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Abdract-During the incubation of corn scutcllum slices in fructc~~, the prcsenm of Caz+, Mnz+ or Mg2+ in 
the bathing medium reduced the kakagc of sucrost (leakage A). Ca*+ was particularly etktiva in this respect. 
Following a period of incubation in fructose, the subsequent leakage of sucrose into water (kakage B) was 
greatly reduced by the addition of either Caz+ or Mnz+ to the aqueous bathing nxdium, whereas the addition 
of higz+ to the bathing medium only slightly decruucd this leakage. In or&r for tX+ to be clktive in 
inhibiting the lakage of sucrose, it had to be presunt in the medium into which kakaac was occurring. During 
Caz+-inhibition of leakage B, the sucrose of the synthesis compartment was stored in an acta of the cell from 
which it would not leak into water or EDTA. Possible me&a&ma for the e&ct of Ca2+ on blxmseleakag8 
arediscus&. 

INTRODUCTION 

INCUBATION of corn scutellum slices in fructose (0.249 M) resulted in the synthesis of 
sucrose (25-30 pmoles/hr/g fresh wt.).’ Some sucrose leaked from the tissue during incuba- 
tion in fructose (leakage A) and a further leakage occur& when the fructose solution was 
replaced by water (leakage B). The rate of sucrose synthesis was independent of the fructose 
concentration of the surrounding medium within the range 0.249 M, and the amount of 
sucrose leakage A was independent of the fructose concentration within the range O-2-0.7 M. 
However, the amount of leakage B increased as the fructose content of the incubation medium 
was increased from O-2 to 09 M. This increase in leakage B was accompanied by a decrease 
in the amount of sucrose stored. These data indicate that high concentrations of fructose 
inhibit sucrose storage in the tissue slices. The results of experiments utilizing l’C-fructose 
suggested that leakage B sucrose was newly synthesized sucrose which was not stored by the 
tissue, while leakage A came from a sucrose storage pool which existed prior to incubation 
in fructose and was released during incubation to the cell exterior by an exchange reaction at a 
storage compartment membrane. 

In this previous study, the rate of sucrose leakage B was found to be inhibited by fructose, 
galactose, polyhydric alcohols, and 2,4dinitrophenol. The present study is concerned with 
the effects of certain divalent cations on sucrose leakage from tissue slices with particular 
attention to the fate of newly synthesized sucrose under conditions which inhibit leakage B. 

RESULTS 

Effect of Divalent Cations on Sucrose Leakage A 

The leakage of sucrose from the scutelhun slices during a 3-hr period of incubation in 
O-5 M fructose (leakage A) was considerably reduced when Ca2+ (O-04 M) or Mn2+ (O-04 M) 
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were present in the bathing medium (Table 1). In addition, the presence of Mgz+ (044 M) 
in the fructose bathing medium caused a reduction in the amount of leakage A ; however, this 
cation was not as effective in this regard as either Ca2+ or Mn2+. At the lowest level tested 
(O@Ol M), Ca*+ was still effective in reducing the amount of sucrose leakage A whereas Mg2+ 
and Mn2+ did not show significant effects. 

TABLE 1. THE FZFECT OF DIVALENT CATIONS ON SUCROSE LEAKAGE A* 

Additions to 
incubation solution 

containing 0.5 M fructose 

0 
0401 A4 caciz 
O-04 M CaCll 

0 
O+Ol M MnClt 
044 M MnCl2 

No. deter- 
minations 

Sucrose leakage A 
(Fmoles from 1 g fresh wt.) 

9 sfP7+209 
7 13+3* 1-76 
9 8.1 It O-76 

:: 18*6+2=12 
18*7+1-69 

10 15*8rt 1*36t 

6 174 * O-70 
t 16.32 1-22 

9*2+1-W 

+TfKslices(1~gfrwhwt.)wereiincubatedat30”f0r3hrin10ml0fthevari0us 
solutions after which time samples of tbe bathing solutions were taken for sucrose 
analysis. 

t Significantly diKerent at the 1 per cent level from the control value as shown by 
the t-test. 

