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ABSTRACT 

Short term absorption experiments were conducted 

to investigate the incorporation pattern of **2P, accumu

lated by excised barley roots, into phosphate esters 

generally bound to cell particulates. The relative 

importance of such phosphate esters to the process of 

phosphate accumulation in barley roots was also investi

gated. 

Excised barley roots were equiliberated for 30 

minutes with aerated 1 x lO"-* M KH^FO^ absorption solu

tions at pH 5.0 and constant temperature of 25°C. The 

absorption solutions were labelled with carrier free 

The enzymatic activity of the roots was halted following 

32 one, five, ten and thirty minutes of absorption. J P 

accumulated by the excised roots was fractionated into 

four fractions: (a) acid soluble, (b) phospholipid, (c) nu

cleic acids, and (d) protein-bound phosphorus. The spe

cific activity of phosphorus was determined in each 

fraction. 

The results Indicated that within a few minutes of 

contact with the absorption solutions a substantial amount 

of the -^2P accumulated by the roots was rapidly incorporated 

into a protein-bound fraction. The phosphorus content of 

x 
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this fraotion represented less than three percent of the 

total phosphorus content of the roots. The results also 

indicated that the very high specifio activity of this 

fraction could only arise from inorganic -*2P in the 

absorption solution. Inhibitor studies indicated that 

the labelling pattern of the protein-bound phosphorus 

fraction was the only one altered due to the inhibitory 

effect of both 2,^-dinitrophenol and chloramphenicol. 

32 
It is believed that the incorporation of P into 

a protein-bound form in barley roots is closely associated 

with the process of phosphate accumulation. The incorpora

tion of 32P into other forms and esters appears to be a 

manifestation of the utilization of the accumulated 

phosphorus. 



INTRODUCTION 

The importance) essentiality and function of phos

phorus as a macro-nutrient element for living organisms 

have been well established. Phosphate accumulation by-

plants and other organisms have been the subject of many-

investigations; nevertheless, the mechanisms of such 

accumulation have not been fully elucidated. There have 

been several approaches proposed toward the understanding of 

these mechanisms. Among these approaches were the appli

cation of kinetic equations) studying the effects of 

metabolic inhibitors and investigating the incorporation 

pattern of radio-active phosphate accumulated by a given 

tissue. 

A number of investigators used the latter approach 

to investigate phosphate accumulation by plant roots. 

32 Their attention was centered on the incorporation of P 

into acid soluble phosphorus compounds because a high 

32 — 
percentage of the accumulated P was incorporated into 

32 
these compounds. The incorporation of P into phosphate 

esters, generally bound to cell particulates, received 

very little, if any, attention. In these investigations the 

32 
amount of P incorporated into a given phosphorus fraction was 

1 
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expressed as percent of the total -*2P accumulated. As sucht 

the total phosphorus content of the fractions was not taken 

Into consideration. Overlooking such a parameter could 

cause misinterpretation of the results obtained and hence 

detracts from the validity of the conclusions drawn. More

over, some recent Investigations have presented evidences 

which point to the possible Involvement of bound phosphate 

esters, particularly phosphoproteins, In the process of Ion 

uptake. 

Therefore, the objective of this investigation was 

32 to investigate the incorporation pattern of J P, accumu

lated by excised barley roots, into phosphate esters 

generally bound to cell particulates. The relative import

ance of such phosphate esters_ to the process of phosphate 

accumulation was also investigated. The specific activity 

of phosphorus in a given fraction was used as an important 

criterion of the incorporation pattern. The effects of 

three inhibitors: 2,J*-dinitrophenol, chloramphenical and 

oligomycin, on such a pattern, were also investigated. 



LITERATURE REVIEWED 

Many investigations have been reported concerning 

phosphate accumulation by several organisms. Several 

experimental approaches have been utilized in these 

investigations. 

Kinetio Studies 

A number of investigators utilized kinetic studies. 

Among these were Hagen ejb jil., (1*0, (15) and Hopkins (18), 

who investigated phosphate accumulation by excised barley 

roots. They applied the Michaelis-Menton Kinetic equations 

to their measurements of steady state uptake and plotted 

their data according to the method of Eadie; however, the 

plotted data were curvilinear. They considered these 

results to indicate two first-order reactions and thus 

concluded that there were two sites involved in orthophos-

phate uptake by barley roots. In other experiments, using 

the same kinetic approach, they studied the effects of some 

inhibitors (amytal, paraphenylendiamine and azide) on 

phosphate accumulation. They concluded that the binding 

compounds, involved in the rate-limiting step of ortho-

phosphate uptake, are components of the respiratory chain. 

3 
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In later studies, Jackson ejb al. (20), also using 

the kinetic approach, reported that the rate limiting steps 

of phosphate uptake by barley roots are similar to those 

of phosphate esterification by barley root mitochondria. 

They reported similarity in, what they termed, enzymatic 

constants and responses to inhibitors and substrates for 

oxidative phosphorylation. They concluded that mitochon

dria are the particulate site of the rate-limiting step for 

phosphate absorption. 

The Possible Role of Cellular Protein 

Another group of workers devoted their attention 

towards the relationship of cellular protein to ion accu

mulation. Findlay e_t a^l. (13), for example, found that 

respiring cat brain slices incorporated inorganic phosphate 

32 
(P^) labelled with P into two non-nucleotide protein bound 

phosphorus fractions. The addition of glucose or mannose 

increased the incorporation into both fractions. Other 

substrates failed to do so. Anaerobic conditions, homo-

genization of the tissue and metabolic inhibitors including 

2,k"dinitrophenol inhibited the phosphate incorporation. 

It has been suggested by Cohn ejfc aJL (9), and Mitchell (25), 

that specific proteins with enzyme-like properties are con

cerned in the transfer of sugars and phosphate across 

bacterial membranes. 



5 

Sutcliffe (^2), suggested that ion transport appears 

to be linked to protein turnover or synthesis. He proposed 

that freshly synthesized protein migrates to the membrane 

where it forms a protein-ion complex which moves away from 

the membrane. The protein enters into breakdown phase or 

amino acids incorporation, in which process the protein is 

bound temporarily to a ribonucleic acid template. He 

believed that this binding removes available electrostatic 

binding sites of the protein and reduces its chelating power 

causing ions to be released. His conclusions were based on 

studies on the ability of a tissue, carrot or red beet 

slices, to grow and its relationship to ion uptake. He 

also studied the effect of chloramphenicol, as a protein 

synthesis inhibitor, on ion uptake by these slices. Although 

the concentration of choramphenicol used was ten times that 

normally required to inhibit protein biosynthesis, he 

attributed the use of such a high concentration to penetra

tion difficulties in the tissue slices. 

The Possible Role of Mitochondria 

In a different approach towards the elucidation of 

the mechanism of phosphate uptake, many investigators focused 

their attention on the possible role of mitochondria. 

Robertson ejb al^. (33)» (3*0 > D^vis (11), Davenport e_t al. 

(10), found that 2,^-dinitrophenol and other inhibitors 
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inhibit the formation of ATP during electron transport at 

the same time it inhibits ion uptake and secretion. In 

view of the energy requirements of any postulated mechanism 

for phosphate accumulation) it is believed that phosphate 

and, in general, ion accumulation is related in some way 

to oxidative phosphorylation. Attempts were made to reveal 

such a relationship through studies conducted on isolated 

intact mitochondria from various animal and plant tissues 

^Robertson ej; al. (35) (36), Bartley and Amoore (1)» Deluca 

and Engstrom (12), Vasington and Murphy (^5) (^6), Vasing-

ton (*J4), Brierley ejb al^. {k) (5)> Lehninger ej; al. (22)J . 

Chappel ej^ al. (7) (8), found that isolated mitochondria 

accumulate large quantities of inorganic ions such as Ca++, 

Hn++ and phosphate. Two pathways were proposed in which 

ion uptake was linked to oxidative phosphorylation. One is 

respiration-dependent, the other is ATP-supported in the 

absence of respiration. 

Stoner et^ aJL. (^1), Hodges and Hanson (17)» suggested 

that a phosphorylated high-energy intermediate of oxidative 

phosphorylation participates in the accumulation of divalent 

ions and phosphate by corn mitochondria. They also suggested 

that chloramphenicol blocks the formation or utilization 

of such an intermediate. They presented the possibility 

that a comparable system operating in other cell membranes 

could be powered by ATP coming from mitochondria. 
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In X962 Boyer et^ aJL, (3), and later Sperti e£ al. 

