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ABSTRACT 

Telex no. 
Email address 

Unidad Irapuato 

!>lant proteinaceus enzyme inhibitors are considered to be part of the constitutive and 
inducible array of defense mechanisms of plants against the attack by insects and microbial 
pests. mainly fungi. The work involved in the present project has been concerned with the 
study of three different inhibitors. isolated from seeds of maize. tepary beans and amaranth 
The three of t~em were purified and studied. The amylase inhibitor presented two different 
inhibitor presented two different inhibitory activities, against amylases and against 
proteinases. The tepary beans inhibitor showed a new type of regulatory activity though the 
formation of a trimer form (active), versus a monomer form (inactive). This inhibitor !lJso 
presents a wide type of activity. since it recognized proteinases from different origen. Jts 
completed amino acid sequence was determined. The amylase inhibitor from amaranth, is a 
small peptide (32 amino acid residues), whose whole sequence was determined, showing a 
high cyi1tein content. Based on similarities to its disulfide bridge pattern, a molecular model 
was built, being this the first molecular model repo;1ed for an amylase inhibitor. Finally the 
amylase from the guts of the insect P. tnmcatus, was isolated and purified. lt was 
characterized as an acidic Dvcathepsin type proteinase, with a maximal activity at pH 3 and 
with an apparent molecular weight of 22 kDa . 
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Part 2 

· OBJECTIVES/METHODOLOGY 
·:~~:.~~1+r, :.':'·.::;;:roroi>Osed at the:tliiiif or the submtsSlon or the research proposal) 

OBJECTIVESIMETBODOLOGY 

The objectives proposed at the beginning of the project were met. During the 
progress of the present project, some new aspects appeared which were considered 
important, but they were all within the context tJf the main objetive. We thing that the 
results were extended in the light of new data obtain during the devdopment of this project. 

New materials from amaranth and maize were included, they were purified and tested 
a!so as possible factors of the plant defense mechanisms. The purification and 
characterization of the proteinase from Tribolium castaneum was also included, since it was 
considered importar.t to have at least one purified enzyme for the characterization of the 
different inlul>itors. -' 

' 

Methodology. 

As for the methodology used, this was very much the SclJlle as originally described, 
mostly protein purification technics, together with enzymes characterization, and we could 
finally include the sequencing of two different enzyme inhibitors, one of them with the help 
of Dr. Pongor from the ICGEB, and the affiliated center Institute of Biochemistry and 
Protein Research, g&d6118 at Hungary, and the other at the University of California Davis . 
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RESULTS 
-~"'"''~,~--,,_,,;~'';""-~~~'\F'>'''~--~: :.-~::·;~·tc0mpareuihilt.the .. set obJecUvea) .. , 

RESULTS 

Most insect enzymes are not very well known. the majority have not been purified 
and characterized. It was then thought to be important, to extract purify and characterize a 
digestive enzyme from the gut of T. C. 

The study of this enzyme will allow us to design a better strategy for the use of 
enzyme inlul>itors as part of the defense mechanisms of plants. 

It also necessary if we are to characterize their sinetic constants. 

As planned, we also isolated enzyme inhibitors from plants, which are known to be 
resistant to certain insects attack. Three different inhibitors were studied. 

Comparing the results we obtained, withe originaly proposed objetives, we think they 
are withing the reasonable pourpouses of the proponsal .. 

. :~ . 
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Part 3 

Work plan and time scbed\Ue 
L-·-·-~·~~,;~~~·~?-·-,~~~~"r"~·~~Z~~t"..:t~~J~,~,·~'~:--.;.... __ -~·..;;.;.!Co:•rlL:.3.ln::.:&ll=ty~en:=.,;vba:.:;:~g~ed)~----·--------------------------

Work plan and time schudde 

The original plan did not covered as may aspect as we worked. However. since we 
could mad.: participate to several studentes. this facilitated our more comprehensive work. 
We t'1en covered some work withy amaranth and maize. which were not origiraaly included. 

The participation of good graduate students. plus the continu~s support from this 
grant, allowed us to purify and study no only the two inhibitor from tepary bean seeds and 
one insect enzyme. but two other i:thibitors from maize and from amaranth seeds It also 
provided us the opportunity to begin some molecular modeling anti we are now in the 
process to isolate the gene from amaranth seed inhibitor. Beside that. we are studying in 
amaranth the protease inhibitor location within the plant tissue. 

. " . 



Project landmarks. duration of lndlvfdual tasks (use bar charts): cvalt:allon cliterta (publicallons. 
patents. servSces. training) 

% activity 
01 

~ 

0 0 
0 
0 

I 

Determining optimal variety to get best % of TBI and MTI 

Insect growth to obtain the enzymes 

Stage of insect for better enzyme yield and obtain guts 

Optim~LStion for extraction procedure of TBI, MTI and AAI 

Setting Ille~ procedur9 

Purification TBI 

Purification AAI 

Extraction procedure for amylase activity from insects 

Optimization of Chromatography procedures 

Setting electrophoresis (zimograms), MW determinations 

Purification of AAI, TBI and MTI 

Physicochemical characterization of MTI 

1-f PLC procedure to obtain very pure samples 

$e.quence d!t~rnjina_tion for AAI 

Molecular modeling for AAI 

N Writing 2 publications 

~ 

Physicochemical characterization of TBI and MTI 

Molecular recognition of the trimer form for TBI 

Writing one more publication 

(A) Sequence determination of TBI 

O> 

I 



Networking 

Very good research reiationships were stablished witb different groups. 

1. With Dr. Pongor at ICGEB and with Alejandro Blanco. A good colaboration was done, 
which allowed us to publish the results in a paper in J. Biol. Chem. 

2. A very good collaboration has been stablished with a Brazilian cientist Dr. Jose Xavier 
Filho from the Universidade Estadual do Norte Fluminense (UENF), with whom we 
continue to work in collaboration. 

3. Very helpful was the collaboration with Dr. John R Whitaker from the University of 
California, Davis. 

PUBLICATIONS. 

- Funhcr characteri1.ation of the 12 kDa Protease/alpha amylase inhibitor present in maize seeds. 
Journal offood Biochemiruy 19 (1995), pp 2 

- A Novel a-Amylase Inhibitor from Amaranth (Amoranthus hypocho.,driocus) Seeds. 
The Journal of Biological Chemistry. Vol. 269 No. 38 pp23675-2J680, (1994). 

- Purification and characterization of a digestive cathcpsin D proteina!e isolated from Tribolium castaneum 
larvae Cficrbst). 

Jn:;cct Biochemistry and Molecular Biology 

• Thi,; work has already been a'"Pted for publication (acceptation lcttr.r is enclosed) on August 2. I 9CJ.S, in 
the Journal: (acceptation letter is enclosed). 
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Part 4 

STATEMENT OF EXPENDITI'RES 

To be filled by ICGEB To be flll<;d by the Affiliated Centre 

Bud&et• as per orl&lnal proposal Summary of expenditures• 

l) Capital equipment US$ ...................... 1) Capital ~ulpment USS ....... ~,.J~.~!'-~O 

2) consumables US$ ...................... 2) consurr.ablcs USS ....... ~.~.9_1.7-~.~4 

JJ training US$ ...................... 3) tralnlnf USS ....... :-: .. --:-.-:-: .... 

4) Utcraturc US$ ...................... 4) lftcratu;-c US$ .......... -~.2.?:: .. ~6 

5) miSCCUancous US$ ...................... 5) ml.Sccllan'.!ous USS .... -~} ·'· 2 7_?: ~- ~O 

TOTAL GRANT US$ •••••••••••••••••••••• TOTAL US$ .... :4.~.~-~.CJ.C'!.:.9.9 

Capilal equipment 
Please Itemize the following bucket catcl!<!.rl_e_s_Cl_f _a ......... ppll_c_a_b_l_c) _______ _. 

1. Vacuum pump Tradeaark Kidney Mod. KUC-· S 

2. Phast System Cat. 18-1018-23 

Traln1ng (provide names, duratton of training. host laboratory) 

(Seed attached sheet) 

Utcrature 

** 
•Please d2.n21 send Invoices/receipts etc.; these should be.,,...,, by the AIJtltated Centre for future rcfcrr:nce and sen I 

lo JCCEB upon . x.iucaJ. 
** e~cept for invoices Chat are required in connexion Wlth paragraph ), of r hn C:on[f,JC.I'., 



Studenu trained under this program. 

It is important to emphasize that student training is one of our main objetive~ for the 
whole country. It has been pointed than one of the most :iecessary components for 
development, is to have well trained personel. ·• herefore, we emphasized most on this point. 

Student name 

Jorge Campos 
Lorena Sandoval 
Isabel Mosqueda 
Juan F. Gomez 
Jorge Campos 
Manuel Vclz.quez 
Silvia v aides 

Level 

MSc 
Fh.D. 
BSc 
MSc 
Ph.D. 
Ph.D. 
Ph.D. 

f iaisbing date 

~ept. 1994 
Expected for Die. 1995 
Expected for Die. 1995 
Expected for Sept. J 996 
Expected for Nov. 1996 
Expected for Nov. 1996 
Expected for Nov. 1997 

-------------------·----- ------
Short training 

Arnubio Valencia 
(from Universidad, 
Manizalez, Colombia) 

- 5 month training (from 2 Enero to 2 Junio 1995) 
(under a fellowship fror.1 International Net of Biology) 
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Work presented in Congrases. 

VI Plant Biochemistry Meeting: 

I. Effect of temperature on the stability of the protease inhibitor (7 kDa) in amaranth seeds. 

2. Structure and function of plant enzyme inhibitors. (Simposium). 

XX National Congres Mexican Biochemical Socitty Oct. 1994. 

- lsolai!on and structure of a new amylase inhibicor from Arnaranthus. 

- Purification and partial characterization of a protease inhibitor from tepary bean. 
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CENTRO DE INVESTIGACION Y ESTUDIOS AVANZADOS DEL 
INSTITUTO POLITECNICO NACIONAL 

UNIDAD IRAPUATO 

PROJECT PROTEIN RELATED TO PLANT RESISTANCE TO INSECTS 
TIIR.OUGH ENZYME INHIBITORS 

CONTRACT:· 911264 

nNANCIAL STATEMENT FROM NOVEMBER 1994 TO AUGUST 1995 

CONCEPT APORTATIO TRANSFER PAID PAlD 
NUSD JSTREPORT 2ND REPORT 

SMALL EQUPMENT 

TRAINING 

LITERATURE 

OTIIER COSTS 

SUPPLIES 

TOTA L 

3,500.00 

8,200.00 

900 

23,400.00 

4,000.00 

401000.00 

~I ----~--

(311.80) 2,203."76 984.44 

(8,200.00) 00.00 00.00 

(277.44) 226.74 395.82 

3.872.20 16,815.34 10,456.86 

4,917.04 4,226.52 4,690.52 

00.00 2314".'1.36 161~27.64 

ADMINISTRATOR 

FIRST APORTATION 13,333 USD, 3.09~ Mx PESOS FOR DOLLAR 
SECONDAPORTATJON 13.333 lJSD, 3.07~ Mx PESOS FOR DOLLAR 
THIRD APORTAnON 13,334 USD, :uoo Mx PESOS FOR DOLJAR 

AVERAGE FIRST REPORT 3.083~ 
AVERAGE SECOND REPORT 3.1775 

CRl.:OIT 
USD 

00.00 

00.00 

00.00 

00.00 

00.00 

00.00 



CENTRO DE IN~"l'IGACION Y E~"l'UDIOS :\ V.~~ZAf>OS DEi. 
INSTJTUTO POI .IT ECNICO NA(10NAl. 

UNIDAD IRAPUATO 

PROJECT PROTEIN REIATED TO PLANT RESISTANCE TO INSECTS 
THROUGH ENZYME INHIBffORS 

CONTR.l\CT: 91/264 

FINANCIAL STATEMENT FROM NOVEMBER 1994 TO AUGU~'T 1995 

SUPPLIES 

SUPPLIER 

1.· THE TRUSTEES OF. 750 OLLS. 

2.· ROA FOR\llARDING FLETE 218 OLLS. 

ORDER 

1752 

1311 
3. · PAPEL CORNEJO 
4. · ASTAOFOTO 
5. · FOTO !MAGEN 
6. · AEPRES. R.C.M. 
7. · SEMIUAS Y CEREAL.ES 
8. · PRICE U.UB 
9. · ANGEL DELGADO LOPEZ 
10. · DAM·ESPLA 
11. · PAPEL CORNEJO 
12.· GTO. DE IMPORTACION 
13. · QUIMICA VALANER 
14.· REPRES. R.C.M. 
15.· PROESBA 
16.· SIGMA CH. ~.20DLLS. 
17. • SERV. PROF. JONHSON 
18.· RENATO ORTIZ 
19.· AYSE DE IAAPUATO 
20.· IND. KEM DE LEON 
21. · DAM·ESPLA 
22.· DAM·ESPl.A 
23.· IND. KEM DE LEON 
24. · PAPEL CORNEJO 
25.· ACCESOLAB 
26. · ENC. FELIPE QUIROZ 
27.· ENC. FELIPE QUIROZ 
28.· AEPRES. R.C.M. 
29. · CONSOAOO OENTIFICO 
30. · PAPEL. CORNEJO 

2404 
87 

SP·130 
~ 
193 
87 

918-93 
1~ 
191 
614 
192 
2434 

SP·ll24 
1038 
1008 
1005 
1lB3 
1116 
1009 
1119 
1220 
1159 
1113 
1114 
1233 

INVOICE·, 

1311 
13295 
5lJ7 
4942 
6733 
1'.IJ 
1440 
16 

1146 
14983 
2321 
2015 
7483 
5331 

95ffi55832 
11no 
14046 
21451 
1~ 
7.168 
2168 

1CE86 
18123 
9445 
1345 

9124 
12550 
18779 

AMOUNT 
ME>.1CAN PESOS 

NS 
2.582.70 

751.58 
32.88 
58.21 
26.00 

fl65.81 
265.00 
20.20 
18.00 

110.00 
26.52 
63.60 

211.20 
1,076.94 

61.05 
220.00 

82_69 
1,579.24 

259.51 
657.72 
230.00 
149.50 
786.36 

32.19 
537.56 
207.00 
331.20 

1,252.93 
1,907.85 

367.56 



CENTRO DE INVESTIGACION Y ESI'UDIOS AVANl.AOOS DEi. 

