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Abstract-Activities of enzymes of starch metabohsm were determined m tobacco callus grown m hght or dark- 
ness and m the presence or absence of gibber&c acid There was a higher rate of starch turnover m hght-grown 
cultures, as Judged by the activities of synthetic and degradative enzymes. Glbberelhc acid-treated tissues con- 
tamed a lower level of starch than the correspondmg control tissue This decrease could be correlated with the 
activity of phosphorylase Cultured tissue and seedhng material were found to have comparable levels of actlvlty 
for the starch metabohzmg enzymes 

INTRODUCTION 

TISSUE cultures have been used for many years to study the requirements for growth and 
differentiation One such requirement is the need for an exogenous source of carbon and 
energy, which 1s usually supplied as sucrose.’ However, very little 1s known about carbo- 
hydrate metabolism m cultured tissue. Our interest m this area has come from our pre- 
vious studies, which indicated the importance of carbohydrate metabolism m orgamzed 
development. We have shown that shoot-forming tobacco callus accumulated starch, and 
that there was a positive correlation between this accumulation, shoot formation and res- 
piration of the tissue. 2-6 In association with these studies, we have been examining the 
role of carbohydrate metabolism in prohferatmg callus, 1.e. m growing tissue in the absence 
of organized development. We have previously shown that the breakdown of sucrose in 
tobacco callus during growth was more related to the activity of sucrose synthetase than 
to the activity of the mvertases.7 More recently we have shown that differences in growth 
of tobacco callus under various culture conditions could not be correlated with changes 
in the specific activities of enzymes of the Embden-Meyerhof-Parnas glycolytlc or the pen- 
tose phosphate pathways.* Prohferatmg tobacco callus maintains a low level of stored 
starch throughout culture,2-5 and this starch (along with free sugars m the tissue) is used 
for maintenance m tissue cultured m the absence of any carbon source.9 In this paper, we 

1 STREET, H E (1969) PIant Physroloyy (STEWARII. F C. ed ). Vol VB. p 131 Academic Press, New York 
2 THORPE, T A and MURASHIGE, T (1968) Science 160.421 
3 THORPE, T A. and MURASHIGE, T (1970) Can J. Botany 48,277 
4 THORPE, T A. and MEIER, D D (1972) Phys~I PIant 27, 365 
* Ross, M K and THORPE, T A (1973) Plant Cell Physzol 14, 473 
6 Ross, M K , THORPE, T A and COSTERTON, J F (1973) Am J Botany 60,788 
’ THORPE, T A and MEIER, D D (1973) Phytochemtstry 12,493 
a THORPE, T A and LAISHLEY, E J Phytochermstry (m press) 
9 THORPF. T A. (I 974) Ph awn/ Planr 30, 77 
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have examined the activities of starch metabolizing enzymes m tobacco callus cultured un- 
der various conditions, and have also compared the actlvitles m the cultured tissue with 
those of the intact plant 

RESULTS 

Some characterlstlcs of tobacco callus grown m light or darkness m the presence or 
absence of glbberelhc acid (GA,) are shown m Table 1. Fresh weight increases were greater 
for dark-grown than the correspondmg hght-grown tissue. and higher for GA,-treated tls- 
sue than the correspondmg tissue cultured m Its absence. Largest fresh weight to dry 
weight ratios were observed in dark-grown GA,-treated tissue, followed by dark-grown 
tissue, followed by light-grown GA,-treated tissue and finally light-grown tissue No treat- 
ment effects were observed m the protein contents of the cultured tobacco callus. The pro- 
tem contents per g fresh weight were lowest at 21 and 28 days of culture The cultured 
tissues accumulated very little starch during growth However. the starch content of GA,- 
treated tissues was lower than m its absence m both light and dark-grown cultures 

