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Abstract--Since hcxoses readily diffuse from maize scutellum cells. it should be possible to detect them if they 
are produced during sucrose transport at the tonoplast or the plasmalemma. To test this idea. scutellum slices 
were placed in dinitrophenol (DNP) (which inhibits hexose utilization while greatly increasing utilization of 
vacuolar sucrose). and the utilization. uptake and leakage of sugars were measured. Only negligible amounts 
of hexose appeared in the DNP solution during a 5-hr incubation during which the slices metabolized 72 pmol 
of sucrose. Glucose and fructose. added at a concentration of 2 mM, were taken up by the slices at rates 33% 
and 1401 (respectively) of the rate of vacuolar sucrose utilization. It is suggested. therefore, that sucrose transport 
at the tonoplast does not release free hexose into the cytoplasm. Sucrose transport at the plasmalemma was stud- 
ied using DNP- and mannose-treated slices. During incubation of these slices in sucrose, the disappearance of 
sucrose resulted in the appearance of significant quantities of glucose and fructose in the bathing solution. Evi- 
dence is presented that sucrose is split into glucose and fructose during transport across the plasmalemma. It is 
concluded that free hexosc is not normally a product of this splitting but is a result of an uncoupling in the trans- 
port system caused by the DNP or mannose treatments. 

INTRODUCTION 

A PREVIOUS paper’ showed that maize scutellum slices bathed in 1 M sorbitol were unable 
to utilize or transport endogenous sucrose. However, 1 M sorbitol did not prevent trans- 
port and utilization of exogenous sucrose. When DNP was added to the sorbitol solution 
the slices rapidly metabolized vacuolar sucrose to the point of depletion (which evidently 
would require transport across the tonoplast) whereas the cytoplasmic sucrose remained 
untouched. From this study it was concluded that although the sucrose transport systems 
of tonoplast and plasmalemma are different, neither system releases free sucrose into the 
cytoplasm. 

If free sucrose is not released, there are at least four other possibilities: sucrose phos- 
phate. UDPglucose and fructose. glucose and fructose. and hexose phosphates. The release 
of sucrose phosphate would require direct phosphorylation of sucrose. This has not been 
demonstrated in higher plants. but a bacterial transport system appears to involve direct 
phosphorylation.2 The release of UDP-glucose and fructose might result from sucrose 
synthetase (E.C. 2.4.1.13) acting as a sucrose carrier in the membranes. Similarly, glucose 
and fructose would be released by a carrier invertase (E.C. 3.2.1.26).3 The release of hex- 
ose phosphates would require that sucrose splitting and hexose phosphorylation are cou- 
pled somehow in the transport system. 
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This paper presents evidence that the sucrose transport system of the tonoplast does 

not release free hexose into the cytoplasm. Some free hexose is liberated during the uptake 
of exogenous sucrose. and it is suggested that this is a result of uncoupled transport at 
the plasmalemma. 
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Mai7e scutellum cells do not accumulate hexoses.” Hcxoses readily penetrate the plas- 
malemma, but because the hexose space of the cell is small (12 W,, of the tissue H,O 
vol.) it appears that hexoses do not enter the vacuoles.’ Hexose penctration of the plasma- 
lemma is thought to occur by two processes: an active uptake bvhich liberates hcxosc phos- 
phates into the cytoplasm; and a passive diffusion through hydrophilic pores.” Therefore. 
when scutellum slices are placed in glucose or fructose solutions the hexoscs enter the cyto- 
plasm. and when these slices arc transferred to \vater the htzxoscs rapidly leak out again. 

This is illustrated in Fig. 1. The slices wcrc incubated at 30 in hexose plus DNP to load 
the cytoplasm with hexose; they were then transfcrrcd to a DNP solution at I (time zero 
in Fig. 1) and finally to DNP at 30 . DNP was used to increase the hexose space of the 
slices’ and to inhibit hcxose utilization.” The I’ incubation was used to differentiate 
between inter- and intracellular hexose space. Hexosc whose leakage was strongly inhi- 
bited by low temperature is considered to have leaked from ;III intracellular space. The 
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same total amount of hexose as that shown in Fig. 1 leaked when the cold incubation was 
omitted. 

