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The rate-limiting stel) of orthophosphate absorp-
tion by I)arley roots has been showln by kinetic studies
(5) to be coupled to two of the sites of oxidative phos-
phorylation associated with isolate(d mlitoclhondria.
One of the reactions is coupled to re(luced cytochrome
b and(l the other to redluced diphosphopyridine nucleo-
ti(le (DPNH). The present paper describes the iden-
tification of somle of the products of the rate-limiting
al)sorption step. The significance of the distribution
of absorbe(d phosphate among these products an(l the
rate of appearance in the pro(lucts is (liscussed.

MAIATERIALS AND METHODS

The experimental plant imiaterial consiste(d of ex-
cise(l roots from 6-dav old see(llings of barley (Hor-
(deumiii vudgarce, var. Atlas 46). The see(dlings had
been grown in the dal-k in continuously aeratedl 10-4 M
CaSO4, essentially as (lescribed by Epstein and Hagen
(2). Roots were excised from the see(dlings just
prior to the absorptioni proce(lure, rinsed three timnes
with 50 volumes of distilled-(lenineralize(l water, and
susp)endedl in 100 volumes of continuously aerated
(li still ed-demlineralize(d water.

Solutioils for absorption experimlelnts were single
salt solutionis of orthophosphate containing P32, either
in the absence or presence of various reagents under
stu(ly. Sufficient volumes of the absorption solutions
per miiass of roots wNere used so that the concentration
of phosplhate and the reagents remainied constant dur-
ilng the absorptioln. Hydrogen ionl concentration was
maiintainedl to within 0.1 uniit of pH. The excised
roots were blotted with clean (Iry cheeseclotlh, weighed,
ani(l againi rinsed thl-ee timiies w0ith (Iistilled-deemineral-
ize(l water before the absorptioni solutionls were added.
Absorption was termiiinated by rapi(d (lecantation of
the solutiolns, followre(d by four rinses of the roots Nwitl
50 volumiies of distilled-demi neralize(l water.

The P8!-labelled componenits associated with the
roots after absorption were extracted by grinding
wVith four volumes of 95 % ethanol with a Pyrex mor-
tar andcl pestle. The resulting root homiiogenate was
centr-ifuge(d anid ali(quiots of the supernatant fraction
were takeni for chromiiatograiphy. \Vhere concentra-
tion of the superniatalnt fraction was (lesirable, it was
evap)orate(l at rooml temllperature un(ler vacuum to ap-
proximately one-tenth the original volume.

Descendling chlrolmiatogranms wvere run at room
tenllperature on 17 X 20 inch sheets of \NVhatman *1
or #3 filter paper. The filter paper lhadl been Nwashed
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b, irrigation wN-ithi a 20: 50: 30 parts, by xvolumiiie, milix-
ture of acetic acid, ethanol, and(I water, followxed by
irrigation with distilled-demineralized water, andl
(lrie(1 before use. Both one- ain(l two-dimensional
chromiiatogramiis w-ere runwl-ith various combinations
of solvents. Seventeen (lifferent solvents w\ere tried,
of wlhiclh the two liste(d below were the imiost satisfac-
tory for separation of the P32-labelle(d compou(is inI
the root extracts.

I. ni-butvI alcolhol propriolnic aci(l: vater-45:
23: 32 % by Volume ( 1).

II. Iso-butvric acid amiimonilumil hydroxide \\ ater
-57: 4: 39 (4 by volume (9).

For i(lentification of the P3'-labelledl fractions, th1e
extract was applie(l as a I cmi \vidle band(I across one
encd of a sheet of Whatman #3 paper ain(l chromato-
graphedl with one of the above solvents. The sel)a-
rate(l bands of P32-labelle(d fractions were then located
on the paper hb means of radioautographs. ctut oUt,
and elutedcwitlh ater. For separation of the fractions
for kinetic studlies of plhosphate incorporation into the
comlponeints, the extracts were applied to the chromllat-
ographic paper as 1 cnm (liameter spots. Radioactive
spots oIn the chromatograms were locatedl cuit Otit,
and counted in aIn inltelrinal proportionil counter to
(letermine the amount of P32.

