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A bstract. Phosphate-32P was introduced into a turnip leaf, and 3 hr later, the vascular
bundles were stripped from the petiole and their phosphate ester pattern was studied. The
pattern did not alter along their length and was like that of other tissues. Pumpkcin leaves were
painted with phosphate-32P; and later, the petioles were cut, the sieve tujbe exudates were
colliected and their phosphate ester patterns were studied. Exudates collected after 10 min
had a high proportion of their 32p present in P1 and nucleoside triphosphates, while exudates
collected after long translocation times (4-22 hr) had a lower proportion in these, and a higher
proportion in hexose monophosphates and UDPglucose. In general, the ester patterns were
like those of other tissues. The results indioate that sieve tubes are metabolically active, and
that Pi is the primary form in which phosphorus moves in the phloem.

When a compound moves from a leaf to the stem,
it does so against the main flow of water in the plant,
generally traveling through the specialized cells of
the phloem. Carbohydrate, phosphorus and sulfur
are all knowni to move in this tissue (1). Many
studies have shown that carbohydrate moves as a
single predominant compound, usually sucrose (33).
in) coIntrast, the form in which phosphorus is trans-
located is unknown. In the xylem stream, it moves
mainly as Pi (22 29, Bieleski, unpublished data);
but phosphoryl choline and glycerophosphoryl clholine
can also be present, and it has been suggested that
sieve tube exudate from spinach and cucunTber may
also contain these compounds (22). On the other
hand, ATP has been clearly identified in phloem
exudates from 17 tree species (20). Again, when
isolated pieces of willow bark, which contained em-
bedded aphid stylets, were irrigated for several hr
with 32p1, labeled glucose 1-P, glucose 6-P and
fructose 1,6-diP were recovered from the phloem in
the stylet sap (19).

Most other pertinent data relate to the nature of
phosphorus compounds which can be extracted from
isolated phloem tissues. UDPglucose was found in
isolated Heracleumn phloem (32). A more detailed
analysis revealed that the general nucleotide pattern
w%as very like that of xylem tissue (23). Also,
the nucleotide pattern in sugar beet vascular bundles
was very like that in the petiolar parenchvma and
the leaf (24). Excised apple phloem and Brassica
vascular bundles which had accumulated 32p1, had
phosphate ester patterns l(6) very like those of other
plant tissues (8, 10). In a more direct attack on the
problem, Biddulph and Cory fed 32p; to a bean leaf,
then identified the labeled compounds that appeared
in the petiole (2): Pi, fructose 1,6-diP and glucose
6-P were the main ones found, and phosphoryl choline
was not detected. The extraction procedure used

would not have recovered all the phosphate esters
(8, 11), and at the time of harvesting a large part of
the 32p had already moved from the phloem into the
surrounding tissues (2), so there is nio direct assur-
ance that the ester patterni observed was that of the
translocating cells.

Consequently, nonie of these studies directly
answers the question, wlhat is the form in which
phosphorus is translocated in the intact phloeni.
Direct analysis of the phloemi tissue is unsatisfactory.
as the main translocating elements form only a smliall
;part of this metabolically active tissue. V'e must

find a way of distinguishinig between the esters that
are present in whole phloem tissue, which appears to
have a pattern like that of other tissues, and the
compounds involved in translocation itself. The fol-
lowing study extends the approach used bv Biddulph
(2). The intact leaf has been fed 32Pi, but the
subsequent analvsis of 32P-ester pattern in the petiole
has been restricted to either vascular bundle tissue
or to sieye tube exudate, instead of the whole petiole.

Methods

Ester Pattern in Conducting Vascular Bundles.
A mature leaf of a turnip (Brassica rapa L.) was
fed with 32p as KH2PO4, 0.025 M, 1.5 mc in 0.12 ml,
by the leaf-flap method (3) for 3 hr under field
conditions. The petiole of the leaf, 26 cm long, was
then taken; the vascular bundles were stripped from
it, alignled, and cut into 5 cm lengths so as to yield
51' samples of vascular tissue that were originally
located 5 to 10 to 25 to 30 cim distant from the point
of injection of 32p,. Each sample, weighing about
20 mg, was killed in 1 ml methanol :chloroform :formic
acid :water, 12:5 :1 :2 v/v at -720, and extracted,
using a procedure (11) modified to suit the small
amoun-t of tissue available. A miniature filter stick
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was made by placing a small Willstaetter button in
the bottom of a pastetir pipette. A disk of glass
fiber paper was pressed down oni top of the button,
and acid-washed celite wvas added and tapped downi
to form a pad. The tissue was ground in a Duall
conical glass homogenizer, the homogenate was trans-
ferred bv pasteur pipette to the prepared filter stick,
and the subsequent eluate was collected in a centri-
fuge tube. The residue in the filter stick was eluted
with the remaining extractailts. Final extracts were

