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Digestion of the inhibitor aAl by
Hypothenemus hampeaspartic proteinases

Digestion de un inhibidor deAl por aspartico proteinasas #ypothenemus hampei

ARNUBIO VALENCIA J.¥", JORGE W. ARBOLEDA V.

Summary. The digestive fluid of the coffee berry boreiypothenemus hampéarvae contains aspartic proteases,
which show greatest activity at pH 3,0 and a temperature of 40°C. By using isoelectric focusing gels, it was possible
to observe two well-defined bands in the intestinal tract. The band of highest activity was found very close to the
anodic side and showegbkof 5,2. The addition of 0,1uM of Pepstatin A caused a 70% inhibition of protease activity
and a 90% inhibition when the concentration was 1uM. The strong inhibition of the protease activity in the intestinal
tract ofH. hampeafter addition of Pepstatin A, allowed us to identify this protease as an aspartic-type protease. Other
results permitted us to classify this protease as Cathespin D given that when BSA was used as a substrate the enzyme
only showed 20% of the total activity with respect to hemoglobin. Incubation afithmhibitor from Phaseolus

vulgaris with increasing amounts of this intestinal enzyme from the coffee berry borer, showed that the biological
activity of the inhibitor was significantly reduced due to the proteolytic activity. This work constitutes the first
electrophoretic evidence afAl proteolysis ofP. vulgarisby endogenous proteases frblnhampei
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Resumen El fluido digestivo de las larvas de la broca de ¢dgg@othenemus hampsdntiene aspartico proteasas, las

cuales muestran una gran actividad a pH 3,0 y a una temperatura de 40°C. Mediante el uso de geles de isoelectroenfoque
(IEF) fue posible observar dos bandas de actividad bien definidas en el tracto intestinal. La banda de mayor actividad que
se encontré muy cerca del &nodo present® da 5,2. La adicion de pepstatin A, a una concentracion de 0,1 pM causo

una inhibicién del 70% de la actividad proteasa y de un 90% cuando la concentracién del inhibidor fue de 1uM. La fuerte
inhibicion de la actividad proteasa presente en el tracto intestilahdenpei después de la adicion del pepstatin A,
permitié identificar esta proteasa como del tipo aspartico. Otros resultados permitieron clasificar esta enzima como
Cathepsin D, dado que cuando se empled BSA como sustrato la enzima mostré solo un 20% del total de actividad con
respecto a hemoglobina. La incubacion del inhibidoo-@enilasas ¢Al ) de Phaseolus vulgarjscon cantidades
crecientes de esta enzima intestinal de la broca de café, mostr6 que la actividad biologica del inhibidor fue reducida
significativamente debido a la actividad proteolitica. Este trabajo se constituye en la primera evidencia electroforética de la
protedlisis debtAl de P. vulgarispor proteasas endégenasidnampei
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Introduction lar in their catalytic activity to those understand the protein digestion, but
found in vertebrates (Blaned al. 1996; also to know how susceptible to diges-

The coffee berry boretypothenemus aphjehaum 1985). However, sometion the aAl from Phaseolusvulgaris
hampei(Ferrari) (Coleoptera: Curculio- ,qteinases present major differences ifs. Interest in this area has been stimu-
nidae: Scolytinae) is not only a Majorihejr more important characteristics suchated by the finding that insect diges-
pest in Colombia and other countries,q- |ocation, optimal pH activity, kinetic tive proteases have potential to digest
but also a serious economic pest of cofy,nstants and thermostability (BlancoaAmylase inhibitors and to increase by

fee in many coffee-growing areas of the,; 4 1996) this wa: i ;
> 2 . . y their natural resistance to these
world (Murphy and Moore 1990; Reid plant inhibitors (Ishimoto and Chris-

1983). Insects, as well as other organmost of the midgut proteolytic enzy- peels 1996).

