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Abstract-The polyphenolase complex Isolated from the organelles which sechmented at 1000 9 from the latex 
of Papauer somnferum was found to be composed of soluble and membrane-bound fractions Part14 purlficatlon 
resolved two poiyphenoldses, only one of wluch utlhzed tyrosme, a probable precursor of the alkaloid 
morphine Actlvlty of these two polyphenolase fractions was shown to change dunng the development of 
the capsule 

INTRODUCTION 

PREVIOUS WORK’ has shown that the whole of the polyphenolase actlvlty of the opium 
poppy, Papaver sommferum var Halle, is located m organelles which sediment at 1000 g 
m which Falrbalrn2,3 has demonstrated alkaloid biogenesis Recently Matile has isolated 
organelles from Cheltdonzum mqus latex which appear to contam alkaloids, and also 
enzymes which are characteristic of lysosomes However, P sommferum latex 1000 g 
organelles do not contam lysosomal enzymes which are found m the “supernatant” (the 
rest of the latex other than the 1000 g organelles’) This IS m contrast to Chelzdomum latex 
where the catecholase activity was found m the supernatant and not m the alkalold- 
containing lysosomes Since polyphenolases have been lmphcated m the biogenesis of the 
opium alkalolds,6 detailed studies’ ’ of polyphenolase m opium poppy have shown that 
this enzyme oxidized a number of substrdtes including catechol, p-cresol, tyrosme and 
DOPA The fact that this enzyme complex oxldlzes tyrosme, a probable precursor of 
morphine, was of particular interest The experiments’ also demonstrated that poly- 
phenolase activity, whilst negligible m intact 1000 q organelles was readily released by 
mechanical dlsmtegratlon, such as freeze-thawing or somcatlon, and also by exposure 
to the surface-active agent, Trlton Xl00 This detergent has been used by other workers 
for the activation and solublhzatlon of latent enzymes, particularly those of lysosomes 8-1o 
During the course of these experiments’ mexphcable variations m the polyphenolase of 
the 1000 g organelles were observed and the present work therefore considers the 
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variations m enzyme actlvlty durmg the development and rlpenmg of the poppy capsule, 
together wrth the effect of nomonlc detergents on the release and &lvatlon of the 
membrane bound enzyme A parhal purlficatlon of the soluble and membrane-bound poly- 
phenolase of the lntex 1000 q organelles hds been made m dn attempt to study further the 
polyphenolace dctivit) with the substrate tyrosmc 

RESULTS AND DISCLSSlOU 

The changes m enzyme activity mith pH show a brodd peak of major actlvlty at pH 8 0 
with a small shoulder nround pH 5 0 Enlyme activity mensured using conventional 
manometrlc techmqkes dnd catechol as the prmclpJ substrate was sevcrdl fold higher 
that the cdtecholase dctivlty of apple chloropLtsts,” but 1owc1 thdn the actlxlty recorded 
for grape catcchol o\ld,lse I3 IHowe\cr unhke Prdpc catecholdse, poppy lntex polqphenolase c 
showed greater Clctlvltj with p-cresol th,m ptlth catecho 

Most of the polyphenolase &lelty of the poppy latex sedlmentcd dt 1000 q was 
found to be re;ldllq releared 61th the mechamc,ll dlsmtcgr‘itlon Pnrt of the poly- 
phenolasc ,ictlvlty of the4e organcllc\ wil$ ‘lssoadted \\lth the sediment obtdmed after 
mechamcdl dlsmtegratlon ,md centllfugdtlon dt 10000 q ,tnd 11 w‘ts ds\umed that this 
nctlvlty has associnted Rlth the organelle membranes smce treatment of this residue 
with 0 l”,, Tnton Xl00 rclcdsed most of the activity Into Tolutlon 