Efect of Divalent Cations on Sucrose Leakage B 

Inasmuch as Ca2+, Mn2+ and to some extent Mg2+ retarded the leakage of sucrose from 
the scutellum slices during their incubation in fructose (leakage A), experiments were conduc- 
ted to determine the amounts of sucrose leakage B in the presence of these cations. The tissue 
slices were usually incubated at 30” for a period of 3 hr in 1-O M fructose during which time 
they accumulated sucrose (both stored and leakage B sucrose). A 1.0 M fructose concentra- 
tion was used in these experiments to increase the amount of leakage B sucrose thus facilitating 
its measurement. The amount of sucrose in the tissue following incubation in fructose (MO- 
160pmoles/g fresh wt.) varied among samples from different crops of seedlings, as did the 
tissue levels of sucrose prior to incubation in fructose. However, such variations were not 
observed among samples taken from a single crop of seedlings. Immediately following the 
incubation period in fructose, the bathing medium was removed and the slices were then 
allowed to leak sucrose (leakage B) into water or various concentrations of the different 
cations. The time course of sucrose leakage B was then followed for 60 min. The effect of 
Ca*+ on sucrose leakage B is shown in Fig. 1 and that of Mg2” is shown in Fig. 2. It is 
apparent that CaZf strongly inhibited leakage B and that the degree of inhibition depended 
on the concentration of the cation in the surrounding medium. The presence of Mg2+ in the 
bathing solution during leakage B only slightly inhibited sucrose leakage from the slices, and 
the pronounced effect of ~n~ntration of cation on leakage which was observed with Ca** 
was not apparent in this case. The effect of Mn2+- on sucrose leakage B (data not given in 
this paper) was almost identical to that observed for Ca2+. From the results shown in 
Table 2, it is apparent that the reduction, due to the presence of the cations, in the amount of 
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sucrose which leaked into the bathing medium couid be accounted for by an increase in the 
amount of sucrose remaining in the tissue. There is no evidence that varying the coneen- 
tration of either cation in the bathing solution had any effect on sucrose catabolism. 

I r 1 I I I 
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TIME, MIN 

FIG. 1. CALCWM -ON OF SUCROS3 LEAKME B. 

Thaslicas(l~gf~wt.)wcnincubatsdat30”for3hrinl(tMfiuckwe. At~e~dofth~~~, 
the bathing solution was removed from the flask by suction, and the slices were washed by the rapid 
addition and removal of 10 ml of water or C&Cl2 solution. Then 10 ml of water or cacl~ mm 
added to the flasks (time mro on the graph). Portions of the bathing solution were remowxi for 

s- analysis at the times shown. 

1 i L t t 1 

0 10 20 30 40 60 60 
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Fm. 2. MAm3lmKYm RGDITION OF SUCROSS uAKAGE B. 
The experhnental procedure was the same a~ that shown in Fig. 1 except that MgC$ was substituted 

for CaCl2. 

In order for Ca2+ to be effective as an inhibitor of sucrose leakage, it must be present in 
the medium during leakage. As can be seen in Table 3, the presence of Ca2+ during incubation 
in fructose had little effect on the amount of sucrose subsequently leaked into water. In 
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addition, the presence of Ca2+ both during incubation in fructose and during leakage was no 
more effective in reducing sucrose loss from the tissue than when Ca2+ was present only 
during the leakage period. 

TABLET. TnxErrzc’r OF Ca2+ANoMg1+ ON~U~R~~ELEAKAGE B ~N~mfw~~~cn08E+ 

Sucrose &moles from 1 .O g fresh wt.) 

Bathing 
solution 

Tissue level 
after IeakageB + LeakageB = Total 

-.-_ -- 

Water (control) 87.8 + 53.0 = 140.8 
C&Is (01 M) 124-o + 18-O = 142.0 
CaCls (0.02 M) 112.2 + 28.4 = 140.6 
CaCl2 (Oa5 M) 1050 + 34.5 = 139.5 

Water (control) 102.8 + 48.8 = 151.6 
MgClz (0.1 M) 116.7 + 39.3 = 156.0 
MgClz (0.02 M) 111.1 + 41.5 = 152.0 
MgCls (0805 M) 114.0 + 43.3 = 157.3 

l The slices (l-0 g fresh wt.) were incubated at 30” for 3 hr in 9-O ml of 1 .O M fructose. At 
the end of this period, the bathing solution was removed from the flask by suction, and the 
slices were washed by the rapid addition and removal of 10 ml of water or cation solution. 
Then 10 ml of water or cation solution were added to the flasks. After sucrose leakage B was 
completed (60 min), the slices were quickly washed with 50 ml of water and then killed and 
extracted for the determination of tissue sucrose. 

