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probably a defense mechanism. 

The function of naturally occurring 
proteinase inhibitors in plant tissues has 
been the subject of speculation (1). 
These inhibitors are usually found in 
high concentrations in plant storage 
organs such as seeds or tubers. Some of 
these proteins have the capacity to in- 
hibit proteolytic enzymes of insect and 
microbial origins, but rarely proteolytic 
enzymes of plant origin (2). Because 
of their specificities, they may be pro- 
tective agents against invading micro- 
organisms and insects (3, 4). The 
arguments for proteinase inhibitors func- 
tioning in seeds as protective agents 
against insects (4) are based on the 
ability of several of them to inhibit 
insect digestive proteinases. Our recent 
discovery of the presence, in potato 
tubers, of a powerful inhibitor of the 
two major animal pancreatic exopepti- 
dases (carboxypeptidase A and B) (5) 
further supports the argument for a pro- 
tective function. 

We have been studying the biochem- 
istry, physiology, and function of a well- 
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characterized protein from potato 
tubers called "inhibitor I," a potent in- 
hibitor of the animal endopeptidases, 
chymotrypsin and trypsin (6). By im- 

munological techniques, we found that 
this protein was present in potato and 
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Table 1. Colorado potato beetle-induced ac- 
cumulation of chymotrypsin inhibitor I in 
tomato plants. Each value is an average ob- 
tained from 11 trifoliate leaves (from the 
second leaf down from apex). Ranges are 
given in parentheses. Adult beetles were al- 
lowed to feed randomly on plants for 24 
hours. After an additional 24 hours the tis- 
sues were assayed immunologically for inhibi- 
tor I (7). Experiments were carried out in a 
greenhouse under natural light. Leaf damage 
varied from minor damage of a single leaflet 
to severe damage of all leaflets. The accumu- 
lation of inhibitor in leaves varied in propor- 
tion to the insect damage inflicted on the 
plants. 

Average inhibitor I 
Leaf concentration (ug/ml) in: 

damage 
Leaves Main stem Roots 

Beetle 202 (77-235) 52 (0-73) <15 
No damage 47 ( 0-120) <15 <15 
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tomato leaves as well as in potato 
tubers. In leaves of both species, the 
inhibitor was a transient component and 
was present, in general, at periods pre- 
ceding and during the breaking of apical 
dominance. In many instances, its pres- 
ence in leaves could be correlated with 
a physiological event. Occasionally, 
however, differences in amount of in- 
hibitor I in plants of the same age 
were extraordinary (five- to tenfold vari- 
ations). Such results led us to suspect 
that some environmental factor might 
be responsible for this variability; micro- 
organisms, insects, or physical injury 
were likely candidates. 

The effect of insect damage on in- 
hibitor I concentrations was tested by 
allowing Colorado potato beetles, com- 
mon pests of potatoes and tomatoes, to 
feed on the leaves of young tomato 
plants. Concentrations of inhibitor I in 
damaged and undamaged leaves of the 
plants were subsequently assayed im- 
munologically (7). As shown in Table 
1, we found that leaves of beetle- 
infested plants accumulated greater 
amounts of inhibitor I than did un- 
infested control plants. Data from in- 
dividual assays showed that both dam- 
aged and apparently undamaged leaves 
from the beetle-infested plants had ac- 
cumulated inhibitor I. 

We confirmed the observation that 
damage by beetles to a single leaf 
could effect the concentration of inhib- 
tor I in undamaged leaves. Adult 
beetles were then allowed to feed on a 
single leaf from each of three potato 
plants without access to the rest of 
the plants. The beetles fed for 48 hours 
on the individual leaves and nearly 
consumed them. At the end of the feed- 
ing period, the unwounded leaves of the 
three plants had an average of 336 [/g 
of inhibitor I per milliliter of leaf juice 
whereas unwounded control plants had 
an average of 103 ,Ig of inhibitor I per 
milliliter. 

The accumulation of inhibitor I in 
leaf tissue far removed from the wound- 
ing site suggested that an inducing fac- 
tor was introduced into the vascular 
system of the plant when it was 
wounded. The origin of this factor was 
undetermined, however, as it could 
have either entered the leaf cytoplasm 
from the beetle or originated within the 
leaf in response to the wound. 

The wounding of the leaf appeared 
to be the primary cause of the induction 
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of inhibitor I accumulation since nearly 
any type of crushing would cause the 
same induction. Reproducible results 
were obtained by using a paper punch 
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Wound-Induced Proteinase Inhibitor in Plant Leaves: 

A Possible Defense Mechanism against Insects 

Abstract. Wounding of the leaves of potato or tomato plants by adult Colorado 

potato beetles, or their larvae, induces a rapid accumulation of a proteinase inhibi- 
tor throughout the plants' tissues that are exposed to air. This effect of insect 

damage can be simulated by mechanically wounding the leaves. The transport of a 

factor out of damaged leaves takes place rapidly after the wound is inflicted and 
the levels of proteinase inhibitor, in both damaged and adjacent leaves, rises 
strikingly within a few hours. The rapid accumulation of a powerful inhibitor of 
major intestinal proteinases of animals in response to wounding of the leaves is 
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