PROJECT : 

CONTRACT: 

IN5,llTUTO POUTECNICO NACIONAL 
UNIDAD IRAPUATO 

PROTEJN RELATED TO PLANT RESISTA."JCE TO INSECTS 
THROUGH ENZYME INHIBITORS 

91/264 

FINANCL\L 5,IATEMENT FROM NOVEMBER 1994 TOAUGU5,l 1995 

~·UPP LIES 

SUPPLIER ORDER INVOICE AMOU~H 
MEXIC..A.N PESOS 

31 - ARTES GRAFIC.~ C.~TORES 
32 - ROP.~. l.A C!NTRAL 
33 · FOTO 119'AGEN 
?A. - FOTO IMAGEN 
35 · CONSORCIO OENTIFICO 

TOTAL 

1239 582 
SP-2525 42545 

6649 
6611 

1115 13101 

N$ 
USO 

138.00 
18.60 
50.00 
50.00 
76.48 

U,904.08 
4,690.52 



CENTRO DE INVE~'TIG:\ClO~ Y ES'IUDIOS :\ V:\NZADOS DEL 
INSTITUTO POLITECNICO NACIONAL 

UNIDAD IRAPUATO 

PROJh"f PROTEIN REl.ATED TO PLANT R.ES!STANCE TO INSECTS 
TIIR.OUGH ENZYME INHJBITORS 

CO~IRACT: 91/264 

IT\AN(1AL STATEMENT FROM NOVEMBER 1994 TOAUGU~ff 1995 

EQl:lP.MENT 

SUPPLIER ORDER INVOICE 

1 E:ICOR OISENO (PARTIAL) 1427 m 
TOTAL 

LIT ERA TIJRE 

SUtfl..IEA ORDER INVOICE 

1. · FOOD NUTRITION PRESS SP-2530 12315 

TOTAL 

NS 

NS 
USO 

NS 

NS 

USO 

AMOUNT 
MEXICAN PESOS 

3,128.44 

3.120.44 
984.44 

ft.MOUNT 
MEXICAN PESOS 

1.257.31 

1.257.31 

395.82 



~ 'E:'<ITRO DE INVESfJGAC10!'\ Y ESTUDIOS \'.fANZADOS DF.I. 
INSTITUTO POLITECNICO NAC!ONAi. 

t:NIDAD IRAPUATO 

PRt >.l!t. · r : PROTEIN RELATED TO PLANT RESIST,a.NCE TO INSECTS 
THROUGH ENZYME INIDBITORS 

CONTRACT. 911264 

IT\ANC1AL STATEMENT FROM NOVEMBER 1994 TO AUGUST 1995 

OTHER COST 

SUPPLIER ORDER AMOUNT 
MEXICAN PESOS 

C;H . .\LEJANDRO BLANCO L SEP-94 TO MAY·9':5 N$ 9.567.ro 
·- Slv1A VALDES A. SEP-94 TO MAY·95 5,760.00 

.:..dC!A CHAGOLLA SEP-94 TO MAY.95 4.550.39 
4· NORMA MART!NEZ SP-2688 17'.llOO 
5. DR. ALEJANDRO BLANCO 108.50 
f. . DR ALEJANDRO BLANCO SP-3174 1.&il.85 
; [ L.IZ6.BETH MENDIOLA SP-3433 493.67 
'· ~ +: ALEJANDRO BLANCO SP-3417 170.00 ·~· ,·. r.r· ALEJANDRO 81.ANCO SP-3598 56250 :) 

10 EL:; 'AB ETH MENDIOLA SP-))68 20100 
11 . (JR :..U:JANDRO BLANCO SP-18 112.00 
L' DP. ALEJANDRO BLANCO SP-130 87.40 ' ·, DF: ALEJANDRO BLANCO SP-1526 95.00 I 

'. • :f-; !..LEJANDRO BLANCO SP-3801 399.(() ' 
1; 

t_ •. :~~6£.E TH MENDIOLA SP-3002 238.00 
1 :, u . .. ·.fES TERRESTRES SP·22ll 95.00 
1l .J(Jr · · 1E CAMPOS SP-2163 100.00 
18· DRA ALEJANDRA SP-2220 llli.46 

CfJvAAAUBIAS 
1': ···R~. ALEJANDRA SP-2541 2,491.32 

·~I}/ ARRUBIAS 
~- • I t :~ .\UJANDRO BLANCO SP-2018 1.652 30 
/i L!f' ·.L[JANDAO BLANCO SP-2526 2.945 58 

TOTAL NS 33,226.57 
USO 10.456.96 



RESEARCH PROGRESS 

In this three years project, considerable - advances have been 
obtained in our group in the understanding of insect enzymes, and their 
possible control by different proteinaceous inhibitors extracted from 
different sources. The study has covered also the knowledge on structural 
insight, trying to correlate the function of a particular inhibitor, with the 
molecule structure. 

INHIBITORS PRESENT IN TEPARY BEAN SEEDS 
We have been involved in the study of two different inhibitors. one 

wnich inhibits alpha-amylases, and another one specific for serin 
proteases of the type of trypsin. 

ALPHA AMYLASE INHIBITOR: 
We isolated and purified to homogeneity, by HPLC and PAGE, an alpha 

amylase inhibitor. The purification of this protein was specially difficult, 
considering that another very closely related protein is present in the 
seed ( De Mejia, E. G., C. N. Hankins., 0. Paredes-Lopez, and L. M. Shannon. 
1990. The lectins and lectin-like proteins of tepary beans (Phaseolus 
acutifolius ) and tepary-common bean (Phaseolus vulgaris ) hybrids. J. 
Food Biochem., 14, 117. ). The other protein is a lectin which agglutinates 
red cells, however our pure protein was proof to be free of any 
agglutinating activity. 

The inhibitor is a glycoprotein with an apparent molecular weight of 
37.7 kDa. as determined by SOS-PAGE. The glucoprotein consist of 17% 
carbohydrate content. Gas Chromatogr;:tphy-Mass spectrometry analysis. 
showed that the carbohydrate moiety consist of the following 
mo nosaccharides: 

Monosaccharjde 
Xilose 
Acetyl Xilose 
Man nose 
Glucose 

Moles/mole johjbjtor 

Glucose acetamide 

I 
2 

12 
16 
4 

The inhibitor showed high sensibility to thermal treatment. loosing 
a high percent of its activity even at low temperat•Jre (fig 1 ). 

The characterization towards amylases from different origin was 
measured. It showed to be active mainly against amylases extracted from 
different insects (table 1 and fig. 2 ). Two of those insects are important 



plagues to the common bean {P. vulgaris ), which made this results 
interestin~, considering that tepary bean can be cross with common bean. 

A proteinase inhebitor was extracted through selective 
precipitation, and purified to homo~e,,eity as shown by SOS-PAGE and 
HPLC The kinetic characterization ~~owed it to be a strong trypsin type 
inhibitor, with a tight binding constc..1t of Ki- 2.2 x 10·9 according to the 
method of Bieth { Bieth, J.1974 In Proteinases Inhibitors, Bayer 
Symposium V, Springer-Verlag: New York. pp 463-469), with a non
competitive type of inhibition. This protein is free of carbohydrates, and 
its relative MW was 7 kDa (fig. 3}. It presented very high thermostability, 
being able to stand high temperatures, in the order of 95oc for one hour, 
without a considerable loss of activity (fig. 4). 

When the stoichiometry was measured, it was observed that only the 
trimer form was active. This was demonstrated after a Sephadex 
chromatography in not denaturant conditions, were it was possible to 
isolate two molecular forms, one corresponding to the monomer and one 
corresponding to the trimer. In this case only the trimer form was active 
(fig. 5). To our knowledge, although there are several examples of 
different types of oligomeric forms for some inhibitors, all the oligomers 
are always active. and this is the first time in which one of this type of 
inhibitors can regulate its activity trough oligomerization, indicating that 
this could be a new type of control mechanism. 

Characterization of the type of enzyme inhibited: 
The activity of the inhibitor was tested against enzymes from 

different source. including animal trypsin and chymotrypsin, and different 
type of proteases and amylases, these last ones because there nave been 
reports about double activity in some inhibitors. The results obtained 
where quite unusual, since it was able to inhibit enzymes from different 
types. 
This research is continuing now and we think in very short time we will 
be able to write the first publication. 

12 kDa AMYLASE- PROTEASE INHIBITOR FROM MAIZE SEEDS. 
Accepted for publication in the Journal of Food 

Biochemistry. 
A 12 kDa protease/amylase inhibitor was purified from maize seeds. It 
was characterized as a bifunctional inhibitor. since it arrested the 
activity of both amylases and proteinases. Eig.1t different proteinases 
extracted from insects and fungi which attack gra,ns during storage, were 



tested with this inhibitor. Bovine trypsin and trypsin like proteases from 
the insect P. truncatus , and from the fungi A, niger and A. fumigatus, 
were recognized by this inhibitor as for the amylases. out of eleven 
enzymes tested. only the one from T. castaneum and C. maculatus, were 
recognized 

MOLECULAR MODELING OF THE AMARANTH AMYLASE INHIBITOR. 
This was published in the Journal cf Biological Chemistry. 

A family of amylase inhibitors from amaranth, have been isolated and are 
now unde!' investigation. The major peptide, is a 32 residue long peptide, 
with 3 disulfide bridges and a very strong activity against insect" 
amylases from P. truncatus , T. castaneum, and C. maculatus. Computer 
analysis of 3-D related structures, showed that this inhibitor belongs to a 
group of small proteins named "knottins". Using the common structural 
features of this group we built a 3-D model structure of the inhibitor. 

PURIFICATION AND CHARACTERIZATION OF a DIGESTIVE AMYLASE 
EXTRACTED FROM THE INSECT Tribolium castaneum 

Accepted for publication in the journal: Insect Biochemistry and Moleculur 
Biology. 

This insect is an important secondary pest, which attack several 
economically important grains. Its amylase has shn'!m to be sensible to 
different amylases inhibitors, therefore, it is :mportant to learn more 
from the interaction of this enzyme with the inhibitors, in order to learn 
more about the mechanisms of reaction of both the enzyme, and the 
inhibitor. We isolated and purified the enzyme, which was characterized 
as a D-cathepsin type of proteinase. 
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Fig. 1: Temperature and pH effect on TAI stability. 
Samples of inhibitor ( 1 µg/ 40 µL) were treated for 
60 min at different pH and temperature conditions. 
After the treatments samples were assayed for 
inhibitory activity. 



Table 1 . Effect of T Al on a-amylases from different sources 
at 30 and 60 min incubation time (E+i). 

Source Inhibition (%) * 

30min 60min 

Porcin Pancreatic 1.70 0.00 

Human Salivary 7.05 9. 1 5 

Bacillus subtilis 10.13 8. 7 7 

Aspergillus oryzae 8.13 8.00 

Barley, s malt 0.00 0.00 

Tribollium castaneum 100.00 100.00 

* Based on 1 00% inhibition of T. castaneum a-amylase activity. 
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Fig. 2: Inhibitory activity of T Al against enzymes 
extracted from larvae of different insects. T. c. 
Tribolium castaneum; Z. s. Zabrotes subfasciatus; C. 
m. Callosobruchus maculatus; S. z. Sitophilus 
zeamais; P. t. Prostephanus truncatus, and A. o. 
Acanthoscelides obtectus. 
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Fig. 3. Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis of the inhibitor purified by 
RP-HPLC. Lane 1, Inhibitor purified by reverse 
phase HPLC. Lane 2, Molecular weight (Mr) markers; 
bovine albumin (66,200), egg albumin (45,000), 
carbonic anhydrase. (31,000), soybean trypsin 
inhibitor (21,500) and aprotinin (6,500). 
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Figure 4. Trypsin inhibitory activity stability response surface for 
tepary bean inhibitor with variations in pH and temperature. Samples 
of inhibitor ( 0. 1 mg ml-1 ) were treated for 60 min at different pH 
and temperature conditions. After treatment, s?111ples were assayed 
for trypsin inhibitory activity. 
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Figure 5. Molecular weight estimatior. by gel filtration 
chromatography (G-75). A Sephadex column (1.6 X 57. 7 cm) 
was equilibrated with 0.05 M sodium phosphate and 0.01 M 
NaCl buffer. A) Elution !')rofile of irhibitor under native conditions. 
B) Elution profile in the presence of 3 M guanidine, acting as a 
denaturing agent. 
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A Novel a-Amylase Inhibitor from Amaranth (Amaranthus 
hypocondriacus) Seeds* 

1Rtteived for publication. !lolay 4, 1994. and m ~,·ised form. June 14. 1994° 

Alicia Chaplla-Lopedt. Alejandro Blanco-Labra1. Andris Patthy. Roberto SAnchez:t••. and 
SAndor Pongorf ttl 
From tlw Untrmational Cttntn for Genetic Ettgirinring and Biot~hnolagy. 3-I012 Trusllf. Ital)-. '!Ci•n:estai !PS ap 6'Z9 
lruplUJto Gtc. Mairo. and 'Jristituttt n{ Biocht'mutry and Prutttin Rnttarrh, Agnculturol B1ollfchnol~ C<''lt,.r. 
210 I Godiillo. Hungary 

The imVor a-amylaR inhibitor (AAI) present in the 
aeeds or Amaranlluu lt.ypocondriaeru, a variety of the 
MeKican crop plant amaranth. is a 32-re1idue-long 
polypeptide with three disulfide bridges. Purified AAI 
atroncly inhibits the a-amylase activity or insect larvae 
( 7H6olium c-ta-um and P,...,.teplaanru truncalu• l and 
does not inhibit proteases and mammalian a-amylases. 
AAI was seq!lenced with the automated Edman method. 
and the disulfide bridces were localized using enzy
matic and chemical fracmentation methods combined 
with N-terminal sequencing. AAI is the shortest a-amy
lase inhibitor described .a far which ha no known close 
homolo1s in the sequence data baaes. lta residue con.wr
vation patterns and disulfide connectivity are related to 
the squash family of proteinue inhibitors. to the cellu
lose binding domain of cellobiohydrolaae. and to w-cono
tollin. i.e. a 111>up of small proteins termed "knottina" by 
Npyen. D. L.. Heitz. A.. Chiche. L.. Castro. B .. Boige
erain. R.. Favel.A.. and Coletti-Previero, M. ((1990l (Bio
claimie 72, 431-435) The three-dimensional model or AAI 
was built accordin1 to the common structural featuttS 
of this ll'OUP of proteirw usiDI aide-chain replacement 
and molecular dynamics refinement techniques. 

