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. Ethylane was one: of the products of the reaction. =

" reacting with hydroxyl radicals in our system. Because inhibitors of _ /

feg i, Yoo s e, . -
Ethylene could be forned by a model'system containing lipoxygenase,
Linolenate, sulphite and methiohal. The systea'bad an optimal pH of
7.8 Free radicals forned during the Itpoxygenass—catalyzed oxldation
3
of Linolenate, were  thought to Inftddite sulphite oxidation.’ Bydtoxyl

radlcnls formed during s\llphite oxidation reacted wizh methional .

Ethylene could also be: formed fzum a model system cuntainll\g 11no—

peic actd % sulphite and The pii optinum was -
5.0. Tt is thought that.two species weie responsible for converting .
the methional to ethylene, the hydroxyl rudicul,_Eorued.during(sulphlte o 3
oxidation and singlet oxygen vhich probably arose from the collision of
€0 sec-peroxy. radicals. % g
Studies of oxygen uptake by a LAHPO/sulphite syswm shoved that the
hydtoxyl radical vas. £orned during sulphite ortdation end may be a'chatn
carrying species. Because both hydroxyl radicals and methional imhibited -

sulphite oxidation initisted by LAHPO it was thought.that methional wag

sulphite oxidation only partially| ethylene it was

s 1 i ;
thought that another species, not fortied during sulphite oxidation could
also be, respopsible for the comversion of methionalto ethylene.

The evidence for singlet oxygen production by linolede acid' hydro-

peroxide and sulphite came from three techniques — thin layer analysis

of the ‘products of diphefyIfuran oxidation, inhibitor studies on di- -~ '\ -
e e
using £ ry and chemilum- |
was by linoleic acid hydroperoxide

o LR




" ‘and’ sulphite to cis-dib

¥l

: | i | A
furen' réacts with singlet oxygen. Bnch diphenyuu: xidsmon and

> vere

t ot inhibitors nf snlphite nxxdannn.

oy
Soral si.mpln expex‘hunta were per.fomwi to/show mr. singlet

to pruduce, ethyl
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5 INTRODYCITON

Ethylene 1sagas ﬁ&mdueed s; nany plant tissues. It i

mvcmd 4 o wide vsriety of phyutologicnl efgggu lncludin!

btu!m:g ui dormancy in selds, inhibiedon ox ‘stimulation ce,mw:h 5

e, tductigy of ' Elover a, gravmzion,x respm!es,~ ieaf

s st

~ senescence ml fruit npenzug (1), Perhaps._| bmuse of {ts economige.’

importance’ the _ effect mm'uudid l.s fm: xip:nlng. ¥ W

The changes \lmlly
ening of the Erutt flesh, hydmlyc:e. cnnversiun of scorage mtarigls

< and ch.nge. in p{gman!:a and f].-vml‘hs. In' some, fmits these changes

. oceur over a faw days bug In cltrus Emzs mne chm;en m.y take

| - mosthe.. The Ecults that ripen over 2 ort period of time. umuy
- expertence a burst of m.ylene pxcducr.iun and a bu“t of respirazm
SNt e bef;) ripening Gccurs: These fruits ‘dre kmpim as’ nlinanteric

fruits. The slow rigening fruits do ot axpnr:.ence thz buru of

ethylene yroduczlnn or the burbt 3 respitutin'n a\m ave knoww as @ °

nnu—cu.m.u.azu t'mits. A P .
W ‘Burg and Burg (2) concluded that ethylene was' m gxpmng W »
o, Hormonie o chJ - experiments in uhm me riperting'of bnmm

) fxnﬂ:s was inhibited by placing them in a pmul vnccuuln., ma

e rein:toduc:ion of oXygen a1d not restore rkpauing hnf_ the -du:m p

i of Ethylene did, ' Ethylene causes increased synthesis of many

' “enfymes which sre Tesponsible for the chamges that occur during’
rxmm (1), ol & s '

The problén this thesis i concerned 11:5 13 how 1s Athyl’.ena

synthesized? The precirdor of ethylene was unlesigm, fox .u..y yem. v

O s
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The posgible precursors proposed included acetate, linolentc acid;
propanai, ethanol, glucose; acrylic'acid, 8 slunlne, organic actds ¥
and pethionine (3).” Now the only two- seriously considered sre
nnoleni% soddiaid Retidoniug and thsrerdy evidense Eor both
Kotk " = ’

.+ 10 1964, Licbernan and Napoon (4) shoved that ethylene could
be fomd from petaxMated linolenic acid and cuprous ion. Gaﬁihrd
et a1 (5) THEHE SHOWSE ENAE)ERHYISHE GO b s o ayple ex=,

tiaces’ dncubated with linolenic acid and sscorbate: . What vas

probably occuring was that 1 ase was the Tdnolent

.acid to linolenic acid hydroperoxide which was then broken down to

®wthylene By the cuprous fom. The ability of extracts from.applés
at dffferens stlfsé of their development: to produce ethylene from

linolenic acid correlated with the ethylene production by the whole

- fruit (6).. This probably reflects the fact that lipoxygenase act

tivity rigeg and falls at sbout the came time as the burst of
ethylend production which occurs dt the cl&mm:taxic stage (7).

U : betw

dlfferent ‘nass Laot Spes, ,,especuny when carbon dioxide: or bicar-
,bonate is a- reactant ®). Because of this lipids in higher plants
have a higher percentage of 12C'than do carbohydrates or proteins (9).

Laties has shown that the ethylene produced by avocados at ‘the late =

- @itiacteric and postclimacteric stages has a 13¢/12¢ ratio typical of

,m..t Mpida and not plant carbohydrates or protein (10), indicating




It is’generally believed however that methionine s the précursor of

lethylene 1n hlghex plants. At the same time as they showed linolenin

dc1d could act as an ethylene pediucsor, ‘Lieberman and; ‘Mapsonshoved that i

ethylene could 1so be formed foum & model wyst

containing cupric ion,

(&), M - yas deant and
a.
ethional by & Strecker degradation (11) catalysed by agitie

don. al;vas then broken down to ethylene, possibly by hydroxyl .

!:adiculs. = gy . %, B

Plant-tissue fed with methionine produced more ethylene thmz con-

trols (3). Later Liebermin et-al showed that 1%

oL

C-methionine was converted
C-ethylene with 60% efficiency by.apple slices (12). Working with. /

* cauliflower florets Mapson and Wardale (13) showed that ethyleme for-

mr_tun was stimulated by the nddiﬂlon nf methionine. Ethylene could.

alsa be &

ormed from cell-free extracts although in this case methinnal
was a better precursor. Invescigltim of the cell—f!ee extract shwed_
that the components of the.ethylene producing sys:e;ll — peroxide
gene:atl;g sy’stem (glucose_and glucose oxidase), a peroxidase, a phenol,
u- sulphinic acid and- either methiodal or u—kelﬁgﬂﬂﬂaiubntyric acid

(13, 14, 15, 16, 17). The of the v =

siven in Figure 1. Mapson and Wardale also)showed that XHBA S50ld be -

formed from methionine in the presence of a mitochondrial transaminase *

and an acceptor keto acid (17). . ) A
Yang investigated a model system'containing peroxidase,

i.ydmgen peroxide . manganous ions, sulphite, a phenol and methional

as). The peroxidase was thought to nx;b?i.ae the phenol to the phenoxy

radtcal which then initiated- the aerobic oxidation o s ¥

4




LA,

¢+ CHyS~CHzCHzC~COOH -

ho

. w  CHy§-CHyCHyC—COOH- -~

. Mathional -

. CHS-CHyCHCHO . = .~ %

" Flgure I res of dne and " related compounds.
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" £lorets. . Howevet Licbeman and Kunubhi (19)'claimeéd that ethylene

intact tissue (20). akiBA io'urilized 100 x more effectively than

of mcthionine to mK'MBA occurs very quickly in plantsand-that the '’

production but in intact tissue these have mo effect on ethylene
production (21). This is hardly surprising since if. the peroxidase

systen were aééunng in plants the phenols would probably have !

sulphite.” Free radicals such as the hydroxyl radical (.OH), the
euperoxide Tadical (0,7) or the hydroperoxy radical (HO;') were

thought, to réact with methional to produce ethylefie. It was. thought

that these Teactions could be occurring imside the cauliflower * i

pmdu':cxon by the: cauliflover florets was caused by different’ con~

punn:! leaking into the buffer surrwnding the:tissue. .

