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Potassium is a major component of both plant
and animal organisms, yet information on the role
of this element in metabolism is limited. A com-
pilation (1) of the inorganic composition of many
plant species reveals that a major portion of normal
leaves contain from 1 to 4 % K+ on a dry weight
basis. Potassium deficiency symptoms are noted
when the K + contents of leaves range from 0.1 to
1.3 % of their dry matter. There are many general
statements (3) to the effect that K+, Na+, and
other ions that are present in biological materials
in high concentrations function in the osmotic regula-
tion of tissue fluids. Undoubtedly this is an im-
portant role of the so-called bulk ions, but relatively
recent biochemical investigations (3) have provided
convincing evidence that a series of enzyme systems
require K+, NH4+ or Rb+ for activity and that the
concentration of these ions needed for maximum re-
action velocities is in the same range as the concen-
tration of K+ in normal biological materials.

Pyruvate kinase was one of the first enzyme sys-
tems shown to require a univalent cation. Initial
experiments by Boyer, et al., (2) and further investi-
gations by Lardy and Ziegler (6) and Kachmar and
Boyer (5) provided evidence that either K+, NH4+
or Rb+ was essential for the activity of pyruvate
kinase from animal sources. Sodium ions activated
the enzyme slightly and Li+ and Ca++ were inhibi-
tory. Miller and Evans (9) demonstrated that py-
ruvate kinase from a series of higher plants also re-
quire K+, NH + or Rb+ and that a concentration
near 0.04 N was necessary for maximum reaction
velocity.

Several attempts have been madle by the author
to determine the effect of K+ deficiency in higher
plants on pyruvate kinase in tissue extracts. In all
cases, crude extracts of the species investigated con-
tained an active phosphatase which catalyzed the
hydrolysis of phosphoenolpyruvate (PEP). The
enzymic cleavage of the substrate for pyruvate kinase
has prevented an accurate determination of the activi-
ty of this enzyme. McCollum, et al. (8) also have
observed appreciable phosphatase activity in their

1 Received Nov. 19, 1962.
2 This technical paper No. 1616 of the Oregon Agricul-

tural Experiment Station is the result of an investigation
supported in part by a grant RG 8499 from the National
Institutes of Health.

investigations of the pyruvate kinase in higher plant
species. A possible means of inhibiting certain platlt
phosphatases is suggested by the work of Spencer
(10) who found that low concentrations of niolvbdate
inhibited the hydrolysis of a series of phosphate esters
by an acid phosphatase from tomato. Phosphoenol-
pyruvate was not used as a substrate for the phos-
phatase in Spencer's investigations.

The purpose of the experiments reported here Nvas
to develop procedures that will allow valid pyruvate
kinase assays in crude extracts of higher plants and
to determine the effect of a range of K+ an(d other
univalent cation concentrations in nutrient me(lia on
the pyruvate kinase activity of cell-free extracts of
the pea plant.

Materials & Methods
Planzt Materials. Garden peas (Pisl in sa tiz'n1m

'Blue Bantam') were germinate(d in flats of "Perlite"
and 5 days after planting, 4 seedlings were transfer-
red to each of a series of polyethylene culture vessels.
Each vessel contained 10 liters of nutrient solution
and was protected from contamination by a poly-
ethylene cover fitted with holes for insertion of seed-
lings. In all experiments where a conmposition of
the nutrient solutions was varied, eight treatments
were utilized and each was replicated three tinmes.
The vessels were arranged in a randlomizedlblock
design in the greenhouse and the plants were sup-
plied with about 500 ft-c of fluorescent light for 14
hours per day in addition to normal sunlight.

