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Abstract-Nicotine mlilbits carotenoid.cyclizatlon m greening cucurbit cotyiedbns resuitmg m the accumuiatlon 
of acyclic and monocyclic carotenes Chlorophyll synthesis 1s also inhibited by the alkaloid 

INTRODUCTION 

NICOTINE was imtlally reported to inhibit the cyclization of the acyclic caro- 
tenoid lycopene into blcycllc carotenes m two species of Mycobacterium. y-carotene 
with a single cyclohexylidene rmg also accumulated in the presence of nicotine suggesting 
that nicotine inhibited at least two cyclization reactions. The effect was reversible and the 
normal bicychc carotenes formed when the nicotine was washed from the cells.’ Recently 
the cyclization of lycopene by cells washed free of nicotine and incubated under anerobic 
conditions was reported.2 The effectiveness of nicotine as a carotenoid cyclization inhibi- 
tor has been confirmed with a species of Flavobactertum,3 with Myxococcus jiilvus4 and 
with the fungus Phycomyces blakesleeanus. 3 The hydrochloride of nicotine, however, did 
not cause lycopene accumulation in grapefruit or orange and it was suggested that nicotine 
is not active m a broad spectrum of plants.5 In order to determine the effectiveness of nico- 
tine as a carotenoid inhibitor m a group of higher plants, experiments were carried out 
with greening cucurbit cotyledons. 

RESULTS AND DISCUSSION 

A mmimum of 7 mM nicotine is required to cause accumulation of lycopene and mono- 
cyclic carotenes m greening cotyledons of gourd (Cucurbitaficijdia BouchC). The alkaloid 
IS also effective m other species of Cucurbita including pumpkin, Zucchini, summer and 
winter squashes and m Cucum~ satwus L. (cucumber). In gourd, p-carotene 1s normally 
the major carotene formed in greening cotyledons. In the presence of mcotme lycopene, 
y-carotene and a-carotene also form (Table 1). The major monocyclic carotene formed in 
gourd is b-carotene which has an a-cyclohexylidene rmg. 
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The mmimum concentration of nicotme required for mhlbltlon of carotenold cycllzatlon 
m Cucurhrta species IS much greater than that required m bacteria where concentrations 
as low as 0 1 mM1 and 0.02 mM4 have been used with some effect. For maximum lycopene 
accumulation m bacteria. however. about 5 mM nicotine IS required.’ ’ 

Since nicotine has previously been used only m nonphotosynthetic organisms and tissue, 
Its inhibitory effect on chlorophyll synthesis 1s also of interest (Table I) Concentrations 
of 7 5 mM nicotine and below are mhibltory to chlorophyll synthesis, but not to total caro- 
tenold synthesis suggesting that the mhlbrtory action of the alkaloid 1s in the porphyrin 
blosynthetlc pathway or after geranyl-geranyl pyrophosphate m phytol synthesis Thus is 
indicated because both carotenolds and phytol are synthesized bq the same route up to 
geranylgeranyl pyrophosphate 

/igIg fresh wt 

Ptgment 
Cyclohexyhdene Ntcotmc Ntcotme 

rmgs Hz0 7 5 m M I5 IllM 

P-Carotene 
T- and J-Carotenes 
Lycopene 
Xanthophylls 
Total carotenold 
Chlorophyll 

2 97 34 19 
I 49 1x 
0 _~ 83 98 

36 5 31 0 192 
46 2 46 6 35 7 

354 738 II 

A 10 mM solution of mcotme has a pH of 8 7. It 1s therefore of interest that the action 
of mcotme varies with pH. In an experiment m which IOmM solutions of nicotme were 
buffered m a range from pH 4 to 11 It was found that the alkaloid had no effect on caro- 
tenold cychzatlon and httle effect on chlorophyll synthesis under acid conditions The 
effectiveness of mcotme as a carotenold cychzatlon mhlbltor and a chlorophyll synthesis 
mhlbltor Increased from neutral to more alkalme condltlons The pronounced effect of pH 
on nicotine actlon may be due to structural considerations of the molecule, to effects on 
membrane permeablhty or both The lack of effectiveness of mcotme as a carotenold cych- 
zation mhlbitor m citrus fruits” may be due to the acidity of these fruits 

EXPERIMENTAL 

Cucurhtt seeds were germmated m the dark m motst vermtcuhte for 6-7 days The cotyledons were removed 
and placed m Petrt dashes with 10 ml of dlstllled H,O or with mcotme solutions Buffered solutions contamed 
30 mM Trls and 30 mM sodtum, potassmm phosphate The amount of carotenold preqent before ltght exposure 
was typrcally lOmg/g fresh weight about ekenlq dlvtded between p-carotene and xanthophylls Pctrl dishes were 
Incubated for 24 hr under a fluorescent lamp at 20001x, the cotyledons blotted with paper towel\ and the fresh 
wt determmed Samples were frozen and the ptgments extracted at a later ttme 

Ptgments were extrdcted by grmdmg m ‘I homogemzer with aLetonc Chlorophyll was determmcd by the 
method of Vernon ’ Extracts were sdpomlted, the ccirotenolds extracted In petrol _ .md the plgments SCpNdtCd 

on a column of activated alumma 7 The dmount of each polqene eluted from the column wds CdhfhtCd from 
Its extmctlon coeffklent For xdnthophylls dn eutmctlon coeffictent of 2500 at 45Onm uas assumed ’ &Ca~otene 
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7 BKITTO\I, G and Goonwtx, T W (1971) Mehodc of E~r,moloy1: (MCCORMICK. D B and WRIGHT L D. 

eds), Vol XV111 pt C, pp 654-701, Academic Press. Neu York 
s GO013W1N. T W (1955) !Mo&/ II ~Mtvhod~ o/ P/m Anaf~,s~s (PAfctf. K and TRA~I Y M V , eds) Vol 111. pp 
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was identified by its posltlon on the column, elutlon characterlstlcs and spectral propertles (I.,,, m petrol 430, 
455 and 488 nm) 
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