FW 
g/callus 
piece 

FWiDW 

Protem 
mgig FW 

Starch 

mgig FW 

L 
LG 
D 
DG 
L 
LG 
D I 
DG 
L 
LG 
D 
DC 
L 
LG 
D 
DC 

0 157 0271 0 337 0416 0 428 
0211 0 348 0 574 0 699 0 808 

0 060 0 145 0 292 0 5x2 I 100 I 332 
0 157 0351 0 801 I 33x I 748 

127 10 5 IO? II 3 96 
147 128 12 I I? 6 II 7 

I5 I 158 17 I 17 1 177 17Y 
168 I80 204 ?? 3 21 5 
8 5x 8 90 4X4 -616 Y 09 

8 I6 8 21 3 90 5 3x X 66 
6 90 933 8 55 4 14 5 25 7 22 

8 55 x 27 3 x9 177 7 68 
0 34 0 34 0 58 0 77 I 04 
0 50 058 040 (1 17 0 44 

0 65 0 51 0 69 0 53 0 55 0 70 
0 30 0 24 0 12 0 30 0 3x 

Changes m the activities of starch metabohzmg enzymes m the cultured tobacco callus 
are shown in Table 2. The actlvlty of soluble starch synthetase varied during culture, with 
light-grown tissue reaching a peak of actlvlty earlier m culture than the dark-grown tissues 
In addition, the activity m light-grown tissue was higher mltlally, but by the end of the cul- 
ture period the activity of soluble starch synthetase was higher m dark-grown tissues Fur- 
thermore, the activity of this enzyme was higher m the absence of GA, than m the corre- 
sponding-GA,-treated tissue up to 28 days m culture. With respect to msoluble or granule- 
bound starch synthetase, the actlvlty m hght-grown tissue was higher than m dark-grown 
tissue, and the activity m the absence of GA, was higher than In the corresponding tissue 
grown on the GA,-medium The activity of Q- or branching enzyme fluctuated durmg cul- 
ture. No treatment differences III activity were observed. except that 35day-old cultures 
had higher activities m the absence of GA 3 than in Its presence. 
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TABLE 2 CHANGES IN SPECIFIC ACTIVITIES OF STARCH METABOLIZING ENZYMES IN TOBACCO CALLUS DURING GROWTH 

IN THE LIGHT (L), DARK (D) AND IN THE ABSENCE OR PRESENCE OF GA, (G, 5 X lo-’ M) 
Specific activity of enzymes defined m Experimental section 

Enzyme Treatment 0 7 
Days m culture 
14 21 28 35 

Soluble starch 
synthetase x 10-i’ 

Insoluble starch 
synthetase x 10-i” 

Q-enzyme x lo-’ 

R-enzyme x 10m3 

Phosphorylase 
x lo-‘0 

a-Amylase x 10-l 

Maltase 
(a-glucostdase) 
x 10-r 

L 
LG 
D 

DG 
L 
LG 
D 
DG 
L 
LG 
D 
DG 
L 
LG 
D 
DG 
L 
LG 
D 
DG 
L 
LG 
D 
DG 
L 
LG 
D 
DG 

1365 17 21 
960 6 23 

6 28 197 7 36 
7 x7 293 
3 30 1208 
1 17 425 

4 10 1 17 222 
@23 033 
0 14 0 52 
0 25 0 59 

0 14 082 0 29 
044 061 
* 098 
* 141 

1.24 @08 0 80 
* 0.86 

4.65 409 
7.58 4.81 

503 471 479 
649 8 14 
3.79 5 08 
3.05 5.05 

2.36 1.88 1.72 
1.59 2.76 
0 35 056 
* 092 

0 80 1 19 053 
1.41 0.28 

25 57 14.24 1.67 
10 37 9.28 262 
9.61 1536 442 
5 38 8 so 9 29 

25 42 7 87 0 39 
1242 6.48 161 
687 3 20 2.17 
5 25 273 285 
1.36 067 1 26 
1.22 0 37 0 52 
1.26 048 1 23 
1 12 0.41 074 
5 99 3 48 2 14 
641 4.08 3.84 
459 221 038 
123 2.78 0.77 
5 76 3 53 3.53 
481 477 2.86 

1@30 1021 4.62 
8.73 1053 7.71 

12.58 5.93 5.45 
1329 635 5.86 
473 3 26 3.65 
7.09 3.94 3.08 
2 29 0.55 040 
1.69 1.19 0.17 
@65 * 0.19 
0.50 011 0.16 

* Trace of activity. Data are the averages of duplicate experiments, which gave similar trends 