TABLE 3. THE~ECTOFTHEADDITIONOF CaC12ro~~ucross BATHMGS~LUTION 

ORTOTHE LEAKAGE B BATHtNO 80LUTHINONTHEAMOUNTOF6UCR09eLeAKAGE B* 

Addition to 
bathing solution 

during initial 
incubation containing 

1GMfructose 

Bathing solution 
into which sucrose 

leaked 

Sucrose leakage B 
(wles from 1-O g 

fresh wt.) 
- -- --.--. ._--.._ 

0 
CaCls (0.02 M) 

0 
CaCls (O-02 M) 

Water 49.3 
Water 41.4 

CaClr (0.02 M) 28.0 
CaCi2 (0.02 M) 28.8 

l The slices (I .O g fresh wt.) were incubated at 30” for 3 hr in 9.0 ml of the initial 
bathing solution. At the end of this period. the bathing solution was removed from the 
flask by suction and the slices were washed with 10 ml of water or CaClr. After washing, 
10 ml of water or CaClz were added to the flasks. The slices were mcubated for an 
additional 1 hr after which a portion of each bathing solution was removed for deter- 
mination of sucrose leakage B. 

The effects of the duration of incubation in Ca2+ on sucrose leakage B were investigated. 
Scutellum slices which had been allowed to synthesize sucrose for 3 hr in the presence of 
1-O M fructose were placed in O-02 M CaClz for periods of IO,20 and 30 min after which the 
CaZf solutions were replaced by water. Incubation was then continued for periods sufficient 
to give a total of 60 min leakage. Additional groups of slices were incubated in water and 
in O-02 M CaC& for the entire 60-min incubation period. The time course of sucrose leakage 
B was followed. These results are shown in Fig. 3. When the slices which were pretreated 
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in fructose were placed in water, sucrose leakage B was pronounced (50 pmoles/g fresh wt.) 
and essentially complete within 60 min. If the slices were placed in O-02 M Ca2+ for the entire 
6@min incubation period, there was a marked reduction (48 per cent) in the amount of 
sucrose that leaked from the slices. However, exposure of the slices to O-02 M Ca2+ for the 
first 10 min of the 6Gmin leakage period resulted in only a 12 per cent reduction in the total 
amount of leakage B. Increasing the exposure of the slices to Ca2+ to 20 min further reduced 
(32 per cent) the total amount of leakage B. After 30 min in W+, little additional leakage of 
sucrose occurred after removal of the cation, and the time-course curve for leakage B was 
almost identical to that observed when the slices were incubated in Ca2+ for the entire 60-min 
period. It is apparent that as the period of exposure to Ca2+ (or the length of time during 
which leakage B was inhibited) was increased, there was a progressive reduction in the tissue 

t I 
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PK3.3. EFFIUX OFDURATIDNOFC~~~TREATMENTON~~~ MHIBmoN OF SUCRDSELMKAOE B. 
l’heslices(l~gf?eahwt.)wereincubatcdat3Oofor3hrin9-Omlof1QMfructose. Attheendofthis 
period the bathing solution was removed and the slices were washed with 10 ml of water or CaClz 
(04X? M). Then 10 ml of water or CaClz (O-02 M) were added to the flasks (zero time on the. graph). 
Portions of the solutions were removed for sucrose analysis at the times shown. At the times indicated 
by the arrows, the CaCll solutions were removed from the appropriate flasks, the slices wem washed 
with 10 ml of water, and 10 ml of water were added to each flask for additional sucrose leakage. 

of leakable sucrose. It is probable that during the inhibition of leakage B by Ca” some of the 
sucrose which would be free to leave the tissue in the absence of the cation is stored in an area 
of the cell from which it cannot leak. 

