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Sulinary'. The klinetics of 14CO carboxylation and decarboxylation in corn root
tips were determined to ascertain the sequence of product formation and subsequent
utilization, and to obtain fuirther evidence to predict the enzymes mediating the
carboxylation and decarboxylations. The carboxyliation data indicated that the first
prodluct wa,s oxalo,acetate followed by malate and aspartate. Alalate was the first
stable produict which could be detected. Decarboxylation data indicated that a large
fraction of the 14CO., release and turnover of 14C was accountable for by a decirease
in malate; however, e,ssentially all labeled amino acids turned over rapidly and at a
greater rate than organic acids. The data generally su,pport the hypothesis that CO2
fixation in corn root tips is via P-enolpyruva'te carboxylase and malic dehydrogenase
and that suibsequen,t malate metaholism is for the most part by direct decarboxylation,
possibly by the malic eiizyme.

In prev iotus work concerililg CO., metabolism
in root tips, we o1)serv edl a rapid turnover of the
fixed 14CO., which was correlated with a decrease
in the main product, mal,ate (17,18). A 3 enzymic
sequience involving P-enolpyruivate (PEP) carboxy-
lase, malic dehydrogenase, andl the malic enzyme
was postulated to acciount for these observations.
Subsequently, data were obtained to support the
hypothesis (17). This paper reports in vivo kinetic
data and1 in vitro 14C02 tracer dlata which fuirther
corroborate the hypothesis.

Materials and Methods

Pltinit llVatcrials. Corn (BuLrpee's Golden Ban-
tam Cross) root tips (2 cm) were obtained from
2 and one-half (lay ol,d seeclling; grow n at 250
betweein moist paper toweling. The seeds x-ere
soaked in aetated, distiNedi water for 6 hours before
plain'ting in coveredl trays.

In V itro Stiidies. Soluble fraction enzynme
homogeinates x-ere prepared h) grindinig 10 g of
root tips with acidl washed sand in 2 v-oluimes of
10 m\r tris- 0.5 Mr suicrose buffer (pH 7.4), centri-
ftugiing the hotmogeinate at 10,(00 X g for 30 min-
utes to remove particulate fractions, and dialIyzing
against 2 changes of 10 m-i tris (pH 7.4) over-
night. A second centrifugation restults in a several-
fol(d purification of enzymes as estimated from the
loss of protein. All operatiolns w-ere completed
at 2 to 40.
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Enzymatic assavs were condtucted by radioisotope
analysis. PEP carboxylase was assayed by adding
10 iumol-es of P-enolpyruvate (trisodium salt), 10
1ptmones MgCl2, 1 jumole of NaH'4003 (48,c/,umole)
to 9 ml (about 3 g fr wt of tissuie) of enzyme
homogenate (pH 7.4). The total volume was 12
ml. The reaction mixture was incuibated for 15
minutes at 25° in a water-bath sh!aker. The reac-
tion was stopped by adding an equal volume of
2,4-dinitrophenylhydrazine (25 mg hydrazine/ml 6
N HCIl) to form the hydrazone derivative of the
product, oxaloacetate. The hydrazones were ex-
tracted ac,cording to Arono,ff (1) and alliquots were
taken for counting of radioactivity with a liquid
scintililation couniter (16). Additio,nal samples were
chromatographed on silica gel H (16) in a petro-
leum ether: ethyl acetate: acetic acid (13 :7 :2)
(leveloper [modified after Ronkainen (13)]. The
oxaloacetate derivative was located on the chlroma-
toplates by co-chromiatography with known oxalo-
acetate-hvdrazones as well as with a-ketogluitarate
and pyruivate derivatives. Radioactivity was located
on the chromatoplates by atitoradiography, and '4C
associate(l with oxaloacetate was determinecd by
scraping the gel directly into liquidl scintill,ation
vials. These pro,ce-dures were previoutlsly described
(16). Using the specific activity of added
NaH'4CO0, the (lata were converted to ,,moles 14C
fixed per houir per g fresh weight tissue.

