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AbatracI-Ethyknc was formed from l~mtnocycloproprnc-Icuboxylr rtd (KC) by a wholly defined system 
conutntng ltnoktc actd bydropcroxtdc (LOOH). Mn” and pyrtdoxal 5’-phosphm (PP) at pH 80. Under these 
condntons. ncnhcr oxygen nor l~poxygenasc was rquucd for ethylene productton. Each component of the reactton 
mtxture has ban tmpltcataf as a cofactor rqutred for acrobtc rn utIro convcrston of KC to cthylm by WIOUS 
plant prcpuattons lnhtbttton of ethyknc formatton by the a-focopbcrol atubguc 2.2J.7.8~pcnumetttyl-6 
hydroxychroman. tmpltcs that fra radtals arc tnvolvcd tn the roctton. Pcroxy rndtcals of LOOH were dcmonsIratod 
IO form tn paralkl WII b ethyknc Although PP was requuod for echyknc formatton. peroxy radtals formal qually well 
wtth or wtthout PP. Thus result tmpltcs Ibat etther a PP-ACC !ichtff base reacts WI& pcroxy radtalr or thaI pcroxy 
radtcalr act through a PP-Mn” complex. SI~KX the known s~acabums~ry argued l gatnsI [be former poswbhty 
[ Rrrung M (1986) fhdttm~crr~ 2Ss.I14]. the la~tcr IS suggertd. A posatbk axahantsm is proposed tnvolvtngoxtdatton 
of ACC by a PP Mn” LOO- complex formed vta squcnIta1 oxtdatton of Mrt” by LOOH and pcroxy radtcals 
dcrtvcd from LOOH 
--.----- 

I-Amtnocyclopropanc-larboxyltc actd lACCl ts the 
tmmcdtate praursor of ethylene tn plants [I. 2) The 
phystologxcal proass by whtch htgher plants convcn 
ACC tnto cthyknc has ban IRK subpct of tntenstvc 
research acun~y tn rocenI years. bur characIcruaIton of 
the rcsponstble enzyme or enzyme compkx lus been 
hampered by IIS scnstttvtty to allular dtsruptton Most 
tnvattgators agree thaw the Iabtltty of the ACC ethylene 
enzyme IS due IO a rqutrcmenI for membrane tntegrtty 
[ 3] Furthermore. Hoffman er ul [4] demonstnkd thaw 
the in L’~IO proccu pos.scsvs a htgh dcgra of stereodtscrt- 
mtnauon lor one of four dtastcrcomcrs of an ACC 
aNlO8UC. I-ammo-2<thykyclopropane-lurboxyl~c 
octd (AEC~only llR.2S)-AEC waseffattvtly mc~aboltzed 
tnto I-buIene Although many tn c~rro ACC IO clhykne- 
convcrttng preparattons have ban descrtbcd. all of the 
all-fra preparaltonr tested were not sIcrcosclatrvc tn 
mcuboltztng AEC dtarIcrcomcrs tnIo I-butene [5-71. 
wtth the cxaptton ot a ~GI vacuole ~solaIe [7] 

In r~rro prcparattons of the ahylcac-formtng ructton 
truxturc often have many features ttt common. such a a 

rqutrcmcnt for the cofactors. manganous ton [ 5.8- 131 
and pyrtdoxal J’-phosphate IPPl( 5. IO. 131 Addtttonally. 
in ctrroclhylcnc-formtngacttvtry lEFA) WL( sumulatcd by 
the prcscna of organic hydropaoxtda [ 14, IS] or H,O1 
[ 161 Altcrnattvely. a hydropcroxtdc was formed as an 
cnzymtc product durtng EFA [IO. 13. 17-j Although the 
prcsena of hydropcrortdc was not demonstrated dtratly. 
several tn r~rro systems mcludal membranes. whtch may 
have been susccpttblc IO scqucntul hydrolyses by acyl 
hydrolasc and oxtdarton of rcluKd polyunsaturated falty 
actdr by I~p~xyge~sc [ 5.6.8.9. I I. I2 l8-211. Whcrw 

both the rn FWO and m crrro EFA are tnhtbttcd by 
~~IIOXI~MIS, only the tn ctrro systems are scnstttve IO 
EDTA and ~hrols [3]. 