prepared in the usuial way (11) andd were separated
by 2-dimensional thin-layer chromatography (5).
Radioactive areas were marked out from autoradio-
graphs, removed by a cellulose acetate peel technique
(8), and measured for radioactivity.

Model Experiments on Inactivation of Phospha-
tase in Extracts. The second part of the study was

to involve collection of sieve tube exudate for analysis.
Phosphatases interfere with studies on phosphate
ester patterns (4), and sieve tubes are known to be
rich in phosphatase (21). Model experiments were

used, in order to find procedures that minimized
phosphatase action. The enzyme solution contained
a plant phosphatase (Worthington) at 2.5 E.U./ml
in p1-I 6.4 buffer, and the substrate as 20 mM

p-nitrophenyl phosphate (Sigma). Each solution,
100 Sal, was pipetted onto a square of parafilm that
rested on ice. At zero time, the 2 droplets were

mixed, aild 20 ,tl was subjected to the appropriate
sampling procedure (table II). After sanmpling, the
amount of p-nitrophenol that ha(l beeni formed dturing
samplinig w,vas estimated.

Phosphate Esters inb Exuidate From Transtocatiilg
Sieve Tubes. Four-week old pumpkii *( Cucurbita
maxima Duch.) plants were used. One leaf on each
plant was selected, and petrolatum was smeared in a

thin line across the top surface, just above the
petiole, to act as a moistuire barrier. The tracer
solution contained 10-4 m KH ,32PO4, 20 mc/ml, plus

5 % Tween 80 as wetting agent. A droplet of 10 ,tl
or 40 ,ul (short tranislocationi times) was pipetted
onito the top surface of the leaf, and spread out by
stroking with the side of a thin, glass rod. Absorp-
tion and translocation were allowed to occur for
varying times, 10, 20, or 40 min, and 1, 2, 4, 16, or

22 hr, and then the leaf was held in absorbent paper
while the petiole was cut cleanly with a razor blade
at a point 3 to 5 cm from the junction of leaf and
petiole, this being 6 to 10 cm from the patch of
tracer onl the leaf. The cut surface of the uipper
part of the petiole was immediately dabbed oln filter
paper to remove liquid from the cut cells, then the
leaf and petiole were held for 5 to 7 sec while 0.5 to
5 xl sieve tube exudate collected on the cut surface
of the phloem. The surface was then touched onto
the origin of a cellulose thin-layer chromatograplhy
plate (55 ul 0.01 M EDTA had previously been spotted
and dried on this origin), and the chromatography
plate was immediately put into a tank which con-

tained the first chromatography solvent for separating
the phosphate esters, n-propanol :ammonia :water:
EDTA, 6:3 :1:0.01 v/v/v/wt (5). The total time
required, from slicing the petiole to enclosing the
thiin-layer plate in the chromatography tank, was
9 to 13 sec. The plate was chromatographed in the
normal way (5), and the radioactivity of each coni-
pouind wvasnmeasured.

Results

Phosphlate Ester Distribittion. in Conducting VIas-
cular Bundles. There was no variation ill 32P-pl_os-
phate ester pattern along the length of the tranls-
locating vascular bundles (table I). The pattern
obtained was very similar to that for tlle leaf meso-
phyll tissue, or for excised vascular bundles wdhich
had accumulated 32p1 from the surrounding mediutn
(6), or for various other plant tissues (8).

Table I. Radioactivity, int Phosphate Esters From Vascular Bunodles That Had Been Situiated 5-10, 15-20, and 25-30
cOt Fromn, the Point of Injection of 32 E Into the Leaf

Total cpm per chromatogram: 5-10 cm sample, 3470; 15-20 cm sample, 3460; 25-30 cm sample, 3700.