Several other pieces of evidence suggest that the model- syltem

progosed by Yang does mot: operate in plants. ‘Methional, nlthough - L P
it is & good precursor Of e:hylene in l:el]. £x'e= eitracts of. qauu-

_:1_e£mr £lorets and in Yang's model system is a poor. precursor in

 methionine by the peroxidase systen,but GUIA is utilized Ty agie
u‘l\d cauliflowér tlslue with a'bout the same efficia'ncy as methionine

ar, 20). Ii aKMBA is an ate in the seotn of

rq thylene this could be u\:ezpm:ed as meaning that the conversion

conversion of GKMBA to ech lene is rate-limiting

In che'malie1 systen mono )1a or m-d 8 promote—t

limited access to the ethylene producing system. “Added pherwll . iy
‘would probably be unable to get to'the site of ethyleng m@;nn.eaxg. X ot

Finally there ig no correlation between levels of peroxidase'in ~  '*
sin. vl Sod i st 'of ‘sthylens froduced by Gicfatent paves of '

the stem (22). Mapson and Wardale' (7) ‘alsc, reported that peroxidase;




P ‘benzene sulphinic-acid,

i
levels fell. :during. ripening o€ tomato £rulte uhua ethylene pro

duction |, | It must be £ chat & has.

several 1ddenzymes. ‘Only one of thess could be respongible:s for
ethylene production dnd overail: Levéls of permd.dlse may vary
rlifferently o the ‘levels of one tsoénayme, / liowever the weight of
Srlend ugaeats that a petoxidlse 1s not tvolved in ethylene s
biomcheus, ¥ a st ¥ of

Ih an’attempt to reeolva the eoutlser betyeen Llinolenic acid

el

and meqhionina s precursors of ethylene Mapson:et al (29 csrried

Lout a study in vhich radioactively~labelled, 1inolenic. acid and

methionine were fedto apple discs, tomato, disca and cauliflower

florets at ditcerent stages of their davelo)ment:. Labelled

9 .
stages. of thelr d bell

‘ methionine was cﬂnvetted to labelled ethylsx: by ulﬁ fruits at. 111
et \Linglente adld vas gives

to. the frutts no Labelled ethylena vas produced. However- in- apple

ddsce unlabelled Iinolen ased -the 1 be' 14
£rom 14 It vas’ ‘that lin nay play &
secondary ‘role in ‘ethylene “and ‘that 11po e’ was

aleo tnvolved. ' i < 7 g ot 1%

" Mapson'and Wardale: then showed the: presenceé of sn enzyme with '

lipoxygenase activity in tomatoes (7). They also showed that

ethylene could be formed from a model system containing peroxidase]

and oKMBA or methional.. L vas 1al for this syatem.

Sulphite’ can replace the au1pmn1c ncid. Appreciable amounts of

e:hyle-m -could be formed m the absence ‘of peruxidase and the phannl.




They che'n went on to measure para’xxdau dnd' lipéxygenase Tevela .

“/in tomato frults at' the pracumlc:uic, the onaat 6F “the climnctaric,

a:.gea. Lipox, act 1vuy

s Drieeiess
hu:ren-ed on e st ol the cu.m.uc:ui.L (Just prior to the'burst~ - . s

of ethyle_ne synthesis) but petexldnse acttvity abelined !(ead:uy

throughoit a1l stages of develupment However this xenulc may.be o T

e'levels ‘increase

l[yvic!l. o:hex workers’ have tepox‘ted that ye:nxid

duting ripenlng £ayn E
In wiew of the ‘idinns sosneiilis that iponygenase activity
A than is-

1s more closély re].ntad to mm
activity wa decided to investigate a sodel system l:antu.nlng §

- ipoxygenase; linolenate; sulphite, and seehional. We thmlght ehat g .

this system iwould produce ethylene 'hmuna 1t has been kaown lince

1961 that lipoxy;enaae, w‘hen cntaly:i_ng :ha exidation ‘of 1fs sibe R
The tysten “should be: 2 N

“Berate can initiare pulphite oxidation

" ‘sinilat tp.the model uyut— o Yang.




‘ - MATERIALS. AXD METHODS

\] t-- Where yaunle chemicals were purchased from the Sigma Chemical

Company. . The Lipoxygenase obtained from Siges das soysbean nm@
(Type D). 2, 5-diphenylfuran ©FF) was uupplild by Eastman Ofganic

Trm-l 2-44 ) 1,3

T an (DPIBF) and énzene (oDBB) vere supplied by the’

Aldrich Chemigal Company. Linoleic acid hydroperoxide (

prepared by- the tiethod of O'Brien (29) aid was amixture;

- 13- oL hyd:opeznxidei’ .l - s 8

Ethylene Production 3
| " Incubations were carried out in 25 ml Erlenmejer’ flasks sealed with

rubber septai The incubation mixture for the synthéais of ethylere

contained 1,340 units/ml lipoxygenase, 1 sM linolenate, 4 mM sulphite,
1 oM methional and 1 mM EDTA in'1ml 50 u¥ phosphate buffer pH 7.8.

The flasks were incubated for 30 mins at 30°C.

A non-enzynic system vas also found to produce ethyleme. T use
enzymic systemppntained 1 mY LARPO, 1 =M sulphite and 1 =M methional

" 43 1'al 50 = acetate buffer "pH 5.0, The non-enzymic reaction vas much

‘faster but less extensive than thé encynic systen. - The incubation 'tize

‘was ‘veduced to one minute, so great.care had to be taken to ensure that
v the buffer was at’'a cm-nnz :mpeu:uu (20%) und that the cunezn:-
of the flask wefe mixed thoroughly. The ranckicn was started. \?y the

injection of 10 yl of 100 mi LARPO through the septum into the reaction

iuxtuie. The incubation was carried Gut in 4 rapldly .h.kmg, ‘wns:ant

pnltu‘r: water bath. - A |

B T e
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A\: ths end of the incu'batlen period 0.5 mls of gas was withdrawn

_using aHamilton 'l wl gas :13\\: syringe. The samble vas atalyzed by‘

"gas chrnmatogruphy using :he £lame lan!.zncion detector on & Pye Unican

JGas chxomn:ognph. The. glagsvcol\mn, 1.5 m-x 0.

mm. was: packed with '

Chromosorb-102; sbtained £rom the \]ohnn-Hnn'vilie Conipany'. - The ope!ating ;

b tr_mpar-l:u:e was 98°C and . the c.l':rlar ‘ain umad as nitrogen at a pressure

420 nm,

of 200901, and & f1ov sata of lao ‘0l /min. " "Ethylene wae euimated

& by 1m:e thg sas o a known amount: of

a s:andaxd ethylene mixture purclmseﬂ £rom Applied Sciem:a un.‘

Cuvette. z Hl'of a:i00 mM 80

1 e _euvette. The. basic”

Teaccion \ni.xture aleo contatndd. 0: 1omd !ulphite and 031’ LAxPo. The

disappearance of@PIW was . fnuwed by the denre-se in a‘baorbnnca at .

ﬁwurificuim of DPIBE. [ bl Bl b

\he DPIBF was found: to contnin lmpurlties (Of oDBB, ‘the’ ptoduct of.

.nuw oxidu:lon by ainzlet oxygen. - It vaa purifiad by thin layer




ca-wexai‘m of DPISF to oDBB. Benzene. véui us‘-d s the mobile phuse.

© Under these conditions DPIBF moved very close to ‘the solvent front

P IBF ‘band vas scraped off Auwl ‘re- : :

whils’ uDBB Iud an RE of 0.35. ' The.

atsgbived in benzene. h}e

- P ;
to 'dryness... The DPIBF was ltored;i.n the dark. . 4 |

Identification of Products of nPILP Oxidation
Zdentification of Products.of DPIBE. Oxidation

4 The pmduccs of DPIBF were d-with m »uﬂd o

ﬂcauu,‘ ‘of DPIBF.  The prdduen of DPIBF oxgaangn could. be séen-under -

uv-ddghes 20T i : LT e

44 Chentliminescence

5 ml of 50 mM. phosphnta Buffer; 6.0 was, placed m a ‘glass
ﬁed duriog th redction

sl:inr.illaticm vial, Tlle chemuummescunu .PrOC

i LaKpO and 1.mM !ulphite vas Heasibed: using ‘a scintillation

betueen 01
'cnunc‘ex»(auhun Hndel ‘LS=233) with a digttal‘readuu:,{ with the machine = /—g‘
in', the'out-of-coincidence mode.. The coimts were Fecorded every ten §

"-seconds £ :he _first minyte and then every hali minute for. four ’mhmces.

‘of an = tion of Producr_s ;

S o (zs), Coit1d not be nbtninnd commercially. DPF was lncubnted m the pre-

sence of . two. knmm sl.ngla: nxygm—prnduch\g uyl:na 15 '520 ‘nn.i 5imM . i

0.031 ul\il:u/ml (27) . i theae _Hould

convert mir to uis—l!BE.




stock sblution vas added to.the' re:c:ion mixture. The mixture was. iri- ‘.

"Products were extracead: wlth 1mi

cubated for 5 minutes st 20°C. -

0 \/vith L'uM DEF dn 1'ml of 50 M ‘acetate buffer p 4.5 TheDPE gtock. ‘
solution was 100°uM and dissclved in either acetone to nnsn. 1a'u1 of ;

ct was dried and the reslrllna tas trans-

a0
|

hour in a 'uélv-n: systen conslating o

chlorofori.., The'chlotoform ext

small volumes of chloroform.