·Enz)me inhibitors are important tools of nature for regulat
ing the activity of enzymes in cases of em1·rgcncy. Plant seeds 
are known to produce a variety of enzyme inhibitors that are 
thought to protect the seed against insects and microhrnl pa tho· 
g!!ns. Proteim1se inhibitors arc the best stuclied of thill J!mup • 11; 

expression of proteinase inhibitor genes in transgenic plants 
provides protection against pathogens (for a review. sCt> R.van 
(2)). Comparatively Jess is known about the inhibitorll of n-am
ylase which might. on the other hand, be equally attracti\·e can· 
didates for conferring pest resistance to transger.ic plants i<ince 
many o~ them inhibit both proteinases and a-amylai<I' 

The structure of a-amylase inhibitors is quite variahlc ·Table 
ll I see also Richardson 131 for a reviewJ; th1•y helong to families 
that contain proteins of seemingly qu:te unrelated activity. 
among which are many proteinase inhibitori<. Several of the 
structuralJy related proteins play a role in the stres:; responae 
of plants lprollfinase inhibitors, osmotin, salt-induced pro· 

·----- -----------------·- ·--
•The COAi.a of publicati•m of thia article were riefrayed in p:ir1 hy the 

payment of pajte charge~. This article mu1t therrforr he hcrrhv m:irkl'd 
"t1d1•rrt1~,.m~n1" in accordoncc with 18 U.S.C. Serlion 11:1.1 .. ,1,·I\· to 
indicate th1a fact. 

I Recipient of an International Centre for Genetic Fn~n1·n1n1t and 
Diotechnoloc fellowship. 

••Recipient o( an lnternat1onnl CenlrP for C.1·r.cr1c F.n¢n .. rrrn1: :ind 
Riol.C'chnoloJOI frllow1h1p. 

H To whom rorrP~ponrl1•nc1• •hnulri '"' 111lrl11·.•Ml"ll. To·I :l!I· Ill· 
3757:JOO: Fa•: :l9-4!)-226·1ilili; t:-m111I: pongorffu·gr•I. lror•lr 11 

teins). It is an important feature of the plant •1-amylase inhibi
tors that their inhibitory acti,;ty can be !<pec1es-!!pecific. For 
example members of th•· CPn·al family of amylaselpmu•ase 
inhibitors are active ag;unst ins•~:: o-;unylas<•.; hut do not seem 
to inhibit the a-amylase,; pre,;;ent in the digc• . .;tive system of 
mammals. 

Here we report on the purification of a new type of a-amylase 
inhibitor isolated from tht• S<-eds of Amaruritliu• hypoct1ridrm· 
cus which strongly inhibits the n·amylase of the larvae of the 
red flour beetle ( Tribolium ca.~taril'um ! and of the grain borer 
I Prostepha11us truncatu,.- 1_ The primary structure of this small 
protein is not closely related to any other known protein. Its 
disulfide topofogy and re:;:idut' conservation patterns. howe\·er. 
are similar to those of a group of proteins that mdude members 
of the squash family of proteinase inhibitc.r5 • 1. 18. 191. a;; well 
as w--conotoxins 12\i, 21 I. which contain three conserved disul
fide bridges and an array of three 13 ;;heets. 

EXPERl:O.IE!\IAL PROCEDl.RE5 

.\(atttnau-Seeds of A hypn<"nndr1acu.• hnl' 53 w .. re kindly provided 
by the l\lexican :'t<ational Institute ior Re>earch in fr.r~try anrl :\«Tl· 
culture in Celaya Gto., Mexico. Scphadcx r,. 75 ;mrl DEAE-Sephart:"'' 
CL-68 were obtained fmm Pharmacia B1ot...:h Inc n-f"hymotryp,;in and 
trypsin were from Serva; cyano.rcn bromide and ..-rnyl pyridine wi.:-e 
from Alcirich. All chemicals used were of analyticill or ,;equl!nc:rog grade. 
HPLC1-grade eutonitrile and trilluoroacetic acid 'A"ere oht.aini.d from 
Aldrich. 

fl·AmJICUI' Auay-Crndl· rxtrart.• nf larval ., .. am~la:1es of T 111.dn

""""' and P. trurtcutu.• were •·•lraclt."d as rlcscnhed pr .. v1ously •2:l· Thi' 
activity of n·amylalle wall ril'termtnt>rl using mlrn<altn·hc aetd according 
to lhe 8"mfeld method •II·. 

Purifirat1011 oflht' a-Am.\la-'r lrih1h11or-A crud•" .-.rract of n·aMvlas<' 
inhibitor was obtained from 100 g nf ground di' fatted amaranlh se"d• as 
deKribed previously !221. Thr •upematant wa• prrc1pitated hy (he 
addition of ammonium Au If ate The precip1tatl' in thl' range of 35-65'r 
aaturalion waa collected and rPdi•snlvrd in 0 01 "ammonium h1carhon· 
ate. Thi• malerial wall 'ract111na1cd on a Sephariex <i-75 column 1 '.6 • 
160 cml preequihbratetl with :hi' <amt' •olu11on fracuona inh1h1tin1t 
the a·amylaae activity <'f T ,·n.<tnrtt'11m lan·ae werr pooled and lyoph1· 
hzed. This material was rt'd1••oh·l'd '".'\ml nfO 02 "~rrmonium b1car· 
bonate buffer. pH I! 3, and chrnmatographed nn a '.!•• " l.6 cm• DEAE· 
S.,pharoM' CL-68 column prl'equ1hhrated with tht ~~me buffer uAini: a 
linear gTadient of amm11mum h1carhonat,. · 0 02--0 .; v •. The act1n• frac· 
tione eluted were lyophlhztd and subiectl'd 10 re,·u•e phan HPLC on 
a preparative Vidac Cl8 column 122.5" 250 mm, IO mm particle size• 
using a model 1050 Hewlett Packard HPLC sy.ncm The two •olvenu 
uAed were 0 l'l- (vfv) tnllunrnacet1c acid in water' •olvent Al and O. l'f 
Iv/vi trilluoraacetic acid in act'ton1tnlt' • •nh·enl Fl' A linear gradient 
waa ueed for elution rllow r~1r. :; ml nun 1 in wh:rh rhc Anlvent compo· 
i11t1on changed from 0 lo RO'> R in 120 min 

Am111n Acid A11aly11•- Am1nn .ir1<l ~·1mpnsit111~ "' the Pf'pl1d<·• wa• 
dctcnninPd UAIOlt a Walrr• wnrk•fat1nn ~nrl Por .. T:iic lfPl.C •y•lrm 

I Thr nhhrrvia\illl\M llMl"rl ar1• Jlf'J.f'.. h11:h rwrr .. rrnnnrr lrl(l"'I rhrh• 
mnl.nlrnphy~ SC fl."' rurluralJ.., 1"011 .wrvNI n·J.:-ion, '-\J ) .. "llf·t•pt•"'I dr· ... n·nf, 

c:1: conJ111(11l<· l(rittlll!nt. AAI." """'"''' mh1l11t11r 
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23676 A Noioel Amaranth Sttd a-Amy~ Inhibitor 

TARU I 
.t "'"-"'li,·rz!1"" n( CHUllyUutr uilubdon; 

Based on a daaificalion by Richa~ 131. complrUd '"1tn rrttnt data. 
------- -----

Seatu· 

------- ----------
Kunitz type Barley •4>. wtie.t ISi. riu 161 176-1~ ~-4 + + '.\hr.iculin 7· 

'."()" Cerultypr \\'heal 13,. barley t3l. 1ndian 
fincer millet 181 

J-Purothaun type Scqhum(9J 
Rqi 1-2 lype Indian fingoer ;nillet t 111 

Lecu- lectin lype c-- beam (121 

12.&-lliO 

.&7--.&S 
95 

246 

10 

8 
7 

+ 

+ 
+ 

+ 

~-P-.iru1h1on1n.s • 101 
Phosphnhp1d transfer 

proteins 

Tbaumatin type Maizell41 173-215 1~16 + 
+ 
+ 

Legume 1..-..-tin.~ 1131 
f;ithoccn..-<1> ~ted 

pmh:ir. • I.'\, nsmotin 
• 16• thaumiltin • 171 

'.\D Probryatic ~,mes 7>-120 

• Numbers iii p&ftftlhe.s are meretlCeS-
• ND, no data. 

IMillipon Wa~ cm-.tacraphy Carpi.~ peptides wen- hydrn
lyad by 6 " HC1 in the~ of cystalliM pht-nol at 110 · (' for Ut h. 
and the unino acids were anaJyRd afttt deriYallzatmn with phrnyh
sothiocyantate. as de«ribed elsew~ 1231. F~ sulfhydryl JtmUP" 
-.re ddermined as describl'd by Hampe.on rt al. '2.& i. 

&qwntt D.kmainatiols-Samples reduced and pyridylt-th•·lated 
1241 Wffl' digested separately with tr)-psin and CNllr. u pro·nuu.•lv 
dnc:ribed •25. :!61. nw reoultinr peptide~ Wtte punrsed by narruw """' 
m-erse ph;ise HPLC on an analytical ~uapore 003(ll) colum" • :!2'1 • 
2.1 mm. 7-mm particle size. Applied Biosystems• us1nc irrarh.-m.s of 
acietonitri~ in O.l'i tvtvl ~ triftuoroaatic acid. The p}-rid•·l~hy
lated protein and the peptides wue :iequenad u.•ing an Applird Bio
sy-. em.• p~in -iuencer c model -17 IAI employinl( a 1-::dman dt-gada
tion sequenator program 1271. 

~.-rnunatU>n a( tit.- Disulfid.- Bridgn-To detrrminc the <:on n.-ct .... 
ity of the disulfid~ bridps. the native procein dissolved in 0.1 v .unm<>
nium ac...tate. pH 5.2. Wb dirested by the simultanrous add1tmn <>f 
tl')'Jlllin and chymotrypsin. respecti~~ly. usinc an ~ ratin of I· I ·:lll 
1 w/w1at3i "C for 44 h. Peptidn from the dieest we!"e purified by narrow 
bore revl!'nie phase HPLC and were analyud for amiM acid cnmpo<itinn 
and RqU~°"""-

&qu.-nN' Similarity &arrla.-s-SeqUC'f\Ce •imilariti•·s bt't,..,.,.n lhc 
amaranth "-amyllllle inhibitnr and other knnwn protein• wcn• ,...,.,...1,..11 
1Ma~h 199-1• UJ1ini: the NCRI 81.A....,"T 1281 and th.- 1-:~llJI. RI.Ir/ ,:.'9. 
301 electrnnir mail ...-rvcr.o All other cnmpuler analy,..,,. of th.- ,...,, .. ,.,, .... 
w"r" carri.-tl .. ul u.~ini: the I ;cc package of oleQUt'nce analy"i~ • :i I 

Mnd1tl111/f-All mndt'ling pnicedur.-... including t'~ergy minimll.1!1nn 
and molttUlar dynnmi("ll. wcre p.-rformed uainir th<' ISSl<;llT II 
DISCOVt:R sol\ware rBi06ym Technologies Inc .• San D•PJll>. CA• rmpl.-
mented on a Silicon Graphia lndiKO workstation. F.neflD' t'alc11la11nn• 
were carried out uaing the CVFF forn field 1321. 

