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Abstract-The ionization of the phenolic hydroxyl groups in calotropins DI and DII isolated from the latex of 
Culotropis gigantea has been studied by spcctrophotometric titration at 295 nm in the pH range 6-13.2. Of the 12 
tyrosine residues of calotropin DI and 13 tyrosine residues of calotropin DII, only four residues were ionized reversibly 
in the pH range 8.9-10.7 with the apparent pK of 9.7. The remaining tyrosine residues were ionized irreversibly in the 
pH range 11.2-13.2 with the apparent pK of 11.5. Both calotropins showed timedependent ionization of phenolic 
groups at 295 nm in the pH range 11.5-12.0. Chemical modification with tetranitromethane suggested the presence of 
three tyrosine residues on the surface of each calotropin molecule. 

INTRODUCl’ION 

Calotropins DI and DII isolated from the latex of madar 
plants, Calotropis gigantea, are classified as plant cysteine 
proteases like well-studied papain, ficin and stem 
bromelain [l, 21. Earlier communications [3,4] from this 
laboratory describe the crystallization and physico- 
chemical, enzymatic and immunological studies of both 
calotropins. These two enzymes are closely similar but 
marked differences in detail have been found, including 
differences in auto-digestion behaviour, amino acid com- 
position, peptide mapping and carboxyterminal amino 
acid sequence. 

We have continued the comparative approach to the 
problem of the structur~vity relationship in calo- 
tropins and present in this paper the results of studies on 
the spectrophotometric titration of phenolic hydroxyl 
groups in two enzymes. In order to correlate the spectro- 
photometric data with the chemical reactivity, the reaction 
of tetranitromethane with calotropins has also been 
described. 

RESULTS AND DISCUSSION 

Ultraviolet absorption spectra 

The UV absorption spectra of calotropins DI and DII 
at three d&rent pH values are shown in Fig. 1. The 
patterns of the spectral shift at alkaline pHs are closely 
similar to those reported for papain [SJ and stem 
bromelain [a]. It was noted that in both calotropins the 
change in absorption at 295 nm, characteristic of tyrosine 
ionization [7], was increased with increasing pHs and 
maximum change was observed in the region of pH 13. 

*To whom correspondence should be addressed. 

Titration curves 

Figure 2 shows the plots of molar A at 295 nm vs. pH of 
solutions of calotropins DI and DII. In both cases the 
ionization of the phenolic hydroxyl groups begins at pH 8 
and is complete at pH 12.5-13. The change in molar A at 
295nmisfrom18570atpH7toamaximumof4726Oat 
pH 13 for calotropin DI and from 18 010 to 47 620 for 
calotropin DII over the same pH range. Amino acid 
analyses [3] have indicated the presence of 12 tyrosine 
residues in calotropin DI, and 13 tyrosine residues in 
calotropin DII. Thus the changes in molar A at 295 nm 
per tyrosine residue are 2390 for calotropin DI and 2280 
for calotropin DII. These values are in good agreement 
with reported values of other proteins [S, 91. 

It was observed that in the pH range 7-l 1.5 the change 
in A at 295 nm was instantaneous after adjustment of 
neutral solution of calotropins to the desired pH. At pH 
values higher than 11.5, a time-dependent ionization of 
phenolic groups in both calotropins was observed and the 
change in A with time gradually increased as the pH 
increased (Fig. 3). In these instances an ionization equilib- 
rium seems to be attained within 1 hr. It appears from the 
wavelength dependence of this increase in A that the 
phenomenon is probably due to slow denaturation of the 
proteins, but not due to aggregation or precipitation 
[5,61. 

The reverse titration curves for both calotropins are 
shown in Fig. 2. The data were obtained by reverse 
titration of calotropin solutions after they had been 
exposed to pH 13 for 1 hr to obtain complete ionization 
equilibrium. As shown in this figure, exposure to pH 13 
leads to irreversible changes in the ionization behaviours 
of both calotropins. The reverse titration could not be 
continued below pH 10 because of the appearance of a 
precipitate below this pH. In the pH range 6-10.5 the 
ionization was found to be reversible in both calotropins 
(not shown in the figure). 

As found for a number of proteins [6-91 the ionization 
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Fig 1. UV absorption spectra of (A) calotropin DI and (B) 
calotropin DII as a function of pH. Spectra were taken after 
achieving complete ionization equilibrium. Protein concen- 
trations were 4.80 x lO-‘j M for calotropin DI and 4.76 

x 10e6 M for calotropin DII. 

PH 

Fig. 2. Spectrophotometric titration curves of (A) calotropin DI 
and (B) calotropin DII at 295 mn and ionic strength of 0.2. 
Protein concentrations were 4.74 x 10e6 M for calotropin DI 
and 4.83 x 10m6 M for calotropin DII. o---o, Forward 
titration; A-4 reverse titration, reversed after exposure to 

pH13for lhr. 

OOW 
TIME(min) 

1 

Fig 3. Time dependence of the UV absorption of (A) calotropin 
DI and (B) calotropin DII at 295 nm. Protein concentrations 
were 13.86 x 10M6 M for calotropin DI and 8.26 x 10e6 M for 

calotropin DII. 

behaviours of tyrosine residues of both calotropins are 
complex. At least two types of tyrosine residues can be 
easily distinguished in their forward titration. In the pH 
range W-10.7 where no time-dependence of increase in 
absorption was observed, four tyrosine residues of each 
calotropin were ionized reversibly with the apparent pK 
of 9.7. The remaining tyrosine residues of both calo- 
tropins ionized irreversibly in the pH range 11.2-l 3.2 with 
the apparent pK of 11.5. 

