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Introduction

The problem of the alcoholic fermentationl in
meristematic tissues has been reviewved by Betz (3).
This investigator has also shown that the alcohol
content in pea root cells drops miarkedly with increas-
ing distance from the tip, and that pea root segments
are able to metabolize exogenous ethyl alcohol quiite
rapidly particularly in the presence of high 0.2 con-
centrations (2).

Cossins (6, 7, 8, 9) has made an extensive study
of the metabolism of ethyl alcohol in a variety of
higher plant tissues. In general the metabolites he
describes in feeding studies with labeled substrate are
those expected if the exogenous ethanol is converted
into acetyl-CoA, which then gives rise to other sub-
stances by the known metabolic reactions. Alcohol
dehydrogenase is ubiquitous in seedlings (2. 3. 7).
The enzymatic oxidation of acetaldehyde to acetate
(or acetyl-CoA) has been described in a variety of
tissues of aniimal and microbial origin (11); but, ex-
cept for a report by Davies on pea seedling mitochon-
dria (10), it has hardly been studied in higher plants.
Castelfrainco (4. 5) has stressed the difference in the
fates of labeled ethyl alcohol and acetate when these
2 substrates are fed to plant tissue segments.

In this study we have observed that wvhile the me-
tabolic fates of exogenous ethanol and acetate fed to
pea roots are in general quite similar, there is a major
metabolite of ethyl alcohol and acetaldehyde, which
is hardly formed from acetate. This mletabolite has
been isolated anid has been identified as ethyl 8-glu-
coside.

A DPN-dependent dehydrogenase which is able to
oxidize acetaldehyde to acetate has been found to be
presellt in )eanuts and peas. 1)oth in the cotyledons
anid in the embryo axis. This enzvme has beeni par-
tiallv purified anid its properties are utnder study.

These 2 processes, the colnjugationi of ethyl al-
colhol to yield glycosidic derivatives, and its oxidtation
l)y alcohol dlehydrogetiase anid allelhy(le dehy(lrogeuiase
to the level of acetate, hell) to explain the metabolism
of exogenous labeled alcolhol and the (Irop ini en-
(logenolos alcolhol content as tissuies matuire.
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Materials and Methods

Ethyl alcohol-i-C'4, 2.51 anld 5.4 ,uc/umiole; ethyl
alcohol-2-C'4, 2.-5 /c//,mole; Na acetate-i-C14. 2.0
juc/MAmole; Na acetate-2-C'4, 2.5/,c/,umole, were pur-
chased from New England Nuclear Corporation.
Acetaldehvde-1.2-C'4, 1 ,uc/,umole, was obtained from
Calbiochem. Yeast a-glucosidase, anid rabbit muscle
lactic dehydrogenase, a 2 % slurry in sat. (NH4)2S04,
were obtained from Sigma. Almond ,-glucosidase,
yeast alcohol dehydrogenase (A grade), a 3 % slurry
in sat.(NH4)2SO4 and protamine sulfate were ob-
tained from Calbiochem. DPN and crystalline bo-
vine serum albumen were obtained from Nutritional
Biochemicals Corporation.

Glucose was determined quantitatively with Wor-
thington glucostat following the procedure recom-
mended by the manufacturer. This involved the oxi-
dation of glucose by glucose oxidase with the forma-
tion of an equivalent amount of H.,2.0 which was
used to oxidize a reduced chromogen. The absorb-
ancy of the oxidized chromogen was read in a color-
imeter at 400 mu.

Norit A was washed several times with water bv
decantation to remove fine particles, it was then
washed with 2 M HCl, 10 % NH,OH in 95 % ethyl
alcohol, 5 % HCI in 95 % ethyl alcohol, ethyl alcohol,
aind water; it wvas finally dried.

The radioactivity on chromatogran' s was dletecte(d
by means of a Vanguard strip counter Model 800
Autoscanner, or bv radioatutography on Kodak Royal
Blue X-ray film. Quantitative determinations of
radioactivity were done mlostly in a Tri-carb scintil-
lation counter using a scintillation solution of the
following composition: 0.3 g dimethyl POPOP. 15
g PPO and 150 g naphthalenie in 1140 ml toluene.
1140 ml 1,4-dioxane and 720 ml abs. ethyl alcohol.
The balance study showIn in tables I anid TI was done
using a thixotropic suspensioni in wvhich water-soltuble,
lipid-soluble and insoluble radioactivities are counlited
witlh approximiiately the samiie efficiency (Xylene: 1.4
(lioxane: abs. ethyl alcohol. 3 :3:2. conitaininig 8 %
naphthalene, 0.5; % PPO. 0.005 % dimethyl POPOP.
and 4 % Cab-0-sil). The samnples were dilute(d in
0.1 N NaOH auid 1.0 mil of the alkalinie sample was
adde(d to 15 ml of the scintillation fluid (14). Be-
cause of the intense color, the radioactivity in acetal-
dehyde 2,4-dinitrophenyl hydrazone could not be de-
termined in the scintillation counter. Instead, the
radioactive precipitate was collected on a glass filter
and counted in a thin-window gas flow counter,
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fI9/a,t .1I(lteri(Il. 1'ea seecls ( Pisa ii satizuvon L.
var. Alaska ) were soaked for 6lhours and( gerilllate(l
for- 36 hours between imioist filter paper in the dark
at 23 . TI'he roots were theni cUt off with a razor
bladle. In some studlies only the ap)ical /7 innm were
used, otherwise the roots were cut 15nim lonig. Pea-
iiuts (Arachis hvpoueca v-ar. V irgiiiia Juml)o) w\ere
g.erminiate(I ali(l harvestedl as (lescribedl elsewhere
(16).