The structurc of the amaranlh a-amylase inh1hitor w;u modeled 
according to aimilarity with known structures. The atomic conrdmalf'• 
for all prnteinll W('I"(' mken fmm lhl" Brookhavl'n l'mtrin Oala hank 
Thf' lltructurr.1 wrrr imperimpollt'd manually on th" gn1phia di•1·'~-" in 

ord.-r w d.•terminr th.- •tru.-turally con..enred rl'giona c ;O;CJU • 1 :l:l Thi' 
lll'quencell wrr" nllll> aligrwd manually. min1mizin1 lhe number nf gap~ 
and llVOidmll" l(apll within sea. llltt Fir. 61. The template •tructurl' 
ulled for mncM huilding wall dcrived from this alii:nment. Thl' moclf'I 
wa. then huilt m11nually by llsde chain replacement. as fnllows. ldrnt1cal 
rnidue paini wt>re auumed to have the same confnrmatiollll 11• in thl' 
lemplace. Sidr chain11 o( difft>rine rc•idue11 were replacrd. ovl'rl.tppmat 
the common hc-avy atom•. and were- vi,.ually in•Pf'rted 1n order rn :t•· 
certain th;1t nn """""" Aler1c clashca occurrc-d. RrplA<t'ment 11( :inn
:iroline by prohnl' l'f'•iduca 11nrt •ice VPr•a was follO\.-.-d I>~ a Inca I "nC'rl!)· 
minimization of 100 atl!l'pt'•I deov.c-nt cycle11 in order to obtain a rorrt'ct 
ireomt'try. l>l'l1•!1nn• wrrc intrnducl'CI u•ing ISSIGHT1 h1npolymt'r mOf!· 
ule. F.ach rr•1d111' wn• trt'lll<-d 11eparaidy. Ar. the fir•t •Crp. thr rr•ulu•• 
wa• dt'lct.od and rnnnert1vity wa• rtt•i.thliahC'CI. in a fil'lll •l•p. wrlh 1011 
~le• ..r 1~11haed •1.c!epct•t dr.11Cent11 rs1>1 encrlCY min1m11nt1on anrl -.zoo 
cycle• of ronju1r11~ lfl'!ldient 1(:(i1 minimizot1on cnnatra1n('d Co 1h1• :l 
nnnkmir r .. •;d111•11 on cncli ••d11 nflhc- dclrtmn11. And HI .. ~('cllnd •!l·p 1tw 

prncedure WH rt'Pf'Bled including 4 nankmir reaidur• F1nRlly. Cho· roin 
nectiv1ty nf the diaulfidc oonrlll wa• rl!estahli•hed. and the •!rur!urr 
was l'f!tined hy rnf'rl(Y minimization nnrl mnlrcular dynarmra. ~ .. rr11•• 
term• wrrr U•rd. and a harmonic hnnd •trckhing pntr•nt:.~1 wa• nppll<'d 

4 + + 

A nonbonckd cutoff" value o( 11) :\ was u.'4-d tt¢her ""ith a di.~tallCf·
dependent didectric con.>lant. I)) fktnuo ""-' pt-r!1.rmrd U.'l"lf a l1nu: 

step ol 1 [<. and the tempt-r.at11"' ,..,L, k.-pt "''"-"'tan: h} couplinJC to a 
thermal bath •ith a cnn.•t.,nt ,.f •) ! p.• · -1-t · Th~ rdinement ,...as a 
mod1ficalion ofthc prncedurc d""'nht-d hy Du and '''""-"rkers •35· An 
initial min1mizat1nn •-as p.-rfr,..,,.,.,J -..·itJ-, 20.i cyrl'"" r.f :O:D minimiution 
fnllowt'd by 200 cycl"" of("('; m1n1m11.1r11.n ,\ft•·,.,...anl. th" rnnckl '""-' 
~ 1ato a 50-A diameter spl-.c-r~ of pn:.,1uihhratrd ".1:..-r and ch .. <ys
tem was subjected to 5 ps dp1am1c• at 200 I\ and :zno cycles of SD 
minimization keeping the protein at,1m.< fix,'(f. m oni.·r to a!low b;idly 
plaad water moleculrs to :no..-.. Thi.< •.-a.< folln,.n:f I>~ " :1 P" dynamics 
at 200 K ke-eping only thc SCR.• rix..J Th.- rt•tin.-m.-nt procttdt'd ,.·1th a 
low umperature simulated ann.-:i!mi: •tartmi: •tt :l~O !\ and lov.-.-nng 
the tcmper-.sturc to 260 K u:<mj? :!ll- !\ .<C"P" Th" •y•h· m ..-as kei;t for 5 
ps at each temperaturc. Thr sy.<rt"m "'3" m1nirr1zed u;mg 200 cycles nf 
SD minimiution and 200 cy\,., of rr. mmim1zat1on finally. ~ prn
tein-~lver.t system •·as ~U~•Jrc'.!l'd 111 a 100-ps mnl<·cu:ar dynamics 
simulation at 300 K, allo...,nir al! atom• to mo•·l'. Th., r.-~ul1ing structure 
wu subjected to 200 ""'P.~ nf SD .. n1·ri..'Y minim1za~1nn and to a ("(i 

minimization until the· ma:umum rn .. r"J..,·~· tfrrivat1,.-r "a .. ih1u1.-rr than 0 I 
kcal/A. 

n.e ntOdrl wa.~ rval1&.."lt1rrt u.;1ni,: !ht· J•rr-.. .. ;1![ 1•n11{r.1m i;lfi•. Th•· f1rr.
J:ram uses m .. an forn· p:rl•·nt&;1! ... tfrn\·rri fr1,m kn,.""·ri pri1h•1n ~tnJctur1· ... 
Ill;; 1n nnk·r to t:";.1lcula~ th1· 1·rwr;:\ ,,( .1 rn·°"' ... trud•ir. 1 "'- kind ... of 

pot.ntials. <"ti-CJi pair mtt·r;irtu1n porrnt1.1l, .ind .•urf .. , 1· pnt.-nl1als. arc 
used for thr~ purJIOIW'. As th.- <urfac.- pct1•nt1a:•. ar" not rl'\.nmm .. nrled 
for small protein.• f:)711in fact :h•• •urfao• pnt1·nt1aJ C.tfrulat1nn~ f;uled 
to tec1>(11iie thc nauv., lltmcturt· sn ;, 1>11t r•f Ill srr.all d1~ulfide,-nch 
proteillll tested by u.11. we ha~ ch.- anal},,_, of c h1· ,\,\I •tructurc s<1lt·ly 
on the cp,.ctJ interaction pot.,nt.al~ Thi· pr<>JtT'4ffi "-"ll• tl<ed IO."lth ~tan
danl parameters as providM h} thr author 

l<E."'l"I.T." 

Purif1Cat1011 of A. hypomndrinrn.< rt-Ann·!n.<e />1i11bitor-The 
crude extract prepared by imccinic acid t'Xtrac:1nn contained 
inhibitors of both a-amylase and rrypsm 1da1a not showr.1. 
When subjected to gel fil~ratson on a Sephadex l.-75 column. 
the fractions inhibiting a-am.\·lase of the larval Pnzyme of T. 
casta~um eluted e11sentially a:i a single peak. These fraction!' 
were lyoph11iz~ and si:bJrr:ll'rl to anion exchan~I' chromatog
raphy on a DE.-\E-Scpharose 1'1.-liB column. Xo inhibitory ac
livity was found in the unho1;nd frat·tion and a hn,..ar NH,HCO, 
gradient allowed for the lll'paratinn of two peak" ~howing in
hibitory activity lfF.X-J ({,.ft: anti lf:X-2 •r11tht •.an fo'ig. I I. The· 
ressw.ctive fractions weri- poolc•d nnd "uh.orc11wntly ~ubjnctrd tn 
rever11e ph1111e HPLC. IF.X-1 ysrldcd "c•vr rial pf!ilk" with rr-am
yla11e inhibitory :1rtiv1ty that wr-rr• nut analy:1.1·il further m th1" 
i1tudy Reverw phai1C' Hl'l.C of rhr lf:X-2. on thr ot:1rr hand. 
gave one major peak eiutinl( at 2fi',~ ac!'tonitrsle. which we 
calll'd amaranth rr-amylas<' 1nh1hitor r AAJ •. and 'uhjrdf'd to 
11equr.ncing. 
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Spttifu:ity of AA/-Crude extracts of amaranth !let-d." in
hibit both trypsin 1221 and insect amylases. Purified AAI 
showed inhibitory activity against the lcorval a-amyln11e or T. 
cmtane11m and that of P. truncalru. On the other hand. AAI 
don not inhibit human or bovine saliva a-amylases in an ap
preciable manner <the 1pecie1-specificity 11tudies will be pub
lished elsewhere). 

Amino Acid &qwncr and Disulfide Top<d()l[y of .'-Al·-A.'1 the 
protein showed a high percentage of cysteine with no frre !lulr
hydryl groupa, the aamples were subjected to redurtion and 
pyridylethylation. Di1testion or the reducr.d and pyritiylcthyl
ated protein with trypsin and cyanogen hromide rr.i<nlted in 
sevPn overlnpping peptides that were acparated by rcverae 
phallt' Hf'l.C and sequenced with automatic Edman clt•l{rada
tion. Notable fe11ture11 of the AAI sequence IF1g. 2111rr rhP hi.ch 
rontent nf cyKteine l11ix1 and praline (fourl within 32 n·~itiuf!11. 

Di11ulfiJ,. hrid1te11 were determined thrnu~h partinl double 
dige11t1on with trypAm/chymotrypsin at low pH for ·14 h. On 
revenie pha11e HPU:. the digestion mixture yielded ~•x main 
peak11 ITCA l-TCA61. one nfthem 1TCA51 hein1t identical to the 
nativ"' protein according to amino acid composition. Th!! other 
peak11 were analyu.d through Mtquencinl( 1111 well a11 hy 11mmo 
acid nnnly11i11, the deduced sequence" are Ahown in F1~ :1A Thi! 
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F1G. 2 The NqUeace or Ml •• determined h)· automated Ed· 
aa- .equencin1. The arru1n dt'note tht' pep11dt'~ obtained by enzy
matic and chemical clen•·nice and 1,iolall'd by rcver!lt' phase HPLC before• 
sequencing. 

results indicate that Cys' and Cys'' arr rnnnl'cted by a d1sullid<' 
bond. Furthermore. both Cy~' and Cys '' form a disulfide bond 
either with Cya'~ or with Cy~•·. r1?!4pt•ctivdy. The exact place
ment or the11e di11ullide honds could not tw rlrtt•rminrrl from 
these nperimenta 11incr tlw enzymnlic cl,,n11a1ee of the Cy11•;_ 
Cy11'° peptide bond cannol ht• ill'comph~hcd. The two thr•orrli· 
cally po1111ihle di11ulfide bonding pattcrn11 nrf' ,ihown in F1ic. 38. 

&qu,.nct and Strurtuml S1m1lanl1f'•·· •\"hrn the 11equence 
wat compared with all known proteins u11ing thP FASTA 1:J~1. 
the BLAST 1281 and thf' Hl.ITZ 129. :J01 pro1CT"nm11, no convmc· 
ingly aignilicant homnlngie11-:m11d be detf'cteti and the top l111t or 
homologie11 11uh11tanlially vnrlf'd deprndin;c on the choice or 
11t•arch paramett•r11 11la111 nor "hnwni. It ha" to hr m1·n1111n1·d 
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·abcabc· -uac11c:· 
Fie. 3. Detenaiaation of tbe diaulfide bonda in AAI by partial 

enzymatic ~.._ A. sequence or tM- ianlated JK'pt uleo with the 
deduced SS bonds; 8, Mi's pokntial di,.ulfidt' patterns that can be 
construct.eel with the anilable data. 

that this behavior is characteristic of short and com positionally 
biased query sequences such as MI l39l. In order to increase 
the sensitivity of the sean:h, we selected a subset of the data 
ba.<ie in which cystt:ine residues were distributed in a way sim
ilar to AAI. This sean:h allowed us to tentatively identify a 
group or short cysteine-rich proteins and protein domains or 
different organisms, including various carbohydraU>-binding 
proteins (cellobiohydrolase, wheat germ agglutinin, hevein, 
chitinase), toxins Cconotoxins), antimicrobial peptides from 
Amaranthus (AMP>. and the sweet taste-suppressing protein, 
gunnarin (Fig. 4). The best similarity !4M: residue identity) 
was found in the case of the cellulose binding domain or cello
biohydrolase II from Trichochrma ree.<:ei. The homologous cel
lulose binding domain of cellobiohydrolaSE' I is also included in 
the alignment. In this structure one disulfide bridge 1 denoted a 
in Fig. 3> is missing. 

Given that the three-dimensional structure of several of 
theiie proteins ia already known from x-rny and NMR studies, 
we could classify the structures in two group." based on disul
fide topologies (Fig. 5, top) and folding patterns ffig !i, bottom). 
Group I contains the aquash family of trypsin inhibitor!'!, the 
cellulose binding domain of cellobiohydrolase and .... conotoxin 
< Jcco, Jcbh, lcti, 2etil. As the structures in this family contain 
a characteristic knotlike arrangement, Nguyen et al. ( 47 l sug
gested the "knottin· name for this family of protein11. Group II 
contains chitin-binding domains of wheat germ agglutinin and 
hevein ( lhev and 9wgai. In group I (topology abcah<: in Fig. 5, 
top) there are three disulfide bridges, wherea11 in group II Cto
pology abc:abc:dd in Fig. 5, top), there are four. Wlwn viewed in 
the sequenct> context, three of these are in a topological ar
rangement seen in group I (i.e. abcabcl, and one fbridge d> is 
outside. A comparison of the available t.hree·dimeMional struc
tures revealed that a sheet composed of three •hort tl-strands is 
preaent in both 1tructural groups (Fig. 5, IH>ttom ). The disulfide 
bridges are, however, arrangt:d in a different mar.ner within 
the two groups. In group I all three disulfide bridgrs take part 

· in the "reinforcement" of the sheet 1tructure. In A"roup II the 
three 11hort ,B-strand11 are pre11ent but hridl(r. c i11 cnnnrcr1•d to a 
short helical 11egment 1ab11ent in group 11 conm•rting two 
11trands of the sheet, while the fourth bridge d cor1nl'rt11 twn 
ends of the C-terminal strand <symbol11 ahown in Fig. !>.top). 
The common element of the two folding pattern• is 11 11hort 
,a.hairpin-like structure with an irregular N-term1n11l Pxten-

sion (fHnrd in Fig. 5, bottom 1. The three-strand arrangement 
seemingly common to both folding patterns, however. while ti 
third strand is located at the N tennir.us of the common pattei 
in group I. in the group I! structures it is at the C termin\I 
Though the strands of the sheet are short, the three-stru 
arrangement can be seen on all hut one of the structures r 
lated to AAI. The only exception is the carbOxy,eptidase 
inhibitor C4cpa>. in which no reglllar secondary structures a 
be detected even though i~ overall folding pattern is dear: 
related to the other structures in group I. 

