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Summarwy. \ialic enzyme wxas iso)latedl and plurifie(l froimi mature apple fruits (ainus
svivcstris, Miller ) by utilizing proce(lures prol)al)ly applicable to other soluble enzymes
in this and similahr tissues.

The physical properties of apple fruit iinalic enzymle are similar to those reported for
malic enzyme fromn other plant and( animilal sources. It is specific for L-malate, TPN and
requires a divalent cationi for activity. In conitrast to the pigeon liver enzyme. supple-
mental TPN is not required for oxalacetic decarboxylase activity of the fruit enzvymie.
The pH opltimum of the malic enzymne varied widh1 the i-.malalte conicenitrationl and the
nature of the divalent catioll presellt. n-Alalate a.ctivate(l the oxi(latioil of L-malate at
rate-liniting colucenitratioiis.

Apple fruits probably colntain most if not all of
the photosynthetic and respiratory enzymes conisidered
ubiquitous in higher plants. This has been inidicate(d
fromii studies \ith intact apple fruits, tissue slices and(
mitochondrial preparations. However, there are only
a feN rel)orte(l inistances where the specific enzyles
associatedl witlh interconiversions of maj or metaholites
have heen identified, notablyr those of Harlev et a].
(4) for amlylase and Dilley (2, 3) and Hulme anid
\Vooltorton (6) for imialic enzyme. TI'he combilnation
of high acidity, low protein and high polyphenol con-
tent of apples which has caused difficulty in the isola-
tion of active mitochondria fromii apple fruit, has also
hindered enzyme studies. A procedure for the isola-
tioIn anid purification of malic enzyme from apple
fruit is described here. This procedure circumvents
miiany of the problems inherelnt in the use of apple.
and probably other fruit tissue, for enizyme studies.
Conisequently this procedure miiay prove generally use-
ful in the study of enzymiiie chaniges (luring fruit
ontogeny.

Materials and Methods

Pllaot Mlatcrials all(I ReagenIts. iilature apple
fruits, .1l(llos sv!iz'stris, (Miller). of several cultivars
usecI in this investigration were obtained fromii the Uni-
versitv orchards at East Lanisinig anid miiainitained in
refrigerated storage at 0 to 1°. 'T'PN was obtaine(d
fronm Nutritionial Biochemical Corporation; L-malic
aci(l from California Biochemical C.orl)oration; di-
ethyldithiocarhamic acid (DIECA ) fromii Eastman
Organic Chemicals and polvethylene glycol-4000

ai rnial Article No . 3617 froimi the MIichigan Experi-
lent Stationi, East Lansing.

( PEG-4000) frOI(l Uniion Carlbidd Chemical Coin-
pany. Other reagents emiiploye(d wvere of analytical
gratd e.

Tlissite Prcparao(1tiOi. Ap)ple fruiits were peeled.
coredl, and slice(d l all al)l)le peeling apparatuts and
the cortical tiSsule xxls (licc(l inlto 1 cmi wedges. TIhe
dciced tisste \vxas rinise(l !)ricflx\- with 1 X 10- i
NaITS( ). to rctard oxidation of the cuit stirf ace. 'T'he
tissule \xas submerged in 2 times its wxxeight of a ((.2 \i
K,C((). sollutionl containing 5 X 10() l)IDECA and
vacuuim in filtrated. All steps in the purificatioll pro-
*cdtire x\vere perfornied at (O to 2O.

LFoRz c i8'xt1ru1actiOo an(d i,uificatioi. The inl-
filtrated tissue (0.1-1 kg) xvas riinsed briefly and (lis-
ilntegrated by blending at 0' for 2 mililnites in the
l)resence of ani equal xveight of a 5) X 10-:;8 solu-
tioin of DIECA, 1: 7. 'T'lhe suspension xvas filtered
xvith suctionl or p)iressed through a imillk filter ancld the
residue xvas discar(led. 'I'he pl of the filtrate xas
generally betveen 9.5 and 10.5.

,lIg Treatnicit. \When the enzym11e wxxas ohtained
from ril)e fruits, it wvas necessary to l)recil)itate gel
forming substances, p)resimlblv plectic aci(ls, prior to
further purification. Tlic filtrate xxas ad.Ljusted to pH
9.5 and sufficienit miagnesium acetate \xas a(ldled to oh-
tamiI a conicentratioln of 0.01 xNi. 'Tihe solutioll was
centrifugedl at 10.000 X g for 15 minutes and the re-
suiltinlg pellet discarded. \When the -Mg treatmtienit
wxxas niot employed, the original filtrate xvas adjusted
to pH 9.5 and centrifug-ed.

