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INTRODUCTION 

Following earlier investigations which revealed a correlation between 
suppressed amylase and high sucrose in sugarcane (¿)2, more recent studies 
have shown relationships between the sucrose level and the enzymes starch 
phosphorylase, amylase, and hexokinase (#)• It was proposed that the 
critical factor was glucose-1-phosphate, and the capacity of this compound 
to enter by either of the following pathways: 

+ H3PO< + Fructose 
Starch t izri Glucose-1-phosphate t Sucrose 

11 
Glucose-6-phosphate 

11 
Glycolysis 

The evidence was inconclusive, however, primarily because the treat­
ments did not give us consistently outstanding sucrose variations which 
could be studied from an enzymatic standpoint. The present study was 
designed specifically to cause more extreme sucrose responses by altering 
the enzyme starch phosphorylase. 

It is generally agreed that the synthetic function of starch phosphorylase 
is to catalyze the addition of a glucose radical to the nonreducing end of a 
straight-chain polysaccharide, and thereby form a new a, 1-4 linkage3. 
The equilibrium constant of the reaction is determined by the molar con-

1 Associate Plant Physiologist, Agricultural Experiment Station, University of 
Puerto Rico, Río Piedras, P.R. 

2 Italic numbers in parentheses refer to Literature Cited, pp. 174-5. 
3 An excellent review of the evidence favoring this concept has been summarized 

by Peat (18). 
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centrations of the polysaccharide, of glucose-1-phosphate, and of inorganic 
phosphate (0, p. 166): 

_ (C6HioOi)n-l (Glucose-l-POj 
eq ~ (C6H,0Ofi)n (H3PO4) 

However, the effective polysaccharide concentration represents the 
number of nonreducing polymer termini, a number that does not change, 
and therefore the molar concentration of the polysaccharide may be re­
garded as a constant. It follows that at a given pH, the Keq will be deter­
mined by relative proportions of glucose-1-phosphate and inorganic phos­
phate: 

(Glucose-1-POj 
Keq= CttPOJ 

It is evident that the inorganic phosphate levels within a plant would 
conceivably affect the starch phosphorylase equilibrium. Being readily 
within our means, this was one of the variables selected for the present 
study. 

The pH of the endogenous reaction was another factor we attempted 
to control as a variable. It is clear from the above equilibrium constants 
that several ionic species could react with the enzyme, including ortho-
phosphate as (HP04)~ ~ or (H2P04)~, and glucose-1-phosphate as (C6Hu06-
0 -P0 3 ) - - or (C8Hu06-0-P03H)- Hanes (16), working with partly 
purified starch phosphorylase from potato, concluded that the reaction 
proceeds in either direction until the ratio of mineral phosphorus to organic 
phosphorus achieves a value not altered by variable starch, mineral phos­
phate, or organic phosphate concentrations: 

Starch + (HP0 4 )~ ^ (C6Hn06-OPO,)~ 

If I f * 
(H2P04)" (CsHnCVO-POaH)-

At equilibrium the value of this ratio will depend on hydrogen-ion con­
centration. Thus, the ratio of total mineral phosphate to total glucose-1-
phosphate was 10.8 at pH 5, and 3.1 at pH 7. Cori and Cori (11), working 
with muscle phosphorylase and glycogen, reported similar pH effects. The 
ratio of mineral phosphorus to ester phosphorus was 5.7 at pH 6.0, and 
2.7 at pH 7.6. 

In order to induce variable acidity within the plants of the present study 
high and low levels of nitrate were supplied. Vickery (26) found that the 
organic acid content of tobacco plants was many times greater when 
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nitrogen was supplied as nitrate rather than as ammonia. Similar nitrate-
organic acid relationships have been reported in the tomato (8) and other 
plant species {19,27). 

A third treatment involved the use of two sugarcane varieties which 
varied distinctly in their reputed ability to form sucrose and starch. The 
M.336 variety has long been considered a very "sweet", high-sucrose 
producer by workers in Puerto Rico. The Uba variety, no longer exten­
sively grown in Puerto Rico, has a somewhat dubious reputation for 
producing unusually large quantities of starch (26,28,29). 

MATERIALS AND METHODS 

One-eye cuttings of the varieties M.336 and Uba Marot were planted in 
quartz sand on November 25, 1963, and all seedlings received distilled 
water until treatments were initiated on December 24, 1963. The sand had 
been treated previously with 0.05 N HC1 for 12 hours, and after thorough 
leaching with tapwater it was placed in 5-gallon, polyethylene containers 
fitted with glass wool over the drainage outlets. The sand was then leached 
with distilled water before receiving the cuttings. 

The seedlings first received nutrient solutions when they were 4 weeks 
of age. Each container was supplied daily with 1 liter of nutrient solution 
at 8 a.m., and 1 liter of distilled water at 1 p.m., until the study was ter­
minated at 12 weeks. Nitrate was provided at 12.0 and 1.5 meq./liter, and 
phosphate at 6.0 and 0 meq./liter. 

All other essential, nutrients were maintained at constant levels4. The 
treatments therefore consisted of two varieties, each receiving two levels 
of nitrate and phosphate. A 2 X 2 X 2 factorial design was employed with 
four replicates for each of the eight treatments. 

Tissue samples were frozen for sugar and enzyme assay at the close of 
the study. The samples consisted of meristematic tissue, and of leaves + 1 
to +5 6 from the four most uniform plants of each container. The plant 
material was frozen m a mixture of Dry I c e (solid C02) and acetone, 
lyophilized, and extracted by procedures described previously in detail (1). 
Enzyme preparations consisted of dialyzed, water-soluble protein, precipi­
tated from extracts by 95-percent saturation with ammonium sulfate at 
20°C. and pH 7.0. Protein was measured colorimetrically by the micro-
method of Sutherland et al. (23). 

4 These nutrients expressed as milliequivalents per liter, were supplied as fol­
lows: Potassium, 5.0; calcium, 3.0; magnesium, 2.0; and sulfate, 2.0. Micronutrients, 
expressed as parts per million, were supplied as follows: Boron, 0.05; copper, 0.02; 
manganese, 0.50; zinc, 0.05; molybdenum, 0.01; and iron 1.0. 

6 We employ the system of leaf nomenclature by which the uppermost leaf bearing 
a visible dewlap is designated + 1 . 
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Total ketose was determined by the resorcinol method of Roe (21). 
Sucrose was measured according to the modification of Cardini et al. (7), 
by which fructose is destroyed through heating the samples in the presence 
of 0.25 N NaOH. Total reducing sugars were measured by the dinitro-
salycilic acid technique of Sumner (22). Details of the protein and sugar 
analyses have been described previously (1). 

Enzymes assayed during these investigations included sucrose phos-
phorylase, starch phosphorylase, invertase, amylase, hexokinase, peroxi-
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F I G . 1.—Combined and main effects for meristem sucrose values of Uba and M 
336. The numerals 1 and 2 refer to the following nitrate and phosphate combinations: 
11 = low nitrate, low phosphate; 12 = low nitrate, high phosphate; 21 = high nitrate, 
low phosphate; and 22 = high nitrate, high phosphate. Nitrate was supplied at rates 
of 1.5 and 12.0 meq./liter, and phosphate at 0 and 6.0 meq./liter. 

dase, polyphenol oxidase, cytochrome-C reductase, and the phosphatases 
catalyzing the hydrolysis of /3-glycerophosphate, ATP, ADP, glucose-1-
phosphate, glucose-6-phosphate, fructose-6-phosphate, and 3-phospho-
glyceric acid. With but minor changes in technique, all assays have been 
thoroughly described in the earlier paper (1), except sucrose phosphorylase 
(4) and starch phosphorylase (2). ADP-ase was measured in identical 
manner as ATP-ase. Cytochrome-C reductase could not be detected in the 
meristem preparations. 

