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Abstract-Corn scutellum slices stored sucrose when incubated in either sucrose or fructose, and similar 
maximum rates of net storage were obtained with O-4 M sucrose or 0.2 M fructose. It is concluded that 
exogenous sucrose is stored without prior inversion. Thii conclusion is based on the following: (1) The 
amount of extracellular inversion (as measuted by the appearance of glucose and fructose in a 0.3 M sucrose 
bathing solution) was too low to support a net sucrose synthesis and storage, and (2) sucrose storage in slices 
bathed in optimal concentrations of fructose or glucose was &teased by the addition of sucrose to the bathing 
medium. Further evidence for the existence of a transport system for exogenous sucrose was obtained in the 
demonstration of an exchange of sucrose between the bathing solution and the storage compartment. The 
rate of exchange was increased as the concentration of exogenous sucrose was &teased, was doubled in the 
pmsence of citrate-phosphate buffer, was little affected by pH in the range W-7-3 and showed no dependence 
on the net amount of sucrose stored. 

INTRODUCTION 

SLICES of the corn soutellum take up glucose or fructose at a rapid rate, and there is in each 
case an accumulation of sucrose in the tissue. ‘8 2 It appears that hexoses readily penetrate 
into areas of the cell where the synthesis of sucrose or a sucrose derivative occurs. Accumula- 
tion of sucrose involves the movement of sucrose or a sucrose derivative into a storage space 
and is not obligatorily coupled with the synthesis of the disaccharide.2 During incubation 
of corn scutellum slices in fructose solutions, sucrose leaks from the tissue (leakage A) and 
a further leakage occurs when the fructose bathing medium is replaced with water (leakage 
B).2 The results of these previous experiments suggest that leakage B sucrose is newly 
synthesized sucrose which is not stored during the incubation period in fructose but rather 
remains in the synthesis compartment, while leakage A comes from a sucrose storage pool 
and during incubation is released to the cell exterior by an exchange reaction at the storage 
compartment membrane. Sucrose leakage B is strongly inhibited by fructose and polyhydric 
alcohols2 and calcium ion.3 During inhibition of sucrose leakage B by fructose or mannitol, 
sucrose is neither stored nor utilized but remains in the synthesis compartment of the cell 
from which it leaks only after removal of the inhibitor.2 During inhibition of leakage B by 
Ca2+, the sucrose of the synthesis compartment is rapidly stored3 The possibility exists that 
during inhibition of leakage B by Ca2+ the sucrose held in the synthesis compartment is 
moved to the storage area(s) of the cell as sucrose rather than first being degraded to hexose 
which might be used to synthesize a transportable sucrose derivative (perhaps sucrose 
phosphate). 

l Florida Agricultural Experiment Stations Journal Series, No. 2781. This investigation was supported, 
mpart,bya research grant (No. AM 07299-05) from theNational Institute of Arthritis and MetabolicDiseases, 
U.S. Public Health Service. 

1 T. E. H~rittaxs and L. A. GARRAIID, Phytoclrem. 3.647 (1964). 
~T.E.HuMPH~EY sandL.A.G-, Phyfochmt. 5,653 (1966). 
3 L. A. G- and T. E. HUMP~UWX, Phytochcm. 6.1085 (1%7). 
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The present investigation is a study of sucrose storage by corn scutelhun slices using either 
sucrose or fructose as the exogenous sugar. It is clear that scutellum slices rapidly store 
sucrose when supplied an exogenous source of the disaccharide, and that movement of the 
sugar into the storage area(s) of the cell is not dependent on inversion and resynthesis. 

RESULTS 

Exogenous Hexose Compared to Exogemm St~mse ELF LI Sugar Source for Sucrose Stomge 

When scutelhm slices were incubated in either sucrose or fructose there was in each case 
a net storage of sucrose (Table 1). The term “net storage” refers to the increase in sucrose 
content of the slices after incubation in sugar followed by a 30 min incubation period in 
water to remove the leakable sucrose. After incubation of the slices in fructose solutions, 
this leakable sucrose (leakage B, Table I) came from an intracelhrlar compartment and was 

TNUJZ 1. fkK2UX@ IJAKAOE AND SKIRAOE WITH INCURATlON OF CORN SCUIBLLUM 
tXLKE# IN SUCRCh¶! OR FRU-• 

Sucrose @moles from 1 g fnsh wt.) 
Bathing , , 
madilxtl -iFA Net storage Totalstorage Leakage33 

sucrose, O-4 M 
Fructose, O-2 M 

at 
21-O 

58-4 5&4+-a (32-2) 
51.0 72.0 6.2 

l The slices (1-O g fm& wt.) were incubated at 30” for 3 hr in 10 ml of either 
sucrose or fructose solution after which the bathing medium was mmoved by 
suction and the slices ~CIV washed by the rapid addition and mnoval of two 
10 ml portions of distilled water. The slices wem then incubated in 10 ml of 
distilled water at 30” for 30 min after which the bathing medium wBB removed 
and a sample mtaincd for the determination of sucrose leakage B. The tissue 
slices were immediately killed and extracted with hot 80 pez cent &an01 for the 
de&&nation of tissue sucrose. A portion of the initial bathing medium um- 
taining fructose was taken for the determination of sucrnae leakage A. 