{kO) t reported that mitochondrial phosphoproteins are 

involved, as probable intermediates, in oxidative phos

phorylation. Furthermore, these phosphoproteins could be 

labelled directly by inorganic or AT^^P. Pressman 

(32), working with isolated rat liver mitochondria found 

32 
that inorganic P taken up by the mitochondria from the 

32 
incubation media was fixed within minutes as AT P, or 

protein-bound phosphate. He also pointed out the possible 

relationship of the latter phosphate fraction to active ion 

uptake. He reported that Ca++ and K+ uptake by the isolated 

mitochondria stimulated the formation of protein-bound 

phosphate. 

Following up on Pressman's work, Norman e^t al. (29), 

confirmed the response of an unidentified phosphate fraction 

in rat liver mitochondria to Ca++ uptake. They also found 

that the magnitude of such a fraction was inhibited by short 

exposure to low concentrations of 2,4-dinitrophenol or m~ 

Cl~carbonylcyanide phenylhydrazone but not by oligomycin. 

32 
They concluded that the P present in this fraction arises 

from -*2Pi and not AT^2P. They further believed that this 

phosphate fraction contains one or more components which 

appear to represent protein-bound, exceptionally-labile 
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phosphoryl derivative(s) or specifically occluded inorganic 

phosphate. 

The Pattern of Incorporation into a Given Tissue 

Loughman and Martin (23)» Loughman and Russell (2^), 

attempted to follow the incorporation of labelled inorganic 

phosphate into organic compounds in barley roots. The phos

phate compounds of the root tissue were extracted into four 

fractions: acid soluble esters + inorganic phosphate, 

ribonucleic acids, deoxribonucleic acids and residue. They 

found that the distribution of labelled phosphorus among 

these fractions, during a twenty-four hour absorption period, 

was markedly influenced by the concentration of phosphorus 

supplied. However, with shorter periods of absorption a 

high percentage of the total 3^p absorbed was extracted as 

acid soluble esters and inorganic phosphate. Hence, they 

32 concluded that P incorporation into these latter compounds 

was fairly important for the understanding of phosphate 

metabolism in barley roots. The other phosphate fractions 

received no further investigations. It is important to note 

32 
here that the amount of P incorporated into a given phos

phate fraction was expressed as a percentage of the total 

32 
P absorbed. The total phosphorus content of such a 

fraction was not taken into consideration. As such, the 

32 
pattern of P incorporation obtained could lead to erroneous 
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32 conclusions. In their detailed investigation of P 

incorporation into acid soluble esters, they found that 

32 
P was incorporated rapidly into nucleotides and later 

appeared in hexose phosphate. They also reported that 

2,*f-dinitrophenol reduced the uptake of phosphate and also 

the extent of esterification in barley roots, the latter 

effect was attributed solely to reduced incorporation into 

the nucleotide fraction. 

Along a similar experimental approach, Jackson and 

Hagen (19) used 95 percent alcohol to extract the ^2P-

labelled components associated with barley roots after 

short periods of absorption. The components of the alcohol 

extract were separated using chromatogratic techniques. They 

reported that labelled orthophosphate absorbed by barley 

roots was incorporated into five major compounds which 

incorporated 80 to 90 percent of the total phosphate absorbed 

in periods from 15 seconds to 2 hours. UDPG, G-l-p and 

inorganic phosphate appeared to be the earliest compounds 

among the five in sequence of phosphate incorporation. The 

other two compounds were unknowns. Hoxtfever, they reported that 

the kinetics of the incorporation into each of the compounds 

shows that all five are products of the rate-limiting absorp

tion step. From the differential effect of phosphate con

centration, pH and inhibitors, they believed that UTDPG, 
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G~l~p and the two unknowns arise from absorption coupled 

to cytochrome b of the respiratory chain, while inorganic 

phosphate is apparently a product of DPNH-linked absorption. 



EXPERIMENTAL PROCEDURES 

Root Culturing 

Barley seedlings were grown in a manner analogous to 

that described by Jacobson £t aJL. (21). Batches of barley 

seeds Hordeum vulgare variety Arivat, 50 grams each, were 

soaked in one liter of continuously aerated deionized water 

for 24 hours in the dark. The soaked seeds were then spread 

on stainless steel screens covered with a double layer of 

cheesecloth. The stainless steel screens, supported with 

legs 2 inches high, were fitted in stainless steel trays 

filled with nutrient solution up to the level of the screen 

carrying the seeds. The latter was covered with a canopy 

of cheesecloth to secure an atmosphere saturated with 

humidity around the seeds. The solutions were continuously 

aerated and the seeds were allowed to germinate in the dark 

for another 2k hours. The seedlings were then exposed to 

artificial illumination, under a light bank, for 12 hours a 

day. The nutrient solution was replaced every two days. 

The seedlings were allowed to grow for seven days after 

which the roots were excised, suspended in and washed with 

deionized water, blotted and immediately used in the phos

phate absorption experiments. 

11 
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Nutrient Solution 

The nutrient solution used was a dilute macronutri-

ent solution, 0.1 mM with respect to each of the follow

ing: Ca(N0^)2> MgSOj^i ICKgPO^. The pH of the solution was 

adjusted to 5 with dilute HCL, 

Phosphate Absorption Experiments 

Two hundred and fifty milliliter beakers were used as 

absorption vessels. Each beaker was filled with 200 milli~ 
i 

liters of 10"^ ICHgPO^ solution at pH 5- The beakers were 

positioned at random in a constant temperature water bath at 

25°C. The absorption solutions were constantly aerated and 

brought to the temperature of the water bath by equili

bration for one hour. 

To start the absorption experiment, four grams of the 

blotted excised barley roots were introduced in each beaker. 

The labelling of the absorption solutions was accomplished 

32 1 
by the addition of carrier free P9 in the form of phos

phoric acid, to give the required final concentration. The 

32 
pH of the carrier free P was adjusted to 5 with dilute 

KOH prior to its addition to the absorption solutions* 

32 
1. Carrier free P was obtained from the Union 

Carbide Corporation, Oak Ridge National Laboratory. 
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At the end of the desired absorption period, the 

excised roots were dumped on a washed cheesecloth screen 

fitted on a funnel. The excised roots were washed for 10 

seconds with deionized water. The ends of the cheesecloth 

were gathered together to form a bag containing the excised 

roots. This bag was agitated for 10 seconds in each of 

four consecutive one liter solutions. The first two solu

tions were 10"°-' M with respect to KH^PO/j, and the later two 

solutions were deionized water. This procedure was found 

to wash the roots free of radioactive phosphate absorbed on 

the roots' surface. The timing of this washing technique 

was standardized to take one minute after which the roots 

were quick frozen by liquid nitrogen to halt all enzymatic 

activities (2), The frozen roots were stored in a freezer 

up to the time of homogenization. 

Root Homogenization 

Root homogenization was carried on in a constant 

temperature room of ^°C. The frozen roots were homogenized 

in cold (^°C) 10 percent trichloroacetic acid (TCA) solution. 

Each four gram sample of excised root tissues (representing 

one replicate) were homogenized in 20 ml. of cold TCA solu

tion in a glass homogenizing flask of a Vir Tis homoge-

nizer. The flask was packed in ice. The homogenizer was 
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used for 10 minutes at a rhieostat* setting of 90. Murphy 

(26), in the same laboratory, found that at this setting 

and time interval, approximately 85 percent cell breakage 

could be expected. After homogenization the homogenate was 

transferred quantitatively into a 50 milliliters Autoclear 
p 

centrifuge tube. 

Extraction of Phosphorus Compounds 

The efficiency and precision of two methods, which 

have been used to extract phosphorus compounds from animal 

tissues, were compared using barley root tissue. The first 

method was that describedly Heald (16), the fundamental steps 

of which are described as follows: 

I. Removal of acid soluble phosphorus compounds: 

The acid soluble phosphorus compounds were 

extracted by homogenizing the roots in 10 percent 

TCA (w/v) at *f°C. The suspension was centrifuged 

and the residues were washed five times with the 

same extractant. — 

II. Removal of phospholipids: 

The residues from I were triturated with 

chloroform-methanol (2:1, v/v) for five minutes at 

1. Powerstat brand of rheostat obtained from the 
Superior Electric Company, Bristol, Connecticut, Type 116. 

2. International Equipment Company, Needham Heights, 
Massachusetts. 
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^°Cf then centrifuged, This step was repeated 

twice. 