PEG-4000 Fratictiona(itioni. The st')ernatant solu-
tioIn was adjuite(d to pl1 5.5 xvith 5 N acetic acid and
PEG-4000 xxas a(lde(Iat the rate of (.4 g er ml, of
solutioIn. The 1)11 wxas readj tusted to 5.5 and the
solution xxwas s.tirred for- 15. minutes. Folloxing cii-
triftugatioon at 10,00n( X y fol- 15 i iliutes. the pellet
was suspienided in 0.01 ti glvyvyglycine, piH 7, (2 ml,
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DILLEY-APPLE FRU[IT AIALIC ElNZYME2

per 10 g initial weight of tissue) and clarified by
centrifugation at 15,000 X g for 15 minutes. The
resulting solutioni contained a high percentage of
initial malic enzymie activity and could be stored at
00 or frozeni at miiinus 150 for several weeks with no
appreciable loss in activity.

Calciumn Phosphate Gel Adsorption. The glycyl-
glycinie extract of the PEG-4000 precipitate was ad-
justed to pH 5.5 with 2 M acetic acid and calciumi
phosphate gel was added at the rate of 0.3 mg of gel
solids per mg protein present and stirred for 15 min-
utes. The suspeension was centrifuged at 10,000 X g
for 5 minutes. The pellet was rinsed by suspending
in 0.1 M KCl (0.5 ml per 10 g initial weight of tis-
sue) anid centrifuged at 10,000 X g for 5 minutes.
The enzymiie was eluted from the gel with 0.1 AI pO-
uai-sium phosphate, pH 7 (0.25 ml per g initial weight
o' tissue).

I'i^/vacrylamidinc Gcl Electrophoresis. The calcium
phosp)halC,e-el eluate was concentrated by dialysis
againist a ^aturated solution of PEG-4000 to an ap-
proxinm.ate coii' intrationi of 1 mg of protein per ml.
One-tenth nil of the concentrate was applied per gel
columnl l` % acrylamide) prepared according to
Oristeiii ...,( Davis (12). Electrophoresis was con-
ducted at 2 milliamps per column (0.5 cm diameter)
at room temiiperature. The gel columnis were stained
with Amnido Schwarz (Naphthol Blue Black) and
subsequently dest,tined ..ectrolytically in 7.5% acetic
acid. Comiipaniion gel coltuniils (niot stained) were
sectione(l immiiediately inito I iiini discs anid the lpro-
teins eluted with 0.05 ali glvcylglycilie and assayedl
to ascertaini the location of mnalic enizyme oni the
stainied gel columnls. Anl alteril te procedure of slic-
ing the gel columniii lengthwise an(l ;taining one-half
while assaying the corresponding I If was used to
verify the locationi of the enzyme.

EITzymic Assay Malic enzyme acti-ivity was de-
terminied by the spectrophotometric procedure em-
ployed by Ochoa (11). The assay co-nditions are
conitained in the legenids for the appropriate figures.
A chanige of 0.01 OD unit per minute at 340 my
was considered 1 miialic enzyme unit. OD valuies were
converted to ,unoles TPNH formed per minute emii-
ploying 6.22 X 10'; as the extinctioni coefficient.
Oxalacetic decarlboxylase activity was determined
at 250 according to Ochoa (11) with a unit of activ-
ity being that producing 1.0 I-l of CO9 in 10 minutes.

Proteini Determination. Protein conitent was de-
termined by Kjeldahl digestion of trichloroacetic acid
l)recipitates at l)urification stages prior to calciumii
phosphate. Protein content of the calcium phosphate
gel eluate was estimated spectrophotometricallv (8)
by the procedure of XX arburg and Christian. The
method of Lowry et al. (9) or UV absorption pro-
cedures (8) were lnot applicable prior to elution of
proteini from calcium phosphate because of initerfer-
enice fraomi )henolic contanminants present. Protein
solutionis containinig PEG-4000 couild not be (leter-
nmine(l by mletlhods based on UV absorption. Folin-
Ciceaulteau, or biuret reagenits.