Modeling-The superimp:>sition of the structures and tJi 
al!gnment or the structurally conserved regions was used t 
desiipl a structural template for AAI. Assignment of two disu 
fide bridges in AA! was. in principle, an open question, sine 
the connectivity of adjacent cysteines 17 and 18 could not ~ 
directly detel'Dlined by chemical means. TheoreticaHy there ar 
t.-o possibilities to form SS bridges using our connectivity dat 
<Fig. 38). Ci> The •abcabc· topology is characteristic or group 
structures, and wa.~ also found by chemical means in w--eonc 
toxin l48); (ii) The ah-.chc topoloJO", on thr other hand, has JUI 

yet been found experimentally in short pnlleins 1491. On th 
basis or the chemical evidence • 481 anJ uf the convincing si111 
ilarity of AAI to group I proteins f Fig. 4 •. we ct.ose the abcab 
topology for our modeling sturlies. 

We made a $tructural template in which the conformation ~ 
the first amino acids or ICPRILMR I followed that or the ET 
structure, while the rest of the molecule was modeled on th 
cellulose binding domain of T reesei cellobiohydrnlase Sino 
the three-dimenl'ional coordinates of the cello!>iohydrolase I 
cellulose binding c:!omain are not published, we used the struc 
turf! of the cellobiohydrolase I cellulose binding domain I lcbl 
(40)1, which is reported to be identical with the former. To buili 
this structure we had to introduce deletions in the tThr1 ~-Val:1 

and !VaP7-Leu2ll) positions, respectively rnumbering of the lcbl 
structure). The sequence alignment bP.tween the AAI and th4 
template !Fig. 61 resulted in sequence identity for JI out or 3: 
residues (34r.ifJ. The mod••I W'lS finally constructed :hmugh I 

residue by residue replacement. The disullid~ bridge originallJ 
absent in the lchh framework was built and the model wai 
refined by energy minimization and molecular dynamics to giv1 
the structure shown in Fig. i. 

The reliability of the model was tested by the knowledge 
based mean field approach of Sippl, as implemented in tilt 
Prosall <36, 51 J program. The program calculates the ;:;IJ-q 
pair interaction enPrgy for Pach residue m the sequence. an~ 
correctly folded proteins produce smooth energy plots with neg· 
alive values f36J. The AAT model gave an P.nergy profile witll 
values corresponding to those of native structurea f Fig. 81. The 
energy profile had no positive regions that would indicate mis
folded parts in the model. Also. the so-called Z-score or normal· 
ized energy value 1361 was -3.9, which iii within the range ol 
the values expected for native proteins of this length 1361. 
When tested with the AAI sl!quence, all other known structures 
gave higher Z 11Coreil indicating that the mndel presented here 
fits the sequence better than any of the other structures tnot 
shown). 

DISCl:SSIOS 

A.mara11thuR serds seem to contnin a number of n-amylHe 
inhihitor11·that can be ~1·paralt>d by ion-exchange chromatogra
phy and reverH phM11• If Pl.I. Ht>rr wp rrpnrt on the purifies· 
tion and the structurr of AAI. the most abundant n·amylase 
inhihitorofamarnnth iiet>d11 that account11 for more thnn hatrof 
inhibitory activity mf'a,11urahlr in rrud<> rxl ·acts. Thi,11 pmtein 
show11 •trong n·amyl1111P inhihitory activit~· rigain11t one of the 
most important pe11~ of mrii7.c, P lri111nrtu11 ll11rgrr J?TBin 
borer), and a pPst. ofwhrat nour. T rn.•lr1'1•'""' irust·rcd heetlel. 
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f'tG. 4. Seq- elip--.l of AAI wida proteia 9eq11e- of eiallar C)'llteine pattema. The sequences are taken from the Swiss-Prot 
daa.a bank 144) u filllowa: QllobWi,dralaa II. <uOll·icanase II, EC 3.2.1.91> &om T. l"ftWi, GUX2_TRIRE. 27-63; CtllohiohJ-riroU:x I, esoclu· 
canue I <EC 3-2..1-91) 1iuD T. .--i (401, GUXl TRIRE, 479-S~:JI; ....aHlOtoxin GVIA, make venom of C011iis ~.igrapluu. CX06 CONGE. 4&--73; 
~ JIVllA, make..-- of<Atuu ,,..,,. (411, CXOA_CONMA, 1-25>; ~.sweet taste-modifying protein from r.ynuwma sylt-rstn 
1421. GUR_GYMSY. 1-35; AMP. antimiaol_iial peptide From .~#ta auula!us, AMP_AMACA. I-30; A.llPI. antimicrobial peptide from 
llirabdUjalapa (43), AMPl.MIRJA. J-37; AMP2. antimicrobial peptide from A mudotia 1441. A.\f2_MIRJA. l-36; Ht•~"'· chitin-bindinc lectin 
&om Hntt1 bnuilicll&U, HEVE_HEVBR. l~; Cluti-, b."\sic endochitinue I from rice 145~. CHI! ORYS. 19-61; \\'GA. wheat prm aglutinir: 
146>. AGll_ WHEAT. 27-i9 fclomain ll. 70-U2 <dont0in 2>. 
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Fm. 5. ()gulftde 1N1Uerna Uop> ead foldinc p11ttem lbot10111) of 
prvteiM d!.iandy related to AAJ. I and II cnrrespond w the groups 
•hown in Fig . .C. The diaullide and foldin1 p•tttt>ms werr 111-rluced from 
known structural data in each group. 

AA! 

Ter.".p!ate 

fl Pli-.i:(iCGtt<MOG'.fl~!:P"fTct-<ff~ff 
u R r :.:~ r GYSG~,s~:b:£1: ::;l!Y :hl. 

cb~ 

Fm. 6. The nruct11nl ceatplate uMCI for the mode line MI. tli is 
the F.cballium tlattrium tryptin inhibicor structure 1.;o i. rhh i• the 
c:ellulON bindillf domain o( cellobiohydrolase J 140). 

The inhibitory activity, according to our preliminary re11ult1, ia 
abaent or minimal against human or bovine a-amylases, thus 
this protein appean to be an ideal candidate for conferring 
inaect resi1tance upon tranagenic plantll. 

AAJ ia a 32-residue peptide containing 6 cystmne11, The firat 
residue of the 11equence ia not met.hionine, thnrfnrP A).J i11 
probably 11ynthe11ized 811 part or a larger prrcur~or. The se· 
quence of Ml ahow1 no obvious similarities with .iny or the 
known protein•. Spuriou1 similarities and an examination of 
the re1idue con1erv1tion pattern allowed u1 to irlentify a IJ'OUP 
of ltructurally 1'9lated protein• which contain11 11u1rar bindin1 
proteins (wheat germ a1r1lutinin and cellohiohydro1a1;e), ven· 

' 

FIG. 7. The 1ehem•tlc model of the AAJ atnactun. Ditullid4 
bridge• are shown in ytllou·. ll-shtttJ a re trttn. irreJUlar conformationl 
are shown in white. The illustration waa generaUd with the prOfl'UI 
SETOR 152> using the Ml coordinate~ obtainf'd by homo! 'ffY modeli114 
and molecular dynamic11 refinement. 

oms (w-conotoxin>. and antimicrohial peptide11. Using th 
known three-dimen11ional 11tructurei1 we built a model based o 
the 11imilarity of AAI lo the 11qua!ih family oftryp'lin inhibitcm 
w-conotoxin. 11nd to r hr c1•' hmlsr hinrfing- domain of cellobioh: 
drola11e. ?l:'iruyrn nnd a1111or1a1r11 introduced the U.rm "knottir 
for this group of 11truct11re!I, bn11ed on n "'knoUike" fc11ture in ti 
three·dimen11iona! fold 147>. Thi11 feature i11 retained in ti 
model of AAI. AAJ iii tn(' fir11t n·arnyli111e inhibitor described 
this irroup. 
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Fir.. 8. £aero plot rortbe refiaedAAI model aa ~rated with 
the Proeall (36) procraa. The cunes ares~ 1t/a111 linie, win
dow size ol5: tlaiclr luw, window size o( 13!. Energies are representHI in 
units olE/kT. 

AAI seems to be the shortest of the peptide a-amylase inhibi
tors described so far, and, in spite of its overall similarity to the 
squash family of proteinase inhibiton;, AAI does nnt set>m tn 
inhibit prot.:'t"'f'll. Even though AAI has some potential simi
larity to other small proteins, which allowed us to build a thrtt
dimensional mcx'P.l ofthis inhibitor, we tend to believe that tht> 
similarities are f.truc:tural rather than evolutionary. In other 
words, short peptides may not have too many stable conforma
tions for accommodating three disulfide bridges. therefor!' :i 

similar fold may arise as a result of convergent evolution. Fi
nally we mention that AAI seems to be a good core structun.• for 
protein engireering studies since several ufthe related proteins 
are knowr1 .o iJe stable and to refold correctly from the reduced 
state ill vitro ( 47). 
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ABSTRACT 

A 12 Ii.Du pro1~asela-amylast inhibitor was purified from maiu sttth and 
snulit'ci b trypsin- a11d amylt1sr-inhibitor acti\•itic·s against en:ymt's from dif
ferenl origi11s were determined. as well as its optimul pH for inhibiti<>n. Eight 
ai_b.,.rt!.· prt1teasts, ('.Xlrt1'"lt'(/ fr(lm inse,·t.s and f1mgi 11'/1ic"h arrack grain.~ d11ring 
s1ora

6 
• ., .,.-~re tested with the irlhibitor. Bo-..ine trypsi" and trypsin-like prmeuses 

fro,,. tht' i11secr P. tnmcatus, and the fungi A. niger and A. fumigarus. were 
recogni:ec! by this inhibitor. OUI of JI a-amylasl's tested, only those frc>rn T. 
casraneum and C. maculatus ~re recogniz.ed by this inhibitor. The optimal pH's 
for tht i;1hibition of tr.ifJsin and the trypsin-like protease from P. truncarus were 
8.0 and 7.5. respectively. The optimal pH actM~· was 5.0 for the inhibition of 
amylases from T. castaneum and C. maculatus. 

INTRODUCTION 

Plan1 proteinaceous enzyme inhibitors of enzymes have been extensively in· 
vestigated. They are pan of the s~Jrage (reserve) proteins oi the seed•. and lhcy 
arc llS\I considered 10 be pan of the constitutive and inducible array uf defense 
mechanisms of plants againsl anack by insects and microbial pests (Ryan 1973). 
Bolh lhc proteins and lhcir genes arc being actively studied (Hilder et al. 1987; 

'"To whcm cortapondeace shoWd buent: A.. Bluc:o-Labta. Apdo. Postal 629, C.P. 36SOO IB!JUAIO, 
Oto. Mu.aco. Telephone S2-462·516-00, Far. S2-462-4 SB 46. 
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OefallcJ maize nour WI• SU\pcnded iri :?O mMacctalc huller. pH !\.5 • .:uniain· • 
in& I mM calc:ium chlomle (I :S, w/v), and continuously 11irrcd for 12 h Ml 4C. • 4 C. 
The 1upcma1ant was separated by ccntrifu1auon (10.000 >< I· I h, II 4C). - 4 oc, 

Ammunlum Sulfalf Prttlpitation 

Ryan 1978). Wen rr al. (1992) reponed lhc isola1ion of 1he gene encoding die 
I:? lOa pr~ inhab!IOr from maize !ICCl(b. This inhihitor WU previously in· 
vnt1~111CJ in'~"'-~ ma • s.rc.h b) Hahm rr al 4197.\a). The dala indK"ate 
llla1 lhe m:uzc mh11>11oc~ are ~lowly 1113\:\IYated b~ heal anJ lhal they ,,_,st ,,f 
multiple .:\'•nipoocN>. M11hl>aey rr al. (1983) rcponcd 1he .:omple1c amtn•' acid 
tequeatt. and IOlllC of the propenics of lhc inhibitor. I~ double SJ*lf1C1ty ;o 
inhibi1 the acu~ll)' ofpro!USA aod unyla,;cs har. l>cen srudied (Chen rial. 19\J~). 
We previously rcpc>ncd 1hc praence of anolher bihm.:tional inhibitor in ma11c 
wa:1s (Richardson rt al. 1987), a 22 U>a protein. ,.·hich also inhiblll pro1cue1 
aDd amylases In tlm paper. we repu1 on the cllarac:tenzaticm and inhah\l(lry 
spcc•flCll)' of the I~ Ula maize seed$ inhibitor. 

~o(' I )llJ kvul ·f . ct. 
ProtCms of the 1upcrna1ant abtwc mentioned were precipi1a1ed wuh 60'l 

-(trnS
1
s0;"1.r 12 h 11 4C, and then cen11ifll1cd 11 10.000 >< 1 for I h. The 

prec:ipiiate wu collcclcd, rcdi.\M>lva' in water, d11lyzed extensively 1pins1 wllCr 

and lyophiliud. 

MA TERIAU' AND METHODS 

MaLlc Kech (Z.t<I -~;line 88) were provided by the National l1111iru1e for 
ltesean:h in Fon:suy and Agriculture, Cell)'• Unit (Mcaico). lnsecu \\'CIC pro
vdcd b) the ilUCCW')I 11 CINVESTAV-lrapualo Uni!.. 

lnseo;."1 cultum- of Prosrrplt..-J 1nu1cat..s and Si1ophil11J :-U were main· 
11intd ''" whnlc maazc so:eds. while Triboli- ca.s14111t- wu 1rown on maize 
flour. Callo.sohn•duu --..1a1.u culturQ were maan1»ined on wh<>le cha<:~ pea 
seeds: 7.alNDfr• ~JC"WIUJ and AcQllllws"rlulr~ t>hrtt-rWJ cultures were grown 
ro .. i.o~ nav" t>can~ All cullures ,.·ere ma1n1aaned in :a t:ruwth chamber II ~BC -

.. un • r,·wu~c: n .. muJuy or ~~ ?5'lr 
The lun~• .-t~·~•/lw1 "'IC<'' and A~ric1//U> fii""·~"'"'J ... -ere gm,.·n on p.11;a1<>

- Jc""»e ~~--r ~• ~Ill "" 4- i tlap. an ol\lcr 10 ol\lam ennui:h sponilaoon The 
- culturn were then mam111ncd al 4C, 11nd 11;on•fcm:J h•" """' medium'' c~ IW(l 

mondls. 
Bovanc 1rypU& (Type I). N-a·benzoYl·L·arganinc cth)·I etter (BAEEl and the 

lll1}"lua from Bacdlw u1bfifu and~· gill.u Of)~ WCl"t from Sigma ChcmM:&I 
Co.; Sephadc• G-75 wu from PhannaCia Fine Chemicals. Acl)'lamidc and 
ba.w.;ryl;amide \\'Cit from Bio-Rad 4.N-N·D1methyl-ami.-.zoberuenc-4' 
-~IAllte. phcn~I isoduocyanate, and mfluoroa.-cuc a1:id were i.c<1uence 
'radc from Plcn-c ... u Olher chemicals were reacent snide from J T. Ba'-er. 