t Sucrose leakage A could not be determined when sucrose was used in the 

newly synthesized sucrose which was not stored.2 After incubation in sucrose, the amount 
of sucrose which leaked from the slices into water reached a maximum value within 30 min. 
It is possible that a portion of this sucrose leaked from the B compartment (sucrose synthesis 
compartment) after having penetrated this part of the cell during the initial incubation period. 
In addition, an undetermined amount of sucrose leaked from intercellular spaces during the 
&al incubation period in water. For this reason, the value for leakage B after sucrose 
incubation is placed in brackets (Table 1). In any event, that sucrose remaining in the tissue 
after the 30 min incubation in water is considered stored sucrose. 

Leakage A sucrose is stored sucrose which leaks from the storage compartment into the 
fructose bathing medium during the initial incubation period in the hexosea2 Since this is a 
loss of stored sucrose, this amount must be added to the net storage value to give total sucrose 
storage (Table 1). Whether or not leakage A occurs when the slices are incubated in sucrose 
cannot be determined. For this reason, values for net storage are given in this paper along 
with, in the case of fructose incubation, values for leakage A. 
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The amounts of sucrose stored with time when exogenous sucrose or fructose served as 
a sugar source are shown in Fig. 1. The rates of net sucrose storage were similar for the two 
sugar sources, but the concentrations of exogenous sugar necessary to obtain these rates were 
different. In previous experiments,2 the highest rates of sucrose synthesis and storage were 
obtained using exogenous fructose at O-2 M while in these experiments O-4 M exogenous 
sucrose was required for maximum storage (Fig. 2). If the slices were incubated in sucrose 
at concentrations higher than 0.4 M there was a decrease in the amount of sucrose stored. 
Siarly, as the fructose concentration of the bathing medium is increased above 0.2 M 
there is a decrease in sucrose storage although sucrose synthesis is not affected.* 

The effect of pH on the storage of sucrose by tissue slices incubated in sucrose or fructose 
solutions is shown in Fig. 3. When sucrose was provided in the batbing medium, the storage 
of sucrose by the tissue was strongly and progressively inhibited as the pH of the external 
solution was increased from 4.5 to neutrality. In contrast, the pH of the bathing medium 
had only a slight effect on the storage of sucrose by tissue slices incubated in fructose. This 
may indicate that the sites of sucrose uptake are in contact with the bathing medium and 
are ah&ted by pH. Fructose, on the other hand, readily enters the cell where sucrose synthesis 
and storage take place in an environment little affected by the external pH. 

An alternative explanation for the effect of pH on sucrose storage during incubation of 
tissue slices in sucrose solutions should be considered. A number of investigators have 
shown that sucrose uptake by various plant tissues is preceded by sucrose hydrolysis at a 
site exterior to the cell with the resulting hexoses being absorbed and utilized within the 
cell.&’ Convincing evidence has been presented that the storage of sucrose in sugar cane 
internodes involves the movement of sucrose from conductive tissue into the outer space 
(frti space or cell wall zone) of adjacent parenchymatous tissue where the disaccharide is 
inverted by an acid invertase. The resulting hexoses are absorbed into a metabolic compart- 
ment where they are utilized to form a sucrose derivative (perhaps sucrose phosphate) which 
is necessary for the accumulation of free sucrose in the storage compartment6* *-lo A portion 
of the evidence presented to support the essential nature of this outer space invertase in the 
sucrose accumulation process in sugar cane was the close similarity of the effect of pH on 
invertase activity and sucrose accumulation when sucrose was supplied as an exogenous 
sugar source. There was no correlation, however, between invertase activity and sucrose 
ambulation when glucose was supplied as the exogenous sugar source (see Fig. 2, Ref. 6). 
It is interesting that the effects of pN on sucrose accumulation in corn scutelhun slices and 
in sugar cane internode discs are quite similar in that sucrose accumulation from exogenous 
sucrose is at a maximum at pH vdlues near 45-5-O with a progressive decrease in the amount 
of sucrose storage as the pH is increased to neutrality. In addition, sucrose storage from 
exogenous hexose by the two tissues was little at&ted by pH within the range 55-75 (cf. 
Fig. 3, this paper, with Fig. 2, Ref. 6). In view of these similarities, the question arises 
whether or not sucrose uptake by corn scutellum slices depends on the inversion of sucrose 
by an outer space, acid invertase as in the case of sugar cane internode tissue. This possibility 
was tested by measuring the hexose content of the bathing medium during incubation of 