The coupled reaction involving PEP carboxylase
an-d malic dehydrogenase to form malate -was
assayed similarly to PEP carboxylase (see above)
except that 10 umoles of NADH were added to the
reaction mixtuire. This reaction was stopped with
2 ml of 88 % formic acid, freeze-dried to remove
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the formic acid, and the product, malate, was
prepared by ion exchange and thin-layer chroma-
tograiphy as prev-iotusly described (16). MIalate was
located oII the thin-layer plates by co-chromatog-
raphy with known malate and radioactivity was
located by autoradiography (16). Assay of the
radioactivity associated with malate, the only prod-
uict, was conducted as described above for oxalo-
acetate. The data were converted to ,umoles 14C
fixed into malate per hour per g fresh weight.

The malic enzyme was assayed similarly to
PEP carboxylase (,see above) except that the
reaction mixture contained 2 ,umoles NADP, 10
umoles MfgCl.., and 1.78 ,Lmoles DL-malate-14C (2.2
pc/p.moles). The reaction was stopped with 2,4-
dinitrophenylbhydrazine, and the product, pyruvate,
was prepared and chromatographed in the same
manner as oxaloacetate. The data were converted
to ,ptmoles pyruvate synthesized per hour per g
fresh weight (based on specific activity of malate-
'-C added') .

Satisfactory assays for these reactions can be
conductedl in a total volume of 3 ml with 0.1 ml
of enzyme preparation and 2 ,umoles PEP, 10 ,umoles
MgC-l.,, 0.25 pmoles NADH or NADP, and 1 umole
of NaH"CO, or DTL-malate-14C (specific activities
as giveen above). The reactions are run for 5
minultes at 250 in 50 mM tris (pH 7.4).

Int lVi. ao Studies. 14CO0 carlboxylation kinetics
were determined by incubating 0.2 g of 2 cm root
tips in 50 juc of ;NaH14CO3 (52 juc/p,mole) in 2 ml
of 10 m.r tris buiffer (pH 7.4) for periods of 1
minuite to 2 hoturs.

Keto acids were determined by kilqing the tissue
in 2 ml of 2,4-dinitrophenylhydrazine (25 mg/ml
6 N HCI), grinding in a teflon-glass tissue grinder,
and extracting and chromatographing a-s described
under in vitro studies. The products of the car-
boxylation were located on the silica gel plates by
co-chromatography with known oxaloacetate-, a-
ketoglutarate-, and pyruvate-hydrazone derivatives.
Radioactivity was located by autoradioactivity, and
1-C activity associated wiith each prodtuct was de-
termined by scraping the product with silica gel
into liqtid scintillation vials (,see in vitro studies
above anid ref. 16).

Non-keto organic acids were determined by
qtuickly washing the tissue with water after the
inc1CU)ation peribd, freezing in liqtuid N., grinding
to a fine powder while frozen, extracting with
chloroform methanol :water (16), separating the
methanol :water fraction into anion, cation, and
neutral fractioins by ion exchange chromatography
(3), and chromatographing the anion fraction onI
silica gel as previou,ly described (16). Organic
acids were determined by RF and co-chromatog-
raphy with known acids. Malate, after elution
from the chromatoplates with 50 mmi tris buffer
(pH 7.4), was further verified by (lecarboxylation
with a preparation from Lactobacilluis arabinosus
according to Korkes (6). Suiccinate, after elution

from the chromatoplates, was as-sayed with succinic
oxidase (21). Aconitate was determined as the
trans derivative by RF, co-chromatography with
known ac-onitate, and by its distinctive brown color
and fluorescence after spraying the chromatoplate
with acetic anhydride-pyridine reagent. Cis-aconi-
tate is quantitatively converted to trans by the
extraction and ion exchange chromatography pro-
cedure, thus it was not possible to differentiate
between the 2 isomers.

Amino acids were prepared similarly to the
organic acids (from the cation fraction) except
chromatography was in several different developing
systems. One dimensional thin-layer chromatog-
raphy of amino acids was conducted on silica gel H
in a chloroform :methanol :NH4OH (50:50:22-22
ml of 15 ml 30 % NH4OH plus 10 ml HoO) similar
to the method of Honegger (5) and by a 2-dimen-
sional method in'volving electrophoresis in 1 direc-
tion and chromatography in the other. The 2-di-
mensional method was similar to that described by
Honegger (5) except that the absorbent was a
mixed layer of cellulose and silica gel H according
to Turner and Redgwell (19). Amino acids were
verified by co-chromatography and their distinctive
color reactions with ninhydrin. Radioactivity in
each amino acid was determined as described for
the organic acids.