It has been postulated that sucrose is synthesized and stored in different compartments 
within corn scutellum cells, and that there is no obligatory coupling between the two processes1 
It is assumed that the origin of leakage B is the sucrose synthesis compartment, and that the 
leakage itself represents an amount of sucrose produced above that stored by the tissue. 
This accumulation of leakable sucrose is believed to result from the inhibition of the storage 
process by high concentrations of fructose Since Ca2+ inhibits the leakage of sucrose from 
the B compartment, and leakable sucrose entirely disappears from the tissue during incuba- 
tion in Ca2+ (see Fig. 3), the question arises: does the sucrose which fails to leak into Ca2+ 
solutions remain in the synthesis compartment or is it transported to a storage area of the cell? 
To provide an answer to this question, the following experiment was conducted (Table 4). 

69 
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!Scutellum slices were incubated in 1-O M fructose for 3 hr during which time they synthesized 
sucrose (leakable and stored). Following this incubation, the slices were placed either in 
water or O-1 M CaC12 and leakage B was determined after 1 hr. The slices were again placed 
in fructose and allowed to synthesize sucrose for an additional I-hr period after which the 
tissue sucrose and leakable sucrose (leakage B) were determined. Following the initial 
incubation in fructose, the presence of Ca2+ in the leakage medium reduced the amount of 
leakage B by approximately 36 pmoles. This amount of sucrose remained in the tissue. 
That this sucrose was actually stored by the tissue during incubation in Ca” is shown by the 
results of the second incubation in fructose. Following this second fructose incubation, the 
total tissue sucrose of the Ca2+-treated slices remained above that of the water controls by an 

TAXJ!. 4. TIEWE suc~ce~ AND -GE B ~UCROBE FOLU)WIN~_I A BBCOND FRUCNW INCUBATION 
OF SCU-lIX.LUM 8LIcE8 PREVIOUSLY TREATED WITH WA’IW OR CZd, 

Treatment* 
Sucrose 

&moles from 1 .O g fresh wt.) 

First incubation: 3 hr in 1.0 M fructose followed by 
determination of leakage B from: 

Groups 1 and 2 into water 
Groups 3 and 4 into 0.1 M CaC12 

DitTerence 

Second incubation: 1 hr in l-0 M fructose followed by 
determination of leakage B from : 

Group 1 into water 
Group 3 into water 

or by determination of tissue sucrose in: 
Group 2 
Group 4 

Difference 

50.5 50.5 
14.0 150 

z z5 

22.7 
26.6 

116.7 
155.5 

38.8 

l Following each fructose incubation the slices were washed with 10 ml of water (or CaC12) 
and then 10 ml of water (or G&11) were added to the flasks. Asker the first leakage B period the 
slices were washed with 10 ml of water and then 10 ml of 1.0 M fructose were added. Leakage B 
sucrose was determined after l-hr leakage period. 

amount equivalent to the initial reduction in leakable sucrose attributable to Ca*+ (38.8 
pmoles compared to 36 pmoles). Because the leakable sucrose following the second incuba- 
tion in fructose was essentially the same for both groups of slices, the excess sucrose in the 
Ca2+-treated tissue must be regarded as stored sucrose. The obvious interpretation of these 
data is that following the initial incubation in fructose the synthesis compartment could 
readily be emptied of sucrose by allowing leakage to take place into water. If, however, this 
leakage was inhibited by the presence of Ca2+ in the surrounding medium, depletion of suc- 
rose in the synthesis compartment was primarily the result of sucrose storage in a cellular 
compartment from which leakage of sucrose would not occur. The Ca”+ in the leakage 
medium following the first incubation in fructose apparently had no residual effect on the 
synthesis and storage of sucrose during the second period in fructose. This is apparent 
because (1) the amount of leakable sucrose produced during the second incubation in fructose 
was essentially the same for both groups of slices, and (2) the difference in tissue sucrose 
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between Chz~-treat.cd and non-treated slices could be explained as increased stored sucrose 
prior to the second incubation period in fructose. 

In order to characterire fbrther the sucrose distribution patterns in corn scutellum tissue, 
seWra.l pre experiments were conducted during which the tissue was exposed to 
solutions ofe~ylen~~~e~~~~tic acid (d&odium salt, Na@DTA). The e&ct of EDTA 
on sucrose leakage B is shown in Fig. 4. The slices were allowed to synthesize sucrose for 
3 hr while being incubated in 1.0 M fructose. Following this incubation, the slices were placed 
in various solutions (zero time of the graph) and the time course of sucrose leakage B was 
followed, If, foIlowingtheirincubationinfnrc9ose, ~es~~~~p~~inO*~M Na2EDTA 

Fro. 