isms, use proteinase for digestion of promes in coleopteran insects have been

teins that are ingested with their foodshown to be cysteine proteinasesrhis paper describes the use of specific
(Xu and Qin 1994). Usually, the protein-(Murdock et al. 1987), or aspartic and general substrates, with a specific
ase type is determined by the pH rang@roteinases often found in combina-inhibitor, to determine the type of pro-
of activity, by its similarity to well-char- tion with other proteinases and whichtease in the intestinal tract of larvae+of
acterized proteinases and by its sensiare very active in acid environments,hampeiand to assess the role of this pro-
tivity or susceptibility to different pH normally below 4,5 (Jongsma andtease in thenAl digestion. We believe
inhibitors (North 1982). Several insectBolter 1997). the present paper to be not only the first
proteases have already been described, report but also the first electrophoretic
isolated and characterized, some ofharacterizing the major protease activievidence by using zimogramsaAl pro-
which occur as mixtures of differentty present in the digestive tract Bf.  teolysis with endogenous aspartic protea-
isozymes, and which are generally simi-hampeilarvae is important not only to ses fromH. hampei
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Materials and Methods point was calculated by using standargreparation with pepstatin A, a synthetic
C . proteins with known isoelectric points andinhibitor. This specific inhibitor was
Sources of plant inhibitors and insects it software (ImageMaster VDS) pro- added to enzyme preparation at a final
Hypothenemus hampeias obtained lo- Vided by Pharmacia Biotech. For the pro-concentration of 0,1uM, 0,4uM, and 1uM
cally in Colombia and cultivated in an t€@se zymogram, the proteins were firsand allowed to stand at 25°C for 15 min
insectary at Cenicafé in Chinchina, Co-Séparated in nondenaturing conditions obefore adding the substrate. Following
lombia. P. vulgariscv. L. radical is a lo- |EF (3,0-9,0) Phastgels. After electrophorepreincubation the remaining activity was
cal commercial bean in Manizales,SiS: the IEF gel was lightly rinsed with dis-assayed as described above.
Colombia. tilled water and incubated for 3 hours at I :

35°C with Citrate buffer 0,05M pH 3,0 Proteolytic digestion ofaAl
Extraction procedures of insect containing 1% of hemoglobin. The g_elProteontic digestion ofiAl (Phaseolus
proteases was rinsed with water and stained with,garis) by acidic proteases present in

e . Coomassie Blue (Electrophoresis solu i i i i _
Fifty insect guts carefully obtained by o' fing 30 min at 45°C and Cleanedtsgilgcljgggtflgﬁg\ll\lljslq:r?él??&?%ivrl?)soaf‘ihe
larvae were homogenized in 50 pl Of(60:30:10) solution. Protease activity apoyrs at 30°C with 1 pl of crude enzyme
citrate buffer 0,05M pH 3.0, filtrated a?d pears on the polyacrylamide gel as cleagyiract containing 3,92, 1,96, 0,98 or 0,0
centrifuged at 10.000g for 30 min at 4°C. o 4¢ on 4 blue-colored background. Th@nzymatic activity units. The reaction
The supernatant was freeze-dried cf’:md t’?el was washed once again with water angjas stopped by adding Pépstatin ‘A 1o this
resulling powder was stored at -80°C anghen photographed. reaction solution at a final concentration
used as a source of enzyme.

Electrophoretic separation and inhibi-  ©f 0,1 M. 1 ul of this solution contain-
tor zymogram in isoelectrofocusing N9 theaAl was separated by usiran

Seeds (20 g) &% vulgariswere ground in a (IEF) isoelectrofocusing gel (IEF 3-9). Inhibi-

coffee grinder and the powder mixed with tor zymogram was developing as de-
550 ml of distilled water and stirred in the For the inhibitor zymograms, the IEF gelsscribed above.

Id f 6h. The sl i were incubated in 1,5% soluble starch in _ _
cold room from ©h. The siurry was cen ”'flo mM sodium citrate, pH 5,0, contain- Results and Discussion

fuged for 30 min at 8000g and the pH of: 10 mM NaCl and 20 mM CaClor
the supernatant was adjusted to 4,0 with ?r? at 4°C. The starch-gel was rir?s%d wit

N HCI. The precipitated proteins were re-

db fuoation (30 min at 8000 water and incubated for 20 min at 30°C
move ycentn Ugatlon( min at g)rinsed and incubated with human Sali-|n pre”minary experiments we deter-

aathgew[i)tE fflvtlhslf u;l)fe {ﬁg:%;dgj Stﬁ: t93f¥ amylase dissolved in the same buffeimined some biochemical properties of
pHL D,/ ¥ Q : PI  Staining with KI/12 (I: 0,5% and KI: 5%) the digestive proteases of the coffee
cipitate it was removed again by centrifu- roduced dark blue bands on a liaht bac