Reaction with tetranitromethane 

Tetranitromethane is known to react selectively with 
tyrosine residues in proteins to form 3-nitrotyrosyl re- 
sidues [lo]. Nitration ofcalotropins at pH 7.5 with 5-fold 
molar excess of tetranitromethane per mole of protein for 
about 60 min resulted in the modification of three tyrosine 
residues with 30 y0 loss of activity for calotropin DI and 
21% forcalotropin DII. The results obtained are shown in 
Fig. 4. The nitrated derivatives were found to be homoge- 
neous as judged by ion-exchange chromatography on SP- 
Sephadex and by SDS-polyacrylamide gel electrophoresis 
at pH 7. Amino acid analyses of calotropins before [3] 
and after nitration revealed that tetranitromethane 
nitrated only three tyrosine residues without affecting 
other amino acid residues present in calotropins. It was 
observed that increase in pH, tetranitromethane concen- 
tration or reaction time did not modify additional ty- 
rosine residue, but led to the aggregation of protein 
molecules, particularly at higher pH. 

Results presented in this study suggest that three 
tyrosine residues of each calotropin are present on the 
surface of the molecule and that an additional residue 
becomes accessible to the solvent as the pH rises up to 10.8 
(Fig. 2). The remaining tyrosine .residues in both calo- 
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TYROSINE RESIDUE MODIFIED 

Fig. 4. Relationship of proteolytic activity of calotropin DI (A) 
and calotropin DII (B) to the number of tyrosine residues 

mod&d by tetranitromethane. 

tropins appear to be buried, and their ionization is 
probably associated with an irreversible disorganization 
of protein molecules as indicated by reverse titration. 

EXPEPlMENTAL 

Enzyme purjfication and assay. Calotropins DI and DII were 
isolated and purified from the latex of C. gigmtea as described 
previously [3]. Both calotropins were reversibly inactivated with 
Na tetrathionate to avoid autodigestion at alkaline pH. Protein 
concn was determined spectrophotometrically at 280 nm using 
E ’ m= 19.5 for each calotropin and M,s of 23 800 for calotropin 
D;%and 24 200 for calotropin DII [3]. 

Spectrophotometric titration. The titration of phenolic hydro- 
xyl groups of tetrathionateinactivated calotropins was carried 
out in a Beckman recording spectrophotometer with lO-mm 
quartz cells at 295 nm at 25” f 0.5” in the pH range 613.2, 
according to ref. [l 11. Compositions of buffers used were 0.02 M 
Tris-HCl plus 0.2 M KC1 for pH 6.0-9.0; 0.02 M glycine-KOH 
plus 0.2 M KCI for pH 9.47-10.73 and mixtures of 0.2 M KOH 
and 0.2 M KCl with varying mutual ratios for pH 10.55-13.2. In 
all solns KCI was added to maintain the ionic strength of 0.2. 
Enzyme concn was in the range 4.74-4.83 x 10m6 M. Optical 

readings were taken until the maximum difference at 295 mu was 
obtained, usually within 1 hr. Reverse titrations were pcrformed 
at 295 nm and 0.2 ionic strength using 0.2 M HCl with the 
reaction mixture exposed to pH 13 for 1 hr. 

Measurements of pH were made in a Radiometer pH-meter at 
the same temp. at which the spectra were recorded. The meter was 
calibrated with standard buffers of pH 6.48 and 9.18 at 25”. A 
current of pure N, satd with Hz0 was blown over the solns to 
avoid absorption of atmospheric CO,. The apparent pK values 
of tyrosine groups were calculated from the titration data as 
described [6]. 

Reaction of tyrosine residues with tetranitromethane. The 
tyrosine residues of tetrathionate-inactivated calotropins DI and 
DII were nitrated with tetranitromethane in 0.1 M NaPi buffers, 
pH 7-8.5 at room temp. according to ref. [lo]. The degree of 
nitration was estimated from the A at 428 nm at pH 9 using Edls 
= 4200 M-‘.cm-’ for nitrophenoxide ion [lo] and by amino 
acid analysis [3]. The purity of the nitrated calotropins was 
checked by chromatography on SP-Sephadex C-50, under con- 
ditions described in ref. [3], and by SDS-polyacrylamide gel 
electrophoresis [ 121. 

Acknvledgement-The fuuncial support from the DST 
(SERC), New Delhi is gratefully acknowledged. 

1. 
2. 
3. 

4. 

5. 
6. 
7. 
8. 
9. 

10. 

Smith, E. L. and Glazer, A. N. (1971) Enzymes 3, 501. 
Lowe, G. (1976) Tetrahedron 32,291. 
Pal, G. P. and Sinha, N. K. (1980) Arch. Biochem. Biophys. 
202, 321. 
Sengupta, A., Bhattacharyya, D., Pal, G. P. and Sinha, N. K. 
(1984) Arch. Biochem. Biophys. 232, 17. 
Glazer, A. N. and Smith, E. L. (1961)5. Bbl. Chem. 236,2948. 
Tachibana, A. and Murachi, T. (1966) Biochemistry 5,2756. 
Crammer, J. L. and Neuberger, A. (1943) B&hem. J. 37,302. 
Tanford, C. (1962) Adu. Protein Chem. 17, 69. 
Markland, F. S. (1%9) J. Biol. Chem. 244, 694. 
Rio&n, J. F. and Vallee, B. L. (1972) Methods Enzymol. 2SB, 
515. 

11. Donovan, J. W. (1973) Methods Enzymol. 27D, 525. 
12. Weber, K. and Gsbom, M. (1969) J. Biol. Chem. 244,4406. 

REFERENCES 


