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Summary. Changes in the dry weights of variouis parts of the castor bean
seedling showed that the rates of transfer of material through the cotyledons to
the embryonic axis exceeded 2 mg/hour after 5 to 6 days of germination. The
sugar present in the endosperm was predominantly, and in the cotyledon almost
exclusively, sucrose. Anatomical features were described which contribute to the
efficiency of the cotyledons as organs of absorption and transmittal of sucrose to
the embryonic axis, where hexoses are much more prevalent.

The ability of the cotyledons to absorb sucrose survived removal of the endo-
sperm from the seedling. A series of experiments is described in which the cotyle-
dons of such excised seedlings were immersed in sucrose-:"C and measurements
made of uptake and of translocation to various parts of the seedling. Increasing
rattes of absorption were observed as the sutcrose concentration was raised to 0.5 M

and these rates were maintained for several hours. Removal of the embryonic axis
(hypocotyl plus roots) drastically altered both the response to suicrose concentration
and the time couirse of absorption by the cotyledons.

More than 80 % of the stugar normally entering the cotyledons from the endo-
sperm is transmitted to the embryonic axis and this extensive turnover was seen
also in ptulse/chase experiments with excised seedlings. The cotyledons of excised
seedlings absorbed sucrose against high apparent concentration gradients. The
absorption was stimtulated by phosphate and had a pH optimtum at abolut pH 6.4.
It was inhibited by arsenate, azide and 2,4-dinitrophenol.

Previous work in this laboratory (1) has eluci-
dated the pathway by which fat in the endosperm
of the castor bean seedling is converted to carbo-
hydrate during germination, but the means by
which this sugar is introduced into the cotvledons
and transported to the growing embryonic axis
is unresolved. The cotyledons are specialized ab-
sorptive organs which are wholly responsible f')r
the tuptake and transfer of the considerable sulb-
strate requirements of the heterotrophic seedling.
This paper describes, first, featulres of the seed-
ling's early growth and anatomy which seem to
contribute to an uinderstanding of the overall
process of sugar uptake by the cotyledons. Infor-
mation on the amouints and nature of suigar trans-
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ported are then provided. Finally the character-
istics of sucrose tuptake by the cotyledons of
excised seedlings (i.e. seedl,ings from which the
endosperm had been removed) and features of lung
range transport are described.

Materials and Methods

Castor beans (var. Cimmaron) wlere soakedl
overnight at room temperature and germinated
in moist vermicuilite in the dark at 300. For the
growth stuldy, material was sampled from a large
popuiliation of seedlings and dissected into endo-
sperm (exclutding the ouiter integulments), cotvle-
dons, and embryonic axis (hypocotyl and rtudi-
mentary pluimule pluts roots). Fresh weights were
determined and the tissuie was dried for 3 davs at
800 prior to measuiring dry weight.

Anatomical study was made on seedlings germ-
inated for 5 days, fixed in absoluite ethanol/glacial
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acetic acid 3: 1, embedded in paraffin and sec-
tioned at ;u on a microtome. For sugar analysis,
the plant material was homogenized in hot 80 %
(v/v) ethanol. The filtered extract was dried
tinder vacuum at 400, treated with anhydrotis ether
to remove fats, redried and dissolved in a small
vrolume of water. The aquieous extract was then
passed successively through colutmns of Dowex
50-X8 and 1-X 10 ionI exchange resin, and made
to a known volume. Aliquots were taken for re-
dtucing sugar determina4tions using Nelson's modi-
fication (7) of Somogyi's method. Sucrose was
estimated as hexose following hydroly sis with in-
yertase.

Sucrose Uptake. The apparatus supporting the
seedlings consisted of a 5 ml cylindrical center well
with 6 10 X 3 cm polyethylene ttubes arranged
radially. The endosperm was removed from 5
days old seedlings and the plants arranged so that
the exposed cotyledons of all of the seedlings (4-6)
w-ere immersed in the liqttid in the center well,
while the attached embryonic axes, incltuding lateral
roots, were placed individually in deionized water
in the larger, outer tubes. The apparattus was pro-
vidled with a lidl and the whole assembly was kept
inder a light tight container.