All data were subjected to statistical analyses of variance and mean 
values were compared by the Student-Neuman-Keuls Q test. 
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RESULTS AND DISCUSSION 

TREATMENTS VS. SUCROSE CONTENT OP LEAF AND MERISTEM 

Leaf sucrose did not vary appreciably, but a broad range of sucrose 
differences was found among meristem samples for each of the three treat-

TABLE 1.—Leaf and meristem sugars from 2 varieties of sugarcane supplied 
with variable nitrate and phosphate in sand culture1 

Leaf Sugars 

Treatment' 

No. 

1 
2 
3 
4 
5 
6 
7 

' 8 

Var. X NOa X POi 

Uba 
Uba 
Uba 
Uba 
M.336 
M.336 
M.336 
M.336 

1 
1 
2 
2 
1 
1 
2 
2 

1 
2 
1 
2 
1 
2 
1 
2 

Means for leaf sugars 

Total 
ketose 

56.6 
52.1 
66.8 
63.5 
52.6 
53.1 
62.2 
67.7 

59.3 

Fructose 

11.5 
9.9 

18.1 
16.1 
9.8 
8.2 
9.4 

12.2 

11.9 

Sucrose 

45.1 
42.2 
48.8 
47.4 
42.8 
44.9 
54.6 
55.5 

47.7 

Total 
reducing 

22.7 
23.3 
24.8 
22.1 
24.1 
21.6 
17.5 
18.2 

21.8 

Glucose 

11.2 
13.4 
6.7 
6.3 

14.3 
13.5 
8.3 
8.0 

10.2 

Mean 

29.4 
28.2 
33.0 
31.1 
28.7 
28.3 
30.4 
32.3 

30.2 

Meristem sugars 

1 
2 
3 
4 
5 
6 
7 
8 

Uba 
Uba 
Uba 
Uba 
M.336 
M.336 
M.336 
M.336 

Means foi 
sugars 

1 
1 
2 
2 
1 
1 
2 
2 

• meri 

1 
2 
1 
2 
1 
2 
1 
2 

stem 

202.3 
150.1 
214.7 
224.6 
197.6 
191.8 
223.9 
245.7 

206.3 

175.8 
140.0 
201.6 
216.7 
158.9 
154.7 
184.2 
181.9 

176.7 

26.5 
10.1 
14.2 
7.9 

38.6 
37.1 
49.2 
63.8 

30.9 

186.5 
150.1 
219.8 
238.5 
180.9 
176.5 
215.1 
217.1 

198.1 

10.6 
10.0 
16.9 
20.8 
22.0 
21.8 
30.8 
35.2 

21.0 

120.3 
92.1 

133.4 
141.7 
119.6 
116.4 
140.6 
148.7 

126.6 

.... " * " ->"ii|iureu menu oí t rcunuuius. ountu's are c.\f~" 
as milligrams per gram dry weight. 

» The treatment numerals 1 and 2 refer to the nitrate levels of 1.5 and 12.0 meq./ 
liter, respectively, and to the phosphate variables of 0 and 6.0 meq./Iiter, respec-

ments (table 1, fig. 1). This was precisely the type of sugar response we 
had been seeking, and meristems will therefore receive primary attention 
throughout this discussion. 
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Sucrose was significantly lower in Uba meristems than in those of M.336. 
Nitrate and phosphate effects were also expressed according to the variety 
being tested. High nitrate retarded sucrose in Uba and promoted sucrose 
in M.336 (fig. 1, main effects). High phosphate greatly depressed sucrose 
in Uba, but slightly increased the sugar level in M.336. I t is interesting to 
note that the optimum treatment for sucrose in M.336, a combination of 
high nitrate and high phosphate, was easily the least productive treatment 
for Uba. The capacity of phosphate to alter the sucrose level depended 
both upon variety and nitrate level. Thus, high phosphate severely de­
pressed sugar content at the low-nitrate level in Uba, but it had no effect at 
the low-nitrate level on M.336, and increased sucrose at the high-nitrate 
level in M.336 (fig. 1, combined effects). 

SUCROSE CONTENT VS. ENZYME ACTIVITY IN MERISTEM 

Enzymes were generally far more active in Uba than M.336. Grand 
mean values presented in table 2 indicate that enzyme activity in M.336 
was about 60 percent of that recorded for Uba, but enzyme suppression 
varied greatly among individual systems. Among the acid phosphatases, 
ADP-ase and ATP-ase were particularly suppressed in M.336, while glu-
cose-1-phosphatase was only moderately affected. It is perhaps significant 
that the only phosphatase not found to be retarded in M.336 was the 
enzyme hydrolyzing 3-phosphoglyceric acid, a compound farthest removed 
from the series of organic phosphates biochemically aligned about the 
starch-forming mechanism under scrutiny. Amylase, like the phosphatases, 
was suppressed by the M.336 treatment in general. Amylase and phos­
phatase were both inversely related to sucrose level in meristems (table 1, 
fig. 2). Hexokinase was far less active in M.336 than Uba, and this differ­
ence was almost entirely confined to the plants receiving low nitrate. 

The enzyme most singularly affected by variety differences was invertase. 
In M.336 this system was active in the range of 20 to 30 percent of the Uba 
invertase, and this reaction in itself may account for much of the Uba-M.336 
discrepancy in meristem sucrose. Invertase has not been of consequence 
however, in any of our studies with leaf preparations. High phosphate 
appeared to stimulate the enzyme in Uba, but not in M.336. 

Generally speaking, it appears that variety differences, exemplified by a 
definite slackening of enzyme activity on the part of M.336, were of para­
mount importance in determing the respective sucrose levels of meriste-
matic tissues. Nitrate and phosphate, undeniably powerful forces in shaping 
the physiological welfare of cane, usually served to alter the degree, rather 
than the direction, of overall sucrose and enzyme responses. Nevertheless 
the behavior of enzymes under all the conditions prescribed by this study 
merits further analysis in detail. 



TABLE 2.—Mean speciñc-activity values for meristem enzymes from 2 varieties of sugarcane 
supplied with variable nitrate and phosphate in sand culture1 

1 1 
Item 
No. 

1 

2 
3 
4 

5 

6 

* 7 
50 8 

9 

10 

Enzyme* 

0-glycerophos-
phatase 

ATP-ase 
ADP-ase 
Glucose-1-phos-

phatase 
Glucose-6-phos-

phatase 
Fructose-6-

phosphatase 
3 PGA-ase 
Amylase 
Starch phos-

phorylase 
Invertase 

11 iSucrose phos-
phorylase 

12 
13 
14 . 

