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Irapuato, Gto., September 8, 1995
UNIDO Contract No 92/0555
(CRP/MEX 91-02)

Dr. V. Koloskov

Contracts Officer, Contracts Unit
Purchase and- Contract Branch
Operational Support Division

Dear Dr. Koloskov,

I am herewith sending you the FINAL REPORT AND THE
FINANCIAL STATEMENT.

I hope you will find the progress made, sufficient to fulfill the
expectations.

I would like to express my gratitude to the UNIDO program
and the ICGEB that made possible to work in this area, and to
establish close collaboration with other groups.

In case any further clarification had to be done, piease contact
me, and I will be happy to do it.

Sincerely yours
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Abstract: .
ABSTRACT

Plant 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, mainiy 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 them 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 also
presents a wide type of activity, since it recognized proteinases from different origen. Its
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 cystein content. Based on similarities to its disulfide bridge pattern, a molecular model
was built, being this the first molecular model repoited for an amylase inhibitor. Finally the
amylase from the guts of the insect P. truncatus, was isolated and purified. It was
characterized as an acidic D-cathepsin type proteinase, with a maximal activity at pH 3 and
with an apparent molecular weight of 22 kDa.




- OBJECTIVES/METHODOLOGY -
5 (proposed at the tinie of the submission of the research proposal)

vey

OBJECTIVESMETHODOLOGY

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

New materials from amaranth and maize were included, they were punfied and tested
also 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 important to have at least one purified enzyme for the characterization of the
different inhibitors. 3

Methodology.

As for the methodology used, this was very much the same 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, goddlld at Hungary, and the other at the University of California Davis.
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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 inhibitors 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. .




Work plan and time scheduie
.. (origlnally envisaged) -

Work plan and time schudele

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 then covered some work withy amaranth and maize, which were not originaly included.

The participation of good graduate students, plus the continuos support from ihis
grant, allowed us to purify and study no only the two inhibitor from tepary bean seeds and
one insect enzyme, but two other inhibitors from maize and from amaranth seeds It also
provided us the opportunity to begin some molecular modeling and 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.
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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
Optimitation for extraction procedure of TBI, MTI and AAI
Setting the Chromstography procedure
Purification TBI
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Purification AAI
Extraction procedure for amylase activity from insects
Optimization of Chromatography procedurés

Setting electrophoresis (zimograrns), MW determinations
Purification of AAI, TBI and MTI
Physicochemical characterization of MTI

HPLC procedure to obtain very pure samples

Sequence determination for AAI

Molecular modeling for AAI

N> | Writing 2 publications

Physicochemical characterization of T8I and MTI
Molecular recognition of the trimer form for TBI

Writing one more publication

Sequence determination of TBI

9¢




Networking
Very good research reiationships were stablished with 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. José 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, .

- Fuﬁhcr characterization of the 12 kDa Proteasc/alpha amylase inhibitor present in maize sceds.
Journal of Food Biochemistry 19 (1995), pp 2

- A Novel a-Amylase Inhibitor from Amaranth (-{maranthus hypochondriacus) Seeds.
The Journal of Biological Chemistry. Vol. 269 No. 38 pp23675-23680, (1994).

- Purification and characterization of a digestive cathepsin D proteinase isolated from Tribolium castaneum
larvae (Herbst).
Inscct Biochemistry and Molecular Biology

= This work has alrcady becn accepted for publication (acceptation letter is enclosed) on August 2, 1995, in
the Journal: (acceptation letter is enclosed).




Part 4

r STATEMENT OF EXPENDITURES ]
To be filled by ICGEB To be fil'ed by the Affiliated Centre
Budgets as per original proposal Summary of expenditures *

1) Caplital equipment 15 S 1) Capital squipment Uss ... 3,188.20

2) consumables USS$ oo 2) consumables uss .. .8,917.04

3} training US$ ..ot 3) training uss ....... TLT T

4) literature USS$ oo 4) literatuze uss ... 622.56

5) miscellaneous 055 S S) miscellanzous uss ... 27,272.20

TOTAL GRANT USSueeersraecrssseoessses | TOTAL Us$....49.,000.00

Please Itemize the following budget catejories (if applicable)

Capilal equipment
1. Vacuum pump Trademark Kidney Mod. KUC--§ -

2. Phast System Cat. 18-1018-23

Training (provide names, duration of training, host laboratory)

(Seed attached sheet)

Literature

E7273
* Please do not send lnvolces./reccip!s etc.; these should be ¥-~t by the Aflillated Centre for future reference and sent
(o ICCEB upeon . :ques!.
** except for invoices that are required in connexion with paragraph 5. of thr Contrace.
_ 7, ‘




Students trained under this program.

It is important to emphasize that student training is one of our main objetives for the
whole country. It has been pointed than one of the most necessary components for
development, is to have well trained personel. i nerefore, we emphasized most on this point.

Student name Level Finishing date

Jorge Campos MSc Sept. 1994

Lorena Sandoval Fh.D. Expected for Dic. 1995
Isabel Mosqueda BSc Expected for Dic. 1995
Juan F. Gomez MSc Expected for Sept. 1996
Jorge Campos Ph.D. Expected for Nov. 1996
Manuel Vazquez PhD. Expected for Nov. 1996
Silvia Valdés PhD. Expected for Nov. 1997
Short training

Amubio Valencia - 5 month training (from 2 Enero to 2 Junio 1995)
(from Universidad, (under a fellowship frora Intemational Net of Bioclogy)

Manizalez, Colombia)




Work presented in Congresses.
VI Plant Biochemistry Meeting:
1. 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 Society Oct. 1994.
- Isolaiion and structure of a new amylase inhibitor from Amaranthus.

- Purification and partial characterization of a protease inhibitor from tepary bean.




CENTRO DE INVESTIGACION Y ESTUDIOS AVANZADOS DEL
INSTITUTO POLITECNICO NACIONAL
UNIDAD IRAPUATO

PROJECT : PROTEIN RELATED TO PLANT RESISTANCE TO INSECTS
THROUGH ENZYME INHIBITORS

CONTRACT:- 91/264

FINANCIAL STATEMENT FROM NOVEMBER 1994 TO AUGUST 1995

CONCEPT APORTATIO TRANSFER PAID } PAID CREDIT

NUSD 1ST REPORT 2ND REPORT USD
SMALL EQUPMENT 3,500.00 (311.80) 2,203.76 984.44 00.00
TRAINING 8,200.00 (8,200.00) 00.00 00.0C 00.00
LITERATURE 900 (277.44) 226.74 395.82 00.00
OTHER COSTS 23,400.00 3.872.20 16,815.34 10,456.86 00.00
SUPPLIES 4,000.00 4,917.04 4,226.52 4,690.52 00.00
TOTAL 40,000.00 00.00 23.472.36 16,527.64 00.00
~
| e ( ? (’*\ :
| . h,,z LA
DR. ALEJANDR,b BLANCO LABRA M. EN C. RAMON GARCIA FERRER
, ADMINISTRATOR

FIRST APORTATION 13,333 USD, 3.092 Mx PESOS FOR DOLLAR
SECOND APORTATION 13,333 USD. 3.075 Mx PESOS FOR DOLLAR
THIRD APORTATION 13,334 USD, 3.200 Mx PESOS FOR DCLILAR

AVERAGE FIRST REPORT 3.0835
AVERAGE SECOND REPORT 3.1775
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CENTRO DE INVESTIGACION Y ESTUDIOS AVANZADOS DEY,
INSTITUTO POLITECNICO NACIONAL
UNIDAD IRAPUATO

THROUGH ENZYME INHIBITORS

917264

PROTEIN REIATED TO PLANT RESISTANCE TO INSECTS

FINANCIAL STATEMENT FROM NOVEMBER 1994 TO AUGUST 199§

- PAPEL. CORNEJD

SUPPLIES
SUPPLIER ORDER
- THE TRUSTEES OF. 750 DLLS. 1752
ROA FORWARDING FLETE 218DLLS. 1311
PAPEL. CORNEJO
ASTROFOTO
FOTO IMAGEN
REPRES. R.CM. 2404
SEMILLAS Y CEREALES 87
PRICE CLUB SP130
ANGEL DELGADO LOPEZ 87
- DAM-ESPLA 193
- PAPEL CORNEJO &7
- GTO. DE IMPORTACION 91893
- QUIMICA VALANER 190
- REPRES. RCM. 191
- PROESBA 614
- SIGMA CH. 35.20 DLLS. 192
. SERV. PROF. JONHSON 2434
. RENATO ORTIZ SP.324
- RYSE DE IRAPUATO 1038
- IND. KEM DE LEON 1088
- DAMESPLA 1085
- DAMESPLA 1086
- IND. KEM DE LEON 116
- PAPEL. CORNEJO 1083
- ACCESOLAB M3
- ENC. FELIPE QUIROZ 1220
. ENC. FEUIPE QUIRGZ 1159
- REPRES. R.CM. 113
- CONSORCIO CIENTIFICO 1114

INVOICE

AMOUNT
MEXICAN PESOS
N$
258270
751.58




PROJECT

CENTRO DE INVESTIGACION Y ESTUDIOS AVANZADOS DEL
INSTITUTO POLITECNICO NACIONAL
UNIDAD IRAPUATO

THROUGH ENZYME INHIBITORS

CONTRACT: 91/264

PROTEIN RELATED TO PLANT RESISTANCE TO INSECTS

FINANCIAL STATEMENT FROM NOVEMBER 1994 TO AUGUST 1995

SUPPLIES
SUPPLIER ORDER  INVOICE
- ARTES GRAFICAS CASTORES 1233 582
i - ROPA LA CENTRAL SP-2625 42545
3. FOTO IMAGEN 6643
- FOTO IMAGEN 6611
- ZONSORCIO CIENTIFICO 115 13101

