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3. EXECUTIVE SUMMARY.
 

The main purpose of this research has been to test the
 

hypothesis that :'Native trees are adapted to their natuiral
 

environment because they have a high degree of expression of those
 

resistant genes to stand harsh environmental conditions".
 

We have studied the expression of two classes of
 

resistant genes: those related to heat shock and those related to
 

wound stress.
 

The hypothesis has been tested in two trees of Chile,
 

Araucaria araucana and Prosopi., chilensis. Araucaria araucana
 

constitutes temperate relic forests of high mountains in the
 

austral region of South America. Prosopis chilensis is a leguminous
 

tree of the arid and semi arid regions of northern and ccntral
 

Chile. In these regions exist differences of temperatures between
 

day and night and between seasons of about 200C. The temperature
 

most often reaches between 500 to 600C at noon and afternoon of
 

warm Summer days.
 

In both plants the fruits and seeds are susceptible of
 

injuries because they are dispersed and predated by birds, insects
 

and maLimals.
 

On thermal stress we have performed heat shock
 

experiments investigating how seeds and seedlings of these
 

trees respond to high temperature. We have also studied the
 

magnitude of acquisition of thermotolerance when the seedlings
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are exposed to sublethal temperatures. In both species, we
 

have been able to define the lethal and sublethal temperatures
 

and the temperature of thermotolerance acquisitior: 361C In ,. 

aaa and 400C in p. chilensis.
 

The expression of heat shock genes was evaluated
 

by study and analysis of the proteins which are the final
 

product of the expression, the heat shock proteins (hsp); also
 

by investigating the synthesis of mRNA for hsp.
 

In the first case we have incubated pieces of
 

plant tissue in the presence of [3t]-methionine which is a
 

precursor of protein sypthesis; the proteins have been
 

analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
 

and by Western blot analysis using polyclonal and monoclonal
 

antibodies raised against two classes of hsp, ubiquitin and
 

the 70 kDa protein. In the case of the mRNA we have used
 

probes cortaining the genetic information for the same two
 

classes of hsp. With these approaches we have found that in
 

both species there is a high expression of hsp. The
 

physiological and molecular experiments have allowed to
 

demonstrate that Prosopis chilensis has a thermotolerance
 

higher in 50 C compared with Araucaria araucana and corn
 

plants.
 

Respect to wound stress, we have investigated the
 

expression of cell wall protein genes under wound stress and
 

normal conditions. AzraucaIr x seeds and seedlings
 

respond to wounding with a high .!xpression of cell wall
 

proteins. Tissue immunoprints and tissue print Northern to
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detect the IL situ expression of extensin proteins and of its
 

mRNA respectivelly, demonstrated that the megagametophyte,
 

wounded areas, 
 and vascular bunddles are the tissues and cells
 

with higher expression of extensin and extensin mRNA. In
 

AraucaLia a-raucana two major proteins of the cell walls which
 

greatly increase 
 after wound stress have been purified,
 

characterized and identified as peroxidases. The 
 peroxidases
 

have similar amino acid.composition and an identical amino
 

terminal sequence. However, the proteins are different in the
 

sugar components, In susceptibility to degradation when heated
 

in 5M urea and in expresslon during seed germination. These
 

results suggest that these proteins could be forms of the same
 

class of peroxidase. In Prosop i chilensi, Western blot
 

analysis of the cell wall proteins performed with antibodies
 

raised against carrot extensin, demonstrated that four new
 

proteins are expressed when the cotyledons are wounded. Tissue
 

immunoprints reveal that the vascular bundles and the
 

epidermis are the tissues showing higher 
 immunocross
 

reactivity with the antibodies. The constitutive expression of
 

the proteins during development and the premature emergence of
 

the secondary roots when the root is wounded favor the 
idea
 

that wound stress advances the developmental clock in 2 


chilensis seedlings.
 

i 
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4. RESEARCH OBJECTIVES:
 

The original and specific objective of this
 

project was to investigate the expression of genes responsible
 

fof the synthesis of specific plant proteins that appear to be
 

present under, and protect against damage from temperature
 

stress and injury stress.
 

The research has been performed with two native
 

trees of Chile: Prosopis chilensis and Araucaria araucana.
 

Both trees are well adapted to their harsh environment. They
 

are living under condition§ considered to be extreme for most
 

plant systems.
 

Therefore, these two species of trees has allowed
 

us to test the hypothesis that: "Native trees are better
 

adapted to their harsh environment because they show a higher
 

expression of those genes encoding proteins related to
 

thermotolerance and injury resistance". The higher degree of
 

expression may be due either to regulatory mechanisms of gene
 

function or to the number of copies of the genes involved.
 

The specific objective of this research has been
 

accomplished with the following research activities which can
 

be considered as specific research goals:
 

1. To study the response of embryo and reserve tissues
 

(mainly cotyledos in Prosopis chilensis arid megagametophyte
 

and seedling hypocotyl of Araucaria araucana) to temperature
 

stress and to injury stress through synthesis of temperature
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shock proteins (heat shock) and accumulation and 5ynthesls of 

cell wall proteins(extensin, HRGPs). 

2. To investigate the presence of the genes responsible for
 

the synthesis of temperature shock proteins and of the HRGPs
 

and the number of copies of these genes using Southern blot
 

hybridization techniques with heterologous probes available.
 

3. To investigate the control and regulation of the
 

synthesis of these prote.ins, by quantitative determination of
 

the mRNA using Northern blot hybridization with the DNA probes
 

available.
 

4. To characterize the ,temperature shock proteins and the
 

HRGPs by chemical analysis and immunological methods to
 

compare them with known proteins of other groups of plants.
 

5. To develop histoimmunological methods as a mean to
 

elucidate the cellular locations of these proteins and to
 

study the possible relationship between HRGPs and
 

lignification.
 

6. To develop an "in vitro" culture system of embryo cell
 

protoplasts and synchronized dividing cells in Prosopis
 

chilensis and Araucaria araucana to study cell wall assembly
 

and regeneration in presence of prolylhydroxylase inhibitors
 

such ;s the a,a'-dipyridyl and the 3,4-dehydro-D,L-proline.
 

7. To survey in the natural populations of Prosoois
 

chilensis and A aucaria qraucana, the degree of expression of
 

the genes In ,olved in temperatkire shock proteins and HRGPs as
 

a mean to select individual trees which have significantly
 

increased amounts of these proteins. Therefo-e, they should be
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eventually better protected against temperature stress, wounding
 

and/or pathogens.
 

8. To develop methods for in vitro culture and vegetativ.L
 

propagation of the selected individual trees, evaluating the
 

stability of the selected phenotypes (high degree of expression for
 

heat shock proteins and HRGPs) and selected genes.
 

5. METHODS AND RESULTS.
 

During the past three years, the Plant Physiological
 

Genetic Laboratory from the Facultad de Ciencias, Universidad de
 

Chile, directed by the principal investigator of this proposal, Dr.
 

Liliana Cardemil, has studied the physiological and molecular
 

responses to heat shock and to wound stress of two chilean plants,
 

Aluxi a n and Prosopis chilens1s.
 

Araucaria araucana constitutes temperate relic
 

forests cf high mountains in the austral region of
 

South America where exists differences of temperatures between day
 

and night and between seasons of about 200 C. Araucarla araucana
 

also grows on volcano soil with surface temperatures reaching 500 C
 

at noon of warm Summer days. On this soil, at the end of the
 

Summer, the seeds are shed, germinate and the seedlings have to
 

grow (Montaldo, 1974). ProsoQIs chilensis is a leguminous
 

tree of the arid and semi arid region of northern and
 

central Chile. In theses regions the temperature reachea
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over 600 C at noon and afternoon of Summer days (Felker et al,
 

1982 and 1983).
 

In both plants the fruits and seeds are susceptible of
 

injuries because they are dispersed and predated by birds,
 

insects and mammals. In Araucaria araucana the seeds are
 

dispersed by parrots (choroy) and in ProsopS chilesis by
 

guanacos, goats and wild rabbits that in most eat the
cases 


fruits and seeds (Montaldo, 1974; Felker et al. 1982 and 1983)
 

A summary of the results of these three years of
 

research is described below. For more details see the enclosed
 

reprints and prepared manuscripts for publication.
 

Heat shock stress.
 

In Araucaria araucana: In this Sci-Funded Work from
 

A.I.D./PSTC Program, Claudio Goycoolea, who was graduate
a 


student of our Facultad de Ciencias, Universidad de Chile,
 

perfozmed his Master Degree dissertation on heat shock stress in
 

&aucaria araucana. The dissertation Is entitled: "Las Proteinas
 

de Estr~s T~rmico Juegan un Rol Fisiol6gico en la Adquisici6n de
 

Tolerancia a las Altas Temperaturas en PlAntulas de Araucaria
 

araucana (Mol.) Koch" (The Heat Shock Proteins Play a
 

Physiological Rol in The Acquisition of Thermotolerance in Seedlings
 

of Araucaria araucana (ol.) (Koch.). He was able to establish
 

that seedlings of this specie synthezises 8 hsp when
 

subjected for two hours to temperatures over 32°C in presence
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of [ ]-methionine used as precursor of protein synthesis.
 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of
 

the proteins extracted from the seedlings demonstrated that
 

the temperature for maximal expression of the hsp is 360C. The
 

temperature of 36 0 C is also the optimal temperature for
 

acqui .ition of thermotolerance. Kinetics experiments of
 

appearance of the hsp showed that 30 minutes after heat shock
 

at 360 C starts, the proteins arp expressed, (Goycoolea and
 

Cardemil, 1991).
 

Claudio Goycoolea was able to detect and quantify in
 

this system, the expression of mRNA for two hsp. The laboratory
 

has probes for the hsp of 70 kDa and for ubiquitin. The
 

detection of mRNA for these proteins was performed by analysis
 

Northern according to Sambrook et al. (1989), in three tissues
 

of &. 3raucana seedlings: embryo axis, cotyledons and
 

megagametophyte. This last tissue is the reserve tissue of the
 

seed and remains in the seedlings up to a very late stage of
 

development (Cardemil and Reinero, 1932); Cardemil et al.,
 

1990).
 

The probe for the hsp of 70 kDa, was kindly given to
 

us by Dr. Dean Rochester, from Monsanto Chemical Co., St.
 

Louis, MO (Rochester et al., 1986). With this probe was
 

possible to detect the presence of two populations of mRNA when
 

the tissues were subjected to 360 C. At temperatures less than
 

360L the mRNA for this protein Is little expressed, Figure 1.
 

The other hsp probe encloses the genetic information
 

for ubiquitin which is a small heat shock peptide. This probe
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was 
 a gift from Dr. Milton Schlesinger, from Washington
 

University, St. Louis, MO. (Bond and Schlesinger, 1985). The probe
 

detects a prominent mRNA band when tissues
the are subjected to
 

temperatures of 280, 320 and 
36*C being the expression of mRNA at
 

360 C six folds the amount of mRNA present at 280 C, Figure 2.
 

The Northern blot hybridization analyses demonstrated
 

that the embryo axis was the tissue showing a higher expression of
 

mRNA for these two proteins, Figures 1 and 2.
 

The Master Degree Dissertation of Claudio Goycoolea was
 

approved with Maximal Distinction in December 27, 1989. Part of
 

this dissertation was published in 
the journal Plant Physiology and
 

Biochemistry (Goycoolea and Cardemil, 
 1991). Enclosed is a
 

photocopy of 
the abstract of Claudio Goycoolea's dissertation and
 

a reprint of the publication.
 

In Prosopis chilensis: The 
initial experiments in .
 

chilensis were performed to evaluate the physiological responses of
 

seeds and seedlings to heat shock (Felker et al., 
1982 and 1983 ).
 

We have found that 
the seeds of ProSo2is c can germinate
 

100% In 24 hours when incubated at temperatures of 250 to 350C. At
 

temperatures of 400 C the germination rate decreases 
 to 90% after
 

48 hours. At 451C, 20% of 
the seeds germinate in 48 hours and at
 

500 C there is not germination. In the seedlings germinated at 251C
 

the optimal growth of the embryo axis occurs at 350 C . At 400 C
 

the growth is reduced to 45% 
and at 450 C is reduced to 5%. At 500 C
 

there Is not growth, therefore, 500 C is considered the lethal
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temperature. However, seedlings of F_. chileJsis germinated at
 

35C have the maximal growth at the temperature of 400 C and
 

some seedlings can grow at 50C, suggesting that germination at 

35 0 C induces thermotolerance. Seedlings germinated and grown at 

35*C can acquire further thermotolerance if the seedlings are
 

subjected to 400 C for 2 hours before exposure at 45° or 50*C.
 

Under these conditions the seedlings can grow 10% toore than the
 

controls directly exposed from 350C to 450 or 500 C. The growth
 

difference found between controls and seedlings subjected to
 

heat shock, was statically significant as shown by Student's
 

Test with p< 0.01. %.
 

Analysis of the proteins synthesized and accumulated
 

during the thermal stress by SDS-PAGE in presence of ("Sl

methionine, allowed to detect the expression of 11 proteins
 

not present at 35'C. From these hsp, those of 103 and of 58 kDa
 

are the most prominent. Most other proteins highly increase
 

their expression under heat shock like the proteins of 80, 71
 

and 69 kDa which have a maximal accumulation at 500 C. The
 

temperature for maximal synthesis and accumulation of hsp is
 

451C for seedlings of PrOSOpis chileni germinated at 35*C
 

(see enclosed manuscript from Medina and Cardemil).
 

In P chileni_ , we have performed Western
 

analysis of the hsp expressed in the seedlings when subjected
 

to temperatures of 350 -500 C. For these analyses, we used
 

polyclonal antibodies raised against ubiquitin, a generous
 

gift from Dr. Aaron Clechanover from the Medical School,
 

Washington University, St. Louis, MO, and a mouse monoclonal
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antibody raised against the hsp 72 kDa from HeLa cells (Amersham
 

Chem. Co.).
 

The antibodies generated against ubiquitin are of two
 

classes: one raised against free ubiquitin and other against 

conjugated ubiquitin. The results are shown in Figure 3A and 3B. In 

this Figure is observed that the antibody raised against free 

ubiquitin immunocross reacts with a protein band of 9 kDa 

expressed in seedlings subjected for two hours at 451 and 500 C; 

Figure 3A. The antibody raised against conjugated ubiquitin 

identifies many protein bands which expression increases slightly 

with heat shock from 350 -500 C. This results suggests the presence 

of ubiquitin-bound proteins. Probably, these proteins have lost
 

their normal configuration under heat shock with the subsequent
 

protein misfunction. Therefore, these proteins are tagged by
 

ubiquitin for protease degradation (Vierstra 1987), Figure 3B.
 

The monoclonal antibody raised against the hsp 72 kDa from HeLa
 

cells gives immunocross reactivity with two bands of proteins
 

constitutive expressed in seedlings of Prosg21_ chilensis ,ith
 

molecular masses of 69 and 71 kDa. Proteins of similar molecular
 

masses have been informed to be chaperonins playing a protective
 

role during stress by folding proteins into the normal
 

configuration (Vierling, 1989; Rothman, 1989; Gatenby et al.,
 

1990), Figure 4, A and B, shows the results of these analyses for
 

seedlings germinated at 250 C (A) or at 350 C (B) when subjected to
 

increasing temperatures with a maximal expression for ubiquitin zo
 

500 C.
 



14
 

From the physiological and molecular experiments, we have
 

concluded that the thermotolerance of slogs chilensis is 50 -100 C
 

higher than in other plants, ( Medina and Cardemil, manuscript,
 

submitted).
 

Neld research in the Quebrada de Sn. Carlos, Vicufia, IV
 

Regi6n has been performed in collaboration with Professor Francisco
 

Squeo from the Universidad de La Serena. The research has
 

investigated the physiological and metabolic reposes of Prosopis
 

chilensis to fluctuations of temperature between day and night and
 

between seasons. The temperature can reach up to 450 C at 4.00 PM
 

from December to February. Early in the morning and before 4.00
 

PM, the temperatures of the leaves are 20 -30 C lower than the
 

surrounding air temperature. At 160 C the leaves temperature becomes
 

equal to that of the air. At this time the stomata closes.
 

Analysis of leaf samples taken at different hours of the
 

day allowed to study daily course expression of the hsp by
 

Western analysis, using the available antibodies. The proteins
 

have their maximal expression between 12.00-4.00 PM in Summer days
 

(December, 1991 to January, 1992). At this time the binding of
 

ubiguitin for other proteins also increases.
 

For field research see manuscript from Squeo et al., in
 

preparation (enclosed).
 

We have been able to select two ecotypes using the
 

antibodies raised against the 70 kDa and against ubiquitin. One of
 

these is from Caldera (270 S latitude, III Regi6n) and the other
 

from Quebrada Sn. Carlos ( 300S latitude, IV Regi6n).
 

http:12.00-4.00
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Several individuals from Caldera shows significantly higher
 

expression of these two hsp, compared with the average individual
 

trees from Sn. Carlos. Therefore, the selection have been preformed
 

by marking the trees and taking seeds from those trees of Caldera
 

which show a higher hsp expression and from those of Sn. Carlos
 

showing a lower expression of these proteins. The higher
 

expression of proL.in 70 kDa and ubiquitin is correlated with a
 

higher in vitro growth rate of buds taken from these individuals
 

when exposed to 450 and 500 C. This work is in progress and
 

constitutes the dissertation project of Hector SAnchez.
 

Wund Stress.
 

In Araucaria araucana: We have found that wounds 

performed intentionally on tissues of seedlings of &. dLaLaua 

(by making cuts on the tissues using razor blades), increase the 

expression of cell wall proteins from 24 to 72 hours after 

wounding. In cell walls of wounded embryo tissue, there is a 5 

folds increase in cell walls proteins compared with normal tissue. 

The expression i.; still higher in the megagametophyte tissue with 

a 20 fold increase in cell wall proteins respect to the control
 

megagnmetophyte (non wounded). The cell wall proteins also increase
 

with the developmental stage of the seedling, having a maximum
 

expression at the age of 110 hours of imbibition.
 

The structural cell wall proteins are characterized by
 

a high content in the uncommon amino acid hydroxyproline or
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in glycine (Lamport, 1965; Esquerre-Tugaye and Lamp;rt, 1979;
 

Cassab and Varner, 1986; Condit and Meagher, 1986). The proteins
 

are also glycosilated (Varner and Lin, 1989). The
 

hydroxiproline-rich glycoproteins (HRGP) have been denominated
 

extensins and these are the proteins expressed considerably more
 

during wound stress.
 

Our Laboratory has polyclonal antibodies raised
 

against, carrot or soybean seed coat extensins (Cassab and
 

Varner, 1987) and the extensin probe, the pDC5Al containing the
 

genetic information for carrot extensin which is a genomic clone,
 

(Chen and Varner, 1986). These antibodies and the probe were
 

available to us thanks to our project's collaborator Dr. Joseph
 

E. Varner, Department of Biology, Washington University, St. 

Louis, Missouri. With the antibodies, we have been able to 

perform tissue immunoprints of the seedlings of A. araucana (see 

enclosed reprint from Cardemil and Riquelme, 1991) and with the 

pCD5Al probe we have performed a tissue print Northern what Is 

similar to an in situ mRNA hybridization, Figure 5, (Ye and 

Varner, 1991). The tissue immunoprints and the tissue print 

Northern, revealed that the megagametophyte, root tips, resin 

chanels and wounded areas are the tissues and cells showing 

higher expression for extensin protein and extensin mRNA 

(Cardemil and Riquelme, 1991 and Figure 5). For the tissue print 

Northern we needed to subclone the extensin gene into pBluescript 

II KS (+;-) vector to be able to get a RNA probe for 

histochemical localization of th extensin mRNA (see Specific 

Protocols section). 
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Alejandro Riquelme, who obtained his Bachelor Degree in
 

Biochemistry (Universidad de Santiago de Chile), purified three
 

cell wall proteins from the seedlings using these antibodies. These
 

proteins were analyzed by SDS-polyacrylamide gels electrophoresis
 

(SDS-PAGE) or by electrophoresis of the native proteins in cationic
 

neutral gels. The cationic neutral gel e]ectrophoresis analysis
 

could be done with these proteins because they have an isoelectric
 

point (pI) of 10-11 and therefore, penetrate the cationic gels. The
 

molecular masses of these proteins are 187 kDa (B1), 145 kDa (B2)
 

and 83 kDa (B3). The proteins immunocross react with antibodies 

raised against carrot or soybean seed coat, extensins. The results 

of the preliminary characterization of the cell wall proteins of &. 

araucana originated the first publication entitled: " Expression of 

Cell Wall Proteins in Seeds and During Early Seedling Growth of 

Arzaucaria araucana is a Response to Wound Stress and 

Developmenta]ly Regulated", Journal of Experimental Botany Vol. 42: 

415-421, from the authors Liliana Cardemil and Alejandro Riquelme 

(reprint is enclosed, also the dissertation summary).
 

A further characterization of the proteins of 145 and 83
 

kDa using o-Phenylenediamine (o-PDA) to visualize the proteins
 

bands on native gels, demonstrated that these proteins ate
 

peroxidases. Kinetic studies of these peroxidases defined a
 

Km 
 app. of 13.6 mM for H202 and 3.4 mM for o-PDA. The
 

Vmax was, for both peroxidases, 525 Pmol o-PDA oxidized min -' mg-1 .
 

The peroxidases have a pI of 10.5 and an optimal pH of 5. An amino
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acid composition analysis was performed for each enzyme showing
 

that the proteins are rich in glycine and serine. The glycine
 

constitutes between 26-32% of total amino acid content of the
 

proteins (Table I). The peroxidases are glycosilated as shown by
 

staining, on gels, the proteins bands with periodic acid

dansyihydrazine after SDS-PAGE (Estep and Miller, 1986). Sugar
 

compositioi, .-. was by showing the
nalysis performed HPLC that 


peroxidases are glycosilated with galactose, glucose, xylose and
 

mannose, being the galactose the most abundant residue, Table II,
 

(see enclosed manuscript from Riquelme and Cardemil, accepted in
 

Phytochemistry). Analysis of the NH 2 -terminal sequence was
 

performed for both peroxidases, by transferring the proteins from
 

gels to Immobilon-P membranes (polyvinylidene difluoride membranes,
 

Nakagawa and Fukuda, 1989). On the membranes, the proteins bands
 

were identified and stained with coomassie blue. After staining,
 

the proteins bands were cut out from the membrane and sequenced on
 

the surfacc of the Immobilon-P piece by the Edman's degradation
 

method of 'he phenylthiohydantoine derivatives of the amino acid
 

residues and using a liquid phase automated sequencer (Spiess,
 

1986). These sequences are shown on the Table III and
 

were obtained thanks to collaboration of Monsanto Chem. Co.,
 

St. Louis, MO, U.S.A. On Table III is also possible to see
 

that both peroxidases have identical NH 2 -terminal
 

sequences. The sequences are different from those of horseradish
 

and turnip peroxidases, except for three amino acid residues
 

which are very much conserved in their positions: the threonine
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at position # 3, the proline at position # 4 and the serine at the
 

position # 10 (Mazza and Welinder, 1980).
 

However, the two peroxidases are differently expressed
 

during seed germination and they also show a different
 

susceptibility to degradation when the proteins are heated in the
 

presence of 5 M urea. These results suggest that both cell wall
 

proteins could be forms of the same class of peroxidase .
 

All the above research on cell wall proteins of Araucaria
 

araucana constituted Alejandro Riquelme's Dissertation who obtained
 

his Degree in Biochemistry from the Universidad de Santiago de
 

Chile in September, 1991 with a grade of excellent.
 

In Prosogis chilensis: The research on wound stress 

responses of Prosopis chilensi, seedlings constitutes the Master 

Degree's Dissertation of Jos& Gregorio Rodriguez, who will get his 

degree in august or september of this year. Three tissues of P. 

chilensis seedlings were subjected to wound stress by performing 

surface with razor blades: cotyledons,
cuts on the tissue 


hypocotyls and root tips. The hypocotyls of seedlings of 24
 

hours of were response to
imbibitlon the tissue with greater 


wound stress showing an increase in cell wall protein
 

increase in expression
expression 24 hours after wounding. The 


was detected by quantification of the cell wall
 

proteins and by tissue immunoprints using extensin antibodies.
 

Tissue immunoprints of cotyledons and histoimmunochemical
 

cotyledonary tissue,
localization of the protein in the 
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revealed that a greater expression of cell prote!ns exists In
 

the vascular bundles of these organs (Figure 6A, 6B and 6C).
 

SDS-PAGE and cationic neutral gel electrophoTesis of the
 

native proteins followed by Western blot analysis using
 

polyclonal antibodies raised against carrot and soybean seed
 

coats identifies four bands of proteins which immunocross
 

react with the antibodies. These proteins are not present in
 

the control tissue, Figure 7A and 7B.
 

Amino acid analysis of these proteins reveals that
 

three of the four proteins, those of molecular masses of 180,
 

126 and 107 kDa have 4 very similar composition. The 4th
 

protein of 63 kDa differs sigaificantly from the other three,
 

Table IV. Furthermore, NH~terminal sequence analysis of the
 

proteins, Table V, confirms the similarity between the proteins
 

of 180, 126 and 107 kDa, while the 63 kDa protein shows similar
 

NHTterminal sequence with proline-rich proteins from soybean.
 

Prosopis chilensis has exceptional responses to wound
 

stress. Seedlings of 24 hours of imbibition differentiate
 

second3ry roots when the root is damaged, Figure 8.
 

Immunohistochemical localization of the cell wall proteins in
 

the area of the cortical tissues of the roots, naturally
 

wounded by the emergence of secondary roots, reveals a very
 

high expression of the cell wall proteinj in these areas,
 

Figure 9, A and B.
 

The constitutive expression of the cell wall proteins
 

for specific tissues and the premature emergence of secondary
 

roots when the tissue is wounded, favor the hypothesis that
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wound stress advances the developmental clock in Prosopis chilensis
 

seedlings (Rodriguez and Cardemil, 1991).
 

Specific Protocols (prepared and used on this research).
 

1. Subcloning the Extensin Gene in Bluescript Phagemid. The
 

pBluescript II KS (+/-) is a 2961 base pair phagemid derived from
 

pUC19. The KS designation indicates the polylinker is oriented such
 

that the Lac Z transcription proceeds from KpnI restriction site to
 

SacI. The polylinker of the plasmid is flanked by the T2 and T7
 

promoters. Therefore, any insertion in the restriction sites of the
 

polylinker region can be copied from either one strand using the T3
 

RNA polymerase or the T? polymerase. The pBleuscript II KS (+/-) 

phagenild has the ampicillin resistant gene for antibiotic 

selection and the Lac Z which provides an a-complementation for 

blue/white color selection.of recombinant phagemids. Since the 

extensin genes has four XbaI restriction sites and one PstI site
 

(Chen and Varner, 1986) we decided to cut the pDC5A1 probe with
 

EcoRX and PstI to generate a fragment of 3447 bases which contains
 

the encoding region of the gen. The fragment was next inserted in
 

the pBleuscript II KS (+/-) that was also digested with EcoRI and
 

PstI. The extensin fragment was then ligated in to the
 

EcoRI-PstI ends of the phagemid in such a way that the PstI
 

end of the extensin which is the 5'end became oriented towards
 

the T7 promotor and the EcoRI end, which is the 3'end became
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oriented towards the T.. promoter. Because the RNA polymerase
 

reaction always occurs from the 5'to the 3'end, the polymerase to
 

be used for transcription is the T7 RNA polymerase. For the
 

ligation reaction the extensin fragment of 3447 bases and the
 

pBluescript fragment, were preparative purified from the agarose 

gel. The purification was performed by electroblotting of the DNA 

bands on S&S NA45 DEAE membrane followed by elution of the DNA from 

the membranes with NET high salt buffer, at 40 C (vernight. The 

ligase reaction was performed overnight according to standard 

protocols and the DNA product of ligation was purified with 

phenol-chloroform. After purification, the DNA (pBluescript II KS 

(+/-) containing the extensin fragment) was used to transform 

competent bacteria (Sambrook et al., 1989). 

The transformants were selected on LB agarose media
 

containing ampicillin and supplemented with 20 Al of X gal-IPTG
 

(isopropylthio-B-D-galactoside) in formamide for color selection of
 

the transformants. The DNA of the blue colony was analyzed for
 

restriction fragments (Sambrook et al., 1989).
 

6. IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER:
 

The development of the project has been the
 

opportunity to open a new area of research in our country, that
 

is Stress Plant Physiology. Being Chile a long country, there
 

is a high latitudinal diversity in climate and geography
 

and, therefore, extreme environmental conditions, from the
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North (a desert) to the South (the Antarctic) and from the East
 

(the Andes) to the West (the Pacific).
 

The metiodological approach of our research on
 

temperature stress and heat shock proteins, is being applied by
 

other research groups: Dr. Miren Alberdi (Instituto de Bot~nica,
 

Universidad Austral de Chile) working on plant cold acclimation and
 

by Dr. Luis Corcuera (Facultad de Ciencias, Universidad de Chile)
 

working on plant cold tolerance and acclimation with plant of the
 

Antarctic.
 

Our research on wound stress and expression of cell wal]
 

proteins has been also used as a model research for plant defense
 

against pathogens and insect attack by Dr. Luis Corcuera. whose
 

laboratory is also working on plant-aphids interactions, and by Tr.
 

Hermann Niemeyer (Facultad de Ciencias, Universidad de Chile) on
 

cereal-insect interaction.
 

The tissue immunoprints and tissue print Northern
 

methods have been learned from us and used by the Plant
 

Biochemistry group in the Facultad de Ciencias Quimicas y
 

Farmactuticas de la Universidad de Chile.
 

Two students working on this project have obtained their
 

degrees : Claudio Goycoolea (Master Degree) and Alejandro Riquelme
 

(Degree in Biochemistry, equivalent to a Master Degree).
 

Two other students are in progress to get their degrees: Jos6
 

Gregorio Rodriguez, who will get his Master Degree very soon
 

and Hector SAnchez who is doing field research and simulation
 

experiments to induce heat shock on two ecotypes of P
 

chilensis under conditions mimicked from La Serena
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and Caldera from where the ecotypes have been selected. It is very
 

important to point out that Jos6 Gregorio Rodriguez 
is from
 

Venezuela and Hector SAnchez is from PerO. Both them will
of go
 

back to their countries after they get the degree. In their
 

countries, either they will continue their research on these
 

subjects or they will applied the methodology and technologies
 

learned and used on their own future projects. Furthermore, we have
 

to consider the indirect 
impact of this project on Venezuela and
 

Peri' by receiving high trained people, who, hopefully, will improve
 

Plant Physiology in their respective countries.
 

The equipment bought with the grant: a lyophilizer,
 

scintillation spectrophotometer, autoclave , deep freezer and
 

growth chambers, have been available to all other laboratories from
 

our Facultad de Ciencias and to 
people from other universities of
 

Chile.
 

Professor Varner came two times during the project to
 

visit Chile (1988 and 1991). He worked in the Lab., evaluated the
 

research progress, gave conferences and taught a graduate class 
on
 

"Plant Stress Physiology". His generous help, advice and expertise
 

were a great benefit not only for our Lab. but also for the
 

country.
 

Professor David Ho came once to Chile (1991). He was
 

evaluating the research going, teaching with Dr. Varner the
 

graduate class on "Plant Stress Physiology". He was also great help
 

for the project and the students enjoyed very much his teaching.
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7. PROJECT ACTIVITIES/OUTPUTS:
 

A. Meetings
 

a) International Meetings:
 

1.- Goycoolea, Claudio, Cardemi, Ljjija 1988 : Expression of 
heat shock proteins (hsp) in tissues of seeds and seedlings of 
Araucaria araucana (Mol.) Koch. 