Hexokinase 
Peroxidase 
Polyphenol oxi­

dase 

Mean |J 

Uba 
N|Pl 

48.8 

40.9 
41.9 
19.0 

10.5 

24.9 

24.0 
78.7 
33.4 

26.4 
2.25 

68.9 
10.4 
8.9 

31.4 

Treatment* 

Uba 
NIPJ 

54.5 

54.2 
47.3 
21.5 

13.6 

18.8 

24.2 
74.2 
26.2 

33.7 
2.17 

49.4 
11.3 
7.9 

31.3 

Uba 
NjPi 

43.3 

45.2 
39.6 
16.9 

10.3 

14.2 

16.9 
59.3 
16.4 

27.7 
2.28 

29.3 
12.3 
14.2 

24.9 

Uba 1 Uba 
N J P » 

43.1 

42.3 
39.3 
17.0 

11.1 

15.3 

18.8 
55.6 
20.8 

39.9 
2.28 

31.9 
10.4 
15.1 

mean 

47.4 

45.7 
42.0 
18.6 

11.38 

18.3 

20.9 
66.9 
24.2 

31.9 
2.25 

44.9 
11.1 
11.5 

25.9 28.4 1 

M.336 
NiPi 

37.4 

30.1 
23.4 
11.4 

7.9 

11.5 

20.6 
34.1 
9.8 

8.5 
2.32 

20.3 
12.2 
5.1 

16.9 

M.336 
NiP* 

39.7 

31.6 
24.1 
13.4 

8.9 

12.2 

23.0 
38.4 
10.0 

10.5 
2.09 

26.5 
12.5 
5.9 

18.6 

M.336 
NjP» 

38.3 

30.3 
23.5 
10.3 

7.8 

9.4 

18.1 
33.2 
15.4 

8.6 
2.22 

20.0 
13.9 
4.7 

16.7 

M.336 
NJPJ 

39.6 

29.5 
23.2 
10.9 

8.3 

8.8 

18.9 
37.3 
14.0 

7.7 
2.43 

27.6 
14.9 
6.8 

17.8 

M.336 
mean 

38.8 

30.4 
23.7 
11.5 

8.2 

10.5 

20.2 
35.8 
12.3 

8.8 
2.27 

23.6 
13.4 
5.6 

17.5 

Individual means 

Uba 
Ni 

51.6 

47.5 
44.6 
20.2 

12.0 

21.8 

24.1 
76.4 
29.8 

30.0 
2.21 

59.1 
10.8 
8.4 

31.4 

Uba 
Ni 

43.2 

43.7 
39.5 
16.9 

10.7 

14.7 

17.8 
57.4 
18.6 

33.8 
2.28 

30.6 
11.3 
14.6 

25.4 

Uba 
Pi 

46.0 

43.0 
40.7 
17.9 

10.4 

19.5 

20.4 
69.0 
24.8 

27.0 
2.26 

49.1 
11.3 
11.5 

28.1 

Uba 
Pt 

48.8 

48.3 
43.3 
19.2 

12.3 

17.0 

21.5 
64.9 
23.4 

36.8 
2.22 

40.6 
10.8 
11.5 

28.6 

M.336 
Ni 

38.5 

30.8 
23.7 
12.4 

8.4 

11.8 

21.8 
36.2 
11.4 

9.5 
2.20 

23.4 
12.4 
5.5 

17.7 

M.336 
N» 

38.9 

29.9 
23.3 
10.6 

8.0 

9.1 

18.5 
35.2 
13.2 

8.1 
2.33 

23.8 
14.4 
5.7 

17.2 

M.336 
Pi 

37.8 

30.2 
23.4 
10.8 

7.8 

10.4 

19.3 
33.6 
12.6 

8.5 
2.27 

20.1 
13.0 
4.9 

16.8 

M.336 
Pi 

39.6 

30.5 
23.6 
12.1 

8.6 

10.5 

20.9 
37.8 
12.0 

9.1 
2.26 

27.0 
13.7 
6.3 

18.1 

Grand means 

Ni 

44.7 

39.2 
34.2 
16.3 

16.3 

16.9 

22.9 
56.3 
20.6 

19.8 
2.21 

41.3 
11.6 
6.9 

24.9 

Ni 

41.1 

36.8 
31.4 
13.8 

9.4 

11.9 

18.2 
46.3 
15.8 

20.9 
2.30 

27.2 
12.9 
10.2 

21.3 

Pi 

41.9 

36.6 
32.1 
14.4 

9.1 

15.0 

19.9 
51.3 
18.8 

17.8 
2.27 

34.6 
12.2 
8.2 

22.6 

P» 

44.2 

39.4 
33.5 
15.7 

10.5 

13.8 

21.2 
51.4 
17.8 

22.9 
2.24 

33.9 
12.3 
8.9 

23.5 

1 Each figure represents the computed mean of 4 replicates. 
2 The treatment numerals 1 and 2 refer to the nitrate levels of 1.5 and 12.0 meq./liter, respectively, and to the phosphate variables of 0 and 6.0 

meq./liter, respectively. The capital letters N and P are substituted for the words "nitrate" and "phosphate". 
8 Each enzyme is recorded in specific-activity values (units per milligram of protein), with the exception of sucrose phosphorylase which is ex­

pressed as /«moles of sucrose formed per milliliter of digest. 
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SUCROSE CONTENT VS. THE PHOSPHORYLASES 

Sucrose phosphorylase remained remarkably constant among all treat­
ments (table 2), its product varying only from 2.09 to 2.43 /¿moles of sucrose 
per milliliter of digest. This variation in itself cannot account for sucrose 
differences of the magnitude actually encountered. It does, however, add 
evidence to the contention expressed earlier {2) that sucrose variations 

120 

100 

BO 

60 

u a 
o; a 

S 
40 g 

20 

11 12 21 22 
M.336 

11 12 21 22 
Ub» 

11 12 21 22 

U.336 

AUYLASE us. SUCHOSE ATP-ASE tut. SUCROSE 

F I G . 2.—A comparison of sucrose content and enzyme activity in the meristems 
of Uba and M.336. The numerals 1 and 2 refer to the following nitrate and phosphate 
combinations: 11 = low nitrate, low phosphate; 12 = low nitrate, high phosphate; 
21 = high nitrate, low phosphate; and 22 = high nitrate, high phosphate. Nitrate 
was supplied at rates of 1.5 and 12.0 meq./liter and phosphate at 0 and 6.0 meq./liter. 
The shaded areas illustrate sucrose levels which have been superimposed over the 
enzyme data . 

may be caused less by sucrose phosphorylase than by enzymes farther 
removed from the reactions of sucrose synthesis. 

Starch phosphorylase was about twice as active in Uba as in M.336, or in 
other words, the enzyme varied inversely with sucrose among variety 
treatments. Recalling the work of Hanes {16) with potato phosphorylase, 
we know that, at pH 7, the reaction achieves an equilibrium in which the 
ratio of total mineral phosphate to total glucose-1-phosphate will 
be about 3.1: 

(H3PO<) 
Keq = 

(Glucose-l-PO<) 

= 3.1(PH7.0) 
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The enzyme in living meristem tissue must have been acting at a pH lower 
than 7.0, and consequently an even higher Keq value than 3.1 would be 
anticipated. The apparent varietal effect upon this enzyme was to shift 
the reaction equilibrium toward the left in Uba, 

HsPO* + Starch t —* Glucose-l-PO* 

and toward the right in M.336: 

H3P04 + Starch ; = - * Glucose-l-P04 

The treatment effects must have been equivalent to altering pH, and if 
pH did represent the mode of varietal action, then Uba was the variety 
most able to assume more acid conditions. The increased product of the 
M.336 reaction would not be sucrose, but rather glucose-1-phosphate, an 
essential precursor of sucrose. 