Figure 1 shows that glucose or fructose leaked from the intracellular spaces in amounts 
about equal to the amounts of these sugars in the slices after removal of intercellular hex- 
ose. Extracts of slices t&en at the end of the ‘rGt3min ieakage period {Fig. 1) cuntaimd 
traces of glucose (< 3 pmol/g). However, small quantities of glucose have always been 
found in extracts of thoroughly washed slices (e.g. see4) which perhaps indicates sucrose 
hydrolysis during extraction. It can be.concluded from these data that essentially all tissue 
hexose is leakable. Therefore, if free hexose is produced during transport and metabolism 
of vacuolar or exogenous sucrose, some of it should leak into the bathing solution. 

TAHLF 1. GAS EXCHANGE. CALCULATF I) SWROSE UTILIZATION AND MFA- 
SL;RED SUCROB DISAPPEARANCE IN SUCTELLL’M SLlCtS TREATED WITH 

DNP* 

Process 
Rate 

(gmollglhr) 

CO: produced 88 
Oz consumed 36 
Sucrose decrease in slices 14 
Sucrose through glycolysis (calculated)? 16 

* Slices were incubated in 0.1 M fructose for 3 hr at 30”. and then 
they were rinsed with water and placed in 10 ml of HzO. After 10 min 
the bathing solution was replaced with fresh water; this step removed 
most of the free space fructose (see Fig. 1). After an additional 50 min 
in water the slices were used to measure sucrose disappearance and gas 
exchange. For sucrose disappearance, 1 g slices in 10 ml DNP (5 x 
10W4 M) was used. For gas exchange, 0.2g slices in 2 ml DNP (5 x 
IO- 4 M) was used. Both processes were measured over a S-hr period 
at 30 

t This calculation was made on the assumptions that the entire gas 
exchange was a result of sucrose catabolism, that CO? produced in 
excess of O2 consumed was a result of alcoholic fermentation,’ and 
that the O2 consumed resulted from the complete oxidation of sucrose. 

To test this idea on sucrose transport at the tonoplast, slices with high vacuolar (9(r 
100 pmol/g) and low cytoplasmic (< 10 pmol/g) sucrose levels were prepared (footnote. 
Table 1). These slices were placed in DNP, and the utilization, uptake and leakage of 
sugars were measured. 

That sucrose utilization involved sucrose splitting (and, therefore. the possible produc- 
tion of free hexose) was indicated by the gas exchange of the slices which was consistent 
with alcoholic fermentation as the main metabolic pathway for sucrose utilization (Table 
1 and ‘). The rate of sucrose utilization calculated from the gas exchange data was close 
to the measured rate of sucrose disappearance. This calculation indicates that there was 
no net loss of hexose to the bathing solution; and, therefore, if free hexoses were produced 
during transport and breakdown of sucrose they must have been phosphorylated as 

rapidly as they were formed. 

’ GAKRAKD. L. A. and HI MPHRI YS. T. E. (1968) Ph~~to~he~~li.st~!. 7. 1949. 



In the experiment of Fig. 2 slices were incubated in DNP or in DNP plus 2 mM glucose 
or 2 mM fructose. The slices catabolized an average of 72 Llrnol of sucrose during the 5-hr in- 
cubation (see Table 1) irrespective of the presence of 2 mM hexose. From the results of 
Fig. 2 it appears unlikely that UDP glucose and fructose or glucose and fructose could be 
intermediates in the transport and catabolism of vacuolar sucrose without considerable loss 
of hexose to the bathing solution. This conclusion is based on the following observations: 

(1) only small amounts of hexosc appeared in the bathing solution Lvhen the slices were 
placed in DNP alone (Fig. 2). and this probably arose from the splitting of sucrose that 
leaked from the slices in small amounts (see Fig. 3): (2)judging from the slow rate of fruc- 

tose uptake. if 72 /lrnol of fructose were produced during sucrose transport at the tono- 
plast. quantities of it should leak into the bathing solution (Figs. 1 and 2, Table 1): (3) the 

slow rate of fructose utilization (Fig. 2) was not due to its inability to penetrate the plasma- 
lemma since Fig. 1 shows that intracellular glucose and fructose leaked from the cells at 
about the same rate and that leakage continued until the tissue was nenrl~ devoid of hex- 
ose: (4) in a separate experiment slices were incubated in DNP plus both glucose and fruc- 

tose. Fructose uptake was inhibited about 9X,, by the presence of glucose whereas glucose 
uptake w-as not affected by fructose. In the presence of exogenous glucose. the utilization 
of any fructose produced at the tonoplast should also be inhibited: this would increase 
its chances of leaking to the ccl1 exterior. However, extra fructose leakage was not observed 