-Annual Meeting of the American Society of Plant Physiology 
-Plant Physiology suppl. 86: 143. 

2.-	 Medina, Consuelo and Cardemilf, Lilia.a, 1989. Changes in the
 
pattern of protein synthesis of P_ oi induced by
 
high temperatures.
 

-Annual Meeting of the American Society of Plant Physiology
 
-Plant Physiology suppli 89: 202.
 

3.- Cardemil, Liliana Goycoolea, Claudio and Medina, Consuelo,
 
1991. Gene expression to thermal stress in two native tress of
 
Chile: Araucaria araucana and Prosopis chilensis.
 
-IV Conference of the International Plant
 
Biotechnology Network (IPB Net). San Jos&, Costa Rica.
 
-Abstract Book p. 3:6.
 

4.- Cardemil, Liliana Riquelme, Alejandro and Rodriguez, Josd G., 
1991. Response to wound stress by seedlings of Araucaria 
Argucpa and Prosopis chilensis. 
-IV Conference of the International Plant Biotechnology 
Network (IPB Met). San Jos6, Costa Rica. 
-Abstract Book p. 30: 24. 

b) National Meetings:
 

1.-	 Cardemll. LU.1 n~ y Pl! -elme, Alejandro, 1988. Respuesta 

fisiol6gica al estzrs de heridas cn semillas de Araujaria
 
araucana.
 

-XII Reuni6n Anual de la Sociedad de Bioquimica de Chile.
 
-Libro de Resi~menes de la Reuni6n. p. 21.
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2.-	 Goycooleg, q . y Cardemil, Lillana, 1988. Respuesta
 
fisiol6gica al tratamiento t~rmico de los tejidos de
 
semillas y plntulas de Araucaria cLaucana (Mol.) Koch.
 

-Congreso: XII Reuni6n Anual de la Sociedad de Bioquimica
 
de
 
Chile.
 

-Lib:o de Resimenes de la Reuni6n. p. 22.
 

3.- Medina Consuelo y Cardemil, Liliana, 1988. Germinaci6n y
 
crecimiento de pl~ntulas de Presoris chilensis en altas
 
temperaturas y su correlaci6n con el patr6n de sintesis
 
proteica.
 

-VII Reuni6n Nacional de Bot~nica. 31 agosto al 

septiembre. Valparaiso.
 

-Libro de Resimenes de la Reuni6n. p. 125.
 

4,.-	 Rodriguez, JosL G. y Cardemil, Liliana, 1990.
 
Glicoprotelnas ricas en hidroxiprolina de pared celular de
 
Prosopis chilensis.
 

-XXXIII Reuni6n Anual le la Sociedad de Biologia de Chile.
 
21-23 noviembre. Punta de tralca.
 

-Arch. Biol. Med. Exp. Vol. 23 p.R. 234: 100.
 

5.-	 Riquelme, Alejandro (Trabajo dirigido por Liliana
 
Cardemil), 1990. Caracterizaci6n de dos protelnas
 
cati6nicas presentes en paredes celulares en semillas de
 
Araucaria araucana (Mol.) Koch.
 
-XXXIII Reuni6n anual Sociedad de Biologia de Chile. 21-23
 
noviembre. Punta de Tralca.
 

-Arch. Biol. Med. Exp. Vol. 23 p.R. 234: 101.
 

6.-	 Riguelme, Alejandro y Cardemil, Liliana, 1991.
 
Caracterizaci6n de dos glicoproteinas de pared celular de
 
semillas de Araucaria araucana que responden al estr~s
 
mecnico.
 

-VIII Reuni6n Nacional de Bot~nica, Sociedad de Bot~nica de
 
Chile. 16-19 de octubre. CENIT, Universidad de Santiago de
 
Chile, Santiago.
 
-Libro de Resbmenes de la Reuni6n, p. 147.
 

7. 	-Rodriguez, Jos6 G. y Cardemil, Liliana, 1991. Expresi6n de
 
las proteinas de pared celular en Prosopis chilensis en
 
respuesta al estr~s producido por heridas.
 
-VIII Reuni6n Nacional de Bot~nica, Sociedad de Botanica de
 
Chile. 16-19 de octubre. CENIT, Universidad de Santiago de
 
Chile, Santiago.
 
-Libro de Resimenes de la Reuni6n, p. 77.
 

3 
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8.- Rodrue Jos6 G. y Cardemil, Liliana, 1991. Expres16n de
 
las proteinas de pared celular en Prosopis
 
chilensis en respuesta al estr~s de heridas.
 

-XXXIV Reuni6n Anual de la Sociedad de Biologla de Chile. 27
 
al 10 de noviembre. Hotel Termas de Puyehue, Puyehue.
 

-Arch. Biol. y Med. Exp. Vol. 24 p.R 194: 339
 

c) International Symposia.
 

1.-	 Cardemil Liliana; Goycoolea, Claudio and Medina Consuelo.
 
ecial Interest Symposium "Physiology of Land Plants of the
 
Pacific Basin: Plant physiological responses to stress
 
conditions in ecosystem of the Pacific Basin".
 

-Pacific Science Association. VI Inter Congress.
 
Valparaiso-Viha del Mar. 7 - 10 agosto.
 

-Abstracts Book p.11
 

2.-	 Cardemil Liliana, 1989. Simposio sobre "Genoma y eventos
 
fisiol6gicos en c~luias vegetales: Expresi6n de genes de
 
resistencia al estr~s t~rmico en dos Arboles nativos de
 
Chile".
 
-XXXII Reuni6n Anual de la Sociedad de Biologia de Chile y
 
IV Congreso de la Sociedad Iberoamericana de Biologia
 
Celular. 21 - 25 noviembre. Vi~ia del Mar.
 
-Arch. Biol. y Med. Exp. Vol. 22: R 224
 

3.-	 Cardemil, Liliana, 1989. Simposio sobre "Diferenciaci6n
 
celular en Plarita. Las protelnas de la pared celular y su
 
pos-'1e rol en el crecimiento y diferenciaci6n de la c6lula
 
vegeta1".
 

-XXXII Reuni6n Anual de la Sociedad de Biologia de Chile y
 
IV Congreso de la Sociedad Iberoamericana de Biologla
 
Celular. 21-25 noviembre. Vifia del Mar.
 
-Arch. Biol. y Med. Exp. Vol. 22: R 199
 

4.- Liliana Cardemil (organizer), 1991. Simposlo sobre
 
"Respuestas Fisiol6gicas y Moleculares de las Plantas a
 
Condiciones de Estr~s".
 
-VIII Reuni6n Nacional de Botknica de la Sociedad de
 
Botcinica de Chile. 16-19 de octubre. CENIT, Universidad de
 
Santiago de Chile, Santiago.
 

-Libro de Resimenes de la Reuni6n p. 22
 



28 

d) 	 National Symposia
 

1.-	 Goycoolea, Claudio; Riquelme, Alejandro y Cardemil,
 
Liliana 1988. Simposio sobre "Cultivo de Tejido

enMicropropagaci6n de Plantas de Aplicaciones
 
Biotecnol~gicas. Selecci6n para Alta Expresi6n de Genes
 
de Resistencia alEstr6s T~rmico y de Heridas en Plantas".
 
-VII Reuni6n Nacional de Bot.nica, 31 de agosto al 3 de
 
septiembre, Valparaiso.
 
-Libro de Res6menes de la Reuni6n p. 25
 

2.-	 Cardemil Liliana, 1990. Simposio sobre "Interrelaciones
 
Metab6licas Entre La Planta y su Entorno: Respuestas de
 
las plantas a condiciones de estr~s".
 

-XIV Reuni6n Anual Sociedad de Bioquimica de Chile. Termas
 
de Catillo. 30 de agosto al 1 de septiembre.
 
-Libro de res(menes de la Reuni6n p. R 365
 

B. Publications
 

I.-	 Cardemil, Liliana y Riquelme, Alejandro, 1991.
 
Expression of cell wall proteins in seeds of Araucaria
 
araucana and early seedling growth is a response to wound
 
stress and developmentally regulated. Journal of
 
Experimental Botany. 42: 415-421.
 

2.-	 Goycoolea, Claudio and Cardemil, Liliana, 1991.
 
Expression of heat shock proteins in seeds and during
 
seedling growth of Araucaria araucana as a response to
 
thermal stress. Plant Physiology and Biochemistry. 29:
 
213-222.
 

3.-	 Riquelme, Alejandro and Cardemil, Liliana, 1992.
 
Two major proteins present in the cell walls of seed and
 
seedlings of Araucaria araucana are peroxidases.
 
Phytochemistry, in press.
 

4.-	 Medina, Consuelo y Cardemil, Liliana, 1992.
 
Prosopis chilensis is a plant highly tolerant to heat
 
shock.
 
Submitted to Plant Cell and Environment.
 

5.-	 Squeo, Francisco; Cardemil, Liliana and Olivares, Nancy,
 
1992. Water potential components in the branch system of
 
Prosopis chilenis (Mol.) ( Mimosaceae): A new regulation
 
model? In preparation.
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8. PROJECT PRODUCTIVITY
 

The project accomplish most of proposed goals. The
 

objectives 6, 7 and 8 of our original proposal are goals that need
 

to be worked further. Respect to these, I need to point out that in
 

the field we have selected two Prosopis rhilensis ecotypes: one in
 

Quebrada Sn Carlos,VicuFia, IV Reg16n and other in Caldera III
 

Regi6n. A third one in Peldehue near Santiago, V Regi6n, is under
 

study. These 3 regions are located in a latitudina. gradient from
 

parallel 27*S to parallel 330S. At the present, we are checking for
 

the behavior of the seeds during germination of the selected
 

ecotypes and performing experiments on thermotolerance acquisition
 

to be sure that che selection really means more tolerance to heat
 

shock. It is important to emphasize that this part of the project
 

is in progress because constitutes the research project of Hector
 

SAnchez who is in.the master program of the Facultad de Ciencias.
 

We feel that the project has been very productive. We
 

have already three publications in prestigious international
 

journals, one paper submitted and another in preparation. Two
 

dissertations have been completed during this period. A third 
one
 

will be done very soon and a fourth is in progress.
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9. FUTURE WORK
 

The project will continue in two other projects: One is
 

on: "Caracterizaci6n de ecotipos de Prosopis chilensis resistentes
 

y sensibles a estrss t~rmico y estr~s de heridas en una gradiente
 

-
latitudinal de 3 a 51- regi6n" (Characterization of resistant and
 

susceptible ecotypes of Prosopis chilensis in a latitudinal gradient from 3 h 
to 

5th region). Part of this project is already funded by CONICYT in 

Chile, part of it will be submitted to National Geographic Society.
 

We are preparing other project, molecular oriented
 

proposing to clone the heat shock and injury resistant genes of
 

these species. This will be submitted to Agency for International
 

Development in the PSTC program.
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Figure Legends.
 

Figure I.-	 X-ray film of Northern blot hybridization of total RNA
 
extracted from cotyledons (C) and embryo axes (E) of
 
ra.c !ri araucana seedlings exposed for 2 hours at
 
different temperatures (280, 320 and 360C). The
 
hybridization was performed with a probe containing
 
the cDNA information for ubiquitin from chicken
 
embryo. "Cont" is a positive control where 3 jg of
 
maize RNA extracted from plants subjected to 420 C,
 
was run. The 25S and 18S mark the points where
 
the ribosomal RNA for the large and small subunits run
 
in the gel. These points were used for size estimation
 

'
of RNA. The two channels marked as "C 28 0C" were
 
overloaded with 3 times of RNA amount present in the
 
extracts of the cotyledons exposed at 280C and those
 
marked as E 280 C* were loaded with 5 times the amount
 
of RNA present in the embryo axes exposed at 280 C,
 
thus to estimate how much more mRNA for ubiquitin was
 
present in the tissue exposed at 360 C.
 

Figure 2.-	 X-ray film of Northern blot hybridization of total RNA
 
extracted from megagametophyte (M) and cotyledons (C)
 
of Araucaria araucana seedlings exposed for two hours
 
at different temperatures (280, 320 and 360 C). The
 
hybridization was performed with a probe containing
 
the cDNA information for hsp 70 kDa for maize. "Cont"
 
is a channel for a positive control where was loaded 3
 
pg of maize RNA extracted from plants subjected at
 
420 C. 25S and 18S mark the points where the ribosomal
 
RNA for large and small subunits run in the gel, and
 
was used for size estimation of RNA.
 

Figure 3.-	 Western blot analysis of the proteins extracted from
 
PrOSO~iS chilensis seedlings, using polyclonal
 
antibodies raised against free ubiquitin (A) or
 
against conjugated ubiquitin (B). The seedlings were
 
grown from seeds germinated at 351C and then subjected
 
to heat stress at temperatures of 350, 400, 450 and
 
50-C, for two hours. The proteins were extracted
 
and run in SDS-PAGE and electrotransferred to
 
nitrocellulose membranes. The membranes were incubated
 
with the first antibody (IgG anti free ubiquitin or
 
IgG anti conjugated ubiquitin) and with the secondary
 
antibody conjugated to alkaline phosphatase.
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Figure 4.-	 Western blot analysis of Prosopis chilensis heat shock
 
proteins, using a monoclonal antibody raised against
 
72 kDa protein from HeLa cells as primary antibody.
 
the secondary antibody was a mouse anti IgG conjugated
 
to alkaline phosphatase.
 
A.- Analysis of the proteins extracted from seedlings
 
of 48 hours of imbibition and exposed for two hours
 
at temperatures of 300, 350,400, 450 and 500 C.
 
B.- Analysis of the proteins extracted from seedlings
 
of 48 hours of imbibition and exposed for 2 hours at
 
temperatures of 350, 400, 450 and 500C. In this case
 
the seedlings were from seeds germinated at 35*C.
 
After extraction the proteins were run in SDS-PAGE,
 
electrotransferred to nitrocellulose paper and
 
incubated with the primary and secondary antibodies.
 

Figure 5.- Tissue print Northern of cross sections of hypocotyls
 
and of megagametophytes enclosing the cotyledons, of
 
10 and 20 days seedlings of Araucaria araucana. The
 
tissues were printed by pressuring the cross sections
 
on nylon membranes for 20 seconds. The membranes were
 
hybridized with a probe containing the genetic
 
information for the carrot extensin. The genetic
 
information is preceding by a T3 promoter that allows
 
to make in vitro transcription and to prepare an
 
antisense [2 5 S]RNA probe using a DNA dependent RNA
 
polymerase reaction. A shows the prints from
 
seedlings of 20 days. B shows the prints from
 
seedlings of 10 days.
 

Figure 6.-	 Immunocytolocalization of extensin protein
 
in Cotyledon (A) and in Hypocotyl (B).
 
A. Tissue immunoprints of a cotyledon transversal
 
section of Prosopis chilensis seedlings of 60 hours
 
of age. The transversal section of cotyledons were
 
pressed for 30 seconds on a nitrocellulose
 
membrane. The membrane was incubated with rabbit
 
polyclonal antibodies raised against extensin of
 
soybean seed coats and then incubated with a goat
 
anti-IgG conjugated with alkaline phosphatase.
 
HV1 is a principal vascular bundle and HV2
 
are the secondary vascular bundles.
 
B. Cross section of hypocotyl of 60 hours of age
 
which was paraplast embedded, sectioned and incubated
 
with the same antibodies used in A.
 
HV are the vascular bundles.
 
Ep, means epidermis.
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Figure 7.- Gel electrophoresis of the native cell wall
 
proteins of seedling embryo axis of P
 
chilensis.
 
In A: The gel was stained with silver nitrate.
 
In B: Western analysis of the electrophoresis shown
 
in A. The proteins of the gel were
 
electrotransferred to a nitrocellulose membrane and
 
incubated with a first rabbit antibody raised
 
against extensin from soybean seed coats and then
 
incubated with a second antibody, a goat anti-IgG
 
conjugated with alkaline phosphatase.
 
The arrows point the equivalent bands of proteins
 
in A and B.
 

Figure 3.-	 Wound effect produced with razor blade cuts on 
seedling roots of Prosopis chilensi§, of 24 
hours after germination. One day after wounding, the 
radicle of the seedling3 differentiates secondary 
roots as a response to the wound stress. 
D : Damaged seedlings
 
ND: Non-damaged (control) seedlings
 
The arrows point the induced secondary roots.
 
The damaged seedlings are almost 2.5 longer than
 
the control seedlings.
 

Figure 9.-	 Immunocytolocalization of extensin during
 
development of secondary roots as a response to
 
wound stress when seedling radicles has been injured
 
with razor blade cuts, as shown in Figu.re 8.
 
A is a-longitudinal section of the radicle showing the
 
beginning of a secondary root development. B is a
 
cross section of a radicle with a secondary root
 
full developed.
 
The arrows point the root cortical tissue that seems
 
to be wounded by the emergency of the secondary root.
 



Table I. Sugar composition of cell wall peroxidases.
 

83 kDa protein 145 kDa protein Horseradish * 
Sugar peroxidase
 

_g 
 sugar/mg protein
 

C-galactose 72.4 1 2.,9 (61.1%) 76.8 ± 1.6 
(75.1%) 0.0 (0.0%)
 
D-glucose 42.8 * 2.0 (36.1%) 
 19.6 1 3.6 (19.2%) 5.7 (3.8%)
 

D-xylose 1.4 ± 0.3 ( 1.2%) 1.3 ± 0.5 ( 1.3%) 12.8 (8.5%)
 

D-mannose 2.0 ± 0.6 ( 1.6%) 4.5 ± 48.2
0.9 ( 4.4%) (32.1%)
 

L-arabinose 0.0 ( 0.0%) 0.0 ( 0.0%) 2.9 ( 1.9%)
 

D-N-Acetyl
 
glucosamine N.D. 
 N.D. 66.5 (44.3%)
 

Carbohydrate

in the protein 12 10 
 15
 

The sugar composition was obtained after hidrolysis of the
protein bands electroeluted from polyacrylamide gels after SDS-

PAGE. HPLC was performed in Knauer HPLC type 364 equipped with
 
a CARBOPACK PAl column using 5.25 mM NaOH, pH 11.5, as solvent.

The gas chromatograph was provided with a gold electrode present

in the Dionex pulsed amperometric detector.
 

N.D. not determined
 

* from Clarke and Shannon, 1976 (22). 

± s.d.
 



TABLE II 

AMINO ACID COMPOSITION OF CELL WALL PEROXIDASES OF
 
ARAUCAR I A ARAUCANA.
 

7.MOL
 

AMINO ACIDS PEROXIDASE 
 PEROXIDASE HORSERADISH PEROXIDASE
 
83 kDa 145 kDa 
 40 kIDa
 

LYS, 5.37 (23: 4.80 (42) 1.80 ( 4)
HI 2.93 (12) 1.70 ( 14) 1.00 ( 2)
AR,_ 2 .26 (8) 4.03 (29) 6.90 (13)
ASX 4.87 (23) 4.42 (42) 17.40 (45)
GLX 8.60 (36) 6.87 (60) 6.50 (15)
THR 2.50 (13 4 .) (45) (19)22 6.50 
SER 15.65 (92) 18.40 (223) 7.30 (24)
GLY 32.81 (270) 35 32 (598) 5.60 (25)
ALA 10.23 (71) 6.70 (96) 8.10 (31)
PRO 4.92 (26) 5.91 (65) 5.50 (16)
CYS N.D. N.D. 1.00 ( 3)
MET N.D. N.D. 0.90 ( 2)
VAL 3.97 (21) 1.50 (16) 5.80 (17)
ILE 1.90 ( 9) 1.72 (17) 4.20 (11)
LEU 3.19 (15) 3.65 (35) 12.30 (32
TYR 0.00 0.00 1.40 ( 3)
PHE 0.75 ( 3) 0.83 ( 2) 7.70 (16)
TRP N.D. N.D. N.D.
 

In parentheses, number of residues per molecule.
 



TABLE III 

NH2 TERMINAL SEQUENCES OF CELL WALL PEROXIDASES OF
 
ARAUCARIA ARAUCANA
 

Peroxidase 3 4 10 
145 kDa Ala-Het-Thr-Pro-Glu-Gln-Val-Gln-Ser-Ser-Leu-.Glu-Pro-Tyr-.Ileu 

Peroxidase 3 4 10 
83 kDa Ala-Met-Thr-Pro-Glu-Gln-Val -Gln-Ser-Ser-Leu-Glu-Pro-Tyr-Ileu-

Ser-Tyr-Leu -Thr -Ala 

Horseradish 3 4 	 10 
Pero xi dase 	 Glx-Leu-Thr-Pro-Thr -Phe-Tyr-Asp-Asn- Ser -Cys -Pro-nsri--Val -Ser-An-

I leu-Val-Arg-Asp 

Turnip 7 3 	 10 
Pero xi dase 	Gi x -Leu-Thr -Asn-Phe -Tyr -Tyr -Ser -Thr -Ser-Cys -Pro -Asn-Leu-Leu-Ser -

Thr-Val -Lys -Ser 



TABLE IV
 

Amino acid composition of the cell wall proteins present in the cotyledons
 
of ProsoJis chilzig. The composition is compared with proteins encoded by
 
genes cloned from soybean.
 

Mol %
 

Amino ftp.q k ch~lensi Soybean 
Acid 

180 kDa 126 kDa 107 kDa 63 kDa SbPRP1 ENOD2 

Hyp n.d. n.d. n.d. n.d.
 

Pro 6.7 7.8 8.2 14.7 35.9 44.4
 

Mx 11.5 11.7 10.5 8.9 1.2 1.2 

Thr 2.3 2.9 2.9 3.1 0.4 0.4
 

Ser 6.8 7.1 b-9 3.5 2.3 0.4
 

Glx 23.8 21,3 18.6 18.7 3.9 22.8
 

Gly 6.2 5.7 4.8 3.3 0.4 0.4
 

Ala 5.8 5.4 4.6 3.8 1.6 8.0
 

Val 4.7 5.5 6.4 12.3 15.2 2.1
 

Cys 0.8 0.7 0.1 0.2 0.0 0.0
 

Met 0.8 0.0 2.0 0.0 0.0 0.0
 

Ile 4.4 3.5 3.0 1.8 2.7 8.4
 

Leu 7.4 6.4 5.1 2.5 3.1 1.2
 

Tyr 2.6 3.4 5.7 8.5 14.5 7.9
 

Phe 2.8 2.6 2.0 1.3 0.0 
 0.0
 

His 0.9 2.4 4.6 2.1 0.0 
 9.5
 

Lys 4.8 6.2 8.5 13.5 17.6 
 9.5
 

Arg 9.3 7.4 6.2 2.2 0.4 
 0.4
 

Trp n.d. n.d. n.d. n.d. 0.0 
 0.0
 

n.d. No determined
 



TABLE V
 

NH 
 -terminal sequence of the cell wall proteins present in cotyledons of 
PFroopis jjijegjj. The sequences are compared with homologous sequences

coded by genes from soybean
 

PROSOPIS CHILENSIS:
 

Protein of 180 kDa
 

X-X-Gly-X-Asn-Glu-Ala-Leu-Gln-Glu-Ile-Met-X-Gln-ileGly_
 

Protein of 126 kDa
 

X-X-Gln-X-Gln-Ala-Leu-Lys-X-Ile-Met-X-X-Glu-Gly-GLy-Ser-Leu_(Leu)_X
 

Protein of 107 kDa
 

X-X-Gln-Ile-Gln-Ala-Leu-Lys-X-Ile-Met-Arg-Arg-X-Gly
 

Protein of 63 kDa
 

Asn-Tyr-Tyr-Gln-Pro-HVD-Thr-Tir-Lys-
 -rgo-Pro.G=ly-Pro-X 

SOYBEAN CLONES:
 

Sb PRP 1, 	 Pro-Pro-Ile-Tyr-Lys 
Pro-Pro-Val-Tyr-Lys 

Pro-Pro-Ile-Glu-Lvs
 

ENOD 2: 
 Pro-Pro-His-Glu-LXs
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of proteins with a total radioactivity of 2,500-5.000 Bq. 
The electrophoresis was run lor 7 h at 180 V. using 
the Laemmli's butter (1970). The proteins bands were 
visualized on the gel with 0.25% Coomasie R250 in 50% 
methanol and 10% acetic acid. The gel was destained 
with 10% acetic acid and 50% methanol for 4 h at room 
temperature. 

Fluorography. In order to detect the synthesized proteins
bnslosingduring the thermal stress, tile protein bands were visual-

ized by the radioactivity of the 35Slinethionine incorpor-
ated in the proteins. For this. after electrophorcsis. the 
gel was twice washed witl 10% acetic and 40% ethanol 
for 30 min each wash. Afterwards. the gel was submer-
ged in solution oft0.4". PPO. 20",, ethanol, 30% xylol 
and 50% acetic acid for 3 h. The PPO was precipitated 
into the gel with distilled water for 2.5 h. Ater precipita-
tion of' the PPO. the gel was dried under vacuum in 
between two sheets of Saran Wrap. The dried gel was 
exposed to a Kodak X Onat film at - N0°C for fo,_1ur 
days. 

RESULTS 

seedlings
Determination of viability of seeds and 

The three tissues of quiescent seeds of Araucaria 
araucan-, embryo axes, cotyledons and megagame-
tophytes were subjected to temperatures of 28'C 
(control experiment) and higher. 32, 36, 40, 44 and 

48°C for different periods of time, between 1-8 1. 
These three tissues are affected differently in their 
viability by exposure to high temperatures. 
Figure I shows that the embryo axes significantly 
lose their viability compared with the control 
experiment, after 5 h of treatment to 44-48'C 
(p < 0.005, probability given by Student's test). The 

cotyledons are more sensitive to thermal stress. 
2%viability atrepsr t4* o hro20%of' bilit after exposure at 48C for thl 

period of 3 h. The megagametophyte tissue is the 
most resistant. Its viability is only affected 17o, 
(compared with the control samples) after 7 h of' 
treatment at 440C. and 30% after exposure at 48'C 
for the same period of' time. 

Seedlings 120 I after imbibition, with a root 
length between 1.5-2.0 cm, were subjected to tem
peratures of' 28, 32, 36. 40 and 44'C for periods 
of 30 and 60 min. After the temperature exposures. 
the seedlings were returned for 48 to 28°C and the 
length of the roots was measured again. Figure 2 A 
shows the growth of seedling embryo axes expres
sed as percent of' growth of the control samples. 

An exposure of 30 min at 44'C reduces the growth 
of the embryo axes to 16%. However. the embryo 
axes show 80% of' control growth when exposed 
for 30 min at 32, 36 and 400C. 

A thermal treatment for 60 min at 36"C 

decreases the seedling growth to 58% of the control 
and to 48% when the temperature is 40"C. Seed
lings subjected for 60 min to 44°C do not recover 
growth (fig. 2 B). 

cotyledons 3h1 embryo axes 5h megagametophyte 7h
 

> oo- -If- r -
4-J 

~7 T 

CubR20 rmr36 4 44 4ff 
 i
 
36 40 44 48 36 40 44 48
 

Temperature (OC)
 

Figure 1. Viability of the difleren., itsiues a/ quiwen'tt %e'edsol Araucarta araucana. Th,, results are shown at the minimum period 
of' time (3 h for cotledons. 5 h for embryo axes and 7 it for megagainetophvtel at which there is a significant decrease of 
viability by exposure to high temperatures. The control experiment was pe-formned mt28*C and it is shown as white bars, the 
experiments were per4ormed at 32. 36. 40 and 48C and are shown as dotted bars. The viability method of T or by 
determination of electrolyte leakage. The standard deviation is given lor each bar. 
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Ileat shock protcge *n .4raucariaaraucana 215 

chloride (T-IC). Alternatiely. the %iahility %%asdetermi-

ned after the temperature treatment hv measuring the 
conductance of electrol.ites leaked from tile tissue into 
deionized water (leachatel. The conductance of' a leach-
ate of dead seeds. kill:d in boiling %%atter Cor 3ll rut n. 
wits considered 10U',. The per cent ot leaching as%% 
expressed as conductance of eachates after heatin,-g It)-
(1 final conductance after killhtn. The mean leaching ssas 
plotted against the temperature tested. from %% thehere 
LT, 0 (temperature at Mhich tile coiductance became 
51 of the conductance after killing) %%,scalculated, 

Determination of g'rowth of the embro axis of seedlings 
subjected to different temperatures. Scedlings of 121 h of 
inmbibition %sithout ineLagaicioph\,te %crc presoaked 
for 3 h at 28(C in sterili/ed \ermiculte %%atered \%ili, a 
soluion containing the .Murashige-sk og 11tv c.it> 
ponents i Murashige and Skoog. 19)2) and supplcmcntcd 
%wtlI5"0 sutcror.e and §0 t.g ml of chloramniphenicol 
(treatment mcdium = I. \11fcr this pretreatment the 
length of enbriho aes %%ere measured in inillimtiers and 
then soakcd in the saine mCdiml for I 2 and 3 i at 28. 
32. 36. 41 and 44'C. Durtne tie treatment. the medium 
was aerated con-tantl, ith an aquarium pump. ThC 
dalage caused b%tle high temperattre treatment %%as 
measured bv tile prowth recover% of t he emhr ato axes 

28XC in 48 h. 


Inductior of thermotolerance in embr.o axes by exposure 
to sublethal temperatures. I-ise groups ol 15 emhrs\o axes 
each. coming from seedlings of 120 h of inhibition wssere 
pretreated or 3 h at 28V h%' soatkin then in %%et 
vermicujite ssatered ,ith the saline FTNdescribed abo%,. 
After the pretreatment tile lengths of the emnbr o axes 
were measured and chanced to flasks conttairtng a fresh 
liquid medium. One group v,as maunta'nc to 2,YU is 
tile control Another 2nd. 3rd. 4ih and 5ih groups \,ere
subjected to 28. 32. 36. 40 and 44( respecmtiel, for 30 
and 12) mini in separtte experments. Liach group %Wa 
then subicted to 44'C (lcthal temperature) for 2 h1. 
After treatment at 44'C. tile embr:,o axes %%erechanged 
to solid medium and kept at 28C for 4X h. After this 
time the recovcry of Lrowkth %%asdetermined by measur-
ing the length of the axes. 