Two s~mtlar model syskms have ban reported raznIly 
IhaI had vtrtually all the charactertsttcs of In r’trro EFA. 
and l ddtltonally rllbrdod tmproved yteklr of ethylene 
from ACC Aaordmg IO the method of Bolkr cr al [ 22). 
ACC was 70Y0 converted IO ethylene tn the ptzscrtce of 
Mn”. PP and HlOl at pH I I.5 Bousquct and 
Thtmann’s [23] method of ff A uttlucd ACC. Mn’ l . PP. 
ltpoxygenasc and hnoktc actd at pH g 0. and was razzttlly 
charrcterual further by Ptrrung [24] By use of thts 
method a 99,; ytdd of ethylene was obtamcd wtIhtn 2 hr. 
whtch greatly exceeded the ykld of rn t~rro EFA reported 
by oIhcn Because there IS mcrcawng tntcrcst tn the rokof 
l~poxygenase tn tn rrrro EFA [ 14. IS]. parttcularly tn 
response IO wounding [ 171. we chow to study the melhod 
of Bousqutt and Thtmann [ 231 tn order IO understand ~hc 
tnahantsm of hpoxygcnasc action in the conversion of 
ACC IO cthyknc 

RFSL LTS 

Bousquct and Thtmann’s [ 231 mcthd ofconvcruon of 
ACC to cIhyknc was modtfkd IO rtplaa ltpoxygcrtasc 
and lmoltwrtd wtth the product of Ihctr rcrtton. book~c 
utd hydroperoxtde (LOOH). Wtth the mod&d method. 
a 9% yield of ethykne was obcatnal WII~O 2 hr aI 
saturattng kvcb of LOOH (FIN I) AI thts saturatmg 
conan~ra~~oo of LOOH (2 mM), 22 mol of LOOH were 
rqurral IO produa I mol of clhylebc from ACC. how- 
cvcr.aI 0.25 mMconanIratton of LOOH the molar rat10 
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F,g 1 Ethjknc cvolutlon from KC (2 hr mcuLmuonl 1s l 

function of LDOH conantrxtK)n unda ether rn Ar (A-&or 

ur (m - l ) atmosphere. In rddltlon IO LOOH. & rcy1mn 
conurnadImMACC.OImMMnJ’.OImMPPrndlOmM 
tirHEPES tpH 81 Rcutlon volume 5 ml Valuer are mean, (I 

of LOOH IO ethylene produced was decreased IO 6 
Compared IO mcubatron under an Ar atmosphere. arr was 
shfitly mhlbrtory to EFA Wlthout LOOH no ethylene 
was evolved (Table 1) 

The modrfied system showed propertIes slmrlar to the 
hpoxygase-lmolcr acrd system defined by Bousquct 
and Thlmann [23] EFA was greatly dlmmlshed by 
omlsslon of ather Mn’ * or PP (Tabk I) In our hands. 
the omlulon of PP resulted cn a greater decrease of EFA 
than observed by Bousquet and Thmann [23]. but DW 

result was In agramcnt with raent bndmps [24). EFA 
was strongly Inhibited by EDTA and drthrothrcltol 
(Table 11 However. a quantity of dltluothreltd (6 mM) In 
cxass of LOOH (4 mM) was requrrad to termmate EFA. 
whereas. dlthrothrertol at I mM conctntratton was mef- 
fatlvc In mhlbltmg EFA Bousquet and Thlmann [23) 

noted InhIbItIon of EFA with the l ntroxdant. n- 
propylgallatc and In the present study, the antloxMlant. 
2.2_5.7.8.-pentamethyl~6-hydroxychroman (PMHQ also 
strongly mhlbrted EFA (Tabk I). 

When ethylene was measured during the first few 
mmutu. a sign&cant lag time was noted with 0.67 mM 
LOOH. but the lap was nearly l bobrhed by lncreaxmg 
LOOH to 4 mM (Fig 2) As measured by a d-ease In 
conJugated dlcnc absorption at 234 nm. there also was a 
Ilg In the dbcompowtlon of LOOH that paralklad the Ias 
In EFA (data not shown). 

Since there appearal ID be a temporal relationsbp in 
LOOH daomposrtlon and EFA. the fate of LOOH was 
mvatlgated further Extracts (CHCI,-CH,OH) of reac- 

MOr --- - ----- 

F18 ? l~8 In crhylcnc fornullon from ACC In the prcscncc of 

0 b7 mH LOOH comprcd IO the Lwt of l U-I lu In rhc 

pwcncc of 4 mM LOOH (A - A) 0 67 mM LOOH under Ar. 