Nucleotides wvere located oIn the chromatog-rams
by visual observation uni(ler a miineralighlt ultraviolet
lamp. Sugar compoundls were locate(d after sprayinig
the chrolmiatograms with ainilinie phtlhalate (10).
I(lentification of the sugar comp)oundls was ai(le(l by
color reactions with the spray that were characteristic
of the type of sugar. Compoulndls colntainiing phos-
phorus were located by spraviing with an amimiollium
molvbdate (6) or anl ironl salicvlate soluitioni (12).

The eluteed P "-labelledl coM'ponents w-ere furtlher
characterized by the followving chemiiical andl physical
criteria: A. Ultraviolet spectra in acid, alkalilne. and
neutral solutions. BP. Co-chromatography W ith a knio in
compound in several solvents. C. Rates of hyvd-rolysis
in 0.1 AT or 1 N HCI at 1000 C. D. Stepwise decomii-
position of the comlpolnelnts. E. Idlentification of thle
(leconmposition products. The known compound w as
carrie(l througlh the sanme procedlure as thle root comil-
ponents for (lirect conl)parison.

Specific activities of the elute(d P32-labelled coIll-
ponents were also determlinedl. The P31 content was
(leterminedl essentially by the metlhodI of Truog anid
feyer (13 ) after the comlponents ivere hydrolyzed.

RESULTS A-ND CONCLUSIONS

IDENTIFICATION OF ABSORPTION PRODUCTS. Ex-
tracting the roots with 95 % ethanol shows that 75 4'
of the total phosphate absorbed in 10 mlinutes is solu-
ble in ethanol. \Vater or 10 (4 trichloroacetic aci(l
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(TCA) extract additional P32 from the ethanol insolu-
ble fraction. However, a constant amount of activity
is not extractable by water or TCA, irrespective of
the absorption time. Thus, the activity associated
with the insoluble fraction contains up to 16 % of
the total absorbed P32 after 15 secondls absorption,
but less than 2 % after 10 minutes absorption.

The ethanol soluble components were separated
by paper chromiiatograplhy. Chromatograms of the
ethanol extracts show that P32-labelled phosphate is
incorporate(d into five major fractions (fig 1), which
contain 95 % of the total P32 extracted by ethanol.
The remaining 5 % of the ethanol soluble activity is
dlistributed among at least ten components. The dis-
tribution of P32 among the five fractions is the same
whether the ethanol extraction is carriedl out at 00 C
or at room temperature. The additional activity ex-
tracted by water or TCA is identical to fraction IV
of the ethanol soluble fractions. Thus, 80 to 95 %

.-IL
:s111..

FIG. 1. Radioautograph of a chromatogram showing
separation of P32 labeled components in excised barley
roots. The solvent was a mixture of 57 % iso-butyric
acid, 4 % ammonium hydroxide, and 39 % water.

of the total absorbed phosphate appears in these five
fractions. Although the extraction by water and
TCA is somewhat more efficient, considerable hy-
drolysis of fractions I and III is associated with the
use of these solvents. Two-dimensional chromato-
grams, using the same solvent in both directions.
reveal that appreciable hydrolysis of some of the
components occurs during chromatography with many
of the strongly acidic irrigating mixtures. Thus,
consideration was given to formation of artifactual
components from hydrolysis of the fractions.

The isolated P32-labelled root fractions eluted
from band chronmatograms were chromatographed
with some 40 phosphorus compounds comnmonly oc-
curring in biological systems. Co-chromatography
of a known compound with a root fraction is inter-
preted as only a tentative identification of the fraction
since a pair of dissimilar compounds may co-
chromatograph quite precisely in many different sol-
vents. Failure of a fraction to co-chronmatograph in
any one solvent witlh a known compoundl is proof of
dissimilarity of the compounds.