* E, W. PLiINAIx and W. Z. Hkm~, J. Biol. Cftcm. 207,885 (1954). 
s J. L. HARLEY and D. C. Smmt, Ann. But. (hmdm) #t, 513 (1956). 
6 J. A. !Wnm, M. D. HATCH and K. T. GLASZIOU, PIant Physid. 38,348 (1963). 
’ J, S. HAWKER and M. D. Hmui, Physiol. Planrcaun 18,444 (1963). 
8 M. D. HATCH and K. T. Gusmu, Z’ti PhyszW. 38,344 (1963). 
9 M. D. Hmai, J. A. SACHER and K. T. GLASZIOU, P&w Physioi. 38,338 (1963). 

10 M. D. HATCH, Biochem. J. 93,521 (1964). 
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TIME, Hr. 

Fro. 1. %JCROSE SlDRED WITH TIMJZ OF INCUBATION OF SCUTELLUMSLICESIN@~MFRUCIDS~OR 

o-4 M sucRosJr. 

The slices (1 g fresh wt.) were incubated at 30” in O-2 M fructose or O-4 M sucrose for the periods 
shown. The slices were then washed twice with lO-ml portions of water followed by a 3O min 
incubation in 10 ml of water. After the water incubation they were killed and extracted in ethanol. 
At the end of each incubation period in fructose, a portion of the bathing solution was removed for 

-the determination of sucrose leakage A. The “fructose (net)” curve shows the increase in sucrose 
stored in the tissue during incubation in fructose. The “fructose (total)” curve was obtained by 

adding the values of sucrose leakage A to the values of the “fructose (net)” curve. 
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S3CROSE CONCN.,M 

FIQ. 2. !kJCROSE STORED AS A FUNCTION OF THE SIJCR~ CON CENlRAlTON OF THE BA’IHpK1 SOLUTION. 

The slices (1-O g fresh wt.) were incubated at 30’ for 2 hr in 10 ml of sucrose at the concentrations 
shown. At the end of the incubation period, the slices were washed twice with lO-ml portiom of 
distilled water, and were placed in 10 ml of water for an additional 30 min incubation to remove 
leakable sucrose (unstorui sucrose). Following thii second incubation period. the slices were washed 

briefly on a small Buchner funnel and killed and extracted with hot 80 per cent ethanol. 
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scutellum slices in sucrose (Table 2) and by measuring the ability of the tissue to manufacture 
and store sucrose when incubated in hexose solutions at concentrations near those found in 
the sucrose-containing bathing medium (Table 3). During incubation of tissue slices in 

4.5 5.0 
(4.51 (4.9) 

5.7 6.6 75 
(5.5) (64) (7.0) 

PH 

FIG. 3. THE EPFECT OF pH ON SUCROSE STORAOE. 

The slices (1 g fresh wt.) ware incubated at 30” in 0-l M fructose or 0.3 M sucrose with each sugar 
solution containing O-02 M potassium phosphate buffer at the pH shown. At the end of each 30 min 
period during the 2 hr incubation, the bathing solutions were removed and replaced with fresh 
solutions. In this way the pH was approximately maintained using dilute buffers. The actual pH at 
the end of the 30 mm periods is shown in brackets below the initial pH. Following the 2 hr incubation 
period, the leakable (unstored) sugars were removed and the stored sucro9c extracted from the tissue 

slices (see footnote, Fig. 2). 

TALBLP,~. Hl?JCOSECO~Ol’THEBATHMoSOLuTlONWlTliLwolHOFTlhlETRB 
!icumLLuM SIXES WERE INcuBATFD IN 0.3 M sucRosx+ 

Incubation period (hr) 

Hcxose content Oynoles) 
, 

Glucose FlllCtoSe Hexose cnncn (mM) 

1 8.3 74 1.57 
2 13.8 12.9 2.67 
3 16.4 17.3 3.37 

* The slices (1-O g fresh wt.) were incubated at 30” for the periods shown and 
then the bathing solution was removed and analyxed for hexoaa. Glucose was 
determined by following the reduction of NADP in the prwncc of hexokinase, 
ATP, MgCls and G-&P dehydrogenase. Fructose was determmcd with the same 
system plus phosphohexosc isomenw. 

sucrose, small quantities of hexose appeared in the ambient solution. The concentration of 
hexose increased with time of incubation, and the ratio of glucose to fructose in the bathing 
medium remained close to unity throughout the incubation period (Table 2). These results 
suggest that some inversion of sucrose did occur during the incubation period. However, 
evidence that sucrose inversion in the tissue outer space is not an essential feature of the 