32p Activity as % of total

5-10 cm 15-20 cm

extract 32p in:

25-30 cm
Compound sanmple sample sample

Pi 58.9 58.6 51.2
Glucose 6-P 16.6 16.0 17.4
Fructose 6-P 3.2 3.3 3.3
Mannose 6-P 2.0 2.4 1.7
ATP + UTP 6.1 6.1 10.4
ADP 1.9 1.8 3.5
UMP 1.3 1.2 1.1
Hexose diphosphates 1.1 1.1 1.3
Phosphoglyceric acid 3.1 3.1 31
Phosphoryl ethanolamine 0.4 0.5 0.5
Phosphoryl choline 0.8 1.0 1.6
Other compounds 4.5 5.0 4.9

1 Mostly derived from UDPglucose through breakdown.

p
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Table II. Fornation of p-Nitrophenol During Variouis
Procedures for Sampling Enzyme-substrate Mixture
20 ,ul mixture was submitted to the sampling pro-

cedure, then the products were dissolved in 1.2 ml 0.1 Ar
KOH, and the absorbance of the solution at 400 Ill,U
was read.

Sampling method OD

1. Capillary containing sample in paraffin,
950/1 min 0.145

2. Sample mixed with 20 Al formic acid 0.085
3. Sample on thin-layer plate put into alkaline

chromatography solvent 0.040
4. As (3), but substrate-enzyme mixed at

15°, not 00 (time from mixing till plate in
solvent, 18 sec) 0.035

5. As (4), but time delay 63 sec 0.145
6. As (4), but time delay 183 sec 0.340

Model Experiments on Inactization of Phospha-
tase. Various sampling procedures were tested.
Some were found to be unsuitable for quickly collect-
ing petiolar exudate, while others did not give an

extract that could easily be chromatographed. Ulti-
mately it was found that the simplest possible
sampling procedure gave the least phosphatase action
(table II). The model exudate was spotted on a

thin-layer plate which was immediately put into a

tank containing the first chromatographic solvent.
Ammonia from the solvent inactivated the phospha-
tase (table II). The time delay, from first mixing
enzyme and substrate to putting the chromatography
plate in, the tank, was 18 sec. With longer time
delays, more enzyme action occurred. By measuring
the rate of reaction in this way, it was shown that
the actual inactivation of the phosphatase by the
ammonia vapor took only 1 to 2 sec. This sampling
procedure was used in subsequelnt experiments. Its
effect on the chromatographic separation was then
studied. Chromatography of the crude sieve tube
exudate resulted in origin fixation of Pi and marked
trailing of the esters. When EDTA (5 ,ul 0.01 M)
was added to the origin to chelate divalent cations,
interference was slight, and it was possible to sepa-

rate and identify most of the major phosphate esters.
Phosphate Ester Pattern in Exudate From Cont-

ducting Sieve Tubes. In all, 35 leaves were sampled,
from plants grown under various conditions, after
various translocation times. Exudate samples con-

tained from 150 to 4000 cpm 32p. The resulting
32P-phosphate ester patterns were all very similar to
one another. A representative chromatogram is
shown in Fig. 1, and the ester pattern for that sample
in table III. There were several general features.
Firstly, there was no sign of any unusuial compound.
Secondly, phosphoryl choline was present only in
small amounts, and was not disproportionately labeled
after short translocation times. Thirdly, the propor-
tion of radioactivity in nucleotide triphosphate, after
both short and long translocation times, was higher
than is usual for tissues of other plants, while the

proportion in nucleotide diphosphate was lower, so
that the ratio of the 2, about 16/1, was markedly
greater than in other tissues, typically 3/1 (8). The
proportion of activity in hexose phosphates and, more
notably, phosphoglyceric acid, was lower than usual.
Fourthly, almost no radioactivity was recovered in
phospholipid and relatively little in RNA, even after
long translocation times.

Increasing the duration of translocation did not
greatly change the ester pattern. The only consistent
effects were an increase with time in the proportion
of radioactivity in UDPglucose and in material fixed
near the origin (mainly RNA), and a decrease with
time in the proportion of radioactivity in nucleotide
triphosphate and in Pi (table IV).

Table III. Distribution of 32P Between Phosphate
Esters, in Sieve Tutbe Exuidate Froin a Leaf That
Had Been Tranislocating 32p for 4 Hr, Expressed

As a Percentage of Total Organic 32P
The chromatogram autoradiograph of this sample is

shown in Fig. 1. Total cpm on chromatogram, 1020.