Decarboxyl'ation kinetics were determined by
incubating 0.2 g of root tips in 2 ml of 10 mM tris
buffer (pH 7.4) plus 50 ,wc of NaH'-CO3 (52
juc/jmmole) for 2 hours and then quickly washing
with distilled water and transferring to a non-
H'4CO;,- buffer for periods up to 2 hours. The
preparation and determination of products was
identical to that described above.

The total "C incorporated (water soluble, lipid,
RNA, DNA, and insoluble) into components of
the root tip was determined by Tsay et al. (20)
modification of Schmidt and Tihannhauser's (14)
method. Root tips (0.35 g, 2 cm long) were
incubated in 5 ml of 50 mM tris (pH 7.4) with
50 ,uc of NaH"4CO3 (52 ,pc/lpmole) for periods up
to 4.3 hours. The reaction was stopped by freezing
in liquid N2 and ground to a fine powder before
extraction (20). The 14C activity incorporated
into each fraction was determined by liquid scin-
tillation counting of an aliqtuot from each sample.

Results

Determiiiation of Reactiont Produicts. In order
to verify the synthesis of oxaloacetate, malate, and
pyruvate, enzyme homogenates were incubated with
"C labeled substrates. W\hen the incuibation was
conducted with PEP, Mg2', and H14CO0-, oxalo-
acetate was the only product labeled. If the re-
action was coupled with malic dehydrogenase by
adding NADH, malate was synthesized. Verifica-
tion of the malic enzyme and the product, pyruivate,
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FIG. 1. Decarboxylation of purified mali(

malic enzyme. Malic acid was synthesized b
homogenate prepared from corn root tips. T
incubation mixture contained 10lAmoles PE]
M,gCI9, 10lOmoles NADH, 1 p.mole NAH14(
,tmole), and 9 ml of enzyme extract made t
volume of 12 ml with 50 m-' tris buffer. p
reaction was run for 115 minutes at 250. TI
synthesized was purified by thin-layer chrn
as described in the text, and an aliquot ((
added to 9 ml of enzyme prep containing
MgCI, (total volume = 12 ml). Two Onr
were added to start the reactioni. 1295 dp

was made with NADP, Mrg2 , and min
the labeled product was pyruivate. Th
reactions considering only added labele(
were 1.36 btmoles g-1 fresh weight ho
carboxylase), 0.52 ,tmole g-' fresh we

(coupled PEP carboxylase and malic
nase), and1 0.19 ,vmole g-' fresh weight h;c
enzyme).

Presuimably, the malate formed by cot

carboxyllase and mlalic dehydrogenase
mostly L-malate-4-'4C (2). Thus, the I
the decarboxylation of the malate sho
labeledl pyrtivate and l4CO2. The mal
size(l from the coupled reaction was

silica gel thin-layer chromatography, e
the gel with 10 mxi tris buffer (pH
incublated with the soluible enzyme

The reaction was followed in a closed s
a Cary Model 31 electrometer and ion

previouisly described (18). WVhen only
the enzyme hom-ogenate were incluided,
n1o 14CO2 pr;oduced. UJpon addition
4ClO, was generated linearly ( fig 1).
albove, the product of this reaction, whe:
in com,mercially prepared malate-3-14C,
vate-14C. Thuls these diata indicate a po

for the malic enzyme and that the pro(
coupled reaction, PEP carboxylase and
hydrogenase, will act as a sllbstrate fo
enzyme.

CO. Fixation Kinetics. The kinetii
aci(I formation after incub)ation H'

geste(l that oxaloacetate was the first prodtict of
the in vivo carboxylation (fig 2). Other detectable
labeled produicts were a-ketoglutarate anid pyruvate.
When the datia were plottel as percent of total
activitV against time, oxaloacetate had a negative
sliope suiggesting that it was the first produict. The
slower appearanlce of a-keto-gluttarate and pyruvate
indicatedI that thev were secondlary produicts of the
carboxvlatiloll.