I I I i b I 

20 40 60 60 loo 120 

TIME, MIN 

4. EFFIXZ OF EDTA ON 8ucxo~~ -a. 

~aXices(ldg~wt)~incu~~at30*for3hring~Enlofl~Mfnuxt~. Attheead 
of this period, tho bathing solution was removed and tbe slices were washed with 10 ml of water, 
lOmlofN~~TA{092M)orlOmlof~~~(O~M). Afterthealia~&adbeenwashed,1Oml 
of water, Na$ZDTA or CM& were again added (zero time on the graph). At the time8 indic&d, 
portiansofthesesolutionswetenmovsdforsunoseanalysis. ~~~~~o~~c~p~,~~~ 
the &utions in some of the f&&s were replaced with 10 ml of Na@X’A (@@2 M) or with 10 ml of 

water afkr first washing the slices with 10 ml of Na@.3TA or water. 

for 120 min, sucrose leakage was rapid and complete within 60 min. The amount of sucrose 
leaked into EDTA represented 70-75 per cem of the total tissue sucrose at the end of the 
initial incubation period in fructose. Under similar conditions, the amount of sucrose leaked 
into water was only about 35 per cent of the total sucrose found in the tissue following incuba- 
tion in fructose. These data suggest that EDTA Trident altered the tissue in such a manner 
as to allow the leakage of a large portion of the sucrose from the storage area(s) of the cells. 
It is interesting to note that when the slices were first placed in water for a period of 60 min, 
only a small increase in sucrose leakage occurred when the slices were subsequently incubated 
in Na#DTA. Inasmuch as a damin period of leakage into water is sufficient to deplete the 
slices of leakable sucrose (Figs. I,2 and 3), it may be concluded that, in this case, ERTA had 
little if any effect in causing the leakage of stored sucrose. This is in sharp contrast with results 
obtained when EDTA was added imme~ately follo~~g the initial in~bation in fructose. 
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If, immediately following incubation in fructose, the slices were placed in O-02 M CaCls (see 
Fig. 4) there was a marked decrease in sucrose leakage, as was noted previously (Fig. 1). 
Following this period of inhibited leakage into Ca2i, incubation in EDTA produced no 
greater amount of sucrose leakage than when EDTA treatment was preceded by 60 min 
incubation in water. These data suggest that the sucrose which was held in the tissue by Ca*+ 
was transported to an area of the cell from which it was not released by treatment with EDTA 
or by further incubation in water. 

The effect of the fructose concentration of the bathing medium on the subsequent leakage 
of sucrose into EDTA is given in Table 5. If the slices were incubated in 0.5 M fructose for 
3 hr and then were placed in either water or 0.02 M EDTA, there was little difference in the 
amounts of sucrose that leaked from the tissue. In contrast, when the slices were incubated 
in 1.0 M fructose the amount of sucrose which leaked into EDTA was almost double the 
amount which leaked into water. In addition, when EDTA was added to the fructose incuba- 

TABLE 5. THE EFFZT OF NarEDTA ON riuc~osa LEAKAGE 

Conditiona* 

Sucrose o*moles from 1-0s 
fresh wt.) leaked into: 

Water Na&DTA (O*OZ M) 

prior 3-hr incubation in : 
Fructose (O-5 M) 
Fructose (I.0 M) 
Mannitol (O-9 M) 

Prior l+hr incubation in: 
Fructose (1.0 M) 
Fructose (1-o M)f 
NazEDTA (0.02 M) 

26.7 32.7 
59.8 105-l 
10-O 144 

325 762 

87.8 81.5 

* Theslices(l~gfneshwt.)wen:incubatodat3O” in~O~of~e~lution~di~t~. 
At the end of the incubation period, the slices were washed with 10 ml of water or 
Na$ZDTA(O+O2 M) after which 10 ml of water or Na&DTA were added to the flaska. 
The slices were incubated for an additional 90 min and then portions of the bathing 
solutions were removed for sucrose determination. 