\Eetred to n\nen gel plates.

4 pu:es were .developed for,
Th= p od.uctu were!; then examin d umlet o light I

eptune—dioxana .

Sp hoon of ‘Rate of DFF

T The oxidation of DPE’was fol]{wed lpaccrophotwmscricnlly by

maasux‘ing the. decraxse in; emission.at’ 368 nn (nllk 6 ). vith exci:-:ian

L 333-5m (511: s mu) usting & Perkin Rllnet fluorescence npcctrophozo7

m%ter ror 2A “A‘typical zeaction nh{l:l\xe (eentained’3 mlg. 50 nM
i
buffex PH 4.5, 33 M LaFO, 33 M ulpliLEa 200 i EDTA and 6.6

The DEF stock nal.u:ion o mH) is-dissolved ‘in acetone of nnso.

ui \this da: adaad t:o the reaction mixture; oy




RESULTS

L y ? Ethylene on: -3

!zhylm was lerud ‘from a reaction uxmu cuntl!.nx.ng 11m‘m-a, b

-npmu and ional. The gl:tinn was completed within ¥ %

_.ome hour.under the.conditions désciibed in “Materials and Method The ¥

) pﬂ—-dependznc- of the reaction.is Shown in Figure 2 and the time course-
. of the reaction, 4s shovn in Figure 3. -Some ethylene vas forned even 1n -

. the abuence ‘e 1tpinveiunn: ’l'th waa :nou;hz ‘to be. due to mpuunu

of linulmic dctd . hyd:u\uroxi.de -1“-:1‘ xesent dn- “th 1m¢unu acid

anlux:lnn. ubbnu\:hq ock solution u! fatty lcld ui.:_ nitrogen priur

to use inhihi:.d thie ‘monCensymic reaction probably; by preventing 1ipid,!

pemue\-eion. 'rn- non-enzymic reactitn vas greater at an acidic pH :m‘

-at an alksline pB.

Table 1 ahows the effects of vlrimu Teagents on the Tateiof con=

version of wetiitougl Eo wthylins, By tiid:yste coutiining 1tpoxygenase. nedt g

Over the suw 30.minutes the rate of ethyl was 0.8 nmoles/

. @mia. The figures in the table represent the percentage of this rate in

the yuunu “of the" :.qn:. Only _si of the methional was converted 'to %
ethylene. RAE
X
E ssn-:. ‘nydroxyl radicals can react with methional to produce ethylene

(385 the hydruxyl radical secavengérs macnitol (29) and ethaaol (30) were .

tested for their nbuiey to lnhibit the feaction. Mannitol ‘complétely .
inhibited g:hylm\. ptudul:ti.an but’ a:hlnnl which 1- 0. eff1ptant hydmxyl ¥

4 '1:-1 scavenger only inhibited the xn::ion HOR . L e
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Figure 2 ence of 1ipoxy e-catalyzed ethylene. for om i Bl

.lemte, 4 i sulphits, 1 8 natmmul and 1 oM znrA 1n 1 nl 50 -

3 'phn!phate buffer lncubl:ed for, 30 mi.nul:eu at 30°c.
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Completé System

Addiedon i

. Mannitol 0.1 M
Br.lmnal 0.1 7,
3 50D 10 ‘ug/ml. .
. - Bilirubin 0. 1 mM’
*. i DPE 1.mM

o Azjide 10 M

~ Catdlase 1000 un:ltl./nl

: ‘Catechol 20 uM
\ 7. Catechol.l mM
i ' Resorcinol 20 uM
‘Regrcinol 1'mM °

and 1m

Amuuodxum‘ t Lm“j,
contalned in 25 w1 -

ml S07mM phiosphate lmtfe: PH 7

= Brlemayer .sk- dealed with a Tubber- sept\m Fllaka va:e

' }ncpha:ed ‘for Jo_minutes af ;o c.
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methionals Snyemxide fadicals may be prodncad agring the autooiidation

of su1ph1:e bn, would not appear to = neceasary for the synthesis of -

., ~ ethylene. Cgty‘lnse e had only a smsll effect on ethylene production so
hydrogen peroxide would mot appear to play a major role in ethylene
synchests. ¢ _

N /
Singlet ‘oxygen ‘s ‘such’ as 2,5-dip (26) and azide

~— (31) were also ineffective. Bilirubin is a singlet oxygen quencher (32) ’
‘but 1s’alse probably a free radical scavenger and its inhibitory action
was' probably due to its free radical scavenging ability. Catechol is

ariother. ainglet’ nygen and free radical scavenger (33) which vas a good

tahibitor of ethylone production. However 1t ia also. an ishibitor of
s liwzxygenase and this may be how it is acting here.

Resorcinol which uimulntea ‘the pexoxidnse-—com:aining ethylene-

generating system of Yang did mot have & sTiilar effect on our,system.

' Non-Enzymic Ethylene Formation

of linol actd and by 1'mM linoleie
actd hydropezaxidn also resulted in athyléne formation. ' The reaction had

different characteristics than the enzymic reaction. ' The uptml pH was

“5.0 instead of 7.8. The pH dependencé of the reaction is shown‘il\ Figure
AA 5 : B - . -
: " With a LANPO- ioficentiation of 1 uM maximum ethylene production.
' occurred when the uulphite concentrat!.m\ was 1 nﬂ‘l The smount of ethylene

éynthesized” increa snéarly up to this point but dfter a oulphite

concentration of 1 mM was.reached. further increases in sulphite concen—

tzation did mot increase the amount of ethyleme fofmel.

s L
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_‘by.the. following’

18 2,

Similarily whea che»mpfme concentration vas 1'mf maximm ethyline .

p:oduction occurred | with a LAHPO concentration of 1 M. The reaction vas

_much Easter thnn the enzymic ramcien, bemg empletad w!thin two minutes : g

‘tnstead of sixty. The time course of the reaction i3 -show: in “Figure 5.

The incubation time was reduced to one minute. Although the éthylene was’
" formed at'a much. faster rate in the. non-enzynic Feaction the t5tal  amount
of ethylene ptoduced-vas only about: one—:‘hird the amount produced by the

enzyric system. nam:e of Enmtinn was s 2 nmoles/min -nd '14.5 mnolel

of ‘ethyliné were praducéd vhen the reactiod Had. gone: ta completion — ag:

Efficiency of cam(rersion of methlonnl to'ethylede. oi only 1.5%:

*I€ was. thought ‘that #he yuic’ system mld be' easter to' utudy

et ate of hran fornatfon would not-be lffected ‘y c)mns:a 1w

au].venl:a or reasencs- Table . 2 ahwn the effects “of vstiaus resgenl:s on

the syn:hasu of ethylene hy the! non—enzymin aya:m‘ . ?
(a) The Y ‘of Hydrosyl Radicals aid their, ,Saurna ; el 8

ayamxyl mur.a1 scavengers’ partlally inlifbited athylme synthesis. . £

Rydroxyr:aaxcnl.s arE ‘thought to be 5enetated during aulphite oxidaticn’

es_of teactions (18,45). =~ 1 it 5
=2 @’

ROOH + HSO; ——‘) SROE DH + HSO,
A eI 2 U adls 3
. HSOZ" + 05 =) 5.03 +Eh 4 0, . (11)
" 0,7 % BY 480,27 3. 50,5 R er:
Lo 0,7 + T 4504 ,_9 : soh»f HO, ) ; (_ﬂl)
ﬁo{«-n* —-'—) g0y S e )
B0, 40,7 Ly ou-+ou +0L ey T e

Suyatmdde Rattciteiata produeed vhen wxygen ieacts Vith the blsul-

phit; :ad.lell reacton, yeen) The parastis muul can tl\m zeact with

aulphil:: to pzoduce SD ’l'hua a chain reu:idh ocedrs, - In :hln ¥

 scheie the supenmide radical 1s the chain carrying spectes: bul: ‘e s
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-Table 2 N

n-butanol 10 mM:
1. n-butanol 50 mM

* Ethanol 10 mit 62 «
Ethanol 50 mM 160
. Mannitol 50 mM 35
! Catalase 1000. units/ml - . ¢ \70
Hydrogen Peroxide 0.8 mi - | 180
Superoxide Dismumua 10 ug/ml ¥ - 100
Anaerobic condition T 50.:

Acetone’ 70 mM : . 66/

XL The com'plete systen (ned '1'mM, umm' 4
" methional and 1 ud EDTA A 1 ml,of acetate buffer’pﬂ 5.0 Gondatned
in 25 ml Erlenmzyer fllll(.s sealed Wiﬂl a rulzber laptum. Flu_skl vun’,“

incuhated at 20°C for oné mtnute. pndn— these :ondiuons ethylene

nnwleﬁ/min. 5 R A Ot

was formed at a rate of 81




thoight that other species such as the hydroxyl radical can also carry - %

" on'the chiain-reaction by reacting with bisulphite :qf’ produce’ the “bisul-
2oV it (S0,").. | Tn sipport of this 1t-1s £ T both super- _‘
1 " oxtde dismitase dnd hydroxyl radical ‘scavengers ix}lli:it"o;cygmj uptake by

| the LAHPO/aulphite system (see Table

A sdpem\fd: dismutase catalyzes
o 0 . \ S
-the a1 of sy radicals- to™the following equation ﬂ
oy, 27 T A y :
{ ren Op% #1057 4.2 —_— zz+(1 L ;
» ‘Catalase alsd thi‘bin oxygen uptalu by the l.AHJ{O/lulphil:a ‘systen, i