The added glucose-1-phosphate would be confronted with at least three 
known alternatives: 1, Direct hydrolysis by acid phosphatase; 2, conver­
sion to sucrose; and 3, assimilation into the glycolytic pathway and eventual 
metabolism. These alternatives can be diagramed as follows: 

Glucose + H3PO4 

T 
I + Fructose 

H3PO4 + Starch ^ Glucose-l-P04 • Sucrose 
i 

Glucose-6-P04 

i 
etc., through 
glycolysis 

Respiration was not measured during this study and we do not know to 
what extent glucose-1-phosphate was entering metabolic pathways. How­
ever, during the 6 weeks prior to harvest, the demand for glycolytic products 
must have been heavy, since this represented a period of extremely rapid 
growth. On the other hand, we know that glucose-1 -phosphatase was not 
particularly active in M.336, and, in fact, it was considerably suppressed as 
compared with its counterpart in Uba. Since we know that much more 
sucrose was accumulating in the meristems of M.336 than of Uba, it appears 
that an increased amount of glucose-1-phosphate was passing directly 
into sucrose as a result of the starch-phosphorylase suppression in M.336. 

The opportunity for sucrose accumulation in Uba would seem particu­
larly hard-pressed. Uba's starch phosphorylase showed a greater preference 
for starch formation than for the reverse reaction, phosphorolysis, which 
would have provided more glucose-1-phosphate for sucrose synthesis. 
Uba also possessed a greater capacity to hydrolyze glucose-1-phosphate, 
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and it contained a voracious invertase to attack whatever sucrose might 
have been formed. 

The nitrate and phosphate variables, which were intended to shift the 
starch phosphorylase equilibrium, achieved only part of the anticipated 
results. Variety effects, plus the dispersal of reactions among leaf and 
meristem tissues, tended to confuse the picture. We had considered that 
the plants receiving high nitrate should have contained a high enough 
organic acid content to increase the Keq value, i.e., to increase the ratio of 
mineral phosphate to ester phosphate. The high-nitrate effect should have 
suppressed the plants' relative capability to produce sucrose by lowering 
the proportion of glucose-1-phosphate entering the sucrose phosphorylase 
pathway. The use of variable phosphate was intended to alter the same 
equilibrium. High phosphate should theoretically have shifted the reaction 
in favor of phosphorolysis, or in other words, should have indirectly pro­
moted sucrose production. The hypothetical effects of nitrate and phos­
phate are illustrated by the following sequences: 

1, HighNOs -> 

2, Low N 0 3 ->• 

3, High P0 4 -> 

4, Low P0 4 -» 

increased 
acidity-

decreased 
acidity 

increased 
phosphorolysis 

decreased 
phosphorolysis 

- • 

-* 

—» 

—» 

increased starch-forming 
potential 

decreased starch-forming 
potential 

decreased starch-forming 
potential 

increased starch-forming 
potential 

—» decreased 
sucrose 

—*• increased 
sucrose 

—» increased 
sucrose 

—• decreased 
sucrose 

A review of sucrose values for meristems (table 1, fig. 1) shows that the 
anticipated effects for nitrate held true in Uba, that is, high nitrate sup­
pressed sucrose while low nitrate increased sucrose. Just the opposite nitrate 
effects were recorded for M.336. High phosphate depressed sucrose in Uba 
and had little effect in M.336. 

Reviewing enzyme values for meristem tissues, we find that the antici­
pated starch phosphorylase responses to nitrate did not appear in the 
meristems at all (table 2, item 9), but rather in the leaves (table 3, item 9). 
Thus, while both the sucrose and enzyme effects anticipated for the nitrate 
treatments did in fact occur, they were not correlated within the same 
tissues. The phosphate effects we had desired apparently were not achieved. 
However, there are so many related factors affecting inorganic phosphate 
level in cane that we will discuss this point in a separate section p. 165ff. 

The physical isolation of treatment responses, which, on paper, are 
separated by only a few enzymatic reactions, is not very surprising when 
one considers the multitude of related factors involved. The fact that 
anticipated enzyme responses and sucrose levels occurred in separate tissues 
may simply have been a matter of enzyme isolation and sucrose transloca-
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tion. The meristem tissue in cane is not an ideal area for sugar storage, and 
sucrose levels beyond some minimum value must logically be moved to 
more favorable storage areas. In 4- to 12-week-old cane this would be the 
leaves. A case in point was scored by the relatively high leaf-sucrose levels 
encountered among high-nitrate plants of the M.336 variety (table 1). 
The appearance here of high sucrose ran counter to our previous observa­
tions (1,2,8,5), i.e., it appeared where each of the acid phosphatases, plus 
amylase, peroxidase, and starch phosphorylase, were stimulated rather 
than suppressed. A large share of this sucrose must have been imported 
from meristematic areas. 

However, since the meristem is an area of intense biochemical activity, 
it would also seem logical that some reactions of the sucrose-forming and 
metabolyzing pathways could best be carried out in the meristem. Another 
case in point was brought forward by the localization of invertase in the 
meristems of both varieties tested. Sucrose would have to pass to this area 
in order to be inverted, and thus a continuous translocation of sucrose to 
and from the meristematic area is not an unreasonable assumption. 

Other factors need to be considered from the standpoint of overall 
nitrogen nutrition when pondering the enzyme and sugar responses of this 
study. We should not regard our nitrate variables with too much finality. 
In terms of milliequivalents per liter, we do not know exactly where the 
concepts of high nitrate and low nitrate can be applied. Perhaps the nitrate 
levels of 12.0 and 1.5 meq./liter might actually represent high and mod­
erate levels for one variety, and moderate and deficient levels for an­
other. Perhaps 25 or 30 meq./liter of nitrate would have better served our 
purpose during the present investigations. Again, it might have been more 
logical to supply constant nitrogen levels to all plants and simply vary 
the source between nitrate and ammonia. Finally, no trained physiologist 
will dispute the fact that there is a great difference between altering the 
pH for a reaction in a test tube, and doing the same for that reaction while 
it is still an integral part of a living plant. 

A good example of high-nitrate repercussions among two distinct cane 
varieties, and the unintentional altering of enzymes by treatments meant 
for starch phosphorylase, is illustrated by the enzyme values obtained 
from the M.336 leaf preparations (table 3). The diagram presented by 
figure 3 illustrates the areas in which reactions have been greatly increased 
by high nitrate. Those reactions significantly stimulated are set off with 
heavy arrows. In each instance, the nitrate effect was a characteristic of 
the M.336 variety, and the same nitrate level caused no changes of con­
sequence in Uba. 

Nevertheless, with due consideration given to all suggestions peculiar to 
hindsight, the results of this study support the original contention that a 



TABLE 3.—Mean specific-activity values for leaf 

Item 
No. 