III. Removal of nucleic acids: 

Nucleic acids were extracted by treating 

the residues from II at room temperature with 10 M 

urea then with saturated solution of NaCl which had 

been further saturated at boiling point with 

(NH/ j)2 SOjj, and cooled. The mixture was then heated 

at 100°C for one minutef then cooled and centri-

fuged. The residues were re-extracted with saturated 

salt solution containing 15 percent (w/v) urea at 

100°C for one minute. This latter step was repeated 

three times. 

IV. Removal of phosphoprotein and residual phos
phorus : 

The residues from III were digested t^ith 

N KOH at 37°C for 18 hours, then centrifuged. The 

residues were washed with N KOH. 

The second method tested was that described by 

Schneider (38). Briefly the method is: 

I. Removal of acid soluble phosphorus compounds: 

The acid-soluble phosphorus compounds were 

removed by extracting the root tissue twice with 
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cold 10 percent trichloroacetic acid. The first 

extraction was carried out at the time of homo-

genization. 

II. Removal of phospholipids: 

The tissue residue from I was suspended in 

80 percent ethyl alcohol and centrifuged This step 

served to remove the traces of TCA left in the tissue 

residue from I. The tissue residue was boiled three 

times for 3 minutes each in portions of 3il alcohol-

ether. The alcohol and alcohol-ether extracts were 

combined to form the phospholipid fraction. 

III. Removal of nucleic acids: 

The tissue residue from II was suspended 

in cold 5 percent TCA, and oentrifuged The residue 

was suspended in 5 percent TCA and heated for 15 

minutes at 90°C., cooled, and centrifuged. The 

residue was resuspended in 5 percent TCA and centri

fuged. The three TCA extracts were combined to form 

the nucleic acid fraction. 

IV. Removal of phosphoprotein: 

The residue from III was suspended in 2 

percent NaOH and heated in a boiling water bath for 

10 minutes and centrifuged. The residue was 
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resuspended in 2 percent NaOH and centrifuged. 

The combined NaOH extracts were considered the 

phosphoprotein fraction. 

Extractions with NaOH, KOH and chloroform-ethanol 

mixture were carried on in polypropylene centrifuge tubes'1' 

because of its resistance to these reagents. All other 

extractions were carried on in autoclear centrifuge tubes . 

In all the previous steps 20 milliliters aliquots of 

the extracting solutions were used In each extraction the 

tissue residue was suspended in the extracting solution by 

the use of ultrasonic energy generated by a Branson Soni-

fier model S-125.2 The sonifier's tip was immersed in the 

extracting solution in the centrifuge tube and the power 

turned on for one minute. This time interval was sufficient 

to give a complete suspension of the root tissue pelletst 

After each extraction the suspensions were centrifuged 

using a Servall Superspeed SS-1 Centrifuge operated in the 

constant temperature room at *J-0c. The centrifuge was 

operated at appropriate speed to give a centrifugal force 

of 20,000 xG for 30 minutes. Then the supernatants were 

decanted. 

1. International Equipment Company^JNeedharti Heights, 
Massachusetts. 

2. Heat Systems Co.» Mellville, L. I., N. Y. 
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32 In both procedures the P and total phosphorus 

contents of the final residues were determined. Comparison 

of the two methods showed that Schneider*s method was the 

most efficient in extracting all phosphorus compounds from 

barley root tissue. Only traces of phosphorus were detected 

in the final residues when this method was used. The -*2P 

counts in the final residues were less than five times that 

of the background. The variability among replicates was 

of smaller magnitude than that obtained when the method 

described by Heald (16) was used. The complete removal of 

phosphorus compounds from the root tissue by the latter 

method was not consistent. Therefore, Schneider*s (38) 

method was used throughout this investigation. 

Determination of Phosphorus 

The samples were wet oxidized in 100 milliliter 

beakers using a method analogous to that of Maier and 

Bullock. Ten milliliters of concentrated HNO3 (69-71 per

cent) were added to each sample. The beakers were covered 

with watch glasses and placed on a hot plate to be digested 

at low heat for about four hours. After that 10 milliliters 

of 70-72 percent HCLO^ were added to each sample. The 

1. R. H. Maier, and J. S. Bullock. Procedure for 
calcium and magnesium determination in plants and soils, 
using EDTA. Univ. of Ariz., Dept. of Agr. Chem. and Soils 
mimeo i960. 
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digestion of the samples was continued at medium heat. When 

oxidation was completed, as evidenced by dense white per

chloric fumes, the samples were not brought to complete 

dryness, but were taken off the hot plate when the sample 

volume decreased to approximately one milliliter. The 

samples were not brought to dryness to avoid loss of phos

phorus (6). Each sample was transferred quantitatively to 

a 50 milliliters volumetric flask. The solution of each 

sample was adjusted to approximately pH ̂  with dilute KOH 

and using 2,*4—dinitrophenol as an indicator. The samples 

were stored in the constant temperature room at U>°C to pre

vent any microbial activity. The total phosphorus content 

of the samples was determined, in appropriate aliquots, 

according to the method of Pons and Guthrie (31). In some 

samples the inorganic phosphorus content was determined, 

using the same method, in aliquots taken prior to wet oxi

dation. 

The radioactive ^^P content of the samples was 

determined by pipetting one milliliter aliquots on aluminum 

planchets which were placed in a 250°C oven for an hour. 

This treatment was sufficient to bring the aliquots to 

complete dryness. The radioactivity in these aliquots was 

determined in a Nuclear-Chicago Gas Flow Geiger Counter 

model D-^7 attached to Nuclear-Chicago scaler model 181 A, 



automatic sample changer and time recorder. The time 

required for each sample to register 5t000 counts was 

determined. 



RESULTS AND DISCUSSION 

Preliminary Experiments 

The objective of these experiments was to obtain 

preliminary information concerning the early distribution 

32 pattern of v P in barley roots. Such information would be 

useful in the design of later experiments. This objective 

32 was accomplished by studying the incorporation of P 

accumulated by barley roots into four phosphate fractions 

as a function of short periods of absorption. Eight periods 

of absorption were chosen ranging from one minute to one 

hour with more emphasis given to the shorter periods due 

to the rapid incorporation of the accumulated phosphorus 

into a large number of compounds. Only two replicates were 

used per each treatment - time of absorption - due to the 

experimental facilities available. 

The specific activity of the phosphate fractions 

expressed as counts / minute / ju.g. of phosphorus are 

presented in Table 1 and Figure 1. The data indicated that 

the specific activity of the phosphoprotein fraction was 

much higher than that of the other fractions. It was also 

noted that a sharp decline in the specific activity of the 

phosphoprotein occurred during the first ten minutes, while 

that of the other fractions showed a gradual rise. After 

21 
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Table 1. The specific activity of the phosphate fractions 
in barley root tissue as a function of the time 
of absorption from 1 x 10~<5 m KHgPO^ solution at 
pH 5.0. Preliminary experiment. 

Time of 
Absorption 

Acid 
Soluble Phospholipids 

Nucleic 
Acids 

Phosphor-
protein 

minutes i- counts / minute / ju.g. of Phosphorus — -> 

One 161 20 12 16,667 

Two 230 31 17 1^,623 

Three 216 53 23 13»810 

Four 59^ 71 31 12,0^5 

Five 617 Qk 39 9,652 

Ten 818 102 82 7,528 

Thirty 1,^70 136 2k8 22,725 

Sixty 2,963 209 ^12 22,^00 

Each figure represents the mean value of two 
replicates. 
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ten minutes the specific activity of the phosphoprotein 

showed a sharp rise to a certain level which then remained 

constant. The gradual rise in the specific activity of 

the other three fractions continued as the absorption 

period was increased. These preliminary observations 

pointed to the apparent uniqueness of thejhosphoprotein 

fraction as far as its labelling pattern and its high level 

of specific activity. 