Fraction I (fig 1) co-chromatographs witlh uridline
diphosphate glucose (UDPG) in all of the solvent
mixtures tested. UDPG is identical with this frac-
tion in ultraviolet absorption spectra in acidl. alkaline,
and neutral solutions, and in rates of hydrolysis.
Products of partial decomposition of fraction I are the
same as those of UDPG: namely, uridine diphospliate
(UDP), uridine monophosphate (UMIP), glucose,
and inorganic phosphate. The terminal phosphate of
the UDPG fraction contains 90 c% of the total P32 of
fraction I, with 10 % remaining in the phosplhate of
the UMP moiety.

Fraction III (fig 1) co-chrolmlatogramis with glu-
cose-1-phosphate (G-1-P), mannose-6-plhosplhate,
and galactose-1-phosphate. Separation of these comil-
pounds by other solvent systems was not attenmptedl.
However, the rate of hydrolysis of fraction III cor-
responds to that of G-1-P rather than that of nman-
nose-6-phosphate or galactose-1-phosphate. Further,
the formation of glucose upon decomposition ratlher
than mannose or galactose indicates that mlost of
fraction III is G-1-P.

Fraction IV (fig 1 ) was identified chemicallV ( I 1
as well as chromatographically, as inorganic ortlho-
phosphate (Pi). Some of the Pi in fraction IV ap-
pears to be an artifact arising from hydrolysis of
UDPG and, particularly, G-1-P during extraction of
the roots an(c chromatography. The identity of frac-
tions II and V remains unknown. Neither fraction
co-chromatographed in all solvent mixtures with any
of the known phosphate compounds, nor were the in-
dividual fractions further separable in any of the
solvents. Only 10 % of either fraction hydrolyzes in
1 N HCI at 100° C in 4 hours.

No particular effort was made to identify any of
the minor P32-labelled components or unlabelled phos-
phate compounds in the roots. In the course of iden-
tification of the major components, however, a small
fraction of P32 was found to be associated with uridine
triphosphate. The root extracts contain some un-
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FIG. 2. Time course of P332 incorporation into the major phosphate absorption products in excised barley roots.
Absorption was from 10-5 M phosphate at pH 4.
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JACKSON AND HAGEN-ORTHOPHOSPHATE ABSORPTION

labelled adenosine diphosphate (ADP) and adenine,
but no P32-labelled adenosine phosphates. No meas-

urable amounts of adenosine triphosphate (ATP) are

present. In contrast to the roots, the leaves of barley
plants contain relatively large amounts of adenosine
monophosphate, ADP, and even greater amounts of
ATP.

KINETICS OF P32 DISTRIBUTION IN ROOT COMPO-
NENTS. The rate of phosphate absorption by the roots
is constant for at least 4 hours. Figure 2 shows the
time course of p32 incorporation into the five root
fractions. The rate of the P32 appearance in UDPG
and G-1-P is apparently constant for 40 minutes.
Thereafter, the rate decreases. The incorporation
rate into fraction II decreases after 50 minutes and.
in fraction V, it decreases after 70 minutes. The time
sequence of the rate decrease in these four fractions
was always the same; i.e., UDPG and G-1-P, followed
by fraction II, and last, fraction V. However, the
rate of P32 appearance in Pi increased after 50 minutes
of absorption with the rate increase compensating for
the decreases in the rates in the other compounds.
The long period of steady-state incorporation of P32
into the fractions excludes the possibility that any of
them are initial sites or compounds formed prior to
the rate-limiting absorption step. Thus, the five frac-
tions must be products of phosphate absorption.

The decrease observed in the rate of p32 incorpora-
tion into four of the five fractions can be accounted
for in two ways. One is that the amounts of the
phosphate fractions increase significantly during
phosphate absorption and the rate decreases when a

mass equilibrium saturation is attained. In such a

case, the time sequence of the rate decreases need
have no relation to the sequence of formation of the
fraction. The other possibility is that the fractions
are in a dynamic equilibrium and do not increase
significantly in amount during phosphate absorption.
The appearance of P32 in the fractions, then, is a

function of exchange of p31 for P32. The fractions
are in a sequence of reactions and the rate decrease
occurs when the specific activity of the fractions ap-

proaches that of the incoming phosphate. The de-
crease in rate would occur in the same sequence of
time as the sequence of incorporation.