1 

2 
3 
4 

5 

6 

7 
- 8 
2 9 

10 
11 

12 
13 
14 

15 

Enzyme* 

/3-glycerophos-
phatase 

ATP-ase 
ADP-ase 
Glucose-1-phos-

phatase 
Glucose-6-phos-

phatase 
Fructose-6-

phosphatase 
3 PGA-ase 
Amylase 
Starch phos-

phorylase 
Invertase 
Sucrose phos-

phorylase 
Hexokinase 
Peroxidase 
Polyphenol oxi­

dase 
Cytochrome-C 

reductase 

Mean 

enzymes from 2 varieties of sugarcane supplied with variable nitrate and phosphat 

Treatments* 

Uba 
NiPi 

43.6 

54.7 
31.1 
9.1 

10.5 

13.3 

42.8 
46.3 
10.2 

3.3 
1.65 

24.1 
5.4 

19.3 

6.0 

21.4 

Uba 
N I P J 

36.4 

42.6 
28.3 
8.8 

10.0 

9.0 

33.8 
40.3 
9.6 

3.3 
2.09 

22.7 
5.5 

19.7 

6.8 

18.6 

Uba 
N»Pi 

34.1 

49.6 
29.2 
10.2 

9.8 

10.1 

39.9 
45.3 
12.8 

3.2 
1.89 

26.3 
7.1 

22.5 

9.2 

20.6 

Uba 
NiPt 

32.4 

39.7 
28.8 
10.1 

9.6 

8.6 

40.3 
52.8 
12.8 

3.2 
1.51 

28.1 
7.6 

23.2 

6.3 

20.3 

Uba 
mean 

36.6 

46.7 
29.4 
9.6 

9.9 

10.3 

39.2 
46.2 
11.4 

3.2 
1.79 

25.3 
6.4 

21.2 

7.1 

20.3 

M.336 
NiPi 

37.7 

42.2 
23.2 
7.0 

9.7 

11.5 

32.8 
42.0 
8.2 

2.2 
1.82 

20.0 
3.5 

15.6 

4.7 

17.5 

M.336 
NiP» 

40.4 

42.4 
26.4 
8.1 

11.2 

11.0 

36.8 
38.9 
7.8 

2.2 
2.03 

25.1 
3.6 

17.1 

4.2 

18.5 

M.336 
NiPi 

60.9 

70.5 
38.2 
9.7 

15.8 

21.1 

51.5 
68.5 
16.4 

2.2 
1.75 

33.7 
5.6 

19.1 

4.8 

28.0 

M.336 
NtP* 

70.6 

80.0 
43.5 
10.6 

19.1 

24.7 

56.5 
87.7 
19.3 

2.1 
1.37 

35.4 
5.8 

20.7 

4.3 

32.1 

M.336 
mean 

52.4 

58.8 
32.8 
8.9 

13.9 

17.1 

44.4 
59.3 
12.9 

2.2 

Uba 
Ni 

40.0 

48.6 
29.7 
8.9 

10.2 

11.1 

38.3 
43.3 
9.9 

3.3 
1.74 1.87 

28.6 
4.6 

18.1 

4.5 

24.0 

Uba 
N t 

33.2 

44.6 
29.0 
10.1 

9.7 

9.3 

40.1 
49.0 
12.8 

3.2 
1.70 

23.4 27.2 
5.4 

19.5 

6.4 

20.0 

7.3 
22.8 

7.7 

20.5 

Individual means 

Uba 
Pi 

38.8 

52.1 
30.1 
9.6 

10.1 

11.7 

41.3 
45.8 
11.5 

3.2 
1.77 

25.2 
6.2 

20.9 

7.6 

21.1 

Uba 
P» 

34.4 

41.1 
28.5 
9.4 

9.8 

8.8 

37.0 
46.5 
11.2 

3.2 
1.80 

25.4 
6.5 

21.4 

6.5 

19.4 

M.336 
Ni 

39.0 

42.3 
24.8 
7.5 

10.4 

11.2 

34.8 
40.4 
8.0 

2.2 
1.92 

22.5 
3.5 

16.3 

4.4 

17.9 

M.336 
N i 

65.8 

75.2 
40.8 
10.1 

17.4 

22.9 

54.0 
78.1 
17.8 

2.1 
1.56 

34.5 
5.7 

19.9 

4.5 

30.0 

M.336 
Pi 

49.3 

56.3 
30.7 
8.3 

12.7 

16.3 

42.1 
55.2 
12.3 

2.2 
1.78 

26.8 
4.5 

17.3 

4.7 

22.7 

M.336 
P» 

55.5 

61.2 
34.9 
9.3 

15.1 

17.8 

46.6 
63.3 
13.5 

2.1 
1.70 

30.2 
4.7 

18.9 

4.2 

25.3 

Ni 

39.5 

45.4 
27.2 
8.2 

10.3 

11.1 

36.5 
41.8 
8.9 

2.7 
1.89 

22.9 
4.4 

17.9 

5.4 

18.9 

e in sand culture1 

Grand 

Ni 

49.5 

59.9 
34.9 
10.1 

13.5 

16.1 

47.0 
63.5 
15.3 

2.6 
1.63 

30.8 
6.5 

21.3 

6.1 

25.2 

means 

Pi 

44.0 

54.2 
30.4 
8.9 

11.4 

14.0 

41.7 
50.5 
11.9 

2.7 
1.77 

26.0 
5.3 

19.1 

6.1 

21.9 

P» 

44.9 

51.1 
31.7 
9.3 

12.4 

13.3 

41.8 
54.9 
12.3 

2.6 
1.75 

27.8 
5.6 

20.1 

5.3 

22.3 

1 Each figure represents the computed mean of 4 replicates. 
2 The treatment numerals 1 and 2 refer to the nitrate levels of 1.5 and 12.0 meq./liter, respectively, and to the phosphate variables of 0 and 6.0 

meq./liter, respectively. The capital letters N and P are substituted for the words "nitrate" and "phosphate". 
3 Each enzyme is recorded in specific-activity values (units per milligram of protein), with the exception of sucrose phosphorylase which is ex­

pressed as ¿emoles of sucrose formed per milliliter of digest. 
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strong relationship exists in cane between starch-forming capacity and 
sucrose content. This relationship is further affected by the factors of ni­
trate supply and variety. 

H3PO4 

+ 

Starch 

4 
Maltose 

I 
Glucose 

Glucose 

t 
¡j^ Glucose-1-phosphate * Sucrose 

ATP 

Glucose-6-phosphate 

ADP i 

G l u c o s e + H3PO4 

ADP 
+ 

AMP 
+ 

H s P 0 4 H3PO4 Fructoae-6-phosphate Fructose + HgPĈ  

3-phosphoglyceric acid Glycolysis 

CO2 fixation 

Phosphoglycerio 
aoid 

H3PO4 

TCA cyc le 

F I G . 3.—Diagramatic il lustration of the biochemical pathways upon which the 
enzymes herein discussed are employed. In the above sequence, heavy arrows set 
off enzyme reactions significantly st imulated by high nitrate, as compared with low 
nitrate, in leaf preparations of the variety M.33G. 