I 

imbibition with radicles between 1.5-2.0 cm long. were 
dissected to separate the emhr',o axe, from the megaga-
merophyte. The embrso :Ixes "sere further cut into pieces
of I cm. Five groups oonmwininx pieces of' 15 cmbr o 
axes each %%ere incubated for ttireefhours in liquid TM 
under continuous aeration. After time the group 1. 
2. 3. 4 and 5 were subjected to 28. 32. 3', 41) and 44"C 
respectively for 2 L in aerated liquid TNt. ['Slrneth.,an-
ine with it specific radioactiitv of 3.42 MInqmmol 
(from ICN Radiochemcals) %%as added to the media, to 

obtain a concentration of radioaetivit;, of 

148 Milcl ml. The f'Slimethionine was added to the 
final 30 min of 2 h of temperature treatment in order 
to determine the proteins synthesized under heat shock. 
or added at tile beginning of the 2 h of' temperature 
exposure in order to determine the accumulation of 
proteins s3NIlhesiied during this time. For kinetics 
experiments the [' 5Sjruethionne of tile same specific 
radioactivit, mentioned abose was added to the medium 
containing the pieces ofenbr~xo axes. The [3 Snethion
me was addeJ for 3(1 min at the end of the period of 
exposure at 36'U( 1)l ruin. I. 2. 3. 4 or 5 hi)
et 

Extraction of proteins labelled %ith ["5 Slitiethionine. The 
c\tracti n of protetins %%as performued ,y tile method 
described b,. Cooper and Ito (I1983 Using thietbuffer of1 
Lacinli I19701 made up of 0.06 M Tris-tlCI (p1i 6.8) 
and containing 2"..of'sodiun dodecls, lfate (SDS). 1o", 
gl.cerol and 5",, mercaptoethanol. The pieces of tissue 
.,erc hoionlO,e/d s ith a glass homoL'enizer and main
tamed for 2 inn sIIer bath at Il(': the homogenate 
".as !'hen centriftiged in an Eppendorf microtige for 
3 irit [lie incorporation of1 Slmetthiomnne was deter
mined in the proteins o tihe supernatant. For this. the 
proteins of tile extract \%ere precipitated w',ith trichlo
roacetic acid (-(.\) its, it has been described h Mans 
and Noclli 11960). taking aliquots of 10 u1 and placed 
on a disk of filter paper Whatmman 3MM 1.4 cm in
diameter. The paper "sas dried for 20 s. Each paper disk 
Wkt:, soaked for 61) min in 10%) TCA containing 0.1 NI 
cold methionine. The disks were washed with 100t1, TCA 
at room temperature for 15 min follossed h, a second 
\%ash with 5' TCA at 90'C for 30 min. After the TCA 
sashes. the disks were passed through an ethanol ether -
solution (I 1. v v) for 3(1 min at 37*C. washed in pure
 
ether for 15 min and dried at room temperature. The
 
dried paper disks were placed into scintillation Iluid of:

toluene and Triton X- 100( in a ratio of 2: I containing
 
4 g 1 1 of 2.5-diphenyloxazole (1PPO) and 50 rug I , of
 
1.4-bis(5-phenyl-2-oxazolyl )-benzene: 2,2'-p-phenylene
 
bis(5-phenyloxazole) IPOPOP). The radioactivity was
 
measured in a Phillips liquid scintillation counter. Quan
tification of proteins of the tissue extracts was performed
 
by Bradford's method (Bradford. 1976) after precipita
tion of the proteins with 10 volumes of cold acetoneand resuspension in 0.01 NI Tris. A radioacttity of
 
50 Blq1g 1 protein was considered as a good incorpor


Stion. 

Protein electrophoresis. The proteins labelled with 
[[ Snicth"ionine were separated by electrophoresis in 
SDS-polyacrylamide gels. by tile method described by 
Lacmmli (19701. The running gel v.as 10% polvacryla
mide containing 0.1% SDS (pH 8.8). The stacking gel 
w,as 3.5% polvacrylamide containing 0.1% SDS 
(pH 6.8). Each channel of the gel was loaded with 80 pg 
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ciurant It' stress the'rinique. parnn h'squelh. w trou'e une prot'ine de 7) k Da. Des e.xp;riences de cit;tique indiquent 
ques ttnouv'elh's prolt;inev %witpri;v'ntv' 14nn apri. I'ex.po ii des aivvS emtbr onvaires 6 36*C. La tetnp;ratutrehis 

tie 36"C tst au.vsi hi temperature optimiah' pour I'atItitton tie hi ihernioth'rancepar its plantues d'A. araucana. 
Mots es additionnels mgaganmctoph.tL. choc thermiqueC. rcnperature krale. thermotolrance. temperature 
sublcalc.
 

Abbreiiations. SDS-PIAGE. sodium dodcC. sulltae-pol icrlmide gel elcctrophoresis: lisp. heat shock proteins. TM. 
treatment medium. TTC. triphen. hetrazoliurn chloride: TCA. trichloroacetic acid. 

INTRODUCTION 

Plants are subjected to harsh en ironmental con-
ditions such as frost. water stress, mineral toxicity, 
nutrient starvation. extrerie temperatures and 
wounding caused h predators,. insects and patho-
gens. Hovever. plants are adapted to adxerse con-
ditions through structural. phvsiological and bio-
chemical adjustments. 

As an example of these adjtustIents. plants 
respond to exposure to high temperatures b% 
changing the pattern of protein svlthesis. tost 
often wkith a decrease of the proteins iormall 
synthesized and appearance of new proteins (Schle-
singer ei (ii.. 1982: Cooper and Ho. 1983: Meyer 
and Chartier. 19831. These new proteins snthe
sized under high temperatures are denominated 
heat shock proteins (Kimpel and Key, 1985). The 
plant heat shock proteins tbsp) reported so far 
have been classified as hsp of high molecular mass. 
between 90 and 120 kDa. isp of niedium tuolecu-
lar mass, between 40-,89 kDa and lisp of lov% mol-
ecular mass between 15-39 kDa (Cooper and Ho. 
1983: Cooper ct il..1984L These low relative mol- 
ecular mass proteins seem to be peculiar to the 
plant kingdom IKcy etia!.. 19I8 1. 

The phvsiological role of the hsp is still under 
discussion and not understood, but ti! seem to 
protect the organism since there is a hiTh correla-
tion between the appearance of the proteins and 
the acquisition of thermotolerance (Yamamori et 
a!.. 1978: Ashburner and Bonnier. 1979: Barnertal.. 	 1980: Lin eta/.. 1984: Schlesinger. 1985 . 

Araucaria araucana is a conifer species. endemic 
to austral South America. A. araucana grows in 
high mountain forests between latitudes of' 37' 30' 
and 400 3' S. from 900 to I 700 m altitude, in the 
oriental and occidental slopes of the Andes and 
in the Nahuelbuta Cordillera of the chilean cost 
between latitudes of 37' 2' and 38' 4' S. 

It has been suggested that A-.araucana has a 
high degree of physiological adaptation to grow in 

Plant Ph. idl. Biac/hent. 

these areas. constituting relic forests originated in 
the tertiary times IMontaldo. 1974). 

The w,:ather. climate and soil of'%olcanic origin
of .A. arautcana forests, as %%ellas biological factors 
such as animals and humans make difficult the 
natural reg-eneration of this conifer. Seeds are shed 
and germinate at the end of surnier arnd seedlings 
grow on the volcanic soil which reaches temperat
tires 	 of SliT and hiher at noon of hot summer
 

', d.
 

The purpose of this work w\as to investigate how 
seeds and seedlings of' -.aratcanarespond to high 
temperatures ard to study the pattere of heat 
shock proteins s>nithesized under thermal stress. 
since the genus Araucaria has been reported to 
have a tropical origin (Montaldo. 1974j. 

MA'TERIAI,S AND METHODS 

Seeds material and germination conditions. ,,traicaria 
araocanw (Mol.) Koch seeds were collected in the forest 
reserve of Malalcahuello (latitude 37.5* S. Chile) 
beteen the months of March and April of 1986, 1987 
and 1988. The seeds were stored in plastic bags at 4'C 
until used. For the experiments seeds without testa were 
sterilized in a 10% sodium hypochlorite solution for 
5 min and then washed thoroughly in distilled water. 
After sterilization the seeds were germinated in wet ver
miculite. The germination temperature was 28°C. 
Determination of iability of tissuesc 

ofetecntse
subjected to different temperatures. Sterilized seedswithout testa %keredivided in groups of 50 seeds each,
and each seed was divided in two halves. Each group 
of 100 half-seeds was subjected to different temperatures 
going from 28'C (control experiment) to 32, 36. 40. 44 
and 48'C and with times of exposure of I,2,3, 5, 7 
and 9 h. At the end of treatment the half-seeds werc 
dissected into embryo. megagametophyte and cotyledons 
and viability was determined by measuring the tissue 
area that changed from colorless to red after staining 
for 2 h in darkness with 0.5% of triphenyl tetrazolium 

J 
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Expression of heat shock proteins in seeds and during seedling growth of 
Araucaria araucana as a response to thermal stress 
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Govcoolea, C. and Cardemil. L. 1991. Expression of heat shock proteins in 
seeds and during seedling growth of Araucaria araucana as a response to 
thermal stress - Plant Physiol. Biochem. 29: 213-222. 

The purpose of this work was to investigate how seeds and seedlings of 
Aratcarta araucattna respond to high temperatures. Embryo axis, cotyledons 
and megagametophyte tissues of A. araucana seeds were subjected to temper
atures of 28. 32. 36, 40. 44 and 48°C lor several hours and the viability of 
the tissues after exposure was determined with the colorimetric test of the 
triphenytetrazolium chloride or by measuring the electrolyte leakage. The 
most sensitive tissues are the cotyledons which die after 3 h of treatment at 
44 and 48'C. The most resistant is the megagametophyte which loses 
viability onl after 7 h at 44"C. Embryo axis of seedlings more sensitive to 
high temperature treatments. They lose viabil~tv after 30 min. of treatment at 
44"C. Sodium dodecylsulfate-polyacrylamide gel electrophoresis of proteins
synthesized by root tips of seedlings at 32, 36. 40 and 44*C in the presence 
of [3 Sjniethionine and followed by fluorography shows that the optimum
synthesis and accumulation of the heat shock proteins occurs at 36"C. Eight
proteins are synthesized under heat shock among which is a protein 70 kDa. 
Kinetic experiments demonstrated that the new proteinjs are present 30 min 
after the embryo axes have been exposed to 36"C. Thi-ty six degrees is also 
the optimum temperature for acquisition of thermotolerance by A. araucana 
seedlings. 

Additional key words - Megagametophyte, heat shock, lethal temperature, 
thermotolerance, sublethal temperature. 

C. Goycoolea. Rengo 31. Concepci6n, Chile: L. Cardemil (reprint requests),
Departamento de Biologia. Facultad de Ciencias, Universidad de Chile, 
Casilla 653. Santiago, Chile. 

Risumk. Le but du tratail est de rechercher comment les graines et hs plantules d'Araucaria araucana riagissentaux 
tempiratures Hevtes. Les tissus des axes embr-'onnaires. des cot 'vldons et des niugagamtophtes de graines
d'A. aracana ont tt soumis 6i des tempratures de 28. 32, 36. 40. 44 et 48"C pendant plusieurs heures et la viabilit 
des tissus apres le traitement a rb ditermm;e par le test au chlorure de triphn'"vtrazolium ou par la mesure des
fuites d'HectrolYtes. Les tissus ies plus vensibles sont /es cot*l dons, qui tneurent aprfs 3 h de traitement i 44 et 48'C. 
Le plus rbsistant est le tntgagametophyte. dont la iait disparait apr.s 7 h i 44"C. L "axeembrvonnaireest le plus
sensible aux traitements par des temperatures deves; il perd sa viahilit aprs un traitement de 30 mm d 44*C.
L 'lectrophorese sur gel de polhacrylamide-dodecyl sullate de sodium des protines sy'nthtisies par les extrbmitbs des 
racines de plantules i 32. 36. 40 et 44"C en presence de mthionine[35S, et rt.vbres par fluorographie,montre que Ia
snthse optimale et I'accutnulationdes protbines de choc thermique se produit i 36tC. Huit proteines sont synthtisbes 

Plant Physiol. Biochem.. 0981-9428/9103 213 10S 3.0,t/ c Gauthier-Villars 
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new bands of protein appear in the embryo axes thernmal exposure. It shows that the same 7 bands 
under heat stress, which are not detectable in the of' proteins accumulated in 2 h of treatment are 
control samples. Tile seven new bands of proteins also synthesized in the last 30 min of thermal 
have relative molecular masses of 126. 106. 89. 77. stress. Because in this Iluorogram the bands are 
44. 24 and 19 kDa. These new "oteins present seen better resolved, it is possible to detect one 
under heat shock have been denominated heat additional band synthesized under stress. This 
shock proteins (hsp) (Kimpel and Ke). 1985). Tho band has a molecular mass of 17 kDa. Further
seven bands of proteins appear at 32°C and ine- more. there are about 9 other proteins present at 
ase in intensity at 36°C. However. two of these 28'C whose synthesis increases considerably at 32 
proteins those of 126 and 24 kDa. are not present and 36°C. The hsp 126. 106 and 17 kDa are no 
at 40*C. There are also some other proteins present longer synthesized at 44°C. Indeed. at 44°C tile 
at 28°C which increase considerably in intensity synthesis of proteins declines. Table I is a sumn
temperatures of 32. 36 and 40'C. Figure 3 also mary of the proteins synthesized under heat shock. 
shows that most the accumulated proteins decline showing an estimation of the intensity of" radioac
at 44'C. tivitv incorporated per band. From these results 

\we conclude that tile optitnum temperature for
U V U I synthesis and accuLulation of heat shock proteins 
Us" * is 36'C. 

Table I.I ' towin ' , ,d rel ti ii O l l o/lnUIh rdli l(,h I ' 
prouvi ho nti of cnilrio zaiv\ sub'e to t,. F/ilreled lhe

116.0- miolecular ino,, and the relai'.e intensities oi the radio:ictite 
hands oi tile Snt hee/Cd proteins in cmbr.o a;es upon thermnal 

s,.- . ,stress are sho'.n a li compared ',ith tile control at 25 '. a 
,I ___- _-. .. Seel) In fijure 4. reliatte intensities of tile radlotace hands. 

84.0- *1't - Ihe inteis compared amioneTil the hands of the Satne protein. 

Molecular Control 32VC 36 40'C 44*1.' 
nass AI)a) 

126 - - - 
(6- - + 

84W' -qP_ + +O + +-+ + 4... .+ . . + 4 

+ +-+4++ + + +++ + 
77' - ++ +1'-$- + +26-6- (19 + + .++ +4- 

33+ +-+ ++++ ++ ++ 
14- - + + + ++ + + 
24 + 4-+ + + ++ 

Figure 4. l'uorograin oI the proteum mahvmt/t:e'-d in emnbr'o a.vv.% I9 . + t + + + 
under heal slre.%. The s.nthesis of proteins correspond to the 17' - + - +
 
last 30 nin of 2 i1 of incub.tion ill dilferent temperatures ill
 
the presence of 1.48 MBq ml ' of I Sltnethionine used as Molecular mass of the proteins hands (hsp) not preseo: it
 
precursor of protein s.nthesis. [aclc cperimental group ,,,as 2'C.
 
of 'x embryo axes. After incubation the proteins %,&ere extracted 
fron the tissue and analy/ed by SDS-PAGE. follo.ed hypoint the handsluorogr phy of the e. The com plete arro %, .sp K inetic of appearance of te i nem r o axes 
of new proteins not present in thi control embryo axes treated 
at 2'C (hspl. The arrow head; point it those hands vhich Since 36°C is tile opDianum temperature for syn
increase in radioactive intensity upon thermal exposure. thesis and accunmaiation of lisp. a kinetic exper

iment of appe.mance of the proteins bands at 36°C 
Figure 4 is a fluorogram of the proteins synthe- was run. wiin the purpose to determine how soon 

sized during heat shock since the 13 S]methionine proteins appear in the tissue after the beginning 
was -ncorporated in the last 30 min of the 2 I of of a thermal treatment. For this purpose tile tissue 

Plant Ph.to/. Riochen. 

http:follo.ed


Heat shock proteins in Araucaria araucana 217 

the presence of [3 5S]methionine as precursor of
I00 A protein synthesis, followed of SDS-PAGE of the

extracted proteins and fluorography of the radio-T active gel. 
t- Two kinds of experiments were performed to

Wiscriminate between protein accumulation and 
60 i'rotein synthesis during heat shock. The accumula

tion of proteins was studied by incubation of the 
tssue in the presence f35S]methionine during 2 h 

0lC exposure at the appropiated temperature (28. 
20 -%%as 32. 36. 40 and 440C). The synthesis of proteins 
20 studied by incubation of the tissue in thepresence of [3 Smethionine during the last 30 min 

E o,l the 2 h of exposure at the appropiate temperat-S- I I tires. Figure 3 is a fluorography of a SDS-PAGE 
0 

100 B 

60 116.0-. - 

1 84.0-.....
 

20
 

28 32 36 40 44 .. 
Temperature (*C) 

Figure 2. Gronith rjL'er. ol 'mhrrto a.Lt.%ol Araucaria arau- 36.5_ 
cana. After 30 min of thermal exposure in A or after 60 irain 
of thermal exposure in B. The recovery is given as per cent of
 
growth of the control embryo axes maintained at 28C. The 

stress temperatures were 32. 36. 40 and 44"C. After the thermal 
 26-

I . 

treatment the axes were placed at '.'8"Cfor 48 h and the length _
of the embryo axes were measurci rhe standard deviation is - -.
 
given for each bar.
 

Figure 3. Fluorograni o] the proteint at cunulatedin eibrr o axesThese experiments to study thermal resistance under heat stress. Proteins accumulation correspond to 2 h ofallowed us to determine the lethal and sublethal incubation at different temperatures in the presencetemperaures for quiescent seeds and seedlings of synthesis..48 MBq ml ' of ["S] methionine used as precursor of proteinEach experimental group wasA. araucana The of six embryo axes.lethal temperature is therefore After incubation, the proteins were extracted from the tissue44*C and the sublethal temperatures are 32. 36 and analyzed by SDS-PAGE followed by fluorography of theand 40"C. gel. The complete arrows point to those new proteins (hsp) not 
present in the control embryo axes incubated at 28'C. TheProtein pattern of embryo axts after 2 h of heat arrow heads point to those bands which increase in radioactiveshock intensity upon thermal exposure. 

The protein pattern present in embryo axes of of the proteins accumulated in 2 h of heat shock.A. araucana at 28"C and under treatment of 2 h The proteins were analyzed and compared withof heat shock, was studied incubating the tissue in those present in embryo axes grown at 28"C. Seven 
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of embryo axes was incubated for different periods Table 2. Kinen.I '.%perintnt o/ proteins . 'nthesis.by embryoof time (from 30 min to 5 h) in the presence of' %Uhb"ctedtt 36'C'm1tdiitrhinte o,the radioactive proteins'nsiy
[35Sjmethionine added for 30 min at the end of 

28 c 3b c101 30am l 211 3 h s 

___ MO 

116.0-
. . . .. . 

i4 ... 

84.0-

58.- 458.0-, *1 . 
48.5- it . 

~~ 
:36.5- 36.-f 

26.6-

c71 :_ - z 
____ www_4901028"C. 

Figure 5. Kinetics ol proteins rithestt w., tit embriro a .. File 
embryo axes were subjected at 36C 'ordifferent periods oftime (from 30 min to 5h. Groups of embra,o axes wrb 
incubated at 36"C in tile presence of 1.48 MBq il ' of 
["Slmethionine which was added to the medium in the last 
30 min of the period of thermal treatment. After the exposure 
to 36"C the proteins were extracted from the tissue and aijal
zed SDS-PAGE follosed by laotoraphy of the gel. Te 
complete arrows show the new proteins hands not present in
embryo axes incubated at 2'(.'. The arrow heads show those 

bands of proteins which increase in radioactive intensity upon

thermal treatment. 


two hours of thermal treatment. Figure 5 is a fluo-
rogram showing the results of this experiment. Six 
of tire eight hsp. are detected after 30 min of heat 
shock a, 36"C (106, 89. 77. 2, 19 and 17 kDa 
proteins). A"' er I h. the bands 126 and 44 kDa 
are also present. Analysis of the intensity of the 
bands shows that niaximum incorporation of' 
radioactivity per band occurs from I to 2 h after 
heat shock initia'ion. After 3 h of heat shock the 
proteins 77 and 17 kDa are not ionger present.
After 5 h of treatment the proteins i26 is not 
present and most of the intensity of the protein 
bands decline (tab. 2). 

h"nd-. The molecular mass and the relative intensitv of theprotein bands detected in the kinetic experiment of protein 
' .nthesis are slto n Ifr embryo when exposed to 36'Caxes 
for diferent periods of time 010 min to 5 hI. as seen in ligure 5. . relate intensities of the radioactive proteins hands. lhe 
intensity is compared amotg the hands of the same protein. 

Molecular Control 30 mm Ih h 3 h 5 h 
mass
ADai 

1W + 

10l 1- +++ + + + + ++ 
101 +++ ++ +++ -++ ++ 
k4 + + + +. + ++ +_ - ++++ 

')4 1 + + + -- + + + + + + ± . + + 
778" - + -+ + 

4844 + +r + r +-j , +I 
SO +o + -+ +t 

77-  + -- +-s- 4- 

( 9 -
4 

.- + ++ -s+44" - + +'+ + +- + +
33 + -+ + - + + + + + 
24" + + + +
20 + + + + ++- + 
1" - s-+ - 4 - - 1t + 

17' + + + + + 2(.---. 

" Molecular mass of the proteins bands (hsp) not present at 

Acquisition of hermoolerance by he embryo axes 
q 
Because 36°C is tile optimum temperature for 

heat shock protein synthesis and accumulation, the 
question to ask is whether or not 36"C is tile 

optimum temperature or acquisition of' thermoto
e by the embryo axes o' A. araucata.

Figure 6A shows the result of induction of ther
motolerance in embryo axes after incubation for 
30 min at sublethal temperatures of"32, 36 and 
40"C. Only the embryo axes exposed at 36°C are
able to recover 45% growth after treatment for 2 h 
at the lethal temperature of 44"C. However, the 
recovery of growth after 120 min exposure at 
sublethal temperatures, followed of a 44"C heat 
shock for 2 h, was 52% of the control group when 
the sublethal temperature was 32°C, and 84% when 
the sublethal temperature was 36"C. The embryo 
axes subjected for 2 h to 40*C. prior to exposure
at 44 0C, recover growth in only 24% (jig.6B).This growth is still less than the growth recovery 
of embryo axes subjected to 28°C before heat 
shock for 2 h at 44*C. 

Therefore, 36'C is also the best sublethal tem
perature to induce thermotolerance in embryo axes 
of A. aratwana. 
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A 
100 	 30 min 

>% 20 

E 


B 

00oo 	 120 min 


Etissue, 
3:0thermotolerance 

60 

T 
Itemperature 

20 	 

28 	 28 28 28 28 
4 	 I 1 4 4

28 	 28 32 36 40 

28 	 44 44 44 44 

Temperature (SC) 

Figure 6. Thermotolerance induction in embryo axes olAraucaria 

araucana by exposure of the t'sues to sublethal temperatures, 
The sublethal conditions were temperatures of 32. 36 and 40*C 
for 30 min in A and for 120 min in B. After the treatment to 
the sublethal temperatures, the embryo axes were subjected to 
2 h of heat shock at the hkthal temperature of 44'C. The 
acquisition of thermotolerance was detected by the per cent of 
growth recovery of the axes when further incubated for a period 
of 48 h at 28"C after the lethal temperature treatment. 

DISCUSSION 

The three main tissues of Araucaria araucana 
seeds respond differently to high temperatures. The 
cotyledons are the most sensitive to thermal stress 
while the megagametophyte is the most resistant 
tissue of the seed to high temperature exposure, 

The loss of viability of the cotyledons could be 
due to experimental conditions since they are never 
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exposed to external environments. Indeed, the 
cotyledons remain inside the megametophyte dur
ing germination and seedling growth, because they 
are the haustorial organs of the system and trans
port sugars and amino acids from the megagame
tophyte to the embryo (Lozada and Carder, il, 
1983). 

This relationship between cotyledons and mega
gametophyte is perhaps related to another physio
logical role that the megagametophvte seems to 
have, 	besides being the reserve tissue of the seed. 
That 	role is to serve as a protective and isolating 
organ, for the embryo and cotyledons (Cardemil 
and Reinero. 1982; Cardemil and Varner, 1985: 
Lozada and Cardemil, 1984). Therefore, it is 
important that the megagametophyte, as protective 

could tolerate thermal stress. The higher 
of this tissue may be the conse

quence of less water content and more dry starch 
material packed in amyloplasts in the cells of' the 
megagametophyte (Cardemil and Reinero. 1982: 
Reinero et al.. 1983). 

The A. araucana seedlings are sensitive to high 
exposure, may be due to the high 

water content of the growing tissues after germina
tion. 	The seedlings used in these experiments have 
been 	 imbibed for 120 h. At this age the seedlings 
are greening and most of the reserve stored in the
embryo has been consumed with a considerable 
increase in fresh weight (Cardemil and Reinero,1982: 	 Reinero et al., 1983; Cardemil and Varner. 

1985). 
The experiments of thermotolerance performed 

with seeds and seedlings of A. araucana allowed 
us to defi the lethal (44"C)and sublethal temper

t ion w. and tem.(3 h sulethe T 
distinction between lethal and sublethal temperat
ures is very important for A. araucana seedlings as 
in any other living system because organisms 
acquire thermotolerance after exposure to suble
thai conditions and therefore can resist lethal tem
peratures (Lin et al.. 1984; Cardemil, 1985). Fur
thermore the acquisition of thermotolerance by 
organisms is correlated with the presence 2r heat 
shock proteins. 

The main characteristics of the f,p can be sum
marized: (a) The heat shock proteins are synthe
sized under thermal stress, condition that most 
often decreases synthesis of normal proteins. 
(b) The hsp are synthesized at sublethal temperat
ures and when the organism acquires thermotoler
ance. (c) The hsp are transient because they disap
pear under continuous heat shock or when the 
organism is put back to normal temperature. 
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(d) There are lisp of high. medium and low molecu-
lar masses. these last ones being peculiar to the 
plant 	kingdom. 

In seedlings .. hsp wereof A. arau'ana eight 
detected and they fit the hsp characteristics men-
tioned above. Among the hsp of.A. ai'iana there 
is a prominent protein of 89 kDa. A protein of 
identical molecular mass has been reported as lisp 
in chicken embryos by Schlesinger et al. (1982) 
and it seems to be related to glycolysis: it has been 
suggLsted that it could be a phosphatase or a 
phosphotransferase (Schlesinger. 1985). 

There are two heat shock proteins in 
.4 tarauctana seedlines which are tood candidates 
to be considered the equivalent of" the universal 
hsp 70 kDa. These are the proteins 8) and 69 kDa. 
Both proteins are present at 28°C and both incre-
ase considerablh tinder thermal stress. Therefore. 
strictly speaking the Xi) and 69 k[)a proteins are 
not at all hsp. since the expression of these proteins
would depend of' constitutive genes hose maKni-
tudc of expression would be regulated by thermal 
conditions. 

There is another protein of 77 k[)a c\pressed
only under heat shock and not present at _2(. 
The protein has a maximum accumulation at 40('. 
but its synthesis seems to be los and uniform 
seedlings treated at 32. 36 and 40J'C. Therefore. 
this protein may not correspond to the 70 kDa 
protein. How eser. with the methods used in this
work it is not possible to identify the lisp 70 kDa. 
Antibodies raised against a 70 kDa protein froni 
other organism may help to identify this protein 
of A. araucanasince it has been reported that there 
is a high degree of conservation in the sequence
of the 70 kDa protein as well as in the gene codin 
for this protein iIngolia and (raig. 1982: Rochester 
et aL. 1986). This is the case for corn, where 
two genes for the protein hase been cloned and 
sequenced. Both genes have a 68% homology 
between the predicted sequence of amino acids 
with the amino acid sequence of the 70 kDa pro-
ein of Drosophila(Rochester et al.. 1986). 

There are in embryo axes of .A.arati'ana two 
other proteins of high molecular mass. one of' 
126 and c:,her of" 106 kDa. In corn. proteins of 
molecular mass higher than 89 kDa are not present 
(Cooper and Ho. 1983). However. in tobacco pro-
toplasts the expressioti of hsp 120 and 100 kDa 
with isoelectric points of 5 ;md 7 has been reported 
(Meyer and Chartier. 1983). 

In A. araucana three lisp of Ow molecular 
masses are present. In the literature sminilar pro-
teins have been considered peculiar to the plant 
kingdom (Meyer and Chartier. 1983: Cooper apd 
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Ho. 1983: Cooper et al.. 1984. Kimpel and Key, 
1985). 

Ubiouitin. a conserved and universal low mol
ecular mass peptide of 8 kDa has been reported 
to be a heat shock protein, since it increases 6
told tinder thermal stress (Bond and Schlensinger. 
1985: Vierstra. 1987). Under the SDS-PAGE con
ditions used for protein analyses of A. araucana 
the ubiquitin can not be detected, but the peptide 
seems to be expressed in .. araucana seedlingsA. 
under heat shock. Indeed. Nornern analysis of 
total RNA using a heterologous probe of chicken 
ubiquitin shows ai increases of 6-fold of' ubiquitin 
mRNA in the embryo axes when this tissue is 
exposed to 36'C (data not sh,;,n). 

The hsp of embryo axes of' A. arau-'ma ha~e 
their maximum expression at 36'('. Therefore. 
36°C is the optimum temperature for accumula;.ion 
and synthesis oflhsp. A kinetic experiment for lisp 
appearance shows that the expression of?most of 
the new proteins occurs after 30 min f heat shock. 
Very poss;ibly, these proteins are expressed before 
311)m. at a level that is not easy to detect b1 
electrophoresis. 

It 	 is a,so Important to point out that the syn
thesis of normal proteins in embryo axes of' 
.l . arawcana continues under thermal stress and 
does not decline, as seems to be the case for 
tobacco or soybean phmts where normal protein 
synthesis stops under heat conditions. Therefore.
 
fhe embro axesu .aratctin respond to thermal 

stress %it'h synthesis and accumulation of new pro
teins and increased rate of synthesis of' many other 
proteins already present at 280C. 

Beine 360 C the best temperature for hsp expres
sion. obvious question to ask was if36hspis 

also the best temperature for acquisition of ther
motolerance. Indeed the experiment of thermoto
lerance induction by sublethal temperatures in 
embryo axes of A. araucana demonstrated that 
36("'is also the optimum temperature for induc
tion of tolerance to resist lethal temperatures.
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ABSTRACT
 
.4raucariaaraucana seeds and seedlings respond to wounding after 48 h with a 3- to 4-fold increase of hydroxyproline-rich
glycoproteins (HRGP) in the cell walls of the embryo and with a 15-fold increase in the cell walls of the megagametophyte. The
megagametophyte walls accumulate six times more hydroxyproline per jig of cell wall protein than the embryo in this wound 
response. Tissue immunoprints of different parts of seeds and seedlings obtained with polyclonal antibodies raised against HRGP 
from carrot roots or soybean seed coats indicate that the response is due to an increase in a protein similar to the ones seen in 
carrot roots or soybean seed coats. Western blots of embryo and megagametophyte cell wall proteins subjected to SDS-PAGE 
show three bands that cross-react with these antibodies. In a native cationic gel system followed by Western blot analysis, only
two bands react with these antibodies. Expression of such proteins in Araucaria araicana seeds seems to be developmentally
regulated and tissue specific. since they are present mainly in the megagametophyte and the root cap of the embryo. 

Key words: Araucariaaraucana. seeds, seedlings, cell walls, hydroxyproline-rich glycoproteins. 

INTRODUCTION 
Araucaria araucana is a South American conifer restricted 
to high mountain areas in southern Chile and Argentina. 
Araucaria araucana constitutes relict forests from tertiary 
times (Montaldo, 1974). We assume that there is a great 
degree of physiological adaptation of Araucaria araucana 
to live in these harsh isolated areas covered by volcanic 
soil. 

It is interesting then to investigate, in species of native 
trees like Araucaria sp., genes whose expression protect 
the organisms when subjected to environmental stress. 
Such protection is accomplished through the synthesis of 
specific proteins. 

One class of such protective proteins is the hydroxyprol-
ine-rich glycoproteins (HRGPs) of the plant cell wall, also 
called extensins by Lamport. These were characterized by 
Lamport (1965, 1969) at Michigan State University and 
by Stuart and Varner (1980) and Cassab, Nieto-Sotelo, 

To whom correspondence should be addressed. 

Cooper, Van Holst, and Varner (1985), at Washington 
University, St. Louis. The HRGPs seem to be a family 
of proteins, as has been reported by Smith, Muldoon, 
and Lamport (1984) and Varner and Lin (1989). In 
addition, there are other cell wall proteins, such as a 
glycine-rich protein present in oat coleoptiles. the seed 
coats of soybean, petunia cell walls, pumpkin seed coats, 
and the protoxylem of french bean as reported by Cassab 
and Varner (1986). A threonine-rich glycoprotein has 
been found in corn suspension cell cultures by Kieliszew
ski and Lamport (1987) and in corn pericarp by Hood, 
Shen, and Varner (1988). 