The rapid decline followed by a rapid rise in the 

specific activity of the phosphoprotein fraction was thought 

to be due to the experimental design. In this experiment 

32 the excised roots and P were introduced into the absorp

tion solutions simultaneously. As such the roots were not 

allowed to reach a steady state of absorption prior to the 

addition of -^2P. Therefore, in all the following experiments, 

the excised barley roots were introduced into the continu

ously aerated absorption solutions thirty minutes prior to 

32 the addition of P. The timing of the absorption periods 

started with the labelling of the absorption solutions. 

These preliminary observations suggested that the 

association of the accumulated phosphorus with cell protein 

could be an important process in the early stages of phos

phate accumulation by barley roots. Therefore, it was 

prudent to be certain of the chemical nature of the phos

phorus extracted from the root tissue by treatment with 
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2 percent NaOH. In Schneider's method this phosphorus was 

considered to be phosphoprotein; however, no experimental 

evidence was presented to prove such consideration. To 

further investigate the chemical nature of this fraction, 

two properties of the NaOH extractable phosphorus were 

studied. 

According to Van Wazer (^3), Schmidt and Thann-

hauser (37)t the phosphate group in phosphoproteins is acid 

stable but is easily hydrolized to the inorganic form in 

dilute alkali. The form of the phosphorus extracted from 

barley root tissue with 2 percent NaOH was determined as 

described hereafter. Excised barley roots were obtained 

and treated as previously described. The phosphorus com

pounds in the frozen roots were extracted according to 

Schneider's method. The NaOH extract from each replicate 

was transferred quantitatively to a 50 milliliters volumetric 

flask. Suitable aliquots were taken before and after wet 

oxidation of the extract and the phosphorus content of each 

was determined. The phosphorus content prior to wet oxida

tion represented that of the inorganic phosphorus and that 

after wet oxidation represented the total phosphorus 

content. It was found that, within the experimental error, 

both the inorganic and total phosphorus contents were equal 

in the four replicates used. This finding indicated that 
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all the phosphorus extracted from the excised roots with 

2 percent NaOH was in the inorganic form. 

However, since this was not conclusive evidence that 

the phosphorus extracted was associated with cell protein, 

another experiment was conducted to make sure of such an 

association. Excised barley roots were aerated in labelled 

phosphate solutions for thirty minutes, then washed and 

quick-frozen as previously described. The acid soluble, 

phospholipid and nucleic acids fractions were extracted 

according to Schneider's method. The remaining residues 

were not treated with 2 percent NaOH, instead, they were 

suspended in 0.5 M Tris buffer solution at pH 7.5. Then 

0.05 of fche proteolytic enzyme obtained from Stieptomyces 

griseus* known as "pronase" was added to each suspension. 

This enzyme according to Nomoto ert al. (27) (28), has a very 

broad substrate specificity and is capable of hydrolyzing 

various kinds of peptide-bonds until the majority of the 

amino acids constituting the protein are liberated as 

individual free amino acids. Thus, the enzyme was added to 

32 the residue-suspensions to find out how much of the ^ P 

still bound to the root tissue residues, which is considered 

to be phosphoprotein, will be brought into solution through 

1. Courtesy of Dr. M. Zaitlin, Department of Agri
cultural Biochemistry, University of Arizona. 



the action of this protease. The suspensions were incubated 

at 55°C for ̂ 8 hours (k?). The suspensions were centrifuged 

at 20,000 x G for thirty minutes. The supernatants were 

decanted and the pellets remaining were washed by resuspen-

sion in Tris buffer solution and recentrifugation. The 

supernatant and the washing solution of each replicate were 

32 combined and P was determined in suitable aliquots. The 

3 2 pellets remaining were wet oxidized and the J P content of 

each was determined. The latter \<ras added to the amount of 

32 J P brought into solution by the action of pronase to give 

32 the total amount of P which remained in the root residues 

after extracting the acid soluble, phospholipid and the 

nucleic acids fractions. The data are presented in Table 2. 

It is noted that $1 percent of the remaining after 

extracting the other three fractions was brought into solu

tion by the action of pronase. Since the extent of hydro

lysis of different proteins by this protease was estimated 

to reach upward of 60-90 percent (27), it is justified to 

conclude that the NaOH extractable phosphorus remaining in 

the root residues, after extracting the acid soluble, 

phospholipid and nucleic acids fractions, is protein-bound 

phosphorus. 
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32 
Table £. P extracted from barley root tissue by 

treatment with Streptomyces griseua protease. 

^ P Brought ^2p Remain- ^2p Brought 
Repli- into Solution ing in the Total into Solution 
cates by Pronase Pellets 32p pronase 

Treatment Treatment 
I II i & II jt of the Total 

<-•• Counts / min. / replicate > % 
xl03 

1 388.7 33.3 **22.0 92.1 

2 2*4-6.7 23.5 270.2 91.3 

3 376.3 31.8 ^08,1 92.2 

4 306.8 41.2 3^8.0 88.2 
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The Possible Effects of the Fractionation Procedure Used 
on the Distribution Pattern of 

To insure that the distribution pattern of ^P indi

cated by the results of the first experiment was not an 

artifact or a product of the fractionation procedure used 

in this investigation, this same procedure was used to 

fractionate the phosphorus compounds of excised barley 

roots grown under identical conditions to those of the first 

32 experiment. In this experiment, however, an amount of P, 

equivalent to the average amount absorbed by the roots in 

the first experiment, was added to the first TCA solution 

just prior to homogenization of the roots. Four replicates 

were also used in this experiment. The results are reported 

in Table 3. It is noted that 99.^5 percent of the total 

32 
P measured was recovered in the acid soluble fraction 

which was the first fraction extracted. The rest of the 

32 
P was distributed among the other three fractions. The 

32 
incorporation of P into these fractions expressed either 

as percentage of the total absorbed or as specific activity, 

was much lower compared to the data of the first experiment. 

32 
Thus the amounts of P recovered in these three fractions 

could be attributed to isotopic exchange. The magnitude of 

the specific activity of the phosphorus in these fractions 

could be considered as a manifestation of the rate of 

isotopic exchange or non-specific absorption. The large 
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32 
Table 3. The distribution of J P among the phosphate 

fractions when 32P was added just prior to root 
homogenization. 

Parameter 
Acid 
Soluble 

Phospho
lipid 

Nucleic 
Acids 

Phospho-
protein 

Percent of 
recovered 
2 P in the 
fraction 9 9 .  ̂ 5  0,16 0.06 0.33 

Total counts/ 
minute/ 
fraction 1,220,000 1,960 735 ^,38 5 

Specific 
activity-
counts/ 
min. /^ g. 
of P. 1,356 13 2 251 

Each figure represents the mean value of four 
replicates. The complete data are presented in Table 1 
in the Appendix. 
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32 
amounts of P recovered in the acid soluble fraction cannot 

be considered a true indication of the Incorporation of -^P 

into this fraction because was added to the first TCA 

solution just prior to root homogeniaation. 

The previous results clearly indicate that the data 

obtained from the first experiment were not an" artifact of 

the fractionation procedure used. 

Early Distribution Pattern of ^2P in Barley Roots 

In this experiment excised barley roots were exposed 

for one, five, ten and thirty minutes to labelled K11'2*P0^ 

at pH 5.0. Four replicates were used for each period of 

exposure and ^P absorbed by the roots was fractionated. 

Total phosphorus content of the four fractions are 

presented in Table k>. It is noted that almost two-thirds 

of the total phosphorus content of the roots were extracted 

in the acid soluble fraction. This fraction is believed to 

contain, mainly, inorganic phosphorus, nucleotides and sugar 

phosphate (2^). The nucleic acids fraction followed in 

magnitude, followed by the phospholipid and the protein-

bound fraction, respectively. 

32 
The distribution of the absorbed P among the 

32 fractions, expressed as percentage of the total P absorbed, 

is presented in Table 5. It is noted that 95 percent of 
32 

the total P absorbed was incorporated into the protein 
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Table k>, Phosphorus content of the phosphate fractions 
in barley root tissue as a function of the 
time of absorption from 1 x 10"5 m KHgPO^. 
solution at pH 5,0, "~ 

' Protein""" 
Time of Acid Phospho- Nucleic bound 
Absorption Soluble lipid Acids Phosphorus 

minutes -< ju g. of phosphorus/fraction > 

One 919 177 311 25* 

Five 728 130 258 22 

Ten 900 15^ 283 21 

Thirty 903 139* 263 27 

F value 3.17 1.92 1.64 0.6l 

Each figure represents the mean value of four 
replicates. The complete data are found in Table 2 in the 
Appendix. 