Results

Etiwymiie Putrificationi. A summary of the purifi-
cation of apple fruit malic enzyme is giveni in table
I. Total malic enzyme activity recovered from a
given lot of fruit tissue was dependent upon the ex-

Table I. Sumwary of Putrification of Apple Fruit Malic
Enj'ymc

The enzyme was prepared from one kg of cortical tis-
sue of Northern Spy apples after 6 months air storage
at 00. The enzyme assay consisted of Tris-glycylglycin-
ate, pH 7.3, 300 Amoles; MnSO , 3.6 gnmoles; TPN, 0.24
pmole; malate, 9 ,umoles, anid enizyme inl a total volume of
3.0 ml at 200.

Stage

Crude extract*
MIg - treatment*
PEG fractionationi
Ca., ( PO)., eluate

Specific Total
Yield of activity enzyme
protein Units/mg yield
mg protein Units

496 141 70,000
287 230 66,000
130 524 68,000
12.8 3140 40,000

* Enzyme activity anid protein estimation was obtained
following dialysis.

tracting miiedium (table 11). 'T'he pH of the extract-
ing medlium was less critical than the composition of
the medium. Thus, extracts obtained when the ti.s-
sue was blen(led in distilled water resulted in a
homogenate pH of 3.5 vet the enzymie recovery was
only slightly less than that obtained with K2CO:,.
NH4 OH and Tris that yielded homogenate pH values
of 10.2. 9.1 and 8.7 respectively. The lowest enzvyle
recoveries were obtained with phosphate in the ex-
tracting mleditlumi whiclh gave intermediate pH values.
The recoveries were essentially the samiie in phosphate
extracts of pH 7.2 and 6.4 suggesting plhosphate
ratlher thani pH as the factor responsible for the low
recoveries.

Table II. Influence of pH anid Extracting Mediutm ont
the Recovery of Malic E;wyine fromii Apple Fruit

Extracting
medium

0.2 M Potassium
carbonate

0.2 M\ Ammonium
hydroxide

0.2 m Tris
0.2 M Potassium

phosphate
0.2 M Potassium

pH of pH of Relative
Medium Homogenate activity*

11.8

10.6
10.2

10.2 100

9.1 96
8.7 89

9.1 7.2 23

phosphate 6.8 6.4 22
H,O 7.0 3.5 84
* Activity relative to that obtained with the 0.2 M K,,

C03 extraction. Activity determinations were made
after fractionation with PEG-4000 (see text) with
assay stated in table I.
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Some purificatioii x-ith very little loss in total en-
zyme activity was obtainiedl by treatinlg the initial ex-
tract with 0.01 Mi M --g at p'1 9.5. However, the
primary benefit derived fromii the addition of Mg-'
xwas the precipitation of atn initerferring substance
(presumiiably pectic acid) that coprecipitated with the
enzymiie forminig an unmanageable gel (Itiring PtEG-
4000 fractionation. Enzyme activity wvas sharply re-
duce(d at a Mg++ concentration of 0.01 Mi when the
precipitation xxwas performiiedI at pH1 vcalues below 9.0
(table III). Enzyme activity wvas also greatly re-
duced at pH (.0 xvith a MIg'- concenitration of 0.05 AM.
The slight redluctioii in enzyme recovery at pH 9.0
with 0.02 Mi MlIg- indicates the critical nature of Mg
concentration. Extracts obtained front fruit late in
the storage seasoni required 0.02 \i Mg- to effectively
precipitate the gel forming substance. This may be
a conisequenlce of the increase ini soluble pectic sub-
stances which occuirs during fruit ripening. The nie-
cessity of includinig the lg step canl be judged from
the quantity of gel formiied during the PEG-4000 frac-
tionation step.

Table 111. ilnflluece of pH a1nd .llg[ Mloltirity ont the
Rccozerv of 3I(alic E froiieApop1pp/c Fruit
Magnesium acetate was a(lded to ali(luots of the cru(le

filtrate of a McIntosh apple fruit hlomogenate to obtain
the Mg" conicentrations at the pH indicated. The pH
of the filtrate was adjusted before and( readjuste(d follow-
ing adding the magnesium acetate.

pH

9.5
9.0
7.0
5.0

9.0
9.0

NIg++
inolarity*

().01
0.01
0.01
0.01
0.02
0.05

Table INV. Infltence of 11p )llniong PEG-4000
Precipit(itiont oiil Ia/lic Ebiiviiime IcCOvCry

froi .- Ippc /Frloit
PEG-400() was added att the r-ate of 0.4 g/ml solution

to anii aliquot of 'McIntosh jipilc extract after M1g
treatmenit. Tllh plI xvas adjiuisted to the in(dicated -alue
before andl after the addition (if1o (P ,40)0. Assay COii-
(litioIis as state(d in table 1.

