Two pathways for biosynthesis of ethylene in
pigher plants have been postulated (10). One is
ssociated with the breakdown of peroxidized lino-
tenic acid and the other involves the degradalion of

- methionine. Although the formation of ethylene

from peroxidized lindlenate has been demonstrated
n model systems catalyzed by Cu®', oxygen and
sscorbic acid (10) and by an apple extract in the
cesence of oxygen and ascorbic acid (4), there is
g direct evidence that it occurs in plant tissues.
The conversion of methionine to cthylene in model
asems (8,19) and in plant tissues (2,9) has been
gemonstrated. In the FMN-light mediated model
gstem (19, it has been established that methionine
l, converted o ethylene m'a. mc-lhimfnl (ﬂ-_nwth_\‘.l—
d,iopmpiolmiclchydu) as an intermediate,  Enzymic
conversion of methionine analags to ethylene catalyzed
yy peroxidase has been clucidated rvc&‘nlly (.5.(:. 11,
12,15.17) 5 a-keto-y-methylthiobutyric  acid and
gethional, but not methionine, are the active sub-
grates. A\ chemiical mechanism accounting for such
avmic formation of ethylene has been deseribed
(]5'-18). On the basis of this information, Yang
16) has proposed the following scheme for the
yosynthesis of cthylenc in plants:

gethionine =2 ce-keto-y-methylthiobutyric acid = me-
ihional = ethylene,

In order to test the proposed pathways, ;-_n(litu:\cli\"c
tnolenic acid and the appropriate radioactive methi-
qeine analogs were fed to apple tissue. None of
dhese suggested precursors of cthylene was converted
1 ethylene s effectively as was methionine,

Materials and Methods

Materials.  Linolenic acid-U-C, r-methionine-
y-4C and pL-methionine-*H  were obtained from
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Applied Science Laboratories, New England Nuclear
Corporation and Tnternational Chemical & Nuclear
Corporation, respeetively,  a-Keto-y-methylthiobu-
tyric acid-U-"C  was prepared  enzymically  from
L-methionine-U-1C, and methional-*11 was prepared
from pr-methionine-*11 by the Strecker reaction with
ninhydrin according to the procedures described
elsewhere (17).  B-Methylthiopropylamine-*H  was
prepared from pr-methionine-"IT with acetophenone
(14). It has heen established that only the ethylene
moiety (carbons 3 and 4) of methionine are con-
verted to cthylene both in plant tissues (2,9), and
in the FMN-licht model system (19). Tor estima-
tion of the specific radioactivity of the ethylene
moiety of methionine, pr-methionine-*11 (109 pe/
pmole)  was converted to cthylene by FMN and
light (19), and the specific radioactivity (46 pe/
pmiole) of the ethylene thus produced was determined
by gas radiochromatography as described below.

Feeding Experiments With Apple Tissues.  Plugs
(1.0 cm in dinmeter and 20 cm in lengih) were cut
from a mature apple fruit with a corkborer and razor
blade as described previously (1), The radioactive
substrates in 2¢, KCl were introduced into apple
tissue either by a vacuum injection technique similar
to that employed by Frankel ef al. (3), or by soaking
{2). The plugs were then sealed in 25 mi Erlen-
meyver flasks.

Gas Anmalysis.  Samples of the gas phase of the
flasks were withdrawn for estimation of total ethylene
and of radioactive cthylene and carbon dioxide by
gas-chromatograph and gas radiochromatography, as
previously deseribed (1).

Results and Discussion

The substrates of interest were tested as precur-
sors of ethylene in apple tissue, and the efficiency in
each case was compared to that of methionine (table
[). The failure of conversion of linolenic acid-U-
C to ethylene appears not due to inadequate uptake.
since it was cfficiently converted to carbon dioxide.
It is therefore concluded that Tinolenic acid does not
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function as a physiological precursor of ethylene in
this tissue,  Licherman and Kunishi (7) have sug-
gested  that  propanal, which s o decomposition
product of peroxidized Hnolenic acid and an effective
precursor of ethylene in the model] system, miay be
an intermediate in the conversion of linolenic acid
to ethylene i ziro.  Baur and Yang (1) have since
shown that propanal is not precursor of ethylene
in apple tissue. In this regard it is pertinent to note
that a large amount of ethane wits produced along
with ethylene when linolenie acid or propanal wis
used as substrate cither by the model system con-
sisting of Cu*" and ascorbate (10), or by the apple
enzyme system with linolenic acid as substrate (4).
The facts that linolenic acid or propanal vields both
cthylene and ethane while methionine vields only
cthylene (14, 16) have been rationalized in chemical
terms (1L I8). In view of the fact that intact fruits
produce very little ethane (the vatio of cthylene to
cthane production in whole apple is about 14.000:1,
ref. 13), it is most mlikely that cthylene is derived
irom linolenic acid.