when glucose was added to the bathing solution (Fig. 2). 
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FIG. 2. HI XOSt LkAKAGt AUI) I I’.IAKI 111 KING INC’I IIA’IIOU (It SLIC’I S Ih DNP. 
Slices (I g fr. ut) prepared as in Table I were placed in flasks containin@ DNP (5 x IO-’ M) or DNP 
plus 2 mM glucose or fructose. Top curve: fructose uptake. Middle curve: glucose uptake. Bottom two 
curves: fructos leakage into DNP or DNP plus glucose and glucoses leakage into DNP or DNP plus 

fructose. 

In contrast to tonoplast transport, it was possible to demonstrate hexose release in sig- 
nificant amounts during sucrose transport at the plasmalemma. When slices were incu- 

bated in DNP plus 2 mM sucrose. the disappearance of sucrose from the bathing solution 
was accompanied by the appearance of fructose and glucose (Fig. 3). The glucose con- 
centration of the bathing solution reached a maximum at 2 hr. and glucose was then 
absorbed: fructose continued to be released throughout the 5-hr incubation. Therefore. the 
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bathing solution, which initially contained 20 pmol sucrose, contained 15 pmol of fructose 
and only traces of glucose and sucrose after 5 hr. The glucose and fructose released into 
the bathing solution during the first 2 hr completely accounted for the sucrose that disap- 
peared, and during the entire 5-hr incubation the fructose released accounted for about 
75% of the sucrose that disappeared. 

0 I 2 3 4 5 

Time. hr 

FIG. 3. SUCROSL DISAPPEARANCE AND HEXOSE APPEARANCE DURING INCUBATION OF SLICES IN DNP 

PLUS SUCROSE. 

Slices (1 g fr. wt) prepared as in Table 1 were placed in flasks containing DNP (5 x lo-“ M) plus 
2 mM sucrose. Portions of the bathing solutions were removed for sugar analyses at the times shown. 

In the experiment of Table 2, slices were incubated in DNP plus 2, 4 or 6 mM sucrose. 
At each concentration of sucrose the glucose content of the bathing solution reached a 
maximum at 2 hr as in Fig. 3. and during the following 3-hr period glucose disappeared 
at the same rate in all flasks irrespective of sucrose concentration. In contrast, the rate 
of sucrose disappearance from 6 mM sucrose was more than twice the rate from 2 mM 
sucrose. Evidently, the process by which sucrose disappeared during the last 3 hr of the 
incubation released little if any freely diffusible glucose. However. the process did release 
fructose in quantities that were roughly 50% of the amount of sucrose that disappeared 
(Table 2). This suggests that splitting of sucrose is part of the uptake process. The release 
of glucose and fructose early in the sucrose incubation and the release of only fructose 
later on (Fig. 3) suggest that during normal transport there is tight coupling between the 
splitting of sucrose and the utilization (phosphorylation?) of the resulting hexoses. This 
coupling, initially disrupted by DNP, is completely restored after a few hr for glucose but 
only partially restored for fructose. Note that during the last 3 hr of the incubation (Fig. 
3, Table 2) sucrose disappeared at about twice the rate of fructose appearance. 

It should be noted here that the previously reported6 inhibition ( >90%) of sucrose 
uptake by DNP was obtained during the first 90min of uptake and that uptake, not 
“disappearance”, was measured (i.e. sucrose disappearance accompanied by the appear- 
ance of glucose is not counted as uptake. see Fig. 3). 

Additional evidence in support of the idea that splitting of sucrose is part of the uptake 
process was obtained with mannose-treated slices. Mannose treatment consisted of incu- 
bating the slices in mannose for 1 hr followed by a short water wash (see Table 3). In the 
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experiments reported here. the utilization of endogenous sucrose was completely stopped 
during the 5-hr experimental period following mannose treatment: the small decrease in 
tissue sucrose (3--4 pmol) after 5 hr in water resulted from sucrose leakage (see footnote. 
Table 3). Mannosc treatment also causes an intracellular accumulation of mannose-6- 
phosphate (M-6-Q4 and a marked drop in ATP content of the slices.’ Nevertheless. sugar 
uptake into mannose-treated slices. although inhibited. was surprisingly rapid. Glucose 

(2 mM) was taken up at a rate of about 4 pmol:g hr. For the first 2 hr fructose was also 
taken up at this rate, but the rate then fell to 2 /Imol;g hr. More importantly. when glucose 

and fructose were added together the same rates of uptake were obtained as when they 
were added to separate flasks. 