Pea Root Juicutb(ationis; Siuiall Scale. Thirtv root

ap)ices 7 imm long (170 imig) were incubated in each
of 2 \Warburg vessels for 1 hour at 25°. TI'he center
wells containied 0.25 nil of 14 % KOH and(c the miiaill
coml)artmielits colitaine(l the l)lant tissue and the
radioactive sul)strates (2 Mumoles of ethyl alcohol-i-
C'4 or Na acetate- -C'4. 2.5 /jc/tmniole) in 2 ml of
0.05 M.\ p)otassiulm phosphate buffer pH 5.0. After
the incubation in a mletabolic shaker the KOIH was
drawii into a conical centrifuge tube. Ba acetate was
a(lded, an(l the )recipitated BaCO. was washed 3
times with 50 % ethyl alcohol. The root apices
were transferred to a tea strainer and washed well
with tap and distilled water. Each tissue sample was
place(l in a glass centrifuge tube covered with 2 ml
of boiling methyl alcohol and thoroughly disrupted
with a stirring rod. Two ml of chloroform xwere
added andlthe brei was cenitrifuged. T'he residtue was
extracte(l againi with 2 nml of methyl alcohol: chloro-
formii, 1: 1. To the combined extracts 3 mil of
chloroformii ani(l 1.8 ml of water were added. the re-
sultinig 2-phase miiixttire was allowed to settle anc(I
tlle upl)per aqueotis l)hase was (Irawni off. The lower
phase was washed 3 times with 0.9 mil of water. The
chloroformi-richi phase wxas storedI tind(ler N., tiuntil it
could be cotlllte(l. 'l'he 4 aquleouis washes were re-
comhined 'with the miiethlyl alcohol-chloroform in-
soluble resi(dlue and( 2 ml of mlethanol were added.
'I'lTe miiixtture was cenitriftuge(d and the superniatanlt
wvas drawni off. Th'le residue was theni extracte(d twice
with 5 mil of 80 % ethyl alcohol; the miiethaniolic an(l
ethaniolic extracts were comiibined( all(l eval)orate(l to
(Irvness tlIi(ler vactuum. The residtues frolmi eval)or-
ation were (lissolved in 2 nml of water. Thus each in-
ctubated pea root tissue saml)le gave rise to 4 frac-
tioils: 1, the BaCO., precipitate conitaininig the respi-
ratory Co.: 2, the chloroformii-soluble fractioni con-
taininig the lipids, 3. the water-soluble fractioni coni-
taingino the aniiino aci(ls. organic acidls, stugars, etc.:
4. the insoluble residIule consisting of (leniattire(l l)ro-
teiis, cell wall polysaccharides, etc.

Tlhe radioactivity in each fractioni w\as (leternniiiel
bNy Scintillation couniting in the thixotropic gel. Ali-
(huntis of fractions 2. 3. a(li 4 were (Irie(l uii(ler aci(d
coli(litioiis to instire the remo)al of labeled. acid-
volatile, substrates an(l metabolites. Fraction 3 was

sel)arated ftirther inito basic, acidic an(l netitral com-
ponents by passinigthrough ioin exchianigers. Coltimins
3 cni longand 6 mmii initerinal diameter of Dowex-0O-
HI andlDowex-l-formiate were u.sed; the former was
eluited with 30 % NHI-JOH, and the latter with 40 %
formic aci(l. The radioactiviity in each fractioni was

determiinied. Twvo-dimensional (lescelndling paper
chromliatographv oOnl\V'hatman 1 was eml)loyed for
the separatio-n and(1 idenltification of the labeled or-
ganic constitulents. TI'he conistittuenits of the basic
fractioni were separated usinig phenol : water, 5: 1. in
the short directioni, followed by ii-butyl alcohol : 2-
butanone : water, 2: 2: l (a l)etri (lish containing a
5 % soltutioni of cyclohexylamine was place(l in the
bottom of the cabilnet). The amiinio acid spots were
detected by spraying \\ith 0.2 % ninhydrin aln(d 7 %
acetic acid in acetolle. Organic aci(ds were sep)arated
utsinig phenol : water, 4: 1, in the long directionl fol-
lowed 1bw ii-avlnv. alcolhol -Cattirated with an equal
volume of 5 Nt formzic acicl. The acidl spots were (le-
tecte(l b)v sprayilng ith 0.04 % bromiophenol h)lte in
ethyl alcohol a(ljtlste(d to al)l)roximately pH- 6./. TI'he
neutral compl)oun(s were seeparate(l usinig plheniol
water. 5: 1. in the short (lirectioli followzed by ii-

b)tltvl alcohol: acetic aci( water, 12 3: 5. The re-
thticing sugars were cletectecl by reactioli with alkalinie
AgNO... The chronmatogramns were dipped in a
AgNO., bath niale by adding 1 nil of sat. aq. AgNo..