The specific acitivity of R-or debranching enzyme was low during the early culture 
period but increased dramatically during culture. In general, the activities were higher in 
light-grown tissue and in GA,-treated tissue than m the corresponding dark-grown and 
non-GA,-treated cultures. With respect to phosphorylase, the activity tended to be higher 
in dark-grown tissue than in light-grown tissue, particularly later in culture. In addition, 
the activity was higher in GA,-treated tissue than in the corresponding tissue in the 
absence of the growth regulator. The activity of cr-amylase was higher m light-grown tissue 
than in dark-grown cultures. No pronounced effects of GA, on cr-amylase activity were 
apparent. fi-amylase was not detected in tobacco callus. The pattern of activity of maltase 
or cr-glucosidase was different m light- and dark-grown cultures. For light-grown tissues 
activity was low at 7 and 35 days, with peak activities in 21-day-old cultures. With dark- 
grown cultures peak activities were found in 7-day-old tissue after which there was a more 
or less steady decline in activity. No apparent effects of GA, were observed on maltase 
levels in light or darkness. 

The levels of activity of the starch metabolizing enzymes m pith and leaf tissue of green- 
house grown tobacco seedlings, and of the 35-day-old callus and leafy vegetative shoot 
material of cultures, originally derived from pith was determmed (Table 3). As can be seen, 
leaves had higher soluble and insoluble starch synthetase activities than pith tissues. This 
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same relationship held for shoot and callus tissues In addition, the relative levels of acti- 
vity were of the same order. With respect to Q-enzyme, the specific activities in pith, leaves 
and shoots were of the same order, while that in the light-grown callus was higher The 
level of activity of R-enzyme was higher m tobacco leaves than pith. However, while the 
activity of this enzyme m the callus was higher than the pith: the level m the shoot tissue 
was very much lower than even m the pith The level of activity of phosphorylase was the 
same m leaves and shoot tissue, and was higher than m pith However. the activity of this 
enzyme m light-grown callus was much reduced. The actlvltles of z-amylase m pith and 
leaf tissue were low, whereas much hlghcr actlvitles were observed 111 the cultured tissues 

Finally. whereas the levels of activity of maltasc m callus and shoot tissue were of the same 
order, the activity m pith was about twice as great and m leaves about 6 times less 

Enzyme Pith 
Plant maternal 

I,ca\Tes CalIll\ Shoots 

Soluble starch synthetase x 10. “I I x4 6 hi I 67 631 
Insoluble starch synthetase x 10 I” 0 5x 1 90 0 39 3 x2 
Q-enzyme x 10m3 0 “3 4. 0 36 I 26 0 25 
R-enzyme x 10m3 1 86 3 96 2 14 0 71 
Phosphorylase x 10. I” 1701 1695 3 53 I6 56 
r-Amylase x IO- ’ 0 17 0 ox 5 35 22 0 
Maltase x 10 ’ 1 02 0 ox 0 40 0 58 

______. 

DISCUSSION 

Recently,8 growth curves of tobacco callus m light and darkness and m the presence 
or absence of GA, were published In the present studies, similar growth curves were 
obtained, except that the light-grown GAS-treated tissue did not show as much fresh and 
dry weight increase FW/DW ratios showed that the dark-grown tissue had higher ratios 
than light-grown tissue, and that GA, increased these ratios over the correspondmg tissue 
m the absence of this growth regulator Despite the differences m growth. there were no 
pronounced treatment effects on the protein content of the tissues. although light-grown 
tissue possibly had slightly higher protein contents later m culture The protem contents 
of the tissues were lowest m the 21- to 2%day period The significance of this findmg IS 
not clear, although it might be related to the fact that the tissues were In the logarlthmlc 
phase of growth The proliferating callus accumulated very httle starch, thus confirming 
earher reportsSzP” However, GA, reduced the amount of starch m the tissue m both hght- 
and dark-grown cultures. GA, has also been shown to reduce starch levels m shoot-form- 
mg tobacco callus.3 Of interest was the apparent slight increase with time of starch in llght- 
grown tissue m the absence of GA,. 

The enzymes of starch metabolism studied were active throughout the culture period. 
With respect to the synthesis of starch, the actlvltlcs of soluble and msoluble or granule- 
bound starch synthetases and Q- or branching enzyme suggested that active synthesis was 

gomg on throughout culture. Of interest was the higher levels of activity of the starch syn- 
thetases observed m light-grown tissue. where approximately 3-fold differences m activity 
were observed over the correspondmg dark-grown cultures GA, m hght or darkness 
repressed the enzyme levels. so that again approximately 3-fold differences m actlvlty were 
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obtained between the GAS-treated tissues in the 14-28 day culture period. No treatment 
effects were observed in relation to the activity of Q-enzyme. This could indicate that the 
type of starch formed, i.e. the proportion of amylopectm in the starch, might be different 
under the different culture conditions. This aspect has not yet been examined. 