Compound % Total esters 32p
Pi 187

Glucose 6-P 21.2
Fructose 6-P 6.5
Mlannose 6-P 8.0
Glucose 1-P 2.4
ATP 17.3
UTP 15.1
ADP 1.0
UDPglucose 3.7
UDPX' 2.8
Hexose diphosphates 3.2
Phosphoglyceric acid 5.4
Phosphoryl ethanolamine 2.5
Phosphoryl choline 1.7
Triose-P1 4.5
Xi 2.5
RNA 2.2

UDPX is an unknown UDPglucose-like compound
(8); may be breakdown product of NAD (8);
the identification of triose phosphate is tentative.

Discussion

Phosphate Esters in Conducting Vascular Bundles.
The experiment which studied 321p ester pattern in
conducting vascular bundles was very similar to that
of Biddulph and Cory (2). The improvements which
were made-study of vascular tissue alone rather
than the whole petiole, use of better extraction and
chromatographic proceduires, and a search for a
gradient in ester pattern along the petiole-were
expected to yield more definitive information, and so
the results are rather disappointing. There was a
complete absence of any gradient in phosphate ester
distribution down the length of the petiole, and the
pattern was very similar to that given by the leaf
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Table IV. Distribiutiont of 32P in Phosphate Esters Froiji
Sieve Tutbe Exutdates After Short anzd Long Times

of Translocation
Five leaves wrere harvested after 10 min of trans-

location, and 5 leaves after 22 hr, and sieve tube exudates
were taken. Phosphate esters were separated and their
radioactivity measured as described in the text. Results
are expressed as means of the percentage of total organic
32p present in that comilpouInd or group of compounds.

10 Min sample 22 Hr sample

Compound Mlean SE NMean SE

Pi
Hexose phosphates
Nucleoside triphosplates
Nucleoside diphosphates
UDPglucose
Phosphoglyceric aci(d
Phosphoryl choline
RNA

451 +
30.6
54.0 -±X
1.8 +
1.8
5.0

1.8 +
0.6

91
8.2
9.2
1.2
0.7
0.6i
1.0
0.8

165 25
33.6 3.8
36.0) + 7.4
2.6 0.8
7.6 2.7
1.8 1.0
2.2 + 1.0
12.4 + 1.8

b)lade itself, and by vascular bundles aind several other

plant tisstues after accuimulating 32Pj froImi an ex-

ternal solution (see 6, 8,10). This similarity of
patterns couild arise in at least 3 way\s phosphate
esters translocating in the phloem couldl( indleed con-

form to this pattern; or the experiment cotu](Ildave
been carried on so long that any front-runninlg wave

of a special )hosphate ester had already passed into

the steml and root; or the truie pattern of translocat-
in,g esters in the sieve tubes coild he hiddeni by the
overshadowving, presence of esters that had come fronm
stur-rotlilding p)hloem lparenchynla. These explaina-
tions are not mutually exchlsive. Other preliminarv
experiments theni suggeste(d tit 3P moving down
the sieve tubes rapidfly moved into the surr-ouinding
cells and that anyv stuidy of the whlole vascular bundle.
no matter for how short a translocation time, wouild
lead to ambiguous results. A sample of the trans-

location stream itself was iieeded. In the apparent

a,bsence of a suitable species of aphid in this country.
use of sieve tube exucdate fronm Cuicutr-bita appeared
to be the only suiitable method.

Aspects of the Method UTsed to Study Sieve Tuibe
Conitenits in Cucuirbita. Initial experi ments were

aimiied at obtaining as trule a sample of the sieve tube
contenits as )ossible. T\wo precautions w\hich\were

nee(le(l were the minimilizinig of phosphatase action so

that the ester pattern was not altered during sampling
(4), and sanipling of the phloem exudate in such a

way that contents frolmi cells other than sieve tubes
were not collected. M\odel experiments showed that
the selecte(d samiplin,g procedure resulted in complete

inactivation of the phosphatase within to 14 sec

of cutting the petiole. The enzyme action that would
have occuirred in this time at the prevailing tempera-
ture (12 sec at 160) was considerablv less than the
action which occurs when slices *of ordinary plant
tissue are killed in boiling methanol [action equiva-
len,t to that obtained in 11¢0 sec at 160 (4)], and only

slightly more than occurs with a special procedure
designed to minimize phosphatase action [equivalent
to 3 sec at 1,60 (4) ].