•This mean represents three replicates only. 

F value significant at 0.05 levels 3.^9. 



33 

Table 5. The distribution of the absorbed ^2P among the 
fractions, as a function of the time of absorp
tion from 1 x 10""> KH^PO/j, solution at pH 5.0. 

Time of Acid Phospho- Nucleic 
Absorption Soluble lipid Acids 

Protein-
bound 
Phosphorus 

One 

Five 

Ten 

Thirty 

"S Percentage of the total™-— 
32p absorbed by the roots 

52. ** 

6 6 . 1  

67.1 

70.8# 

2.3 

2 . 2  

2.0 

2 . 0 #  

2.5 

3.0 

2.9 

3.9* 

> 

kz. 8 

28.7 

28.0 

23.3* 

Each figure represents the mean value of four 
replicates. The complete data are found in Table 3 in the 
Appendix. 

•This mean represents three replicates only. 

I** 
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bound phosphorus and the acid soluble fractions. Within 

the first minute of absorption the two fractions appeared 

to share this quantity on equal bases. However, as the 

absorption period increased about two-thirds of the absorbed 

32P was incorporated into the acid soluble fraction. It 

is also noted that within a few minutes of absorption, the 

incorporation of -*2P into the phosphate fractions appeared 

to reach a steady state. 

As evident from the data, the relative amounts of 

32 P Incorporated into the different fractions, expressed 

on a percentage basis, only describe the distribution of 

32 ^ P on an absolute basis. However, in biological reactions 

where radioactive compounds are diluted with the same 

material in non-radioactive form, the specific activity 

becomes a much more useful unit of measurement. The use of 

such a parameter is fairly important in determining turnover 

rates, precursor-product relationship and metabolic path

ways (^7). Therefore, a better criterion of ^2P incorpora

tion pattern would be the relative magnitude of the specific 

activity of the phosphate fractions as well as the changes 

which occur as the time of absorption is increased. Such a 

relationship is presented in Table 6 and Figure 2. 

The data clearly indicate that, within the first 

minute of absorption, the specific activity of the 



35 

Table 6. The specific activity of the phosphate fractions 
in barley root tissue as a function of the time 
of absorption from 1 x 10-5 m khopok solution at 
ph 5.0. 

Time of 
Absorption 

Acid 
Soluble 

Phospho
lipid 

Nucleic 
Acids 

Protein-
bound 
Phosphorus 

minutes *— counts / minute / jjl g. of phosphorus-—— 

One 359a Qh 51e 7,090*i 

Five 662b 126 83f 9,96li 

Ten 1,125c 193 152g 20,75^j 

Thirty 2,I28d 277* 39^h 21,915j 

V 76.38+ 2.98 97.03+ 9.65+ 

Sx 
88 — 5 2,^1** 

Each figure represents the mean value of four 
replicates. The complete data are found in Table in the 
Appendix. 

•This mean represents three replicates only. Means 
followed by the same letters belong to the same population. 

+Significant at 0.01 level. 
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protein-bound phosphorus vas much higher than that of the 

acid soluble or the nucleic acids fractions* The specific 

activity of the phospholipid fraction showed no significant 

increase. These results indicate that a substantial 

amount of the accumulated ^®P was incorporated into the 

protein-bound phosphorus fraction at a fairly rapid rate 

despite the fact that total phosphorus content of this 

fraction represented a very small portion of the total 

phosphorus content of the root tissue. It is also noted 

that -^2P incorporation into this fraction appears to be 

enzymatic in nature. This is suggested by the rate of 

increase in its specific activity as a function of the 

time of absorption. In the other fractions) however, the 

specific activity of both the acid soluble and the nucleic 

acids fractions showed a gradual increase as the time of 

absorption was increased, while that of the phospholipid 

did not show a significant increase. These results 

suggest that the association of absorbed phosphorus with 

the root tissue protein is one of the important processes 

in the early stages of phosphorus absorption by barley 

roots, 

Effects of Metabolic Inhibitors on the Distribution 
Pattern of .in Barley Roots 

In view of the energy requirement of any postulated 

mechanism of phosphate accumulation) it was of particular 
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interest to investigate the effects of some inhibitors on 

the distribution pattern of the absorbed ^2P into the four 

phosphate fractions. The following experiments were 

designed to investigate the effects of two energy un-

couplers namely: 2,Jj<-dinitrophenol and oligomycln, also 

those of chloramphenicol as a protein synthesis and ion 

uptake inhibitor on such a pattern. 

Effects of gjU—dlnitrophenol. —'This experiment was 

conducted to investigate the effect of 2»£|>-dinitrophenol 

as a function of the time of absorption from labelled 

1 x 10"5 M KHgPOj^, solutions at pH 5.0 and 25°C. The 

experimental design was similar to those of the previous 

experiments with the exception that 2, Jt-dinitrophenol was 

added simultaneously with the ̂ 2P to the absorption solu

tions to give a final concentration of 1 x 10""^ M with 

respect to the inhibitor. 

32 The amounts of P absorbed by barley roots when no 

inhibitor was added, and the amounts absorbed when 2,4*-

dinitrophenol (DNP) was added) are presented in Table 7. 

These amounts are expressed as a percentage of the total 

32 P added to the absorption solutions. It should be noted 

that the inhibitory effect of DNP was more pronounced in 

the ten and thirty minute treatments. In these two treat

ments the addition of DNP caused 15 and 35 percent reduction 

in the total amount of 32p absorbed respectively* The 
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Table 7. Uptake of the ^2P a^ded to the absorption 
solution as a function of the time of 
absorption and addition of 2,Jf-dinitrophenol. 

Time of No inhibitor added 2,^-dinitrophenol 
Absorption (first experiment) added 

minutes Percent of ^2p 
absorption 

added to 
solution 

the 

One 1.05 0.97 

Five 1.18 1.23 

Ten 2.^6 

vo H
 

CM
* 

Thirty **.18* 2.76 
i 

Each figure represents the mean value of four 
replicates. The complete 4a^a are found in Table 5 in 
the Appendix, 

•This mean represents three replicates only. 
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32 distribution of the absorbed P among the fractions as 

a function of the time of absorption is presented in 

Table 8. The results are expressed as percentage of the 

32 total P absorbed. The data are similar and show the same 

trends shown by the results of the experiment where no 

inhibitor was added. Ninety-five percent of the total 
32 
P absorbed was incorporated into the protein-bound phos

phorus and the acid soluble fractions. The percentage of 

32 
P incorporated in the other two fractions remained 

almost constant. 

The total phosphorus content of the phosphate 

fractions are presented in Table 9. The only apparent 

effect of DNP was to increase the total phosphorus content 

of the protein-bound phosphorus fraction in the ten and 

thirty minutes treatments. 

The effect of DNP on the specific-activity of the 

phosphate fractions is presented in Table 10 and Figure 3. 

It is noted that the specific activity of the protein-

bound phosphorus fraction showed a gradual decrease within 

the first ten minutes after which it appeared to level off. 

However# if we take the increase in total phosphorus con

tent of this fraction as an effect of DNP addition into 

consideration* the over all effect of the inhibitor appears 

to maintain the amount of ̂ P incorporated in this fraction 

at a steady level through the duration of the absorption 



Table 8, Distribution of the absorbed. ̂  P in barley 
roots among the fractions as a function of the 
time of absorption, and the addition of 

dinitrophenol. 

Time of 
Absorption 

Acid 
Soluble 

Phospho
lipid 

Nucleic 
Acid: 

Protein-
bound 

Phosphorus 

minutes •< Percent of the total 32p absorbed > 

One **3.7 2.1 2.8 51. ̂ 

Five 66.8 2.0 2.5 28.7 

Ten 68.6 1.9 2.0 27.5 

Thirty 72.2 2.2 5> 20.2 

Each figure represents the mean value of four 
replicates. The complete data are found in Table 6 in the 
Appendix. 
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Table 9. Phosphorus content of the phosphate fractions 
in barley root tissue as a function of the time 
of absorption and the addition of 2,4-dinitro-
phenol. 