Radioactive sucrose with a specific activity of
20 to 30 mc/mM, was stuitablyr diluited and placed
in the solution in the center well and tuptake into
the cotyledons was determined l); assaying for 1'C
in samples removed at appropriate intervals from
the soluttion. The solution was stirred thoroughly
for at least 1 minute with a Pasteur pipette fitted
with a rubber butlb before drawing off 5 replicate
s.amples of 2 Al or 10 zA and transferring each
iiito a v-ial containing 13 ml of scintillation fltuid
for countintg. The scintillation fluiid consisted of:
350 nil toluene, 350 ml dioxane, 210 ml methanol,
73) g inaphthaleine, 4.52 g PPO (2, 5-diphenyloxazole)
anid 0.078 g POPOP [ 1, 4-bis-2- (5-phenyloxazolyl ) -
beiizenie].

Results

(Gro-thi DOata. The data in figture 1 show the
chaniges in we.ght of the different parts of the
seedlinig du-ring germination. At the outset the
co,tyledoils have a greater dry weight than the
embryonic axis btut this sittuation is reversed after
(lay 4. The loss in dry weight from the endosperm
between days 4 and 7 is almost exactly matchedl
by the inicrease in dry weight in the cotyledons
hypocotyl and roots. Figuires 1 anid 2 inclicate that
while the cotyledons continuie to gain in dry weight
the embryonic axis grows much faster. Both sys-
tems show a maximutm growth rate between 5 and
6 days after the start of germination at which time
they are together gaining dry weight at over 2 mg
per hotur. IIn other experiments, rates of tip to
3.2 mg per hour have been recor(led, andl allowing
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FIG. 1. Dry wxeight chaniges in the various parts of
the castor bean seedling during germination at 30°.

4
AGE (days)

FIG. 2. Changes in rates of increase in dry weight of
cot)yledons and embrvonic axis during germination.
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viz

1I1 Cm.
FIG. 3. The 5 days old castor bean seedling. At this stage the testa has been lost, the hypo-

cotyl is still hooked and the cotyledons, with rudimentary epicot\l are enclosed -\-ithini the
endosperni. The endosperni is seen to be splitting along the planie of the enclosed cotyledons
and it caln be readily remooved to provide tlle excised seedlings tused inl most of the experiments.
Insert
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KRIEDEMANN AND BEEVERS-SUGAR UPTAKE AND TRANSLOCATION I

for some respiratory losses, it seems clear that the
endosperm must have the capacity to supply sub-
strate, and the cotyledons the ability to absorb
this material at rates in excess of 3 mg per hour.

Anatomy. The gross morphology of the castor
bean seedling 5 days after the start of germination
is shown in figure 3. The cotyledons occupy the
mid plane of the bulky endosperm and are the
only contact between endosperm and embryo. The
internal structure of the cotyledons and the ad-
jacent endosperm is shown in figure 4. The coty-
ledoins are amply supplied with vascular bundles
(see fig 4a) and material enitering them from the
adjacent endosperm has to traverse only 4 or 5
layers of mesophyll cells before encountering one
of the many phloem elements that occur in a
major vascular bundle (see fig 4b).

Substances passing from endosperm to cotyle-
dons traverse a layer of non cellular material
interposed between the 2 systems. Sections of
fresh tisstue show that the space between cotyledons
and endosperm is completely occupied by material
which is hirefringent and which stains with
Ruthenium Red. The intimate association between
this layer and the tissue on either side is shown
by the adhesions which remain on adiacent surfaces
(endosperm and epidermal cells of the cotyledons)
following shrinkage during fixation. One such
zone is shown in higher magnification in figure 4c.