to 200 ml acetone, and adding H,O dropwise to re-
dissolve the white precipitate. The chroniatogran
was air (Iried, sprayed lightly with 0.5 M\ NaOT1 in
95 % ethyl alcohol aiid allowed to react for 3 minutites
at roomii temperature. TI'he chromatogram was fiii-
ally dlipped in Na.,S.,O:, (photographic hypo fixer) to
clear the background. The spots appeared (lark
brown or black on1 a light beige l)ackgrountd. A-i
alteriiative proceltir-e was to dip the chromiiatogramii in
a imiixtuire of 2 % aiiiliiie in acetolne, 2 % diplheiyl-
amim e in acetonie ali(l 85 % plhosphoric aci(l (5 : 5 1I
T'he paper was air-drie(l aii(l heate(d at 1000 for about
2 imlinutes. Reducing sul,gars gave characteristicallyv
colore(d spots, blue--ray for glulcose and reddis.h-broWn
foi frtictose.

Pea Root )incitbatioii; Prcp)aratiItcScale Ilii
or(ler to collect a quianititv of ethyl ,8-glucoside s.if-
ficieiit to l)ermiiit its clieniical clharacterizationi, l)ec
roots were incubated ulnder the followNiig conditiolln:
14 g of roots were slhakeni at 250 in 30 ml of 0.05) NI
potassium phosphate buffer pl-l 5) coiitaiiiiig- 50 i'c
of ethyl alcoliol-l-C'4 or othler radioactive stibstrate.
After 60 m,.inutes the pea roots were draiined, washed
with water, blotted aiid killed in 100 nml of boililo-
80 % ethanol. After cooliiig to room1temperature
the suspension was blended in a Virtis hioniogyenizer-
aIi(l filtered with suictioin. 'T'he extract was evapor-atedl to (Iryniess uinider re(ltice(l pressuire aln(d the resi-
duie was dissolved in 25 wl of 11., and extracted 3
timiies with aii equal voltume of etlhyl ether. T'lhe
ether phase w\as (liscarde(d and the aquleous l)hase w\as
al)l)lied to a Dowex-;50-H' colimini, ap)l)roximately 25)
wl of resini bed vrolumne. T'ihe coluiiiii was washe(d
with 100 ni)l of H.,O alid the effltlent was coniceni-
trate(l to 25 nil and applied to a l)owex-l -formate
column of equal size. 'I'his columiiii was also washed
with 100 ml of H.O aii( the effluenit was colicen-

tratedlunder reduced pressure to 1.5 nml and( treate(d
3 tinies with 400 mg of washed charcoal. Eaclh char-
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coal treatmiienit involve(d shakinig the solutioni anid the
charcoal for 20 minlutes at room tem)perature anid
centrifuginig. The charcoal was pooled anld wvashe(d
twice wvith 15) ml of H.,O; the washes were dis-
carde(l. The charcoal was thell elutedl 4 times with
15 ml of 10 % ethyl alcohol. The eluate was evapor-
ated to (lryviess unider reduced pressure and the resi(due
was spotted on chromatography paper.

In the purificationi of the ethyl fl-glucoside froml
the pea root extract the followviig unidimensional
chromatographic techniques were used: descendinig
chromiiatography on methanol-washed Whatman
3 MM using ui-butyl alcohol :acetic acid :water. 12:3 :5.
or 4: 1: 1 anid ascending chromatography on methaniol-
washed \Vhatmani No. 1. using ethyl acetate :pyridine:
water, 3.17: 1.0: 1.15 (upper phase).

Putrificationt of Acetaldehyde Dchdrogenase.
Peaniut acetone powder was prepared by homogeniz-
ing the precooledl cotyledons in 20 volumes of reagent
grade acetone at - 150 in a \Varing blendor for 1
minute. The acetone was filtered anid the powder
was washed with col(d acetolle, cold l)eroxide-free
ethyl etlher and(l ethyl ether at roomn teml)erature. The
l)owder was thenl dried in a vacuunu (lesiccator anid
store(l at -100. T'he acetonle p)owder was extracte(d
in a miiortar and(i )estle with ( times its weight of
cold buffer of the followilng coll)osition 0.05; M1
KCI, 0.001 al i'ris pH 7.3, 0.001 \i Na., EDTA.
0.0015 AlgCI.: the pH of this buffer was 5.4. The
extractioni was rel)eate(l and(I the 2 extracts combined:
further extractionls failed to dissolve aniv additiolnal
enzymiatic activity. The enizymile solutionl was treatedl
with cold acetonie, maintainiing the temperature be-
tweeni -2 and 00. The precipitate between 10 %
anid 50 % acetone contained all the activity. It was
redissolved in one-fifth the volume of the acetone
povder extract, in a buffer of the following compo-
sition: 0.04 M KCl. 0.01 m Tris pH 7.3., 0.001 Nt Na.,
EDTA, 0.0015 MIgCl. Two-tenths ml of 2 % pro-
tamine sulfate solution was then added per nil of en-
zyme. The inactive precipitate was discarded and
the supernatant was acidified with 0.5 M acetic acid
to pH 4.7. The inactive supernatant was dis-
carded. and the precipitate was resuspended in 0.05
Mi phosphate buffer pH 7, using a volume onie-fifth as
large as that of the protamiine sulfate supernatant.