Protein-
Time of Acid Phospho Nucleic bound 
Absorption Soluble lipid Acids Phosphorus 

minutes * M g. of phosphorus/fraction— > 

One 108 2^1 30 a 

Five 888 122 273 28 a 

Ten 906 123 259 1*6 b 

Thirty 793 137 2^9 M b 

F value 1.8 U- 1.81 1.00 5.^5* 

s-x — mm v 3.8 

Each figure represents the mean value of four 
replicates. The complete data are found in Table 7 in the 
Appendix. 

•Significant at the 0.05 level. 
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Table 10. The specific activity of the phosphate fractions 
in barley root tissue as a function of the time 
of absorption and the addition of 2,^-dini-
trophenol. 

Time of 
Absorption 

Acid 
Soluble 

Phospho
lipid 

Nucleic 
Acids 

Protein-
bound 

Phosphorus 

minutes ^— counts / minute /ju g. of phosphorus —^ 

One 2*t8 a 99 e 56 h 8,630 j 

Five 539 b 119 e 65 h 7,5^6 jk 

Ten 83^ c 168 f 87 h 6,583 k 

Thirty 1,285 d 219 e 307 i 6,288 k 

F value 75.8+ 21.89+ **8.13+ 3. 66* 

s-x 508 11.5 17.3 552 

Each figure represents the mean value of four 
replicates. The complete data are found in Table 8 in the 
Appendix. 

•Significant at the 0.05 level. 

+Significant at the 0.01 level. 
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period, the specific activity of the other fractions did 

not exhibit the same inhibitory effect. The specific 

activity of the acid soluble fraotion showed a significant 

gradual increase as a function of the time of absorption. 

The phospholipid fraction showed a significant increase 

in the ten and thirty minute treatments, while that of 

the nucleic acids fraction showed such an increase only 

in the thirty minutes treatment. 

Prom the previous observations one finds that as 
32 
P uptake by the excised barley roots was gradually 

inhibited due to addition of DNP, the only fraction, 

32 
where the increase of P incorporation disappeared, was 

that of the protein-bound phosphorus. It is logical to 

believe that the incorporation of "^2P into this fraction 

is closely associated, in some fashion, with the metabolic 

32 
uptake of P by barley roots. The increase in the total 

phosphorus content of this fraction due to DNP addition 

could be explained on the basis that DNP not only inhibits 

32 the incorporation of P into this fraction but also might 

affect, in some fashion, the utilization or discharge of 

phosphorus from this fraction. 

The fact that the incorporation of -*2P into the 

other three fractions increased as the time of absorption 

32 increased, despite the inhibition of total P uptake, 

32 suggest that the incorporation of P into these fractions 
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is not closely associated with the process of phosphorus 

absorption but rather it is a manifestation of the utili

sation of the absorbed phosphorus. This is in agreement 

with the conclusions of Jaokson and Hagen (19)* The fact 

that the increase in the specific activity of these three 

fractions declined} particularly in the ten and thirty 

minute, treatments» when DNP was added# is logically attri-

32 buted to the inhibition in total P uptake which was 

shown to take place in these two treatments. 

Effects of Ollgomycln<and Chloramphenicol.--An 

experiment was conducted to investigate the effects oli-

gomycin and chloromphenic&lhave on the distribution 

32 
pattern of P in barley roots. The effect of oligomycin 

is of particular interest since this inhibitor is known to 

inhibit ATP-powered ion uptake in mitochondria (22) (bl) 

32 (5)5 it also inhibits P^ - ATP exchange reactions, hence, 

should markedly depress ATP labelling (32) (39). Chloram

phenicol was chosen since it is believed to be an inhibitor 

of protein synthesis and ion uptake (^1) (^-2). 

In this experiment three treatments were applied to 

excised roots of barley seedlings grown under identical 

conditions to those of the previous experiments. The 

treatments were as follows: 

1. No Inhibitor was added to the labelled absorp

tion solutions. 
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2. Olivomycin and -^P were added simultaneously to 

the absorption solutions. The final concentra

tion of oligomycin was $jx g./ml. (32). 

3. Chloramphenicol and • P were added simultane

ously to the absorption solutions. The final 

concentration of chloramphenicol was 2 x 10"^ 

M (**1). 

In all treatments the time of absorption was ten minutes 

32 and P was added to the absorption solutions in amounts 

equivalent to those used in the previous experiments. 

The total phosphorus content of the phosphate 

fractions are presented in Table 11. It is noted that none 

of the inhibitors had any significant effect on the total 

phosphorus content of any of the fractions. 

The specific activity of the phosphate fractions 

are presented in Table 12 and Figure U>. In Figure 4 the 

data, obtained under comparable conditions where DNP was 

added, are presented for the sake of comparison. The data 

suggest that chloramphenicol caused an inhibitory effect 

very comparable to that of DNP. 

On the other hand, oligomycin appeared to have no 

inhibitory effect on the specific activity of either the 

acid soluble or the protein-bound phosphorus fractions. 

However, such an effect was exhibited by the specific 

activity of both the phospholipid and the nucleic acids 
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Table 11. The effect of ollgomycin and chloramphenicol 
on the phosphorus content of the phosphate 
fractions in barley root tissue. 

Treatment Acid 
Soluble 

Phospho
lipid 

Nucleic 
Acids 

Protein-
bound 
Phosphorus 

g. of phosphorus/fraction > 
No Inhibitor 837 130 249 26 

Ollgomycin 826 127 252 24 

Chloram
phenicol 800 198 209 31 

Each figure represents the mean value of four 
replicates. The complete data are found in Table 9 in 
the Appendix. 
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Table 12. The effect of olivomycin and chloramphenicol 
on the specific activity of the phosphate 
fractions in barley root tissue. 

Protein-
Treatment Acid Phospho Nucleic bound 

Soluble lipid Acids Phosphorus 

Counts / minute / ju g, of phosphorus 5* 

No Inhibitor 1,08^ 205 189 21,072 

Olivomycin 1,265 116 92 19,890 

Chloram
phenicol 696 201 201 8,00** 

Each figure represents the mean value of four 
replicates. The complete data are found in Table 10 in 
the Appendix. 



50 

"b 

22 

21 

20 

19 

18 

10 

9 

8 

7 

6 

5 

4 

3 

2 

I 

_y L 

E3 PROTEIN-BOUND PHOSPHORUS" 
• ACID SOLUBLE 
• PHOSPHOLIPID 
E3 NUCLEIC ACIDS 

JL^xq 

t 

NO INHIBITOR OLIGOMYCIN CHLORAM
PHENICOL 

2,4-DINITRO
PHENOL 

TREATMENTS 

Fig. 4 THE EFFECTS OF OLIGOMYCIN, CHLORAMPHENICOL 
AND 2,4-DINITROPHENOL ON THE SPECIFIC 
ACTIVITY OF THE PHOSPHATE FRACTIONS IN 
BARLEY ROOT TISSUE AFTER TEN MINUTES OF 
ABSORPTION. 



51 

fractions. This latter effect oould be attributed to the 

fact that oligomycin inhibits the labelling of ATP (32) 

which is an important factor in the biosynthesis of these 

compounds. 

The fact that oligomycin did not appear to affect 

the labelling of the protein-bound phosphorus, is of great 

interest since it suggests that the labelling of this 

fraction arises from inorganic (-^Pi) and not from 

AT 2̂P. Herei some consideration must be given to the fact 

that inorganic phosphate is a main component of the acid 

soluble fraction. Such a component represents the inor

ganic phosphate pool in barley root tissue. The possibility 

exists that this pool could be the source from which the 

protein-bound phosphorus is labelled. The inorganic phos

phorus content of the acid soluble fraction was determined 

in suitable aliquots taken prior to wet oxidation. In four 

replicates the inorganic phosphate was found to represent 

5^.2 percent of the total phosphorus content of the acid 

soluble fraction. Therefore, the specific activity of the 

inorganic phosphate in the root tissue can not exceed twice 

that of the acid soluble fraction which is still much lower 

than that of the protein-bound phosphorus. Since the spe

cific activity of the product cannot exceed that of the 

precursor (^7)» it is logical to conclude that the protein-

bound phosphorus fraction is labelled directly from the 

absorption solution. 
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Further Investigation of the Mode of Action of DNP 

and Chloramphenicol,--Another experiment was conducted to 

investigate further the mode of action of DNP and chloram

phenicol* The experimental design was similar to that of 

the previous experiment. Two treatments were applied as 

follows s 

1. The absorption solutions were labelled with 

32P. The chloramphenicol was added five 

minutes later to give a final concentration 

of 2 x 10"-^ M. Absorption was continued for 

another five minutes. 