TABLI 2. CHANGI s IN m SUGAII CONTI N OI. THI I~ATHING SOI t ~IOKS A’I I~IIU I SI cxos~ COWI I\IXA IIOVS~~ 
______ ________-.- 

Initial sucrose Glucose concn at C‘hange in sugar contcn1. 2 5 hI 
concn 2 hr peak (p11701) 

(mM) (mM) Glucose sucl-osc Frllctosr~ 
-___ 

2 0.78 -- 7.4 - I I.7 +4.4 

4 004 - 7.6 ~ 1x.7 + 10.4 

6 1~10 ~~ I.5 _ 7’.6 _, + I .3.-J 

* Scutcllum slices (I g fr. wt) prepared as in Table I were placed in flasks contaInin& IO ml of sucrose plus 
5 x 10m4 M DNP. Portions of the bathing solution wcrc rrmovcd for ~g;!r anaicsis each hr fool- 5 hr Isee Fig. 
3). 

When sucrose was added to the mannose-treated slices considerable amounts of hexose 

appeared in the bathing solution (Table 3). During the 1st hr more glucose than fructose 
was released but by the end of the third hr more fructose than glucose was present. At 
the end of the first hr the decrease in sucrose was about equal to the increase in glucose. 

TABLE 3. SC ~OSI-, DISAPW ARANCL AW HI xost APIFARANU IN XXI mus LIA tttlht; MAhxost -ml AI-I 11 st.Ict s” 

Time 
(hr) 

suc1-OX 
concn 
(mMI 

Sucrose 
disappearance 

@mol) 

I 0 0.3 0. Ii 3-00 
2 3.9 4. I 2.x I .46 
4 5.0 4.2 3.2 I.31 

3 0 0.3 0.3 l-00 
2 12.4 4.0 6.0 oa 
4 X.0 5.5 X.7 067 

5 0 O-006 0.3 OW 
2 17.5 I.2 5.1 0.24 
4 23.4 3.4 I0.X 0 -31 

* Slices (1 g) were incubated in IOml of O-l M mannosc at 30’ for 1 hr. The mannose was then rcmowxi and 
the slices were rinsed in 10 ml ofa-ater and incubated in H,O for I I min. At the end of the short H,O incubation 
the bathing solution was replaced with fresh water or sucrose solutions (time /-u-o) and portions of the bathing 
solution were removed for sugar analysis at the times indicated above. These data arc avcragcs from the rcsultb 
of t*o experiments. Tissue sucrose (pmol): Time /a-o. 43: 5 hr in H,O. 30; 5 hr in 2 mM sucrose Ih: i hr in 
4 mM sucrose. 54. 
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Thereafter, however. sucrose disappearance was correlated with sucrose concentration 
and, to some extent, with fructose appearance, but it bore no relation to glucose con- 
centration. 

TABLE 4. SLCKOSI DISTRIBCTION AND WGAR CPTAKF AND CATABOLISM IX SLICES INCC‘BATFD IN SORBITOL AND 

SLGAR* 

Incubation 
conditions 

Sorbitol(1 M). 0.5 hr 
Sorhitol (I M). 5 hl- 
Sorbitol (0.9 M) 
+ sucrose (0.1 M), 5 hr 
+ glucose (0.1 M). 5 hr 

Total 
tissue 

58 
57 

122 
118 

Sucrose 

(pmol/g fr. wt) 

Cytoplasmic 

15 
15 

44 
43 

Stored 

43 
42 

78 
75 

Sugar Sugar 
uptake catabolizedt 

(pmol/5 hr) (pmol hexose) 

113 96 
212 90 

* Fresh slices (1 g) were incubated in HZ0 for 30 min at 30” after which they were placed in sorbitol or sorbitol 
plus sugar. Duplicate flasks were run for each treatment. At the end of the indicated length of time the slices 
from one flask of each set ucrc‘ killed. and the other slices WCI-c placed in Hz0 to measure sucrose leakage (cyto- 
plasmic sucrose).’ The slices treated in sorbitol plus sugar were washed in sorbitol (I M) and incubated in sorbitol 
for an additional 1 I min following the 5 hr incubation in order to remove the free space sugars before killing 
the slices or transferring them to water. For sugar uptake measurements samples of the bathing solutions were 
taken 1 min and 5 hr after adding the sugar. The sorbitol-sucrose solution initially contained 0.7 mM glucose 
(present as an impurity in the sorbitol) and after 5 hr contained 3 mM glucose. 

t The difference between sugar uptake and the increase in tissue sucrose after the 5 hr incubation calculated 
as hexose. The glucose content of the slices was in all less than 5 ~lmol.:g. 