Under the conl(litionis of ouir experiments, the
kinetics of formationl of stable wvater soluible com-
pon,ents (organiic an(l amino aci(ls) were linear

ii with time (fig 3). WVhen the organic acid com-
30 35 poinents Nwere plotted as percenit of total activity in

the fractioin against time, malic aci(d had a negative
slope in(licating that it was the first stable product

acid by the of the carboxylation (fig 4). The other 2 easily,
hy an enzs-me detectabile produicts, trans-aconitic and citric acids,Phe s1nthesis- increased initiallv and were, therefore, apparently
CO3 (48 tc/ secondary products. Both trons-aconitic and suc-

up to a total cinic acids have similar RF valuies. The distinctivre
xH 7.4. The radioactive spot gives a slight positive stuccinic
e malic acid oxidase assay and less thani 5 % is converted to
oatography ftimaric aci(l. The spot, however, gives a strong
0.5 gc) was positive assay for trans-aconitic thuls we have

310 /moles assumed that most of this compouind is trans-,ioles NADP aconitic aci(l. 7Trms-aconitic aci(l has previotuslyim/mv. been (letectedl as a produict of '4CO. fixation by

corn root tips (10). After extende(d periods of
talate-3-1+C; incuibation, labeled fulmaric and isocitric acids couild
e rates of
1 stubstrates
mur' (PEP 24
'ight hotur-
dehydroge-
1r- (malic 20 0

ro)
Lipling PEP o
should be 6 Total

products of x
uld be un- O 12/
ate synthe- "-,
purified b) E OAA

Q. ~~~~~~~~~~0)ltuted from -) 8
7.4), and AKG

omogenate. A
;ystem with 4
cha,mber as+Mg2and PYR +

there was 20 40 60 &0 100 120
of NADP,
As noted Time (minutes)

n inicubated FIG. 2. In vivo carboxylation kinetics. Oxaloacetate
was pyru- (OAA) is apparently the first product. About 0.2 g
sitive assa) of 2 cm long corn root tips were incubated in 50 gc
lutct of the (52 0c/,,mole) of NaH14CO3 in 2 ml of 10 mM tris
malic de- buffer (pH 7.4) for the times indicated. The 2,4-dini-tropheny1hydrazones of the keto acids were chromato-r the malic graphed by thin-layer chromatography and the radioac-

tivity associated with each product was determined by
cs of keto liquid scintillation counting. AKG = a-ketoglutarate,
4C_O- Sulg- PYR = pyruvate.

NADP
"'

2,, moles 0/
A

I -
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FIG. 3. In vivo carhoxvlation kinetics of stable %N-ater

soluble components. About 0.2 g of 2 cm long corn root
tips were incubated in 50 ,c (52 ,c/,uniole) of NaH14CO3
for the times indicated. The products were extracted
after freezing and grinding in li(quid N.,, and separated
by ion exchange chromatography. Samples from anion
(organic acids), cation (amino acids), and neutral (car-
bohydrates) frac,tions were counted by liquid scintilla-
tion. After 1 minute only organic aci(ds N-ere detected.
No activity w as detected in the neutral fraction.
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FIG. 5. In vivo carboxylation kinetics of amino acids.
'rhe a'mino acid fraction shown in figure 3 was chromato-
graphed on silica gel. Radioactivity was determined by
liquid scintillation counting. The negative slope of as-
partic acid suggests it Nvas the first produlct.
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FIG. 4. In vivo carboxvlation kinetics of stable or-

ganic acids. The organic acid fraction shown in figure
3 was chromatographed on silica gel and radioactivity
associated with each product u-as determined. The nega-
tive slope of malic acid suggests it was the first organic
acid product. The curve labeled aconitic acid contains
some succinic acid.
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FIG. 6. In %-ivo decarboxvlation kinetics. Both or-

ganic and amino acids are in active turnover pools. The
analysis was conducted by incubating 0.2 g of 2 cm long
root tips in 50 ,uc (52 /c/,imole) of NaH1'CO3 in 2 ml
of 10 mM tris buffer (pH 7.4) for 2 hours and then
transferring to a non-H14CO . buiffer for the times
indicated. Radioactivity +-%as determined as described
in figure 3 and the text.
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be deteoted on the thin-layer plates, however the
low activities made kinetic data difficult to inter-
pret. Certainly, the latter were secondary prod-
ucts. Similarly, when the products in the amino
acid fraction were plotted as a percent of total
activity in the fraction against time, aspartic acid
had a negative slope followed by glutamic acid and
alanine with positive slopes (fig 5). Thus one

must conclude that aspartic acid was the first
stable amino acid formed dturing carboxvlation.
For extended periods of incu,bation0, asparagine and
glutamine could als,o he detected. One minute in-
ctibationis resulted essentially in malic acid synthesis
with no other detectable organic or amino acids.