The complete nutrient solution (treatment No. 4
in table I) contained the following concentrations of
macronutrient salts in mmoles per liter: \Ig(H..-
PO4)2, 1.0; Ca(NO3)2 4H,O, 6.0; MIgSO, 7H.O,
2.0; K,SO4, 6.0; CaCl., 2H2O, 0.5. The concentra-
tions of the essential micronutrient elements in
moles per liter and the salts used to supply these for
nutrient solutions wvere as follows: 4.6 B as HiBO,;
4.6 Mn as MfnSO4 4H.,O; 0.8 Zn as ZnSO4 7HO;
0.3 Cu as CuSO4 5H.,O; 0.1 AIo as Na,S.04 2H.,O
and 35.8 Fe as hydrogen ferric ethylenediamine di-o-
hydroxyphenylacetate (Geigy Chemical Co.., Yonkers,
N. Y.). The complete solution (treatment No. 4 in
table I) was altered to obtain the treatments listed
in tables I through IV. The K,S04 concentration
was reduced and Na.,SO4 was substituted at the ap-
propriate concentrations (table I) to obtain treat-
ments 5 and 6. The amount of K.,S04 was varied
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in treatments 7 an(d 8 and(l (NHi4) ,SO, increased in
acidity (luring the grow th I)erio(l, soli(d CaCO. was
adlded to maintain the pH at the (lesire(i value. The
original volumiie of nuitr-ienit solutions Was maintained
bv addition of (listilledl wx ater. All solutions were
change(l at 10 (lay intervals.

Experiment I frolmi which results are reported
ini tables I. II,I,III an IN'1 as iniitiate(d on 'Novem-
her 22, 1961 anid term-linate(l January 5. 1962. Ex-
periment II (table IN") wx as initiated on June 17,
1962 and(l plants harvested on July 30. Six to ten
da!s prior to the final harvest (late. a 4 g sanmple
of leaves was collected frolmi eachi culture in the area
of tlle sixtlh and seventlh no(les above cotyledons.
Also a 4 g sample of terminal roots xvas collecte(d at
r-andoIlm froml each culture. Roots were washed thor-
oughlv xvith cold (listille(l water and blotted with
pa)elr towels. Both roots and leaves -were stored
(for 1 hr or less) ini cruslhed ice unitil they wvere as-
saedl. The remain(ler of the plants wvere harvested
after enzymne assays were coml)letedl. rioots -were
wvashe(l wxith (listille(l wxater. ali(i both roots andl
slhoots (dried in a forced draft oven at 70° and weigh-
e(l. The dry material was ground( to pass a 40 mieshl
screen and used in inorganic analyses.

Pr-eparati(oni of Extracts. Each saml)le of pea
r1oots or leaves (4 g) was l)lace(l in a Imlortar contain-
inig 15 mll of 0.05 _m Tris buffer at pH 7.5. The miate-
rial was macerated first with a mortar and lpestle
cnd thieni miaiceratedl againi for 3 miiinutes in a Ten
Broeck lhomiogenizer. The susl)ension was celntri-
fuge(d at 15,000 X g for 10 milinutes and the super-
natant fluid uxsedl as a source of elizyimie.

Fxtracts of cuculilber seedl (CUcu1s111it satizuiis L..
"Early \N'bite Spine"') vere prepared by macerating
for 3 miniiiutes in ani Omniii milixer (Ivan Sorvall, Tnc..
Norwvalk, Conil. ) 3 g of (lrv seed with 15 mil of
0.05 Mv Tris buffer at pH 7.5. The suspenision was
centrifugedl at 17.000 x f/ for 15 mnutesm an(l the
suplernatant li(uid( use(d as a sour-ce of enzyme.

All preparatory operatiois wvere carried out at
0 to 40. Extracts xxere store(l in crushie(I ice and
assave(l for enzyme activity within 2 lhours after
preparation.