Assay of Acetaldeliydc Dchvdrogcuiase. The eni-
zyme was incubated at 370 for 30 mintutes in a me-
tabolic shaker with 0.04 umole acetaldehyde-1.2-C'4.
1.5 ,umole DPN. anid 100 ,umoles phosphate buffer
pH 8.5 in 1.0 nml total volume. The reactioni was
stopped by the addition of 25 ml of 95 % ethyl alco-
hol. The denatured proteins were centrifuged down
and washed with 2 ml 80 % ethyl alcohol. The
combiiied ethvl alcohol fractions were (dried, first on1
a steam bath anid then in a vacuum desiccator. The
residue was suspended in 1.0 nil of water. The sus-
pension was saturated with (NH4) 2SO, acidified to
pH 2 with 6 Mi H.,SO4, and extracted 3 times with
1.0 ml of n-butyl alcohol. The combined..butyl al-
cohol fractions were miiixed with 1.1 ml of 10 % aql.

NH,OH and 3 nil petroleumii ether. Unider these
coni(litiolls radioactive Na acetate was recovered
quantitatively in the NH40H phase. Two 0.1 nil
aliquots were takeni fromii the aqueous ammonia layer
anld placed inlto 2 liquid scilntillatioll vials. One vial
was filled with scinitillationl solutioni ali(l counlte(l.
The other vial was (lrie(l. the residue resuspenided in
5; drops of glacial acetic aci(d ald (Iried again., be-
fore it was filled with scinltillationi solutionl anid
counite(l. The (lifferenice between these 2 counlts
measured the radioactivity in acetate. Fromii this
figure the l)ercenit of acetaldehyde-1.2-C'4 oxidized
to acetate-1.2-C' 4 wxas calculated. To check the
idenltity of the acid volatile product, the N\H,OH
phase was chromiiatographed accordinig to the nmetlod
of Kennedy an(d Barker (12). All the radioactivity
movedl as a sinigle spot corresponiding to authentic
ammonium acetate.

The unit of enzyme activity was defiiied as the
amouint of enzyme which oxidizes 1 % of the radio-
active acetaldehyde to acetate under the conditions
of the assay. Usually 20 to 50 enzyme unlits were
lpresent in each assav. Proteinis were determinied bv
the biuret miiethod (13). usilng bovine serum albumien
as the stand(lar(l.

Results

Radioactivit I)istribittioi f-oni IitilE Alcohiol-
i-C'" a,id Na Acetate-1-C'4. Tables I anid II indi-
cate thle distribution of ra(lioactivitv wlhiclh were oh-
tailie(l when pea roots were inlcubated with ethyl al-
cohol-i-C14 anid Na acetate-l-C'4. A few differ-
ences are worth nlotinig: A) almiiost 4 times as mtuch
acetate was converted into nionivolatile metabolites as
ethanol (table I); B) the insoluble residue consisting
mailnly of cell wall miiaterials anld denatured proteins
was labeled to a greater relative extenit from acetate
than from ethalnol (table I): nio explaniationl for this
differenice cani be given at present, C) the neutral
fraction was labeled to a greater extenit fromii ethaniol
thani fromii acetate (table II). Paper chromiatography%
and(l autoradiographv of the basic fractioll showe(d lno
strikinig qualitative differelnces in the l)atterns of
metabolites obtained from ethyl alcohol anid acetate.

Table I. General Patternz of Mlletabolitcs ObtaiMed from
Pea Roots Intctubated zicth Ethyl .Alcohol-1-C'4

or Ara Acetate-i-C'4
Tissue 170 mg was incubated 1 hour, at 250 with 2

,umoles of labeled substrate (2.5 Ac/umole).

Ethyl alcohol- Na Acetate-
1-CI4 1CI4

% of added C'4 recovered
in all fractions

% of recovered C'4 found
in each fraction

Respiratory CO.,
Chloroform soluble
Water soluble
Insoluble residue

2.9

15.5
22.0
57.8
4.7

11.1

18.0
17.8
52.2
12.0
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Table II. ScParatio)n of I.1'ahr-SollfblC .1IC(lbol)Xitcs I poP
Ioi-Exc.haiq1t, Rcsins

The miiaterials applied to the ioIi exchanige columns
N ere the water soluble fractions showin in table I.

Ethyl alcohol- Na acetate-
1-C'4 1-CI4

% of total water soluble C'
recovered in each fraction

Basic fraction
Acid fraction
Neutral fractioii

58.5
33.7
7.8

56.5
41.7
1.8

In both cases the l)rincipal racdioactiv e sp)ot corres-
ponided with glutamic aci(I followed by asl)artic. glu-

tamiinie, alaninle. valine. seriine and glv-cine in or(ler
of decreasingr intensity onl radioautographs. Paper
chromatography aln(d autoradiography of tlle acid
fractioni showr nio qualitative (lifferenices betweein the
2 substrates in l)oth cases the radioautographs
showed labeled citric. malic, succinic. a-ketoglutaric
and(l a trace of ftumiiaric aci(ds.