Precautions for maintaining the purity of the
saml)le of sieve tube contents were influenced bv the
way in which sieve tube exudates appear to forml.
The sieve tubes are plasmolysable ( 16), accumulate
soltutes (7), and are probablv delimited by- semiper-
mneable membranes (7, 26). As they containi a high
conceintrationl of sugars (16, 33), osmlotic phellomlena
result in their contents being un(ler considerable
turgor pressure (33). forcing against the surrouining
celhllose w\,kalls and tissues. These cellulose walls,
unlike those of nmost cells, hlave large gaps at the
sievre l)lates ( 26).'Thus -when the turgor in any
I siev e tube is released (either b1 inserting ani aphi(d
stvlet oI bv making a cUt) the pressure in the a(dja-
cent cell is no longer balanced at the weakest poinit.
the sieve plate, and the semiiipermeable meilmibraine
there can rupture (28). Release of turgor is fol-
lowed bv an osmotically powered inrush of water
froimi the surrounding cells, so that the diluting conl-
tenits of the sieve tubes continuie to flow out througli
the rupture (33). II this wav, by a ninepin,s effect.
the contents of a long line of sieve tutbes' can plass out
through the 1 puncture or cuit (30). In the early
stages, this exudate should tlherefor-e be a true samiiple
of the sieve tube contents (33). After a tinme, the
contenits of these iijured cells may become (legraade(l,
or materials other than water mav pass from the
surrounlidinig phloeimi parenchyma cells into the re-
sulltiilg lulmiien ('25). and tlle ideutity of the exudate
will he less certail.

Th'lulls, in the sampling procedurl-e used. the cut
petiolar suirface w,-as immediately blotted, to remlove
soluites released fronm destroyed parenchyma cells.
Tlhen sieve tube exu(lation was allowed to proceed,
hut only for a limiited tinme so that there was the
greatest chance of obtaininig sieve tube contents alone.
Finally the exudate was taken, phosphatase was in-
activated, and the esters were chromatographed.

One last re(qiretiment of the experiment, as already
dliscuissed, was to have the dclration of translocation
as short as possible in 1 set of samples. The speed
of travel of phosphorus in phloem has been calcuilated
as abouit 50 cm/hr (14); and thus a point 7 cm from
tlle site of 32p application shiould receive a front of
2T) approximately 8 min after alpplication of tracer
to the leaf. This expectation was confirmnied w ith
Cucitrbita, as 10 milin w\as tlle shortest translocationi
time that wouldl give an exudate 'with suifficient
ra(lioactivitv for subsequent analysis.

Metabolismn of Sieve Tubes. The data show that
the sieve tubes mutst be an integral part of a meta-
bolicallv active system. As noted above, the exudate
collected 10 min after supplying :P2 to the leaf came
from phloem which had been in contact with 32p for
much less time, probably 2 min or so. The labeling
pattern at this time can be compared with that of
other tissues which have accumulated 32pi for 2 min;
and the 22 hr pattern can be compared with that in
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FIG. 1. Autoradiograph of 32P-containing compounds
in sieve tube exudate, after their separation by 2-dimen-
sional thin layer chromatography. Abbreviations: Stan-
dard abbreviations for nucleotides, and PC, phosphoryl
choline; PE, phosphoryl ethanolamine; PGA, P-glyceric
acid; TRI, triose-P (?) ; F6P, fructose 6-P; M6P, man-

nose 6-P; G6P, glucose 6-P; GIP, glucose 1-P; UDPG,
UDPglucose; X aild UDPX, unknown compounds;,
HT)P, hexose (liphosphates.

tisstues which have accumulated 32P; for a day or so

(8, 9). The same esters are present in the sieve
tube exudates as in other tissues, their proportions
are similar, and their course of labeling is similar.
The proportion of radioactivity in ATP and UTP is
very high after short translocation times, and falls
after longer translocation times. The proportion of
radioactivity in nucleoside diphosphates and UDP-
glucose rises fairly rapidlv, and the proportion in
RNA rises only slowly. These chaniges in nucleotide
radioactivity in the siev%e tube system occur as rapidlv
as in other tissues [compare data in tables III, IV
witlh Fig. 1, reference i(10) and Fig. 4, reference
(9) ], and so the turnover times mtust be similar.
Hovever, the amount of nucleoside triphosphate
present is likely to be much greater in the sieve tube
exudate, as exudates from a variety of plants have
been shown to have ATP concenltrations, 70 to 590
rn,moles/ml (20), higher than those of other tissues,
10 to 100 m,umoles/g fresh wt (8). In the present
experiments, the proportion of nucleoside triphos-
phate was also higher than usual. This combination
of a normally rapid turnover of nucleoside triphos-
phates, coupled with an unusually high proportion
and amount, must mean that the sieve tube system is
supporting an unusually active metalbolism. This
appears to be the clearest indication so far that sieve