TOTAL

MEXICAN PESQS



CENTRO DE INVESTIGACION Y ESTUDIOS AVANZADOS DEL
INSTITUTO POLITECNICO NACIONAL
UNIDAD IRAPUATO

PROMLCT PROTEIN RELATED TO PLANT RESISTANCE TO INSECTS
THROUGH ENZYME INHIBITORS

CONTRACT: 91/264

FINANCIAL STATEMENT FROM NOVEMBER 1994 TO AUGUST 1995

EQUIPMENT
SUPPLIER ORDER INVOICE | AMOUNT
MEXICAN PESOS
1 EICOR DISENO (PARTIAL) 1427 772 N$ 312644
TOTAL N$ 3.128.44
uso 984.44
LITERATURE
SUrPLIER ORDER  INVOICE AMOUNT
MEXICAN PESOS
1-  FGOD NUTRITION PRESS  SP-2530 12315 N$
1.257. 1
TOTAL N$ 1,257.31

usD 395.82




<’ENTRO DE INVESTIGACION Y ESTUDIOS AVANZADOS DEL
INSTITUTO POLITECNICO NACIGNAL
UNIDAD IRAPUATO

PROIMCT PROTEIN RELATED TO PLANT RESISTANCE TO INSEC'TS
THROUGH ENZYME INHIBITORS
CONTRACT. 91/264
FINANCIAL STATEMENT FROM NOVEMBER 1994 TO AUGUST 1995
OTHER COST
SUPPLIER ORDER AMOUNT
MEXICAN PESOS

VR ALEJANDRO BLANCO L. SEP-34 TO MAY-95 N$ 9.567.60
Z SLVIAVALDESRH. SEP-4 TO MAY-35 ©.760.00
S At CHAGOLLA SEP-34 TO MAY-$5 4.550.33
4 NORMA MARTINEZ SP-2688 1.250.00
S DR. ALEJANDROQ BLAKCD 10850
- DR ALEJANDRO BLANCOD SP-3174 1.641.85
¢ LLIZABETH MENDIOLA SP-3433 43367
% i ALEJANDRO BLANCOD SP-3417 170.60
5 L ALEJANDRO BLANCD SP-3596 562.50
10 ELABETH MENDIOLA SP-3668 201.00
11- DR aLEJANDRO BLANCO SP-18 11200
1 [P ALEJANDRO BLANCOD SP-130 87.40
1" UK ALEJANDRO BLANCO SP-1526 9%.00
+ “H ALEJANDRO BLANCOD SP-3801 383.00
Y LUZARETH MENDIOLA SP-3802 228.00
1, oo 0ES TERRESTRES SP-2230 95.00
17 Jur3k CAMPOS SP-2163 100.00
18- DRA ALEJANDRA SP-2220 705,46

(TIVARRUBIAS
v DRA ALEJANDRA SP-2541 249132

C1r/ARRUBIAS
4 Uk aLEJANDRO BLANCD SP-2018 165230
2i Ui LLJANDRO BLANCO SP-2526 294558

TOTAL NS 33,226.57

usob 10.456.86




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 knowledgs 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
which 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., O. 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 aggiutinates
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 SDS-PAGE. The glucoprotein consist of 17%
carbohydrate content. Gas Chromatography-Mass spectrometry analysis,
showed that the carbohydrate moiety consist of the following
monosaccharides:

M harid Moles/mole inhibi
Xilose |
Acetyl Xilose 2
Mannose 12
Glucose 16
Glucose acetamide 4

The inhibitor showed high sensibility to thermal treatment, loosing
a high percent of its activity even at low temperature (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
interesting, considering that tepary bean can be cross with common bean.

PROTEINASE NHIBITOR

A proteinase inhibitor was extracted through selective
precipitation, and purified to homoceneity as shown by SDS-PAGE and
HPLC The kinetic characterization chowed it to be a strong trypsin type
inhibitor, with a tight binding consta.t of Ki= 2.2 x 109 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. 2). It presented very high thermostability,
being able to stand high temperatures, in the order of 95°C 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 have 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 sho:t 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 botti amylases and proteinases. Eigat different proteinases
extracted from insects and fungi which attack grans during storage, were




tested with this inhititer. 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 of Biological Chemistry.
A family of amylase inhibitors from amaranth, have been isolated and are
now under 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 smali 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 shown to be sensible to
different amylases inhibitors, therefore, it is important 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 pg/ 40 ulL) were treated for
60 min at different pH and temperature conditions.
After the treatments samples were assayed for
inhibitory activity.
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Table 1. Effect of TAl on a-amylases from different sources
at 30 and 60 min incubation time (E+i).

Source Inhibition (%)*

30 min - 60 min
Porcin Pancreatic 1.70 " 0.00
Human Salivary 7.05 9.15
Bacillus subtilis 10.13 8.77
Aspergillus oryzae 8.13 8.00
Barley s malt 0.00 0.00
Tribollium castaneum 100.00 100.00

* Based on 100% inhibition of T. castaneum o-amylase activity.
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Fig. 2: Inhibitory activity of TAl 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.




Fig. 3. Sodium dodecy! 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, s2inples 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 nrofile of irhibitor under native conditions.
B) Elution profile in the presence of 3 M guanidine, acting as a
denaturing agent.
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The major a-amylase inhibitor (AA]) present in the
seeds of Amaranthus hypocondriacus, a variety of the
Mexican crop plant amaranth, is a 32-residue-long
polypeptide with three disulfide bridges. Purified AAl
strongly inhibits the a-amylase activity of insect larvae
(Tribolium castaneum and Prostephanus truncatus) and
does not inhibit proteases and mammalian a-amylases.
AAI was sequenced with the automated Edman method,
and the disulfide bridges were localized using enzy-
matic and chemical fragmentation methods combined
with N-terminal sequencing. AAl is the shortest a-amy-
lase inhibitor described so far which has no known close
homologs in the sequence data bases. Its residue conser-
vation patterns and disulfide connectivity are related to
the squash family of proteinase inhibitors, to the cellu-
lose binding domain of cellobiohydrolase, and to w-cono-
toxin, i.e. a group of small proteins termed “knottins” by
Nguyen, D. L., Heitz, A., Chiche, L., Castro, B., Boige-
grain, R, Favel, A, and Coletti-Previero, M. ((1990) (Bio-
chimie 72, 431-435) The three-dimensional model of AAI
was built according to the common structural features
of this group of proteins using side-chain replacement
and molecular dynamics refinement techniques.

-Enzyme inhibitors are important tools of nature for regulat-
ing the activity of enzymes in cases of emergency. Plant sceds
are known to produce a variety of enzyme inhibitors that are
thought to protect the seed against insects and microbial patho-
gens. Proteinase inhibitors are the best studied of this group- 1),
expression of proteinase inhibitor genes in transgen:c plants
provides protection against pathogens (for a review, see Ryan
(2)). Comparatively less is known about the inhibitors of a-am-
ylase which might, on the other hand, be equally attractive can-
didates for conferring pest resistance to transger.ic plants since
many of them inhibit both proteinases and a-amylase

The structure of a-amylase inhibitors is quite variable  Table
1) (see also Richardson (3) for a review); they helong to families
that contain proteins of seemingly quite unrelated activity,
among which are many proteinase inhibitors. Several of the
structurally related proteins play a role in the stress response
of plants (proteinase inhibitors, osmotin, salt-induced pro-

* The costs of publicatinn of thia article were defrayed in part hy the
payment of page charges. This article muat therefore be herehy marked
“advertisement” in accordance with 18 U.S.C. Section 1734 wolrly to
indicate this fact.
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Bintechnology fellowship.

** Recipient of an International Centre for Geretic Engineering and
Biotechnology fellowship.

£t To whom correspondence should be nddressed. 10
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teins). It is an important feature of the plant n-amylase inhibi-
tors that their inhibitory activity can be species-specific. For
example members of the cereal family of amylase/prutease
inhibitors are active against mnsec? a-amylases hut do not seem
to inhibit the a-amylases present in the digestive system of
mammals.

Here we report on the purification of a new type of a-amylase
inhibitor isolated from the seeds of Amaranthus hypocondnia-
cus which strongly inhibits the a-amylase of the larvae of the
red flour beetle { Tribolium castaneum and of the grain horer
(Prostephanus truncatus ). The primary structure of this small
protein is not closely related to any other known protein. Its
disulfide topology and residue conservation patterns, however.
are similar to those of a group of proteins that include members
of the squash family of proteinase inhibitors ' 1. 18, 19), as well
as w-conotoxins 126, 21), which contain three conserved disul-
fide bridges and an array of three 8 sheets.

EXPERIMENTAL PROCEDURES

Materials—Seeds of A hvpocondriacus ine 33 were kindly provided
by the Mexican National Institute for Research in Forestry and Agri-
culture in Celaya Gto.. Mexico. Sephadex G-735 and DEAE-Sepharcse
CL-6B were obtained from Pharmacia Biotech Inc. n-Chymotrypsin and
trypsin were from Serva; cyanogen bromide and vinyl pyridine were
from Aldrich. All chemicals used were of analytical or sequencing grade.
HPLC!-grade acetonitrile and trifluorcacetic acid were obtained from
Aldrich.

a-Amylase Assay—Crude extracts of larval m-amslases of T casta-
neum and P, truncatus were extracted as described previously (22: The
activity of a-amylase was determined using nitrosalicviic acid accenrding
to the Bernfeld method (8.