tion medium, subsequent sucrose leakage into water was of the same ma~tude as that into 
EDTA. These data indicate that the action of EDTA in increasing sucrose leakage from 
scutellum tissue is in some manner dependent on the presence of high concentrations of 
fructose (or possibly sucrose) in the synthesis compartment, or at least, some prior “condition- 
ing” of the cell membranes by high concentrations of these sugars. That this effect is not a 
simple osmotic phenomenon is demonstrated by the fact that sucrose leakage into EDTA 
following incubation of the slices in 0.9 M mannitol was of the same magnitude as sucrose 
leakage into water. Based on the above evidence, it is postulated that EDTA has its effect at 
the storage compartment membrane, and that this effect depends on the concentration of 
either fructose of sucrose (or both) in the synthesis compartment. If tissue slices are placed 
in EDTA i~e~a~ly following incubation in fructose (or when the sucrose and fructose 
contents of the synthesis comp~ment are high), the storage compa~ment membrane is 
affected in such a manner as to allow the loss of stored sucrose. When the period of incubation 
in EDTA is preceded by incubation in water (synthesis compartment depleted by leakage of 
both sugars) or Ca2+ solutions (synthesis compartment depleted by storage of sucrose and 
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leakage of both fructose and sucrose) EDTA has little effect in increasing the loss of sucrose 
from the storage area of the cell. 

DISCUSSION 

It has long been recognixed that polyvalent cations may exert a marked influence on the 
absorption and retention of monovalent cations by the roots of higher plants.2* 31 4* 5 That 
Ca” has a fundamental role in the maintenance of cell membrane structure and function has 
been convincingly demonstrated. Hanson6 and Foote and Hanson’ found that the ability 
of root tissue to absorb and retain ions was impaired if the tissue was deprived of Ca2+ by 
treatment with EDTA. In addition, evidence has been presented that Ca2+ is essential for 
the maintenance of specificity of the K+/Na+ (K+/Rb+) absorption mechanism in barley 
root.8l 9 Additional evidence that Ca2+ is necessary to maintain functional membraneous 
systems in cells comes from the electron microscope studies of Marinos.lo When barley 
seedlings were grown in the absence of Ca2+, cells of the shoot apex showed a deterioration 
and general disorganization of membraneous components along with the appearance of 
structureless areas in the cytoplasm. 

The present investigation of the effects of various polyvalent cations on sucrose leakage 
from corn scutellum slices further supports the contention that at least one function of poly- 
valent cations, particularlyCa2+, is to regulate the permeability of cell membranes. As observed 
in a previous study, during incubation of corn scutellum slices in O-5 M fructose, sucrose 
leaked from the slices at a constant rate of 6-7 pmoles/hr/g fresh wt. for at least 7 hr.’ During 
these investigations it was shown that the addition of Ca2+ (04Ol~G4 M), Mn2+(O-04 M) or 
Mg2+(0G4 M) to the fructose bathing medium reduced the leakage of sucrose during the 
incubation period. The effect of Ca2+ in inhibiting sucrose leakage required that the cation 
be present in the medium at the time leakage was occurring (see Table 3, and Fig. 3). This 
fact and the observed rapid response of the tissue to the addition or removal of Ca2+ (Fig. 1 
and 3) suggest that the locus of activity of the cation is the surface of the protoplast. This is 
in agreement with conclusions reached during studies of the effect of Ca2+ on the absorption 
of monovalent cations.2* 5, 11* I2 While the present investigation was confined for the most 
part to the action of Ca2+, it is assumed that Mn2+ (and perhaps Mg2+) act in the same mamer 
in reducing sucrose leakage. 