E"1r8Ctioa of lnhibiton 

Mll\lC .cc:cb were '""'""' 10 pa~,. l "'"' nic>h "·rcen The "'''" ,..a, .i..r .. ncJ 
I>) conlmU<-1) •llnana: 1n ai:clonc for IS mm 11worn1cmpe1a1urc Thc """'''nc 
,.., .ic.: .. n..,d anJ 111<' l'l<>Ur a)?ain wast.cd lor lhrtt more umes. 

28°C. 

Gel f11tratlon 
Two hundred mg of 1hc lyophilized protein were dissolved in 8 ml of wa1er 

and centrifu1ed 10 remove a smaU amounl or tnsoluble 119nicles. This solution 
wu applied 10 a Sephldu. O· 75 column (1.6 >< 166 cm) prcvioully equilibrated 
with 10 mM ammonium bicarbonalC. The c:C1llcctcd fractions (1 ml) were assayed 
for protein cnntenl and for inhibilOI)' IC\ivity a1111111 unylasc ft'om j', casr111u•Mnf 
and 111111ins.t bovine 1rypsin. The aciive fnicliotU were pooled and lyophilizcd. 

Renrw Phuc llPLC 

The lyophili:r.ed rowder WH diuoh·cd in 6 M suanidinc·HCI solution (100 
mg/mil Mrw1 100 ,.1 ,..ere in~1cd an1u 1 hish prt"urc liquid chromatn1naphy in· 
strumcnl. fined with a prcpa1all\'C ,.. Run<l•pu~ (". IK cnlumn C22 >< 2~0 mm). 

30°(. - mamtllmcJ al 30C. Scfllllruuu01 w;1> performed ul" ffo,.· r~le o( ~ rul1min. uMni! 
1 linnr ~r11hen1 of ul·c1nmmlc and 0 I 'l Tl' A (0--00'l in 110 mrnl The frar.· 
uons corrcspondanr u• the clu1cJ f!"lo• "err '"'11~~1.:J and frcetc Jricd Tiic 
powdcn were then diuulvcd in 1 m1n1mum volumt 1•f w11er and then anh1b11ory 

activuy wa~ measured. 

Electrophoresis 

Puril)' nl the inhahalm wa.\ evalualcd b)' SOS pol)'•crylamidc 1el e1«11nr00rail 
as de.cribcd by uemmli ( 1970), u•inc I S'I pol)'1cryl1mide gel•. 

N-Tcrmln•I Amino Acid ,Sequence 

D1~ulf1dc l•ond' "' 1hc mh1b11,1r were rcJu,·cd arid S-carho~ymt'lh)·l11cd in ti 
M i:u~m1hnc HCI an 0 I M Tri•. pH 8.6, M> dcM:ril>cd by C're5lf1cld" 11/ (1%1). 
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The S ~a:l'I\•.,~ n11..·th) l.:.:c-J mh1t-uvr "'a); su~f\..,~lt"CI l(l m1~n' $Cqucnc.~c analyM~ us· 

IRS Ill< 4 · :>..S-<.1111ic:lh~ bnUIMlill<>-l>cl\lCM-1. ·l"AAK>.:)lanal•" 1l'AfllTC)lphcnyl· 
1socl11u.:~ana1e 1PITCI. 00..bk coupling mclhod of Chilng ~'al. (19711). 

I.an-al Crude EmymtS 

The ;t.:Clvne·.kllaned lar~ae of the 1nse<:U. P. 1ru"c111w. S =tturllliJ. T. 
CWI"""""'· C -"""""· Z sub}turi<Jlld and A. ohfttrw were homog.:nizc.I wilh 
difte1en1 touiler sohmons in a LS (w/\') ratlO. to cittra~ tht amyla.c:s and the 
proceai.n In Ill\- case of/>. :l'IUICOllU elllylDQ, i.'oey were u1r.c1cJ wilh • 0.1 
N NaCl m 40 mN succinic acid. pH 6.S. solu1ion. The enzylllft of S. :ramais. 
T. ~. Z JllbjQsciar11.1. C. 11111CMIM&J and A. ""'""" were unacd with 
0.2 N -.-..11UC acid buffer. pH 4.S. "The SU5J>Cft5ions WCR centiifugodd al 10.000 
x ii for 10 nW1 at 4C. Tiie supemall.nU served as the S(\f\ICe of pr--. arid SOL> f'C e 
am)Wa. J:_ ··-- - .. ____ _-../ 

FllllplCr.tdr:Euymes 

"The ~ obuincd from PDA C\lhures. of A. nir~r and A. fwriipuw were 
suspended in 10 ml of sterile ~tcr. Er!enmcyer flasb with com meail medium. 
prep;tred ai. 1a .luhn.'IOO and Curl ( 197:?). were mucula1ed "'1th the •pore su~;ien· /I 

, ...... 1.000 ~Pl'' ml of mrdium ,...,,., a<ktcd and incuba!N 48 h a1 28C w11h - 2 $ o..__ 
~on1:nuou' •mnni: 1100 rpm1. 

lbe m~l."CI .. obta•ncd were M:paralcd ~ .-enu1fuga1Y.;n al I0.000 x J for IS 
mill. and Ille enzylDl:I were eauac1ed by bomogc."'lil.ation with 1W.. belllb in .SO 
m!.f T.U.· HC'I. pH 81>. bulfcr !Oluuon. in a I :4 1..-;v) mio. Tiie SU$J'C11Siom were 
ccnuifupd at 10.000 x I for 20 min and lhc enzyme activities were measured 
in Ille supel'NIWll. Conuoh wen: done 1a the - manner. withoul addin1 lhc 
illbibilOI'. 

...,._ hlllilMlor Away 

The inhibilory act•\'•in apinsl bovine tryplin Uld proeasa utnc1ed from 
lhe differml imcc:IS were determined by pmncubll1in1 die 12 kDa inhibilOI at 

,0( - 30C for ) nun .. -.m \hr dtlfere111 proccax utraclS. Prcincubaholl waa followed 
by dctcnnimlioe ol lhc raidual proleOlytic activity. 

8i>vinie vypWa and ~lib pr.- frcm "· ,_ ~ - -yed 
usin& MEE as subMnle. The racuoa rate ill die llblcttce of iahibllDr - dcler· 

G 0 (. mineO a1 lOC acconSi111 to die medl311 clelcribed by Sdlwenz and Takenaka 
(19SS). The~ of 2S ,.J of bovine trypsin (200 llflml) and made pro
- ull1K1 'rom />. ,._....,,,, widl lhc inhibitor - done in '2.1 ml of 0. IS 

lllH'Nn111-.;.\l 1: H» MAllt ISllllllTllll II 

M 1 r" th)•l""~mclhyl a11111i.•mc1h:11w1 huller "'lu1111n. pH II 1. c.1n1:11n111~ ~() 
mM Cal'!, Tile anl<•unt 1•f mh1h11111 •kkJ v.·a.' 11J1uMcJ "'' :" 111 y1.:IJ :14.l'ii 10Mlual 
pm1colyuc a,·1iv11y. OM unu ol c111y111auc KllVll)' ,.-u~ delincd a~ lhr anl<1un1 
of enzyrM 1ha1 cula~)'l.eLl an incre.i...- ''' 0.01 ahliorpunn uniL' JICI min 11 2~.\ nm 
"nJc1 lhr auay co!MlilK•n•. S1mllarl~. one unu of mhih11111 ac11v11y WM) defined 
a. 1hr amounl 1•f mhihuor 1ha1 mh1h11cd c•ne unu ol rn1yrne 1c:11v11y 

The ltl"llVll)' uf lhe mhihnor agam!ll p1111ca"4:) ea1rac1cll from S11opl11/u.1 :rumtiu 
wm. c•·11lua1cd hy mcubaung 11tup10 100 "~ 1•1 pro1eml wnh the en.de pr<>1e11AC 
c~!RCI (0.2 mil. TilC rnKlual rm1ool~·11C llCllVll)' wn mruured 11 pH 2.5, 111ing 
hemo1lob1n (0.S I\) a1o )Ubiolrai.:. accurdmi: 10 lhc rm:lhud dcw:ribed b) l..cnM)' 
( 197S). One unit nf enzymatic acrivny "''II> def1nctl 11o the amount of e111ymt lhal 
calalyzcd 111 increase of 0.01 absorpuon umb under lhc rreviou•I~ llncribed _,. 
condilion!o 

The effect or the inhibitor •1ains1 the prOleuc• utrac:ted from larvae of c. 
mucukuw, Z. •ubfu.u'ianu and A. obm·rw wu dclcnnina.l by tile modified rnahol.I 
of Kakade "al. (1969) llld Lenney (197,). The cnide Cllll'KU or proleUe (100 
,.n -re preincuh1ned wuh 1he inhibi1on. ( 100-200 I'll and the residual ac:1ivi1ia 
~measured with casein at pH 6.5. and wi1h hemotlollin 11 pH 2.5. 

Tiie n:1oidual 1ctivi1ie~ Of T. C"IU/anrum proltUCl after preincubation Wilh the 
inhit1'!<>1 (up 11' WO l'i! 11( pmccinl "'~"' ~·\M~cd "''llh CllM:lll 111 pll b.0 h~ the 
mrtll1lll llf Ka~udr r: ul (1%11l 

Tilt- mh1hi1ory a<·11v11y ag1&1nll prote:a.'IC' c\rr1t1.·1e1f from A nis:rr and A ."41ni1ttuu.• 
WIU cvaluatcJ h~ 1nc11h:1llll•' lhe I~ ltl• mh1hnur lup Ill :?0 I'~ or p11>1rml "'llh 

1he pro1.·a1oe u11a.-1• (;?00 1111 a1 pill Ii ti. Thr '""dual 1e:1,.·11y ,. ... mo•urc.d 
acconlin1 to the mclhod of Kabde If 11/ ( 1969). 

Elrerl of pH nn lnhlbltloa of ~ 

The eff«I of pH on 1hc inhihimry 11C1iv11y ,., ... H""'Ycd by prcincvi.11n1 and 
naM1rin1 lhc llCllYll)' of each ol lhe pr111e111e• wilh ditrcren1 pH buffer Mllutio,. 
(0.2 M ci1ric: acid, pH :?.S; 0.2 M 1rld 0.03 M M1CCinic ac:id, pH e..o and 6.5, 
respectively; 0.1 M Tri!o, pH 7.0. 7.S ~-ct 8.6; O. IS, 0.2 and 0.5 M Tn•. pH 
1.0, 8.5 arid 9.0, respectively). In all lhe buffer 10lu1ion1 used, the ionic 61ren11h 
wu adjusted It> 0. IS wi1h Na(1. Aller l min preincuba1inn lime. 1hc re1idual 
proceolytic lt\:livu) wa) meuurcd al e11r:, ol lhc 1rdica1ed pH"•· 

Arayi.. Inhibitor A.uill' 

The inhibition fo die unytues wu -yed acconlin1 10 die INlhod of Bird 
llld Hopkw 09S4). The inhibitory KUvitic• asai1111 larval amylua were 
measured u1ins hl>ffen of dif1'cren1 pH .-al11e1. Crude l;if'lal cnzymalK' e•tr11c11 

f' H ,,,I.I h·kr/ .. f 1·~ 
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((HlJ~ •••ll li~ mil"'"''' p1e11l<:ubatcd f,,r ~mm at ,-a.:h pH. ,.·11h diflcrenl amount' 
''' punfn:J I:' L.()a mh "•tor at 30C. ma total "'luntt of 0.7 m!. h•llowm~ 1he 
r••'llli uh:otll•l\ 't.:r. J (I I~~<:: ,,..;,·) star.:h '<•li.110111(1 'mil wa.' added. the H'a•· 
lk.l~ pul("t.."CJcJ tur .'- mm. Jltcr whh.:h the rc;M.:tlt'n wa' s.h•pred t'l)o the aJJ11"'" 
ol :'>ml ol an a<.:"1" ""'hnc: (:'>~)-i.Jittc ill ... \\ I "'IUll<•n d1lu11.-d 100 f1•IJ \Uth 
"'atcr. The at..ort>an<-.: of th<: wlunons was mca•urcd at 580 nm against a blanl. 
,-..m1ain111g only !he t>uikr I l .:! ml) and the ioo!M·iodatc solution. The 1mylolyti..· 
a.:t" ti) was cakulatcd <•n the basis on lhc at>sort>ancc d1ffercn.:c between lilt· "olu· 
tion ~-..mtammg the cnz~rnc: (or the enzyme plu• tnhil.,ior). and the control st•lu· 
tl\\f\ cvntamtng unJ1~estcJ starch. A unit ,,f eru~matic acuvity was defined as 
the dc.:rease m """ un11 of absorbancy undc• the d.:scribo:d condiuons. A umt 
of clllytne i.nhibttor) acti..,1ty Wal> considered a' the amount of inhibitor which 

inacuvatcd one unll of enzymatic activity. 
Thc mycclia e•tracb prepared as described before were concentrated 10 50~ 

"olumc by ulualiltraioll. Thc concentrated am) lase wlutioos (SOO ,.I) were m· 
cubalcd with diftcreni amounts of 12 llDa 1nhib11or ( 10-50 .111 of protein). The 
residual acli..-ity ,. .... , mcasuRd as described before. 