45 
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sucrose uptake process was obtained. If the hexose concentration of the sucrose-containing 
bathing solution is an accurate measure of the amount of hexose present at sites of sugar 
uptake, then these amounts could not support sucrose synthesis and storage by the tissue. 
Although hexose at low concentrations was rapidly taken up by the slices, the sucrose content 
was essentially unchanged. Glucose at a concentration of O-01 M was utilized by the slices 
at a rate of about 20 pmoles/hr/g fresh wt. (Table 3). A high rate of alcoholic fermentation 
triggered by the addition of ghicose can account for the major portion of the glucose utilized 
(unpublished data). If, on the other hand, sucrose inversion results in concentrations of 
hexose which are substantially higher at the sites of uptake than in the ambient sucrose 
solution, it is quite unlikely that the glucose-fructose ratio of the bathing medium would be 
near unity. This observation is based on the fact that glucose strongly inhibited (30-50 
per cent) the uptake of fructose by the slices when the two sugars were present in equimolar 
concentrations. Although the above data do not support a requirement for sucrose inversion 
in the outer space of the tissue prior to uptake, they do not rule out the possibility that the 

TABLE 3. thLIZ&TION OF GLUCOSE F’REENTINLOWCGNCENTRA TIONS IN THE BA’IIUNG SOLUTION* 

Initial hcxosc coxltent Glucuw content of bathing GluCOS chanotin 
of bathing solution solution after 3 hr utilized tissue sucrose 

Cone. (mM) &now ornow ormoles) wow 

GhlCOW 5 50 13.6 36.4 -2.6 
Glucose 10 loo 32.8 67.2 +44 
Glucose 5 50 

+ 15.6 34.4 +I*6 
Fructose 5 &I 

_ 

~TheJlices(1~gfFgh~)~~inthobsxoresoluti~atu)ofor3hr. Attheendofthis 
period a portion of tlm bathing solution wu IUSXIOVU! for ~~UXBC and nucrnee d&nninations and the slices 
werekilkdandcxtnwkdwith8Opcrcentethanol. 

disaccharide is degraded to hexose during the transport across the plasma membrane or at 
some site within the cell (although outside the storage compartment) and that resynthesis is 
a requirement for storage. 

If the storage of exogenous sucrose entails splitting of the disaccharide to free hexose 
(whether during transport across the cell membrane or at some site within the cell), then the 
addition of sucrose to tissue slices supplied with s&Sent hexose to produce maximum 
sucrose storage should not result in additional sucrose storage. The results of such an experi- 
ment are shown in Table 4. In this experiment, the scutelhnn slices were incubated in water 
for 1 hr prior to the addition of the sugars because this was found to decrease leakage A, 
and thus less uncertainty was introduced in the values for total sucrose stored (net storage 
plus leakage A). The addition of sucrose to the bathing solutions containing either glucose 
or fructose resulted in increased sucrose storage (Table 4). This increase was greater than 
that obtained when ghrcose was added to fructose or vice versa. It is concluded from these 
data that the process of storage of exogenous sucrose can occur without free hexoses as 
intermediates. 

When the bathing solution contained a single hexose, sucrose production and sucrose 
storage were about equal (leakage B was small, Table 4), but the addition of the second hexose 
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increased sucrose production more than sucrose storage (leakage B increased). It appears, 
therefore, that there was a saturation of the transport system responsible for the storage of 
newly 8ynthe8ixed sucro8e. Nevertheless, the addition of 8ucro8e to the bathing solution 
resulted in an increased rate of storage. This may indicate either that there are transport 
site8 available for exogenous sucrose which are not available to newly synthesized sucrose 
or that the transport mechanisms for newly synthesized sucrose and exogenous sucrose are 
different in nature. It must be noted here that the amount of net storage when both O-2 M 
fructose and O-1 M 8ucrosc were present in the bathing medium wa8 less than the sum of 
the net storage values for each sugar taken separately while, in the ca8e of 0.2 M glucose 

Bathing solution 
I , 

Netstorage A B Total produced 

Fructoac (0.2 M) 70-8 7.5 
Fructcwe (0.2 M) + &am (0.1 M) 
Fructoae(@2h4)+macroae (0.1 M) : 97; “t 
Glucose (02 M) 61.1 a 
Glucose (0.2 M) + fm (0.1 h4) 750 

99.2 ” Glucxec (0.2 M) + 9uc~o~e (0.1 M) 
sucnwe (0.1 M) 40.2 - 

3.3 81.6 
13.9 91*7+a 

y6 - 66*7+a 
18.3 93*3+a 
- - 
- - 

+Theslices(l~gtrwhwt.)wnsimubatcdat30”forlhrinlOmlofwater. Thewaterwse 
ranovedbyMtction,the~waswashodwithlOmlofwaterandthenlOmlof~above 
sugar solution were added. The slh were incubated in the sugar 8olutio~ at 30” for 3 hr. 
AtthecndofthisperiodtbesuOu~lutionwasranoved,ths~wmwasbedtwicswith 
10mlofwatcrandtbm10mlofwaterwaeaddcd. ‘Ihealicsswamincubatuiforanadditional 
~hrandthenaportionofthebathinOsolutionwasrsmoMdfor~~ti~ofleaLepeB, 
aftcrwhichtbcsliaawcrekillcdandcxtra&d witll80pefcentcthlul01. TbelJliaafromonc 
ila&wcrckilluiattbecndoftlsfimtwatcrincubntion. The llucmseamtantofthemsliccs 
served as a control to cakulate net atom@. A portion of the bathing solution from tb8 02 M 
~flaskwasranovedatthecndofthe3hrincubationforthedetaminationofaucrosc 
leakage A. 