9.0
8.0
7.0

6.0

Relative
(e11n me!rl

;ictivit\

1(00
108

120
132

lxRelative
speciftIC
activitv

100
98
88
78

proximately a ()-fold purification wx ith respect t') the
PEG-4000 stel) and recovery of 60 to 80 % of the

activitv. Fractional adsorptioni onl calcitumi phosphate
gel resulted in fractions with a hi-her purification
but lox er recoveries. \ttemipts to emiiplox- calcitillm
phosphate lpurificaitio n lprior to P'ET-4000 fr-actiona-
ationi x-e irc not sticce,ssftil.

Relative
activity*

100
25

25
90
0

* Enzyme activity was determined after PEG-4000
fractionation and is expressed relative to that obtained
wvith 0.01 Mi MN g at pH 9.5. Assay conditions as

stated in table I.

Malic enzyme Wx-as precipitated with 40 % (w/v)
PEG-4000 over a wxide p)14 range (table IV). En-
zyme recoverv wvas ipl)rox-ed at progressively lower
pH vlaluies lietveen 9.0 anid 6.0. Precipitation at p1I
6.0 yielded the most enlzymie. howvever nmore inert
lrotein) accompaniied it than at higher pH levels as

evideniced by a lower specific activity. Fractional
precipitation of malic enzymne xvith PEG-4000 at pH
8.0 in 10 % (w/v) increments through 40 % (w/v)
yielded fractions with higher specific activities than

vas obtained xxitlh a single 40 % ( -) fraction.
Howvever, enlzymiie recoveries in the in(lividtlal frac-
tioIus vere lnot sufficiently higlh to xvarrant the use

of incremiienit fractionationi.
Adsorption of malic enzyme onl calcitumii phosplhate

gel at pH 5.5 andl elutioln at pl f 7.0 resulted in ap-

FIG. 1. Polyacrylamide gel electrophoretic pattern of
proteins presenit ini the Ca, (P04').. gel eluate employed
to characterize the prop)erties of apple fruit mialic einzyme.
Approximately 40 ug of i)rotein (specific activity of
malic enzyme 3100) was applied at the cathode end

(top of photograph) of each column. 'Malic enzyme ac-

tivity axxSs confinied to the (larl. hanld at the upper endl of

the columniii (,see text).

216

. -,

m

..



DILLEY-APPLE FRUIT MALIC ENZYME

Acrylamide gel electrophoresis of the enzyme
preparation after elution from calcium phosphate re-
vealed the presence of 6 distinct protein bands (fig
1). M\4alic enzyme was found to be the dominant pro-
tein. Electrophoresis of the soluble proteins present
in a crude extract from the fruit after concentration
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by gel infiltration with Sephadex G-25 also revealed
a dominant band with mobility similar to that of the
purified malic enzyme.

Optimum pH. The effect of pH upon the ac-
tivity of apple fruit malic enzyme is illustrated in
figure 2. Maximum activity was observed between

0.06
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FIG. 2. pH Optimum of apple fruit malic enzyme in buffers of differing ionic strength. The assay consisted of
L-malate, 9 pAmoles; MnSO4, 3.6 pinoles; TPN, 0.48 ,umole; buffer, 300 ,moles at pH indicated; and enzyme in a

total volume of 3.0 ml at 200. (Upper left.)
FIG. 3. Influence of i-malate concentration on pH optimutm of apple fruit malic enzyme. The assay conditions

as in figure 2 employing Tris-glycylglycinate buffer with the indicated final L-malate concentration. (Upper right.)
FIG. 4. Influence of pH on the efficacy of divalent cation activation of apple fruit malic enzyme. The assay con-

ditions as in figure 2 employing Tris-glycylglycinate but fer with indicated final concentration of Mn+, Co++ and Mg
FIG. 5. Effect of L-malate concentration on th, etivity of apple fruit malic enzyme. The assay consisted of

K.glycylglycinate, pH 6.4, 75 gmoles; MnSO4, 0.18 ,tmole; TPN, 0.24 /Amole; enzyme, and the indicated concen-
tration of L-malate in a final volume of 3.0 ml. (Inset) Reciprocal plot of reaction velocity versus malate concen-

tration.
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PrLANT I'TTYSIOLOGY

pH /7.1 and(i 7.3. The pH optinmtum was not affecte(d
hy the ionliC strengtlh of the assay miie(liutmil as indi-
cated l)y the sinilarity in activitN among- the 3 htiffer
systems employe(l. Slightly higher activities were

ohtained with Tris-glycylgl-cinate in the presence or

absence of 0.1 M KCl as compared to K-glycvlglycini-
ate in the region of the optinmm 1)fH.