Purification of the a-Amylase Inhihttor—A crude extract of a-amyiase
inhibitor was obtained from 100 g of ground defatted amaranth seeds as
described previously (22). The supernatant was precipitated by the
addition of ammonium sulfate The precipitate in the range of 35-657%
saturation was collected and redissolved in 0.01 v ammonium bicarbon-
ate. This material was ‘ractinnated nn a Sephadex (5-75 column (1.6 x
160 em) preequilibrates! with the same solution Fractions inhibiting
the a-amylase activity of T castaneum larvae were pooled and Iyophi-
lized. This material was redissalved in 3 ml of 0.02 v armonium bicar-
bonate buffer, pH 8 3, and chramatographed an a 20 x 2.6 cm' DEAE-
Sepharose CL-6B column preequilibrated with the same buffer using a
linear gradient of ammonium hicarbonate <0 020 5 v1. The active frac-
tions eluted were lyophilized and subjected to reverse phage HPLC on
a preparative Vidac C18 column 122.5 x 250 mm, 10 mm particle size!
using a model 1050 Hewlett Packard HPLC system The two solvents
used were 0 1% (viv) tnfluoroacetic acid in water :solvent A) and .17
(v/v) trifluoroacetic acid in acetonitnle isolvent By A linear gradient
was used for elution (flow rate, 5 mimin)in which the aolvent compo-
sition changed from 0 to RO+ B in 120 aun

Amuno Acid Analysis—Amino acid compnsition of the peptides was
determined using a Waters workstation and PreaTag HPLC system

' The abbreviations used are HPLE, hygh performance hgasd chro-
matagraphy; SCR, structurally conserved regaon, SD.steepest deseent,
CG conjugate gradient, AAL » amvliase inhibitor
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Tamz |
A clasufication of a-amylase inhibitors

Based on a classification by Richardson (3), completed witih recent data.

Mesrbers of the group with

Class Seuarce® Siov a2l L2Cye m~ m'ﬁ:;r Agamnst po- other scvIEaest
lages m_| TS
Kunitz type Barley i4), wheat (5), nice (6)  176-130  2-4 * - Miraculin T
Cereal type Whent (3), barley (3), indian  123-16R0 10 . - . ND®
finger millet (8)
y-Purothionin type  Sorghum (9; 4745 8 IS - - +-Purothionins (100
Ragt 1-2 type Indian finger millet (11) 95 7 * - - Phospholiptd transfer
prteins
Legume lectin type  Common beans (12) 246 . . - Legume lctins 113y
Thaumstin type Maize (14) 173-235 10-16 + . . Pathogenesis related
prutetn i 1S osmotin
116, thaumatin (17
Prokaryotic Actinomycetes 75-120 - + - \ND
* Numbers in parentheses are references.
*ND, no data.

(Millipore Waters Chromatography Corp). The peptides were hydm-
lyzed by 6 x HCI in the presence of crystalline phenol at 110 C for IH A,
and the umino acids were analyzed after derivatization with phenyh-
sothiocyantate, as described elsewhere (23). Free sulthydry! grmoups
were determined as described by Hampton et al. 124).

Sequence Determination—Samples reduced and pyridylethviated
(24) were digested separntely with trypsin and CNBr, as previsly
described (25, 26). The rexulting peptides were punified by narr.w bore
reverse phase HPLC on an analytical Aquapore OD309 columr. 122 x
2.1 mm, 7-mm particle size, Applied Biosystems: using gradients of
acetonitrile in 0.1% (v/v) aqueous triflucroacetic acid. The pynidviethy-
lated protein and the peptides were sequenced using an Applicd Bio-
syy *ms prolein sequencer (model 471A) employing a Edman degrada-
tron sequenator program (27).

Determination of the Disulfide Bridges—To determine the connectiv-
ity of the disulfid= bridges, the native protein dissoived in 0.1 v :tmmo-
nium acetate, pH 5.2, wax digested by the simultancous add:tion of
trypsin and chymotrypsin, respectively, using an E’S ratio of 1:1-20
tw/w) at 37 “C for 44 h_ Peptides from the digest were purified by narrow
bore reverse phase HPLC and were analyzed for amian acid compositinn
and sequence.

Sequence Similarity Searches—Scequence similaritics between the
amaranth a-amylase inhibitor and other known prateins werv searcherd
i(March 1994) using the NCBI BLAST (28) and the EMBL BLITZ 129,
301 electronic mail scrvers. Al other computer analyses of the sequence
were carricd out using the GCG package of sequence analysis 2]

Modeling—All modeling priucedures. including energy minintization
and molecular dynamica, were performed using the INSIGHT 11
DISCOVER software (Biosym Technologies Inc., San Diego, CA: imple-
mented on a Silicon Graphics Indigo workstation. Energy calculations
were carried out using the CVFF force field (32).

The structure of the amaranth a-amylase inhibitor was
according to similarity with known structures. The atomic coordinates
for all proteina were taken from the Brookhaven Frotein Data hank
The structurex were superimposed manually on the graphics displayv in
order to determine the atructurally conserved regions (SCRs0 (33 The
sequences were also aligned manually, minimizing the number of gapx
and avoiding gaps within SCRs (sec Fig. 6). The template structure
used for mnde! building was derived from this alignment. The model
was then built manually by side chain replacement, as follows. Identical
residue pairs were assumed to have the same conformations s in the
template. Side chains of differing residues were replaced, overlapping
the common heavy atoms, and were vizually inspected in order o as-
certain that no serinus ateric clashes occurred. Replacement of non-
nroline by proline residues and vice versa was followrd by a local energy
minimization of 100 steepest descent cycles in order to obtain a correct
geometry. Deletions were introducad using INSIGHT s biopolymer mod-
ule. Each residue was treated separaely. As the first atep, the readue
wan deleted and connectivity was reestablished, in a firnt step, with 100
cyeles of lnealized ateepest deacents (S1)) energy minimization iind 200
cycles of conjugute gradient (C(3) minimization constriined tn the 2
flanking res.ducs on each side of the deletions. And 1in a second step the
procedure was repealed including 4 flanking residues. Finally. the con
nectivity of the dinulfide bonds was reestablished. and the siructure
was refined by energy minimization and molecular dynamics. No croms
terma were used, and a harmonic band stretching potential was applied

Aeled

A nonbonded cutoff value of 10 A was used togrether with a distance-
dependent dielectric constant. ynanucs was performed using a time
step of 1 fs, and the temperature was kept mnstant by coupling to a
thermal bath with a constant of 01 ps <34 The refinement was a
modification of the procedure described by Du and c~-workers 135 An
initial minimization was performed with 206 cveles of S0 minimization
followed by 200 cycles of CG miimization Afterward. the moadel was
pus 1ato 2 50-A diameter sphere of provyuihthrated « ater and the sys-
tem was subjected to 5 ps dynamucx at 200 K and 200 cycles of SD
minimization keeping the protein atams fixed. 1n order to allow badiy
placed water molecules to move. This was followed by a 5 ps dynamics
at 200 K keeping only the SCRs fixed The refinement proceeded with a
low temperature simulated annealing start:ng at 340 K and lowenng
the temperature to 260 K using 20.K steps. The svstem was kegt for 3
ps at each temperature. The svstermn was minimized using 200 cycles of
SD minimization and 200 cvles of CG minimization Frnally, the pro-
tein-solvert system was subjected 1o a liK)-ps malecuiar dynamics
simulation at 300 K, aliowing al! atoms to move. The resulting structure
was subjected to 200 steps of SI) energy minimization and to a (G
minimization until the maxamum energy derivative was iower than 01
kealVA.

The model was evaluated using the Prosall program (36 The pro-
gram uses mean force potentials derived from known proten structures
136 in order to calcubate the cnerwey of o new structure 1 so kinds of
potentials, C#-Cg parr inleraction potentials and surface potentials, are
used for this purpnse. As the surface potentials are not recommended
for small proteins (37) rin fact the surface potential calculations failed
to recognize the native structure 1n % out of 10 smail disulfide-nch
proteins tested by us, we based the analysis of the AA[ structure solely
on the CB-C8 interaction potentials The program was used with stan-
dard paramcters as provided by the author

RESULTS

Purification of A. hypocondriacus w-Amviase Inhibitor—The
crude extract prepared by succinic acid extraction contained
inhibitors of both a-amylase and trypsin tdata not showrn.
When subjected to gel fil:ration on a Sephadex G-75 column,
the fractions inhibiting a-amylase of the larval enzyme of T
castaneum eluted essentially as a single peak. These fractions
were lyophilized and subjected tn anion exchange chromatog-
raphy on a DEAE-Sepharose ('L-AB column. No inhibitory ac-
tivity was found in the unhound fraction and a linear NH HCO,
gradient allowed for the separatinn of two peaks showing in-
hibitory activity (IEX-1 tleft : and IEX-2 trightr,an Fig. 1). The
respective [ractions were ponled and subsequently subjocted to
reverse phase HPLC. IEX-1 vielded several peaks with a-am-
ylane inhibitory activity that were not analysed further in this
study. Reverse phase HPLC of the IEX-2, on the other hand,
gave one major peak eiuling at 25% acctonitriie, which we
called amaranth a-amylasc inhibitor (AAD. and subjected to
sequencing.
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Speciﬁcily ofMl—Crude extracts of amaranth seeds in- CIPKWNRCSEZL: L= TZL 7T 272 7 i5MN%s
hibit both trypsin (22) and insect amylases. Purified AAl Aiired-py)
showed inhibitory activity against the lurval a-amylase of T. —— -—— CNgr-9
castaneum and that of P. truncatus. On the other hand. AAl -2 RIT-1 MT-6 -
does not inhibit human or bovine saliva a-amylases in an ap- "7

preciable manner (the species-specificity studies will be pub-
lished elsewhere).

Amino Acid Sequence and Disulfide Topology of AAl-—As the
protein showed a high percentage of cysteine with no free sulf-
hydry! gvoups, the samples were subjected to reductinn and
pyridylethylation. Digestion of the reduced and pyridviethyl-
ated protein with trypsin and cyanogen bromide resulted in
seven overlapping peptides that were scparated by reverse
phase HPL.C and sequenced with automatic Edman degrada-
tion. Notable features of the AAI sequence (Fig. 2) are the high
content of cysteine (six) and proline (four) within 32 residues.