Eniizlmc Assavs. Pxyruvate kiniase xxas assayed
by the (letermination of the ADP-dependent for-
mation of pvlruvate fromil PEP in presence of enzyme.
The procedure is an-t iadaptation of that of Kachmlilar
aind Bover (6) an(ld with the exception of the Tris
molybdate addition, is the same as that (lescribe(l pre-
xiouslv (10).

fin the standard(l assay. the reaction mixture in a
filial volume of I ml coni-tained the folloxwing con-
stituenits in gisioles: 50 of Tri-s buffer at pH 7.4: 1.5
of the cyclohexylammoniuni salt of PEP; 2.5 of Triis
ADI (10) 10.0 ofMgSo ;:50 of KCI and 1.25 Tris
molbda(late. Sufficient enzyme extract was a(ddled to
obtain 0.05 to 0.50 A mole of pyruxate in 10 imlinutes.
A reactioin imiixture lackinig AD)P' serve(l as a negqa-
tixe conltrol for pyruivate kiniase assaxys. Ani a(ldi-
tional coniti-ol containing eithier holed oi- acid-treated

enzymiiie xxas included xv-ith eaclh test series. Reac-
tions xxere teriminate(l by the plroce(lure (lescribe(l
previously (9).

The phosphatase activity of extracts was meas-
ure(l in reaction imiixtures an(l undeler- conditions i(lenl-
tical xvith those usedl for the pyruxate kinase assays
except that ADP vas not includledl in the mixtures.
In these experimiients, a complete imiixture cmntain ing
boiled extract instead of active extract served as a
negative control.

Otlier Dcter,noialittionis. Potassium and Na xvere
determiinle(d flanme-photometricallv by the proce(lur-e
describe(l by Johnson andl Ulrich (4 ) anMd the protein
content of extracts was (letel-rminle(l by tlle Folin
mletlhodl ( 7

Results

Iniiibitioni of Initerfcring Jlihosphiait(asc. B3efore it
xvas possible to study the effect of univalent cation
coincentratioins in niutrieInt solutioIns oni the activitv otf
pyruvate kinase in plant extracts, it wvas necessary
to de(velop a )proce(lure that vould inihibit the phos-
phatase xw hich cleaves PEP. The curves in figure 1
shox that an (NH,).SO fraction of an extract of
pea leaves catalyzed the formlation of about 0.25 4

mole of pyruvate in 10 miinutes xvlhen the reactionl
mixture contai ne(l all reactanits except Tris molyb-
(late. When AD1P xas omitted, approximately 0.14
,u mole of pyruvate xvas producecl in the standard as-
say. This rapid formation of pyruvate in the ah-
sence of ADP vas observed xith extracts of leaves
froml all species tested and xas not appreciably in-
fluelice(d by (clicalsis, (NilH).,SO fractionation, or
aging. The cleavage of PEP in absence of AD1I'
apparently is due to a phosphatase u-xhereas the AID)P-
depend(lent forimiation of pvruvate from PEP) is (Ite
to pyruvate kinase. This coniclusion is in agr-ee-
mienit xvith that of McCollum et al. (8 ). The curves
in figure 1 shox clearly that the additioni of 0.1 to
1.2 ,u moles of Tris molyb(late in absence of ADF)I
decrease(l the rate of forimiationi of pyruvxalte fromil
0.14 to approximately 0.04 At imiole in 10 miniutes. In
contrast, the effect of Tris molybdate oni tile rate
of py-ruvate formation in the comilplete reactioni is
relatively smiall. Since py-ruvate formation in ihe
comiplete reactioins (fig 1) max represent a combina-
tioni of pyruvate kinase andl phosphatase actixities, it
appeared (lesirable to (leternmine the effect of molvb-
(late on pyruvate kiniase in ani extract that wx as (le-
void of ain enzy'me capable of catalvzing the hydrolysiS
of PEP.