Preliniinarv anlaly sis of the lipiids 1b thinl layer

chromatographv and(I reversed phlase paper chromatog-
ral)ph revealed nio qualitative (lifferelices in the coill-

position of the radlioactive coml)onents'.
Paper chromatOog,ra)hv allnd autoradiographv of

the neutral fractions brought oult solile striking quali-
tative differences in the fate of the 2 substrates.
I'thvl alcohol-l-C ' gave r-ise to I single mliajor neu-

tral metabolite (fig, 1) while Na acetate-1-C' w\as

converte(l in1to at least 4 neutral radioactive suib-

stanices (fig 2). However the label in the alcohol
metabolite was greater thani the label in all the ace-
tate nmetabolites judging by intensity of the dark

_ -7II

I(;1G. 1. Radiochromatogram of the neutral fraction
obtained from pea roots incubated with ethyl alcohol-l-
C'4. The solid outlines mark the spots detected by al-
kalinie AgNO,: the shadled outlines mark radioactivity.

\Ve are inidebte(d to Mr. R. A. Breidenbach for
this analysis.

Fi(.. 2. Radiochromatogram of the neutral fraction
obtaine(d from pea roots inicubated with Na acetate-l-C''.
The solidl outlines mark the spots detected by alkalinie
AgNO,; the shaded outlinies mark radioactivity.

sl)ots oni the radioauitographs. All the labeled conl-
DoUlnds move(l 'vith high RF values in both solvent.
ini(licatinlg that they were collsiderably less l)olar thanl
the comiimoni suigars, sucrose, gluicose. an1(l fruictose.
which were nlot radioactive.

[sol(Otioion of EthyIl 8-Glitcoside. Since tlie iilainl
nettr'al mietabolite fromii etllhl alcohol-l-C'" was fouind(
to l)e adsorbed on charcoal anid eluite(d with 10 %
a(jueous ethaniol, this proce(ltlre was uised to ac-

cutmiiulate q(uanitities of the unknowvn miiaterial by in-
cubatimig 14 g lots of pea root tissue with trace
amilounits of radioactive substrates. Ethyl alcohol-I-
C'4. etlhyl alcohol-2-C'' and(l acetaldehvde-1,2-C'4
behaved very similarly. In all 3 cases roughly 80 %
of the netutral radioactivity was adsorbed oln clhar-
coal anid eluted with 10 % ethaniol. On paper chro-
miiatographv the charcoal eltuate -was showni to con-
taini a single radioactive spot moving with ani R,.
value of 0.6 in in-butvl alcohol: acetic acid: water.
12: 3: 5. anld with an RF value of 0.25 in ethvl ace-
tate: pyridine: water, 3.17:1.: 1.15O (upper phase).

These observrations stuggested that the bonid be-
tween carbons 1 and 2 of ethyl alcohol was niot broken
(or if it Nvas broken, that the 2 fragments had equal
chanice of being incorporated inito the metabolite in
quiestioni). The similarity in the behaviors of ethyl
alcohol and acetaldehvde cotul(d be explained 1y the
actioin of alcohol dehvdrogenase.

The charcoal eluates obtained from the inicuba-
tionis with Na acetate-I or 2-C'4 gave on chromlatog-
raphv with nt-butyl alcohol: acetic acid: H.,O. 2 radio-
active bands, a fast moving band, RF 0.8. and a

slowv radioactive band, R,, 0.5. The slow-moving
band NNas eluted with methanol and rechromato-

graphed with ethyl acetate: pyridinie: water. In this
systenm it was resolved into 2 coml)onents, a major
spot, R() 0.30, and a minior spot, RF = 0.25, which
agreed with the ethyl 8-glucoside spot obtained fron
labeled ethyl alcohol and labeled acetaldehyde.
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WN'hen the chromiiatograms were sprayed with the
aniline-diphenylamine reagent, which detects sugars
having free anomeric carbons and glycosides under-
going acid hydrolysis during the test, several colored
spots were obtained. Two of these spots were chro-
matographically similar to the ethyl f8-glucoside, their
RF values being 0.55 and 0.66 in nt-butyl alcohol:
acetic acid: water (vs. 0.60 for ethyl fl-glucoside)
anid 0.30 and 0.16 in ethyl acetate: pyridine: water
(vs. 0.25 for ethyl fi-glucoside). These impurities
were removed by controlled acid hydrolysis. The
charcoal eluate was evaporated to dryness. redissolved
in 0.5 % oxalic acid and heated at 1000 for 20 min-
utes. The solution was cooled, saturated with K2CO2
anld extracted 4 times with 1 volume of 95 % ethyl
alcohol. Under these conditions the ethyl ,8-glucoside
was extracted quantitatively into the alcohol phase
while the free sugars formed by the acid hydrolvsis
remained in the saturated salt solution. Chromatog-
raphy of the ethyl alcohol extract in both solvent sys-
tems and treatment of the chromatograms with the
aniline-diphenylamine reagent failed to reveal either
of the 2 contaminants. The monosaccharides liber-
ated during this conitrolled acid hydrolysis were
idenitified chromatographically and by means of color
reactions as glucose and fructose.