2

with. thé hyp o that s the soiirce of the <

¥ hydraxyl raﬂlula.

singlet oxygen quenchérs such-as azide-and DABCO do. not 1nh1b1t oxygen .

uptlke. In fact they enhance it though thé' Tessth £or this s unkaom. 0\

‘and "tiyptophan aré, dlso linglet orygen sea epgers. | gr

"(36) but thdy can aleo zedet el hydzonyl radicals ‘(30) and by hydrogen

7 peroxida. These amino acids prahnbly thlbit oxygen uptake hecause of

.:heu ability co ' scavenge hydroxyl radicals hml ‘hydr:ogzn peroxide.
The ,‘utioxhlantt BHA and- NIGA also Luhible oxygen uptake bt only

at: relativ:;y high can:entru:ions. Hethional also thiblcs oxygen ' up~

take possmy because of its hydroryl ratical snavengm ability (34.°
m dita are consistent with the hypochesis :hat: the Enber—Heisu . =
reuction (ul-lctitm (v)) 14 the soirce of the hydroxyl tad!.cals. e 3

Ta 1970 Beauchlmp and ?ridovlch (28) used a superoxide radical

genérating ‘system (xanthine dnd xanthine oxidase) to show that hydraxyl
- ‘radicals could react with msthioial o produce ethylene. " They propossd.°
TR ‘the Hnbet—ﬂeiss reaction as the source of the hydroxyl radicals. Bors

\
“et al (34) cvnfimed f.hnt lxydroxyl rndi.clill reacted with m;thi.oul very

quickly ahd leo shoved: that supsroxide Fadicals only reacted slovly’




Table 3

Oxygen Uptake; Durihg -the xnte:ecuon ! . i
Funlgs 5 z Lof Sulpm:e and LAHPO G AL |

‘None:

v
&
8
o
o

" Methional 2 md

Oxygen uptake'was measured using a Clark-type oxyged

" elsctrode. The cmplete system contained 0:1 @M LANPO, ;

/. 2.u sulphite; 'L mM EDTA'in 1. 9 ‘als 50 i phé-phate

'buff'u: \pH: 6. 0. A zo"c wlth no nddizimu the muxn

ate of owvgen. uptlk was 770 \mclaa/m!.n.




Phite umauon' wAs/ at least parthlly zeapuusgb}.e For :'ha nanversiu

-t methional. Licbernan et al (12) alioved that hydrogen peroscide and .

‘would plm‘luce ‘eetiyLans. b the concéritration.of hydrogen-

p:rwide L-ed vas very high (17 Ay s

* As.uenkivted betore hjdtoxyl tadtcal vengers partially fmhibited

: e‘mymne-syn:hem[ wuh both n-butanol ‘and ‘ethanol s maximm m.'ihxuon
was ‘obtadned. car.alnse also tnhfbited ethylede sym:hesis and hydtngen
peroxide stimilated. u. However superoxide d!smtuse had o gffact._ ;

. 4 ’ W

e:hylene ] _' 567,

These results’ augggsted’ to'us that dote ‘species (omed du:ing suls’

'uf, tn thyl o: rudin-ls und low ccmunt:auons oF:

hyd:ngen petuxida cannot cnhvett nppmclahle anowmCs. of méthional to :

e:hylene, The hydrokyl radical : can cahivert. methional to’ ethylene

(18,34) and 4s probably the speéics raipousible Here:

nmuae hydroxyl radical eng »nnly pnr:nny‘ hibited ethyleng. .

bidaynthesis and Because anaerobic :undlr.im\u, whigh would beexpéced to s

campletely inhiblt aulphlte oxidation, only purtiully 1nhihir.ed ethylene. -

b uynthuis it vas thnught :hqt -another ‘species, not’ Eermed during nul—-

'pns:e 1d 2y ‘be respon for cof ‘ethionial to’
i i
() Invol of éingla: Oxjgen 14 the of necmnnl ta”
Ethylene % o
£ Astde s smgxaz oxygen quem:her whiteh iaktbits the sumauon of

ethylene from ethisial (see Tabie W Thia cannot bn dua to-its’ Sob

oi su1ph1c= ox1d inn since. it -:mucas oxygén upt.lke by an_ unknown *

mcchmimn. DABCO which forml a é'hlxge-tzm\afer cmnplﬂ with aingleﬂ )

'ﬂxy\gen béhaves in'a !i.milur mm:.

of ethylene nynt:heuis vere methifmms

U6, of: the best inhibit




[ Effectiof, $inglet Oxygen Traps and: Antioxidants
on Ethylene Formation by. the Non Enzymit System

Azide 10 mt,’
Histidine 10'mM
DABCO10 mM. *.
Methionine 2 nM

. ' Methionine 20 mM

v . Tryptophan 50 uM .

", > Tryptophan 1 mM
“Ethoxyquin 10 yM. % &
Ethoxyquin 50 uM R -
Butylatedhyd:vxyanluule (nnA) mu WM H 65

Propylgallate 100 \ S 70 : ¥ 3
“Nordihydro gum:em acu (mmA) 100 . - %60 o

. Conditions




NDGA- 3 ethylene at which were not -

25

and tryptophan.  This is probably becauge they can react with both
singlet cxygen (35) and hydroxyl radicals (30). Histidine is amother. g

astno actd which can resct with-both singlet oxygen and hydroxyl radi-

cals. Bau:va 1t'is not such a potent of:

The sorioxidants, BHA, propylgailate- and. NDGA also inhibited ethy- &

lene synthenls at cmnxtl:i«m‘ which were Ln.ffeetive in inhibiting

uptake. The antioxidents cax react wi:h radicals forned” from the fatty

-acid ,hyrlxnparmbd-l. sisch as KO- and R0O+.' It is possible thac. the. S B e

slnglac iysen arives from che Lnter-cl:len of some } Ensian waitcals.

vas, the muc e “in 1 e:hy- :

lene hi.nmthalil .
@ ‘l'he Source of the Singlet gzg

That the singlet oxygen was' derived £rom the n,azopemxmu vas

‘suggested by the fact that such.as BHA, late and

1o sulphite: ox1d e e

* Several methods were used to attesipt to demonstrite that singlet

am vas being formed during the reaction between LAHPO and:sulphit,

(x) oeisd Oxtdat ton et . = By A x
1,3+ 2 uran (DPIEF) is ‘ted by dinglet oxygen to
o-dtbenza ;. Thin layer chroafto

was used-to identify the

‘pmuc:-'uf DPIBE oxidation vijkn “occurred during’ the reaction between

LARO and mxpmn. ‘v n' are um.m:ea'ia ngux'a 6. DPIH

oxygen..

(e :




sulphite,

¢ 1. DRI
2, oDBB

LAHPO and sulphite

LAHPO, sulphite and oPIsF

5 o 5% N
Figure 6 Identification of products of DPIBF. oxidation by LABPO and . _

N




420 nm. " The Tesults of the experiments are shown'in Table 5. i DPIBF -

" dation were the antioxidants. ;rhesanre very effective at low coicen-

! zmﬁcala can init!..nte DRIBF. oxidatLon:: 'This is probably the reaction

peroxy radicals;

the reacr.lon between !.AITPO and sulphité was chemiiluminescence, . Light is

. The rencﬂan betveen Laipo and suLphite was foum?'eﬁm acionpanied by
i ony ch-iluminesnlnce.

chemumunescenea 1s shown -in Table 6. The dimol collision of s:ln;let

oxida_l:ic;n was\not inhibited by the - hylroxyl radical scavengerss ‘manad eol,.
ethanod, n—prn}mnuk ‘or A-butanol. The. singlet oxygen quencher, ‘aride §
“and the si.nglet oxygen traps, dimethylfuran, :rypcnphan and ‘methionine
‘also hid no_effect ‘on mnr oxidation: ‘As nmentLoned ptevinmzly tryp— §
:oplum and methionine also, ‘redct with hydrogén petoride, there£ore this
speclgs is nlsu probably not hwolved in DPIRF cxtdn:ion. :
The Unl)' class of compaundu Vhich effectively inhibited DPIBF oxi-‘