: - g Kberry borer larvae. We found, that the
gation. The proteins in the clear supernatant, | g (Valenciat al 2000) :

P i - . enzyme has an optimum pH between 2,5
were precipitated by the gradual additio . % of thei
of saturated ammonium sulfate (4,1M) to aProteolytic activity and 3,5 and it holds an 80% of their
final concentration of 85% saturation. _ » enzymatic activity when it is heated up

Total proteolytic activity was assayedto 50°C. In addition, when different
After standing on ice for 4 h, the proteinsaccording to the method of Lenneybuffer solutions were assayed, it was
were collected by centrifugation for 30 (1975) and Blanco Labrat al (1996). found that 0,05 M Citrate buffer, pH 3,0,
min at 8000g. The pellet was resuspendetihe bovine hemoglobin was prepared irwas the best buffer solution to assay the
in water, dialyzed against water for 36 hwater and denaturalized at pH 1.0 with groteolytic activity (Data not shown).
and then against 20 mM KPPH 6,7 for  HCI solution 6,0N. This solution was dis- Similar to most insect proteases, the en-
at least 12 h. The protein solution wassolved with Citrate buffer pH 3,0 in order zyme activity found in coffee berry borer
loaded on a DEAE cellulose column (120to get a 0,083% hemoglobin final solu-has similar values to those registered
x 16 mm) and the column washed withtion. To carry out the activity tests, 40 plpreviously for other Coleoptera insects.
200 ml of the same phosphate buffer. Thef the enzyme solution was incubated folFor example,Tribolium castaneum
column was eluted with a linear NaCl gra-3 hours at 30°C with 300 pl of Citrate (Herbst) shows an optimum proteolytic
dient (0 to 100 mM) and absorbance abuffer (0,05M pH 3,0) and 1,3 ml of activity at pH between 3,0 and 6,9
280 nm andxAl activity were measured hemoglobin solution (0,083%). The re-(Blanco et al. 1996; Murdocket al.
in the eluted fractions. action was stopped by the addition of 2,51984; Birket al. 1962); between 3,3 and
ml of Trichloroacetic acid solution 6,0 for Callosobruchus maculatu@-.)
0,34N. Then, samples were put in ice fo[Silva y Filho 1991; Murdoclet al.
Protein was determined by the Coomassié0 minutes and centrifuged at 1000091984; Kitch y Murdock 1986; Gate-
procedure (Bradford 1976). Bovine serunfor 10 minutes. One enzymatic activity houseet al 1985; Campost al 1989);
albumin was used as standard protein. Unit was defined as a decrement of 0,00between 5,5 and 6,5 féicanthoscelides

_ . in absorbance at 280 nm. The absorbangshtectusSay (Wieman y Nielsen 1988);
Electrophoretic separation and enzyme  was determined by using a UV/VIS specand between pH 3,5 and 5,5 #abrotes

Purification of aAl-1

hCharacteristics: of intestinal tract
proteases

Protein determination

zymogram in isoelectrofocusing (IEF  trophotometer (UNICAM). subfasciatugBoh) (Lemoset al. 1990).

gels) s , The highest proteolytic activity foun-
Proteolytic inhibition by pepstatin . ; S

For all gels we used the PhastSystem elec- ded at pH 3,0 ifd. hampeiclearly indi-

trophoresis unit (Pharmacia) following theProteolytic inhibition was evaluated fol- cates that this enzyme is an acid protease
manufacturer instructions. The isoelectridoWing preincubation of the enzyme (Aspartic protease).
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Similar results have been reported in otheBimilar analysis of the acidic protease€Enzymatic inhibition by pepstatin A
Coleoptera insects (Vundkt al. 1992; after separation of the proteins present in i : L

Barret 1977; Houseman and Downe 198Zhe intestinal tract on an isoelectric--€PStatin A is a potent inhibitor of aspar-
Okasha 1968; Smith and Birt 1971).  focusing gels (IEF 3-9) showed the pres!iC Proteases and we prove its effecton