2, The absorption solutions were labelled with 

* 2̂P. DNP was added five minutes later to give 

a final concentration of 1 x 10~->M. Absorption 

was continued for another five minutes. 

The specific activity of the phosphate fractions 

are presented in Table 13. It is noted that no significant 

difference is found between these results and those when 

both inhibitors were added to the absorption solutions 

simultaneously with * 2̂P. Therefore, it is not possible to 

elaborate further on the mode of action of both inhibitors. 

The results obtained from the previous experiments 

clearly demonstrate that within a few minutes of labelling 

32 
the absorption solutions, a substantial amount of the P 

accumulated by the roots was rapidly incorporated into a 
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Table 13. The effect of 2,*t-dinitrophenol and chloram 
phenlcol on the specific activity- of the 
phosphate fractions in barley root tissue. 

Treatment Acid Phospho-
Soluble lipid 

Nucleic 
Acids 

Protein-
bound 

phosphorus 

•{-Counts / min./^u g. of phosphorus > 

Chloram
phenicol 855 2**3 198 7,060 

2,^-dini-
trophenol 879 225 2 75 6,380 

Each figure represents the mean value of four 
replicates. The complete data are presented in Table 11 
in the Appendix. 
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protein-bound fraction despite the fact that the phospho

rus content of such a fraction represented a very small 

portion of the total phosphorus content of the roots. 

It was shown that the very high specific activity of this 

32 fraction could only arise from P in the absorption solu

tion. It was also shown that the labelling pattern of 

this fraction was the only one altered due to the inhibi

tory effect of both DNP and chloramphenicol. Meanwhile, 

the specific activity of the other fractions continued to 

show a gradual increase) but only at a smaller magnitude. 

Having in mind that phosphate accumulation is an energy 

dependent process, it is logical then to conclude that the 

incorporation of 2̂P into a protein-bound form in barley 

roots is closely associated with the process of phosphate 

accumulation. The incorporation of -^P into other forms 

and esters appear to be a manifestation of the utilization 

of the accumulated phosphorus. 

The importance of a protein-bound phosphorus fraction 

32 was not pointed out in earlier investigations of P 

accumulation by barley roots (19) (23) (2^). However, in 

the investigation of Loughman and Martin (23), and Loughman 

and Russell (24), the distribution of the accumulated - 2̂P 

was expressed only in absolute terms without taking the 

magnitude of the phosphate fractions into consideration. 

Jackson and Hagen (19) carried their investigation on an 
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alcohol extract of the roots. Protein-bound phosphorus 

would not be extracted with such a reagent. In the same 

time they concluded that the labelling of UDPG, G-l-p, 

inorganic phosphate and other compounds* which was the 

earliest to be labelled* was not involved in the rate-

limiting absorption stop. 

The possible participation of cell protein in the 

process of ion accumulation* by forming protein-ion or 

oarrier complexes, have bean suggested by Sutoliffe (^2), 

Cohen (9) and Mitchell (25). However, in these investi

gations no experimental evidence have been presented to 

prove the formation of such a complex or carrier. 

Added support to the conclusions drawn from the 

presented data would be found in the work of Boyer ej^ al. 

(3), Peter and Boyer (30), and Sperti e£ al. (^0), who 

concluded that mitochondrial phosphop'roteins are involved* 

as high energy intermediates, in oxidative phosphoryla

tion, These phosphoproteins could be labeled directly 

by inorganic -^P. Norman _et a^L. (29), believed that an 

unidentified phosphate fraction, possibly protein-bound, 

is associated with Ca++ uptake by rat liver mitochondria. 

This fraction was levelled directly from - 2̂P and its magni

tude was inhibited by DNP and m-Cl-carbonylcyanide. 



summary 

Short-term absorption experiments were conducted 

to investigate some of the bio-chemical aspects of the 

early stages of phosphate accumulation by exoised barley 

roots. In these experiments, the excised barley roots 

were equilibrated for 30 minutes with aerated 1 x 10"^ M 

KHgPO^ absorption solutions at pH 5.0 and constant 

temperature of 25°C. The absorption solutions were 

labelled with carrier free ̂ 2P. The enzymatic activity 

of the roots was halted following one, five, ten and 

thirty minutes of contact with the labelled absorption 

solutions. absorbed by the excised roots was 

fractionated into four fractions: (a) acid soluble, 

(b) phospholipid, (c) nucleic acids, and (d) protein-

bound phosphorus. The effects of three metabolic inhi

bitors, namely, 2,4-dinitrophenol, chloramphenicol, and 

oligomycin on the distribution pattern of the absorbed 

32p among these fractions were also investigated. From 

the results of these experiments could be summarized as 

follows: 

1, After one minute of absorption, about 95 per

cent of the total 2̂P absorbed was distributed evenly 

between two fractions, namely, the protein-bound and the 

56 
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acid soluble fractions. However) it was noted that the 

phosphorus content of the protein-bound fraction repre

sented less than three percent of the total phosphorus 

content of the results while that of the acid soluble 

represented almost two-thirds of the total. 

2. The specific activity of -^P in the protein-

bound phosphorus fraction increased rapidly for a few 

minutes after which the specific activity seemed to level 

off. This pattern suggested that an enzymatic reaction 

was involved in the incorporation of 2̂P into the protein-

32 bound fraction. The incorporation of P into the acid 

soluble and nucleic acid fractions showed a gradual 

increase as a function of the time of absorption. 

3. The labelling pattern of the protein-bound 

32 fraction was the only one altered when the total •* P 

uptake was inhibited by the addition of 2,4-dinitrophenol. 

The specific activity of the other fractions continued 

to show a gradual increase} however> this increase was 

of smaller magnitude. 

i*. The effects of chloramphenicol on the distri-

32 bution pattern of the absorbed ^ P were comparable to 

those of DNP. 

5. The accumulation of -*2P by the excised roots 

and the labelling of the protein-bound phosphorus were not 

inhibited by oligomycin. These results suggested that 
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32 ^ 2 P in this fraction arises from the J in the absorp

tion solutions and not from AT^^P or within the 

root tissue. 

These results suggested that the incorporation of 

-*2P into a protein-bound fraction in barley root tissue 

appeared to be closely associated with the metabolic 

uptake of phosphorus. It also suggested that the incorpo

ration of phosphorus into the other fractions results 

from the utilization of the absorbed phosphorus. 
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Table 1, The distribution of ^ P among the phosphate 
fractions when 32p was added just prior to root 
homogenization. 

Parameter 
Acid 
Soluble 

phospho
lipid 

Nucleic 
Acids 

Phospho-
protein 

Percent of 
recovered ^ P 
in the frac
tion 

1 
2 
3 
k 

99.51 
99.^2 
99. ̂1 
99.^7 

0.15 
0.17 
0.16 
0.16 

0.05 
0.08 
0.05 
0,06 

0.29 
0.33 
0.38 
0.31 

Total counts/ 
minute/ 
fraction 

1 
2 
3 

1,202 , 000 
1,230,000 
1,220,000 
1,228,000 

1,990 
1,926 
1,822 
2,103 

810 
673 
718 
738 

3,870 
**,573 
J*, 180 
^,917 

Specific 
activity counts/ 
min. / ji g, of P. 

1 
2 
3 
U 

1,206 
1,^90 
1,250 
1,^76 

13 
13 
12 
15 

2.6 
2. 2 
2.3 
2.5 

233 
258 
23^ 
269 
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Table 2. Phosphorus content of the phosphate fractions 
in barley root tissue as a function of the 
time of absorption from 1 x 10"* M KHgPOj. 
solution at pH 5.0. """ 

Protein-
Time of Acid Phospho Nucleic bound 
Absorption Soluble lipid Acids Phosphorus 

minutes >u g. of phosphorus / fracti on 

One 

1 975 173 33^ 
2 864 173 255 20 
3 900 190 333 23 
k 938 173 323 32 

Five 

1 663 118 270 19 
2 788 1^0 288 25 
3 625 123 2^5 20 
k 838 H*0 228 23 

Ten 

1 825 158 220 22 
2 863 165 323 21 
3 913 1^0 310 20 
i* 1,000 153 280 19 

Thirty 

1 763 m̂ mm mm 260 2if 
2 7 88 120 213 kk 
3 1,063 150 305 17 
if 1,000 148 275 23 
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Table 3. The distribution of the absorbed P among the 
fractions, as a function of the time of absorp-
tlon from 1 x 10-5 KHgPO ̂ solution at pH 5.0. 