Human aliva amyluc - pn:pued by 1:C11U1fuga1ing a saliva sample at 10.000 
x i fol' 10 min. The inhibilory .aivily was dclennincd by incubeting a 10 ,.t 
aliquot (dilulled I :5) w11h Ille different inhibiior :soh11ions. 

A. "<)°ZM and B. subtilil ·amylases were dissolved in de-ionized water 10 give 
~··~lio& of 0.61 and 0.07 mg/ml. respectively. Ten 111 of lhc5e solutions 
were ass.11ycd 1gains1 1.ltffcre11t amou- (l-10 ,.g1 of the 12 kDa inhibitor. 

F.lfect of pH on lnhil>i1ion of n--..\myla.w b~ .~~·lase Inhibitor 

Thc cff~ of pH oo the inhibitor activity 11ams.1 amylasn from T. OUl<Ult'M"' 

and C. lllllCulaDo.s lanlae was evalUllCd ~ folk>-: a sample of 12 llDa inhib11or 
(0.8 or 2 ,.gl was pre1ncuhlted with 2 and 40 ,.1 of a111vlase oflhe cnide elllracu 
from T. <WfOllftllft and C. ~. respectively. The pRinc:ubalion medium 
was made up Ill 700 ,.1 with buffer solutions of d1fleren1 pH values (0.2 M sue 
cinic acid. pH•.Oand6 0: 0.04 Msuccinic acid. pH 4.5 and6.5; 0.1 Msuccinic 
acid. pH 5.0 and 5.5). In aU the bulfcT soluuom used. the ionic sucngth was 
adjuslcd 1aO. IS with NaCl. Alter a prcinc111bwlion time of J min• JOC. lhe raidual 
amylolytic activi1y ,.-u musurcd as dcsc:n'bcd ~fore. 

Protcill 

lo most c:a5A. pro1eill conccfllrllioa wu determined by Ille method of Lo"''fY 
tt ol. (19SI). l"n*iD cooc:cnuatiom ill fiacQons fn>m gel filtralioll col- and 
RP·HPLC col- were cstunaled from Ille ~rbancc at 280 and ~3~ nm. 

respectively. 

1111·1.JSCTIONAL I~ ~Da M...Sl~ INHllllTOR H 

RESULTS AND msc.:usstON 

Purific11tion 

Ammonium sullatc al bO'-" ""1ura11on prcc1pna1cll most of the inhibitor activ· 
ily from malZe c~tra~1~. In a 1ypinl tllpcrimcm. 500 g of maize nnur. aflcr 
precipitation, dial)'SI' and lyophiJization Of lhe "upcrnallllll, yielded apprOllimalCI)' 
0.625 g of the crude precipi1111e containing lhe inhibnor. The precipitate wu sub
jected 10 gel chromall•~raphy on Scphadell G· 75 l'igure I shows lhe elution pr~ 
file of 1 rypical separation. The inhibitory 1c1ivi1y was eluted as a single peak. 
Determination~ of 1hc inhibitory activiry 1gains1 h<winc trypsin and Tribolium 
caslant'run 1myhi.e conlirml.ld that the inhibitory ac1ivi1iu against both enzymes 
were present in lhe !lllmt: fractions. Tilese frac1ion~ (indicated by !he bar in Fig. 

I) were pooled and lyophilized. 
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Funher punroca1ion <>f 1hc inhibi1ory activily wa.• r<·rforn...:d by RP-H PLC us
in~ an incrni.ing acciooatrik gradient (Fig. ::?). Pwtrm ab"•rhance and inhibitory 
actinl)I "!!"'""' t..winc ll)'l"''n and T <"<Ulanei.m am' la'c 'h<"•·<-d 1ha1 pl'Oleins 
bcl>mg mh1b1IOf ac'.la"IY were eluted first. followeJ by th<- pwlem inhihilor. The 
ma.JOI inluh11ory ac1w11y wa>. kocaled in peak A. wha.:h du1eJ al 46'-' acetoniuile. 
and in peak B. which elulied al 49S acc1oni1rile. &th peab showo:d inhibi1ory 
activily against bovine ll)'pSin and T. c- amyb.<es. Some olhcr small .-kl 
eluting al 4 l-46S acc101111rile also had the same 1nhib11ory activities (daLI nol 

sho"'ll); however. dut tu !heir low reroveries onl) the two larger peaks were 
funher slUdied. 

The active fracti<>M oblained after RP-HPLC were pooled. lyophilized and 
aml)-zed by SOS-PAGE; they were homogeneou.< with a ~mgle procein band after 
they were run in geh willl cbffere"' polyacrybunide concentraliom. The molecular_ 
weigbl of die pro1ein eluled al 46S acctonitrile was estimated 10 be 12.000 ud 
?.2 ,000 for 1he plOleill dulled a1 49S acaonitrile as determined by molecular weiPI 
marten (data aoc shown). 
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FIG. 1. llVBSE PHASE HPLC CHltOMATOORAM Of THE 
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The h•'""'F'-'nciry 1•f the I~ i.Oa inhibitor wu confanned funher hy analyzing 
1he N·tmmnal umm1• ~•id 1oCqucnce. which showed lhc ~in11Jc N-l~rminal amino 
a.:1d ""<l"'""'"" S· .-\ .f;. T -S-C- V TheU" n,.ulu are m apre<"rncnl wuh the sequence 
rep.•rtru lur .t lfYJl'ln Hay1•man fa.:1or mhibnor i!iolatcd lrom opa4uc·2 maize 
i.ced~ "' Mahone~ 1•1 11/. l i 9~Jl. 

SJJC1:ifidt~ 

The I~ I; Da inhibitor pun fled by HPLC wa5 assayed a11ains1 pro1case1 and 
amylu,..,~ from d1fforent !'<'ll.lrcc~ h wu ~hown (Tat>le I) lhat lhe inhibimr wongly 
inhib11ed lxl\lme 1ryps1n. Also. lhc protease ac1ivi1y from the inlCCI P. 1runca1us, 
which~' hccn 'hc"•·n 11' he 1 tryp<1n-likc enzyme (Houseman and Thie 1993), 
was. wc:i~ly inhibi1ed. The crude fun1al prolcaSCs extraclcd from 1he mycelia of 
A. n11w and A. fiuniga1us were 1hghtly inhibiled. These fungal proicuea, which 
IR' not ~·pil:al trypsin·like enzyme1, have an optimal activil}' al pH 1.6 and are 
unabk 10 hydrolyze 1pecir.c substrates for trypain·likc protcse1 such u BAEE, 
TAME and BAPNA. 

TAil.i I. 
l!Fl'Eo-"T OF 12 kDll MAIZE INHIBrTOU AGAINST l'ROTl!ASES FROM Dll"l'EIU!NT 

SOU.CBS 
HPLC ptnrlld inhibilor •• -)'1111 apillll...., l!llY* • ..., ill dupliall. &di vllue ,..._, dw_ol_...,......._ 

PROTEASE 
S(UIC[ [ [+I NBTK»l UA,,_., UAml"' U"'il"' ----·-
ao ..... ,.._·• 228.a: H 101.7!38 Z,tCM.4! 9.11 

INSliCTS 
_........, rrYICltl .... 100.9! 0.1 SJ.5!1.4 116.Z ! 3.S Sf...,..,_ u 1.S 0 
Tnbdun casr..... U!O.S S.J ! O.S 0 

~-M 0.7 !0.1 0.7 !0.1 0 
-ll·llC-- OIMIKI .. 0.9 0.9 0 
blltvfes~ s.s 5.5 0 

F\J'G 

~.-·· o.u 0.06 J.5 !0.1 

-g/1111~ .. •• 010 0.11 2.4 !0.2 

•un .. o1 - .., ""of-·-· ••~ol~_.T ........ 19UC ... llAEE•...,_I, 
••M-ol~et-' 1'6tl .... c.il• ..... I. 
E·w~- E+I•~ .... ......... 
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S.:"'"'' "th.:r ph>tc.._.....,, "'.:re °'" mh1t>ucd b~ Ilic: l: L.O.. maize mh1b11ur. ~u.-h 
-" rhc .:nz~mn c\tra.tnl from the lan-ac: of the <•llk:r five insec~ !Olcd. h ha• 
c....-cn >11.•,.-n an vur blbur;otory UQI lhe '1Uin protcm~ ao:aivity present an the T. 

'"-""""- UlllK"\ ·~ due lO an aspanic acid protcinase. In the Olher cases. 
..im.n..~ !>ave l>ccn reported from S. l-U by Bal..cr (1982). end aspanic 
""'"'1 c~srcant protcuw.n from C. -.. .... lanu (Gatehouse t1 al. 198S; Silva and 
,a-.cr-f&lho IWI l. A c>blttnd (Weiman and Nielsen 1987) and Z. sllbftu.-ianu 
, Lcm.l!o t'I al I~. Silva and X1vicr·Ftlho 1991 ). The!e data confirm dial the 
! : l;.[)a maizc mlub11or L' a specific inhibitor d11c.:1cd mainly against uypsin-hkc 
re<*'-· sin..--e none of die insec:u whole enzymes are k-.i to be different 
lrom uyp.ia -re mlubded._ _.._ 1 _ 

In lhe case of lhe amylases. only two OUl of the clevem enzyme.teSted wert - t!'-Je Ill' YI 
1nhibiled by Ill~ illhibtt«; these were die ones e1'uaC:;ecs from T. CCI.If_... and e.111~1 ""'e S 
C _...._., (Table 2). Thex dala c:oafmn die bifu~ily of die 12 kDI 
ma&tt mbibilor prevlOUSly rcponed by OICll f'f ol. (1992). Wiien bovine llypsin 
and uyp.llt-liR ,.__ ~P. --~llldmmyedapinll 

TA.11.E 2. 
£.fffCT OF 12 Ulo NAIZ£ INHmr1'0lt AGa.INST AMYLASES FllOM Dll'1'EltllNT SOUllCES 
rP\.C ponliod...,._ .,,. .... ,_. ...... c.cil-• i..i "'~·Ed ... ~ 

.... - ... -...,..,_ ---------
~"'51 

S..'91Cl N8TION. l (+I 

ur. ... ·• lJ.\ ml., I.I 11111·· -- 61.1 !O.J 676 !O.J 0 

N5EC'I$ 

P1aa1111 ...... ~ 3.8 3.1 0 

~- 24.0!0.2 24.0 !Cl.l 0 
1~~·· 97.1!4.S s1.a::u l01.7: !t 7 

c 5 ..... __.. .. 4.4 !0.1 u !0.1 49.1!2.8 
51.1!1.1 57.7 !1.1 0 
87.1 !O.J 17.l !O.l 0 

IUG .-.., IACTllM .......... 02 02 0 

~~ 02 ().l 0 ..._.,...,,._ '8.1 !O.S 61.6 ! o.s 0 .......... lH.l!U lH.I ! 1.5 0 . _., __ .... __ _ 
•t _., ___ t"4( .... -•-I 
....__ ·---

BIFUNCTIONAL ll kDo MAIZE INHIBITOll )7 

rl>~ :2 U>a inh1h1flll I l -~ ,.g and :?O l'B of prulcin. rcspec1ively) 11 diffcrcnl pHs. 
1hey showed a m;irnnum inhibition al pH 8.0 ind 7 .5, rc~pec1ively (fiJ. 3A •nd 
38). 

The pH effccl ni 1hc reaction medium on lhe inhibition of amyl11e1 or T. 
c-as1onrum and C. ,,,..,·11/a1u.1 is shown in Fis. 4A and 48. In boch cases 1hc mu· 
imum inhibition WIU obtained II pH s.o. 

v 
7.S a.o e.s 9.0 

pH 

8) 120 
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< 40j 0---~ :::> 

6.5 7/J 7.5 8.0 
pH 

FIG. l. pH Ef1'ECT CiN THI PROr'IOLY11C AC11VITY AND INHllll- . 
TION av nm 12 llDt MAID •AMYLASlllT1tYPSIM INHIBl'l'Oll 
(A) ..... .,,._,(11)cnilltloml-"-r. -· e, ... .......,,,... ... _,_ .. o ..... ....,.,... ... _,, ............... 
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10 ear ro1 in ma1zC' c11Uld he DM•o.: 1a1ell w11h lhC' tl)·psin mhibnor. •in.:t they had 
previously detected trypsin inhibitor) activity in maize silb. However, due 10 
the impurily of lhe sample they used. it i• impmsible 10 conclude which inhibitor 
might be responsible for the detected effect, or whether ii could be due 10 1 dif· 
fenml compound. 

More recently Vigers rr al. (1991) showed lh•I • prmein, named zcamalin, 
with a similar N·lerminal amino acid sequerce 10 Ille 22 kDa maize inhibitor, 
but lackin1 inhibitory ac1ivi1y, -"U also ac:tive 1g11N1 some fun1i by aliering lheir 
membrane permcabilily. The difference beiwccn zearnatin and the 22 kDa in· 

hibi1or 11111 remains to be es1.1blished. However, a punned procein, with 991i 
homolo&Y wihl the 22 kI>a maize inhibitor. inhibited Ille an>wih or Ille 
aponomic:ally important pathogens of poL110 will (FIUOri- ozysporwn) llld 
IOIMlo early bli11lw (Allrmaria 1""'1ti) (Huynh rt a/. 1992). Here we show that 
Ille 12 kI>a maize inhibiior is also active, aldloup with lower a1M1y than with 
the other recosnizcd enzymes, apinsl the funpl enzyma exlrlc:led from A. ni1w 
lnci A. jtulli~. Tbele IWO fuqi are "- IO be I Mrioua problem for dlf· 
fem11 arains duriq 11orap, panlculary A. funti10111o1. This is one of the funp 
responsible for the productioCI of aflaroxlns, whic:h repn11er111 one of the major 
problems for human and animll heallh when infested 1raln is coasumed. 