While any attempt to define the mechanism of action of Ca2+ in controlling membrane 
permeability would at best be speculative, several interesting possiblities exist. The passive 
movement of non-lipid-soluble non-electrolytes may be assumed to take place through 
aqueous pores which traverse cellular membranes. The permeability properties of membranes 
toward these solutes would be determined in a large part by the size of the pore (generally 
expressed as equivalent pore radius) and the size of the traversing molecule. It is possible 

2 F. G. VIF~B, JR, PIant Physiol. 19,466 (1944). 
3 R Owwmnrr, L. JACOBSON and R. I-bmw, Plmrt Physiol. 27,583 (1952). 
4 J. S. KAHN and J. B. BENBON, Pfunt Physiof. 32,312 (1957). 
5 T. TANADA, P&ant Physiol. 30,221(19X). 
6 J. B. HANSoN, Pkmt Physiol. 35,372 (1960). 
7 B. D. Fools and J. B. HANSON, Pkmt Physiol. 39,450 (1964). 
8 L. JACOBWN, R. H~N~L, D. P. Moore and M. WL~, Pkmt Physiol. 36,58 (l%l). 
9 E. E~srem, P&mt Physiof. 36,437 (1961). 

10 N. G. M.utmoa, Am. J. Botany 49,834 (1962). 
11 L. JACOBBON, D. P. Moo= and R. J. HANNAP& Plwtt Physiol. 35,352 (1960). 
12 D. P. Meow L. JACOBWN and R OVERBIREET, Pfunt Physiol. 36,53 (1961). 
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that Ca2+ exerts its influence by tiecting the equivalent pore radius. In this regard, Whittem- 
bury et ~1.‘~ found that Ca2+ exerted a control of the equivalent pore radius of membranes 
in cells of Necrunrr kidney. It was demonstrated that increasing the Ca*+ concentration from 
I mM to 10 mM had no effect in increasing the permeability of the kidney slices to sucrose 
(molecular radius 45 A). However, removal of the Ca2+ from the bathing medium caused a 
sharp increase in the permeability of the tissue to sucrose while it remained impermeable to 
raffinose (molecular radius 6-O A). The ability of Ca*+ to reduce pore size is perhaps related 
to its ability to bind certain anionic groups of the membrane substructure and to form 
bridges between such groups of adjacent structural components. Solomon14 has proposed a 
possible mechanism for the effect of Ca2* on the permeability of the red blood cell membrane 
which entails the binding of the cation within negatively charged pores in such a manner as 
to provide the net positive charge required for impermeability of the membrane to other 
cations. 

During inhibition of leakage by Ca *+, the sucrose of the B compartment (synthesis com- 
partment) was rapidly depleted of sucrose as a result of sucrose storage (see Table 4 and Fig. 
3). This was in sharp contrast with results obtained when sucrose leakage B was inhibited by 
fructose and polyhydric alcohols. 1 In the latter instances, the sucrose remained in the B 
compartment from which it leaked only tier removal of the inhibitors. These observations 
suggest that fructose and polyhydric alcohols reversibly influence both the sucrose storage 
mechanism and the permeability of the plasma membrane while the influence of CL?+ is 
restricted to the surface of the protoplast, Au earlier investigation showed that both fructose 
and mannitol could penetrate the plasma membrane, and that these compounds occupied 
an intracellular space similar in size to the glucose space.‘” It is posulated that the glucose 
space of the corn scutellum is the area of sucrose synthesis and the area of the tissue from 
which leakage B originates. In addition, it is believed that this compartment is not readily 
accessible to Ca”. This assumption is supported by the observation that even a brief washing 
with water of tissues treated with Ca*+ was sufficient to remove the Ca*+ effect {see Table 3). 

The effect of EDTA on sucrose leakage is of interest. Incubation of freshly prepared 
tissue slices in EDTA resulted in no greater sucrose leakage than when the slices were incu- 
bated in water. Since freshly prepared slices contain only stored sucrose, it may be concluded 
that EDTA had no effect on the storage compartment membrane. This absence of EDTA 
effect may be attributed either to the exclusion of the agent from the cell by the plasma 
membrane or a resistance of the storage compartment membrane to the chemical. If, how- 
ever, EDTA was added to the slices immediately following a 3-hr incubation in O-5 M and 
1-O M fructose, approximately 5 per cent and 50 per cent of the stored sucrose leaked, res- 
pectively. In contrast, placing the slices in either water or 0*02 M CaClz for 60 min following 
the initial incubation period in fructose (during which time the synthesis compartment is 
depleted of sugars) sharply reduced the subsequent leakage of stored sucrose into EDTA. 
These data suggest that high concentrations of fructose or sucrose (or both) in the synthesis 
compartment are necessary for the action of EDTA in increasing the leakage of stored 
sucrose. These observations, however, do not allow definite conclusions as to the site of 
action of EDTA (tonoplast or plasmalemma) or whether this action involved chelation of 
the cation components of membraneous structures. 