Endogenotus Sugar Levels. Table I shows the
results of sugar determinations in the various parts
of 5 and one-half days old seedlings. At this stage
large amounlts of sugar, particularly sucrose, are

present in the endosperm. Nevertheless the av-

erage sLlerose concentration in the cotyledons is
about twice that in the immediately adjacent endo-
sperm, so that within the intact seedling at this
stage, the cotyledons are able to absorb sugar
efficiently despite an apparently tunfavorable con-
centration gradient. The decrease in sucrose level
from the otuter to the inner portion of the endo-

sperm is presumably due to uptake by the cotyledons
from the proximal region of the endosperm.

The amounts of reducing sugars in the endo-
sperm are about one-fourth those of sucrose. In
the cotyledons the preponderance of sucrose is even

0 2 3 4

TIME (hours)

FIG. 5. Progress of sucrose absorption
dons of excised seedlings were placed in
different concentrations, and the effect of
embryonic axis from the cotyledons.

5

when cotyle-
solutions of
excising the

Table I. Amnounts and Concentrations of Sucrose and Reducing Sugars in Variouts Parts of the
5 and One-half Days Old Castor Bean Seedlingq

Sucrose Reducing sugars
mg/g Fr wvt Molarity** mg/g Fr wt Molarity**

Outer en&osperm 42.9 0.16 9.2 0.07
Iiiner endosperm 24.7 0.09 6.4 0.04

(adjacent to
cotyledons)

(n = 2)*
Cotyledons 39.67 0.207 1.61 0.015

(11 = 12)
Hvpocotyl 19.66 0.057 11.22 0.062

(n = 6)
Roots 11.09 0.035 14.17 0.085

(0i = 6)
* n = The nulmber of separate measurements on which the mean data are based.

$* Based oll the assumption that sugar present is distributed evenly throughout the measured amount of water in
the tissue.
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.1 .2 .3 .4 .5
SUCROSE CONCENT RATION (moles/Iitre)

FIG. 6. Effect of concentratioln of sucrose on the
absorption of sucrose by the cotyledons of excised seed-
lings anld by cotvledons alone. (Uptake period, 5 hours)

greater; reducing stugars comprise less than 4 %
of the total. Moreover a sizeable fraction of this
hexose is readily leached otut wheni the endosperm
is removed and the cotyledons are exposed to an
autleotis mediuim. Thus 40 % of the endogenotis
hexose appeared in the medium in 1 experiment
while only 4 % of the stucrose was leached out.

It is clear then that in the cotyledon, which is
the initial silte of uptake into the embryo and of
loading into the trianslocation stream, almost all
of the stugar is sucrose. By analyzing the exudate
from seedl,ings whose embryoniic axes had been
excised at the point of hvpocotyl attachment, an
estimate was made of the concentration of stugars
in the translocation stream leaving the cotyledons.
Forty ul of exuidate was collected from each of
10 seedlings and in the pooled material the con-
centration of suicrose was 0.07 M and that of re-
ducing sugars 0.006 M.

In more distal parts of the embryonic axes of
normal seedlings reduicing sulgars are much more
abuindant (table I). It thuls appears that as in
other systems, e.g. suigar canie (5)), stucrose is the
sugar actually transportedl anid that hydrolysis occulrs
subsequently in tissuies to which the sutcrose is
moved.

Sucrosc Uptake and Translocation by Excised
Seedlings. Figulres 5 and 6, in which effects of
concentration of exogenouis sucrose and duiration
of exposuire are shown, demonstrate that the excisedl
see(llings are able to absorl) suicrose rapidly throuigh

their cotyledons; the remarkable capacity of these
organs for sticrose tuptake and transport in the
intact seedling survives excision of the endosperm.
Sucrose uiptake w-as linear wvvith time over a 100-
fold concentration range tip to 0.; AI ( fig 5).
\\'hen uptake by the excised seedling is plotted
as a fulnctionl of stucrose conicenitrationi (fig 6) it
is clear, first, that the rate was progressively in-
creased tintil quiite high concentrations were reache(d
(in different experiments these varie(l betws-een
0.3 M and 0.5 m). Secondly, the curve is apparently
hiphasic, which would indicate satulrationi of a lo\Ner
capacity absorption systeni a,t about 0.1 Mi suicrose.
It is significant that the highest rates of absorption
observed by the cotyledons after removal of the
endosperm (> 4 mg seedling/hr) exceedl those
which were dedutced to occuir in the inltact seedlinlg,
when the attached endosperm is the sulurce of
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FIG. 7. Movement of 14C from sucrose-14C from
cotyledons into various parts of the excised seedling. At
time zero cotyledons were immersed in sucrose -1U4C
(0.1 --\) aln(l seedlings samipled at the tlinms ndicated.
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FIG. 8. The 14C distance profile in the radicle 2 hours
after supplying sucrose-U-14C (0.1 M) to the cotyledons
of excised seedlings.