Disulfide bridges were determined through partial double
digestion with trypsin/chymotrypsin at low pH for 44 h. On
reverse phase HPLC, the digestion mixture yielded six main
peaks (TCA1-TCAS6), one of them (TCAS) being identical to the
native protein according to amino acid composition. The other
peaks were analyzed through sequencing as well as by amino
acid analynsis, the deduced sequences are shown in Fig 1A The

Fic. 2. The sequence of AAl as determined by automated Ed-
man sequencing. The arrous denote the peptides obtained by enzy-
matic and chemical cleavage and 1soluted by reverse phase HPLC before
sequencing.

results indicate that Cys™ and Cys** are connected by a disulfide
bond. Furthermore, both Cys' and Cys* form a disulfide bond
either with Cys'” or with Cys'", respectively. The exact place-
ment of these disulfide bonds could not he determined from
these experiments since the enzymatic cleavage of the Cys'' -
Cya'™ peptide bond cannot he accomplished. The two theoreti-
cally possible disulfide bonding patterns are shown in Fig. 18.

Sequence and Structural Similarities- When the sequence
was compared with all known proteins using the FASTA (38),
the BLAST (28) and the BLITZ (29, 30) programs, no convinc-
ingly significant homologies could be detected and the top hst of
homologies substantially vamed depending on the choice of
scarch parameters tdata not shown. It has tn be mentioned
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Fic. 3. Determination of the disulfide bonds in AAI by partial
enzymatic digestion. A, seq of the isolated peptides with the
deduced SS bonds; B, AAI's potential disulfide patterns that can be
constructed with the available data.

that this behavior is characteristic of short and compositionally
biased query sequences such as AAI (39). In order to increase
the sensitivity of the search, we selected a subset of the data
base in which cysteine residues were distributed in a way sim-
ilar to AAIL This search allowed us to tentatively identify a
group of short cysteine-rich proteins and proiein domains of
different organisms, including various carbohydrate-binding
proteins (cellobiochydrolase, wheat germ agglutinin, hevein,
chitinase), toxins (conotoxins), antimicrobial peptides from
Amaranthus (AMP), and the sweet taste-suppressing protein,
gurmarin (Fig. 4). The best similarity (40% residue identity)
was found in the case of the cellulose binding domain of cello-
bichydrolase II from Trichoderma reesei. The homaologous cel-
lulose binding domain of cellobiohydrolase I is also included in
the alignment. In this structure one disulfide bridge tdenoted a
in Fig. 3) is missing.

Given that the three-dimensional structure of several of
these proteins is already known from x-ray and NMR studies,
we could classify the structures in two groups based on disul-
fide topologies (Fig. 5, top) and folding patterns (Fig. 5, bottom).
Group I contains the squash family of trypsin inhibitors, the
cellulose binding domain of cellobiohydrolase and w-conotoxin
(1cco, 1cbh, lcti, 2eti). As the structures in this famiiy contain
a characteristic knotlike arrangement, Nguyen er al. (47) sug-
gested the “knottin” name for this family of proteins. Group II
contains chitin-binding domains of wheat germ agglutinin and
hevein (1hev and 9wga.. In group I (topology abeabc in Fig. 5,
top) there are three disulfide bridges, whereas in group II (to-
pology abcabedd in Fig. 5, top), there are four. When viewed in
the sequence context, three of these are in a topological ar-
rangement seen in group I (i.e. abcabe), and one (bridge d) is
outside. A comparison of the available three-dimensional struc-
tures revealed that a sheet composed of three short 8-strands is
present in both structural groups (Fig. 5, bottom). The disulfide
bridges are, however, arranged in a different marner within

_ the two groups. In group I all three disulfide bridges take part

in the “reinforcement” of the sheet structure. In group Il the
three short B-strands are present but bridge ¢ is connected to a
short helical segment (absent in group D1 connecting two
strands of the sheet, while the fourth bridge d coninects two
ends of the C-terminal strand (symbols shown in Fig. 5. top).
The common element of the two folding patterns is a short
B-hairpin-like structure with an irregular N-terminal exten-

A Novel Amaranth Seed a-Amylase Inhibitor

sion {boxed in Fig. 5, bottom ). The three-strand arrangement
seemingly common to both folding patterns, however, while tl
third strand is located at the N termir.us of the common patte
in group I, in the group I! structures it is at the C terminu
Though the strands of the sheet are short, the three-strar
arrangement can be seen on all but one of the structures r
lated to AAL. The only exception is the carboxypeptidase
inhibitor (4cpa). in which no regular secondary structures ca
be detected even though iic overall folding pattern is clear.
related to the other structures in group L.

Modeling—The superimpoasition of the structures and th
alignment of the structurally conserved regions was used (
design a structural template for AAL Assignment of two disu
fide bridges in AAl was, in principle, an open question, sinc
the connectivity of adjacent cysteines 17 and 18 could not b
directly determined by chemical means. Theoreticaily there ar
two possibilities to form SS bridges using our connectivity dat
(Fig. 3B). (i) The “abcabc” topology is characteristic of group
structures, and was also found by chemical means in w-corx
toxin (48); (ii) The ahache topology, on the other hand, has ne
yet been found experimentally in short proteins (49). On th
basis of the chemical evidence (48; and of the convincing sim
ilarity of AAl to group I proteins iFig. 4). we cliose the abcab
topology for our modeling studies.

We made a structural template in which the conformation ¢
the first amino acids of ({CPRILMR) followed that of the ET
structure, while the rest of the molecule was modeled on th
cellulose binding domain of T reesei cellobiohydrolase Sinc
the three-dimensional coordinates of the cellobiohydrolase I
cellulose binding domain are not published, we used the struc
ture of the cellobiohydrolase I cellulose binding domain (1cbl
(40)), which is reported to be identical with the former. To buils
this structure we had to introduce deletions in the (Thr'*.Va]*
and (Val?-Leu®) positions, respectively ‘numbering of the lcbl
structure). The sequence alignment hetween the AAI and th
template (Fig. 6) resulted in sequence identity for 11 out of 3.
residues (34%). The mndel was finally cnnstructed :hrough .
residue by residue replacement. The disulfide bridge originall;
absent in the Ichbh framework was built and the model wa
refined by energy minimization and molecular dynamics to giv
the structure shown in Fig. 7.

The reliability of the model was tested by the knowledge
based mean field approach of Sippl, as implemented in th
Prosall (36, 51) program. The program calculates the C8-C
pair interaction energy for each residue in the sequence. an
correctly folded proteins produce smooth energy plots with neg
ative values (36). The AAl model gave an energy profile witl
values corresponding to those of native structures (Fig. 8:. Th
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 (36) was -3.9, which is within the range
the values expected for native proteins of this length (36
When tested with the AAI sequence, all other known structure
gave higher Z scores indicating that the mndel presented her
fits the sequence better than any of the other structures tne
shown).

DISCUSSION

Amaranthus seeds seem to contain a number of a-amylas
inhibitors-that can be separated by ion-exchange chromatogre
phy and reverse phase HPLC. Here we report on the purifice
tion and the structure of AAI, the most abundant an-amylas
inhibitor of amaranth seeds that accounts for more than half ¢
inhibitory activity measurable in crude ext:acts. This protei
shows strong a-amylase inhibitery activity against one of th
most important pesta of maize, P truncotus (larger grai
borer), and a pest of wheat flour, T castaneum irust-red heetle
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Fic. 4. Sequence alignment of AAI with protein sequences of similar cysteine patterns. The sequences are taken from the Swiss-Prot
data bank (44) as follows: Cellobiohydrolase II. (exoglicanase II, EC 3.2.1.91) from T. reesei, GUX2 TRIRE, 27-63; Cellobiohvdrolcse I, exoglu-
canase [ (EC 3.2.1.91) from T. reesei (40), GUX1 TRIRE, 479-333); wconotoxin GVIA, snake venom of Conus ge.graphus, CX06 CONGE., 46-73;
w-conotoxin MVIIA, suake venom of Conus magus (41), CXOA_ CONMA, 1-25); Gurmarin, sweet taste-modifying protein from Gymnema sylvestre
(42), GUR GYMSY, 1-35; AMP. antimicrobial peptide from Amaronthus coudarus, AMP AMACA. 1-30. AMPI, antimicrobial peptide from
Mirabilis jalapa (43), AMP1_ MIRJA, 1-37; AMPF2, antimicrobial peptide from A caudatus (44), AM2 MIRJA, 1-36; Hevein, chitin-binding lectin
from Hevea brasiliensis, HEVE_HEVBR, 18-60; Ch:tinase, basic endochitinase I from rice (45), CHI1 ORYS, 19-61; WGA, wheat germ agglutiniz

{46), AGI1 WHEAT. 27-69 (domain I), 70-112 (domain 2).
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Fic. 5. Disulfide patterns (fop) and folding pattern (bottom) of
proteins distantly related to AAL 7 and J/ enrrespond to the groups
shown in Fig. 4. The disulfide and folding patterns were deduced from
known structural data in each group.
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Fic. 6. The structursl template used for the modeling AAL eli is

the Ecballium elaterium trypsin inhibitor structure ¢50), chh is the
cellulose binding domain of cellobiohydrolase  (40).

The inhibitory activity, according to our preliminary results, is
absent or minimal against human or bovine a-amylases, thus
this protein appears to be an ideal candidate for conferring
insect resistance upon transgenic plants.

AAJ is a 32-residue peptide containing 8 cysteines. The first
residue of the sequence ig not methionine, therefore AAI is
probably synthesized as part of a larger precursor. The se-
quence of AAI shows no obvious similarities with any of the
known proteins. Spurious similarities and an examination of
the residue conservation pattern allowed us to identify a group
of structurally related proteins which contains sugar binding
proteins (wheat germ agglutinin and cellobinhydroiase), ven-

Fic. 7. The schematic model of the AAl structure. Disulfide
bridges are shown in yellou:. B-sheets are green, irregulsr conformations
are shown in whute. The iliustration was generated with the progran
SETOR (52) using the AAI coordinates obtained hy homol »gy modelin
and molecular dynamics refinement.

oms {w-conotoxin), and antimicrobial peptides. Using th
known three-dimensinnal structures we built a model based o
the similarity of AAI to the squash family of trypsin inhibiton
w-conotoxin, und to the ce'luoise binding domain of cellobioh;
drolase. Nguyen and associates introduced the term “knottit
for this group of structures, based on a "knotlike” feature in t
three-dimensaiona! fold (47), This feature is retained n ti
model of AAL AAJ is tne first a-amyiase inhibitor described

this group.
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Fic. 8. Energy plot for the refined AAI model as gencrated with
the Prosall (36) program. The curves are smoothed (tA:n line, win-
dow size of 5; thick line, window size of 13). Energies are represented in
units of EAT.

