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Abstract-Contmuous lllummatlon of IO-day-old etlolated dwarf pea seedhngs caused an increase m hpoxy- 
genase activity At the same time the actlvlty m both stem and leaf tissue decreased The hpoxygenase lsoenzymes 
of the whole seedling and separated leaf and stem tissue were affected differently by light It IS concluded that 
hpoxygenase 1s not mvolved directly m photosynthesls or chloroplast development 

INTRODUCTION 

THE ENZYME, lipoxygenase (EC. 1.13 1.13) catalyses the peroxidation of compounds con- 
taining a methylene interrupted crs,cis-pentadiene structure. It is found m high con- 
centrations in seeds’ and other storage organs2, and for some time was thought to be 
limited to these sources Recently, however, hpoxygenase activity has been detected in a 
range of leaves,3-5 stem tissue5 and Chlorella pyrenoidosa .6 The ultimate function of lipox- 
ygenase is still unknown, but the appearance of two hpoxygenase isoenzymes specifically 
m leaves of dwarf pea seedlmgs’ suggests that it might have a role to play m photosyn- 
thesis or chloroplast development. The following experiments were undertaken to investl- 
gate this possibility further. 

RESULTS 

Pea seedlings that had been germinated and grown in the dark for 10 days were divided 
mto three groups. One group was analysed and chromatographed immediately; the second 
was grown in the dark for a further 5 days before analysis; the third was lllummated and 
analysed after 1.5 and 5 days 

Effect of light OH total lipoxygenase activtty 

Between days 10 and 15 in the dark the lipoxygenase activity of whole pea seedlings 
declined. In the light there was a gradual progressive mcrease in lipoxygenase activity on 
a unit fresh weight, unit weight acetone powder and seedling basis. The specific activity 
declined, however, especially between 1.5 and 5 days illummation, (Table 1). 
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The Ilpoxygenasc actlvlt) of each sample was separated mto five active fractions on a 
CM cellulose column For each sample most of the protcm was elated 111 fraction A by the 
starting buffer. Generally the protein content of the various fractions was in decreasing 
order. A > E > B > C > D (Table 7) The percentages of total actlv~ty recovered from 
the column m each fraction arc shov,n 111 Table 3. After 1 5 da>s m the lght there U’BS 
a decrease 111 actl>lty In fraction A and increases 111 fractions R and E After five days how- 
e\cr, the actlvlty 117 fraction A had been recovered and on11 f?nctlon <’ showed an mcrease 
over that found ln the IO-da>-old dark gro\vn sccdlmgs 

~~f~JO\:K~LlcMlW’ Il<‘flI’lt \ 14,ki 1O~~l1~\11K /Wttc’.‘r I? Of h~hk~r.Wl h c>\ Ld ‘,tr’t,lh 

After 6 days m the )rght, w.xilrngs ivcrc cxcrsed as LISLI~~ and their leaves and stems separ- 
ated Leaf and stem tlssuc u’cro then ,inal)sed separately m the usual naq The actl\lty m 
Ica\cs \\as much h@er than In stem tlssuc on a unit weight basis but much lower on a 
protein weight basis The two tlssucs contributed equally to the total actlklty of the seed- 
ling (Table 4). The actlvlt): of the \tem trssuc was almost all localvcd 111 fraotlon B (Table 
4) This &as rcIlected by the mcreascd proportlon of protem clutcd in this fractmn (Table 
7) As bcforc.” no actlvlty \?a5 found 111 fraction\ C’ and D from stem tissue In Icaves most 
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of the activity was divided between fractions A and C. There was activity m fraction D 
and also this time m fraction B, possibly due to contamination of the leaf samples with 
petiole tissue (Table 4). 

TABLET PERCENTAGEOFTOTALLIPOXYGENASEACTIVITYINEACHFRACTIONELU~DFROMCM-CELLULOSECOLUMN 
FOR SAMPLESILLUMINATED FOR VARIOUSTIMES 

Sample A 

Fraction 
hpoxygenase actlvlty (“/, recovered) 

B C D E 

D/LO 26 40 16 6 12 
L15 9 49 15 8 19 

L5 29 35 22 4 10 
D5 9 44 19 5 24 

For explanation of samples and fractions, see Table 2 

DISCUSSION 

Previous reports on the effect of light on the hpoxygenase activity of seedlings have sug- 
gested an inhibitory effect.7 In light that keeps the far-red form of phytochrome above 
1.25% of total phytochrome in mustard cotyledons, further synthesis of hpoxygenase is 
halted.8 Oelze-Karrow et al. have used this to propose a threshold level control by phy- 
tochrome, although since the discovery of hydroperoxide isomerase’ all lipoxygenase 
assays mvolvmg absorption measurements at 234 nm have become suspect. 