‘itatlonAA Te i.'n been shown'by' Haweo et al *37) ehd u:'-yamxy

accuz:ing'hg:e'.' i peroxy radicals ‘may afise from _xmtlon (1115,

RO- .+ 'ROOH, —3 :ROH + R00* J Lo ety

inhibit DPIBF « ot by /'ROO* ox RO+ (38),

. DPIBF nxldltlan was uned to al:l:emp: to dlmunatnl:e the mvolvmgnt

‘of §inglet oxygen. Instead it pravided eeiinia Eo: the ,fomciun of sec-

(1) -l 11\nninucanca

The'hext mattiod sk, o détect the pressnce of singlet oxygen dur.-in,

enitted when two noleculen of ‘singlet oxygen tollide (39) and thy

‘b de under the conditiogs ‘e 4 "Materuls and Methods" -

The ef fect of vnrious mgenn on the o

in.'the gas. phxa&us ‘the. cm\canttation of linslel




Y
. .DPIBF Oxidation by LAHPO. and Sul.'ph!.te
# Followed Spectrnphntnme}rically ¥

Mateton #, _,'

None

Manndtol, 01
~Ethariol 0.1. M
npropanol 50 m
n-butangl 50 mH

‘Azide’ 20 mM

*+7. Dimethylfuran- (MF)" 2 m
Tryptophan 1 mM

Methionine 1 mM 7 w5
= IIK e . Wi 350
BHA' 100 pM E el
NDGA 5 3
NDGA 100 yM ' g
., Propylgallate 10 iM . 357
. Ethoxyquin 1, uM . . ;10 i3
o 'MEthi'bnnl 50 M. . ™ = 0 35

he cﬂmph ¢ réaction mixkute contatied 67 M DPTEE, 1 mu




5 clw-unuum: e after 10 ucond- ‘Produeed
1 LARPO and Snlp‘hite

Yl o i : +. Counts

Buffer'alone’ "' . . .. 1403000
, Complete systen 4,790,000

o Addin:m.

: Eth-nol 50 M-

Methanol' 50, mM.

Methionine 0.4
s Axlde zo ol

5 Hilr.ldine 20 mdg 320,000,
RO DABCO 20" mM « 678,000
B LOBHA R mM T 266,000

< BHL.1mM ' ' 246,000
: Methional 0.4 mM. 6,
[ Beiling chip >




L& . “oxygen nieeded in the aqueous phase would be ‘too high (40). It is tn-

terepting. to mote ‘chat plactig a bollins chip. In the scincillation el
(
eahasiced, the ‘chamiluntndacende J+£old; possibly by encouraging Cha Fore (

ncxon of mll oxygen bubbles.on its surface. The singlet oxyi;an

Kmenchery/ aslte, sEaasent wtmpise oxygen traps, dinethylfuran (DMF) ‘and

histidine all inhibited the hemiluminescencé. DABCO had little effect.

It would be expected to enharce 'the chemiluminescence by stabilizing
2 ¢

o the singlet oxygen in a charge-tramsfer complex. Thé antioxidants BHA

< D and B also the chemt : ‘rha best of I

the nhemllumi.ne!cence was methional which mhibited completely at' ‘0.4

Ay o x 2 g . y X ; "

(i11) The Conversion of DPF to cis-DBE - -

i ~Diphenylfuran (DPF) reacts with singlet oxygen to give cis-

" dibenzoylethylene (cis-DBE) (26). _Figiire 7 shows the results obfaimed * ' -

- e dgsigned to mine the product of DPF oxidatiom by

~ [ LAHPO and sulphil:e- xnm‘uxngu: oxygen. producing reactions converted

L DPE. o’ & product Which 1s' presunably cis-DBE. Tt has the same RE value
+ ﬂs aut‘hentic cis—DBB using the*nimd Wolvent “system (25). It is also

B g p!eseﬁt se an impurity of trans-DBE. Enough cis-DBE was forned to per-

W R form “an npptoximate qdanunuve analyais in the presence of various 'i- -

r=a;en:s. Table 7 gives estimates of the amount of cis-DBE famd

‘ 1 ‘Azide,. DABCO and mel:hlonine all lnibil:ed the conversion of:DPF :to

. cloome 1nd1cnt1ng chat i i singlec oxygen and not free raditals which
convérts DPF tocle-DIE. oxidants also inhibited cis-DBE

3 B (i . { 3
L . JMannitol'catalase and $0D had mo effect. Acetome, an efficient imhibitor -

- of. sulphite oxidation had fo effect on minglet oxygen production.
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3 ( <5
; s
R e S Table Nl e : P
', .- . Conversion of DPF'to cis-DBE in'the ) 5
s 7 Presence of Various Inhibitors : ~
At = - - ¥ B = »
G L g B * Zecs pproximate Amount " B
. - : S uircu nn: Formed :
" None / TR T ) ?
Azide 20 mM A At S O e
DABCO 20 mM £ o > R = RS
Methionine 10 mM { ¥ + 3
BHT 1 mM 2 ¥ h o+ 3 4
NDGA 200 14 e, . s Tl
BHA_100 2 e |
Ethoxyquin 100 M E ++
Mannitol 10 mM B 3 B
Catalas 4
> B
SRR F et ol iy
FAE > - )
R LR
,llﬂmmdlmnﬂmluioﬂm-nuhflu;m o
.cmuuudunau-wxnp 3 > 57 ST ”




(1V) nn Dutmcuon .
£ As well as cis-DBE production, the delt!\l:(iﬂn of—nn ‘was .followed
um; fluorescence spectrophotometry as described in 'Materials and
ummu Table 8 civu details of the effects of various reageits.
The ahlslet oxygen quenchers, azide and DABCO both inhibited DPF des—
truction. Some antioxidants, NDGA and BHA, were gaod ‘inhibitors but
BT s ‘poor. Hydroxyl fadiesl scavengers (ethanol and mannitol) had _
" little éffect. : ;i ) ;
4 (I X . S

e presented uveru lines of, vidence which ghow that unu-:

" oxygen is being forned during the réaction batves LAEO and. mllphi!a.
Mt:nnu sulphice oxidation can be inhibited without inkibifing singlet .
axvies production, sl besaussof the mnx:un of stsigler oxygen pro-
duction by low concentrations of mmndm- 1t s thought that cn
siaglet oxygen 1a derived froa the fatty acid hydteparuxi.de-. Staglet
Gygeneraps ‘al quenchers ‘also ‘Inhibie the conversion of methicnal to

ethylene. However we do lzot Kow-whathier” the singlet txygen Ys Peicting

with methionsl to produce ethylene or Whether the’singlet oxyges 1s
necessary for the generationof. some other species vhich can Comvert

to To that ginglet oxygen could in fact.

|
Teact with ‘methional several .;wpu experiments were performed.
hylene blue 1.1 a ‘When-excited by vilﬂ:le li‘h:

it ‘can transfer its energy to axyges exciting 1t to ¢l stnglet state

'(5’5).'1\}"',, oxygen electrod alitng 5 W 'uue.nd

s

g



50 nlf acetate buffer pH 4.




or. ethylene somunn would ‘be 'seen.. i §

. Edfst, tyo X!lcl:innu axe known to produce ‘singlet cxyken (27). The

DU([:D73) @ : .

¢ In:a second experiment a 25 ml Erlenmeyer flask which contained 1 ml

50 mM phosphate buffer; pH 7.0, 5 UM methylene blue and 1 oM mechi_qmnl

was sealed with-a rubber. septun was irradidted with orange light. Ethy-
: a g

lene formation was measured as ‘previously described. ' Ethyleds.yas formed

-é a'rate of 2.7 mmoles/min. InD,0 buffer the rate of ethylene for"ms:'x_un
vas.13.6 moles/min, approximately a: £ive -£61d tncvedsé,  singler oygen
hasa longer half-life in D50 than in ordinaty vater.. Because the rates

ut= znham:ed in'D,0 4t is 8 poy’

£ oxygen uptake and :athyl

“bably singlet oxygen which:1s reacting with mechionul to, }mluce ethy-"

1eu, If: the :rxpuc state of the phdtoserisitizer- “or.some mm- ‘apecies

were reacting with ma:hioﬂll\\nn enhancement of the Tate! of oxygen uptake:

Several ncher Teaction nixtures alfo conve:ted sethional  to

ethylene 1-c:opamd.d.u, hydrogen peroxide’and patlali\m bromide; .
44

hydrogen pgmxlde and- sodium hypm:hlnrite, and LAHPO and Ce The'

€
Ehixd r:ncd.qn probibiy produc;n ninglgt nxygan by ‘the ‘two fulhwing re-

actions: 4 L
R
St

ROOH + G+ 'y - ROO- +Ce®™
2ROQ+ 7, =y ) + 102 + RUJOH




DISCUSSION

- Yang's model system Eur the biosynthesis of ethylene contained

horseradish peroxidase, hydrogen pezoxide or 2", sulphite, a pheuol

: and Sulphite oxid was 1a by the phenoxy radical
“formed by the enzyme. In our model system sulphite oxidation is thought

2 to be initiated by free radical intermedistes formed during the oxidation
)

\
Y

ORI ‘. of by 1lipe L : can also catalyze co- Y
-~ .oxidat{ch reactions vhlch can forn free radicals according to the

- following mechanisma

g ‘ e sl LR 7?‘_ S L AHPO
it ' AT e ke 2
- S : : i :

) A < & 5
- Both our model system and hn;’- model system lun

The | pH\of & tomato homogenste i uu-.uy about. 4.5 Altbou'h this 1s'due

nﬁlmﬁic s acids ‘accumulating mu. :hc vacuolar space (61) ~The

5'and 1t 1s possible

* .. that our model system could“Gperate. It must be remembered :m in our

soyabean s used. which has an optimsl pH of

-t o 09:0. Tomato upaxy.mn has:an optimal pH of 6.3"~ 6.5.