translocatiing material. However these high rates
were achieved from media with a concentration
of suicrose considerably greater than that in the
enclosperm (approx 0.15 M). At this concentration
the tuptake by the excised seedling was about one-
half that observed in vivo.

The influence of the embryonic axis on the
uiptake of stucrose by the cotyledons was examined
by comparinig the uptake by cotyl-edons alone to
that observed when the cotyledons remained at-
tached to the excised seedling (figs 5,6). Uptake
from 0.5 mI sucrose by the cotyledons alone ini-
tially followed the pattern shown by the excised
seedling. However the immediate sucrose require-
ments of the cotyledons were met within an hour
and ulptake was barely detectable after this time
(fig 5). The uptake by the excised cotyledons in
different levels of sucrose was similar to that of
excised seedlings in concentrations up to 0.1 M,
btut ftirther increases failed to stimuilate iuptake
above this valuie.

It is clear then, that the embryonic axis strongly
influences stucrose uptake by the cotyledons. Fig-
ure 7 shows that the axis provides a strong sink
for sugar entering the cotyledons. The cotyledons
of excised seedlings were immersed continuously
in sucrose-1-C and at intervals over 2 hoturs seed-
lings were removed and the 14C present in 80 %
ethanol extracts of various parts was measured.
The rapid incorporation of 14C into the cotyledons
was closely followed by a logarithmic rise in 14C
in the hypocotyl. After 20 minutes 14C appeared
in the upper radicle and lateral roots, and the lower
radicle, which was 10 cm from the cotyledons, be-
came radioactive after 1 hour. On completion of
this 2 hour experiment the 1-C distance profile
was logarithmic (fig 8).

The turnover of sucrose in the cotyledons is
demonstrated by the pulse/chase experiment shown
in figure 9. By the end of the experiment, 8 and
one-half hoours after the pulse of sucrose-14C, the
1'C in the cotyledons had fallen from its initial
value of 93 % of the total 'AC in the seedling to
a value of 26 %. At this time the hypoctotyl and

2 4 6 8
TIME OF "CHASE"(hours)

FIG. 9. Changes in the relative soluble 14C content
of different part's of the excised seedling afiter immers-
ing the cotyledons for 30 minutes in sucrose-14'C. The
cotyledons of 5 excised seedlings were immersed in 0.1 M
sucrose-'4C for 30 minutes (the pulse). The medium
surrounding the cotyledons was then replaced with un-
labeled sucrose. At this time 1 seedling was removed,
rinsed for 5 minutes in running water, separated into
its component parts and the total soluble 14C in each
part was determined. The 4 remaining seedlings were
removed at the designated times during the chase and
treated isimilarly. The 14C in each organ is expressed as
percent of the total soluble 14C in the seedling.
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FIG. 10. Effects of pH and buffer concentration on

sucrose absorption by the cotyledons of excised seedlings.
(Uptake period, 5 hrs)

root system accotunted for 54 % and 20 % of the
total.

The above experiments demonstrate that the
major fate of sucrose absorbed by the cotyledons
is transfer to the translocation system, while a
much smaller fraction is retained in the cotyledons.

The Active Nature of Sucrose Absorption.
Various features of the absorption system point to
a dependence on metabolic ene-rgy.

A) Accumulation against a concentration grad-
ien,t: Excised seedlings absorbed sucrose at a
constant rate, which was sustained for at least 5
hours from solutions as dilute as 5 mm (fig 5).
At the outset of such an experiment the stucrose
concentration in the aqueous phase of the cotyle-
dons is rouighly 0.2 WI. It thuis appears certain
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that the absorption does in fact occutr againist a
concentration gradient.