Most of the dikalold content of poppy latex IS ‘issocl,ited with the 1000 y 
organellcs and can vdr) from 61 mg g latex at da) I to 127 mg/g ;it ddq 15 from 
petal opening l3 The extraction ,md purlficatlon of the polyphenoldse of the 1000 y 
organelles necessltdtes the earl) removal of these dikdloid? dnd phonohc mdterldl The 
posslblhty of temovmg these qubstdnccs from the orgCmelles and at the same time 
affecting some purlficdtlon of the enzyme was m\estlgated using column Lhl omatogrdphy 
After mechanical dlslntegratlon of the orgdnelles from 3 ml of lcttrx ~lth sonlcLitlon 
the msoluble material uas removed by centnfugntion dt 10000 q The phenohcs dnd 
dlkdlolds were removed usmg n Sephadev G25 Lolumn and the eludte treated d\ described 
m the Expcrlmcntdl Of the tot4 activity 97”,, ~~‘1s rccovcIed m the aupernCltCmt and 90”. 
of this supernatant CiCtlvlt) uas tccovered between SO ‘tnd X0”,, \Lltulatlon *ith 
dmmornum sulphdte The eludtc dfter treatment with Sephndcx G35 wds .tpphcd to d DEAE- 
Sephddex A25 column ,md two dctl\e fldctlons WCIC obtnined The filet pe,\k (fraction I) 
was elutcd ,tt 5 mM Trls (pH X 0) \oon nftcr the void volume ,tnd prior to the 
apphcdtion of a grddient Using a hncdr sodium chlotlde gladlent ‘1 second peak 
(fraction II) U.LS elutcd ‘it 90 mM Th15 eutr,lctlon procedure gd\c ‘I 20 fold mcrcdse 
in polyphenolase actlvlty (Jablc 1) The two fractions nhtdincd Mere compared for 
substrate specificity and for \LuiCltlons m the dctl\itj of the frnctlons with the develop- 
ment and ripenmg of the C~LI)SLI~~ Frncilm I mas most actl\c III the latex Immcdlatelq 
after petdl opening but ? weeks later more dctivlty U& found m fration II Eight ddys 
from petal opening tin mterrnedlate stage occurred in which mcreCllccs m the nctlvity of 
fraction II were obaelved pnl tlculdrlv ulth DOPA dnd I?-cresol ‘IS substr,ltes Although 
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most of the substrates are oxidized by both fractions, tyrosme was only oxidized by 
fraction I The detailed results are given m Table 2 

TABLE 1 PURIFlCAnON OF SOLUBLE CATECHOL 0x1~~s~ FROM Papaver somnlferum LATEX 1000 9 ORGANELLES 

Step 
Total protein s 

(mg) Sp act Purification 
Yield 
(%) 

Dismtegrated 1000 q organelles after 
chalysls 

Disintegrated 1000 9 organelles after 
centrifuging at 10000 9 and treatment 
with Sephadex G25 

5&80x saturated ammonium sulphate 
PPt 

DEAE Sephadex A25 eluate (5 mM 
fraction) 

-80 90 

24 290 32 97 

13 703 77 90 

0 32 1840 20 69 

Solublhzatzon of the membrane-bound polyphenolase with surface active agents 

In previous work1 with the poppy latex 1000 g organelles, 0 1% Trlton X100, which 1s 
a non-lomc detergent effective m the solublhzatlon of enzymes8,10,11*14 was used to 
disintegrate the organelles Large increases m polyphenolase were observed, particularly 
m 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 actlvlty was observed than that obtained with 
mechamcal dlsmtegratlon, and this could have been due either to the release of further 
actlvlty which was membrane bound or to activation of soluble polyphenolase Two 
anionic surface active agents sodium dodecylsulphate (SDS) and sodium dloctyl sulpho- 
succmate (Manoxol OT) had been previously found to activate latent polyphenolase m 
broad bean l5 

TABLE 2 VARIATIONS WITH CAPSULE DEVELOPMENT OF LATEX POLYPHENOLASE FRAcnoNs FROM A DEAE SEPHADEX 
A25 COLUMN 

Activity 
S‘+mple tAmmomum Fractmns from d DEAE Sephadn A?S column 

from petal Crude sulphate elutedwlth5 mMTrnhufferpH8 Oconta~nmgNaCl 
Days open,ng Substrate Prep PPt Frdct~on I Fracuon II 

I (Soluble enzyme) Catechol 342 535 1416 132 
Tyrosme 50 400 0 
DOPA 812 ,840 
p Cresol 820 2360 :z 

8A (Soluble enzyme) Catechol 290 703 1x40 212 
TyUX1lle _ 40 424 
DOPA 942 2400 122: 
p Crcsol 900 3496 IO00 

88 ( Membrane bound Catechol 4 6’ 52 0 58 75 8 
enzyme Trlton Xl00 TyrOSllIe _ 
extrdcted) DOPA G 