STARCH PHOSPHORYLASE VS. THE PHOSPHATE NUTRITION OF SUGARCANE 

A point has been reached where the concept of phosphate supply needs 
to be considered from a standpoint other than its effect on the H3PO4/ 
glucose-l-P04 ratio. In particular, the overall balance between organic 
and inorganic phosphate in the plant appears to be somehow related to 
enzymes involved in starch formation and hydrolysis. This problem re­
mains a hazy one, but enough information has been published to suggest 
an extremely promising area for future research. 

Prior to 1935 it was incorrectly assumed that the breakdown of glycogen 
in animal tissues was catalyzed by amylases (12, p. 438). In that year, 
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inorganic phosphate was found to be an essential participant of glycogen 
degradation. Cori et al. (10) identified glucose-1-phosphate as a product of 
the reaction, which now was correctly termed "phosphorolysis". Within 
3 years, Hanes (16) described a similar reaction in the potato by which 
starch is converted to glucose-1-phosphate. 

The complexity of phosphorylase became more apparent when Green 
and Cori (15) obtained the enzyme in crystalline form from muscle. The 
crude enzyme had been inactive without added AMP (adenosine mono­
phosphate), and activity of the purified enzyme was stimulated when 
AMP was present. The purified enzyme did not require AMP, however, 
and the reason for this became known when a third enzyme, presumably 
a proteinase, converted the crystalline enzyme (phosphorylase a) into a 
form inactive in the absence of AMP (phosphorylase b). 

Rail et al. (20) observed similar active and inactive phosphorylase rela­
tionships, but with enzymes obtained from different animal sources. The 
purified, active form was converted to an inactive form by an enzyme which 
released inorganic phosphate during the reaction: 

Phosphorylase 
Phosphorylase a > Phosphorylase 6 + HjPO< 

Phosphatase 
The above reaction suggests that active phosphorylase is a phospho-

protein, which is inactivated by a specific phosphatase. The participation 
of the adenylic acid system again became evident when it was learned that 
ATP and a specific kinase were required to reactivate phosphorylase 6: 

Kinase 
Phosphorylase 6 + ATP „ ^ „ .. > Phosphorylase a + ADP 

* Mg^orMn** 
Close similarities exist between muscle phosphorylase and the enzyme 

extracted from potato (13, pp. 443-4). Starch phosphorylase of sugarcane 
has not yet been thoroughly examined, but we cannot overemphasize the 
fact that, should the active enzyme ever be proven to exist as a phospho-
protein (like phosphorylase of muscle), then this fact would assume para­
mount importance in clarifying starch-sucrose relationships in cane. Our 
own studies have consistently shown the presence of powerful acid phos­
phatases in leaf preparations, and we have been particularly concerned 
with the hydrolysis of the glucose phosphates and ATP in relation to 
sucrose content. Sucrose content was significantly increased by use of acid 
phosphatase inhibitors (5). However, until encountering the starch phos­
phorylase enzyme, it was assumed that suppression of acid phosphatases 
promoted sucrose only by making possible a greater supply of ATP and 
phosphorylated hexose precursors. 

Since the leaf-enzyme preparations have hydrolyzed every organic 
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phosphate thus far tested, we would assume that a phosphoprotein, say 
starch phosphorylase, would also be attacked by one of the acid phospha­
tases. In this way, any starch-phosphorylase reaction favorable to sucrose 
production, i.e., one favoring phosphorolysis, with the production of 
glucose-1-phosphate, would automatically be retarded by any treatment 
stimulating the acid phosphatases. Conversely, treatments suppressing the 
acid phosphatases should retard the one which inactivates starch phos­
phorylase and thus increase sucrose-forming potential. Such phosphatase-
sucrose relationships have consistently been observed during our investiga­
tions, and the possibility that a phosphorylase inactivator might be 
involved cannot now be ruled out. 

The situation begins to become complex. We have already seen that the 
high-nitrate treatment, designed to promote starch phosphorylase, had 
greatly stimulated every phosphatase measured, and, in effect, our treat­
ment must have stimulated the potential phosphorylase inactivator working 
within the same plant materials. Again, we must consider what happens 
within the plant tissues once this hypothetical inactivation has taken 
place. From our knowledge of animal phosphorylases, we understand that 
the enzyme would have to be reactivated by a specific kinase in conjunction 
with either ATP or AMP: 

Kinase 
Inactive phosphorylase + ATP or AMP 

Mg^ or Mn2+ 

Active phosphorylase + ADP or Adenylic acid 

We also know that in sugarcane the same treatments which would 
stimulate the inactivating phosphatase also stimulate systems hydrolyzing 
ATP and ADP (table 2, Uba main effects; table 3, high nitrate in M.336). 
The same treatments promoting phosphorylase inactivation thus would 
destroy simultaneously the means by which phosphorylase could have been 
reactivated. This may be one of the reasons that added ATP has been 
found essential for maximum sucrose formation under "controlled" condi­
tions (4,12,24). 

INHIBITORS OP STARCH PHOSPHORYLASE IN CANE 

In addition to the possible phosphatase-adenylic acid relationships dis­
cussed above, several additional factors need to be considered as possible 
inhibitors of the sugarcane enzyme. /3-glycerophosphate, for example, is 
reported to be a noncompetitive inhibitor of muscle phosphorylase (13, 
p. 441). During our own investigations of sugarcane enzymes, we have 
employed /^-glycerophosphate only as a representative substrate for the 
acid phosphatases, and we have no evidence that this compound actually 
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exists in sugarcane. However, because of the fact that an organic phosphate 
is at all able to inhibit one of the phosphorylases, consideration should be 
given to the possibility of other organic phosphates having the same 
property, with respect to other phosphorylases. Such an inhibitor in cane 
would undoubtedly come under attack by strong phosphatase action. 

To summarize the phosphatases, we have seen that these enzymes 
would potentially serve as direct phosphoprotein inhibitors, that they 
might destroy components of the adenylic acid system needed to reactivate 
phosphoproteins, and that they might hydrolyze organic phosphates 
serving as noncompetitive inhibitors of phosphorylase. The potential role 
of this highly active group of enzymes is therefore considerably extended. 

Glucose is a competitive inhibitor of the phosphorylase of muscle (11) 
and potato (16). By substituting for glucose-1-phosphate, glucose should 
theoretically block both phosphorolysis and the formation of polysaccha­
ride. If such were the case with sugarcane, we would expect high-glucose 
levels to be associated both with low phosphorylase activity and low-sucrose 
levels. During the present investigations, we did in fact encounter relatively 
high glucose associated with relatively low sucrose in the leaves of Uba, 
and in the meristems of both Uba and M.336 (table 1). We also found 
relatively suppressed phosphorylase associated with the high glucose, as 
anticipated, in leaves of both Uba and M.336. 

This same glucose-enzyme-sucrose relationship was found in meristems 
of Uba. It is interesting to note that the only samples where high glucose 
was not found associated with low sucrose (high-nitrate values for M.336 
meristems, table 1), were likewise the only high-glucose samples where 
phosphorylase was apparently stimulated rather than suppressed. The 
confounding effect of high nitrate here might be regarded as a typical 
drawback of the factorial design, yet it indicates that our high-nitrate 
treatment, designed to stimulate starch phosphorylase through increased 
acidity, was apparently able to do so in the face of high-glucose values 
which in themselves were working to inhibit the same enzyme. High nitrate 
was not able to do so in Uba. Again, the relative preponderance of glucose 
in meristem rather than leaf tissues (table 1), may help account for the 
high-nitrate stimulation of starch phosphorylase in leaves rather than 
meristems. 