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 inhibitors, AAI does not seem to
inhibit protca<es. Even though AAI has some potential simi-
larity to other small proteins, which allowed us to build a three-
dimensional model of this inhibitor, we tend to believe that the
similarities are structural rather than evolutionary. In other
words, short peptides may not have too many stable conforma-
tions for accommodating three disulfide bridges, therefore a
similar fold may arise as a result of convergent evolution. Fi-
nally we mention that AAI seems to be a good core structure for
protein engireering studies since several of the related proteins
are known o be stable and to refold correctly from the reduced
state in vitro (47).
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ABSTRACT

A 12 kDu proizase/a-amylase inhibitor was purified from maize seeds and
shedied lis trypsin- and amylase-inhibitor activities against enzymes from dif-
ferent origins were determined, as well as its optimal pH for inhibition. Eight
diferer. proteases, extracied from insecis and fingi which attack grains during
storag:+. were tested with the inhibitor. Bovine trypsin and trypsin-like proteases
from the insect P. truncatus, and the fungi A. niger and A. fumigatus, were
recognized by this inhibitor. Ow of 11 a-amylases iested, only those from T.
castaneum and C. maculatus were recognized by this inhibitor. The optimal pH'’s
for the inhibition of trypsin and the trypsin-like protease from P. truncaws were
8.0 and 7.5, respectively. The optimal pH activity was 5.0 Jor the inhibition of
amylascs from T. castancum and C. maculatus.

INTRODUCTION |

Plant proteinaceous enzyme inhibitors of enzymes have been extensively in-
vestigated. They are part of the storage (reserve) proteins or the seeds, and they
are also considered 10 be part of the constitutive and inducible array of defense
mechanisms of plants against anack by insects and microbial pests (Rvan 1973),
Both the proteins and their genes are being actively studied (Hilder er al. 1987;

*To whem correspondence should be sent: A. Blanco-Labra, Apdo. Postal 629, C.P. 36500 Iranuav,
Go. Mexxco. Telephone 52-462-516-00, Fax 52-4624 38 46.

Journal of Food Biochemistry 19 (1995) 27-41. Al Rights Reserved.
BN e a1 b Eornad £ Nutvitionm Proce Ine Trumbull Connectizut 27

delete c’]. enzyme;

-

o=




1. RLANCO-LARRA et of

Ryan 1978). Wen er al. (1992) reported the isolation of the gene encoding the
12 kDa protease inhibror from maize seeds. This inhibitor was previously in-
vestigated wn opague-2 ma - seads by Halim e7 al (197a). The data indwate
that the maize whibuors are stowly inactivated by heat and that they conaist of
muluple conponents. Mahoaey el al. (1983) teponied the compleie amine acud
sequence. and some of the propertics of the inhibitor. lts double specificity 0
inhibit the acuvity of proscases and amylases has been studied (Chen er al. 1992).
We previously reporied the presence of another bifunctional nhibitor in maue
seeds (Richardson er of. 1987), a 22 kDa protein, which also inhibis proteases
and amylases ln Uws paper, we repont on the characterzation and inhibuary
specificrty of the 12 kD mauze sceds inhibator.

MATERIALS AND METHODS

Maizc sceds (Zea mays, line B8) were provided by the National Institwie for
Research in Foresury and Agriculture, Celaya Unit (Menico). Insects were pro-
vided by the insectary at CINVESTAV-lrapuato Unit.

Insect cultures of Prosicphunus truncalus and Sitophilus zeamais were main-
tainad on whole maize seeds. while Tnibolium castaneum was grown on maize
flour. Callosobrucius maculatus cul were incd on whole chick pea
seods: Zabrotes subfusciatus and Acanthoscelides abiectus cultures were grown
on whoke navy beans Al cultures were mamntiined W 3 growth chamber at 28C
with a relatine hutindity of 65 75% .

The fungs Awpergilius niger and Aspergillus furugatus wete grown on patate-
Jeatine agar at JEU 11 4-7 days, W order W vbin enouph sporulation The
cultures were then mawntawncd at 4C, and wansferred to @ pew mediam even two
months.

Bovine trypsia (Type 1), N-a-benzoyl-L-arginine cthyl ester (BAEE) and the
amylases from Bacillus sbtilis and Aspe: gillus oryzae were from Sigma Chemucal
Co.; Scphadex G-75 was from Pharmacia Fine Chemicals. Acrylamide and
bisacnylamide  were  from Bio-Rad A.N-N‘Dnmethyl-aminmzohenum-P
.isothwncyanate, phenyl 1sothiocyanate, and wifluoroacetc acsd were wquence
grade from Prrce AU other chemicals were reagent grade from 1 T. Baker.

Extraction of Inhibitors

Mauze scods wete ground to pass a | mamesh sereen The Nour was defaned
by continuously sUTIAE 1IN Rctone for 1S man at room lemperature The aceunw
war devanted and the our again washed lor threc more Lmes.

nslead of
for

— 28°%

30°C —
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Defatted maize flour was suspended in 20 mM acetate builer, pH 5.3, conwain-
ing 1 mM calcium chioride (1:5, wiv), und continuously stirred for 12hmdaC, -

4°c

The supcrnatant was separated by centrifugation (10,000 x g, 1 h,  4C), — 4°C

Ammaenium Sulfate Precipitation
Proteins of the supernatant above mentioncd were precipitated with o%

i em——

(NH.T,S(S.“& 12 h a1 4C, and then centrifuged at 10.000 x g fos | h. The
precipiate was collected, redissolvec’ in water, dialyzed cxtensively against waler
and lyophilized.

Gel Filtration

Two hundred mg of the lyophilized protein were dissolved in 8 ml of water
and centrifuged to remove a small amount of insoluble particles. This solution
was applicd (0 a Sephadex G-73 column (1.6 X 166 cm) previously equilibrated
with 10 mM ammonium bicarbonate. The collected fractions (7 ml) were assayed
for protein content and for inhibitory activity againsi amylase from ", castanewn
and against bovine irypsin. The active fractions were paoled and lyophilized.

Reverse Phase HPLC

The iyophilized powder was dissolved in 6 M guanidine-HC) solution (100
mg/ml) and 100 ul were injected into a high pressure liquid chromatography in-
strument, fitted with a preparative u-Bondapuh C-18 column (22 x 250 mm).
mamtained at 30C. Scpuration was performedt at u flow rate of § mi‘min. using
a lincur gradiemt of acetonitrile and 0.1% TFA (0-60% 0 110 muin). The frac-
tons corresponding (o the cluted pesks were caliccted and freeze dried The
powders were then dissolved in 2 minmum volume of water and their inhibitary
activity was measured.

Electrophoresis

Purity of the inlibitor was evaluaied by SDS polyacrylamide gel electrophoresis
as described by Lacmmli (1970), using 1% polyacrylamide gels.

N-Terminal Amino Acid Sequence

Disulfide bonds of the nhibstor were reduced and S-carboxymethylated in 6
M guamdine HClin 0.1 M Tris, pH 8.6, us described by Crestfield et al (19063).
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The S vasbory methy lated inhibaitor was subjevted 0 micro sequence analysis us-
g the 3N N-duncthy laninoazo-benzene =1 - iothucyanate (DARITC) phenyl-
isothwnyanate (PITC). double coupling hod of Chang et al. (1978).

l.arval Crude Enzymes

The wetonc-detatted larvae of the insects P. truncatus, S. eamais, T.
casiunewm. C maculans, 2 subfasciarus and A. obtecrus were homogemized with
difierem bufier solutons in a 1:S (w/v) ratw, 1o extract the amylases and the
protcases. ln the case of P. runcanis enzymes, ey were extracied with a 0.1
M NaCl » 40 mM succinic acid, pH 6.5, solution. The enzymes of S. :eamais,
T. casianewn. Z. subfasciatus, C. maculatus and A. obtectus were extracted with
0.2 M sucvinic acid buffer. pH 4.5. The suspensions were centrifugedd a1 10,000
b, — x g for 10 min a1 4C. The supernatants served as the soruce of proteases and
- amy lases. :

Fungal Crade Enzymes

The spores obuined from PDA cultures of 4. niger and A. fumigaius were
suspended in 10 nil of sierile water. Erienmeyer flasks with corn meal medium,
prepared as 1a Johnson and Curl (1972). were woculated with the spore suspen-
swa. 1.000 spores per ml of medium were added and incubated 38 h at 28¢ with
cont:nuoty strring (100 rpmy.

The myceha oblawned were scparated by centrifugaticn at 10,000 x g for 15
min. and the enzymes were extracted by bomogeaization with glass beads in 50
m2f Tris-HCL, pH 8.6, buffer solution, in a 1:4 (viv) ratio. The suspensions were
centrifuged at 10.000 x g for 20 min and the enzyme activities were measured
in the supernatani. Controls were done in the same manner, withoul adding the
nhibitor.