To determine which of the two possibilities dis-
cussed occurs during phosphate absorption, the specific
activity of the five separated fractions was determined
after various absorption periods. Phosphate was ab-
sorbed by the roots from 10-5 M solution at pH 4 for
intervals from 10 to 180 minutes. The amounts of
the separated fractions were determined by chemical
determination of phosphate and, in the case of UDPG,
also by ultraviolet absorption at 260 mn.
UDPG and G-1-P show no increase in total phos-

phate content in 180 minutes of absorption. The to-
tal phosphate of fractions II and V, and Pi increases
by 10 to 20 %. In contrast, the specific activity of all
fractions increases with time (table I). The rate of
P32 incorporation into the five fractions is constant
where the specific activity is below approximately

TABLE I

EFFECT OF ABSORPTION TIME ON SPECIFIC ACTIVITY OF
P32-LABELED ROOT FRACTIONS 1,2

ABSORP- P32 FRACTION
TION
TIME UDPG II G-1-P P V
MIN

10 2.7 3.6 6.9 0.54 1.5
30 8.4 10.3 13.5 1.33 2.4
60 12.7 14.8 16.5 2.0 4.8
90 27 23 53 4.7 7.0
180 33 27 58 11.4 14.4

1 Roots had absorbed p32 from 10-5 M orthophosphate
at pH 4.

2 Percent of external phosphate specific activity.

15 % of the external phosphate specific activity.
Thereafter, as the specific activity increases further,
the incorporation rate decreases. In fraction V, the
specific activity is only 14 % of the external phosphate
specific activity after 180 minutes absorption and the
rate is constant. The rate of P32 incorporation in P,
and its rate of specific activity increase increases with
time.

It is apparent from this experiment that the break-
off of the time curves of P32 appearance in G-l-P,
UDPG and fractions II and V occurs because the
specific activities of the fractions approach that of
the incoming phosphate. The break-off appears to
occur when the fraction specific activity exceeds 15 %
of the external specific activity. Other experiments
show that the time at which the break-off occurs is a
function of the phosphate concentration and the speci-
fic activity of the ahsorption solution. The specific
activity was always highest in UDPG. G-1-P and
fraction II, lower in fraction V and lowzest in Pi.

A study of the effect of p31 absorption on the dis-
tribution of P32 in the root fractions was carried out
also to determine the sequence of the P32 incorpora-
tion into the five fractions. The roots had absorbed
P32 for 60 minutes, a time at which equilibration of
p32 among the fractions is just becoming apparent
(fig 2). Under these conditions, the p31 absorbed
would be expected to move P32 from the most primary
components into later or final products. Roots which
had absorbed p32 from a 10-5 M phosphlate solution
at pH 4 for 60 minutes were rinsed four times with
distilled-demineralized water and placed in a 10-5 M
solution of p31 phosphate at pH 4 for various inter-
vals up to 2 hours. The same procedure was per-
formed with phosphate solutions at pH 8, also. The
amount of P32 absorbed was the same for all root
samples at any one hydrogen ion concentration.
Under these conditions, the roots continue to absorb
p31 at the same rate as they have absorbed P32 with-
out any loss of p32 from the roots. Results from the
determination of the amount of p32 in each of the
separated fractions (e.g., fig 3) show that the P32 iS
transferred from UDPG and G-1-P into fraction II
and Pi. Fraction II initially gains p32 displaced from
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one or both of the fractions, UDPG an(d G-1-P. Sub-
sequently. activity in fraction IT is also transferred to
Pi. Continued incorporation of P3l has little or no
effect on the P32 associated witlh fraction V, in this
experimilenit. Fraction V eventually loses P32 but in
short times, little effect is apparent.