Another point must be brought forward regarding the source of the 
potential glucose inhibitor. In this and a previous study (2) we found high 
amylase and high-starch phosphorylase operating, so to speak, hand-in-
hand. One might logically expect that greater starch-forming potential 
would create a need for a starch-hydrolyzing system, and, in fact, this need 
by sugarcane to destroy starch was one of our primary conclusions of the 
previous work (2). Yet amylase represents the key hydrolytic system by 
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which large quantities of free glucose would be made available from starch. 
Therefore, a strong amylase system appearing simultaneously with high-
starch phosphorylase would seem to provide a means for inhibiting the 
phosphorylase by free glucose, unless some other mechanism was present 
to prevent glucose from accumulating in the free form. The enzyme hexo-
kinase was apparently serving such a purpose, for we find that system in­
creasing its activity among the same treatments which stimulated amylase 
and starch phosphorylase, and decreasing its capacity where amylase and 
starch phosphorylase were suppressed (table 3, items 8, 9, and 12; and 
table 2, items 8, 9, 12, respectively). 

Thus, the enzymes of the sequence, 

Starch < GIucose-1-phospliate 
1 

Maltose 
1 

Glucose s ^ • Glucose-6-phosphate 
ATP ADP 

seem to work together for the better utilization of glucose, as discussed in a 
previous paper (2), and for their own benefit as well. 

ACTIVATION OP SUGARCANE STARCH PHOSPHORYLASE 

As pointed out previously (2), the starch phosphorylase of cane prepara­
tions requires traces of polysaccharide in order to induce a strong reaction. 
The phosphorylases of both plant and animal tissues require a polysac­
charide priming agent, which may be regarded as a true activator. The 
polysaccharide may be starch, glycogen, or dextrin. The primer takes a 
dh*ect role in the reaction by providing a series of nonreducing ends of 
branched polysaccharide, upon which the enzyme catalyzes the addition 
of glucose-1-phosphate residues. Direct condensation of glucose-1-phos-
phate units proceeds very slowly in the absence of primer (9, p. 164). 
Straight chain polysaccharides, such as the amylose of starch, are ineffective, 
while branched-chain polysaccharides, such as amylopectin or glycogen, are 
excellent activators. The activating efficiency of a polysaccharide is there­
fore a function of the number of nonaldehydic terminal glucose units (13, 
p. 442). & 

We are fairly certain that at least two enzymes are involved in the 
formation of starch by cane preparations, or more accurately, in the forma­
tion of the polysaccharide which to this point we have termed "starch" for 
simplicity. The synthetic action of starch phosphorylase is confined to the 
formation of or, 1-4 glucosidic linkages, and consequently only straight-
chain polymers are produced by this reaction (13, p. 444; 6, p. 61). Never-
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theless, it is well known that both starch and glycogen are composed of 
highly branched, long-chain polymers, consisting of both 1-4 and 1-6 
glucosidic linkages. A hypothetical model, illustrating the straight-chain 
and branching relationships of glucose residues, is presented in figure 4. 

It is generally accepted that the straight-chain polysaccharide, or 
"amylose", plus the highly branched polysaccharide, or "amylopectin", 
make up the two major components of starch (6, p. 49). An important 
question now arises: If starch phosphorylase can catalyze only the for­
mation of straight-chain amylose, how are the 1-6 glucosidic bonds 

Side Branches 

¡HjOH HtOH 

HtOH CH,OH 

CH.OH CH,OH CH,OH CH, CH,OH 

" " \ A-o-h A-oJN—/Lo-N /LOJN / 
•• Main Branch 

FIG. 4.—Hypothetical arrangement of the glucose residues of starch, illustrating 
the straight-chain, a, 1-4 linkages of amylose, and the 1-6 linkages which give rise to 
the branching structure of amylopectin. 

of amylopectin (and glycogen) synthesized? From potato extracts a branch­
ing enzyme has been obtained, which, acting in conjunction with starch 
phosphorylase, forms a branched polysaccharide of the amylopectin type 
{14,18). This catalyst has been named the "Q enzyme". The Q enzyme 
apparently acts as a transglucosidase by transferring relatively short por­
tions of a long, 1-4 linked amylose chain to the number 6 hydroxyl groups 
of glucose units within the chain. In effect, the 1-4 linked amylose chain is 
shortened and extensive branching is brought about through 1-6 linkages. 

The straight-chain amylose of both starch and glycogen gives a deep blue 
color with iodine. However, the "starch" produced by the sugarcane starch 
phosphorylase gives a blue-violet color with iodine. According to Meyer 
(17), this blue-violet color is typical for branched polysaccharides. It has 
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been shown that, as amylose changes from the straight chain to an in­
creasingly branched composition, the color of the iodine complex passes 
from blue to blue-violet, to red, and finally to brown. For this reason we 
strongly suspect that a catalyst synonymous with the Q enzyme of potato 
is active in sugarcane. 

The presence of Q enzyme in sugarcane would in no way change our 
contention that starch formation and degradation is of paramount impor­
tance to the sucrose-producing capacity of cane. Yet, in future studies, at 
least one more enzyme would need attention as we try to improve the 
glucose-1-phosphate status through manipulation of starch phosphorylase. 
The Q enzyme would assume an importance equally significant as that 
already shown for amylase and starch phosphorylase. 

SUMMARY AND CONCLUSIONS 

In order to test the hypothesis that starch formation and metabolism is 
of importance to the sucrose-forming potential of cane, a series of 4-week-
old plants was subjected to treatments designed to cause wide fluctuations 
in the enzyme starch phosphorylase. Treatments included high and low 
nitrate to vary acidity, high and low phosphate to vary the ratio of H3P04 

to glucose-1-phosphate, and two varieties (Uba and M.336) with distinct 
reputations for producing starch and sucrose, respectively. Treatments 
were supplied in 2 X 2 X 2 factorial combination. 

Sugar and enzyme assays were conducted with leaf and meristem samples 
harvested after 8 weeks of treatment. Sugars included total ketose, total 
reducing sugars, sucrose, fructose, and glucose. Enzymes included sucrose 
phosphorylase, starch phosphorylase, invertase, amylase, hexokinase, 
peroxidase, polyphenol oxidase, and a series of acid phosphatases hydrolyz-
ing /3-glycerophosphate, glucose-1-phosphate, glucose-6-phosphate, fruc­
toses-phosphate, 3-phosphoglyceric acid, ATP, and ADP. The following 
results were obtained: 

1. A broad range of sucrose and enzyme levels was encountered between 
the Uba and M.336 varieties. Sugar variations appeared primarily in 
meristematic tissues, while enzyme differences were found in both leaves 
and meristems. 

2. Overall enzyme activity was inversely related to the sucrose content 
of the meristem, with enzymes of M.336 active at about 60 percent of 
Uba values. Nitrate and phosphate effects were less pronounced. 