. __ence of a single major band very close tg@mpeiacidic proteases. So, to determine
The gradual loss of proteolytic activity tha anodic side with al of 5,2 (Fig. 2). if the enzyme activity that is present in

that was observed K. hampebver 50°C, Again, this result withH. hampeipro- the digestive tract of coffee berry borer,
has also been registered for proteinas§gsses was in general agreement witRould be inhibited by Pepstatin A, we as-
coming from other organisms suchMgil {155 reported for other insect acidiccayed an intestinal extract for protease
auratus (Boneteet al 1984), Tribolium proteases, most of which fall in the acidicactivity after incubation with increasing

castaneum(Blanco et al. 1996), and region of :[he IEF gel. For example the@mounts of Pepstatin A. The results (Fig.
Trichoplusia ni(Pritchettet al 1981), in- two-reported aspartic proteasesTdbd— 3) showed that addition of 0,1uM of

dicating its thermal instability. lium castaneunhad isoelectric points Pepstatin A caused a 72% inhibition of

Electrophoretic zymograms andpl de- between 2,8 and 3,5, respectively (B|anprotease activity and a 91% inhibition

" co et al 1996; Barret 1977). The pres-"hen 1uM of inhibitor was assayed. The
termination ence of this enzyme in trze integtinalsnong inhibition caused on the protease

To find out if coffee berry borer insect lumen of the insect shows the digestiveCtiVity in H. hampeiafter addition of

can synthesize different isoforms of acidicnature of the enzyme. Pepstatin A, allow us to conclude that the
proteases, we analyzed enzymatic extracts endogenous proteolytic activity in the
from its intestinal tracts on native 16% intestinal tract of coffee berry borer is as-

polyacrylamide gels and develop the partic protease type.

as zimograms. We observed two well-de
fined bands in the intestinal tract Hf
hampeilarvae (Fig. 1).

- pl

In order to determine if the insect pro-
i g-’f‘g tease was Pepsin or Cathepsin D type, we
g15 assayed the enzyme activity by using
7.35 hemoglobin and bovine serum albumin
6.85 (BSA) as two different substrates. The re-
___gs55 sults showed that this proteolytic enzyme
— — 585 hydrolyze hemoglobin more efficiently
than BSA. Only 20% of the total activity
on hemoglobin was found when BSA was
— 455  used as substrate (data not shown).

- — 5.20

1 2 According to this, it was possible to clas-
Figure 2. Determination of thel of the major  sify this enzyme as a protease cathepsin
aspartic protease from intestinal tracttdf D type. The results of our study are con-
hampeiby using an IEF Phastgel (3-9). Lanesjstent with the identification of a cathe-
1, represents the major aspartic protedse nsin protease activity in intestinal tracts
hampeiarvae. Lane 2, displays themarkers. ot Tyipojiumspecies (Blancet al 1996).
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Figure 1. Zymogram of proteolytic activity Control Pepstatin A (0.1uM)  Pepstatin A (1pM)
from the digestive tract ¢. hampeby using Treatment
native electrophoresis on 7,5% homogenous

Phastgel. After electrophoresis the gel was
incubated with 1% hemoglobin solution in Figure 3. Effect of Pepstatin A on aspartic protease activity of coffee berry breanpej gut
buffer Citrate pH 3,0, during 2 h at 35°C.  extract. Data are presented as percentage of control containing no inhibitor.
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its digestive tract and, if it is resistant to  Tribolium castaneuntarvae (Herbst). In-

attack by insect gut proteases. sect Biochemistry and Molecular Biology
26(1): 95-100.

Based on the experiments presented

here, we think that in order to increaseBONETE, M. J.; MANJON, A.; LLORCA,

the protective efficacy and durability of ~ - JBORRA, J. Z.1984. Acid proteinase

aAl in transgenic plants, it is envisaged activity in fishes Il. Purification and char-

; L : SN hat "Pack " of diff t t acterization of Cathepsin B and D from
1 2 3 4 at "Fackages” ol difrerent genes must  yiij auratus muscle. Comparative Bio-

Figure 4. Proteolytic digestion otiAl-1 ~ P€ '””]Pducﬁd '”tﬁ p'a”tsh Thle COMPO- ~ chemistry and Physiology 788: 207-213.