I= l 1067mMLOOHundaa~r;(+ --+)4mMLOOH 
under Ar. t x - x I 4 mM LOOH under w IadudaJ In the 

ractlon mcxturarac0 I mM M&O.. I mM ACC.0.I mM PP 

rnd IOmM NIHEPES (pH 8~ rcactlon volumes wac Jml 

Values wrh 0b7 mM LOOH were mans (n - 2L 

Tabk t EfTat of WIOU reagents on cthykne-fornun acur~y 
-_ -,-__----.----.- -.--- 

Ethyknc fornwwn 
---- -- -- -_-_--- 

JO mm 60 mm I2Omm 
_---_-_--_ -_--- 

Reactton nuature nmok . . of control nmok .‘. of control nmok -. of control 
_-__.----_,-__-__- 

Conlrol* lb4 100 449 IO0 494 100 

Control pfur. 

EDTA II mM) 

DlT (6 mM) 

tl mM) 
PMHC (091 mMl 

DAK0 (IO mM) 

Hotdm (IO mMi 

Control mcnur 

LOOH 

PP 

MnSO. 

MnSO, rnd PP 

0 
0 

39) 

5 

17M 

5b9 

0 
I9 

to 

0 

0 0 
0 0 

lo8 477 

I IO 

I04 499 

l5b 571 

0 0 
0 0 

529 to7 
I? 2 

0 0 
30 6 

xl b 

0 0 

. 
l Contrdrrs~mporadofO I mM MnSO..O t mM PP. I mM ACC.4 mY LOOH In tOmM NaHEPtSbuffcr 

tpH 8) undcc xn Ar rtmosphcrc Volume of rcuwn 5 ml 
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1100 rbquots were eunuodd by TLC TLC showed thaw 
LOOH daompcnod gradually rnth tune d reacttoo. but 
no tnapr daompoart~oo product was drrarncd The 
straktng of sonu products on TLC phta su~atcd that 
polymcruatroo wu poaatbk. When the extrrrod ma~enal 
was cxarmDed by GC after tnaktn~ the appropnatc 
dcnvatrvc. II was drscovaal that the undcoomposcd 
LOOH hd ban ~somcraed That 1% the sampk of 
LOOH, or~gmally contamrog 97-98 Ye (92.1 I Ebl3- 
hydroperoxy-9.1 I-ocudcudrcoo~c rod. had rsomcrued 
Into a mtxturc of the I+hydroperoxrdc and 9. 
hydroperoxy-l0.12octrdeadrcnorc aad. presumably vu 
pcroxy radtcals accordmg IO the mcchrnum of Chart cr ul 
(251 The wmenzatron of hydropcroxrdc (under arr) 
occuncd IO pualkl wrth EFA. rnclubog a probabk Ilg II 
rh 0.67 mM conccntratroo of LOOH (Fig. 3)_ As with 
EFA. Mn’ l was M absolute rqurrcmcnt for 
rsomeruatron (Flu. 3). Under Ar the rsomerurtron. which 
mcchamst~cally rquires O1 (sa Drscuuion). was 
mrrkcdly mhrbrtcd (data not shown). 

Although PP r.s rqturcd for EFA. II IS OOI ndceuorrly 
rqurred for aomeruatron of LOOH; that IS. rsomcru- 
atron oocurrcd as rcadtly with or wrthout PP (data not 
shown) 

Inhrb4tors of sngkt oxy8q. I.Cdrazabrcycto(2 2.21. 
octane (DABCO) [26] and hrstrdrnc [27]. each at 10 mM 
conantratron under an Ar atmosphere. drd not mhrbrt 
EFA DABCO was wrthout effect. and htstrdrnc strmu- 
Lied EFA (Table II. 

A system known to ~cncratc alkoxy ndrcals from 
LOOH usmu a FcCI,<ystcmc rcdox cycle 12111 l fTordcd 
very )ow yrelds of cthyknc Reptaamcnnt of MnSO. wrth 
hcmatm, hactnoglobtn and cytochromc c also drd not lend 
IO srgnrfiant amounts of ethyknc 

DtXLSSIO\ 

From a modd system composed of 20 mM ACC. 
hpoxygcnasc and lmolcw aad at pH 9 0. Kacpcrska and 

x-... ---1 

ot... _ 
0 K 4; 60 ‘-izr: 