Bwevet there are’ several reasons why the lipoxygenase tyltem copld .

not ‘be opentms in plants. an'gunxc n\llphltl u ‘not. um-lly fnuml in

plants. The o:glnic -u:.phxn:.c u:ids mlch as cysteine, lnlp'hinic acdd ‘or. :

: m:hmﬂlmtxcu be found (16) but these are:in very smail
quln:itiu - not sufficient to ccount Ecr “the large increase in ethylené

stage of fruit ripening. D

. production which occurs diring the climacterd

s L=y



- ‘broken down to schylene a

' oxygen were_the etliylene tiof nature has.;d ‘a very

mokfound-in fruite (42). In fact' it is toxic to frult tissues (42).

" Presymibly this. 15 synthesized.

Another sbjection to the model system Is that it will not form ethylene -

£rom methionine, only from aKMBA or methional. There ia evidence'to "
suggest that methional or aKMBA are not intermediates in the convérsion

of méthionine to ethyleme in plants (see Introduction). Methional’ is

g e % \ i 7
However there-is'also not enough free methionine in plants to sustain

ncresse’ in ethyleme at the climaéteric atage.of fruit ripening (43).

required.. Yang (44); showed. that the '~

conve:a;on of methionine. to ethylene requifed “Both ATP and pyudoxu .

“He'l that. i e’ was first adenyla:ed e

peritent -v»el].minunlun T

IE mchmnn were l:he precursor of ethylen§ in plaiits and its. res

' action Witk the hydrowyl radical, the 11pid peroxy radical er “singlet

inefficient way of making ethylene: Ascan ba;aeeh Fiom Table 3 only’ .

.50, muulLu of ethylene were formed: f:un 3. Jno o8 methional, " The

efficd.ency of the conversion of methiignal to ethyleme. is only 5%.". The

other. prnduc:s nE methional oxidation wete met identified but the, main.

pmmc: was p:esmuy the sulphoxide, ‘the mjor p:odm:/ in Ynng

eruxidun—cltllyzul ayaum 4s). .
\uo enzyne orénzyme pathway has 'yet: been’ found Which: RIS .uécuy

convert methionide to ethylene Thie * Seymas vhil:h €0 far have. been

\
proposed as the: 'mg;monxne clesyiap: enxyneu - 1ipoxygenase dnd pei-

It ds

mﬂd-u. unly serve to pl.‘oduc “the lpptcpt!hta free radical




: = ) A
N (a) ' The Production’of.Hydréxyl Radicals

According to Davies (45), !.AEPD and d\llphit: can react toget'her in
three different wayé according to the pH (see Figure 8). At ulknll.ue
pH'S LAHPO reacts with sulphite by a nicleophtlic uupw:m: “(snz
. \

reaction). At acidic pH's LAPO rescts with bisulphite to produce’ the

cotrespending alcohol and ‘sulphate but the reaction pto:esd! viaan
ular of a

s1ph
ester. On

Tous ester. to a
Only. ata pH of about 1.0 is the €fee radical reaction supposed
£o Secur. - Hog 2

Hogiever ‘oxygen wes . taken up by 4 redction mixture concaintng
LAHPO and’ sulphite-at a PH a5 high as 7.8,

a'lmouv instantaneous.

At pit 5.0 wvRza UiOekE was’

Apparently the free radical ‘saderion ‘acéure at
higher H's. than thought' by’ Davies.

e posuibl? pathway ‘of .free xldlul—ngdinted sulphite oxidation 1a
5 given on page 19.

Hydroperoxides; ‘superoxide radicals and probably
hydmxyl\ radfcals are capable of reacting with bisulphite or sulphite to

7 = 5
produce the species SO} jand 503 .which can then react with oxygen.

Since
hydroxyl radical scavengérs. inhibited' oxygen uptake and:mpthional 1s’a
inown hydrogyl radical

. At was luded that
¥ reacting "with hydroxyl radicals dn our -yl:m.

thional was

The oxygen upfake data is consistent with: the' achame on. page is.

However it'was. found that superoxide dismutase did mot tnhibic. ethylene
fom\:lon. £

I¢ tns xésule vere to be believed. it Yould mean that’ the
hydréiyl 'udicnls could ot poy

ibly arise £rom the Hé“bardlaisl: Cesiion
i s g : : -
_' nzoz+i——)an~+m 405 3 ()
/‘—L\ ke v Supgroxide xarlir_-ls are uaed Ln the reaction -nd. are .1-6 necqsuaty
P \ " for: the production of. hydrogen peroxida.

Hiyarogen, peroxide La neceasary




s ROH % ROSO,0H ¢

leo Tl e e B

7 ggre xuntm- o um’o \dth -nlphl.:e which );cc\lt dt

it diiferun: PEYS, -

pH90 L dd R
RooH-+sozﬁ->R0H +302- £

pH50

3

RUUH+HSO 3 R[] +0H ¥ HSD




2%
for at least some of the ethylene synthesis siice ethylene synthesis is ~

inhibited by, catalase and stimulated by hydrogen peroxide.

- * ' The Haber-Weiss reaction was first proposed in 1934 by Haber and -

\‘ Weiss but ‘since then several people have shown that the reaction is very

slow based on both 1 (7) and evidence (48). If
avpathway for hyrh'osln peroxue “prod (on not
5 y radicals could be demonstrated one ‘puuuibll reaction for'the gemeration - g

of ‘hydroxyl radicals could be.

& H) 0, +,ﬂs;.gs ——) < 0. 450, 4 21 2
Ani‘analagous reaction would be s ¥ > g 4
' KoOH.+ HSO3 ' ——  OH: + 50, +'ROH . ) ¥ 5

nly speculation; 48 . .

but this is

e 3 (b) The Production of Singlet Oxygen

: - ' 'Singlet Oxygen is also supposed to_arise from the Haber-Weiss, re-
. Telse.

iy

catalase nor SOD inhibited singlet oxygea pro-

action- (49) and 1t mi been shown that this is theoretically po

(50) . &lw!vet neit]
duction 4s ‘Follbwed by cta-vz prbdnnum, DPF disappearance or chem-
uu-qucmu. ¢ S . = .

d-nhn. SOD and hyd!cﬂl 2 d;a:-.l ¢m¢n5u. a1 ohibie sulphite

oxidation. ' Hovever none of these ,“J.nhibit singlet oxygen formation: *

Therefore -Lunt axypn! cannot -arise. during sulphite oxidation

Howard and.Ingold (51) shéwed that: singlet oxygen could arise from

‘the collision’of two

Figure 9): -The mechanism
P pmpnud by Rusnell 'in 1957° (52) etoxy r;dicll:! coulds - 8
| atise from the followisg, reactions g il g : -
W m<m+mm3 iy Re-+nsa'+nn;‘ RSN S

20RO #ROOH' 3" ROH + ROO.

oo Gy







difficult to £ind | mhibitors ‘which.are Ipecific for one specias. As. far 5
A il v i «

. It does" MY 1nhibit sulphi:a mlular.ien. -nn ytaambly it does nl: lffecr." ;

I
e
' Tt“has been proposed (37) that ROO" can: tuc: with DB r. From

] :1.'e where; DPIBF was folloved | 11y

{1t as. l:unclnded that ROO: was temg formed by our: systes.

Peroxy ruucals can arise by another pathway (:eacun 8 (‘ﬁ\l) and, . -

(g, . e .
R lcinsiﬂna R'ai + TR S O
RO, —— wuoo, |l e

" Rowever chis 15 a pwmy peroxy tndical. The react] “betwien two

priuary peroxy rudic-lu do

nnt produce mgm oxsaen (Sll) i A

. Cumene hy\‘h'uparoxlde 1s.a :en:i.xy hyrlropex‘uxide. It s a more

of iulphlte ‘than is LAHPO: ,n wever at pH.

7.4, chmil\lmineuence 1s obseived dm‘ing the reaction betveen LAHPO and '

. "sulphite But nut b!twe:n ::umenz hydrnpermdde and sulphite. F’he lack of

a hydtugen atom uke- it imposgible fo:\ :arcu:y pemxides to 1n:grnct

by tlm R\.\D!ell mech&nis'm. Thil 18 fu:r_hs: evidmce :lult the sv\glet

§ uxyge'll 15 datived from the collision Df l:wo !ac—pgtm:y ‘radicals and does:.

not a!i.se duﬂ.ng the’ wﬂatlnn of Eulphite. .

as 1a known azide and DABCO only quench sitiglet ‘orygen aud do mot react
with hﬁ roxyl tadicals, alkoxy rid}zﬁlu or. hydreperuxy radicals. Tha
sgeciﬂc hydzonyl radical sc-vmgers. The antiowidanta) nu:,

are thunght to react with 11pid peroxy radicals.