(Phaseolus vulgarie.v. Radical) byH. hampei nent of such packages shou d eac act .

larval acidic protease(s). Purifietal-1 was  ©n different targets within the insect. BRADFORD, M. M. 1976. A rapid and sen-

incubated with increasing amounts of larvalProtease inhibitors should be particu- Sitive method for the quantitation of

midgut acidic protease from Coffee berry borerlarly valuable especially because they Microgram quantities of protein utilizing
i i ; the principle of protein- dye binding. Ana-

Lane 1, 3,92 units/ul. Lane 2, 1,96 units/ul. Lanavould protect other introduced gene /o v o oo S e o0y

3, 0,98 units/ul. Lane 4, Control (Untreatedproducts from premature and active di- ytical Biochemistry r2: 248-254.

aAl-1). Analiquot (1 pl) of the digestion solution gestion in the insect gut. CAMPOS, F. A. P.; XAVIER-FILHO, J.; SILVA,
containing the remainingAl-1 (1 pg/ul) was _ C. P; ARY, M. B. 1989. Resolution and par-
loaded in each well and run on an IEF (3‘9) gelConCIUSIOnS tial characterization of proteinases and a-

. . . amylases from midguts of larvae of the
- The results in this paper provide further bruchid beetleCallosobruchus maculatus

inSight ir_lt(_) the relation bgtwegmamy- (F.). Comparative Biochemistry and Physi-
_ lase inhibitors and the digestive protea- g|oqy 92B: 51-57.
Proteolysis ofaAl by larval proteases  ses that are present in the insect target.
. . . GATEHOUSE, A. M. R.; BUTLER, K. J.;
To determine if thexAl-1 could be di- . The data presented here lead to three FENTON, K. A.: GATEHOUSE, J. A.

gested by the acidic proteases found ifmportant conclusions. First, the endog-  1985. Presence and partial characterization
the intestinal tract of coffee berry borer,enous proteolytic activity in the diges-  of a major proteolytic enzyme in the larval
we assayed an exact quantityidl-1 for  tjye tract ofH. hampeis aspartic protease  gut of Callosobruchus maculatu€nto-
inhibitory activity after incubation with (Cathepsin D) type. Second, the inhibi- mologia Experimentalis et Applicata 39:
increasing amounts of acidic protease agory activity ofaAl could be significantly ~ 279-286.

tivity. The results (Fig. 4) showed that thereduced when the inhibitor is incubatedyoUSEMAN. J. G.- DOWNE. A. E. R.
inhibitory activity of aAl was signifi- with acidic proteases from the intestinal '~ 1982. Characterization of an acidic protei-
cantly reduced when the inhibitor was in-yract of coffee berry borer. Third, protease  nase from the posterior midgutRiiodnius
cubated with acidic proteases from thenhibitors should be particularly valuable  prolixusStal (Hemiptera: Reduviidae). In-
intestinal tract oH. hampei 3,92 units/ul  especially because they would protect —sect Biochemistry 12(6): 651-655.

of aspartic proteases from coffee bermginer introduced gene products from pre-
borer nearly destroyed the total biologi-mature and active digestion in the insect> ' MOTO, M, CHRISPEELS, M. J. 1996.

cal activity of theatAl from P. vulgaris intestinal tract. Protective mechanism of the Mexican Bean

after two hours of incubation. Previous Weevil against high levels of a-amylase
inhibitor in the common bean. Plant Physi-

works of proteolysis ofiAl by larval en- Acknowledgements . 202,
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could digest different proteins that are in- _ - N o .
. . oo tial characterization of a major midgut tiol
take by the insect during feeding, it doesn’F’ARRET’ A. J. 1977. Cathepsin D and other J g

. | horetic_evid his  carboxyl proteinases from mammalian cells proteinase from larvae @allosobruchus
exists electrophoretic evidence on this = 4 fisgues. Amsterdam, North-Holland. ~ MaculatugF). Archives of Insect Biochem-
phenomenon when the well-characterized |, »09.248. istry and Physiology 3: 561-576.

aAl is used as target; especially if the bio-

logical activity of the amylase inhibitor is BIRK, Y.; HARPAZ, I.; ISHAAYA, |; BON-  LEMOS, F. J.; CAMPOS, F. A. P.; SILVA, C.

monitored. DI, A. 1962. Studies on the proteolytic P.; XAVIER-FILHO, J. 1990. Proteinases
activity of the beetlesTenebrio and and amylases of larval midgutd&brotes

Because of this evidence, use of trans- Tribolium. Journal of Insect Physiology =~ subfasciatuseared on cowpeavigha

genic insect-resistant plant expressing 8: 417-429. unguiculatg seeds. Entomologia Expe-

; rimantalis et Applicata 56: 219-227.
aAl requires not only a complete charaCg| ANco L. A MARTINEZ, N. A SAN- pp

terization of the digestive proteases in" poyaL, L.: DELANO, J. 1996. Purifica- LENNEY, J. F. 1975. Three yeast proteins that
the insect gut but also, requires to knOW  tjon and characterization of a digestive  specifically inhibit yeast proteases A, B and
if the inhibitor can act at the pH found in cathepsin D proteinase isolated from  C.Journal of Bacteriology 122: 1265-1273.