The present work investigates similar proteins in the 
cell wall of a conifer. It provides the initial characteriza
tion of the proteins present in Aratiaria araucana cell 
walls from embryo and megagametophyte tissues of seeds 
and seedlings. 

Abbre,,iations: HRGP, hydroxyproline-rich glycoprotein; SDS--PAGE. sodium dodecylsulphate- polyacrylamide gel electrophoresis; c.w.p., cell 
wall protein, MOPS. 3-[N-morpholinol propane sulphonic acid. 
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MATERIALS AND METHODS seeds imbibed for 48, 72, 96, and 110 h; sections of wound.
Phatmaterial seeds and sections of root tips from germinating seeds. 

Cell walls were prepared and purified its described by Stuart 
and Varner (1980) and Cassab vi al. (1985) !rom wounded and 
non-wounded megagamctophytic and embryonic tissues of ger-
minating seeds ofr.-rartcaria araucana. 

Cell wall proteins were extracted from purified walls with 
0'2 M CaCI, and 2.0 mM Na,S,0. solution. 

Analytical ineihods 

The hydroxyproline content was quantified by the method of 
Drozdz af'ter hydrolysis of the walls with 6 N iCI at 121 C 
for 12 11under nitrogen (Drozdz, Kucharaz. and Szyja. 1976).Proteins were quantified by the method of' Bradford (lradford.P976). Arabitogalactan proteins were identiied and quantified 
by a single radial diffusion test in agarose gels containing 0-

gluco: yl Yariv reagent (Van Ilolst aid Clarke. 1985). 

Gel el'ctrophoresi. anl Ife stern hhtoi an/'.s 

SDS PAGFE of proteins wkas perforrmed in 30"%:8".. 
acrylamide:t1i.s acrylam ide to make a 7", poIyacrflainide gel 
and run for 6 h at 25 mA in 1.025 M Tris 0-192 M glycine huller. 
pH 6.8. containing 0.1' Sf)S. following Lacmmli's method 
(l.aemmli, 1970). Cationic-neutra) gel clectrophoresis of' native 
proteins was performed as reported by Thomas and Ilodes 
(1981). using 40',1:2'!,. acrlamide:l4s acr.'lamide to make a 
7% poly'acrylaniide gel and run omernight at 15 niA in 0-I NI 
histidine. 002 M MOPS bull'r (3-[.-iorpholinol propane-
sulphonic acid) pli 6; as modified h, ('assab and Varner (197). 
After gel electrophoresis half of the gel %wi "tained for proteins
with silver nitrate stain. "theother half ssas subjectcd to Western 
blot analysis by transferring tie proteins to nitrocellulose paper 
ov'ernight at 130 niA using either the SDS Tris-gl~cine bulfer 
or the histidine MOPS buffer depending on the type ofclectro
phoresis. The nitroccllulose membrane sas incubated with a 
primary polyclonal antibod% raised against either glv.osylated 
or deglvcosylated IIRGPs from carrot roots used at a dilution 
of I 510 or frorn soybean seed coats used at t dilution of 
1 1500. These antibodies were kindly given to us by (Jladys 
Cassab and Joseph E. Varner from Washington Unkersit.w. 
Department of' Biology. St. L.ouis. MO. The nitrocelluOS 
membranes wore then incubated with a goat secondary antibody 
at a dilution of I 20 000. raised against the rabbit IgG and 
conjugated to alkaline phosphatase. The membrane was stained 
with nitroblue tetra/olium reagent to detect the reaction product 
of alkaline phosphatase using 5 bromo-4 chloro-3 indoyl phos
phate as substrate (Cassab and Varner. 1987). 

Tissue itninunoprints 

Tissue immunoprints were per'ormed as described by Cassab 
and Varner (19871 with sections of quiescent seeds: sections of' 

TABLI- 1. l1.Ildrox.1'prolinte content of Ci(l, cell 
coiditiolns 

Three types of wounding were performed on the seeds. The 
first was made accidentally when the seed coats were removed 
prior to seed inbibition, i.e. a lengthwise cut with a razor blade 
that also slightly cut the sutrface of the mcgagametophyte. This 
type or"wounding is shown in Fig. It-. The second type was 
performed intentionally with a razor blade by removing small 
pieces of the negagametophyt., surface. making shallow depres
sions in it, see Fig. 3n. The third type was intentionally per
f'ormed with i razor blade by cross-sectioning the seed half-way 
through and completing the cross-section immediately before 
the print, see Fig. 31. The wounding of the megagamietophytes 
was performed 24 48 h before the impression of the seed cross. 
sections on nitrocellulose membranes. 

To make the prints, the tissue was pressed for 20s against
dry nitroccllulose pa1 ,er impregnated with a 0.2 N CaCh. 

2.1) rnM Na,S,O, solution. 'he wet area or the paper lel' by
tle sections %.asair-dried and tile nitrocellulose imiembrane was 
incubated with the primary antibody raised against IIRU P of 
soybcan seed coats used at a dilution of I 15(11. 1ii only one 
tissue immunoprint the membrane was incubald " ith a prinary 
polyclonal altibody raised against a 12 aiiino acid synthetic 
peptide: VEATNSVTlEI)!IY. a sequence not present in carrot 
root or soybean seed coal extensins but present internally in 
the derived amino acid seq ucnce of carrot root in a eDNA 
clone which codes a 33 ki) for proline-rich protein (p33 ) ('lhen 
and Varncr. 19851. The genetic informnation for this protein is 
ako expressed after w'unding. The antibody against the syn
thetic polypeptide as kindly providcd b'%Mary I.. Tier'ey and 
it was used at a dilution of I 75 (Tierney. Wicchert. and 
Pluvmers. 1988). 

After incubation %% the primary anti bod the tissue printsith 
membranes were treated in the same inanner is the Western 
blots. 

R ES U LTs 

Protein and hitdrox.viroline contents ,fell walls of' 
wn'i/ed tnd lin -It'(tilnded lis.ut's 
The amount of protein and the hydroxyproline content 

vere qtantified il embryonic and tegagatetophyti 
tissues of seeds imbibed for 48 Ih under wounded a( 
non-wounded conditions. Table I shows that hydroxypro 
line content in both tissues, either expressed as jig o 
hydroxyproline in 100 /Lg of' cell wall protein or as /g o 

hydroxyprolinc per gram of fresh weight (gfw). increase: 
after 48 h of wounding. The level of hydroxyproline is " 
to 4 times higher in embryonic tissue and 15 times highei 
in the megagametophytic tissue under wounded condi. 
tions compared with non-wounded conditions. 

wall exirac.s undr wounded and non-wt'ounded 

The figures are the average of four experiments %,ilhtheir standard deviations. 

Condition Emibr.o 

jg IIp 100 pg c.',.p iPg Hlyp gfwk 

Non-wounded 0.8 +0-3 20 ± 05 
Wounded 3.2+08 6-5 12 

Megagametophyte 

jg Ilyp Ity),g c.w%.p. 

1.2 +0.7 
18.0 _23 

ig Ilyp gfw 

17 + 0.4 
250 + 2.6 
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Protein and hi'droxiprolinecontents of cell i'alls of 
germinating seeds and growing seedlings 

The hydroxyproline content of the whole seed cell walls 
also increases during germination and early seedling 
growth. The hydroxyproline increases from tile quiescent 
seed to 110 I after the start of imbibition and decreases 
beyond this time (Tatle 2). The amount of hydroxyproline 
is 20-fold higher at 110 h of imbibition than in the 
quiescent seeds. 

issue inint ioprints 
The above results are corroborated b. the tissue immu

noprints shown in Fig. IA. ii. (,. I and Fig. 2A where the 
tissue sections show an increasing cross-reactivity with 
the antibody raised against the wall protein of' soybean 
coats, from quiescent seeds to seeds imbibed for 110 h. 
Figure I :is a diagram of the seed of' Araitcaria araucant 
where the negagametophvte. embryos and cotyledons are 
seen. 

The tissue immunoprints of Fi,. li and I)also reveal 
that the root tip and the megaganetophyte tissue sur-
rounding the root tip are the ones that show higher crosseativitywith the antibodies raised agaist thlie wall 
react 
protein of soybean seed coats. The cross-reactivity of tile 
root tip and surrounding tissue increases w ith the age of 
the tissue fromn 48 to 110 hiof imbibition. FieUre k,(shiowvs 

a higher cross-reactivity of tile wunded area of the 
niegagametophyte that was cut with a razor blade when 
the 5eed coats were removed prior to imbibition. A 
diagram of the wounding cut is shown in Fig. IF. 

Figure 211 shows a magnified area of the megagarneto-
phyte section after 110I1h ofimbibition observed inFig. 2A. 


In this micrograph it is possible to see that the cross-
reactivity is given mainly by walls surrounding tile large 
hexagonal cells of the megagametophyte. 

In Fig. 3A small pieces of tile megagametophyte surface 
of seeds of 48 h of imbibition were removed 24 h prior 
to performing the cross-sectioning and printing of the 
seed on nitrocellulose membrane. A diagram of' the 
wounding cut is shown in Fig. 31j. The membrane was 
incubated with polyclonal antibodies raised against 
HRGP from soybean seed coats. In Fig. 3 seeds of 48 11 
of imbibition were cut with a razor blade half-way 

TAimi.1. 2. IhIwdroxvprolin, content of(m'CI, celi itall e'xtract.%ol 

the ivhote seed d ring the inhihitilion lite 

The figures are the aserage of four experimetnts s ith their fur standard 
deviations. 

Time jg II)p iItfg c.w.p. jigIlyp g 
(hours after imbibition) 

ft 0-3 005 05 0.1 
48 1.-0-_-20 20±08 
72 3.1-0-30 6.4+0.5 

110 
160 

6.3+0.80 
4.2 1.20 

.1+ [-(
5.2+0-9 

"5'
 

,.
 

?
 
t 

, 4 

,
 
:
 

,; . F 
D"ii , 

]i(i.I lissute imtiUoprints olcross-sectios of seeds atnd Iongiludinal 
sections of rot tips of seedlintgs of .bawrtow 'otw tt 1A) (rnsorb 
Sectiots o1quiescent seeds. Scale hatI 0 cm, (it) (r)s-,,ectons of 

seeds antd longitudina sections ol atroot tip of a tced embror., itbibed 
for 48 It. Scale bar I Ocn. ii (ross-sections of seeds inbibed fbr 
72 ft in a. and imbibed for 9)6 hours in h.,\irokssho a ,mal%%ounded 
area hn taking a cut ,ith a ra/or blade. Scale bar ff1 cm. (1)1 

Longitudinal sections of root tips of seedlings after 90 h of imbtbition. 
Scale bar - f'l I ) I)iagrlam i longitudinal section of' a seed ofci. of 
frotht ia arucano. M. necagatttetoph, ic;F. erhri-No C, coiledotst 

Scale bar- 15 cm. ft I)iagram of Ihe seed showing the lengthise cut 
perl'Otuied accidenIall% on the mnegagarnetophte %%tilt a rator blade 
%Ilheutile seed coats %%ere reitwed Arrowss shim the sounded area of'
the tissue. Dashed lines shi the cross-section perforned to make tile 

print pointed stft the arrows tt Fig. f ,1he antibod. used iniall prints 
of Fig. I %%as raised against so bean seed coal exteistin. R. stands lbr 
roots. 

:li.
2. Tissue immunoprint of a riegagametopit t cross-sectimn after 

I : t of imbibition: itis showtn in (A)at thle actual s/ie. The arrow, in
 
,A)shows the that has been tuagnified tt Mhere %%alls
area (li). the cell 

can be observed as the cell structure giving the strongest cross- reactivity 
with the extensin antibod, from soybean seed coats. Scale bar in (A) = 
1.-0 = nin.cm: it fit) 3(X 

thi 
through, after 24 h the cut wis continued through the
 

seed and then the sections were printed on a nitrocellulose 
membrane. A diagram of the wounding cut is shown in 
Fig. 31). Next. the membrane was incubated with poly
clonal antibodies raised against the synthetic polypeptidederived from the p33 cDNA coding sequence as reported 
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Job. 

.
 

A - B 

A 

' ':" 

-- 0 

IHio. 3, JI'su in Luntioprlint, i p,,riill% toundcd seeds of 45 h oi' 
lfnhihitithm .\ Areas ofl c crto,..l ecd , llch ttrc% \,undcd 
24 i b.orc the pritintg. b3 rcntio ing ,,ill'all pICLeVI 1C surfacce ol the 
tnt:! 'aganletlttph te. t ic , trtt % a stro nger cross-r"1he i aret s ctm.t
 
v ilh the so bean scd coatl clensiri ,trltihod\ Itrrt,,) Scale bar 

I.[cinl. (1c Diagram the t.pe cut i
I .'inc i \ounding performted 
IA). Arrto polnt the %t undcd arcat 1 t!-,e rnega'g"Lanchophlc [hc il 
dashed lines corre p nd t' crr s -sctlln t f"ile sccd to mnake atprlilt 
f(1 .Arcas of cros-,eciitns of ,cds Much %kere %%ounded24 Ih befort 
the printinc b%'cutting the .eeds hailf-\ t. thrtugh The niroccllu oc 
paper ,%aincubllated %illh antibodies ratsed alaitst the 12 amfino acid 
s.nthelc pt~l.peptle demcsd from the coding sequence oIf p11 lhe 

.%unded areas shtsi a ,tringcr cross-ractlslst. %itith lit ,ibod, 
arrrm s I to [)igratii ,,ittstng the t %pesotunditnScale bar ctl of 

cut perl'orntid in it i Arrtms poit tilte souted areast' the iiiegla'ailc-
Itphtc. "Fhe d shed ies ctorrcspoltd tt .1 crtSS-,SCitit Ot (lile Seed] 
peritrtncd lo nake t print a. ntn-,,oundCd section. 1), Ctttt|plel 
s\\utded seion, 

by Chen and Varner (1985) and by Tierney ct a/. 1988). 
In both Fie. 3, and 3 there are two control sections: 
one of them was completely sectioned for 48 h and is 
marked as section h and the o;ther was only cut completel 
just before the printing and is marked as section a. 

SDS pl vatrylamic gel cectrophoresiLsA andtJ|1w'c rn Mwl(1 
anal4.i. o/the c/l illprotin.s 

Figure 4..\ shows a siler stained StS PAGi gel olf the 
proteins extracted from the cell \all-, of emhryo and 
megagametophyte tissues. Figure 4n is a Western blot 
performed with the same samples. The gel sho\s that 
multiple proteins can he extracted from the cell \sails of 
these tissues wlith a solution of ('aCIl and NaS, . 
However. only three protein bands cross-react %%ith the 
antibodies raised aeaint HR(IP of carrot cell walls 
(Fig. 411). The bands also cross-react with the antibodies 
raised against HRGP of soybean seed coats. The estim-

kD 

S-,,116.0 

,I~i -84.0 

- 40.5 

i - 36.5 

- 26.6 

| A B 

Ht,, 4 StS pottacr latrnide L electrophorci of' cell \al prtlein 
froni cnihr. ,and c gamlllCtOph1eIsksues. (A) (el stalied "till ,ker 

itraic. (lit 'esicri1 blot of ittl i anmc elcc:trtph using anti IIR(iPle resi, 
raised agaitnst gl\ct d C(\lell n 'Foni carrol rolt issue A rro\s 
sh.r, tile ctorresponting hainds. ol'( atidft) .Molccul ar ', cight t ikcrs 
IISI) are hoin tt the imargit of I) In fit) tile molecular,and (it). 
icivht marker. are the lecular 1 c pressedsi'.n %nilh i %eigt ltlue, 

in ki) tne I (t I\ anld (iii are protleins ifrot megacgamet.ph\te 
e\tracted tth N.,S.(), and Ca( I., [LaC 2 Of (A) atre prtteins frtll 
the cnithrt. clracted sith N SO.(, atid (aCl: 

ated molecular \weights of these proteins are 187. 134. 
and 81 ki). 

(ationic neutral gee/ c' 'crolorsi.sant1 ))vt 1rh/ot 
aa/wYvi.s of thecll wall protein. 

Due to the basic nature of the HFRGI. th.se proteins 
run towards the cathode (-) in polyacrylarnide gels at a 
near neutral pl of 6.8. To see if these cell wall proteins 
of' Aratiiaria artattcana which cross-react with IR(iP
antibodies are basic proteins %,hetn run itt StS PA(i" 
Western analysis. we performed a catilonic neutral gel 
electrophoresis of the native cell wall proteins. followed 
b\ Western blot analysis under catiolic conditions. 

In native cationic Lel elect rphorc,,is swtcn,, onlym 
proteins penetrate the gel Fig. 5A). Both cross-react with 
the antibodies raised against either the glycosylatCd or 
deglvcosylatcd HRGI ) from carrot. Figure 5n showvs tic 
cross-reactivit of aof'Arauncaria trawtwt cell %%all proteins 
with the antibodies raised against glrcos,1latted carrot 
IIRGP. These bands also cross-react with the antibodies 
raised against IIR(P of" soybean seed coal,,. 
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ated or deglycosylated HRGPs from cell walls of carrot 
" .- roots. 

As in the case of other HRGPs reported (Stuart and 
- i Varner, 1980. Chen and Varner, 1985; Showalter, Bell, 
7Cramer, Bailey, Varner, and Lamb, 1985) the amount of 

. these proteins increases greatly after wounding. The mega
gametophyte tissue shows 6 times higher cell wall protein 
levels in response to the injury than the embryo. This 
was an unexpected physiological response for this tissue 
since the megagametophyte is haploid while the embryo 
is diploid (Carde'iil and lordan. 1982). Indeed. previous
work performed by Cardernil and Reinero (1982) and 
Cardemil and Varner (1984) demonstrated that the level 
of starch hydrolytic enzymes is much lower in the mega

. .,-gametophyte as compared with the embryo. It might well 
, , be that the megagametophyte responds better to 

, wounding because it may have a protective role for the 
embryo during germination and for the cotyledons during 

L9 seedling growth since this tissi:e encloses the cotyledons
.- l(OurO dutring the development of ,he seedling (Cardemil and 

Fiu;. 5. Cationic neutral gel electrophoresis of cellwsalls of 
araucanaextracted with Na 2S,0 5 and CaCd2 48 h after ssounding. (A) 
Cationic neutral gel stained with silver nitrate stain. Lane 1:03 Mg of 
glycosylated HRGP from c:rrot root. Line 2: 20lg of .Iraucariacell 
wall proteins. Lai.e 3: l014g of deglycosxlated HRGP from carrot root. 
Lane 4: 10Ag of glycoslatcd 11RGP from carrot root. (n) Western 
blot of cationic neutral gel electrophoresis incubated with pol~clonal 
antibodies raised against glycosylated HRGP of carrot root. Lane 
I: 20 ,g of Araucaria cell wall proteins. Lane 2: 10 .gof glycosylated 
HRGP from carrot root. Arrows show the corresponding bands of (A) 
and (B). 

DISCUSSION 
From our studies it is clear that the cell walls of different 
tissues of .fraicariaaraucana seeds and seedlings contain 
proteins that can be extracted by bufters of high ionic 
strength. The proteins extracted from the cell walls of 
A.aratcana in both tissues make up about 2-5% of the 
total dry weight of the walls. However, after extraction 
there are still proteins left in the cell walls as demonstrated 
by the hydroxyproline released on hydrolysis of the 
residual walls after protein extraction. These are probably 
proteins insolubilized in the cell walls (data not shown), 

The presence of hydroxyproline as a component of the 
proteins of the cell wall suggests that these prcteins could 
be similar to those which have been called HRGPs or 
extensins. Extensins as well as the arabinogalactan pro-
teins are localized in the extracellular matrix of higher 
plants (Lamport. 1965: Varner and Lin. 1989). 

The proteins extracted from the cell walls of ,4raucaria 
aratcana are not arabinogalactans because arabinogalac-
tan proteins are washed out from the extracellular matrix 
during the purification of the walls, and because the 
extracted proteins of the walls of -Iraucariaaraucana 
tissues give a negative reaction with the fl-glucosyl Yariv 
reagent (data not shown). Furthermore. the proteins show 
cross-reactivity with antibodies prepared against glycosyl-

ie1ra982)r.f 
Rcinero, 1982).
 

The tissue immunoprints also show that the cells which 
have been damaged respond to stress by increasing the 

levels of these HRGPs.It is apparent that two different
 
classes of cell wall proteins are expressed in wounded 
tissue of A. araticana, since the wounded tissue prints 

strongly cross-react in those wounded areas with poly
clonal antibodies raised against extensin of soybean seed 
coats and carrot roots and against the synthetic polypep
tide contained in p33 genetic information. 

It is evident that these proteins are part of the cell wall 
since they are present in the saline extraction of purified 
walls and because high magnification of tissue immuno
prints reveals that the cell wall is the cellular compartment 
showing a higher cross-reactivity with the antibodies. 

The HRGPs of 4.araticana walls are tissue-specific, 
because there is more accumulation of these proteins in 
the root tip and in the megagametophyte tissue sur
rounding the root tip. 

Quantification of the cell wall proteins of the whole 
seed as well as the tissue prints, demonstrated that the 
cell wall proteins which contain hydroxyproline are devel
opmentally expressed during germination and early seed
ling growth of 4.araucana seeds. That the extensins are 
developmentally regulated and tissue specific has been 
already demonstrated during development ofangiosperms 
by Cassab et al. (1985) and Hood et al. (1988). Our 
results show for the first time for the gymnosperm plant, 
.4. are also developaratcana. that the cell wall proteins 
mentally expressed during germination and early seedling 
growth. 

SDS--polyacry!amide gel electrophoresis of the proteins 
extracted from the cell walls detect many bands of pro
teins. However, only three of them are good candidates 
to be considered as possible extensins because these three 
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protein bands cross-react with the antibodies raised 
against carrot root extensins. 

Thle broad pattern of' migration in 7% polyacrylamide 
gels containing 0'1% SDS suggests that these proteins 
could by glycoproteins. 

The estimated molecular weights of these proteins are 
high. With this method, however, the molecular weights 
of glycoproteins are overestimated because of their larger 
hydrodynamic radii (Van Hoist and Varner, 1984, Cassab 
et l.. 1985). 

The HRGPs reported so Car are basic proteins because 
of the high content of lysine. The basic nature of these 
proteins makes them penetrate. in their native form. into 
polyacrylamide gels tnder cationic conditions (Cassab 
and Varner. 1987: Thomas and Hodes. 1981 ). Two of the 
three proteins of' Ararwaria ara'tiarnawhich cross-react 
with extensin antibodies run in gels tinder cationic neutral 
conditions, 

The observed accumulation of these proteins in plant 
cell walls during development, wounding and infection 
suggests a role in plant protection and plant defence 
(Showalter ,t al.. 1985). Therefore. the presence of these 
proteins in the cell walls of the embryo and negagameto-
p h y t e o f .-f r i nltc ari al a t l l c a n als e ed s tn a v be r e l a t ed to Co l-i 

servation anid propagation of this endangered species in its 
harsh natural environment. Seeds and seedlings of' ..Irau-

carta araucana are difficult to propagate and grow under 
environmental conditions other than those of the restricted
geographic area of Chile where .4raucariaforests still exist. 

because the climate. soil. and biological factors including 
fire. animals (though mainly birds which eat the seed and 
propagate it) and humans make tile natural regeneration 
and propagation of' the seed difficult. Flow these proteins 
may futnction in protection and defence is unknown but 
they mav cross-link to form a chetnic:l mechanical barrier 

and or provide sites oflignin and carbohydrate deposition 
during the assembly of newk cell walls or during wall repair 
(Whitmore. 1978: Varner and Lin, 1989). 

Purification of' these proteins for amino acid analysis 
and sequencing is underway. 
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(4) Abstract
 

Two major proteins, present in the cell walls of the
 

embryo and megagametophyte tissues of Araucaria araucana seeds
 

were partially purified, characterized and identified as
 

peroxidases. These two proteins have molecular masses (MM)
 

of 83 and 145 kDa, a pI of 10.5, an optimal pH of 5.0 and a
 

buoyant density of 1.333 g-ml-1. Kinetic studies of these
 

peroxidases define a Km app. of 13.6 mM for H202 and 3.4 mM for
 

o-Phenylenediamine (o-PDA). The Vmax is 525 Imol o-PDA
 

- "
oxidized min mg 1. After oxidation with periodic acid the
 

peroxidases react on gels with dansylhydrazine demostrating
 

that the proteins are glycosylated. The sugar components
 

linked to the proteins are galactose, glucose, xylose and
 

mannose. Galactose comprises more than 60% of the sugar
 

residues in both peroxidases. The other sugar contents show
 

significative quantitative differences between the peroxidases.
 

Expression of the r~roxidases increases upon wounding of the
 

seed tissues. The two proteins were differently expressed
 

during seed germination. They showed also a different
 

susceptibility to degradation when the proteins are heated in
 

the presence of 5M urea.
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(5) Introduction
 

In plant cell walls there are structural proteins
 

like the hydroxyproline-rich (1), glycine-rich (2) and
 

threonine-rich (3;, proteins and enzymes which catalyze
 

important reactions related to cell wall metabolism. Among the
 

enzymes there are peroxidases (E.C. 1.11.1.7) and different
 

glycosidases such as -1,4-D-glucanase (E.C. 3.2.1.4,
 

celulase), pectinases and hemicellulases, (4, 2). Most of
 

the cell wall enzymes are involved in plant protection against
 

pathogens and wounding (4, 5) and they also seem to have a role
 

in cell elongation control (6). Peroxidases are the most
 

studied plant enzymes due to their abundance in plant tissues.
 

In cell walls, peroxidases can be found soluble or linked by
 

ionic or covalent bonds to other components of cell walls (7).
 

The presence of peroxidases is induced during cell wall
 

repairing (8). Therefore, the peroxidase role could be to
 

repair the cell wall originating an impermeable barrier to
 

water at the site of injury by mean of aliphatic and aromatic
 

compounds (9). Peroxidases also catalize cross-linking
 

reactions between macromolecules such as those involved in
 

lignine biosynthesis (10), hemicellulose and ferulic acid (11),
 

and cross linking of proteins by isodityrosine (12) or in
 

lysine residues that have been deaminated by oxidation (2).
 

We have already reported the pattern of proteins
 

present in the cell walls of embryo and megagametophyte
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tissues of Araucaria araucana seeds and seedlings during early 

growth (13). Araucaria araucana is a conifer tree whose seeds 

will express oxidative pathways leading to lignification during 

germination and early development . The seeds are also 

propagated by birds. These birds many times do not eat the the 

seeds but they wound them with their beaks. Therefore, the
 

tissues of the seeds need to repair the injury before or during
 

geraination. In these two processes, lignification and
 

repairing, the cell wall peroxidases may be involved.
 

The purpose of this work was to find out whether there
 

are peroxidases among the cell wall proteins of Araucaria
 

araucana seeds. Two major cell wall proteins were identified
 

as peroxidases.
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Results and Discussion
 

Cell wal protein pattern.
 

The protein pattern present of cell walls of
 

Araucaria araucana seeds was analyzed by SDS-PAGE (Fig.1). 
The
 

arrows point the two predominant proteins expressed 24 and 72
 

hours after seed imbibition in wound and non-wounded seeds.
 

The proteins had MM of 145 and 83 kDa. 
 After wounding there
 

was a considerably increage in expression of the same two
 

proteins. This 
increase in expression was correlated with
 

other physiological events such as the protrusion of the root
 

tips, an increment in the diameter of the hypocotyl (probably
 

a consequence of the ethylene production caused by wounding)
 

and an increment in the total weight of the seed. The 
weight
 

change may be caused by an increase in the water content of the
 

tissues or by the increase of other proteins not present in
 

the cell wall of non wounded seeds, (14, 15).
 

Cationic neutral electrophoresis of these pzoteins
 

demonstratod that they have a basic nature at a gel pH 6.8. The
 

proteins could run on cationic neutral gels and be analyzed by
 

electrophoresis of their native forms due to their basic nature
 

(2, 16, 17).
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Purification and separation of the two majors cell wall 

proteins. 

The proteins were partially purified by
 

chromatofocusing using a 
column made of the polybuffer
 

exchanger PBE 118. The chromatofocusing was run in a pH
 

gradient from 11 
to 8.5 (Fig. 2). The two proteins elute
 

together in fractions 8 to 15 at a pI of 10.5. In the insert,
 

a photograph of a SDS-PAGE &nalysis corroborates the degree of
 

purification. The specific activity and the yield percent of
 

this purification was also determined (Table 1).
 

A separation of the two proteins was attempted by
 

isopycnic centrifugation in a CsCl gradient (Fig. 3). Both
 

proteins came together in the fractions 28 to 35. They have
 

"
 a buoyant density of 1.333 g-ml'. This result suggested that
 

these proteins are not structural proteins, namely extensin

like, because these proteins have a density of 1.44 g ml- (6,
' 


16, 17). The high MM of the proteins also rulea out they could
 

be arabinogalactans (18). Furthermore, the 1-glucosyl Yariv
 

antigen (19) has demonstrated that the arabinogalactans are not
 

present in the cell wall extracts of Araucaria araucana (13).
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Identification of the two major proteins as peroxidases.
 

The peroxidases are enzymes frequently present in
 

the plant cell wall of woody plants. Identification
 

of these proteins as peroxidases was performed after cationic
 

neutral electrophoresis of the native proteins incubating 
the
 

gel with o-PDA and H202 (Fig, 4). The two major proteins gave
 

a positive peroxidase 
reaction, as it does the horseradish
 

peroxidase run on the gel as a positive control.
 

Kinetic characterization of the peroxidases.
 

A saturation curve with increasing concentration of
 

o-PDA at a constant concentration of 20 mM H202 was obtained
 

together with the derived graph of Lineweaver Burk for o-PDA
 

(Fig. 5 A and B). The effect of the increment of H202 in
 

the velocity of the reaction 
at a constant concentration
 

of o-PDA of 5.5 mM with the correspondig derived graph of
 

Lineweaver-Burk were also obtained (Fig. 5 C and D). These
 

results give a Km app. for o-PDA of 3.4 mM and Vmax of 525
 

pmol of o-PDA oxidized min- mg"I with a Km app. for H202 of
 
13.6 mM. 
The kinetic constant for the cell wall peroxidases 

of A. araucana seeds in the o-PDA oxidation suggests that the 

binding of H202 to the active site is the rate limiting step 

because a four fold higher concentration of H202 than of o-PDA 

is needed to get 1/2 of the Vmax. The two peroxidases studied 
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were inhibited at high concentration of H202 (over 64 mM). 

Other peroxidases like those isolated from cell walls of
 

lupines are inhibited with concentration of 0.75 mM of 
H202
 

and peroxidases of tomato cell culture are inhibited with
 

a concentration of 0.1mM (20). 
It is known that the efficiency
 

of peroxidase oxidation is affected by the type of substrate
 

used (21). Therefore, the two cell wall peroxidases of A.
 

araucana seeds could have a different oxidation efficiency with
 

their natural biological substrates present in the cell wall,
 

which are unknow.
 

Optimal enzy pH.
 

The pH profile studied for these peroxidases showed
 

and optimal pH of 5.0 (Fig.6). At this pH the activity of the
 

enzyme is 0.059 pmol of o-PDA oxidizedmin-'. The 1/2 of the
 

maximal activity occurs at pH of 4.6 and 5.6. This optimal pH
 

might suggest that these enzymes are not the responsible for
 

the synthesis of molecular bonds which probably contributes
 

to decrease the cell wall plasticity or they are not present
 

or not active in the walls of those cells which elongates (6).
 

Characterization of the peroxidases as glycoproteins.
 