The results are presente(d in figur-e 2 fromil an ex-
perimiieit similar to that shovvn in figur-e 1 except that
aii extract of cucumber seedl instea(l of pea leavxes
xvas use(l as a source of enzyme. From the lowx er
curve (fig 2) it is obvious that little or no pyruvate
xas forimde(d xhen ADIP I\vas olilttedi froimlthe r-e-
actioni imiixture; 1howxever, pyruvate formiatioll xxWa
rapid in the complete miiixtuir-es. Since thier-e is Io
evidkence of appireciable plhosplhtase ictiv itx in the
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FIG. 1 (upper). The effect of molybdate on pyruvate
kinase and phosphatase in an extract of pea leaves. The
stanidard assay procedure was used with variation in
ADP and Tris molybdate as indicated. The extracts in
each reaction mixture contained 0.9 mg of protein. The
extract was a 30 to 50 % (NH4)2SO4 precipitate of a
crude extract of normal pea leaves.

FIG. 2 (lowC.er). The effect of molybdate on pyruvate
kinase and phosphatase in extracts of cucumber seed.
The procedure was the same as that described for the
experiment in figure 1 except that a crude extract of
cucumber seed was used as the enzyme. The extract in
each reaction mixture contained 0.5 mg of protein.

cucumlber seed extracts, it is possible to leteriine
the effect of niolybdate additions on pyruvate kinase
per se. From the curve showing the complete re-
actions. it is apparent that Tris molybdate at low
concentrations decreased the rate of pyruvate for-
mation from 0.43 A mole with no molybdate to 0.36 ,
mole in 10 mlinutes where 0.14 A mole of Tris molyb-
date was added. The data (fig 1 & 2) show clearly
that Tris molybdate inhibits the phosplhatase to a
mluch greater extent than the kinase.

The Tris salt of molybdate was used as the in-

hibitor to avoid introduction of an alkali metal cation
in reaction mixtures. Previous investigation (9)
has shown that neither Tris nor chloride ions ap-
preciably influence the activity of pyruvate kinase.
Experiments conducted to compare the inhibitory
effect of Na+ or K+ molybdate with that of Tris
molybdate showed no consistent differences.

Effect of Treatmiients on Yields and Na+ and K+
Contents. As expected, the concentration of K+ in
the solutions markedly influenced the yield and ap-
pearance of pea plants (table I). Leaves of plants
growing in culture solutions lacking K+ were ex-
tremely necrotic and produced only 1.5 g of dry mat-
ter per culture. Undoubtedly the K+ reserves in
the seed were sufficient for the limited growth that
was obtained. Treatment 2 (0.16 meq K) resulted
in mild deficiency symptoms of plants whereas 1.00
and 6.00 meq of K+ per liter respectively (treatments
3 & 4) produced plants that were normal in appear-

Table I

Effect of K+ & Other Univalent Cations in
Nutrient Solutiont ont Yield of Pea Plants

Culture
No. treatment

(meq/liter)

1. 0.00K+ Se
2. 0.16K+ S1
3. l.00K+ N
4. 6.00K+ N
5. 0.00K+,6.00Na+ Se
6. 0.16 K+, 5.84 Na+ N(
7. 0.00 K+, 6.00 NH4+ Se
8. 0.16 K+, 5.84 NH4 + N(
LSD4(5%)
LSD ( 5 % )

Appearance (Dry wtAppeaance (g/culture*)

everely deficient
lightly deficient
ormal
Iormal
everely deficient
'ormal
verely deficient**
ormal

1.5
5.6
4.5
3.7
2.1
5.1

3.2

1.4

* Means of 3 replicate cultures each containing 5
plants.

** All plants died within 3 weeks.

ance. Substitution of Na+ for K+ (treatments 5 &
6) reduced to some extent the leaf necrosis that was
characteristic of K+ deficiency, but the yield increases
from the Na+ were not statistically significant. The
addition of 6 meq of NH,+ to cultures lacking K+
(treatment 7) resulted in a severe necrosis of leaves
and death of plants within 2 weeks. The addition
of 5.84 nieq of NH,+ to cultures with 0.16 meq of
K+ (treatment 8) alleviated the mild deficiency
symptoms that were apparent in plants receiving
0.16 meq of K+ and no Na+ or NH,+ but the yield
of plants receiving this treatment was not significant-
ly different from that of plants receiving 0.16 mec
of K+ alone (treatment 2).