7+ Axide"partially inhibits the cenvetaim: of methiénal to ethylene, .




the production of* Singlat cxyged Erou the bydroperoxide. : DABCO_behaves

4 ‘a-atibiag manae,  THeraEoEe singlet oxygen reacts’ with mathionll :o

produce ethylene.but is mot ‘totally Tespon €or thylone
BHA, NDGA and propyl gallate aluo'-pn:uuy Anhibitéd ethylene formation
confirming the ‘hypothesis that sidglet oxygen does derive £rom the hydro-

peroxide. Bthnxyquin 15 a m better inhibitor of ‘ethylene formation-

t:hnn any.of the ‘three others ctiad. 'ﬂlls is presm'bly because it nlso o

reacts with other free radicalspecies, Poseibly the hydruxyl radical or
“other specieu 1miuced in sulphtte oxidation. g >
The hydroxyl md‘ical ethanol and n-butanol alao only

' partially inhibit ethylens' formation ll:hough thef"'are very goad hydroxyl

radical sc;vengeta 30) ‘and’alsc good mmbnors of sulphite oxtdation.’
mweve: mannl.!:ol ‘which i’ also a hydroxyl. radical scavenger 16 a much |

be(!er inhibitur of echylene Eom:lan. It may, Alsn i.nhlbit linglut

oxygen production, - : e R

The best inhibitors: of athylana ptod\lcti.nn were the amino ucids,

", methionine, a

:ryptophun. Thale twoband ,hista.dine are knmrn to rnc:

wlth singlet ‘oxygen (36). " Methionine can aléo-react-with hydrogen -

. psrmdde az): Bowevar all thr ry-efficieht .hydto;:yl

rldlul -cnven;era (30), All the data is conliateml: with l:'ha cheory

:Im-. “in the model systun methional 15 cm:val'cad to ethyl.a

by two -

- apecies; The hydzaxyl fadicals Eomed dllting sulphite oxidation are’,

Fi :hullght to be 'reapon!ibla for about. hnlf ‘of the ethyll'.ne ted\lctim




-suhsen:e., Neither hydrokyl raddcals nor- singlet axygm éan react with

& methl.nnlne to'glve ethylene.  The LAHPO, sulphite reaction caninot con-

" and this possibility was in the on. Am.chez
vas This was by Yang in,
1974 (44). Yang proposed that S—adanasy].methionine wag broken down by o

"a pyridoxal Y

HEEted in tRE preseice of air cen form the active group which can cata-

(@) The to Ethylene in the Plant

‘None of the model systems described so far can use methionine as

vextwistiisataa to "ethylene so presumably ROO* and Ro* cunnut react with

methionine to produce ethylene.

_Several have been | as in' the path- .

way from methionine to cthylene. oKMBA was cne proposed intermediate

ruction which ulsu re-

quired oxygem. -~ : / 4

GKMBA and methional can both be uiilized by Yang's todel system

.(53) and our model system to produce:athylene. Methionine can be con-
"verted to okMBA eazymically (7) and it is possible that methionine-could @ .
also be converted to methional enzymically. There are several other -
vays in'vhich methiondne copld b aaveeed o metlitonal.

It has recently been shown ‘that: methionine can be converted to -

methional when snfflwex oil is heated %riefly to 200 4 (M) This

treatment pre'venu further autéxidation of the futty acids. neéhimmi
was shown to'be the dgent acting as an antioxidant, Heating nmethionine
e:hiona). (55).

with soyabean protein alao résults in ‘the fornstisn of .

“This ‘vas thnngh: to bé due to catalyeic amounts of glucose; whieh uhan

1yze the reaction knowr asrthe tracker degeadaticn (see PLgire 10)s o
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There are two, possible uplanutions wﬁy LARPO, nnd sulphite did mot . o e
convert methionirie to ethylene. -Either the bten/gmbaf« 0'did siot
p ' lead to ch'e 'rom:m of products with the'active group or the methionine

i | was cnnvezted mainly to t:he sulphoxide.. . 8 . " 3

T aind1sr reactibns secur hen'ethylene’ 18 being formed the I1pid

v ¥ pereides (p:eﬂumably Located 14 ¢he membranes) WLl £irst have fo bredk - !
dowm to thie. compounds contathing ‘the grou cpable of cuulyzing o
St:ecku degratation. These presussbly wiild ‘then d1ffuss fntg the cyfo-
plasm of the cell where r.hey could cutalyze ‘the conversion’ of metlu.onine

:u methi\mal. A: l:h: name time singleq oxygen: could be p!oduced hy “the ¢

solliston Of b’ Sesrpercy ‘tadicals, singie: oxygen 45 fadxly stable g

in noacaqueous environman:s‘ It ciuld d1ffine fron the Uptd bﬂn}er,— -

iy i G the cytoplasn™ where it ‘eould convert methional to ethylene. Hethinnul "

wnuld be destioyed a8 quickly as 1t yas ' fomed and ould uke1y be yn- s

de:eccable. N i .

o (e) Puruxide! i Plints

: ’F!:nkel has' shown that levels of hydtngm pu:oxide and- £ty acid’
"l i g hydzopemxa‘es ineresse just prior to zipmng an} fali hei ripening | <
i Vhegtns 66). UL LT e A

JE NN 5 Sollono,and Laties' (57) showed that. 4f preclin;ncterin banms or J

‘vucndos dre treated wlt'h t:yunide cynnide~1nnenuiuve uapiratim i.s

1nvokeﬂ, e:hylene synthesis increases and the fnm eve_ntunuy ripen..

| . Ethylene RS A, L reapiru:im. Since ethylene. synthesds 16 nut:af

cntslyti: 1: is posame that a ptnduc: of uyanide msenxiuve respir=

/ atton nay be “davolved in ethylenc blosyithesta, * Recently it h.s teen et

shmm that, 1n mng besm hypocotyls the cyantée insensitive xespiﬂtion

rulucea oxygen unly pnrr..’lally to hydrogan yarnxi.de (58). The 'hydrogen S

I




supe!oxlde faitcaly nmL hydrogen peroxide are both preseat then slngle

oxygen may also 'be formed. miwﬂrcﬁé’e—npm peroridation:’
 There ‘15 some evidence that thé breakdown of 11pm6peroxmes ogeurs _

. duriog ripentog and that'the b of lipid es 1s -

., for xipening to ocmlr. Hngnite and Haard (59) showed that lipofuaci.n

pigments accumilate in fruits as they xip ‘v Thibe. pigmedts have chai-
acteristic Abuorpcion and fluozescence mper:‘iu and are thought to ‘be
due to cross-lh\ked pnlymen uf proteins and facty acid mnietiel formed
rluring ‘the free :aﬂuu—«uauded breakdowm cf fatty, acid hydropetoxidan.v
Baker et n1 (60) shwed that propylgullate, an: untiuxidunt, could thibil:

:he xipening of 71 cummves. % {

me Taditais, seem o be’” ufumcely tmvolval i bonh ripentsig and

The i £ to lene vi; iethional would

playa, céntral role in both processes. Methional can Teact with \.yazoxyx'

. Tadicals (34); siaglét oxygen and probably R0O- ! Echylene can react vith

hydroryl radicals (61, s!.ugler. uxygen (40), and slkoxy r-dic-ln (46

. Ethylme problbly has & Jm fuTction = the tniclition of ripenisg and

the delaying of ‘senesience,

;’(t) Stress Ethyleme® ' . " - i
 Bthylene/ts produced by mary plent. -

ssues in l’enpcnsn to wounding:

o stresa (1), AKccoiling £ Abeles (1), "the pzsmy f\lnction of stress

o ethylene 1s to secelerate ub!cisston of organg . damged by disease, igdeety

<7 xest of the tissue from dame to ‘one pazl of At; I s frule uy.lhed

shere vill be dlmag: to- célls. surréunding the, gaah. This pay lead to

Lipid ve:oxidn:lon and ecmm ToductLon b the péchaiims outitned:

i :he uycanwre fmit is’ pmced ethylerie production. 1s im:reased and

:drought and temerature . Hovever 1: also playu s fole'tn protectins the .




ripenj.ng is enhanced' (62). Boar tissu fcm around che wound. but does

dot “spreid to the renu!.ndet af the £rult, Ethylene asd mnthional may be -

the: protective agents. o i _'
() Byd Peroxide and - Ethylene n ' B P :
3 4 $ The tiydrogen pgzéxid_é Produced’by the. cyanide-insensitive pathvay |
I could be'used to convert methionine to methional An & réaction which pro= ... -’
céeds Via & chlotamine which hyd:nly'ses in aqueous solutions (63)% 'i:hig 1
. resction s catalyzm‘l s pa!oxldnse which can use ehlorlde ion as.a :
il substrace. < ool 0 5 . £
1o, Yo ewt —"12—192% HOEL F RO e x
l rwcx +R cn (coo‘) m ——) I + Hy0 + Rc,;(coo')mm ] "':(u)
i ROR(GOOH)NKCL + B 0 ———> RCi0+ 0, +"’m;,‘ +.c1” ety
xS The ptodul:t of cyunlde— 7 'lm,., ration, hydrogen eroxid { b
TFs E m been difficult to detect Because ‘catalase and 'perox;ldanas were pre= .