tSucrosele&ageAcouldnotbtdetermhedwhen aucrosewaauscdinthebathingnudium 
and ~89 not d&rmhaI when glucose ~8s pnsent. 

and O-1 M sucro8e, the amount of net storage wa8 approximately equal to the sum of the 
separate amounts. In either case, when hexose and sucrose were present together, the net 
sucrose stored wa8 about the same (93-l and 99.2 pmoles) 80 that the full transport capacity 
of the tissue may have been reached. 

The above results, taken together, strongly support the existence of a transport system 
for exogenous 8ucrose. Further evidence for this was obtained in the demonstration of 
8ucro8e exchange. 

Sucrose Exchange 

To demon8trate 8ucro8e exchange, the 8cutelhrm slices were incubated in dilute ‘%- 
sucrose in order to label the 8ucro8e of the storage compartment. Following this initial 
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incubation, the slices were washed three times in lO-ml portions of water and incubated in 
10 ml of water for an additional 30 min period to remove leakable %-sugars thus ensuring 
that the labeled compounds remaining in the tissue were in the storage compartment. After 

EXtlWtl ExtRtct2 
(cpm) (cpm) 

Total ethanol extract 
Glucose 
Fructose 
Sucrose 
Per cent of total recovered as sucrose 

244,000 248,000 
6,522 13,187 
5,435 14,286 

202,174 222,222 
83% 90% 

_ 

l The slices (I.0 g fresh wt.) were placed in closed flasks which 
contained 1.1 x 10-r M sucrose and 2.0 F of [U-W] sucrose in a 
volume of 10 ml. The &es were incubated at 30” for 2 hr after which 
the bathing solution was removed, the slices were washed three times 
with lO_ml portions of water and 10 ml of water was added to the Sask. 
After an additional 30 min incubation in water to remove excess W, 
the slices were killed and exuacted in 80 per cent ethanol. Portions of 
the extracts were chromatographed on paper, and the su8ars were 
located, eluted and counted as described in the Experimental section 
of this paper. 

r*c (cpm) found in: 

Bathing solution Complete solution Sucrose Fructose Glut 

Buffer, pH 5.0 19 0 2 
Same+O~l M sucrose 234 6 10 

l The slices were loaded with W-K] sucrose and the excess 1% removed by 
washing and an additional 30 min incubation in water (see footnote, Table 5). The 
slices were washed again and were placed in 9.0 ml of either citrate-phosphate buffer 
(0% M, pH 50) or buffer plus O-1 M sucrose. The slices were incubated in these 
solutions at 30” for 150 min and then 2.0 ml of the bathing solutions were removed. 
These aliquots were taken to dryness under reduced pressure and the residues taken 
up in @5 ml of 50 per cent ethanol. A portion of this ethanol solution (@05 ml) was 
chromatographed on paper and the sugars located and eluted. The eluates were 
concentrated on a steam bath to give a final volume of 2.0 ml. A portion of this 
vohune (82 ml or l/450 of the initial bathing solution) was plated and counted. 
The cpm given are not corrected for self-absorption. 

such treatment, 8&90 per cent of the e~~oI-soluble 14C of the tissue was present as sucrose 
(Table 5). When slices treated in the above manner were placed in unlabeled sucrose, “‘C 
appeared in the bathing solution, and the amount of 14C released from the tissue increased 
as the concentration of unlabeled sucrose in the bathing medium was increased (Fig. 4). 
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As can be seen in Table 6, the 14C released into the bathing solution was almost entirely in 
sucrose. In contrast with the results obtained using sucrose in the bathing medium, neither 

001 005 0.1 0.2 

SUCROSE CONCN..M 

fic3.4. hJ4OWT OF ‘% LEAKING INTO BATHINQ SOLUTIONS OF D- SUCROSB CONCENTBATXONS. 

The &as (1 g Fresh wt.) were loaded with r4Gsucrose and the excess 1% removed (see footnote, 
Table 5). The s&s were washed a8ain and placed in 90 ml of water or sucrose at the concentrations 

shown. The tKZ content of the bathing solutions was determined after 1 and 2 hr. 