Decarboxylation kiinetics indicated that both
aminio acids and organic acids decayed at a rapid
and logarithmic rate (,fig 6). \When plotted as a

percent of remaining activity, the apparent rate of
aminlo acid ttirnover w-as greater than that for
org,anic aci(ls (fig 7). The same observation was
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FIG. 7. In vivo decarboxylationi kiinetics of organic

and amino acids, plotted as percenit remaining against
time. Amino acids apparently turn over at a rate greater
thatn organic acids. The data are from figure 6.
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FIG. 8. In vivo decarboxylation kinietics of organic

acid fraction. The loss in activity in the fraction re-
flects primarily the turn-over of malic acid. The curve
labeled aconitic conitains some succinic acid. The reac-
tion was conducted by incubating 0.2 g of root tips in
50 Ac (52 ,uc/,jmole) of NaH'4CO3 for 2 hr, then
transferring to a non-H14CO3 buffer for the indicated
times. The radioactivity in each acid was determined
by liquid scintillation cotunting after thin-layer chromato-
graphy.

Table I. Distribution of 14C in Corn Root Tips
0.35 g Of 2 cm long root tips wvere incubated at 250

in 50,,c (52 uc/jAmole) of H14CO, in 5 ml of 50 m.t
tris buffer (pH 7.4) for 4.3 hr. The products were
assayed by extraction -vith a modified Schmidt-Thann-
hauser method and aliqiuots of eaclh fraction were counted
with a liquid scintillation couniter.

Fraction

Water soluble
Lipid
RNA
DNA
Insoluble*

Total

8 Assumied to

dpm/g fr wt %
4,536,000 99.50

4130 0.09
16,400 0.36

860 0.02
1360 0.03

4,558,750 100.00

,e protein anid polysaccharides.

made with Opiuntia roots (18). The turinover of
organic aci(l products was reflected primarily ill
the decay of l'abeled malic acid (-fig 8) whereas
the trans-aconitic activity remained essentially con-

stant. Since between 60 and 70 % of the total label
was in the organic acid fraction after a 2 hour
incubiation (fig 2), the significant portion of the
turniover of 14C reflects the rate of decrease of
labeled malic acid.

A long term incubation was condIucted in an

attempt to detenmine how much "-C was eventually
transferred to other stable components within the
corn root tip. Even after 4.3 hours of incubation
in H14CO3-, relatively insignificant levels of radio-
activity were deotected in lipid, nucleotides, protein,
or polysaccharides (table I).

Discussion

Rcactionl I'Produtcts. In a previolus paper, we

speculated thiat a consequence of CO., fixation in
corn root tips was a transhydroge,nation reaction
convertin,g NADH to NAD+, and NA,DP+ to
NADPH. The proposed reaction proceeded by
coupling PEP carboxylase, malic 'dehydrogenase,
and the malic enzyme. In vitro spectrophotometric
dlata were subsequently obtained to support the
hypothesis (1/7). \Valker (22), in a review paper

concerning succulents, also suggested th,at the malic
enzyme was a decarboxyla,ting enzyme. Verifica-
tion' of specific reaction products, i.e., oxaloacetate,
malate, and pyrtivate was, however, not made.
The in vitro incubations with enzyme homogenates
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reported in this paper tend to sL'pport the hypo-
thesis of the series reaction. Further substantiation
was obtained by showing that the malate synthe-
sirzed by PEP carboxylase and malic dehydrogenase
could be decarboxylated by a malic enzyme reaction
in the same homogenate. Thus, these data also
stupport, btit of course do not prove, the hypothesis
of a series couplin,g of the 3 einzymic system.

The data indicated that the order of reactivity
in the homogenates was PEP carboxylase > PEP
carboxyla-se + malic dehydrogenase > malic en-
zyme. If, however, malic dehydrogenase was
assayed directly using oxaloacetate as a suibstrate,
it was far more active than PEP carboxylase (by
1-2 orders of magnitude). The couipled reaction,
PEP carboxylase and malic dehydrogen,ase, wotuld
certainly ;be limited by the sliower of the two, PEP
carboxylase, and it is, therefore, not surprising to
find the above order.