The experiments on hexose release during sucrose uptake in DNP- and mannose-treated 
slices are interpreted as indicating that sucrose is split during transport. Experiments in 
which the amount and distribution of sucrose were measured following incubation of slices 
in sorbitol plus glucose or sucrose support this interpretation (Table 4). Sorbitol was used 
even though it inhibited sugar uptake about 507; because in 1 M sorbitol the slices were 
unable to utilize endogenous sucrose (thus simplifying interpretation of the results) and 
because sorbitol made it possible to estimate sucrose distribution within the cells.’ The 
results obtained with glucose and sucrose were similar in all respects (Table 4). It is par- 
ticularly noteworthy that the amounts of glucose taken up were very nearly twice those 
of sucrose or, on a carbon basis. equal amounts of the two sugars were taken up. This 
was found to be true at sugar concentrations of 0.05 M or above; at sugar concentrations 
below @05 M more carbon was taken up from sucrose than from glucose. In these exper- 
iments the total molarity of sugar plus sorbitol was 1.0 M, but similar results were obtained 
in the absence of sorbitol.h 

DISCUSSION 

During the rapid utilization of vacuolar sucrose in the presence of DNP significant 
quantities of hexose were not released into the bathing solution (Table 1. Fig. 2). These 
facts suggest (but are not sufficient to support a firm conclusion) that free hexose is not 
a product of sucrose transport at the tonoplast. The questions are, what would be the cyto- 
plasmic concentrations of glucose and/or fructose necessary for a phosphorylation rate of 
14,~mol/g/hr (a rate required by the data and calculations of Table l), and would a 
measurable leakage of hexose occur at these concentrations. 
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Since DNP does not inhibit the penetration of hexose into the hexose space of the cells’ 
and since in the presence of DNP the tissue hexose rapidly and almost completely leaked 
from the tissue (Fig. 1). it is assumed that slices placed in 2 mM hcxosc (Fig. 2) have :L 
cytoplasmic hexose concentration of 2 mM. In Fig. 2. however. the rates of hcxose uptake 
were much below those ncccssary to obtain the observed rates of vacuolar sucrose utiliza- 
tion. If the phosphorylation cnzymcs wcrc saturated with hexosc at v-q low hcxosc cnn- 

centrations the additional 2 mM hexosc would have little cl’fcct on the rate. This doc>s not 

appear to be the case. for c’os and Dickinson” isolated a hcxokinase from germinating 
maize scutella that had a K,,, of 3.4 mM glucose and maximal velocity was reached at 30 
to 50 mM glucose. Furthcrmorc. scutcllum slices placed in 10 mM glucose plus DNP took 
up glucose at about 15 pmollg;hr;” a rate about 3-fold greater than that obtained in these 
studies with 2 mM glucose (Fig. 2). Note also that the rate of glucose uptake from :tbout 

1 mM glucose (Table 2) was about half the rate from 2 mM glu~~sc (Fig. 2). Evidently. 

either the cytoplasmic hexosc concentration (in the absence of added hcxose) was greatel 
than 2 mM or vacuolar sucrose utilization does not involve a free hcxose intermediate. 
The latter suggestion appears to be more likeI>. 

For sucrose transport at the plasmalemma it is concluded that s~~c~-osc is split into glu- 

cose and fructose during transport: that both hcxoses remain bound within the transport 
apparatus; and that the bound hexoses are released into the cytoplasm onlv after being 
phosphorylated. Thcsc conclusions arc supported bl the following ohscrva;ions: (1) the 
appearance of glucose and fructose in the bathing solution during sucrose uptake into 
DNP- and mannose-treated slices (Fig. 3. Tab& 2 and 3) ad the cqualit\ of carbon 
uptake from glucose and sucrose (Table 4) indicate that sucrose is split during uptake; (3) 
extracellular hvdrolysis of sucrose does not appear to be the source of hexose when man- 
nose-treated sl&cs were used because initially more glucose than fructose ~vas released 