The influence of several sugars. namiiely. sucrose,
fructose, glucose, mannose, galactose, and ribose wvas
stuCliedI to (leterniine how much reactions subsequent
to the rate-limiting absorption step alter the P32 dis-
trihution amiong the five fractiolls. Typical results
are slhoNwn in table II. Previous experiments wvith
Cl 4-labelled sucrose ha(l slhownv that the sugar was
ab-sorbed an1(I mietabolized rapidly, wN-ith Ino effect on
the accompanying phosphate absorption. None of
the sugars teste(d in the present experimiient alter the
total allmoulnt of phosphate absorbed. The sugar con-
centration x-as 10-2 1\1 in solutiolns of 10-6 or
5 X 10-4 M\ phosphate at 1)11 4. A prioinounicedl shift
in the distril)ution of P32 is produced by imiannose,
galactose, and(i ribose at either concentration of phos-
phate in the external solution. All of the sugars, ex-
cept ribose, decrease the proportion of P32 in Pi with
a plroportionate increase of P32 in fraction II or G-1-P.
Ribose decreases the P3' distribution in fraction V
w-ith a proportionate incr-ease in fraction TI. The
P32 (listribution in all of the five miiajorl fractions, ex-

'HYSIOLOGY

cept UDPG, is markedly affectedl by the sugars. The
change in UDPG is relatively smiiall and inconsistent.
The sugars apparently form Ino new P32'-labelled frac-
tions and only shift the distribution of P32 among the
five major fractions. Thus, the effect of the sugars
shows conclusively that the (listribution of P32 among
the five major fractiols, witlh the possible exception
of UDPG, is greatly influencedl by reactions stibse-
quent to the rate-limiting absorption step.

Experiments on the effect of P3' and the specific
activity (leternminations show that the amount of P32
in the fractions is a functionl Of p32/p31 exchange.
Therefore, a sequence of incorporatioin is inferredl by
thle sequence of the hreaks in the timle curves. Thus:

?~ > (lUDICG > Fractioll 1I J F'raction VG-l-P

I)

All four fractioins appear to contribute P32 to Pi.
Incorporation into UDPG and G-1-P is so rapid that
experiments do not show whiclh of these two comI-
pounds precedes the other in sequence. There is a
suggestion that UDPG may be the first by its relative
insensitivity to the effect of sugars. Incorporation
of P32 into fraction IT is showin by the influence of
p31 absorption (fig 3) to be subsequenit to the incor-
poration into UDPG and( G-1-P. That it is a prod-
uct of UDPG and G-1-P rather than a precursor is
suggestedl also bh the effect of the sugars (table II).
inasmuch as the P32 incorporation into this fraction
can be increased without influencing incorporation
into either UDPG or G-1-P. Fractioni V is eliminated
as a primary pro(luct by its relatively long period of
steady-state incorporation, coupledl wvith its low speci-
fic activitv. The effect of ribose suggests that frac-
tion V ar-ises fromii fraction IT. Fraction V (loes not

TABLE 11
EFFECT OF SUGARS ON P232 DISTRIIiUTIJON IN

BARiLF.Y ROOTS*
PERCENT oF FTIIANOI. SOIU-BLE P32

TREAT-
IF,NT

Control
10-2 M
glucose

10-2 M
fructose

10 -M
mannose

10-2 M
galactose

10-2 M
ribose

P32 FRACTION

UDPG IT G-1-P P Vr

12 22 18 40 8

1, 27 20 30 S

11 28 18 37 6

8 6 70 12 4

1 6 20 37 24 3

13 30 19 38 1

* Roots lhad absorbed P32 froilm 10-
at pTH 4 for 15 niinlutes.

-} MI orthophosphate

11%

%A,
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-appear to be an end product because eventually its
rate of incorporation also decreases. Although some
P32 in the Pi fraction comes from the other four frac-
tions, short time experiments indicate that P32 appears
in this fraction as soon as in UDPG and G-1-P.

Phosphate absorption occurs through two sites.
The amount of phosphate absorbed through one of
the sites, relative to the other is dependent upon the
phosphate concentration and the pH of the external
solution (4). Thus, if the products from one site
differ fronm the other, the P32 distribution among the
products should be in varying ratios dependent upon
the limitations imposed by the absorption solution on
the two individual sites. Further, the sequence of
the P32 incorporation into the five major products
suggests that UDPG, G-1-P and fractions II and V
all are products of the same absorption site.