3. Enzymes most suppressed by the M.336 treatment, as compared to 
Uba, were invertase, starch phosphorylase, amylase, hexokinase, and the 
phosphatases attacking ATP and ADP. Sucrose phosphorylase was gen­
erally constant for all treatments, indicating that sucrose variations were 
due to reactions less closely related to sucrose synthesis. 
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4. Invertase, starch phosphorylase, and the acid phosphatases appeared 
to be the systems most responsible for sucrose differences between Uba and 
M.336. It was suggested that starch phosphorylase was favoring polysac­
charide formation in Uba, and phosphorolysis in M.336. The greater glu-
cose-1 -phosphate supply thus made available in M.336 was accompanied by 
a suppression of both glucose-1-phosphatase and invertase. 

5. Nitrate, as anticipated, suppressed sucrose at the high level and 
promoted sucrose at the low level, in the Uba variety. But just the opposite 
effects were recorded in M.336. Nitrate also greatly affected the enzyme 
starch phosphorylase, in the planned manner, but the enzyme effects ap­
peared in leaf tissues rather than in the meristematic areas where the sugar 
differences were most pronounced. The possibility of sugar translocation 
and the localization of certain enzyme reactions is discussed in detail. 

6. Phosphate variables had but little effect on sucrose level, with the 
exception that high phosphate combined with high nitrate brought about 
the highest sucrose values recorded in M.336, while the same treatment in 
Uba yielded the lowest sucrose values of the study. The possible roles that 
organic phosphate and the acid phosphatases might serve as phosphorylase 
inhibitors are discussed in detail. 

7. Low starch-phosphorylase activity was found to be associated with 
high glucose levels. Since glucose is known to be an inhibitor of muscle 
phosphorylase, it is possible that a similar glucose-enzyme relationship 
exists in sugarcane. Hexokinase and amylase appeared to fluctuate in gen­
eral unison during this study, with the result that excess glucose liberated 
from polysaccharide should have been phosphorylated and made available 
for other functions than phosphorylase inhibitor. 

8. Evidence suggests that a second enzyme, synonymous with "Q 
enzyme" of potato, is associated with starch phosphorylase of sugarcane. 
The enzyme would serve as an essential branching factor and thereby as­
sume considerable importance in starch-sucrose relationships. 

RESUMEN Y CONCLUSIONES 

A fin de probar la hipótesis de que la formación del amidón y el metabo­
lismo son importantes en la formación potencial de la sacarosa en la caña, 
se aplicaron tratamientos a una serie de plantas de 4 semanas de edad con 
el propósito de causar amplias fluctuaciones en la fosforilasa de almidón. 
Los tratamientos incluían cantidades altas y bajas de nitrato para variar 
la acidez y altas y bajas de fosfato para variar la proporción de H3PO4 a 
glucosa fosfatada-1, y dos variedades de caña de azúcar (Uba y M.336), 
las cuales se distinguen por su capacidad para producir almidón y sacarosa, 
respectivamente. Los tratamientos se aplicaron en una combinación facto­
rial de 2 X 2 X 2. 
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Se analizaron para azúcar y enzimas muestras de hojas y tejidos del 
meristemo, cosechadas 8 semanas después de los tratamientos. Los azúcares 
incluían la quetosa total, todos los azúcares reductores, sacarosa, fructosa 
y glucosa. Las enzimas incluían la fosforilasa de sacarosa, fosforilasa de 
almidón, invertasa, amilasa, hexoquinasa, peroxidasa, oxidasa de polifenol, 
y una serie de fosfatasas acidas hidrolizadoras de glicerofosfato-/3, fosfato 
glucosado-1, fosfato glucosado-6, fosfato fructosado-6, ácido fosfogli-
cérico-3, ATP y ADP. Se obtuvieron los siguientes resultados: 

1. Se encontró una amplia sucesión de niveles de sacarosa y enzimas 
entre las variedades Uba y M.336. Las variaciones de azúcar aparecieron, 
principalmente, en los tejidos meristemáticos, mientras que las diferencias 
enzimáticas se encontraron en ambos: hojas y meristemos. 

2. Toda la actividad enzimática estaba relacionada, inversamente, al 
contenido de sacarosa del meristemo, y en el caso de las enzimas de la 
M.336 la actividad alcanzó alrededor del 60 por ciento de los valores de la 
Uba. Los efectos del nitrato y del fosfato fueron menos evidentes. 

3. Las enzimas que más se suprimieron mediante el tratamiento de la 
M.336, comparado con el que se le dio a la Uba, fueron la invertasa, fosfo­
rilasa de almidón, amilasa, hexoquinasa y las fosfatasas que actuaron sobre 
la ATP y la ADP. La fosforilasa de sacarosa fue generalmente constante 
en todos los tratamientos, indicando que las variaciones de la sacarosa se 
debieron a reacciones menos estrechamente relacionadas a la síntesis de la 
sacarosa. 

4. La invertasa, la fosforilasa de almidón y las fosfatasas acidas apa­
rentemente fueron los sistemas más responsables de las diferencias en 
sacarosa entre la Uba y la M.336. Esto indujo a creer que la fosforilasa de 
almidón favorecía la formación de polisacaridas en la Uba, y la fosforólisis 
en la M.336. El abasto mayor de fosfato glucosado-1 que, en consecuencia 
hízose disponible en la M.336, se acompañó de una supresión de glucosa 
fosfatasa-1 e invertasa. 

5. El nitrato, como se anticipó, suprimió la sacarosa a un alto nivel y 
la estimuló a un bajo nivel, en la variedad Uba. Pero, por otro lado, efectos 
contrarios se produjeron en la M.336. El nitrato afectó grandemente la 
enzima fosforilasa de almidón, según se esperaba; pero los efectos enzima-
ticos aparecieron en los tejidos de la hoja, más bien que en las áreas meriste-
máticas donde las diferencias en el contenido de azúcar fueron más pro­
nunciadas. También se discute en detalle la posibilidad de la translocación 
de azúcar y de la localización de ciertas reacciones enzimáticas. 

6. Las variables de fosfato tuvieron muy poco efecto sobre el nivel de 
sacarosa, excepto que cuando se combinaron altas aplicaciones de fosfato 
y nitrato hubo la más alta producción de sacarosa en la M.336; mientras 
que el mismo tratamiento en la Uba rindió los valores más bajos de sacarosa 
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en este estudio. Se discute en detalle la posible función que desempeñe 
el fosfato orgánico y las fosfatasas acidas como inhibidores de la fosforilasa. 

7. Se encontró que la baja actividad de la fosforilasa de almidón está 
asociada con altos niveles de glucosa. Y, toda vez que la glucosa es un 
conocido inhibidor de la fosforilasa que actúa sobre el sistema muscular, es 
posible que en la caña de azúcar se produzca una relación similar entre la 
glucosa y la enzima. Se encontró, durante el estudio, que la hexoquinasa y 
la amilasa parecieron fluctuar conjuntamente, con el resultado de que el 
exceso de glucosa liberada de las polisacaridas debió haber sido "fosforilado" 
y haber estado disponible para otras funciones, además de la de inhibidor 
de la fosforilasa. 

8. La evidencia sugiere la presencia de una segunda enzima, sinónima 
de la "enzima Q" de la papa, la cual está asociada con la fosforilasa de 
almidón de la caña de azúcar. La enzima serviría como un factor ramificador 
esencial, por lo que asumiría una considerable importancia en las relaciones 
entre el almidón y la sacarosa. 
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