ttubes might be actively metabolizing, functional and
competent cells, even though s-ome evidence has al-
ready pointed this way. Thaine has reported seeing
active protoplasmic streaming in sieve tubes, which
would require a supply of metabolic energy (27);
and I have claimed that sieve tubes present in excised
pieces of phloem can activelv accumulate solutes from
surrounding solutioins-this process would also re-
quire energy, as well as the presence of functional
cell membranies (7). [The ability of sieve tubes to
accumulate solutes is shown clearlv in some data
obtained by Ford and Peel ('18). though the atuthors
appear to have overlooked the point: 14C-glucose
anld 14C-sucrose at a concentration of 2 pc/ml initially
anld less than 0.05 jLc/ml finally, were actively accu-
mtulated inito excised strips of bark, and a sampling
of the sieve tule contents by aphid stvlets then showed
that the 2 sugars were then present in the sieve tubes
at concentrations of 0.9 and 0.7 ,uc/ml respectivelv-a
concentration at least 15 times higher than was
present at that stage in the external solution.]

Not vet clear is the site of this ATP synthesis.
MAIost earlier morphological studies reported that sieve
ttubes were devoid of mitochondria, but it seems that
the cell contents must have become lost during fixa-
tion through the disruptive osmotic process already
described. Later studies agree in reporting the pres-
ence of mitochondrion-like bodies in the sieve tube
cell (12. 17, 26), though these bodies do not always
have a completely typical mnitochondrial strtuctture
(17. 26), and it has been suggested that thev may be
rather (legenerate (17). There is general agreement
that the comlpanion cells are notably endowed with
mitochonidria (31). One possibility is that these
cells supl)ly ATP to the sieve tubes as if to their owin
cvtoplasm (7, 31). Alternatively, the sieve tubes
could be fully functional. independent cells. Riho-
somes are not clearly apparent in electron microscope
photographs of sieve tubes. but RNA-containing
particles have been demonstrated in sieve tube exu-
dates (13). The present results show that RNA
within the sieve tu;be exudate incorporates 32P, and
is therefore turning over, so it appears that ribosomes
too may be present and functioning.

Nature of the Tranislocatinig Compounitd. All of
the organiic compounds that have been implicated at
one time or another in the translocation of phos-
phorus-phosplloryl cholin e. glucose 6-P. fructose
1,6-diP, glucose 1-P, UDPglucose, anid ATP-were
present in the sieve tuibe exudate and labeled with
32P. None satisfied the reqtuiremenlts for a possible
primary translocation form. None was present as
the sole labeled compound anid none was dispropor-
tionatelv labeled after short translocation times. The
onlv compound to fit this pattern was Pi itself; for
after the shortest translocation time, over 80 % of
32p was in Pi, but after longer times the proportion
was much less. This suggests that Pi is the primary
translocation product of phosphorus in the phloem.
Phosphate esters probablv became radioactivelv
labeled in a secondary way. Incorporation of 32P1

Pi _ C

PE
PGA

TRI?

F6P
M6P

4doW GI P
G6P

HDP ADP UDPX

UTP ATP UDPG
VRNA
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into esters is a very rapid process, even in tissues
much less metabolically active than phloem tissues
(6, 10).

Pi is, like sucrose, notable as a storage material
in the niormal parenchyma cell. It appears to be
located in a segregated non-metabolic p0ool, probably
the vacuole (9, 10). When a parenchvma tissue
accumuilates 32p1, the ratio 32p1/ester-32P is low in
the beginning, and rises as the 32P in the metabolic
pool equilibrates with the Pi in the non-metabolic
pool. In sieve tube exudates, this ratio changed in
the opposite way, from 5 to 1.8. One simple ex-
planation would be that Pi is movin,g in a vactuole-
like space in the sieve tube. and is equilibrating as

it goes with a cvtoplasmic phase. One suich inter-
pretation has already been put forward to explainl
a.spects of carbohydrate movement (15).
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