B) Effect of pH: The data of figure 10
demonstrate that sucrose absorptioni by excised
seedlings is strongly dependent uiponl the pH of
the meditum surrouinding the cotyledons at a suicrose
concentration (5 mM) that wotuld necessitate some
form of active mechanism for suistained rates of
sugar uiptake. Conceivably differences in pH couild
induce physicochemical changes in the tissue which
might influence its permeability to sucrose, but
the sharp dependence on pH speaks against a puirely
passive entry.

C) The effect of phosphate concentration:
The data in figure 10 show a fairly narrow optimulm
pH range (6.3-6.5) for sucrose uiptake, (lespi,te
large differences in phosphate buffer concentration,
btut they also reveal a strong inhibition of uiptake
at the higher concen,tration of btuffer. More (le-
tailed information on sucrose absorption from 0.005
m solution at pH 6.2 and over a wide range of
buiffer concentration is shown in figulre 11. There
was a clear enhancement by 1 mo\ phosphate over
the control rate in water, while increasing phosphate
concentration progressively low-ered sucrose ab-
sorption until at 100 mi.i the rate w-as re(dtuced
by 64 %.

FIG. 12. The effect of azide and arsenate on sucrose
absorption. Sucrose concentration, 0.1 m.
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FIG. 11. Effect of phosphate concentration (pH 6.2)
on sucrose absorption. Seedlings exposed to 0.1 M su-
crose for 5 hours.
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D) Metabolic inhibitors: Sodium arsenate and
sodium azide at 1 mm concentration inhibited
sugar uptake from 0.1 M sucrose by 77 % and
85 % respectively over a 4 hour period (fig 12).

Uptake from 0.1 M sucrose was also inhibited
by 2,4-dinitrophenol (DNP) at both 0.0005 M and
0.0001 M (fig 13). Decreasing the concentration
to 0.00001 M restored uptake to the control rate.
At 0.005 M sucrose, DNP also inhibits the uptake,
but the effect is far less striking than that observed
with the higher sucrose concentration.

The turnover of sucrose absorbed by the coty-
ledons from the medium is also inhibited by DNP
(fig 14). The cotyledons of excised seedlings were
initially exposed to unlabeled sucrose for 1 hour
and then pulsed for 30 minutes with sucrose-"'C
in either deionized water or in 1 mm DNP, fol-
lowed again by unlabeled sucrose (in 1 mm DNP
for the second treatment). Sucrose concentration
was 0.1 M throughout these operations. The coty-
ledons of control seedlings showed a very rapid
incorporation of 14C during the pulse, which was
lost rapidly during the subsequent chase. The
faill w-as accompanied by a steady increase in the
14C present in the hypocotyl and subsequently in
the root system. The presence of DNP in the
medium around the cotyledons during the initial
pulse and the following chase had 2 pronounced
effects on the uptake and translocation profile.

0 2 4 6 8 0 2 4 6 8
TIME (hours) TIME (hours)

FIG. 14. The effect of DNP (0.001 M) on the absorption and redistribution of 14C from sucrose-'4C supplied
during a 30 minute pulse. DNP was present with sucrose-14C during the pulse in the treated seedlings. At 30 minutes
the controls were transferred to 0.1 M unlabeled sucrose and the seedlings previously exposed to DNP were trans-
ferred to 0.1 M unlabeled sucrose containing DNP.
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with sticrose-'4C as previously, but 1)DP was not0I

z adlded until the start of the chase, and furthermore,
in this experimeint Ino suicrose w,as adde(d duirilg the

Li chase; the cotyledlons remiiaiine(l in either water or
en | t\ in I m 1)DNP. If the inihibitor was exertinig a

z 8 0 (cirect effecit oni traiisport of sticrose ill the vasctilar
system, some lowering of the rate of loss of radio-

