined according to Lowty et al *©

Solubihzation and 1on-exchange chiomatography of the membrane-bound fraction The residue after somication
and centnfugation of the latex 1000 ¢ organelles was extracted with 2 x 6 ml of 5§ mM phosphate buffer
(pH 70) containing 5 mM sodium metabisulphite and 019, Triton X100 over a pertod of 90 min The
extracts were centrifuged at 10000 g for 20 mun and after dialysis (NH,),SO, was added to 80%,
saturation The resulting ppt was redissolved n 5 mM Tis buffer (pH 80, | ml) and treated according to
the procedure used for the 10n-exchange chromatography of the soluble fraction

Measurement of polyphenolase actiity The activity of the various polyphenolase preparations was measured
by manometry at 30° as ul O, absorbed/min/mg of protein except where samples with the same protem
content are compared Unless otherwise stated the enzme (02 ml) was placed in the side arm of the reaction
vessel and the other components (to a total of 3 ml) in the main compartment These included, where
applicable, the substrate 107* M (02 ml) detergent 01% (01 ml) and 50 mM phosphate buffer (pH 76)
Controls were used which were without the enzyme solution
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