0 70 0 
33 III 2 

p Cresol X6 41 182 

21 ‘(Soluble enzyme) Catechol 300 1093 1x00 2600 
Tyrosme 16 I30 
DOPA I200 ,240 5OOi 
p Cresol 1550 1720 1OM) 

Actlvlty = ~1 O2 absorbedjrnmlmg protein 
* This value 1s for the ‘membrane bound” enzyme m buffer suspension pnor to extractlon with 0 1% 

Triton Xl00 
t Values for Samples 1, SA, 21 were for protem preqitated with ammomum sulphate 50 to 80% 

saturation Sample 8B was protem precqtated with ammomum sulphate at t&80% saturation 

I4 WALKER, J R L (1964) Australian J Bd SCL 17, 360 
I5 KENTEN, R H (1958) B~ochun J 68, 744 



In n study of the effect on latex polyphenoldse actlvlty of SDS, Manoxol OT and of 
Tnton X100, the soluble dnd membrane-bound enzyme fractions of the 1000 I/ organelles 
prepared <is described m the ExpenmenLri were treated with these detergents at n 
concentration of 0 I”,, fol 1 hr prior to ,rssdq Results glvcn 117 T,ible 3 shorn that Tnton 
Xl00 at this Loncentrdtlon does not clgmficdntly dctlvate the polqphenolase of either the 
soluble or msoluble fractions of the 1000 q organelles 117 the presence of the substrates 
catechol and p-crecol HowevcI, the detergents SDS and Manoxol OT showed very 
slgmf&nt CWlvntlon of the polyphenol,lse of the insoluble fraction Since no dctlvdtlon 
has obscrvcd hlth Tnton X100 this detergent WJS used m dn attempt to solublhze the 
apparently meml?rane-bolliid”~ctl~lt4 of the 1000 y Latex o~g~cllo\ The residue obtamed 
after dlsmtegratlon of these organcllcs by sonlcatlon \cd\ FUI ther tre‘ttttd with 50 mM 
phosphate buffcl’ (pH 7 0) c,ont,unlng 5 mM sodium metabl\ulphltc .md 0 I”; Tnton 
Xl00 for I hr Two extl dctlon\ of the rzslduc wcrc made ,md it ~‘15 found ,dtel centrlfugdtlon 
that most of the polqphenol,l~e ,Ictl\lty resldcd 1x1 the Trlton X100 cvtract However, 
much of the plotzm extr‘lctcd 111 this manner ‘md some of the pol\,phenolace nctlvlty 
could not be separ‘lted from the Anton Xl 00 The protein m these solutlonc nftcr dlalysls 
wa5 concentrated bq the addltlon of ammomum culphate to X0”,, s,ttur,itlon The protem 
so preclpltated wa5 redissolved m 5 mM phosphate buffer (pH 8 0) ‘md .lpplred to a 

Sephddex G25 column The polyphenolase-contnmmg eludte was dpphed to d DEAE 
Sephadex A25 column and ds with DEAE-cellulose columns, n Idrge proportion of the 
extrdcted protem dnd some poljphenolasc dctivlty wds eluted from both columns uith the 
Tnton Xl00 The mdJorltj of the polqphenolasc dctlvlty ~a5 elutcd from the DEAE 
Sephndex A25 column m ‘1 second peak with 90 mM sodium chloride The detailed results 
are given m Table 2 (Sample XB) These results augge\t that most of the enzyme with 
tyrosme as substr‘lte is soluble dnd that dctlvitj 15 greatest m the edrlj stage5 (O-7 days) of 
capsule development The existence of this ;Ictlvltj with tqroslnc ‘15 cubstldte dt this stage 
may Well play d significant role m the biosynthcsls of the opium dlkdlold? from t),rosme It 
IS of mtere\t to note that FaIrbaIrn ,md Hdklm’ ’ IMW shown that the mcorporatlon of 
uL-3(3.4-dlh~droxSphenylLlldnlnc-[2 -“C])(DOPA)mto the totalalkaloldfractlon of poppy 
latex IS most wc~essful at this st,lge of development but no eupcrlments \\lth 1 ,ldlodctlve 
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tyrosme have yet been made The results also mdlcate that some changes m protein 
structure must occur with capsule development and ripening since a fall m overall activity 
of fraction I (Table 2) occurs during the 3-week period opening with a correspondmg 
increase m actlvlty developmg m fraction II 