O) & activity from the coty-ledloins to the remain(ler of
_ isCOTYLEDONS the seedling wvotuld le expecte(l. As is clear from

<
60 - Rb figtire 15, DNP had no effect on any featture of

060 the di9tril)ution of radioactivity in the seedlinlg
followving the puilse. Extrapolation of the present

O \ data reveal that l)v 8 houirs abouit 60 % of the
{* \ activity presenit in the cotyle(lonis immediately after

o40 the puilse wvould have been lost, compared wvith
U) 4.0 over 80 % in the previouls experimenlt wvhere uin-_<,- 'Olabeled suicrose Nxas tuse(d for the chase.
z HYPOCOTYL ..--

z 20- icy, Discussion

Z f /v--~~ t ROOT S The rapid phase of inicreasling dry weight of
* I:;,'RO the embryonic axis of the germinating castor bean

seedlling, beginning oni day 4, occurs at the uiltimate
2 3 4 5 6 7 expeinse of fat present in the endosperm. The

first stage in this process is the conversion of
TI ME (HO U RS) fat into suigars (with stucrose as the primary

produlct) and the second the absorption andl trans-FIG. 15. The effect of DNP, added after the pulse, mitt of thesesuast the ebryon axi sb
tbe redistribution of 14C from sucrose-14C ahsorhed dur- m

inig a 30 minute pulse. No sucrose was provided after the cotyledons. From the dry weight changes (le-
the pulse. The dashed curves refer to the DNP treated scribed (figs 1, 2) it is clear that between days
sanl)les. anid 6 the cotyledons tranismit more than 2 mg

of material/hotur. Although the analytical (lata
Firstly the DNP redtucecl the 1'C incorporated (table I) show that hexoses are present in the endo-

inlto the cotyledons during the initial puilse by 40 %. sperm [and(i these are absorl)ed by the cotyledons
Secondly, movement of 14C ouit of the cotyledons (8)] they are present in onily minute amouints in
over the first 2 hours following the puilse was the cotyledons and it seems clear that sucrose is
redutced by about 50 %. the material moved in the translocation stream.

It is suggested that the redluction in movement The anatomical features of the cotyledons (fig
ouit of the cotyledons is a consequence of reducedI 4), particuilarly their thinniess and the density of
incorporatioin into them rather than a (lirect effect distrilbution of their vasctular butndles, apparently
of DINP on the translocation system for the fol- fit them for their role in collecting suicrose and
lowsinig reasons. Firstly, by the end of the experi- loadiing it into the trailsport mechanism. The
ment the 14C in the cotyledons had fallen to about cotyledons do Inot fuInctionl exclisively in this role,
1000 cpm irrespective of treatment. If DNP had since they also gain in (dry weight while the
-been exerting a direct effect on movement out of embryonic axis is growing. However the exteint
the cotyledons a greater retention of label would of this local demand for substrate in the cotyledons
have been expected. As it was, 87 % was removed themselves is, at best, only a small fractioin of the
in the conitrol, and 81 % in the DNP treattment. total entering them. Thus, in the experiment de-
Secondly, the time taken for the 14C to reach the scribed in figure 2, when the amounlt of suigar
hypocotyl and subsequenitly the root system, was entering the cotyledonis was over 2.4 mg/hour the
unaffected by DNP; hence we presume there was flux between endosperm and embryonic axis was
Ino delay in moving the 1IC along the vascullar 2 mg/hour and only 0.4 mg/hour were conisutmed
system of the cotyledon. Thirdly, DNP cause(d in the growth of the cotyledons.
an appreciable increase in the amount of 14C that This feature of rapi(l transport of the bulk of
leaked outt of the cotyledons back into the medium the enteriing sugar makes the system an uinusuially
following the pulse. This effect lends support to good experimental material with which to study
the notion that uptake into the vascular system the translocation process, particuilarly since, as we
is the site of DNP action. have shown, the seedling with its attached cotyle-