TABLE 7. EFFECX OF BUFFER AND pH ON SUCROSE EXCiMNG E AN0 SUCR~STOBAGE* 

Bathing solution 

Water (PH 3.7) 
Sucrose, 0.2 M (PH 3-7) 

Buffer, pH 5.0 
ButTer, pH 5-O+ sucrose, 0.2 M 

BufTer, pH 6.0 
BufTer, pH 6*+ sucrose, @2 M 

Buffer, pH 7.3 
Buffer, pH 7.3 + sucrckse, @2 M 

5.4 
50-2 44.8 (+) 50.0 

10* 
98.7 88.7 (i-) 30.5 

1%: 86.1 (+) 4.2 

49.6 
124.8 75.2 (-) 9.7 

* The slices (1.0 g fresh wt.) were loaded with [U-trC] sucrose and the excess 1% removed 
(sea footnote, Table 5). The slices were then placed in 9.0 ml of the solutions shown above 
and incubated for 150 min at 30’. The butfer used was 0.06 M citrate-phosphate. Following 
the incubation period, aliquots (Cl ml) of the bathing solutions were taken for r(c assay. 
The cpm given in the table are corrected for background and self-absorption. A separate sat 
of slices was carried through the same procedure but with unlabekd sunrosa, and these slices 
were k&d and extracted for suerosa analysis. 

glucose nor fructose were very effective in causing the reiease of 14C from the tissue (Fig. 5). 
These results indicate that the exit of “C from the slices is not due to leakiness but is caused 
by sucrose exchange across the storage compartment membrane. 
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The exit of r4C from the tissue slices, both in the presence and absence of exogenous 
sucrose, was increased as the pH of the bathing medium was increased from 3.7 (unbu%red 
solution) to 7.3 (Table 7). However, the actual exchange (the exit of lC-sucrose that could 
be attributed to the presence of the added unlabeled sucrose in the bathing rn~i~) was little 
af&ted by pH, but the exchange in the presence of the buffers was approximately doubk 
that in the absence of buffer. The amount of exogenous sucrose stored bore no relation to 
the amount of sucrose exchanged (Table 7). As the pH of the bathing medium was increased 
from 5-O to 7-3, the net amount of sucrose stored decreased to zero while the amount of 
sucrose exchanged remained nearly constant. 

It is of interest that the use of citrate-phosphate buf%r, pH 7.3, alone as the bathing 
medium resulted in a IO-fold increase in the amount of r4c leakage as compared with the 
water control (Table 7). Furthermore, the leakage into water was complete in 40 min (Fig. 5) 

6 20 40 60 80 100 
TIME. MIN 

Fto. 5. &WEZNC?B 01’ SucRapB AND HEXOSE ON “‘c WKAOE. 

The dicea were loaded with “Gsucrose and the cxccs “‘C removed (see footnote, Table 5). The 
slices were pfaad in wstcr or in @OS M sugar solutions. Aliquotp of the bathing media were removed 

at the times shown for 1% analysis. 

while the leakage into tire buffer (PH 7.3) continued throughout the 150 min experimental 
period. In addition to this effkct in increasing leakiness of the tissue, raising the pH of the 
bathing solution to near neutrality also strongly inhibited the storage of exogenously supplied 
sucrose (Fig. 3 and Table 7). Both of these effects could be attributed to the effect of bathing 
solution pH on the storage compartment membrane and would suggest contact of the ambient 
solution with the membrane surface of the storage comp~ment. 

DlSCUSSION 

During germination of the cereal grain, the starch of the endosperm is degraded to 
soluble sugars primarily by the action of alpha and beta amylases. Glucose of the endosperm 
is absorbed by ‘the scutellum and converted to sucrose in which form it is transported.‘r 
Slices of the corn scutellum take up either glucose or fnactose at a rapid rate, and there is a 

1’ J. &M!LMAN, S. I. Siimco and A. J. Km&J. ExpdBoraiv 10,178 (1959). 
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concomitant accumulation of sucrose. I.2 Glucose and fructose do not accumulate within 
the tissue slices but rather enter an intracellular space (a synthesis compartment), the hexose 
content of which is in equilibrium with the solution bathing the tissue.12 It is probable that 
the hexoses readily penetrate into areas of the cell where sucrose synthesis occurs, and that 
sucrose accumulation involves the transport of sucrose or a derivative of sucrose into a 
storage compartment. While high rates of sucrose synthesis and storage may be achieved 
utilizing exogenous hexose as a sugar source, these processes are not obligatorily coupled, 
and substantial amounts of newly synthesized sucrose may be free to leak from the synthesis 
compartment depending on the experimental conditions.2 Sucrose of the synthesis compart- 
ment leaks freely into water; however, this leakage is strongly inhibited by Ca2+ in the 
ambient solution and, during the period of C!a2+-inhibited leakage, the sucrose of the syn- 
thesis compartment is moved to the storage compartment3 The mechanism involved in 
the storage of sucrose from the synthesis compartment under the conditions outlined above 
remains obscure and several possibilities come to mind. These possibilities include: (1) the 
sucrose may be degraded to hexoses (perhaps by inversion) and stored after resynthesis of 
sucrose or a derivative of sucrose, (2) a derivative of sucrose is directly formed from sucrose 
without degrading to hexose and this compound is transported to the storage compartment, 
and (3) there are sites at the storage compartment membrane where unaltered sucrose may 
be transported into the storage compartment. 