As indicated in table II. the concentration of K+
or Na+ in the culture medium markedly affected the
K+ and Na+ contents of the plant material. The
K+ and Na+ in plants grown with solutions lacking
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Table II
Effect of K+ & Other Univalct Cationt Concentrations in Nuttiicut Solutions ont K & Na Contents of Pea Plantts

K in dry matter* Na in dry matter*
NO. Treatment

(meq/liter)

1. 0.00 K+
2. 0.16 K+
3. 1.00 K+
4. 6.00 K+
5. 0.00 K+, 6.00 Na+
6. 0.16 K+, 5.84 Na+
7. 0.00 K+, 6.00 NH4+**
8. 0.16 K+, 5.84 NH +-

LSD (5%)

Shloots

0.68
1.73
3.11
3.24
0.89
1.85

1.86

0.76

Roots

0.36
0.55
1.66
4.04
0.61
0.55

1.71

Shloots

0.15
0.07
0.08
0.18
0.80
0.15
05

0.05
0.11

Roots

1.11
0.62
0.76
0.04
2.87
3.29

0.80

* Means of 3 replicate cultures each containing 5 plants except the K and Na contents of roots which were de-
termined on a thoroughly washed composite sample. Initial samples of roots were contaminated with K and Nafrom the nutrient me(lium.

** All plants died xNxithin 2 weeks.

these elemenits very likely were (lerive(l fromii the see(d
or fromii inmpurities in salts an(d air. It is interesting
to nlote that the Na+ content of roots was markedly
increase(d as the K+± conitenit of the nutrielnt lmledlium
\vas1'- (lecrease(l.

Effect of 7TI-catmenits ont Pyrivote Kina(isc. Sam-
l)les of leaves were collected fromii cultures hetween
33 and 37 (lays after plantinig an(l assave(l for pvru-
vate kinase hoth with and(I w-ithcout KCI in the reactioln
mixtures (table IIT ). The results of assays where
K+ was omlitte(l in assav imixtures show that extracts
firoiml plants growing in a severely K '-deficient
me(lium (treatmenit 1 ) exhihited signiticantl1 less
p)yruvate kinase activity than extracts of pllants
grown with adle(quate K + (treatmlent 4 ) or with a
low level of K+ (0.16 mle(q K+ & 5.84 mleq of Na+
or NH + ) (treatmzelnts 6 & 8). The addlition of

Table III
Effect of K+ & Other Uniivalenit Cation7s on1

Pyruvatc Khiase Activity of Pea Leavzes

Nutrient
No. solutioni

treatment
(nmeq, liter)

1. 0.00K+
2. 0.16 K+
3. 1.OOK+
4. 6.00K+
5. 0.00 K+, 6.00 Na+
6. 0.16 K+, 5.84 Na'-

7. 0.00 K'+,6.00 NH +'
8. 0.16 K+, 5.84 NH +

I-SD (5 %)

Pv-ruvate kinase activity
of leaves*

WN'ithout K + \Vith 0.05A, KCI
in assay in assay

(,u moles pyruvate formed /10
M i m/'ig protein)

0.29
0.19
0.28

0.44
0.26
0.48

0.53

0.14

0.36
0.28
0.37
0.49
0.37
0.55

.

0.55

N.S.

All results are mneaiis (of dleterminations on tlhree
replicate cultures eaclh containiing 5 plants.

Na + or NH + to nutrienit solution lacking K +
(treatments 5 & 8 ) failed to significantlv increase
the pyruvate kinase activity of leaves.