T:me m\n 

Fig 1 lvwocruruon of the t3.bydropcroxdc of LOOH trnr- 
1~11) 97-98 “.I IO the Y-bydropcrordc LI A furuuon of LOOH 
corbxntrwon and Mn” (A- -A) 4 mM LOOH. tm -ml 
067 mM LOOH. ( x - x) 4mM LOOH mmus Mn” 

Itiludo.4 In the rcuiton mrrcuro were 0.1 mM MaSO,. I mM 
KC.0 I mM PPand torn%4 NaHEPtStpH g~cxccptunotd 

Kubacka-Zcbabka [ 171 obtarncd only a O.OU 7. y~cld of 
ethyknc after 5 hr rncubatron Our rnrtul cxpcnmen~s 
wrth a srmrlar system ako proved to be mcfficrcnt rn 
producing ethyknc from ACC (raultr OOI seven) These 
data contrasted markedly wrth those of Bousquct and 
Thrmann [23]. who obtamod a 9 “/. yrcld of ethylene from 
I mM ACC wrthrn 2 hr by rncluuon of IWO ddrtronal 
cofactors, M n’ ’ and PP Furtha mvatrgrtron by us 
showed ihri LOOH could replace both bpoxygcruv and 
lrnolcrc aad Smcc the yrcld of cthylenc and the cffcct of 
mhrbrtorr In our expcrrmcnts wcrc csscntraRy dentrrl as 
those observed by Bousquc~ and Thrmann [23]. we 
concluded that thcrr results also were dependent upon the 
product of l~poxyecnasc action. namely LOOH 

EDTA and drthrothratol were potent rnhrbrlors of 
EFA. both In Bousquct and Thrmann’s (231 method. and 
In our modrhatton of thcrr method Smcc Mn’ . was an 
csscn~~rl rngrcdrcnt of ETA. II was not surprrvng thaw the 
metal chelator. EDTA. compktcly rnhrbrtcd the rcactton. 
The effect of drthrothratol was more complex In the 
present study drthrothratol at I mM concentntron drd 
not mhrbrt EFA rn the prcscna of 4mM LOOH. 
howe\cr.drttuothratoI (6 mM) rn molar excessof LOOH 
(4 mM) mhrbrtcd EFA completely Thus obscrvai SIOI- 
chrometry suggests the daomporrtron of LOOH by the 
throls Throb In alknlmc pHsconvcrt LOOH Into hydro- 
xyoctadawdrcnorc acd by nuckophrubc attack on the 
hydropcroxldc by throlatc anron [28] bust 2 mM 
LOOH saturated EFA tF~g I). no mhrbrtron of EFA 
would bccxpatcd by I mM drthtothrertol rn the prcscncc 
of 4 mM LOOH Inasmuch as Bousquct and Thmaann 
[23] uud cqurrnohr concentratrons of both drthrothrertol 
and lrnolcrc acid. II follows that their conantntron of 
dlthrothrcrtol II mM) was suBicrcnt IO react wrth any 
hydropcrortdc that formed from lrnokrc acd (I mM) by 
hpoxygcnw action Addrtiorully. hpoxygcnasc activity IS 
rnhlbrted by cystanc [ 291. and pourbly other throls may 
mhrhn as well 

Several lmcr of cvrdencc sugpa~cd thaw EFA was 
dependent on a radrcal chain mhrbrtron by antroxrdants. a 
lag In EFA aI low conantntrons of LOOH. and In- 
hlbttton by oxygen Bousquc~ and Tiumann [23] found 
that the anlroxtdant. n-propylpallatc. was an cfXcicnt 
mhrbuor of EF A. and Irkcwuc. the x-tocophaol anal~uc. 
PMHC. wds an mhrbrtor of EFA In thrs study 
F urthcrmorc. the mhthrtron by PMHC rn the prcscncc of 
LOOH Impbed that thrs antroxrdant mhtbrtcd radical 
formatron from LOOH. and the l bscncc of hpoxygcnw 
cn our prcparatron showed that the primary cffcc~ of 
an~~oxdanr IS not neccssarrly rnhrbrtlon of hpoxygcnasc 
actcvrty The lag In EEA. cspaully at lower LOOH 
conccntratron. IS rndmtrvc of a rqurrcment for an 
mrtutcon phase Partral clrmmatlon of the lag by Increased 
LOOH conccntratcon demonstrates that rnacasng thrs 
radial prmursor permits a more rrprd transrtron Into 
propagation charm The rcsponw of EFA IO oxyecn IS yet 
another rndrcator of the free radrcal character of the 
reactron Although the ACC IO cthylcnc transformatron u 
known IO rqutrc oxygen. the prcscnt study not only 
showed that LOOH can supplant oxygen, but dcm- 
onslralcd that the prescna of oxygen actually can bc 
rnhrbrtory IO Et A SIKC oxygen IS a scavcngcr of radrcab. 
II 1s ptausrble that o~yecn may compctc wrth the ACC IO 
cthylcoc conversron. 