sent which fmmedtately destroyed it. ‘It 1. possible that one of the per- -~
nxidlaen p:esen: in'the mitochnndrla of lecn 1. a chlnrcpurox’.dua
. capable of carrying out the .above reaction. It-is iateresting o noke
that.this reaction aldo producessinglet nxyg:én. i <
. % L S S8 ™ 0
noc; +H,0, ——-) H;0 4v o'2 # CL . (x111)

So the system should _b'e'c.pabxg of .Converting néthionine to ethyléne via the

b Tttt o " chloramine lnd methional:

smnry 1 woul.d 1ike to outline the sequence’of events whith I

think ‘octirs 1a fruits u)mf they ripen. - In my opinion the, 'svitch' for

ripentag is an increase in Lipoxyjedass activity, Tils incresse probably -
“fegules: From a Ammacian of several f.c:n}a} it may be nediated by

4 _phymchtome wh:lch can coﬂ/l'.rol lipm:ygenue levels (65), or lwmonal :

" ch.nges from Ehe tree which in turn could be due to chlnge! in the







& dalinn (follwed on the fluorescam:e syuttnphetma:qr) and

ito’ethylene, Sulphite 18 not ‘necessary for the pathvay: In the :

B dutlng I:he btukdmm of lipid pumdas llchnugh tha nlturﬂl Lnit!ﬁ

SUMMARY AND "CONCLUSIONS N

T¥o possible piecursers oF dehtanadhisvatieies sootEis
“Geld hjdroperoxide and metilondne. Liporygenage pay also: be dn-
volved. A model system has been déscribed 14 which linolede aeid. - !
hydmpetcxlde and“sulphite can-be used to forn ethylene from meth-
mm. The mechanism of the resction has been tnvestdgated. 0 -\
Both hydéoxyl, radicals and singlet oxygen can Teact with

‘hethional to produce ethylene. The hydruxyl radical arises during

sulhite oxidation but the siuglet Gxygen'ls formed when 'two sses '

peroxy radicals collide. . Using DPBF oxidation it 'was shown that-"

methional algo reacts with either RO+ or ROD:.

- several methods were used to confirn singlet oxygen production:

"by LAWPO and sulphite: ‘the canver}ion of DPF to cls-DBE, DPF oxi- -

Ehentluninescence. Inhibiter studies on all thres methods eonttomed ..\ v
that the singlet oxygen did not arise during sulphite autoxidation
but grose £ron the coiuuxon of tuo\sec‘-pnuxy radicals,

A pathwly 'has been mlzli.ned hy which m:th.lnnine can be conve(:ed 5 iR

model systen sulphite merely serves to produce the alkoxy radical

from LAI{PO. In the plmt the alkoxy radical could be p

atér of peroxide’ breskdown is unknowm, ':




.- REFERENCES'

. Iy -Abeleé; FiBi "E:hylene 1n,Plarit Biology

e York nnd London: 1973

 Burg, s.1>., andBurg, E.A:

3. Abeles, F.B; 7 Anns R

Liebernan; M., and Mapsan LW

' Galltard, 1., Bulme, AL xhom, Mg ¢

EXp. nucnny ‘21 Ao (1970)

s £ Plant n.gvs:u

ch, B. u., and Epnu:ln, s

Laties, C.c. |

\

1976):

Schﬂn‘harg, Ay anﬂ Monbacher ;- n.

Liehemn M., Xumuhi A

-, l,ﬂ?pmn,
Blochem. .J. 973 hs (19 )

.!gay-nn,‘ y and Wurdule, D.A,

Hapaon, 3 u., and u.:dua Do

3 ‘\Mlp‘ln}l",'
969).

99).

Yang, S.F.

" Atch. Biochen; Biophys,

 Acadenic Présa, Nib"
Science 153: 314 (1966). .

Nature 204: 3&3 (1964)

B.hm‘lei, M.J. Cx. Wﬂnl:or:an, 'L S C., Gllliul‘d T

Gordon Research Conierande. unun, NoHi, (ulye

‘Chea,, Reve 50~ 261 (1952)

{ochen.' J: 102:

Biochem, . J..
2y

"and-Wardale), DA,

iMapdon; L.W., March, J.F., and, Vardale; DiA: _

. Plant Physiol: 23: 259 s72). S

and Wunl:or.:on,

‘Plarc Phystol.; 41 330 TR YRR R

Bio ham. J 111 413

Biochem..J. 1153 653



19,
20 -
21
22

23

4

" 28,

29

Liebersan, M., dnd Kenushi, AT. |Plant Physisl. 47:. 576. (1971)." .

i;aur A.H., 'and’ Yang, S.F. Plant Physiol: 44: 1347 (1969)..

Gﬂ)ugan, HIE,; Hoim; R.E., and ‘Abeles, F.B. Physiol.| Plant ~ 21:
“1270 (1968)‘ B R g € B
Kang, B.G., Newcomb) W. o &id Busg 5. P. Plant Phystol, 47: 504

“qany: oJ

. Mapson, LW uarch,-a F.,‘Rhodep, L8 c., and woo1:omn,

B.lm:hem J 117 473 (1970)'

Fridovic‘n I.PInd lllnﬂ.ler. P.J. B.

D!Btien P‘J‘. Cun. J. B:(nchen. 47 485 (1959).

Bea\lclu‘llnp, c., nnd m I. JiB.C: 245:

Halltvell, s, snd Ailuwalia,’s: IMocke, 1. is

;ndberg) an II Inletscilnce MHYDz'k (1962).

' FEBS Letters; T the ™,




Y

Hawco, F.J. ; 0'Bried, Cu, and o*n:xen.' B.L; . 1d the Press.

"Authﬂation of Bydrncatbnna and*

38, “Reich, L., and St:lvull, S.s

‘Polyolefines”, Hatcul Dekk:r, New York (1969)

39. mﬁ,'w » and Kﬂsha L8 fsture 2043 241 (1964).

“40. Funt‘e c.§. fn 'S¢ Radicals th Bology", (ed. Al Pryor)
Vol 2, u-dtc Press, New Yorke - (xm). g B TN

41. Ihntd NF. J.n

“Gordon Aessardh gonfexanne‘. Tilton u.r_x. Sy

. " Chen - Soc._ 903 -

87"‘(i.957) .

d Fiorits; J.A" 3. pmi"04i cpam.~5nnl Sl (1977).




Ny ™

55, Shemer, M., and Perkina. E.G.- Jf"m ¥ood Chem. 23:201 (1975).
56 \Frenkel, c. :

1ant Pltysial 572 5507 (1975)

& 57. Solms, T., und Laties, G. . Nature 245;

§. 350" (1973).

SB uc}n PiR. Buverin, A., Bonnez, HD., And Hoon. AL, " B.H.K.C.‘ )
71: 695 (1976). it 3

: 59'. Maguire, . V.P,, and Has

160, Baker J E., uebemn. M.

8501 (1976)

elnqizynnka T., Domansied 7

s Q‘Et.r,awski.

ek Sm!.r.h n./'

 ‘London (1975)
, /
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Notice
	006_Title Page
	007_Abstract
	008_Abstract ii
	009_Acknowledgements
	010_Table of Contents
	011_Table of Contents v
	012_List of Figures
	013_List of Tables
	014_List of Abbreviations
	015_Introduction
	016_Page 2
	017_Page 3
	018_Page 4
	019_Page 5
	020_Page 6
	021_Page 7
	022_Materials and Methods
	023_Page 9
	024_Page 10
	025_Page 11
	026_Results
	027_Page 13
	028_Page 14
	029_Page 15
	030_Page 16
	031_Page 17
	032_Page 18
	033_Page 19
	034_Page 20
	035_Page 21
	036_Page 22
	037_Page 23
	038_Page 24
	039_Page 25
	040_Page 26
	041_Page 27
	042_Page 28
	043_Page 29
	044_Page 30
	045_Page 31
	046_Page 32
	047_Page 33
	048_Page 34
	049_Page 35
	050_Discussion
	051_Page 37
	052_Page 38
	053_Page 39
	054_Page 40
	055_Page 41
	056_Page 42
	057_Page 43
	058_Page 44
	059_Page 45
	060_Page 46
	061_Page 47
	062_Page 48
	063_Page 49
	064_Summary and Conclusions
	065_References
	066_Page 52
	067_Page 53
	068_Page 54
	069_Blank Page
	070_Blank Page
	071_Inside Back Cover
	072_Back Cover