\When the extracts of leaves fromii cultures re-
ceiving the various treatmiients wxere assayed in re-
action mixtures containing 0.05 -m KCl, the pyruvate
kinase activities of the various extracts were not
significantly (lifferenit at the 5 X, level (tahle III).
The effects of treatments on the enzyme activity of
leaf extracts, however. resulted in tren(ds silmilalr to
th,ose obtained wxlien K ±+ was onllittecl in reaction
mlixtures.

Enzyme assays of leaf extracts fromii replicate
cultures receivinig the samiie treatlmienit exhlibite(d con-
si(leral)le variahility. This is illustrated hv the rel-
ativelv large value reqluired for a statistically sig
nificant (lifferelnce betweeni treatinen ts.

The concenitrationi of K+ ill nutr-ienit solutions
lha(l a mluclh greater effect on the pyruvate kiniase ac-

tivity of extracts of roots than of leaves (tahle IV).
The (lata obtained in experimlenit I by using enzyme
assay mixtures lacking added K+, show- that the in-
crease in K contenit of nutrienit solutionis froml 0.0
to 6.0 miie(q per liter (treatmnielnts 1 through 4) result-
ed in a progressive increase in the pvruvate kinase
activitv of root extracts. A comiiparisoln of the ac-
tivities of root extracts (treatments 1 & 5) shows
that the addlition to niutrient solutioins of Na+ in
place of K+ apprecialb increased the enzvme ac-
tivity in roots. The addition of 6n6eq of NH,+ to
nlutrienlt solutioin r-esultedl in sev-ere toxicity vmnip-
Lonis and (leatlh of plants.

Root extracts frolmvi all cultuires, -when assayed
for pyruvate kincase with 0.05 x KCl in reactioni liix-
tures, showved a decreasedl activity in extracts of the
severely (leficienit lplants (trealtment 1). The (liffer-
ence in pyruv-ate kinalse activities of extracts fromii
roots receiving treatments otlher than No. 1 ( 0.0 melq
of K' per liter w-ereinot significant in experimiienit
1. hut were significant at the 10 (G confi(lence vldue
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Table IV
Effect of K+ & Other Uinivalentt Cationts on Pyruvate Kinase Activity of Pea Roots

Nutrient
No. solution
No. treatment

(meq/liter)

Experiment I Experiment II
Pyruvate kinase activity* Pyruvate kinase activity*

Without K+ With 0.05 At KCl Without K + With 0.05 M KCl
in assay in assay in assay in assay

(A moles pyruvate formed /10 min/mg protein)
1. 0.00 K+ 0.19
2. 0.16 K+ 0.34
3. 1.00 K+ 0.52
4. 6.00 K+ 0.64
5. 0.00 K+, 6.00 Na+ 0.43
6. 0.16 K+, 5.84 Na+ 0.36
7. 0.00 K+, 6.00 NH4 ...
8. 0.16 K+, 5.84 NH4+ 0.34

LSD (5%) 0.19
LSD (10%)

* All determinations are means of measurements on 3
** Plants died within 2 weeks.

in experiment II. In general, the addition of KCI to
assay mixtures resulted in increase(d pyruvate kinase
activities.

The trencds of the data presented for the two ex-
perinments are similar. Pyruvate kinase activity of
root extracts from experiment II were generally
lower than those of experiment I.

Discussion

Investigation of the properties of pyruvate kinase
fronm higher plants (9) has provided conclusive evi-
dence that the partially purified enzyme requires an
univalent cation activator. The requirement is sat-
isfiecl by K+, NH,+, or Rb+, and is not appreciably
influenced by a series of different anions. It is ob-
viously interesting, therefore, to attempt to (leter-
mine the effects of K+ deficiency and different con-
centrations of other univalent cations in nutrient
solutions on the activity of pyruvate kinase in plant
tissues. Experiments of this type are complicated
because crude extracts of leaves or roots of the sev-
eral species surveyed contain a phosphatase that
rapidly hydrolyzes PEP which is the substrate for the
pyruvate kinase reaction. It may be possible to free
the extracts of phosphatase by purification but this
approach is not considered to be feasible because the
necessary purification procedures are usually in-
volved and not sufficiently reproducible to be useful
in the comparison of activities of extracts from sev-
eral sources. The problem resulting from plios-
phatase in crude plant extracts has been simplified
considerably by the addition of a low concentration
of molybdate to pyruvate kinase assay mixtures.
7Malybdate salts strikingly inhibit the phosphatase
anld effect the activity of the pyruvate kinase only
slightly. Although use of molybdate as an inhibitor
permiiits valicl pvruvate kinase assays of extracts that

