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The green trimd, Creo"!jades din, mm (1161ntptera: Mindae), is a serious pest of

cotton in Australia (Aimns and Pyke, 1982). Minds are sucking insects which feed

preferentialy on the actively growing points of young plants. The damnge they nthct

to the tips of pre-squaring cotton and to early squares can result in delayed maturity of

the plants and areduced yield (Bishop, 1980).

Currentcontrolofttie green rimd relies on early season charntcal sprays. The

use of chen^cal insecticides is disruptive to beneficial insect populations as well as

being expensive and environnientaUy hannful. One new strategy for insect controlis

the use of genetic engineefuig to produce plants resistant to insect attack. Clientcal

controlofHe!jothtschingerg has already been au^liented with the use of cotton plants

expressing BCCi!!"sth"ringie"sis toxins(An andYoung, 1993). A sin^Iar strategy for

controlofthe green mind would be a desirable alternative to chenitcalinsecticides.

0116 of the difficulties faced when attempting to develop transgenic plants

resistant to the green Trimd is the lack of inforrnation available on the mind digestive

physiology. This lack of 1,110wledge makes it difficult to predict which gene products

may be valuable for the developn^nt of an efficienttransgenic control strategy. Most

of our understanding of mind physiology has corrie from research on Lyg"s bugs

(Ilenntptera: undae), which are serious agricultumlpests in the United States. This

research has shown that Lyg"s bugs feed by penetrating the plant tissue with their

mouthparts and seereting a watery saliva unites, 1972). The saliva contains several
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enzymes, specifically proteases, amylases and pectinases, thoughtto play a role in both

penetration of the plant cell and in external digestion of the plant mutedal(I. ,auren^ at

o1, 1984). The partially liquefied food is then sucked up through the mouthparts and

passed into the gut, where digestion is completed and absorption occurs.

While it is assumed that the green mind feeds by the sailre general mechanism

as Lyg"s, many details of the green trimd digestive system relr^I unknown. The

broad aim of this work is to gain a better understanding of the digestive system of the

green mind, with the intention of working towards developing transgenic cotton

resistant to the gi'Gen nulld. More specifically, the alms of this work are:

A) To optiinise a method to measure protease levels in digestive system of the green

Trimd.
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B) To use this method to investigate the levels of proteasesin the gi'Gen mind.

C) To characterise the proteases presentin the digestive system of the green 11.11d.

Meanertrig the levels of protease activity in the mind digestive system is

important for two reasons. Firstly, for an msecticidal gene product to mantoiii

effective control of the pest insect, it must reach its target site within the insect in an

active forrn. This rr^y not be possible if there are high levels of active proteases in the

insects gut able to digest the trailsgenic product. Secondly, the presence of enzymes in

the insect digestive system Tiny offer potential targets for Gnuymn inhibitors used as

controlagents in trailsgenic cotton.

RE

A1B) Measufuigproteaselevels;

A general protease assay, using an00asein as the substrate, was used to measure

protease levels in the saliva, salivary glands and nitdgut of the gi'Gen mind (Fig I).

This mudiodwas madifiedfomBeynon (1989) by adjusting enzymeconcenti'attons
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Ê
e

9

;^̂
.

^;
^
GB
-

^;
e,

06

0.08

^

0.06

131

0.04

0.02

Fig I: Protease levels (calculated as the change of absorbance at 340nm per hour)
present in a blank of buffer only, salivary glands and nitdgut of tillee adult minds,

saliva collected overnightftom 30 adult minds, and ILLg of trypsin.
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Fig 2: Levels of protease activity (calculated. as change of absorbance at 3401mi per
hourpermugramof protein) compared for adult mule andfeniale trimd salivary glands
and rindgut, fifth instar namph salivary glands and rimdgut, and secretsd saliva.
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and the Iengtlioffuiie of the assay to allow detection of the very low levels of proteases

active mittie green mind CGss than 0,111g trypsin equivalentirittie rimdgut) (Fig 2).

These results show that fifth instar nymphs and adult Trimds of both sexes

produce sirntlar levels of protease activity. Also, the salivary glands contain more

protease activity perlntlligramof tissue than the rindgut. The origin of the protease(s)

camot be dete, urn, ed from this assay. It is possible that both the salivary gland and gut

CGUs are producing active proteases. However it is also possible that the salivary

glands are producing all the active proteases, which are then secreted in the saliva and

sucked back into the gut with the partially digested food.
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C) Characterisatton of the proteases;

Using another general protease assay with haemoglobin as the substrate, the pH

optirna forthe protease(s) present in the rimddigestive system has been exarritned (Fig

3). Protease activity in the salivary glands showed opfuTial activity at pH 8, and

protease activity in the nitdgut was opfunal at pH 3. This implies that more than one

protease is active in the mind digestive system, with at least one protease optimalIy

active at acidic pH's, and at least one opimially active at a SIiglitly basic pH. The

presence of up to four hands tilthe salivary glands and three in the nitdgut on protease-

detecting polyacrylainide gels (zymo^ams) coltmris the presence of multiple activities

(results not shown). Together, these results indicate that salivary gland and Intdgut

tissues possess unique, as wellas coriumon, proteases.

Using specific protease inhibitors in conjunction with the protease assay has

demonstrated the presence of both seine-like and cystsirie-like protease activities in the

saliva, salivary glands and rindgut of the green ,, hid Crable I).
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Fig 3: pH optirna of mind proteases. Salivary glands and nitdgut of ten adult rimds

wereincubatedovenitglit with haemoglobin in a buffer of known pH. Absorbance at

28th11nwasthen readas an indicatorofprotease activity.
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Table I: Percentage reduction in protease activity in mind tissues incubated with

specific protease inhibitors.
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The secretsd saliva, salivary glands and rimdgut of the gi. een Trimd possess low

levels of protease activity from at least two active proteases, based on pH optirna,

zymography, and inhibitor studies. These levels are so low that it is possible an

ingested toxin Tiny not be degraded before it reaches its target site. 1/1 fact, we have

seen that proteins can indeed pass ititougli the gut wall of the mind and retain activity

(our unpubl. results).

The proteases present appear to fallinto two classes, seine and cysteine-like.

We can now design amtionalapproach to testprotease inhibitors for detriir^ntal effects

on the rimd using the in-vitro assays in conjunction with feeding and growth assays.
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