With respect to the degradation of starch; the activities of R- or debranching enzyme, 
cl-amylase and maltase were generally higher in light-grown cultures than in those grown 
m darkness. This would indicate a higher degree of degradation of starch in these light- 
grown cultures. There were no pronounced effects of GA3 on the levels of activity of the 
above enzymes. 

The activity of phosphorylase did not fit mto the above picture. The activity of this 
enzyme tended to be higher in dark-grown cultures than in light, and higher m GA,- 
treated tissues than m non-GAS-treated tissues throughout most of the culture period. 
Phosphorylase is now generally considered to be important m the degradation of starch,” 
thus its role in dark-grown and GA,-treated tissues assumes major significance. The rela- 
tively higher levels in GA,-treated tissues could account for the decreased starch content 
in these tissues. In addition, the relatively lower level of activity m light-grown tissue could 
possibly account for the shght increase of starch in this tissue. The possible importance 
of phosphorylase m controlling the level of starch m GAS-treated tissues is worthy of 
further mvestigation. However, it should be noted that in shoot-forming tobacco cultures 
sr-amylase is apparently of greater importance than phosphorylase in starch degradation.’ ’ 

Nevertheless, it would appear that light-grown and dark-grown tissues mamtained more 
or less the same level of starch in culture through an increased rate of starch turnover in 
the light-grown tissues. Light stimulation of enzyme activity in plants is quite common, 
e.g. light stimulates the activity of ribulose-15,diphosphate carboxylase in barley, nitrate 
reductase m corn, and phenylalanine ammonia lyase m gherkm.12 We have also found a 
light-stimulation of the levels of activity of glucose-6-phosphate dehydrogenase and phos- 
phogluconate dehydrogenase m cultured tobacco tissue.8 

Tobacco seedlings were found to have different levels of activity for starch metabolizing 
enzymes m the pith and leaves; with leaf tissue, m general, having higher levels of activity. 
Of interest was the finding that tissue cultured under shoot-forming and non-shoot-form- 
ing conditions, reflected these differences. Tissue cultured for 5 weeks m light was selected 
for comparison, because at that time the non-shoot-forming or callus proliferating tissue 
was essentially in the stationary phase of growth and would therefore, metabolically be 
similar to the pith tissue. After 5 weeks in culture, leafy vegetative shoots could easily be 
separated from callus and being green, would also be actively photosynthetic. Cultured 
tissues are often noted for the absence or greatly reduced level of activity of enzymesi 
With respect to the enzymes of starch metabolism, this was not borne out m cultured 
tobacco callus which, therefore, offers potential for further studies on starch metabolism. 

EXPERIMENTAL 

Plant mate& and culture condrtmns The method of obtammg callus from tobacco (Nrcotrana tabacum L, 
cv Wisconsin -M), the mamtenance of-that ttssue m cuiture, and- experimental condittons tor shoot production 
and callus prohferatron had been reported &* 10 Pteces of ttssue per treatment, per experimental day, were 
weighed and then drted for 48 hr at 80” to obtam FW and DW values 

” GOODWIN, T W and MERCER, E I (1972) Introductron to Plant Buxhemrstry, p 166 Pergamon Press, Oxford 
” THORPE. T A and MEIER. D D (1974) J Exp Botany (m press) 
‘* FILNER. P, WRAY, J L and VARNER, J E (1969) Scrence 165, 358 
I3 K!C!KoR!AM .A D and ST! \v<n!?. F r (!969) PJa~n PJ~!-rn/rr/~! (S~TI~WBKJ.,.~!-! C ed).~Vol~ VR p 2S9 Aea- 

demtc Press. New York 
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suspcnsJon was used as the granule-bound enzyme fol assay ” ‘The reaction mixtures conslsted ol 30 ALI of 0 I &I 
Trls- glvcme buffer. nH 8. for the \oluble dnd oH 7 2 for the insoluble enrvme with 007 M EDT4. 0 25 rtmol 