The influence of phosphate concentration and hy-
drogen ion concentration on the distribution of P32
among the root fractions was studied for comparison
with the results of the kinetics of phosphate absorp-
tion. Short times of absorption were used to mini-
mize the effects of equilibration among the products.
Roots absorbed phosphate for 10 minute periods from
solutions of 10-6 M to 5 X 10-4 M phosphate at pH
4 to 8. A decrease in the relative amounts of activity
in UDPG. G-1-P and fractions II and V occurs with
increasing phosphate concentration and increasing
hydrogen ion concentrations (table III). According
to the analysis of the kinetics of phosphate absorption
(5). this decrease would be expected if all four of
these fractions had arisen from the absorption coupled
to cvtochrome b. The proportion of Pi increases
under these conditions, reflecting the absorption
througlh the site that is apparently coupled to DPNH
(5).

The effects of several inhibitors and activators on
the distribution of p32 among the fractions were
studied under conditions in which phosphate absorp-
tion coupled to cytochrome b would be affected. The
inhibitors includced pyrophosphate and nembutal. and

the activators were calciumi, succinate, an(d p-phenyl-
enediamine. Representative results are shown in
table III. Pyrophosphate and nembutal decrease the
relative activity in UDPG, G-1-P and fraction II.
Succinate, p-phenylenediamine and calcium increase
the relative activities of these fractions, which again
respond as if the absorption were coupled to cyto-
chrome b. For example. the 30 % increase in total
phosphate absorption induced by succinate, in table
III, is entirely accounted for by the increase in the
amount of P32 in UDPG, G-1-P and fraction II. The
amount of P32 incorporated into P1 is unaffected.
With all of the reagents, Pi responds as would ab-
sorption coupled to DPNH. The effects of the in-
hibitors and activators on fraction V were not as con-
sistent with absorption through either site. This is
not too surprising since fraction V is a later product
than the others in sequence of P32 incorporation.

Some of the P32 incorporation into Pi by the roots
arises from the release of phosphate from UDPG.
G-1-P and fractions II and V, as shown bv the relative
changes in specific activity of the fractions with in-
creasing absorption time (table I). This is also
shown by the effect of P31 absorption on the distribu-
tion of P32 among the fractions (fig 3), and the dle-
creased rates of p32 incorporation into UDPG,
G-1-P and fractions II and V with a concomitant
increase in the rate of incorporation into P, (fig 2).
However, not all of the activity in Pi arises from
these compounds since Pi reflects the kinetics of ab-
sorption through the DPNH-linked site while UDPG.
G-1-P and fraction II reflect the kinetics of the cyto-
chrome b-linked site. These compounds qualitative-
ly reflect the absorption kinetics but the shift in P32
distribution is not always as great as expected from
the kinetics. This can be attributed in large meas-
ure to the transfer of P32 to P, from the other four
fractions. It is apparent, also, from the sugar experi-
ments that the relative amounts of P32 incorporated
into the fractions are greatly influenced by reactions
subsequent to the rate-limiting absorption step.

TABLE III
EFFECTS OF VARIO'US Ac.ENTS ON P32 DISTRIBUTION- IN BARJLE ROOTS*

% ETHANOL SOLUBLE P32 TOTAL ABSORPTION

pH
pH
pH
pH
pH
pH

10-6 .1I Phosphate
4

8

4. 5 X 10 M calciuIm1
4. 10-3 M succinate
4. 10-3 M nembutal
4. 5 X 10-4 NM pyrophosplhate

5 X 10-4 11 Phosphate
pH 4
pH 8
pH 4. 5 X 10-3 M calcium
pH 4. 10- 3 M nembutal

* Roots had absorbed P32 for 10 minutes.