While ample evidence is available to support the essential nature of sucrose hydrolysis 
(inversion) to its uptake by a number of tissues (Canna leaves,’ thalli of Peltigerapoly&ctyla,s 
immature sugar cane internode tissue6 and mature sugar cane internode tissue’) the data 
from the present study are not consistent with the premise that sucrose uptake and storage by 
corn scutellum slices is dependent on extracellular inversion of the disaccharide. This is 
apparent when one considers that the extent of inversion of exogenous sucrose would not 
support sucrose synthesis and storage, and that exogenous sucrose increased sucrose storage 
above the level obtained when scutellum slices were synthesizing and storing sucrose at 
maximal rates from exogenous hexose (Tables 2,3 and 4). The fact that exogenous sucrose 
may be taken up unaltered by plant tissues has been reported previously. In this regard, 
Porter and May13 found that sucrose (asymmetrically labeled with ‘4c) was unaltered during 
its accumulation in tobacco leaf discs, and Kriedemann and Beeversl* presented evidence 
along several lines which led them to conclude that by far the greater part of sucrose absorbed 
by castor bean cotyledons was not hydrolyzed prior to or during uptake. In addition, 
Sacherls found that sucrose may be taken up and accumulated by bean pod tissue without 
first being hydrolyzed, and he concluded that the absence of competition among hexoses 
and sucrose indicated that a common carrier was not involved in their uptake. 

The demonstration of an exchange of sucrose between the storage compartment of corn 
scutellum cells and the bathing solution indicates the existence of a carrier capable of trans- 
porting sucrose across the storage compartment membrane. Park16 refers to this type of 
exchange as “exchange diffusion” which is postulated to result when a carrier can cross a 
membrane only in a complex with its substrate. Thus, no net transport takes place but 
exchange between substrate molecules on opposite sides of the membrane would occur. It 

‘2 L. A. G- and T. E. Hummum, Nmm? m, 1095 (1965). 
13 H. K. PORTER and L. H. MAY, J. Exptl Botuny 6.43 (1955). 
1’ P. KRIEDQIANN and H. Bmms, Pkant Physfol. 4& 174 (1967). 
‘5 J. A. Smim, P&u Physfol. 41,181(1966). 
16 C. R. PARK, in Membrane Thmqwrl and Metabolism (edited by A. Kmnummm aod A. KOIYK), p. 20. 

Academic Prus, New York (l%l). 
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is supposed that such a phenomenon is an aspect of a more complex system capable of net 
transport. 

The rate of exchange between 14c-sucrose of the storage compartment of corn scutellurn 
cells and unlabeled sucrose of the ambient solution surrounding the tissue would depend, 
among other things, on the number of sucrose carrier sites available and the specific activity 
of the sucrose-carrier molecules. The storage of lzC-sucrose would decrease the specific 
activity of the labeled sucrose of the storage compartment which in turn would be expected to 
result in a decrease in the rate of “‘C-sucrose exchanged as measured by its appearance in 
the ambient solution. However, as can be seen in the results given in Table 7, this decrease 
in exchange did not occur. In this experiment the slices contained 64 pmoles of sucrose/g at 
the beginning of the exchange period when the buffers @H 5-O or 6-O) plus O-2 M sucrose 
were added. At the end of the experiment, the slices at pH 5.0 contained 94 pmoles of sucrose 
while those at pH 6-O contained 68 pmoles. In spite of the greater dilution of the “C-sucrose 
in the slices incubated at pH 5.0, the amount of exchange was essentially the same in both 
cases. It is concluded that the increase in concentration of stored sucrose compensated for 
the decrease in specific activity either by increasing the number of sucrose-carrier sites or 
by increasing the rate of sucrose exchange at the storage compartment membrane. 

Since the storage of exogenous sucrose was strongly intluenced by the pH of the bathing 
solution while the storage of newly synthesized sucrose produced inside the cell was not 
significantly influenced, and since sucrose exchange was doubled by the presence of citrate- 
phosphate buffer in the bathing solution, we suggest that the storage compartment membrane 
is accessible to the bathing medium and that sucrose can move into storage directly from 
the ambient solution. In this regard, we concluded from previous work2 that leakage A 
sucrose comes from the storage compartment and leaks into the bathing solution without 
passing through the sucrose synthesis compartment of the cell. Our previous studies2 also 
indicate that sucrose exchange occurs between the synthesis compartment and the storage 
compartment. Thus, the two phenomena, storage and exchange, occur both between the 
storage compartment and the sucrose synthesis compartment and between the storage 
compartment and the bathing solution. 

