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who suggested that cyclic nucleotides may act as negative feed- 
back inhibitors of agonist-induced hydrolysis of membrane 
phosphatidylinositols. In support of this hypothesis, sodium 
nitroprusside and 8-bromo cyclic GMP also inhibited contrac- 
tion and inositol monophosphate accumulation due to norepi- 
nephrine in rat aorta 22. In addition, it has recently been sug- 
gested that the endothelium inhibits vascular smooth muscle 
tone and contraction through the spontaneous release of  a factor 
which elevates cyclic GMP levels, thereby inhibiting phosphati- 
dylinositol hydrolysis 27. 
Others have suggested that phosphatidylinositol hydrolysis in- 
creases the levels of 1) phosphatidic acid, which may act as a 
Ca 2+ ionophore 28, 2) inositol trisphosphate, which induces Ca 2+ 
release from the sarcoplasmic reticulum and thereby induces 
contraction ~8, and 3) diacylglycerol, which activates protein ki- 
nase C 2~. The mechanism by which cyclic GMP may act to 
prevent the formation of any and/or all of these potential second 
messengers has not been established. Nitroglycerin tolerance 
may be due to an inability to activate cyclic GMP-dependent 
protein kinase, which would phosphorylate proteins involved in 
the regulation of phosphatidylinositol hydrolysis. 
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Summary. Actinidin was rapidly inactivated by methylene blue-catalyzed photooxidation at pH 7.9 and 20 ~ The rate of inactiva- 
tion was pH-dependent and became slower at lower pH values, suggesting the involvement of a histidine residue in the inactivation. 
Key words. Actinidine, photoinactivation; protease. 

Dye-sensitized photochemical oxidation of an enzyme has often 
been used to obtain information on the amino acid residues 
essential for its catalytic activity. It is well known that the photo- 
oxidation of proteins in the presence of methylene blue causes a 
rapid destruction of histidine and tryptophan residues and a 
slower destruction of tyrosine, cysteine, and methionine resi- 
dues ~ .  Martinez-Carrion studied a histidine-specific oxidation 
with aspartic aminotransferase 5. Actinidin (EC 3.4.22.14) iso- 
lated from the sarcocarp of the Chinese gooseberry or kiwi fruit, 
Actinidia chinensis, is a thiol protease 6'7. 
This report shows that actinidin is sensitive to dye-sensitized 
photochemical oxidation, and suggests that destruction of his- 
tidine is responsible for inactivation. 
Materials and methods'. Actinidin was isolated from the Chinese 
gooseberry according to the procedure of McDowal 7. The pro- 
teinase activity of actinidin was determined by a modified Ku- 
nitz method 8 using amidated casein instead of casein as a sub- 
strate. The assay was always performed in the presence of 1 mM 

cysteine and 1 mM EDTA. Reaction was carried out at pH 4.0 
and stopped with 10 % trichloroacetic acid. Amidated casein (pI 
9-10) was prepared by amidation of casein with ethylenedia- 
mine. 
The pH dependence of the rate of inactivation of actinidin by 
methylene blue-catalyzed photooxidation was tested as follows. 
The reaction mixture contained 120 gM actinidin and 180 liM 
methylene blue, respectively, in 0.2 M phosphate-citrate buffer 
containing 1 mM EDTA, in a total volume of 10 ml. The reac- 
tion mixture was irradiated from a distance of 15 cm with a 100 
W incandescent lamp at 20 "C. Aliquots of 50 gl were withdrawn 
at appropriate time intervals and used for assay of the enzymatic 
activity, and at the same time aliquots of 1.0 ml were withdrawn 
for amino acid analyses. 
Photooxidized protein was freed from the reagents by passage 
through a column (1.5 x 31 cm) of Sephadex G-25 equilibrated 
and eluted with 0.1 M formic acid. The protein fractions were 
pooled and lyophilized. Native and photooxidized actinidin 
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Figure 1. Rate of inactivation of actinidin by photooxidation at different 
pH values in the presence of methylene blue. Actinidin (120 gM) was 
irradiated from a distance of 15 cm with a 100 W incandescent lamp in the 
presence of 180 gM methylene blue at 20~ �9 pH 5.6; 0 ,  pH 6.0; A, 
pH 6.7; A, pH 7.1; U], pH 7.9. 
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Figure 2. Effect of pH on photooxidation of actinidin. The rate of photo- 
oxidative inactivation is expressed as the percentage of that at pH 7.9 after 
exactly 60 min. 

were hydrolyzed with 6 N HC1 at 110 ~ for 24 h in evacuated, 
sealed tubes and analyzed with an Hitachi automatic analyzer, 
model 034. Tryptophan was determined by the spectrophoto- 
metric method 9. 
Results and discussion. As can be seen in figure 1, actinidin was 
rapidly inactivated by methylene blue-catalyzed photo- 
oxidation. The rate of inactivation became slower in the lower 
pH regions. After 100 min at pH 7.1, the enzyme retained nearly 
50% of its original activity. The plot of the activity loss as a 
function of pH is of a sigmoidal shape and has an inflection 
point near pH 6.5 as shown in figure 2. This pH-dependency 
indicates that some amino acid residues which have a pK value 
of around neutrality are involved in the inactivation. Since only 
the photooxidation of  histidine and its derivatives has been 
reported to show a pH-dependence similar to that observed 
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Figure 3. Relationship of activity of actinidin to the extent of photo- 
oxidation of the histidine residue at pH 7.9. 

here s, ,0-12, the result strongly suggests that photooxidation of a 
histidyl residue of the enzyme is responsible for the activity loss. 
In the dark, the enzyme was quite stable in the presence of 
methylene blue. 

After removing methylene blue from the reaction mixture by 
a gel-filtration, the amino acid composition of photooxidized 
enzyme was analyzed and compared with that for native enzyme 
(data not shown). The results showed that the only amino acid 
residue which suffered a significant change on photooxidation 
was histidine, and that the other residues remained almost intact 
within the limits of experimental error. Figure 3 shows the rela- 
tionship between the histidine residue lost and the enzymatic 
activity remaining when the photooxidation was carried out at 
pH 7.9. The plotting indicates that the activity loss is completely 
proportional to destruction of one histidyl residue. In conclu- 
sion, the results of photooxidation experiments described here 
indicate that a histidyl residue is involved in the catalytic center 
of actinidin. 
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