UDPG II

13
14
15
16
11
8

9
13
11
7

21
22
24
29
20
11

16
19
26
8

P32 fracfioit
G-1-P

21
24
24
25
21

17

13
14
17
7

It/ MAlninz
Pi r g fresh wt

38
32
34
30
41
68

56
46
43
74

7

8

3
1
7
6

6
8
3
3

1.0
0.8
1.2
1.3
0.6
0.5

20.0
12.0
22.0
15.0

TREATMENT
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DISCuSSION

i\liettinen and Savioja (8) foun(l that roots of 6-
week old pea plants grown in a nutrient solution in-
corporated P32 into ATP, UTP, and GTP in 10 sec-
onds. Loughman and Russell (7) consider five nu-
cleotides as the earliest products of 5 minute P32 ab-
sorption by young barley plants. They idlentified
ATP and ADP as two of the nucleotides, but the
others remain unknow.n. In the present experimiients
wvith etiolated barley roots, the most primary prod-
ucts of phosphate absorption amiong five major com-
ponents which incorporate P32 within 15 seconds are
UDPG, G-1-P and Pi. These results present no par-
ticular (lisagreemelnt with those of Miettinen and
Savioja or Loughman and Russell in as much as ex-
perimiiental factors differ greatly. UDPG was found
by Ginsburg, Stumpf, and Hassid (3) to be one of the
major nucleotide comlponents of 5-day o0l( mung bean
see(llings. The amount of UDPG they found calcu-
lates to be approximately 5 X 10-8 M /g fresh weight.
By comparison, barley roots in our experiments con-
tain 7 X 10-8 M/g freslh wreight. Ginsburg et al
also found an approximately equal amount of AMP
but only a fourth as miuch ADP as UDPG. This
agrees with the relatively low level of adenosine com-
poun(ls found in the barley roots.

Phosphate absorption by barley roots is coupled
to oxi(lative phosphorylation. Since ATP has been
show7n to be the primary product of oxidative phos-
phorylation, its presence wvas expected to be among
the P32-labelled comp)onents of the root extracts. Yet,
no P32-labelled ATP w-as found. The explanation
of this lies in consideration of the absorption kinetics.
Analysis of the kinetics of phosphate absorption indi-
cates that the absorption rate is not limited by the rate
of ATP turnover; that ATP turnover must be as fast
or faster than the rate-limiting absorption step. As
a result. the concentration of ATP would be main-
taine(d at a low level.

The large percentage of the absorbed p32 appearing
as inorganic orthophosphate is (lerived as a product
of internal metabolislm andC} breakdown of a labile
conmpound. The fact that the Pi fraction is not ex-
chanigeable with phosphate in the external absorption
solutioin andl is apparently a prodluct of DPNH-linkecl
absorptioln suggests that it mlust have been in some
high energy combination. Teleologically, the forma-
tion of only P, from a high energy phosphate coni-
biniatioin seeml-s inconsistent unless energy is conserved
thl-oughl formation of a labile compound such as
acetyl phosphate. It is apparent from the present
studlies, however, that the turnover rates for the indi-
vidual products of phosphate absorption are so rapid
that the initial precursor can not be identified by ob-
servation of the labelling of the phosphate esters.

SUMATARY

Orthophosphate absorbed by barley roots is incor-
porated into five major compoundls which incorporate
80 to 90 C of the total phosphate absorbed in periods
froim 15 seconds to 2 hours. The kinetics of the in-

corporation inito eachl of the comipouns(Is shlows that
all five are products of the rate-limiting absorptioni
step. UDPG, G-1-P and P1 appear to be the earliest
compoun(ls amiiong the five in sequence of phosphate
incorporation. Four of the comllpounds. UDPG,
G-1-P and( two unknowns arise from absorption
through one site and Pi arises from another. This is
shown by the sequence of P32 incorporation and the
(lifferelntial effects of phosphate concentration, pH
and various inhibitors and activators. Further, the
specific effects of the activators an(d inhibitors sug-
gest that UDPG. G-1-P an(d the two unknowns arise
froml absorptioni coupled to cytochromiie b of the res-
piratory chaini. Pi is apparently a product of DPNH-
linked absorption.
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