Identificationt of Ethyl /3-Ghlcosidc. Upon l)ro-
longed heatinig in 1 m THCI or HCIO,. the radioactive

imietabolite was destroyed, the (lecomposition wvas
made evident by the progressive decrease of total
radioactivity during the heating process (fig 3).
The lost radioactivity could be recovered by sweep-
ing the vapors with N., during the hydrolysis inlto a
trap of scintillationi fluid surrounded by ani ice bath.
\Vhen this volatile radioactive unknown was trapped
in ice water it could nlot be precipitated by addition
of Ba (OH) n.iior was it rendered less volatile b)
treatment with base or with semiiicarbazide and 2,4-
dinitropheniylhydrazine. Thus CO. volatile acids.
acetaldehyde. anid other volatile carboniyl compounds
were excluded as possible idenitities for this volatile
uniknown. The nonradioactive residue formed (lur-
ing acid hydrolysis was idenltified as glucose oni the
basis of the yellow color obtained with the cysteine-
H.SO4 reagent which changes to green on standing
(1), reaction with glucose oxidase. cochromatog-
raphy with authentic glucose in 5 different solvents.

The nonvolatile radioactive unknown was also hy-
drolyzed by /8-glucosidase, while a-glucosidase failed
to release any radioactivity (fig 4).
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FIG. 4. Enzymatic hydrolysis of the labeled eth)yl
glucoside isolated from pea roots incubated with C14-
ethyl alcohol.
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isolated from pea roots incubated with C'4-ethyl alcohol.

I I ----



PN1T\PNHIIYSIOLOGY

TI'li volatile radioactive hydroly-sis product xwas
i(lenitifie(l as ethyl alcohol b)x mileanii of the followinig
observations. A. sample of the nlonvxolatile nieutral
pro(luct formle(d fromii etlhyl alcohol-2-(C4. purified by
charcoal a(lsorption, paper' chromatography, and mild
aci(l hydrolvsis w-as hv(lrolvzedl with 1 -m HCIO inI - - .4

an evaciiate(l Van Slyke-Folch 2-legged tube. 'T'he
reactioni imiixture vas allowed to stand(lovernight in
I -sidle of the tube after which the volatile coinsti-
ttuenits were (listille(l over to the other si(le. An ali-
()tot of the (listille(d hydrolysis lprodluct conltainiiig
12,00(0 cpmi, was adde(d to 5; /iimoles DIUN. ;500 umoles
Na l)pyruvate. S) pmoles of potassium phosphate bluf-
fer pH 7.5 and 0.2 ml of 0.1 \m 'I'ris [this last addi-
tionl was required to nieutralize the ( NH4) ,SO4
atdded with the enzmme imlixture] in a total voluime
of 3.0 ml. 'lThe reactioni vessel was a 75 ml (listillilig
flask fitted with ani inilet of N., gas and a imiicroconi-
(leilser. The receiver conitainied 4 ml of saturated 2 4-
(lilitrophenylhy(lrazinie in 1 '\ SO4 stirrounided by
ani ice bath. The reaction was beguln ly a(lding 0.1
ml of alcohol dehyd(rogenlase and ().1 ml of lactic
dleh(ldrogenase dliluted to 0.5; ml with water.

ANfter 20 iimltites incuibation at 25'. thle flask was
cooled to 0' ad(l N., was btibbled .slow-ly to sw eep) the
Val)ors iiito the 2.4 (liitrOphelhvdrazine trap. .\11-
otlher- aliqtuot of the enzyvme iiixttire was ad(d(e(d ani
was allowed to react fol- anothier 20 nilililtes at 25'°.
'I'lhis cvcle was repeated 4 tiimies.

Ten ,ioles of carrier acetallehvde wa add(l(le(l to
the recei-er and the l)recil)itate(l 2.4-dinitrophenyl-
1Ivdrazone was collectedloni a fiber glass filter.
Washed. drie(d and cotilite(d in a thini window gas flow-
comlilter. Fromii the initial and(I finial cotinits and the
efficienicies of both couiniters the l)ercenlt conversion of

Iable III. Idcntification of the 0 olatile RadjooctiZC
Com pound Rcleased by .Acid Hydroli-sis

% C'4 converted to a
2.4-diniitroplhenvl

hlydrazine precipital)le
form

Inicubate(d with ADH.
1D)H, DPN, l)yruvate

Same w\ ithout ADH
66
1.3

labeled( volatile hydrolysis p)ro(luct inito a 2.4-dinitro-
helenylhydrazine l)recil)itable (lerivative was calcul-

ated. Table III sho s that this conversion is de-
lendent oni the presence of alcohol dehydrogenlase.
This findin.g ilndicates that the volatile radioactive
hydrolysis p)rodutct is aI primllary alcolhol. On paper
chromatography with 3 solvents (dibutytl ether:
dlimethvl formiamii(le: tetralydrofuran, 85 :15: 4, abs.
ethalnol: lpetroleumiii etlher, 4: 1: 2-octaniol: formic
acicl: H.,O. 3: 1: .3) the ra(lioactivitv w as fotlilld to
coinici(le with the colored spot of carrier acetalde-
hy-de 2,4-(dinitro-pheniylhy(lrazonie.

