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1. introduction

- The origin of ethylene, tke ripening hermone of
many fruits, has yet to be defined. A recent review
§1] described poessible sources of ethylene and from
recent studies with both plant preparations and model
systems, methionine (viz methional) [2—4}, acetalde-
hyde 5], propionaldehyde {6] and finclenic acid [7]
have emerged as possible precossors of ethylene.

The present paper describes the eazymic conver-
sivn of linolenic acid o ethyiene by cell-free extracis
of appie fruits in the presence of oxygen and ascorbie
acid. Metal chelators, thiols and ferrous ions inhibit
ethylene production. Lipoxidase and a copper enzyme
appear to be essential components of the enzyme sys-
temn.

2. Methods

- Apple froits (Stummer variety imported from Aus
tralia) were used in the post-climacteric conditing
- when ﬂ:e fmﬂs were pmducmg ethylene in vive. Peel
. tissue was washed with water and homegenized (Ulera-
- Eurrax homugemzer, J anke and Kunel KG) with thiee
wchames of an ice-cold solution containing manhitol

- {0.4 M}, potassium 3 maleate (0.1 M) and solubie poly-
“anyl—pyn‘ohdo';e (MW =24000) (1%} at pH 7.2. The

__homogenate was filtered through cheesecioth and the

.. pHof the extract adjusted: care_fu]]y fmm approm-

.mately 6.2 to 5.6 with HCL.

. Fazty acids were converi'eﬁ 10 ammnmum salts in

] solunan angd excess ammonia removad by warming

. nnder a stream of nitrogen. Bthylene and ethane pio-
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Table 1

Enzymic conversion of finolenic acid to cthylene and ethane
by a rellHres extsact ficm apple.

ni fharfe tissos
Ethyvlene Ethaps
“amplete system ¥ o 150
Complete system .

{boiled extzact) 3 10
omit extiact G 8
omit Inoleaic zeid 2 z.5
omit ascorbaie 25 7.7

_ ¥ Bee sect. 2. Methods.

duciion was assayed by analysis of the gas phase above
incubation mixtures in 25 ml flasks. Extract (< ml) and
10 =M ammoniam hnelenate (2 ml) were pie-incubated
for 15 min at pH 5.6 by zentic shaking at 25° in open
flasks. At the end of the pre-incebrzuion pericd, 120
mM potassium ascerbate {0.5 ml; was added together
with other additsons, if any, ard then the flasks were
closed with mbi}er stoj:pers each of which was fitted
with a plass tube copnecied to a piece of silicene-qub-
ber ubing and sealed vith a cl-;a_ Afver Incobistion by
shaking at 25° for one hour; 3.5 w? sample of the gas
phase was izken fcr mﬁys:a of ethylene and ethane
content by gas-chroniatograpny using moddifi l'.‘atll'.'ila
[83 of 2 method previisly éescanL for.

3. Resulis
- Bothethylenc and ethane were proguced in the
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Table 2
Substrate and co-factor speeificities
Incubation system * ‘Relative rates of gas prodection
-Ethylene | Ethane

Extract + ascorbate + Fnolenic acid 1mM " 100 2100
Extract + ascorpate + linoleic acid 1mM 2 L¢]
Exsract + ascorbate + oleic acid imM 1) 10
Extract + zsenyhate 4+ methionine 1mM 0 0
Extract + ascorbate + methional imM i0 i3
Extract + ascorbate + propionaldehyde imM is5 4
Extract + ascorbate + hydrozen peroxide 3 mM 2 2
Exiract + ascorbale @ glucose imh .

- ) 2 y

+ ginpost oxidase

Extiract + linolenic acid + ascorbate 10 mid 108 160
Extract + linplenic acid + vysteine 10 mA 4 62
Extract + inolenic acdd 4+ meizbisniphite 10 mM -3 1206
Extract + linolenic acid + dithionite 10 mi4 8 65
Extract + linolenic acid + dehydroascorbate 10 mM G 7
Extraci + linolenic acid + a-tecopherel] 10 mM 6 o

* See sect. 2. Methods.

comiplele sysiem with exiract, linolenic acid and as-
corbate as indicated in table 1. Boiling the extract or
omission of any of the components of the complete
sysiemn almost climinated ihe produciion of ethylene
and ethane. Under the incubation conditions used,
tiie production of ethylene was proportional to the
amount of =xtract present; the pH optimum of the
Teaction wes 5.6.

