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~~lo~phyll and protein contxxtts, amino acid composltiou of total and suede fractions, and 
protease activities were determined during the process of curing of tobacco leaves About SO per cent of the 
initial protein had been darning in the yellowing stage. ~0~~~~ protein any rapidly and 
supernatant protein more slowly. Variations in amino acid composition in chloroplast aud supernatant 
protein in this stage were larger than those in total protein, although the variation of the latter was also 
appreciable. The changes in basic amino acids, tyrosine and phenylalauine showed opposite tendencies 
between in chloroplast and sqernatam protein Frotease activity was increased with progress of cur& 
especially in the su~ma~t fraction. 

IT IS well known that excision of plant leaves from the stem initiates an immediate rapid 
reduction in total protein content. l-3 Similar results were dso found in cured tobacco leaves. 
Vickery4 indicated that the reduction was accelerated under flue-curing condition, and roughly 
more thau one half of the protein of the leaf disappeared during the yellowing stage. Sub- 
sequently, the protein ~~ogen remained subs~nti~ly ~us~t. 

Along with the ~u~tiou, q~~tive changes occurs in le~pro~in. Pogah et uLs found 
that components of cytoplasmic proteins with higher molecular weights were rapidly broken 
down, whereas smaller components were relatively more stable. Zehtch’s study on enzyme 
activities also confirms the existence of qualitative changes in the enzyme proteins.6 

The aviation of free amino acids and amides at the expense of protein also has beerr 
indicated by several investi~tors.7-g Ranjan et CII.~O also found deprive changes in 
excised leaves. These changes may be related to the change of protease activities. Recently, 
Ton&a and Tamakilr showed the high increase of protease activity during flue-curing 
process, accompanying a decrease of protein. 

1 J. Born In Plant B~rn~~~y, p. 299. Academic press, New York (1952). 
s A. C. C~~NALL, New Phytol~~t 53,31(1954). 
3~~W~, Cot&& Boyce ~rnp~ Inst. l9,33 (1957). 
4 IS. B. Vrixaa~ and A. N. Mmss, Comi. Agr=* h’.xJ#. Sru. J3&. No, 569, New Haven (1953). 
s B_ M. Po@u, 3. M. M-, C. J. Lncw+audD. F. ICoa~nr,J. Agr. FuodCkm. 5,301(1957). 
6 I. Z~LXXH and M. ZUCKHR, PImrt Ph~+diA 33,151(1958). 
7 A. C. CHIaNU, In Pro&a ~eru~i~rn In Pkmts, Yale LJnl~ity , New Havex% (1939). 
* J. G. Woon and D. H. C~UICK~HAND, A~tr~~~ Exptl Bibl. k&i. Sci. 22, Ill (1944). 
9 F. G. Vmrs, E. I. W-, and A. L. MOXON, Plant Phy&L 22,465 (1947). 

‘OS. RAhlJAN andM. Me ~~YA,P~P~ys~~~, 714(1960). 
rr II. Toh%r~ and E TAMA=, J. Agr. Chem. Sot. .Fapua 36,703 (1962). 
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These changes in nitrogenous compounds may result in changes of ammo acid compo- 
sition in leaf protein. Recently, we investigated the amino acid composition of tobacco leaf 
protein in various cell fractions as a function of age. I2 As a continuation of this study, the 
variation in amino acid composition of tobacco leaf protein in various celI fractions during 
the curing process was investigated. In addition, qualitative and quantitative alterations in 
protease activity were also examined. 

RESULTS 

Change in Protein and C~~5r5~~y~~ itp Various Fructions during Cwing 
Variation of fresh weight, dry weight, and the protein and chlorophyll content of each 

sample during curing are tabulated in Table 1. The decrease of fresh weight per unit area 
with the progress of curing was mainly attributed to loss of water, even when the relative 
humidity was maintained over 90 per cent. Dry weight also decreased, but only 20 per cent 
was lost during 6%hr curing. 

x 

0 20 44 68 hr 0 20 44 66 hr 

FkO. 1. cFJANGJ3 IN PROTEIN CON’IRNT DURINO CURING. 