This stuggestion gains force from results shown dons can be easily removed from the endospern
in figuire 15. Seedlings were ptulsed for 30 minuites and it retains its high capacity for suigar absorption
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and transmiittal to the embryonic axis. Transloca-
tion is frequently meastured by exposing leaves to
a pulse of -14CO, in the light and measutring the
subseqtteint appearance of 14C in other regions.
Frequently in suich experiments a relatively small
fraction of the 14C moves otut of the treated leaf
(3, 6, 9, 10). A valuable featture of the castor beani
system is that this fraction is large; as shown in
figture 15, 80 % of the 14C absorbed from sucrose-
'-C duiring a 30 minute ptulse moved otuit of the
cotyledons dturing the suibsequent 8 and one-half
hours. The velocity of translocation, rotughly 5
cm/hour is far below the highest rates reported
(100-300 cm/hr) for example by Hartt et al. (4)
in stugar cane leaves and by \Vebb and Gorham
(10) in sqtuash petiole, but is somewhat higher thail
that observed in Salix stem (0.2-2.0 cm/hr) by
Caniny- (2).

Progressively larger amotunts of sucrose were
absorbed at steady rates over several hours as the
stucrose conicentration bathing the cotyledons was
increased to as high a valuie as 0.5 M. There is
e-vidence for saturation- of a low capacity absorption
system at aboutt 0.1 m, and from the fact that re-
moval of the embryonic axis abolished the capacity
of the cotyledons to respond to higher concentra-
tioins of stucrose we concluide that the lower capacity
system represents tutilization within the cotyledons
themselves as distinct from transfer into the trans-
locatioun system. Conceivably the bulk of the sulgar
absorbed from sucrose soltutions of concentrations
higher than 0.1 M passes rather directly to the
phloem elements which have a high absorption
capacity- so long as the sink represented by the
embryonic axis is present. What is clear is that
althouigh the tuptake of suicrose by attached cotyle-
dons responids to increasing concentration over a
wide range in a linear manner, the uptake is never-
theless uinder metabolic control. There is a clear

pH optimuim and a response to phosphate concen-
tration, and the uptake is inhibited strongly by
azide and arsenate. 2,4-Dinitrophenol also inhibits
absorption, and it was shown that this was not (lue
to an effect on the translocation system itself.

Literature Cited

1. BEEVERS, H. 1961. The metabolic production of
sucrose from fat. Nature 191: 433-36.

2. CANNY, M. J. 1962. The translocation profile:
Sucrose and carboni dioxide. Ann. Botany 26:
181 86.

3. CLAUSs, H., D. C. MORTIMER, AND P. R. GORHAM.
1966. Time-course study of translocation of prod-
ucts of photosynthesis in soybean plants. Plant
Physiol. 39: 269-73.

4. HARTT, C. E., H. P. KORTSCHAK, A. J. FORBES,
AND G. 0. BURR. 1963. Translocation of 14C
in sugarcane. Plant Physiol. 38: 305-18.

5. HATCH, M. D. AND K. T. GLASZIOU. 1964. Direct
evidence for translocation of sucrose in sugarcane
leaves and stems. Plant Physiol. 39: 180-84.

6. JONEs, H., R. V. MARTIN, AND H. K. PORTER. 1959.
Translocation of 14C in tobacco following assimi-
lation of 1"CO, by a single leaf. Ann. Botany
23: 493-508.

7. NELSON, N. 1944. A photometric adaptation of the
Somogyi method for the determination of glucose.
J. Biol. Chem. 153: 37540.

8. KRIEDEMANN, P. K. AND H. BEEVERS. 1966. Sugar
uptake and translocation in the castor bean seed-
ling. II. Sugar transformationis during uptake.
Plant Phy-siol. 42: 174-80.

9. SHIROYA, M., G. R. LISTER, C. D. NELSON, AND G.
KROTKOV. 1961. Translocation of 1 4C in toba'co
at differenlt stages of development following as-
similation of 14CO., by a single leaf. Can. J.
Botany 39: 855-64.

10. WEBB, J. A. AND P. R. GORHAM. 1964. Translo-
cation of photosynthetically assimilated 14C in
straiglht-niecked squash. Plant Physiol. 39: 663-72.

173