Digestion of the inhibitootAl by Hypothenemus hampei

121

MURDOCK, L. L.; BROOKHART, G.;

DUNN, P. E.; FOARD, D. E.; KELLY,
S.; KITCH, L.; SHADE, R. E.; SHU-
CKLE, R. H.; WOLFSON, J. L. 1984.
Cysteine digestive proteinases in Coleop-

prolixus(Stal) 11l. Metabolic changes and
their bearing on the cessation and delay
of moulting. Journal of Experimental Bi-
ology 48: 475-486.

tera. Comparative Biochemistry and Physi-PRITCHETT, D. W, YOUNG, S. Y.; GEREN,
C. R. 1981. Proteolitic activity in the di- VUNDLA, W. R. M.; BROSSARD, M.;

ology 87B: 783-787.

MURDOCK, L. L.; BROOKHART, G.;

DUNN, P. E.; FOARD, D. E.; KELLEY,

gestive fluid of larvae ofrichoplusia ni
Insect Biochemistry 11(5): 523-526.

S. KITCH, L.- SHADE. R. E.: SHUKLE. REID, J. C. 1983. Distribution of the coffee

R. H.; WOLFSON, J. L. 1987. Cysteine
digestive proteinases in Coleoptera. Com-
parative Biochemistry and Physiology 87:
783-787.

MURPHY, S. T.; MOORE, D. 1990. Biologi-

cal control of the coffee berry borer
Hypothenemus hampgterrari) (Coleop-
tera: Scolytidae), previous programs and
possibilities for the future. Biocontrol
News and Informatiodl: 107-117.

berry boreHypothenemus hampeiithin
Jamaica, following its discovery in 1978.

Amylases of the coffee berry borer
(Hypothenemus hampeind their inhibi-
tion by two plant amylase inhibitors. In-
sect Biochemistry and Molecular Biology
30: 207-213.

PEARSON, D. J.; LABONGO, V. L. 1992.
Characterization of aspartic proteinases
from the gut of the TickRhipicephalus
appendiculatudleuman. Insect Biochem-
istry Molecular Biology 22(4): 405-410.

Tropical pest management 29: 224-230. WIEMAN, K. F.; NIELSEN, S. S. 1988. Iso-

SILVA, C. P.; XAVIER-FILHO, J. 1991.

Comparison between the levels of aspartic
and Cysteine proteinases Gflloso-
bruchus maculatugF) andZabrotes
subfasciatugBoh) (Coleoptera: Bru-

lation and partial characterization of a major
gut proteinase from larvAlcanthoscelides
obtectusSay (Coleoptera: Bruchidae).
Comparative Biochemistry and Physiology
89B: 419-426.

chidae). Comparative Biochemistry andXU, G.; QIN, J. 1994. Extraction and charac-

Physiology 99B: 529-533.

SMITH, E.; BIRT, L. M. 1971. Proteolitic ac-

NORTH, M. J. 1982. Comparative biochem-

istry of the proteinases of eucaryotic mi-
croorganisms. Microbiology 46: 308-340.

thal temperature on an inseBhodnius

tivity during the metamorphosis of the
blowfly, Lucila. Insect Biochemistry 2:
218-225.

OKASHA, A. Y. K. 1968. Effect of sub-le- VALENCIA, J. A.; A. E. BUSTILLO, G. A.

terization of midgut proteases from
Heliothis armigeraandH. assulta(Lepi-
doptera: Noctuidae) and their Inhibition by
tannic acid. Journal of Economic Entomo-
logy 87(2): 334-338.

OSSA.; CHRISPEELS, M. J. 2000. a- Recibido: 12-oct-04 « Aceptado: 23-dic-04