EXPERIMENTAL 

Latex of the opium poppy PLII)LI~ PI \o/nn~fe~ UI~ var Hdlle ~4s collected ‘1s described preblously ’ 
Extructlon ofpolyphr,~olusrf~o~l the latrv 1000 g o~yunellrs The 1000 y organelles from 3 ml latex wtre isolated 

by centrlfugatlon and the polyphenolase enzyme released by placmg the organelles m 50 mM phosphate 
buffer (pH 7 6) contammg 5 mM sochum metablsulphlte followed by somcatlon for I mm The samples were 
finally dldlysed overmght DeWis of tins dlalqsls procedure have been described elsewhere ’ Soluble and 
“membrdne-bound” poiyphenoldse were separated by centrlfugmg the dlalysed samples dt 10000 q for 
20 mm The msoluble residue WAS wdshed with 2 x 2 ml phosphate buffer (pH 7 6) for edch ml of latex 
u\ed <md the wdshmgs added to the auperndtdnt solution which WAS made to d total of 6 ml for I ml 
of latex used The residue wds finally resuspended in 4 ml phosphate buffer (pH 7 6) These two solutions 
after dialysis were used as the soluble dnd insoluble, polyphenoldse preparations used m determmmg the 
effect of surface active agents 

Pur~ficatron of thr wfuhk polyphenolase fraction The soluble polyphenolase prepared as above wds apphed 
to a Sephadex G25 column (2 x 60 cm) eqmhbrdted with 5 mM Trls (pH 8 0) m place of the dlalysls procedure 
The polyphenoid\e m the eludte (40 ml) wds preclpltdted ulth (YH,)>SO, dt 50-X0”,, sdturdtlon The 
protem so obtamed wds redissolved m 5 mM Trls buffer (pH 8 0 I ml) and desalted cm d Sephadex 
G25 column (1 x 27 cm) eqmhbrated with the same buffer The resultmg polyphenoldse eludte (4 ml) was 
finally apphed to a DEAE Sephddex A25 column (1 x 30 cm) Elutton with 5 mM Tris buffer (pH 80) was 
mamtamed durmg the collection of the first IO x 4 ml fractions A hnedr gradlent of 5-600 mM NdCl 
(150 ml) was then applied to the column Fractions were collected usmg an automatic LKB fraction collector 
with UV momtormg device The hnearlty of the grdchent was deterrnmed by quantitdtlve estimation of the 
NaCl m the various fractions The polyphenolase actlvlty of the eluate wds estimated serm-quanhtatlvely 
ds follows To 1 ml eluate, 3 ml 5 mM Tris buffer (pH 8 0) and 0 5 ml I”: cdtechol soln were added 
The mixture was Incubated for IO mm at room temp and Absorbance wds measured at 410nm Protem 
was determined accordmg to Lowry et (11 lh 

Soluh&atrorl and Ion-euchunqr chrornatoqraphv of the metnhrane-hound frac non The residue after sonlcatlon 
and centrlfugatlon of the latex 1000 y organelles was extracted with 2 x 6 ml of 5 mM phosphate buffer 
(pH 7 0) contammg 5 mM sodium metablsulplute and 0 I”/, Tnton Xl00 over d period of 90 mm The 
extracts were centrifuged dt 10000 q for 20 mm and after dldlysls (NH&SO, wds ddded to 80% 
saturdtlon The resultmg ppt wds redissolved m 5 mM TI IS buffer (pH 8 0, I ml) and treated accordmg to 
the procedure used for the Ion-exchange chromatography of the soluble fraction 

Measurement ofpolyphrnolase uctlalty The actlvlty of the various polyphenolase preparations was measured 
by manometry at 30” as pl O2 absorbedimmlmg of protem except where samples with the same protem 
content are compared Unless otherwIse stated the ename (0 2 ml) wds placed m the side arm of the reaction 
vessel dnd the other components (to a total of 3 ml) m the mam compartment These Included, where 
apphcdble, the substrate 10e4 M (0 2 ml) detergent 0 I”/6 (0 I ml) and 50 mM phosphate buffer (pH 7 6) 
Controls were used wluch were wIthout the enzyme solution 
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