The wide migratio, pattern of these proteins in
 

the SDS-PAGE, suggested that these peroxidases are
 

glycoproteins.
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The glycoprotein nature of these enzymes was demonstrated
 

incubating the gel after SDS-PAGE with periodic acid and 

dansylhydrazine. Both proteins gave positive fluorescence 

bands with these reagents (Fig. 7). 

Identification of the sugar residues.
 

The sugar residues linked to the proteins were
 

identified by HPLC after hydrolysis of the proteins
 

electroeluted from the gel after SDS-PAGE, (Table 2). 
The sugar
 

components were compared with those present in 
a horseradish
 

peroxidase (22). In both cell wall peroxidases, galactose
 

was the predominant sugar making more than 60% of the sugar
 

residues in both peroxidases. The glucose was the second most
 

common sugar in the A. araucana peroxidases (36% in that of
 

83 kDa and a 19% in that of 145 kDa). D-N-acetyl glucosamine
 

is the major sugar in horseradish peroxidase (44.3%) being
 

mannose the second abundant sugar residue in the horseradish
 

enzyme (32.1%). Arabinose and fucose were not found in A.
 

araucana peroxidases but they are present in the horseradish
 

with a 2% of arabinose and 9.4% of fucose.
 

Expression of peroxidases during development.
 

The expression of the enzymes during seed
 

germination, from quiescent seeds to 96 hours of imbibition,
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was quantified by scannography of a SDS-PAGE of the proteins
 

(Fig. 8). The lanes of the gel were loaded with the amount of
 

proteins contained in 100 mg of dried weight of cell walls.
 

After 72 hours of seed imbibition, the 145 kDa peroxidase
 

decreased to 27% of the original level in the quiescent seeds,
 

while the 83 kDa peroxidase increased 20% after 24 hours of
 

seed imbibition and rematned stable up to 96 hours. The maximun
 

peroxidase activity in the cell walls was observed after 48
 

hours of imbibition. At this time the seeds have already
 

germinated (23). The increase in peroxidace activity at this
 

time could be related to the protective role of this enzyme
 

(cell wall repair) since Araucaria araucana seeds are
 

propagated by birds as was mentioned in the introduction.
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Conclusions
 

The two cell wall peroxidases studied can be analyzed
 

in their native forms by electrophoresis run under cationic
 

neutral conditions, they have identical pI and density. They
 

are glycoproteins having similar sugar components. However,
 

the differential expression of the peroxidases during
 

development suggests that these proteins could be isoforms of
 

the same class of peroxidase. This is supported by
 

quantitative differences in the sugar residues present in the
 

peroxidases and because extraction of these proteins in the
 

presence of protease inhibitors always gives the same two forms
 

of peroxidases. This rules out the hypothesis that the 145 kDa
 

protein could originate the 83 kDa form by degradation.
 

Furthermore, the 83 kDa peroxidase is resistant to heat in the
 

presence of 5M urea while tha 145 kDa degrades after 5
 

minutes of boiling in this reagent. Further analyses like amino
 

acid composition., N-terminal sequence and peptide maps could
 

confirm the idea that the two cell wall peroxidases present in
 

seeds and seedlings of Araucaria araucan& are related
 

proteins.
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(6) Experimental
 

Biological material. Uncoated seeds cf Araucaria araucana
 

(Mol.) Koch were sterilized in a 5% solution of commercial
 

leach for 15 minutes at room temperature. ."he seeds were
 

qerminated in dark at 20°C. For the experiments three groups
 

of seeds were transversally sectioned half a way of the seed
 

with a razor blade (13), and three groups of intact seeds were
 

used as control.
 

Purification of cell walls and proteins extraction. The
 

cell walls were purified and extracted for proteins after
 

purification with 0.2M CaCl2 in 2mM Na2S205 from the wounded
 

and non wounded seeds using the method described (16, 17, 13).
 

After excraction, the proteins were precipitated with 5 volumes
 

of acetone and the protein pellet separated by centrifugation
 

at 15,000 g. The proteins were resuspended in 0.1M Tris HCl,
 

pH 6.8. The salt free solution containing the proteins was
 

obtained by ultrafiltration using an Amicon membrane PM-10.
 

The proteins were quantified by the method of Bradford (24).
 

Electrophoretic analyses. The cell wall proteins were
 

analyzed by SDS-PAGE, in a 7% gel as has been described (13).
 

A SDS-PAGE in the precence of urea, at a concentration of 5M
 

in the concentration gel and 8M in the separation gel, 
was
 

performed to evaluate if the major proteins of the wall
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could have two or more peptides. Before loading the gel, the
 

samples were heated in the presence of 5M urea at 900C for 5,
 

10 and 20 minutes. Cationic neutral gel electrophoresis
 

analysis of the native proteins were performed as described by
 

Thomas & Hodes, (25). In all types of electrophoresis, the
 

protein bands were visualized with silver stain reagent using
 

the method of Nielsen and Brown (26) or 0.25% coomassie blue
 

R-250 in 50% methanol and 10% acetic acid.
 

Protein purification by chromatofocusing. A glass column 

of 18 cm long and 1 cm of diameter was packed with a Polybuffer 

Exchanger (PBE 118) from Pharmacia to perform an isofocusing 

chromatography. The column was equilibrated with 0.025M
 

triethylamine, pH 11. Fra 'tions of 1 =1 were collected.
 

Aliquots of each fraction were used for protein determination
 

by the Bradford's method and for peroxidase activity as
 

described below.
 

Isopycnic centrifugation on CsCl gradient. Three g of CsCI
 

were disolved in 3 ml of deionized water and placed in a
 

centrifuge tube. On top of the CsCl a solution of 500 pl of
 

cell wall protein extract containing 500 og of protein was
 

layered. Deionized water was added to make a volumen of
 

5 ml. The tubes with the samples were centrifuged in a
 

Beckmann L5-50 centrifuge at 45,000 rpm for 72 hours at 40C.
 

After centrifugation the tube bottoms were pinched off to get
 

fractions of 6 drops each. Five pl from each 5 fractions
 



14
 
were used to measiure the refraction index using a BIusch & Lomb
 

refractometer. 
 The amount of proteins was determined in the
 

fractione collected.
 

Identification of protein bands by peroxidase activity.
 

Peroxidase activity was detected in native 
proteins run on
 

cationic neutral gel electrophoresis using a 0.1% solution of
 

o-PDA and 0.012% R-0 2 as substrates. The buffer was 0.1M
 

sodium citrate, pH 5.0 (27). After visualization of the bands
 

the reaction was stopped using successive washes with deionized
 

water. 
The gels were dcied under vacuum in a gel drier.
 

Peroxidase assay. The peroxidase activity 
was detected
 

using 5 pl of each fraction and 1 ml of 0.1% o-PDA and 0.03.2%
 

H02 in 0.1M sodium citrate, pH 5.0. After 10 minutes of
 

incubation at 25°C the reaction was stopped by addition of
 

10 pIl of B-mercaptoethanol to the reaction madia. The
 

absorbance was measured at 
 450 nm in a Schimadzu UV-240
 

spectrophoromekr. 
One enzyme unit (EU) was defined as the
 

amount of enzyme which oxidizes 1 jimol of o-PiAmin-1.
 

Standard curve to quantify the oxidized o-Phenylendiamine.
 

Known quantitiGs of o-PDA in the range of 10-100 pg were added
 

to one ml of the assay mix made up 32 mM H2C2, excess of
 

horsezadish peroxidase (Sigma type VI) and 0.11M sodium citrate,
 

pH 5.0. The reaction mix was incubated at 200C until the
 

absorbance 
reached a maximun and remained stable at
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450 nm. At this point is assumed that all the substrate is 

converted into product. In the standard curve the absorbance
 

at 450 nm was plotted against the concentration of oxidized
 

,)-PD&A. 

Detezrination of the optimal pH of 
 the cell wall
 

peroxidases. The reaction mix 
used was 5.5 mM o-PDA and 4 mM
 

H02 made up in the corresponding buffer to which 0.42 pg of
 

proteins was added. For the pH range between 3-5 the buffer
 

used was 0.lM sodium citrate; for pH 6 was 0.6 M Bis-Tris; for
 

pH 7 was 0.7M MOPS; for pH 8-9 was 0.7M Tris-Base and for the
 

pH range 10-11 was 0.5 M CAPS. The reaction was monitored for
 

10 minutes at 20°C. The activity of the enzyme for the o-PDA
 

oxidation was calculated from the plot A4 v/s time and
50 


obtained in the Shimadzu UV-240 spectrophotometer and was
 

expressed in pmol of o-PDA oxidized min'.
 

Kinetics studies. Initial velocity as function of the H202
 

concentration. The standard conditions of the reactions were:
 

0.42 pg of purified proteins added to 1 ml of a mix containing
 

5.5 mM o-PDA and from 1 to 64 mM H202 
in 0.1M sodium citrate, 

pH 5 incubated at 20°C. The initial velocity was obtained as 

described before. The kinetic parameters were calculated taking
 

the average values of the Lineaweavwr-Burk, Hanes and Eadie-


Hofstee plots.
 

Initial velocity as function of the o-PDA. The standard 

conditions of the reaction were: 
0.42 pg of purified proteins
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added to 1 ml of a mix containing 20 mM H202 and from 2.75 to
 

27.5 mM of o-PDA in 0.1M sodium citrate, pH 5 incubated at
 

20"C. The initial velocity was obtained av described above. The
 

kinetic parameters were calculated taking the average values
 

of the Lineaweavwr-Burk, Hanes and Eadie-Hofstee plots.
 

Identification of the perozidnses as glycoproteins. The 

glycosilation of the peroxidases was detected by the 

reaction periodic acid /dansylhydrazine (28), on gels after 

SDS-PAGE or electrophoresis of the native proteins under 

cationic neutral conditions. The protein bands were visualized
 

by transillumination with UV light.
 

Identification of sugar residues present in the 

glycoproteins. To obtain 0.5 mg of each peroxidase, the 

enzymes were electroeluted from gels after SDS-PAGE. The 

proteins were hydrolyzed with 300 pl of 2N TFA heating for
 

1 hour at 1210C. The TFA was evaporated under vacuum and the
 

product of the hydrolysis was resuspended in deionized water.
 

The sugar analysis wag performed in a Knauer HPLC type 364
 

equipped with a column of CARBOPACK PAl (Dionex Corporation,
 

USA) and using 5.25 mM NaOH as solvent. Sugars were detected
 

with a gold electrode present on the Dionex pulsed amperometric
 

detector.
 

Determlnation of the peroxidase expression during 

development. Cell wall proteins of quiescent seeds and from 

seeds embibed for 24, 48, 72 and 96 hours were extracted and 

analyzed by SDS-PAGE loading the gel with the amount of
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proteins present in the 100 
 mg of dried cell walls. ?.fter
 
electrophoresis, the gel was stained with silver reagent and
 
vacuum dried in a gel dryer. Densitometry of the proteins
 
bands was performed in a scanner Geniscan GS-4500 and using
 

the Scannedit computarized program.
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Figure Legends
 

Figure 1. Analysis by SDS-PAGE of the cell wall proteins
 

present in seeds embibed for 24 hours in A and for 72 hours
 

in B.
 

In A and B: Lane 1, loaded with cell wall proteins of non
 

wounded seeds. Lane 2, loaded with cell wall proteins of
 

wounded seeds.
 

Each lane was 1-aded with amount of proteins present in 250
 

mg of dried walls.
 

Figure 2. Chromaitoiocusing profile of the cell wall proteins
 

after elution from the PBE 118 column. The column was loaded
 

with 600 pg of crude extract of cell wall proteins.
 

amount of proteins present in each fraction.
 

- -peroxidase activity 

--o-- pH. 

indicates the fraction where the two proteins elute. 

The insert is a SDS-PAGE of the proteins present in
 

fractions 10-15 (lane 2) and compared with thoge present in the
 

crude extract (lane 1).
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Figure 3. Isopycnic centrifugation in CsCl gradient of the cell 

wall proteins,
 

__ Proteins elation p::ofile. 

--- Density gradient
 

Fractions where the two proteins are found.
 

The centrifugation tube was loaded with 500 pg of crude
 

extract of cell wall proteins.
 

Figure 4. Peroxidase activity after cationic neutral gel
 

electrophoresis of the cell wall proteins. The electrophoretic
 

gel was incubated with o-PDA and H202. The bands giving
 

positive reactions are pointed by arrows in lane 2. In lane
 

1 was loaded horseradish peroxidase as positive control.
 

Figure 5. Kinetics parameters of the wall peroxidases.
 

A. Saturation curve of o-PDA. The amount of proteins used
 

in each assay was 0.4 pg in 20 mM H202. The temperature of
 

incubation was 20*C.
 

B. Lineweaver-Burk plot of A.
 

C. Saturation curve of H202. The amount of protein used in each
 

assay was 0.4 pg in presence of 1 mg ml of o-PD1. The
 

temperature of incubation was 20*C.
 

D. Linewoaver-Burk plot of C.
 

Figure 6. pH profile of cell wall peroxidases. The activity
 

is expressed in pmol of o-PDA oxidized- min-'.
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Figure 7. Identification of the cell wall peroxidases as
 

glycoproteins. The proteins were run in a SDS-PAGE and the gel
 

was stain6d with periodic acid/dansylhydrazine.
 

Lane 1. Cell wall peroxidases.
 

Lane 2. Ovoalbumine run as positive control.
 

* Shows positive reaction for the two peroxidases.
 

Figure 8. Expression of cell wall peroxidases after 96 hours
 

of seed imbibition. The plot is a densitometric analysis of the
 

protein bands run on SDS-PAGE. The wells of the gel were loaded
 

with the proteins present in 100 mg of dried walls of quiescent 

seeds (0 hours) and of seeds embibed for 24, 48, 72 and 96 

hours.
 

- Expression of the 145 )Da peroxidase.
 

---o--- Expression of the 83 kDa peroxidase.
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Table 1. Partial purification by chromatofocusing in PBE 118
 

of the cell wall peroxidases.
 

% Yield
 

Step Volumen Protein Units of Specific Protein EU
 
ml mg Activity Activityb
 

Crude 50 0.576 
 92.8 161.1 100 100
 
Extract
 

PBR-118 3 0.078 27.4 351.2 14 30
 

The PBE 118 column was loaded with 600 ul of cell wall
 
extract after equilibration with 0.25 mM of triethylamine at
 
pH 11. In the fractions collected the amount of protein and
 
the peroxidase activity was determined.
 

-
a. EU, enzyme units: pmol o-PDA oxidized-min '
 

b. Spacific activity: pmol o-PDA oxidized- min- mg"1 of
 
protein.
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Table 2. Sugar composition of cell wall peroxidases. 

83 kDa protein 145 kDa protein Horseradish * 

Sugar 
 peroxidase
 

pg sugar/mg protein
 

D-galactoae 72.4 ± 2.9 (61.1%) 76.8 t 1.6 (75.1%) 0.0 ( 0.0%) 

D-glucose 42.8 ± 2.0 (36.1%) 19.6 ± 3.6 (19.2%) 5.7 ( 3.8%) 

D-xylose 1.4 ± 0.3 (1.2%) 1.3 ± 0.5 (1.3%) 12.8 ( 8.5%) 

D-mannose 2.0 t 0.6 (1.6%) 4.5 ± 0.9 (4.4%) 48.2 (32.1%) 

L-arabinose 0.0 ( 0.0%) 0.0 (0.0%) 2.9 ( 1.9%) 

D-N-Acetyl 
glucosamie N.D. N.D. 66.5 (44.3%) 

Carbohydrate 
in the protein 12 10 15
 

The sugar composition was obtained after hidrolysis of the 
protein bands electroeluted from polyacrylamide gels after SDS-

PAGE. HPLC was performed in Knauer HPLC type 364 equipped with
 
a CARBOPACK PAl column using 5.25 mM NaOH, pH 11.5, as solvent.
 
The gas chromatograph was provided with a gold electrode present
 
in the Dionex pulsed amperometric detector.
 

N.D. not determined 

• from Clarke and Shannon, 1976 (22). 

t s.d. 
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Abstract. 

At temperetures from 25 to 35C, 100 % of E oMis 

chilensis seeda germinate within 24 hours. At higher
 

temperatures the germination rate is reduced; 
 at 50" C, seeds
 

do not germinate. After germination at 25C, the optimal
 

temperature for seedling growth is 35"C and the seedlings do 

not grow at a temperature of 500C. However, when germination
 

is at 350C, the optimal temperature for seedling growth becomes
 

40*C and some seedlings grow at 500C, suggecting that
 

thermotolerAnce is induced during seed germination at 350C. 

Further thermotolerance can be induced in seedlings germinated 

at 350C, by exposing them to 40"C for two hours. Under these 

conditions, seedlings increase their growth rate at 45"C and at
 

50"C. Fluorography, of SDS-polyncrylamide gel electrophoresis
 

of the proteins synthesized and accumulated during two hours at 

temperatures of 35, 40', 45" and 50"C in the presence of
 

r35S]methionine, revaals the expression of eleven proteins not
 

detectable at 350C. Most of the proteins present at 35*C also
 

increase in expression. The teraperature for maximal expression
 

of these proteins is 45'C. We conclude that Prgaopis chilensis 

has a thermotolerance about 5"C higher than other plants. 
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Intzedaction.
 

The greenhouse effect due to the increase of
 

CO2 content in the atmosphere, along with the rapid
 

deforestation of the earth, are current problems. They have
 

created the need for a rapid search for living organisms, among 

then plants, with high adaptability to present environmental 

conditions. These "daptable plants could be also considered as 

natural gene banks. Therefore, the overall planet's global 

environmental problems have urged scientists to look for genetic 

variability among native plants which can tolerate stress 

conditions and for methods to propagate and conserve these plant 

species. 

For many years botanists have considered that Prosopis 

species as good examples of native plants resistant to 

environmental stress, because they are present in arid areas, 

subject to extreme temperatures and grow on salty soils, (Felker, 

Clark, Nash, Osborn & Cannell, 1982; 1983 . E. chilensis is a 

leguminous tree with a high degree of genetic variability in 

natural populations, due to its high outbreeding by cross 

pollination and to its wide geographic distribution ( Hunziker, 

Naranjo, Palacios & Poggio, 1977 ). Natural populations of 

Prosopio chilensis, forming small monospecific forests, are found 
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iri the arid and semi arid regions in Chile. The species has a 

geographic distribution from Copiap6 in the North (27BS), to 

Santiago in the South (33"S), and from the Central Valley (West) 

to 2,400 m altitude in the Andes (East). In these regions daily 

temperatures range from 6°C at night to 50"C in the afternoon of 

Summer days ( Hunziker et al., 1977; Balboa, Parraguez & Arce, 

1991 ). 

Although j. glji has been considered a plant 

resistant to heat stress up to now there has been no evaluation
 

of the phyeiological and molecular responses of Prosopia species 

to this type of stress. For the past three years, we have been 

studying the physiological and molecular responses of the 

seedlings of P. chilensis to thermal stress. It is well known 

that plants respond to high temperatures as do all living 

organisms, by the synthesis of a new set of proteins which are 

the heat shock proteins, hsp ( Lin, Roberts & Key, 1984). 

This study presents the results of seed germination and
 

seedling growth of P. chilensis when subjected to temperatures 

from 250 to 500C. The acquisition of thermotolerance and the
 

pattern of proteins synthesized under heat shock, are also
 

reported.
 

I. 9 



Nterial. and Nethods. 

Source of material. Seeds of Lr9_pe jfleLj&(bit.) 

Koch were collected in Peldehue 35 Km East of Santiago at 33OS
 

latitude, 1988 and 1989.
 

Seed germination. Seeds not infected by bruchid beetles
 

were selected for germination. Seeds were first scarified for 15
 

minutes in concentrated sulfuric acid and rinsed for 30 minutes
 

with abundant running water. After the rinse, seeds were soaked
 

for one hour in deionized water and transferred to germination
 

trays contai'ing vermiculite moistened with tap water. The trays
 

containing the seeds were covered with plastic wrap and placed
 

in growth chambers under high humidity at different temperatures.
 

Groupa of 100 seeds in duplicate for each temperature treatment
 

were germinated at 25', 30, 35", 40% 45 and 50C. After 24
 

and 48 hours of imbibition, the germination percentage was
 

determined using the criterion of protrusion of roots 2 mm long
 

through the seed coat.
 

Determination of lethal and sublethal temperatures for 

seedling growth. For theice experiments two groups of seedlings 

imbibed for 48 hours were used: seedlings germinated at 250C, 

and seedlings germinated at 350C. All the seedlings were 

presoaked for three hours at 25o and 35"C respectively, in 
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sterilized vermiculite moistened with tap water. After this
 

pretreatment the lengths of the embryo axes were measured 
 and
 

groups of 50 seedlings per tray were placed on fresh wet sterile
 

vermiculite. Seedlings germinated at 25"C were grown in chambers
 

°
 at 25 , 30, 356, 40, 450and 50C, and seedlings germinated at
 

35"C were growr at 35, 40, 45, and 50"C. The length of the
 

axis was measured again after 24 and 48 hours. The chambers ware
 

mantained under high humidity during the temperature treatment.
 

Induction of thermotoleraice. Groups of 50 seedlings
 

each, 48 hours after germination at 35"C, were presoaked as
 

described above for two hours at 350C, after which the lengths
 

of the embryo axes were measured. The seedlings were then placed
 

in wet fresh vermiculite and subjected for two hours to 35" or
 

400C, prior to incubation for 24 hours at 45"C or 50*C. Two
 

other groups of seedling were subjected to 500C for 24 hours,
 

without pretreatment of 400C. After the high temperature
 

treatment the lengths of the axes were measured. Control
 

seedlings were maintained at 350C for the whole experimental
 

period.
 

Incorporation of 35S]methionine. Seedlings grown for 48 

hours after germination at 35°C, were cut in 1 cm sections. Four 

groups containing pieces of 15 embryos each, were placed in trays 

with sterile moistened vermiculite and incubated for two hours at 

35"C in chambers. After this period the sections of each group 
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were washed in running water and soaked in an 
 aerated solution
 

containing the mineral nutrients of Hurashige and Skoog's media
 

( Murashige & Skoog, 1962 ) and subjected for two hours at 350,
 
°
40", 45 nd 50C. [35S]methionine with specific radioactivity
 

of 3.5 10-7MBq mmol " 1 (from ICN Radiochemicals) was added to 

the water at the b-ginnig of the two hours of treatment to obtain 

a concentration of 1.5 MBq ml - . The labelled proteins were 

those accumulated during the 
two hours of incubation in the
 

presence of [35S]methionine.
 

Extraction of proteins. Proteins labelled with
 

[35S]methionine were extracted by homogenizing the tissues in the
 

buffer of Laemmli ( Laemmli, 1970 ). The homogenate was kept for
 

two minutes in a water bath at 1000C. The incorporation of
 

35S]methionine was determined in 10 pl aliquots of the 
protein
 

extracts placed on a disk of Whatmman 3 MM filter paper 1.4 cm in
 

diameter. The disk was soaked for 60 min in 10% 
TCA containing
 

0.1 M cold methionine, then the radioctivity measured on the disk
 

as described by Mans 
and Novelli ( 1960 ) and Goycoolea and 

Cardemil ( 1991 ), in a Beckman liquid scintillation 

spectrophotometer. 

Quantification of the proteins in the extracts was
 

performed by Bradford's method ( Bradford, 1976 ), after
 

precipitation of the proteins with 10 volumes of cold acetone and
 

resuspension of the precipitate in 0.01M Tris. 
 A radioactivity
 

of 80 Bq pg'1 was considered a good incorporation.
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Protein electrophoresis. The proteins labelled with 

[35S]methionine were analyzed by Sodium Dodecyl Sulfate-


Polyacrylamide gel electrophoresis (SDS-PAGE) by the method
 

described by Laemmli. The running gel was 10% polyacrylamide 

containing 0.1% SDS, pH 8.8. The stacking gel was 3.5%
 

polyacrylamide containing 0.1% SDS, pH 6.8. Each channel of the
 

gel was loaded with either the same amount of radioctivity or the
 

same amount of total protein (about 30 pg per channel). The
 

electrophoresis was run for seven hours at 180 V, using Tris

glycine buffer. The proteins bands were visualized on the gel
 

with 0.25% Coomassie Blue R 250 in 50% methanol and 10% acetic 

acid. The gel was destained with 50% methanol and 10% acetic acid
 

for four hours at room temperature.
 

Fluorography. To detect the proteins synthesized and
 

accumulated during thermal stress, protein bands were visualized
 

by the radioactivity of the [ 35S]methionine incorporated in the 

proteins. For this purpose, after electrophoresis, gels were
 

washed twice with 10% acetic acid and 40% ethanol for 30 minutes
 

each time. Afterwards, the gel was submerged in a solution of
 

0.4% 2,5-Diphenyloxazole (1PO), 20% ethanol, 30% zylol and 50%
 

acetic acid for three hours. The PPO was precipitated into the 

gels with diatilled water for 2 1/2 hours, then the gels were
 

dried under vacuum in between two sheets of cellophane. The dried 

gel was exposed to Kodak X Omat film at - 80"C for 4 days. 

Densitometry of the proteins bands was performed in a Geniscan 
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CS-4500 
scanner, using the Scannedit computer program. The
 

intensities of the radioactive bands were recorded as 
 peaks and
 

the integrated areas of the peaks were compared among thq bands
 

of the same protein expressed at differet temperatures, but not
 

among proteins of different molecular masses. 
For a particular
 

protein, one + sign 
was asigned to the peak integrated area of
 

the band showing minimal expression, and 2 or more + for
 

multiples of this area.
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Results. 

°
At temperatures of 25, 30 and 35°C, 90 to 100 % of 

the seeds of ProsoDis chilensis germinate in 24 hours.(Fig. 1). 

At 40°C the germination rate decreaLes to 60% in 24 hours, 

however, after 48 J..urs, 90% of the seeds germinate. At 45C 

less than 10% of the seeds germinate in 24 hours and' about 20% 

are germinated after 48 hours of imbibition. No seeds germinated 

at 500C.
 

The growth of the seedlings of Prosopis chilensis was 

determined by measurinG the lengths of the embryo axes at 

temperatures, from 25° to 50*C, 24 and 48 hours after 

germination at 25*C (Fig. 2). In all the temperature treatments, 

the total length of the seedlings at 48 hours is almost three 

times the length after 24 hours. The temperature for maximal 

seedling growth is 35°C. At this temperature the length@ of the 

seedlings are about three times greater than at 25"C. At 500C
 

there is no growth.
 

When seeds are germinated at 35"C and the seedlings are
 

grown at temperatures of 35°C or more, the temperature
 

for maximal growth of the seedlings is now 400C, suggesting
 

an induction of thermotolerance during germination at 350C
 

(Fig. 3 B). At 40°C, the growth of the embryo axes is 40%
 

greater than that achieved by seedlings germinated and grown at
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35"C and three times the length of seedlings gfrminated at 25°C
 

and grown at 40°C for the same period of time (Figs. 3 A and 3
 

B). After germination at 350C, some seedlings can now grow at
 

50"C (Fig. 3 B).
 

Because the temperature of maximun seedling growth is
 

displaced irom 35° to 40°C when seeds are germinated at 35*C,
 

the question may be asked whether the thermotolerance acquired
 

during germination could be increased further by exposure of the
 

seedlings to the sublethal temperature of 40°C prior to a
 

treatment at 45°C and 50°C. To answer this question the
 

lengths of the embryo axes were measured after a treatment for
 

two hours at the temperature of growth of 400C, followed by an
 

exposure for 24 hours to the temperature of 45°C or 500C. The
 

growth of the seedlings under these treatments was compared with
 

the growth of seedlings going directly from 35'C to the thermal
 

treatment of 45' and 50°C (Fig. 4). The results show that the
 

seedlings treated at 45°C after exposure for two hours at 40'C
 

grow 38% more than the seedlings exposed at 45°C directly from
 

350C. The seedlings treated at 500C after exposure for two hours
 

at 400C have a growth 16% greater than the seedlings exposed
 

directly from 35* to 50C (p <0.01 for each pair by Student's
 

Test). Therefore, a fturther acquisition of thermotolerance
 

is achieved by seedlins of PcosoDis chilensis when these are
 

subjected to a treatment for two hours at 40°C prior to a
 

treatment at 45° or at 5U°C.
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The pattern of the proteins synthesized and accumulated
 

during two hours of incubation of embryo axes at 35% 40, 45*
 

and 500C in the presence of [ 3S]methionine was studied (Fig. 5). 
The results of the fluorography of the SDS-PAGE analysis of the 

extracted proteins reveal that eleven proteins not detectable at 

35C are expressed in the seedling axes treated at temperatures 

over 35"C. The molecular masses of these proteins are' 165, 108, 

103, 95, 83, 60, 58, 50, 36, 31 and 24 kDa. Proteins expressed 

under heat shock have been called heat shock proteins, hop 

(Kimpel & Key, 1985 ). Ten out of the eleven bands appear at 

40*C, the most prominent of the proteins being the one of 58 

kDa. The protein of 95 kDa is only present at 45" and 50*C. In 

the seedlings there are many other proteins which, being present 

at 35*C, have greater expression at 400 and 450C. The three 

most prominent are the bands of 80, 71 and 69 kDa. At 500C the 

accumulation of proteins decreases considerably. However, 

there are five proteins, with molecular masses of 103, 80, 71, 69 

and 58 kDa which are strongly accumulated at 50'C. Of these, the 

proteins of 103 and 58 kDa are not expressed at 35*C, while the 

proteins of 80, 71 and 69 kDa increase in expression under heat 

shock ( Table 1 ). From these results, it is concluded that the 

temperature for maximal protein accumulation in the embryo axes 

of P. chilensis is 45*C. 
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Discussion.
 

The seeds of Prosopis chilensis seem to be very able to
 

germinate at high temperatures. One hundred percent of the seeds
 

germinate in 24 hours at 35C, and 90% germinate in 48 hours at
 

400C, temperatures which are considered extreme for germination
 

in most plants ( Bewley & Black, 1982 ). As an example, in seeds 

of Araucaria araucana, a South American conifer, germination is
 

reduced by 60% 40°C From to are
at . 350 40°C considered 

sublethal temperatures for growth of seedligs in A. araucana,
 

35"C being the temperature for maximal induction of
 

thermotolerance and maximal expression of the hsp ( Cardemil &
 

Reinero, 1982; Goycoolea & Cardemil, 1991 ). The results of 

germination of seeds of P. chilensis also demonstrate that the 

population of seeds is heterogeneous, since a few seeds have a 

slower germination rate at 25' and 30*C and only a few germinate 

at 45*C. This is a lethal temperature for most seeds of E. 

chilensis and other plant species. 

During germination at 350C, the seeds of Prosois
 

chilensis acquire thermotolerance, because the temperature for
 

maximal growth becomes 400 instead of 35"C and some seedlings can
 

now grow at the temperature of 500C. The induction of
 

thermotolerance during germination at 35°C has to be investigated
 

further to understand the physiological and molecular mechanisms
 

for this protection.
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Our results also demonstrate that the thermotolerance
 

can be improved further in seedlings with exposure for two hours 

at 40"C prior to treatment during 24 hours at 45* and 500C. In 

other species the exposure to the temperature of 506C cannot go 

beyond two to three hours after the treatments at the sublethal 

tezperatures which induce the thermotolerance ( Lin, Roberts & 

Key, 1984 ). Seedlings of P. chilensis actually grow during the 

24 hour treatment at 50°C.
 

The induction of thermotolerance in Prosopis chilensis
 

as well as in other plants correlates with the appearance of heat
 

shock proteins. In seedlings of Prosopis chilensis, derived from
 

seeds germinated at 35"C, eleven proteins not detectable at 35°C
 

are observed at the sublethal temperatures of 40° and 45"C, with
 

a maximal protein accumulation at 45°C.
 