Onan titatite'C EstilllatiOIi of the Iind9oyenotiis Efth1vi
,8-Ghtcosidc. Fotirteeni g of pea root tissue were in-
cuibated with ethyl alcohol-i-C'4. 5.4 xc/jxniole. aln(d
the labeled ethyl ,-glticoside \vas extracted anid l)puri-
fie(d lv the pirocedure which has beenl descril)edl. The
glucose contenit of this extract was tleterminied qutani-
titativelv before anid after hydrolysis wvith 1 MI
HClO4. The differenice betweeni these 2 valuies in-
dicates the botunld glucose that was release(d 1y acidl
hydrolysisx glticose after hydrolysis, 1.36 imig- (glt-
cose before hydrolysis. 0.10 mi--g) -gltcose releasedl.
1.26 mg.

Fromi tihe total radioactivity fotuin(d in this fr-ac-
tioni ( 20.250 p(pli ) the couiltinig efficiency (34 %)
and the specific activity of thle labeled substrate ( 5.4
.w pmiole ) we calculated t hat S X 10- tilmoles of
ethil l--glucoside wvere formed( fromii the exogenous
ethyl alcohol dulriiig the incubation, accounting for
appiroxiniatelv 1 pag of boind glucose released (luring
the aci(d hNcdrolysis. This amiiotiiit is negligible w-iti
respect to the total hound g-licos,e which was 1.26 mg.
Obviously the purification lproce(ltire is rather labor-
iotis anid the yield of isolatel glticoside is an1vthini1
but quanititativ e. Howvever. it is safe to conicltdle
that the enldogeneotis conitenit of ethvx 13-gltucoside in
pea roots is of the or(ler of 100 ug/g of fresh tissue.

Purificationl of A cctaldcli wdc Dch vdrogcnasc.
lieanuit cotvledon homilogeniates in a hvliertonic Tris-
xsucrose \vere lireliare(l as described lireviously an(l
fractionated inito a mitochondrial lellet ( .30(ii, 10.000
X g )1 a microsoiiial plellet (1 hr. 144.000) Y y) an'
a high sl)ee(l stulpernatant ( 16. 17 )A.All the acetal-
dlehvde-oxidizin-g activity was fotuni(d in the sul)erna-
tan't antd the onlv mietabolite \which was nlot volatile

'[able IV. Puo rificaltion of Actl ataldch,dc I)chydroe(Case trf{o ('r llminltti)in
Pean ut C o tlvcdon A. rtonc Potder

Tr I. r

Purification
step

Acetone 1)ow5 der
suspenisioni

pH 5.4 extract
10-50 %, acet n,

p)recil)itate
Protaiiniie sulfatc

sup)ernlatanit
pH 4.7 lprecipitat'

I otal
volumlie

ml

22t)
153;v

31..

33.6
6.7

Uniits of
enzymiie
activity

4900(

12,900

13,400
10,700

Total
protein

illg

Unlits
illg protein

8350
115() 4

850 1)

300
100

4,5
107

l12()()
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at the pH of the incubationi miiixture was identified as
acetate by paper chromatography. The drv acetonie
powder proved to be a more conivenlienit source of the
enzyme for further purification. The results of the
4-step purificationi procedure are summiiarized in
table IV. The overall purificationi is about 180-fold
oni a protein basis starting froml the crude acetonie
powder. Most of the nonproteiln conitamiiniants were
also remiioved. The enizyme has ani absolute require-
ment for DPN which cannot be replaced by TPN.
but thus far, side reactions have prevenited the
utilization of a spectrophotometric assay. The en-
zyme is strongly inhibited by heavy metals and ido-
acetamide indicating the presence of essential sulfhy-
dryls. CoA is niot required anid is eveni slightlv in-
hibitorv. All attenmpts to demonistrate an active ace-
tate intermie(liate have been unsuccessful. This ace-
taldehyde dehvdlrogenase was founid not onily in
cotyledon.-but also in embryo axis tissue (table V).
Germinatinig peas were actually a richer source thani
peanuts, although in our hands the peanut enzyme
proved easier to l)urifv.

Table VT. I)istrib, tit),, (of .cctaldehydcll chl,droji'nuixt'
This comparison was made oni buffer extracts of ace-

tone powders. The buffer cotitained 0.04 i KCI, 0.01 Nt
Tris pH 7.3, 0.001 M Na., EDTA, 0.00)15 M MgC1.,.

Einzymiie Enlzymc
mig protein uniits ulnits
g fr wt g fr wt tlg protein

Peanut
cotyledoni 40 189 4.7
Peanut embryo 5 3.4 0.7
Pea cotyledon 45 540 12.0
Pea embryo 15.5 86.5 5.6

Discussion

The pea root experiments described in this report
involved fairly long incubation times and subsequent
fractionation proce(lures during which all volatile
metabolites (except C09) were lost. It was niot the
object of these studies to confirm an earlier pre-
liminiary report (5) that exogenous ethyl alcohol is
converted during short-time incubations inlto free
butyric andl caproic acids without dilution by acetate.
That phase of ethyl alcohol miietabolismii is still under
investigation.

