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Abstract: Cell suspension cultures of Papaver somniferum produce relativelylarge amount of benzophenanthridinealkaloid,
sanguinarine,upon elicitation.Cupric sulfate was usedas an abiotic elicitor to induce sanguinarine biosynthesis in cultures
of P.somniferum.The treatedcells exhibitedan increase in intracellular sanguinarine content andan increase of specific
activities of amine oxidase (AO)andpolyphenol oxidase (PPO),i.e.the enzymes involvedin sanguinarine andmorphinan
biosynthetic pathway.The elicitation ledto aseven-foldincrease in the content of sanguinarine.Specific activities of AO
andPPOwere inducedin bothdose-andtime-dependent manners up to 2.5-and3-fold,respectively.Two isoforms of PPO
(Mr 65kDaand40kDa)were separatedfrom opium poppycell cultures bygel filtration on SephadexG-100column and
their relative participation in the whole PPOactivitywas estimated.
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Introduction

Plants respondactivelyto infectionandother envi-
ronmental stress factors.Defensegeneproducts func-
tionindiversebiochemical responses that includethe
biosynthesis ofantimicrobial phytoalexins, thedeploy-
ment ofantimicrobial hydrolyticenzymes andthepu-
tativereinforcement oftheplant cell wall withstruc-
tural glycoproteins or lignin(Facchini et al., 1996).
Members ofthePapaveraceaesynthesizebenzophenan-
thridinealkaloids (Kutchan&Zenk, 1993), andse-
lectedspecies respondto pathogenchallengeor elicitor
treatment withtheaccumulationoftheantimicrobial
alkaloidsanguinarine(Cline& Coscia, 1988)as a
putativephytoalexin.
Sanguinarineandother benzophenanthridineal-

kaloids together withmorphinans belong to a large
group ofbenzylisoquinoline(BICH)alkaloids.The
first steps oftheir biosyntheticpathwayarecom-
mon.Theyarederivedfrom (S)-norcoclaurine, which
is formedviathecondensationofdopamineand4-
hydroxyphenylacetaldehyde(Stadleret al., 1989).
DopaminemayarisefromL-tyrosinebydecarboxyla-
tionbyactionoftyrosinedecarboxylase(TDC)fol-

lowedbyhydroxylationoftyraminebypolyphenol ox-
idase(PPO);or L-tyrosineis first hydroxylatedto
3,4-dihydroxyphenylalaninebyPPO andthendecar-
boxylated(Rueffer& Zenk, 1987;Stano et al.,
1995).Synthesis of4-hydroxyphenylacetaldehydefrom
another moleculeofL-tyrosineinvolves its decarboxy-
lationanddeamination.Deaminationmaybecatalyzed
bytransaminase(Rueffer&Zenk, 1987)or byamine
oxidase(AO)(Bilková et al., 2000).
(S)-norcoclaurineis converted to (S)-reticuline

byfour enzymaticreactions inso-calledpre-reticuline
pathway.(S)-reticulineis a branch-point intermediate
involvedinthebiosynthesis ofmanystructurallydiverse
types ofBICHalkaloids.
Thefirst step in sanguinarineandother ben-

zophenanthridinealkaloidbiosynthesis is theconversion
oftheN-methyl groupof(S)-reticulineinto themethy-
lenebridgemoietyof(S)-scoulerinebytheberberine
bridgeenzyme.Conversionof(S)-reticulineto its (R)-
epimer represents thefirst stepinthebiosynthesis of
morphinanealkaloids.This conversionis catalyzedby
1,2-dehydroreticulinereductase(DRR).Theabsenceof
DRR activityinopium poppycell cultures is likely
a primaryreasonfor thelackofmorphinanealkaloid
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