The 12 kDa maize trypsin inhibitor lftms IO be an llUIC:tive 11r1et directed 
1-d incmisin1 Ille defensive 1y11em of some planis 1pinll Ille anac:k of a wider 
group of pests, since it iJ rell.1ively selective and environmen11lly safe. Ir is also 
a useful bi°'"hcmical marker for plant brcedini programs, u well u a poien1ial 
IOOl for 11enetic en1ineerin1. II can eilher be upreued in plani:. Illar lack it, or 
ebe ii can be upressed in lar1er quanti1ies in 1raw 111eh u Ille maize 11\idied 
in Ille present work, in order 10 increase 111 deleterious effec1 on the lunai or 
on die insecu whole enzymes are sensilive 10 it. 
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I t.aboratnrto de aioqul•tc• ;;tel :nett!ut~ T~ 
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' ra._ultad de Mtd1C'1!'1• dr 
!.• ~'NM. Mlaico D.F. 
Ap•rt•do poet•l 17J, O.a•c• 6100~. Oa••~i 

IA• l~ill8• de -h "8D •ido repert..S.• 
como ine•table•. e• declr. pierden r•p•~~t• •~ 
•Ct1v1d8d y por e•t• r•&On 9\1 pur1f1cac'6D .. di· 
C\alt• flt.In ••t• .-.port••• pre .. nta un• .. ~odo:Q 
9la para purlftcar leetinae de coleopt1:0 1e .. tz 
actiY•• y ••~abl••· por cra-atografta it. tnt•r· 
callb10 l6n1co. 10 91' de coleoptllo •e ~n1 · 
zaror. con "" butter de borato• (w/v· . •e pr~~ip•<O 
do• vece• con acetona frla al ''' y •e d'•olv•O 
en :s ~l de UA ti..tf•r de tr1c1na JO.,. pH I 5. Se 
apl1car6n 14 "'9 de protelna de la prep•r•~•On a 
,.,.. col...,. de lnt•rc-•o i6nlc:o (E;;onc·pac Q 
lio·llacll. 

Se obtuvieron 2 tracclone• • ..,.. e:\llda con 
tot de acUvld8d con 5 .f 119 de protelna. y otra 
con ""9r••li-te de .. Cl de O·O.J It con 4~ • de 
actl•lded con 5.5 119 de protdu. 

IA• clo8 traccione• .. ntuvleron 9\1 act1Y1dad 
por '"'" de do9 •-n.• c:windo •• lu 99r~ 0. 5 " 
de ••c:aro•a. 11:1 'l?'•do de puritlc:ac16n de la 
trac:c:LOn •lulda con el 9racl1ent• e• del ~o ' y •u 
rendi-iento tu• del ff'· ll anjli•i• electroforf· 
tico .,.••tra doe banda• de alto pe•o 1110l•c~lar y 
al adeorber la lect.!.na con eritrocito. hu .. r..oe •o• 
una de la• banda• .S.•apan... hto au9ter• qi;• la 
prmparac10n c:ontiene "na conta•inacl6n con otra 
protelna. 

l.· Jankovtc.lt., Cllperlovic,lt., and H•jdukov•c.~. 
(l!,Ol Pl•nt Phy•iotoqy 'l: lfSt-1,,2. 
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i 11'1 ct.0tut. t•AS llC AIWIAlfl'O Y Dr O'l'll.-s PUlll'U. 

jMtte i?5 '''f!l0 r 96geyig '"ts1•• tApet 

~=~~-;~~~V:~.~n:rc7•tr~c1~11 ~:.•;.':: ~;:;;.1 ;;r:=:~~~; _; ... 
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l•t•~1.•r .~• ·t• :.a r -~• -t• :2• ~·-.;.:.;:;;-a·.· .. !•• • .... ~ .. -. 
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.. ••r•r :a va1l"~l:.1:.aa~-· :i"•• •e :y·::•-•• =--- !.!•:•:-::•• 
ac1•ee •raeoa raa1!~~• .... ..:a ;t•re jar .. ~• !:.a~ ;.11c.o• 
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ef.cte 61 l• t ... Lta:........ ac c1....-1e. r p-----= :.:-c •->l:Jr• la 
~16" .. capea;cu:o:.Cle• y de LLq:un..ae ~.;•It'>• cr.1.• 
t..et• ee derLvaa de ta r'\l.te ct. :.o. f..-Ltp:~~:.:!ee 
Se ut.1111as-o• •t.a•peR•1oft•• c•l ... !•r•• d• :!'11~• ·~ 
Ullllla L. w•r. t~'""•fto '!t. t. Lpo ••rra:"tC ~-:.t :.;re.SO• •"" 
.. d&e 11S 11q,..LCIO C"'l)ll 1.4.S p.M h •.::."'fo 1.t· 
•1clerof9ftoa1ac4ttco -, :.t• II.It de bert:~~•d•l":.!'le .:..a 
C'••ll•l••.n• 1e 1acorpor~ c-api.S•••"':• e:t. :Q•P•••to• 
, ... 1 ... 1 ... P...• 1\0 .. :!•~.._..t4 en l'>i:--.. :•:::• 91"1 ~•• -:e:. ... ~•• 
y ••el ••~Ua de a.:t&·~ dee~•· d• l .::•• Je ~"'·:· .. :...~•'" ._,, 
.. ---~ J.ftC'C' ... ft'!O en •oe ftLV•~·· ~. f-.:pr:lp•!'l.;:,~ •• "• 
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&t .. lcloa•r •c. CLfti .. lco • ~·• ••er•·•.-:••e •=:.,. 
1•«:,.••••U~ e: r.t•e: 1:• 60: .:at'••'=~ ..,- ~• 
c•P••iCUl01~•· ~e.apOCQ .~ •c p-~~ ...... I'.::'..: ···-r· .. o\ :. 
a~lac.1. .. de toe IC'•P••1oc:.no0;.de•:.. ec..-..aciM ~· :;.p1or•11t 

.. laoe'r_.l6 "°ta~:~t• •n ""•••nc;.a ~ ac- "'.""....,., ~c~ y •"" 
-•r pl'opGf'C'\Oft •It !ea1o~a!.an1na y ac C'Lr-.•••~":J tet::»a 
reeult.-. •'4&.•,..,.. 1'M :oe pr~r1ore1 •d~-=•i:.r.a-toe e: -.<I•"" 
.. cult&wo •'It: v.t1ol1••" prLftc1p.: .. nte per• ·• b•t•:.:i.:•a:.1 -J• 
a ....... y ftCI de C'AC1'9aiC'Lft01.Je• 
••l&.a.D. a:......&J. _i,91•. -:-tae ac~....-.11t1Qt1 ~! P""•·.,:;r·.;:,:..n.:. .. J 

-.lid ~atcuio1d ca.powiS. tn eel.! ~!t·.n•t •:1.o! vt-.-c-... fr1oo1o-: 
r tM chU!1 pewer.C'•ll1•'C'"..- 11111uu. M;~; P~an: -=•~. i.. ~rgef". 
0.1, ••.• tll)-17,). 

ll:ln'O 'f l:STlnlCrolU D& lllf 111/1:110 :mt :&r:Y.>R ::ll 
n-AlllLASAS OS Aoleranthu• ftypo<;hondr1~cw1. 

&licit Cbfgpll .... ~nd,11 Pttt~yc. R~~,,~ S•,c~•· 
lrau .... Sandor ron70r- y Al•J•ndro B4ar . .-,_ :.a::a~. 

•:nt.ern•c.1ona1 Centre tor Genet.i.c E'i.;l-iff•~~r:; •~'31 
li~Kllnoloqy, l4Cl2 -:'nHt• lt•ly. ~'°·'•1'av :Pi< a;;:1 
629 Irapuato, Ceo. Muco. •Innttuu -=! B,xne:r:utry I 
and rrote.1.n Reeearc~, A9f ~cul. t.1.1r•: &~c~e·:~:-io~oql' 1 C•nt•r 2101 GOcU!llO H~n • • 

Un inll!bJ.dor de n·•••laea1 :AA:, pr.1•nu1i 
"" •••!.ll•• de A••r•ntr.ue l!ypocr.~ .. =: ~.t.:·.a. ·Jr.al 
v•r1•dad ••11~4n1 de A••rant?, !~;R a~•:A~~ 
pucifieado • ho•oq•~•111d "f 1e-:- .e"I~: •'°'=".' ~,. .• 

leecuencl•dor auto•lticc ~or el ~f·~~c ·Jff E-:~~~ , 
La localL11c:iOn d• 1Ja p~ent•• ~••·:' !1;.r":" ti.in 
d•t•r•in•d• u1ando fr11J••nt1e16n- er-.11.:t".\t~~• y' 
qu1•1ca eo•b1n1d• c~n 1eeuenci•t1e~ N-T•~~~~•~·; 

AAI •• vn pol~p6ptl1") (je 12 nt1t:1._rut ~Ui'"' 
••cuenci~ ~· ••~~oa~1do1 no ~rq•p~·A --.~~:01:1• 
cuando •• cotap .. rG ,..," 1e""":uen':~•• ~r· ·'" : ,,., .... ,._ .. 
d• d•toe f.Anto ~· t>rOtCd.n•1 ~$-....... ;.!'-•, f·!H 
co•o d• D"A (GanDan&1. 
Sin ••bar90. C:\.i•ndo •• an•:•t~ :..s ~-:-~.:~ • .-:..1o1:: 
d• 8UI puence1 ~Si1·.;:!~r'1. •• 4~::--•.:-• I·" •~·, 
ti•n• r•l•cion con ·sr. 'fr1Jp~ -::o .·• .. ~.!"'rP'I' "" 
prot••••• y con"" 1r·:po 1• ,_,.,,.._" ,~-. 
P'opiedad•• naurot011ca1. 

Inf>•••• t1ta c1r1ct1r!1t;·1 ""':;,·•-.sr";· 
tu• poeLDl• con1tru~r un m~1e.~ 1• :. 
e1tr11ctur• t.rld.1o.•e:-.11on•l de AA:. .16'"'1 :·1 •. 
t•~nica de C•••pl•z••,~nto de ~11o~a9 :~~ora;en 
y f1n•l••nte, r•tl.n1ndo •1 ra.,de~"> n.;::..z1r,•1? 
tfcn1C•• de D1n••ic4 Mo~ecular. 

l•t• traba)o fue f1n1nc1110 
proyecto Nult.1n1~1-:in1l de 
All .. ntoe y por •I t.~.G.r.a. 

po r ; .. ".!.A .. 
II , "'; • o•·'"' ") ~ ,.._. "1 ! • • 
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VI RE~ION N'ACIONAL DE BIOQUWICA VEGETAL 

ESTlWCTUBAS Y FUMCION DE INBIBIDORES DE DIZDL\S DE PLANTAS. 
Al.ejandro Blanco-Labra 
CINVBSTAV-IPN, Onidad Irapuato, Apdo. Postal 629, 
36500 Irapuato, Gto. 

Amaranto es uno de los cereales mas antiquos eri el conti
nente americano. Su presencia en Mixico se remonta a mas de 
4,000 aii.os A.C., en la region de Tehuacan Puebla. La semilla 
del amaranto, contiene inhibidores proteicos de enzimas, que 
ban sido identif icados como parte de los mecanismos de defe~ 
sa de las plantas, contra el ataque de insectos y bongos. Dos 
inhibidores de enzimas, uno de proteasas tipo tripsina y uno 
de amilasa, ban sido estudiados en nues.tro laborat-~:rio. Su 
caracterizaci6n y la de~erminaci6n de su secuencia, indican 
que se trata de una proteina de 7,00G KD, la cual pertenece 
a la familia II de inhibidores de la papa. La estructura mo 
lecular de su sitio activo es pricticamente identica en una 
reqion de 9 aminoacidos, a la del inhibidor de semillas de 
calab~za. En el caso del inhibidor de amilasa, este es me 
nor que el de proteasas con solo 32 aminoacidos. Su secuencia 
no se parece a ninguna p~eviamente reportada, y solo buscanch 
por homologia lejana, se encontr6 similitud por patron de 
ciste!n?.s con el grupo de las curtatoxinas. 
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BPECTO DB LA TEMPERATURA SOBRE LA BSTABILIDAD DEL INHIBIDOR 
DE PROTEA.SAS (7 KDa) DE SEMILLAS DE AMARANTO • 

. 
ftendiola E •• Valdes s. y.Blanco A. Departamento de Biotec
noloqia y Bioquimica. CINVBSTAV-IPN, Unidad Irapuato. 
Apdo. Postal 629, C.P. 36500 Irapuato, Gto. Mexico. 
Tel: (462) 5-16-00 Fax. (462) 5-12-82. 

La estabilidad dei inhibidor proteico de proteasas 
(7 KDa) extraido de semillas de amaranto (Amaranthus 
~hondriacus) y purificado por cromatografia de liqui 
dos e alta resolucion se probo, a diferentes tratamic·n-= 
tos termicos, sometiendo el inhibidor puro y despues ~l 
inhibidor 6D presencia de la enziaa (tripsina bovina). 

Se pudo comprobar que el inhibidor presenta una ele
vad~ estabilidad en un rango de temperaturas, que van de 
4°C a 90°C por periodos de hasta 5 minutos. Despues de 
ese tiempo la estabilidad disminuye principalmente a ele 
vadas.temperaturas (90°C). 

Se pudo observar que tanto para la enzima pura, como 
para el complejo Enzima-Inhibidor la estabilidad a la 
teaperatura, presenta una tendencia similar, ya que en 
ambos casos, a una temperatura de 70°C, se observa un 
marcado descenso en la actividad. 

Sin ellbarqo, cuando el inhibidor se e·ncuentra presente, 
este le confiere una estabi!idad a la enzima, ya que el 
porcentaje de perdida de actividad enzimatica, es menor 
para el complejo Enzima-Inhibidor. 
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