In pea seedlings, 5 days illummation increases the hpoxygenase content on a unit fresh 
weight and seedling basis by over 50%. At the same time, however, light is mhlbitmg stem 
growth and promotmg leaf growth. Etiolated’ and non-etiolated leaves have a much 
higher hpoxygenase activity on a unit fresh weight basis than does stem tissue. Therefore 
the Increase m lipoxygenase activity m the light is probably entirely due to the increasing 
contribution to total activity by the leaf tissue. Indeed comparing Table 4 with ref. 5, light 

TABLET TOTAL LIPOXYGENASEACTIVITYFROMILLUMINAT~DLEAF ~NDSTEM TISSUE 
AND ITS DISTRIBUTION ON CM-CELLCI'LOS~ 

Tissue 
(hpoxygenase actlvrty) 

Lea! Stem 

U/g fr wt 619 164 
U/mg protem 26 59 
U/g acetone powder 5630 3490 
U/seedlmg 117 103 
Fraction ‘;‘, Actlvlty recovered 

A 38 5 
B 8 84 
C 36 0 
D 4 0 
E 14 12 

Leaf and stem tissue was separated from seedlmgs dlummated for 6 days 
Fractions A-E are explamed m the legend to Table 2 
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has reduced the actlvlty of both leaf and stem tissue on a unit fresh weight basis In both 
tissues hght induces a considerable reduction m activity of all fractions except one. In 
leaves fraction C IS unaffected, and neither 1s fraction B m stem tissue 

It seems from the results reported here that the presence of hpoxygenase m pea sceclimgs 
and particularly m leaves IS not directly related either to photosqnthetlc processes or to 
chloroplast development Recently It has been found that llpox~gennsc acil\lty IS dsso- 
elated with mlcrobodles m oat and wheat leaves, and m potato tubers and other plant 
tlssucs10 and it seems hkely tf lipoxygenase reflects microhod! actl\It>. this act]\ ltp IS not 

under the same control as chloroplast development It IS Interestmg to note th,lt hpoxy- 
genase 1s also not under the same light-medlated control as pcroxldabc” an enzyme that 
can also catalyse the hydroperoxldatlon of fatty acids III 1 rr7v ' 

On Illummatlon dwarf pea seedlings produce a stem-growth lnhlbltor. ~anthoxm,” ’ ’ 
which has been shown to be formed 177 11t7w from certain xanthophylls I4 Also from 1~ rrtro 
studies, Fern and Friend’ ’ suggested that hpoxygenase ma) bc mvol~~~l m the conversIon 
of vlolaxanthm to xanthoxm Condmons favourmg xanthoxln production do stunulate 
total hpoxygenase activity more than carotene-bleachmg actl\ltj ” It was suggcstcd that 
one lsoenzyme may be particularly mvolved m xanthoxm production’ ’ and the dltTcrentla1 

effect of light on the Isoenzyme fractions described here may lrnpllcate fraction C m leaves 
m this conversion. 

EXPFRlMtNTAL 

27eutmrt1t of plant rtwte~ul Dwarf pea (P~tum tutrwtn, vdr Meteor) seeds uere pldntcd m rnol>t vermzullte 
and allowed to germmate m total darkness for ten day\ at ?I At this stage some vxdllng\ wcrc lllumlnated 
under d fluorescent desk lamp. Illummatlon 215 Ix (I2 hr). 645 Ix (12 hr) per day 

A!?ulysls o/plant mime rul At vnr~ous times (a\ described In the Results) seedlmps were cxclsed above the cotylc- 
dons. weighed and acetone powders prcparcd from them In the USC of green tlssuc the chlorophyll content was 
determined from the acetone supernalant ‘I’ The powdelc wcrc solubillzcd and par tlall\ pur~lied ‘1s dcscrlbed 
prcvlously ’ The partially purlficd samples were ,Ipphed to CM cellulose columns ,tnd L‘luted \equcntl,~ll\ with 
0005 M acetate pH 5 7 (fraction A). OOS M acetate pH 5 7 (fraction B). 0 10 M I~cc~;ltc piI 5 7 (f~~+cr~on C). 
0 I5 M acetate pH 5 7 (fraction D). and 0 I M Na2HP0, (lrac~lon EJ ’ cu,lctl! a\ dc\crlbcd before ‘_ 

Protcm was determmed b) the method 01 Lowr) PI trl I’ and I~poxygcn,~\c W,I\ <I\\.I>c~ i?~‘ln~c~:lrn~‘i~lc,lll\ <I\ 
described prcvlously ’ ” One unit (C) of,tctlvlty Indlc,ttea .!n upt‘lkc 01 111 ~~rnol~\ 0, [VI men 