A-x&ttive rate of loss of proteins of subcelhdar fractions in cured leaves; FS-Distribution of 
protein in each subcellular fraction es % of total protein in these fractions during curing. 

mg chlorophyll 
A@P 

0 20 44 60 hr 

FIG. 2. RLKMIVE RATES OF LCSS OF ~~~ROPHYLL IN CURED LEAVES. 

O--O--total ChlOrOph$ content ; A --A--content of chlorophyll/total protein; Cl-4J-content 
of chlorophyll/chloroplast protein. 

1* N. KAWASHIMA and E. TAMI, Phflochem. 6,329 (1967). 
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Changes in the protein and chlorophyll content per unit area in each fraction are shown in 
Figs. 1 and 2, respectively. As shown by Vickery,4 the results in Table 1 and Fig. 1 indicate 
that a rapid decrease in the protein of the leaf takes place with the progress of curing. The 
loss was found to be approximately linear with time (44&r curing) up to a limiting point at 
which about 50 per cent of the initial protein had been diminished. More detailed examination 
of protein breakdown has been carried out with separate determination of chloroplastic and 
cytoplasmic protein fractions. Although the loss of protein occurred in both fractions, 
chloroplastic protein was lost more rapidly than the other. 

TABLE 1. Nrr~oo~~~us FRACTIONS OF LEAVES CURED FOR VARICNJS PERIODS 

Period of curing (hr) 
, 

0 20 44 68 

Protein content in original filtrste (mg) 
Chlorophyll content in original filtrate (mg) 
Protein umtent in 200 g supematant 

13-l 10-7 
2.17 2.03 

143.8 114.6 
25.2 12.7 

102-8 90-O 
fraction (mg) 

Protein content in chbroplast fraction (mg) 33.2 
Protein content in supematant fraction (mg) 58.9 
Proteincontentinsmallwrticlefraction 10.5 

(m3) 
Chlorophyll content in chloroplast 

fraction (mg) 
3-13 

7.94 
l-97 

78.5 
l-76 

48.4 

4.36 
l-75 

66-5 
l-11 

39-9 

26-4 11-8 822 
55.8 32-O 30.0 
7-75 5.05 l-72 

l-33 0286 000 

Chlorophyll also disappeared rapidly (Fig. 2) and was completely lost during 44&r curing. 
The ratios of chlorophyll to total and chloroplast protein were also decreased during the 
process. 

Changes in Amino Acid Composition of Protein in Various Fractions &ring Curing 

Amino acid compositions of each protein fraction are shown in Table 2. Sixteen com- 
monly occuning amino acids were detected and no unusual amino acid was found. Levulinic 
acid, as shown previou~ly,~~ was also detected among the amino acids. 

In the total protein, lysine, glutamic acid and proline showed appreciable changes, while 
the other amino acids varied very little with the progress of curing. Larger variations were 
observed in the separated fractions. Figure 3 depicts changes of amino acid composition of 
each protein fraction before and after curing (68 hr). In the chloroplast protein, an increase 
was found in the basic amino acids and glutamic acid, and a decrease in proline, glycine, 
leucine and phenylalanine with the progress of curing. The decrease in phenylalanine was 
especially significant. On the other hand, in the supernatant protein, aspartic acid, serine 
and proline showed an increase, and basic amino acids, glutamic acid and tyrosine showed a 
decrease. Previously, it was shown that the relative content of basic amino acids in the super- 
natant and the chloroplast protein were 13.9 and 11.3, respectively. The ratios of tyrosine 
to phenylalanine were also O-91 and O-55 in the supernatant and in the chloroplast, respec- 
tively. Thesevalues character& both proteins and are not affected by growth or other 
factors.‘* On the other hand, the curing led to a steady decrease in the relative content of 
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basic amino acids in the su~~t which dropped 12-9 after 68-k curiug, from au iuitial 
value of 13% On the contrary, in the chloroplast fraction, the content increased from 12-O 

U-total protein; U4up8rnatant protein; W-chloropIast proteh 

units 
Ki 

300 
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to0 
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200 
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0204466 0 204468 

FIff.4. i%ANGES IN PRGTSOLYTIC ACWITRSS AT VARIOUS #ifS DURING CVRiNG. 