These proteina are not the result of expression caused
 

by other stress conditions such as mechanical or wound stress
 

because they are not expressed in control seedlings.
 

Additionally, antibodies raised against proteins that are
 

expressed under wound stress do not cross react with the proteins
 

expressed under heat shock (unpublished results).
 

The hsp characteristics of living organisms may be
 

summarized: a) The hsp are synthesized under high temperature
 

stress, a condition that most often decreases synthesis of normal
 

proteins. b) The hsp are synthesized at sublethal temperatures
 

and when the organism acquires thermotolerance. c) The hsp are
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transient because they disappear under continuous heat shock or
 

when the organism is returned to normal temperature. d) There are
 

hp of high medium and low molecular mares, the last being
 

peculiar to the plant kingdom ( Cardemil, 1985 ). 

In general we may conclude that the hsp of Prosopis
 

chilensis fit the characteristics of these proteins mentioned
 

above.
 

Among the hsp of Prosopis chilensis there are two
 

prominent bands of 69 and 58 kDa. The protein of 69 KDa is
 

expressed constitutively while the one of 58 kDa is expressed
 

from 40" to 50"C with maximun accumulation at 45" and 500C.
 

Three other bands, less prominent but also strongly
 

accumulated during heat shock, have molecular masses of 103, 80
 

and 71 kDa. Of these the protein of 103 kDa is the only one not
 

detectable at 350C.
 

Heat shock proteins of 71, 69 and 60 kDa have been
 

reported to be related proteins which function as chaperone
 

proteins ( Rothman, 1989; Gatenby, Viitanen & Lorimer,
 

1990 ). In P. chilensis, as in other organims, the 71 and 69 kDa
 

proteins are expressed constitutively. In this species, the 58
 

kDa proteiii also seems to be related to the 71 and 69 kDa
 

proteins because monoclonal antibodies raised against a 72 kDa
 

hap of HeLa cells cross react with those three bands (data not
 

shown). This cross reactivity is not surprising, since a high
 

degree of conservation in the amino acid sequence of these
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proteins as well as in the encoding region of their respective
 

genes has been reported ( Rochester, Wiener & Fha, 1986;
 

Vierstra, 1987 ). 

In Prosopis chilensis as in the case of Araucaria
 

araucana there are hsp of molecular masses larger than
 

116 kDa ( Goycoolea & Cardemil, 1991 ). In corn the lLrgest 

molecular mass protein is of 89 kDa ( Cooper & Ho, 1983 ), while 

in tobacco protoplasts hsp of 120 and 100 kDa have been reported
 

( Meyer & Chartier, 1983 ). 

In our analysis we detected one low molecular mass
 

protein ( 24 kDa ) expressed under heat stress. The low
 

molecular mass proteins have been reported to be present only in
 

the plant kingdom ( Nieto-Sotelo, Vierling & Ho, 1990 ). The 

roles of these low molecular mass hsp are unknown, although they 

could play a role in membrane compartmentation and stabilization 

( Vierling, 1990 ). 

The temperature for maximal expression and accumulation
 

for most of the hsp in P. chilensis as well as for those which
 

increase considerably under heat shock, is 45"C. It is also
 

important to point out that the accumulation of normal proteins
 

does not decline in heat stressed seedlings of P. chilensis.
 

This is also true for accumulation and synthesis of proteins in
 

seedlings of A. araucana, another native tree of South America,
 

while in most the cultivated plants the synthesis and the 

accumulation of normal proteins decline under heat shock ( Key, 
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Lin & Chen, 1981; Cooper, Hauptmann & Ho. 1984 ). All our 

results suggest that Proopis chilensis is a plant with high 

thermotolerance. Indeed, we have estimated that the
 

thermotolerance of seeds and seedlings of P. chilensis is from 5"
 

to 10 1 higher than in seeds and seedlings oi haraucaria ._
 

Goycoolea & Cardemil, 1991 ).
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Figure Legends. 

Figure 1. 	Percentage of seed germination of P__
 

chilensis at different temperatures. Seeds were
 

germinated at temperatures from 250 to 50*C.
 

White bars represent the germination percentage
 

after 24 hours of imbibitio. The dotted bars are
 

the germination percentage after 48 hours of
 

imbibition. Standard deviations are shown for each
 

experiment.
 

Figure 2. 	Crowth of seedlings of Prosopis chilensis at
 

different temperatures. Growth of seedling axes
 

was measured in mm, 24 hours after germination
 

1white bars) and 48 hours after germination
 

(dotted bars). Standard deviations are shown for
 

each experiment.
 



Figure 3. Compararison of growth of seedlings
 

treated at different temperatures for 24
 

hours after germination at 25" and at 35C.
 

In A, groups of seedlings from seeds
 

germinated at 25"C were grown at temperatures
 

of 25", 30, 350, 400, 45V and 50°C for 24
 

hours. Tn R, groups of seedlings from seeds
 

germinated at 350C were grown at 350, 400, 05
 

and 500C for 24 hours.
 

In A and B, the axis lengths were measured in mm
 

after the 24 hours of treatment at higher 

temperatures. Standard deviations are shown 

for each experiment. The average length of 

seedlings grown at 350C was considered as 100 %. 

Figure 4. Thernotolerance induction in seedlings from 

seeds germinated at 35*C. Groups of seedlings 

grown for 48 hours at 350C were exposed for two 

hours at 40*C before treatment for 24 hours at 450 

and 50*C. The lengths of the axes were measuied in 

mm after 24 hours of treatment at the sublethal and 

lethal temperatures of 45" and 500C, respectively. 

In this experiment the control seedlings were those 

directly transferred from 35* to 45 * and 50°C for 

24 hours. Standard deviations are shown for each
 

experiment. ( * is the Significant Difference by 

Student Test, p< 0.01 ). 



Figure 5. Fluorogram of the proteins accumulated in the 

seedling axis during two hours of heat stress. 

Protein accumulation corresponding to two hours of 

incubation at different temperatures in the 

presence of 1.5 MBq ml1- of [35S]methionine used 

as precursor of protein synthesis. Each 

experimental group consisted of segments of 15 

seedling axes. After incubation the proteins 

were extracted from the tissue and analyzed by 

SDS-PAGE followed by fluorography of the gel. The
 

complete arrows point to those proteins (hsp) not
 

detectable in the control axes incubated at 35*C.
 

The arrow heads point to those prominent bands
 

which increase in radioactive intensity upon
 

exposure to high temperatures. M. wt. are the
 

molecular weight standards run in the same gel:
 

a2- Macroglobulin (180 kDa); 1-Galactosidase (116
 

kDa); Fructose-6-Phosphate Kinase (84 kDA);
 

Pyruvate Kinase (58 kDa); Fumarase 48.5 kDA);
 

Lactic Dehydrogenase (36.5 kDa); Triosephosphate
 

Isomerase (26.6 kDa).
 



Table I. Protein accumulation and relative intensity of the
 

radioctive protein bands of seedling axes subjected
 

to therml stress. The molecular masses and the
 

relative intensities of the radioctive bands of the
 

accumulated proteins (hsp) in seedling axes after
 

thermal stress are shown and compared with the
 

control at 35"C, as seen in Figure 5. The three
 

most prominent proteins which accumulate from
 

35° 
to 50°C are also included.
 

' Molecular mans of the hop not present at 35* C.
 

+ 	Relative intensities of the radioactive bands. 

The intenaity is compared among the bands of the same protein. 

Molecular Control 40 45* 50° 

Mass (kDa)
 

165- - + ++ 

108* - + +
 

103-	 - + ++ ++ 
95*  + ++ 

83* - ++ +++ +
 

80 + ++ +++ ...
 

71 + ++ +++ ...
 

69 	 + ++ +++ .... 

60* - + ++ ++ 

58* - + +++ .... 

50* - + + 

36* - + ++ 

31' - + ++ 

24* 	 - ++ ++ + 
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Summary.
 

The contributions of the turgor pressure and the osmotic
 

potential on the water potential of branch and leaf petiole xylem
 

in Prosopis chilensis were studied in a Northen-central Chile
 

population at 300S. Leaf water potential (LWP) showed a greater
 

variability (ca., -2.2 to -8.8 MPa) than the branch xylem
 

potential (BXP) (ca., -2.1 to -4.9 MPa) and leaf petiole xylem
 

potential (LPXP) (ca., -1.7 to -3.9 MPa) in daily courses for all
 

seasons. The FXP was always LPXP. The LWP was always 1 BXP and 

LPXP, except for some days at early hours. The most negative 

values were recorded after midday.* Osmotic potential in leaf 

petiole was 2.4 MPa lower than in the branch, compensating the 

water potential gradient in the branch systems. 

Anatomical studies show a discontinuity of the conductive
 

tissue (apoplasmic route) between the branch and the leaf
 

petiole. The branch-leaf petiole connection has undifferentiated 

vessel elements with proto, plasm (simplasmic route). This data was 

corroborated with the specific hydraulic conductance (Cs) values. 

Branch and leaf petiole Cs was always > branch-leaf petiole 

connection. The selective advantages of this system are
 

discusscJ.
 

Key words: Water potential - Turgor pressure - Osmotic potential 

- Specific conductance - Xylem - Arid environment - Chile.
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The conduction of water in the branches of all higher
 

plants takes place in the lumina of dead xylem elements
 

(apoplasmic route). Protoplasma into vessel elements could only
 

interfere with water flow (Mauseth 1988). The structure of the
 

vascular system differs markedly among groups of plants species
 

(i.e., ring-porous species, diffuse-porous species, conifers'
 

and consequently diffv.rs in the potential velocities of water
 

movement (Zimmermann and Brown 1971). Now then, the water
 

potential gradiente from soil to air via the plant, constitutes
 

the driving force for water movement, from-high to low water
 

potential (Fitter and Hay 1981). Under certain circumstances,
 

measured gradient in water potential in high trees are not
 

consistent with these theorical gradients. To oxplain this, it
 

has been suggested that tree leaves are capable of absorbing
 

water from their surfaces, thereby raising leaf water potential
 

(Connor et al. 1977; Suzuki 19..).
 

The tree species with habit in arid ecosystems of the world
 

are exposed to severe water stress during several times in the
 

year. It 
has been postulated that mechanisms to avoid cavitation
 

in xylem cells under water stress, are related to, for example,
 

lower tracheid and vessel diameters, change in their relative
 

proportion, margo-torus system 
 and other pit membrane
 

characteristics (Zimmermann and Brown 1971; Salisbury and Ross
 

1978; Fitter and Nay 1981; Mauseth 1986).
 

For apoplasmic water, the dominant component is usually the
 

hydrostatic pressure (pressure potential), contrary the osmotic
 

1r)L
 

http:diffv.rs


potential is usually negligible. The apoplasmic value of osmotic
 

potertial is usually higher than -0.1 MPa and is often higher
 

than -0.02 MPa (Koide et al. 1991), though it can be ,iuch lower
 

in halophytes (Ritchie and Hinckley 1975; Turner 1981).
 

The main objective of this paper is to study the
 

relationships between the components of the water potential in
 

the branch system of Proso is chilensis a chilean desert tree
 

species. This study is part of a major project related to
 

evaluate the resistance of P. chilensis to extreme environmental
 

conditions.
 

Methods
 

Study Site
 

This study was conducted in Quebrada San Carlos (30e02'S, 

70 0 49'W, 520 m elevation), within Observatorio Interamericano El 

Tololo area, 50 km.west to La Serena in the Elqui Valley. The 

climate is arid mediterranean with a light maritime influence. 

Climatological records from the VicuFra (300021S-70044'W, 730 m 

altitude, 8 km west to study site) show a mean annual 

precipitation of 94.9 mm (C.V.= 65.8%, range 4.9 - 256.5 mm) for 

the last 47 years. June (21.6%), july (28.8%) and august (19.7%) 

are the most rainy months and making 70% of total annual 

precipitation. Temperature and humidity varies daily and 

seasonaly. Mean 'maximum monthly temperature varies between 

29.0CC (january) and 19. 0 0C (july) and mean minimum between 

12.3 0 C (january) and 5.30C (june). Mean maximum monthly relative
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humidity varies between 89% (may) and 84% (september), and
 

minimum 25% (april) and 37% (june). Total annual tray
 

evaporation is 2000 mm, and the.mean monthly varies between 280
 

mm (january) and 72 mm (june).
 

The vegetation in study area is an open desert forest
 

longest dominated by Prosopis chilensis Mol., with low height (<
 

4 m). The most important shrubs species are Encelia canescens
 

Lam., Gutierrezia recinosa (H. et A.) Blake, Ephedra chilensis
 

K.Presl. and Adesmia pedecillata H. et A. In rainy years, annual
 

plant species are abundant. The site has Been exposed to low
 

grazing by goats and cattle, and *the tree have been cut for
 

firewood over the present century.
 

Water Potential Measurement
 

Xylem potentials were determinated seasonaly in 24 h daily
 

courses during one year, from spring 1990 to summer 1991. Xylem
 

potential in brach and leaf petiole measured with a
were 


pressure chamber without phloem tissue (Scholander et al. 1965;
 

Ritchie and Hinckley 1975; Turner 1961; 1987; Koide et al.
 

1991). Leaf water potential and, brach and leaf petiole xylem
 

osmotic potential were measured with psychrometric chambers (C

52 chamber, Wescor Corp., Logan, Utha).
 

Hydraulic conductance
 

The branch was cut and a hose-system was installed below
 

the water level. Specific hydraulic conductance (Cs) of branch,
 

petiole and branch-petiole system were determinated for: Cs= (Q*
 

A) / dP, where: Q= flux rate (m s-1), A= transversal section
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area of transversal of xylem (m 2 ), dP= pressure difference (MPa
 

m1- ) (....... )
 

Branch-leaf petiole anatomy. 

Transversal and longitudinal section of branchs were 

obtained. The section were dehydrated, paraplast embeded and 

stained with safranina-fast green (Cardemil et al. 1990). 

Results
 

Water potential. 

Leaf water potential (LWP) showed a greater variability 

than the xylem potential of brahch IBXP) and leaf petiole (LPXP) 

in a 24 h daily course (Fig.1). The most negative values were 

recorded after midday. The typical water potential gradient 

(i.e., BXP > LPXP > LWP) was found apparently modified in P.
 

chilensis. BXP was always - LPX. The LWP was always 1 BXP and
 

LPXP except early in the morning (some days).
 

The pressure chamber methc d assume that the osmotic
 

potential in the xylem sap is clcse to zero. But, the xylem
 

pressure differences between the branch and the leaf petiole
 

could only be explained by the osmotic potential compensation if
 

there exists an anatomical discontinuity of the conductive
 

system between this two xylem tissues.
 

Simultaneous measurements of osmotic and pressure 

potentials in branch and leaf petiole xylem tissues were
 

obtained from 14:00 to 16:00 during de.ember 1991 (Table 1).
 

This data showed that water potential gradient was consistent
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with the classical model (i.e., branch " leaf petiole water
 

potential), and that there exists osmotic 
 potential differences
 

between the xylem sap and laaf
of branch petiole. Osmotic and
 

water potential in the leaf petiole were significatively lower
 

than in the branch (2.40 and 2.12 MPa of difference,
 

respectively). The pressure potential mean in branch
the 	 was
 

0.28 MPa lower than in the leaf petiole. However, statistic
 

difference was not found during this day period.
 

Hydraulic 	conductance.
 

In table 2 are shown the 
 specific hydraulic conductances
 

(Cs) for the 
branch, the leaf petiole and the branch-leaf
 

petiole system. The branch showed the higher values in Cs
 

(3.46*10 0 ma/s MPa), 4.4 fold higher than the leaf petiole Cs.
 

The branch-leaf petiole system Cs was 32 fold lower than 
 the
 

leaf petiole Cs. The three Cs mean values were statisticaly
 

differents. This low specific conductance (i.e., high
 

resistence) indicates th-t 
the r',ute of the xylem tissue between
 

the branch and the leaf petiole are very c-lose for tension water
 

flow.
 

Branch-leaf petiole anatomy.
 

Anatomical studies confirmed a discontinuity of the
 

conductive tissue between the branch and the leaf petiole.
 

Apoplasmic route of the branch and of the leaf petiole xylem
 

tissues were closed by undifferentiated xylem cells with
 

citoplasm (simplasmic route). In agreement with the specific
 

conductivity differences, the diameters of the vessel elements
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in the branch weie significative hinher than in the leaf petiole
 

(branch: X= 52.9 pm, s.d.= 14.6 pm, n= 16; leaf petiole: X= 33.2
 

ym, s.d.= 13.7 pm, n= 16; t= 3.94, P < 0.001, t-test). Teorical
 

conductance in a Prosopis chilensis branch vessel will 
be 6.5
 

fold high than the leaf petiole vessel. Additionaly, in death
 

xylem cells of branch and leaf petiole exist starch granules.
 

Discussion
 

Our results indicate that the xylem of the branch-leaf
 

petiole system in Prcosopis chilensis posse! a simplasmic route
 

between two apoplasmic routes. It hAs not been documented so far
 

in other plant species. This system may explain an osmotic
 

potential control over water potential in the leaf petiole.
 

An apparent evidence for a possible reverse tranpiration 

are shown in Fig. 1 (between 8:00 and 9:00 hrs), similarity to 

the proposed for Pr osop is tamaruao and some other species 

(Connor et al. 1977; Suzuki 19..). Additionaly, the osmotic. 

potential in leaf petiole may be lower than -5 MPa (or less), 

increasing the internal reverse water potential gradient. In the
 

distribution range of the P. chilensis, the fog is frequent in
 

the first morning hours (i.e., relative humidity close to 100%).
 

We propose that if reverse transpiration occurs, it may be
 

important for recovery of the possible leaf petiole cavitations.
 

The physical •compromise between high water flux rate and 

lower cavitation risk in Prosopis chilensis xylem may be 

resolved by the branch-leaf petiole xylem system. The branch 
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shows high water conductivity and high di-ineter in their vessel
 

elements compared with those of the leaf petiole, and a lower
 

cavitation risk by simplasmic discontinuity in the apoplasmic
 

route.
 

In the semi-desert of North-central Chile, Prosops 

chilensis is a partial deciduous tree. The total miiimum leaf 

area is found at mid spring (15%). New leaves appeared at the 

end of the spring, and the reproductive processes occurred in 

summer, ending with abscission of fruits at the end of the 

summer (Squeo et al. 1991). For mediterranean central Chile 

(300S), Arce and Balboa (1991) !hows the same phenological 

pattern, and that the branch xylem tension is lower than -3.0
 

MPa during this period. For the same month (october), the branch
 

xylem tension is at least 2.0 MPa more negative in the semi

desert population than the mediterranean population. Besidps, 

chilensis is capable of obtaining subsoil water. However, the
 

periods of highest d2mand for evap.transpiration are when new
 

leaves appear and reproductive processes occur. Branch
 

Lavitation and finally branch death caused by severe water
 

stress are clearly more expensive for a tree species than in the
 

other perennial species. This suggests that branch-leaf petiole
 

xylem system could help to understand- and partially explain the
 

desert rang2 distribution of P. chilensis.
 

The selective advantage of this system might be: a) to
 

prevent that cavitation occurs in the branch xylem tissue due to
 

an indirect transmission of the water column tension caused by
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the fast transpiratiun rate, b) if cavitation occurs in leaf
 

petiole, this may be reversed in the morning when leaf water
 

potential is higher than the leaf petiole water potential and
 

sometime lower than the air water potential, and c) leaf is able
 

to maintain actively the turgor.
 

This type of mechanism in other Prosopis species and other
 

woody desert plant species should be further investigated.
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Table 1. Water potential and their component in branch and leaf
 

petiole of Prosopis chilensis. The data were obtained from 14:00
 

to 16:00 hr during december 1991. Standard desviations are shown
 

in parentheses. n= 12 in all cases.
 

Water potential (MPa) 

Osmotic Pressure Total
 

Leaf petiole -8.48 (1.17) -2.47 (0.41) "-10.94 (0.99)
 

Branch -6.07 (1.57) -2.75 (0.36) -8.83 (1.38)
 

Branch minus 
Leaf petiole 2.40 (1.52) -0.28 (0.37) 2.12 (1.43) 

t-test: Branch versus leaf petiole (osmotic potential: t= 4.06, P 
< 0.001; pressure potential: t= 1.72, P > 0.05; water potential: 
t=4.14, P < 0.001). 

Table 2. Specific hydraulic conductance in the branch, leaf
 

petiole and branch-leaf petio:sle systems. n = 4 in all cases.
 

Mean (ma/s MPa) Variance
 

Leaf petiole 7.84 * 10 - 7 2.3 * 10124 

- -
Branch 3.46 * 10 6 9.1 * 10 13 

- -Branch-Leaf petiole system 2.42 * 10 1.4 * lg 1 

t-test: Leaf petic:le versus Branch (t= 4.64, P < 0.001), Leaf 
petiole versus Branch-Leaf petiole system (t= 8.72, P < 
0.001), Branch versus Branch-Leaf petiole system (t= 6.24, P 
< 0.001). 
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Fig. 1. Typical daily course of branch (BXP, square) and leaf 

petiole xylem potential (LPXP, triangle), and leaf water
 

potential (LWP, circle) in Prcs.pis chilensis. Data correspond to
 

may 30-31 of 1991. Each mean shows one standard error bar.
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SELECCION PARA ALTA EXPRESION DE GENES DE RE-


SISTENCIA AL ESTRES TERMICO Y DE HERIDAS EN
 

PLANTAS. (Biotechnological dpp 1 ,icr~s in 
agriculturu and in conservation of no >ve 

plants. Selcction for a hiuh du 91ee ( gene 

expression of thermotolerance and resistance to 
woundirpg in plants) .Goyco.))ca , C. , Riqaelme, A. 

y Cardemil, L. Dep. de Bioluql'a, Fa>:Vjltad de 
Ciencias, U. de Chile. (Proyue to FONI)ECYT 0160/ 

88).
 

Las plantas como todos los organismos vivos, 
responden a situaciones de estr6s con sintesis 
de nuevas protefnas que parecen estar relacio
nadas a la protecci6n del organismo cuando es 
expuesto a cndiciones extremas del medio am
biente. Las puevas prote~nas detectadas son el 
producto final de la expresi6n de genes que las 
codifican. 

T6cnicas do Biologfa Molecualr y de Biologfa
 
Celular, permiten facilmente detectar y cuanti
ficar la expresi6n de estos genes, ya sea, a 
trav6s del uso de sondas radioactivas, obteni
das por la integraci6n de la informaci6n genica, 
contenida en un cDNA, en un pl5smido que ha si
do clonado en E. co40L, lo que permite detectar 

genes y mensajeros, o ya sea, a travs del uso 
de anticuerpos policlonales que permiten detec
tar y cuantificar las protefnas. 

La respuesta fisiol6gica y la expresi6n g4
nica para termotolerancia por semillas y plan
tulas de Altaucatiia atcLCCaaI ha sido investiga
da por fluorograffa de proteinas sintetidas 
durante estr6s t6rmico, en presencia de S-me
tionina y sometidas a electroforesis SDS-poli
acrilamida. Los estudios de prote'nas han si
do completados con detecci6n de mRNAs para las 
proteinas de estr~s t~rmico: de 70 Kd y de ,.bi

quitina. 

25 



Anticuerpos policlonales, nos han permitido
 
la detecci6n de proteinas de pared celular que
 
se sintetizan en condiciones de heridas cortan
tes en el tejido vegetal. La sfntesis de las
 
proteinas ha sido detectada por electrotransfe
rencia Western y por inmunoimpresi6n en nitro
celulosa de tejidos vegetales sometidos a cor
tes. Se discute el uso de estas t6cnicas para
 
selecci6n de plantas resistentes.
 



GERMINACION Y CRECIMIENTO DE LAS PLANTULAS DE PROSOPIS CHI.
 

LENSIS EN ALTAS TEMPERATURAS Y SU CORRELACION CON EL PA-


TRON OE SINrESIS PROTEICA. (Germination and seedling growth
 

of Prosopls chilensis and their correlation with the pattern
 

of protein synthesis). Medina, C. y Cardemil T.. Depto. de
 

Biol., Fac. de Ciencias, Universidad de Chile.
 

Semillas de Pro~npis chilensis provenientes de la pobla

ci6n de Chacabuco fueron escarificadas y puestas a tempera

350 , 400, 450 y 50 0 C., encontrAndose
turas de 250, 300, 


el 6ptimo a 350 C. El crecimiento radicular tue tambin
 

6ptimo a esta temperatura decayendo drAsticamente a tempe

raturas superiores y prActicamente detenlndose a 450 C.
 

PlAntulas germinadas en condiciones 6ptimas logran crecer
 

se incrementa si previamente se someten a
 a 450 C., lo que 


un tratamiento de 2 horas a 4
00 C.
 

Es conocido que: en u-t variada gama de organismos inclu
 

yendo los vegetales, la elevaci6n de temperatura a niveles
 

supra6ptimos induce cambios en el patr6n de sfntesis de pro
 

telnas y 6ste ce estudi6 en PThosopie 'Z 8tB.
 

Apices radiculares fueron incubados en presencia de un
 

precursor de proteinas radiactivo (Met-S
3 5 ) a diferentes
 

temperaturas. La fluorograffa de electroforesis SDS mues

tra aparici6n de nuevas proteinas a temperaturas superio

res a 350 C., aiguna de las cuales podrfa tener importancia
 

en latolerancia de Prosopis chilen8i8 a altas temperaturas.
 
(Proyecto FONDECYT 0160/88).
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Ff.FT OF THE 
 T1t Nt;OF Cot D Nro 'ro14COLD HARDINESS OF 
I:;TER:,i.
DOI\L5S-FIR SEtDI.INcS
Karen E. Burr & Richard 1. T-us U.S. Forest Service, Rocky
Mtn. Forest and Range Fxp. Stn., Flagstaff, AZ 8bOO
Cold storage of dormant tree seedlings is an essential 
tool in
thu successf.l production and establishment of forest planting
s.ock. Thus, to maintain stock quality, mustwe know the
impazt of Arcrage on seedling cold h.irdlness. Actively growingcontainer seedlings were acclimated in growth chambers asfollows; 4 wks SD20/NIS (10-hr day), 
lb wks SDIO/N3. At weekl, 

intervals,
fro 

cold 
and

hardiness was measured by electrolyte leakagenuvdles, seedlngs w.;, rransferred to I*C dark s:,rae for 
 wks. Cold hardin..s was reas .e...d following
storage. 
 The relation between cold hardiness and growth
chasbar acclimatton time was 
sigmoidal, with a maximum stable
haraln-s of -.12C (LT5O) 
reached in 14 weeks. 
 Cold hardening
coatinued 
in storage regardless of 
when during acclimation

seedlings were stored. 
Thus, cold hurderilng was restarted in
storage after stabilizing under growtri zhamber conditions. In
addition, iJmmediate reacclimation (2

0

Ciwk) of deacclimating 


4
seedlings (LD22/N22, l -hr Jdy) was 
passible in storage.
 

1207 
C T)N OFC ANDNMETABOLSMOFBEANPLANTS GROWN UNDER
DIFFERENT ROOT TEMPERATURES 
land 
 Dept. ofPlant Physol., Agr.Academy,
127550. Moscow. USSR. 


The effect ohroot
lempeature on C and N metabolism ofnon-nodulaled beanplants was dteeined for root temperatures of I?. 22 and 32'C. Shoottemperaluwewasmntaineat
22.Cwiha 16hiphotoperodI(400pmolm-2 

s t PAR Gaseechange measurementsin thelight anddarkwereconducted 
separa ey lot Me intact roots and shools al3-4 day intervals throughout theexperentalperiod (80 days). Photosynthesis. respiration (on a whole plantbasis) and seed yieldwere appoximatehy 2.told0 greater at roottemperatures
ol22 C than at 12 

'C,and internedate to values dt32 'C. Over theexergnental ,enod, te growth eficency 0 780.81),photosyntheli
eHicency (1.40-1.70 g C per gseed), truerespiratoryoss (total minusC
maintenanc resalton) on aseed yield (028.0 32 g C per g) and proteinyield (6.63 7 .22 g . per g N)basis remained fairly constant regardless of rooftemperature. These ooasuggest that long term adaptationol the plantstogron|im
cotcbons causes oompensalory changes in photosynthesis, respiration,
and Caanremebosmwhichareooordina~ed lotoptimal efficiency. 
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,, ...£ cIoer.50, IsIcoeits uSN.m. m.ss OHM mioac
a o cr- . Capt. K... a.,o ehl., 

*,..,.....a~lla .i..
flit= 
(} *e *,*- (IN) In leaves end 
$..peen,on.ciii cultures of Orap. hybrids1.-1) -1. .e-s.rd Ea lt l, app, ev Peeblnc andat vaerous teipirtur,. A sharp deCrease In Ifr tes fer fracton ol tissue saer ws obsered In sso, lotoln 
. Nhea itu-r- In Lt.h ie.... .nin- cuture.. The 

Ir -:; . : - o0 a re url orf ,h I n ry.ijur oI rrev bl es lr I iIs r on ?2o u, r pay'amagnet0ic probe 

t. th pis ...
sI . ..bnis .... - s Ibly ..d '.sd s'.'c"r "In less of . i 
Ot-:art.- t..a . 
$,S-,,,O*'ti 

r2 for ,h. -o,,r fraction of tissue waterc.,r... In I..Iilieoa tissues tyan in Lire 
use

tissues.I, c Inc:e ja fraction of tissue .attr in lne tceeo Ind cell 
C. aspe.c,a i P,2. 0.01.). 1 .. 52.8 as end 8? acand decreasedI' s ,n 14.1 .. t , s,.s, iin. 

1209 
CHANGES IN TH" PAJIU44 OF PtHOTEIN SYNTHESIS OF PROSOPIS CHILIMS
INIILJCED BY HIGH TEMPEfiA'TJ'HFS. 
Connuelo Medina & Liliana Cardemil 
Dep. de Biol., Facultad de

Ciencias, U. de Chle, Sn, Chile.

Seeds of Prosopis chilensia, a legumincus tree from semi-aridreglonn of Central Chile, were germinated at temperatures o2530-35-40-45 and 502C. Germination was 
100% between 25 and 409C,
being laster at 352C. The best temperature for root growth was
also 359C. There was 
not germination at 
5C'C. However. seedlirm
 cco
'n from seeds germinated at 
359C were capable of prowing at
 
hxigher temperatures 
was followed in ruots 

of 45 and 509C. P ~tern of protein synttuajaincubated with 
 S-methionlnc at inreingKtemperatures between 35 and 50C. SDS-PAGE or the proteins Foliuwed by fluorography shows that at temperatures above 35C,
new protein bands appear while oties become thicker. Most of
the protein bands have decreased at 502C., 
with the exception
of 
the new bands. A band of 70 KV, that is present at 352C, is
 more prominent at 509C. These proteins may have an important role
In the Lhermotolerance of 
P .
 chlenhis to stressinr
temperatures. AID Gr.ant
0 5,8.- -03- & FONDECYT 010/88. 

1210 
UNICONAZOL-INDUCED AMELIORATION or LOW TEMPERATURE DAMAGE IN
CUCUMBER SEEDLINGS IN RELATION TO ANTIOXIDANT ACTIVITY
 
AbhaU_phaya, Tim O. Davis, 
 R.H. Walser, A.B. Galbraith. &N.-Santhia, Dt.partnent of Agronomy and IHorttcu-te, D-riqham

Young Un i versi ty, Provo, UT 84602

Cucumber seed I igs were trea ted with 0 or 100 iq of soilapplied uniconazol (UNI), a qibberellin biosynthesis inhibitor,
and then exposed to 22 or -IC for 8 h one week later. Following exposure to -IC, electrolyte leakaqe from leaf tissue of
treated plants was about 33% that of the controls indicatinq

that UNI reduced low temperature damaqe. Followinq low temperature exposure, the content of malondialdehyde was about 25%
less in treated seedlinqs indicatinq that UNI decreased low
temperature-induced lipid peroxidation. Uniconazol-inducea
 
low temprature tolerance was accompanied by increased levels
or 
activities of various antioxidant systems includinq qlutathione, peroxidase, arid catalase. These results are consistent with the hypothesis that triazo1e-induced stress tolerance
is due, at least in part, to 
increased antioxidant activity
 
which reduces stress-related oxidative damaqe to membranes.
 