0.34
0.72
0.72
0.79
0.81
0.64

0.62

0.28

0.04
0.07
0.12
0.26
0.22
0.27

0.26

0.16

0.12
0.36
0.54
0.92
0.37
0.55

0.79

NS
0.40

replicate cultures each containinlg 5 plants.

contain high phosphatase activity, pyruvate kinase
measurements of extracts froml replicate cultures of
a particular treatment have varied considerably.
Statistical procedures are necessary, therefore, to de-
termine the magnitude of the difference between treat-
mnents that is meaningful.

Pyruvate kinase activities of extracts of roots and
leaves of plants receiving various treatmlents show
that the K+ concentration in the nutrient solution
has a marked effect on activitv. The effects were
greatest when the enzylme assays were carriedl out in
absence of additional K + in the assay mixtures.
Experiments with root extracts (table IV) provide
some evidence that the adldition of Na+ or NH4+ to
nutrient solutions containing insufficient K+ caused
an increased pyruvate kinase activity in extracts.
These responses, although ratlher weak, are consistent
with the finding that Na+ is a weak and NH,+ a
relatively good activator for purifiedl pyruvate kinase
fronm plant sources (9).

The greatest re(luction in pyruvate kinase was ob-
tained with extracts of plants that -vere severely de-
ficient in K+. Wlhether the diiminished enzyme ac-
tivity of the deficient plants was associated with K+
deficiency per se obviously should be considered.
Potassium wvas supplied to cultures of severely K+
deficient plants and then tissues were assayed for
pyruvate kinase 8 days after the K+ addition. Some
recovery in enzyme activity was observed; however,
the activity did not reach the level of that in normal
plants. The lack of comlplete recovery was attribut-
ed to the fact that plants were approaching senescence
when the experinment wvas comlpleted.

Summary
An investigation was conductedl to determinle the

effect of K+ and other univalent cation concentra-
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tions inl nutrieint solutions on the activity of pyruvate
kinase in extracts of leaves an(d roots of pea plants.
Vali(d assays for pyruvate kinase in crude extracts
coul(l not he miade unitil interferiuig phosphatase ac-
tivitv w<as recluced. Lowx concentrationis of imiolyb-
(late effectively recluce(l the phosphatase reaction and
lha(l little effect on the pyruvate kincase activity.

Extracts of roots aud leaves of pea plants growxxn
with (lifferent levels of K+ in niutrient solutions xvere
assayed for pyruvate kinase. first in a mledliunm laick-
ing exogenous univalent cations and(I second(I in a
nme(liunm containing 0.05 N KCI. In the assavs with
no KCI added to the reaction miiixtures. p)yruvate
kinase activities of botlh roots and leaves of severely
K+-±deficient pllants wx ere consi(lerabl) less than those
of tlle extracts of normiial roots and leaves. Extracts
of plants grown in solutions in which either Nfl +
or Na+ was substitutecl conmpletely or partially for
K+ exhibite(d greater pyruvatlte kiinase activities tlhan
extr<acts of plants grown with inisufficient K+ but
without Na + or NH +. The addition of KC1 to re-
actioIln mlixtures resulte(d in increase(d enzvnme ac-
tivities of all extracts of pllants regardless of the
treatmients.
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