13 G. W~~URY, N. Swwo and A. K. SOX.OMON, Nature 187,699 (1960). 
I4 A. K. SOLOMON, in Membwm Trwport and M~~u~l~rn (Edited by A. R 

p. 329. Academic Press, New York (1961). 
-us and A. KONK), 

15 L. A. GARRARD and T. E. HUMPHREYS, Nature 207,109S (1965). 
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It has been suggested that sucrose phosphate is an intermediate in the sucrose accumula- 
tion process in sugar cane, and that accumulation involves the hydrolysis to free sucrose 
during or after transport into the storage compartment.16* l7 If sucrose phosphate is the 
form in which sucrose is actively stored in corn scutelhun tissue, then the sucrose stored 
during the inhibition of leakage B by Ca2+ must either be directly phospho~lated by a 
proposed sucrose kinase or broken down to hexose and resynthesized by TJDP-glucose- 
fructose&phosphate glucosyltransferase following the phosphorylation of fructose by 
hexokinase. 

EXPERIMENTAL 

Corn grains (Zea muys L., var. Funks G-76) were f+oaked in running tap-water for 24 br and then placed on 
moist filter paper in the dark at 2445” for 72 hr. Tho scutella were excised from the germinating grains and 
cut tmnavemely into slices @5 mm or less in thickness. The s&s were washed in distilled water until the wash 
water remained clear, and then were blotted on filter paper and weighed in groups of 1 g. 

Experimen fat Praeeake 

While tho detailed procedures for these experiments are given in the Tables and Fi in the Results 
section of this paper, certain methods remained the same throughout these investigations. Each group of 
slice4 (1 g fresh wt.) was placed in a 25 ml Erlenmeyer flask containing 9Q or 10%) ml of the appropriate b&iing 
medium. Incubation of tbe slices was conducted at 30” in a “Gyrotory” water bath (New Brunswick Scientific 
Company, New Brunswick, N.J.) set to provide approximately 180 rev/mia. In experiments requiring the 
d&rmination of leakage A sucrose (sucrose leakage during incubation in fructose or fructose+cationa) 
~Omlportionsofthe~thingmediumwemmnoMdattheendofthoincul#itionperiodandplacedinocntrifuge 
tubes. These samples were centrifuged at 1OOOg for 5 min a&r which they were decanted into clean tubes and 
placed in a boiig water bath for 2 min. After cooling, the samples were poured into plastic tubes and frozen. 
Usually the sample were analyzed for sucrose within 24 hr of their preparation. In expeziment8 requiring the 
determination of the time cow of sucrose leakage during incubation in various media (la&age B), samples 
of 0.1 or 0.2 ml were taken from the bathing solutions and placed directly into the calorimeter tubes used 
during sucrose analysis. These samples were then froz.en and held until they could be analyzed. 

The tissue levzis of sucrose at zero time and after various treatments w8re determind folIowing the 
preparation of scutellum extracts. One gram of acutelhnn slices was placed in a SO-mI beaker and killad by the 
addition of 20 ml of boiling 80 % othanol, boiling was continued for 30 set, and after I hr at room temperature 
the ethanol solution decanted into a 1 mml beaker. This was repeated and the slices weze then washed with 
three S-ml portions of 80 % ethanol. The combined extracts were evaporated on a steam bath until the vohnne 
was reduced to approximately 2 ml. The remaining aqueous solution was quantitatively washed into a SO-ml 
volumetric flask, the pH adjusted to 7.0-7.2, and water added to the mark. Five milliliter portions of the tissue 
extracts were placed in plastic tubes and from until they could be analy~& Prior to analysis, the tissue 
extracts were centrifuged at loo0 g for 10 min. Aliquots of O-1 ml were used for the sucrose determination. 

Caddy&are Analysis 

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

A&z&e&em&-We thank Mr. G. Stephen Johnson for hi valuable technkal assistance. 

16 J. A. SAG, M. D. HATCH and K. T. Gmou, Phnt Phydd 3% 348 (1963). 
1’ M.D. ~‘~cII, Biochem.J. 93,521(1964). 