1211 

SURVIVAL STRATEGIES OF PLANTS DURING WATER STRESS

R. Scheuermann, T. Stuhlfauth, D. Sltemeyer, H. Fock
Universitjt D-6750 KaiLserslautern, 
D IBiologie 

Fluorescence and gas exchange of bean, maize, sunflower and wooly foxglove were simultaneously reasured as described by Stuhilfauth et al. (Plant Phy
si . 86 , 246-250 , 198 ) at 250 
imol quanta/m 2

/s .
Under severe water stress conutLions about 40 % of
 
photochemical energy 
was converted 
to heat at
PS 11. This is interpreted as a protective mechanism 

airainst photoinhibitory
reduced by about damage2 when riot CO uptake is70 %. After 2" C0 2 (as exchange, onlyin bean a homogenous distribution of radioactivity
over the leaf 
was observed. 
In all other plants we
found a patchy distribution of 
rugions with either an
 
intensive or a 
reduced gas exchannge. We conclude that

CO,-recycling (photoresDiratlon and reassimilation)

behind closed 
stomata also contributes to energy

dissipation under severe stress conditions.
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CHANCES IN THE PATTEHN OF PHOTEIN SYNTHESIS I ! 'IWO I .ES OF Ciii: 

AIAUCA|IA ARAUCANA AND PIOSOPIS CHILENSIS, 1NDUCED HIGH EMPEPAMhJIE.BY UI 

Cardemil, L.; Goycoolea, C. and Medina, C. Pepaz'Lamento de Violngla, 

Facultad de Ciencias, Universidad de Chile. 

Araucaria araucana constitutes tLmperated relictual fc0rests in the 

high mountains of Chile Austral, with 202C dii'ereLes be!',.4re days 

and nights and between seasons. 11rosopis chilensis insteac, is a lePJ

ininous, nitrogen-fixing tree of the arid and semi arid regions of Chi

le with temperatures reaching 602( or higher, in S'Mrmmr tine. We have 

respad
investigated how seeds and seedlings of these two plant trov-is, 

to high temperature exposure, performing heat shock experiments, and 

how seeds and seedlings acquire thermotolerance when exposed to suble

thal temperatures. Indeed, the main idea of this research has ben to 

test the hypothesis that "Native plants are adapted to their natural 

environments because they show a higher degree of expression o those 

genes encoding proteins rela, d to plant protection during environmental 

harsh conditions". The higher degree of expression may be due either
 

to regulatory mechanisms of gene function or to the number of copies
 

of the genes involved. SDS-gel electrophoresis of proteins synthe

sized during heat shock experiments and Northern hybridization analy

sis to detect the mRNA of these proteins, using probes for beat shock 

genes, allow to evaluate this hypothesis. Proyecto FONDECYT 0150/88 

and AID grant # DPE-5542-G-SS-80Y3-O0. Universidad de Chile Proyecto de 

Desarrollo 0/178501-4.
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NV 01i,11d
P11711).; ('lIIEAS Y AC lVlI,\lITOl.lTl'Al, 

peptides and cy tn-yi %N-a- t~ .T. ir I iti ct 

PicLardo. [lritartawrnto de HitlifiL.i 1V.,Y h 

lrT.iirtiltaid do Cilfp, i.. fliltmi - I..111 u,Pltu1 . 

Universidad dc (lit e. 

l.ainterrelaci6n entre el sistema itue v el siStti 

nerjioso se basa el la directa iirervaci6noel parenul-
na de tejidos tales como tini, ba-o, an,llollinfAti-
cos, mfdula 6sea y otros tejidos linfoidcs. Adenms ]a 
presencia en las c6lulas Innino Loeetentes dc recepto-

, 

res para diversas IhoriNJonas S neurotrarismisorcs. :r, 
tazrbin la propiedad 6lulia,d r,iltltc 6sta, sdu'r 

pies setales, en nichos casos collpartLIs coii el siste 
m neuroendocrino, han establecido claramente ua vasta 
inter-comurnicaci6n que ha perritido avan:ar en el enten7 

dimiento de diversas situaclones fisoise,6cas %patole 
gicas. 


Esta colinicacifn bidireccioral ha sido estudiada a 

touchosniveles y, en el presente caso, nuebtro interes 
se ha centrado en la activitisd citolitica rediada -,or 
cilulas NICy ski modulact6n lxir p6ptidos opicides. 

Itemns es tiul ado lI legirla Clt eellc ida i I ac..- rcIt 
l na

tividad por los p~ltidos, rintloriiia-eceta , lewlislr 
-encefalina y /3-er A:rflru, tr.itarko toicorrelac uliti 
la est ii's,;il(iin .h rrada ,i la151 e1 pio ."l'teit 
die los receptores . ils;lo!, tuisto t ruse,|ra ptii.-


tras ixrm les COOK) lpatols6Y..Ai 1,, ui h ,hl'
. t.-tbIsVI 

do que los p[ptidos opioides infhsven ein dsstrsa tu-
ciones del sistem in utse,cc.x Id sint.iss de antictor 
I-s, proliferaci6n de linfocitos y citolisis ;. Sin 

errarpo. las caracterfsticas de los receptores inolu-
crados y el n anisno general d acci6n Ae est.s pljti" 
dos en el sisteira inmune no han side hasta ahora iclara 
dos. 

Proyecto lendecyt 8, -t164 

IITIRACC IONES UENTRE SISTEMA INMUNE V NEUROEN-

FOCRI NO Inmuno - Nouroendocrlae Notork). 

Pipol1	e' s-dadXli Cecl II 
..p.rta ento de M dicina MospItal CIfn i Co L 

niversIded do ChI Is. 

Aunque al aistema Inmune polse Sus prop 1i1 
ieocnlsmo do regulecl6n, actuilmenti asti 
blen establecide I& Inmunorregulicl6n neuro
endocrine. EIt& tlene su base en uni co.'ple-
Ja red do Intersoclones bidiroccionil entre
 
istois Inune, sistem neuroondocrlno, y es
tructuras eutondmlcas.
 

LasI linfoqulnls monoqulnil y Ac producidoi 
duranto to respuest Inmune ifectc tintocanInol 
nouroendocr Ino, El ltem neuroendocrino 
puede o no responder emitlendo seellel regu
ldores quo I lmlten su expinsidn sxcesivl, 
provinlendo onfermeddes outol nmunes y linfo' 

profiferatives. 
Le bobrelstimullcin del s istera niuroendo

crlnoppueds %or uno do lo factores mediidO 
" 

res do i Inrunosuprosl6n que se o0ber i en 
Is fase agude tie enfere dades ineccioslss 

shock siptiCo, traumi, quenm duras, cincer, V 
otris 5ondIciones patol6glcas. 

Le Inmunomodulacl6n puede contribuir a re$* 
tablecer Is funcl6n Inmune on estOl midlviduo! 

Proyacto Fondecyt 88-0874
 

SIMPOSI9 GENOMA Y EVENTOS FISIOLOGICOS EN CELULAS VEGETALES
 

SIMPOSIO 

GENOMA Y EVENTOS FISIOLOGICOS EN CELULAS 
VEGETALEB (Genome and physologicel events 
In vegetal cells). 

S (Coordinador). 
Durent. Ia vida colular ocurren una infl-

nlod do entoos #161olgicoe, que do in& u 
otre manor&, deporiden do I& lxproslin do gedooe 

on mosntos, muy particulares. 


So han utilizado diverse *strategis ew-

perimentalos an colulas vogetales mantenldae
 
an un teJido toto, parn trater do vincular 

eventos colulires a secorets del genoma. Una 
do stie estrategs ha %sdai produccidn do 
cflulas multinucloadls con nCIoDeS homo y he-


ttrciploide pare asociar eventoo prooos diel 

cicla cilular con Ia presencia , on &stow 

nilclues,de iterlmnados cromosomas. Otra meto-

dologla utilizada con ste mimoitIn, he sido 
l Incorporar al DNA nucledtidos quw baio do-

torminadas condicones pueden alterar ia ex-

prues6n del ganoma. Do arsta manors, Ia nrc'o-
sustituci6n del genoma a Srradiacin posterior 
con luz do 317, nm., tnr Una part.s to1 Incor-
por ctn i I)NA ,c1,n artinsAlo si I citidin. 
(5-eZacitidina) quo provocan hiponMetlacidr 
del DNA, par otra part. hen permnitido aaociar 

aliunocs evntoo a sectores del genoma quo re-
plican an momentos IiarticLtlares del poerodo S. 

Par ultimo, mdiante experimentos en quo 

so utilize ci nmtr#% tlrmico, 0 ha odido do-

titter 'ectorIe del gonoma quo confier", pr o- 
piodadeI do termo tolerancia an somillas do 
ilrboles aut6ctono• chileno. 


a 
En stte Simposio an analizan estee aetr 

tegSc y los logros con &Ile aicanzados comc 
&si law perspectives futuras do nuevoe abord-

Joe metod61ogicos en Date tipo do iCtudio . 

Coordinador: Jorge Sans 

LA INDUCCION DE CELULAS MULTI NUCLEADAS V
 

SU EMPLEO EN EL ESTUDIO DE EVENTOS DEL
 
CICLO PROLIFERATIVO (The induction 04
 

multinucloated 5eoli and %to usojogdlnea
 
in the study of events In the proliferati
ve cycle).
 
Gim#,n-Mlrairt,. S. Contra d* InvltigeliO
now Biolegicas, CSIC, velazquez 14',
 
28006-Madrid, Elpala.
 

La induccidn oeperimental do, cIlule 
Pomocarsticas poliOloideO en on lIIji 
C puodo ii9aroes a coco paor itis
cian do dos citocineals oucoslols. AsS-eI 

pueden formar c61lase bimucleedas (4-4m), 
trinucleadam (2n-4n-2n) a tetVarucleeao 

(2n-.'h-2r-2n) * dependlendo do i pro.l
dad do lio grupco cnovmosomscas 9n ,ztaame 
y de eu inclumitn o no on Un ofltlco"aclea 

&I curear ia toloiase. 
S1 lmultaneemante as amplca un egent@ 

multspolarizante, lag cklulao 8n ouedem 

ditribuir au genoma en varios naIdos de 
plotiae -uv Cd114rente. . decidid ano-v 
aneuplolde• on Su COu DOosiCian gilca. 

Tanto l prmerse, homaceritica, 

Como lag Segundo., hetOloaides Y anou
ploide, so han utilizado de' dotlrni"l 

*I grado do autonomia do caoa nuclao on I& 

roplicaci0n y culmln cin do a tsas 

Intart A•ica y m'ntt Ica, a e|. omo I 

papel do ciertos cromoso ias ical &1 
cromomana NOR) n ilcha awtanonmis -uCior, 

ProPorcionando une matodologla utl 0&,a 
le disoccidn cromosimics do: cicIa cslel&,..
 



R 224 SIMPOSIOS 

GEMOMA Y REGULACION DE EVENTOS DEL CICLO 

CELULA. (Genoso and regulation of events 

the cell cyclel. 

Do Ia Tpo.re, C.,I J., MoroutcEn. D., 

'a' "! GonzAloz-F rnAndz, A.,

GiYens-Agian. , , 

Centro de Investigaciones BiolOgics•, CSIC, 

Madrid, Espaa y Departamento Biologia 

Celular y Senetica, Facultad do Medicine, 

Un vea- as Chile. 


La replicacion secuencial del gonoma 

peemits aIterar Ia .uncionalioaddo segmen-

toe co este por 
bromaciOn aurantL fracciones 

dl porLooo S v posterior irradiaciont en 

anoxia, 
ae las cOIlas con ou DNA parcial-

monts bromado. 


Est& metoaologia Ma parmitido, en 
moristemas ae Ia ral: de Allium cata L., 
aeterminar el momento do reptcacidn do 
secoencias Cel 
genoma relaclonaaos con cads 
-no am los cuatro puntos do transicion ITPs) 
conar se req.oere aIntsits do proteinas par& 
.a Progreioo as Ia colula a stapas mae 
avanzaaas ae t5 ciclo celular. La replica-
coo- ca :as sec.encias implicaoas en los Co 
TPm pare sintesis do crotennas situadas en 
el tempaho taratc 51 esthn en al temorano 

y taroto S reospecti'amente. Las S*cuercias 

ImP:icaoas en e. 'P sitaao en G2 Io Macen 
an e: contro a*: S. ioentras quo socuencias 
aispersa serpar toc al genma parecen 


reoponsaoes adl TP altuaCo 
en profase. 


ExPEtSI0 DE ZEmES DE RESISTENCIS AL ESTRCS TER-

MICC EN 
005 ARSOLES NAiIvOS O CHILE, ArsuCatrl 
ars cna I ProsOei chilensi . (Cone e-prosion of is-
Silatnce to "eat siocx in two native trees of Chlle,Ar u 
carl are cona and Prosopis cnliensis).Cardeell, L. 0.. 
partae ntg do Biologla, Faculted at Clencias, Unliersl
ago Ca Chle,.
 

Ara.,caria roxca,,a 
:oestituye tosqwes relictuules teeDla 

dlo ax x~ta oont@Ms en Is Regln Austral o Chlle, domde 
*.liten flrrencils ae teeorature entre diG y noche y 
entre ostal~ones de 20C. Prosoais chilensil en CaiOlo,
 
as .no ;eglulsa. fladora do nitrbgeno de Is regibn I.
 
riOa y se. i as del 4orte y Centro de Chile En estals
 
regiones ia tesperators Ilege a dc 60OC enwas los diales 
a@ vvrsno. 

wees i'esti;lac ccc lia semilias 
r plintuas do estos 
dos hrtcles resoonoen a u'a exoosicln a aitos tempers
tir, a traik ce e,erlaertos ca estrks tkrmlco y cose 
ls seeillais itulas
, adouleren termotolerencla, con
 

do Ion emiexstas a teorerat.ras suoletales. 

E, eraz. t: ;rlnclpsl eoiet!,c de estx in.estigacl6n
 
l rctar s lptesis 5e Cue "Arooles natinos estbn a.
 
optscs a naturl
$u selic oorque elOs muestran ur il
to gra.: ce e-oresIbr o I3s genes dx resistencila part 
sacrat: :cnClicnes e.tr.as a.lentaies. El alto grade 
ce e,:resit^ ;ueoe ceoerse ys sea a sexcnlsoos cc regw. 
laoitn -e is fwoib,- del 
;en, o a un mayor n~mero de Cdo 

pt@ Ix '.s ;res ce reslstencla*.
 

E[e:trcf3resls en c:ClIcrlisiaoa SOS, 
de lis prot-Inas
1!ntetlos1: C:rante e; estrts Ce temperatura y en dre
serci ce 'S -a'omnoi, zcaO tomDitn h|iriauoacin Nor
te 20%=scd orotelnms do estr~s ttraico, noscas Ce 
pi oyarltl: r 'atr esta hlbtesis. PROYECTO rONOECTn.
 

esert:; A:,^h%10n Or 55 
 PO ECTO de
 
0eiarrc:::, 6 1.rsicaa c C11ix 0 170501-4.
 

METILACION DEL 
 DNA Y EVENTOS RELACIONADOS CON
 
DIFERENCIACION V DIVISION CELULAR. (DNA

methylation and events retaled 
to cell 
differentiation and call division). %tM6_jL , 
LPgton__r, and MgrguaQ, 
._t,Dpartamentu
Eiologia Celular y Gendtica, Facultad de 
Medicina, Universidad de Chile. 

So ha Postulado quo Ia mettlaczdn do 
citocina an secuencias dinucleotLdlcas C-G del 
DNA, senra un mecansmo mediante al cual a*
 
controlaria la expreosin gdntca. 
 So ha com
probodo, en una gran vartedad de cilulas, quo

)a administracidn de 5-azacitidina (5-AzaC),
 
anAlogo de I& citidina, y poderoso agents hl
pometilante del DNA, 
 produce activacion 
gtnica. 

En nuestro laboratorie, con el fin 
de asociar, deode un punto do vista morfologi
co, sectores del genoma 
con eventos celulares
 
involucrados 
con el prociso de divisidn o 
diferenciacidn celular hemos usado como eastra
tegia experimental &1 efecto hipometilanto del
 
DNA DE 5-AzaC an raices de AUl ap&.
 

Nuestros resultadoe muestran quo Is
 
administraclnri do 5-AzaC provoca 
i a) un au
mento significativo en Ia elongaci6n colulan 
quo ocurre en I& zone de diferenciaci6n de Im 
raig, b) una aceleracidn de Ia reorganzaci6n 
nucleolar quo so Ileva a cabo final&l do Ia 
mitosis y c) una alteracitn en el grado C, 
condensation de Ia cromatina duranto la mito
sis. Los 
 dos 41timos eventos son particular
menti evident.s cuando al anhlogo as adminis
tra durante Ia primer& mitad del periodo

replicativo.
 

Estos resultados sugertrian quo los 
even
too astudiados estartan controlados par genes 
cuya eapreIi6n as regularia pox I grado do 
m-tilacitn del DNA.(Proyicto FONDECYT 89/812).
 



33a. REUNION ANUAL
 

SOCIEDAD DE BIOLOGIA DE CHILE
 
Y SOCIEDADES AFILIADAS
 

Sociedad Chilena de Biologia de la Reproducci6n y Desarrollo
 
Sociedad de Biologfa Celular de Chile
 

Sociodad de Bioquimica de Chile
 
Sociedad de Bot nica de Chile
 

Sociedad Chilena de Ciencias Fisiol6gicas
 
Sociedad de'Farmacologia de Chile
 

Sociedad de Gen6tica de Chile
 

RESUMENES DE
 
CONFERENCIAS, SIMPOSIOS Y COMUNICACIONES
 

21 - 23 de noviembre de 1990
 
Punta de Tralca, Chile
 

0 *0 0 *0 0
 



R 234 BOTANICA YBIOQUIMICA VEGETAL 

100 101 
CL-CLPRT-.F:AS P:CAS 
 INIDROXIPROLINA DE PARED CELULAR 
 CARACTERIZACION 
DE DOS PROTEINAS CATM'aNICAS
DE PRZ.3P:-_J PRESENTES
-ILENSIS (Cel wall 
 Hydroxpiollne-Ricn 
 EN.PAREDES CELULARES DE SENILLAS DE ARAUCARIA ARAUCANA
: :'-.. rrom . cnllenss1s. Rod ezJ .G., (14OL.) KOCH. (Characterization of two coll wllCa- e -:: LaboratorjKaintc


Ns- cationic proteinv in A. araucans 
 eed). t .quLeat.
 
Univer

aided do Chie. Ptrocinldo par Drs. L. Cardemil. 

.ar-,egetal, Facultad do :iencias, Unlversdad de Dopartarmento do Biologf-a, Taculted do Clonciam, 1 
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L.as Ir. .rlzpresIone3 realizaJas zon tejIdos daIaos 


y .ZaJ.ados.an 
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..as e.c:tr-trj--."5s aJntl,3.r.:j -. ;.*)ICcas, SCJ~5 

-e. a-llts5 lestern, per-ltlers Je:ectar Clierenclas 

-andas Je 
, t! .u ntre cotlledon.a , a!rad.. .r. teJii2 ia. ado ieaotl cuerpo

y:e- ,a! se
teta de par-eiije soya relactlna con"resl._* eprotelna C s 5r,3-l- C:- 'iO rtltar. que3-,--< ezst .
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DITMI IIS DE CAIROM4S EN SIETE C131'ASDiE DMLIE.LA 
SAINA REJi[TAAS ENIEL SALARDi ATMAWMA(Mistr-ltan
Er]Dunaliella salina collected at Atarama saltern).
Era:o ,zertel. In.stituto de (QUIaica, Facultad de 
ZteTin" s Bisicas y 4atmitics, Universidad Cat6lica deValparaiso. Patrocinto: P. Domfnguez). 

La Diunai1 a Sallims (Chlorophyceac) es Lsm aucroalga
halotolerante econtrana pazlala Rnccnada en Antofagasta, prodxe usa aezcla de carotenos: el todo trans-

o(-carcteno (A), el tode trans-A-car3teno (B) y el 9-czs-

0-caroteno (C) en pruiportiones variables. 
 Esto nos ha 

mo t sia~ a e f ec u a r usa p ro spec c i~ n d e f top lan t on en
diferentes lagunas salinas 
 del Nore do Chile con el ob
jetc ie selac ionar cetas que sean prodcxtoras do los

isaseros 
 tBy (C) m form plyoritarla.

En el presente trabajo se los ob-informan resultiados 
tenidas con -,estras recolccta.s, en tres zonas diferen 
tes, del salar de Alacana. Estas muestras fueran props-
gadas 
 con n amedio de cultivo de ague d mar enriquecida
de Pruvosoli (PES), ids usa cantidad adicional de cloru-

rc e sodio (15 a 201) a tezperatura de 23 
 - 4-C y foto-percsoda 12:12, sin aireacsi~. En estas muestras se asa-
llzd la distribucin relativa de os is6eO ros (A), (B) Y 

(C " la reli6cn xantofilas/carotenos 
 mediante crmato-graffa HPtC y tawbi se evalu6 el contenido ce carote-

nos tctalef. De los resultados obtensdos se 
 estableoc6 
que en mec ras reolecuadas en Ij 1isa ra se encue-
trx. zeWs con cantenidos de carotene totales y distribuc16n de las isImeros significativaente diferentes. Exis 
ten cems en las cuales el is~sero qae predamsan es (C)con Lin 62 relat ivo, vsa&r superior al Otenido par D.
chilena de la Rnscarisda (CONC-001 y par D. bardawls
OlF-- tres is6aeros (C) es el Nis iposoTiuEeTypuede
acumlarse en el higado sin los problesas observados pa-ra el is acro (B). 

.Agradecuento: Al PMJ (0 -8"/009. Al Dr. Oscar Parr 
y Sra. Ana Silvia Cifuentes, Depto. Botansca, Fac. Cien-
ciss Biol6gicas y Re-ursos atur-ales de la U. de Cor.ep
csi6. Fordayt 89/0823 iuehan aportado las cepas. 

Paredes do 
 ertbri6n y oaroesrotoritodo Araucar..
 
arsucana 
rueron alaladas, 
puriticad % y poatoriormnta

*ue proteinas extraides con C&CI2-)ectrororeoio on
gobs SDS-poliscrilmicdla 
co lam protelna aocidllas a 
Is pored celular de LiiJon tejidoo do 1. somilla,

revelaron Is presencit. do 
 varlas proteinas do Ioa

cusles las 
dos proteinas oes promiin-ntes fueron purfti
codes pOr cromaougraff de laoenfoque,a tonlendo ambio 
un punto isoolctrico 
do 10.5 * 0.3. Las proteina
purtricadas poseen un peso molecular de 65 y 100 KD. 
AdeAs este protein.. dieron positive Is reacc16n

do marcacidn con dansilhadrszins, etotilecdndooe 
so trataban do gicoproteinam. Un posterior 

que 
"alioi 

de los azilccres componentea de eris glicoproteinos,
revel6 qua "iban estn glicosildda con GalactoOs, 
Glucosa y con wie manor proporcidn do Xiluma y Monoa.

Anhlisia do Is coopoaic6n do minolcidoe muestro 
quo ambas non ricas en Serine y Glicina. constituyendo
estus aminoicidos cosl un 50% de las proteinne. Ani
sis dO secuencia ommno terminal deermtr quo aobag

proteinas poseon 
una secuncia id nlca. IV cual 
pOdria indicar qua posiblersente son saOformas do une

mlsra eeoecie protoica.


Debido a quo los peroxidosse sone proteonam comsnisente presente on Ise parades celulsrm do pilntas,especialente 
 on especios
araucana, me quiso lesoss coo as A.
detectar uctvidad
do e tas prote nas en de peroxidaisel s nativos con o-fenilenedia
mins 
 sqpo 
sutrato, 
encontrindose 
reaccl6n 
positive 
pare "'o" i:prot.elnas. 
Financieo par Froyecto Fondecyt 01,60/88;AID GRANT 

DPE-5542-G-SS-_907-O0. 
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TALLER INTERRELACIONES METABOLICAS ENTRE LAS PLANTAS -

Y SU ENTORNG
 

Coordinador" Dr Luz Maria Pere: 

RESPUESTAB DE LAS PLANTAS A CONDICIONE3 DE 
ESTREB. (Plant responses to stress conditions) 
Cardemii. L. Departamento da Biologia, 
Facultad do Cilnclas, Universidad o Chili. 

Las plantam, al Igual que toros los 
organilmom vivos, responden a condiciones o 
eStris con sintesim ri nuevas protlinas. Entre 

outas dabemos monclonar a las proteinas 
universales do astr*5 trnico do 70 kDa y a Ia 
ubiquitina. Esto as lo qua ocurre an dos 
plantas ch Iona* ProsOPIS Chilonsl% y 
Araucarla araucana, donds los niveles do mRNA 
par& ambas proteinas aumentan en form 
signtflcativa, con sintesis Ce nov de la 
protein& do 70 ka y aumento do ubiquitina. 
Ambas protelnas proategn a Ia plant& 

otorgAndals termotalarancla &l calnr. La 

ubiqultina marca a ]as protsnnas qua han 

perdido ILI conformact6n debido a I& condtci~n 

doretnocls parmo qudogradadas.perato Sean 
de sat rIs pser-yl Pu r )trmlco, tlnOdo 

tanto, :Ibera a s planta dio oe uetan~, ;$lrala lant de oliculas 

incapaces do cumplir su funci6n, quedando 8, 

las cilulas sOlo las protalnas quo tienen Ia 

structura tsrciar ii a cuaternaria adocuada 
par& su funcionalidad. 

En ningC.n caso. las plant~as soiotidas a 

Outran trmtco nufron do una degradac6n 
maslva do orotainas. Tal degradacin en 

procoso extrmadament. bien regulado an las 
plantas. Cualouls seal do estds del media 
ambiente quo pueda signinfca,- poligo de 
sobrovivencia par& la planta, Induc la
 
sintesis do un poptido oeque;o quo 5
 
inhibidor de orteasas. La presencia do tal
 
inhibidor se dabs a sinteels de novo do (a
 
molecula, provocada Por e;eales quimicas do
 
mutabolitos secundarios voLAtiles como s el
 
Acido Jasm6nico.
 

DEGRADACION DE LIGNINA POR HONGOS Y BACTERIAS 

(Lignin degradation by fungi and bacteria). 

Gonz~lez.B. Laboratorlo de Bloqulmica. 

Facultad de Clencias Blol6gica5. P. 

Universldad Cat6lca de Chile. Casllla 114-D. 

Santiago, rhile.
 

La celulosa, la hemicelulosa y la 

ilgnina son los componentes polls6ricos 

pr inclpales de l a ertructuras vegetalzs. La 

lignina eat& formada par eon6seros del tilo 

fenilpropanoico unidos por distIntos tipos de 

enlace. Par ae insoluble y estereoIrregular 

as dlflcllmente atacada par Insectos y 

mlcroorganiamoa, 1o que le conflere a esta 

macromoldcula un rol protector de la c6lula 

vegetal. A pesagr do ello, Ia lignina ea 

degradada biol6g/casente, proceso on el quo 

cleartos grupon de hongos Juegan un rol 

fundamental. 


Evidencla bloqulmlca obtenida 
reclentemente Indic& qua los hongos 
lignlnoliticos poseon un conjunto de enzimas 
axtracelulares capaces de atacar diversas 
preparaclones do lIgnina. Po su parte, las 
baccerlas filementomas dagredan 
preferentemente llgnocelulosas de p antas 
anualas, produclendo Intermedlarios del tlpo 
ligninoso. Finalmonte, existen varies grupos 
do bacteria. capecem de utilizer 
subastructuras do Is lignina come 6nics 
ruente de carbono y energia. Intre estas 
subestructuras estkn lag del tipo 
ariigllcerol-6-ariliter que contlenen el 
enlace 0-0-4, *1 mio abundante de is lignlna. 
Katos compuestos de baJo peso molecular son 
liberados par la accl6n de log hongos on 
amblenten on lo quo esti ocurriendo la 
llgnlnoliols. Dos ats maners, bacterlas y 
hongos actuarian conJuntamente en la 
tzanstar ac16n coupleta de lignina a CO5j.
 

RESPUESTASMETABOLICAS OE LA CEBADAAL ESTRES HIDRICO V 
BAJAS TEMPERATURAS.(Metabolic responses of ba-Iey to 
water and cold stress). Corcueras L.J. URI a y 
Alberdi M Departamento de Biologa, FaculTtde&tien
cTias,Unversidad de Chile; Institute de Botinics. Uni
versidad Austral de Chile, Valdivia.
 

La escasez de agua y las 1ajas temraturas son algu
nos de los factores ambientales mis I!-. tantes pare el 
crecimlento de las piz tis en el mundo. A Pesar de su 
impnrtancia, los mecanismos moleculares de resistencle 
a ia sequfa y al frlo son an poco c,"prendidos. En es
te trabajo se pretende discutir algunos de los caatios 
metab6flcos que ocurren en las plintulas de cebada (Hot 
deum vuiLgae) sometidas a estos dos factoves limitante?. 

Plintulas baJa estrs hidrico acumularon prolina, 91i 

ci -betaina. glucose y llpidos polares. Plantas trite 

des a baJa temperatura, en cambio. no acuimularon proli
na ni betafna. pero si lipidos polares. La pn)porci6ln 
del Scido linol6nico en varias fracciones de )lpidos po 

lares var significativamente. Este y otro canios 
tabdlicos observados parecen tener importocia en la 

adapthci6n al estr4s. Sin embargo, plantas soe~tidas a 
estr~s hidrico se hicieron susceptibles al ataque de I
fidos. Glicil-betaina podria ser el factor susceptibili 
zante, pues awnent6 )a reproducc16n de los insectos alT 

mentados con una dieta artificial. 

n 
Financado par FONCYT 1126-89 y 0897-88/0Un-UAC] 

INTERACCION PLANTA-ITOPATOGENO: UN PODELO DE 
DEFENSA DEL TEJIDO VEGETAL. lPiart
phytopathogun into-action: the plart tiSso@ 
defense model). Pf, e.. L. M. Dsp. BioQ. Biol. 
Molec., Fac. CS. TX... Fa-.. Uni. ce Cnilo. 

Los t alduS sgstales so 0 cuent-a
0spuestos l ataque de 'Itopatogenos. Oa-a
 
defenderse do esta agrosiO', ooser La 
InformaciOn genica qua le permate si-teti:a' 
entre otros, a metabelitos sscu'daros. Le 
bajo peso molecular. Ilamados fitoale-ias. 

La especificidaa par al 4ta:.e do u
patogeno parece &star dada par Cactorgs Do 
reconocimlsnto quo mnvolucran (a pssencla as 
glicoprotainas, tanto on [a supe :ile de! 
patOgono como d Ia planta. 

a socrcon doI& 'zntai 

La socraciOn d enzimas hidrolttcas Is 
parmlten al patOgeno disole', (a Oaad celula, 
vegeta, pero a su vez pormitan go-era
fragmentos do pared celular quo actuan come 
Inductores do (a espuesta defenstva do Ia 
planta. 