Protease Inhiditor Assay

The inhibitory activeties against bovine \rypsin snd proteases cxtracted from
the differemt insects were determined by preincubating the 12 kDa inhibitor a

3°f-— 30C for 3 min with the different protease eateacts. Prei was followed
by determination of the residual proteolytic activity.
Bovine uypsin and trypsin-like pr: from P. ¢ larvae were assayed

using BAEE as subsiraie. The reaction rate in the abscnce of inhibior was deter-
r~© (_ mined st 30C according 10 the methad described by Schwerz and Takenaka
(1955). The preincubation of 23 ul of bovine trypsin (200 ug/ml) and crude pro-
tease extract ‘rom P. trwacars with the inhibitor was done in 2.8 mi of 0.15

-

SovrCe
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M Tns (hydroavmethy! aminomwethane) butter solution, pH K 1, contnming S0
mM CaCly The amount of ibabitor ackdod was adiusted soas o yicld 0% resudual
proteulytic activity. OOne umit of enZyRmalic activity wis detined as the amwount
of enzyme that cutalyzed an increase of 0.01 absorption units per min at 25V nm
under the assay condittons. Simiarly. one unit of inhititor activity was defined
as the amount of inhititor that inhibited one umit of enzyime acuvity

The activity of the inhibior agains | s extracted from Suophilus ceamais
was cvaluated by incubating at (up to 100 g of protein) with the crude proteuse
extract (0.2 mh). The rexsdual proteolytic activity was measured at pH 2.5, using
hemoglobin (0.5%) as substrate. according to the method described by Lenney
(1975). One unit of enzymatic activity was defined as the amount of enzyme thal
catalyzed an increase of 0.01 absarpuon units under the previously described assay
conditions. .

The effect of the inhibitor against the proteases cxtracied from larvae of C.
maculatus, Z. subfasciarus and A. obrecrus was detcrmined by the modified method
of Kakade ef al. (1969) and Lenney (1975). The crude extracts of protease (100
pl) were preincubated with the inhibitors (100-200 ug) and the residual activities
were measured with casein at pH 6.5, and with hemoglobin a1 pH 2.5,

The residunl activities of T. castancum proteases after preincubation with the
inhitwtor {up to 200 up of protein) were assaved with caseiin ot pH 6.0 by the
method of Kakude e af (1969)

The inhibitony wctivily against proteases catracied from A niger and A funigans
was evaluated by incubating the 12 KD inlibatar (up to 20 4g of proteint with
the protcase cxtravts (200 ul) a1 prH 8.6, The rendual activiry was measured
according 10 the method of Kakade ¢ al. (1969).

Effect of pH on Inhibition of Proteases

The effect of pH on the inhibitory activity was assaved by preincubsling and
measuring the acuvity of each of the proteases with differemt pH bufler solutions
(0.2 M citric acid, pH 2.5; 0.2 M and 0.03 M succinic acid, pH €.0 and 6.5,
respectively; 0.9 M Tris, pH 7.0, 7.5 «~d 8.6: 0.15, 0.2 and 0.5 M Tns, pH
8.0, 8.5 and 9.0, respeciively). In all the buffer solutions used, the ionic strength
was adjusted t0 0.15 with NaCl. Afier 3 min preincubation time. the residual
proteolytic activity was measured al eacls of the indicated pH's.

Amylase Inhibitor Assay

The inhibition fo the amylases was assayed according to the method of Bird
and Hopkins (1954). The inhibitory activities againsi larval amylases were
measured using buffers of different pH values. Crude larval enzymatic extracts

y FH nru’)e’é:/,{, e
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(0002 WU LS M were prevwubated for 1 nun at cach pH. with different amounts
ot puntied 12 kDa mh hator at 30C. ma tial volune of 0.7 m). Following the
promcubation sep. o 01285 (wiv) starch solution (0 3 mi was added, the reac
tons proveeded tor 3 nen, atter which the reacnion was stopped by the addiion
of S ml of an ackin wxhine (3% )-iodate (0.5%) slution diluted 100 fold wath
water. The absortance of the solutions was measured at S80 nm against a blank
contatning only the butter (1.2 m)) and the jcdine-woudate solution, The amy lolytic
acun ity was caleutated on the basts on the absorbance difference between the solu-
tion vontatmng the enzyme (ot the enzyme plus wnhitwior), and the control solu-
ton contaming undigested starch. A unit of enzymatic acuivity was defined as
the decrease i one unit of absorbancy under the described conditons. A unit
of enzyme inhibnory activity was considercd as the amount of inhibitor which
inactivated one unit of enzymatic activity. —

The mycelia extrach prepared as described before were concentrated to 50%
volume by ultrafiltration. The concentrated amylase solutions (500 ul) were -
cubated with differemt amounts of 12 kDa whitutor (10-50 ug of protein). The
residual activity was measured as described befure.

Human saliva amylase was prepared by cemrifugating a saliva sampte at 10.000
x ;forlommhmibhoryadivitymdaenninedbymbuinglmpl
aliquot (diluted 1:5) with the different inhibitor solutions.

A. ~ryzoe and B. subrilis amylases were dissolved in de-ionized water (o give
concemmations of 0.61 and 0.07 mg/ml, respectively. Ten pl of these solutions
were assayed against diffcrent amounts (1-10 pg) of the 12 kDa inhibitor.

Effect of pH on Inhibition of a-Amylase by Amylase Inhibitor

The effect of pH on the mhibitor activity agawnst amylases from 7. castancum
and C. maculans larvae was evaluased as follows: a sample of 12 kDa inhibitor
(0.8 o1 2 pg) was preincubated with 2 and 40 u! of amylase of the crude extracts
from T. castanewm and C. moculasus, respectively. The preincubation medium
was made up 10 700 al with buffer solutions of different pH values (0.2 M suc
cinic acid, pH 4.0 and 6.0: 0.04 M succinic acid, pH4.5and 6.5. 0.1 M succimic
acid, pH 5.0 and 5.5). In all the buffer solunons used, the ionic strength was
adjusted 10 0.15 with NaCt. A&upeinunhuianilmoﬂ min at 30C, the residual
amylolytic activity was measured as described before.

Protcia

lnnwstm.p:ueincmwﬂionmdmminedby the method of Lowty
etal (195)). mamm&mmwmmew
RP-HPLC columns were esimated from the absorbance at 280 and 235 nm,
respectively.
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RESULTS AND DISCUSSION

Purification

Ammonium sullate al 60% saturation precipiated most of the inhibitor activ-
ity fram maize exiracts. In a typical expeniment, SO0 g of maize flour, after
precipitation, dialysis and Iyophilization of the supernatant, yielded approximately
0.625 g of the crude precipitate containing the inhibitor. The precipitate was sub-
jected to gel chromatography on Sephadex G-75. Figure 1 shows the elution pre-
file of a typical separation. The inhibitory activity was cluted as a single peak.
Determinations of the inhibitory activity agai bovine trypsin and Tribolium
castaneum amyluse confirmed that the inhibitory activities against both enzymes
were present in the same fractions. These fractions (indicated by the bar in Fig.
1) were pooled and lyophilized.
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FI1G. 1. GEL FILTRATION OF SEPHADEX G- 7% COLUMN OF THE 0% on
(NH.),$0, FRACTION OF THE MA.ZE EXTRACT -
The gol fiftration cohwns (1.6 X 160 cm) eheted with 10 M smmoniuee bicar-
bouste. 1 & fiow rae of 13 M. -o-, sbsorbence & 200 nm; <O, trypein I
hibitos usits/m! (TTU/mal); -2+, smylase inkibuor, uaiks/md (ATU/mi).
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Further punification of 1he inhibitory activity was performed by RP-HPLC us-
ing an increasing acetonitrile gradient (Fig. 2). Protein absorhance and inhibitory
activity against bovine trypsin and 7. castanewm amylase showed that proteins
lacking inhibuor acuvity were cluted first, followed by the protesn inhibitor. The
mayor inhibitory activiy was located in peak A, which cluted at 36% acetonitrile,
and in peak B, which eluted at 49% acetonitrile. Bath peaks showed inhibitory
activity against bovine trypsin and 7. castanewn amylases. Some other small peaks
eluting at 41-46% acctonutrile also had the same nhibitory activities (dala not
shown); however, due to their low recoveries only the two larger peaks were
further studied.

The active fractions obtained after RP-HPLC were pooled. lyophilized and
anatyzed by SDS-PAGE; they were homogeneous with a single protein band after
they were run in gels with duff polyacrylamide concentrations. The molecular
weight of the protein eluted at 46% acetonitrile was estimated to be 12,000 and
22,000 for the protein eluied at 49% acesonitrile as determined by molecular weight
markers {dat not shown).
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FIG. 2. REVERSE PRASE HPLLC CHROMATYOGRAM OF THE
ACTIVE FRACTION ONTAINED FROM THE SEPHADEX G-73
CHROMATOGRAPHY
A 10 mg naple vz tved v 100 o) guanidme-HCY and myec.~d
10 a Vydacr C-18 22 x 250 mm) coloma. Edution wes performed by
wsang & Smear gradiese of rile and 0.1% agp TFA (0-60%)
= 110 mim, & & flow rae of $ mVmes.
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The homogeneity of the 12 kDa inhibitor was confinned further by analyzing
the N-terimnal amine acid sequence, which showed the single N-terminal amino
anid sequence 8- A-G-T-8-C-V These results are in agreement with the sequence
repurted for o trypain Hageman factor anhibitor isolated from opaque-2 maize
seeds by Mahoney ¢ al. (1983).

Specificity

The 12 kDa inhibitor purified by HPLC was assayed against proteases and
amyluses from differem sources. It was shown (Table 1) that the inhibitor strongly
inhibited bovine trypsin. Also, the protease activity from the insect P, truncarus,
which has been shown 1o be a rypsin-like enzyme (Houseman and Thie 1993),
was weakly inhibited. The crude fungal proteases extracied from the mycelia of
A. niger and A. fumigarus were slightly inhibited. These fungal proteases, which
are not typical trypsin-like enzymes, have an optimal activity at pH 8.6 and are
unable to hydrolyze specific substrates for trypsin-like proteses such as BAEE,
TAME and BAPNA,

TABLE 1.
EFFECT OF 12 kDs MALZE INHIBITORS AGAINST PROTEASES FROM DIFFERENT
SOURCES
HPLC purified inhibitor was assayed apaingt ench snzyms st leas in dupli Each value rep
the meae of thres replicaies.