In studies where 14C-sugars are used to measure uptake, the occurrence of sugar exchange 
could cause a large over-estimate of net sugar uptake. In addition, the existence of sucrose 
exchange would have a bearing on the interpretation of data from experiments utilizing 
asymmetrically ‘%-labeled sucrose to determine the relevance of sucrose inversion to 
sucrose uptake. When, for example, (fructosyl- 14C)-sucrose is fed to a tissue, it could 
appear (as the result of sucrose exchange) that there was a net uptake of sucrose which 
entered the tissue with little inversion although this might not actually be the case. We do 
not know whether sucrose exchange occurs in other tissues capable of taking up sucrose 
unaltered. However, Glasziou17 was unable to demonstrate a sucrose exchange in discs of 
sugar cane internode tissue, a tissue in which inversion of sucrose is a prerequisite to uptake. 

In corn scutellum slices bathed in 0.1 M fructose, there is very little sucrose outside the 
storage compartment indicating that sucrose storage takes place as rapidly as synthesis.2 
This means that either the storage mechanism has a high affinity for sucrose or that free 
sucrose is not an intermediate in the transport scheme. It may be, as HatchlO proposes for 
sugar cane, that sucrose phosphate is the intermediate involved in sucrose storage. In the 
case of the storage of exogenous sucrose, however, the production of sucrose phosphate is 
not so likely. A sucrose kinase could be invoked, but if sucrose exchange is an aspect of the 
17 K. T. GLASZIOU, Plant Physiol. 35,895 (1960). 
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mechanism for net uptake, then it would appear that the kinase would have to be the trans- 
membrane carrier. Alternatively, sucrose exchange may be associated with a mechanism 
for sucrose exit from storage rather than having a role in sucrose uptake. 

Plant Materiak 

EXPERIMENTAL 

Corn grains (Zw mrys L., var. Funks G-76) were soaked in running tapwater for 24 hr and then placed 
on moist filter paper in the dark at 2625” for 72 hr. The scutella were excised from the germinating grains 
andcuttransversclyinto~~Smmorlesein.thickaess. ~~~~~~~~~~~tilt~ 
wash water remained clear, and then were blotted on filter paper and weighed in groups of 1 g. 

Experintental Procdre 

While the detailed procedures for these exp&ments are given in the tables and figure in the Results 
section of this paper, certain methods remained the same throughout these investigations. Each group of 
slices(1 gfreJhwt.)wasplacodia~miErlcnmeycr~con~9~or 10~0mloftheappropriatebathing 
solution. Incubation of the slices was conducted at 30° in a “Gyrotory” water bath (New Brunswick Scientific 
Company, New Bnmswick, NJ.). The bandhng of samples taken from the bathing solutions for the deter- 
mination of sucrose leakage A and leakage B and the preparation of the ethanolic extracts of the tissue slices 
have been described pmviously.3 

In experiments mquhing the incubation of tissue slices ln [U-t%%sucrose (Nuclear-Chicago Corp.) ail 
vessels were equipped with center wells containing O-2 ml of 10 per cent KOII. The slices were incubated in 
closed flasks which contained 1.1 x 10-Q M wcrose and 2-O yc of ~4.%ucrose. 

Cariwhyclrate Analysis 

The sucrose contents of the bathing solutions and tissue extracts were determined by analyzing these 
solutions for glucose before and a&r invertase treatment. Glucose was determined by the glucose oxidase 
method (Glucostat, Worthington Biochemical Corp., Freehold N.J.). 

The 1% contents of the bexosea and sucrose of the bathing medium and &at&c extracts of the tissue 
slices were determined following separation of the sugars by paper chromatography. Portions of the batbing 
solutions and extracts were chromatographed descendingly on Whatman No. 1 paper in ethyl acetate- 
pyridine-water (8:2:1 v/v). The c~omat~s were developed for a period of 24 hr at room temperature 
and dried under a warm flow of air. ‘Ihe sugars were located on the cantos by spraying marker 
strips with ~n~ph~y~e and were quantitatively eluted from the paper with IO ml of boiing water 
followed by washing with three 10 ml portions of hot 80 per cent ethanol. The eluates were conceutrated on 
a steam bath and centrifuged to remove paper fibers before aliquots were plated in stalnkm-steel planchets, 
dried and counted in a -flow counter. In each c89f, an amount of bathing solution or alcohol extract 
equivalent to that used for chromatographic separation was spotted and dried on Whatman No. 1 paper. 
This material was eluted from the paper and handled in the manner above without being c~omato~ph~. 
Planchets prepared in this manner were used to determine the total count for the entire extract or bathing 
solution. Where warranted, corrections were made for self-absorption. 
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