Fra radtcals are probably rnrttatad by the well-known 
one electron rcdor cycle of transrtron metals with orgamc 
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hydropcroxdcs. 

Mn”+LOOH+Mn”+LO +OH’ (l) 

Mn”+LOOH+Mn*‘+LOO+H’ (2) 

ln nCUlfd Or rodK U)UCOUs SOhltlDn. Mn” Is Wry 
rcwtant IO otitton IOIO MO” ( + 14 V). but In burc 
media MOM u much more us~ly olrdizrd 1010 
Mn,O, and MnO, [X30] su~cst108 that LOOH-metal 
rcdox ractlons may be favoural at pH 8.0. Peroxy or 
dkoxy radials formed by such rcdox rc&%ons WIII 
mIllale rdraI chams The l pparcnl polymalc m~lmrl 
from TLC of react100 products thus could result from 
radrrl reactION. 

Rcv~ous mvuugatlons otTered a poteotlnl method of 
talmg for the presence of pcroxy radtcak. Accordmg ID 
Chart er 01. [2S]. pcroxy radmls undeqo I-sassion and 
su~uent wmtnm tlons (Scheme I) ms B-scurlon 
reactlon has ban choracterubd thoroqhly by Porter cr 
ol. [3l]. who have de,Ivcd a kmctlc cxprrrsmn for ttus 
phenomenon. Thus. Isomeruatlon of the l3-hydro- 
pcroludc Isomer of LOOH Into a mixture of 9- and I3- 
hydropcroxida should constitute a masure of peroxy 
r;ldlab Dcnvatuatton of the hydroprrouda rerminmg 
IO the reactjon IO methyl 9- and l3-tnrncthylsilyl- 
oxystcarates followed by thr scparat~o vll GC afforded 
a practlcol mca~ of masunng lbc cumuhtlw effccl of 
paoxy radamls •~ MY IUDC. It was determid that the 
1son%nm110o of LOOH under an 111 atmosphere pu- 
alkled EF& mcluding a probabk lag •~ the 0.67mM 
conaoirallon of LOOH. Sina there was a considerable 
~0ncut1ra11~o dlflcrcna between 067 mM and 4 mM 
LOOH. tbccffatlve pcroxy radwrl conaotratlon at ~hcsc 
IWO Levels of LOOH cannot be stnctly compared from the 
data m Fig. 3. If 0u.s frtor wax taken tnto aQEount. 
undoubtedly the lag at 0.67 mM LOOH would be more 
acccntuatcd. Ax wnth EFA. the absolute rqutrcmcnt for 
Mn” In iso mcnzatlon (Fq 3) reflects the rok of Mn’ ’ 
In rdnl mlllllron. 

An obseMd inhrbitlon of lsomcMllDn under an Ar 
a~mosphm dd non. however. correlate wltb enhanced 
EFA under those COOdllJDnS (data not gvecl). This 
sdcmingly unexpcctai result IS radlly expla~nad by exam- 
maim of Scheme I Abscna of oxygen would bmdcr 
racombtnatton of oxygen wvlth the pentim radral and 

Scheme I I~owrumon of LOOH VU B_rauon of pcroxy 
rrdrrls aawhg IO Chxn ef ol (251 R’ - CH,tCH,t.-. R 

- -KH,)_CO,H 

thu radrrl would kn be SCBVCII~ by anotbcr l vailabk 
radwrl. Uodcr an tncrt atmospbcrz the taomcrimlion 
method for urtrro~ peroxy rdiab l ped ID be Of 
Ltrmtcd uclbty. but docx not nauaarily mdicatc a dimm- 
UhCd mlC Of pclOXy d-1 fOmUD0. 