PROTEASE
SOURTE £ B INHIBITION”
. UA v UA mi’ umg''
Bowvine 1rypsin”’ 2288238 1017238 21044298
INSECTS
Prostephanus tuncsts™' 10093208 53.521.4 162238
Snophius reamais 1.8 1.5 ]
Tnbokum castansum $3208 $3205 [}
Cafasobruchus maculshs 07201 0720 [}
Acanthuscehdas obtectus 09 09 [+]
Zabrotes sublfescans 55 L % 1 o
FUNG
Asperglus reger ! 0.13 0.06 35201
Asperphs fureganus ! 020 on 24202

*Unms ol whibrion pes mg of mace whibwor.
*'Method of Schweree snd Tehanska, 1933 (wing BAEE m substraie).
*iMethod of Kakade ¢ of 1969 (waing casein as subetrase).

E = Eevme E + 1 = Exzyme phas ladubisw
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Sererai Hhet piiieases were i inhabited by the 12 LDa maize inhibitor. such
2+ the enzymes eatracted from the larvae of the other five insects tested. 1t has
peen shown 1 our laboratory that the main proteinase aclivity present in the 7.
castunewm exract 18 due to an aspartic ackd proteinase. lo the other cases,
aminopepudases have been reported from S zeamais by Baher (1982), and aspartic
and cysicine proteinases from C. maculatus (Gatehouse ef al. 1985; Silva and
Navier-Fibo 1991), A odvectus (Weiman and Niclsen 1987) and Z. subfasciatus
iLemas et @l 1990, Silva and Xavier-Filho 1991). These data confirm that the
1> kDa mawze whibior « a specific inhibitor directed mainly against trypsin-like
peoteinases. swwe none of the insects whose enzymes are known o be different

‘tested were — elever

trom uypss were wnhibned.

In the case of the amylases, only 1wo out of the clevent enzyme
inhibited by this inhibstor; these were the ones extracted from T. castanewm and
C. macudars (Table 2). These data confirm the bifunctonality of the 12 kDa
maize whibitor previously reporsed by Chen et al. (1992). When bovine trypsin
and wypsin-lke proteascs from P. truncans were preincubsiod and assayed against

TABLE 2.

EFFECT OF 12 tDa MAIZE DNRIMTOR AGAINST AMYLASES FROM DIFFERENT SOURCES

FMLC punind mhbuor wa asayed 2pamS coch sazyme 2 lemt 8 huph Each value repr
. "& menn of Buee repicaies
SOURCE Ast
£ (2] man_qn’
UA m wmwt umg

Numan sabve 626 03 676203 ]
INSECTS
Prostepharus. thncatus 38 38 o
Snaophis resmes 240202 24.0 202 °
Tndokus castansum ' 976248 568239 07297
Calloscbrucias swcutstus ** 44200 1.9 204 49228
Acanttceceixies ocbtectus ST7 20 S7.7 =0 4]
labwrotes subiascetus ar.y 03 87.1 203 0
FUNG AND BACTERA
Aspergihs npwr 02 02 ]
Asperpis Asmgena 0.2 02 4]
Aspergihs eryzee 68.6 203 686208 ]
Secihe nbdtin 1666213 1666218 L]

* Unns of S par wvg of smsme wiiiner.
*t Moung of BrY wng Naghra 1334 (vamg Srch 38 BdEtTIR)
Eelonyme Eodnfomyme i Wiger

BIFUNCTIONAL 12 kDa MAIZE INHIBITOR »”

thz 12 kDa inhibitor (1.5 ug and 20 ug of protein, respectively) at different pHs,
they showed a maximum whibition a1 pH 8.0 and 7.5, respectively (Fig. 3A and
3B).

The pH effect of the reaction medium on the inhibition of amylases of T.
castaneum and C. macularus is shown in Fig. 4A and 4B. In both cases the max-
imum inhibition was obtained at pH 5.0,

A) 300
—_——
—C— e}
T 2001 '
g
=)
1004 N
[ v — v v
1S a0 a5 9.0
pH
8 120
—
—_—— o /'//‘\.
= % -
E
S
[*]
<
2 w04 /
o
(4} v v— v v
[ %3 70 73 8.0
pH

F1G. 3. pH EFFECT GN THE PROTBOLYTIC ACTIVITY AND INHIN- ,
TION BY THE 12 kDe MAIZE o-AMYLASE/TRYPSIN INHIBITOR
(A) Boviae wypsia and (B) crude larvel sxract from P, rruncane, @, wains
sctivicy/mi of snxyme and O, uaits aceivity/ml of enxyoe plus inhibisor,
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FI1G. 4. pH EFFECT ON THE AMYLOLYTIC ACTIVITY AND INHIB)-

m-vmumm.mmvmmm

(A) Crede lnrval exvacts from 7. camensen snd (B) creds larvel exaracs Som

[ . ®, vain scrivity/md of cazyme sad D, waits scsivity/mi of ea-

xywas ples inhibisor.

It becomes evident that. in order 10 think of using this type of inhibitor as a
«wwnmwm»wummum
- consider in advasce the specific type of enzymes of the particular turget organism
~ cistelier et al. 1992).

Hahad.(l%)wuw&wmhbynhdvdy
“all samples of mmize wrypsia inhibitor. They a0 proposed that the resistance

BIFUNCTIONAL 12 AD» MAIZE INHIBITOR »

to ear rot in maize could be associated with the trvpsin inhibior, since they had
previously detected trypsin inhibitory activity in maize silks. However, due to
the impurity of the sample they used. it is impossible to conclude which inhibitor
might be responsible for the detecied effect, or whether it could be due 1o » dif-
ferem compound.

More reccntly Vigers ef al. (1991) showed that a protein, named zeamatin,
with a similar N-terminal amino acid sequence 1o the 22 kDa maize inhibitor,
but lacking inhibitory activity, was also active against some fungi by altering their
membrane permeability. The difference berween zeamatin and the 22 kDa in-
hibitor still remains to be established. However, a purified protein, with 9%
homology wiht the 22 kDa maize inhibitor, inhibited the growth of the
agronomically imporant pathogens of potato wilt (Fusanxm oxysporum) and
tomdio carly blight (Alremaria soloni) (Huynh e af. 1992), Here we show that
the 12 kDa maize inhibitor is also active, although with lower activity than with
the other recognized enzymes, against the fungal enzymes extracted from A. niger
ant A. fimigatus. Mmmn.imhwuwbelndunwoblemfordlf-
ferent grains during storage, particulary A. fumigarus. This is one of the fungi
responsible for the production of aflatoxins, which represents one of the major
problems for human and animal health when infested grain is consumed.

The 12 kDs maize trypsin inhibitor scems to be an attractive target directed
toward increasing the defensive sysiem of some plants against the attack of 8 wider
group of pests, since it is relutively selective and environmentally safe. It is also
& useful biochemical marker for plam breeding programs, as well as » potential
tool for genetic engineering. It can cither be expressed in plants that lack it, or
else it can be eapressed in larger quantities in grains such as the maize studied
in the present work, in order to increase its deleterious effect on the fungi or
on the insects whose enzymes are sensitive 1o it.
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PURIFICACION SR LECTINAS DK COLEOPTILO Lt
WAIZ Zea mays L. POR CROMATOGRAFIA DE€ INTER-
CANGIO ICBICO.

Marcinez M': Martiosz. R': E.COrdoba' .

Laboratnrio de Bioquimica Jel Inst:i:utc Tec
nolégico de Jaxacs. '’ Paculcad de Mecicina de
la UNAM. México D.F.

Apartade poetal 871, Caxaca §80010, Oaxaca

Las lectinas de¢ w=alz han #ido repcrtadas
como inestables, es decir, pierden rap:lameate su
sctividad y por eeta zazdn su purificac:és ee di-
culta (1}.En es reporte ¢¢ preeenta ura mezodold
gia paras purificar lectinas de coleopt:.o 4¢ mal:z
activas y estables. por cromatogratia de :inter-
cambio $6nico. 80 gr de coleoptilo ee homogen:- -
zaron con un buffer de baratos (w/v . -]
dos veces con acetona fria al 66V y
en 1S ml de un bulfer de tricina 30 wt pH 8 5.
aplicardn 14 mg de proteina de la preparacién »
una colusna de intercambio 1idnico (Econc-pac Q
Sic-Rad} .

Se obtuvieron 2 fracciones. una e.ufda con
40% de actividad con $.6 mg de proteins. y otra
con un gradiente de MaCl de 0-0.3 N con 42 % de
actividad con $.5 mg de protelna.

Las doe f{racciones mantuvieron eu actividad
por mis de dos semanas cuanrdo se les agregd 0.5 ™
de sacaross. 81 grado de purificacién de la
fraccién elufds con ¢l gradiente e del 70 ¥ y su
rendimiento fué del 66 . Eil andli electroforé-
tico auestra dos bandas ds alto peso molecylar y
al sdsorber la lectina con gritrocitos humaros *C*
una de lse bandas desaparese. EetO sugiere que 13
preparacién contiens una contaminaciébn con otra
protefna.

1.- Jankovic.M., Cuperlovic,M., snd Hajdukovic,l.
(1990) Plant Physiology 93: 1659-1662.