The physiological role of ethyl 8-glucoside is not
obvious at this point. It is conceivable that the synl-
thesis of this compound is related to the variations in
alcohol content which take place in young tissues.
MIeristematic cells tend to fermient actively with pro-

duction of alcohol which is rapidly dissimilated as the
cells mature. Il pea roots, Betz (2, 3 ) found that
the endogenous ethanol content dropped in the fol-
lowing way: meristematic zone (0-2 imim), 254 ,g,/g
fresh weight; zone of elongation (2-5 mm), 85 -g/g

fresh weight: zonie of (lifferenitiationl (5-10 miim), 45
,ug/g fresh weight. In our own work. the ability of
pea root tissue to conivert ethyl alcohol-1-C]4 to
neutral nonivolatile metabolites (ethyl glucoside) wvas
slightly higher for the second(I 7-mmiiii segmenlt thani
for the first (apical) 7-mm1i segment (9.8 cpmi/mng
tissuIe vs. 7.4 cpm/mg tissue under idenitical incuba-
tionl coniditionis). It appears therefore possible that
the conijugationl of ethyl alcohol is onie of the reac-
tions responsible for the drop of alcohol conitent.
Precise informiiatioln oni the concentrationi of ethyl
glucoside as a functioni of cell age should prove in-
teresting.

Possibly the ethyl fl-glucoside could play a role
in maintaining the delicate balance between oxidized
and reduced pyridine nucleotides. If the apical meri-
stem is dependent for its energy requirements on the
fermentation of translocated sugars, it might be ad-
vantageous to the meristematic cells to main-
tain a high DPN/DPNH ratio without increasing
the acetaldehyde concenitration to toxic levels.
According to the equatioln (DPN)/(DPNH) X
(CHII-CH.,OH )/(CH .-CHO) - K. this aimi coul(d
be accomplished by combining tlle alcohol in some
metabolically inlert form. Later ill the course of the
dlevelol)melnt. as the energy metabolism chaniges frolim
fermlenitative to respiratory, the ethyl glucosi(le could
be hy(lrolyze(d and the ethyl alcohol oxidized via ace-
tal(lehvde and( acetate wvith pro(luction of DPNH.
AMitochondria from various plant tissues are able to
promlote the oxidation of extralmitochlondrial D)NPH
coutpled to phosphorylationi. This has been shown:
by Wiskich and Bollner (18) for swJeet potato and
white potato mitochonldria, and has been confirmed
recently in our own laboratory for peanut cotvledon
mitochondria.

Incubation of pea roots with either ethyl alcohol
or acetate failed to label the main soluble hexose
pool of glucose, fructose and sucrose. The ethyl al-
cohol metabolite (fig 1) has been identified as ethyl
,8-glucoside; the neutral metabolites formed from ace-
tate (fig 2) have not yet been identified. Thev are
only weakly labeled. run witlh high RF values in both
solvents, and behave as relatively nonpolar sugar de-
rivatives. \While wve were utnable to fincd any ref-
erence to the presence of ethyl 8-glucoside in bio-
logical systems. a recent report by Moreno anid Car-
dini (15) has described the occurrence of ethvl a-D-
fructofuranosi(le in wheat germ in fairly large
amiiounits. The chromiiatographic properties of this
compounid, which we synthesized by the action of in-
vertase oni sucrose in aqueous ethyl alcohol, are
similar to those of the /8-glucoside. The fructoside
moves slightly ahead of the glucoside in all the sol-
vent s-stems which we tried. It is also muclh more
sensitive to acid hydrolysis and shows somie of the
reactions of free ketoses. It is possible that the
stable glycosides of simiiple aliphatic alcohols are fairly%
widely distributed in nature, but that they have so far
escaped detection because of their lack of striking
chemical properties.
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Summary

An investigation in which excised pea roots were
incubated with ethvl alcohol-1 or -2-C1 4, anid Nvith
corresl)ondin lv labeled sodiumii acetate, hlas inidicated
certaini qualitative differences in the miietabolites
fornmed from these 2 substrates. One notable differ-
elnce is the formationi of appreciable quanitities of a

nieutral nonvolatile metabolite fromii ethyl alcohol
labeled in either carbon. This metabolite has been
p)tlrifiedl 1y ionl exchange. charcoal adsorption, paper
chromatography and(l miiild acid hydrolysis anid has
been i(lentified as ethyl 8-glucoside.

An enlzyme which is able to catalyze the oxidationi
of acetaldehyde to acetate by diphosphopyridine nu-

cleotide lhas been demonlstrated in pea andI l)eanut
seedlings. Triphosphopyridine niucleotide canniot
substitute for diphosphopvridine nucleotide. This
enizyme has been purified over 100-fold from acetone
powder of germiniating peantut cotyledons by acetone
precipitation., protamine sulfate treatmenit and iso-
electric precipitation.
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