The pH-I optimunit was dependent upon the coni-

centration of 1.-nmalate in the assay ime(liunlii (fig 3)
as rel)ortedl by Rtitter all(l Lar(lv ( 13). At 3 X
10-4 -t t-malate the pH optimum wvas 6.3 to 6.5 and
rather hroad while at 3 X 1 0 N t-ncalate imiaximnulmi
activity was observ,ed at lu 7.2 and actixity fell off
sharply oni either si(le of the optinitim. 'I'he optilmumn
pH was c7.2 w.hen Ain or Co' was the activating

cationl but was shiifte ( lowlwair(l approximately 0.6
of a pH uinit when Mg- was employed to satisfy the
livalent cation re(jtiirenmelil (fi- 4 ) T'le cation1
conpl)arisolns were l)erforli1e(l in the lpresence of 3 X
10-3M-\. mlalate. The l)H-acti\it\v ctirve obtained
with M-g ha-id a less clealrlv (lefilnedl optimitim thani
that obtaine(1 with -Mnl` or Co`. The broad pH op-

timuni with tlle assay may he related to the

simllilar andl broadI1) op)timuni observ ed for '\Mn'+
with the low miialate colncentrationi ( 1()-4 N ) assay

(fig 3).
Effect of .Suibstratc Cooicc;itr-atiooi. The effect of

L,-malate concenitrationi on1 enzv mie activity is shown
in figure 5. The 'Michealis conistanit (Km) (see in-
sert in fig 5) for L-malate wras 5.5 X 10-4 at )H 6.4
andl 200. Tlhe KM values reportedl for i.-malate for
the enzyme fromii wheat germ was 7 X 10-4 -i at pH
7.3 (11), while for the pigeoni lixver enizyme the Km
at pH 7.5 was 3.0 X (13). The K0 for I,-
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imalate variedl with pH of the assay mie(litiimi in the
saive maini1er as rel)orte(l by Rutter and1C Lardy (13).
h'lle effect of '1''N an(l \Mn' conicelntrationi oni eni-
zn e activitv is slhowii in figutres 6 and(I 7. The coil-
ceintration of TPN\ and( An- at one-half maximal re-
actioni velocity tindler the a- sav con(litions emlploye(
was 1.6 X 10' N am!(l 9.2 X it) m, respectively,
which are of the samiie or(ler of imiagniitut(le as those re-
porte(l for the enzvyme fromii other sotirces (11).

C>o-factor RcqlI:'el. i nlts. T he enizyme required
the lpresence of a (livalent metallic cationi for oxi(la-
tioni of i,-mnilate. Tlhe relative effe 'tiveness of the
cations emp)lve(l Wwas Mn > Co >> M-g++. TI'he
1)l I of tlle assay imcd(li timi hlda(l l)ronounce(l effect oli
the efficacy of Mg1 to activate the r-eaction1 as sho\wn
tlacl)le N. () rcl/tic' I)ccarl-bo.x/lasc . Ictivlitv of ApP/C

1 rllt lalia/ic 118.vvooC
Three separate malic enzvniie p)reparations were as-

sayedl manometrically for oxalacetic decarl)oxylase ac-
tivitv. The (nivme wx-as obtained from Delicious fruits
ani( was assave(l following PEG(-4000 fractionatioln. The
coinplete reactioni imiixttire contained: 0.1 Na acetate,
10 M MIIlSO,, 5 X 10--' N1 TPN, 0.33 mg per ml bovinie
serunm albtitrin 10 2 \i oxalacetate anid 100 units of malic
enzyme. Ilic p1 1 ain(d tenmperature were 5.1 and 250,
reslectively.

Reactionl

iliixture

COIlll)lete
- TPN
- Eiizviite
- Mil.