Time of Acid Phospho Nucleic Protein-
Absorption Soluble lipid Acids bound 

Phosphorus 

Percent of the total 32p absorbed 

One 

1 **3.0 1.8 2.5 52.7 
2 58.3 2.5 2.5 36.7 
3 51.9 2.9 2.8 42.4 
4 56.6 1.9 2.3 39.2 

Five 

1 59.1 2.3 3.4 35.2 
2 73.3 2.1 2.9 21.7 
3 64.5 2.4- 2.8 30.3 
4 67.4 2.0 2.8 27.8 

Ten 

1 66.4 2.0 2.3 29.3 
2 68,2 2.0 3.1 26.7 
3 66.0 1.9 3.0 29.I 
4 68.1 1.9 3.0 27.0 

Thirty 

1 
2 7 0.8 1.9 

tm am 

3.5 23.8 
3 70.4 2.0 4.0 23.6 
4 71.3 2.0 4.2 22.5 
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Table 4. The specific activity 
in barley root tissue 
of absorption from 1 x 
PH 5.0. 

of the phosphate fractions 
as a function of the time 
10""M KHgPO^ solution at 

Time of 
Absorption 

Acid 
Soluble 

Phospho
lipid 

Nucleic 
Acids 

Protein-
bound 
Phosphorus 

minutes counts / minute / jjl g. of phosphorus 

One 

1 356 86 55 
2 317 63 4 7 8,617 
3 388 102 58 12,270 
4 377 86 ^5 7,**75 

Five 

1 733 165 102 15,085 
2 697 113 76 6,511 
3 705 13** 76 10,366 
4 513 94 79 7,881 

Ten 

1 940 149 123 15,559 
2 1,179 186 l4l 18,9^3 
3 1,270 238 173 25,509 
4 1,110 199 173 23,007 

Thirty 

1 2,488 mm mm 359 26,562 
2 2,279 294 474 13,684 
3 1,896 246 351 22,262 
4 1,8^9 291 393 25,132 
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32 
Table 5. Uptake of the P added to the absorption 

solution as a function of the time of 
absorption and addition of 2,4-dinitrophenol 

Time of No Inhibitor 
Absorption added 2,4-dinitrophenol 

32 minutes Percent of P added to the absorption 
solution 

One 

1 1.37 1.16 
2 0.76 1.03 
3 1.09 0.87 
4  1 .02  0 .80  

Five 

1 1.34 1.33 
2  1 .22  1 .22  
3 1.11 1.19 
4 1.18 1.18 

Ten 

1 1.90 1.84 
2 2.42 2.25 
3 2.85 2.13 
4 2.65 2.43 

Thirty 

1  3 . 2 0  
2 4.35 2.30 
3 4.14 2.66 
4 4.20 2.88 



Table 6. Distribution of the absorbed ^ F among the 
fractions as a function of the time of absorption 
and the addition of 2,4-dlnltrophenol. 

Time of Aold Phospho Nuolelo Protein-
Absorption Soluble lipid Acids bound 

Phosphorus 

minutes Percent of the total •*2P absorbed 

One 

1 35.1 2.5 2.5 59.9 
2 ^0.5 2.2 2.5 5^.8 
3 1*3.8 2.0 3.1 51.1 

55.3 1.9 3.3 39.5 

Five 

1 6 5.5 2.2 2.2 30.1 
2 6 5.5 1.8 2.2 30.5 
3 69.3 2.1 2.7 25.9 
I* 66.8 2.0 2.7 28.5 

Ten 

1 79.6 1.9 2.0 16.5 
2 71.6 1.8 2.0 zk. 6 
3 61.7 2.0 2.1 3^.2 
k 61.8 1.7 1.9 3^.6 

Thirty 

1 72.5 2.0 6.9 18. 6 
2 71.2 2.6 6.1 20.1 
3 71.2 2.1 5.3 21.4 
4 73.8 1.9 3.6 20.7 
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Table 7. Phosphorus content of the phosphate fractions 
in barley- root tissue as a function of the time 
of absorption and the addition of 2,Jf-dinitro-
phenol. 

Protein-
Time of Aoid Phospho- Nucleic bound 
Absorption Soluble lipid Acids Phosphorus 

One 

Five 

Ten 

Thirty 

+• ja g, of phosphorus / fraction 

1 788 120 25^ 38 
2 850 123 233 38 
3 900 77 238 Zk 
l* 837 108 237 20 

1 950 130 26** 37 
2 825 115 252 30 
3 900 128 268 23 
k 875 113 308 22 

1 888 128 238 31 
2 1,050 123 307 50 
3 925 103 273 **7 
if 762 137 215 5^ 

1 875 173 285 4** 
2 775 133 258 kS 
3 762 128 225 **1 
4 762 115 228 m 
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Table 8. The specific activity of the phosphate fractions 
in barley root tissue as a function of the time 
of absorption and the addition of 2,4-dinitro-
phenol. 

Time of 
Absorption 

Acid 
Soluble 

Phospho
lipid 

Nucleic Protein-
Acids bound 

Phosphorus 

minutes counts / minute / ju g. of phosphorus 

One 

1 263 122 57 9,304 
2 249 91 57 7 ,644 
3 215 112 57 9,595 
4 267 71 5^ 7,979 

Five 

1 514 128 64 6,150 
2 570 112 64 7,293 
3 5^3 115 71 7,952 
4 531 122 61 8,791 

Ten 

1 84o l4l 77 4,963 
2 77 8 169 75 5,626 
3 720 213 83 7,908 
4 999 150 112 7,834 

Thirty 

1 1,400 186 396 5,795 
2 1.069 232 276 5,6 36 
3 l,26l 223 315 6,860 
4 1,413 235 241 6,860 
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Tablo 9. The effect of oligomycin and chloramphenicol 
on the phosphorus content of the phosphate 
functions in barley root tissue. 

Treatment Acid Phospho- Nucleic Fhospho-
Soluble lipids Acids protein 

ju g. of phosphorus / fraction 

No inhibitor 

1 8^0 1^0 285 27 
2 780 125 250 2^ 
3 908 118 228 26 
4 820 136 235 25 

Oligomycin 

1 870 110 2*f0 23 
2 81*5 125 265 2if 
3 900 127 258 28 
k 793 1^7 2^5 20 

Chloramphenicol 

1 775 191 210 26 
2 750 135 205 36 
3 850 195 195 26 
b 825 2^5 225 35 
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Table 10. The effect of olivomycin and chloramphenicol 
on the—specific activity of the phosphate 
fractions in barley root tissue. 

Treatment Aoid Phospho- Nucleic Fhospho-
Soluble lipid Aoids protein 

counts / minute / ju g. of phosphorus 

No inhibitor 

1 1,072 189 214 23,015 
2 998 216 178 22,864 
3 1,173 230 186 18,522 
4 1,085 185 180 19,670 

Oligomycln 

1 1,247 120 78 19,370 
2 1,099 116 107 20,640 
3 1,340 119 84 20,552 
4 1,372 109 99 18,998 

Chloramphenicol 

1 6,840 I87 195 8,972 
2 7,060 239 174 5,808 
3 6,420 195 220 9,208 
4 7,500 183 217 8,016 
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Table 11. The effect of 2»J+-dinitrophenol and chloram
phenicol on the specific activity of the 
phosphate fractions in barley root tissue. 

Protein-
Treatment Acid Phospho Nucleic bound 

Soluble lipid Acids Phosphorus 

counts / min. / ju g. of phosphorus 

Chloramphenicol 

1 681* 

2 

3 

k 

706 

6^2 

750 

2,4—dinitrophenol 

1 908 

2 898 

3 730 

4 980 

187 

239 

"195 

183 

182 

253 

190 

276 

195 

17^ 

220 

217 

266 

261* 

269 

3 OX) 

8,976 

5,808 

9*208 

8,016 

5,3^ 

7,072 

6 , 5 6 k  

6,5k 0 
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