El conjunto de facto-es mnvoluLraaas 0' a[ 
reconocimlento del ftopatOgeto v (a planta. 
junto con los mecantsos ds;fnsivos que msta 
Induce, s plantoan an un modolo quo Diode see 

resuelto esperimentalmsnte. El clelc as 
aplicable al me)o-amm,,to gonstico D. plantas 
sensibles I ata$ue 0c* vatOgeos. 

Financlado par FONDECvT (157/89 OTI IB
 
2950-B923).
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I' VITRO "LILTIPL;,C'.TICU CF P1':E.'PPLE (. !'S C'OSUS L MU
 
U-I..S 'XILL;RY CS'RvO.THE CR'.'.
 
Veron.c. -. c-s. '.'ational Agricultur l Reseerch Instituts
 
..on lepos, -Ect :ost Demnr-ra, UY.A,.
 

Studies wer-. conduct d to develop a systen for the r.apid vitro 
6
multiplication of pineapple shoots. Dormant axillary buds, 4- mm in 

diam~ter, exciser frci the stem region of the crowns of' the pirn apple 
cultivar iontserrot were used. 
*The -- sults show that buds which were initiatrd in licuid or on agar
.solified VS medium su'pl3-ented with various concentrations of JA, BAF 
3nd/or *A3 could be induc3d to form multiple shoots. At bud burst, i.e. 
approxirately 9 -.eeks after initiation, buds were transferred to liquie 
mediun for sheot multi.lication. Apical meristems, in contrasto began 
shoot nulti-lication e.rlier then the axillary buds. 
Generally, shoots were produced t the rate of e-lO every three weeks. 
Some cultures which used shoots older than six weeks produced up to fiy 
shloots per explant weekly. During shoot multiplication, cultures were 
maintained either non-sFhaking or with continuous aeration. Shoots 
remained green during culture and were transferred to egar-solidified 
medium prior to weaning. Shoots were rooted either during jn vitro 
culture or at the weaning stage. 

GENE EXPRESSION TO THERMAL STRESS IN TW NATIVE 
TREES OF CHILE: ARAICARIA ARMICANA AND PROSOPIS 

ILENSIS. 

LMa ileAsil, Claudi Goycoolem m Cmuelo Nedim. D.rtamto d iologi, FauIteddoClenciss, thiversided de Chile, Wimp, Chile. 

kmaria mu= constitutes teqlirated rilic forests of hig mntain in the Mttal region of 
South mric ith ditffPPr of teqmatures betvm day and i and bet.. 
ses of 201C. ftB"mi cl it is a leguminums tree of the tid aW sadl idfro. mrthern 
so catral Oile. Ia these regiom the tegmtre ruds ow 600C at mon at Smer dsys. 
By perfoieng heat shock eqlrimts, w bae investigated hoe seeds and seedli% of these trees 
respond to high temeatre and how they acquire thmTtolersnce mi exposed to subethal 
tew nrs.
 
Indeed, thm ppse of this reserch has to test the hypothesis that tive trees me
r been 
adcpted to their atural eniromet becase they lave a high degee of expression of those 
resistmt pms to stand harsh myirmata conditios. 1. high degree of xipression could be due 
to a hi* aM at pa coo frri resistme or o to ngulsary utWam of pmn 
f-cti. 
SM-Polycrylaide id electropmresis of the synthezised proteins under theal stress and 
in the presem of S-.thiornie, Mstm blot mlyses min polyclonal antibodis ieust hot 
shock proteins (hsp) md Northr hybridization amlyses uing probes for the 70 I) bsp and for the 
ablqultin have allw us to testthe above hypotsis as vll to elct for high resistant 
iMidlals in the natural populations of these trees. 
AID rnt M 5W2--SS-34- md FUCY 01601M. 



24 RESPONSE TO WOUND STESS BY SEEDLINGS OF ARAUCARIA 
ARAMCANA*AND PROSOPIS CHILENSIS.
 

LijliiCk-i 4 Alejandro Riquelme and Jos Gegorio Rdriguez. Departaimento de Biologla

Facultad de Ciencias, thiversidad de Chile, Santiago, Chile.
 

Tissues of seedlings of kwirarii marnd Pidmis repond to wounding bya dlensh 

increasing fran 10 - 20 folds the basal level of cell all proteins.
 
Tissue inms pints of the different organs present in seeds and seedlings of &,acam
M aid 
chilensis using polyclonal antibodies raised against hydrxyproline-rich glycoproteins (HO's,
extensins) present in cell walls of carrot roots or soybean cell walls.
 
The tissue ineworints also reveal that in A.arA., the aegagaetophyte, root tips and
 
resin canals of the cotyledons, we the tissues ohich show higher expression of extensin-like
 
cell mill proteins. In F, chilmsiii, the vascular bundles of the cotyledons and of the hypo

and epicotyls are the tissues showing a higer expression for these proteins.

SDS-polyacrylaside gel electraphoresis of the cell wall proteins followed by Western blot
 
analysis reveals that are 3 cell all proteins A.a-amu and 4 in the case of .. chilsis,
 
ilimocross react with carrot and soybean extensin antibodies.. Sm of these proteins
 
can run in their native forms under conditions of cationic neutral gel electrophoresis Indicating
 
a basic nature of these proteins.

In A.KAxm two of the cell wall proteins have been pwified and further characterized for
 
amino acid composition and for lO* terminal sequonces. Two proteins have peroxidase activity.

AID Grant IDPE 5542--S-073-00 and FMECYT 0160/98.
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Catolica de Chile). Rrgene~acion in j't,o y 
f1%puu.tas m*.rtoqmnt&CA% -n Alguna% P-.pfrtp% dle 

importanclA PCor.Ambrh Pn Chi IV. 

11:30 	 I -OUPP. (_ ii~i -ILD14 IGS M. V. . AMIE1. 1. l* IN I 

A. llnstituto Jp 8:ologia Molecular tCICVJ INTA 
Castelar, Argenesnal. E~-pestn de gene% IV' 

rr% %tc..ri., A ir~i r'..prlrnh il el, 

of California, Da. %, CA Q!hi EISH71. ric ... t 

de.'elop..nt in forest obotechnologr.
 

12:30 	 2LITZ, R1.E Un:i'ersitv of Flor ida, 1,opiicaI 
Research and Vducation Center 18905 SW:809St .- I 

Homestead, 1 1ori0A 33031. U.S.A.). Fruit 

simpO'iIO III
 

OESPUESTAS FISIOLOGICAS Y MOLECULARES DE LAS PLANTAS 
A CONOICIONES DE ESTRES
 

S4i14 	 Enrique Froernel 
Pladeradar :CARDEmIL, L. 

14:30 	 :PEREZ, -,Il 9 Facul~ad Lie CIUnc Ias Oki mIcas 
Farmac~uticas. Uni~ersidad die Chile). Las plantas 

sprilcre%. usar, difer'entes estrategias para pe'ita'

el ataque par fitopatogenos. 

I Z:00 	 QOLSTENE3. De;artmpre't of Bot..'.,, Un:'ver,:t L1# 

maal Honolulu,. H196877). Respuf'stas de las 

plan-As con o:stintol fotosistemas al defirit 
h,dr ico. 

de M~r,1nq.A. Unie,.:da1P Fpdirral (If' Pe-n. n-h~c( L' 

ln~st.L. ' lef IlOt. I. a. sa, 0. 1 , f .. I 

lnd.cctor 0fp :Itoa Ie. Inas por - If'uje1. 

16:00 	 PANELES 11
 

'r, ,t . P I. an z e, pr, W..;I.I t,~ E3, ff R i n 

%ensib iI idcd A e.t r 0 Pr, oD ant As. 

17:00 	 PA~iL I Lo,£ 

i Ippa'17:30 	 tlQ, T~~PQ t *.&'. n, Biloga , *aJd-t imt'' 
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EXPRESION DE LAS PROTEINAS DE PARED CELULAR DE PROSOPIS

CHILENSIS EN RESPUESTA AL ESTRES PRODLUrIDO POP HERIDAS

(Expression of' cell wall 
proteins In ?r'osopis chilensis 
as a respunse to wound 'stress). Rodr.7ueY7J.' y
C-ardenil, 1aboratorto de Fisloio~ v en~tica
 
Molecular vegetal. 
 Facultad de Cienclas 
,Universidad
 
de Chile.
 

En el pr'esent~e t-rabajo se estudia I=,expresian Je 
' aj pr'teinas ce paro'd :eiu.;ar det P.,xs~p : !,Ilnensis("alarrobo ctili.no") en respuesta al:'r )roducido 
por heridas. 
 La 'Iip6tesis fundamental ez que .a expre
sian de esta.3 pr'oteinas :io es especl-Iza i _ste ":Ipc de
estres, / que cirr>,,sponde a la actlvaclor. Je genes :uyaexpresiori e~ Propla je alwu*m te iidj no :!~Jun

deterninac estadlco je la dtfer-n :1ia:n. 

n 


evaiu c,
E-" ~' %a~~e~ por 3a!ss eleztlro 

-n)J-! ,,s :"frj ,_Aa J- ;*~ '', i Eran._ 
Dr.er~s2js iljezar' ., e:1 J], 

durfanl, . ~ .rol teAripr'ano, nan :veiali ina rec:
clfan PCiL.I.1i -i~~cor 
 el an*_4cuerpo ~ica 

evIdt:!r~cIa:,. dcdr que Ij :i Celuids v !a~5.Vhseplde!rulr.;i, :;on~ !as que reaccinan mis Int.ensa~nenrA conel antIcuer ro y iae 2A$an ui u a' es*t.-es
producidr) por rIJdt:n- carac~erza>, ; r ina In~

caciori le la reaIccl, , alr, dedo.-
 :.' Il -"::j ,a a

!,i(. ~pr'es 1 . ur 3 . j * Iv v V t I'.jc , A,"-J 

ra Ic,: t mar,:i 7', n !reSPLut S*, . 1 i:'14 rr'3ZS r '.den _I 
 -Ae xD r scn fI n ., I:i 

?inar-id-2m P% :' ~ -'ndecy, DV u' A:*,~.jAN: :PE-5542-G-.,.) -'j'3- %. -~if!Mag1 s~ :)Uaorbgaza por laRed Latinoamerlcina de Bot~irica. 
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CCMtERIZAN O DOSIX GLICCPE~IMM DCE PARD MLAR 
DE SO24ILLAS rC dAA(%. OHM 
RESPO2K1f At. !YS1RISVETD (C iracter!etlcvn of twov 
celI Iw' *1 ,rw ! t.t'.ii of A. w- kvC-j: -ee(1 that 

Las planta~t resporvien a] dsIho pcr heritds 
tncrewyntar,do Is sfntcesi5 de protetn&5 q-, tyudar-t.n a 
r'parir y cw-r rIs iniuria. El pr-setr.,. troakajo
lrwestiga proteinas s1Kt18.res en la. piir-',d celulear de 

A. &iauct DS-PAGE de las, protelneis extrafdas con' 
C-ACI 2 1psde h~s paredes celulares pur;(icadas de 
semillos daf~ada y no dafdas, revelaron Is rreseniKa 
,-'nrticular de, dos protetras predomiiartes 'r-e se 
au-.imulan en la pared en presercia d- daM. r.-st". dos 
proter.et poseen un peso mlecular de 83 y 14'- kD y
atmi' tien~en *n punto isoelictrico de 10?.5 1 0.3. 
N&, IA5 estas prote~rnas son glicostladxs, debido que
dit5 positiva la reaccifn de marcacifn con 
daslilarnzina. Un posterior ei~lisis de las &.ztcae9 
presente5 en diches glicoproteina.5, reve16 que Ambos 
estan glicxstlados con Gailectosa, Glucose y en wenor 
proporcidri Mloss y I'Lar-osa. Debldo a que Ias
peroxidasas son' prote(na~s courmiente presente en las 
Paredes celulares, se quiso dectectar dicha nctividsd 
en estas proteinas, encontrandose reaccidr po', iva 
Para ambas protefnas. Adeu.s se v16 que poseen wi PH 
OP~, de 5 pasi- Ia oxidacidn de o-fentlenediamina (0-
FD) y con Vuna m~xde 25 X o-PND oxidado-mlrf' .g'Kapp. de 13.6 vM pai-a H20, y Kv app. de 3.4 mM pr

c-PKD. Anlisis de la. coinposici6n de auino6cidoe 
iestra que ambas peroxidasas son ricas en Serino y

Glicina. Anlisis d,!, secuencla amoino terminal demostro 
que aas poseen wba secuencia identica. 

Financlado por Proyecto Fondecyt 0160/88;
AID GRANT DPE-5542-G-SS-80?3-00. 
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MECANISMO DE CONTROL DEL PaIRCIAL HIDRICO FOLIAR EN 
Prosopis chilensis: UNA HIPOTESIS. (Control mechanism
 
of leaf water potential in Prosopis chilensis: q hypothesis). Squeo, F.A. (!1), Olivares, N. y gardemi ,
 
L. (2). (1) Depto. Biologia y Quimica, Fac. Ciencias,

Universidad de La Serena. (2) Depto. Biologqa, 
Fac.
 
Ciencias, Universidad de Chile.
 

La. poblaciones de Prosopis 2-hilemsis de la zona
 
semiArida de la rv Regi6n habitan 
en un ambiente con 
a1ta demanda evapotranspirativa. Esta situaci%$n s6lo 
te revierte durdnte cortas temporadas en los afios 
lIu'VIsos. Adicionalmente, como producto Je la caman
chaca, existen diferencias marcadas en la HR del aire
 
durmte un ciclo de 24 hrs. Dado que los irpividuos 
nunca qiuedan completamente sin hojas, esta especie

deberia poseer un 
 mecanismo eficiente en el control
 
del potencia] hidrico foliar.
 

La pobia!i6n de P. chilensis estudiada se ubica en 
"a ,ebrid- San Carlos (Valle del iqui, ?00'S, ?(1

4' ',20 msm). SP reqistraron durintr. 24 hor3s, cada 
Ith, in-- y por un diF): el pc'tericial xilem~tico Op 
r, L( "P(1)y peciolo foliar (PV"), y el pottrcial h:
ir rf,,ir (PHF) . PXR - PXP fueror, med iJo! _-on una 
i,,b ,, ',ho],-indur, y PHF cun una cAniara psicrom~tri
, V~'-r: "] *-,tudjo anat6m ico de la irtL-:fase -ama-

It,-' i z6 I..t c41iic, . t irl'7icI , . 3 3r' . -Fr

%,rr,.-I, r ' , . 

•'cires 

'inde :,,_r, registrados entre .a- ..:OG y 7:00
 

.... i ' putencid!irk-_-nus negativk). y 'mAs 

h.1. y P,:; m&, nejativos pasadc, tl rm..i- ! . Ei pro, 

rnd iu, P1HF preser;t6 una mayor range 'e var i aciSri tca ,
 

a -83 bar), ,ri cc.r, FP',:C., a -49
romparici6n -21 
bar) ,PYP , -17 3 -?q bar). El PXR fue srempre < 
eI PXT r-n thxs lam; mediciones. F1 PHF f,]6 siempre 5 
PXR y PXP. El estudio anat6mico evidencia una discon
tinuidad en el teji'io conductor entre rama y peciolo

foli.r. E tos resultados [ermiten postular que P.
 
chilensis es capaz de mantener cictivamente un PXP >_

PXR. Una disminuci6n del potencial osm6ti:o en el te-

Jido xilemdtico del pe('iu1o (aumento de az~cares),
periitiria explicar los mayores valores de PXP. 
Proyecto financlado por AID (USA).
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PHENOLOGICAL .- NI) ECOPHYSIOLOGICAL PATTERNS OF 
£i.nb hilensis FROM N(ORTH-CENTRAL CHILE 

Francisco A. Squeo (1). Nancy Olivares (1) and Liliana Cardemil (2). (1) 
Departamento de Biologia v Quirmica. Facultad de Ciencias, Universidad de La 
Serena. Casilla 5Q9. l.i Serena. Chile. Phone: 56(51)226080 ext. 401, FAX: 
5tI 51" 11473. 12) F.t,.ultad de Ciencias. Universidad de Chile. Casilla 653, 
Santijao. Chile. Phone: 5o( 2)2712865. FAX: 56(2)2712983. 

Prosopis chilen, i, has been extensively and intensively used for firewood 

and their fruits used to, feed domestic animals in the last 500 years. In the present 

,.entur\. increasingl\ man pressure reduced old big "algarrobales" to small 

populations. In nortih-,entral Chile. algarrobos are found in areas with a high 

demand of evapotranpiration. This condition is reverted only during short seasons 

in raim .ears and dunn: short daily periods with fo! ("C amanchaca" ). 

Since June 19YU(. vke are studyin,, the phenolooical and ecophysiological 

patterns of P. chileni, in a population of Quebrada San Carlos (3000IS, 700 49'W, 

520 I1sasl 1. 

P.chileni l, INJ ,rtial deciduous tree. The total mininium leaf area was 

round at mid spring 1'7c ,. Ne,. leaves appeared at tie end of spring, and 

reproductive processes occurred in summer, ending with the fall of fruits at the end 

or summer. No seedlines \ere seen in the study site. 

Leaf water pot,-ntn.l L\\P showed a greater variability (ca.. -22 to -88 bar) 

than the branch kBXP, (ca.. -21 to -49 bar) and leaf petiole xilematic potential 

iLXPi ,ca.. -17 to -' bar,. The BXP was always 5 LXP. The LWP was always _ 

BXP and LXP. The mot negative values ,,ere recorded after midday. Anatomical 

studies ,,t'1o, a discOninuity of the conductive tissue between the branch and the leaf 

petiole. These results indi,:ate that P.chilensis is able of actively maintain a LXP _ 

BXP. A decrease of th, oinotic potential in the petiole xilematic tissue may account 

for the hi., hiest values ,I 1XP. 

.At midda',. '.\ maximum air temperature prevails (ca., 360 C), ieaf 

temperature of P. c,, %wasalways lo%er, up to 50C difference. We propose 

that .t,.'m\ e m; n.inc:: ,,t le.d. tur,,or and leaf cooling are tightly related processes. 

Next ,ke ,,ill ,tud, ;he cological and ecophysiological factors limiting the 

.ermination of seed, .,i, the ,tablishment of seedlinzs in the field. 

T.. \k ork has been ,::nd-ed h%AID-5542-G-SS-8073-00 (USA). 
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EXPRESICN DE LAS PROTEINAS DE PARED CELULAR DEFR0CcPIS CHILENSIS EN RESI'UESTADLCIDC AL E51 RE5 PRO-PCR HEPIDAS. (Expression of cell wall proteins inPrcrsopis :rii(ensis as a respo'nse. to w~ound stress'). Rodriga'.. y Cardemil. L.7 Laborator,.' de l'i siologa i~ ~a ue 

Vgetl.Mol~ulraci~adde te~Ia, Uivesidd e
ile 

1el pre~ert,. trabajo se esiu,i~a Id bprest6n de las protef-r de pared :elular de Pr',sois c-hilens,.. (al1garrobo chi-leno ) en re..puesta MIestres p rodu Adc.por heridas. Laltipo ies, fundamental 
no e% especifica a *ste 

es que Is -. ptesj5n de estas protefniaslipo de e'sir~s. y que corresponde ala aztivacec~r. de genes cuya expresa~n es propis de alg~jr te-jido no darlado en un dleterminado estadio deMi. Is diferencie. 
Esia hipi'ests se hsaeraluado por aralisis electroforiico
kgeles -aijoicos y rnionIcos) e intunol6gico (Western) delas proiefflas dlepared. exprosadas du rante las~rateraseiapas del drsarrollo yeon ri-spu..sta al esiris r heridas.Las, inuunoampresio,,es. asi .-oano una munocitotlufraica fine.realiizada, on rejados dsAadu', y no daAados',iranfrelc de-sarrollo temprano. han reveladto ura rracri6n positva cru-zada c-Mi el antlcuerpo ft,tciouJ. anti-extensinsa de testa dep rto de soya. Las Elscras eviden. ias indicun que las ci-i',an ztleat,as y las epidrtuk. d. s-n ]as que reacctonan*l, tntersaczenie con el asit, Uerpl y que Cexte una res-

puesta a] i res pro)ducaid. pcsrterida. caracterizacauna ifiensL caci~n de per'a reat , in airededor de astonedaikada. 
La expresor :onstatutiva y iejdo espe -ifica de estas proti-ruas. ass *, m., (a euerifencia pretatui a de rajles secunda-ria' e'n re-; _e~ta a las heritia' sir, e%kden,-ia- dt- que laexpreio. .- respuesia a est- ip[.. dailia pdria 5cr equl-valente a ., adelasatagmiento del sre! J Dni2Azaclo del desa-rrollo. 

inranclado pr proye, to lcorid.--yi 0;(., s6 A MD,RAN IDI1E1:-.42 -, -1,5 -87.OJ-0 'I. a d, Ma.:i %wr y i nanc tamie nto oiorgados por asRed Last ioarseri. 111 de isotaara. 
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 Of Asarylaiacei C3LZ-auiitSIisoeat: stroach te as:ea Aftriih-daced axonl)~rj.
falnmliaM' L. Oslo. Sialog- ia. Cit. U. de LaSarant. 

.. a ~c~tigm~rs 4eos ~~diAeay2.a~ei ~ 
slicsed&sasprim,"esetlic a.?~ carilusa. laveoiarecnaute pita Chileistiam gtioeos, sedalanda jut ;us 

(1979)
especisa
adc~a I L.PftU PatBaketlls)15,Pirtificis: a to$uames ilipt& reol.,

Sm 
PtlaLiLnd).I 112daljilPtl.


estoa &1'tot. Phalippa (185).( Italiaket
HOll). Iauticsrccoa, 9ii5 coiacadet cc recaoricr a liliaL.111. Parod.fiaers a c~azta a ]a validet par& Chile dei L.UUililu.-
tzircelI ktcdn..nja. Aablitode :aorastar parLAalMnte&.aws dea sihzp~tess sobirea& 41tasocua de AAryliasea3i:e s deszr~bis I cigaran :cs :ariatupcs de PWcellJascAltiM Js: t TxzijUvc:! (Psc IJLt i.r; illi12le'111.) ltaQD- Pia11n1D4u (Rpt Rajjjn"c1 ig"j.(11i.) YIseec atiaaLo r AL 

Ls crmstau se iistivsirm par aplastadia derinllass prtratadas cos a:.ztLtscs I tedidai cac Fewilge. Pto fstafero-
graflas Isiscramsiamu z sidera, recortaross F ordsmorm. I lausadraeiso prseta a gihtieem dodispezstd.. 
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Esas ra%...:adas rwscaain coo diszarm tahrmicaspneviasq rivercocaseI& valid"a pa ChalodoIbuiu**sedj Prial.21 *1 FIftvcnjl Lissi. (2116-32' 1:1). Perso a olin-dentrc del cmzin ad aspcars cous.dernada., I&itzstanica do 

Pcomu~opar1202-6.rs~cu ~Flataee221. 
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RESUMEN
 

El objetivo de esta tesis fue el investigar la 

respuesta fisiol6gica que presentan semillas y pl~ntulas de 

Arsucaria araucana frente al estr6s provocado por calor, 

orientada a la hip6tesis que: "Las proteinas de estr~s 

tdrmico (PETs) juegan un rol fisiol6gico en la adquisici6n de 

tolerancia a altas temperaturas en pl~ntulas de Araucaria 

Pnnang" . A_ &jA~arjj constituye bosques relictuales, desde 

el Terciario, donde existen diferencias de temperaturas de 

20°C entre dia y noche, y entre invierno y verano. Las 

semillas caen, germinan, y las pl~ntulas trecen y se 

establecen en el suelo volc~nicc de estos bosques, donde la 

temperatura alcrinza hasta 50'C a medio dia en verano. 

Se midi.6 la viabilidad de semillas quiescentes de
 

Araucaria araucana por el test del cloruro de trifenil
 

tetrazolio cuando fueron sometidas a 26°C (control) y a 32,
 

36, 40, 44 y 48°C, distinguiendo tres pkrtes de 6stas; eje
 

nmbrionario, cotiledones y megagametofito. Se determin6 que
 

los ejes embrionarios pierden viabilidad despuds de 5 horas
 

de estar expuestos a temperaturas de 440 C. Los cotiledones
 

demostraron ser un tejido mAs sensible al calor, ya que
 

pierden viabilidad despu~s de 3 horas de exposici6n a 44°C.
 

El megagametofito, en cambio, fue el tejido mEs resistente,
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ya que pierde su viabilidad despu6s de 7 horas de exposici6n
 

a 44*C. La p6rdida de viabilidad de los cotiledones podria,
 

sin embargo, ser una condici6n artificial, porque los
 

cotiledones est~n protegidos y aislados del medio ambiente
 

por el tejido megagauetofitico.
 

La tolerancia de las plfntulas al estr6s t6rmico fue 

determinada por la capacidad de recuperar su crecimiento a 

26*C despu6s de una exposici6n por 2 horas a temperaturas de 

32, 36, 40 y 44°C. Pldntulas expuestas a 44°C no recuperaron 

el crecimiento una vez vueltms a 28°C. Por lo tanto 44°C fue 

considerada la temperatura letal. Plintulas expuestas a 32, 

36 y 40°C por 2 horas, recuperaron su crecimiento una vez
 

vueltas a 28C y por lo tanto estas temperaturas fueron
 

consideradas temperaturas subletales. La temperatura subletal
 

que permiti6 una mejor recuperaci6n del crecimiento a 280C
 

fue la temperatura de 36'C.
 

Tratamierto a temperaturas subletales indujo en ejes
 

embrionarios una tolerancia para resistir una exposici6n de 2
 

ho-as a 440C (temperatura letal), siendo la temperatura
 

6ptima para la adquisioi6n de termotolerancia 33°C, siempre
 

que se otorgue por mis de 30 min.
 

Se "studi6 el patr6n de proteinas sintetizadas durante 

el estr~s, mediante .iarcaci6n de las proteinas usando 35S-

Metionina en el medio de incubaci6n donde ejes embrionarios 

fueron sometidos a.L tratamiento t~rmico. Despu6s que las 

proteinas fueron extraidas del tejido, se analizaron por 
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electroforesis en geles de poliacrilamida-SDS eeguida de
 

fluorografia del gel y exposici6n de dste en un pelicula de
 

Rayos X. Se encontraron 8 nuevas bandas de proteinas no
 

presentes a 28°C. Ademis, 7 bandas de proteinas mostraron un
 

aumeno considerable en su expresi6n durante el ostr6s
 

t6rmico.
 

Las 8 proteinas sintetizads 301o durante el estr6s
 

t6rmico fueron de un peso molecular aparente de 126, 106, 89,
 

77. 44, 24, 19 y 17 kD de peso molecular, mientras que
 

aquk.las que aumentaron su expresi6n durante el estr6s
 

t6rmico fueron de 101, 98, 94, 84, 80, 69 y 20 kD de peso
 

molecular. La temperatura 6ptima tanto para la sintesis de
 

las nuevas PETs como para las que aumentaron su expresi6n fue
 

de 36°C.
 

La cin6tica realizada a 36*C demuestra que la expresi6n
 

de la mayoria de las PETs de ejes embrionarios ocurre a los
 

30 min de iniciado el tratamiento a lI temperatura qubletal,
 

perdurando la mayoria de ellas despu~s de 5 horas de
 

exposici6n del tejido a esta temperatura.
 

Anflisis de hibridaci6n "Northern", de los RNA
 

mensajeros para dos de las PETs, usando sondas de cDNA para
 

ubiquitina y proteina 70 kD, evidenciaron que el mayor
 

ac6mulo de RNA mensajero ocurre a 36°C, detectando una
 

poblaci6n de RNA mensajero para ubiquitina y dos para
 

protena de 70 kD.
 

El RNA mensajero par& ubiquitina estubo presente a
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28°¢ pero aumenta considerablemente durante la exposici6n del
 

veces
tejido embrionario a 36°0, ilegando a ser entra 4 y 6 


mis qus a 28°C en ejes embrionarios. Los RNAs mensajeros para
 

la proteina 70 kD fueron muy poco expresados a 28 y 32WC pero
 

la expresi6n de mensajeros se gatilla a 36°C.
 

Se concluye que las pl6ntulas de Arii a. argucang

con la sintesis de
respondieron bien al estr6s tdrmico, 


nuevas proteinas, aumento de la expresi6n de proteinas y de
 

los mRNA para las PETs ubiquitina y l& proteina 70 kD.
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RESUMEW
 

En la naturaleza las plantas e3tin expuestas 

frecuentemente a sufrir dafios por herias causados por 

insectos, animales herviboros, hongos y otros agentes 

pat6genos. Se ha visto que las plantas responden a dicho 

estres con la expresi6n de algunas proteinas especificas 

(Lamport, 1980; Davies, 1987; Lagrimini y Rothietin, 1987; 

Showalter y Varner, 1989). 

Las semillas de Araucaria araucana responden al dafio 

causado por heridas (ya sea -&spu6s de 24 6 72 horas) con 

un aumento de 1,5 veces de los niveles de proteinas 

asociadas a la pared celular. Una clase de estas proteinas 

son las peroxidasas, cuya actividad fue incrementada de 2 

a 50 veces, en un tiempo de 24 a 72 horas despu~s de
 

provocado el dafio. 

El an~lisis por SDS-PAGE de las proteinas presentes 

en la pared celular oe semillas enteras de A.araucana, 

revel6 la presencia de mfiltiples proteinas. Las dos 

proteinas mayoritarias encontradas en las paredes celulares,
 

y que aumentan significativamente cuando las semillas son
 

dafiadas, poseen una masa molecular de 83 y 145 kD.
 

Estas dos proteinas fueron positivas el ensayo de
 

marcaci6n con dansilhidrazina estableci~ndose que se trataba 

de glicoproteinas. A pH neutro ambas proteinas tienen carga 

positiva, lo que les permite ser analizadas por 
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lectroforesis de proteinas nativas geles cati6nicosen 


neutros. Por su naturaleza cati6nica pudieron ser analizadas
 

pO? cromatoenfoque cori qradiente de pH de 11-8,5 

deteziinAndo que ambas protTnas poseen un punto
 

isoel6ctrico de 10,5 ± 0,3. 

La centrifigaci6n en gradiente de densidad de CsCI 

permiti6 establecer que estas proteinas tienen una densidad
 

boyante de 1,333 g-ml1 . Esta densidad no es comfn de 

enzimas de pared y tampoco de glicoproteinas ricas en 

hidroxiprolina. Protelnas de pared celular con esta densidad 

se han descrit6 con actividad enzimAtica de peroxidasa (Liu,
 

1975). Por esta raz6n, se' quiso detectar actividad
 

peroxiddsica en estas proteinas en geles nativos con o

fenilenediamina, como sustrato, encontr~ndose reacci6n
 

positiva para ambas proteinas.
 

Se determin6 que las isoperoxidasas de pI 10.5
 

presentes en la pared celular de semillas 
de A.araucana
 

poseen un pH 6ptimo de 5 para la oxidaci6n de o-PND y tiene
 

un valor de Km app. de 13,6 mM para per6xido de hidr6geno
 

y una Km app. de 3,4 mM para o-fenilenediamina, con una 


"*
mix de 0,525 M o-PNDox-min-' mg .
 

Las impresiones de tejido de semillas dafiadas en 

aembranas de nitrocelulosa y reveladas con el ensayo de 

actividad de peroxidasas mostraron que en las regiones 

heridas hay un incremento de esta enzima. Adem.Ss, se observ6 

que la expresi6n de estas peroxidasas en la pared de 

semillas A.araucana est& regulada por el desarrcllo y es 
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tojido especifico. 

Nuestros resultados sugieren que las peroxidasas de
 

pared celular de 83 y 145 kD, son isoformas de una misma 

protei a y pueden jugar un papel importante en las semillas 

do Araucaria araucana como una respuesta defensiva en 

tejido dafiado. 
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