(Table 3) whereas when the two hcxoses wcrc added together they wcrc taken up at qual 
rates: (3) the hexose could not have originated from cytoplasmic sucrose because sucrose 
is not the transport product’ and because mannose-treated slices \~cre unable to utilire 

(or hydrolyze) tissue sucrose (ftiotnotc, Table 3): (4j it also stems unlikeI\, that the hexosc 
in the bathing solution could arise from the action of cvtoplnsmic phosphatases on hcsose 
phosphates. because the mnnnosc-trcntcd slices contained about X !rmol of cytoplasmic 
M-6-P which remained untouched in the slices for at Icast 3 hr after removal of the man- 
nose bathing solution:“.“’ (5) if free hexosc were rclcased into the cytoplasm as the final 
step in sucrose transport. a hexose concentration of 0.1 M w:ould hc required in the cyto- 
plasm and also. from Fig. 1 and’. in the bathing solution to account for the uptake rate 
in Table 4: only 3 mM glucose actually was found in the bathing solution (footnote. Table 
4): (6) previous results.“.’ ’ obtained without DNP or mannose indicate that scutellum 
slices take up sucrose actively without rclcasing significant amounts of hcaosc; (7) if the 
glycosidic bond were utilired or preserved durin g sucrose uptake in the formation of 
UDPglucose and fructose or sucrose phosphate. it would bc difficult to explain the equa- 

lity in the rates of carbon uptake from sucrose and glucose solutions. except as fortuitous 
(Table 4). 

A working model of the sucrose transport system of the plasmalemma is shown in Fig. 
4. The model features a disaccharidase situated in the interior of the membrane and con- 
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netted to the outer surface by a carrier and to the inner surface by a phosphate transferring 
enzyme. Sucrose is picked up by the carrier and passed on to the disaccharidase which. 
in turn. transports it to the phosphotransferase. When the sucrose reaches the phospho- 
transferase it is hydrolyzed and phosphorylated. The resulting hexose phosphates are 
released by the phosphotransferase into the cytoplasm. 

out 

@@- 

@@- 

a- 
0 

Membrane 

FIG. 4. A SPECULATIVE WORKING MODEL OF DISACCHARIDE MEMBRANE TRANSPORT. SEE TEXT FOR DETAILS 

The following points are pertinent: (1) the disaccharidase is shielded from water except 
near the phosphotransferase; (2) during transit a position is reached where the disacchari- 
dase-bound sucrose can exchange with cytoplasmic sucrose. Sucrose molecules that are 
not hydrolyzed remain on the disaccharidase and are carried to the outer surface where 
they exchange with exogenous sucrose via the carrier. Exchange is slow because the disac- 
charidase is sequestered in the membrane. These features of the model account for the 
observed sucrose exchange.’ ’ and for the fact that cytoplasmic sucrose is utilized at the 
rate of vacuolar sucrose. not at the rate of exogenous sucrose;’ (3) hexose molecules that 
are not phosphorylated are either released into the cytoplasm (whence they leak into the 
bathing solutions through hydrophilic pores in the membrane, see Fig. 1) or they remain 
on the disaccharidase and are carried towards the outer surface and are released. In the 
presence of DNP or mannose the level of phosphate donor decreases, and not all the hexose 
formed is phosphorylated. At the plasmalemma, the phosphate donor is assumed to be 
ATP; both mannose’ and DNP would be expected to lower the ATP level; (4) in the pres- 
ence of DNP, fructose is released in greater amounts than glucose (Fig. 3) because of its 
position on the disaccharidase (e.g. if the disaccharidase is an alpha glucosidase) or because 
of the specificity of the phosphotransferase; (5) sucrose and maltose are taken up by the 
corn scutellum at approximately the same rate. A disaccharidase which exhibits nearly the 
same L max and K,, with sucrose as it does with maltose has been found in the scutellum 
(unpublished data). The enzyme is insoluble but not extracellular and is presumed to be 
in the membranes. 
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Plunt wuteriul. Maize grains (%ou ways L., cv. Funks G-76 or G-4455 were soaked in runnmg tap water for 
24 hr and then placed on moist paper towels in the dark at 24-25’ for 72 hr. The scutclla were excised and cut 
transversely into slices 0.5 mm or less in thickness. The slices were washed in H,O until the uashings remained 
clear. blotted on filter papu and uelghcd m g~-oupb of I g. 