Smce pCfDXy ndrcak were present during EFA. the 
powbk mstcna of other actln oxym xpeaa was 
conmdcrzd. Bousquct and Tbimano (231 showed that 

supcro~dc dumutasc had DO ckt on EFA. which 
eku~lcd superoude as a causa(lyc a@t. &awe 
superox& IS a reductive spcc~a. one would not expect its 
pl~~cr uoda the oudtnq cooditiow impoed by the 
pracna of LOOH. Coowary to lhi, coc~luaon, Loge 
and Thompson [l4) sumuud that supaolide wax 
formed from hydroperoudcs and that supcroxidc was 
responvbk for cooYCtUon of ACC ID ctbyknc. As 
cvidcna they showed that superoztJ&-Iavcagio( re- 
agents mtafcrcd with the pwcus. but ck reyent~ tatad 
by them abo should be unSit.w to lipid pcroxy radial. 
Bousquct and Thlmann [23 ] also dircouacad tbc praencc 
of hydroxyl radtals by dctnonstntmg no efla? with 
manmtol a hydroxyl radical savtnw. On tbeoret~~I 
grounds alone. hydroxyl radrak do not l ppar 10 k 
possibk. Mtwlataly& rsduct~oo of orpnw hydro- 
pcrouda affords redmoo of the hydroxyl portioo of tb 
hydroperoude to )leld a hydroudc ioo and an alkoxy 
radwrl. However, the formatron of xiogkt oxyso from 
pCrDXy fadrrb Of LOOH hu barn documen ted [32]. 
AaPordmgly. the uogkt oxygen saveam DABCO and 
htrtdmc. were testa and found IO be iadlktivt as 
inhrbtlon of EFA. The auac of stlmuhtron of EFA by 
histldmc was probMy due to a prooxidant effect. Tjhio 
and Kuel [33] reportad that hulidibe markedly stimu- 
hod the l ulolrdalIon of methyl hnokatc In the prucnce 
of Mn” at pH 8.0 

Rm~og [ 241 razntly sugguted that PP funcmned by 
sbftmg tbc ralox potentrrl of Mn’ ’ by chclr~o Into the 
range needed ID rcdua LOOH Into an alkoxy rulrrl and 
a hydroude Ion. AccordtoO IO him. H-abstracbon by 
alkoxy rdnb were rupombk for the mttul OXldrllDO 
of the ammo group of ACC. We also conudaed thus 
p~s.shl~~~, as well u H-abstractIon by pcroxy radwrlx. 
but our data did not support this porubilty. S~nr 
peroxy radwrls were produad as readily vnth or without 
PP whk ethylene was not. lhts su##uls that pcroxy 
rdtcals arc not dlractly mvolwd In H-•ktrarzlon of 
ACC. Replaamcnt of the MnSO, atalyst w?th an 
FcCI,qsteu~ redox coupk. koown ID gc~~ate alkoxy 
radwrls (281. was 1nct5acn1 In EFA u well as urmlar 
cxpcnmcnts with hcmatm. hacmglobin and cylochromc 
c aulysts Rather than abstract hydrogcn.allroxy rdmb 
generated from LOOH hvc a propenuty to undergo 
mtramokcukr cyclrntlon Into epouda. and thu rear- 
rangement IS preferred even In the presence of rcad~ly 
abstractabk sulphydryl hydro(cnr (281. 

The data sqgcst that PP IS rqutrcd for the actlon 
of pcroxy ndvlls dunna EFA. A plrwabk cxphnalton 
was pcroxy radml oxulatlon of a PP-ACC SchifT 
base. Baldwin tr ol. [U] oudubd tbc immc of a 
p-mcthoxyyknnldehydtACC Schiff hoc nth orgamc 
perolldes In10 an lnltiL8lC DUnndltX dCrWlWC. 
whrh docorn- Into ethyknc In their SySlem rib-[23- 
*HI]ACC resulted In only ct.+[l.2-‘H,Jcthykne; 
whcrcu. Rrruog [24] found that he Bouquet and 
Thimann method (23) afforded a rmxture of cls- and 
rr~q-[ l.2-‘H,)ethykne from cis-[2,3-‘Ha)ACC T)w 
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latter convernon u also the OIK obacr& in UIW). and was 
proposed lo be the result ofarbonurboo bond rotalIon 
of a free radical Intermedutc In the KC to ethykne 
conmon [35]. Thus, the rt~heaustry does not 
support the mahanixm of Baldwin er al. [U] In thix study. 
A second pourbibty Involving a metal 0xtit.100 of KC 
na an KC PP-Mn” corn kx 
shown by qua1100 (II Mn P. 