Table 2 shows that linolenic acid could not be re-
. placed by Hinoleic or oleic acids in the ethylene-pro-
ducing system and that methional and propionalde-
hvfie gave less ethylene than did linolenic acid in this
system. Furtharmore, hydrogen peroxide or peroxide-
Jenezating sysiems would not =zplace linolenic acid
{cf. [71). Preliminary expenimesnts in which uniform-
Iy iabelled 14 C-Ynolenic acid was used as ssbsirate
confirmed that this fatty acii] was the source of the

carbon aioms in both ethiylene and ethane (unpub-
lished resuits)

- Dehydroascorbate weuld not substitute for ascor-
bate and poe other reducing conditions investigated
would replace ascorbaie in ethylene production al-
though ethane was produced under more general re-

- ducing conditicns (iable 2). Okidized and seduced
" pyridine and fizvine nueleotides also had no effect in
ihese systems.
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Ethylene production —as dependent upon nxygen
tension; pure oxygen imncreased ethylene and reduced
ethane produciion whereas anaerobic conditions com-
ple1ely inhibited ethylene formation {1able 3). Thiois,
ferrous ions and metal chelators also inhibited ethy-
lene production. Addition of EDTA 1o the extract,
followed by dialysis againsi baifer solution, com-
pletely inhibited the ethylene system which could be
restored by the eddition of copper fons (Cu' in the
presence of ascerbale). Addition of ferrous ions at
tius stage stimulated the ethane sys:em. Thiol-binding
reagents partially reduced ethane formation but had
nio effect an the eihylene system. Dhordihydroguaia-
etic acid, an inhibitor of Ipoxidase §10] decreases
the formarion of ethylene and ethane.

4. Dispnssion

The enzymic system from apple fruits which ¢on-
verts linolerdc aci@ iv ethyiens appears {o employ a
sirnflar mechanism to the model sysiem described by
Lieberman and Mapson §7]. The results are compa-

tible with a seguence of 1sactions in which Bnolenic

‘acid is first converied by ine Bpoxidase pzeseni in
the exuaets il 1j toits hydm;max:de(s) ﬂle aismi-
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_ Table3 : ,
F.sctors affectnp the enrymc conversion of linolerac aud tfo ethylene and ethape

Incubation congditions *

Relative rates of gas production

Ethyiene - Ethene
Control (aerobic) 15D . 3
anaerobic 0 &6
100% oxygen 185 - 37
Conn'ol + cysteme (1 mhL) D 37
+ mercaniosthanol (1 mM) 3 is
+ FeSO4 (1 mM) - 4 [ 1
+ CoS0y (I md) 180 6
+ EDTA 0.1 mM) 2 10
+ diethyldithiocarbamate (i mM) 3 2
+ o-phenzanthroline (G.1 mM) 2 £0
+ XCN (. ml) 0 7
+ 3 sdoacetamide (10 mM} 10D £
" + pchloromercuribenzoate (6.1 ;mM) 100 &0
-- nordihydroguaiazetic acid = (0.1 M) 60 &0
Extract di~lysed agzinst burfer 77 51
Extract dialys>d against EDTA (5 mM) 2 24
Extract dialysed agzinst EDT A (5 mAl) 170 17
then added CoS0, (1 mM)
Extract dialysed against EDTA (5 md1) 8 170
then added FeSO, (0.1 mM\) !

# Control incubations contained peel extract, linolenic acid and ascozrbate as described in secr. 2. Meihods,

tation of which takes place by an unknown series of
‘steps in the presence of oxygen and a copper enzyme
to give ethylene as a final product. The prezent work
supporss the obszrvations of Meigh [12] that ethane
is proguced by the anaerobic breakdown of peroxi-
dized linolenic acid in the presence of ferrous jonis
and reduced thiols. The production of ethane may
represent a disruption of the natural ethylene-form-
ing sysiem since, although the in vive ethane prodec-

tion by fruits is low in relation to the ethylene evolved,

_subcelllar preparations of fruit have been shown to
evolve relatively more ethane [12].

Support for the physiological signifi cance of ethy-
-lene preduction from Bnolenic acid in apples has been
presented earlier [9] ; further support for this view is -
obtained from evidence (1o be presented elsewhere)

" that the rate of conversion of linolenic acid to ethy-
iene by extracts is related to the ethyiene producuun
in pivo of the tissue fmm wh;ch ihe extracts were ‘

- yrepared
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