0.03

q)

E
2 0.02

) K
0 0.01 _

:a

12 0

FIG. 6. Effect of TPN concentrationi of apple fruit illalic enzniiie activity.
employing 3 X 10-3 Al L-malate and v-arying the TPN concentratiotn.

FIG. 7. Effect of Mnii concentration oIn the activity of apple fruit malic
figure 5 varying Mn- concentration.

Preparation
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The assav conditions as in figure 5

enzymeu. lhe assay conditions as in
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in figure 4. At pH 7.5, 0.02 m Mg++ was completely
ineffective whereas Mn++ and Co++ at a much lower
concentration (0.0012 M) adequately satisfied the
cation requirement.

Substrate Specificity. L-Malate was the onlyl
(dicarboxylic acid tested which was oxidized by the
enzymiie. However, the enzyme decarboxylated oxal-
acetate (table V) in the presence of a divalent cation
as has l)een reported previously (l]). Whereas,
TPN greatly stimnulated oxalacetic decarboxylase of
the pigeon liver enzvme (13) it did not significantly
affect the fruit enzyme activity. Dihydroxymiialeate
arid dihydroxytartarate (tetrahydroxysuccinate) at 1
X 10-3 M were potent inhibitors of the malic enzyme
while malonate, maleate and meso-tartarate were less
ilnhibitory at the same concentration. Dihydroxy-
mialeate was a comllpetitive inhibitor. The nature of
the inhibition by the other acids was not determiiined.
D-Aalate was lnot a substrate for the enzymile; how-
ever, at 1 X 10-3 AI in the presence of rate-limiting
concentrations of L-imalate, it activated the oxidatioin
of L-mialate (fig 8). The activation decreased as the

0 L-Molote
A L-Molote+Ix10-3M D-Molote

a.

I 0.01

0 2 3
L-Malate Molarity x 103

FIG. 8. Effect of D-Malate on thie activation of apple
fruit malic enzyme. The assay consisted of K-glycylgly-
cinate, pH 6.4, 75 ,utmoles; MnSO4, 0.18 /Lmole; TPN,
0.24 Amole; enzyme, and the indicated concentrationi of
L-malate in the presence and absence of 3 jumoles of D-
malate in a total volume of 3.0 ml at 20°.

concenitrationi of i-mnalate reached the saturation level.
Activation by D-malate was similar at pH 6.4 and pH
7.3 anid required the preselnce of a divalent cation.
Activationi of this reaction by n-malate differs from
that recently reported by Billiar, et al. (1) wherein D-
miialate was found to promote the synthesis or ac-
tivation of i.-malate dehydrogenase while it inhibited
its activity in vitro. Studies of the D-malate enhance-
ment of L-mal Ite oxidation are being continued.

Discussion

The procedure described for the isolation anid
purification of malic enzymie fronm apple fruit tissue
overcomes difficulties encountered with this an(I sinl-
ilar tissue. High cell sap acidity per se is not a major
obstacle in the extraction of active malic enzyme
but functions indirectly by favoring oxidation of
polyphenols which in turn inactivate the enzyme (5).
Aiwylase inactivationi was encountered by Harlev et
al. (4) in apple fruits. They suggested tanniins as a
p)ossible factor responsible for the inactivation. In-
corporation of a polyphenolase inhibitor dutrinig tissue
extraction aind its presence in crude extracts is esseln-
tial to prevent enzyme inactivation. A\li alterniative
procedure develope(I by Jones anlI Hulmiie (7) and
Hulme an,d Jones (5) for preparing mitochondria
from apple fruits is based oni the comiplexing of poly-
phenols withi polyvinylpyrrolido1ne and( tllths lrevelnt
phenol oxidation.

Attempts to p)urify apple frtuit inalic enizyme by
ammiioniiumii sulfate or ethaniol fractioniatioln were in-
ferior to the PEG-4000 and Ca3 (P04)2 l)rocedure
eml)loved. 'I'he residual PEG-4000 present in the
suspenlded pellet following PEG-4000 l)recipitation
formed an aqueous polymer 2-phase systemii with am-
moniutii sulfate which resulted in the accumulation
of inactive protein at the ilnterface.

Quantitative studies of m.alic enizymiie are currelntly
tinder way to (letermilne the relationiship between the
synthesis of this enzyme aln(I the marked increase ill
malic aci(d decarboxylation capacity of apple fruit oh-
served durilng the respiratory climacteric (2, 10).
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