wax conxidered. As 
could be dtnval YLP 

oxidatton by LOOH. It u knowo rha~ metal-ammo 
~cd-PPSchIfibruccompkrtsanrad~lyaulyvdImx 
reactlonx, such as daarboxylatIon. tmnsamInatIon. nce- 
mv1tIoo and cbmmauon [36]. but PIrrung’r dau [24] 
connncmgly argued rgamst the Involvement of SchIff 
hue chemrstry In the Bouquet and Rumann [23] 
reaclron Rrrung (241 showed thaut the oudatlon poten- 
tul of Mn’ * was shiftad by compkx formatIon with PP; 
however. the olrdatlon potentlpl of the PP- Mn” com- 
plex appeared to be out of the range of the +0 8 V 
required for direct oudatIon of ACC [35). Thu kd to the 
conclmon that the PP-Mn’ ’ complex was funher 
convertad mto a h&r oxidation SLIIC w oudatlon by 
peroxy (or oxy) radrrls. IIke the reactIon reported for 
omdatton of Co” by peroxy radwrb [37]. 

PP. Mn’ ’ + LOO - PP-Mn‘LOO-. (3) 

Pably. IhIs OXI&IIOO state could compktc the IWO onc- 
ckstron omdatlons of ACC rqulrad by the Rrruog 
mechanism [ 35 1. 

l rwtr ryumt ttuu, con~ent~oo. L&c w uino EFA. 
wound ethylene wax ~ohibrted by EDTA (38). but in owe 
EFA wu not [3). A role for lrpoxy~ hax been 
aubhxhed for in DIWO EFA, and likemae. Ltpoxygcrmc 
act~nty has been CorrcLtcd with wound etbykxx [ 171. It 
IS well known that wounding In- the &on of 
lipoxygenase In plantx [ 39). The au rpmst an rn c1rf0 
mechamsm rrgnrds the fact that I- EFA from 
woundmg onginated from newly syn~huued ACC rather 
than from dccomputmentahzul ACC. and the lack of 
cfTect on the ACC to ethylene converson by ibe PP 
InhIbItor. aminoethoxynoylplycme, after woundIn 
showed that PP IS not rrquIrcd In the wound response 
[38]. The stcreospacrficliy for the (IRLSFAEC dv- 
stereomcr has not been tested nth wounded plants, nod 
I~IUS rcmams the crucul cxpenment IO determme If wound 
ethyknc ongnata by cIther an ~1 LWO or UI IWO 
mechanism 

Eth)lmr-formcng otmwy (MA). bhykne was ~aated 
lrom KC by the method of ref (211. cxapr I~I MoCl,. 

so&urn Y2~hydrory~hyl~l-pp~o~~ulphor1~ 

butTa lpH 81 boolac uad. aad bporym m rep&rd 
wth MnSO.. sodium N-2-h~drorychylptpaur#-N’-2~~. 
sulphonxIc (NxHEPES) bullet (PH 81 and LOOH Thus. the 

-’ --1 
PP-Mn”LO0 +iACC - PP-Mn”LO0 +{ CH,-CH,. (41 

-.. - 

The fornutlon of a brown, morgamc praclpitatc after fuctlon mature rucmqxnd of I mM KC.0 I mM M&O,. 

cxtendcd mcuhtlon of the tactIon rmxturrs mdratcd 0 I mM PP. IO mM NxHEPES(pH Qxod LODH (0.29 8 rnM~ 

the formatIon of MnO,. whrh vaIldated the formation of Before rddlllon of MnSO, aulyat lbe razuoo mmlura wcrt 
Mn’ l In theory at kut 4 mol of LOOH would be transfcrral Into 15 ml Rukr 61tcd nth Tenon-Lncd rpu rnd 

required IO generate one mol of ethykne. Ihov hurls rcqulnng men l tmosphtnr were evacuated and 

2Mn”+2LOOH+2MnJ’+2L0.+20H- (5) (alalytw InItIalIon) I 
2MnJ’+2LOOH-2Mn”+2LO0.+2H” 

same as (5) 

2MnJ’+2LOO+2Mn”+2LO0 

2Mn”+ACC-2Mn”+CH, =CHI. 

RestIon 5. a atalytr oudrtlon needed for InItutIon. 
should not reatly affect the actual consumption of 
hydroperoxde In the process. The storhlometry outlmed 
by reactions 6 9 may explam the high mokr WKY of 
LOOH rqulred for ethyknc productnon. 