O-Q-pH 5.5 in McB6in but%+; @---o-+H 7.0 in phosphate buffer; o--Q--~H 8.5 in borax buffer. 

to 13.8. The ratio of tyrosine to p~eny~ne also showed ensemble difference before 
aud afIer curing iu both famous. The initial values were O-88 and 048 in the subpart 
and the ~~orop~t, respectively, aud 0.66 and 046 after cur& 
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Changes in Protease Activity in the Fractions during Curing 

The decrease of protein after curing suggests that proteolytic systems have been activated 
in the leaves. Recently, more than three kinds of proteases having different pH optima were 
found in tobacco leaves in our laboratory. To determine the qualitative and quantitative 
changes in the protease during curing, the activity was measured at each optimum (pH 5.5, 
7-O and 8-5) in the fractions. These results are plotted in Fig. 4, as total and specific activities. 
The protease activities were mainly found in the supernatant fraction and less than 10 per cent 
was observed in the particulate fractions. The protease activities at pH 7-O and 8.5 decreased 
but the specific activities remained almost constant. Those in the chloroplast fraction changed 
little. 

DISCUSSION 

It has been reported that protein hydrolysis in excised leaves is only shown in yellowing 
stage of curing, after which the protein content remained constant.4 Acceleration of yellowing 
by incubation at higher temperature also induced rapid degradation of protein, although the 
total losses of protein were almost the same between both leaves incubated at high and low 
temperature. Now, the question arises as to whether or not there are any correlations between 
the decomposition of chlorophyll and protein. Micheli3 showed that there was a direct 
correlation between chlorophyll and chloroplast protein quantity, leaves of high protein 
content being similarly high in chlorophyll content. He concluded that decomposition of the 
chlorophyll-protein complex must lead to total loss of chlorophyll. Our results also show a 
parallel correlation between the chlorophyll and protein content during curing in the chloro- 
plast fraction (Fig. 2), although the ratio of chlorophyll to protein on the whole was decreased. 
In more precise examination, however, such a parallel correlation between chlorophyll and 
total or supernatant protein was not found. These results prompt us to suggest that the 
decomposition of the chlorophyll-protein complex initiates the decomposition of chlorophyll 
but that the degradation of chlorophyll is not associated with that of the protein segments. 

A second question may arise from the observed rates of protein decomposition in the 
chloroplast and the supernatant fractions. Despite lower protease activity, the chloroplast 
protein was lost more rapidly than the supematant one. This suggests an outflow of the 
chloroplast protein to the supernatant fraction after breakdown of chlorophyll protein 
complex. This suggestion may have additional support from previous studies on amino 
acid composition. As previously reported, l2 chloroplast protein was characterized by a lower 
content of basic amino acids and the lower value of the ratio of tyrosine to phenylalanine, 
in comparison with those of the supematant protein. These characters were not changed, 
even when the chloroplasts were obtained from leaves of various ages. However, with progress 
of yellowing these differences between the fractions were reversed. In this process, release of 
chlorophyll from protein-chlorophyll complex increase the solubility of the protein moiety, 
and these proteins may then be free to pass into the supernatant fraction. At the same time, a 
main component of the original supernatant protein, comprising 50 per cent of the fraction, is 
decreasing during this stage.5* l4 Pogall et al. observed a 50 per cent decrease in supcrnatant 
protein, which was ultracentrifugally homogeneous, during air curing.5 It was suggested 
that this protein corresponded to Fraction 1, detected in tobacco leaves by Wildman and 
co-workers.isS l6 Recently, we also found a decrease of the Fraction 1 protein during the 
13 G. MICHAEL, Z. Botan. 29,385 (1935). 
14 N. KAWASIUMA, A. IMAI and E. TAMAKI, In preparation. 
15 S. J. SINGER, L. EGGMANN, J. M. CAMPBELL and S. G. WILDMAN, J. Bill. Chem. 197,233 (1952). 
16 S. G. WILDMAN and J. BONNER, Arch. B&hem. 14,381 (1947). 
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flue-curing using an immunochemical technique. l4 Complete decomposition of the Fraction 1 
protein and release of solubilized chloroplast or grana protein might change the amino acid 
composition in the supernatant fraction to give the chloroplastic character. 