Carboxylation Kinetics. In vivo carboxylation
kinetics support the hypothesis that PEP carboxy-
lase could be a main C00 fixation enzyme in corn
root tips. Oxaloacetate is apparently the first
product followed by the stable prodtucts, malic and
aspartic acids, in the organic and amino acid frac-
tions respectively. Fturthermore, the in vitro car-
boxylating activity of PEP carboxyllase is stufficient
to account for all of the in vivo 14CO2 tuptake
(16.4 X 104 dpm g'- fr wt min-1 for the homog-
enate against 9.0 x 104 dpm g-1 ft wt min-1 for
the intact root tips).

It seems reasonable to assuime that in vivo the
oxaloacetate formed by direct carboxylation is
convertetd rapidly to malic acid by malic dehydrog-
enase, and although not indicated directly by these
experiments, oxaloacetate is probably also converted
to aspartic acid via an amination or transamination
reaction. Thus the carboxylation is evidentlv simi-
lar to most reported plant tisstues (12). These
data do not suggest mechanisms for the in vivo
synthesis of the other prominen,t prodtucts, however,
the evidence does suiggest that they are secondary
components. A.i attempt to otltline metabolic path-
ways f-or their synthesis wvouild be entirely specuila-
tive anId, therefore, will not be attempted.

Decarboxvrlationt Kinietics. T,he relatively rapid
release of 14CO, from root tissuie after 14CO
fixation as previotusly reported (17, 18) is reflected
in the decarboxylation kinetics reported in this
paper. Disregardiing the amiino acid (lecay data,
the loss of label in the organic acid fraction seeTms
largely dtue to the loss of labeled malate. The
other prominent produicts remain relatively stable
with respect to 4C, label and thuis it is tunlikely
that muich malate is converted directly to them
dturing the post-incubation period. The data
strongly suggest that maliate is decarboxylated di-
rectly, and it is 1 thesis of this paper that the
decarboxylation is largely via the malic enzyme.
Other possibilities of course exist, however, a re-
versal of the presumed carboxylartioin pathway is

extremely unlikely because of the kinietics of the
reaction's (4).

The data do not suggest a partictular reaction
sequence to account for the loss of label in amino
acids. Two obvious possibilities are transamination
resulting in 14C labeled keto acids or direct decar-
boxylation. In auiy case, the data do indicate that
the amino acids are in active turnover pools.

Marsh et al. and MacLennan et al. (11) re-
ported 2 malate pools in plant tissues. Further-
more, Lips and Beevers (8, 9) have recently re-
ported data obtained with corn root tips indicating
that malic acid formed via CO. fixation and that
formed via acetate assimilation are in separate
metabolic pools with little interchange except under
certain stress conditions sutch as whell tricarboxvlic
acid cycle initermediates are limiting res,piratory
activity. Their methods of experimentation also
resuilted in data indicating a rapid tuirnover of
malic acid formed from CO.) fixatioin. The data
and conclusions in this paper do nAt contradict
theirs.

Equilibration of Intitial Produicts with Other
Components. An important observationl was the
lack o,f significant 1+C equlilibration with produtcts
other than those initially formed. Essentiallly only
a limited n-umber of organic and am:-no acids were
formed after carboxyliation. Even after extended
periods of incuibation, relatively little activity was
isolated in lipids, carbohydrates, polysaccharides,
ntuoleotides, or proteins. The lack of labeled carbo-
hydrates by dark CO. fixation has been reported
by several workers (e.g., /7, 18), buit the lack of
significantly labeled protein is somewhat enigmatic.
Splittstoesser (15) recently reported labeled aspartic
and gluttamic acids in the insolulble residue (pro-
tein) from 14CO fixation by corn roots, btut after
5 hours of incubation, the total activity in the
insoluble residue was less than 1 % of the total
fixed 14C02 (estimated from his table I). Thuts
our restults are in general agreement with his.

In stum, the in vivo carboxylation kinietics fol-
llowed with 1"CO. stuggested that oxaloacetate was
the initial prodtuct w%ith the subsequ1ent produicts,
malate and aspartate. The in vitro 14CO. carboxy-
lating activity of PEP carboxylase was suifficient
to account for all of the in vivo '4CO. uiptake.
Further, the data indicated that muich of the tuirn-
over of 14CO' is reflected in the loss of labeled
malate, and that the malic enzyme couild mediate
the decarboxylation reaction. The data are con-
sistent with, bulit do not necessarily prove, the
hypothesis that C,O2, metabolism in corn root tips
is mediated, in part, by PEP carboxylase, malic
dehydrogenase, and the malic enzyme.
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