For the conversion of wethionine to methional,
2 biochemical routes are possible. One js by oxida-
tive deamination or transamination  (wia a-keto-y-
methylthiobutyric acid) followed by decarboxylation,
The other involves the decarboxylation (wia B-me-
thylthiopropylamine)  followed by oxidation of the

Wis o poor precursor.

an inactive form,

medite,

tahle

correspunding amine to aldehyde.  Although ke

y-methylthiobutyric acid was an efficient precur<t @
it was not as efficient as methionine, ﬁ-.\[ctll)'l.m,

propylamine was inactive and. surprisingly, methios®

It is possible that methion

when supplied to apple tissue, may be converted 19

It is also possible that the met®

onal which is active in ethylene hiosynthesis is “’ 3
enzyme-hound form, and that exogenously suppie 5
methional is not converted into the active inie” &
However, the present data do not 5::1‘1"‘?
the bypothesis that methionine is converted to et
enc throngh methional, ’ :
keto-y-methylthiobutyric  acid  are  interconvertdé
through transamination, it is not surprising that &
substrates. when inenbated for 2 hr, converted l
ethylene with nearly equal efficiency as shown #
When the incubation period  wis reduced
to 30 min, however, methionine was found to ¥
converted to ethylene nearly twice as efficiently 3
n.'—kvln-y-nu-lh_\‘lllihnhm)'r:m'.
that methionine is 4 more direct precursor of ethyle®
in this system than s a-keto-y-methylthiobutyraie
As i the mdel systeme methionine sulfoxide w
an inefficient precursor (19). ;
this conversion may be due to 2 limited reduction &
methionine sulfoxide to methionine as a prerequisit
to conversion to ethylene,

Since methionine and @

These

wpe A Gy w
Fhe inefficiency ®

Homaoserine, which is?

Table L. The Conversion of Labeled Substrates o Ethxlene by Apple Slices

In Expt. 1, 5 or 6, the substrate was dissolved in 0.1 ml
into 1 plug of apple slice. In Expt. 2, 3 or 4.2, 1or 2 plugs of apple slice were soaked for | hr, respectively, #
28 ml, 0.0 ml or L6 il of 2 % WCI solution containing the vadionetive substeale,
periment, Linolenic acid was converted (o ammonium salt before dissolving
the substrate to cthylene was caleulited assuming that only

are converted to cthylene,

e )
C

Ineubation
Ixpt. Substrate time
iy = : pe  pc/wimole Ity
1 Linolenic acid-U-1i¢ 1.3 630 2
br-Methionine-1] 1.25 107 2
ev-Keto-y-niethylthinbutyric
2 acid-U-1iC 14 a0 2
L-Methionine-U-t1¢ 1.4 50 i
3 Methional-3H 23 107 ]
pL-Methionine-5F 23 107 1
4 B-Methylthiopropylamine-«11 13 107 3
- Methionme-411 17 107 3
x L-Methionine sulfoxide-U-14C 0,90 220 3
2 L-Methionine-U-11( (.82 220 3
6 nL-Homoserine-4-11(C 243 10 4.5
' 1-Methionine-U=1iC 22 1 45

LT H.'nﬂll'

J.

~I

110
12.1

0.3
6,0

20

15

NCT solution and then injected under vacuu®

\iapple was used for cach o8

r Y "
Hercent of conversion :‘
<tsomer and the ethylene moicty of the substrate molecdlt
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Table TT. Reduction of 3-cthivlene Production From
pentethivnine=311 in Apple Slices by v- or v=methimine
Plugs (1 > 2 em) of apple tissue were fed with a
aringe under vacuum 0.1 ml of 2 ¢, KCI solution con-
:;;irli:!g 77 ac of nr-methionine (107 pc/pmole) of p- or
i-methionine as indicated.  Incubation time was 3 hr.

Substrate Ethylene
npniole dpin X 10#

pr-Methionine-*H 9.8 93
p- Methionine-H 122 72

4 1-Methionine ’
pr-Methionine-*11 10.3 54

+ n-Methiznine
None 7.0 cee

close precursor of methionine, was also found 1o be
converted  to o ethylene, Since  the  conversion  of
homoserine to ethylene is less cfficient than that of
methionine, it is conchuded that homoserine 15 not @
doser precursor of ethylene than s methionine,
The datiin table T show that unlabeled t-methi-
onine is far more effective than p-methionine in
reducing the production of vadioactive cthylene from
pr-meshionine-*IL These results indicate that the
conversion of methionine to cthylene is stercospecific
vity of p-methi-

for the L-isomer, The apparent act
onine 35 congruent with stevcospeeificity 1f it s
aeaanied that o racemare catalyzes a limited conver-
gon of p-methionine to the L-isomer.

Alihough the conversion of methionine to ethylene
in plant tissue has been established, details of the
pathway and the chiemical reactions involved in the

conversion renitin to be elucidated.
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