Qualitative changes in proteases were also found in the yellowing process. One protease 
having maximum activity at pH 5.5 increased substantially. Proteases with optima at 
pH 7-O and 8.5 remained essentially constant. The former is mostly found in the supematant 
fraction. These observations may indicate that protease 5-5 has some relation to Fraction 1 
protein. 

EXPERIMENTAL 

Materials 

Tobacco plants (Nicotiana tabacum L., “Bright Yellow”) were obtained from Utsunomiya 
Tobacco Experiment Station. The leaves in 9-10th positions from the top of the plants nine 
weeks after transplantation and one week after topping were removed and forty leaves of 
similar size were chosen. These leaves were divided into four groups and of which one was 
used to represent the initial time. The other three were cured in a chamber maintained at 40” 
and 90-92 per cent relative humidity for 20,44 and 68 hr, respectively. 

Samples 

Seventy-seven discs, 3 cm diameter, were cut from each group. Seventy pieces were dipped 
in 60 ml of buffer (O-05 M phosphate containing 1% sodium ascorbic acid, pH 7.0) for 
10 min before homogenation. The other 7 pieces were used for dry weight determination. 

The protein fractions were prepared as described previously.12 For the supernatant 
fraction of 68hr cured leaves, the method had to be slightly modified in order to obtain a 
precipitate. Here, it was necessary to concentrate the fraction to + of the initial volume by the 
aid of Carbowax-6,000, according to the method of K0hn.l’ From the concentrate, precipi- 
tates were obtained by addition of trichloroacetic acid followed by heating for 1 min. 

Analytical Methods 

Methods for the determination of protein and of chlorophyll were essentially the same as 
those used previously. l2 The protein contents of the supematant fractions of 44 and 68hr 
cured leaves were determined after concentration with Carbowax or after 40-hr dialysis. 
The latter gave values about 5 per cent larger than the former. 

The hydrolytic condition and method of amino acid analysis were also the same as 
previously described.12 

Protease activity was determined by the release of non-protein nitrogen from casein 
according to the method of Hagiwara18 with slight modXcations. One volume of enzyme 
solution was incubated with 4 volumes of 0.6% casein in O-1 M McIlvain buffer at pH 5.5, 
in O-1 M phosphate buffer at pH 7-O or in O-1 M borax butfer at pH 8.5. The mixture was 
incubated for 2 hr at 30” in the presence of cysteine. The reaction was stopped by addition 
of trichloroacetic acid and the nitrogen content in the supematant was determined by the 
method of Folin.lg A sample at the start of the incubation was taken as a control. 
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the tobacco plants and to Drs. M. Noguchi and H. Tomita for their valuable suggestions. We are deeply 
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17 J. KOHN, Nutwe 183,1055 (1959). 
18 B. HAQIWARA, Ann. Rep. Fat. Sci. Osaka Univ. 535 (19%). 
19 A. L. GORNALL, C. J. BARDAWILL and M. M. DAVID, J. Biol. Chem. 177,751(1949). 