-

AZLACION ENTRE PROPIEDADES PUNCIOWALES ¥ ESTRUCTUAS sm:mu:n‘
|O% GLOSUL TWAS DR AMARANTO Y DE OTRAS PLANT

i Shaia Zaricatesn v

QelLeyic Pacedss lLdgal.
Jnup.r(nnt of Prarmaceut icsl Chemistiy, $chool 6! Prarmac,
ucbrw University of Jerusalem. 9.0 13065, Jerusaiem %!
i1e

.y Jwpartamento de Sictecnologis v Broqui s Centr
'lnnongandn ¥ de Eetudios Avaniados del (PN, A P 62y
frspusto. 3to., MNéxico. '

'

L INTROOUCCION: Existen slguncs estudios sobre zaracserizec:sa
‘Dloquimice v fieicoquinice 4o globulines de amerantc besados o-!
(o0lubilidad, petrones electroforéticos, ccefi-.ent e
Simentarién y composicidn de aminoacidos. A ls (echa
‘exieten detse ecerce de le eetructura secundaris de es
proteinas. En eete trabajo el principal objetivs fue .nves’ .
(I8 eotabiiided estructurel Je las glotwiines e amarant= .
»co-gau-u'm con las e 8 y agrot

Mftiux. ¥ METODOS: Se efectusron determinaciones de inters: :
'60 (iorencencia, estudios Cinéticos. Caiorimeicie Jiferenc
de darrido ‘06C) y dicrojemo cirsular (COI. Eetse mediciones
L Oplearon pera seguir ol desenrollamiento de lae globulinas '
1URS eEruUCturs Native & una sl et '
RPESULTADCS ¥ DISCUSION: RI de olismiento progresi-o se midi-
‘comd una (uncidn de ls intensidad de lux f. . cante Lol
*9pectrae de lae proteines netivas fueron tipicos de. conter, ir
d¢ tr.ptotena (picos cerce de 115 nmi. veriando eogu- lo f.e v
ide giotuline. A la longitud de onde de 274 Ar  aparera
hombr s & 109 nm Las mediciones Cinédticas meelfaron e 4
.desnarcralizacion de giob,lina er presencis Je -lor:c Ger
tguanidina fue gimilar & aquelle cor ures pero <5n -amhine nas
deamd’ (o8 3@ NECERIlETLA CONCONITacIOnes miée Da'se e 37
,Pars 11ic1ar o) decrewento en intenvidad ([iudres-ente -8
testudics de TD de ls estrurturs eecundar.a echibieiir
,decrementos en el contenido Je alfa-hédiice de Ia globa.. a;
‘d- natuializada er compaveridn com e native. Les wercyy
l abilidad estructural 3o la proteine desratursllisess oee,
/MOt ro también DOf uns Cempersture de desnet.ral:rac,on -u‘
Daje 59 observaron di{erenciar menores en e. carten;ds Ae
|lHo-Mnco y ostakilided térmica de las glob.iinee de soya /,
,8TTOE romparet ivemente con lae de amaranto Le
um»duu fue coamputeriseds par Metris de puntn y
hidropatis €] perfil de desenrollamiento 4e les 3lobulinss vel
demoe’ 14 por las propiedader (luorescentes intrinsecas e . o
ro0iduce Ae triptifens. por los cemblos en v, ¢rrten,do e
hélice ¢y por ‘e eotedilidad térmice, todo 1o Tuel puede.
eor ueado pare predecir lov cambios (uncionales 19 proteinae en
N BilEtome 4limentario sepecivico.

EFOCTO OE FEMILALAMINA. ACID0 CINAMITY ¥ AZD

SOPRE LA ACUWULACION JF CAPSAICINGITES 1 TNINAS %
SUSPIMEIOMEST CILULASCS O€ CWIL® ZagMis.m ATc..3 -
mlas-Palenies Bectol Seclun

Ochon Aleio Meltall

CDIMRC D DESASTIVA ISH ¢ J€ ESTULISC ANTA
UMIDAD IRAFUATY Rm v & el L.Cram.ert. =
Iraguato-leun Apda. Pomtal ). lragueta It

n les frutos de <hile se sinzetiiar
cepesicinoides. metabolitos secunderivoe q.o .
purgeacia carscterisica
3 rutas Bioeintéc: r e te (28 ¢
con ls fenilalacine Comr precureor.
ramificadas partiends de
fatermediar .20 to
4cidoe cindmica,
gonerar la vain:
acidee grasoe
capeaicing. Jeog Imile ouitivadas o L.lis Ptaducer
hales aiveies 2o capselcinailes. Tna selra. e Sentar
1s produccidén de on low T ltivie
edicién Jeo precursirfes En este trebalc e
steocte de le fenilalsrina 8C CLAASLICO ¥ P-Tms
prodeccion 4o capea:iCiroides y de ligainse COeg:eetde que
también oo derivan de la rute de loe fenilpripanc:iZes

Se utiligzarom suspensiones celuleres de :nile ‘2asRiC.R
SLOMge L. var. tamptquefio ¢, ne . itivalas
medle MS liquide camn .35 pn te 4Z:i%0 2
diclerofenaxiacético y .68 pMN de ben:iiader:ina
Ceaillalan.ns oe 1iBcOzpord crépilamente ea GE{uestos
1nselubles. pues no s detectd en lazma ‘a8 zelulas
y on ol medio de cultivs después I
o0 ObOervd inCTementy en (0@ Alv
de cepeaicinoides al ed:cioner »
Al ediciomar 4c. cCinssico &
{mcrementd L] rivel 1e
cepssicinaides Tampocs e. 8C <
aCulvlacion de los capesicindoides La scum._acidr de
oo IACTomonts ROteb.omente on DISsenc.s 3@ AC T .CT y e
BeROF propercién en feailalsning y ac cirnamicy Eatos
rosultadoes eugiesen que 09 precursares ad 3

de cultivo v utilizen principalmente pars
Ligaiass y no de capeeicinoiles

Nall.R.D. g3 gl .190°. The accumulecior 2
and capssicinaid compounis in cell cultur
e the chill: pepper.Cepsicus srnuus M. .. P
Cultuse. 8§ (16)-176).
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IENTO ¥ ESTRUCTURA DB UN WUEVC INHIBIDOR OF
a-AMILASAS DR Asaranthus hypochondriacus.

, Andras Patthy®, Raler~: Sancne
Krause®, Sindor Pongor® y Alejandrc Biar~. Latrab.
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Un inhibidor de n-amilasas (AAI, presenta’
un vemillas de Amararn:zhys hypochanid:,acus, aral
variedad mexicana de Asaranta, :
purificado a homogene:dsd y so~.en
secuenciador asutomdzicc for el :lé".'z
La localizacion de sis puwntes “.s:'furs fue

determinads ueando (ragmentscitn erns.TAv.Ze y
quisics combinada con secuenciaciéa N-Tarmiaasli. '
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International Centre for Genevic E-
Biotechnology, 34C12 Trieste Italy.
629 Irapuato, Gto. México. SInstitute !
and Protein Research, Agricultura. b:ic
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AATI es un polipéptrido de )2 ras:.t.nsm cuya
SOCUONC LA de& amiN08T1dNN NO LrAse-"K - .m lnglas

Cusndo 86 COMpArsé ~un 987UENTLAS e Lom Lan-~r,

de datos tanto de proteinas ! R ]
como de DNA (Genbank).

Sin esbargo, cuandc se anslizd la -~ P ¥ 14
de sus puentes disclfLro, se arc ’ HEL I L R ]
tiene relacion con ur 4rupn 2@ . v.r.!‘req 4o
proteasas y con un grupc de S.T3r . a5 co-

propiedades neurotdxicas.

BEn Dbase & éata caracterist.ca ne':crura.,
fue posible conmrru.s un m.te,” da X ]
estructura tridisersional da AA:D. T L EL I
téznica de ceemplazaniento de cateras .avnraien,
finalmente, refinando el mode.n stil.z8rd0
técnicas de Oinsmica Molecular.

Este trabsjo fue (financiedo por 4 ".E.A..
proyecto Multina~inonal deo foreacrn,uglias
Al isentos y por el [.2.G.E.8B.
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VI REUNION NACIONAL DE BIOQUIMICA VEGETAL

ESTRUCTURAS Y FUNCION DE INHIBIDORES DE ENZIMAS DE PLANTAS.

Alejandro Blanco-Labra
CINVESTAV-IPN, Unidad Irapuato, Apdo. Postal 629,
36500 Irapuato, Gto.

Amaranto es uno de los cereales mas antiguos en el conti-
nente americano. Su presencia en México se remonta a mas de
4,000 afios A.C., en la regién de Tehuacan Puebla. La semilla
del amaranto, contiene inhibidores proteicos de enzimas, gue
han sido identificados como parte de los mecanismos de defen
sa de las plantas, contra el ataque de insectos y hongos. Dos
inhibidores de enzimas, uno de proteasas tipo tripsina y uno
de amilasa, hamn sido estudiados en nuestro laboratcrio. Su
caracterizacion y la decerminacion de su secuencia, indican
que se trata de una proteina de 7,000 KD, la cual pertenece
a la familia II de inhibidores de la papa. La estructura mo
lecular de su sitio activo es practicamente idéntica en una
region de 9 aminodcidos, a la del inhibidor de semillas de
calabaza. En el caso del inhibidor de amilasa, éste es me
nor que el de proteasas con sdlo 32 aminoacidos. Su secuencia
ne se parece a ninguna previamente reportada, y s0lo buscando
per homologia lejana, se encontrd similitud por patrdn de
cisteines con el grupo de las curtatoxinas.
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EFECTO DE LA TEMPERATURA SOBRE LA BSTAEILIDAD DEL INHIRIDOR
DE PROTEASAS (7 KDa) DE SEMILLAS DE AMARANTO.

Mendiola B., Valdés S. y. Blanco A. Departamento de Biotec-
nologia y Bioquimica. CINVESTAV-IPN, Unidad Irapuatec.
Apdo. Postal 629, C.P. 36500 Irapuato, Gto. México.

Tel: (462) 5-16-00 Pax. (462) 5-12-82.

La estabilidad del inhibidor proteico de proteasas
(7 XDa) extraido de semillas de amaranto (Amaranthus
hypochondriacus) y purificado por cromatografia de quu1
dos de alta resolucidon se probo, a diferentes tratamicn-
tos térmicos, sometiendo el inhibidor puro y después el
inhibidor en presencia de la enzima (tripsina bovina).

Se pudo comprobar que el inhibidor presenta una ele-
vada estabilidad en un rango de temperaturas, que van de
4°C a 90°C por periodos de hasta 5 minutos. Después 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
temperatura, presenta una tendencia similar, ya gue en
ambos casos, a una temperatura de 70°C, se observa un
marcado descenso en la actividad.

Sin embargo, cuando el inhibidor se encuentra presente,
este le confiere una estabilidad a la enzima, ya que el
porcentaje de pérdida de actividad enzimatica, es menor
para el complejo Enzima-Inhibidor.
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