What IS the physlolmI s~gnifiancc of the data 
presental hem? Rrrung (241 ooted that rhe Bousquet and 
Thimann method [23] affordal both CN and cu- and 
rrm-( l.2-‘HIJethykne from cu-(T3-‘H,]ACC. hkc the 
~tural EFA; however. the method fukd the thud test for 
s~ercosekc~~nty ktwan dtastcreomers. That IS there wax 
a lack of selatlvlty for the natural (lR2S~2-methyl- I- 
l mmocyclopropane- I cuboxylr pcd Isomer [ 241 Other 
rn ulrro systems of EFA also fukd IO exhIbIt xtereoxekc- 
IIWI~ In rcactmg with AEC drutereomers [ S7] Thus, II IS 

unhkely that the Bousqutt and Thmaann method [23] 
represents the normal phyuologKal production of eth- 
ykne by plants (241. Although artam research results 
suit that a COnncctlOn may e)usl belwan the ‘wound 
cthyknc’ response and VI LWO EFA. there are all 

cachngod *IIh Ar for Jcyzks AI xao ume 5 ~1 of0 I M MoSO, 
was In- Into l firvl reuuon rol of 5 ml II 2J’. Etbyieac wu 
vmpkd by n~hdnrrl of coo.5 ml from tbe 10 ml had rpa by 
l gas-t@ rynns. rnd I~U vmpk was uul@ by a GC fiuod 
with FID rod a 2.74 m x 64 mm PorapL R (8GlOO mahj 
column (Appbai %cncc hbontom SUIC Cow. PAI 
EluImn was vlth L flow of about 25 ml/nun of He arner p, at 

room lemp SuDdud m1x1ura form~tsd from tuud, puncy 
eIhykne and ur pcmuttad qruauuuoo of the nbykae puk 
EFA was ~otuktai by PMHC syntheaued by Abe procadu~c of 
rcf [40] 

T?K cfTaI of rn rlkoxy radtdqcncm~n~ system [28] wu 
tata4 for EFA cffkxncy T& sob, conr~ned I mM ACC. 
0 I mM PP. 4 mM LOOH. I6 mM cys~ane and 0 I mM FeCl, 
MeOH-H,O (4 I) 

Pwp~orwn oj /HO&K ord btiroproxllr (LOOH) Loolrr 
wd vu ox&red by soybean bpoxygclur (EC I 13 I I 12) u 
daznbsd prnously [4lE The crvvred adc prod&Kl or I& 
racuoo(co~nylruJumadlabcruw*IlbZRStkARCC- 
4tkWbn&odI.St Louu.MOLxod~berlurryruxppbedIo~hc 
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top d l column (25 cm Ed I conurnrn~ 5O g Srk AR CC4 
puked wtth heunc Stepwne clutron was performed wtth 5O ml 
herrne followed by xetorte tn hew rn the proporttotts of 0 25 1 
5.c 0 3 1 7 5”, 0.3 1. 10’. When the LGGH penk sunad to 
clutc es detcctod by A et 2.34 nm. the neat 15O ml of clot ws 
collected (&out 0 48.063 1 toul cluent). Genemlly. 1 3xJ ml 

vmpk of 97 98’, (92.11 LFl3-hydropcrory.9.1 l- 
ocwl&drcrtor rod vu oburoed by thrs procedure btcr 

fractrons coatwted rnceusm~ percenuges of the 9-hydroper. 
or& wnoer end were drsarded 
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Drttrwmrwn oJ hydroprroxdr ~somm Hydropaoxrde 
tsorner compxrtron was rnrlysed rn ILquol, t&en from l sated 
up ethylene routton mrrture (25 70 mlt Sempks qurnknt to 
l-2 5 ml LOGH were estrnctcd vrth the folbwmg mtsturc (per 
ml nltquot) 3 ml CHCl, CH,OH (2 IL 4O,lO 1 M NerEDTA 
end 60 PI 1 M cr~nc nerd The collected CHCI, byer wu washed 
twa wth 3 ml H,O. rod the CHU, rubsquently wu cnp 
orated under J N, strum The rewduc rmmaiutcly wudrssolwd 
tn 0 5 ml CH,OH end hydrgnrted wrth 10”. Pd on chrcoel 
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tM Scwna. Cmcmrutt. OHI usrn~ a heanne-Et,O HOAc 
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